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Preface

On November 28, 1964, Mariner 1V was successfully launched on a trajectory
that would take it within 150,000 miles of Mars. On December 5, 1964, the
spacecraft performed a successful midcourse maneuver, altering its flight path
so that it would pass within 6118 miles of the planet. The flight took approxi-
mately 7': months, during which time a great deal of scientific information was
gathered concerning the environment of both near-Earth and interplanetary
space. On July 14, 1965, Mariner IV photographed the surface of Mars and
telemetered to earth the most advanced scientific and technical data reg rding
the planet vet recorded.

The Mariner Mars 1964 Project has been documented in a series of reports
(see next page). The present report is in two parts. Part [ presents the Mariner IV
pictures of Mars together with the investigators’ report thereon. Part 11 consists
of numerical printouts of the picture intensities in matrix form. The report
describes the design, construction, calibration, and operation of the television
subsystem; outlines the procedures followed in the acquisition, handling, and
reduction of the digital data; presents the calibrated and sharpened pictures
in several forms convenient for study; and discusses some of the preliminary
results obtained.

It is believed that the techniques, procedures and results documented herein
are important contributions to the exploration of space and the advancement
of science.

W. H. Pickering, Director
Jet Propulsion Laboratory

D. Schneiderman, Project Manager
Mariner Mars 1964
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Elements of the Mariner Mars 1964 Project Report

The Mariner Mars 1964 Project Report consists of the following volumes:
Mariner Mars 1964 Project Report, Mission and Spacecraft Development,
Volume I: From Project Inception Through Midcourse Maneuver (TR 32-

740, Vol. I)

Mariner Mars 1964 Project Report, Mission and Spacecraft Development,
Volume II: Appendixes (TR 32-740, Vol. 1I)

Mariner Mars 1964 Project Report, Mission Operations (TR 32-581)

Mariner Mars 1964 Project Report, Spacecraft Performance and Analysis
(TR 32-882)

Mariner Mars 1964 Project Report, Scientific Experiments (TR 32-883)

Mariner Mars 1964 Project Report, Television Experiment, Part I: Investigators’
Report (TR 32-854, Part 1)

Mariner Mars 1964 Project Report, Television Experiment, Part II: Picture
Element Matrices (TR 32-884, Part 1I)

Tracking and Data Acquisition Support for Mariner Mars 1961, Volume il:
Cruise to Post-Encounter Phase (TM 33-239, Vol. II)
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Abstract

Keduced data obtained from the Mariner IV television experiment are presented
in numerical and pictorial form. Procedures are described for correcting the
original digital data for (1) the intensity and spectral transfer characteristics
of the camera system, (2) the geometric distortions introduced by nonlinear effects
in the TV-line scan, (3) the modulation transfer function of the camera, and
(4) scattered light.

The calibrated pictures are of very low contrast, intensity ranges (minimum to
maximum) of from 15 to 30% being typical. The later pictures cover larger per-
centage ranges. Surface detail is only dimly visible in the pictures unless they
are artificially enhanced in contrast.

The calibrated and contrast-enhanced pictures show 300 craters and an addi-
tional 300 possible craters, as compared with the less than 100 identified in the
preliminary pictures released on July 29, 1965. Observed crater diameters range
from 3 to 180 km, and part of a possible crater 350 km in diameter is seen. About
10% of the craters have central peaks, and a like number have a clear polygonal
outline. A number of lineations are seen.

Surface features tentatively identified, or possibly identifiable, with previously
mapped markings include Propontis 1. one or more “canals,” and the boundary
between the light area Mesogaea and the dark area Mare Sirenum, near Titaaum
Sinus.

An analysis of overlapping areas of “red” and “green” pictures for local varia-
tions in color (as distinct from brightness) shows only relatively small color
variations on the parts of Mars photographed. The average color is distinctly
reddish, and the light (“desert”) areas are somewhat redder than the dark (“mare™)
areas.

Slopes of crater walls are found to range up to about 12 deg maximum. Topo-
graphic relief in excess of 1 km is uncommon. Large-scale surface roughness
(slopes) and albedo fluctuations, measured statistically, are found to be about
3 deg rms and 2 percent rms, respectively. These results are consistent with radar
measurements of surface slopes, and indicate that the Martian surface, both dark
and light, is much smoother than the lunar uplands. Some of the crater tloors
appear to have a “domed” profiiec.

The principal processes that modify the Martian surface relief (craters) are
suggested to be meteoroidal pelting and the associated rubble mantling, covering
by wind-blown dust, and thermal creep of loose surface debris. The probable
absence of significant quantities of liquid water in the soil presumably eliminates
chemical weathering and freeze-and-thaw as effective erosional processes.

The large surface deusity of craters seen, approaching that of the lunar uplands,
suogests that very ancient physiographic teatures, perhaps billions of years old,
are still visible on Maus.
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Abstract (contd)

The luminous response characteristics of each picture element were determined
using 45 uniformly exposed calibration pictures of known exposure value. The
relative sensitivity was evaluated with respect to an approximate standard (non-
linear) function, using a quadratic least-squares fit. Internal statistical deviations
from a smooth curve, principally due to encoding errors, average less than 1%;
the intrinsic reproducibility of & given picture element, prior to encoding, was
about 0.2%. Sensitivity variations due to electronic shading. optical vignetting,
and other causes amounted to about 409 over the field. Relative sensitivity to
“red” and “green” light varied by about +10% across the picture area. The pho-
tometric sensitivity is uncertain by about +15% due to systematic errors and
from 1.5 to 3% due to random effects.

Possible causes of the hazy appearance of pictures of the limb and terminator
regions were investigated both experimentally and analytically. Significant con-
tributions both from instrumental glare and from scattering by the Martian
atmosphere were found. Lower and upper limits on the haze and glare effects
of from 20 to 307 were deduced.

Angular resolution of the camera system, including both optical and electronic
effects, was approximately characterized by a gaussian point-spread function
having a half width of 0.65-0.55 TV line.

Note

Several JPL people who contributed to the success of the Mariner IV television
experiment also prepared parts of this volume:

D. Scimeiderman: “Introduction” (Section 1)

J. D. Allen: “Television Camera” (Appendix B)

A.G. Herriman:  “Design of the Television Experiment” (Appendix D)
S.Z. Gunter: “Data Acquisition and Handling” (Appendix E)

L. Adams: “Laboratory Glare Studies” (Appendix F)

C.C. La Baw: “Calibratien of the Televisi a Camera” (Appendix B)

“Television Interpretation Studies” (Appendix G)

Background information presented in Appendix A (“The Spacecraft”) and
Appendix C (“Flight Sequence and Performance”) was condensed from JPL Tech-
nical Reports (TR 32-740, TR 32-8S1, and TR 32-852). Section 11, “The Mariner IV
Pictures,” was written jointly by R. P. Sharp, B. C. Murray_and R. B. Leighton (all
of Caltech); Section I1I, “Intensity and Color Calibration of Flight Photographs,”
by R. B. Leighton; Appendix H, “Slopes and Surface Roughness,” by B. C. Murray
and R. B. Leighton; Appendix I, “Surface Processes,” by R. P. Sharp; Appendix J,
“Crater Frequency Distribution,” by R. P. Sharp, B. C. Murray, and R. B. Leighton.

The editorial assistance of V. Annigian, D. Maple, P. Shutts, and R. Van Buren
(all of JPL) is gratefully acknowledged. R. K. Sloan (JPL) provided valuable
administrative and organizational impetus and also contributed to the study of
haze effects in the camera system.
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Frontispiece

Left: Mariner IV begins its eight-month jourrey to Mars on November 28, 1964.
inset: A telescopic view of Mars as seen from earth.

Right: A mosaic of the Mariner IV pictures superimposed upon a photograph of
a hand-painted model of Mars.
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l. Introduction

The Mariner Mars 1964 project was an outgrowth of a
1962 directive by NASA authorizing the Jet Propulsion
Laboratory to design and build two spacecraft to be
launched toward Mars in the last two months of 1964.
JPL was given responsibility for the design, construction,
and testing of the spacecraft, for tracking and data acqui-
sition, and for data reduction and processing operations.
Lewis Research Center was responsible for the launch
vehicle effort

One proof-test (engineering) model and three flight-
qualified spacecraft were built, and one set of selected
spare parts was provided. Launch was via the then new
Atlas D Agena D vehicle, which would permit spacecraft
weight of 260 kg. Mission coi.straints involved a 2S-day
launch period, with a 4-hr-maximum launch window each
day. Flight time would vary from 220 to 265 days, de-
pending upon the trajectory, with 10 additional days
required for each trausmission of the tape-recorded data.
New techniques involved a capability for performing two
trajectory corrections. if required, an S-band (2300-MHz)
communications system, use of the sun and the star
Canopus as attitude references, and a spacecraft made
as auromatic as possible. . ith many redundant functic.ns
provided for reliability.

The primary objectives of the mission were to conduct
a close-up television reconnaissance of Mars, perform

JPL TECHNICAL REPORT 32-884

certain field and particle measurements i interplanetary
space and in the immediate vicinity of the plauet, and
transmit the data to earth. Other objectives were to pro-
vide experience in flying an attitude-stabilized spacecraft
on a long-duration mission away from the sun, and assure
a probability of impacting tve planet of not more than
1:10,000.

Mariner 111, first of the two spacecraft scheduled for
the 1964 Mars attempt. was launched on November 5,
1964. The plastic shroud failed soon after liftoff and en-
capsulated the spacecraft, making it impossible to deploy
the solar panels. The spacecraft systems were silenced
when the battery failed after 8 hr 43 min of flight.

Equipped with a new metal shroud, Mariner IV left the
launch pad on November 28, 1964. The new Atlas D
Agzena D vehicle performed well, and injection and sepa-
ration were normal. Following separation, the four solar
panels were extended and the sun was acquired. The
spacecraft was allowed to roll gently for the next 15 hr
while the magnetometer was calibrated in two axes. Then
the star Canopus was acquired, using an optical sensor.

The first attempt at trajectory correction was cancelled
when the star sensor lost lock on Canopus, probably
because of a sunlit dust particle drifting across the field
of view, Later, after this anomaly had occurred several




times, the internal logic of the spacecraft was modified
by radio command, solving the problem.

On December 5, the trajectory was successfully
changed from a closest approach distance of 251,000 km
to one of 9550 km above the south pole of Mars. This
required a change in flight angle of less than 1'% deg
and a velocity increment of 16.5 m sec.

During the first half of the mission, two-way communi-
cations were conducted using the low-gain omnidirec
tional spacecraft antenna. The high-gain, body-fixed,
directional antenna was switched on when the beam of
the antenna intercepted the earth on March 5, 1965.
Thereafter, the earth remained within the antenna beam
for the duration of the mission.

On February 11, 1965, the cover protecting the tele-
vision op ..l system was removed by radio command,
as a precaution against the dislodging of dust particles

during the critical encounter phase.

During the long Hight, only two failures occurred in
critical spacecraft systems. A component failure in the
plasma probe in December made its data unintelligible
until the switch in data rates in January 1965 effected
partial recovery of data for the rest of the mission. The
second failure occurred when the Geiger-Mueller wbe
of the ion chamber recorded a severe solar flare on Feb-
ruary 5 and never fully recovered: it ceased functioning
completely on March 17, 1965.

Mariner 1V encountered Mars on July 15, 1965. The
planet was in view of the TV subsystem for approximately
20 min, during which time 21 complete pictures were
taken and recorded on magnetic tape. As the spacecraft
passed behind the planet, it was hidden from earth, and
remained so for 54 min, permitting subsequent analysis
of the effect of the Martian atmosphere and ionosphere
on a radio signal, both while entering and emerging from
occultation.

Following encounter, the spacecraft switched to a mode
in which the photographs and science data were twice
transmitted to earth. Picture transmissions were alter-
nated with intervals of real-time engineering data needed
for ground track™g purposes. During the pre-encounter
phases, the spacecraft had continuously transmitted a
commutated sequence of 280 bite of sci nce data followed
by 140 bits of engineering information.

The missicn was terminated on October 1, 1965, with
the spacecraft over 308 million km from earth. Several
radio contacts were achieved after that time. No attempt
was made to read telemetry, but the presence of side-
bands indicated that the carrier was still being modu-
lated. A successful contact was made on February 3,
1966, with the spacecraft apparently responding to an
earth-based signal at a record distance of 344 million km
using the new 63-m antenna at Goldstone, California.
Mariner IV returned within full communications range
of the earth in 1967, and operations with the spacecraft
were then renewed.

This report is concerned with but one part of the
Mariner IV mission—the television experiment. Its pur-
pose is to describe in some detail the design, con-
struction, calibration, and operation of the television
subsystem; to outline the procedures followed in the ac-
quisition, handling, and reduction of the digital data of
the experiment; to present the calibrated and sharpened
pictures in several forms convenient for further study;
and to discuss some of the preliminary results obtained.

Although the pictures mostly speak for themselves,
their full scientific value can be realized only in the con-
text of the many factors that characterized the perfor-
mance of the TV subsysiem and indeed of the whole
spacecraft. For this reason a considerable part of the
report is devoted to the description of the spacecraft and
its operation during the flight as well as to mcre directly
relevant matters such as the spacecraft trajectory, the
camera angles of view, and the Martian coordinates of
the pictures. Most of these auxiliary data are presented
as appendices to the main body of the report.

Because of the relative complexity of the television
experiment and the large amount of numerical data it
produced, it is impractical to present the raw data and
all of the test and calibration information that would be
needed for an independent reduction of the picture data
to a photom trically accurate form. Instead, only the
calibrated pictures are included herc, together with a
brief description of the steps that were followed in the
processing of the data.

In a complex technical enterprise such as the Mariner
Mars 1964 Mission, it is impossible to acknowledge ade-
quately the important contributions made by the hun-
dreds of persons who participated ‘n it. The scientific
investigators are decply appreciative of their eflorts. The
undoubted scientific success of the Mariner Mars 1964
Mission stands as a tribute to the skill and devotion of
each of these many people.
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Il. The Mariner IV Television Pictures

A. Introduction

In this section are displayed the principal results of
the Mariner IV television experiment—nineteen pictures
of the Martian surface, ranging from the limb of the
planet to the sunset terminator.” The data content of
these pictures amounts altogether to 3.75 million bits
(counting only the active picture area). In viewing and
analyzing them, it is well to recall that, as pictures go,
this is not really very much data: an ordinary 10- > 12-cm
snapshot taken with a good lens contains about 100
million bits; a single high-quality aerial photograph 30
em square may contain 10 times this amount. Even com-
paring the Mariner pictures with pictures of the moon,
a single earth-based lunar photograph, taken under com-
parable conditions of surface resolution, would contain
10 to 50 times as much information as the entire set of
Mariner IV pictures.

On the other hand. in comparison with the previously
available photog: aphs of Mars, the Mariner IV pictures
are outstonding. Even the best of the existing earth-based
pictures ot Mars contain only about 10,000 bits of data.
In addition, because of their far superior linear resolu-
tion, the Mariner IV pictures add much new information

“Three other pictures, Pictures 20-22, all fall on the nighttime
side of the planet
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about the present conditions and past history of the
Martian surface.

Because of the limited number of pictures, their unique
character, and the low contrast of the Martian surface
at the resolved scale, it was considered most important
that the pictures be calibrated, enhanced in contrast,
sharpened in resolution, and geometrically corrected in
such ways as to render them quantitatively as well as
qualitatively useful. Fortunately, the characteristics of
the camera system were such that this could be done
with negligible loss of information or introduction of
spurious “noise.” The calibration and enhancement pro-
cedures are outlined in Section III of this report.

In the course of studying various versions of the
pictures, as the calibration, enhancement, and sharpening
processes were applied, it was found that no singl> ver-
sion could be judged “best” ia the sense that all features
of the scene were more clearly visible on it than in some
other versions. This was to be expected, since the ability
of the Mariner camera to discriminate intensity far ex-
ceeds that of the human eye. Further, it was sometimes
difficult to distinguish between true features and arti-
facts introduced in the conversion of the processed data
to photographic form. This discrimination was made
much easier by identifying the feature in each of two




or more independent pictures. In order that the pictures
might be of the greatest scientific use, it was decided that
several versions of each picture should be published. This
has been done for Pictures 1-16 inclusive. (Pictures 17-22
are presented in one version only.)

It is well known that an experienced observe* can
discern more detail and sense more sabtle relationships
in a visual field than can an inexperienced person with
equal visual acuity. For this reason, and to exploit rore
fully the discriminability of the Mariner IV camera, vari-
ous versions of the Mariner IV pictures were examined
by the professional staff of the lunar mapping section of
the Aeronautical Chart and Information Center (ACIC)
at Flagstaff, Arizona. This staff rendered the pictures into
airbrush drawings showing the Martian surface features
in accentuated form. Such an interpretation is, of course,
subjective in that it involves personal experience and
judgment. The strong lunar orientation of this group may
have led to a tendency to sharpen the topograpliic relief
so as to resemble the moon, even though this possibility
was consciously recognized ana allowed for in the study.
There was also a distinct terlency to interpret small-
scale shadings as due to surfaze relief rather than to
surface albedo or atmospheric effects. Surface relief was
interpreted as primarily the result of cratering, except for
lineations and 1 few other forms that were otherwise
interpretable.

Thus, the ACIC drawings mus! be regarded as an
interpretative rendition of what the surface of Mars may
look like. It is certainly correct in emphasizing craters as
the principal features, but the accuracy of the topographic
portrayal, in detail. necessarilv must be viewed with some
reservation. The drawings are based on repeated con-
sultations between the ACIC staff and the Mariner 1V
experimenters. Even with considerable allowance for
error in interpretation, one is left with the clear resuit
that the Martian surface is. in fact, cratered much more
densely than was at first believed on the basis of the
initial crater counts, and may in places approach the
density characteristic of the lunar uplands.

Each picture, then, is represented in the following
forms:
(A} The ACIC air-brush rendition.

(B) A calibrated and geometrically corrected version,
enhanced in contrast.

(C) The same, but sharpened as well.

(D) A negative version of the calibrated, enhanced
picture in the original picture format (not geo-
metrically corrected).

(E) A calibrated, contrast-erhanced version in the
original picture format.

(F) A sharpened version of the same.

(G) A “fuctuation plot” in which smooth areas are
rendered as darl and locally rough areas are
rendered as light.

Details concerning production of the various versions
are given in a later section.

The pictures are presented in pairs. The ACIC rendi-
tions incorporate the two overlupping pictures of a pair
into a single view, but the photographs themselves are
presented separately.

Certain technical information and descriptive co.n-
ments are also included with each picture pair:
(1) The filter used with cach picture.

(2

The location on Mars of the center of each picture.
These locations were extracted from the more
complete table of picture data in Appendix D. The
general character of the area covered in each pic-
ture is also given.

(3

The approximate dimensions, in km, of the total
area included in the picture. More precise data
of this kind are also given in Table D-4.

(4) The approximate local solar time and solar zenith
angle. The subsolar point was located at approxi-
mately 15.3°N, —171.6°E.

(5) The brightness range spanned by each pictore The
various picture intensities were converted into
integers spanning the range 0-63 by the formula

o
DN m(l —""”,)
max-min

where min < I < max is the picture intensity and DN
was rounded to the nearest integer. The picture density
corresponding to a given inte ger is indicated by the 64-
step gray scales included with each picture. Actual pic-
ture intensities are available as numerical matrices in
Part 11 of this report.
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The general comments cover the following aspects of
the pictures:

(1) The craters appearing in each picture are described
as to number, state of preservation, shape, and size.
Craters of special interest are discussed individually
where appropriate. The crater counts were made
from the ACIC renditions and must be used with
due regard to the limitations of these renditions
discussed above. In general, craters that are in a
“good” or “intermediate” condition of preservation
will be recognized with little difficulty in the
photographs. Craters in a “poor” state of preser-
vation are individually more questionable as to
their existence but, aken as a whole, may provide
a fair guide as to the crater densities actually
present. It is felt that the crater counts as given
are probably about right, and are unlikely to be
in error by more than a factor of 2 in either
direction.

The presence and predominant directions of sys-
tems of lincations are described, and the locations
of individual lincations are given where app:o-
priate.

JPL TECHNICAL REPORT 32-884

(3) The presence and general characteristics of surface
albedo variations are pointed out in those cases
where these can be distingnished. General relation-
ships of these to known curface features such as
“canals” are also discussed.

(4) The character of the surface as to ronghness and

general texture is pointed out in a few instances.

Particular features of a given picture which are re-
ferred to in the text are located by their TV line and
element numbers. Thus the location P5 L72 E101 means
the 101st element of the 72nd line of Picture 5. 1f the
pictures are viewed with the black mask at the top, the
lines are vertical with line number increasing fron right
to left. Elements are then counted from top to bottom
in cach line. In the geometrically corrected pictures,
single black picture elements at 1.100 E100, and at points
80 elements removed from this point, mark the corners
of the fiducial marks. The lighting in the pictures is such
that the sun is behind the camera and at an angle of
60 deg with its axis. The shadow of a point above the
surface of Mars would lie on the same TV line and at
a larger element number.
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Picture 1H. Picture 1 processed so as to emphasize
the cloud above the limb
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Picture 1

nge

ttion of Picture Center
"N, 173°E
| of the foreground is bright area and near the limb are

right regions Phlegra and Azania. The dark spot near
mb is probably Propontis 1.

snsions

cture 1 is about 350 km parallel to the limb: from the
to the lower edge of photograph is about 1290 km.

and Lighting

¢ local solar time at the center of the picture is 11:00.
e sun is 27° from the zenith.

ntness Ranges*

cture 1 F E D =] B
Min. 165 165 98 165 165
Max. 285 265 265 265 265

ian Surface

ide from some albedo variations involving relatively
irregular areas and a fev’ linear trends, this photograph
des little information on the nature of the Martian sur-
The albedo variations in the SE corner appear also in
W comer of Picture 2. In order to be visible on the
. topographic relief would have to be abrupt and on the
of 3-5 km in height.

addition to the dark spot (Propontis I) near the limb,
is some indication of a faint, dark line parallel to the
and displaced about 5-7 picture elements from it. This
ure is clearly seen in the “fluctuation plot™ where it
irs as a bright line. It is possible, although it seems
ely, that this is the true limb. with the lower atmosphere
wling 10 km or so above it. Such an effect is commonly
in photographs of the limb of the earth from orbiting
craft. Some Martian maps show fain!. “canals’ Helicon
syndes at about this location; the region of Propontis 11
-vndes appeared unusually dark as late as July 19, 1965,
ding to Capen (1966).

cible in the sky adjacent to the limb are several faint
patches. These are probably thin clouds of dust or frozen
ir. the Martian atmosphere. These “clouds” are brought
htness ranges in this section are expres: * in “reflectivity units”

scribed by Eq. (3-15).

POLDOUT rrAve 4

out more clearly in Picture 1H. which spans the brightness
range 97-265. (The remaining versions of Picture 1 were
enhanced so as to emphasize detai! on the planet at the ex-
pense of suppressing the sky background.)

Picture 2

Filter

Green

Location of Picture Center
25°N, 175°E

Picture 2 is wholly within the bright region Amazonis,
northeast of Trivium Charontis

Dimensions

Picture 2 includes 370-550 km east-west and 780-1000
km north-south.

Time and Lighting

Local time is 11:00.
The sun is 18° from the zenith.

Brightness Ranges

Picture 2 F E D A B
Min 116 119 119 i17 121
Max. 179 16@ 169 170 166

Surface Features

It is probable that a number ot craters are shown on this
photograph. but they are so faint that no counts or measure-
ments have been made. Several striking contrasts in albedo
are recorded. some of irregular outline and others distinctly
linear with a northeast trend. A “canal.” Erebus, in this
region has been mapped by telesconic observation. The direc-
tion and location of this feature agree reasonably well with
the prominent dark streak in the northern half of the photo-
graph, but positive identification is lacking.

A distinct mottling is evident in the middle and southern
part of the picture. The mottles tend to Le light with dark
borders on their northern edges and sometimes light borders
on their southern edges. The shapes and distribution of these
mottles seem unlike craters, but more suggestive of clouds. No
cloud shadows are seen. If present, these would appear to
be displaced along the beam scan direction (toward the south
in this picture).

An indistinet, light spot of unknown character is visible
near the NE corner of the picture.
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REFERENCE COORDINATES
Line and element numbers,as recorded on the original
television photographs, are depicted around the perimeter -
of the imagery for the purpose of identifying and
refersncing of features -
Element Number North to South -

Line Number East to West

o
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4E. Calibrated and enhanced

Pictu

Filters

Picture 3—green

Location of Picture Cente

Picture 3—12°N, 178°E

Dimensions

Picture 3 includes app
500 km north-south; Pictu
west and 440 km north-sor

Time and Lighting
The local time is 11:00

The sun is 14° from the
solar point is about 850 k

Brightness Ranges

Picture 3 F
\lilt | 33
Max 180

Picture 4 F
Min 224
Max 300

Craters

A total of 88 craters or
these photos, one with a
I)v.'\’_ﬂ)ll.l] outline., Of these




Pictures 3 and 4

reen Picture 4—orange

Picture Center

12°N. 178°E Picture 4—7°N, 179°E

includes approximately 310 km east-west and
h-south; Picture 4 includes roughly 300 km east-
} km north-south.

ghting

ime is 11:00.

; about 850 km east of the center of Picture 3.

anges

F E D c B
133 128 128 136 141
180 170 170 174 169
F E D C B
224 233 233 230 246
300 290 290 294 288

88 craters or possible craters are recognized on
one with a central peak and none with clear
tline. Of these, 5 are regarded as well preserved,

14° from the zenith in both pictures. The sub-

37 of intermediate and 46 of poor preservation. The largest
crater identified is 80 km and the smallest 6 km in diameter.
Craters may be considerably more abundant than this, for the
high sun angle suppresses the visibility of vertical relief. On
the other hand, some of the features interpreted as craters may
not actually be such.

Lineations

Two patterns of lineations, one bearing northwesterly, the
other northeasterly, are discernible. Divergences as great as
40° occur in both sets. The complex of lineations in the north-
west part of Picture 3 comes close to coinciding with the
location and trend of the prominent canal, Orcus, mapped on
the Martian surface from earth-based observations. The agree-
ment is not close enough to be more than suggestive.

Albedo and Surface Texture

The darker albedo in the northwest part of Picture 3 may
bear some relation to the greater topographic complexity and
possible relief there displaved. Much fine detail is visible in
this area, some being greatly enhanced in sharpness and
contrast in the sharpened versions of the picture. One’s atten-
tion is particularly drawn to the narrow, dark lineation enter-
ing the west edge of the picture at element 67 (Picture 3B),
and the bright spot with a dark edge at L.80 E65 (Picture
3B). Some of the mottled appearance in this region may be
similar to that noted in Picture 2.

Notable features in Picture 4 are the brighter albedo in
the southeast corner, several diffuse dark patches (some of
which may be old craters), and a small, especially dark spot
at L57 E135 (Picture 4B). This small spot covers four or
five picture elements and is about 10% less bright than its
surroundings.
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REFERENCE COORDINATES

Line and element numbers, as recorded on the original
television photographs, are depicted around the perimeter
of the imagery for the purpose of identifying and
referencing of features
Element Number
Line Number

North to South
East to West

0

20 40 60 80 100

/7 7/ 1/ A

Orthographic Projection
a1 10°39'57 N and 178°26'13'E
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3, 4A. ACIC version
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Filters

Pictn

re

Location of Picture

Picture 5-2°8§, 1!

Both pictures ar
region Zepl

region Mesogae

}M'I:EJ

Dimensions
Each preture
st and 322

Time and Lightine

The local time

S

Brightness Range
Picture

5
Mi:
,\IA\'\
Picture 6
Min
Max
Craters
A total of 92 pc
of photos, 6 wit!
mtline. Nine are «
mediate and 43 of
5 km and the




Pictures 5 and 6

: 5—orange Picture 6—green

of Picture Center

» 527§, 181°E Picture 6—6°S, 183°E

ictures are located between the eastern part of the
gion Zephyria and the westem part of the bright
lesogaea

ons

picture covers zn area approximately 306 km east-
322 (for 6) and 354 km (for 5) north-south.

d Lighting

cal time is about 11:30 for both pictures.

n is 19° from the zenith in Picture 5 and 22° in Pic-
ss Ranges

e 5 F E D C B

217 231 231 224 233

296 293 293 291 285

6 F E D C B

122 123 123 125 128

171 162 162 169 162

I of 92 possible craters are recognized on this pair

6 with a central peak and 2 with good polygonal
vine are classed as well preserved, 40 as of inter-
and 43 of poor preservation. The smallest crater is
i the largest 64 km in diameter. The relatively fewer

number of craters recognized and the larger diameter of the
smallest crater (5 km compared to 3—4 km on other photo
pairs) probably reflects more the elevation of the sun than
any true variation on the Martian surface.

Lineations

Two sets of linear features, trending northeast and north-
west respectively, are rather well shown on these photos. Both
sets are long, continuous, and somewhat irregular to gently
curving.

Quite interesting is the dark, irregular linear zone extending
northeasterly across the northwest part of Picture 8 and south-
east part of 5. This coincides with a “canal” shown on the
ACIC map of Mars (1962). Other Martian maps show different
“canal” configurations in this region: the “canals” Avernus,
Tartarus, and Saus converge in approximately this area.

An especially narrow, sharp lineation is visible near the
northwest corner of Picture 5.

Albedo and Surface Texture

Although these photos are wholly within a bright area, they
show an unusually high albedo contrast, principally because
of the irregular dark areas tentatively associated with “canals”
in this region. Aside from the craters, which are becoming more
visible because of the more favorable illumination angles, the
most striking feature of this photo pair is the massive dark
area in the northeast part of Picture 6. This marking shows
a definite texture of sweeping, curved filaments suggestive
of some sort of structure. Some of these filaments become quite
narrow in the sharpened Pictures 6C and 6F.

A few light patches are also present: In Picture 5B one
sees an irregular mark at L165 E90, a bright fan-shaped area
possibly associated with the unusual crater at .32 E123, and
a short, bright, westerly bearing lineation near L118 EI151.
In Picture 6B, the ring-shaped mark centered near L65 E93
is especially noticeable, and a few smaller mottles along the
south edge are also present.
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Line and element numbers, as recorded on the original km
television photographs, are depicted around the perimeter
of the imagery for the purpose of identifying and
referencing of features

Element Number . North to South Orthographic Projection
Line Number East to West at 3°31'42"S ond 177°48'54"W
2° 789 176° _I7a® 0°

4° 174°

178°

80

g

i )

120 )(loo

3
1789 8° 180° 178° 176°

5, 6A. ACIC version
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Filter

Picture 7—gree

Location of Pict
Picture 7—13
Picture 7 is wh

rl‘\:iun Z(']\}l‘\li.l

dark Mare Sirem

Dimensions

Each picture
west and 275 (fo

Time and Light
The local time

The sun is 2¢

Picture 8

Brightness Ran

Picture 7
Min.
Max.

Picture 8
Min
Max

Craters

In terms of cr:
pair of Mariner |
i 15 possible cra
10) ’n.t\t' a clear I
of 18 is good, of
crater is 180 km
{ km.




Pictures 7 and 8

r

icture T—green Picture 8—orange

ation of Picture Center

icture 7T—13°S, 186°E Picture 8—17°S, 187°E

icture 7 is wholly within the southeastern part of the bright
n Zephyria, while the border between Zephyria and the
Mare Sirenum trends across the middle part of Picture 8.

ensions

“ach picture covers an area of approximately 290 km east-
t and 275 (for 8) to 290 km (for 7) north-south.

e and Lighting

he local time is approximately noon.

-

he sun is 29° north of the zenith in Picture 7 and 32° in
ure 8.

htness Ranges
icture 7 F E D C B

Min. 103 106 106 113 113

Max. 160 165 165 153 148
icture 8 F E D C B
Min. 142 153 153 149 158

Max. 228 238 238 223 217
fers

1 terms of crater number, this is the second most populous
of Mariner IV photos, after 9 and 10. Of a total count of
possible craters, 7 have recognizable central peaks, and
ave a clear polygonal outline. The degree of preservation
S is good, of 45, intermediate, and of 52, poor. The largest
er is 180 km in diameter, and the smallest recognized is
n.

Outside the overlap area, Picture 7, wholly in a light area.
has 50 craters, and Picture 8, largely in a dark mare, has 53
craters. The craters in Picture 7 appear somewhat better
preserved, and the terrain generally appears rougher. This pai:
of photos provides little if any support to the idea that the
difference between light and dark areas is related to topo-
graphic features. The topography of Picture 8 appears more
subdued, but the crater number is essentially the same.

Lineations

One long sharp lineation cuts northwesterly across the west
half of Picture 7 and possibly extends southeasterly into 8. A
pattern of short, less clear lineations bearing northeasterly is
faintly visible in both pictures.

Albedo and Surface Textures

A relatively large irregular area of higher than normal
albedo lies in the north central part of 7, and extends through
a rough-appearing area toward the southwest. This high-
albedo area also appears rougher in the “fluctuation plot,”
Picture 7G. This roughness is partially due to obvious craters,
but partially to irregular, fine-scale fluctuations. The northwest
part of the picture appears generally rougher than the south-
east part. and there is a suggestion of an abrupt boundary
between the rougher and smoother areas, which progresses
from the southwest corner, northeasterly toward the north
center of the picture, then curving toward the northeast corner,

The northern part of Picture 8 appears less rough than the
darker southern part. In this case no abrupt boundary is
apparent.

The south or southeast parts of the floors of no less than
five of the principal craters in these pictures appear darker
than the average. Several craters in Pictures 9, 10, and 11 show
a similar effect. Although an explanation in terms of albedo
variations seems most likely, the effect is peculiar. It is difficult
to imagine an instrumental effect that would lead to such an
appearance, but such an explanation cannot be excluded. One
must also admit the possibility that this appearance is a true
shading effect due to surface slopes, so that the floors of the
craters are “domed.” Such doming might be produced by
isostatic rebound of the Martian crust over a long period of
time following a major impact.
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REFERENCE COORDINATES

Line and element numbers, os recorded on the original
television photographs, ore depicted around the perimeter
of the imagery for the purpose of identifying and
referencing of features
Element Number
Line Number

North to South
East to West

FOLDOUT FRAME |

Orthographic Projection
at 25°11'26"S and 168°08'13"W

7, BA. ACIC version
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Pictures 9 and 10

Filters

Picture 9—orange Picture 10—green

Location

Picture 9-24°S, 191°E Picture 10-27°S. 193°E

Pictures 9 and 10 are largely in the dark area, Mare Sirenum,

near the light area, Atlantis.

Dimensions

Each picture covers an area of roughly 275 km east-west
and 260 km north-south.
Time and Lighting

The local time is approximately noon in hoth pictures; the

sun is 39° from the zenith in Picture 9 and 427 in 10.

Brightness Ranges

Picture 9 F E D C B
Min. 100 117 117 112 1=
Max. 182 184 184 174 169

Picture 10 F E D & B
M. 59 69 69 62 70
Max. 107 100 100 103 100

Craters

These two pictures show a greater density of possible craters
than any other pair of Mariner IV pictures. A total of 132 have
been counted, ranging in diameter from 4 to 123 km. Of these,
11 clearly have central peaks and 10 have wel'-defined polygo-
nal shapes. The smallest crater with a central peak is 11 km
diameter and the largest is 27 km. Both central peaks and
polvgonal form show a direct relationship to the freshuess of
the crater, suggesting that these features are perhaps more
ibundant thanrecognized. Nineteen of the craters are well pre-
served, 67 are of intermediate preservation, and 46 are poorly
preserved. This classification, of course. involves a high degree
of subjective judgment. Well-preserved craters are more abun-
dant in the small and medium sizes, many of the larger craters
being fuint.

The distribution of craters across Pictures 9 and 10 is rea-
sonably uniform aside from local clustering, and no striking
alignment of craters is observed.

Larger craters show irregularities on their inner sl(\pvs sug-
gestive of slump or mass movements. No consistent variation
in albedo between crater floors and surrounding terrain is
discerned, although some of the larger craters seem to have
darker interiors. The two large cr ters partially visible at the
south edge of 10 seer. to have imusually rongh and somewhat
darkened interi

Most of the well-preserved craters of Pictures 9 and 10 have
been quantitatively analvzed to obtain slope and elevation
information: some detailed results can be found in Appendix
H. Several interesting characteristics emerge. First, some large
craters, like P10 L29 E111 and the western part of P10 1.5 E135
exhibit smoothly filled, relatively flat bottoms, whereas others.,
notably P10 L72 E44 and P10 L126 L2148, have been modified
into an irregular array of linear eleme..ts. In addition, the north-
western rim of P10 L5 E135 and northeastern rim of P10 L175
E185 are severely distorted by linear gashes and crater chains,
similar to certain deformational features on the moon. Finally,
some crater bottoms ha e been partially or entirely covered
with dark material which is localized within the crater; P10
[.126 E148 and P9 L105 F148 are good examples.

The maximum lecal relief in Pictures 9 and 10 probably does
not exceed 1000 meters, most of the craters displaving very
much less. The prominent central peak in P9 L61 E109 rises
only abc it 200 meters above the surrounding floor; its top
is 400-50) meters below the general land level in that area
Crater rims do not appear to rise more than 200-300 meters
above the local land level anywhere in the two pictures. Large-
scale slopes, i.e., of the order of 2-3 km in extent. rarely exceed
about 10 deg anywhere in either picture. Most of the “fresh”
appearing features on the photographs exhibit siopes of 5
deg or less.

One crater. P9 L127 E111 (Picture 9B), exhibits a peculiar
sharp corner, and is shown in detail in Appendix H. This might
be caused by the presence of a smaller crater near the edge
of the larger one, by an unusual pattem of slumping along
local planes of weakness, or possibly by a combinution of these
effects with the presence of electrical harmonic noise in the
camera system.

Lineations

Prominent linear features in this pair of pictures are defined
by surface texture as well as by albedo. One lineation is visible
in the “fluctuation plot.” Picture 9G. as a northeast-bearing dark
(ie., <nooth) streak about 5-10 km wide. It starts at L1635
E200 and curves gently to L7 ES5, passing quite close to
three prominent craters. The terrain on the northerly side of
this feature is slightly rougher than on the southerly side. At
least two more such lineations, shorter and less distinet, can
be seen crossing the major one. These bear n ithwesterly and
northerly. respectively. Although the principal streak seem
much too long and regular to be explained as merely a chance
alignment of low-contra: * elements, the reality of the remaining
features is less certain.

Linear streaks bearing generally northeasterly with some
curves and bends are seen in both pictures. and often connect
deformed crate: walls. Lineation in a northwesterly direction
is more weakly expressed by broader, more poorly defined
markings. Both lineations are parallel to sides of polvgenal
craters and create a subtle “herringbone” pattern in. the north-
west portion of Picture 10.

Albedo
An irregular pattern of 2lbedo centrast is present throughout

both pictures. sometimes oxtending without interruption across
some of the smooth-bottomed craters, e.¢.. P10 172 E44.
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Filters

Picture 11—green

Location of Picture

Picture 11-33°S

Picture 11 proba
Sirenum, but may
Atlantis between M

Picture 12 probal
Mare Sirenum and |

Dimensions

Each picture cov
240 km north-south

Time and Lighting

The local time is

The sun is 49° |
Picture 12.

Brightness Range:
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Picture 12
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Pictures 11 and 12

e 11—green Picture 12—orange

1 of Picture Center

e 11=-33°S  197°E Picture 12—-35°S, 200°E

+ 11 probably lies principally within the dark Mare
but may be in or near the somewhat lighter area
between Mare Sirenum and Mare Cimmerium.

¢ 12 probably lies across the ill-defined border between
enum and the light area Atlantis.

ons

victure covers an area roughly 275 km east-west and
orth-south.

d Lighting
cal time is about 12:40.

an is 49° from the zenith in Picture 11 and 52° in
)

ss Ranges
11 F E D C B
50 57 37 53 57
94 85 85 93 85
> 12 F E D C B
66 80 80 77 90
147 137 137 137 132

f the interesting aspects of this pair of photographs
-ater abundance of craters on Picture 11 compared
e 12, The difference is not considered to be real, but
ly the product of the decreasing light level, which
affects the discriminability. The use of orange and
ers has not produced a corresponding contrast in the
f other photo pairs because of the higher light levels.
not exclude the possibility that the crater density
is less in Picture 12, however. The general range of
id elevations measured on both pictures is similar
f the previous two pictures.

I of 97 possible craters have been counted on both
ranging in diameter fron: 3 to 175 km. Of these, 8
ave central neaks, and 9 have well-defined polygonal
wenty of the craters are classed as well pre-erved,

42 are of intermediate preservation, and 35 are poorly pre-
served. Outstanding is the large crater of 175-km diameter
on Picture 11. This is one of the best preserved larger craters
shown on the Mariner IV photos. In places its inner walls
display features suggestive of slump blocks. This is rather
common among the larger craters.

Contrasts in ages of craters are about as well shown on
Picture 11 as on any photo of the Mariner sequence. The large,
175-km crater, although relatively well preserved, is obviously
much older than the many craters pocking its floor, slopes, and
rim. Some of the craters on its floor are faint, suggesting con-
siderable modification and a relatively great age for the large
crater. The relic crater centered at about P11 1.82 E76 (Picture
11B) is reminiscent of Sinus Iridum on the moon, having been
eroded away entirely on the side towards the center of the
large crater and filled smoothly right to the edge of the other
wall. As in the previous two pictures, albedo contrasts are
sometimes localized within a crater (P11 1.136 E41 and P12
LL185 E170) and sometimes pass across the craters without
apparent regard for the local relief (P11 L132 E135). The
larger craters in Picture 11 show extensive modification by
linear elements, particularly the interior of P11 L155 E114
and the rims of P11 L136 E41, P11 L155 E114, and P12 L20
E140

The peculiar tendency for tonal variation to be brighter on
the northern portion of crater floors and darker on the south-
ern, noted previously in discussion of Pictures 7 and 8, and
also 9 and 10, is conspicuously developed in P12 120 E140.
and less stronglv in the large crater of Picture 11. In the former
case, the effect is so strong that, if presumed to be solelv
topographic, the whole central area of the crater would be
many hundreds of meters higher than the surrounding plain.

Lineations

The most prominent lineation visible in these pictures is
the long, straight, narrow rift visible in Picture 11. Tt runs
northeast from the southwest corier of the picture toward
L1 E125 (Picture 11B). At some points it is lighter than the
surroundings, at other points darker. As it crosses the walls
of a minor crater and the major crater, it seems to enhance the
shading due to crater walls. Close inspection reveals that along
much of its length it is double. consisting of two dark lines
about 5 picture elements apart. There is no evidence of shear
displacement of one side relative to the other.

Most of the other lineations in these pictures seem to be
shorter, more diffuse, and to have a northwesterly trend.
parallel to the prominent polygonal crater walls.

Albedo and Surface Texture

There are few striking albedo variations in these pictures.
although Picture 12 seems somewhat dark in the southwest
and somewhat light in the northeast, a trend somewhat shared
by Picture 11. This same area appears smoother on the
fluctuation plot (Picture 11G).
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REFERENCE COORDINATES

Line and element numbers, 0s recorded on the original
television photographs, are depicted around the perimeter
of the imagery for the purpose of identifying and
referencing of features
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14E. Calibrated and enhanced

Picty

Filters

Picture 13—orange

Location of Picture Cen

Picture 13—40°S, 206

The border between
the bright region Phaethe
13. Picture 14 is wholly v
Dimensions

Each picture covers a
west and 225 km north-s
Time and Lighting

The local time is about

The sun is 58° from |
Picture 4

Brightness Ranges

Picture 13 F
Min 73
Max 153

Picture 14 F
Min. 56
Max 106

Craters

These two frames disj
with a central I‘(‘.l]\ and
1!:‘1“'(‘ ot h!l servation 1s ]

in 19, and poor in 36




Pictures 13 and 14

inge Picture 14—green

ture Center

1°S, 206°E Picture 14—42°S, 209°E

etwveen Mare Cimmerium on the north and

y Phaethontis probably passes through Picture
- wholly within the bright area Phaethontis.

covers an area approximately 275 km east-
n north-south.

ting
» is about 13:00.

3° from the zenith in Picture 13 and 61° in

ges
F E D C B
73 74 74 80 90
153 144 144 150 140
F E D C B
56 61 61 60 63
106 98 98 102 97

imes display a total of 67 possible craters, 4
seak and 4 with goed polygonal outline. The
vation is judged to be good in 12. intermediate
n 36.

The smallest crater identified is 6 km across, and the largest,
only a part of which is shown, is 350 km in diameter. Its
opposite wall might appear as a dark patch in the extreme
southeast corner of Picture 12. If this is a valid interpretation,
this is by far the largest crater recognized on any of the
Mariner IV photos. The next largest crater on these plotos
is 58 km.

Lineations

A rather straight linear featurc " ears about N60°E through
the northern part of Picture 13. It appears o cut the rim and
floor of the large (350-km) crater but ic in turn broken by
smaller, seemingly vounger craters to the northeast. Parallel
to this line are the opposite walls of a polygonal crater at L 45
E 120 (Picture 13B). Suggestions of a less well defined set
of lineations of shorter, more irregular character are seen in
the southern part of Picture 14.

Albedo and Surface Texture

Although Picture 13 lies near a mare-light area contact, no
sign of this is seen here in terms of albedo or topographic
features.

Visible in Picture 13, and even more in Picture 14, are
several examples of a new phenomenon—circular features hav-
ing a nearly continnous bright outline. These are interpreted
as craters whose poleward inner slopes are illuminated by the
sun, and whose equatorward inner walls are partially covered
by “frost” or “snow” and which therefore appear brighter
even though they are more obliquely illuminated. Many of
the circular rings are incomplete in the northwest quadrant.
as would be expected if the morming sun were able to evaporate
a thin layer of overnight frost. The south polar cap edge is
probably at about 80°-65°S latitude, or about 10°~15° south
of Picture 14.

It is possible that some of the localized bright patches not
associated with craters are also frost patches. The possibility
that fog or low clouds exist in these latitudes must be con-
sidered also.
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REFERENCE COORDINATES

Line and element numbers, as recorded on the original
televisior photographs, are depicted around the perimeter
of the imagery for the purpose of identifying and
referencing of features

Element Number North to South
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Filters

Picture 15—green

Location of Picture C
Picture 15—46°S, 217

Both pictures are I
Phaethontis.

Dimens.ons
Picture 15 covers an

and 225 km north-sou

east-west bv 225 km n

Time and Lighting

The local time is 13
16.

The sun is 67° fron
Picture 16

Brightness Ranges

Picture 15 F
Min. o2
Max 93
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Pictures 15 and 16

| 5—green Picture 16—orange

of Picture Center

15—46°S, 217°E Picture 16—48°S, 221°E

ictures are located wholly within the bright acea
is.

ns

I5 covers an area approximately 290 km east-west
m north-south; Picture 16 covers an area 305 km
w 225 km north-south.

Lighting
| time is 13:40 for Picture 15 and 14:00 for Picture

is 67° from the zenith in Picture 15 and 70° in

5 Ranges
15 F E D C
52 57 57 55 57
93 7 87 90 86

Picture 16 F E D s B
Min. 64 79 79 70 81
Max. 141 126 126 121 108

Craters

A total of 45 possible craters are recognized on this pair
of photos, 2 with a central peak and 3 with polygonal outline.
Only 3 are judged to be well preserved; 22 are in an inter-
mediate state and 20 a poor state of preservation. The largest
crater identified is 114 km in diameter; the smallest is 7 km
across.

The craters and other topographic features shown on these
pictures appear relatively subdued, but this is due principally
to the worsening discriminability of the camera system as
the general light level diminishes. This effect is especially
marked for the orange filter pictures 12, 13, 16, and 17.

Lineations

No lineations comparable to those seen on other photos
are displayed here.

Albedo

Ftore 15 strongly resembles Picture 14 with respect to
the presence of bright-ringed craters as well as in other aspects
of its general appearance. It presumably is to be interpreted
in a similar way. Because of its relatively poor intensity
discriminability, the camera reveals very little significant sur-
face detail in Picture 16.
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Pictures 17-22

ters

Picture 17—orange
Picture 18—green
Picture 19—green
Picture 20—orange
Picture 21—orange
Picture 22—green

cation of Picture Center
Picture 17=50°S, 231°E
Picture 18=51°S, 237°E
Picture 19-51°S. 252°E
Picture 20—-50°S, 260°E
Picture 21—-44°S, 279°E
Picture 22—-36°S, 291°E

Pictures 17 and 18 fall near Aonius Sinus. Picture 19 includes
> sunset terminator. and falls near Aonius Sinus and the
ht area Thaumasia. Pictures 20, 21, and the small part of

that was recorded all fall on the nighttime side of the
met.

Dimensions, km

Picture NE-SW NW-SE
17 320 225
15 330 225
19 380 235
Time and Lighting
Picture Local time Solar zenith angle, des
17 14:50 76
18 15:10 80
19 16:00 88
Brightnoss Ranges
Picture Min Max
17 68 99
18 31 58
19 5 28
Comments

These pictures show very little surface detail, for the reasons
previously mentioned. A few craters and one or two lineations
are faintly visible in Pictures 17 and 18.
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B. Summary Comments on Mariner IV Pictures

Mariner IV photos nnquestionably record craters and
linear markings. Other features possibly shown are sub-
ject to highly speculative interpretations. This is not
surprising. Photos of Earth taken under similar condi-
tions of slant distance (11,900 to 16900 km), lighting
(11 2.m. to evening), recording (200 scan line and 240,000
data bits), and transmission distance (215 to 240 million
km) would probably vield even less certain interpretations
owing to atmospheric complications and the more varied
and detailed surface patterns. Regional comparisons
across the Martian surface are hampered by these same
considerations and are feasible only on overlapping photo
pairs.

1. Craters

Without doubt the most significant fact revealed by
Mariner IV pictures is that numerous craters exist on the
surface of Mars. Even a casual inspection reveals more
than a hundred of these structures in the set of pictures.
It is not difficult to find twice or three times this number,
and a careful search has vielded a total of over 600
craters and possible craters on frames 3 through 16.

The three-fold range in number of craters recognized
per photo pair (Table 11-1), 45 on Pictures 15-16 to 132
on 9-10, is probably more a function of illumination and
photographic rendition than a representation of true
variations on the Martian surface. Crater counts have
not been attempt~1 on Pictures 1 and 2 or beyond 16,
although some, Picture 2 for example, display features
suggesting that craters also exist on these other parts
of the Martian surface.

It seems unlikely that Mariner IV recorded the largest
crater on Mars, and the degree of resolution, 3 km,

precluded detection of craters of smaller diameter. The
largest crater confidently identified is 180 km across.
Features displayed on Picture 13 suggest the possihility
of a crater as large as 350 km. Craters smaller than 4 km
in diameter are extremely difficult to recognize, and only
2 at 3 km diameter have been counted. However, within
the 20-180 km range the size distribution of Martian
craters is essentially the same as for lunar craters.

Crater shapes are predominantly circular, making
allowances for distortion arising from obliquity of the
photographs. However, 38 craters, just under 6% of the
total, display definite polvgonal outline, and a good many
more show some hint of partial polygonalization. Polygo-
nal craters are common on the moon. Polygonal outlines
on Mars occur most abundantly in craters 15 to 45 km
in diameter. On some photos it appears that the polygonal
crater walls are conformable (parallel) with linear mark-
ings visible on the photos which presumably demarcate
fracture systems in the Martian crust. The polygonal form
may be developed by slumping on the crater walls con-
trolled by pre-existing sets of fractures.

A number of craters, particularly the largest ones, have
irregular circular outlines, and at the base o their inner
slopes are features resembling slump blocks. It appears
that on Mars slumping may have been an important
process of crater modification, just as on the moon. It
has enlarged and modified the shapes of these craters and
created irregularities on their inner slopes and floors.

Central peaks are identified in 39 or slightly over 6%
of the Martian craters. Little can be said about these
peaks other than to mention their strong similarity to
lunar central peaks. One or two broad domes have also
been observed within Martian craters. Craters displaying

Table 1I-1. Summary compilation of Martian crater dafa

v Total Central Polygonal Smallest Largest Well Intermediate Poorly
number peaks outline dia., km dia., km preserved preservation preserved
3,4 88 1 o] 6 80 5 37 46
5.6 92 6 2 5 64 9 40 43
7.8 115 7 10 4 180 18 45 52 _T
9,10 132 1i 10 4 123 19 64 49
11,12 97 8 9 3 175 20 42 35 _J
13,14 &7 “ 4 5 350(?) 12 19 36
15, 16 45 2 3 7 114 3 22 20
636 39 38 Smallest Largest 86 269 281
3km 350(?) km
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central peaks range from 7 to 68 km in diameter, with
diameters of 15 to 20 km the most favored.

Cential peaks and polygonal form are most commonly
seen in craters with a relatively good degree of preser-
vation, although only a modest number of craters display
both central peaks and polygonal outline. The association
of both characteristics with relatively well preserved
craters suggests that central peaks and polygonal outlines
are perhaps more common than indicated above and that
perhaps 10% rather than 6% of the Martian craters have
these characteristics.

Some of the larger craters show a peripheral belt of
irregularly rough surface topography suggestive of rubble
sheets or tongues blown out of the crater. Clustering of
craters, particularly smallor oncs, is recognizable in some
instances, but it follows no consistent pattern. Linear
strings of craters have not been seen. No consistent
albedo differences between the floors of craters and the
surrounding terrain have been noted. Some crater floors
are lighter and some darker than the average albedo.

it Picture pair 9-10 is representative of the average
Martian terrain, then the planet should display some
145000 craters of greater than 4-km diameter over its
entire surtace. If an average of the craters found on
Pictures 5-6, 7-S. 9-10, 11-12 is used, the planetary total
talls to about 100,000. These represent only features well
enough preserved to be recorded on Mariner IV-type
photos. The true total number of Martian craters of all
sizes must be much larger. As shown in Appendix | (Fig.
J-3), the crater density on Pictures 7-12, normalized to
unit area, falls only a little below the average for the
heavily cratered lunar uplands.

Martian craters are clearly of many different ages, as
shown by intersections, superimpositions. and degree of
preservation. An arbitrary (subjective) classification of
possible craters as to degree of preservation yields 86
well preserved, 269 intermediate, and 281 poorly pre-
served out of the total 636 craters counted. These num-
bers are undoubtedly biased in the poorly preserved
direction by the photographic rendition within unfavor-
ably lighted areas. The percentage of well preserved
craters is much lower on Picture pair 3—4 than on 9-10.

A precise numerical comparison of crater densities on
the moon and on Mars is rendered difficult or impossible
by the radically different appearance of the lunar and
Martian surfaces. Lunar craters appear relatively sharp
and fresh, whereas Martian craters appear smooth and
subdued. While some of this difference mav be due to
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optical scattering from the Martian atmosphere, such
effects are believed to be minor compared to processes
which actually modify Martian topographic relief.

In spite of the difficulty of recognition, it is clear that
the Martian surface shows vestiges of numerous craters,
many of large diameter (20-50 km), but it shows relatively
few sharp, fresh-appearing craters of any size. This rela-
tionship suggests the work of surface modifying processes,
relatively more effective on Mars than on the moon, but
relatively ineffective as compared with processes acting
on earth. It seems likely that Martian surface material,
to a depth of at least tens to hundreds of meters, is an
impact breccia rich in fine grains because of the repeated
disruptive effects of meteoroidal impacts. It is probably
loose and incoherent because of the absence of any
effective cementing action. The presence of a significant
atmosphere, in distinction to the moon, means that the
grains would be coated with adsorbed gas and other
contaminants, and would have little tendency to stick
together or “clod.” Grains near the lunar surface exhibit
a distinct tendency to cohere, probably because they
exist in vacuum under the intense solar radiation and
particle bombardment.

Cranting a loose surface rubble and working within
the limits of the present Martian surface environment
of extreme dryness, cold temperatures, large temperature
changes, and thin atmosphere, an analysis of possille
erosive and depositional processes that might modity
Martian craters leads to the following conclusions™: The
two principal processes of crater modification likely to
be more effective on Mars than on the moon are eolian
deposition and thermal creep. If the yellow clouds of
Mars are truly dust, then a mantle of dust might be
expected to soften Martian topographic features and
wind-driven sand might help fill craters. Creep of loose
rubble down slopes because of thermal fluctuations is
known to occur on earth and could be perhaps something
more than 20 times as effective on Mars than on the
moon because of daily, compared to monthly, temper-
ature changes. Insofar as Mars ruight be seismically more
active than the moon or subject to a greater frequency of
meteoroidal impacts, vibrations in its crust would aid
downhill creep more effectively than on the moon.

Nothing shown on the Mariner photos unequivocally
indicates the origin of th: Martian craters. Most of the
arguments advanced in support of an impact origin for
lunar craters apply equally to Mars, and this is the work-
ing hypothesis favored herein.

See Appendix 1 for a more complete development.
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2. Lineations

Many linear markings are discernible on the Martian
surface as represented by the Mariner IV photos. Some
of these are straignt over distances as great as 200-300
km. Others are gently curving and less sharpiy defined.
Most lineations recognized have lengths approaching at
least 100 km and widths of 3 to 5 km. In many instances
they appear as dark streaks on the photos or as parallel
light and dark bands. No consistent evidence of their
elevation relative to the surrounding terrain or of differ-
ences in elevation on opposite sides of the lineations has
been obtained. Some, expressed as parallel light and dark
bands, look like linear depressions and others like ridges.

In general, the most consister.” trends identified are
northwestly and northeastly with divergences up to 20
on either side of these directions. We do not identify as
many individual lineations as Binder (Ref. 1) but agree
as to predominating trends.

In some instances the lineations are parallel to. if not
coincident with, features earlier identified by optical
observation as “canals.” However, there ai» many in-
stances of canals earlier seen and plotted for which no
evidence is visible on the Mariner IV photographs. Loca-
tion of the areas photographed by Mariner IV, and of the
canals as earlier plotted, is uncertain erorgh so that exact
coincidence of canals and individual lin»ations would be
largely accidental, although one striking example has
been observed on Picture 6.

The lineations look like fracture zones (tectonic fea-
tures) in the Martiai. crust. They may represent a planet-
wide system related in some way to deformation of the
entire planet. Insofar as this is a true interpretation, it
suggests that the canals are also of tectonic origin. Why
many of the lineations appear as dark streaks is a question
not resolved by the photographs. The possibility that
dark volcanic material has been extruded zlong them or
that the discoloration is in some way related to exhala-
tivns of primordial gases must be recognized for what
it is, pure speculation.

3. Light and Dark Areas

The flight path of Mariner IV passed over the major
bright areas Phlegra, Mesogaea, Zephyria, Atlantis, and
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Phaethontis and the prominent dark areas Mare Sirenum
and Mare Cimmerium. The last few pictures were taken
over the dark area Aonius Sinus, but the lighting was too
low to give useful surface data. The differences displayed
between picture pairs wholly within a light or a dark
area are as great as, if not greater than, differences seen
on pictures of dark compared to light areas. To date,
no difference in crater density, topographic roughness,
or other features seen on the pictures can consistently be
related to dark as compared to light areas. Crossings
made of the boundaries between light and dark areas
suggest that these zones must be gradational rather than
sharp, well-defined contacts.

Definite albedo variations on the Martian surface are
recorded by the photographe. Dark areas of a few
hundred to a few thousand km* and of highly irregular
shape and arrangement are seen on some photographs.
In a few instances, they also appear to be areas of un-
usually rough topography, but this is not a consistent
relationship. Areas of unusually high albedo may repre-
sent deposits of frost.

4. Features Looked For but Nct Recognized

Features postulated for the Martian surface by earlier
speculations have been looked for but not recognized.
Other workers with a more finely tuned sensitivity for
particular features may be able to see them on the
Mariner IV photographs.

Specifically, deposits of eolian sand in the form of
sheets, dune fields or accumulations against the rims or
inside the walls of craters have been searched for unsuc-
cessfully. Considering the nature of the photographs and
the unknown chemical and mineralogical state of materi-
als on the Martian surface, such deposits might easily
escape detection. The only tectonic features oo far identi-
fied on the photographs are the lineations. Mountain
ranges, fault blocks, and other evidences of orogenic
deformation may well exist, but none has positively been
identified. Granting an impact origin for the craters shown
on the photos, we find no incontrovertible evidence for
volcanism in the form of volcanic cones, chains, flows or
other recognizable features or deposits. The photographs,
on the other hand, certainly do not rule out the pos-
sibility of volcanism on Mars.
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PRECEDING PAGE BLANK NOT FILMED.

lll. Intensity and Color Calibration of Flight Photographs

The intensity at each of the 200 ~ 200 elements of the
TV picture was converied by the camera system into
digital form for storage on magnetic tape and later trans-
mission to earth. Each such intensity was represented
by an integer in the range 0-63, 0 representing the bright-
est intensity and 63 the darkest. This digital number (DN)
was linearly related to the output voltage of the video
amplifier, but only roughly linearly related to the exposure
level (intensity = time) of the picture element. Many
factors entered into the problem of relating the DN at a
given point of a given picture to the true surface bright-
ness at the corresponding point on Mars. Some of these
factors will be described in this section so as to provide
a background for the later discussion of the actual pro-
cedures used and the results obtained.

The assignment of six binary bits per picture element
was made at a very early stage in the design of the camera
system, in the expectation that Mars would exhibit a
rather iow tonal contrast, in distinction to the case of the
moon, for which five or even four bits would probably
be adequate to record the significant detail. In spite of
this seemingly conservative assignment, the resulting pic-
tures were of such extraordinarily low contrast as to
strain the ability of even a 64-level svstem to record the
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subtle shadings, and considerable contrast enhancement
is necessary if the surface details are to be made visible
to the eye. A certain amount of enhancement was incorpo-
rated into the photographs prior to their release in pre-
liminary form on July 29, 1965. Direct enhancement of
the digital information was accomplished simply by
expanding the small range within which the majority of
the DN's were distributec! into a wider range. Thus if
most of the DN’s of a picture were in the range A << DN
< B, the transformation DN’ = K(DN-A), where K is
the largest integer in 64/ (B-A), would provide a new
set of integral DN’s which would more nearly span the
64-level range accepted by the photoconversion equip-
ment.

Contrast enhancement by the above method is limited
principally by the gross shading effects across the field
of view due, for example, to variations in tube sensitivity
and vignetting effects in the optical system. (Figure I11-1
shows how the DN values vary across the picture for a
number of flat-field* calibration pictures.) This limitation
can be partially removed by the superposition in the data
of empirically determined “smoothing functions” which

“That is, uniformly illuminated.
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Fig. lll-1. Plot of 2 X 2 averages of DN’s for lines 60 and 61 of flat-field calibration pictures (Tape K-67)

The averaging was done to minimize the effects of harmonic noise present in the pictures. At the top is plotied the corresponding average of lines 60

and 61 of calibration picture 23 ofter calibration.

preserve local variations but remove the gross shading
effects. John Morecroft or JPL has produced some remark-
able improvements in the pictures by this method, How-
ever, photographs enhanced in this way cannot be used
to compare intensities quantitatively from point to point
within a given picture or from picture to picture. This
capability is of course especially important in the study of
color variations in overlapping parts of adjacent pictures.

Also evident in the enhanced pictures are a number of
blemishes due to local variations in vidicon sensitivity,
shadows due to dust particles on the tube face, etc. Some
of these are obvious on the flight photographs, and others
are visible on the flat-field calibration pictures (Fig. ITI-2).
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Some of these blemishes have a circular shape and could
confuse the interpretation of strongly enhanced pictures.
One of the objectives of the calibration procedures is to
remove such blemishes in order to improve the appear-
ance of the pictures, reduce the possibility of confusion
in interpretation, and render the picture intensities photo-
metrically more precise.

Betore choosing a particular calibration procedure it
is important to determine what degree of precision is
needed. If the DN fluctuations from point to point are
due in significant measure to intrinsic, incoherent noise
in the system, then DN corrections finer than 1 unit
would seem inappropriate, On the other hand, if little
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Fig. llI-2. Sample flat-field calibration pictures

These are shown in @ form which enhances the visibility of the DN fluctuations by reducing the number of gray levels from 64 to 16, The pictures shown
are: Top (left), file 8; top (right), file '3; bottom (left), file 14; bottom (right), file 16. (All are from calibration tape K-67)
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or no such noise is present, calibration corrections limited
in fineness to + 1 unit DN would add to the “quantization
noise” already unavoidably present and might noticeably
further degrade the picture quality.

To investigate this problem, DN contour maps of
selected areas of the flight pictures were drawn. Several
cases were found in which successive 1-unit contours were
quite smooth and well separated, which suggests that
(1) the vidicon t be is guite uniform in sensitivity fiom
point to point, (2) the operatisn of the amplifier and the
analog-to-digital conversion system of the camera is quite
reliable in separating adjacent DN levels, and (3) the
surface of Mars may be quite smooth in some areas. It
even appeared that the system might have been capable
of discriminating intensity fluctuations somewhat finer
than the 64 levels actually used. Because of the im-
portance of this rather vnexpected result both for the
interpretation of the present pictures and for planning
future flight experiments, it was decided that the various
relevant factors should be studied in greater detail. There-
fore, considerable care was used to determine the true
degree of uniformity and repeatability of the vidicon tube
and the digitizing circuitry.

Further evidence of the reproducibility of the camera
system was brought out by plotting the DN values (aver-
aged over 2 < 2 picture element squares) vs element
number, along Lines 60 and 61 for all flat-field calibration
pictures taken under conditions of minimun amplifier
gain (00). These curves, plotted in Fig. III-1, show a
remarkable consistency in their detailed variation from
point to point. One hlemish is clearly present near Ele-
ment 94, and another possible one at Element 120. These
vary in magnitude with exposure level and may be due
to different effects.

One source of noise in both the calibration and flight
pictures was sinusoidal or harmonic noise due to electrical
pickup in the amplification circuits. This noise, which
appears as “waves  or “ripples,” was sometimes approxi-
mately uniform in amplitude and phase throughout a
given picture, and attained an amplitude of almost 1
unit DN in some pictures. The principal components
appearcd to have wavelengths along the scan line
direction of 17.7, 8.5, and 14 elements, and about 80
elements in the perpendicular direction in the flight
pictures (e.g., Pictures 12 and 20). In the calibration
pictures the major pattern appeared us crossed plane-
vaves of wavelengths 27.2 and 29.1 elements along the
scan line and 90 elements in the perpendicular direction
(See Fig. 111-2 and the File-25 curve in Fig. I1I-1) This
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harmonic noise entered through the amplifier system and
therefore was presumably linear in its effects upon the
DN’s.

A. Outline of Flight Picture Calibration Procecure

The principal steps in the calibration procedure finally
adopted will now ke outlined. These steps are given in
an idealized chronological order which approximates the
actual order. In fact, two or more steps were sometimes
in progress at the same time, or a given step might have
been carried out only after a series of trials.

1. Selection of Calibration Piciures

A sample of 27 flat-field calibration pictures was chosen
to establish the point-to-point sensitivity of the vidicon
tube as a fur~tion of exposure level and filter combination.
This sample comprised all those taken with amplifier gain
in the lowest (00) and next lowest (10) states, The nominal
surface brightness [ (in ft-lamberts of 3000°K color
temperature light), filter, ampiifier gain state, and shutter
speed T (msec) are given in Table III-1. Information
found from this sample should be applicable to flight
pictures 1-19, inclusive. Pictures 20. 21, and 22 were
treated separately. As a first step, the integer DN values
were converted to floating point form for further calcu-
lation.

2. Determination of Standard Calibration Curve

A “standard” calibration curve was obtained by plotting
the average DN of a given picture vs the nominal
exposure E = IT. (Fiducial marks and dark borders were
of course omitted from the average.) Each gain state
and filter combination gave a separate curve. From these
curves, shown in Fig. I11-3, it was deduced that the ratio
of amplifier gains in the two states was 3.1 and that the
response of the ~vstem through a red filter was equivalent
to that through . rreen filter having about 0.68 as great
an exposure, for these factors were found to bring all
of the curves into agreement with a single curve. This
curve (found by visuaily fitting to the combined data
and displacing the resulting curve slightly so as to span
all DN values == 0) was adopted as a zero-order approxi-
ma' n to the response of the system. In the Lubsequent
analysis, the (relatively small) departures from this stan-
dard curve were evaluated as a function of position,
filter, and exposure level. The values read from this curve
for integral DN values, adjusted to give smooth first dif-
ferences, are tabulated in Table III-2, The fractional

*The able assist-unce ot James K. Lo in carrying out the necessary
computer processing of the data is gratefully acknowledged.
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Table I1-1. Calibration picture exposure data®

Table I11-2. Tabulation of I vs DN

File No. Filter Intensity I, Amplifier Shutter T,
ft-lambert gain state msec
5 1 0 11 201
6 1 13.5 i 201
7 1 25 1 201
8 0 45 1" 201
9 1 45 1" 201
10 1 60 1" 201
1 1 87 n 201
12 1 87 01 201
13 0 110 01 201
14 1 110 01 201
15 1 196 10 201
16 1 180 10 201
17 1 204 10 201
18 0 204 10 201
19 1 335 00 201
20 ! 400 00 201
21 0 400 00 201
22 1 575 00 201
23 1 650 00 201
4 1 750 00 201
25 0 750 00 201
26 1 845 00 201
27 1 900 00 201
28 0 1000 00 201
29 1 1000 00 201
30 [} 900 00 132
31 1 1000 00 84
32 (o] 1000 00 34
33 1 900 00 84
34 1 845 00 84
35 1 750 00 84
36 1 650 00 84
37 0 650 10 84
38 1 650 10 84
39 1 575 10 84
40 1 400 10 84
4 1 335 10 84
42 0 335 0 84
43 1 335 ] 84
44 1 204 o1 84
45 - —_ - -
46 1 110 01 84
47 0 110 1 84
48 1 110 11 148
49 0 110 ol 201
50 1 110 01 201
Filter: 1 = green, 0 red,
Intensity: fi-lambe-ts ot ~3000°¥ color temperature.
Gain: 00 = minimum, 10 == 3.1 = min, 01 = 11 X min,
11 = 27 X min.
Shutter: exposure times in msec.
“From Calibration Date Tape K.47

sensitivity AI/I, where I is the intensity and AT is the
intensity change corresponding to 1 unit change in DN,
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oN | 1 | A ffon | 0 ] aa f[on | 0 A
o [1000 2 | en 44 | 344

0.027 0.0199 0.0386
1| 973 23 | 599 a5 | 3

0.026 0.0203 0.0401
2 | 948 24 | 587 46 | 318

0.026 0.0207 0.0417
3 | 924 25 | 575 47 | 305

0.025 0.0210 0.047
4 | 01 2% | 563 48 | 291

0025 0.0215 0.049
5 | 879 7 | 55 49 | 277

0.024 0.0220 0.052
6 | 8s8 28 | s39 50 | 263

0.0236 0.0227 0.055
7 | 838 29 | 527 51| w9

0.022 0.0231 0.062
8 | 810 0 | 515 52 | 234

0.023 0.0236 0.046
o | 800 31 | 503 53 | 219

0.022° 0.0241 0.071
10 | 782 32 | 491 54 | 204

0.022 0.0247 0.082
n | 7es 33 | 479 55 | 188

0.0212 0.0255 0.095
12 | 749 34 | 467 56 |

0.0216 0.0261 0.1
13 | 733 35 | 455 57 | 153

0.0207 0.0267 0133
14 | 718 36 | 443 58 | 134

0.0211 0.0274 0.161
15 | 703 a7 | a3 59 | 114

0.0201 20262 | 0.203
16 | 689 8 | 419 60 | 93

0.0206 0.0291 0.282
17 | ers 3 | 407 61 | 700

00194 0.0299 0.50
18 | 62 40 | 395 62 | 425

0.0197 0.0308
19 649 41 383 63 0

0.0203 0.0345
20 | 635 2 | 270

0.0207 0.0358
21 | 623 43 | 357

0.0194 0.0372 A

is plotted in Fig. 111-4 for the data of Table [II-2. This
curve serves as an approximate guide to the minimum
detectable intensity change for a given DN.

3. Removal of Harmonic “"Noise’’

The amplitude and phase of the barmonic noise in
each calibration picture were evaluated and the resulting
wave subtracted out. This resulted in nonintegral DN
values. This st¢, in the treatment of the calibration pic-
tures was pe:haps unnecessary because of the apparent
randommess of phase of the harmonic noise from picture
to picture, but a preliminary analysis showed that the
statistical averaging o. the noise in this particular sample
would not adequately reduce the amplitude of che 27- or
29-element noise. The 5.8-element noise appeared to be
adequately averaged out, and was therefor _ not removed
from individeal pictures,
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4. Apparent Exposure APP

The “apparent exposure” APP was evaluated for each
picture element of each calibration picture by linear inter-
polation in Table III-2. The effective DN, DNE, for a
picture taken in the (10) gain state was found from the
formula DNE = 63. — (63. — DN) 3.1

5. Ratio of Apparent to True Exposure

The ratio of this apparent exposure to the “true expo-
sure” TRU was evaluated for each picture element of
each calibration picture. The “true exposure” was found
from the formula TRU = IT F 201000, where I and T
are tabulated in Table III-1, and F is a filter factor equal
to unity for a green filter and approximately 0.68 for a
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red filter. The denominator serves to normalize TRU to
unity for the brightest green picture. The subsequent
analysis included a test for possible variation of F with
position and intensity, such as would be expected if, for
example, the spectral responsi ity of the vidicon tube were
to vary from point to point. (A variation in F from 0.65 to
0.72 across the picture area was found, as will be described
below.)

6. Fitting of Observed Ratio vs True Intensity by
Polynomials; Variable Filter Factor

We now focus our attention upon a given picture ele-
ment and consider the 27 pairs of values of TRU and
R = APP /TRU. Regarding these as rectangular coordi-
nates x; = TRU; and y;(x;))=R;,i=12, - -- 27, we
next investigate the functional dependence of y upon x. If
the “standard” calibration curve were valid for all points,
we should find y(x) = 1.0, independent of x, for each
picture element. If all picture elements had the same
intrinsic sensitivity but were subject to a vignetting effect,
we should find y still to be independent of x for a given
element. Actually, even a rough inspection showed that
y (x) would depend upon x, so a power series expansion

y=Co+C,+Cx*+ - - - (1)

was investigated. Since it was not known a priori how
many terms of such a series would be needed to ade-
quately represent the data, and it was desired for com-
putational efficiency to keep the number of terms to a
minimum, a pilot investigation was carried out on a
32 > 29 matrix, each element of which was the average
DN of a 6 > 6 square of picture elements of the actual
picture field. A set of normalized orthogonal polynomials,
orthogonal on the set x;, was used to express the depen-
dence y (x). Thus if P, (x) is the orthogonal polynomial of
order n, with

n

Po(x) = 3 G..X° (2)
the orthonormality condition is
S Py (Xi) P (X5) = 8um (3)

The coefficients a,, found by solving Eq. (3) are shown in
Table III-3 for n==5.
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Table 11I-3. Coefficients a,, of orthogonal polynomials

Order Degree s
- 0 1 2 3 4 5
0 0.19245 0 0 0 0 0
] ~0.32568 0.79522 0 0 0 0
2 0.69618 —3.55106 3.35023 0 0 0
3 | —1.33825 10.57390 —22.74505 13.92416 0 0
4 2.85724 | —30.89345 106.61614 —142.4243 64.08020 0
5 —6.14718 82.79888 ~391.67340 827.17132 —794.71194 282.59162

The coefficients A, in the expansion

y(x) = S AL.(x)

n=n

were found by the formula

(3)

A, = 2 i (x:) P (i)

The utility of this approach is that the coefficients A,
found in this way automatically minimize the mean square

DECREASE OF VARIANCE
WITH MAX ORCER »

OF POLYNOMIAL FIT
20

O ORIGINAL x; - VALUES
< ADJUSTED x;- VALUES

o, %

)
8 12
\ ‘
or +\% + ’;’O'
0 I 2 3 4 5
MAX ORDER n

Fig. llI-5. Plots showing the residual errors when
polynomials of various orders are fitted
to the calibration data
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deviation ¢* of y (x) from the 27 given values y, (x;) for a
given N. By studying the decrease of this variance as a
function of N, a suitable number of terms can be decided
upon. On the basis ot the curve shown in Fig. I11-5 it was
determined that three terms would suffice.

In the course of this study it was also found that the
average o for the entire picture area could be reduced
by a factor of 3 simply by adjusting the x—value-that is,
the true illumination intensity—of each of a half dozen or
so points by 1 to 4%. Such an adjustment is reasonable in
view of the fact that the photometer used to standardize
the illumination level could be read only to about 1%, and
the neutral density filters used to attenuate the light
were measured only to a similar accuracy. The necessary
changes Ax; needed to minimize o for a three-term poly-
nomial fit are plotted as a function of x, in Fig. IT1I-6. New
orthogonal polynomials corresponding te the new x;’s were
calculated and o again evaluated as a function of n. The
resulting variation of o* with n is shown as the lower curve
of Fig. I1I-5. The final set of x;’s, the correcting Ax;, and
the values of the resulting orthogonal polynomials are
shown in Table III-4.

In the preceding analysis, a red filter factor of 0.65 was
used for the purpose of establishing the values x; of the
independent variable, but was evaluated separately for
each element of the 32 < 29 pilot matrix for re< pictures
when the coefficients A, were being evaluated. In the
latter case the red filter factor was taken to be

I E

=4

F=065+ 7556 * 15000

(6)

where (L, E) are the picture line and element numbers of
the center of a 6 X 6 average matrix point. The basis for
this choice of filter factor is shown in Fig. I1I-7, wherein
the average numerical values of this factor for the seven
red calibration pictures are presented in matrix form
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Fig. Ill-6. Plot of the intensity corrections needed to improve the fitting of the
calibration data by second-degree polynomials
Table lll-4. Normalized exposures x, and orthogonal polynomials P, (x )
i x, Ax, P, (x.) P; ix,) P.ix.) P.ix.) P;:(x,)
1 0.19036 —0.00564 —0.17430 0.14161 —0.05357 —0.05850 0.15433
2 0.17870 —0.00130 -0.18358 0.16860 —0.09559 —0.00615 0.10275
3 0.20928 0.00528 —0.15926 0.09975 0.0C510 —0.12111 0.19729
4R 0.14034 0.00162 —0.21408 0.26381 —0.26380 0.25269 —0.24788
5 0.33174 —0.00324 ~—0.06188 —0.11315 0.17476 0.08170 —0.07455
é 0.39933 —0.00067 —0.00813 —0.18762 0.14388 0.08209 -0.20676
7R 027064 —0.00136 —0.11047 —0.01948 0.13350 —0.17409 0.11697
8 0.57678 0.00178 0.13299 —0.23746 —0.13439 0.27055 0.11346
9 0.64220 —0.00780 0.18501 —0.20260 —0.24032 0.16561 0.26869
10 0.74938 ~—0.00062 0.27024 —0.08352 —0.32763 —0.14920 0.20884
11R 0.49543 —0.01457 0.06829 —0.24081 0.01081 0.26198 —0.11918
12 0.84032 — 0.00468 0.34256 0.07788 —0.25158 —0.37711 —0.17585
13 0.90642 0.00642 0.39512 0.22997 —0.07163 0.35925 —0.43327
14R 0.65976 —0.02024 2.19897 —0.18837 —0.26378 0.12280 0.2907%
15 101133 0.01136 0.47857 0.53157 0.49515 0.37361 0.2203
16R 041594 0.01403 0.00508 —0.20124 0.12681 0.12178 —0.21479
17 0.43718 0.01927 0.02197 —0.21596 0.10072 0.16871 -0.20993
18R 0.29288 0.00870 —0.09278 —0.05648 0.15741 -0.15204 0.04812
19 0.37972 0.00360 0.02372 -0.16917 0.15968 0.03345 —0.18398
20 0.34447 0.00866 0.05175 —0.12952 0.17437 —0.05289 -0.10990
21 0.31843 0.00500 —0.07246 —0.09488 0.17209 ~0.10930 - 0.03419
22 0.27128 0.00036 -0.10995 —0.02061 0.1343% —0.17369 0.11510
23R 0.18176 —0.00296 0.18114 0.16142 0.08415 —0.0209 0.11839
24 0.26823 —0.00341 —0.11238 —0.01528 0.13025 0.17543 0.12382
25 0.2¢4013 0.00017 —0.13473 0.03665 0.08213 0.17247 0.18713
26 0.16913 0.00196 0.19119 0.19142 —0.13315 0.04538 0.04344
27 0.13667 —0.00332 —0.21700 0.27344 -0.28242 0.28526 —0.29919
Note: (1) The tobulated x; are the corrected values; the Ax, are the corrections that were applied to the original x,.
(2) Pafx.) = 27°% 0.19245.
{3) An R in column 1 signifies a red tilter picture.
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Of course, it is not certain where this relative variation
in green and red sensitivity of the system actually arises.
It could be caused by variations in transmission of the
filters over the picture area, although this seems unlikely
in view of the close tolerances on parallelism of the faces
of a filter that were achieved. Alternatively, it might be
due to an actual variation in spectral responsivity over the
target area. Agair, attributing the variation to the red filtc
rather than the green is a matter of convenience, and an
investigation was not made as to whether the actual uni-
formity of sensitivity was better for the red or the green
pictures. The green response was taken as the reference
simply because there were more green pictures in the cali-
bration sequence. No tests could be made concerning pos-
sible differences between the two individual green filters
or the two red filters used in the camera, since this dis-
tinction was not made during the calibration tests and the
necessary data were not recorded. The internal consist-
ency of the final results achieved suggests that any such
differences must have been quite small.

7. Polynomial Coefficients for Individual
Picture Elements

The coefficients A.. A,, and A. for each picture element
were calculated by Eq. (5) and stored on magnetic tape,
and the entire array was also printed in a picture-like
form. At this stage it was possible to study the uniformity
of sensitivity of the vidicon tube from element to element
on the basis of the “smoothness™ of the coefficients A,
Typical samples of these printouts (each coefficient is
multiplied by 100) a-» shown in Fig. III-8. All three
coefficients show quite smooth variations from place to
place, the numerical values being remarkably consistent
along the rather clear-cut contour lines. The rms fluctua-
tions of the coefficients were evaluated for samples of 10
to 50 points in various locations, and o values of about
0.2% were normally obtained, approximately consistent
with the expected sample stancard deviation based upon
27 independent measures, each having a maximum uncer-
tainty of +0.012 (Fig. II1-3): 27 % X 0.012 % 3= = 0.0014.
This result seems to indicate not only that the point to-
point “graininess” of the vidicon target surface is very
small but also that the response of a given element is
accurately reproducib!» in successive exposures under
uniform lighting conditions.

8. Conversion from Orthogonal Polynomials to Power
Series; Shutter Mark Removal

Preparatory to applying the calibration data to the
flight pictures, the matrices A,, A,, and A, were combined

JPL TECHNICAL REPORT 32-884

with the coefficients a,. to form the three matrices C ., C,.
and C. of Eq. (1). At this time the shutter mark (a dark
streak running across the top of each picture) was elimi-
nated by linearly interpolating across the seven elements
spanning the mark in each column. The interpolation was
applied to the A-matrices before they were converted
into the C-matrices.

9. Check of Results for Sample Calibration Picture

As a test of the correctness of the calibration data, the
C-matrices were used to correct one of the calibration
pictures: that of File 23, a green picture taken under
illumination conditions similar to Flight Pictures 2 and
3. Examination of a numerical printout of the corrected
intensities showed quitz satisfactory uniformity over the
entire frame, even at points quite near the edges and
the fiducial marks. In fact, about half of the picture
elements normally comprising a fiducial mark were cor-
rected up to within 109 or so of the appropriate value
of 640 units; these elements had evidently shown enough
response to the incident light in cach of the 27 calibration
pictures to permit a satisfactory valuation of their
reduced sensitivity!

A plot of the corrected intensities along Lines 60 and
61 of this calibration picture is shown as the top curve
in Fig. III-1. Only a small vestige of the major blemish at
Element Number 94 remains, and a slight upward trend
of intensity with position along the line is evident. The
latter could be due to small differences among the two
green and two red filters used in the camera. The scatter
seen in the points to the left of the blemish is consistent
with that expected on the basis of a 0.5 unit uncertainty
in DN, combined with a +0.5 unit uncertainty in round-
ing to a 2-digit integer for printing. A small amount of
27- or 29-element harmonic noise seems to be present,
although it was supposedly removed prior to conversion
of DN’s into intensities. The 5.8-element harmonic noise
was not removed and is prominent in the numerical print-
out. This harmonic reverses in sign from line to line and
is easily removed simply by averaging two adjacent lines,
as was done in Fig I11-1.

10. Shift from Calibration Format to Flight Picture
Formvi; Extrapolation to Picture Edges

The matrices C,, C,, C. described above were judged
satisfactory for application to the flight pictures. However,
this application is not quite straightforward, because the
picture coordinates (line and element numbers) of a given

39




phivsical point of the vidicon target were not the same  amount of leakage field was sufficient to deflect the

for the flight pictures as for the calibration pictures. The  electron beam through about 10 picture elements.)
principal effect was a lateral displacement due to the
difference in external magnetic field conditions under In addition to a lateral displacement, the picture was
which the two sets of pictures were taken. (The vidicon  also slightly expanded and rotated, perhaps due to small
was magnetically shielded sufficiently to reduce the  changes in the vidicon grid potentials and in the electron
earth’s field intensity to less than 100y, but this small  beam deflection voltages.

(a)

LINE 66 522521 526 525 530 529 531 538 539 534 533 532 533 531 535 528 528 524 528 527 525 523 522 518 523 521 521 519 51%
LiINE 67 526 526 527 534 532 535 537 534 532 533 527 532 533 529 531 529 528 537 524 527 526 524 521 518 520 519 521 526 517
LINE 68 531 528 531 534 537 534 533 532 536 533 534 531 533 533 534 527 528 526 524 528 527 527 519 523 520 523 519 521 514
LINE 69 530 533 534 537 532 536 540 534 534 536 533 530 530 536 535 524 527 522 523 526 524 527 521 522 520 515 523 519 S5l1é
LINE 70 530 532 534 534 529 528 534 537 536 532 532 529 530 533 528 528 523 528 528 527 526 527 525 521 519 S17 519 520 518

AMPLITUDE OF POLYNOMIAL N = O
PIC EL 122 123 124 125 126 127 128 129 130 131 132 133 134 135 136 137 138 139 140 141 142 143 144 145 145 147 148 149 150

LINE 39 S50Q 498 497 499 498 494 492 497 497 492 491 492 492 490 4HB 485 489 489 484 481 wBe

aast.aa 485 484

T GB7 488 486 407

480 477

LINE 40 50 &95@ 497 494 493 493 494 493 490 ATT 478

LINE 4r S0l 499 495 496 497 497 492 494 491 493 479 478

NE 42 504 498 496 494 494 49T 495 496 490 452 491 491 49NGHT 486 489 482 482 485 QQQQ? S0 482

LINE 42 502 504 503 505 507 503 502 433 '097498 499 495 495 495 492 490 S9L/48T 488 489 487 R9UNSB86 07 473 483 482

LINE 44 504 506 506 502 501 502 501 se3 488 90 490)487 83 483 482

LINE 45 508 504 506 €10)504 505 503 502 503 501 485 480 481 480
LINE 46 5071BIY 509 577 506 504 595 507 305 507 503 479 481

LINE 47 508 505 509 509 507 309 505 502(&3 506 502 503 504 50 97 495 494.\wl 491 491 485 485

N
LINE 48 507 508 510 507 506 5C8 505 504 505 503 5¢ 5 . G99 495 493 495 494 492 491 4 488 485 485 486

LINE 49 502 507 501 536 507 SOW, 498 498 «9\494 49;49 484 488 486 489
LINE 50 508 505 S5C1 5C8 506 505 503 505 501 503 503 %99 wa\squ w\uz 490 490) 488 487 486 485
LINE 51 507 503 503 504 504 508 500 504 503 501 497 495 434 494 495 491 94486 488 487 487
LINE 52 495 497 495\95 494 493 489
LINE 53 9 496 498 496 492

LINE 54 495 492 ~95

LINE 55 493 496 494

LINE 56 497 497 495

LINE 57 494 494 498

LINE S8 497 493 498

LINE 59 : 493 496 495

LINE &0 506 503 504 512 sgr‘;)w 96 493 494 493

LINF sl 06 S03 506 501 Ja 495 456 497 450

LINE 62 509 507 507 499 495 497 495 495

LINE 63 507 511 506 503 495 497 498 495 491

LINE 64 513 513 512 510 513

LINE 65 @512 512 512 510 511 510 513 512

LINE 66 514 513 510513@51« 512

LINE &7 511 514 512 510 510 511 511 511 510

507 506 504 503\499 «99@«99 493 wauu

509 504 506 504 498 497 493 492 496 497 496 491
509 505 505 508 S01) 492 495 497 491 494 496
507 £03 499 504 5000499 494 492 491 496 492 491 493

LINE 68 514 515 510 512 515 509 511 51 496 496 491 497 496 A% 495 A9

LINE &> 510 513 510511 51

o st »0 SIR S12 1A K1Y K12 &iIA RV

99 496 495 498 494 496 495 493 <98 495 495 493 493 490

vt sni FERON ine tnn 1AlERWN SRR +AY 243 GAT IRE RE ARR

Fig. lll-8. Sample printouts of orthogonal polynomial coefficients A, A,, A. (each is multiplied by 100)
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LINE  te C ¢+ 0 0 -1 C 2 =3 =1 =2 =0 =0 =1 =1 =1 =4 =& =1 =0 =5 =3 =& =5 =1 =6 =3 =5 =0 =4
LINE 67 € 3 0 =2 =2 =2 =1 1 0 =2z 1 =3 =2 =1 =1 =5 =T =z =3 =3 =3 =2 =5 =& =5 -4 =1 -1l =2
LINE  &E 1 1 =1 =2 =1 0 0 -0 -4 -1 -2 -1 =1 =4 =3 =2 =7 =3 =3 =5 =1 =6 =2 =6 <-4 =5 =5 =5 =]
LINE &9 =3 ¢ =0 =1 1 =0 =3 =3 =1 =3 =2 =0 =3 <& =5 =0 =7 =2 =4 =3 =2 =1 =4 =3 =5 <& =5 =4 =2
LINE 70 =2 =5 =0 1 1 0 =1 =3 =3 =] =z =0 =2 =5 =2 -4 =2 =5 =3 =p -4 =3 =p =2 =5 =4 =5 <5 =5

AMPLITUDE OF POLYNOMIAL N = |
PIC €L 122 123 124 125 126 127 128 129 13C 131 132 133 124 135 136 137 138 139 140 141 142 143 144 145 146 147 148 149 150

LINE 39 12 9 9 5 5 5 4 5 8 8 5 ] k 4

5 &4 ¥ 2 5 A 5 5 S 7 4 & & 1T 3 13
LINE 40 10 11y 7 & & B8 T & S5 B 9 & T & 6 B B8 &« & 8 1 B8 6 3 3 & 5 & 5
LINE 41 7T 1 & 1 8 5 8 5 B & 4 1 6 6 8 9 5 & 5 4 & 9 T 3 1 5 8 1 3
LINE 42 ‘22) a 4 5 & & (zg) T 2 6 &« 3 & 4 1 3 S €& 3 2 5 & T 5 5 &4 5 3 23
LINE 47 T 17 5 8 5 8 3 5 & 1 4 2 1 4 6 3 3 4 & 5 5 & 4 1 3 5 2 2 3
LINE 44 6 3 4« 2 3

LINE 45 3 6 3 5 3

LINE 46 3 3 3 0

LINE &7 4 5

LINE 48 7 (:::)

LINE 43 3

LINE 50 4

LINE 51 z

LINE 52 3

LINE 53 3

LINE 54 -

LINE 55 3

LINE 56 C

LINE 57 e

LINE 5% JE)

LINE 59 C

LINE 18 Z

LINE &1 1

LINE 62 )

LINE 62 -1

LINE LT J

LINE 65

LINE 66 4 =3 =y =4 =4 =§ =3 =@ =3 =2 =4 =3 =1 =4 =4 =3 =4 =¢ =1 =4 =6 =2 =5 =7 =7 =5 =3 =5 <4
LINE &7 =] =1 =§ =& =3 -4 =B =3 =4 =5 -3 -3 -4 -2 =6 =5 =5 -3 =3 =5 -8 =5 -4 -1 -6 -T -7 =5 =7
LINE &R “2wg- =] =Y =3 =l =7 =5 -4 4 =8 -3 = =T =F =§ =} =5 =3 =1 <7 =& =7 =T <9 <10 =7 =6 =

LINE &9 =5 =1 =4 =1 =2 =& =5 =& =Z =1 =5 <3 = =7 =5 =5 =5 =6 =5 =3 =5 =8 -9(;;T\\;;\ -9 -8 -8 -8
LINF 70 5 <& =8 =A =A =& =3 =T =5 =4 -4 =& =h =T =5 =6 =7 =8 =6 -9 -5 -8 -8B t:\-l -7 =9 =T =5

Fig. IlI-8 (contd)
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LINE 65
LINE 66
LINE o7
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LINE 69
LINE 70
AMPLITUDE
PIC EL
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LINE 43
LINE 44
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LINE .7
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LINE 5¢
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LINE 52
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* LEINE 67
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Fig. 11-8

-6 -4
-8 =7
=10 =~4
=5 a3
-2 =3
-9 =7

135 136 137 138

-5 =8
-5 =3
-5 =9
-5 =4
-7 =5
-4 =7
-5 =3
-t -4
-6 =4
-5 =4
-5 =5
(contd)

-6
-9

=3

-12 \-:/-n 7 =1
2 -1 T -8

-3
-5
2
-6

140

-2

-4

=T =6 -1U
3 =3 =5
-8 -3 -9
-4 =5 =o
-5 -4 =8
-5 -4 =5
142 143 144

1]
=3

]

-
=%
-5
=
-4
-4
-6
-4
-2
-t
-3
-1
-5

-6
-5
=y
-8
=
-y

145

-&

=
=&
st |
=g
-9
-0
=2
=3
-3
=2
=
-6
=%

=2

-8 =3
-5 -7
-1 =5
-1 -6
-3 -5
-5 -8
146 147
-9

~1/7410

10) -7
3 =
-y w3
-5 =)
s A
6 =2
= =y
=6 =%
Sho -y
=F =
-5 =7
-4 -4
-4 -6
-5 -6
«3 =&
5 =)
-5 =
-5 %
=R =
=g =2
*d =5
=) =4
-2 =4
-§ =3
=3 =2

& =2
> @

-4
-7
-
-4
-6
=7
148

7

-6
-1
-5
-8
-6
-8
-1
-6
-1

-10
-7
-1
-5
-5
-3
=l
-6
-5
-5
-4
-4
-2
-6
-1

-4

-9
~3
-4
-2
-5
-6
149
-9
-9
-9
-8
-4
-7
-2
-1
-3
-7
-4
-6
-3
-1
-6
-7
-6
-2
-5
-5
-3
-4
=1
-5
-4
-6
-6
-3
-3

-t

-8
~3
-¢
-
-5
-8
150
L |
=i
-8
-6
-6
-6
-6

-4

L |
-3
-6
-4
-8
L ]
-8
=2
-6
L
-y
-6
-7
=
=5
-9
-3
-3
-4
-8
-3
5

JPL TECHNICAL REPORT 32-884




The coordinates of the fiducial marks and picture
edges are compared in Table I1I-5. From these data a
transformation relating the two sets of coordinates was
derived. If (L’, E’) are the calibration picture coordinates
of a physical point whose flight picture coordinates
are (L, E), and if L’ =L + AL, E’ = E + AE, then the
transformation

AL = —1.7 + 0,030 (L —99.7) — 0.00365 (E —108.3)
— 3% 107 (L —99.7)* (7)
AE = +7.82 + 0029 (E —108.3) + 0.00365 (L —99.7)

—1.05 X 10 (E —108.3) (8)

brings the nine fiducial marks into correspondence within
an rms uncertainty of 0.2 picture element.

The coordinate transformation given above illustrates
a further complicating feature, namely, that a certain
part of the vidicon target area that appears in the flight
pictures was not included in the calibration pictres, so
that no calibration data for this area exist. In order to
obtain approximate calibration information for this region,
the C-matrices were extrapolated outward for as many
picture elements as necessary at the top, right edge,
and bottom of the picture. The greatest extrapolation, 10
elements, had to be made along the right edge. Here
the extrapolation was accomplished using linear least-

Table I11-5. Picture coordinates (L, E) of fiducial mark
corners" (C = Calibration, F = Flight,

D - Difference, L = Line,
E = Element)

C(23.4, 43.4) C(21.0,115.1) C (19, 185)

F(2. .4,638.3) F(25.5,107 .4) F (23.2,176.0)
D{=4.1, +5.1) D{—43,4+77) D(—4.2, +9.0)
C (99.5, 44.3) C(98.0,116.1) C (96.3, 186.3)
F (101, 39.3) F (99.7,108.3) F (98.5, 177.3)
D(—1.5, +5.0) D(—17, +7.7) D({—2.2, +9.0)
C (185.4, 46.0) C(183.5,117.2) C(181.9,188.0)
F(184.5,40.3) F(183.2,109.2) F{182.0,178.3)
D(+0.9, +57) D(+0.3, +8.0) D(—0.1, +9.7)

Left picture =dge:

CGE=Jdoatl =15
F: E=285atl = 5

E=2355ct Ll =198
E=2300atl =198

“The coordinates were estimated visually to 0.1 element by inspection of nu-

merical prinfouts of several pictures.
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squares fitting to a running five-line average of the right-
most 8 elements of the calibration picture. A similar
procedure was used on the remaining two edges.

Using the point transformation given above, together
with the extrapolated values just described, a new set
of C-mairices was calculated in the flight picture format.
Where fractional line and element numbers appeared, the
values of C,, C,, and C. were calculated by the interpola-
tion formula

Call+x,]+y)=(1-x01-yCu(L])
+ (1 —x)yCua(l,] +1)
+ 2l —g) Gl 41y}
+agC (I -+=17+1) (9)

where I and ] refer to integral line and element numbers
and 0 < (x,y) < 1 are the fractional remainders:

L'=1I+x (10)
EE=]+y (11)

11. Flight Pictures; DN Conversion

We now turn to the flight pictures themselves. The first
operation preparatory to applying the calibration matrices
was to convert the picture DN’s from integer to floating
point format.

12. Harmonic Noise Removal

Next, the Fourier amplitude and phase of the funde-
mental 17 7-element Liiwionic noise was evaluated and
che resulting wave subtracted from each flight picture
except the first. I this step, a complicating feature was
the presence of a varying signal, due to the Martian
topography, whose Fourier spectrum often included a
significant 17.7-element term. This was particularly true
of Pi. ure 3, for whi:li a considerable amount of 17.7-
element coherent noise was still visible in the final picture.
Harmonic removal at this stage was limited to the funda-
mental component, because (a) this component had the
greatest amplitude and seemed to be present throughout
a picture, and (b) the 8.8- and 4.4-element components,
being of much smaller amplitude, were often present
only in certain parts of a picture, making their evaluation
and removal much more difficult and subject to greater
error through spurious amplitude contributions from
topographic features.
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13. Evaluation of True Exposure TRU by lteration

The true intensity TRU swas evaluated at each point
of a flight picture using an iterative approach. as follows:

(1) The apparent intensity APP = I 1000 (in units of
1000 ft-lamberts) was evaluated from the standard
calibration curve by linear interpolation in Table
II1-2. No distinction was made between red and
green pictures.

(2) The ratio y = APP. TRU was evaluated from Eq.
(1), substituting x = APP (instead of the unknown
value TRU). The coefficients C., C,, C. for each
particular picture element were taken from the
C-matrices found in Step 10.

(3) A better approximation T, to TRU was found by
solving y = APP TRU for TRU, using the numeri-

cal value of y just obtained:
T, = APP/y

(4) A new value of y was calculated from Eq. (1), using
x=T,.

(5) Steps (3) and (4) were repeated six times. or until
the change in T, was less than 10", Generally, two
or three iterations were sufficient. Then TRU was
taken as the final value of T,.

This procedure worked quite well for the vast majority
of picture elements, but in a few instances the coefficients
C.. C,, C. were such that this iterative approach diverged
for the particular DN involved. This was particularly evi-
dent in the second column of the pictures, where the
coefficients seemed to be especially unfavorable, probably
as a result of the calibration scheme’s attempt to correct
for the overshoot of the video amplifier as the reading
electron beam pas.«l off the black mask area and onto
the illuminated arca of the picture,

14. Spectrc. Data

The inlensities obt-ined above are measured in units
of 1000 ft-lamberts of 3000°K quality light. However, such
units are not an easily interpretable measure of the inten-
sity of Mars, depending as they do upon the spectral
distribution of the lamp used for calibration of the system,
the spectral transmission of the TV camera filters, and the
specimal responses of the vidicon and of the photometer
used to measure the calibration lamp intensiiy. In terms
of these facters, shown graphically in Fig, I11-9, the out-
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[ 1 /"3000°k
| /" BLACKBODY

RELATIVE VALUE

04 0.5 () 07
WAVELENGTH, p

Fig 1l1-9. Spectral responses of visual photometer (K),
vidicon (V!}, vidicon with green filter (G), vidicon
with orange-red filter (R); also shown are
relative spectral distributions of the
collimato. light source (C)
and of sunlight ((*))

put signals of the photometer and of the TV camera*
when viewing a light source having a spectral distribu-
tion of intensity I (A) Wem © sterad ' would be

"%

Photometer ovtput P=a / K(A)I(A)dr

(12a)

TV exposure . - :
{groon fltes) G ,u'/ G(A)I(A)dA
(12b)

TV exposure [
(red filter) R- /3./‘ R(A)I(A)dAr

(12¢)

where o and g are fixed instrumental constants, and
CiA), G(A), R(A) are, respectively, the spectral response
tunction of the photometer and of the vidicon with the
green and red filters. As special cases, if the source was

‘For the TV camera, “signal” means the relative exposure effective

in producing an electrical ontput, not the electrical output itself.
The latter is a nonlinear function of the relative exposure (see
Fig. 111-3).
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the calibration source !, (A) or light having the spectral
distribution I (A) of sunlight but diluted by a factor E,
the outputs would be

P.=a ./”11((,\; . (A) dA (13a)
G. =8 ~/U_.l(;()‘)l,mm\ (13b)
R.=8 ./‘:IR(A)I,. (A) dA (13¢)
Po = oF / “K(\) Io (A) dA (14a)
Go = BE _['lcm Io (\) dA (14b)
Ro = BE ./?“R(A) Io (A dA (14¢)

A more convenient measure of the intensity of Mars
is the ratio of the observed signal G or R to the signals
Go or Rg that would be found if the camera was viewing
a diffuse, perfectly reflecting (“white”) screen oriented
perpendicular to the sun's rays at Mars’ orbit. Such a
standard source would have the quality of sunlight, but
it would be diluted bv a factor (ro ry)* = 0.93 ¥ 107,
where ry is the radius of Mars’ erbit and rs is the radius
of the sun. The ratios

po = G/Go and pe = R/Re (15a,b)

are thus closely related to the reflectivity of Mars at
60-deg phas= angle in the wavelength bands used for the
observations.

In order to evaluate these ratios. we must know Go
and R in units of 1000 ft-lJambert.. We may calcalate
Gs and Re from the graphs of Fig. III-9. Bearing in
mind that only relative values of I. (A) and I (A) are given
in this graph, as signified by the arbitrary multiplying
factors v and 8, we may write

/ "G () da

- G _G ),
P Ge G. G. G,

c/ "G (\) Is (A) d
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/. "GN 9. (A) da

Qla

5
T E / "G (M) 8o (A) da (16;

But § v is also equal to

- 2 { AT
5 P E / KI(X)8ig(A)dr

v Po [ KO L (A) dA a7

The integrals appearing in these equations may be
evaluated by numerical integration using the curves of
Fig. II-9. The results are (in arbitrary units)

g = / "G (A) v (A) dx = 1306 (18)

go =j "G (A) 8Io (A) dr = 140 (19)

g, = / KAyl (A dr =512 (20)

Plo = / "K(\) 81s () dA = 500 1)
Further,

o= RA) () dn =952 (22)

ro = /’ "R\ Mo () dr =T15 23)

Thus we have

|Q
~
R
~
g
cé

"= G 2 Psp. G Ps 140 512

But P, = G. = R, by calibration, and P, the visual inien-
sity of a white screen at Mars™ distance from the sun, is
taken to be 5300 ft- lamberts (Ref. 2).
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Thus the desired reflectivities are related to the direct
TV outputs by the equations

- .
) a0)
P 580 U
and
R 952 500 R -
Pr =53 715 512 4.08 (=0

15. Correction for Temperature

It is also necessary to correct the picture intensities
for the effects of the difference of temperature of the
camera between conditions of calibration (20°C) and at
7°C). During environmental testing of the
camera systems, tests were made at +50, +25 and

30°C. When the relative response of the camera at
these temperatures was plotted as a function of illumi-
nation level, it was found that the relative sensitivity at
two temperatures is substantially independent of illumi-
nation level. Figure III-10 shows the sensitivity, relative
to that at 25°C, as a function of temperature. The sensi-
tivity at —7°C appears to be about 0.82 as great as at
25°C. It is assumed that this factor applies to both red
and green pictures. Inclusson of this factor changes the

encounter (

expressions for p. and p; to

G (27
W = T zi)
P 4.: D
R
=1 28)
R = Tan (=5)
P 336
10 4 4 //.’__’—.—»—ﬂ-—e—.
- P 4
0 o+
o |
-~
w
Ny //
g s
= 7
5 05 A
¢ | SR N s
-40  -30 -20 =0 0 10 20 30 40 50

TEMPERATURE, °C

iy M-10. Variation of camera sensitivity with
temperature

The operating lemperature of the car.era at the time of Mars encounter
was —7°C
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16. Incorporation of Variable Red Filter Factor

Finally, the variable red filter factor was included. The
expression for p, is thereby modified to
R

PR (19'

2.15 + 0.00070 L + 0.00018 E

The picture intensities were modified according to Eqs.
(27) and (29).

17. Proof Prints; Blemishes

Pictorial proof prints of the flight pictures were pro-
duced using as great a contrast enhancement as possible
(approximately a factor of 3) to check the results to this
point. The prints were generally quite satisfactory, being
greatly mmproved over the enhanced prints originally
releascd. The major blemishes and the fundamental com-
ponent of harmonic noise were quite unnoticeable (except
in Picture 3), and the intensit remained uniform up to
the edge of the picture. Many new craters and other
features were visible.

There were, however, a few minor blemishes and other
imperfections still in evidence. The most prominent of
these were small spots having coordinates near (43, 66),
(115, 82), (156, 81) and (172, 97). Evidently these spots
were so small that the various nonlinearities or “jitter”
of the vidicon scan system caused them to appear at dif-
ferent picture positions from one exposure to the next,
or perhaps the temperature dependence of the vidicon
sensitivity for these points was different from that of the
target at large.

Also rather prominent were the dozen or so individual
picture elemeits for which the intensity calibration process
did not converge. T" se were mainly found in the second
column of the pictur: corresponding to Element 30, and
at line numbers greater than approximately 180.

The next most prominent imperfection was the residual
harmonic noise, particularly the 8.8- and 4.4-element har-
monics of the 17.6-element fundamental. Since these
harmonics had not been evaluated or removed, their
presence was not surprising. However, the possibility of
removing them at all was made doubtful by the fact that
a given picture would show such effects only in certain
irregular areas. This is what would be expected if, for

‘In the first such modification, slightly different numerical factors
were used because of an uncertainty in the true value of the
luminous intensity of the sun above the earth’s atmosphers, an
uncertainty that may even now not be fully resolved.
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example, the amplitude of a given term were a small
fraction of a DN, for then it could appear only in those
places where the DN level lay close enough to the next
higher or lower value that this small amplitude could
affect the DN discrimination. In such a case the correct
average amplitude would be measured, but correcting
the picture by this amount would not only fail to remove
the noise where it occurred but would introduce it where
it was not already present. In view of this situation it was
decided to postpone any attempt at removing the higher
harmonics until a later time, when it might be considered
further.

Less prominent than the imperfections so far described
was one which was quite unobtrusive upon casual inspec-
tion but which could introduce significant problems in
interpretation of some of the pictures. This was a faint
ring-shaped blemish which nearly coincided with the
prominent oblong feature in the NE quadrant of Picture
3. This blemisli was quite prominent as a dark ring in
the calibration pictures. Its appearance as a faint bright
ring in the corrected flight pictures might raise some
question as to the reliability of the calibration procedure,
particularly the assumption that the system properties
did not change significantly between calibration and en-
counter. In view of the high degree of uniformity of illumi-
nation over the entire picture yielded by the calibration
procedure, including the satisfactory removal of most
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Z
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0L
0 50 100 150 200
ELEMENT

Fig. lll-11. Line and element coordinates of the
shutter marks for the calibration pictures
ond the flight pictures

The camera sensitivities _.alibration pictures) or the intensities of the
picture elements (flight pictures) on and within these boundaries were
replaced by volues obtuined by linear interpolation across the mark. The
width of the mark was taken to be greater for the calibration pictures
because of the relative uniformity of vidicon response. The flight picture
mark wos held to as aorrow a width as possible to retain as much inde-
pendent picture informaticn as possible without having the mark appear
in the pictures.
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blemishes and of the strong darkening around the edges
of the picture, it does not seem reasonable to attribute
much of this effect tu a general change of sensitivity of
the system. It is clear, however, that different kinds of
blemishes might exist whose temperature or time depend-
ence might differ. For example, an area having a high
electrical leakage tending to discharge the target film
locally would exhibit quite a different variation in strength
of effect with light intensity and temperature than would
another area which happened to lie behind a faint smudge
on the front face of the vidicon. If a smudge were to
involve a slightly volatile substance, this would further
complicate the time behavior.

18. Removal of Shutter Mark, Fiducial Mcrks, Blemishes

The shutter mark, fiducial marks, and the localized
blemishes noted in Step 17 were removed from the flight
pictures by replacing the intensities of picture elements
lying within a mark by linear interpolation across the
narrow dimension of the mark. The number of picture
elements so replaced in a given line or column was three
or four. Most elements so replaced are indicated in Figs.
II[-11 and III-12.

ELEMENT NUMBER —»

27 25 23
+284 242+
" 30 28 -
[+ 4]
:’O o 36 _ 34 £
5% ¢ LIE 5 Bt
- LAl § s2 ¢t ¢ 2R
@ 92 9l 89
o W @
w g IC 99 Qna 9e
+100.7
= E 103 102 101
ax 12 1l 109
=3
S
<l
=
@
o -
= - 8 KR
175 173 172
" o "
o o @
Iness 185 ie3 %942 181 =
. 0+
187 185 184 L0

FIDUCIAL MARK BOUNDARIES
FLIGHT PICTURE FORMAT

Fig. l1l-12. Line and element coordinates of fiducial
marks for flight pictures

The elements lying within and on these boundaries were replaced by
linea: interpolation as in Fig. I1I-11.
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19. Correction of Systematic Blemishes by Averaging

Considering the smallness of the residual effects de-

S !'!!H'll i l- il"ll\~ It S Hlt'l! most re »i\l.‘!l.l}‘](' to recog-

nize that there might be small local departures from
the sensitivity deduced from the calibration data and to

.u‘.‘l'l\t some [H'\ut'lllxn for removing anv such effects that

'!.11}-1 by l\n'v!_t without departing basically from the
1

ON x'T.iH q

the flight picture intensities were averaged over two
independent samples consisting respectively of the eight
green pictures 2.3.6.7.10, 11, i4. 15 and the six red
pictures 4. 5. 5. 9. 12, 13. The result was an “average
and an “average red picture.” These were

ll‘l'ut].lu(‘li in I‘hftﬂ'i.!] form .Ultl

green picture”
]

in turn enhanced

were Luinp\tr'(‘d :I‘u.;‘}xlhln_\ as well (Figs. III-13 and

[T1-14). As was expected, the eifect of the averaging was

to Suppress the \LLX'fl.t!l tnpu*_’r\xi\‘ixik f« atures. ]l'.l\ ing the

: AT , :
svstematic blemishes relatively unaftected. It was clear
Iy

that these average pictures stronglyv re-

inspection
sembled one another and that a considerable improvement

in picture quality might result if the individual pictures

were appropriatelv corrected

picture intensities were accordingly multi-

plied by a correction function defined as follows. Let
GAV (L. and RAV (L.]) be the average green and red
picture intensities as described above, and let S(1.]
GAV (1.] 0.9 RAV (1, ])." Also. let SAV be the average
value of S (I, ]} over the entire picture wrea. Then a cor
rection function

SAV

COR(l.] S]

30
was evaluated and stored on magnetic tape. Subsequently
all 19 of the flight pictures were corrected by multiplving

the intensity P(I.]) by COR (1. ]

20. Correction of Geometrical Distortions

The fiducial marks in the pictures were designed to
provide a rectilinear reference grid with respect to which

picture distortions introduced by nonlinearities in the

The { r 0.9 was inte llow the smaller er
re HITES 1S s - = — . . "
rinability svstem i pictures
cher average intens lative weig s L5
-~ x I oht factor has olig ’ the

Fig. I1-13. Average of green pictures 2,3, 6,7, 10, 11, 14, and 15, enhanced such that
the brightness range 100-130 spans the DN range 63-0
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vidicon electron beam deflection could be meesured
and corrected. A certain amount of such distortion was
actually present, as indicated by the fact that the fiducial
marks did not fall in a square pattern in the final pic
tures. The average spacing between fiducial marks in
the horizontal direction” was 69 elements; in the vertical
direction it was 79 elements. Furthermore, the vertical
spacing was about 75 elements for the wp part of the
picture and S3 elements for the bottom part (see Table

IT11-3 and Fig. 111-12).

In order to rectify the pictures, a point transformation
was developed which would render the picture square
expanding it slight.v in the horizontal direction and intro-
ducing higher-order terms as necessary to bring the marks
into a square pattern. For convenience, it was also decided
to shitt the central mark to the point (100.100

adopt S0 elements as the desired spacing of adjacent

and to

marks. The !V\H](i[lu transformation was as follows: Let

L_E) be the picture coordinates of a given Martian

“As viewed with the blacky

feature in the final, rectified picture, and lec (L. E") be
the coordinates of the corresponding point in the ori-
ginal flight picture tormat. Then, it /= L 100 and

{ I 100, the trapstormation

03 - 0.013751 + 7.19 X 10! 0.0160 ¢

6.64 X 10%ei — 8.3 x 107 ¢l

0.1375¢ - 00126/ 32

brings the fiducial marks into the desired square pattern

within a residual rms deviation »of less than 0.2 element

This transformation was applied to the flight pictures,
using the same two-dimensional linear interpolation tor-
mula as in Step 10. Finally, the new locations of the
fiducial mark corners were indicated by replacing the
appropriate single-picture-element intensities by zeros

black).

Fig. 11-14. Average of red pictures 4, 5, 8,9, 12, and 13, enhanced
so that the brighiness range 160-220 spans the DN range 63-0

Note the strong similarity of the two pictures

JPL TECHNICAL REPORT 32-884




21. Calibration of Pictures 20-22

Pictures 20-22 were calibrated in a similar way as
Pictures 1-19, except that a different sample of calibration
pictures was used, and, since no fine detail was present
in these pictures. there was no need to evaluate the
sensitivity of each picture element. The calibration data
sample consisted of all pictures taken with amplifier
gain 01 and 11, and in order to enlarge the sample and
provide a tie-in with the remaining pictures, gain state 10
was also included. This made it possible to recalibrate
Picture 19 for comparison with the results found pre-
viously.

The calibration steps were carried out on 32 % 29 ele-
ment matrices of 6 X 6 averaged DN’s as described in
Step 6. both for the calibration pictures and the flight
pictures.

B. Photometric Accuracy

The purpose of the rather extensive treatment of the
digital picture data described in the preceding section
was to convert the DN value of each element of a given
picture into an equivalent intensity of illumination of
the corresponding poiuc on the Martian surface. Of the
numerous svstematic and random factors which affect
the overall precision with which this intensity is finally
known. most tend to be eliminated by the calibration
procedures.

1. Systematic Effects

The most important remaining svstematic effects are
the following:

(1) The absolute calibration of the photovisual photom-
eter used to set the intensity of the collimator light
source. The photometer was calibrated just before
use by comparison with a National Bureau of Stan-
dards secondary standard light source. However,
because of the fact that a scale change was required.,
the precision of this measurement was limited to
about 3%,

(2) The shapes of the spectral intensity distributions of
the collimator light source as compared with that
of sunlight. The collimator lamp approximated a
3000°K black body, while the sun approximates a
5700°K black body. The relative precision with
which these two dis ributions were known was
about 5%.
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(3) The relative shapes of the vidicon spectral sensi-
tivity curves through the green and red filters, and
the spectral sensitivity curve of the photometer. The
errors introduced through uncertainties in these
functions are proportional to the “skewness” of the
spectral distribution of the collimator light source
relative to that of sunlight, since the calibration
procedure itself determined the proper “filter fac-
tor” needed to compare red picture intensities with
green picture intensities for the collimator light
source. A rough indication of this uncertainty is
provided by a comparison of the experimentally
determined filter factor of 0.68 (giving the sensitivity
of the svstem through the red filter relative to that
through the green filter) with the value 0.73 calcu-
lated from the spectral sensitivity curves, The over-
all error from this source is probably about 7%.

(4) Correction of the sensitivity of the system for the
27°C temperature difference between calibration
and Mars encounter. On the basis of the internal
consistency of the data leading to the curves of Fig.
IT1-10, the uncertainty introduced from this source
is probably less than 5%.

(5) Uncertainty in the luminous flux of sunlight at the
top of the earth’s atmosphere. This factor is prob-
ably known to within 3%.

(6) Long-term drifts in the sensitivity of the camera
system during the 8-month cruising period. Unfor-
tunately, it was not possible to include a standard
light source along with the camera system; con-
sequently, it is not knewn whether any significant
drift took place. The great care that was taken in
the design of the electronic system, the use of
screened components, and experience with similar
systems over long periods of shelf storage suggest
that any such drift was probably much less than
10%. The two television camera voltages that were
monitored during the encounter agreed within the
reading error, approximately 0.5%, with the values
measured during calibration.

The combined effect of the first five of the above factors
is about 10%; inclusion of a nominal value of 10% for the
sixth vields a total uncertainty of approximately 15¢ due
to systematic errors.

2. Random Effects

In contrast with the rather large systematic uncertainty,
the relative precision with which the intensities of two
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points in a given picture are known is quite good, although
somewhat variable through the picture sequence. The
principal random effects which limit this precision are:

(1) The basic discriminability of the system arising
from the six-binary-bit encoding scheme, together
with the small inherent “jitter” in the operation of
the encoding circuitry. Figure 111-4 shows that a
1-DN change corresponds to a fractional intensity
change of from 2% at the best to 109 or so at the
worst. The Al T discrimination levels of seven of
the pictures fell near the minimum. while those of
another seven were less than 0.05. All of the first
19 pictures were below 0.07 in this factor.

19

Statistical uncertainties in the calibration process.
As was described in the preceding section, the
statistical uncertainty was essentially negligible,
being less than about 0.25%.

(3) Fiducial marks and blemishes. The regions of the
vidicon target near fiducial marks, the shutter mark,
and the several localized blemishes that were re-
moved by linear interpolation across the «ffected
areas all have an unknown statistical error because
the intensities at those points are not independent
of those at other points. However. studies of the
local variations of intensity across a picture suggest
that errors of more than 1% in these areas are
unlikely.

(41 The method that was used to remove the numerous
low-contrast blemishes. The use of an average of
14 pictures must itself have introduced some sta-
tistic..l uncertainty because of the lack of complete
averaging out of the true intensity variations in the
pictures. The magnitude of this effect is estimated
to be less than 1%, since the rms intensity fluctu-
ation over one-half-line intervals of individual pic-
tures was measured and found to average 3.4%:

34 14': =09,

Incomplete erasure of the previous picture. Each
picture contains a faint “ghost” of the previous one.
This effect was noticeable only in Picture 2, which
contained a very faint remanent image of the limb
of the planet. The intensity ratio across the “ghost”
limb was 1.04, whereas it was 1.40 in the first pic-
ture. Thus, a given picture will contain about 10%
of the previous picture. The effect will therefore
contribute only about 0.3% to the statistical uncer-
tainty in those cases where the effect cannot be
subtracted out. No attempt was made to correct
for this small residue,

(D
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(6) Harmonic noise. Harmonic noise was present in
nearly all pictures, but could only be partially
removed. Pictures 3, 4, and 12 contain visible
remnants of the “fundamental” wavelength, while
Pictures 3, 4, 5, 6, 8, 9, and 13 exhibit the second
and higher harmonics of this fundamental. The
average amplitude of the fundamental term in
Pictures 2 through 21 before it was subtracte.! out
was 0.28 DN. The higher harmonics, which were
not removed, seem to have considerably less ampli-
tude, so that we would expect to have an average
Al I uncertainty of well under 1% from this source.
We shall assume a value of 0.3% due to this factor.

Printout uncertainty. The intensities that resulted
from the calibration procedures were printed using
a four-digit format in which one to four of the
places may actually be used. The roundoff error is
=+0.5 unit, which corresponds to 0.3% in Pictures
4 and 5. and 4% at the center of Picture 19. This
error is present only in the printouts as presented
in Part I1 of this report, and is not present in the
data as it is stored on magnetic tape.

Before combining the various siatistical uncertainties
just described into a single value. we must consider in
more detail how to treat the first item—the basic discrimi-
nability of the system. The effect of this encoding uncer-
tainty is that the DN value of a given point will be within
the range T — 0.5 < DN < T — 0.5, where T is the “true”
DN that would have been found by a perfect encoder of
unlimited discriminability. (It might appear that the range
should be T < DN < T + 1, but the calibration procedure
has the effect of shifting this range to the one given
above.) Further, the actual DN’s will be uniformly dis-
tributed within this range. Thus the rms DN uncertainty
is

( / e dx) — 0537 ~03DN

corresponding to an intensity uncertainty of 0.6 to 2.1%
over the series of pictures.

The various sources of statistical uncertainty combine
to vield about 1.2¢ rms error in the most favorable case,
1.5% in an average case, and 2.4% for Picture 19. If print-
out errors are included. the corresponding numbers are
1.4, 1.6, and 4.6%.

The largest uncertainty, outside the printout error, is

due to the effect of averaging the red and green pictures
to remove the residual blemishes. This effect is probably
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of greater importance for widely separated picture ele-
ments in a single picture than for nearby ones. This is
of some significance in connection with the use of the
data for the study of intensity variations in a local area,
where we would expect the statistical uncertainties to
be somewhat less than the average.

In summary, we believe that the photometric precision
attained in the Mariner IV pictures is +15% due to sys-
tematic effects, and from 1.5 to about 3% due to random
effects, the latter varving from picture to picture. The
random uncertainty as a function of picture number is
shown in Table I11-6.

Table lll-6. DN discrimination and random error

o | nciome | om0, [ e
1 205" 23 G020 0.013
2 140 16.5 0.020 0.013
3 150 12.5 0.020 0.013
4 250 20 0.021 0.013
-] 250 21 0.020 0.013
6 140 15 0.020 0.013
7 130 19.5 0.020 0.013
8 180 37 0.028 0.014
9 150 43 0.036 0.016
10 85 37 0.028 0.014
n 70 435 0.037 0.016
12 100 50 0.055 0.020
13 100 51 0.060 0.021
14 75 44 0.038 0.016
15 70 43 0.037 0.016
16 98 52 0.066 0.023
17 82 53 0.070 0.024
18 51 51.5 0.062 0.022
19 15 51 0.062 0.022
*Averoge of planet disc (sky excluded).
bThe random errors, including printout errors, are the same, except for Pictures 18
(0.023) and 19 (0.027).

C. Correction of Pictures for Haze or Glare

The procedures described in the foregoing sections
vield rather precise values of the light intensity incident
upon each eiement of the vidicon target surface for the
21 individual pictures recorded: The absolute photo-
metric precision attained may approach 10 or 15%, and
relative intensities are probably known within a percent
or so. However, the true brightness of the Martian surface
is less well known because of the suspected presence of
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haze or glare in the pictures, Definite evidence that such
effects are present was found in Picture 1 and in Pictures
19-22, and is also suggested by the seemingly very low
contrast of the surficial features seen in the intermediate
photographs.

In the first picture, the sky above the bright limb of
the planet does not fall off in brightness as rapidly with
altitude as would be expected on the basis of the 9-km-
scale height of the Martian atmosphere. The apparent
brightness of the sky at a height of about 150 km above
the planet is nearly 40% that of the planet itself (Fig.
I11-15), whereas the atmospheric density at this height
should be less than a millionth that at the surface.

In Picture 19, which includes the evening terminator,
the brightness does not fall to zero at the terminator.
Similarly, Pictures 20, 21, and the small part of of 22 that
was recorded all exhibit brightnesses definitely distin-
guishable from the true black-sky as it was recorded sev-
eral days after the completion of picture playback.

The value of the Mariner IV pictures for quantitative
purposes, such as the evaluation of the slopes of crater
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Fig. llI-15. Plot of intensity vs altitude above the
planet for the sky area of Picture 1

The unit of intensity is that of a white Lambert surface situated normal to
the sunlight ot the orbit of Mar:.
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walls, is of course dependent upon corrections for the
haze or glare. However, the amount of scattered light
present in the intermediate photographs cannot be deter-
mined unambiguously from the amounts seen in the limb
and terminator pictures, because the physical origin of
the light is not certain. If the scattered light is of instru-
mental origin, the large amount of glare in the first picture
would indicate rather large amounts of glare in the inter-
mediate pictures also. If, on the other hand, the light
actually originates in the Martian atmosphere, the inter-
mediate frames should then contain relatively small
amounts of haze.

Arguments can be advanced both for and against each
of these possibilities:

(1) Mars is known to have a very hazy (albeit low-
density) 2atmosphere. Many observations from earth
have indicated the presence of various kinds of
clouds, some at heights of more than 25 km. Also.
some current models of Mars™ atmosphere suggest
the presence of CO. crystals at even greater heights,
up to perhaps 100 km. The observed glare showed
inhomogeneities near the limb suggestive of thin
clouds.

(2) The large amount of light present in the first picture
at great heights above the limb, together with the
small amount of residual atmosphere expected at
such heights. argues against an atmospheric origin

(Fig. III-15).

(V]

The intensity distributions seen in Pictures 21 and
22 are relatively uniform whereas the height of the
lowest illuminated portion of the atmosphere varies
by about 100 km over each picture. If the scattered
light originates in Mars atmosphere, one would
expect to see the scattered intensity in each picture
fo11 off in a systematic way with increasing altitude
above Mars at which the sunlight intercepts the
line of vision, and to agree more or less from pic-
ture to picture. If the scattering is instrumenta!
the variation across a given picture might be quite
small and could lead to the stepwise-changing func-
tion that is observed (Fig. III-16).

(4) Great care was used in the design and construction
of the Cassegrain camera system to avoid scattered
light. The design itself incorporated adequate
shielding to hold the veiling glare below a few
percent, even in the presence of extensive illumi-
nation outside the field of view. This property was
tested, for each unit produced, under illumination
conditions at least as severe as were encountered at
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Fig. lll-16. Plot of scattered intensity from o vertical
column of atmosphere vs the altitude of the
bottom of the column above the planet

Mars, and in no case was a veiling glare greater
than 10% observed. The camera itself incorporated
no paints or other volatiles that might evaporate
and contaminate the optical surfaces. The vidicon
tube was cushioned in polyurethane foam, but
vapors from this unlikely source < ould have reached
the filters or mirror surfaces only by leaking past
a close-fitting, camera-mount-to-vidicon-face teflon
gasket and through a rather tortnous path through
the shutter mechanism. Attempts to simulate such
contamination in a flight-type camera by rather
extreme thermal-vacuum conditions were not suc-
cessful.

(5) The mirrors were fabricated from pure beryllium,
Kanigen-coated prior to polishing and figuring. This
surface was aluminized and overcoated with SiO..
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None of the Mariner camera units has exhibited
any deterioration of the optical surfaces up to the
time of writing, but other workers are said to have
experienced some difficulty with blistering of such
surfaces when exposed for long peiiods to high-
vacuum conditions, and if so it is possible that
blistering actually occurred in the flight unit. Studies
of the effects of simulated blisters on the optical
surfaces suggest that blisters, if present and of the
right size and shape. could have produced con-
siderable scattered light without serious loss in
overall intensity. However, no quantitatively satis-
factory agreement with the observed glare condi-
tion was cbtained in these tests.

(6

—

Degradation of the primary mirror by micro-
meteorite bombardment is considered impossible in
view of the very small micrometeorite flux registered
by the cosmic dust experiment carried on the same
spacecraft and the relatively well-protected location
of the mirror.

(7) Contaminration of the eptical surfaces during han-
dling and mounting is extremely unlikely. While on
the launch pad the entire spacecraft shroud was
held at a slight positive pressure by a flow of clean
dry N. gas. During launch, stage separation, shroud
ejection, spacecraft separation and Agena retro
maneuver, the optics were protected by a close-
fitting, teflon-gasketed, nearly-gas-tight cover. This
cover was removed on February 11, 1865, 2%
months after launch. It is possible, but it seems
unlikely, that contaminants from the launch en-
vironment could have leaked past the cover and
into the optical system.

(8) Target leakage or other electronic effects were elim-
inated as possible origins of the haze by the dark-
sky test carried out a few weeks after encounter.

None of the arguments outlined, nor any of the labo-
ratory tests of optical systems, leads to a definite con-
clusion as to the actual nature of the observed effect. In
order to study the matter further, and to deduce limiting
values for the haze or glare in the individual photographs,
the measured haze values in Pictures 1 and 19-22 were
tested quantitatively for consistency with the two hy-
potheses of purely instrumental origin and purely atmos-
pheric orgin.

A drawing was prepared which portrayed the disc of
Mars as it was seen by the camera during the picture
sequence, and the most prominent features were sketched
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in. The picture track was drawn and the picture centers
approximately located. Isophotes were lightly sketched
in, as they would appear if Mars were a uniform, Lambert
sphere, and the normalized intensities seen in the pictures
were plotted at the picture centers. The isophotes were
then modified to accommodate these known intensity
values and also to follow approximately the outlines of
the dark areas and the polar cap. The result is shown
in Fig. ITI-17. Relative intensities were then read from
this drawing at points Iving on a square grid at 1-deg
spacings (as seen from the spacecraft).

A computer program was written which would evalu-
ate the average intensity that would result in a given pic-
ture from any given axially symmetric scattering function
specified at 0.5-deg intervals from 0.5 to 12.5 deg. Various
scattering functions, mostly taken from the laboratory
measurements on Mariner-type camera systems, were
used with this program to estimate the relative amounts
of glare to be expected in the photographs (Appendix F).

These calculations were in agreement in that any
scattering function that gave approximately the observed
intensities in Pictures 19-22 also gave far more scattered
light in most of the intermediate pictures than could have
been present. The glare in Picture 1 seemed to require
mostly narrow-angle scattering, while Pictures 19-22
were better accounted for if the scattered light entered
the system at an average angle of 6 or 7 deg from the
axis. No wholly satisfactory fit was found.

In considering the possibility that the observed glare
might be of atmospheric origin, an attempt was made to
evaluate the approximate amount of light scattered by
the atmosphere using Pictures 19-22 and, on the basis
of this value, to calculate the expected glare for Picture
1. That such a procedure might prove successiul can be
seen by recalling that the scattering phase angle was a
constant 60 dcg throughout the encounter, and that the
atmosphere at the terminator was illuminated obliquely
but viewed approximately normally, while at the limb it
was illuminated nearly normally but viewed obliquely.
The scattering seen at the limb should therefore be much
more intense than that at the terminator, as observed.
Of course, only an approximate agreement is to be
expected because of the quite different seasons and times
of day at the two locations.

First, the actual scattered intensity in Pictures 19-22
was evaluated, using the 6 x 6 square averages described
in the section on photometric calibration. Next, the alti-
tude above the Martian surface at which the camera line
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Fig. llI-17. Schematic intensity map of Mars as viewed by the spacecraft

This chart was used to estimate the glare intensities seen by the vidicon for various assumed scattering functions.
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of sight intersected the shadow edge of Mars was com-
puted for each (averaged) picture point, and the cor-
responding zenith angle of the spacecraft as viewed from
that intersection point was also found. Each picture
intensity was then converted to an equivalent vertical view
at the same phase angle, by multiplving by the cosine of
the spacecraft zenith angle, and was correlated with the
corresponding altitude. The various points associated with
a given altitude were then averaged and the resulting
curve plotted (Fig. I11-18), This curve, for red pictures
20 and 21, indicated an average of approximately 3 X 10
units of scattered intensity, in terms of the “reflectivity
units” used to describe Mars intensities in this investiga-
. Further, the intensity seems to fall off on a height
ie of about 50 km for low altitudes.

To estimate the amount of scattering to be expected
near the limb in Picture 1, we neglect absorption of solar
rays at slanting paths near the terminator and write the
intensity seen in Picture 20 as

Iy=ol H

where o is an average scattering coefficient, I, is the inten
sity of incident sunlight (assumed to be at fuli vertical
intensity at all points on the daylit he visphere), and H
is the effective layer thickness (approx = km). Then, near
the limb the scattered intensity should .

I], —~ (7’.. }l'
where now H’ = 2(2RH)': 1s the effective path length
over which the scattered light is integrated. and R

3350 km is the radius of Mars.

Thus we would expect an intensity ratio

I_’:I_{,:Q. 2_}?)‘: P 6100)': =23
I's H H 50

between the limb and terminator. The observed ratio was
about 140 10 = 14.

We therefore conclude that the limb and terminator
scattered light intensities might well be consistent with
an atmospheric origin. Of course, a more thorough analysis
would be required to establish the «ctual degree of com-
patibility of the two sets of data, We shall not pursue this
rather complex problem here, but shall instead simply
estimate the expected amount of haze in each picture if
the scattering were atmospheric, on the assumptions
outlined above. In this case. only the spacecraft zenith
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angle plays an important role. Taking 9> 10 units as the
observed haze intensity in Picture 19 at the terminator,”
we estimate the intensity in the nth picture as

l" 9’]0&

SCC &

wher= ¢, is the average zenith angle of the spacecraft in
the nth picture.

We now consider what actual amounts of haze or glare
might be in each picture, Evidently the minimum amount
of scattered light must be that due to clean optics plus the
atmospheric haze just estimated, since any instrumental
glare that would explain the light seen in Pictures 1 and
19-22 implies very high values in the intermediate pic-
tures, as described previously.

In order to place a maximum value upon the glare, we
make use of a test first called to our attention by Clyde
Chadwick, a graduate student at Caltech. This test is
based upon the idea that, in the absence of significant
albedo variations, the brightest point in a given picture
must be that place where the sun is most nearly normally
incident upon the surface and, for a Lambert surface, the
ratio of the average intensity for a horizontai surface to
this maximum intensity must be greater than cos i, where
i is the solar zenith angle. Thus

Iy /T =cosi

The equality would hold, in the absence of haze, if the
Lambert surface were actually tilted so as to be perpen-
dicular to the sun' rays.

If haze is present, it contributes equally to I, and I,,,,.
Thus we have also

lm  dj
Inmn Ih

= cos i

where, again, the equality implies actual normal incidence.

To npp]y this test, we may use the Martian craters as
examples of topographic reliet whose intensity variations
are certainly indicative of slope illumination effects,

“The glare contribution of & clean optical system was estimated
to be 3 x
12 % 10

10" units; the total intensity at the terminator was
units.,
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albeit possibly somewhat modified by local albedo vari-
ations. Suitable examiples were found in Pictures 7, 9,
and 11, and these gave quite consistent haze values

Ay = Inaz 0081
/e
1 — cosi

which ranged from 0.3 L, to 0.5 1.

The haze estimates are summarized in Fig, [11-18, which
indicates the maximum and minimum intensities seen in
each picture, together with limits and estimates of the
haze contribution to each picture.
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Fig. ll1-18. Plot of maximum and minimum intensities
ohserved in each picture, the glare contribution
from a clean camera (curve G), the estimated
atmospheric scattering (curve H), and total
haze and giare effects (curve H and G MIN),
vs picture number

The maximum background haze and glare are alse shown, us esiimated
from crater wal! intensities according to o procedure described in the
text (curve H plus G MAXI,
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Our tentative conclusion is that the observed scattered
light in the Mariner IV pictures is probably accounted for
by a combination of scattering by the clean optics, plas a
significant scattering by the Martian atmosphere.

D. Sine-Wave Response Function of the
Camera System

As part of the comprehensive preflight calibration tests,
the sine-wave response function of the camera system was
measured by photographing sinusoidal intensity patterns
of various wavelngths and contrasts, the waves being
aligned approximately horizontally or vertically in the
camera field (see Appendix B). As with the other calibra-
ton tests, the digital data numbers were tape recorded for
convenient analysis by computer. Both high-contrast (12:1)
and low-contrast (3:1) patterns were photographed. Only
the high-contrast data were analyzed.

The data were first converted to pictorial form in
the VFC, and the photographs were measured to find the
wavelengths of the various sine waves in terms of picture
clements. Appropriate rectangular domains in each pic-
ture over which the Fourier amplitudes of the sine wvaves
could be determined were alse found.

The digital DN's were converted to true intensities
using the flat-ficld calibration data as described previously
in this section The Fourier amplitude A, of each sine
wave was determined by integrating over its domain
described above, and the normalized amplitude A, /1,
was evaluated, where [, is the average intensity. This
quantity was in turn divided by the corresponding
norr alized amplitude of the criginal transparency, mea-
sured with a scanning microphotometer,

The essential data concerning the wavelengths, domains,
and Fouiier amplitudes are presenced in Table 111-7. A
graph of the results is shown in Fig. I11-19.

The shape of the sine-wave response of the system is
rather well described by a two-dimensional gaussian func-
tion having slightly different widths in the horizontal ¢nd
vertical directions. The point spread function

S (x,y) = (2n0. o) M exp (—x*/20% — y*/20})

where x and y are measured in units equal to the TV line
spacing and
o, :0.65, vy = 0.85

was found to agree quite satisfactorily wiin the sine-wave
response data,
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Table lll-7. Sine-wave response data®

file | U™ | 5 e Domain I A/ Re- B

Ne. d,li::‘ mants) Eid =§ = observed | nominal” | $Ponse i
10 v 22.75 65 150 69 159 073 0.82 0.89 0.076
12 v 11.667 55 145 124 158 0.69 0.80 0.86 0.292
12 v 7.80 55 145 65 103 0615 0.82 0.75 0.650
14 v 5778 60 150 119 170 0.595 0.82 0.725 .19
14 v 3.83 60 150 67 112 0.428 0.84 0.51 270
16 v 2.88 50 140 62 110 0.25C 0.86 0.29 475
16 ¥ 2.33 50 140 131 165 0.168 0.85 0.198 7.30
8 v 1.937 56 146 63 93 0.070 0.85 0.082 10.5
18 v 1.45 56 146 128 156 0.019 0.e8 0.022 18.7
11 H 26.25 53 157 86 160 0.725 0.82 0.885 0.057
13 H 12.667 56 93 7 150 0.415 0.80 0.77 0.246
13 H 9.40 118 164 75 150 0.575 0.82 0.70 0.450
15 H 6.28 48 91 87 162 0.460 0.82 0.56 1.00
i5 H 4.582 100 154 87 162 0.357 0.84 0.425 1.88
17 H 3.500 109 164 85 150 0.238 0.86 0.28 3.24
17 H 2.526 47 94 85 150 0.122 0.85 0.145 6.20
19 H 2.32 103 160 70 150 0.088 0.85 0.104 7.35
19 H 1.587 45 90 70 150 0.014 0.88 0.016 15.8

‘From Celibrotion Data Tape K-76, Files 10-19

PRotio determined by microphotome 'er measurement of original film

A (TV LINES)
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Fig. lll-19. Plot of modulation transfer function
(relative response vs sine-wave

wavelength)

The plot is such that o Gaussian point-spread function would give a
stiaight line.
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Having determined a suitable point-spread function
for the overall optical system, it is possible to correct the
pictures for the effects of this function. Let R(k,l) be
the Fourier transform (FT) of the point-spread function,
and let M (x’,y/’) be the inverse FT of 1 R. Then the cor-
rected intensity I.(x,y) is given by the convolution
integral

L(x,y) = ffl(x—x",y — ¢y )M (2, y) dx’ dy’

In practice, the correction for falloff of the sine-wave
response must be carried out with care to avoid spurious
effects due to the finite accuracy of the digital intensity
field and of the point-spread function itself. If carried too
far, the correction process may result in a grainy picture
dominated by the point-to-point DN fluctuations. It was
found that if the short-wavelength Fourier terms were
multiplied by a factor as great as 5, the corrected picture
contained an objectionable amount of graininess. A maxi-
mum correction of a factor of 3 was adopted, since this
led to a significant sharpening of fine detail without undue
graininess.
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The function M (x',y") was accordingly taken as the
inverse FT of a truncated inverse gaussian, being equal
to 1l R for |[R|=1 3 and equal to 3 for |R| < 1 3. This
inverse transform was presented in the form of a 15 ¥ 15
clement matrix” (Table 111-8), and the convolution integral
was evaluated as a summation over the 225 elements in
a 15 » 15 square centered on the element of interest:

I.(LEy=33SI(L-LE-EYM(L",E)

Near the boundaries, the picture was continued as neces-
sary by reflecting across the boundary.

The effect of this sharpening process is to increase the
sharpness and contrast of fine detail while leaving large-
scale features unaffected. Although at first sight the
sharpened pictures appear noticeably grainier than
the originals, a little study reveals a great deal of detail
that is only marginally visible in the unsharpened pictures.
Sharpened versions of all pictures are included in the
section on analysis and interpretation of the photographs.

E. Treatment of Color Overlap Areas

One reason for incorporating two different tvpes of color
filter in the Mariner IV camera system was to study
color ve-iations across those areas of the Martian surface
where successive pictures overlapped. Although the data
obtained are roughly equivalent to a two-color photo-
graph.™ it was not intended that the two pictures should
be combined to form a color picture, and many factors
combine to prevent the direct interpretation of the digital
data as indicative of any specific color. Indeed, even after
transformation into true intensities the problem is not
straightforward, even with respect to the more limited
goal of ascertaining whether real color differences exist
from place to place. Among these factors are the following:

(1) Electronic shading and optical vignetting effects in
the camera and vidicon system introduce gradients
into the picture which are accentuated by the fact

"We are indebted to Robert H. Selzer of the Jet Propulsion Labora-
tory for computing the sharpening matrices used in this work.

“The fact that only two successive pictures could overlap precluded
the use of a full three-color separation filter system. However, the
expected character of a “blue” picture, had it been obtained,
would be that of a uniform, featureless field because of the strong
atmospheric contribution ‘o the light reflected by Mars in the blue.
Thus
three-color scene by simply adding a small amount of unfocussed
blue light to the red and green pictures that were obtained.

one might hope to reconstruct an approximation to the true
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that the overlap area between two pictures lies in
extreme opposite corners of the two frames.

i)

Geometrical distortions introduced by nonlirearities
in the electron beam deflection pattern cause the
overlapping area to be of slightly different shape in
the two pictures, so that exact registration of the
pictures is impossible.

(3) Systematic variations in the transmission curves of
the red and green filters over the focal plane man
introduce a few percent of systematic shading that

cannot be removed by calibration.

(4) The “ghost” of the previous picture may contribute
significantly to the difference between two pictures.
This was especially marked in Pictures 1 and 2, but
must have been present in other pictures to a lesser
extent, and could mask or alter the true color effects.

The color filters were chosen so as te maximize the
spectral separation of the two color bands without
undue loss of light, and to equalize the two signal
amplitudes. The resulting spectral sensitivity curves
are not standard ones for color separation work.

,_
Ut

(6

Because the pictures were of such low contrast, a
true color reproduction would be essentially feature-
less; any color differences that were present would
tend to be very subtle. Enhancement of the con-
trast of the original pictures before color printing
would accentuate any color differences that might
be present, but would also alter the colors them-
selves.

(7) The original data contained periodic fluctuations
due to unidentified electrical pickup, probably in
the preamplifier electronics. Only a part of this
signal, the fundamental frequency. could be re-
moved from the pictures, and even this could be
removed only approximately. The combination of
two such patterns with random phase leaves sig-
nificant periodic signal present in some of the color
overlap areas.

Considerable care was used to avoid or at least mini-
mize the problems just discussed. The picture intensities
were caretully calibrated, and the geometric .1 distortions
were corrected, as described in the section on intensity
and color calibration. The overlap areas themselves were
found by superimposing large transparencies of the geo-
metrically corrected pictures, placing corresponding sur-
face featmn s in register. Table II1-9 shows the required
picture offsets. New pictures were then produced, in
which the overlapping areas corresponded to the same
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Table 111-8, Picture sharpening matrix

0.0014
0.0019
0.0008
0.0010
0.0024
0.0030
0.0031
0.0031
0.0031
0.0030
0.0024
0.0010
0.0008
0.0019
0.0014

0.0011

0.0015
0.0031

0.0022
0.0000
0.0021
0.0034
0.0038
0.0034
0.0021
0.0000
0.0022
0.0031
0.0015
0.0011

0.0026
0.0025
0.0012
0.0047
0.0050
0.0029
0.0007
0.0003
0.0007
0.0029
0.0050
0.0047
0.0012
0.0025
0.0026

0.0019
0.0031

0.0052
0.0003
0.0068
0.0105
0.0103
0.0097
0.0103
0.0105
0.0068
0.0003
0.0052
0.0031

0.001%

0.0026
0.0050
0.0026
0.0104
0.0057
0.0084
0.0195
0.0230
0.0195
0.0084
0.0057
0.0104
0.0026
0.0050
0.0026

0.0052
0.0002
0.0103
0.0023
0.0215
0.0274
0.0045
0.0118
0.0045
0.0274
0.0215
0.0023
0.0103
0.0002
0.0052

0.0048
0.0055
0.0091
0.0146
0.0270
0.0378
0.1606
0.2252
0.1606
0.0378
0.0270
0.0146
0.0091
0.0055
0.0048

0.0042
0.0072
0.0068
0.0209
0.0173
0.0965
0.2804
2.6267
0.2804
0.0965
0.0173
0.0209
0.0068
0.0072
0.0042

0.0048
0.0055
0.0091
0.0146
0.0270
0.0378
0.1606
02252
0.1606
0.0378
0.0270
0.0146
0.0091
0.0055
0.0048
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Fig. I11-20. Color intensity ratio pictures of overlap
areas of Pictures 1-14

ARASAEADSAAR BES] The m!gnsny ratio pu/pr was evaluated at each pic'uu'z poirﬂ and con-
‘ verted into an integer in the range 0-63. The “‘polarity’’ is such that
. greener areas appear lighter in tone.
TURES [3 AND 14
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PRECEDING PAGE BLANK NOT FILMED.

Table 11i-9. Relative displacements of
overlapping piciures

Fixed piciure Displacement
Displaced picture Al AE
1/2 64 82

3/4 70 91

5/6 84 111

7/8 95 118

9/10 —98 122

11/12 100 125
13714 96 12

coordinate ranges in a given pair of pictures. (In this
operation the small amounts of rotation about the camera
axis from frame to frame that resulted from attitude drift
of the spacecraft were found to be negligible. so that the
picture elements in the overlap area were in one-to-one
correspondence.)

From this point, two approaches were used to study
colors and color differences. One method, carried out at
the JPL Photography Section laboratory by Ronald J.
Wichelman, was to treat the red and green overlap pic-
tures as color separation negatives, combining them into
color prints using the standard color filters. Relative ex-
posures for the red and green negatives and an appropriate
amount of yellow (minus blue) were determined so that
a 64-step intensity wedge included in the overlap pictures
appeared neutral gray in the color print. The pictures
showed some color variation from picture to picture, but
relatively little variation within a given picture. The
results of this approach were, as expected, rather
uninteresting.

TII(' \(‘('U“(I ”l('tllﬂ(l ll\('(l to r('\'('ill ('()l()l‘ (ll"f('r(’]]('l'ﬁ
was to compute the ratio p./pr of the green and red
intensities at each picture point and convert this ratio,
suitably enhanced in contrast, into a black and white
picture. A gray color (equal spectral reflectance at all
wavelengths) would give a ratio ps/pr = 1.00; a reddish
color would correspond to a ratio less than unity, and
a greenish one to a ratio greater than unity. This approach
has certain advantages over an actual color picture. First,
it avoids many of the subjective effects which unavoid-
ably enter into color photography, while still presenting
the results in pictorial form. Second, the procedures are
simpler to carry out and the pictures are easier to re-
produce. Third, and most important, an intensity ratio
expresses the “color” of a picture point in a way that
is independent of the brightness of that point.
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The results of the second approach are shown in
Fig. I11-20. These pictures were printed in such a way
0.710, and
0.510. The ad-
vantage of this method is immediately evident in the
ratio map of Pictures 1, 2. What appears in the corre-
sponding color print as a trend from a reddish tone near
the limb to a greenish one farther onto the planet is
now seen as a sharp line of demarcation parallel to the
limb. The position of this line in the green picture, No. 2,
agrees precisely with the limb position in the red pic-
ture No. 1. In fact, this ratio map provides the only
quantitative evidence available concerning the erasure
efficiency during the operation of the camera system at
the time of encounter. From it, one finds that approxi-
mately 104 of the intensity of a given exposure appears
as a “ghost” in the following exposure. This will have
1 effect both of distorting the average color ratio and
o1 introducing spurious “color” fine structure, just as is
seen in Pictures 1, 2. Thus care must be used in inter-
preting the apparent colors that appear in the overlap
areas.

that “black™ corresponds to a ratio pu/pe -
“white” corresponds to a ratio p./pe

Pictures 3. 4 show very liitle color variation. Pic-
tures 5, 6 show some variation, particularly in the eastern
portion. Pictures 7, 8 seem lighter (greener) and show
some interesting apparent color detail around the rim
of the prominent crater at P7 L74 E177. The effect,
although small, is well outside the rms error limits dis-
cussed elsewhere in this chapter. Such an appearance
could result from incorrect registration of the two pic-
tures, and upon carefully checking the detailed intensity
profiles across this area, it was found that the adopted
average displacement for this picture pair was in error
by one picture element in this region, an amount sufficient
to produce the observed effect.

Pictures 9, 10 seem to show some color variation, but
close inspection of the pictures themselves reveals that
this is at least partly due to residual harmonic noise
present in Picture 9. Some of the shading mayv be due
to real color variations, however.

Pictures 11, 12 reveal little detailed color variation,
but the lighter appearance of this picture indicates an
overall greener color for this area.

Pictures 13, 14 show a “greenish” ring associated with
a crater that appears to be ringed by frost. The color
ratio is near unity (gray) in the “greener” parts of this
picture, while other nearby areas show a relatively red
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color corresponding to a ratio p./pe of approximately
0.55. The average value of pi/ pr is about 0.60.

To summarize, the color of Mars. as indicated by the

green-to-red intensity ratios, is generally reddish, but

attains a less red color in a few places. There is little

64

detailed color variation to be seen, but a few small but
significant color variations may be present. The color
trends observed in the pictures agree generally with
those expected on the basis of the kinds of terrain covered
tend to be

in the pictures: light areas (“desert” redder

than dark areas (“mare”).
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Appendix A

The Spacecraft*

l. Introduction

The Mariner Mars 1964 spacecraft weighed 261 kg,
stood 2.9 meters high, and had a span of 6.85 meters, in-
cluding solar panels and pressure vanes. Designed pri-
marily for scientific and television experiments near Mars,
the spacecraft was built to operate in space for at least
6,060 hr. Photovoltaic cells were mounted on solar panels
which (during flight) had a fixed orientation with respect
to the spacecraft body structure. The sun and Canopus
provided the references for stabilizing the attitude of
the spacecraft. The sensors, instruments, and electrome-
chanical devices that made up the visible configuration
are illustrated in Figs. A-1 and A-2.

A telecommunication system (consisting of the radio,
command, and data encoder subsystems) not only pro-
vided telemetering capability to ground stations and com-
mand carubility to the spacecraft, but also furnished
extremely precise measurements of the spacecraft’s radial
velocity and range, which were used for determining its
orbit. A central computer and sequencer (CC&S) provided
the timing for events such as solar-panel deployment, con-
trol and sequencing of the attitude control system, events
related to planetary encounter, changes in spacecraft data
rate, and antenna switching. The command subsystem
decoded and routed 30 possible commands that could be
transmitted to the spacecraft. The data encoder, operating
in four data modes, sampled 100 engineering measure-
ments while operating at either of two rates, 8'3 or 33% bps.

Il. Structure

The Mariner spacecraft structure consisted of a basic
octagonal frame, the superstructure, solar panel mounting,
boost dampers, panel deployment area, and the science
platform. In its eight “bays,” the octagonal frame housed
six electronic assemblies, a battery and power subsystem,
and supported the postinjection propulsion system. The
base of the octagon provided the structural portion of the
spacecraft, including the launch vehicle interface.

A. Superstructure
The superstructure supported the high-gain antenna,

the solar panels (through their boost dampers), one low-

‘A complete description of the Mariner IV spacecraft can be found
in JPL Technical Report 32-740 (Mariner Mars 1964 Project
Report: Mission and Spacecraft Development), March 1, 1965.

JPL TECHNICAL REPGRT 32-884

gain antenna damper, the cosmic dust detector and the
upper thermal shield. TLe superstructure was an eight-
member aluminum truss at the top of which a ring was
formed to mount the high-gain antenna. At the base of
this welded superstructure were four feet for attaching
it to the octagonal frame (Fig. A-3).

B. Solar Panels

Electrical power was provided by four solar panels,
cach of which consisted of a corrugated substrate on
which photovoltaic cells were bonded. Intercostals, di-
agonal cross braces and an outboard ¢nd beam were
installed between spars to provide rigidity to the structure.
The end beam also provided mounting surfaces for atti-
tude control plumbing, gas jets, and solar pressure vane
assemblies. A pair of elastically supported guide rails was
installed to protect the solar panels from impact and pos-
sible damage by the shroud as it was ejected from the
launch vehicle. The panels were hinged so that they could
be stowed relatively compactly during launch, and were
deployed into a fixed position during the cruise phase
(Fig. A-4).

C. Boost Dampers

Solar panel boost dampers were provided to position
the solar panel during ground operations and during the
boost phase of the mission, and to reduce the vibrational
environment seen by the solar panel. The low-gain antenna
dampers were provided to position the low-gain antenna at
all times and to reduce the antenna’s vibrational environ-
ment during the boost phase.

D. Panel Deployment Area

The solar panels were held in their stowed (vertical)
position by two boost dampers per panel. Explosive-squib
pinpullers were actuated after separation of the spacecraft
from the Agena to deploy the panels to their cruise
position. Deployment was motivated by clock-type coil
springs. To reduce panel flapping during midcourse motor
burn, panel cruise dampers were provided. To maintain
contact between the panel and the cruise damper during
midcourse vibration, latches were used. Cruise dampers
arrested the deployment motion of the solar panels, posi-
tioned the panels during flight, and coupled the spacecraft
bus and solar panels dynamically (Fig. A-5).
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E. Science Platform and Actuator

The science platform provided a gimbaled support
structure for the planet-oricnted science  instruments
capable of satisfying the pointing requirements of these
instruments. In addition to providing structural support
and ar.iculation, a deployable cover was integrated with
the platform to protect sensor optics from stray sunhght,
micrometeoritics, and contaminants from the launch and
midcourse environments. The cover also provided a light-
source array powered from grovnd umbilical for checking
the operation of science and acquisition sensors during
tests. The scan actuator was located on top of the primary
structure, separate from the scan platform. The sca
actuator consisted of a 400-Hz, 26-V, “900-rpm syn-
chronous motor and reduction gearing to provide an out-
put of 0.5 deg sec. A set of cam-operated mircoswitches
pulsed the scan logic system at each limit to reverse the
direction or the scan. A potentiometer coupled to the out
put shaft through a stage of antibacklash gearing indi-
cated angular position.

lll. System Configuration

Tke snacecraft consisted of the following ten sub-
systems:

A. Attitude Control

The attitude control subsystem operated in three dis-
tinct, but related, modes: wcquisition and cruise, ma-
neuver, and inertial roll. In the acquisition and cruise
modes, the subsystem used the sun and Canopus to estab-
lish and maintain, by nitrogen gas reaction jets, three-axis
stabilization: to a nominal accuracy of =0.5 deg with
respect to each axis. In the event that the sun was lost
from view for any noncatastrophic reason, reacquisition
was automatic. In the maneuver mode, the attitude control
subsystem, responding to commands from the CC&S, was
able to point the thrust axis of the propulsion subsystem
to any desired new orientation with a le accuracy of =0.5
deg from the nominal reference attitude and with a drift
rate of less than 0.5 deg kr. This stability was maintained
duaing motor burn by using an autopilot jet vane actua-
tion system. In the inertial roll mode, similar to the acqui-
sition and cruise mode with respect to the pitch and yaw
axes, the attitude control subsystem acceptec an inertial
position error sigi al in the roll channel, rather (han the
pe-Hor error of the Canopus sensor. In the inertial mode,
te. I-turn increment commands cou'd also be accom-
plish=d by ground command (Figs. A-6 and A-7).

70

VICW LOOKING FROM
SUN AT ANTENNA

=
SIDE OF OCTAGON JET AX (+) cw (FAR SIDE)

(=) ccw (NEAR SIDE!

YAW -¥ AXIS

' CANOPUS SENSOR

JET BY (+) cw (NEAR SIDE)
(=) cw (FAR SIDE)

/—..ET BZ () cew

JET AY (+) cw (FAR SIDE)
(=) ccw (NEAR SIDE)

JET AZ (+) cw

—y
%HT()* ¢ AXIS\

[—.ET BZ (+) cw

“—PITCH +A AXIS

JET AZ (=) cow

[—vaw +r AXis

JET BX (+) cw (NEAR SICE)
(=) cew (FAR SIDE)

Fig. A-6. Attitude control gas jet configuration

B. Prepulsion

The propulsion subsystem provided the capability of
two maneuvers for correcting the spacecraft trajectory.
The vacuum-thrust capability of 23 kgf provided by the
motor was used once to place the spacecraft in a near-
perfect trajectory. The fuel supply was sufficient to give
a maximum velocity increment of 80 m sec to a 270 kg
pavload and velocity increments as small as 0.2 m/sec
were possible for a spacecraft weighing 270 kg. Jet vanes
capable of deflecting the niidcourse motor jet stream
provided thrust-vector control through =5 deg. The
ignition and thrust termination signals were generated by

the CC&S.

C. Central Computer and Sequencer (CC&S]

The CC&S provided timing, sequencing, and control of
the power, radio, and attitude-control subsystems. It also
initiated tiried events and sequences for other subsystems.
From the CC&S, the power subsystem received a timing
pulse every 66% hr. The CC&S controlled the burn time
of the midcourse propulsion motor to an accuracy ot
+0.08 sec The Canopus sensor cone angle was changed
before and after encounter by commands from the CC&S.
The seauence of science experiments was not included in
the CC&S operations. However, it kept track of sp ceciati
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times after launch and executed commands at predeter
mined intervals during the mission.

D. Radio

The radio subsystem, encompassing tracking, command,
and telemetry, consisted of a transmitter and receiver
(transponder) operating in conjunction with a high-gain
and a low-gain antenna. The radio subsystem was de-
signed to receive a medulated RF signal transmitted from
earth, coherently translate its frequency and phase by a
fixed ratio, and demodulate it. If the signal included a
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command, a composite command signal was sent to the
command subsystem. The signal from earth was always
modulated with a range code.” The receiver demodulated
the range code sent from the DSIF, and the radio sub-
system modulated the returned signal with the demodu-
lated ranging signal and a composite telemetry signal.

The primary antenna linking the earth to the spacecraft
was the low-gain antenna. This omnidirectional antenna
was able to receive commands from earth during the
entire flight and transmit telemetry to and receive com-
mands from ground stations during midcourse maneuvers.
The switch-over between the low- and high-gain antennas
was accomplished by ground command. The fixed ellip-
tical paraboloid was mounted so that, during the last half
of the flight to Mars (after midcourse maneuver), earth
fell within the main lobe of the antenna radiation pattern.
The purpose of the high-gain antenna was to transmit
telemetry to earth during the last half of the transfer orbit
and for 20 days after planewary encounter, during the
video playback period.

E Command

Signals from ground stations could be modulated by
“commands” in such a way as to control various functions
in the spacecraft. The spacecraft receiver demodulated
the composite received signal and routed the command
subcarriers to the command subsystem. Operating at a
rate of 1 bps, the subsystem had a capacity for 29 direct
commands and three quantitative commands. The com-
mand subsystem detected the command wave train, de-
coded its binary information co. ~nt, and issued the neces-
sary command signals to the appropriate spacecraft
subsystems.

F. Pyrotechnic

The pyrotechnic subsystem accepted commands from
various spacecraft subsystems and provided the energy
(via squib-initiated explosions) necessary to retract pins
or start and stop the midcourse motor. It also provided
an electric trigger signal to release the solenoid for the
science cover,

"A range code is an extended sequence of 0 and 1 bits, statistically
similar to a random sequence but actually precisely defined. The
signal sent to earth by the spacecraft is again modulated with this
same sequence. The return <f this code to earth is detected by
cross-correlation measurements, and the elapsed time from trans-
mission to return gives the range of the spacecraft in light-seconds.




G. Data Encoder

The data encoder subsystem accepted analog voltages
and digital information, converted the data into 7-bit
words, modulated a subcarrier with the binary data, and
synchronized it to form a signal for the radio transmitter.
The data encoder operated at §'s and 33' bps and four
data modes. Each of the four modes of operation utilized
a different data format. Engineering and science measure-
ments were alternately sequenced by the data encoder
subsystem. The data modes and their operations were:

Data .
) Function
Mode

1 Maneuvers—engineering data only.

2 Launch and cruise—normal mode with 'z engi-
neering (140 bits).

3 Encounter—science data only.

4 Video playback —data from tape recorder
played back with Mode 1 data inserted be-
tween television pictures.

H. Power

Four solar panels, containing a total of 28,224 individual
photovoltaic solar cells and covering an area of 6.5 m-.
comprised the primary power source. As a secondary
source, a rechargeable 1200-\WW-hr silver-zinc battery pro-
vided power to the spacecraft during launch, trajectory
correction, and other maneuvers which required more
power than could be supplied by the solar panel. Two
power regulators, the main booster and the maneuver
booster, each capable of operating at power levels up
to 150 W, provided a redundant capability in case of a
failure in either regulator.

I. Science

The scientific payload consisted of instruments neces-
sary to perform cruise and encounter experiments, the
television experiment, and ancillary subsystems designed
to support the experiments. The scientific payload com-
prised the following:

(1) Cosmic ray telescope—used solid-state detectors
and electronic logic to detect and measure charged
particles trapped in the vicinity of Mars, solar flare
particles in space, and cosmic ray intensitv in the
inner solar system between 1 and 1.5 au from
the sun.
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(2) Cosmic dust detector—used a sensor, transducer, an

(7

(8

9

)

amplifier, and a memory to detect and measure
directly the momentum and 1ass distribution of
cosmic dust particles in the earth-moon, Mars-
Deimos—Phobos, and interplanetary regions.

Trapped radiation  detector—used three Geiger-
Mueller counters and one 35-x surface barrier
detector, amplifiers, and discriminators to provide
measurements of magnetically trapped charged
particles in the vicinity of Mars. The experiment
was also designed to monitor the occurrence of
solar cosmic rays and energetic electrons in inter-
planetary space.

lonization chamber—used an argon-filled ionization
chamber to measure total ionization current col-
lected from the gas and a Geiger-Mueller counter
to measure the total Hux of charged particles which
passed through any portion of the sensitive volume,
in the regions between earth and Mars.

Solar plasma probe—used a sensor and electronics
to measure the Hux density, spectral distribution,
and time history of the positively charged solar
plasma and to correlate these measurements with
those of the magnetic field, as made by the mag-
netometer.

Helium magnetometer—used a sensor and elec-
tronics to furnish 3-axis outputs which represented
measurements of Martian and interplanetary mag-
neiic fields to determine their magnitude, direction,
multipolarity, and orientation relative to the plan-
etary rotational axis.

Television camera—used to take television pictures
of Mars during a 20-min period near closest ap-
proach when the planet was in the cameras tield
of view. These pictures were recorded on video
tape, and stored data was telemetered to earth
after occultation.

Occultation—ased the radio tracking and changes in
frequency, phase, and amplitude of the spacecraft
signal to measure the refractive effect of Mars
atmosphere and ionosphere. For its operation, this
experiment required only a slight change in the
planned spaceciaft trajectory and modification of
the ground station transmitter and receiver.

Data Automation System (DAS)—consisted of the
real-time (RT) and non-real-time (NRT) subsystems;
provided the processing interface between the
science and data encoder subsystems. The RT DAS
processed formed data samples from the scientific
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instruments for real-time transmission. The NRT
DAS controlled the encounter sequence, the video
storage subsystem, TV data processing, and RT
data transferred to the tape recorder (Figs. A-S
and A-9).

(10) Planetary scan subsystem—consisted of a sensor,
electronics, and a drive motor to provide a 180-deg
scan motion of the science platform to search for
Mars. The scan was cyclic until the planet came
into the sensor’s 25-deg field of view (acquisition),
whereupon a 2.4-kHz signal was routed to the DAS
tor processing. A scan-inhibit command from the
DAS could stop the cyclic scan and the tracking
motion guided by the optical sensor (Fig. A-10).

FORMAT r
DESIGNA- L.—Tv* RTI J‘ TV +— RT2
TION | \ ‘

o 50.4-sec RT FRAME
l

|
|

AT 8-1/3 bps |

REAL-TIME AN S —
o | NN ETEFRD NN NN
| Pe—
—=f 200t fo— ENCOUNTER

—» 140

Fig. A-8. Data automation system encounter timing
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Fig. A-10. Planetary scan platform reiative look
angles, shown with platform in pinned position
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Fig. A-9. Data autoraation system non-real-time sequencing at narrow-angle acquisition
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(11) Narrow angle Mars gate—located on the planetary
scan platform, the NAMG supplied an acquisition
signal to the DAS when Mars entered its field of
view. The signal initiated the planetary encounter
sequence for the science experiments. The NAMG
consisted of a lens, a photoconductive cell, and
electronics in an integrated module.

J. Tape Recorder

The tape recorder subsystem stored digitized tele-
vision data during encounter with Mars and reproduced
these data for coding by the data encoder subsystem and
transmission to earth. The recorder accepted serialized
NRZ data from the NRT DAS at a rate of 10,700 bps and
delivered the binary data at a rate of 8% bps. The storage
capacity of 5.24 > 10" bits of video data was equivalent
to more than 20 television pictures (Fig. A-11).

During launch the tape transport was operated at the
record mode tape speed (32.5 cm ‘sec) to reduce the pos-
sibility of spilling tape. No recording was done during
launch. The record motor was started before launch and
ran until the spacecraft had separated from the Agena D.
After separation, the tape was positioned to its starting
point in preparation for encounter.

In the record mode all sections of the subsystem except
launch mode signals were energized by application of
2.4-kHz power. The tape subsystem recorded the tele-
vision picture sequences as it made two complete passes.
After making the first pass on the tape the recorder
changed tracks, and returned to the initial track after the
second pass. When the end-of-tape foil passcd the sensor
contacts the second time, response to record commands
was inhibited. Whenever the recorder subsystem was not
actually operating in the reproduce mode, it was set in
the record mode.

A command from the data encoder switched the tape
recorder subsystem into the reproduce mode after plan-
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START TAPE COMMAND
START TV DATA

144 sec RECORDING PICTURE
2412 71 8 STOP TAPE COMMAND
END-OF-TAPE MOTION
24.12
JE“‘ 5 sec
3.6 sec

(o) TIMING SEQUENCE OF RECORDING

FIRST END OF TAPE SECOND END OF TAPE

SCAN PREPOSITIONED
RANGE OVER WHICH
TERMINATOR CAN FALL

(b) VIDEO TAPE AFTER A NORMAL RECORD SEQUENCE

Fig. A-11. Video recording timing sequence

etary encounter and data recording. The tape speed in this
mode was 0.025 cm sec. The playback signals were ampli-
fied and processed to reproduce the recorded frequency-
doubled code waveform. Signals from both tracks were
applied simultaneously to the playback track switch,
which selected one signal at a time. A temperature trans-
ducer attached to the transport mounting plate provided
temperature measurement which the data encoder mon-
itored for telemetry.

The record motor used a special 400-Hz power source
while recording during planetary During
launch mode, spacecraft gyro power was used to run
the record motor. The 2.4-kHz power supply furnished the
electrical power for the video storage subsystem.

encounter.

The encounter trajectories, and near-
Mars trajectory parameters are illustrated for reference
in Figs. A-12, -13, and -14.

aiming zones,
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Appendix B

Television Camera Subsystem

l. Introduction

The television camera subsystem consisted of a narrow-
angle reflecting telescope, a shutter and filter assembly,
a “slow scan” vidicon tube, and related electronics. The

subsystem was designed to take and encode a sequence of
TV pictures upon receipt of appropriate electrical signals
from the data automation system.

The television camera subsystem was composed of six
physical subassemblies. Two of these, the optics and
camera head, were joined together and were located on
the scan platform of the spacecraft. The other four sub-
assemblies, comprising the bulk of the electronics. were

contained in standard Mariner subchassis and located in

spacecratt Bay 1. Figure B-1 is a photograph of the
television camera head. The total weight of the camera
\n))\\\!rm was 5.} 3\:. and the total power consumed
varied between 7.8 and 8.3 W,

The television subsystem (Fig. B-2) evolved from the
design of a two-camera subsystem based on the Mariner B
spacecratt. This design had reachied the breadboard stage
and the fabrication of a prototype was underway in 1962,
when the Mariner B project was cancelled. Most of the
circuits used in the Mariner Mars 1964 subsystem are vir
tually identical to the Mariner B design. Timing ditfer
ences brought about some changes in the logic, but this

primarily involved changing interconnections between
counting units and gates.

Fig. B-1. Television camera head
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Fig. B-2. Television subsystem, functional block diagram

Il. Camera Optics, Shutter, and Filters

The telescope is an f 8 (Cassegrain) reflecting telescope
with a 30.5-cm effective focal length and 1.05 < 1.05 deg
field of view. It is pictured in Fig. B-3. Aithough the
shutter and stray light shield are part of the optics sub-
a embly (see Fig. B-4),
¢ aera head.

they are shown mounted on the

A.Telescope

The telescope design utilized beryllium mirrors and a
beryllium—copper supporting structure. The beryllium
mirrors were coated with nickel-nickel phosphorous
(Kanigen) before final polishing. The use of marterials hav-
ing similar thermal expansion coefficients in the mirrors
and optical supporting structure makes the optical system
‘.(']f-ul:npl'n\.ltinu with respect to focus over a large tem-
perature

range, and the

high thermal conductivity of

——
CAGE ANC PREAMPLIFIER
LIGHT SHIELL SEC ION

SECONDARY MIRROR —
PRIMARY LIGHT SHIELD—
PRIMARY MIRROR ~

- VIDICON TUBE
“—MOUNTING FLANGE
SHUTTER AND FILTERS

Fig. B-3. Cassegrain reflecting telescope
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Fig. B-4. Components of camera head

beryllium and beryllinm-copper tends to prevent tem-
perature gradients within the optical system, thus avoid-
ing image degradation

B. Shutter

The Mariner IV shut
tvpe. It consists of a disc «

of the intermittent, rotary
itaining tour cutouis, two of
which contain red filters and two green. The filters con-
sisted, respectively, of a 4-mm thickness of Schott OG-3
(orange-red) filter glass, and a two-layer filter composed
of 3 mm of BG-18 and 1 mm of OC-4 filier glass. These
filters were chosen to exclude deep blue light and to
divide the spectral range from about 5000 A to about
(000 A into two distinct bands in an efficient manner.
These filters are successively introduced into the light
path by a rotary solenoid energized by a momentary cur-
rent pulse and remain until a second current pulse ener-
gizes the solenoid. Four such pairs of pulses cause one
complete rotation of the shutter filter wheel,
advancing the disc 45 deg. A ratchet-type linkage coupled
the solenoid to the disc and also unlocked the disc-locking
shutter

each pulse

mechanism  which secured the disc between
pulses. Figure B-o is a view of the prototype filter and
shutter. Some shutter failures were experienced during
thermal-vacuum lifetime tests because of thermally in-
duced binding between a teflon sleeve bearing and a
steel shaft, and excessive wear was observed in some
parts of the shutter mechanism. These
remedied by the use of a “nylatron” spool bushing and
replacing the shutter just before final systems test of
the spacecraft so that a shutter having only a small amount

defects were

of prefiight wear would be flown.
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Fig. B-5. Comera filter and shutter

C. Shutter Control

As previously discussed, a two-pulse shutter control
was adopted. It was also desired to have two ditferent
shutter “speeds,” corresponding to 0.08- and 0.2-sec ex-
posure time. A circnit to control the timing between
shutter pulses (exposure time) was therefore provided.
This circuit was capable of switching to either the 0.05-
or the 0.2-sec interval upon command. Closure of a micro-
switch located on the shutter provided synchronizing
information to the control circuitry when the shutter filter
wheel was in the closed-shutter, red-Eiter position.

Ill. Camera Head

The camera head contained the vidicon tube, pre-
amplifier circuits, a 110-kHz oscillator. and the electronic
filtering and distribution circuits (Fig. B-6). The vidicon
tube translated the optica! image into an electrical video
signal. The 1104 . osciliator was provided to modulate
the vidicon “reacing” beam. This frequency then served
as a carrier frequency for amplitude-modulated video
information. The 110-kHz video signal was amplified 1,
a tuned preamplifier. The filtering and distribution cir-
cuits provided specified voltages required to operate the
vidicon tube. Fig. B-7 shows six different views of the
camera head subassembly, The camera head chassis had
five separate compa tments. The vidicen tube was lo-
cated in the center compartient, while the tuned pre-
amplifier, the 110-kHz oscillator, and the filtering and

‘stribution circ i were each located in the remaining
compartments, electrostatically shielded from each other

JPL TECHNICAL REPOFPT 32-884

A. Vidicen Tube

A vidicon tube was selected as the camera sensing
device because of the ruggedness, light weight, small
size, and simplici'y of this type of tul2. An all-electrostatic
type offered a saving of 1 kg over a aagnetic deflection
and focus system. The vidicon tube potentials are com-
ratiblz with solid-state civcuit capabilities.

1

The operation of a vidicon is based on the phenomenon
of photoconductivity, the chuange in electrical conduc-
tivity of certain materials with variations in incident light
inter sity. The inside surface of the vidicon end window
1s coated with a transparent conductive coating as indi-
cated in Fig. B-8. A photoconductive layver is deposited
over this coating. This material, when in the dark, is an
insulator, but becomes conductive when exposed to light.
To “prime” the vidaon, an electron beam is made to
scan the back (photoconductive) surface in the absence
of light, while the conducting front surface of the photo-
conductor is held at a positive petential with respect to
the cathode. The scanning electron beam thus deposits
a uniform negative charge on the photoconductor back
surface, the charge accumulating until the back surface
reaches cathode potential. In this state the photocon-
ductive fiim is charged like a capacitor, with a uniform
charge in each unit area.

Where light from the scene falls on the photoconductor,
the c~~-luctivity increases, reducing the negative charge
at the illuminated point by allowing it to leak through
the photoconductive filin to the transparent conducting
film. The photoconductor therefore becomes partially
discharged in « pattern corresponding te the scene image.
“read” by scanning the
vidicon target surface with a sharply focused electron
beam in a series of linear sweeps in the manner of the
picture tube of a TV receiver. ‘s the “reading” electron

beam scans across the back s.irace, it will supp’: lec-

This stored charge pattern is

trons preferentially to the less negatively charged areas;
the resultant varying electron flow, which induces an
opposite charge flow to the transparent electrode, con-
wdtutes the video signal current.

In view of the proposed 24-sec frame time, the camera
tube selected for the television subsystem had to be
capable of a slow-scan readout and storage of an image
with negligible degradation for the 24 sec. The photo-
conductor target material of the vidicon was a new target
material based on a selenium compound, developed by

'

the General Electrodynamics Corporation (GEC).
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Apart from the new target material, the GEC vidicon
had electrical characteristics generally similar to previous
tubes supplied for the Mariner pr gram. However, some
desirable improvements dictated by experience with the
earlier Mariner B TV subsystem were incorporated.
Probably the most significant characteristic of this new
tube and its target material was its ability to erase sto.od
signals without the use of erase lamps as were required
for the earlier tubes having an antimony sulphide oxvgen
sulphide (ASOS) target material. This characteristic elimi-
nated an entire circuit, reduced the power requirement,
and simplified the operation. The new target material
also had improved sensitivity and good operating charac-
teristics over a wider range of temperatures than the
ASOS surface. This temperature characteristic eliminated
the need of a temperature stabilization circuit that had
been designed for the Mariner B TV subsystem.

The mechanical construction of the electrostatic vidicon
is illustrated in Fig. B-9. The original ruggedized 1351
vidicon, tvpe 1351-13 is shown in Fig. B-9a, and the
structurally modified unit (type 1343-010) developed to
meet the more stringent type-approval specifications is
shown in Fig. B-9b. Note that the tube electrodes are

strap-welded to ceramic rods in order to provide a single
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(a) TYPE 1351-B

(b) TYPE 1343-0I10

Fig. B-9. Vidicun, mechanical construction

integrated mechanical structure within the glass envelope.
Connections to the various electrodes are made through
hollow ceramic support members. Strap-welds to the 13-
pin base anchor the structure in the axial direction. The
130 individual pieces in the tube assembly weigh S0 g.

The combination of the new target material and the

improved ruggedized tube construction resulted in the
final flight vidicon tubes that met all specifications.
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B. Vidicon Tube Mechanical Mounting

In the mounting of the vidicon tube in the camera head
chassis, the face plate of the vidicon had to be maintained
at a specific distance from the optics for good optical
focus. The vidicon also had to be centered so that the
optical image was focused on the small electrically
scanned area of the vidicon face plate. The vidicon had
o survive vibration environment during launch.

A number of different mountirg schemes were tested.
In the one finally adopted, the tube suspension in the
camera head was a radially fexing mount (soft mount
rather than a rigid, hard mcunt. This mounting scheme
is illustrated in Fig. B-10. I'wo cylindrical polyurethane
foam dampers support th: tube radially. A spring-loaded
centering device assiste the foam in centering the tube
optically. The tube is constrained axially by the flat spring-
loaded tube socket, while teflon bearing surfaces permit
the tube to slide freely in the radial direction. The axial
socket pressure aad the mechanical centering device pro-
vide additional assurance of correct tube alignment should
there be anv deterioration of the foam in space. With
the tube mounted in the camera head, triaxial accelerom-
eters have indicated that the gain is less than 2 over the

TELESCOPE
MOUNTING —_

rang 25 to 2000 Hz. With this arrangement, no problems
were experienced in passing full type-approval specifica-
tions for the camera head subassembly. Optical centering
was well within the specified tolerances after vibration
test,

IV. Sweep Circuits

The sweep circuits provide the voltages necessary for
horizontal and vertical deflection of the vidicon beam
both during picture readout and when the vidicon target
is being erased and primed for the next picture. The
sweep circuits consist essentially of constant-current inte-
grators providing push-pull sweep voltages to the vidicon
deflectrons. The sweep voltages are adjusted to scan a
5.5 * 5.5 mm square area of the vidicon target. A 4+-kHz
oscillator, turned on during the interval between pictures,
causes the vertical sweep voltage te vary at that rate.
This provides erasure of the image on the vidicon target.

V. Camera Control and Computer
A. Gain Control Computer

When the scientific requirements of the mission be-
came established, it was apparent that the television sub-
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Fig. B-10. Flexible mounting of vidicon in camera head

JPL TECHNICAL REPORT 32-884

85




system would have to cover virtually the entire range
of illumination, from the noon day subsclar region of
Mars, to darkness at the terminator. To cover this wide
light range, it was necessary to utilize a high-gain system
for dark areas which could be reduced in gain for photo-
graphing the bright areas.

A simple computer was designed to control forr levels
of video gain by switching any one of four different
attenuation cirenits into the video signal chain The video
signal level is sampled. If the level is greater thau 6 V (out
of a maximum of 8 V) then the next higher attenuation is
used. The computer is designed to raise the gain after a
“red” exposure, but it can reduce the gain after anv
exposure.

Owing to uncertainties in the expected value of Mars
illumination, an additional satety factor was incorporated
into the subsystem. Prior to planetary encounter, the
camera was in what is known as the “photometer” mode.
In this mode, the vidicon beam current was higher than
required for a normal picture. This high-beam current
creates sufficient charge at the target surface to prevent
distortion by excessive illumination. Whea the scene
brightness is greater than 1 lambert, the video signal is
large enough to cause the computer to issue a logic
command to the shutter control circuit to switch to the
faster shutter exposure time. The shutter control circuit
switches to slow exposure time when the scene brightness
decreases sufficiently. The vidicon beam current is re-
duced to the normal value after planet acquisition has
been achieved. This computer greatly extended the dy-
namic range of the TV subsystem in providing the capa-
bility to take both good highlight pictures and good
lowlight pictures.

B. Planet-In-View Circuit

Another requirement was for the television subsystem
to indicate planet acquisition as an alternate to the
narrow-angle planet sensor. To meet this requirement,
a planet-in-view circuit was designed. This circuit sam-
ples the video signal level and provides commands when
the signal level exceeds a certain reference voltage for
a specified period of tiine. One of these commands un-
locks the computer and causes the beam current control
to switch the vidicon beam current to normal. The other
command gates “on” an oscillator which sends a con-
tinuous signal to the DAS. A planet-in-view signal can
be received from the DAS that bypasses the signal-level
sensing circuit and causes the commands to be issued.
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Vi. Camera Ceitrol Logic

The camera control logic comprises the external DAS
comumand logic, divide-by-25 logic control, frame control
logic, and control logic gates circuitry. These circuits
control ali camera timing functions, such as shotter pulses,
picture readout, target erase and prime, and various
necessary switching functions. The control logic operates
syrchronously from external frame-and-line-timing infor-
mation received from the DAS. The block diagram of the
television system (Fig, B-6) illustrates the logical inter-
connections, the input signals, and the outputs generated.
Section B-X includes a discussion of the camera control
logic operation sequence.

VIl. Video Channel

The video channel consists of an rf amplifier and de-
tector, and a video output amplifier, which provide
amplification, demodulation., and dc¢ clamping for the
video signal. A teedback channel is provided for video
gain control. The output from the video output amplifier
is sent to the television data encoder. As shown in
Fig. B-11, all of the video channel functions, the gain
control computer, and planet acquisition circuits of the
camera control and computer functions are contained in
the standard subassembly designed for Marmer. This
subchassis also contains the frame control logic and con-
trol logic gate circuits of the camera control logic func-
tions. Also illustrated in Fig. B-11 are two views of the
deflection and control subassembly which contains all
the sweep functions, the vidicon beam currenc controi.
shutter control circuit, the DAS command logic, and the
divide-by-25 logic control circuits.

VIII. TV Data Encoder

The TV data encoder provided analog-to-digital con-
version of the TV picture data using six binary bits per
picture element. The digital signal was transferred to the
DAS at a rate of 83,333 bps. The data output conditioner,
accumuiator and shift register, analog-to-digital com-
parator and gates, 1-MHz clock and gate, ramp generator.
matrix, matrix buffers, programmer and GSE buffers cir-
cuitry performed this encoding function. In addition,
analog-to-pulse -width "'A PW) conversions were per-
formed on certain critical TV performance data and were
coupled to the DAS by the A PW converter circuit. The
line sync generator circuit reconstructed line synchroniza-
tion information and coupled it to the camerc control
logic. The TV encoder subassembly contains all the TV
encoder functions.

JPL TECHNICAL REPORT 32-884




36 A3 TBI VIDEO CHANNEL AND COMPUTER 36 A3 TB2

e ——————
111440 Al .
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36 A5 T8I TELEVISION DATA ENCODER 36 A5 TB2

36 A6 TBI POWER SUPPLY 36 A6 TB2

Fig. B-11. Television camera electronics
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IX. Power Supply

The power supply transforms the 2400-Hz square wave
power into voltages, with appropriate regulation, nec-
essary to operate the television subsystem. The logic,
sweep, control, and vidicon circuits use 13 separate
voltages generated by the power supply. A current-
limiting circuit located in the input to the power supply
was designed to limit the current dissipation to 160% ot
nominal in the event of a failure in the circuits of the
camera system,

X. Sequence of Operations
A. Timing

The basic timing information for the operation of the
television subsystem was received from the DAS. “Lire
start” and “line stop” commands were used for the
generation of the line synchronization function. The “line
start” pulses were received every 120 msec and a “line
stop” pulse was received 144 msec after each line start
pulse. Figure B-7 shows the logical relationships of the
inputs and outputs.

The “line sync” pulses are counted down by combina-
tions of bistable multivibrators in the divide-by-25 and
frame control circuits. Thus timing cycles of 48, 24, 12 sec,
ete., are achieved. The various timing pulses are com-
bined and gated together in the control logic gates to
generate commands such as vertical blanking and prime.

The entire counting sequence is inhibited by a gate in
the command logic circuit until a frame command is
received from the DAS. The frame command switches
the gate, allowing the counting sequence to begin. After
45 sec, the gate is reset by the logic command, cvertical
blanking. The frame commands are reccived every 48 sec
The subsystem will not respond to any frame command
received less than 45 sec from the previous command.

B. Vidicon Operation

The beam current of the vidicon is controlled by the
potential on the first control grid (G1). The G1 potential
is regulated and switched by the G1 control switch circuit.
A G1 potential of approximately 40 V allows a normal
beam current to flow. In the photometer mode, the Gl
potential is changed by +4 V from normal, which allows
a slightly higher beam current to flow. A G1 potential of

10 V allows a higher beam current to flow during
“erase” or “prime” operations, A G1 potential of approxi-
mately —60 V cuts off the beam current flow. This cut-

off potential is used during horizontal and vertical
blanking time.

Beam deflection is accomplished by changing electro-
static fields produced by an electrode assembly to which
deflection voltages generated by the horizontal and
vertical sweep circuits are applied. The vertical sweep
circuit provides a linearly varying voltage for the 24-sec
scan readout time. During the 18-sec erasure or prime
time, the 4-kHz oscillator is gated on and coupled to the
vertical deflection, producing a “fire-hosing” type of scan.
The horizontal sweep circuit provides a sawtooth voltage
with a duration of 14.4 msec. The timing of the horizontal
sweep voltage is provided by the line sync logic. The
vidicon beam current is cut off by the G1 control switch
duriig the 105.6-msec interval between each horizontal
scan. The sweep voltage limits for a normal scar size are
extended during the erase or prime time to p ovide an
overscan of the vidicon target.

A 110-kHz square wave signal from the 110-kHz oscil-
lator is supplied to the vidicon cathode. This 110-kHz
signal chops the beam current, providing an amplitude-
modulated signal output from the vidicon target.

Other potentials required {or vidicon operation are
supplied by the power supply. The focus and target
voltages are adjustable and are set by voltage divider
circuits,

C. Power Turan-on

At power turn-on, the counting multivibrators are in-
hibited for three frames by the slow-charging action of
an RC circuit. The camera is held in the “erase” mode to
provide time for the control sequencing circuits to become
properly “aligned” and to adequately prime the vidicon
target. After this initial period, the subsystem begins
cycling through normal sequences. The shutter is aligned
with the vidiccn operation commands by the action of
the position switch and control circuit. The subsystem is
now in the photometer mode prior to a planet acquisi-
tion signal. The vidicon target is being scanned and
the amplitude-modulated video signal amplified by the
preamplifier.

The RF signal passes through a video blanking circuit
in which the signal is shorted out during the prime time
and during the time needed for the first six lines of scan.
This video blanking prevents any erroneous pulses or
spikes, which might occur during these times, from ener-
gizing sensitive sampling circuits farther along the video
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chain. The amplitude of the RF signal is then sampled
by the exposure control circuit of the computer. The RE
signal passes through the attenuatior, ci: uits of the com-
puter. Prior to planet acquisition 1,
are held in the maximum attenunation state, since the
bright limb of the planet would be first to enter the
field of view.

S epuation circuits

From the gain control computer, the RF signal passes
to the RF amplifier and detector. Here, the RF signal i.
amplitied and detected. The output of the circuit is the
video signal with a bandwidth of 6.9 kHz.

When the vidicon target is scanned, the first 2 msec ot
cach 14.4-msec line scan is spent on a portion of the target
permanently shiclded from exposure to light and known
as the black mask. This provides a “black™ reference or
base for the video signal at the start of cach scan line. In
the “black clamp” circuit ot the output amplifier, the first
1.1 msec of each scan line of video is clamped to a refer-
ence de voltage corresponding to an optical black signal.

The video signal is then amplified a final time by the
output amplificr so as to span the range + S V for “black™
to approximately + 0.5 V for “white.” By a feedback loop.
the output video signal is sampled by both the gain con-
trol computer and the planet acquisition circuit.

D. Planet Acquisition

When the output video signal differs b, more than
2 V from the +8 V “black™ level, the planet acquisition
circuit is energized. A logic command is coupled to the
12-kHz oscillator, gating it “on.” thereby sending a planet-
in-view signal to the DAS. A logic command is also
corrled to the gain control compuicr, releasing it for
gain switching as required. A third logic command,
coupled to the G1 control switch, switches the G1 read-
out potential from “photometer” to “normal” mode. A
“planet-in-view” signal can be received from the DAS
causing the video sampling circuit to be bypassed and
the logic commands issued.

After inhibit is released, the gain control computer,
with its four levels of attenuation, will attempt to main-
tain an output video signal level between 2 and 6 V. If
the RF signal sampled by the exposure control circuit
of the computer indicates that the light ievel is too
bright, a logic command is issued to the shutter control
to change the shutter exposure time from 200 to 80 msec.

The fast shutter condition will remain until the light level
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becomes so dim as to cause the computer to switch to
the maximum gain state.

E. Encoding

The output video signal is sampled at twice the maxi-
mum video frequency or 13.9 kHz for digital encoding.
To minimize quantization “noise,” approximately 64 dis-
tinct video levels must be recognized by the encoder.
A six-bit word length is sufficient to encode the video
amplitude to this degree of accuracy. The bit rate at the
output of the encoder is thus 6 by 13.9 kHz or §3.3 kilobits
per sec.

A 1-MHz crystal oscillator provides the basic timing
for the encoder. Sixty-four pulses are required during
each sampling interval of 1 139 kHz or 72 msec. The
programmer, matrix, and matrix buffers provide the vari-
ous timing and logic commands necessary for the encod-
ing operation.

The ramp generator generates a linear sawtooth voi wge
of 64-msec duration every 72 msec. This linear ramp
voltage is compared with the video output voltage in
the A D comparator. Clock pulses (at a 1-MHz rate)
sequence a binary counter in the accumulator until the
ramp voltage reaches the video level, at which time the
counter is stopped. The counter now contains a binary
number which is related to the magnitude of the video
voltage present during the sampling interval. Because of
the inverted “polarity” of the video signal, the smallest
binary word 000060 corresponds to “white,” while the
largest word 111111 corresponds to “black.” The six-bit
binary word is then transferred in parallel to the shift
register.

The action of transfer starts the first bit of the pulse-
code-modulated (PCM) word at the output of the shift
register and, also, at the input to the data conditioner.
The PCM data at this point are non-return-to-zero data
such that a long sequence of digital 1's would appear as
a de voltage. To provide isolation between the TV sub-
system and the DAS, pulse transformers are used. The
digital data must, therefore, be converted to pulse or
return-to-zero data. This is accomplished by gating the
PCM data with a pulse that occurs one clock-pulse time
after cach binary bit is shifted or transferred. Since both
digital 1's and 0’s are required, the same logical opera-
tion is performed with the inverse of PCM data or PCM.
Che output of the encoder is thus a series of 1-usec pulses
from each of two pulse transformers—one for digital 1's
and one for digital 0’s.
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F. Performance Data Output

The Gl-regulated readout potential is monitored and
converted to a pulse width value in the A/ PW converter.
This measurement was chosen for monitoring because i
gave an indication of the expected vidicon performance.
The subsystem 10 V is also mon.tored through the
A 'PW converter. The + 10 V is the voltage used in the
video output amplifier and encoder, Variations in the
+10 V affect the illumination transfer characteristic of
the system.

The AAC-1 and AAC-2 status bits indicate the gain
state of the gain control computer. Digital 1's at both
outputs indicate the maximum gain state, while 0's at
both outputs indicate minimum gain. The relative gains
for the various gain states were:

State Gain
00 1.00
10 3.1
01 11
11 27

The AAC-3 status bit indicates roughly the video level
in any gain state. A digital 1 indicates greater than 2 V of
video, while a 0 indicates less than 2 V of video.

A digital 1 . the shutter time status bit indicates a
slow shutter condition. A digital 1 in the filter position
status bit indicates the present picture was taken throngh
a green filter, while a 0 indicates a red filter.

Xl. Calibration and Test of TV System

During the breadboard stage of camera development,
the goal of the design team was primarily to obtain a
satisfactory picture. When this had been accomplished
and the prototype instrument was being built, attention
was focused upon obtaining quantitative photometric
data from the television system.

The Mars spectral illuminance data of Dollfus and
Guerin (Ref. 3) established a brightness model that
could be approximated by a 3000°K illumination source

(Table B-1). Using the formula for illuminance of scene,

L,:

I.=pE(r./r.) cosh
‘Determined empirically from the calibration data.
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Table B-1 Mars spectral illuminance data
|
Wavelength, nm - f{\) /£ 1550) —I
430 0.570
40 0.575
50 0.580
60 0.585
70 0.595
80 0.515
€0 0.640
500 0.685
10 0.745
20 0.800
30 0.865
40 0.930
50 1.000
60 1.080
70 1.155
80 1.230
90 1.310
600 1.390
10 1.465
20 1.525
20 1.565
40 1.590
50 1.610
60 1.620

where
p = albedo (0.07 maria; 9.18 desert)
E = solar constant (14.1 lumen cm ¢)
r./rm = ratio of earth-Mars orbital radii

# = incidence angle (from normal to surface)

the highlight levels at the subsolar point were calculated
to be 0.4 lambert for maria and 1.0 lambert for desert
regions. A camera responsivity covering the range from
0.01 to 2.0 lambert was judgic o be adequate to provide
for local brightness variaticr.. low illumination angles,
and a comfortable margin of :fety at high light levels.

Prior to the assembly and . ijustment of each camera,
the vidicon tube spectral re¢ ponse was determined by
measuring the monochromatic energy required to main-
tain constant vidicon signal current at a number of wave-
lengths throughout the visible spectrum (see Fig. B-12).
Monochromator output was measured with a thermopile.
Using these data and the Mars illumination model (see
Fig. B-13), filters were selected to give equal signal cur-
rents at 542 and 610 nm (see Fig. B-14).
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Fig. B-13. Mars illuminanc  turve
The assembled camera system was adjusted for maxi-
mum output with 1.0 lambert illumination at 200 msec

exposure time (2.4 lambert with 34 msec exposure), cor-
responding to a binary digital data number of 000000

System responsivity was determined by taking pictures
of & 1.075 lumen, 3000°K collimated light sourc. of
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Fig. B-14. Vidicon response through red
and green filters

22.8 em effective focel length. Levels between 0.01 and
1.075 lumen were obtained by the use of neutra; density
filters. The output. in digital form, was recorded on mag-
netic tape in a format suitable for reduction b an
IBM 7094 computer. The data for each illumination leve!
were printed out in decimal form and in picture forn
for visual examination.

To determine the *emperature coefficient of vidicon
response and circuit linearity, abbreviated flat-field illu-
30. 0, and +50°C. The
relative response as a function of temperature is shown
in Fig. B-15.

mination tests were repeated at

The resolution and modulation transfer function (MTF)
characteristics were measured from picture data ot high
(10:1) and low (3:1) contrast sine-wave slides ‘n the
collimator (see Fig. B-16). To check geometric fideity
a RETMA television ball slide picture was used by com-
paring the ball pattern with the fiducial marks on the
vidicon faceplate, A rough plot of the MTF data is shown
in Fig. B-17.

To confirm stability of operation and adjustments, the
camera systems were removed from their spacecratt and
all calibration tests except temperature variation rerun
just prior to launch. No changes of sensitivity or variations
in performance with respect to the values obtained during
the earlier calibrations were noted.
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Fig. B-15. System responsivity vs temperature
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Fig. B-16. High contrast sine-wave test slides
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Appendix C

Flight Sequence and Performance

|. Spacecraft Performance

A complete account of the performance of the Mariner
IV spacecraft throughout its flight is available in JPL
Technical Report 32-882° Those aspects of the mission
that relate to the television experiment have been digested
from that document and are presented below.

A.Science Cover Deployment Exercise

One of the principal spacecraft activities during the
period preceding February 18, 1965 was the ground-
command-initiated science cover deplovment exercise
performed on February 10, 1965. The objectives of thi:
exercise were threefold: (1) to deploy the science cover,
(2) to preposition the scan platform to the optimum en-
counter position, and (3) to turn off the battery charger
and enable the boost mode. The exercise was carried out
from DSS 11 (the Goldstone, California, tracking sta-
tion). A total of 12 ground commands were transmitted
to the spacecraft. All were received and executed nor-
mally. All objectives of the exercise were fully achieved.
and the spacecraft was returned to the cruise state with-
out difficulty.

E. Planetary Encounter

The basic design of the Mariner Mars 1964 spacecraft
provided for a completely automatic planetary encounter
sequence with no ground action required. If the ground
command option was available, however, there were a
number of possible backups to the on-board functions,
and, in addition, a number of alternate modes which
could be superior in any given situation to the normal
mode of operation.

The major problem in encounter operations was the
transmission delay between the earth and the spacecraft.
Approximately 13 min was required from data transmis-
sion at the spacecraft until data preseniation in SPAC;
over 12.5 min was required from command initiation at
the DSIF station until command execution at the space-
craft. Thus, even immediate response to anomalous indi-
cations in the data could only reduce the effective
reaction time in an emergency to something over 25 min.
Conversely, normal command action as a part of the
sequence of events could be taken only if it was assumed

‘Mariner Mars 1964 Project Report: Spacecraft Performance and
Analysis, Technical Report 32-882. Jet Propulsion Laboratory,
Pasadena, February 15, 1967,
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that nothing abnormal had occurred in the 13 min prior
to command initiation, and that nothing abnormal would
occur during the 125 min before command execution.
Since most of the commands to be transmitted during the
planetary encounter were critical with respect to time
or function, it was important to prevent accidental losses
of command lock and, in the event that such occurred,
to provide for minimum-time reacquisition of the com-
mand loop.

The eacounter sequence was initiated with the trans-
mission of DC-25 from DSS 51 (Johannesburg, South
Africa) on July 14, 1965, 14:27:55 GMT. This time was
selected to initiate scan search at such a time that, given
nominal performance, the scan platform would be point-
i at the planet at nominal narrow-angle acquisition
time in the event that the scan platform failed to inhibit
either via ground command or internai logic. The com-
mand was verified in the data at 14:52:32 . GMT. Space-
craft response to the command was normal: non-real-
time power went on, video storage subsystem 2.4-kHz
power went on, the scan platform went into a normal
search, and power levels and temperatures increased as
predicted.

The CC&S MT-7 Event was observed in the telemetry
data at 15:43:45.6 GMT, but inasmuch as it had been
preempted by DC-25, it had no effect upon spacecraft
performance.

Prior to the planetary encounter it had been determined
that a scan position of 180 deg would yield the best
television data. This position was selected as the nominal
position at which to inhibit the scan platform. An inhibit
command (DC-24) was initiated at DSS 51 at 17:10:15
GMT for a predicted scan platform position of 179.9 deg.
Command execution was verified in the data at 17:34:55
GMT with the scan platform positioned to 178.45 deg,
well within the tolerances. Based upon this position, wide-
angle acquisition was predicted for 23:55 GMT, with less
than 0.01 probability of occurrence prior to 23:24 GMT.

Beginning just prior to 20:00 GMT and continuing
through the encounter, anomalous indications were noted
in the magnetometer X-axis data which appeared to be
cyclic with a period of approximately 16 min. Although
unexplained to date, the period corresponds to coinci-
dences between the real-time and non-real-time portions
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of the DAS which count at different rates. The anomaly
had no effect upon the quality of planetary data gathered.

Had the scan platform been allowed to search for and
track the planet automatically, acquisition of the planet
by the scan sensor would have initiated a switch to
Mode 3 data (all science data) several hours before the
recording sequence. With the scan platform  preposi-
tioned, however, the expected time of wide-angle acqui-
sition was so near the beginning of the television record
sequence that insufficient time was available for television
performance analysis prior to the latest time to transmit
commands. For this reason. a commanded switch to all
science data (DC-3) was included in the encounter se-
quence. DC-3 was transmitted from DSS 11 at 22:10:29,
was received by the spacecraft at 22:23:07, and was ob-
served in the data at 22:35:08 GMT. Subsegnent analysis
indicated that television sequencing was normal.

Wide-angle acquisition occurred at the spacecraft at
23:42:00 GMT on July 14, 1965. No effect was noted
other than the indication in the science telemetry data
because the scan platform had been inhibited by DC-24
and the switch to Mode 3 data had been accomplished
by DC-3. The backup command {DC-16) for the initiation
of the recording sequence was transmitted on July 15,
1965, 00:11:57 GMT. It was anticipated that this com-
mand would arrive at the spacecraft after two pictures
had been recorded by the video storage subsystem if
normal narrow-angle acquisition by the on-board sensors
had initiated the sequence.

On the basis of the latest trajectory information and
the DC-16 transmission time. the latest time for trans-
mission of a DC-26 command to assure the termination
of the recording sequence was found to be 00:36:30
GMT. The actual time for DC-26 transmission was to be
determined from the narrow-angle acquisition indication
in the data, if narrow-angle acquisition was observed
carlier than 00:34:40 GMT. Narrow-angle acquisition was
indicated in the data at 00:29:59 GMT and confirmed
on the next data frame. The DC-26 was initiated at
00:31:42 GMT. A DC-2 command to turn on c-uise sci-
ence followed at 00:32.40 GMT and was followed by
several more DC-2 transmissions, beginning at 00:37:00
GMT and continuing every 5 min until a total of 6 DC-2
commands had been transmitted to the spacecraft.

Although the recording sequence appeared to start nor-
mally, anomalous indications of status were observed in
the science data which could not be interpreted until
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after the video data playback was completed. The first
of these was observed at 00:34:57 GMT and appeared to
be an end-of-tape event, although none was expected
until approximately 00:42:30 GMT. One of the postulated
failure modes for the record sequence involved the fail-
ure of the DAS to send, or the video storage subsystem
to receive, tape stop commands, with the result that the
video storage subsystem recorded continuously. Given
this failure mode, the first end-of-tape event would have
been expected at about 00:35:30 GMT. If it were as-
sumed that the tape was improperly positioned past the
end-of-tape foil, then the observed event would correlate
with expected telemetry indications for this failure mode.
and a second event would be expected at approximately
00:40:05 GMT. A second end-of-tape event was observed
in the data at 00:40:50 GMT. Since the uncertainty in
time of occurrence of an ¢vent based upon the time of
first observation in the data is +0.0 and —50.4 sec, this
time also correlated with the postuiated failure mode.
With the possibility clearly established that the failure
mode existed, it was expected that either no further nd-
of-tape events would occur, or thot they would occur at
309-sec intervals. This was not the case, because a third
end-of-tape event was observed in the data at 00:43:20
GMT, the proper time for track change ir a nominal
sequence. In the next data frame the false shutter event
(distinguishable from end-of-tape events only by its tini-
ing) was observed. This also would be expected in a
nominal sequence. No further events were observed in
the science data. Table C-1 lists the encounter event
times as determined from DAS data to the best available
accuracy. These times are all referenced to teletype print
times (except command initiate times), so that 0.3 sec
of fixed teletype delay should be subtracted from each
time to make the times absolute.

The contradictory indications in the data made it im-
possible to determine what had taken place until it was
determined during video playback what data, if any,
was stored upon the tape. It was expected, however, that
if the sequence were in fact normal, the second true end-
of-tape would occur during the recorder runup prior to
Picture 22 and would immediately switch the data en-
coder to Mode 2 data. The mode switch would be ob-
served in the data at about 00:55:24 GMT. The actual
switch to Mode 2 data was not observed until 00:55:46.6
CGMT, coincident with the end of Picture 22, indicating
that the data mode switch was initiated by the DAS
rather than the video storage subsystem. This tended to
lend support to the hypothesis that the video storage sub-
system was not running during the latter portion of the
recording sequence. However, the engineering data upon
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Table C-1. Encounter events from DAS time (GMT)

Event Initiate | Spacecraft Verify Una:::imy,
Juiy 14,1965
DC-25 (turn on 14:27.55 | 14:40:32.8 | 14:52:323| —0.1 +1.0
planet science)
MT-7 (encounter 15:41:48.9 | 15:53:486| =03
power turn-on)
DC-24 (inhibit scan 17:10:18 | 17:22:55 17:34:55 0.1 +1.0
search)
DC-3 (Daia Mode 3) 22:10:29 | 22:23:07 22:35:08 0.1 +1.0
Wide-angle 23:4200.3 | 23:54.01.6 | ©10.8
acquisition
July 15, 1965
Narrow-angle scan 00:16:50.1 | 00:28:51.5 | =12.6

Narrow-angle 00:17:21.1 | 00:29:22.5 | =0.1
acquisition

First start tape 00:18:29.6 | 00:30:31 +0.1

Shutter 1 00:18:33.1 | 00:30:34.5 | = 0.1
Shutter 2 00:19:21.1 | 00:31:22.5 | =0.1
Shutter 3 00:2C:57.1 | 00:32:58.5 | =0.1
Sh- ter 4 00:27:45.i | 00:33:46.5 | = 0.1
Tirst EOT" Event 00:22:30.3 | 00:34:31.7 | +25.2
Shutter 5 00:23:21.1 | 00:35:22.5 | =0.1
Shutter & 00:24:09.1 | 00:36:10.5 | =0.1

DC-16 (narrow-angle | 00:11:57 | 00:24:36 00:36:37 0.1 +10

acquisition)

Shutter 7 00:25:45.1 | 00:37:46.5| =0.1
Shutter 8 00:26:33.1 | 00:38:34.5 | 0.1
Shutt>r 9 00:28:09.1 | 00:40:10.5| =0.1

Second EOT' Event 00:28:23.1 | 00:40:24.5 | =252

Event Initiate | Spacecraft Verify Uscanataty,
sec
Shutter 10 00:28:57.1 | 00:40:58.5 | =0.1
Shutter 11 00:30:33.1 | 00:42:34.5 | =0.1
Third EOT" Event 00:30:54.3 | 00:42:55.7 | +25.2
Shutter 12 00:31:21.1 | 00:43:22.5 | +0.1
Shutter 13 00:32:57.1 | 00:44:58.6 | ~0.1
Shutter 14 00:33:45.1 | 00:45:46.6 | =0.1
Shutter 15 00:35:21.1 | 00:47:22.6 | =0.1
Shutter 16 00:36:09.1 | 00:48:10.6 | =0.1
Shutter 17 00:37:45.1 | 00:49:46.6 | =0.1
Shutter 18 00:38:33.1 | 00:50:34.6 | =0.1
Shutter 19 00:40:09.1 | 00:52:10.6 | =0.1
Shutter 20 00:40:57.1 | 0C:52:58.6 | = 0.1
End NAMGA" 00:42:14.7 | 00:54:15.2 | =25.2
Shutter 21 00:42:33.1 | 02:54:346| =0.1
Shutter 22 00:43:21.1 | 00:55:22.6 | =0.1
Last stop tape 00:43:45.1 | 00:55:46.6 | =0.1

00:43:45.1 | 00:55:46.6 | =0.2
00:31:42 | 00:44:21.5 | 00:56:23.0 | —0.1 +0.2

Switch to Mode 2

DC-26 (turn off
planet science)

DC-2 (No. 1) 00:32:40 | 00:45:19.6 | 00:57:21.1 | =0.3

Telemetry lost 02:18:44 02:30:45.8| = 1.0

Enter occultation 02:19:11 02:31:12

Exit occultation 03:13:04 03:25:06

MT-8 (encounter 05:01:49 05:13:52 +0.3
power turn-off)

MT-9 (“tart playback 11:41:49.8 | 11:53:53.3 | £0.2

sequence)

*End-of-tape.

UNarrow-angle Mars gate acquisition.

return to Mode 2 indicated the correct number of event
register changes for a nominal recording sequence.

After the planetary encounter, investigation showed
that the Mariner IV spacecraft (MC-3) had shown a
tendency toward spurious end-of-tape events in the
Mode 3 science data although the previous occurrences
had been associated with some ground action such as
boost mode inhibit off or narrow-angle Mars gate stimulus
on/off. Thus the two anomalous end-of-tape events could
have been triggered by noise in the system, or by some
normal transient in the television sequencing.

That the recording sequence was, in fact, normal
throughout was verified during the playback of the stored
data. All of the postulated failures would have resulted
in less than 21 pictures, while only the normal sequence
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would have yieided the 21 pictures plus 21 lines of the
22nd picture which were found to be present on the tape.

The DC-26 command (all science off) was observed in
the telemetry data on July 15, 1965, 00:56:23.0 GMT, and
SPAC confirmed all zeros science data. The first DC-2
command (cruise science on) followed at 00:57:20 GMT.
After confirming that cruise science was on and appeared
normal, the DSIF was requested to cease the transmission
of DC-2 commands. Event register changes confirming
the reception of the remaining five DC-2 commands by
the spacecraft were subsequently received at the expected
times. Further analysis of the telemetry indicated that all
engineering and science subsystems were performing as
before encounter, and that the spacecraft had been re-
turned to a normal cruise state. The remaining encounter
event, MT-8, occurred several hours later, appearing in
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the data at 05:14:39 GMT. This event, a CC&S command
to turn off encounter science, had been preempted by
ground command and did not affect the state of the
spacecraft.

C. Playback of Pictures

Postencounter cruise was terminated and video data
playback initiated by the CC&S MT-9 Event” on July 15,
1965, 11:41:49.8 GMT. The event was observed on earth
at 11:53:53.3 GMT, and the expected switch to Mode 4/1
data was confirmed.

After approximately 68 min of engineering data, tie
first Mode 4 (picture) data were observed in telemetry at
13:01:58 GMT. From this point the playback proceeded
in an entirely normal manner through the termination
of the record plavback on August 3, 1965. During this
period, the data from each of the pictures were trans-
mitted to earth twice, with the exception of the last few
lines of Picture 22. The data recovery rate was quite
high, and the performance of the spacecraft was normal
throughout.

In view of the uncertainty associated with the record-
ing sequence because of the unexplained end-of-tape
events, it was decided that command alerts should be
called for each of the suspect periods during playback.
After the end of Picture 4, DSS 42 locked up with the
spacecraft command detector and maintained lock until
after Picture 5 had been identifi=d in the data and it was
verified that the video data had been recorded on the
day of encounter. Similarly, DSS 11 locked up with the
command detector after the end of Picture S, and main-
tained lock until Picture 9 could be verified. DSS 51
locked up with the command detector and maintained
lock until after the time required to reach the point on
the tape where the tape rundown after Picture 9 had
stopped. Thus, during all of the periods which could
have coincided with the spurious events received on
Tuly 15 (229th day of mission), a minimum reaction time
command capability was provided to ensure that correc-
tive action could be taken, if necessary, to obtain the
most useful data from the playback. During all three
command alerts, . 'l of the spacecraft data indicated that
the performance both in playback and at the encounter
was normal.

An additional alert was called at the expected video
storage subsystem track change, although the command

‘Start playback sequence.
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detector was not locked up. The alert was called because
it was possible, due to the low speed withi which the end-
of-tape [oil passes the end-of-tape sensor during play-
back to obtain multiple track changes. The track change
occurred without incident.

The first complete transmission of the stored data ended
on July 24, 1965, 19:26:33 GMT, and a second transmis-
sion began automatically. This second playback was nec-
essary to ensure that any data missing from the first
transmission of the pictures might be recovered and to
provide duplication of the remainder of the data for com-
parison purpos:s. Spot checks of the data from both
transmissions confirmed toat the data were essentially
identical, so it was planned to return the spacecraft to
the cruise mode at the end of the second playback.

Shortly before the playback phase of the mission was
terminated. SSAC (Space Science Analysis and Command
group) and the television experimenters recommended
that a sccond recording sequence be considered to pro-
vide information on tie behavior of the television elec-
tronics for uniformly black pictures at each of the various
gain settings. With this possibility in wind, the plavhack
was t rminated in such a manner that some portion of
the Mars data would not be erased in the event that
another recording sequence was performed. By stopping
the tape at some position other than the end-of-tape foil,
from 1 to 10': pictures could be protected, since in a
recording sequence the tape would rm only until the
end-of-tape foil had been crossed twice. Accordingly, the
second playback was terminated in the 18th line of Pic-
ture 22, thus protecting all of the complete pictures on
the second track.

D. Television Haze Calibration Sequence

A television haze calibration sequence designed to test
the performance of the television subsystem in the ab-
sence of incident light was initiated with DC-25 com-
mand (encounter science on) at 20:30:00 GMT on
August 30. The sequence proceeded without incident as
each command was received and executed in a normal
mannecr.

A series of pictures was taken, starting with the gain
setting at the least sensitive value and stepping through
the more sensitive settings in the automatic sequence as
designed. The stored data was played back until the first
five pictures, which included all of the television gain
settings, had been completed (September 2, 04:39:23
GMT).
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Il. Television Subsystem Performance

A. Planetary Scan

The planetary scan  subsystem operated  properly
throughout the carly science cover deployment operation
on February 10, 1965. The correct initial search direction
was obtained after the receipt of non-real-time power by
the subsystem. Neither wide-angle nor narrow-angle ac-
quisition events occurred thronghout the sequence.

The scan subsystem completed a total of 10 search
eyeles. Caleulation of the initiation time of DC-24 (inhibit
scan) was based on the desired television pointing direc-
tion in terms of spacecraft clock angle and the scanning
speed calculated from the data received for the first 6
scan cveles. The DC-24 transmitted stopped the scan
platform 0.72 +0.36 deg from the desired position. The
accuracy of positioning was well within the preestablished
tolerance of +3.0 deg.

On July 14, 1965, the scan subsystem responded to the
encounter science power-on command (DC-25) by initiat-
ing a planet searching operation at 14:40:33 GMT at the
spacecraft. The subsystem began its search in the correct
direction. To evaluate the planet searching performance,
a graph of the platform position as a function of search
time was generated based on the received real-time flight
data. Analysis of the graph indicated that the subsystem
was operating properly.

The original encounter operating plan was revised such
that, operational and scan subsystem conditions permit-
ting, the scan platform inhibit command (DC-24) would
be used to preposition the platform. The command initi-
ation time was to be calculated to stop the platform at
a position for optimum pictures. The automatic planet
tracking sequence was to be used as the backup operation
in the event the prepositioning could not be exercised or
failed to produce the intended results. Because of the
occultation experiment, the final prelaunch trajectory
change was such that the expected value of television
pictures that would be attained with automatic planet
tracking was not optimum.

Accordingly. 2 command initiation time was calculated
based on the desired television pointing direction, the
caleulated scan search speed averaged over the first 7
search cycles, the communication transmission delay, and
command processing time. The initiation time of DC-24,
projected 7 scan cycles ahead, was calculated to be
17.10:18 GMT for the deciuca inhibit position of a 179.19-
deg clock angle. Upon receipt of DC-24, the scan plat-
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form motion was inhibited at a clock angle of 178.45 deg,
or 0.72 deg away from the desired position. This posi-
tioning was considered acceptable.

At 23:42:00.3 GMT at the spacecraft, the wide-angle
sensor detected the edge of the planet and generated a
wide-angle planet-in-view signal. The planet came into
the TV camera field of view 23 min later. As the planet
entered and swept across the sensor field of view the
Y-axis output varied in accordance with the relative
planet-spacecraft position and the amount of radiant
energy received. Figure C-1 show= the actual Y-axis out-
put as a function of GMT (Curve A) along with the cal-
calated Y-axis output based on the pre-encounter trajec-
tory data (Curve B). It is seen in Fig. C-1 that Curve A is
located to the left of Curve B, indicating that the planet
entered the wide-angle sensor field of view about 5 min
earlier than expected. This deviation is due partially to
an error in the prediction of the spacecraft arrival time
and partially to error in the Y-axis output prediction
calculation.
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Fig. C-1. Measured and calculated scan
subsystem Y-axis output

The performance of the scan subsystem during the
planet encounter period is summarized in Table C-2. The
data received during the science cover deployment se-
quence are shown for comparison.

The scan subsystem was energized during the tele-
vision dark encounter sequence on August 30, 1965. The
subsystem operated properly throughout the sequence.
Upor. the receipt of encounter science power resulting
from DC-25, the subsystem responded by initiating a
planet searching operation in the correct search direction.
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Table C-2. Scan subsystem performance

Data readout
. X Data readout
. Prelaunch or during science K
Function . during Mars
predicted value cover
encounter
deployment
. Average scan time 717.0 712.0 7134
per cycle, sec
. Desired platform 177.19 179.19
inkibit position,
deg
. Actual platferm 177.94 178.45
inhibit position,
deg
. Calibration 0.998 0.998 0.998
signal, V
. Transformer- 4.896 4.896 4.896
rectifier, V
. Sensor tempera- 10°C for -3.0 8.5
ture,°C ancounter
operation
7. Actuator pressure, 30 30 25
psia
8. Y-axis output with 3.064 3.064 3.076
no input, V
9. Number of search 10 14
cycles performed

A total of eleven search cycles was performed with each
reversal actuated by the primary limit switches. During
this time, the subsystem senser and optics assembly was
operating at a temperatv-e of —11.0°C as compar.d to
—8.5°C at planet encounte.. The Y-axis output remained
constant at a numerical value corresponding to no sig-
nificant input; i.e., the Y-axis output indicated that no
objects having radiation energy of 1.0 W o1 greater in
the integrated spectral range of 0.5 to 1.1 » were observed
by the wide-angle sensor. All other signals were well
within the specified and predicted limits.

B. Television Electronics

The television subsystem was turned on by ground
command DC-25 at 14:40:32.8 CMT spacecraft time on
Julv 14, 1965. The subsystem operated for about 7 hr
45 min before transfer to Mode 3 (encounter science
data) by ground command DC-3. Reduction of the TV
voltage data received before narrow-angle acquisition
agrees exactly with the data obtained during the science
cover deployment operation on February 11, 1965. It was
known from tests performed before launch that the
voltage-measuring device varied about one order of mag-
nitude more than the voltage being measured and that the
measuring device was also more temperature-sensitive.
Shutter and filter data indicated that the red and green
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filters were alternating as designed, that the shutter speed
was 200 msec, that there was less than 2 V of video sig-
nal, that there was no planet-in-view signal, and that the
gain control computer was in its minimum gain state.

In DAS Frame 41 (the DAS frame connter was reset
to zero at wide-angle acquisition), telemetry indicated a
television planet-in-view signal; all other television data
remained unchanged. During prelaunch testing and cali-
bration the video level always indicated over 2 V before
the light intensity was sufficient to cause a television
planet-in-view signal to be initiated. Therefore, it is be-
lieved that the television subsystein received the planet-
in-view signal from the narrow-angle Mars gate via the
DAS, rather than from the video level indicator,

Frame 42 data indicated a video level over 2 V.
Frame 43 data (start of Picture 1) showed that the tele-
vision G1 voltage had changed abruptly, indicating that
the television subsystem had switched out of the pho-
tometer mode and that the inhibit was released from the
gain control computer. The gain computer remained in
the minimum state because the video level was suffi-
ciently great. However, the video signal was not suf-
ficient to cause a switch to the fast shutter speed of
80 msec. For the remainder of the recording sequence
the G1 voltage in the normal mode was 46.4 0.2 Vdc,
identical to the prelaunch value.

Television data remained unchanged, except for filter
color alternation, until Frame 59 (green filter), when a
video signal level less than 2 V was indicated. The tele-
vision subsystem was designed so that the gain would
change after a green filter picture having less than 2 V
of video signal. Frame 60 showed more than 2 V of video
signal, but the gain was unchanged. Analysis showed
that the sampling had occurred during the blanked out
first 6 lines of the television picture. This condition oc-
curred several times during system testing and was not
considered a problem or anomaly.

The video signal decreased below 2 V in Frame 67.
The gain remained at its minimum setting (00) until
Frame 68, when it increased one level (to 01). The gain
increased again in Frame 70 (to 10) and switched to
maximum (11). The spacecraft switched to Mode 2 data
before Frame 73 data was received.

The pictures received during playback and telemetry
during encounter both indicated that the television sub-
system operation was excellent. The electronic focus, res-
olution, gray-scale rendition, and sensitivity seemed as
good as before launch.
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The “dark encounter” exercise was undertaken in an
attempt to learn more about the “haze” seen in the pic-
tures of Mars. Secondarily, it was hoped that some ex-
planation of the periodic interference seen in pictures
taken through the red No. 2 filter might be found.

Although the aborted “Altair encounter” moved in the
shatter disc, analysis of the timing indicated a 0.8 proba-
bility that the first red picture recorded would be Filter
No. 1 if the proper sequence of turn-on commands
was used.

The predetermined procedure was followed, and the
encounter sequence was initiated at 20:30 GMT, August
3¢, 1965. The Mode 3 telemetry was carefully analyzed
to determine whether the AAC-3 function (> 2-V pk
video) tripped. Additionally, the frame start end of tape
(bit 408) and the television filter (bit 406) functions were
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monitored for a repeat of the anomalous cvents seen
during the Mars encounter.

The results of the exercise were essentially negative.
No video was detected, and the played-back pictures
showed no excessive noise indicative of the increased
dark current in the vidicon. At the maximum gain state,
the average video level DN was 61.5 compared with 59.0
as the quietest “capped optics” picture taken during cali-
bration. Space would appear to be quieter and or darker
than a test lab.

All telemetry data were nominal, including bias volt-
ages and temperature, and the conclusion can be drawn
that the “haze” is either on Mars or, if it is an instru-
mental effect, a result of peculiarities of the encounter
lighting conditions.
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Appendix D

Design of the Television Experiment

|. Requirement; and Constraints

The design of the television experiment was irfluenced
by a variety of factors. The stated scientific objectives had
to be translated into specific instrumental requirements,
thereby affecting the wross design of the spacecraft and
the operational plan tor the flight itself. As time went on,
the spacecraft design became more definite, and certain
constraints upon the TV experiment were imposed, thus
limiting the range of selection of camera parameters and
flight trajectories. These constraints can be categorized
as (1) by-products of the TV and other science experi-
ments, (2) spacecraft design constraints, and (3) opera-
tional constraints including arrival date, visibilily of the
spacecraft at Goldstone at the time of encounter, and
sterilization.

A. Resolution and Area Coverage Requirements

In order to make a significant improvement over carth-
hased observations, much higher ground resolution wus
required. The best earth-based photographs are of the
order of 100 km in resolution, and the best visual observa-
tions improve on this by perhaps a factor or two. It was
expected that at least an order of magnitude improve-
ment should be achievable by Mariner.

It wes of course desirable to cover the greatest possible
area at the highest possible resolution. However, the
spacecraft was capable of storing and returning to earth
only a relatively modest amount of data. At a mini-
mum, it was desired that the area coverage per picture
should be great enough to permit correlation of picture
information with surface features observed from earth.
Further, to maximize the possibility of interpieting the
observed features, it was desired that adjacent frames
should be contiguous. Finally, if color filters could be used,
it was desirable that adjacent frames actually overlap so
as to permit color comparisons.

To maximize the probability of observing surface topog-
raphy by means of shading and shadows, it was strongly
desired that at least part of the picture coverage be in the
near-terminator region. In addition to terminator region
coverage, it was desired that some pictures be taken under
conditions of near-vertical solar illumination in order to
study albedo variations independent of shading due to
surface slopes. It was felt that this information would be
useful in characterizing ihe differences between light and
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dark regions as well as in the design ot future photo-
graphic missions.

Except for the polar caps, the most distinctive Martian
features are the more or less permanent light and dark
areas. It has long been thought that these distinctive mark-
ings represent essentially different surface characteristics.
Some of the dark areas have been observed to change in
size and in depth of shading, leading a few astronomers
and others to speculate that they might be areas of vegeta-
tion. Whatever the essential differences, it was desired
that areas of botl types be sampled.

The Martian polar caps are the most predictably chang-
ing features on the planet, yet the polar cap phenomena
are not entirely understood. It was thought that observa-
tions of the edge of the cap might yield usef:l informa-
tion. Also, it was thought that near-terminator pictures
within the cap might show surface relief particularly
well since the brighi surface weuld give good exposure
levels even near the terminator. Coverage of one of the
polar caps, particularly near its edge, was therefore con-
sidered desirable.

Prior to flight, there was no way of knowing how finely
detailed the surtace would appear. There was some pos-
sibility that the surface might be very regular without
much brightness variation, or some failure of the camera
might seriousiy degrade the resolution in the pictures.
To guard against these possibilities, it was desired that
the picture coverage s ould include a maximum number
of known light-dark boundarics, so that some information
would be returned « =n if no finer detail was to be seen.

Over the years, certain Martian features have received
special attention from astronomers either because of their
prominence or because of changes in appearance. Ex-
amples of the former are Syrtis Major, the most promi-
nent dark marking, Sabaeus Sinus, another dark area, and
“deserts uch as Hellas in the south and Elysium in the
north. Among those features that exhibit seasonal or
secular changes are Solis Lacus, Trivium Charontis, and
the “oases” in the “desert” Aethiopis. These were among
the areas considered to be of special interest; it was felt
that one cr more of them should be observed during the
Mariner experiment in order to try to determine the
reasons for their peculiarities.
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B. Phase Angle

To obtain new information about surface reflectivity, it
was desired that the phase angle, which was restricied to
a constant value by the scan platform mechanization, be
greater than 47 deg, the maximum Martian phase angle
observable from earth. It was felt, however, that the phase
angle should not be so large as to render unreliable the
prediction of the disc brighiress for purposes of camera
design or to limit the view to only a thin Martian crescent.

C. Limb

It was thonght that the atmospheric blanket might be
visible above the limb. Therefere, photography of the
bright limb was desired, since near-limb photographs of
the subsolar region were to be made in any case. This
requirement was considered to be far less important than
the requirement for terminator coverage, but turned out
to be quite important in the interpretation of the pictures
that were obtained.

D. Other Science Requirements

Requirements imposed by the other scientific experi-
ments joined with those of the television experiment in
influencing selection of certain mission parameters. In
general, experiments on fields and particles were con-
sidered to increase in value as the periapsis altitude
decreased. In addition, som . preference was given traiec-
tories near Mars™ equator because of the possibility that
there might be a radiation belt like earth’s Van Allen belt.
The occultation experiment required that the spacecra‘t
pass behind Mars as viewed from earth, so that the telem-
etry signal would pass through the Martian atmosphere
just before and just after occultation. The requirement
severely limited the choice Of trajectories.

E. Spacecraft Constraints

The spacecraft configuration strongly affected the scien-
tific experiments that could be performed. A few of the
spacecraft constraints, particulurly those which directiv
influenced the design of the television experiment, are
mentioned here.

1. Payload weight. The actual scientific payload weight
was determined by the Atlas Agena launch vehicle and
the minimum spacecraft configuration required to provide
a stable instrument platform. The allowable payload
weight severely limited the magnitude of the television
experiment, both in terms of total data returned and maxi-
mum resolution attainable, A two-camera system was orig-
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inally proposed, but the limited weight allocation ruled
out such a system.

2. Data storage capacity. Largely because of the weight
limitation, the total data capacity of the video storage sub-
system tape recorder was limited to five million bits.

3. Scan platform. In order to point the camera at the
desired regions on the planet, the spacccraft was provided
with a scan platform and a planet tracker to aim the cam-
era. Again because of the weight limitation and also
because of reliabiiity considerations, the pl-tform was
permitted to have only one degree of freedom, rotation
about the spacecraft roll axis.

4. Attitude sensors. The Mariner spacecraft used the
sun and Canopus as references for attitude control. To
prevent lo. s of control during the crucial period of Mars
encounter, trajectories on which the planet itself would
occult the sun and cause loss of sun lock and loss ot solar
panel power were avoided, as were trajectories which
would allow reflected light from Mars to enter the Cano-
pus sensor and cause the Canopus tiacker to attempt to
follow Mars. These constraints thus limited the attainable
television coverage, although not seriously.

F. Operational Constraints

In addition to the above constraints, which were im-
posed directly by the spacecraft configuration, there were
three others that directly affected the trajectoiy selection
and therefore the television experiment. Two of these con-
straints related to date and time of day of encounter The
third was a sterilization-related requirement.

Of all possible planetary transfer trajectories, the least
launch vehicle impulse is required for those lving very
nearly in the ecliptic plane In 1965, Mars crossed the
ecliptic on July 18, so the minimum-energy trajectories
required an arrival on or near that date. The arrival
“window” extended from July 15 to July 21.

In order to increase reliability of control of the space-
craft during the encounter period, it was required that the
spacecraft be “visibie” from the Goldstone tracking station
during the crucial parts of the encounter phase. In this
way, telemetry couid be received at the SFOF at JPL via
telephone and radio link through Geldstone rather than
the relatively remote Johannesburg or Woomera stations,
and nse could be made of the 100-kW transmitter at Gold-
stone, Together with the arrival date constraint, this
“Goldstone constraint” permitted television coverage only
in a limited longitude range on Mars, because Mars' rota-
tion period nearly matches that of the earth.

JPL TECHNICAL REPORT 32-884




The sterilization constraint, deriving from the biological
guarantine of the moon and planets, requires *!at all rea-
sonable steps be taken to prevent contamine o due to
organisms or organic substances carried by spacecraft. In
the case of flvby vehicles, it has been ruled that trajectories
must be chosen having very low probabilities of impacting
the body, less than 10 ' in the case of Mariner IV,

G. Selection of Camera Parameters

The basic parameters of picture format. camera focal
fength, pointing direction, and operating sequence were
chosen to best carry out the experiment objectives within
the constraints outlined above.

1. Format. The final scan platform configuration did
not permit motion of the camera pointing direction during
encounter, but in the early design period it had been
planned to reposition the scan platform atier every picture
pair in a zigzag pattern across the planetary disc. With
such a scheme, contiguous surface coverage called for
a large number of pictures. For this reason it was
planned to take twenty pictures having a relaiively small
number of picture elements per picture, rather than four
or five separated pictures having a larger format. The
actual dimensions of the pictures were then determined
by the number of quantization levels and the tape re-
corder bit capacity. Since the brightness contrast of the
pictures could not be predicted in advance because of the
unknown character of the Martian topography—and even
the average brightness levels the camera would see as it
traversed the planet were not well known—it was decided
that each nicture element should be represented by 6 bi-
nary bits, or 64 quantization levels.

Twenty pictures divided into the total capacity of
5 < 107 bits, gives 2.5 » 10" bits per picture. Dividing this
by 6 bits per picture element gives 4 < 10" elements per
picture. Thus a square format with 200 elements line and
200 lires picture format was chosen. This format was fit
into a 5.6-mm square on the vidicon faceplate.

2. Focal length. Given the picture format, the surface
resolution and area coverage depended on the distance to
the surface and the camera focal lengh. Preliminary tra-
jectory analysis showed that to satisfy the sterilization
constraint, the minimum altitude reached on a standard
trajectory should be 25,000 km. Closer trajectories later
became possible, but the focal length was chosen on the
basis of this preliminary altitude estimate. It was decided
that resolution should be emphasized over broad area
coverage in order to obtain a significant increase in knowl-
edge of surface detail over that obtainable using earth-
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based telescopes. A focal length of 30.5 cm was chosen,
giving a nominal resciution better than 2.5 km TV line
and an area coverage of nearly 500 * 500 km per frame.
It was felt that this coverage would be adequate for cor-
relation of picture information with known surface
markings.

3. Phase angle. The scan platform was to have only one
degree of freedom, rotation about the roll axis, ie., the
spacecraft-sun line. The phase angle (the angle between
an incident ray of sunlight and the reflected ray from the
observed surface into the camera) at which the planet
would be viewed by the camera was fixed. It was there-
fore necessary to select this phase angle during initial
design. A value of 60 deg was chosen. This was some-
what larger than the maximum Mars phase angle ob-
servable from earth, consistent with the exploratory
nature of the experiment and the desire to obtain new
information about Mars. It would also give a nearly
vertical view of the surface near the time of closest
approach.

4. Operating sequence. Once the phase angle was cho-
sen, it was possible to determine the interval of time dur-
ing which the camera could view the illuminated part of
the planet. On the basis of this determination, it was
decided that an interval between exposures of 48 sec would
locate all the pictures within the illuminated part of the
apparent disc. After the circuits had been designed for this
48-sec exposure interval, it was decided that the picture
track should somewhat overlap both the bright limb and
the terminator. This required an extension of the picture-
taking sequence, which was most easily accomplished by
omitting every third picture from the data recording se-
quence. The camera was thus operated each 48 sec, but
only two out of every three pictures taken during encoun-
ter were recorded on tape. Since the filter color was alter-
nated at each camera operation, this resulted in a color
sequence R, G: G. R: R. G: etc...for the recorded
pictures.

H. Prelaunch Trajectery Selection

In the analysis of flyby trajectones, considerable use
was made of the aiming point coordinate system shown in
Fig. D-1. The R-T plane, or aiming point plane, is perpen-
dicular to the incoming asymptote of the spacecraft tra-
jectory relative to the planet. This asymptote is described
by an S-vector which, with the vectors R and T shown in
the figure, forms a right-handed orthogonal coordinate
system. The T-vector is perpendicular to the incoming
asymptote and parallel to the plane of the ecliptic. The
vector R is defined by § < T. The vectors R and T are
then used to define the “aiming point plane,” shown in the
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Fig. D-1. Engineering constraints for July 15 arrival; aiming point defined by vector b and angle #

figure. “"Aiming points™ are specified by b and #, the length
and angle respectively of the impact parameter. As an ex-
ample, the final (“standard™) aiming point for Mariner IV
with b = 12,000 km and # = 60 deg is indicated. The small
circle at the center of the coordinate system represents the
size of Mars, while the larger circle represents its capture
radius for a typical Mariner IV flyby velocity.

1. Initial aiming point. Figure D-1 also shows some of
the engineering constraints, Aiming points within the
boundary marked CPM = 36 deg would result in prob-
able loss of Canopus lock. Aiming points within the boun-
daries labelled SPM = 0 deg or the EPM = 0 deg would
result in sun occultation or earth occultation, respectively.
The IMP = 10 ' curve encloses the aiming point region in
which the probability of Mars impact by the spacecraft
would be greater than one part in 10', thereby violating
the sterilization constraint. The curves shown apply only
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to a specific launch date and arrival date combination.
On the basis of combined analyses of several launch
date arrival date situations, an initial aiming point at
b = 25000 km and #
occultation experiment was not at that time being consid-
ered, and the aiming point was chosen to avoid all the
engineering constraint contours. It was on the basis of this

15 deg was chosen. The earth

aiming point that the television camera parameters were
chosen.

2. Second aiming point. Because of the “Goldstone con-
straint,” the 1965 arrival date window permiitted photogra-
phy only in the longitude range from about 140 to 280 deg
east longitude. Furthermore, the initial aiming point lo-
cated the trajectory very near the equator. These circum-
stances would have permitted television coverage only of
the Martian deserts in the Amazonis-Tharsis region. In
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order to obtain dark-area coverage as well, a more south-
erly aiming point, at # — + 30 deg, was therefore chosen.

The second aiming point required a circuit change in the
wide-ungle sensor (WAS) tracking subsystem, whose par-
pose was to track the planet until initiation of the picture-
taking and recording sequence. With the initial aiming
point, the trajectory would have been nearly parallel to
the sun=Mars line, and center-of-brightness tracking
would have resulted in a picture track along a great circle.
This condition no longer held for the # = 30 <cg aiming
point, and center-of-brightness tracking would have re-
sulted in a picture track along a small circle about 20 deg
in latitude to the north of the subspacecraft trace. This
circumstance was cavsed by the fact that WAS tracking
was to cease as soon as the picture sequence began. The
smail-circle track was undesirable in that it would prevent
near-vertical viewing of the surface near the center of the
picture-taking sequence. This condition was corrected by
introducing a signal bias in the WAS to cause it to track to
the south of the center of brightness. With the # = 30 deg
aiming point. the WAS bias, and a typical arrival date
and time within the “Goldstone constraint” window, parts
of the Amazonis desert and Mare Sirenum would be
viewed.

The requirement to photograph the bright limb at the
start of the pictue sequence necessitated a biased point-
ing direction for the narrow-angle Mars gate (NAMG). It
was originally planned to boresight the NAMG with the
television camera line of sight. However. the encounter
timing sequences permitted a variable, random delay of
from 60 to 204 sec after acquisition of the planet and be-
tore exposure of the first recorded television picture. To
compensate for this delay, it was planned to bias the
NAMG pointing direction ahead of the television camera
by an angle of 1 deg. For the second aiming point. this
angular bias guaranteed that pictures of both the bright
limb and the terminator would be obtained.

3. Final aiming points. During early 1964, it was de-
cided to carry out an earth-occultation experiment to study
the effects of the Martian atmosphere upon the telemetry
signal. This required aiming points lying within the earth
occultation contours, designated by the EPM = 0 deg
envelope in Fig. D-1. To assure occultation, the aiming
point was placed in the center of the EPM = 0 deg con-
tour. Since the location of the contour varied with both
launch and arrival dates, # values between 60 and S0 deg
had to be used, depending on the launch arrival date
combination. At the same time, it was found that the sci-
entific value of the occultation experiment would increase
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with decreasing altitude, as was the case for the particles
and fields experiments. A value of b near the minimum
permitted by the sterilization constraint was thus re-
quested for optimization of these experiments.

Fortunately, this recommended change in aiming point
was in many aspects also favorable to the television ex-
periment. It had been argued that greater emphasis
should be placed on obtaining higher resolution, which
would result from the new aiming point. While fully con-
tiguous coverage would be lost and correlation of ob-
served objects with features observed from earth would be
made more difficult, overlap of frame-pairs would still
occur, providing some data on spectral reflectivities. It
was decided that no NAMG forward bias would be re-
quired (although this would result in a small probability.
less than 0.1, of not photographing the planet limb) be-
cause the pictures would be taken somewhat earlier on
the trajectory, when the apparent angular velocity of the
limb in the camera field would be lower. In the case of
the \WAS signal bias, the circuitry changes had already
been incorporated and would still have the effect of mak-
ing the picture track tend toward a great circle, although
not as effectively as for the # = 30 deg aiming point. The
resulting picture coverage for the new aiming points
would extend over a wider latitude range, providing a bet-
ter balance between desert and dark-area coverage as well
as coverage near the south polar cap. For the # = 80 deg
case, the picture track would have extended into the
south polar cap but would not have extended past the
terminator.

One of the final aiming points is indicated in Fig. D-1
at b = 12,000 km and # = 60 deg. Other aiming points
for different launch date arrival date combinations re-
quired theta values of 70 and S0 deg.

. Premaneuver Trajectory Selection

Prior to the time of midcourse maneuver execution,
quantitative techniques were developed to evaluate the
effects on the science experiments of dispersed trajec-
tories. Each spacecraft had the capability of two mid-
course manenvers to place it on the desired Mars flyby
trajectory. Optimum use of both the prime and the backup
maneuvers in operational situations was dependent on
t! sse trajectory evaluation tools.

1. Television value contours. The value contours shown
in Fig. D-2 are tvpical of several such plots developed for
evaluating the effects of various trajectories on the tele-
vision experiment. This plot applies to a spacecraft arriv-
ing at Mars in the center of the “Goldstone constraint”
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Fig. D-2. Typical television value contours for July 15 arrival

arrival-time window on July 15. The half-plane in which
no contours appear represents trajectories on which the
scan platform rotation limits would not have permitted
viewing of the planet, necessitating rolling the entire
spacecraft if pictures were to be taken. Decreasing rela-
tive value toward near-zero and negative theta values was
cavsed by loss of dark-area coverage and by an increasing
percentage of the pictures being taken beyond the termi-
nator. Trajectories with high theta values, greater than
80 deg, would result in pictures taken earlier along the
trajectory. This would have had two effects: (1) increased
distance and poorer resolution, and (2) loss of coverage of
the near-terminator region because of shortening of the
picture track. Trajectories too near the planet would have
caused severely decreased area coverage without an in-
crease in resolution since the resolution would have been
limited by image smear. Too distant trajectories would
have resulted in poorer surface resolution.
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The vilue contours were also checked with a set of
maps mare from photographs of a Mars globe showing
the locations of picture tracks resulting from typical
trajectories.

From Fig. D-2 it can be seen that the final aiming points
were not judged to be optimum for the television experi-
ment. The decrease in estimated value was offset by in-
creased probabilities of svecess for the other planetary
experiments.

2. Mariner IIl aiming point. The Mariner 111 trajec-
tory would have been characterized by a theta value of
01:44 GMT. Had it
achieved this trajectory and completed its mission success-
fully, its picture track would have crossed the equator at
approximately 190 deg east longitude and extended south-
ward into the south polar cap.

S0 deg and an encounter time of
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3. Mariner IV trajectory. Mariner IV very nearly
achieved its planned trajectory following the first mid-
course mancuver. Predictions from early tracking data in-
dicated an arrival time about 36 min earlier than desired
and a parameter b about 1500 km greater than standard.
These were well within tolerance and a second maneuver
was not r('(lllir('(l

J. Pointing Direction Selection

The Mariner IV spacecraft was designed to carry out an
automatic encounter sequence without control by ground
command, although the capability of such control was
provided. In the nominal automatic sequence of events,
the camera pointing direction would be set by active
tracking of the planet by the WAS-scan subsystem. The
switch-on of encounter science power by CC&S command
at about eight hours before the time of closest approach
was to start the scan search mode. Later, at about 90 min
before closest approach, the WAS would have detected
and “locked on” the planet, beginning the tracking mode.
The WAS-scan suosvstem would have then actively
tracked the planet until an acquisition signal from either
the NAMG or the television camera initiated picture re-
cording. This sequence of events would have resulted in
a picture track about 10 deg farther to the northeast than
the track actually obtained by Mariner IV. The actual
track was achieved by presetting the scan platform posi-
tion by ground command.

1. Preset pointing direction. During the period between
the Mariner IV launch and encounter, the various en-
counter sequences made possible by the capability of the
spacecraft to respond to various ground commands were
carefully analyzed. One of the commands could be used to
stop the scan at any time during its search mode. It was
concluded that the use of this capability sufficiently early
in the search mode would yield a higher probability of
success. If the first attempt to preset the pointing direction
failed to achieve a satisfactory result, there would be time
for a second attempt or a return to the automatic se-
quence. On the other hand, if a fully automatic sequeace
alone was used, failure of the WAS to lock ¢ the planet
at its anticipated time (less than an hour before start of
picture recording) would allow very little time for cor-
rective action from earth because of the 24-min round-trip
signal transmission time.

2. Optimum camera peinting. The capability to preset
the camera pointing direction also widened the choice of
picture coverage. It will be recalled from the previous dis-
cussion that the electronic bias of the WAS signal was
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designed for the # - 30 deg aiming point; this bias was
not optimum for the final aiming point of # = 60 deg.
Presetting of the pointing direction would permit more
nearly vertical viewing of the surface near the middle of
the picture track and would also maximize the percentage
of pictures taken on the illuminated part of the planet
(these conditions happened to be mutually compatible).
[n addition, presetting would to some extent permit selec-
tion of particular surface features to be viewed. It was
decided to try to achieve a picture track that would in-
clude the interesting area Trivium Charontis. This track
would also provide a viewing direction within a few
degrees of vertical at the middle of the pass and a near-
minimum coverage bevond the terminator.

3. Camera aiming. The final scan platform clock angle
(angle about the spacecraft roll axis, referenced to the
pointing direction of the Canopus tracker) was chosen on
the basis of the latest possible tracking data, obtained
about 12 hr before closest approach. These data were used
to predict a flight path with b = 14430 km_ # — 59.92 deg.
and time of closest approach = 01:01:12 GMT, July 15.
1965. Analysis of this trajectory showed that a camera
clock angle of 179.2 deg would give the desired track.
Scan platform position data were received and analyzed
after initiation of the search mode, and a time for sending
the command to stop the scan motion was computed. The
command was sent at the computed time, and the plat-
{orm stopped within 1 deg of the correct angle.

4. Picture coverage obtained. The actual trajectory
achieved differed significantly from that predicted at
12 hr before encounter: b was 820 km greater and 4 was
2.2 deg smaller than predicted. These differences, added
to the small difference (% deg) in clock angle from the
desired value, combined to place the actual picture track
about 15 Martian degrees northeast of the predicted loca-
tion. The Mariner IV picture locations are shown in
Fig. D-3 against a section of the ACIC Mars map.

Il. Picture Locatic s

Latitudes and longitudes of the pictures were deduced
from trajectory data, known camera and spacecraft ge-
ometry, extrapolated spacecraft attitude control data, the
location of the limb in Picture 1, and, finally, use of the
picture information itself in the overlap areas between
pictures. Very few features were seen in the Mariner IV
photographs which could be precisely correlated with ex-
isting photographs or drawings of Mars.
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A. Determining Factors

The coordinate system against which the picture data
have been mapped was derived from elements given in
the American Ephemeris and Nautical Almanac. The pa-
rameters which influenced the picture locations are given
in Table D-1, along with le uncertainty estimates. The
first three are the impact parameter b, the angle 4, and the
closest approach T, ,. Values of these quantities were
computed from tracking data received through and be-
vond encounter. Dispersions can be considered to be
gaussian, and the errors indicated are standard deviations.
The value for the equatorial radius of Mars, Ry, is a com-
promise between de Vauczouleurs' value, 3375 km (Ref. 4),
and the higher value indicated by the Mariner IV occul-
tation experiment.

Table D-1. Preliminary values of parameters
influenci~g picture locations

Parameter Standard value Error (10)
b 15,251 km 17 km
] 57.74 deg 0.08 deg
T 01:00:57 10 sec
Ry 3380 km 30 km
Cs 120.1 deg 0.1 deg
K, 178.45 deg 0.7 deg
F 30.85cm 0.2cem
d 245 mm 0.01 mm

r 0 deg 2 deg
pn 0 0.002 rad
yn 0 0.002 rad
rn 0 0.002 rad
P + 8.3 millirad

y + 8.3 millirad

r 4.4 millirad

The cone and clock angles, C, and K,, define the TV
pointing direction relative to the spacecraft axes. The
pointing Cirection is the projected direction of the central
fiducial mark of each picture. Indicated errors are based
on mechanical tolerances in the spacecraft assembly. The
clock angle error also includes the uncertainty in readout
of the position indicator.

The camera focal length, the fiducial mark spacing, and
the frame rotation are given by F, d, and r, respectively.
The vidicon fo~eplate pattern was aligned by rotating the
vidicon and its pin connector until an output pictu.e
showed the fiducial marks to be alf sed with respect to
the camera mounting bracket. The ervor in rotation align-
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ment was not actually measured, but was estimated to be
about 2 deg. It was later found in correcting the map data
to fit the observed limb contour that the frame rotation
error may actually have been 3 deg.

The sun tracker optical axes were aligned with the
spacecraft Z-axis within a =2 millirad uncertainty, re-
sulting in a lo error of 2 millirad in spacecraft attitude
in pitch null position (pn) and yaw null position (yn).
Uncertainty of Canopus tracker pointing with respect to
nominal is of the same order, resulting in a 2-millirad
probable error in the rol' null position (rn). The attitude
control system “deadbands” permitted free motion be-
tween fixed limits of 8.3 millirad in pitch and yaw and
4.4 millirad in roll about the null positions. Unfortu-
nately, no attitude information was transmitted during
the picture taking sequence. In initial estimates of the
picture locations, therefore, the attitude was uncertain
within the ranges given.

B. Computation of Picture Locations

To find the picture locations, use was made of a computer
program developed for mapping the Ranger photo-
graphs of the lunar surface. This program uses a hyper-
bolic approximation to the spacecraft trajectory near the
planet. The program accepts trajectory data, camera
pointing direction, exposure times, and camera geometry,
and uses these parameters to compute the picture latitudes
and longitades as well as other picture geometry informa-
tion. An option exists to perturb the camera pointing
direction according to the spacecraft pitch, yaw, and roll
excursions, if known, about the nominal spacecraft orien-
tation. Some minor changes in the program and in the
form of some of the inputs were made to adapt the pro-
gram to the Mariner spacecraft configuration.

An initial computation of the picture locations was
made using the nominal values of all the input parameters,
assuming o attitude control motion. The computed loca-
tion of the limb in Picture 1 was tound to differ from the
actual observed location by an appreciable fraction of the
frame size. It was found that a small change in the camera
pointing direction in both clock and cone angles, within
the uncertainties in these angles, would suffice to make
the computed limb location match the observed location.
However, the effects of other error sources—in particular,
the pitch, vaw, and roll uncertainties—were of the same
order of magnitude as those of the clock and cone angle
uncertainties. The precision of the picture locations would
be somewhat improved if the attitude motion of the space-
craft could be deduced from picture information in the
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overlap regions of the pictures and appropriate correc-
tions then applied.

Using the Kanger program, it was possible to compute
the location of the center of a given picture in terms of
the set of rectangular coordinates centered in any other
picture ‘Fig. D-4). This was done for each overlapping
picture pair. Transparencies of each picture pair were
overlaid and shifted to the position of best matching of
the Martian topography. The center position of each pic-
ture was then measured in terms of the I and J (line and
element) coordinates of its mate. Finally, the shifts due
to attitude drifts were determined by calculating the dit-
ferences, in terms of [ and J, between the computed center
locations and the observed center locations. The resulting
shifts are shown as vectors in Fig. D-5, along with unit
vectors, on the same scale, showing the shifts that would
result from a 1-millirad rotation about each of the space-
craft axes. The unit vectors are designated as p (pitch),
ilyaw), and 7(roll), and the actual position change vectors
are labelled with number-pairs indicating the picture pair
to which each vector corresponds. In each case, the vector
represents the shift of the center of the even-numbered
picture away from its computer-predicted position with
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Fig. D-4. Overlapping frames showing the shift of the
center of the later picture away from its computed
{predicted) location because of spacecraft
rotation within the attitude control
limits (see Fig. D-9 for scale)
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Fig. D-5. Vectors showing the shifts between
overlapping pictures due to spacecraft
rotation, compared with the shifts
that would resu't from 1 millirad
rotation about each axis

respect to the coordinates of the corresponding odd-
numbered picture. Each vector is therefore a measuic of
the rotation rate of the spacecraft during the 48-sec iuter-
val between exposures. Alternate frame-pairs (e.g., Frames
§ and 9) did not overlap because of *he 48- 96- 48- 96-sec
picture-recording scheme. Consequently, it was not possi-
ble to plot a continuous history of spacecr ‘t rotation dur-
ing encounter from picture information alone.

The problem at this point was to resolve the rotation
rate vectors into pitch, vaw, and roll components. Since
there were three components of spacecraft rotation to be
found from only one picture-translation vector in each
case, unique solutions were not possible without addi-
tional informaticn. The needed information inight have
been derived f picture rotations, as well as translations,
could have been measured. However, at the time the over-
lap study was made, the only pictures available were not
geometrically corrected, and the errors were large even
for the more easily measured translations. The additional
information needed was sought in existing attitude contrcl
data.

Attitude control information was transmitted from the
spacecraft during most of the mission, but not during
encounter when all the data channels were allocated to
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science information. Transmission of engineering data
ceased about 105 min before the exposure of Picture 1
and resumed about 16 min after the exposure of Pic-
ture 22. Plots of pitch, yaw, and roll positions within the
attitude-control deadbands were made for the time
period following encounter, and these curves were
extrapolated backward through the television encounter
period (00:18:33 to 00:43:12 GMT). However, uncer-
tainties in the magnitudes of the attitude-control gas jet
impulses (and also in the accelerations due to slow gas
leakage) prevented unambiguous extrapolation.

Pitch, yaw, and roll plots, indicating the attitude motion
for several days prior to encounter, were then examined.
It was observed that the pitch motion was the most reg-

ular of the three. The acceleraiion in pitch due to solar
pressure and gas jet leakage was much greater than for
vaw and roll, so that the pitch sensor axis seldom crossed
the deadband. Instead, the accelerating forces tended to
drive the spacecraft toward the negative side of the pitch
dead band, where it would “bounce” off as the gas jet
was activated (see Fig. D-6); it would then return to the
same side without ever reaching the positive side. The
pitch “loops” typically alternated from large to small, as
shown in Fig, D-6, but the ratio of the size of the large
loop to that of the ensuing small loop varied considerably.
One problem with the attempt to extrapolate the post-
encounter pitch curve backward was that the loop size
(amplitude) changed drastically just after the resumption
of attitude data transmission. However, it was discovered

-8.3 T
A AN m
7
= b
| -~
of— —
PITCH
83
¢ TELEVISION N
ENCOUNTER
| .
g -8.3 I t
= /
E Vi
z 0 '
o
-
g
o
E—gsl
-44 g = e A
0f— \ —
\ ROLL
44 = il ,\1/7
q T T T — T I | i 1 I I I |
00:30 01:00 01:30 02:00 02:30
PICTURE | PICTURE 22

GMT

Fig. D-6. Postencounter cttitude control data showing spacecraft motion within pitch, yaw, and roll deadbands
after resumption of attitude information transmission at about 00:59
The broken-line curve represents interpolated pitch data through the television encounter period.
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that the duration of one full pitch cycle, composed of
one large and one small loop, remained fairly constant at
about 40 min, independent of the varying amplitudes and
durations of the individual loops. Using this information,
it was possible to interpolate pitch cycles between 22:34
GMT on July 14 and 00:59 GMT on July 15, during which
time the attitude data were missing. The broken-line curve
in the pitch band in Fig. D-6 indicates the interpolated
data. At this point, the yaw and roll curves remained to
be extrapolated.

The pitch rates between the exposures of overlapping
frames were derived from the interpolated pitch curves,
and the rate information was applied to the resolution
of the picture translation vectors. The resulting yaw and
roll vectors are indicated in Fig. D-7 as the components
y and r. The solutions were not considered accurate

enough for quantitative yaw and roll rate determinations
because of the use of uncorrected pictures to find the
frame translations and because of the scarcity of picture
information in some of the overlap regions. However,
significant trends are apparent in the rotation vector solu-
tions in Fig. D-7. Apparently the vaw rate changed from
negative to pesitive some time between Pictures 4 and 5,
then back to negative between Pictures 12 and 13. The
roll rate apparently changed from negative to positive
between the exposures of Pictures 4 and 7, probably be-
tween Pictures 5 and 6. The roll rate then again became
negative between Pictures 12 and 13. Hence the approx-
imate times of attitude-gas-jet firings were determined
with some degree of confidence, and the yaw and roll
curves were plotted back to about the time f Picture 4
(see Fig. D-8). The curves were further extended back
to the time of Pictrre 1 in such a way as to locate the
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Fig. D-7. Resolution of picture translations into vector components representing spacecraft rotation
rates in pitch, yaw, and roll
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Fig. D-8. Interpolated pitch curve and extrapolated yaw and roll curves through the “elevision encounter period
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computed limb position in the right place in that picture. Table D-2. Final parameter values
The pitch, yaw, and roll data thus derived were used to

compute all the picture lo.iiions. ¥ RS
] 57.74 deg
. = - Tea 01:00:57
lt. was obser\:ed u‘t this Pomt tt tlu-' L:O;npute(! limb - 3380 km
position was still s'ightly in error, requiring rotation of C. 120,13 deg
the plc.ture ab}uut the camera axis. .A clockwise rotation of o 178.32 deg
3 deg in (he input frame orientation was made, and the - 30.85 cm
input clock and cone angles were changed slightly, result- d 2.45 mm
ing in the correct .pnsmomng of the limb. The program 2 3. \ideg dackinien
was then rerun with these new inputs and the derived ——
. 2 ich nu
pitch, vaw, and roll motions to compute final values of e 0
the picture locations and data on the picture geometry. Yow null
The parameter values listed in Table D-2 are those used offset 0
in this computation, along with the attitude data given Roll null
in Table D-3. i s
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Table D-3. Attitude control data, interpolated pitch
and extrapolated yaw and roll values

Pitch, Yow, ",

Wickere millirad millirad mil:v od
! ~1.33 5.90 0.35
2 —1.20 -6.25 0.35
3 ~1.00 -7.00 1.75
4 ~0.95 ~7.40 ~2.50
5 ~0.95 ~8.10 3.95
6 ~1.00 ~7.40 ~3.85
7 1.20 3.95 2.05
8 ~1.35 ~2.25 115
9 175 1.25 0.60
10 —2.00 3.00 1.45
1 —275 6.45 325
12 AL 8.20 420
13 415 7.60 3.30
14 — 470 7.25 275
15 —6.05 6.55 1.60
16 — 690 6.20 1.00
17 —8.40 5.50 ~0.15
18 —8.05 5.10 070
19 -7.50 4.40 1.85
20 ~7.30 4.05 ~2.45
21 ~7.05 3.35 ~3.60
2 ~7.00 3.30 I ~4.20

C. Picture Locations and Geometric Data

Latitudes, longitudes, and other pertinent data were
computed for each fiducial mark location in each of the
22 pictures. The format in Fig. D-9 represents the projec-
tions of the fiducial marks on the object field, i.e., the
surface of the planet. The shaded areu represents the
black mask, generally along the northern border of each
picture. The parameters defined in the following list have
been computed for each fiducia' mark and presented in

Table D-4.
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Pt

Lt

Ln

Range

aumber of the point indicated
in Fig. D-4

north latitude, in deg, in arco-
centric coordinates of point on
Martian surface intersected by
fiducial mark projection (minus
sign indicatc « south latitude)

east longitude, in deg, in areo-
centric coordinates of point
on Martian surface intersected
by fiducial mark projection
(minus sign indicates west
longitude)

slant range from spacecraft t-

numbered point on the Mar-
tian surface, in km

Sur dist

Phase

Zenith angle of sun

Zenith angle of spacecraft

surface distance to numbered
point from previous numbered
point, assuming a smooth
spherical surface, in km

angle between incoming sun-
light and line from spacecraft
to Martian surface at num-
bered point, in deg

angle between incoming sun-
light and the local vertical at
indicated point, in deg

angle between the local ver-
tical and the direction to
spacecraft at indicated point,
in deg

The following information is al:o supplied in Table

D-4:
GMT

Lat
puint, ind- g

Lon
point, in deg

Alt

time of exposure (Greenwich mean time)

areocentric north latitude of subspacecraft
areocentric cast longitude of subspacecraft

altitude of spacecraft, in km

-+— LINE NUMBER

BLACK MASK AREA

)

-a-—— Y43GWNNN IN3W33

Fig. D-9. Picture format, as seen projected toward the
planet, with numbers designating the fiducial
mark locations for which phetographic
data have been computed
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Table D-4. Picture locations and related data

Picture 1
GMT, 0:18:33; Filter, orange; Lat, — 32.96 deg; Llon, 177.79 deg; Alt, 14,496 km
Zenith angle of
Range, Sur dist, Phase,
Pt Lt, deg Ln, deg ke i deg Sun, Spacecrait,
deg deg
2 37.00 172.97 7.026 - 60.1 7.1 80.9
3 _— — = — - - =
4 — _— vt — - =, =
5 = — — - - ke s
6 33.06 175.84 16,791 — 60.1 22.6 76.7
7 25.90 175.28 16,388 4236 59.7 18.4 69.1
8 28.15 172.80 16,521 186.0 59.7 21.4 71.6
9 31.02 170.08 16,696 219.2 59.1 258 749
10 - — — — - — —
1" r. = = = = = =
Picture 2
GMT, 0:19:21; Filter, green; Lat, —33.47 deg; Lon, 177.93 deg; Alt, 14,345 km
l Zenith angle of
Range, Sur dist, Phase,
P | Lt deg G “m km deg Sun, | Spacecraft,
deg deg
2 25.08 175.04 16,223 —_ 60.1 18.0 68.9
3 3577 17273 16,836 641.6 60.6 26.2 80.3
4 32.04 175.54 16,613 259.8 60.6 21.9 76.2
5 29.42 178.06 16,462 200.4 60.6 18.5 734
6 23.26 177.35 16,120 365.2 60.1 15.2 66.8
7 18.54 176.71 15,870 280.6 597 14.2 61.7
8 20.04 174.51 15,953 151.0 597 16.5 634
9 21.77 172.22 16,054 162.3 59.7 19.1 65.5
10 27.28 172.59 16,354 326.1 60.2 21.0 71.4
n 3577 172.73 16,836 501.0 60.6 26.2 80.3
Picture 3
GMT, 0:20:57; Filter, green; Lat, —34.52 deg; Lon, 178.24 deg; Alt, 14,0¢ km
Zenith ongle of
Range, Sur dist, Phase, |——
Pt Lt, deg Ln, deg km km deg Sun, Spacecraft,
deg deg
2 11.89 177.82 15,293 - 60.2 13.0 55.6
3 16.85 176.34 15,544 304.8 60.6 139 61.2
4 15.60 178.43 15,478 139.7 60.6 1.9 59.8
5 14.49 179.51 15,424 133.8 60.6 10.0 58.6
6 10.88 179.83 15,245 216.2 60.1 1.6 54.5
7 7.64 179.21 15,093 194.4 59.7 13.7 50.8
8 8.58 177.24 15,136 127.4 59.7 14.9 51.9
9 9.61 175.25 15,188 131.2 59.7 16.2 53.2
10 13.01 175.79 15,351 202.8 60.2 147 569
n 16.85 176.34 15,544 2287 60.6 13.9 61.2
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Table D-4 (contd)

Picture 4

GMT, 0:21:45, Filter, crange; Lat, —35.05 deg; Lon, 178.41 deg; Alt, 13,900 km

Zenith angle of
Range, Sur dist, Phase,
Pt Lt, deg Ln, deg km km deg Sun, Spacecraft,
deg deg
2 6.86 179.07 14,936 - 60.2 14.1 50.6
3 11.03 177.68 15,132 259.0 60.6 13.3 33:3
4 10.05 179.66 15,086 1287 60.6 1.9 54.3
5 9.17 178.38 15,048 125.3 60.6 10.7 534
6 3.15 —179.00 14,902 173.9 60.1 13.2 497
7 5.04 179.59 14,774 188.6 59.7 15.8 464
8 393 178.50 14,806 121.6 59.7 16.5 47.2
9 480 176.57 14,845 124.1 597 17.3 483
10 777 177.12 14,979 178.5 60.2 15.2 517
n 11.03 177.68 15,132 1948 60.6 13.3 553
Picture 5
GMT, 0:23:21; Filter, orange; Lat, — 36.14 deg; Lon, 178.78 deg; Alt, 13,611 km
Zenitk. angle of
Range, Sur dist, Phase,
Pt Lt, deg Ln, deg o . deg Sun, Spacecraft,
deg deg
2 e —178.47 14,332 - 60.2 19.2 42.1
3 148 —179.79 14,463 208.2 60.7 17.0 45.9
4 0.81 —177.92 14,439 117.2 60.6 16.6 45.2
5 0.20 = 176.06 14,422 1159 60.6 16.4 447
6 —2.38 = 176.61 14,316 1558 60.2 19.0 41.6
7 -4.82 —=177.18 14,221 147.6 59.7 21.4 387
8 ~4.24 —179.00 14,237 1140 59.7 21.6 39.2
9 -3.61 179.15 14,258 115.1 59.8 219 39.9
10 =113 179.67 14,355 149.1 60.2 19.5 428
1 1.48 179.79 14,463 157.7 60.7 i7.0 459
L —_——
Picture 6
GMT, 0:24.9; Filter, green; Lat, — 36.70 deg; Llon, 178.99 deg; Alt, 13,470 km
Zenith angle of
Range, Sur dist, Phase,
Pt Lt, deg Ln, deg km kess deg Sun, Spacecraft,
deg deg
2 —5.83 ~177.14 14,063 — 60.2 223 38.2
3 —2.86 -~ 178.46 14171 191.75 60.6 20.0 416
4 3.43 —176.62 14,155 113.57 60.6 19.9 41.1
5 ~3.95 174.78 14,145 112.78 6C.6 199 40.8
& ~6.34 -175.30 14,054 144.56 60.1 223 37.9
7 —8.63 175.82 13,972 138.21 59.7 247 35.1
8 -g.13 177.66 13,981 111.33 59.7 247 354
9 o JL ¢ 179.49 13,995 112.00 59.7 248 359
10 =N —178.98 14,078 138.98 60.2 225 38.7
1 —2.86 —178.46 14,171 145.49 60.6 20.0 416
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Table D-4 (contd)

Picture 7
GMT, 0:25:45; Filter, graen; Lat, —37.84 deg; Lon, 179.44 deg; Alt, 13,192 km
Zenith angle of
Range, Sur dist, Phase,
Pt Lt, deg Ln, deg km km deg Sun, Spacecraft,
deg deg
z —13.54 —174.21 13,582 — 60.1 29.1 310
3 —11.01 —175.56 13,654 168.7 60.5 26.8 337
4 3143 —173.74 13,651 108.4 60.5 27.0 336
| o = ) ~=171.90 13,653 108.4 60.5 27.2 337
6 —13.91 1723 13,584 127.9 60.0 29.3 3.1
7 =159 ~172.82 13,523 123.9 59.6 31.4 285
8 —15.60 —174.67 13,521 107.4 59.6 31.2 28.4
9 —15.18 —176.51 13,524 107.4 59.6 3.1 28.5
10 —-13.13 —176.04 13,585 123.9 60.1 290 311
1 —=11.01 175.56 13,654 1279 60.5 26.8 337
Picture 8
GMT, 0:26:33; Filter, orange; Lat, — 38.43 deg; Lon, 179.69 deg; Alt, 13,056 km
Zenith angle of
Range, Sur dist, Phase,
Py Ly, deg Ln, deg Py i deg Sun, Spacecraf?,
deg deg
2 —17.09 —172.62 13,373 — 60.0 325 27.9
3 —14.71 ~—174.01 13,430 160.9 60.5 30.2 30.3
4 —15.07 —172.17 13,432 106.7 60.5 30.5 304
L =538 —170.32 13,439 106.9 60.4 307 307
6 —17.40 —170.76 13,380 1219 60.0 327 28.2
7 —19.37 —171 18 13,326 118.6 59.5 347 258
8 =19.05 —173.05 13,320 106.0 59.6 345 255
9 —18.69 —174.91 13,318 105.8 59.6 343 253
10 —16.73 —174.46 13,371 118.4 60.0 323 278
1" — 1471 —174.01 13,430 121.7 60.5 30.2 303
Picture 9
GMT, 0:28:9; Filter, orange; Lat, —39.67 deg; Lon, —179.78 deg; Alt, 12,790 km
. Zenith angle of
Range, Sur dist, Phase,
Pt Lt, deg Ln, deg km km deg Sun, Spacecraft,
deg deg
2 —23.72 —169.11 13,004 - 599 39.1 230
3 —21.60 170.62 13,036 149.7 60.4 36.9 246
4 21.84 —168.74 13,048 104.2 60.4 37.3 25.2
5 —22.04 166.83 13,064 104.9 60.3 37.6 26.0
6 =23.92 —167.19 13,020 1127 59.9 39.4 238
7 2577 —167.53 12,980 110.5 59.4 413 217
8 —25.56 —169.47 12,965 104.1 59.5 409 20.7
9 ~25.30 —171.40 12,954 103.5 59.5 40.6 20.1
10 23.46 171.01 12,993 110.1 599 38.8 223
11 —21.60 170.62 13,036 1123 60.4 369 4.6

JPL TECHNICAL REFORT 32-884

119




Table D-4 (contd)

Picture 10
GMT, 0:28:57; Filter, green; Lat, —40.22 deg; Lon, —179.49 deg; Alt, 12,660 km
Zenith angle of
Range, Sur dist, Phase,
Pt Lt, deg Ln, deg L ko deg Sun, Spacecraft,
deg deg
2 —26.83 —167.15 12,843 — 59.9 424 21.2
3 —24.81 —168.75 12,865 145.9 60.3 40.2 225
4 —25.01 —166.82 12,881 103.4 60.3 40.6 233
5 —25.16 —164.88 12,901 104.3 60.3 41.0 24.4
6 —26.99 —165.18 12,863 1091 59.8 427 22.4
7 —28.79 —165.48 12,830 107.3 59.4 44.5 20.4
8 —28.62 —167.47 12,810 103.7 59.4 44.1 19.2
9 ~—28.41 —169.44 12,794 102.8 594 438 18.2
10 —26.63 —169.09 12,827 106.9 59.9 420 20.3
11 ~24.81 —168.75 12,865 1C3.6 60.3 40.2 225
Picture 11
GMT, 2:30:33; Filter, green; Lat, — 41.46 deg; Lon, —178.85 deg; Alt, 12,407 km
Zenith angle of
Range, Sur dist, Phase,
Pt L1, deg Ln, deg ke kin deg Sun, Spacecraft,
deg deg
2 g —162.65 12,564 - 59.8 48.8 19.7
3 —30.84 —164.47 12,566 14i.1 60.3 46.7 19.9
4 —30.93 —162.44 12,591 102.8 60.2 47.1 21.3
5 —30.96 160.38 12,620 104.1 60.2 47.5 230
6 =33N —160.56 12,593 103.6 59.8 49.2 21.5
7 —34.45 —160.73 12,570 102.4 59.3 50.9 20.1
8 —34.39 —162.85 12,542 103.5 59.3 50.4 18.3
9 —34.29 —164.95 12,518 102.3 59.4 50.0 16.6
10 —32.57 —164.71 12,540 101.9 59.8 48.4 18.2
1 —30.84 —164.47 12,566 103.0 60.3 467 19.9
Picture 12
GMT, 0:31:21; Filter, orange; Lat, —42.09 deg; Lon, —178.51 deg; Alt, 12,284 km
Zenith cngle of
Range, Sur dist, Phase,
Pt Lt, deg Ln, deg km km deg Sun, Spacecraft,
deg deg
2 —35.42 - 160.05 12,446 — 59.7 52.0 20.1
3 —33.68 —162.01 12,439 139.9 60.2 49.9 19.6
i‘ 4 -33.71 —159.91 12,467 102.9 60.2 50.3 21.4
5 —33.69 —157.78 12,500 104.5 60.2 50.8 23.2
6 —35.41 —157.88 12,479 101.5 59.7 52.4 220
7 =37.1 157.97 12,461 100.6 59.3 540 21.0
8 —37.12 —160.18 12,429 104.0 59.3 53.6 19.0
9 - 37.07 —162.35 12,401 102.5 59.3 53.2 17.0
10 —35.38 —162.19 12,418 100.0 59.8 5.5 18.2
1 —33.68 —162.01 12,439 100.9 60.2 49.9 19.6
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Table D-4 (contd)

Picture 13
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GMT, 0:32:57; Filter, orange; Lat, —43.37 deg; Lon, —177.76 deg; Alt, 12,044 km !
Zenith angle of
Range, Sur dist, Phase,
Pt Lt, deg Ln, deg km km deg Sun, Spacecraft,
deg deg
2 40.07 154.37 12,247 - 59.8 57.8 25
3 38.51 156.67 12,223 1395 60.3 55.8 21!
4 38.41 154.43 12,260 103.9 60.3 56.3 23.2
5 38.25 152.15 12,301 105.9 60.2 56.8 253
¢ 39.92 152.04 12,289 98.5 59.8 58.4 247
7 41.57 -151.91 12,280 979 593 599 242
] 41.72 154.29 12,239 105.6 59.4 59.4 22.0
9 41.82 156.65 12,202 103.6 59.4 58.9 19.8
10 40.17 -156.67 12,211 97.3 59.8 57.4 20.4
11 38.51 156.67 12,223 978 60.3 55.8 210
Picture 14
GMT, 0:33:45; Filter, green; Lat, —44.02 deg; Llon, — 177.35 deg; Alt, 11,928 km
Zenith angle of
Range, Sur dist, Phase,
Pt Lt, deg Ln, deg km s deg S, Spacecraft,
deg deg
2 4221 ~151.11 12,166 — 599 60.8 244
3 40.75 —153.61 12,133 140.3 60.3 58.7 227
4 40.57 151.28 12,174 1049 60.3 59.2 248
3 4034 148.91 12,220 107.2 60.3 59.8 27.1
-] 41.98 148.68 12,212 97.4 59.8 61.3 267
7 43.61 -148.40 12,207 97.0 59.4 62.9 26.4
8 43.84 150.89 12,161 106.9 59.4 62.4 242
9 4402 153.35 12,120 104.7 59.4 61.9 21.9
10 42.39 153.49 12,125 96.3 59.9 603 22.2
1 40.75 153.61 12,133 96.6 60.3 58.7 227
Picture 15
GMT, 0:35:21; Filter, green; Lat, —45.34 deg; Lon, — 176,47 deg; Alt, 11,703 km
Zenith angle of
Range, Sur dist, Phase,
Pt Lt deg Ln, deg km kiR deg Sun, Spacecraft,
deg deg
2 46.03 143.49 12,041 — 59.9 66.8 29.2
3 44.80 146.50 11,990 144.2 60.4 64.7 26.9
4 44 .44 143.98 12,041 108.0 60.4 65.3 29.2
5 44,02 141.42 12,097 111.0 60.4 65.9 31.5
6 45.60 140.86 12,097 96.0 59.9 67.4 31.5
7 47.17 140.22 12,101 96.1 59.5 69.0 nz
8 47.60 142.93 12,045 1111 59.5 68.4 29.3
9 47.97 145.60 11,994 108.1 59.5 67.8 27.1
10 46.39 146.08 11,990 95.3 60.0 66.2 26.9
11 44.80 146.50 _J 11,990 95.2 60.4 64.7 269
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Table D-4 (contd)

Picture 16
GMT, 0:36:9; Filter, orange; Lat, —46.01 deg; Lon, — 175.99 deg; Alt, 11,594 km
Zenith angle of
Range, Sur dist, Phase,
Pt Lt, deg Ln, deg ki b deg Sun, Spacecraft,

deg deg
2 47 .64 —139.06 11,999 - 60.0 69.9 31.9
d 46.56 —142.37 11,938 147.5 60.5 67.7 29.4
4 —46.09 —139.75 11,994 110.3 60.4 68.3 31.8
- —45.55 —137.10 12,056 113.7 60.4 69.0 34
6 ~47.09 —136.33 12,061 95.9 60.0 70.5 343
7 48.61 ~135.47 12,070 96.2 59.5 72.1 34.6
8 —49.18 —138.29 12,008 114.1 59.5 71.4 323
9 —49.66 —141.07 11,951 110.6 59.6 70.8 30.0
10 —48.11 —141.76 11,943 95.2 60.0 69.3 29.6
1 —46.56 142.37 11,938 94.9 60.5 67.7 294

Picture 17

GMT, 0:37:45; Filter, orange; Lat, —47.36 deg; Lon, —174.95 deg; Alt, 11,385 km
Zenith angle of
Range, Sur dist, Phase,
Pt Lt, deg Ln, deg km Kkm a6 Sun, Spacecraft,

deg deg
2 —50.14 —128.66 11,964 — 60.1 76.3 38.3
3 —49.44 132.66 11,880 158.0 60.6 74.1 354
4 —48.71 —129.85 11,949 117.2 60.5 748 37.8
5 —47.88 —127.00 12,025 121.9 60.5 75.5 40.3
[ —49.29 —125.73 12,041 96.8 60.1 771 40.8
7 —50.68 -124.32 12,061 97.7 59.6 78.7 41.4
8 51.56 —127.34 11,983 123.0 59.6 77.9 39.0
9 52.34 =130.33 11,913 118.1 59.7 77.2 36.6
10 —50.90 =131.56 11,894 96.3 60.1 75.6 359
1 —49.44 —132.66 11,880 95.4 60.6 74.1 354

Picture 18

GMT, 0:38:33; Filter, green; Lat, — 48.04 deg; Lon, —174.39 deg; Alt, 11,285 km

) Zenith angle of

Pt Lt, deg Ln, deg Rul?"g‘e, SUL:\IS" P::;e, Sun, Spacecraft,
deg deg
2 —51.00 —122.35 11,981 — 60.1 '79.9 42.1
3 — 50.57 126.76 11,881 166.6 60.6 77.6 39.0
4 —49.66 =123.85 11,959 122.5 60.5 78.3 41.4
5 —48.64 —120.91 12,045 128.2 60.5 79.1 440
6 ~—49.95 == 1933 12,067 98.3 60.1 80.8 447
7 =51.23 =17.58 12,095 99.7 59.6 82.4 45.5
8 —52.32 120.68 12,007 130.2 59.6 81.6 42,9
9 =53.29 123.76 11,927 1241 59.7 80.8 404
10 -51.94 125.34 11,902 97.8 60.1 79.2 39.6
11 =50.5F —126.76 11,881 96.6 60.6 77.6 39.0
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Picture 19
GMT, 0:40:9; Filter, green; Lat, — 4Y.42 deg; Lon, —173.17 deg; Alt, 11,092 km
Zenith angle of
Range, Sur dist, Phase,
Pt Lt, deg Ln, deg km km deg Sun, Spacecraft,
deg deg
2 —51.17 —107.88 12,096 — 60.1 87.7 50.8
3 —51.48 —113.14 11,956 194.7 60.6 85.1 47.0
4 ~50.12 —110.09 12,057 139.4 460.5 86.0 49.8
5 —48.59 -107.00 12171 149.1 60.5 87.0 527
6 —49.57 —104.73 12,213 105.3 60.1 88.8 53.7
7 — 5047 —102.23 12,261 108.5 59.6 90.6 549
8 =52:15 —105.45 12,141 154.6 59.6 89.5 51.9
9 53.65 —108.63 12,034 143.6 59.7 88.5 49.1
10 —52.60 —110.99 11,992 104.1 60.1 86.8 48.0
k| —51.48 =113.14 11,956 101.7 60.6 85.1 47.0
Picture 20
GMT, 0:40:57; Filter, orange; Lat, —50.12 deg; Lon, —172.51 deg; Alt, 11,001 km
Zenith angle of
Range, Sur dist, Phase,
Et Lt, deg knjdeg km km deg Sun, Spacecraft,
deg deg
2 —50.17 —99.78 12,210 — 60.1 92.1 55.9
3 —51.04 —105.46 12,039 218.7 60.6 89.1 o7
4 —49.35 —102.36 12,159 153.7 60.5 90.2 547
- —47.45 —Q0.17 12,296 167.6 60.5 L5 57.9
6 —48.17 —96.53 12,352 113.0 60.1 934 59.2
7 —48.76 --93.64 12,418 1182 59.6 95.4 60.6
8 —50.88 —96.96 12,269 177.9 59.6 94.0 57.3
9 —52.76 —100.18 12,140 161.2 59.7 92.8 54.2
10 —51.94 —102.94 12,086 110.4 60.1 90.9 SR
1 —51.04 —105.46 12,039 106.7 60.6 89.1 51.7
Picture 21
GMT, 0:42:33; Filter, orange; Lat, —51.51 deg; Lon, — 171.08 deg; Alt, 10,826 km
Zenith angle of
Range, Sur dist, Phase,
i Lhiden Loiiden km km deg Sun, Spacecraft,
deg deg
2 44.34 —81.47 12,665 — 60.1 102.8 69.5
3 -~ 47.29 - 88.40 12,363 3337 60.6 98.6 63.3
4 44.45 —84.93 12,559 219.9 60.5 100.4 67.4
5 —40.90 —80.96 12,811 271.3 60.5 102.6 723
6 ~—40 28 77.14 12,953 174.9 60.1 105.4 75.0
7 -38.97 —72.66 13,144 2V 59.6 108.7 78.6
8 —43.89 —77.64 12,795 364.6 59.6 105.4 720
9 —47.39 —81.50 12,555 260.2 59.7 103.2 67.3
10 —47.46 85.10 12,451 143.7 40.1 100.8 65.2
11 -~ 47.29 ~—88.40 12,363 132.2 60.6 98.6 63.3
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Picture 22
GMT, 0:43:21; Filter, green; Lat, —52.21; Lon, —170.31; Alt, 10,743 km
Zenith angle of
Range, Sur dist, Phase,
Pt Lt, deg Ln, deg i ki deg Sun, Spacecraft,

deg deg
2 —35.78 —68.58 13,283 —_ 60.1 111.8 82.6
3 —42.91 —78.55 12,682 618.8 60.6 104.8 715
4 —38.17 —73.85 13,017 350.0 60.5 107.8 77.8
5 — = — = — — —
é - .2 = — = - o =
% p— — — s r— — -
. 8 - T - - - Ty .«
9 —40.59 - 69.85 13,033 -— 59.7 131 78.1
10 —42.12 —74.53 12,832 225.8 60.1 107.7 744
11 —42.91 —78.55 12,682 180.8 60.6 104.8 715

The latitude and longitude data given in Table D-4
were used by ACIC (Air Force Aeronautical Chart and
Information Center) to make relief renditions from the
pictures. Since it was found necessary to introduce addi-
tional shifts in picture locations to make the overlap pic-
ture information match, ACIC shifted the odd-numbered
picture locations accordingly. The latitudes and longi-
tudes of objects in the relief renditions will therefore differ
slightly from those indicated by the picture data given in
Table D-4 for odd-numbered pictures.

I1l. Picture 11 Mapping Error Estimates

Estimates have been made of the uncertainty of the
computed map location of Picture 11, based on individual
uncertainties in the more significant parameters. The rss

(lo) latitude uncertainty was computed according to the
following equation:

st =[ Y (Fax) |

where ¢ represents latitude, X, the nth parameter, and
AX, the lo uncertainty in the value of the nth parameter.
Symmetrical probability densities about the input param-
eter values given in Tables D-2 and D-3 were assumed,
and it may be assumed that the latitude probability dis-
tribution is gaussian and symmetrical about the com-
puted value in Table D-4. The latter assumption is not
strictly valid and would not hold for other pictures near
the limb. Computation of the longitude uncertainty A\
was carried out in the same way, and the results are
given in Table D-5.
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Table D-5. Latitude (¢) and longitude (A) urcertainties for Picture 11

Parameter AXa |8 /20X, | (AXx | B /2Xa ) | 2N 70X, | (AXx|2N720X, | )
b, km 17 0.0058 0.0098 0.0079 0.018
f, deg 0.08 2.93 0.0547 3.88 0.096
Tea, sec 10 0.056 0.3140 0.050 0.250
Ry, km 30 0.0040 0.0144 0.0054 0.026
Cy, deg 0.10 3.63 0.1468 0.203 0.000
K., deg 0.70 0.021 0.0002 3.92 7.530
pn, millirad 2 0.174 0.1211 0.056 0.012
vn, millirad 2 0.120 0.0576 0.124 0.062
ra, millirad 2 0.052 0.0108 0.225 0.213
p, millirad 2 0.174 0.1211 0.056 0.012
y. millirad 1 0.120 0.0144 0.124 0.015
r, millirad 2 0.052 0.0108 0.225 0.213
3 = 0.8757 Y = 8.447
Ag (1o) = 0.94 deg Al (o) = 2.91 deg
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Appendix E

Data Acquisition and Handling

|. Outline of Communication and Data Strecam

The data encoder on the spacecraft determines which
parameters are to be sampled, the sampling frequency.
and the sampling order. The commutation scheine deter-
mines the order in which the samples are taken and which
samples are selected. The Data Automation System in
the science subsystem presents to the data encoder a
complete package of science information regularly at the
proper time, This package is combined with the engineer-
ing measurements by the data encoder (in Mode 2) and
sent to the modulator, which impresses the data on the
carrier for transmission to earth.

In addition to transmitting data from spacecraft to
earth (down-link), communications capability from the
earth to spacecraft (up-link) is also provided in order to
obtain accurate doppler ranging information and to send
commands from ground stations. In the “one-way-lock”
condition, the spacecraft carrier frequency is determined
by a crystal oscillator which drifts slightly about a nomi-
nal center frequency. Commands can only be sent from
earth to spacecraft when a “two-way-lock” condition is
established. In this condition the spacecraft receives the
signal from carth and the carrier Trequency is synchro-
nized to the signal received by the. spacecraft. Commands
from carth are identified and separated by the command
subsystem.

The data flow through the spacecraft to printout and
plotting at the Space Flight Operations Facility is shown
in generalized block diagram form in Fig. E-1. Data from
the science instruments are combined in the DAS and
prl'\('nl('(] to the data encoder. The television data rate
is reduced by the video storage subsystem, where it is
temporarily stored on tape, so that it is slow enough for
transmission (8's bps). As shown in Fig E-2 these data
are combined with engineering data, if appropriate, and
sent to the modulator (see Fig. E-1). which modulates
the rf carrier in the transmittcr. The high-gain antenna
directs the modulated carrier energy to earth. The CC&S
furnishes synchronization signals for various commands,
events, subsystems, and devices.

The weak radio signal from the spacecraft is tracked
by the ground station antenna so that its associated re-
ceiver can detect and amplify the data to a useful level.
In the event that the demodulator did not function prop-
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erly, the data would be lost. For this reason, the data are
recorded on magnetic tape for subsequent playback and
recovery. The tape is also a check on the accuracy and
reliability of data transmitted through the huge complex
of teletype and communications networks. The demodu-
lator separates the data fiom the carrier. At this point
the ouput is again saved for possible fuiare uses. The
decommutator has exactly the opposite function of the
commutator in the on-board data encoder. It separates
the various measurements and prints out the data on a
roll of paper. By reading this printout, the operators at
the station can rapidly determine any abrormal operation
of the spacecraft, subsystems, and instruments.

The teletype encoder puts the data stream in a torm
suitable for transmission to the SFOF by teletype lines.
Every 5 min the Jime Code Generator inserts a “time”
word into the data stream. This time is part of an identi-
fying message that inserts in the data stream the station
number, the spacecraft number, and the time at which
the data were received. The data and the associated time
word go to a tape punch which punches holes represent
ing paper tape data. The tape is then fed into a paper
tape reader which reconverts the information on the tape
to pulse form, These data are then transmitted by com-

mercial teletype circuits to the SFOF.

\t the SFOF a teletype printer prints out the incoming
data but does not identify each measurement. At the
same time, the data are fed through a data comsu mica-
tions channel to an IBM “string” of processors tor con-
version to a form suitable for analysis. Shortly after
reception, the data are subjected to near-real-time «naly-
sis, which is not detailed and serves as an approximate
checkout of spacecraft performance. For NRT analysis,
the data are displayed (printout) on an SC 3070 printer,
which prints out each measurement as it identifies it.
Those selected measurements that can be interpreted
more readily as line graphs are plotted on the 30- < 30-in.
plotter.

At the SFOF a tape record is also made of data coming
in by teletype. This magnetic tape (No. 3) is stored with
the tvo magnetic tapes and paper tape from the ground
stations. These four sources are processed for comparison,
and the best data are selected and used to compile the
Master Data Library. From the MDL the data are printed
out in finai form for subsequent detailed analysis.
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Fig. E-1. Mariner Mars 1964 data stream
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Il. Television Data Processing

The Mariner IV television data were processed in two
phases. The first of these was the establishment of a com-
plete and correct data stream to provide nictures suitable
for preliminary analysis and release to the scientific com-
munity and the pablic. The second phase was the more
comprehensive treatment required to remove obscuring
noise, correct geometric distortions, and restore the pho-
tometric fidelity of the data (see Section III). Since the
second phase involved scientific processing analogous to
that performed by the non-television experimenters on
their respective data, the discussion is limited to the first
phase.

Figure E-3 represents the Mariner IV TV Ground Data
Processing Svstem. The system is identical in configura-
tion to the non-television ground data processing system,
since the non-TV and TV data are fundamentally of the
same form. Because of the special importance of the tele-
vision data, e traordinary quality control measures were
adopted to maximize the data return. These measures
emphasized redundancy of functions and included:

(1) Two complete playbacks from the spacecraft tape
recorder.

(2) Horizon-to-hoiizon tracking by all DS'F stations,
providing dual tracking at each of the three DSIF
tracking longitudes for the first playback period.

~
(3) Redundant reception and recording by those sta-
tions equipped with dual S-band receivers.

(4) Special coverage for the ground communication cir-
cuits for the first picture period.

(5} 24-hr monitoring of the data stream by telecom-
munications personnel and associated spacecraft
engineering personnel.

(6) Near-real-time computer processing of each re-
ceived picture during the first plavback period.

(7) Redundant video-to-film conversion; cal:brated and
controlled film processing of the image displayed
data.

An understanding of the spacecraft television data sys-
tem helps simplify the description of the TV Ground
Data Processing System. The general elements of the
spacecraft TV data system are shown in Fig. E-4.

Digital data were buffered by the non-real-time Data
Automation System at a rate of 83.3 kbps. The data from
each picture were recorded on the spacecraft tape re-
corder from the DAS at a rate of 10.7 kbps. To guard
against possible loss, the near-planet non-television instru-
ment data, which were transmitted in real-time, were
merged with the TV data and recorded during the picture-
taking period. After the spacecraft had emerged from

[
| 63.3 kbps
| G-TO-
Y AN‘(\)ll-é!GTALO ot i — B
CAMERA CONVERTER DAS RECORDER
8.33 b
w 8.33 tps
SCIENCE RT 8.33 bps DATA
INSTRUMENTS - DAS q ENCODER
RADIO
SUBSYSTEM

Fig. E-4. Spacecraft TV data system, block diagram
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the near-planet region and returned to interplanctary
space, the spacecraft tape recorder played back the re-
corded data and transmitted the data stream to earth at
8.33 bps. During encounter, the operation of the space-
craft tape recorder was stop-start; that is, there was tape
motion only during each 24-sec picture-recording interval.
On the other hand, the playback sequence was character-
ized by continuous tape motion. The interval of biank
tape corresponding to the stop-start transient of the re-
corder was expanded by the reduced tape speed to ap-
proximately 1.5 hr. This time was used to transmit
real-time spacecraft engineering information. The play-
back period for each picture was 8 hr 35 min.

The format of the TV data is shown in Fig. E-5. The
TV data stream (Fig. E-5a) transmitted by the spacecraft
consisted of two distinct subformats within the basic
structure. Type A formats consisted of 200 lines of essen-
tially TV data; Type B and C formats consisted primarily
of non-television data. Figure E-3b shows the format of
each of the lines for each subformat.

The length of each line was 1281 =+ 1 bit. Type A blocks
began with a 31-bit pseudonoise (PN) or synchronization
pattern followed by 7 bits binary-coded to identify the
block type. (The PN sequence is a unique pattern of
sequential bits specially chosen to identify the beginning
of a TV block.) The subsequent 9 bits were binary coded
decime’ to identify the line within the block. Three expo-

sure status bits followed, alternating in meaning from
even to odd line.

Since a single television line corresponded in time to
the generation of one real-time bit, a real-time bit could
be included in each line. Although the encounter se-
quence provided that the real-time or non-TV science
data be transmitted to earth as generated, the spacecraft
designers also inserted these real-time bits in the record-
ing to preclude loss of the planetary information due to
possible spacecraft antenna earth disorientation during
the critical moments of encounter. If the encounter phase
transmission had been lost, some portion of the data
would have been recovered from the on-board recording.

The 10 bits up to bit 61 were the analog-to-digital con-
verted values of TV camera voltages alternating in source
between even and odd lines. The next 1200 bits were
the image information, with each group of 6 vits consti-
tuting the photometric value of each of the 200 elements
in a line. The remaining 20 bits provided a tolerance
before the beginning of the next line.

Since the spacecraft recorder was recording only dur-
ing the 24 sec of camera readout of each desired picture,
the non-TV data that accumulated between pictures were
stored in the DAS as B and C blocks, and then recorded.
Type B and C blocks were similar to A blocks, but began
with 80 zeros. When the spacecraft recorder started, B

[ Ty A

c A ENG!NEERING B A ENGINEERING
FORMAT FORMAT : DATA FORMAT FORMAT DATA
a. TRANSMISSION SEQUENCE OF FORMATS
A PN BLOCK LINE STATUS |R | TV CAMERA
L
ou: SEQUENCE ) NUMBER | BITS | T| voLTase A ey
2
32 39 48 51 52 62 1262 128!
B . | D
PN BLOCK LINE STATUS _
O'Z e SEQUENCE 10 NUMBER | BiTs | NONTTV DATA BPARS
8! 12 19 128 31 =0 1281
(730)
b. TYPE A, B, AND C FORMATS
Fig. E-5. Television data formats: (a) transmission sequence of events, (b) Types A, B, C formats
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and C blocks were the first to be recorded for each pic-
ture, and the zeros were used to establish bit synchi niza-
tion within the recorder electronics. Following the 80
zeros were the 31-bit PN sequence, block type identifiers,
and TV engineering information. The data bits for a
B block were 200 non-TV bits; for a C block they were
600 non-TV bits. The remaining bits up to 1281 were tol-
erance bits to keep the B and C blocks equal in length
to A blocks. The data stream telemetered by the space-
craft was a sequence of C block, A block, engineering
data, B block, A block, engineering data, etc.

The processing required real-time display of received
data to monitor playback performance in near-real-time
and to accomplish the following:

(1) Recognize television data and decommutate the
TV, ‘ngineering, and image data for tabular dis-
play. (Decommutation is the identifcation, selec-
tion, and extraction of groups of bits to form the
value of a desired parameter. Decommutation may
be accomplished by computer or by special equip-
ment. )

(2) Format magnetic tapes of the image data for pro-
cessing bv the Ranger TV programs and for con-

version to a film record.

(3) Extract the non-TV data from the data stream and
format a magnetic tape for processing by the
non-TV Science Summary Listing Program.

4

Correct garbled image data, including the correc-
tion of individual bit errors.

A. Processing Method Usad and Pioblems Encountered

In the real-time 7044 computer processing of T+ data,”
the processor searched the data stream for the 31-bit tele-
vision PN sequence and partially decommutated the TV
data. In real-time, the 7044 displayed a tabular listing
for each line, which included the picture number identifi-
cation, the line number, the TV status and engineering
parameters, and a count of the number of bits between
PN sequences. Figure E-6, a sample of one portion of
the tabular display, shows the decimal listing of the de-
commutated nonimage and image data. Twenty-eight
pages of this format type were required for each picture.
The column headings in Fig. E-6 are identified from left
to right as follows:

Time of receipt of the PN sequence for the line (GMT).

Bit number referenced to the special binary printout.

*See JPL Techunical Report 32-883, Appendix C.
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Data frame and subframe to calculate picture number.
Line number.

The non-TV bit on each line.

The camera gain state.

The filter position bit.

The shutter or exposure indication bit.

Two camera voltages.

The intensity for each element.

As a result of the experience gained from processing
the cruise data, a sorting capability based on the picture
number, line number, and data type was included in the
TV data processing scheme, as was the capability to
extract the inserted non-TV data and format it for pro-
cessing by the Science Summary Data Listing Program.
This processing prepared a tape in the proper format for
conversion of the image data to a film record. The 7094
processing also prepared tape in a format suitable for
further computer processing by the Ranger Television
Processing Programs.

The actual implementation included the TV data rec-
ognition, decommutation, sorting, and tabular display as
part of the computer program (titled “Mission-De¢ »endent
Editor”) and a separate program that accepted the image
data and reformatted it for further processing. The sort-
ing capability was extremely useful. The ordering se-
quence and validitv checking of the data could accom-
modate correlation among 50 lines at one time. From an
operational standpoint, this permitted overlap to be pur-
posely included in the data when switching | ~tween
DSIF stations as well as recovery of data by retra: smis-
sion when ground commutation outages lost or garbled
data. For the overlapped data, the sorting routine ord -ed
the data and included the most complete and error-free
data in the delivered stream. In order to maintain the
geometrical relationship between the lines, if data were
missing or nonrecognizable for a given line, an all-black
filler line was inserted (labeled “Foney” in Fig. E-6). In
both the tabular listings and the film records, the all-
black line was immediately evident, thus facilitating cor-
rection.

The errors in the data stream were of two types: indi-
vidual bit errors, caused by either the spacecraft or DSIF
electronics, and garbled lines, caused by the loss or inser-
tion of teletype characters in the ground communication
data stream. Teletype communications were the prime
method of data transmission from the DSIF to the SFOF.
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MARINER 64 ENCOUNTER PLAYBACK DATA —-—— JPEDIT

ELEMENT MATRIX A, GENERAL

HHMMSS  BITND D S LND R. APER AAC FS SIGL vLTG 1 2 3 4
005401 164983 2 2 100 0 0 001--0769.00 -«00 &40 &1 62 63
FONEY -0=0-0 101-0 =Q===0-=0 =-.00 -.00 863 63 &3 63
FONEY 102-0 eOe==D=0 =,.00 -«C0 63 63 63 63
FONEY -0-0~0 103~ I===0==0 =400 =-,0C &3 63 63 63
010410 169693 2 2 104 0 J 001--0269.00 .00 &U 61 62 63
010705 170978 2 2 105 1 G-==0 01 «U0 289.C0 &0 61 62 &3
010940 172256 2 2 106 © C 001--0269.00 -«00 &0 &1 62 &3
011207 173541 2 2 107 0 0---0 01 «-00 289.00 &1 &1 62 63
011502 174823 2 2 108 © 0 001--0269.00 --00 &0 61 62 &3
011714 176106 2 2 109 © 0—-0 01 «00 28S.C0 41 &1 62 63
012000 177388 2 Z 110 C 0 001--0269.0C L0 &1 61 62 &3
012223 178871 2 2 111 © 0--=0 01 +07 289,00 41 61 &2 63
012459 179954 2 2 112 ¢ J 001--0209.00 -«00 &1 &1 62 63
012737 181236 2 2 113 0 0--=0 01 «00 269.CC &1 61 62 o3
0130064 182519 2 2 114 0O C 001--0269.00 -.00 41 61 62 63
013239 183801 2 2 115 O O0——=0 01 .00 289.C0 41 &1 62 o3
013513 185084 2 2 116 © 0 001-—0269.00 -«00 41 o0 62 63
013748 186367 2 2 117 0 0--=0 01 «J0 289.00 42 61 62 63
014019 187649 2 2 118 0 0 001—0269.00 ~-00 42 61 62 63
014255 168932 2 2 119 © 0—=¢ 01 «00 269.0C 42 61 62 63
014528 190214 2 2 120 1 0 001--0269.00 -«00 42 61 62 63
014809 191497 2 2 121 © 0---0 01 «00 289.00 42 61 62 &3
U15035 192780 2 2 122 1 ¢ 001--02e8.0C —eU0 &2 &1 62 63
015311 194062 2 2 123 © c-——0 01 +00 289.00 42 61 62 63
015544 195345 2 2 124 1 0 001--0269.00 --00 42 61 €2 63
015820 196627 2 2 125 0 0—-0 01 <00 289.00 42 61 62 63
020056 197910 2 2 126 1 0 001--C269.00 -.00 42 61 62 &3
020331 199192 2 2 127 0 0—-0 01 «00 290.00 43 81 62 &3
020600 200475 2 2 128 0 0 001--0289.00 -.00 42 61 62 63
020845 201758 2 2 129 1 0-—=0 01 -00 289.00 43 61 62 63
021107 203040 2 2 130 0 0 001-——02é69.00 -=00 43 61 62 63
021342 204323 72 2 131 1 0—-0 01 .00 289.00 43 60 62 63
021615 205605 2 2 132 1 0 001—0269.00 ~.00 &2 61 62 63
021850 206888 2 2 133 . o—0.01 «00 283.00 43 60 62 &3
022128 208171 2 2 134 0O J 001-=0269.00 =00 43 61 &2 63
022403 209453 2 2 135 1 0--=0 01 <00 289.00 &3 61 62 63
U22631 210736 2 2 136 © 0 001--0269.00 -=00 42 61 62 63
022918 212018 2 2 137 1 0——=0 01 -00 289.00 42 &1 62 &3
023139 213301 2 2 138 O C 001--0269.00 ~«00 42 61 62 63
023414 214584 2 2 139 0 0---0 01 <00 289.00 42 &1 &2 63
023646 2158686 2 2 140 0 0 001--0289.00 =00 42 61 62 63
023922 217149 2 2 141 © 0--=0 01 -00 289.0C &3 61 62 63
024159 218431 2 2 142 0 0 001—0269.00 -«00- &3 61 62 63
02424135 219714 2 2 143 1 0—=0 01 -0U 249.00 42 61 62 63
024702 220996 2 2 144 0O } 001--0289.0C0 ~-00 43 61 62 &3
024948 222279 2 2 145 1 0—0 g1 <00 289.C0 43 61 62 63
025210 223562 2 2 146 0 0 001--0269.00 =.00 43 6i 62 63
025445 224844 2 2 147 0 O===0 o} «-00 239.00 43 61 62 63
025732 226127 2 2 148 1 0 001-—-0269.00 -+00 42 61 &2 63
030007 227409 2 2 149 C 0—0 01 «00 249,00 43 61 62 63

Fig. E-6. Television

To compensate for individual bit errors, a program was
written to permit individual elements to be replaced from
punched card input data. The information locating the
elements for this replacement was gathered by noting the
discrepancies listed by a comparison program that com-
pared the identical pictures irom the first and second
playbacks. The replaced element was determined manu-
ally by assuming a value based on the value of the sur-
rounding elements or by using the most likely valve from
one of the two playbacks.

Decommutation of the element information was accom-
plished by referencing the data to the detected television
PN sequence. In the process of ground communication of
the data from the DSIF sites to the SFOF, the spacecraft
data stream was encoded into teletype characters. If a
teletype character was deleted or inserted because of
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PICTURE NUMBER & PAGE 53

DATA AND ELEMENTS 1 THRU 20

62 62 62 62 62 62 62 62 62 62 62 62 62 62 63 b3
63 63 b1 63 63 63 63 63 b3 B3 63 63 63 63 63 63
63 63 63 63 63 63 63 63 63 63 63 63 63 6) 63 63
63 63 63 63 63 63 63 63 63 63 63 63 63 63 63 63
62 62 62 62 62 62 62 b2 62 62 62 b2 62 62 63 63
62 62 62 62 62 62 62 62 62 62 62 62 62 62 b3 83
62 62 62 62 62 62 62 62 62 62 62 62 62 62 63 &3
62 62 62 62 62 62 62 62 62 B2 62 62 62 62 63 &3

2 62 62 62 62 62 62 62 52 62 62 62 62 62 63 83

data tabular display

transmission difficulties, the number of bits between PN
sequence would be altered. Therefore, as demonstrated
in Fig. E-7, the decommutation could be in error.

In Fig. E-7 the correct values are 51, 52, 50, and 49.
Assuming a 1-bit shift, the decommutated values would

1200 bits
A

' |
oo|l1t'roo 101110001
I i

1
T

|
OO0 1T 1Y O
! |

51 52 50 I 49

| | | I
| | I |
| | I |
| 39 | 4| | 37 |

Fig. E-7. Television data decommutation
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be 39, 41, 37, ete. Because of the gross mismatch with
neighboring data, this anomaly was described as “torn
lines.” Figure E-Sa shows Picture 1 with torn lines.

In the initial release of Mariner IV pictures, torn lines
were removed by the process of line averaging. A Ranger
program permitted a specified rectangular area to be
replaced by the average of the vertical ¢lements on the
lines above and below the specified location. If more than

M e

=

W

Fig. E-8. Mariner IV Picture 1: (a) with "torn lines,”
(b) with "torn lines’”” removed and
contrast enhanced
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one element was to be replaced, the interpolated rather
than average value was inserted. Figure E-8b she ws the
results of such processing of Picture 1.

Inciuded in the reformatting program previously de-
scribed was a capability to replace whole lines from
punched card input or to shift the data for a line a given
number of bits and redecommutate the result. This latter
method was unsuited for the purpose of correcting gar-
bled lines, because the garbling condition often occurred
several times in a line in a nesting sequence. The simpler
and more reliable approach was to replace the entire line
based on data from the second playback. In no case was
a line garbled in both playbacks, confirming the ground
origin of the anomaly.

The DSIF-station-recorded magnetic tapes and the tele-
tvpe punched paper tape were scheduled for processing
by the described 7094 programs in order to provide the
television experimenters with the most complete and cor-
rect data stream. The intention was to demodulate the
magnetic tapes using the SFOF Telemetry Processing
Station and directly read the data into the 7044-7094
processing system. Similarly, the paper tape was to have
been read from the SFOF Communications Center into
the 7044-7094 system. By manual selection of the better
data, a merge was to have been accomplished, using the
line replacement technique described. However, the ex-
cellent quality control effected on the real-time process-
ing permitted all bit errors and garbled lines to be
corrected, using only the real-time processed data. There-
fore, station-recorded data were never processed.

B. Computer Processing

The real-time 7044 processing of television data was
operational several months prior to the required time and
did not cause any difficulties during its operational period.
The various aspects of the 7094 processing were carried
out by several programmers. The separate parts were
checked by each cognizant programmer, using self-
generated simulated data. The integration into the SFOF
processing system was completed a week or two prior to
encounter, but was not verified because of the lack of
sufficient TV data for testing through entry into the SFOF
data processing system. A limited set of simulated TV
data afforded some confidence in the operating readiness
of the programs and permitted their release for flight
data processing support.

The computer processing of the television data was
accomplished by a coordinated operations team that in-
cluded computer operators trained for the TV programs,



the cognizant TV programmers and their supervisor, and
quality control pegsonnel in addition to the SFOF opera-
tions personnel. For the first playback, each of the first
three pictures was processed immediately after being
totally received, whereas the remaining pictures were
processed daily, one or two at a time. Computer process-
ing time for each picture was approximately 1 hr. Except
for Pictures 1 through 9 of the first playvback, reprocessing
of television data was minimized, with only occasional
redundant processing.

The conversion of the electrical signal to an optical
image by the video-to-film recorder was treated as a uni-
fied system, careful consideration being given to the type
of film used and to laboratory control of the developing
process. In conjunction with Eastman Kodak Company
of Rochester, New York, SO-337 film and a Bi-Mat pro-
cessing technique were developed to match the dynamic
characteristics of the recorder and to minimize differ-
ences between processing runs. The recorded image data
on the magnetic tape was used to modulate the intensity
of the scanning beam of the recorder. Geometric control
of the scanning beam was accomplished by preset selec-
tion of the format size and precision timing circuits. To
provide dynamic calibration, the 64 shades of electron-
ically generated gray were recorded on film by the re-
corder before and after each recording of a Mariner
picture. To *urther calibrate each film-developing opera-
tion, an optical gray wedge was added, just prior to each
developing, on the unexposed leader accompanying each
run. Each of the developed optical gray wedges was mea-
sured by a photodensitometer to assure the constancy of
the developing parameters. Each picture was processed
by the highly trained recorder operating team as received
from the 7094 processing. Recorder and film processing
of each picture required approximatelyl.5 hr.

Negatives and transparent positives of the film image
were forwarded to the JPL Photography Department,

where conventional photographic printing techniques
were used to produce enlarged copies of the television
images of Mars. In order to readily idertify the location
of picture elements, the Ranger program, used to produce
the magnetic tape formatted for the VF recorder, inserted
“hash marks” for every 5 elements in the vertical and
horizontal directions along the four edges of a picture.
In addition, a title block was included to identify the
mission, the picture number, and the camera number,
and to provide other useful information, such as the
processing data, the source of the data, and any special
processing incorporated.

To compensate for the contrast emphasis inserted at
one end of the photometric scale by the recorder, the
64's complement of data was calculated, processed, and
converted to film images for selccted pictures. As a fur-
ther aid to human interpretation, contrast enhancement
was provided by noting the range of intensity values in
the tabular listing and expanding the scale of included
values to encompass the entire 64-level dynamic range
of the recorder. This was a controlled means of contrast
enhiacement accomplished in normal photography by
printing on high-contrast paper. The first photographs
released to the public incorporated these aids.

Approximately 9 weeks prior to encounter, John H.
Morecroft of JPL proposed real-time processing and
image display of Mariner IV TV data by using a PDP-7
computer and the Space Science Video Processing Lab-
oratory. The real-time teletvpe data stream was entered
into the PDP-7, where control characters were removed
and identification of television data was accomplished.
The output of the PDP-7 was routed to a digital-to-analog
converter, a slow scan monitor, and a scan converter. This
svstem permitted viewing of the image as it was being
received, recording of the image using a Polaroid camera,
and evaluation of various processing technijues for con-
trast enhancement and removal of the photometric
distortion.
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Appendix F

Haze Studies

l. Presence of Haze

The first photograph of Mars taken by Mariner IV
showed the bright limb of the planet and the “sky™ area
bevond the limb (see Appendix H). Instead of fading out
to complete darkness, the “sky” area remained nearly 30%
as bright as the planet, even at a height ot 150 km above
the planet. Some haze was also present in Pictures 19
through 22, taken at and bevond the terminator, but was
here less than 10% as bright as the planet. In the photo-
graphs taken between the limb and the terminator, the
haze could not be measured because of the absence of a
known black reference. it seemed likely that some haze
was present n all of the photographs because of their
very low contrast. It was necessary to investigate the
cause of this haze since it was known that its presence
in the photographs would seriously affect the accuracy of
photometric measurements of the Martian surface and
the interpretation of its features.

The possible sources of haze or veiling glare in the
photographs include:

(1) Scattering by dust or clouds in the Martian atmo-
sphere.

gl

Degradation of TV camera telescope by condensa-
tion of some outgassing product from the space-
craft.

(3) Malfunction of the camera electronics system.
(4) Etching or blistering of the optical surfaces.
(3) Pitting by micrometeoroids.

A number of experimental tests were made to try to deter-
mine the actual cause of the haze.

A. Electronics

To test whether the background haze in the Mariner IV
photographs may have been produced by some malfunc-
tion in the camera electronics, the camera was turned on
several weeks after the Mars encounter, and photographs
of black space were recorded at each of the four gain
settings and transmitted to earth. In these photographs
the video signal was at the proper “black” level, indicat-
ing that the camera electronics were working properly
at the time of the encounter and that the haze was in fact
related to the presence of Mars and was due either to
atmospheric scattering or to scattering of Martian surface
light in the optical system.
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B. Collimator with Side Light

Initial “haze” tests utilized a Mariner-type television
camera viewing a 22.5-cm-focal-length collimator contain-
ing a resolution chart and with its exit aperture sur-
rounded by a diffuse white reflector. The collimator light
level was set to a typical Mars brightness (about 0.6
lambert), and the white reflector was side-illuminated
with a 1000-W flood lamp. To produce a haze level equal
to that found in Picture 1 required a diffuse side-light
level such that all resolution was lost. Since features were
scen on the Martian surface, and since a brightness of
2.5 lamberts (four times that of Mars) was required to
obtain the effect, this approach was discarded.

the second set of tests was conducted with the simu-
lated “Martian surface” plaster model based on features
seen in Pictures 7 through 15. Viewing this model through
a semi-mirror and introducing diffuse light by reflection
in the semi-mirror, the contribution of the haze to the
total light seen at Mars could be estimated. Tests were
made under lighting conditions similar to those of Pic-
tures 1, 7. 11, and 15. By visually comparing several test
pictures with the corresponding flight picture, the fol-
lowing rough estimates were made:

Picture | Haze contribution to apparent brightness.%
1 39
7 43
11 34
15 50

These estimates assume that the surface slopes used in
the model are a true representation of slopes on Mars.
If Mars has smaller slopes, the haze contribution is
reduced.

C. Side-light and Mirror Degradation Tests

The purpose of these studies was to determine whe ther
the haze was due to light scattering in the optics and, if
so, to derive haze functions for the optics that could be
applied to the video data to correct the brightness and
the contrast of the photographs. Under optical conditions
closely simulating those existing during encounter, nu-
merous attempts were made to produce scattered light
in the optics approximately equal to the amount of haze
found in the photographs at the limb and at the termi-
nator.
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The approach taken in the studies was, first, to measure
how much scattered light was produced by a “clean”
optical system, and then to simulate various possible
degradations of the optics to determine what effect cach
would have on veiling glare. The tests were of two basic
categories: (1) those designed to determine the light-
scattering characteristics of the optics under various con-
ditions, and (2) those designed to simulate the lighting
situation during encounter to find out whether any ar-
rangement could produce haze duplicating that which is
seen in the Mariner photographs. Because the resolution
of the photographs appeared normal and the video level
(brightness) was within the expected limits, consideration
could be given only to those optics modifications that
would produce the required amount of veiling glare with-
out simultaneously producing a great loss in resolution or
causing a drastic change in the apparent “speed” of the
optice. Also, any such modification had to simulite a
condition of the optics that actually could have occurred
sometime between launch and encounter vith Mars.

Some of the possible causes of veiling glare that were
studied are:

(1) Direct (nonimaged) light from outside the camera
field of view striking the vidicon faceplate because
of inadequate light shielding or baffling.
Increased reflectivity caused by degradation of the
dull black interior surfaces of the optical system
by micrometeoroid erosion or by condensation of
outgassed products on the surfaces.

(3) Pitting of the mirrors by micrometeoroids.

(4) Possible blistering of the electroless Kanigen nickel-
nickel phosphorus coating on the mirrors after long
exposure in a high vacuum.”

“Blistering of the aluminum reflecting (mirror) surfaces could have
been due to the basic construction of the telescope mirrors. These
mirrors were made of bervllium metal overcoated with Kanigen
( nickel-nickel-phosphorus), a hard alloy. The precision optical
reflecting surface was ground and polished on the thin Kanigen
coating, and this coating was further coated with a conventional
aluminum reflecting film and a silicon monoxide protective layer.

When Kanigen is deposited on beryllium, it forms monatomic
hydrogen, which may be absorbed excessively by the beryllium
metal. Since it is uncertain whether the Mariner IV telescope mir-
rors were heated to more than 129°C, there is a possibility that
hydrogen remained entrapped in the beryllium and  escaped
through the Kanigen and aluminum films during the seven-month-
long trip through the deep space vacuum. If this occurred, the
aluminum reflecting surface could have blistered and given rise to
scattered light and veiling glare in the image. Samples of Kanigen
on ber’llium mirrors were held in an ion chamber at 10* mm Hg
120 to
+149°C, but blistering was not observed. However, there was

for several months, under temperature variations from

some chipping of aluminum at the edges.
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(5) Coating of thc filters in the shutter or vidicon face-
piate by outgassed products such as polyurethane,
which was carried in the vidicon electronics system.

(6) Coating of the primary and secondary mirrors by
outgassed products.

(7) Fluorescence of the color filters in the camera.

Il. Optical System Tests

The tests performed on the optical system were the
following:

A. Collimated Point Source Test

The purpos= of this test was to measure nhotoelectri-
cally the amount of light introduced in the image plane
of the optical system from a collimated light beam as a
function of the angle of the beam with the optical axis.
The setup for the test consisted of the Mariner television
optical system including shutter and filters, a photomulti-
plier photometer mounted behind the optical system to
measure the light intensity in the image plane, and a
concentrated arc lamp and collimating lens to illuminate
the front of the optical system. The size of the arc in the
concentrated arc lamp was small enough to be considered
a point source. The arc lamp was placed in the focal plane
of a 30-cm f 2.5 Aero Ektar aerial camera lens, which
produced a parallel beam of light approximately 12 ¢m
in diameter—large enough to illuminate fully the front
of the optical system. The arrangement is shown in
Fig. F-1, except that the pinhole mask shown was not

— PHOTOMULTIPLIER — PINHOLE
TUBE | MASK IN /— FILTER
FOCAL PLANE /
\‘ GROUND GLASS ~\\f 7 — marmer or
\ \ / \
e U TV OPTICS
- U] /
| M
.
=

Y

Fig. F-1. Arrangeme:: ot T optics uns photomultiplier
for veiling glure and <im .icted Mars
iranspavency scan fosts
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used for this test. The photomultiplier and optics were
mounted on a nodal slide in a manner that allowed them
to be rotated as a unit about a vertical axis.

The collimated beam was aligned with the axis of the
optical system by putting a piece of ground glass in the
focal plane of the optical system and positioning the
concentrated arc lamp and the optical system so that
the image of the arc was centered in the shutter aperture.
The photomultiplier was then mounted in position behind
the optical system. Photomultiplier readings were taken
at l-deg intervals as the angle between the collimated
beam of light and the axis of the optical system was varied
from 0 to 30 deg by rotating the nodal slide. The photo-
multiplier measured the total amount of light in the image
plane.

B. Veiling Glare Test

The purpose of this test was to measure photoelectri-
cally the veiling glare in the image plane of the television
optics as a function of the angular diameter of the illumi-

nated source at which the optics were aimed. Photo-
graphic tests of this kind were also used to verify the
photoelectric data. The test setup (Fig. F-2) consisted of
a light box with various circular masks to vary the size
of the light source, the 30-cm Aero Ektar lens used as a
collimator, and the photomultiplier=TV optics arrange-
ment. This arrangement consisted of the TV optical sys-
tem with shutter and filters, a pinhole mask in the focal
plane, a piece of ground glass behind the pinhole, and
the photomultiplier positioned behind the ground glass.
As in the collimated point source test, the photomultiplier
and TV optics were mounted on a rodal slide which
allowed them to be rotated as a unit around a vertical
axis. The light box was uniform in brightness within 5%
across the area of the largest mask.

One of the circular masks was positioned on the light
box, and a 1.5-mm-square piece of black felt was placed
on the light box opal glass in the center of the mask.
With the photomultiplier and pinhole mask removed, the
optics with the ground glass in the focal plane were
aligned so that the square piece of felt was centered in
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i
-
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Fig. F-2. Veiling glare tests
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the field of view. Small adjustments in focus were made
by moving the Aero Ektar lens slightly. With the image
of the black felt in the center of the field, the 0.5-mm-
diameter pinhole mask was placed in front of the ground
glass in the focal plane and centered over the image of
the black felt spot. As the optics were rotated around the
axis of the nodal slide, the pinkole mask would scan
across the image of the black spot.

Photomultiplier readings were made of the relative
brightness of the image of the black spot, and of the light
box to either side of the black spot, for each of six
masks. The linear and angular diameters of these masks,
as seen by the TV optics through the collimating lens.
are given below:

125 ¢m 23.5deg
10 18.9

5 Y5

2.5 45

1 1.5

6 1.2

The 1-cie (1.5-deg) mask was slightly larger than the
field of view through the shutter apcrinre.

Figure F-3 presents the important results of the veiling
glare tests. The stray light curve for clean optics showed
that the TV optical system was adequately shiclded for
stray light, since the maximum stray light was only 6%
with a bright source 23.5 deg in diameter, the approxi-
mate maximum angular diameter of Mars as seen from
the spacecraft. (As seen from Mariner IV, the Martian
disc was, of course, not fully illuminated.) Rounded
blisters on the mirrors produced a maximum of 29% stray
light in the image; shallow blisters produced 63% stray
light. Although this is a considerable amount of stray light,
the test did not reproduce the illumination conditions
that Mariner IV experienced but is essentially a “worst
case” situation. From the curves in Fig. F-3, it can be
seen that most of the stray light came from a solid angle
less than 10 deg in diameter or 5 deg from the axis of
the optical system.

The thin, shallow blisters produced more stray light
than rounded blisters because, in a closed-tul e Casse-
grain system, the mirrors are well shielded from light
incident at large angles with the axis.

C. Photographic Tests
These tests, including direct photographic photometry

of the image, were originally intended to provide the
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image brightness and contrast data for the veiling glare
tests and the Mars simulation tests. However, owing to
the difficulty and time involved in obtaining the photo-
graphic image data, the photographic technique was used
to verify the accuracy of the photomultiplier technique.
The test setup was the same as that for the veiling glare
tests, except that the photomultiplier was replaced by a
roll film holder. In addition, a timing circuit was connected
to the light box and used to expose the film for the proper
length of time. The precedure for the veiling glare tests
was to center the image of the black spot in the optics
field of view and then focus the image on the ground
glass by moving the Aero Ektar lens. The film holder
was designed so that the ground glass could be placed
in the same plane that the film occupied in the film holder.
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For each mask size an exposure was made on film. At
the beginning and end of the film roll, a small calibrated
step wedge was placed on the film roll in the optics image
plane and exposed by turning on the light box for
the same exposure as was given in the test. The photo-
graphic data agreed with the photomultiplier data within
about 10%.

Using the photographic photometric technique, tests
were also made on the veiling glare arising in the tele-
scope from outgassing of paints and plastics, such as
polyurethane, in the space vacuum and their redeposi-
tion on the telescope mirrors and light shields. These
materials introduced some veiling glare, but not nearly
enough to explain that which was actually encountered
by Mariner IV.

D. Mars Simulation Transparency Scan Tests

The purpose of this test was to simulate as closely as
possible the optical conditions seen by the television
camera during encounter with Mars. In order to simulate
Mars optically as the television camera saw it, a photo-
graphic transparency of Mars was mounied over a uni-
formly illuminated light box and viewed by the camera
through a large lens so as to appear to be at an infinite
distance. (The lens itself introduced a negligible amount
of scattered light.) The Mars transparency was made by
photographing a 30-cm-diameter, hand-painted globe,
illuminated by a spot lamp placed 6 meters away. The
globe of Mars was positioned so that the subillumination
point on the globe was at the subsolar point on Mar,
during encounter. The globe was then photographed with
a Questar telescope from about 21 meters. The subcamera
point on the Mars globe was on a perpendicular rom the
spacecraft trajectory through the center of the planet. A
black-and-white Mars transparency, made from the nega-
tive, was then taped onto the opal glass on the light box.
A black cardboard mask, wich a cutout shaped like the
Mars globe image on the transparency, was placed on
the transparency so that all light from the box was blacked
out except for the Mars image. Five small felt squares
were placed on the light box, approximately along the
line followed by the camera field of view.

The collimating lens was then focused using the same
technique as in the veiling glare tests. The pinhole mask
was aligned so that, as the optics were rotated about the
nodal slide axis, the pinhole scanned all five of the black
spots. The ground glass and the photomultiplier were
mounted as shown in Fig. F-2. Photomultiplier readings
were then taken as the optical system was rotated and
the transparency was scanned. Readings were taken at the
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limb in J-deg increments, starting at 4 deg off the limb.
The photomultiplier and optics were scanned across cach
of the black reference spots across the transparency.
Readings were taken of the brightuess of each black spot
and the area on either side of it.

The Mars transparency test showed that a clean optical
system, under simulated conditions of the Mariner IV
encounter with Mars, gives a high-contrast image with
very little background veiling glare. During these tests
the only optical degradations that produced enough veil-
ing glare to approach that seen in the first Mariner IV
photograph were shallow simulated blisters on both
mirrors,

E. Mars Simulation Mask Scan Tests

Because of the difficulty of simulating accurately the
relative brightness profile of Mars across the area scanned
by Mariner IV with the transparency of the Mars globe,
it was decided to remove the transparency from the light
box, leaving ouly the outlining mask in place. This gave
a “worst case” simulation of a uniformly bright planet.
The test setup was identical to the one used in the Mars
transparency tests except that the transparency was
removed. The small pieces of black felt were placed at
intenvals across the mask area of the light box so that
they would be scanned by the optics as they were rotated
on the nodal slide. The test procedure was the same as
that used in the Mars simulation tests. Both scanning
methods were used: rotating the optics and photomulti-
plier as a unit and pointing the optics at an area and then
scanning the image with a pinhole mask attached to the
photomultiplier.

The clean optical system produced very little veiling
glare bevond the limb: a maximum of 4% of the limb
brightness. On the other hand, the optics with blistered
mirrors not only produced considerable veiling glare be-
vond the limb (a maximum of 32.4%), but produced a
great loss in image brightness. The brightness of the
limb (bright area) with blistered mirrors was only 35.5%
of the limb brightness with clean optics. In comparing
the effeci of the simulated blisters with the effect of
optics coated with clear spray-on lacquer (Xrylon) it was
found that the Krylon produced nearly the same veiling
glare as the blisters but did not cause as great a loss in
image brightness.

F. Visual Resolution Test
The purpose of this test was to measure whether degra-

dation of the optics affected resolution as well as contrast.
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The test, which was made with an Air Force target,
employed a clean, nondegraded optical systen: and a de-
graded svstem. No significant loss in high-contrast reso-
lution was observed.

Ill. General Conclusions

1. A clean Mariner IV television optical system could
not have produced the haze. In none of the tests con-
ducted did the clean optical system prodi ce more than
a few percent (maximum of 6%) veiling glare The veiling
glare at the limb in the Mars simulation tests was only 4%,

2. It is quite doubtful that any abrasion or coating of
the black interior surfaces of the optical system could
have produced the haze. In none of the tests that sii -
lated increased reflectivity of the black interior surfaces
was there enough stray light produced to account for
the haze.

3. Sufficient pitting of the mirrors (e.g., by microme-
teoroid impacts) could have produced considerable veil
ing glare. However, the micrometeoroid count experi-
enced by Mariner IV appears to be far too low to explain
the veiling glare encountered.
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4. Only two simulated optical system degradations
were found that produced enough veiling glare in the
tests to equal the amount o' haze shown in the first
Mariner IV photo. One of these was simulated blistering
of the mirror surfaces; the other was coating of the mir-
rors with a thin coat f lacquer to simulate space debris
dooosited on the optical surfaces.

Tke simulated blisters were shal’ow (rather flat in cross
section) and covered from 40 to 50% of both mirrors. They
procuced 63% veiling glare with the optical system pointed
at the center of a bright source having a 23.5-deg anguiar
diemeter. In the Mars simulation mask tests, with the
optical system pointed at the limb, the veiling glare or
haze at the limb was 32%, which was slightly greater than
Mariner IV Picture 1.

Lacquer mist sprayed on the mirrors to simulate pos-
sible condensed materials produced 26% veiling glare at
the limb in the Mars simulation mask test, but produced
only a 15% loss in light at the center of u.e mask. This
proved that it is possible to degrade the mirrors enongh
to produce cor. Terable veiling giare without a great
overall loss i. r.e snghtness.
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Appendix G

TV Interpretation Studies

|. Pre-encounter

During the period between launch and the return of
TV picture data from Mars, the scientific team responsible
for evaluation of the pictures became familiar with the
capabilities and limitations of the spacecraft TV system.
The problem of interpreting pictures of an unknewn
planetary surface led to laboratory and field tests to pro-
vide the specialized photo-interpretive data necessary w
evaluate the encounter photographs more precisely.

Although the pictures returned from Mars were to be
quantitatively analyzed, using the digital numbers repre-
senting the observed brightness of the planet, well-
balanced pictures of moderate contrast are required for
subjective interpretation of the surface and to provide
clues as to the most interesting areas to examine among
the 40,000 numbers comprising each picture.

As the magnitnde of this problem became better under-
stood, the initial proposal to carry out TV photography of
local terrain from elevated ground sites and or aircraft
was discarded in favor of controll~d laboratory studies.
The pre-encounter activities were divided into four gen-
eral categorie

(1) TV system selection
(2) Laboratory tests
3) Field tests

4} Presentation optimization

A. TV System Sel2ction

A TV subsystem was required that could closely simu-
late the flight subsystem (MC-4) in sensitivity, color re-
sponse, and geometrical characteristics. The subsystem
selected was a hybrid consisting of electronics from the
prototype svstem and a proof-test-model (F'TM) camera
head of an early mechanical design with especially se-
lected vidicon tube and color filters of the flight type.
This subsystem (P-2) exhibited response characteristics
within a few percent of those of the fiight subsystemr

(Fig. G-1). The camera had provision for mounting of

various optics. In addition to the 305mm, T8, Cassegrain
telescope, 28, 55, and 100mm
in lab studies to provide varying scale factors for each
test. Adaitional flexibility of operation was

ofrocting lenses were used

‘ovided by
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Fig. G-1. Spectral respense of flight field test
TV camera system

changing the exposure time circuit from fixed two-speed
(80 and 200 msec) to continuously variable from 80 msec
to 1.60 sec.

B. Laboratory Tests

Tests were performed to determine detectability thiresh-
olds of simple simulated topographical features (e.g..
slopes and edges characteristic of faulting and mountain
foiming activities) and variations in color and albedo
tyvpical of contiguous terrains of differing composition o
age. Combinations of both were also studied.

Quantitative data were obtained from simple step
models painted in grey shades to simulate Martian light
and-dark area reflectivities (p = 0.18 and 0.07, respec-
tiv- ly) as shown in Fig. G-2. The models werce illuminated
by a 750-W spotlight at geometries analogous to those
anticipated at encounter. Models were mounted on a
three-degree-of-freedom platform and oriented to desired

141




—
.
e

v

e

P
oraied
.
T

————

238831 '3
: d $ i
1358]
H ‘} H
| i -
i it j i
it : H H i
% 2 HiE
i i
i
!
141 Siriaise 4
3 ] ¥
i : $ i F T
1 $ $11 o s X o
H i : i
$ Hit
i 1
+ i
i

Fig. G-2. Step/edge model

positions relative to the TV camera and the light source
(Fig. G-3). As at encounter, z censtant phase angle of
60 deg was maintained.

Scale factor and subjective evaluation studies were
made using U.S. Army Map Service topographical relief
maps painted suitably to simulate terrain as ceen from
high altitudes (Fig. G-4). By proper choice ot optics,
equivalent ground resolution could be simulated for judg-
tability of terrestrial formations under the
conditiv.., of the Mars encounter.

: 1
g t
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C. Field Tests

Field operations at the Mt. Wilson Observatory were
conducted during the March 1965 opposition in order to
directly check the sensitivity and the color filter selections
by actually photographing Mars. The TV system was
coupled to the 60-in. Mt. Wilson reflector in folded Cas-
segrain configuration, and direct TV pictures were taken
of the planet. To compensate for the difference in the
optics (the 60-in.-telescope Cassegrain focus is f 16), the
variable exposure time was used and most pictures were
taken at S0C msec. On the nignt of March 20, 1965, when
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\ SPOTLIGHT, STEP very closely matched the calculated and measured re

//\ \ the \l:lml ]1-‘|||;‘ greater wor the green hlter. These results
, 750 W r MODELS

sponsitivity to the 3000°K light source used for flight

f \ system calibration. In addition, the apparent hl'l"_']nlllr\\
[jln-« ———————————— —#\ \ of the disc was within a factor of 2 of that expected
\ \

FIELD TEST\ \\Y \ 536 ft-lamberts) without consideration of the absolute
CAMERA  \ \_\/ — rency (estimated at 60-802). and well
HEAD \ \‘\ atmospheric transparency (estimated at 60-80%), and wel

\ ! C within the self-adjustment range of the flicht camera.
X /
\__ /
. /
\ 1— 30-in,88% REFLECTING

O_
/ FIRST SURFACE
MIRROR

60 deg )\ /

Fig. G-3. Laboratory setup for model studies

M=% 1« " 1l ¥ i kElac F iy

Fig. G-4. Terrain model of the Bakersfield (California)
area ialso shown is a linear grey step chart
providing a check of system gamma
during model studies)

reasonable seeing and very good atmospheric transpar
ency were experienced, more than 60 pictuies of Mars

were obtained, and the video signals recorded on mag- Fig. G-5. Mt. Wilson 60-in.-reflector, full aperture,
netic tape. Later, at JPL. the data were digitized and 800-msec exposure, March 20, 1965, Mars
plaved back into the PDP-4 (programmed data processor date June 15, central meridian 40 deg,

and 35mm negatives were obtained from the video south at top, magnitude - 0.9
processor Fig. G-5). \Ir_l]_‘. sis of the digitized video indi (a) Green, 540 nm, (b) Red,

catec. a 15¢ diference between red and green pictures, 600 nm

JPL TECHNICAL REPORT 32-884 143




D. Presentation Optimization

Encounter pictures were received in digital form. After
being decoded by a computer, these were imaged by the
video data processor onto 35mm film. The film was ex
posed by a cathode-ray tube (CRT) beam that was
iln!vlnx‘it)-unnln]dh'd by voltage prnpm'tl(m;l] to the

digital level as it scanned the 200 < 200 eleinent raster.

Laboratory and field test TV picture data were recorded
on magnetic tape. Real-time check prints were made from
a time lapse cinerecording of the TV monitor display.
The magnetic tape recorded data were digitized during
playback, and after suitable computer processing were

processed by the VFC system in the same manner as
flight data

To enhance the interpretability of encounter pictures
various parameters of the VFC system and the computer
200 element

raster leaves large spaces between dots (elements) on a

operations required optimization. The 200

35mm format. To provide smoother appearing pictures,
the scan format size was decreased and the CRT beam
defocused slightly. Additional smoothing could be ac-
('mnpli.\]u‘(l })_\ int('rpulutinn between elemenis to derive
a 400 > 400 element picture. To ensure that all of the
data in the picture can be seen, the computer can also
invert the numerical data allowing the film to be v\pusv(l
more linearlv, and the gamma was adjusted to provide
lower but more linear contrast (i.c., s 1.0, cf. y = 1.5).
The result was a picture showing the scene as photo-
graphed—that is, as continuous data without the inter-
ruptions between dots (Fig. G-6).

Il. Postencounter

After the receipt of encounter data, the model studies
were continued to further refine the interpretability of
the TV pictures. Based on data from the flight pictures,
a model was constructed (Fig. G-7) and installed in the
lab setup shown in Fig. G-3. The model was fabricated
by dropping steel aud plastic spheres from various heights
into semisolidified plaster which was predved to give a
reflectivity of approximately 20%. This model was photo-
graphed at encounter geometries and at varying scale
factors so that visual crater detectability as a function of
depth-to-chameter ratio could be determined. The model
was also viewed with added diffused light in order to
investigate the haze seen in the flight pictures (see Ap-
pendix F).
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Fig. G-6. VFC system processed model study picture
with optimized operation (cf. Fig. G-2)

Fig. G-7. Martian topography, simulated model
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Appendix H

Martian Slopes and Surface Roughness

I. Introduction

The magnitndes and topographic scales of slopes are
of direct interest both for improving our understanding
of the present conditions and past history of the Martian
surface. and for planning future planetary  probes.
Information on slopes at a scale larger than a few kilom-
cters may be derived from the Mariner IV pictures,
while doppler radar studies provide some slope infor-
mation down to a scale of a few meters. All available
information indicates that the Martian terrain is quite
smooth relative to the upland aress of the moon. The
implications of this conclusion to the understanding of
Martian surface processes are considered in Appendix 1.

Two different kinds of topographic data have been
obtained from the calibrated Mariner IV intensities. First.
large-scale slopes have been calculated directly from the
intensity values in profiles across craters where the ditec-
tion of maximum slope was clearly evident. Second, the
2- to 3-km intensity “roughness” Las been separated into
albedo and topographic contributions and average slope
estimates made on this basis for the general land surface
away from conspicuous topographic features.

Il. Direct Computation of Slope and Elevation
Profiles

If a level surface of albedo a is observed at an altitude
angle ¢ to the horizontal and azimuth Ae, and uminated
by the sun from an altitude angle i at azimuth A, the
apparent intensity per unit solid angle will be

[{0,a) = L aq (s, i,2A;¢) sin i (H-1

where AA;: = A;
describes the scattering properties of the sirface, and
[. is the solar radiation intensity intercepted by a surface
normal to the direction of the sun. in the case of a per-
fectly diffusely reflecting surface, g (¢,i. AA;¢) is constant,
and in the case of the moon it can be reduced to f(a).

- Ae. g (.4, AA;) is a function whicis

where a is the phase angle, The surface of Mars evidences
an intermediate photometric function to the extent that
some limb-darkening is observed. However, we shall be
concerned with cases whe-2 ¢ varies only rather slightly
from that of a level surface. Hence, we shall consider
 (e,0,AA,) to be constant across a given crater. Then
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1(0,a) = I,aq (¢) sini (H-2)

The intensity at a point where the slope of the surface
is s radians, and the surface normal lies in the vertical
plane including the direction to the sun, can be written as

Iis,a) = L.aq (¢) sin (i — s) {H-3)
lu).m%.\— (H-4)
sin i

if the albedo is unchanged from that of the adjacent level
surface. Finally, if the normal is at an azimuth A, to the
sun azimuth, then

I1(0.a)(sinicoss — cosisinscos AA,.)

I(s.a) —
sint

(H-3)

where cos AA,. = cos (A, — Ag).

Uling the above relationships, Clyde Chadwick, a
graduate student in planetary science at Caltech, devel-
oped a computer routine for the computation of slope
profiles and, by integration, relative elevation profiles.
In his routine the slope at each point of a profile is
obtained by solution of the quadratic equation

as* +bs+c=0 (H-6)

where

[(s,a) . ]° .
a gt ek A T oS i cos AA
1{0,a

b — 2sinicosicos AA,,
I(s,a) . —| o

¢ ——sini sin® i
10.a) |

In order to ensure the requisite two-dimensional
svmmetry, contour maps were prepared of the intensity
it each (line-element) point in the area of the crater,
Diametrical profiles through the crater were then se-
lected where twe-dimensional symmetry was clear (i.e.,
where the intensity contours iatersected the profilc
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normally). Slopes were computed for each point in the
profile, and then topographic profiles were generated by
integration of the slopes in serial fashion from one end
of the profile to the other. A range of values of level
intensity (0, a) was used in each profile. This range in-
cluded the intensities of the nearly level surfaces at each
end of a profile as well as the intensity values for appar-
ently flat portions of the crater Hoor. This variation was
necessary because a slight change in assumed albedo—
and therefore level intensity—produces a slight systematic
increase or decrease in all slopes, “.e., a tilt. Hence con-
siderable experimentation was necessary in order to avoid

any conspicuous uniform tilt of the profile. Figure H-1
illustrates the procedure. However, in some cases it was
found that the particular level intensity value which re-
moved tilt of the surrounding terrain on the two sides of
the crater resulted in conspicuous systematic tilts of part
of the interior of the profile. Such a result can easily arise
from variations in albedo across the crater. In some cases
these variations could be dctected in the original printout
intensity data (see Part 11 of this report), when the data
were contcured and the profiles computed. In others, the
transition between differing albedo regions was not
abrupt enough to be detected in this way, and some

POL132€432
. 4 ]

HAZE 18

H +
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4
»

(o) 3d01S JAILYIIY
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VERTICAL EXAGGERATION=16.5

55

HAZE 25

() 3d0OTIS 3AILVI3Y

HAZE 32
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N s
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Fig. H-1. Parametric variation of haze and level intensity values

The maximum and minimum possible values of haze, estimated in Section Il of this report, merely vary the maximum slopes from about 10 to 15 deg.
None of the level intcasities used removes the obvious "'tilt'’ in the section. Examination of the contoured intensity data shows that the level intensity
at the north end of the section is about 10% greater than that of the south. Hence some adjustment must be made for this change, either cbrupt or
gradual, in order to generate o topographic profile which is not obviously tilted. However, the relative relief of the crater may be estimated satisfactorily

even from o tilted profile.
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distortion still remains. It should be noted, however, that

albedo variations are only a sec

ondary source of error

in estimation of slopes, since much of the crater relief

is restricted to relatively short distances, especially near

the crater wall. Hence the estimates of general relief

derived from the slope profiles are, in general, not

likely to be significantly in error from undetected albedo

variations.
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Fig. H-2. Profiles of selected craters in Picture 9
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Haze velue used is 30; level intensities are as indicated. The slight asymmetry in L70 E168, and probably that in L&1 E109, reflects slight variations in

albede ccross these craters.
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One other possible source of error arises from the  profiles published here is, in every case, the average of
aeneral haze and glare intensity which is, of course, in-  the two limits.
claded in the intensity printoute The effects of a varia-
tion of haze intensity were ey ted. Overcorrection of
the intensity, by subtraction from both 1(0,a) and I (s, a)
of too large an estimated baze intersity, results in excess

Symbols used herein (Figs. H-1 through H-5) are de-
fined as follows:

sharpening  of relief, while undercorrection results in Height
artificial smoothing of relief. Fortunately, both upper Slope
and lower limits of the haze can be determined inde-
pendently (see Section III-C). The value used in the Albedo contrast ¥—%—%—%—x%
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Fig. H-3. Profiles of selectea craters in Pictures 9 and 10

Haze value used for Picture 10 is 28; that for Picture 9 is 30, Note complex interior of L72 E44. Slight asymmetry of L169 E51 probably is due to albedo
variation. The rectangular structuie of L124 E113 is not simply a product of the vidicon scan pattern since the linear intensity contours cut across the scan
direction in part and =:2 several elements wide.
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Crater outline
Definite .
APPIOXIMALO woew : 3. & w vt 4.6 wwi s 558

Haze correction value used” HAZE 25
“Values of haze and intensity used in the subsequent illustrations
(Figs. H-1 through H-5) were taken from intermediate processed
picture data. Numerically, the data here differs systematically from
that of Part II of this report as follows:
Red picture data (App. H) x 1.36 = red picture data (Part 11)
Green picture data (App. H) x 0.94 = green picture data
(Part II)

Such systematic effects do not affect caleulated slopes or heights.

Level intensity used® LEVEL 091
Location of albedo contrast
on section A

Mismatch of slope between two pro- /
files of differing level intensity N 4
which have been adjusted to pro-
vide continuous elevation profiles

Figures H-1 through H-5 present basic Martian topo-
graphic aata obtained in the manner outlined above.
Some interpretive comments are presented in Sectien II
of this report.
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Fig. H-4. Profiles of Crater P10 L126 E148

This crater exhibits both structural and albedo variation across the floor. However, an average albedo of the floor significantly lower than that of
the surrounding area is clearly indicated under any circumstances. The large apparent elevation differences between opposite walls on the N-§ and
NE-SW sections very probably arise from complex albedo variations.
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Fig. H-5. Profiles of selected craters in Picture 11

Crater L182 E36 appears to be one of the deepest craters in the Mariner IV pictures. The extreme NE rim is probably a result of an uncorrected albedo
variation, since the relative relief of 1100 meters on the NE-S'W profile is consistent with the other tv:-

shailow. Hoze value used is 24,
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profiles olthough the apparent depth is too
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I1l. Statistical Measures of Slopes

The only topographic features present in the Mariner IV
pictures which provide an unambiguous measure of sur-
t-ce slopes are the craters. Although other features are
wIso seen, it is not p()»i‘)]v in any .sp(‘(‘ifi(' instance to
distinguish with certainty between surface albedo varia-
tions and shading due to oblique illumination of a tilted
surface. In spite of this limitation, however, it may still
be possible to derive some meaningful information about
albedo variations, as well as slopes, on a statistical basis.
This question has been studied in several ways, and it
seems possible to place useful limits upon the rms albedo
fluctuations and upon rms slopes.

Consider a region which possesses a certain rms relative
albedo fluctnation o, = (AA a)*)':, and a certain rms
slope fluctuation o. = (s°)'s, A being the local “albedo”
(reflectance at the given angles of illumination and
observation) and s being the local slope (in radians)
relative to the local horizontal. For simplicity, assume
that the surface is Lambertian, so that I = Al, cos #,
where [ is the observed intensity, I is the intensity »f a
white Lambertian surface illuminated normally, and ¢
is the local zenith angle of the sun. Then a fluctuation
Al of
to the «.hedo Huctuation and the other due to the slope

he intensity is made up of two terms, one due

Auctuation:
AAL cosf — Al,sin 4 A#
LY —- —
Al cos#
AA'A-—tanf Ad (H-7)

If it is then assumed that albedo and slope are statisti-
cally uncorrelated, this leads to an rms relative intensity
fluctuation o, equal to

(H-8)

of = (AL o o tan- 4

19| —

where the fact~ of 2 arises from the fact that only one
component ot local slope contributes to a change in

the solar illumination angle:

(Af)- S (H-9)

19| —

From Eq. (H-8) we find, as expected, that albedo
Huctuation should dominate near the subsolar peint, and
sicpe fluctuations shonld become more important pear

JPL TECHMICAL REPORT 32-884

the teominator, The phenomenon is well exhibited in
lunar photographs of similar phase.

In order to study these effects. the relative intensity
fluctuation o, was measured over square areas of various
sizes in the Mariner IV pictures; the full picture area and
squares 16, 3, and 2 picture elements on a side were used.
In the last two cases, averages of o, over 16 » 16 element
squares of the original picture, designated (o)), were also
evaluated. For each picture, the minimum and maximum
values of (o;) were found by inspection of the 10 « 12
matrix of (o, values, omitting those values around the
edge of the array. Plots of (o)), and (o)., vs picture
nurber were next made (Fig. H-6). These plots revealed
that (v,),.., varied quite smoothly from picture to picture;
o) Was less systematic in its behavior but was in each
case approximately a constant factor times (o).

These results suggest that the statistical characteristics
of the slope and albedo do p~* depend as strongly upon

L | L Ll | L | L | L | L DL I
Ol £ ]
- 16"~
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2"
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18 20

Fig. H-6. Maximum and minimum intensity fluctuations
vs picture num. ¢r

The fluctuations cre shown for several different square sample sizes, all
averaged over 16 x 16 element squares.
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the gross character of the local surface—ie., its classifi-
cation as “desert” or “mare”—as upon the local conditions
of solar illumination, time ot day, season, ete. This is
further borne out in a plot of of vs tan*# (Fig. H-7),
which shows a rather good linear relation for Pictures
1-13 inclusive. Toi. linear relation was used to estimate

(LY un(] Faw

The quantity of plotted in Fig. H-7 1s a weighted
average of the values shown in Fig. H-6. The data were
combined as follows: Let oy be the minimum (o)) for
N N squares, averaged over a 16 X 16 square, and oy,
“e the corresponding maximum (o). (These are the
quantities appearing in Fig. H-6.) Then let R, and R,
be the values of oy/o,; and oy /oy, averaged over the
set of pictures. The observed values of Ry and Ry were:

Each oy value was divided by its corresponding average
ratio Ry to produce a homogeneous set of (o)) suitable
for averaging. Two averages were evaluated, one using
. w,, — 1, and the other
were consistent

relative weights « w
using equal weights. Both sets of averag:
with the relation

ot (70 + 190 tan* #) < 10 (H-1%
From this equation and Eq. (H-6), we find
a, = 0.008
(H-11)

a. = 0019

If we take o, ard o, , as being representative of the

R. — 0.60 +0.03 R 1.13 +0.08 )
minimum and maximum fluctuations present in the pic-
R. = 0.75 +0.02 R 1.46 =0.15 tures, we find the following approximate limits for o,
and v.:
R,.=1 R, 3.1 +0.4 0.01 < o, < 0.03 (H-12)
6 e | T T T T l

=
o .
3 .
2 -
[«]
w4
9
| -
0 1 ) ] | = 1 i
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‘an®8

Fig. H-7. Plot of average variance vs kin’ /, where ¢ is the solcr zenith angle
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and

0.02 < o, < 0.06 or 1° < o, < 3

(H-13)

as representative of the albedo and slope Huctvations,
based upon the 16 < 16 averages. (These values must be
corrected upward about 25% because of haze in the
pictures.)

The rms fluctuations ¢, for the full picture area (~190
elements square) were also determined. As seen in
Fig. H-6, the variation of o, with picture number is not
as smooth for “full picture” averages as for the smaller
areas. In particular, Pictures 6 and 8 had o, va'ues more
than 2'4 times greater than normal. Picture 6 is believed
to have included a “canal,” while Picture 8 was situated
near the northern boundary of Mare Sirenum and may
have included both “desert” and “mare” features. Pic-
tures 6 and 8 were therefore given very low weight.
Values of o, and o., obtained from the o, values for the
whole pictures using the same technique as above, were

e, = 0.02 (H-14)

Oy = 0.05 (H-]S)

or Gy = 3°

These are in good agreement with Eq. (H-12) and (H-13)
above.

The linear dependence of of upon tan*# breaks down
beyond Picture 13. Some evidence of frost deposits around
craters was seen in Pictures 13, 14, and 15, and surface
detail became systematically less distinct, contrary to
expectation. This trend might be explained partly by a
departure from Lambert’s law due to the presence of
obscuring fog or mist, a common phenomenon at this
latitude and season, and partly by the progressively
poorer intensity discriminability of the camera from
Picture 12 onward.

The results obtained in the foregoing analysis may be
compared on the one hand with slope measurements on
individual craters discussed in Section II of this appendix,
and on the other hand with radar results (Ref. 5). Mea-
surements on individual craters yield wall slopes up to
about 12 deg (021 rad) as a maximum. If we regard
the upper limiting o. value of 0.06 as resulting from
12-deg slopes over a certain fraction of the surface and
negligible slopes elsewhere, the fraction of the surface
that would have such slopes wonld be approximately
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(0.060.21)* = 0.08, which seems reasonable for a cratered
area.

The Mariner IV results refer only to topographic scales
of about 3 km and larger. Information on the surface
slopes on a much finer scale is contained in the reflection
coefticient and doppler spread of radar reflections from
Mars (Ref. 5). In that work it was found that most of
the returned 12.3-em signal was reflected from an area
only 4 or 5 deg in radius about the subearth point on
Mars. Thus the surface slopes over regions larger than
a few wavelengths in size are of about this same magni-
tude. (The regions giving a quasi-specular reflection must
be larger than 10-20 wavelengths, for stherwise the dif-
fraction width of the returned beam would exceed the
observed width.) A value of 4-5 deg for the rms slopes
on a scale of =2 meters seems reasonably consistent with
the value of about 3 deg based upon the full-picture
averages, which refer to a scale of =3 km.

IV. Pictorial Representation of Surface Roughness

In addition to the statistical characterization of surface
slopes discussed above, it is possible also to display pic-
torially the point-to-point variations of intensity that are
related to the slopes. Such a pictorial display potentially
contains much more information about the organiz:tion
of these slopes into structurally meaningful forms such
as craters.

In the discussion of the intensity and color calibration
of the Mariner IV photographs (Section III), it was men-
tioned that several of the pictures seemed to show rela-
tively large areas having little fluctuation of intensity.
The subsequent analysis of the flat-Geld calibration pic-
tures verified that the vidicon, preamplifier, and encoding
circuitry were indeed reproducible to within about 0.2%—
a level far below the 1% or so discriminability set by the
6-bit encoding scheme. The observed DN’s in a given
picture are thus representative of the actual video signal,
and the fluctuations of the DN values from point to point
may be taken to imply actual intensity variations on Mars.

Consider a small group of picture elements near a given
point. The intensities of these elements will have a cer-
tain average I, and a certain standard deviation o about
this average. The ratio ¢/I, is a simple measure of the
point-to-point relative intensity fluctuations of the surface.
If we neglect variations in intrinsic reflectivity over small
areas (as seems justified in view of the very low value
of o, obtained in the preceding discussion) we may
equate point-to-point intensity variations with local
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slopes, subject to the limitations set by the basic dis-
criminability of the data encoder and the (small) intrinsic
noise level of the electronic system.

The fractional intensity variation (which we designate
by a,) was calculated for samples of 4 picture elements
in 2 % 2 element squares, and of 9 elements in 3 X 3
clement squares, on an overlapping-sample basis. The
calculation was carried out on the calibrated flight pic-
tures with shutter mark and fiducial marks removed, but
in the unrectified format. A second calculation was made
of the DN fluctuation of 2 > 2 element squares. using
the original uncalibrated (but edited) digital data. The
three versions were in close agreement. Selected results
are shown in pictorial form along with the corresponding
flight pictures in Section II. In such a “fluctuation plot.”
zero variation means that all elements in the sample
had the same intensity; this is plotted as “black.” A value
a;==0.03 is plotted as “white.” The relative fluctuation
of a 2 2 sample consisting of three equal DN values
and one differing by +1 DN is about 0.008, which would
be plotted as a 16 on a scale of 0-63.

The general appearance of these “fluctuation plots™ is
approximately what one would expect: in the corrected
pictures the shutter mark and the fiducial marks appear
very smooth because of the linear interpolation procedure
used in their removal; the limb in Picture 1 appears as
a very bright line because of the rapid change of intensity
at this boundary; the edges of craters and other features
appear bright. The sky area in Picture 1 and all areas of
Pictures 16-18 show prominent contours, indicating that
the DN values tend to remain constant over considerable
areas, and to change by —1 unit along relatively well-

defined boundaries.

Viewed in closer detail, some of the pictures reveal
interesting new information. In Picture 1, the limb seems
to show a three-layered structure, the two upper layers
being nearly coalesced and distinctly separated from a
fainter lower layer. Some of this structure can be seen
rather well in Picture 1D (Section II). The significance
of this layered appearance is not yet clear.

In the sky, the contoured appearance results from the
gradual fall of intensity above the limb combined with
the known shading characteristics of the camera system.
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However, unlike the case of Pictures 12-18, where the
appearance of distinct contours arises from a degradation
in the discriminability of the system at low light levels,
the contours in the sky of the first picture apparently
result from a true “smoothness™ of the intensity field,
since the light tensity is here relatively high. This
result in turn lena. support to the belief that the intensity
variations in the intermediate pictures are characteristic
of the Martian surface. Also visible in the sky are the
“edges” of the cloudlike features above the surface of
the planet.

The planet surface shows a charactenstic grainy texture
having nearly the same appearance in Pictures 1 through
6. The major part of the field is random in appearance
except for narrow edges which delineate the boundaries
of the more prominent features. Short groups of bright,
connected elements perpendicular o the line scan direc-
tion outline the residuzl harmionic “noise” present in the
pictures. Here and there, extended chains of light or
dark groups of elements seem to suggest an organization
of smooth or rough areas on Mars. However, few of
these are sufficiently well defined or extensive as to stand
out from the similar lineations to be expected on the basis
of chance. Further, although the grainy patterns in over-
lapping areas are grossly similar, they are often quite
different in detail because of the effects of shading in
the vidicon tube.

Perhaps the clearest example of an organized smooth
area is seen in Picture 9, which shows a quite prominent,
gently curving smooth area about 5-10 ki wide, running
SW-NE in the SE quadrant of the frame. This structure
is quite invisible in the ordinary pictures. Picture 7
exhibits a relatively rough region characterized by nu-
merous craters and crater fragments, rather sharply
separated from a relatively smooth area running from
the SW corner toward the N corner. Other pictures
show irregularly shaped regions of greater or lesser
smoothness than the average, sometimes with sugges-
tions of structural relationship.

The interiors of the two 12 e craters partially visible
in the southern edge of Picture 10 seem unusually rough
as compared with the adjacent external areas. On the
other hand, a large part of the interior of the large crater
in Picture 11 seems unusually smooth. Numerous such
relationships are apparent throughout the picture series.
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Appendix |

Martian Surface Processes

l. Intruduction

The softened appearance, shallow depths, and gentle
slopes of many Martian craters suggest that they have
been modified to varying degrees by some process or
processes of erosion or deposition. The lesser abundance
of craters on Mars compared to the lunar uplands, in
spite of a metecroidal Hux at Mars estimated as 4 to 25
times larger, supports the above inference. Crater modi-
fication and eventual elimination have occurred at a taster
rate on Mars than on the moon.

If isostatic readjustments occur with greater facility
in the Martian than in the lunar crust, they could account
for some of these differences for craters larger than
20-50 km. However, the differences extend to smaller
craters, especially in terms of numbers, indicating that
much of the crater modification on Mars must be of
exogenic origin.

Erosive and blanketing processes possibly acting at
present on Mars are discussed, evaluated, and an answer
is sought as to why, in sum, they are more effective than
processes acting on the moon. Such a discussion is not
intended to eliminate consideration of possible secular
changes in the Martian environment.

Il. Surface Materials

Before considering processes, it is necessary to formu-
late a model for the physical state «” the material con-
stituting the surface layer of Mars. Limitations of space
require that consideration of the many speculations con-
cerning the chemical and lithological nature of this mate-
rial be omitted, not because they are unimportant, but
because they are not directly pertinent to the focus of
this discussion.

For the following reasons it has frequently been sug-
gested that a fine-grained layer mantles at least parts
of the Martian surface. On numerous occasions, yellowish
“clouds” have been observed visnally and photograph-
ically. Many of the properties of these “yellow clouds”
suggest that they are due to wind-carried dust. The large
diurnal range in soil temperatures in light-colored areas
has been attributed at least partly to low thermal con-
ductivity and interpreted as indicative of a dust mantle.
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Radar observations (Goldstein, Ref. 5, p. 1715) suggest
that these areas are indeed smooth, on a meter scale, and
poss:bly underlain by a pulverized, highly porous mate-
rial (Ref. 6). However, it is well to recall that a dust
mantle for the moon was post.lated on the basis of simi-
lar evidence. The Luna 9, Surveyors I and III photo-
graphs, and experiments demonstrate a high degree of
coherence and integrity within the fine-grained lunar sur-
face material, with a modest number of included frasz-
ments which look like rock.

Mariner IV photographs contribute to a possible un-
derstanding of the surface mantle by demonstrating
abundant craters on the Martian surface. By analogy
with the moon, an impact origin is favored for most, it
not all, of these features. Even if some are of explosive
volcanic origin, the surrounding terrain would be littered
with rubble. Such a rubble would presumably have a
considerable matrix of fine particles because of repeated
impacting. The fines would far exceed those found in
one-shot earthly impact (Shoemaker, Ref. 7, p. 303) or
explosion breccias (Roberts, Ref. 8, p. 475). Such a rubble
with abundant fines might well display che thermal re-
sponse and radar properties reported. The possibility that
chunks of the rubble become “shock lithified” (Short,
Ref. 9, pp. 383-384) is worth consideration.

As a working model for the Martian surface mantle,
we favor the idea that it is principally a loose impact
rubble, rich in fines owing to repeated impacts, but also
containing larger rock fragments. The co.ierence of this
rubble may be less than exhibited by any lunar counter-
part because of Martian atmospheric inflences. An excep-
tion would be those areas, if any, in which a permafrost
exists at the surface.

IIl. Martian Surface Environment

Attention is given only those aspects of the environ-
ment that influence the production and transportation of
fragmental rock debris. These include the atmosphere—
as to composition and density; temperature—as to mag-
nitude, range, and frequency of fluctnation; and most
importantly, water—as to quantity and state. These fac-
tors are discussed in the light of current data and models,
recognizing that significant secular changes may have
occurred during the life of the planet.
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A. Atmosphere

Recent observations have shifted estimates of a mo-
spheric pressure at the Martian swiface to ever lower
values. One can only hope that we are not experiencing
a “bandwagon” effect. At present, figures between 5 and
10 mb are in vogue, far below the 80-90 mb popular
around 1950. Sagan and Pollack (Ref. 10, p. 33) have
attempted to push the pendulum the other way by ad-
vancing arguments for a pressure as high as 20 mb over
the lowest parts of the Martian surface.

At 5-10 mb, most ot the Martian atmosphere must be
CO., and the other near-surface ingredients (argon, nitro-
gen) are quantitatively minor and chemically inert. Oxy-
gen, if ever present at the surface in significant amounts,
or produced at a finite rate, has been largely consumed
by oxidation or depleted by escape.

B. Temperature

Calculations based on a model used for study of the
behavior of volatiles on Mars (Leighton and Murray,
Ref. 11) give a more comprehensive picture, in time and
space of surface and shallow subsurface temperatures
than previously available (Hess, Ref. 12, Gifford, Ref. 13).
These calculations agree rather well with spot determi-
nations made by radiometric means (Sinton and Strong,
Ref. 14, among others). They suggest an average tem-
perature for Mars between —80 and —90°C, consider-
ably lower than most previous estimates but just about
at the lower limit set by Lederberg and Sagan (Ref. 15,
p. 1474). These differences result in large part from the
lower computed nighttime temperatures. Average annual
temperatures at 10° latitude intervals are shown in Ta-
ble I-1. Extreme temperatures range from a minimum
of —131°C on the polar caps, reflecting the condensation
temperature of CO., to a maximum of +30°C at 30°
south latitude. Annual equatorial extremes are 22 and
—112°C. At the south pole, where the cap disappears,
annual extremes are —28 and —131°C. The seasonal
range of average temperature (Table 1-2) is 16°C at the
equator and 103°C at the south pole, reasonably close
to Smoluchowski’s (Ref. 16) estimate of 120°C. The small-
est seasonal change in average daily temperature, aside
from the constant temperature of the residual north polar
cap, is 7°C, and it occurs at 10° south latitude.

Nowhere on the Martian surface is the average annual
temperature above 0°C, and temperatures below 0°C
« cur every night on all parts of the planet. For a period
of roughly two months, centered about the northern
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Table i-1. Calculated average annual temperatures

on Mars

Latitude "X °C
90 (south pole) 160 113
80 162 11
70 165 108
60 173 100
50 183 90
40 198 75
30 204 — 69
20 207 66
10 210 63

0 (equator) 211 62
10 210 63
20 207 — 66
30 203 70
40 196 77
50 181 92
60 167 106
70 155 118
80 149 —124
90 (north pole) 144 (polar cap) 129

Table 1-2. Seasonal ranges in average daily
temperctures with latitude

Lafitde Highesl;;vernge,—[ Lowes'oc.:eruge, Diffeorzn:c,

90 (south pole) 245 141 103
80 243 142 8 101
~70 235 142 Y POl 93
60 232 142 s e 90
50 231 142 89
~—40 230 160 70
—30 229 175 54
20 226 186 40
10 222 194 28

0 (equator) 217 200 16

10 212 205 ;
20 210 200 10
30 211 190 21
40 212 173 39
50 212 143 69
60 212 143 69
70 210 143 § POler 67
80 201 143 § 58
90 (north pole) 146 (polar cap) 142 4

hemisphere summer solstice, temperatures over the en-
tire surface remain below 0°C. At other seasons tempera-
tures above 0°C are attained for at least a few daylight
hours on parts of the Martian surface. This occurs within
a zone extending from 70° S to 30° N for intervals rang-
ing from 1 to 10 Martian months, as shown on Fig. I-1.
The area between 0° and 19° N is the most favored, with
a 10-month interval in which temperatures rise daily

JPL TECHNICAL REPORT 32-884




NORTH

[] auwas seLow 0° ¢ 204
DAYTIME TEMPERATURE RISES e
ABOVE 0° C OVER PERIOD
INDICATED
oot
’ 10
20° 20°-6.5 mo
- 30*-6 mo
i SRR S L N
40°% - A AR D \ 40°-5 mo
, aei A I ARG .
50° L e - SO 50°—4 ino
. 0°—2 mo
SOUTH
Ei~. I-1. Mars surface temperature
above 0°C. Poleward of 30° N and 70° S surface tem- Takle 1-3. Diurnal temperature change at southern
peratures remain below 0°C the year around. hemisphere solstice on Mars
! .
? At an estimated water-vapor pressure of 3.7 > 10-* mb, bnibbudy, don Rangs, "¢
) 1 p =
water ice will form only below —83°C. The computations —90 (south pole) OpRl) wems poler cou
suggest that such temperatures may prevail at shallow ;87?) z B S e
depths within the ground poleward of latitudes 40-50 —h 109
in both hemispheres, thus providing conditions favorable 50 119
for permafrost to a depth of some tens of meters. It does —40 127
not follow, of course, that the supply of moisture is neces- —30 130
sarily adequate to form any significant amount of sub- :fg :;?
surface ice. Giaasiind 128
10 121
Diurnal temperature ranges are of special interest with 20 115
respect to surface processes (Table 1-3). The largest di- % 1
- . : 4
urnal ranges. over 130°C, lie in the 10°--30° south-latitude sg 88
belt during southern summer solstice, when the planet 0 0
is nearest the sun. The calculated ranges exceed those 70 o § Poler
earlier derived from radiometric observations because of 80 o) “°
the lower computea nighttime temperatures. 90 (north  ale) 0

JPL TECHNICAL REPORT 32-884 157

. _— - —
PPy e g -— - —_— e e T Y ey T = ——ree T




C. Water

The amount and physical state of water substance in
the Martian environment are critical for processes active
in the production and transportition of rock debris.
Infrared, polarization, and spectroscopic observations
have heen interpreted as indicative of water on Mars,
either as vapor in the atmosphere or as solid on the
ground. Estimates of the amount of precipitable water
currently in the atmosphere range from as littie as 0.007-
0.021 mm to as much as 0.15 mm, with the
now favored.

wer values

With so little vapor, condensation occurs only at tem-
peratures below —80°C, and the product, of course, is
solid. The ambient temperatures are so low that ice or
frost go directly to vapor as incident radiation increases
or temperatures rise. These relationships suggest that
liquid water even in minute quantities must be extremely
rare or nonexistent on the Martian surface.

Nonetheless it is well to keep an open mind on the
possibility that minute quantities of liquid water may be
forrned through wind-blown ice spicules landing on a
sun-warmed surface (Otterman and Bronmer, Ref. 17,
p. 59), through “skin” or absorption effects of silicate
particles (Loomis, Ref. 18, p. 1100; Otterman and Bronner,
Ref. 17, p. 59), or by the melting of ice in closed spaces
by conducted solar heat or transmitted radiation, as
through a clear ice coating. Deliquescence of salts might
also yield some liquid moisture (Leighton and Murray,
Ref. 11, p. 143; Horowitz, et al., Ref. 19, p. 1504). None
of these processes seems particularly significant with
respect to the problem at nand.

Geothermal areas could supply moisture either as hy-
drothermal fluids or by the melting of subsurface ice
(Lederberg and Sagan, Ref. 15, p. 1474). However, earth
has produced an atmosphere 150 times more massive
than that of Mars, presumably by outgassing, and today
only a small fraction of 1% of the earth’s surface is geo-
thermally active. For this and other reasons, extensive
or numerous geothermal areas on Mars seem unlikely.

Masses of ice (Fizeau, Ref. 20, p. 287; Strughold,
Ref. 21, pp. 27-38, Ref. 22, pp. 82-86; Urey, Ref. 23,
p. 99; Tclmson, Ref. 24, p. 1446) or frozen ground
(Leighton and Murray, Ref. 11, p. 1446) postulated as
underlying the Martian surface cannot supply liquid
water to the surface if they have existed for any length
of time and no secular change in environment occurs.

It has been recognized for over 30 years and more
recently re-emphasized by many investigators that Mars
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is a very dry planet and that liquid water on its surface
is most unlikely, Whether or not this has long been the
case remains to be determined.

IV. Weathering Processes

A. Mechanical Weathering

Diurnal temperature changes as greatas 132°C on Mars
suggest the possibility of rock fragmentation by thermal
fluctuations. Experiments by Blackwelder (Ref. 25,
pp. 107-108) and Criggs (Ref. 26) and observations by
Blackwelder (Ref. 27, pp. 137-138), Emery (Ref. 28),
Howard (Ref. 29), and Roth (Ref. 30), among others,
indicate that changes in excess of 200-300°C are prob-
ably required to produce significant rock disintegration
on earth. Ryan’s analysis (Ref. 31, p. 2557) led to the
conclusion that thermal fracturing is not effective on the
moon, where temperature fluctuations are even greater
than on Mars, although much less frequent. Thus it
seems unlikely that the process is effective on Mars, unless
fatigne becomes important.

Each day, temperatures pass back and forth across the
melting point of ice on those parts of the Martian surface
lying between 70° S and 30° N for periods ranging
between 1 and 10 Martian months (Fig. I-1). The most
favored zone lies between 10° and 20° N, and the highly
effective process of freeze and thaw would be more active
here than any place on earth, if there was an adequate
supply of liquid water. On the basis of the preceding dis-
cussion and the analysis of Anderson et al. (Ref. 32,
pp. 320-321), the possibility of liquid water in amounts
adequate for significant frost action on the surface of
Mars is regarded as remote, Otterman and Bronner
(Ref. 17) perhaps dissenting.

B. Chemical Weathering

Nearly all forms of chemical weathering are promoted
by liquid water and restricted by its absence. Under the
curtently indicated ultradry environment, it is difficult
to see how any significant amount of chemical weather-
ing appears on Mars. If disorganized water molecules in
transition from the solid to vapor state can participate
in chemical reactions with atmospheric gases, such as
CO., or with solid substances, some minor chemical
weathering might take place on: the Martian surface.

Rea (Ref. 33, p. 235) mentions the possibility of chem-

ical reaction involving water vapor and promoted by
high radiation fl'. -s. The lack of a significant magnetic
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field on Mars (Smith et al., Ref. 34, p. 1242) permits solar
winds to press closely upon the planet, and the thin
atmosphere allows many energetic cosmic and solar par-
ticles to reach the suiface. Thesc could promote photo-
chemical and lattice reactions (Smoluchowski, Ref. 16,
p. 947) that might, in conjunction with thermal changes
or ower processes, lead to some rock alteration.

In the present state of knowledge, or ignorance, of
Mars, it would seem that the formation of craters,
whether by meteoroidal impact or explosive volcanism,
would far outstrip all weathering processes in producing
fragmental material.

V. Transportation on the Martian Surface

This discussion is most effectively pursued in compari-
son with the moon. The relative scarcity of Martian cra-
ters 10-20 km in diameter, indicated by the “knee” in
the integral number distribution (Fig. ]J-3, App. ]), is
believed to be real and not an instrumenta! resolution
effect (Hartmann, Ref. 35, pp. 567-569). Therefore, some
process or processes of crater erosion or burial more
effective on Mars than on the moon are indicated.

As a working model it will be : ;sumed that most of
the Martian surface is mantled with an impact rubble,
probably rich in fines, and possibly by some debris sec-
ondarily derived therefrom. If the environment of Mars
is as pictured, fluvial and glacial processes need not be
considered. Freeze and thaw is an extremely effective
mechanism for transport on slopes, and the thermal
regime of Mars is highly favorable in the 10° S to 30° N
latitude belt. However, the lack of an adequate supply
of liquid water is fatal. A comparison of erosive processes
possibly at work on the moon and Mars (Table I-4) sug-
gests that particulur attention should be given to pelting,
wind, and thermal creep.

Table i-4. Martian erosion

Abrasion

Eolian ... Minimal (< moon)
Flying impoct debris . : issvenvssinsssis . Strong ( == moon)

Transportation
Meteoroidal impaet ... . ... ceielaen High (>> moon)
Micrometeorite pelting .................. <_Moon
Prosze-thaw .....:.:.::covcomcuvnsesn Nil (no liquid water)
Electrostatic hopping . ........ocvivvvnens < Moon
Eolian . ... ..ot ~>Moon
TRV S CTOOP i enruiars 5 70 isaieinis & 555 8 8 8 a8 aa >>Moon
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A. Pelting

Meteoroidal impacts produce a curtain of flying par-
ticles, both primary and secondary, that effect consider-
able abrasion and transport. The blanket of impact debris
so formed also obscures craters by burial. These are
probably the principal processes of crater modification
on the moon (Shioemaker, Ref. 36, pp. 66-68), although
Gold (Ref. 37, pp. 116-117) may still favor the movement
of dust.

Most investigators accept a greater meteoroidal flux at
Mars than at the moon, although the magnitude of the
difference is not agreed upon. The Martian atmosphere,
although thin, exerts a retarding influence on flying par-
ticles produced by impact, and it reduces the spectrum
of micrometeorite particles impacting the Martian sur-
face. Nonetheless, this atmospheric influence probably
does no more than balance the higher meteoroidal flux.
Pelting could be just as effective in crater modification
on Mars as on the moon. Below a certain critical diameter
(Shoemaker, Ref. 36, p. 67), which might be larger on
Mars than on the moon because of the greater meteor-
oidal flux, Martian craters should be at least as abundant
as lunar craters if pelting were the only significant modi-
fying influence. Since they are not (Fig. |-3, App. ]), other
erosional processes or a significant secular change in
environment is indicated for Mars.

B. Eolian Processes

Wind is usually regarded as an important, if not the
most effective, agent of transportation and erosion on
Mars. This idea, not endorsed by everyone (Hess, Ref. 38,
p. 292; Tombaugh, Ref. 39, p. 10), is based in part on
the vellow clouds, presumed to be dust, which episodi-
cally obscure parts or most of the Martian disc. Wind
transports dust by suspension and sand grains by trac-
tion, inpact creep, and saltation (hopping). If the surface
of Mars is mantled by a repeatedly pornded impact rub-
ble, an adequate source of sand- and dust-sized particles
presumably cxists. The problem is whether or not Mar-
tian wind velocities are adequate to pick up and transport
this material.

Fine dust is not easily picked up by wind unless dis-
lodged by some other agent (Bagnold, Ref. 40, pp. 90-92).
Saltating (hopping) grains are one of the best ways of
dislodging dust (Gifford, Ref. 41, p. 439), and saltation
is the most effective mode of sand transport (Bagnold,
tef. 40, p. 37) as well as the chief agent of eolian abra-
sion. If saltation occurs, the other processes and modes
of transportation become effective, but without it they
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are severely restricted. Therefore, attention is focused on
the problem of moving grains by eolian saltation on Mars.

There is an ideal particle size for transport with mini-
mal wind velocity, On earth, this ideal particle is about
0.1 mm in diameter, and the wind velocity required to
move it by traction is about 4.5 m/sec (10 mph) (Bagnold,
Ref. 40, pp. 6, 90; Ryan, Ref. 42, p. 3763). On Mars owing
primarily to the lower air density, the ideal particle aver-
ages about 0.7 mm (Gifford, F.1 &', p. 438), and the
velocity required to move it, assw...ng ideal conditions
of surface roughness and a 25 mb aimosphere, is about
40 m/sec (90 mph) (Ryan, Ref. 42, p. 3765). Extrapolation
to an atmospheric pressure of 10 mb indicates required
velocities in excess of 90 m/sec (200 mph) (Rea, Ref. 33,
p. 219). Gifford’s (Ref. 13, p. 439) lower figures are based
on a calculation of earthly velocities less by a factor of
2—4 than that suggested by the empirical data of Bagnold
(Ref. 40, p. 6). All these values are for movement by
traction; requirements for saltation may be a little higher.

Observation of cloud movement on the limbs and
across the uisc of Mars suggest average velocities of
8-12.5 m/sec (18-28 mph), with extremes perhaps as
gieat as 25-35 m sec (55-85 r.ph). Velocities at the
ground surface are probably lower, and under any cir-
cumstances hardly appear adequate to move sand grains.
Leovy's theoretical analyses (Ref. 43, p. 21) suggest the
possibility of zonal wind velocities in the neighborhood
of 22-45 m sec (50-100 mph) at the ground surface, but
even these may not be adequate at atmospheric pressures
of less than 25-30 mb, and their frequency and duoration
are unknown.

If the yellow clouds are truly dust—a reasonable but
unproved assumption—they might be caused by local dust
devils (Neubauer, Ref. 44) or represent debris blasted
into the air by meteoroidal impact (Opik, Ref. 45, pp. 22,
24; Ref. 46, p. 26,. Dust settles out of the air as a blanket
of uniform thickness which mantles topographic features,
softening but not wholly obscuring them until the dust
thickness becomes very great.

The thought of wind action on Mars is appealing, but
it appears for the present that a reserved attitude toward
its effectiveness as a modifier of Martian craters is in
order. Even if wind is effective, significant abrasion of
crater features (Opik, Ref. 46, p. 256; Ref. 47, p. 93) seems
unlikely; burial by wind drifted sand is more likely, and
mantling by dust is the most likely mechanism of topo-
graphic modification.
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C. Thermal Creep

If much of the Martian surface is mantled by dry,
loose impact rubble, and if frozen ground exists only
poleward of 40-50" latitude, possibilitics are good that
debris moves slowly down slopes and fills depressions by
the process of thermal creep. Even in areas of frozen
ground, removal of ice in summer by sublimation to
depth of a few tens of centimeters would permit some
movement,

It is known from general observations (Sharpe, Ref. 48.
pp. 28, 31) and simple experiments (Moseley, Ref. 19;
Davison, Ref. 50) that unattached fragments of material
move downslope by alternate expansion and contraction
through temperature change. The creep of individual
rock blocks by this process on a 17-deg slope under mod-
est natural temperature changes can exceed 0.5 in. yr
(Davison, Ref. 50, p. 235). The extreme temperature re-
gime on Mars, with diurnal fluctuations up to 132°C
(Table I-3), suggests that this process could be even more
effective there than on earth. Davison (Ref. 50, p. 237)
long ago recognized the potential of therm~l creep in the
lunar environment, but it should be more effective on
Mars owing to a daily rather than a monthly temperature
cycle.

Thermal creep can presumably act on slopes down to
essentially 0 deg inclination. It should be effective on
rubble-constituted features but not on bedrock ¢ .posures,
unless some other process is fragmenting the rock. It
merits consideration as a process that may be the princi-
pal means of modifying Martian craters.

Vibrations set up in the Martian crust by meteoroidal
impacts or intrinsic seismic events could also cause down-
hill creep of loose surface rubble. To the degree that they
occur, they would supplement and enhance the process
of thermal creep.

V. Conclusion

At least two processes of transportation, wind and
thermal creep, may currently be more effective on the
Martian surface than any combination of crater-modifying
processes acting on the moon. Wind action is appealing
because the yellow clouds are supposedly dust, but proof
that wind velocities at the Martian surface are adequate
to produce significant eolian transportation is lacking.
The present Martian environment is highly favorable for
thermal creep, and if the Martian surface is mantled with
impact rubble, this could be the principal process cur-
rently modifying Martian craters,
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A question now arises as to how far into the past the
current surface environment of Mars can be projected.
Has the Martian environment long been as it is now, has
it undergone siow evolution, or has it experienced major
episodic change? Opinions on these matters differ.
Strughold (Ref. 22, p. 82) thinks Mars previously had
oceans, but Tombaugh (Ref. 39, p. 12) says Mars never
had oceans or enough water to effect erosion. Others
(Sagan, Ref. 51, p. 284; Sagan et al., Ref. 52, p. 59; Binder
and Cruikshank, Ref. 53, p. 8; Binder, Ref. 1, p. 1054)
favor antecedent conditions of heavier atmosphere, more
water, oxidation, and erosion, but Opik (Ref. 47, p. 94;
Ref. 46, p. 263) thinks such conditions may have existed
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only briefly, in a very early stage of the planet’s history,
and Salisbury (Ref. 54, p. 292) is of a similar mind.

If the surface vrocesses discussed herein, especially
thermal creep, are =ffective on Mars, there may be no
basis to the argument (Anders and Arnold, Ref. 55,
p. 1496) that the degree of crater modification displayed
requires a secular or episodic change in environment,
although the possibility of such change is not excluded.
Present conditions, with perhaps only minor secular
change, may have prevailed far back into the evolution-
ary history of the planet, and large craters on the surface
sf Mars may indeec be billions of years old.
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Appendix J

Crater Frequency Distribution and Age Implication

I. Instrumental Limitations to the Recognition
of Craters

Two fundamental aspects of any imaging system will
ultimately limit the recognition of topographic detail in
the scene being viewed. The sensitivity with which light
intensity variations foon the object can be distinguished
from noise arising in the sensor and in subsequent process-
ing systems will place a limit on the smallness of varia-
tion of slopes which can be recognizea in the scene,
Secondly, photographic grain, TV reading beam size,
optical diffraction, and other sources of angular blurring
will ultimately limit the spatial resolution and hence limit
the mitamum size of objects which can be recognized.
In general, the two limitations are relatively independent,
except near the resolution limit.

Inasmuch as one of the principal scientific results of
the Mariner IV television experiments is the estimation
of the density of craters larger than 3-4 km on the part
of the Martian surface viewed, a considerable effort has
been made to understand the instrumental limitations to
this task inherent in the Mariner IV camera and readout
svstem itself. Appendix H included a discussion of the
measurement of slopes from the calibrated intensities
and also presented some data. From these it can be seen
that the miniinum detectable slope in Pictures 7-12 is
generally in the range of 1-2 deg. Hence, craters whose
slopes—when averaged over several kilometers distance—
do not display as much as 1-2 deg maximium slope in at
least the rim areas usually cannot be identified with
certainty. Indeed the distribution of vertical profiles of
the Martion craters is shcwed to the low relief extreme,
as compared to the moon, and significant increases in
apparca crater densitv were produced with each sub-
stantial improvement in reconstruction of the original
light intensity distribution. Further substantial increases
will presumably be obtained when these same areas are
photographed in the future under more favorable lighting
conditions and with equipment with even greater dis-
criminability. It should be remembered that lunar photo-
graphs used for crater counts an ' other topographical
analyses normally have been acquired at a sun elevation
angle of 5-15 deg in order to maximize shadow delinea-
tion as well as variation of light intensit produced by
differences in slope. Pictures 7-12 of the Mariner data,
on the other hand, correspond to elevation angles of
40 to over 60 deg. No shadows are present.
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Hence it is necessary to understand the angular reso-
lution of the Mariner camera system independently o
the intensity discrimination discussed above. Thit has
been accomplished in two ways. First, the con* entional
sine wave response measurements were carried out. The
results are shown in Fig. J-la. The sine way e response
measurements imply little size dependence of recog-
nizable space frequencies above about € ‘ines (10 km).
The relevance of these measurements to the recognition
of craters involves knowledge of the spatial frequency
spectrum associated with craters, under the lighting con-
ditiors of Pictures 7-12.

To develop some further understanding of this prob-
lem, a model simulation was conducted in 1966. At JPL,
Clayton LaBaw prepared a plaster of paris surface in
which a wide range of crater-like depressions had been
produced (Fig. ]-2). The surface was painced with low
albedo, diffusely reflecting paint, and the modei was
photographed with the prototype TV camcra system at
the same phase angle and viewing angle as Pictures 7-11.
Digital recording capability was not available for these
tests, so the TV display was produced simply by Polaroid
photography of a laboratory oscilloscope screen. There
could not be the same enhancement of these model pic-
tures as characterized those presented in Section II of
this report. On the other hand, no disturbing haze is
present and, most important, the model craters generally
are far steeper than those of Mars (note the shadow in
Fig. J-2). The results of this simulation are summarized
in Fig. ]-1b. The strong dependence on lighting is, of
course, promiaent, but it is clear that the only systematic
dependence on crater diameter is below 6-10 km. Above
that size, variations in detectability also exist, due to
the low slopes of some craters, but are not correlated
with size. Hence, this imperfect, but still relevant, simu-
lation reinforces the results of the sine wave response
study. Significant variations in apparent abundance of
craters of diameter greater than 10 km cannot be ascribed
to dim uisking resolution of the Mariner camera but must
reflect genuinely lower abundance, or at least systemati-
cally smoother topcgraphy. The actual crater counts
from Mariner photographs, summarized in Fig. J-3, in-
deed show a striking change in relative abundance below
20 km. On the basis of the foregoing, we consider this
to be a genuine property of the Martian surface.
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Note that ne systematic correlation of cratar recognizability with crater di

. Tabulation of Crater Counts

The procedure for identifying craters and other Martian
features recorded in the Mariner picturcs was based
imtially on a series of transparent work sheets prepared
by R. P. Sharp and B. C. Murray. These, in turn, were
the basis for four separate phases of review and modi-
fication of the ACIC illustrations prepared in Flagstaff,
Arizona. Finally, R. B. Leighton made an independent
crater count using the calibrated, sharpened, and en-
hanced pictures. Hence, the counts presented here are
the result of independent analyses within the experi-
mentor team as well as lengthy iteration with the highly
qualified ACIC group in Flagstaff, heavily experienced
in lunar mapping and charting.

The counts were subdivided at each stage into “defi-
nite,” “probable,” and “possible” categories, reflecting the
degree of rim preservation and hence ease of recognition.
The least certain category was assigned in case of dis-
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was enc

parity between individual results. Such a system must
inevitably be somewhat subjective. However, the experi-
mentors expect that at least 50% of those in the “possible”
category, 90% of those in the “probable” category, and
99% of those in the “definite” category will eventually be
confirmed by subsequent investigations

Although some craters are evident in all the pictures,
only Pictures 7-12 were used as a basis for estimation of
crater density on the Martian surface. The selection was
therefore based +.n the most useful third of the daytime
pictures f.om the point of view of numbers of recog-
nizable features. The breakdown of the counts from
Pictures 7-12 is shown in Table J-1, and the surface areas
for all useful frames are given in Table J-2.

Inasmuch as the question of maximum surface density
of craters is of importance to an understanding of the
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Fig. J-2. Direct and TV photographs of simulation model

Note that most craters evident in TV pictures are delineated by shadows,
a condition not encountered in the actual Mariner flight pictures. The
craters in the model are generolly much steeper than those photographed
by Mariner IV.

Table J-1. Integral crater count data, Pictures 7-12

Number greater than diameter D
D, km Definite Probable Possible All
-} 57 149 126 332
10 41 102 89 232
15 28 74 63 165
20 25 51 47 123
25 17 36 28 81
3Cc 13 23 16 52
35 11 18 10 39
40 7 4 - 25
50 2 9 3 14
60 2 5 3 ic
70 i 4 3 8
30 1 2 2 5
90 1 2 1 4
100 ] 2 1 4
125 1 0 1 2
175 i 0 1 2
200 e | 0 0 0

Num 2r greater than 5 km

Pictures Definite | Probable | Possible All
7,8 18 45 ro 113
9,10 19 64 45 128
11,12 20 _40 3 91
| 57 149 126 332
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Fig. J-3. Integral crater frequency plot of craters
recognized in Pictures 7-12

The upper and lower dotted lines give liberal (75% certainty) and con-
servative limits (99% ). The solid line includes the definite and probable
categories, estimated to be 90% certain. The error bars are based on
statistical fluctuation only. The lunar upland curve (dashed! is based on
data of Trask (Ref. 59).

Table J-2. Area of pictures (km?)

Pictures Total Overlap Net
o 3,4 325 x 10 334 x 10t 29.2 % 10
56 20.71 X 10’ 1.68 x 10° 19.0 X 10*
7.8 16.41 X 10' 1.56 % 10 14.8 X 10°
9,10 14.11 < 10 1.42 X 10 12.7 X 10°
11,12 13.2 X 10' 1.10 x 10 i2.1 X 10*
13,14 124 X 10 1.28 X 10* 1.1 X 10
15, 1o 13.41 % 10' 1.19 X 10 122 X 10°

minimum age of large topographic features on the Mar-
tian surface, it is important to note that even the selec-
tion of Pictures 7-12 leads to a lower crater frequency
distribution than would be obtained from 9 and 10 alone.
Figure J-3 shows these resnlts in graphical form. The
lower dotted line corresponds to “definite” only and the
upper one to “definite” plus “probable” plus “possible.”
The solid line corresponds to “definite” plus “probable.”
The error bars refer only to the expected statistical
fluctuation.
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Three principal features of the integral crater fre-
quency curve are evident:

(1) In the 20- to 60-km size range, the slope of the
curve approximates that for the moon, and the
absolute abundance of the Martian craters (upper
limiting curve) approaches that of the lunar
uplands.

(2) In the largest size classes, there is an apparent
dearth of Martian craters. This may, in reality,
reflect the limited areas covered 12' the individual
Mariner pictures.

(3) Below 20 km, there is a genuvinely lower abundance
and ‘or systematic change to smoother craters on
Mars.

lll. Age Implication of Martian Craters

An initial estimate, bascd on brief preliminary inspec-
tion of Mariner IV photos, suggesting that features on the
cratered surface of Mars “must be very ancient—perhaps
2 to 5 10" vears old” (Leighton et al., Ref. 56) pro-
duced subsequent expressions of sharply diverging views.
An immediate reaction was that the surface features of
Mars must be much younger, on the order of a few
million to S00 miliion years old at most because of the
proximity of Mars to the asteroid belt (Anders and Arnold,
Ref. 55, p. 1195; Witting, ef al., Ref. 57, p. 1498; Baldwin,
Ref. 58, p. 1499). Subsequently, Opik (Ref. 47, p. 100;
Ref. 46, p. 261), Binder (Ref. 1, p. 1053), and Hartmann
(Ref. 35, p. 570) advanced counter arguments suggesting
an age between 3 and 4.5 billion vears for the larger
craters recognizable on Mars.

These differing views are not surprising considering
the small amount of direct observational data and the
relatively large amount of speculative thinking involved
in their formulation. Estimates of the maximum possible
aze of Martian surface features involve some or all of
the following considerations, among others: (1) an iritial
assumption that the craters are mostly if not wholly of
impact rather than volcanic origin, (2) knowledge or
assumptions of size distribution within the population of
impacting bodies, (3) knowledge or assumptions of the
flux of meteoroidal bodies in the vicinity of Mars, the
moon, and earth, (4) assumptions concerning the temporal
variations or lack of same in this meteoroidal flux, (5) the
age of the bodies comprising *he solar system, (6) the
age of the maria on the .noon, and (7) assumptions or
theories concerning processes of erosion and deposition
modifying and bscuring craters on the moon and Mars.

Some of the data, assumptions, theories, and specu-
lations involved are on a firmer basis than others. For
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example, a date of 4.5 to 4.7 billion years for an event
that probably played an important part in creating solar
system bodies has been confirmed in several different
ways. However, a second date important in many of the
estimates of Martian-surface antiquity, specifically the
age of the maria of the moon, is much less certain. On
the basis of crater number and sizes and estimates of
the meteoroidal flux population, the ages of lunar maria
have been variously estimated at 3 to nearly 4.5 billion
vears. These ages are currently under critical scrutiny
and may be revised sharply downward because of a
possible gross underestimation of the density of the
cometary and meteoroidal flux (E. M. Shoemaker, per-
sonal communication). However, no one, for the moment
at least, seems to question that the heavily cratered lunar
uplands are comprised in large part of features vrhich
originated near the beginning of the solid history of the
moon, at least 4.5 billion vears ago. The arguments made
herein concerning the antiquity of Martian features are
framed principally in comparison with the lunar uplands
rather than the maria.

It was recognized from the beginning that the
Mariner IV photos showed that part of the surface of
Mars viewed to be more like the lunar uplands than the
lunar maria. Further studies, including those described
in this report, show this similarity to be much greater
than initially thought. It appears that the Martian surface
surveved by Mariner IV is closely analogous except for
a pervasive and greater modification of its features by
some process or processes of erosion and deposition.

It seems to be generally accepted that the character-
istics of the lunar upland surface cennot have been
generated within any reasonably acceptable tin.e period
through bombardment by the presently assumed meteor-
oidal flux. For that reason, the uplands are interpreted
as largely the product of an initial intense bombardment
in the earlie.i phases of lunar development when inter-
planctary space was presumably much more heavilv
populated with meteoroidal debris than during the last
few billion vears.

insofar as this argument is valid for the moon, it should
also apply to Mars. If any of this primarily bombarded
surface is preserved on Mars, then at least some of its
surface featurss have an antiquity approaching 4.5 bil-
lion vears. Even if the surface of Mars preserves none
of these primary features, many of its larger craters must
still have a very great antiquity because of their abun-
dance. This is so because of meteoroidal fluxes postu-
lated for Mars: even the high values of Anders and
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Arnold (Ref. 55, |
years to produce the number of relatively large craters
now recognized on the Mariner IV photos.

1494) wenld require several billion

The cumulative plot of Martian craters shown in
Fig. J-3 essentially parallels a similar plot for lunar upland
craters down to a crater diaumeter of 20 km, where it
diverges with lower slope. The fact that the two curves
are not coincident down to the 20-km diameter is prob-
ably a product of greater crater modification on Mars
by erosion and deposition. The departure from parallelism
at 20 km more certainly represents the actual elimination
of Martian craters by the modifyving processes, whatever
they may be.

JPL TECHNICAL REPORT 32-884

The possibility that the meteoroidal flux at Mars may
be higher than previousiy estimated, on the basis of new
thinking about higher possible fluxes at the moon, re-
mains to be evaluated. However, since the increased flux
values presumably involve cometary bodies, it may be
possible that the Martian atmosphere, even though highly
attenuated, at least partly shields that planet, just as our
atmosphere shields the earth.

On the basis of more detailed study and analysis ot
the Mariner 1V photos, our initial belief that many of
the topographic features on the Martian surface have an
antiquity that .nay be measured in billions of years
remains unchanged.
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Appendix K

Unenhanced Version of the Pictures

Since the initial acquisition of the Mariner pictures, several versions have been
prepared and some have been released. All of the released versions have been
enhanced in one way or another to emphasize special aspects of the pictorial
information. This appendix is included to demonstrate Mars as it would appear
to an observer at the focal plane of the camera during the picture taking sequence.

These pictures, shown in Fig. K-1, are a calibrated, unenhanced set prepared to
maintain the correct relative brightness throughout. Two important characteristics
are noticeable. First, the “haze” in Picture 1 is very bright at great distances from
the limb. At 150 km the sky brightness is approximately one-half that of the

- surface. Second, the contrast in all pictures is very low. Without enhancement,
p the familiar features in Pictures 7 through 11 are barely discernible.

- - s = : : 2

Picture 1 Picture 2

Fig. K-1. Pictures 1-18: calibrated, unenhanced
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Picture 3

Picture 4

170

Fig. K-1 (contd)

Picture 5

Picture 6
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Picture 9

Picture 7

Picture 8
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Fig. K-1 (contd)
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Picture 17

Picture 18
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