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ABSTRACT

Thie document is submitted in response to the requirement for & Final Repoert in
"'the Statement of Work in the Contract NAS 9-T198, “Parametric Vision Simlation
Study.”® The docmngnfi describes the first“ IH)art. of the suh,j.eét study in detail.
including a description of simalation eq;;ipmeng and the study results. Part II
of this report, Dgcu;nent D2-114040-3, contains & deseription of the second part

of the study and an a_.nal;rsis of the data from the entire study.
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1.0 SUNMARY

The Boeing Company Space Division has completed &- twenty=hour sin‘n.tlatiéh study 4.

for NASA/MSC under Contract NAS 9-7198. This document reports on the first 12.

- hours of similation tests. Resulis of the remaining 8 hours of simulation, which
were accomplished with a modified descent trajec-to:v, and a couplete analysis of

the dota obtained from the - entire simulation program are given in D2-114040-3,

','Pareanetz.ic_msion Simlation Study - Final Report - Part IL.”

‘I‘he simlation, performed on the Boeing Space Fl:lght Simulator, duplicated the
visueil. conditions to be encountered dunng the manned 1anding on the Juwnar sur-
face. The simulated. landing occurred on the morning terminator during the final
phases of_j,’:e// retrograde orbit descent under a range of initial flig,ht path angled
- from 13° to 19° and sun -angle from T° t 30°. Typical visual conditions that

might setually be encountered 'by 'Eh‘e estronauts'under these trejectorie's and

sun angle mla'uions a.unng lunsr uesceat are shown du sFiguuc 1, & panic &2 -

co#

the Tanar Pyrenees s taien by Lunar- Orbiter Ve B s —

—

Siu:ulation results indicate that sun angles of e'bou’c 7 from the 1oca‘.l. horizon ' o

USE FOR TYPEWRITTEN MATERIAL ONLY

produce reasonably good visibi]ity whereas sun angles a'bove eppre:clmetely 15
produce very poor visibility. The effect of flight path angle on visibility

,.)~—’- :

- was minor although “test subjects indicated sone preference for the 1zighe::' tra- )
E _ - Jectory angle. The stuiv vas subje’ctive in na’cure because of the need to form -

Lt .

value Judgements on terrain visi‘bility. o -

e
,c-

2.0 INTRODUCTION
| 2.1 statement of the Problesi’'\, o e

The astronsut plews & major role in descent missions. He provides trajectory

mon:.toring a.nd. landing pnint re-des:l_g?naﬁiori; if required, during* i;he _appi'oach%

_(hi_gh gate to’ low gate) phases of the mission. (High gate and low gate corres-
oy SHEET | o
T b 1 i

u

U3 4802 1434 REV.8-85 °




.
. |
1 !
. N i
i ot bl At T e T
L : 3 X
i a
i A TR bty L ks
o o - e et e L o T AW LS T
1
4 . -t
! ¥ -
e e e e e m e e
b - - - - — Py - .
4 " - 3
- L T
4
- — s . . o :
REND - S - S e L e et iklies ks bdrin fatgeschn P frs e
-

s

:

£
fad

B O 2 -

e T e Tt —aer

e firni S e T g et e I S A AL et ep oy e R

£
|
i
i
t
i

' . -

.-

B L TE T s S o NV Y U

b,




” - NUMBER  pp-1140k0-2
T™E @gﬁlﬂﬁ COMPANY . ’ o REV LIR

%
:pond. to altitudes of about 10,000 feet and 500 feet respectively) During the =
| .1anc11ng phase (aelow 500 reet) the astroneut provides primary control using

visual cues for navigation and guidance.

R — - .

In the late 1950%'s it was suspected that, becsuse of the Moon's peculiar
reflection characteristics, certain lighting angles would cause extremely poor
visibility conditions on the lunar surface which yould affect the astronauts N

ability to asee.ss the .roughmess of potential landing sites. This suspicion

ki wu%‘,ﬂm-—mp— [

triggered a ntunbef;-féof scj.ent:tfic and engineering studies.

The Jet Propulsion Laboratory publisked g Iuns: "hotom..tr:!.c Model in 196 ih
upport of the Ranger Progrem (Reference 3). In the same year NASA/OMSF
publisoed & Lunar Photoxnetrio model (Refezéoce L), Also in 1963, Hapke and -
Van Horn (Reference 5) puhlished a peper in which theydescribed results of an

Jnvastigation zo ﬁnd a materd al that duplicate he lunar photcmetr:.e i‘unc:t:.o.a.

) "The surface of the Moon is covered u:l.th 1eve.. of fine rock dust composed of

' USE FOR TYPEWRITTEN MATERIAL ONLY

particles of the order of 10-micron e:verage diameter end that 90 percent of the

-

I volume of this layer is void.”

o | Bestman Kodak Comparw, 1n 1965, (Reference T) conducted a otudy vherein dusted °
models were//_\ pared. for use in studying the lunar reflection character.l.stico '

on photography for the I.unar Orb:l.ter satellite. .

v 1 V. Hemza of B_e].'l.com, Irlc'. R (Referen_ce 8) _swmarized results of previous analyses | -
to determ:lne what an astroneut could be expected to see. Data in Reference 8
1nd.:lcated that if the sun, astronsut o.nd 1auding site were in the seme plane,

_ &
| (See I':I.gu:ne 2) » sun angles 'between 20 and 55 gave poor visi‘bihty for the \3

17 f]:}.ght path e.ng,le assumed for the stud,v Visibility wes good when the sun
SH:EET '

' \kus 4002 1434 REV . =65
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- landing site.

The most notable engineering studies were those conducted by NASA/I-ESC to simula%e

] Mosi-; recently, Iunar Orbiter V took some down-sun photographs which show the

Previous investigations are essentiam an analytical rather then an experi-

USE FOR Ti!P'E‘WF?!TTiEN MATERIAL ONLY

.o'bservers to re-examine the bounds and to determine acceptable or unacceptable

cona.itions of visibility ‘between the bounds.

. 2.2 Program Features

By usmg the knowledge obtained oy these investigators and the facilities avail~

was below 20° down to a.bout 7° and fair above 55° up to about 90°. Since the
I.una.r Module (LM) was to 1and near the morning terminator because of the heating

pro’blem it became evident that the asironaut would have éifficulty seeing the

lunar landings under earthshine conditions (1965). In this simulation a heli-
copter was used to overfly lava beds resembling the lunar surface in Northern

California. The results of this simulation are reported in Reference 6.

"washout™ effect very dramatically. Figure 1 shows one of these photographs.
It was taken when the spacecraft was 1° S and 48° E with the camera looking

directly west at the Iunar Fyrenees. The erater at the center is Secchi X.

m.enta.l evaluation of the problem, and provide absolute bounds or hmits under

N

RLL R TRRIn CREP- DD S i S

'which vis:xb:.lity 15 completely impaired. The Paremetric Vision Simulation Study |

attemp‘rs to provide an experimental e\raluation of the problem by using trained

-

gble in the existing Boeing Spece Flight Simulator, Boeing vas ab].e to perform i

‘& realis..ic manned 1unak.n descent sirmlation having the following sa‘Lient features:_.

1) Duplication of low, nominal and high trajectories (13 R 16' and 19
- fnitial flight path-angles, respectively). ) f !
2) Duplication of the essentia‘? photomptric properties of the. lunar sur-

f&ce ‘oy utihz:.ng .,peclal models basecl on Innar Orbiter photographs

T e, o
i W
N
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" 3.0 SIMULATION PROCEDURE

) ion of the similation and a '-'serie§ of two or more fémiliarizétin runs. In par’c;[.--'_

and coated with a special surface covering. for proper reflectance.

TN

3) Duplication of 7 11°, 15°, 20° and 25° sun angles and a projection .-

-

system which provides the astronaut with an accurately sim lated visual
scene. ‘
The following additional features were also inecluded:

1) The use of representative three-dimensional 1unaf surface models 1llumi-

| nated by a well eoJJimaLted artificial sun source. /

2) Use of an instrumented crew station which duplieates the éoman&er's
ﬁeid of view ‘and provides room for an observers.

3) RecoﬁinQ the volce comments durir;g similated flight by magnetié tape
recorder and "recorﬁing of written opinions on a qu?stioénaim aftez.-' B
-completion of the scheduled series of simulated flights. |

“ 4) Limited pitch, roll end yew cepability during the pre-programmed tra=

Jectories. =~ - o . A

' ment speeifj;cat_ions requirad by the contract are given in Appendices III and IV..

The. sinnxlation.procedu{e consisted of a pre-simlation briefing 1nc1uding famili-

arization mms,"a_- serieé of test runs and a post-similation de-briefing.

W

' The pre;éinnalation briefing consisted of a deseription of the facility, a deéc-ript-

!

cular, -su‘bjects irem_ ;briefea on the tradectér}' &es’éi‘iption, Gpera.tion of the hand

| controller, cockpit displaars, limtatn.ons of simlator equipment, and screen o
'brightness and brightness ﬂistri'bution effects upon the simulated lunar surface
lighting env:i ronment. Additional instructions were gn'en on the methods to be used

in recording voice data during the simu..ation@ A descﬁptj,on e_f_ the, written

~|-Figure-3-shows-a-diegram of ‘c-h&vz.suals:mﬂatop system.  Detal 1s. ineluding equip= | .| —

7 o R
R  SHEET
U3 4202 1434 REV ., 8-8E -
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questionnaire to be completed after the data runs was included. . |

j
g The.; eye height of each test subject was ad.jﬁ-st_;ed to the same position with respect
i to markings on the simlated crew statién window. This was accomplished by
edjusting the height of the platfoirm on which. the subj ect stood.
Each test run was initisted on command from the érew statione ’An intercom system
permitﬁed discussion with an operator at the computer console and with technicians
in the model room. The 'test runs utilized a series of three models during the
descent traljectory. The portion of the ﬁfajectory represented by each of the
—— - -—— | three models is shoim in Figure k. This figure also shows the elapsed time on
% l' eacl;. model, the scale of each model, and the geometrical arrangemént of area in
g which topographical feafures' are repeated in two .or more models. The models have
g been constructed such that the landing site and surround_'l.ng topographical features
% . g é.re visi‘ole in ear.;h of the three models used for flying the seg[nented traj‘eétory |
) § ~ from highgate to sbout 450 feet of altitude.
= Figure 5 shows areas et the moon used as references for constructing the lunar
4

‘models, Details of model building and tle technique of dusting for reproducing

the photometric properties of the lunar surface are given in Appendix TII.

A nominal ée-‘c of 30 data runs “vas completed each subject. The runs begen

with 7° sun angle and the 13 trajectory, Pollowed by the 16° and 19 trajectories

in ord.er-. The sun angle veas changed to the next highex sun a.ngle wh:lch was 15°
for the first tes’c su‘b.ject, but. which was changed at the re@.\est of NASA/MSC to

11°. The. ascending order of tr&jectoxy angles was aga.in followed. as for the

- pre'vious sun angle. This precedure was followed until gll sun angles and tra-
7 ‘

| Vjectories had been completea on the "rough” series of models. Following this,

: the sam.e procedure vas follcwed for the smooth series which, when completed,

[

o e g T

U3 4802 1434 REV,8-68 . ' : , . _ S 3 ,
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| Trajectory’

finished the runs for that sub,jeet. No ettempt was made to randomize the pro- -

cedure because of the relatively few runs performed by each subject.

Puring the data runs the subject was asked to comment verbally on what he was

able to see on the screen. His comments were recorded on magnetic tape. He was

also asked at one . perbicular point in & particular descent trajectory to measure
i

the angle by means of the landing point desiglator representing the limit.s of
good vis:.'e:.lity.

_nu'ing the de-briefing period which followved, su‘b,jects were asked for general

impressiens and more specificauy to £11) out a questionnaires

-

A This completed the simlation except for a rcrund able discussion vhich was held
after several subjects had completed their runs.

£

k.0 SIMULATION RESULTS " ' o

.} Data acquired through the q_uest:,onnaire, sub,jects nsibility estimat.es during

runs and voice comments recorded on tape were analyzed for i-nformation coneema.ng

sun engles, trajectories and secondary parameters.

Sun Ang £
'All su‘b.jects reperted that lunar surface visibility decreased w:lth :anreasing su.n

: e.ngle.-. At 7 v:.sibility vas "fairly good”, but at 20° end sbove it was essentiall;y

[ zero. Teble 1 shows the estimates of visibility in eegrees £rom the bottom of the

window for each of the subjeets. These measurements corrobol'iate completely the

subject’s intuitive reports.

}"'(
@

Subject’s rating of trajectory angle was mixed. ALL evideric,e sﬁge;ests that the

actual @ifferences sre quite small. Figure 6 shows the average e}zb.j ective rating

| . . SHEET
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from the questionnaires as a function of sun angle with trajectory engle as the

o ( o parameter.
Coy /

e
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' ~ During the runs for the 7° sun angle, the subjects made vertical field of view

e A T 3 AT LR ok n ¢ - e e

estimations for each trajectory. Complete data was only available for the rough
terain condition. As the flight path angle increased from 13° to 19° guring the

'.‘-E.-'?,'E"i.'_l'-"r ot

course of running the three trajeetoriee;, the mean estimated. vertical field of

L

view increased from 12° to lh.5° s respectively. While the differences were small,

hyl

5
£

the 19° trejectory a.id gppear to provide the greatest visi'bility. .

- =1 - Se.condery,,?ex:ggeters

Cn the simiation questionnaire s. the subjects indicated their preference for

L ONLY

_ edther the rough or smooth terrain texture in terms-of the visibilty Provided

for early recognition of landmarks and landing. The dato were inaaequete to

EE AR A e R T

pmﬂde eny se:l_.ect:_l?on of texture. | Only two subjects completed the runs on.both

S

YPEWRITTEN MATERIA

the rough anc'l. smooth terrain, one reporting a preference for the - smooth, and one |

i
i
|
|
i
i
1
|
|

reporting no aiffe r'?nce.

USE FOR T

-  The su'b.jects ordered five types of terrain according to their ease of recognition.-

 The ten'ain t'ypes to be ordered vere: ri-ll, large c-rater, sma:I-J. crater, hi-]J.,
ena. de‘bris_ pile. All sub,jects reported the recognition of rills to be best and
1arge craters second ‘best. There vas little difference in the recognition of
hills and sme.llwcraters.: The debris piles were Judged. to be the least easy to

g\recognize if they vere seen e.t e.’ll.

- ' : = 1 Two items on the questionnaire were concerned with viei'bility to the center an& ol ]
. side of the Plight p,ath. .All subjects indicated that side vieving afforded the

~ best visibllity of the luna. terrain. There was some indication that at the
g . -
1owest sun a.nglee the effect of view angle wes\small
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5.0 CONCLUSIONS AND RECOMMENDATIONS

The requirement for presenting a relativeiy broad spectrum of landing conditions,
the gvailability of only four subjeets for a short durafion, and equipment con-
straints preelﬁded a complete empirical assessment of the parameters associated
with the lunar landing{-}simulation. While the visuel"'displaw of the lunar simu-
la;bion did not provide the Brightnese or resolution that would be expected on

the lunar surface, these decrements provided & conservative ﬂosiq;lon from which

the subjective data was assessed.

/

l. Sun angle sppears to have the greatest' effect upon visibility. As the sun

e.ngle increases from 7 to 15 P visibility decreases slightly. Visi‘bility'should
fall sharply, hmrever, at the 20 sun angle and be virtually nen-existant at the
m sun angle.

should be conducted in order to reveal the mature of the visibility degradation..

A further investigation of the visibility effects of sun angle

Of particular interest would be the 15° to 20° sun angle renge wherein the

USE FOR TYPEWRITTEN MATERIAL ONLY

vis:l.'bility vas Sharply ‘reduced, an d the

of the terrain is in shadow.

2., The effect of tra.jectory angle on visibility is not as dramatic as sun angle.

' Vis:l‘bility nay be slightly iumroved at the higher traJeetories, however, the

(s:lgn:lficance of this ind_ication should be the sub,ject. of further mestigetion.
3. No conclusions conceming the general terrain texbm (rough or smoath; ney

be drawn from this si_mula.tion, exeept hthat subjects una_m.mou_sly prefe-rred to :
i;’\ ' - ’ ’ |

have landmarks in the visual scene ‘which stood>out __frcm the 'backgro'und.'

..\\}' L ’ L : ’d' ’
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APPENDIX I - DE-BRIEFING DATA.

1.0 INTRODUCTION
As was mentioned in the body of the report, the de-briefing consisted of
" asking the subjects to fill ocut & questionnaire and to make verbsl comments

on the simulation. The results are given in this appendix.

C 2.0 OUESTIONNAIRE |
Figure I-1 shows the qpestionnaire used in this study. reble I-l presents
the rav data from the qpestionnaires for the four 1n171e1 subjects Neil

i

Anderson, Joel Rosenzweig, Richard Gordon and Jeanne’Lee. &
. \l

The Table begins with qpestios No. 2 of the qpestionnaife. Guestion No. 1

was not included because the answers to it are given more detail in the

‘answers to the other questions. When an erdered answer is given in the teble,
»the best conditlcn appear st the left and th: worst on therright; In gpeS%isn

No. 2 +the- netatien 25 /36“ mgansfthéssﬁhjéﬁtmtouia?nqtTteiieany:stgnifttant,ffﬂﬁﬁwmuﬂﬁ

\\\

difference between the 25° sun engle and the 30° sun angle.
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6.

o -

Jectories from best (1) to worst.(3):
| -13% 6% 19°

Indicate the terrein which provided the best visibility:

Rough Smooth

Was visibility better to the side or in the center of 'bhe i’lig,ht path?
——- S1de S :,, Center B N
Would. you prefer a dog-leg maneuver to improve visibility?

- Yes — . _Fo :

In terms of ease of recognition, order each of the follmring types of
terrain from best (1) to worst (5)

]

I.arge crater, Small cra.ter, Hill Rill, Debris plle

'J: = 7 -"J:
: - Yo : ) ,
- - 2
7 AN
. ’\‘.:j_i_;’_
: a2 -

FIGURE I-1 SIMULATION QUESTIONNAIRE
TEST SUBJECT
OBSERVER E
DATE — |
- ) N \\:
1. Visibility Rating (circle best)
a. Model 123 L56 789
Sun Angle 231 564 897
Trajectory R
. 10 11 12 13 14 .15
1%, 1210 1k 1513
b. Moded . 16 17 18 19 20 21 22 23 2k
ST Sun Angle 17 18 16 20 21 19 23 2h 22
Y !I.'.ra.‘,lectory :
25 26 27 2829 30
26 2725 29 3C 28.
2. In terms of visibility provided order the following sun angles
fro!n best (1) to worst (5):
©T7% 15°, 20°, 25°, 30°
N S, - B - S
fi‘3;In terms of overall visibility provided; order the following A e

L i T e S an s e i e e+ e
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3.0 VERBAL DE-BRIEFING COMMENTS

The intent of the verbal de-briefing was to obtain each subject's overall
impression of t.he similation, and a discussion of those factors having the
greatest impa.ct on the test subject. Also, suggestions for improving the

simulation and collecting the data Wore solicited.

The following test subjects were interviewed: Neil Anderson; Jeanne Lee,

Dick Gordon, and Joel Rosenzwelg. Their comments are as follows:

3.1 Neil An Anderson - 8/22/67 |

' Neil Angerson claimed that best visibility was obtained on i‘lights over the
s_mooth_ _sequ_en-ce_ of the mode-ls. "Ihis“\ was because the smooth medels had rills
'- which could be easily identified. Rills were more promi-nent than craters as
lendmarks. ' Small craters were the most difficult to see. One of the surprises

vas the great difference in appearance between the rough and smooth models.

- =.-.-.=-T:.-;-:-_-r--:.=..41'2¥xe:—.-—z_%eugh-.-meéiél_sr=.-.ceuld-=.-."be-.-.-_-us.ed.-.-.-.:.-ﬁo:-!-:-.hi-g-lfualti-:bude.__._l&ndmm:-k..,..:ide'mi‘.ificafbign:_._b_e_caus_e_..r_.f___:. -

this series of models had more lar-ge craters. )
| =

Mr. Anderson suggested cutting dowvn on the number o:IE‘ runs for the 25 and 30°

sun angles and concentrating on the low a.ngles (e.g., 7 ll° 15°, and 20°).

7
(Editor's note: It vas due to I-ir. Anderson's request .that the 11° sun angle
- ~was included, This occurred after his runs were completed)

'Even the 20° sun engle migit not have to be included in the runs. The 30° and

N

15° sun angle may provide about the same visibility,

One wa.y oi' obtaining data on i‘eature identii‘ication might. be to p}ck out a
~ Y

4
:z:eature and determise &t wha.t point in time along a trajectory % -u{le test subJect
: , A

can see it

S
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Other comments made by Neil Anderson were as follows:
Femiliarization runs should be made with the smooth model.

Be sure that the test subject knows wherﬁe%ye landing site is located.

N (C:,///‘

3.2 Jeanne Lee - 9/23/67

. With sun angles of 25° and 30°, there wis no viéibilit& and test subject could
not make decision to land, with a re-designation, he may be able.to make a

decision. Operational procedures should be formulated for lunar descent.

With sun angles of 11° or less, test subject can éee_enough to land. Greater
.suh angles may be acceptable if test subjeeﬁ looks ocut toward the left and uses
scme visible features for re-designation. Re-designation decision way have to

be made awfully fast.

-

As a result of the simlation Miss Lee can tell now what identifles a gross

: landmark A b0O foot crater can be seen, but s 40 foot one cannot be seen, etc.

The point here is that=gross features. are probably ten times
Jarger than fine features at any given range under specific
visual conditions). : .

The band of visibility for most sun angles appears to be too narrow for pattern

-recognitien. It may be possible to use known.landmarks in the vicinity of
the landing site.1f the sun angle is below 11°,

. : &
— %

She stated_that each team of apollo astronauts should cOnéentrgﬁe-and_ieally

study three landing sites. Other crevs should concentrate on other sets of
three landing sites.

More information on landing sites should b§ extracted from Lunar Orbiter and

other data sources.

N
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She mentioned that she could not determine the slope of the landing site from
the simulation. Dedbris piles, etc., could not be identified although they

could be detected.

3.3 ;Agtronauc Dick Gorden - 8/2L/67

The lunar landing simulation performed by Dick Gordon utilized only the rough

set of Iunar models because of a projection laup failure.

Dick Gordon made the comment that "he can't believe it's that bad" after he
had completed the test runs. "If the simulation is valid, it pro#ides a very

dramatic display of what is going on;" according to Cdr. Gorden.

The smaliest landmark discernable from an altitude of 500 feet was a crater
with a diemeter of 37 feet. Cdr. Gordon mentioned that the entire rim of some
eraters: should be visible prdbably because of the difference in the albedo of

P

the ejects from thatf;f surrounding materiala

N -_‘
[

. (Editor 's Note:. NO &ttemp‘b was made to duplicate albedo differences on the R

tion ).

models 1used in this 5 Jmal;

Dick Gordon mentioned that in landing, 1dentifiable features should be located
- to the left of the 1anding ellipse. At high gate, this ellipse covers an

- area which is 20,000 feet by 10?000 reet.

Cdr. Gordon stateci that for the better sun angles ( <. ll°), essentially the

‘same visibility is provided fer each of the trajectory angles (l3°, 16° and

19°) utilized for the simulation.

He nade the comment that there was "something here for a training device; the

trajectory should be made continuous."

It vas reccmmended that the similation should be placed on movie f£ilm which
IR gat
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would be competible with the MSC IMS. Cdr. Gordon suggested that a study be

made 0 determine what would have to be done to make the movie compatible.
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APPENDIX II - TAFPE TRANSCRIPTION . _ A

. | 1.6 | INTRODUCTION
As was mentioned: in the body of the report, each subject was invited to make
) ' verbal comments during the runs. At the oompletion @frthe simulation, these -
verbul comments were extracted and typed for inclusion in this report. Those

camments are given in the following pages of this appendix

o e Ll e =

_ e . 4
In planning the simalation it tas initially thought that the time &t which an

event occurred could be found by measuring the lapse time from the start of
& run when listening to the tape aftervard. During Mr. Anderson's runs it
became evident that this would be very time consuming because of the.many
- corments that were being ﬁe&e. it was declided that data reduction could be
- gimplified if the test.engineer vere to call out the time during the ruhst

This procedure was adopted after Mr. Anderson had completed his runs on the

e e L e s T e s e e e e p o is

rough model at the 15° sun angle and continued throughout the rest of the

g T T LDTILTITITIALSIN T TR TR DI

simulation. The result, as. anticipated, was a- considerable saving in data

reduction time.

Y ' The length of tape required to record the voice comments was determined prior
| 'to the simulation on the Basio of a'recording speEd'l'7/8" per Second; After- '
wards 1t was discovered that ‘the tape ran out because the recorder ren at
3 3/u" pe; second.- This regretable error resulted 1n the loss of tqped comments
by Mr. Anderson during the 11° and 15° sun angle runs on the smooth model

sexries and by Mr. Rosenzweig during the entire set of runs on the smooth model

'series.

- A_projection lamp failure-at tﬁe end of Cdr: Gordon's runs on the rough series

f forceé a lengthy shut down for repairs and resulted igginability to perform the

smooth model) series runs.

I1-1
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. 2.0 TEST SUBJECT: NEIL ANDERSON

. 13° flight path, 7° sun angle - Rough models:

The visibility on the first model started off at between 25° and 30° to the side.

(Editor's Note: The implication here is that a redesignation greater than 30°
is required at this point in the run.)

On. the second model it was dovn to about 15° to 20° and on the final model was
dowm to between 5° and 10° to the side. There were no comments about the landing
 site. At the end, visibility dead zhead came up to about 48°. Features were

distinguished early in flight at about 60°, on the LFD zeroc line.

16° £11 ;_5pt_path,_7° sun angle - Rough models:

" Definition off the side was first noticed at the end of the first model. No
mention was made through the flight regarding recognition of the landing site.
.The subject felt that the second trajectory was better than the first'in that
things wefe more visible near the bottem of the field of view. He also felt.

that he could see things further in rront of him than on the 13“ fllght path.

i

(.

‘The subject felt that the visibillty was béfter at the start of the traaectofy.
- He also felt that he could see further out all through the traJectory. No
'mention vas made of hawing recegnized the landing site. The subject felt

_ that the longer the time between runs, thg more difficult it was to compere

two given rTuns.

.§uﬁ.gngle - Rdugh modelsé

23° flipght path 15° : |
There was no definition at all early in the flight. Neaf thé end of the first.
'model craters in close and at 25° to 30° left became visible. Craters dead

‘.fahead became visible by the middle of the second rmodel, and at tha beginning of

the third model the landing site was-visible.




_ there might be nsibinty beyond the 1anding site at the 7° sun ang

13 fli ht ath 20 sun an. le - Rou

6° £licht ;ga.th 15° sun angle - Rouw models:

By 1he middle oi‘ the first model there was definition off to the side and by
the end of the f:l.rst. model there was definition forward. By the middle of

the second model the landing site was visible and was very clearly defined

'at the beginning of the third model, but nothing was visible beyond the

landing site.

19° £1ight path, 15° dun angle - Rough models:

There was definition to the side early on the first model and by the middle

-of the first model there was def@nition forward, but close in. The landihg

’31-,«}3 beceme visible near the end of the f£irst model and by the middle of the
= . . : : -
)second mode). there were craters and rills clearly visible beyond the landing

:'site. The washout ellipse on this partiéula«z”' sun angle was larger than it

'haﬁ been on any of the i:ré?ious runs. The sub.ject comented that he thought

models :

At the start of the first run there was no definition or visib'l.e character-
istics on the screen. ‘J.‘-owaxﬁs the end of the run certain c-haracteristics

. beemme visible. T

&

6 secona.s There is no visi‘b:.lity.

5 seeends - There 1s slight deﬁnit:lon forward.
End of model 2 - _‘I'he 1and:lng gite is not vistble._ ‘
99 seconds = The landing si'be :ls not visible. |

116 seconds = The landing site is still not visible.

. ‘I'he Landing site was pever. visi'ble through the whole win,
/

There were scme shadwy’?mtg;- visiblp///ihe lower end of -

: - 'L_/
Ve
the field of yiew. J%

i

)

et T =
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1

5_

3 16° raient path, 202 sun angle - Rough models: | E
18 seconds - There is nothing visible.

30 seconds ~ There are no features discernable.

During the first model the washout ellipse went clear to the

bottom of the visual field.

Iy}

i
!
|

58 seconds - There is one crater dead shead and very low.

- 73 seconds

The landing site is not viéi'blé.

80 seconds - There is some visibility outside the washout area..

End of model No. 2 - The landing site was just becoming visible.

105 seconds ‘The landing site is Just barely in sight with poor def:ln:ltlon.
11l secands_ - The landi-ng site is being washed out.

- End of Run - The landing site is -no-longer in sight.

}_90 £light path, '20° sun_angle, R‘ough 1odels: ' ¥
3 . 20 seconds ~ There is some def:.nitmon at a‘bou.*. 15 lefti
: N . _ _
S N — 77:756 EQCOnﬁB - The visualwscene-—has _not lmprove ——'::r::;:"::.—;:r:' ——,—: S
) 58 se'comis - The landing gite is not visible.- There is a crater dead ahead .
A ) 0 : T , . 7 ’ ; %
L ‘ and’ visi‘ble.

h

68 seconds - The outline of the landing site is visible.
. . End of Model No. 2 - The landing site was barely visible.
. 92 seconds -: ‘The landing site is barely visible.

101 seconds

The landing site is being wasked out.

107 seconds The ,,.ﬁllj‘"and"crater béy_ond are washed: out. _'

- 112 seconds . There goes the crater. ' ! o
- Dzn':lng the 20° sun angles the 1and.tng site disappeared completely

duxing the run.

Ik



o .
13 flight path, 25° sun angle - Rough models:

10 seconds - The initial view is washed out.

t 37 seconds
. 61_sec6nds
82 geconds
' 92 seconds
’ 105 seconds
‘ . 116 seconds

4

There are no discernable targets.

There are no targets vigible. @

There are no %ﬁrgets visible.
Some targets came into view on the left side.
The landing point is not visible.

A few craters were visible any place.

. o
16 f£light path, 25° sun angle - Rough models:

10 seconds ~ Some dim craters are visible off to the left.

50 seconds
60 seconds

. 96 seconds

95 séconds

106 seconds

__&t the lower left comer.

| B

A few dim blurry targets are visible off to the left.
'.';_['here is nothing visible. |
A fev targets sre visible slightly to the left.

The target is not visible, But s fev craters sre visible

The landing site is not visible.’

The landing site was not visible through the whole run.

19 fli@t path, 25° sun angle - Rough mc:dels.

11 seconds - No targets are visible.
35 seco_m_is - Some faded targets are visible in the lower left hand corner.”
60 seconds - A crater is visible in the lower left.

i
3 seconds '.l.‘he landing site is not visible a.nd very few targets are

_ i visi'ble. .
il 95 seconds - One crater is going out of sight at the lowe...deft.

- 3

111 seconds - Crater.-. are starting to come in, but thﬂ landmg site is not

.
t
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" End of Run - Some craters are visible off to-the side, but nofhing is
. vigible straight shead.
, ;30 £light path, 30% sun angle - Rough models:
' | 10 seconds - There are no features in sight except for some hazy ones i
off on the far left.
- Everything up to an,d;_inc‘iuﬁipg about 1&6° off to the left is
completely washed out. | P i
62 seconds - lThe'"re- is absqlutely nothing in sight. | | J
81 seconds - .\:l'here aré stiil no éiscérnable features. 1
L' Tt I“’=97 seconds - No features at all. §
| : 115 secondsf:-.- A few dim features aie seen off to the left. i’
16° £1ight path, 30° sun engle - _ Rough models: B
| 5% 10 t;eegnds - There are a few minor targets way off to the left. o
w .18 seconds-Everything else is fogged )-SR _
ko §ecends - Some f‘uzzy features to the left and left front are Visi'ble. : e
58 égcond.s ~ No targets. ' ' - 5 |
80. seconds - A few features are becoming visible.
. 93 séco:;d:s - There are no targets :!.n sight.
105 second;s « A few targets are becoming visible off to the 1eft front.‘
11]. ée;énds' - Some features are :l.dentifia.‘ble off to the left, but nothing
‘ l‘ . straight ehead. . s e o i
19 flight path, 30 sun anp'le - Rough models. | u :,l_ﬁ\_
- 10 second.s - Some features arp identlfiable off to the far left. s ’ o
ﬂo seconds - A .few- very faint targets are in the //"Jj“ front. {’ N

) 50 seconds - More targets are becoming visi'ble /all the time off to the 1eft.

I8




k: j - ‘ 66 seconds - Very feint features are visible in the lower left.
) 73 seconds - The lendin- site is not visible. {
105 seconde - The lending site is not visible, but there are targets and
. feetures visible in the lower left. s |
112 _seeo_nde =« The fea‘tuﬂeé are degcading. |
‘ | End of Run - thhing is identifiable.
f '23° izt peth, 7° sun angle - Smooth models .
12 seconds - Several features are distinguishsble off to the left and
. almost up to the center line. |
. | 25 seconas- I thoughtI recognized the landing. site.
R o T3 seconds - There is & crater Just to the left ﬁcf' the center line.
.85 seconds - The ridg; line. mnning from left :bcwlright is just. visible.
f;;;’ _Z!._;o flight path-, _-20° sun angle - Smooth modéls.: , o |;
135 seconds -W?hje?e}\ﬂ}jﬁ no identifisble features. T i N
v 30 seconds & It 2 :é completely washed out. " | ’f
k End of First ‘!;oael - There were no identifiable features on the first model - ;
f;«_:_—‘b T ) ¢ this sun angle. E

: AN . | '
i \ Ve - seconds . There are no features in sisht-
; ’ \ - .

)1_

t T \“«-\ © - 87 seconds - A:few rid.ges and rills aie. visible on the left gide of the screen.

' End,,«'-gf Model No. 2 - Nothing :ls visible on the LFD z}ero‘ line,

; 209 seconds - The landing site 15 not visible. I

i - There are certain features in the lower portion of the scxeen -

. o " . that can be seen. The landing site was never v:l sible en the run.
b 16 flight jpath, 20 sun angle - Eknoo"h models.

_ G - 2T seconds = The contrast is pzor. There are no targets visible.

E ‘c_“&.d o

B o ) &
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60 seconds - The screen is completely washed out, nothing visible.

‘75 seconds - A few ridge lines or rill lines are visible in the lower left. i
85 seconds - There are craters in the lower left. }
- I can determine a visual diéferenee between the roggh and | fm
smooth models, but I can't tell which 1s rough and which 1s e
smooth. | i
103'second§ ; The landing site is not visible. i
110 secqnds = The landing site is faintly visible. é
113 seconds - It would be impossible to make & landing. E
19°.fiigh£ path, 20° sun anglé - Smooth models: :
15 seconds - Everything is washed out. ' | | ; '  ’ S §
26 geconds - There is some definition in left foreground. - o g
hs'geéands - There are some ridges-visiblénto the left of center line. ) E
63 seconds - There sre no craters in sight. o ?
13 Bec"““s - There are S°“; r idge lines visible off to the left, but '
) W . nothing dead ahead. - ‘ S %
: ﬂh@igfiiédel No. 2 - Some cratgrs.weré picked uﬁ at 639 on the LFD. ‘ /f s
ol éeconds - The landing site is not visible. | ﬁ?ﬁf '
| ,q‘-'A.few tergets are viaible dead aﬁead,‘but they axe$1é.veny close.
19° £11ght path, 30° sun angle - Smooth models:
| 5 Beéonds -~ The gcreen.isgccﬁpletelj;obliterabed.
15 seconds - It 15 impoééibie to tell motion. .
’ 40 seconds - A few small craters way.over at't%%ﬂle?t side aferisible.‘
72 seconds. - There are a fev Tidgd lines and riil lines visihle on the T s
il left and foreground. S -
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| End of Model No. 2 - The landix1g,site was not in sight nor was any
. area in the direct fore front of the picture.
End of l_fodel No. 3 « There is no definition except for a few eraters in
 the lower foregfound. '
End of Run -~ Its Just barely possible to tell motion by looking éff to
” the side. |
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3
3.0 TEST SUBJECT: JOEL ROSENZWEIG
- 13°% flipght path, 7° sun angle - Rough models:

15 seconds - Gross terrain Cfestures are recognizable, but not well

enough to pick out the landing site.

28 seconds ~ Relative motion cues are bztter off to the left than they

| 'arg straight shead.

40 seconds - The rill is starting ‘o make an appearance.

51 secondé - I can see the general viéinity of the lamding site, but
probably nbt clear enough to determine whether it is aéeept-
able or not. | | |

HK 70 seconds - I've got a fairly good fix on the landing site, but you cammot

tell the quality. ‘
- Earlier 1% the yun the horizon had some fairly good landmarks

on it, v the only onee yon would be able To appreciate from

run the horizen started to get whited out. So I don't think
the landmArks~comingIOVer the horizon would be very.useful
) at this sun angle;"'l | '
B 160 s;conas%- A1l the terrain features in the: area of the landing site are
| _ recognizable.__ |

110 seconds = Most all the small terrain features appear good

- Some of the smaller features appeared whited out, but almost

all of the features in the foreground appeared ueable at the

end of the Tun. o |
End of the third model - The visibility in the Poreground off to the left

: doesn'p_appear to bg.appreciably better than straight ahead,

i it
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-hqwever, the horizon features show up better off to the left

\\\

then they do straight ahead. e

léomflight path, Tp sun angle - Rourh models: : ‘ - ?
10 seconds -~ The terrain features don't appear to be much different than

they were on the first run. i

I am able to see the general vicinity of the landing site, but

only due to training and recognition.

29 seconds - No characteristics or qualities are visible.
35. seconds - Gross lendmarks are st11) very good off to the left and in
| the foreground. N
%0 aeconds-; The landing site is visible, but the quality is still noﬁ
discernable.
P - Aétef the end ef“the first model.y@u nave to stop and think
gﬁé? . When yeu see a shadow whenher i%'s on the :ronb or the vack
T ~ T of the terrain features 5o you can determine ‘whether 1t 1s tulﬂﬂxzﬂ;iii B
. 8 hill or a cr&ter. | _ o
' 57=secoﬁde : The 1anding site shows up fairly well. .
70 seconds - There 1s reasonably good. qnality in all areas above 30° belaw
~ the horizon is starting to white out-
- 80 seconds - Can't determine vhether to land at this landing site ox not.
96 seconds - Evexything looks fairly useful in the landing site vieinity,

102 seconds

Things are betier off to the left, the horizon 1s whited out
dbcut 60° atove the 1anding site.

T feel that as far as the pilot 8 are concerned & preference

o A~

epproach veloeity or speed rather then uponlﬁﬁ& visibility ' i} |
for a given sun angle._ . I

_ ~y




... 66 seconds - The smallterrain festures have not started showing up. _ . . . i ..
; : B S ,,g

>
At e

LR

19° piight path,. 7° sun angle - Rough mnodels s

10 seconds - Things look pretty much as on the first run.

20 seconds ~ Good surface terrain contrast.

Just about picking out the vieinity of the landing site,

' ég seconds .
but could not make any quality determination.
38 seconds - Have the landing site. | |
50 séconds - Would venture first guess as to whether it's good or bad.
- it appears that the early part of the descent from 10,000
feet on down on the first.map'you pick up the lending site

at the bottom of the descent at the latter portion of the

i P W R i i et s N -
R e 2 A P in e B Rt e B A Ky A A

first trajectory when you start tqmﬂiseern the landing site.
Earlier than that you have to make yoﬁr wvay towards it using -
gross landmarks. You don't have any capability using an LFD.

I have a good £ix cn the landing site.

H

* 56 seconds

The small terrain features have shown up.

‘71'seconds

75 seconds Good f£ix on the landing site. ,g?ﬁ;?

I ' = At the end of the run you had r¢eqpate visual perception of
what the characteristics of the 1anding gite sre. The best
mgthod for using the LFD is to make your redesigqgtion*as
\arly as possible in thé'deséent, and withhthese conditions 1t

)
6£pears you will have gone half vay through yaur descent before

._f% o " ' you will be sble to pick out the landing point vell enough to

use the LPD. Now maybe thatsg a matter of training, I don't

Imow and with & little more training on the actual terrain

" you may have-been able to pick 1t out earlicr. ; qf‘ i

il

@
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13° £lignt path, 11° sun angl

3

97 seconds - I belive you are in good enough position to determine your
landing capabilities.
- 105 seconds = A lot of other good landing sites are apparent in this
position.

e -_Rou h models:

...8 seconds - The surface texture ¥isibility is much less than the earlier
runs.
13 seconds - Much better off to the left; but I don't feel it is useadle.
23 seconds = A series of rills are visible, but the landing site is not.
35 seconds - Everything/izsible up around where the 1anding site is supposed
| to be. | | _
- 5 seeends’- I have the vicinity of the landing site, but no quality

l {.-—’

estimate..

= 1 don't think you would he able to make any landing site

ST AT TSR ETTELAT :,:'Wti::_- T T —W,Judfgfem—e-ﬁt—s—_—aftwan o—n_ _.E}E friﬁﬁ,mezl’.f fIff mafy—_ﬁ_e—_aﬁt{ﬁi;e——ﬁo—_—r—.é T LT LT ,..l

pessimistic than the others.

65 seconds - I have ‘the vicinity of the landing site probably discretely

. enough to designpte, but I cennot really determine the quality.

76 éeeonds.- The terrain féaﬁurgs are starting to show up.
8# seconds - I can judge the te:rain £Eatﬁr§s, but sti11 pét é quality
- Judgement. : | | o B
End of model - I esn pick out prbminent iefréin<féétures,.but still ﬁot
| enough to be able to determine whether it is acceptable or not.
- g2 Beconas ~ The foreground features are fairly good.

fﬁ”‘:

108 seconds «» I still wouldn't commit to a 1anding at this point though

A
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116 seconds

-
i egpe: Mo - - " B e o ot

- I wouldn't commit yet, but I know where the landing site is.

16° £1ight path, 11° sun angle - Rough models:

10 seconds

18 seconds

26 seconds

33 seconds

b2 seconds

51 seconds
55 eseconds
66 seconds
(] secanas

81 aeéonds

96 seconds

iOl seconds

- At the end of that map I could at least fly away frcm & bad

- The foreground features show up, but nothing on the horizon.

- At 25° left you might be able to pick out some .gross landmarks
and be able to use them for navigation.

-~ I have the rill aress-that define the landing éite, but I

- cannot see the landing site yet.

- The rills and the larger craters do show up.

- I see the vicinity of the landing site.

- I have the landing site vieinity, but no quality judgement.

- About I4® below the horizon it is whited out. ‘

-~ Th2 landing site is fairly discernable.

- I appreciate terrailn features.

" landing site.

I could'pr@bablyrjudge landing or not.
and. '
- Other good landing sites are visible,/the foreground is betber.

,-The best features seem to he the series of rills and the

craters right beforec he rills.

2 5& path,_ 11 sun angle -_Rough models.. -

o seconds -

| 33 seeonds

46 geconds -

The rills show up earlier and prominent features show up eariier
 than 1t d1d on the other trajectorigs. ) R
- I heve the vicinity of the landing site.

The horizon wash out is a little nmore extensive.

-

- Ybu could probably make the redesignation at the end of the

first model. _ S e

XL
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d 55 seconaé -';I.‘ve got the landing site well detemmined, but the terrain
1s impossible to determine. i

63 seconds - I could redesignate away from a bad one.

. . ' 71 seconds = The small terrain features are showing up nov.
End of second model - Good 1and1ng s:l.tes do show up.
95 seconds - Terrain judgement can be easlly done now at 95 seconds.

+. 130 -,,a'.r-x..'m.-i::,g;:*.a-..'-5- -+ .3)4d not redesignate dovn range at this time it's whited

P
oo mate
LI B A

TR
= There is & wide variety of landing sites though that you
- could redéeg:lgnate to or from on the last 20 seconds of the
last model. .
% T think that the significant thing though that you want to
point oﬁt is ﬁhat you weﬁt t-hrough half of your descent before
~a1 *mre able to get n real good chec* on the guidance on

wsﬂ . . N .‘, “.i";“‘ _.-"l ‘-:‘:' ‘ ‘.;'{:.-*0 A L ”l [l . k.
e L %hether ' you aetually hed a_ landing site at that point or were e B

unable to make any red\esigmtions. This 1s entirely sub=
Jective,of course, | but I ‘-..hink it would probably be more
difficult to make determinat:lons i1f you were to wind up in

& eompletely f;l.-at area with no obstacles or craters in it.

But if yc?m: could. be assured "t-he.t any area in that area were
good, but the pat:’cern that you get from certain. 1anﬂmarks
helps you to distinguish by knowing 1n advance how big they are &

a5

. you can dist‘:t—ngfaxish smalle'r terrain features.

. 1ght patd sun_an le ~ Rou h madel'_ '
5 eeconds - Groas horizon features may be visible.
17 seconds = The first gross crater comes :l.nto view and :l.ts no better of f to

. o uconds - the left. o . S

o
£
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25 coconds - Nothing. .

No usable landmarks.

31 seconds

%; , 46 seconds = Some craters and landmarks way off to the left.:

You can tell something is down there, but you could not

make any judgement as to position or quality. For all

PN I
.
vy

A " practical purposes you have no appreciation of the ,

-
g

landing point.
€0 seconds - Some landing sites are s"\owing up in the foreground, but

not well enough to position yourself.

e Tk

86 seconds - The rills in the area of the landing site are visible and I can

. Jut barely make out the landing site.
! | . 10h geconds - Still no quality estimate on the landing site.
.10 sécqx;ds - The landing site is now drifting into the vashed out area.

: -1 wauld‘sa.y that I wasn't able to deteruine the quality of :

e S ~ the land:lng site throughout the entire run.

” 25 seconds - Some rills are showing up.

- Probaﬁly obtain. nothing on that mo_dei éxcept the most gross -
: ‘ landmarks. - - |
e Lo 60 seconds - I have the vicinity of the la.nding site. .

7ll- seconds - 'I'he washou.t is approaching the 1and1ng site. '

3 ‘_ o Bh seconds - I could redesignate away from a ba.d one, but I could not.

N

© gell 1€ it vas good.
| = At this point the visibility is marked.‘ly better off to the -

1

. left than it is dead ahead. e

o ;/

&
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93 seconds {;The terrain features in the foreground are apparent.

I;ba seconds j You can determine some features in the landing siﬁe
vicinity, but its on the verge of being whited out.

- You never did see the entire sector of terrain features and
it approached the white out area st better'tpan 16°. From

- the horizon-on down 1t was whited out.-

120 flight path, 15° sun angle - Rough models:

ik seconds - Some larger rills are showlng up.
‘20 seconds - I can see some large craters that I know to'be in the area of
the landing site.
. 30 seconds ; I still bhaven't got the landing site.‘
43 seconds - I'm in the vicinity of the landing site{ 
50 seconds; - I eeﬁ seezéﬁe site, ﬁut no quality.

7h seconds - 1 don't see the landing site, its rignt on the euge of the

Hhite out area now.

H
4

- The white out area is 16° below the horizon.

"t

83\t~conds - The white out area is starting to slide into the landing area.

9k geconds - The site is visible, but terrain feaxures ‘cannot be, determined.

ioh secpnds - Its starting to white out. _ . _ _‘;c «iﬁl
109 seconds - Its getting vorse:et the landing site, I ceuld redesiénaee;te
‘ @;J the left. o ” | |
. Almost everything davn to h8° on the LPD'was wh;ted out on the
' last portion. |
L A' ' /_)
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. h,0 TEST SUBJECT: JEANNE LEE _ §

. léé flight path, 7° sun engle - Rouszh modeis:“ \qg
10 seconds - The craters are very visible off to the left. é

. - :“-36 seconds ~ The shadogs shoﬁ betveen the rills and the bright areas, . ;

but they cannot be distinguished.
_-h5 seconds - A definithcrater is not visig}e directly ahead up tb‘the ;
| " horizon. = | ‘
‘ 53 seconds - The rill by the landing site ié visible. )

61 seconds - Théré.are definite eraters around 60°. o i
, 85 seconds ~ The model is washed ou* _above 54°, 'f
“Beginning of third model ~ There is\clear visibility below 53° 'é
110 seconds - Everything above 42° i;‘washed out. ' j@%%

26 g peth, T° sun engle - Fowghmedels: ]

10 seconds - There is clear visibility below 46° and on down. " qj

38 seconds

Ther is washout at 56°

5% seconds The landing site 1s st1ll washed out. - B

- 60 Seéondé "The rills gfe visible at 60°

33

68 seconds The landing‘area to the horizon is washed out.

End of second model - ¢ery clear identification of the landing site.

~ Things are more identiiiable by the contrast.rathenEthan

;' | “4 _‘{r . i} u; 5y.their sbape or appearance excgﬁt‘fér'rille Hhichware
%i o . L :extremely ??Bf_t° detegtpandidéntify- .
. | 1100 seconds - The rill and large craterhére tdentifiable. o
. | - 198 £light path, T° eun angle = Rough m0431d' il i
S 30 Becondﬁ The craters below 56” are visible. % ke

hs seconds - The ianding 5ite is not identifi&ble. :W

L

%
65, seconds - The landing site 1s not 1deatifiable.
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75 seconds - The landing site identifiable.

105 seconds - Crater;oj?f are com.iné in very visible and on the landing gilte.
no flight path, 11° sun angle - Rough models: N . f

- I an concenti:ating very hard onr whaﬁ I can sec and not
particuiéé;‘.-\v__on the lending site.
10 seconds - Very washed c;ut.
- 20 seconds - Craters are becoming visible at sbout 15°.
- 40 seconds - Small craters are visih’ie off to the left, but nothing
| ‘visible stréigl;;t ahead.. | . | |
50 seconds - Mo possibility of identifying the landing site. :
60 seconds = Shadowing is starting to 8ppear. | | é
85 seconds - The ianaing site 1s identifisble, but the rill 1s ;xo;; very
' | clear yet. S - :' l
" End of run - It would be impossible to decide vhether & person rJould land

i
/ o
‘in that area or not since the features were/ veryfvis:l'ble. B é

¥ ’ 100 seconds - 'I'he J.anding site 15 qu_te clear.

110 seconds - The terrain is washed out right st the landing site. i 4

End of flight - The landing site is washed out.

N lo° £tght paths

11° sun_an 1e - Rou models:

20 seconds - The model is washed out. '

_30 scconds - Visibility o&er 2li',o the lﬁf‘t is improving. ' o -
.35 seconds - The :I.and:l.ng s:lte is not deteminable. _. IV |

50 s"econds - It is washed out above 62° and up to the horizon.
60 s.eaonds. « The smail cré%{gf; 'a;ie Btarting' to be_comg; visihle. oA

The landing site is not fdentifisble.

70 geconds

15 éecénﬁs Can plck it out. r.:ecau.ae of the shadowing on the :rill.

b
4
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90 seconds - It is washed out above the rill.

-~ I think the landing site was there because I have made &

et o i e b e o W

number of runs and knew where it was and knew the charagter-

istics of the terrain aroundﬁiﬁ-
95 seconds -~ It is wasned out abovc*50°. X
100 seconds - The landing area is definitely identified. |
v E | End of the run - The small crater to the left of the landing slte was not | %
| identified. I feel that it is there, but cannot identify 1t- ;
positively. ' T ’

19° £1ight path, 11° sun engle - Rough models:

i
)
v

15 seconds - The craters are quite clear off to the left down to smkl;
. oL i . N
ons.

- 25 seconds - It is washed out about 54°.

Pt

{30 seconds - The Janding site not definable.

{
__60 seconds - There are cratevs Visible lﬁw in the fiel&, but Btill o

. washed out at above 5h°

'-V75 seconds -1 definitely know where the landing area 15, but not able to

1dentify 1t. | _Q_ ,
End of modeld 2 -~ The small crater near the 1anding site vas visible.
90 seconds - The landing eite 15 very clewr. ) ¥ o
100 seconds - The little crater beside the 1and1ng=site-in very ciear;'

110 aeconds The big crater by tne 1and1ng site 15 washed out.
b

1.° flil t_path, 15 sun en le »*Rau models

-8

e, "_ 10 seconds - The larwe eraters are~barely visibla to the left and some R

Bmall craters inwn near the: bmhtnm..
:‘-) -

. 22-Beconds'- The small cra§ersjnre becoming viaibl& over. to the left. f'

- \\L?'-.. L
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-85 —Beconéi;sm

30 seconds

L7 seconds

52 seconds
65 seconds

TO seconds

85 seconds.

93 seconds

97 seconds

~ 103 ‘seconds -

115 seconds

1 seconds

-3 seconds =

30 gecorlds

4O seconds

555‘ seconds

f‘-

‘8t this pointe 3

R
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It is c;mpletgly washed out dead ahead.

It is completely washed out. - , 0

‘Some craters are showing up to the left.

No possibility of 1dent15’.‘y1ng the 1@9&1113 site.

Some shadowing starting to show up dead ahead.

No indication of the landing site.

Some shadows showing up ahead end some craters showing up. |
The rill and cre\:ter showved up. '
There is possible identification of the landing site.

Everything is washed out.

R e a2 e R

'.l'hé rill and érat‘er are washed out.

The shedowing that lookegl like the rill and crater _aré being

seen again.
'150 .sun angle - Rougt :nodels_':
The smsll crater 15 visible off to tvhe side. 1
‘There 1is vash out.30° to the hordzon. 7 - l
No indication Of the landing site.. f
4

Some shadowing straight ahead, but no features availrsble at all.
- I am only calling out shadows when I'm fair:ly cerba:l.n they

vere shadows of & crater or a rill. | T
Visibility t.o the left and at thw bottom fai.rly clear.
COmplete waahout s‘araight ahead. h . : ,,J’ _,-;  '

'l‘he craters are becoming somewhat vis:f.'b'l.e unerar the 1and:lns f

site. L S

5.f' - . S IR

Th,e i1l 'by the land,ing site was never v:ls:;fble on th:ls un

I am only identifyinz the landing aite onee I can see the

erster and the rill, W@w; ‘L

[~ -

R & X1
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95 sgponds = The large crater and the ring of craters around the lahding é
ﬁa site is vigible. ‘ | §

105 seconds -~ Not sure of the rill.

109 seconds - I can determine the landing site because I lknow where it is.

- The craters around the landing site washed out Just before flight end
19 flight path, 15  sun angle - Rouch Models:

3 aeconds .= Complete washout up to the horizon from 40°.

-

‘”19 seconds - A few craters visible to the left.

‘40 geconds - Tere 15 no indication of the landing site. | ﬁ
950 sgconds - The washout is extending more to the left than it did before- ;
& Secpnds « There is clear visibility on the lover portion of the sereen.
& seconds - The large craters are starting to shov.

x/! :
End of Model 2 ~ The landing site was still not viaibge, but the crater

was Btarting to show. .
i gﬁj 95 seconds = The 1and1ng site 1s definitely visible, but the rill is not.

\

105 seconds - IL is impossible to tell any characteristica about the

e Rt 1an51§;7§1te. : _@“, ':, o | ,'._?;m
112 seconds = The 1argq_gi er washed out and Just at the end the smaller o
fx%; . and nake -out more detail and determine when it became visible,
X then L have been in the past. ’ ;
: 13° £11ont path, 200 sun engle - Rough models: F | .
10 seconds -'Two_la;ge craterd %q‘the,left are visible plus a fewfiglow
- o them, o | - \%’ o
30 aeconds - Nothing: derinitﬁky visible dawn ‘towards the landing pite.:
’ hogseconda=- Everything 18 sﬁill washed' out. - )
(i:{. L ':hﬁ seconda - There i Bome washout 1eft.@; o fe ;f;
} i -L. 1 60 seconda_- The waahout st11), comnlcte andfext&rding to the 19?‘-- a
S . // B TR T2 - R
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80 seconds - The landing site is still washed out and shadowing is starting

(XS

to shov up & little bit.

' 90 Beconds ~ The contrast is improving and crater%)are showing up ot the
v ~ bottom of the window. , '/

100 seconds

The contrast is improving towards the bottom of the window.

495 geconds

The ring of craters is starting to show a pattern.

The landing site was never visible during the run. B

"16° flipght path, 20° sun angle = Rough models

. 15 seconds « There 1s nothing visible in the area of the landing site up.

e ‘ Lo 7
o o tn the horiﬁon. ' g . _— ' @ﬁ

22 seconds -~ Shadowing is starting to show up at the bottom of the window.

O Y

o

L0 peconds - Craters off to the left are becoming clearer.
-}mhere\is.nothing in the area of the lamding site.

60 seconds = The washout is extending éver téwards the left.

75 aeconds - There are no craters viaible 1n the arean of the landing aite. )

o0 seconds - The craters are vieible as they go out the bottom of the window.
100 seconds = Thg ring of craters 1s visible. | _ a\

195-aecondé -'The large crater or rill picked up to the right or the landing aite.

» The landing site vas beooming a little bit more visible, but :
started waahing out right before the end of the rlight.

12° flight path, 20° sun angle = Rough models: .

10 seconds = Some cratera are visihle to the left. o

7
50 aeconds Nothing is viaible in the directipn of the landing slte, waahcut

&y

13 complete to the horizon.

s}




B
5

W,

* 65 seconds - The ahadowing,ié getting a little git darker.
= During the last: ?ortion of this model the craters vere
visible as they neared the bottom of the window and dise-
appeareé out of sight. |
100 seconds -~ The ring of craters to the right of the landing site and
the large crater are visible. A rill was not visible.
The_rill vas vislble because it looked like two long shadows. -

;9° flight path, 25° sun angle - Rough models:

10 seconds - There is nothing visible, except twe large craters way up

P
\

off to the 1eft.

30 seconds - There is nothing in view forward up to the horizon.
.40 seconds = There is nothing &t all visible in the dircction of the landing

Y
T

o ' N
Some shedowing is appearing in the area of the 1and1ng site.

gite. .

50 geconds

- Two-large craters still viaible off to the left. e
65 seconds

There 15 nothing visible 1n the landing aite area.iﬂwwm

80 seconda - The landﬁﬂg site ‘area ia still waghed out.

R Lt

83 seconds

The washout is from 60° to the horizon.

- 100 secondsn

A ring of craters is barely visible,

110 seconds

Ty ;2° flight gatht<§0° gun anglegé Rpugh medels: - "
T e © < Complete washout‘along O line. = | { <iK\

'Picking up a little bit of dark area where the rill ehould be.

10 seconds

Theve are some eraters vﬁaible over to the left. L,/
o /

S

30 seconds

There is no contrast in the area of the lending site.

'Spiseconds_- There iz nothing diaéernable in the dirsction of the;landing

Lo site. '
65 seconds - There is nothing further in the direction of the landing site.
| | |
= ) b7
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| k,ﬁf' | - ~ Few medium sized craters off to the left are visible at 75°. E
, _39 £1ight path, 7° sun angle - Smooth models: ) ' . {g
25 peconds - A possidble landing site picked out at aboutigé° . é
‘ : 35 seconds - Large craters directly ashead are visible. | %
45 seconds -~ There are eraters far off to the left that are quite clear. i
60 seconds - The craters 10° below the horizon are qpite visible. !
&G seconds ~ Large craters at 50° and craters to the right and left are 5
vieidble. ?i
90 seconds ~ Clear visibllity rurs‘frdm 50° and down. &”i
95 seconds - Very large cratera are very elear, the mediun erati:s are not 'é
as clear. §
115 seconds = The rilllhas washed out. :
160 rlight path, 7° eun angle - Bmooth models:
‘ 10 Beuand& -~ The large cratnr is very vislble wad amal;ungrutera tcwurds | _
Y the bottom are visible. o _\\ e —
25 seconds - The rills are not visible. T
35-secepda_- Only the large]cratera are viéible_abcvq 549,
50 aecénquF The large craters are becoming clearer. _i T lf |
60 eeeanda - The rills off to the left are visible.
70 aeconda.- The‘médidm sizé craters afe étarting to'eomé”:ntO'view. "
:BO_aecon&u - The pattern of the 1and1ng site 1s beginning to be recosnized.
.{_ e 95 aeéonda = The landing site is plainly via&ble. Y {H |
100 geconda_— The lanaing. aite looks pretty good.:’_ N ‘___' . ﬁ _\;%
'f Coow 110 égconds-- Wha :ddge is staxting to disappear, but the cratersiare - o ? B
| =;; “ quite elears =~ - s R S
. c o e o ”&if; ?%:%EQ _ ;
o L e " A;p;le of ruby;e_is yigib%e gua? @s_thetrggéctony e ?df ‘ _ .
FARET & o
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. 16° £11pht path

19° £14ght path, 7° sun angle - Smooth models:

10 seconds ~ The large crater is visible at about 50°,

i
%
N

20 seconds - The craters off to the left all sizes are visible.

30’ weconda The landing site is no% visible or discernable.

50 seconds- - The rill and large crater off to the right are visible.

60 seconds - The large craters at about 48° were visible. }

80 seconds - The landing site clearly ;iaible at about 55°.

90 seconds - The large craters are very clears

95 seconds -'Thé landing site pattern is very clear. & \ k;fﬁ}
A

ALl the craters surrounding the landing site are very cleaﬁf

110 seconds.

Tae bnckground is starting to disappear as the trajectory enma.

| 13 rliggt path, 11 sun ang}e - Smooth models: ’

10 seconds « A crater is visible at the lowe%.part of the window.
20 seconds = Nothing is visible in the dirad%ian or thé 1audiﬁg}site-

RE— | N seconaa.- The. eraters are. clear- over to the- lety e s e

ho seconas = Bhadowing 13 1ncreaaing 1n the directi7 of the landing glte.
70 seconds - shadawa are atarting to appear towards ‘“he 1andinsqgite and

\_\\-}
thinga to the left/are claar.

90 seeonde} The 1und1ng site pattern is recagnized.

T —

- 100\geconds - The landing site pattem is clear.

-

'loﬁ-aeconda'- It 's washed oﬁt above the'lahding aite.'

i

110 seconds - The contrast around the 1and1ng aite area 1a raded ?it.

11° sun angle = Smooth. madels.

)‘ .

20 geconds - Dark shadows in the area of the landing slte are heins picked
| up, but are not clearly 1dennifiable.
_ 30 seconds = The 1and1ng area ia nqt 1dautifiable. ) i

4O gaconds -~ Small eraters Ave viaible in the lover pnrtioﬁ\af the windaw.

’ Lo A . : [ s - . e
. B - . 2 L .o M ; w « =
3 : . - . . B : - & g .
| . . . I
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AN ,4?
45 seconds - It 1s washed out down to about h5°,
53 seconds.- The landing site pattemn 1s not Qisible.
60 geconds - long rills are visible.
79 seconds - Still not sure of tﬁe pattemn of the landing site.
80 seconds - Three of the larger cratexs.around the landing site are
1 : visible. |
' ‘99 seconds = The landigé site definitely recognized.
95.seconds - The landing are# is quite clear and large areas to the 1eft.yu

o are very clear.

107 seconds = mhe small craters are fading out. ’

| 19° £1light ath 11  gun angle = Smooth mcdela.

% . 10 segonds - The picture 1s washed out above 56°. o
N\ 20 seconds - mhe two large craters at about 52° dre quite clear. |

30 aeconda - whe 1and1n3 site 1s not visible. ‘ | ,
NO seconds - The landing site is ahill not viaible. o

Gb"aeeonda -Wihé_landing/aite atill not viaible.

- 70 seconds - Three of the four eraters derining the landins area are
u%* beoom:l.na visible. | | S
80 geconds = The amall eratera are heeoming vieible.
85 aecenda - All aix cratera nurroundxng the landing site are viaible.
£5 seconda - Whe landing site ;ooka good. s y

1100 geconds = The irregular crater rar=away is atartingﬁ?yfsgéhcut.

1l0 seconds - The paature is beglaning 0 vaghout above k8°
s '
3/“ lght path 1°

aun anlla = Bmooth éﬁela, |
ID seeonda - The craters to the left are net clearly dafinea and waahad

'Q

o out in rrent..
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B s 20 secconds

67 seconds - Some shadowing continues in the landing site arvea, but j
J/ o . ;

nothing plainly visi‘ole.

" Some shadows detectuble in _t‘hé landing area.

90 seconds - The craters to the lei ‘are somewhat visible at 80° and o ‘
B shadowing getting darker at landing site ﬂm'ea.
, 93 seconds - The picture detail is improving in the iﬁwer yortion of |
| the screen. ?‘
100 seconds -~ The cratexrs off to tl;e lef't are very clear.
110 seconds = The landing site still is not visible. é
16° £licht path, 15° sun angle - Smooth models: N I
10 secends « The craters are visible on the left, dbut not clearly defined:‘ %
35 seconds - The picture is vashed out from 6’#? up to ﬁ\f‘xe horizon. %
- 60 segonds - The éraj;éra are not clearly in view at the lower portion of
B , " the vindow. |
70 seconds = Thare 1o no indication of the land.‘.ng site.
T éééénd.s “ Three large “craters to the Jeft of the lending site are , _
.viedble, but “the lanaing’'site pattern is/not visidle. e (
S . - 9T seconds = The' large craters in the area of the landing aite are -

‘ beginning to be discernable. ‘ |
110 saconds - The l!.andmg aite is not recognizable. L "

199 tli ht path, 150 sun engle - Smooth mcadqla.

- 30 seeoncle - The p:i.cture is waahed out up to' the hor:l.acm- . “ P

:&S aeconds = ‘I‘he J.and.ing gsite is completely waahea out.
. B - 35 aégonaa - The craters off to the left and the rills are v:laib:l.e- R
o | 65 seconds - There ia no indication of the’ landins attes ¢ B - ﬁ}(
:-?S geconds =

The é%smaer qratera amund the lapding gite are diaeemable.

e B # M . R . PO . . ’
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nd of the Second Model = The landing cite was not clearly seen, bub

\ _ ' the large craters around it vere distinguishable .

92 seconds - Three large craters 40 the 1=t of' the landing site are

still visible.

100 seconds - They are starting to washout.

lbs geconds - Coe of the small craters atqthe landing site 1s slightly
: e ' I

visible.

ALl features in the area of the landing site started to -
wash out at the end of the trajectory.
13° £1ight path, 20° sun angle - Smooth models:

12 seconds - A number of craters are visible off to the left, but are not .

clearly defined. | ‘
20 .seconds = There is nothing visible in the area of the landing site. |

) segonds -~ There ls nobthing visidle in fhe aren of the landine cite,
*L*i**j:*ffi**ﬁﬁ aeeon&s ~ Sone- eraters are visible off-to- the lefi; but-ave- nat <v;¥fffﬁfjff5fe:ifz
L ~__clearly derined.. o : N . |

€ seconds - No. uraters dre'viaiblé in the landing site aresa.
‘?5 aeconds - There - tg)slighq shadowing visible in the landing site area.
105 aeconds = Three' 1arge “craters are slightly visible and helieved to . &\ .

s ) . be yart of the landing site recognitien pattern,Aalthough a

nething is clearly viaible in the landing slte area.

=

_ 4¢f 115 seconds - The landing site is still eampletely weshed out. . :

s o

e
= 16° flight path, 20° aun angle - Smooth models:

JD aeconds - A.fER craters way of £ to the left ‘are vis;hla.r"

[

29 euconds - Noth_ng 1s vi&ible in the area of the landing site.

. CF
30 aeeonda - The ahadouing at the lower end of the window is\more ) y i 5
= I’.-.._t, by = ;

s pronaunced, but nothing is Alscernadle, Vi

e
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60 seconds - There is nothing at all visible in the area of the

, ' | la.nding site. | . Z |
: - | : o j

‘ | 80 seconds - There are & fev craters shomng up at the ‘bottom of the window. '§ g

E

95 seconds - Three large craters off to the left are quite visible. J) g

// r

End of the run ~ The landing site is not visible. q :

: Co
l9° flight path, 20° sun angle - Smooth models: =~ \\

10 Beqonds = A few craters starting to show up in the lover Iei‘t of the

window, but the rest of the picture is completely washed. out..

- : &5 seconds - Craters come into view &t the bottom and the left and go
e —e e - out of view very rapidly.

55 seconds - Washed out all the way up to the horizon g;:eé,,pt far over to

the left. , =

N .80 seconds - Thiree large craters in the pattern to the left of the *:
“\; o " - landing area are fairly cleaz. A : i

deiteio . End of the Second Model - - The pattern of the actusl landing site is njt“. :.

visible. e P L

=

i 95 seconds - The crat.ers to the left of the landing s:!.te are still vislhle.

105 seconds ~ Can ba\rely detes t craters in the vieinity of the 1and1ng site.

i o : \.,. il "

oo g 110 seconds - The craters can not bg definitely?fidentified.

10° £1ight path, 25° sun sngle - Smooth models:

15 secends - Very large craters far off to the 1eft are visible.

"25 seconds i- Nothing in the 1and.mg site area. | ‘
._ o " - 70 seconds - Nothing in the area of the 1and1ng sit a few cra};ers e él{/’ |
l _‘ - o D . far off to the 1ef't. - |
80 seconds - The three 1arge craters to the left of t‘he'.landing siﬁe;. af*é ' i
| | recognizablg, but the landiné site 1_tse1f :ls not.
"’é . 7 100 seconds - No eraters in the .aréé of tl?.e l-an&i-_ﬁg s:ttg are visiﬁ:ie.

I3
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i9° flight path, 30°.sgnranglg_- Smooth models: T S : .

; 10 seconds - ﬁséme craters are distinguishable far'off té the left.
. . {'( . .

20 seconds —ithhing in the area of’fﬁ@;&éﬁiiﬁg site. T

&

h? senonds - Large crater is passing under, the window.

i

»35 seconds - Nothing visible in the area of the landing site.
' i} - .

= 83 secondéw- Three large ciatgrs are distinguishable.
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5.0 TEST SUBJECT:

CDR: -. RICHARD GORDON

;3?-:light pgﬁh,_23~sun angle - Rouch models:

= Cdr. . Gordon made no significant comments 'bhrough(%his

ﬁrst run.

16 flight path, 7° sun angle - Rough models.

. 15 seconds - I don't see the landing site yet. L
ks sjeconds - I can see. the rill now. ‘ |

; 70 seconds - I can pick up .the crater without any d.oubt. |
Jo0 ‘s'ecsnds ~ I could very defin;tely redesignate any area around the

B \\) | landing site except. for above it, vhich I csn't make out
) . -

anything, because it is washed out.

110 sécon_ds - The area to th‘e:'left”is real easy {:'.o sees ’

" 17 seconds - I can '-)d‘is’ting'uish the crater at the landing site whieg,:__’;[

am going to land next to.

e
;¥

3

‘35":;‘-ecoxiafs" - '.I.‘hsts s’oout all I can tell, Tt's a crater ‘and the rill

behind it. |
g |

- 'I'here is no doubt about it, the rill was the ﬁ“rst disting~
u:l.shsble feature that came into v:l.-ew. - /[” -

102 se_cond_s & The landing site is sbout at k2o,

At about three seconds before the end ‘of the tra.jectory the

S

o
7

The feature messured turned out to be a shsllcm d.epression

o that measured about 37 feet 8cross.

| 13° flight pa.th, 11° sun s.ngle - Roug}\ model'

YW

20 se‘cond.s - No 1anding po:lnt yet ‘-hst. & for sure. °

//,_____,

Q‘:—“_
2

3

L | rin was. stopped in order to measure the smallest erater visible. _
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26 seconds - Big crater go:i.ng undemt-a.th us. |
o o - Just fas ‘the first se@;/nt ended features near the landing
! | ‘5ité were capable of being picked out. '
: €0 seconds - Starting to pick up the rill behind the landing site as a
w L Peature. | . | e
65 secong,s. - Do. not have the landing site yet.
) ~ 12 seeonds_ - The landing site is starting to come in.
oo 8:[1 seconds -',weu defined view of the laﬁding site u'sing the Eratér as Q
° " lanamark, |
L 92 . seconds - Gsuld not redesignate at this point. N
’ 105 seconds -1 st:lll would not redesig:ate. |
‘110 _s_econ@s - ‘I‘he landing site looks as good as any other site down there
| . right now. - - ht % -
260 fuight };{ath 1n° _sun sngle - Rourh models: " )}
,?, ,,,‘:‘,;,,,;,'_,,,,,,,,12 se,cggdg - Just starting *to pic;:( up_the rill behind the landing site.. -,:,:
) | 148 seconds - I have the 1and.ing site. | |
: ;, - What I mean when I say that I have the 1and.1ng site :I‘s uhat | _
; e . | o B | can make out the 1&0,9 foot erater by the landing site,. b | |
5 P “ | cannot see the actual landing area 1tself. : ' o | | _ '
K "3121‘62“" '§.éébnds:- The ri]l is very prominent el the craters to the righb are |
T | . very prominent. ' | | i
S 15 sgdondé. - The _;anding s_i‘be“ itself. is becom:l.ng more defined, but still 5
M” | .' | o 'cgnnot re.des:lvgnqteo- - i : AR
" | - T have the 75 féot crater ééiso.on.-a_s thethird. model ceme en. B ,
l . ”' S 110 se::qnds- - Sb:.ll can 't redesig;nate. ’ ' | _ | |
L ) | o L. That really atarted to washout near the end. of that trajectory. ¢
| | Bur:ing the . last three second.s the craters themselves became -
less distingulshable. ' " .
_ ©
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19° flight path, 11° sun engle - Rough models:

y
4

A7 :>: . I
i ‘

\
&

20 zeconds

o
ity

i
25 seconds
33 seconds
40 seconds

Ll seconds

60 se conds

65 ‘seconds

75 to 80 foot o'bjects.
leéss than that I don't think I would he.ve 'been able to redesignate

§ the landing site.

The craters near the ianding site are starting to show up.

good.

I can use the craters to the left at about 25° azimuth as
] . "‘% ) . . )
a 1and1nark- . ¢ . '/

The rill ie starting to come in.

)
I have the LOO foot crater. 4 | //

T.i'

I've got & 500 foot cra.ter to the left of it, shcws up pretty

I don't think I would have been able to re'desie;nate on those
lasﬁ two rmis irery well'not uhless we have to be worried about

You cculd avoid. those , but anybh:l.ng

[ o i
\‘ /f F\\

It looks 1ike about 52 on down Ji/‘.hingfs are 1 ;rly well defined.
at / _ .
The landing site is/abour 62°.

. 100 seconars

105 seconds

. 68 geconds

~ the’ shape, but I can see the shadow that I know is in the crater.

_ b o
o 110 seconds < The:T5 foot craters are beccming more end more washed cut.

)Thc ™ foot erater is visible.

Starting to 1005e shadow def:mition in the craters. o

When I sa,y it‘s“distin%mbnable , it doesn't mean-I can distingu:.sh

I

Part.icule.rly in the 75 foot craters.

" -”13 £light path, 15 _sun angle - Rough models‘ _ _ '. o R . ‘z

13 seconds ~ Everything is ccmpletely washed out ard I see no distinguishable

2l seconds - Slight ch'aaowipg effect in ‘the vicinit%r of the rill is- apparent -

° but I would not be able to identify it.  ° - - i

features.
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80 seconds - The craters are starting to appear. |
85 ceconds = I have the 1l-0€'.> foot crater behing the landing site at this time.
- The 100 foot crater is coming .’mto view.

. 91 seconds

the LED. The only thing I'm picking up s u/e shadoved porbion

‘\

wit'uout any real features beinz def:lned at all.'

themselves are not distinguishable.

The only reason I know this is because 'I know where they ar: on

The craters

105 seconds - I have & crater down at about 56°, 5 r:l.ght that 1s d:l.st:lng-

J
uishable. )/ n

- 1
.‘6° fl:lght path, 15° sun engle - Rough models !

30 seconds - I have the crater thats t'o -t.he left of the landing site.

;JL\ .. .
140 seconds

- right one or not.

There is a. shadow there, but I can't really tell if :I.ts the .

The r:l].l As Just starting to appear at the end of the run.

\

&
i

[

: _'_70 seconds - The crater at about. 5° r:l.ght of the landing site is visible. \};
_' "  he rill 1s bare;yn_visible Ft this time. _ _‘ (f T
1‘75 seconds - The 40O foot crater is Vi7sib1e. o
~ 81 seconds - The 100 foot crater s perc@ptible.
‘95‘ seco;xds - The 75 foot erater :ls v:lsible. Its visible as a very elight

I
]

,ﬂ -ession. +

111 seéen_dé[ - The lending site is washed out complete._ly. |
- the 1a§ia1n'g site aisappeared completely in the
seconds ef the run, due te wash out. |

19° flight pa.th, 15° sun angle - Rough models.

1% seconds - T can see things from 60° dmm.

27 seconde - The 1andma.rks at 15 left gre good.

b

/7 ;- :

-__//

last three

-‘{5‘ Co . . ' o
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ko

- End of i‘irst model - The, ril]. is eterting to appear.

‘= Shadow is what I am using to distinguish most things by.

1)

62. seconds ~

75 secorils -

)'l

There is not enough distinction in the 'bright spots to tell
the edge of a rill froi anything else.

- A
The 400 foot crater by the landing site is visible.

5/{The 100 foot crater is starting to eppear.

- Actually on that run I held the shedow of the crater longer

cn thia n 'Lhan I gi._'l.d. on the previous run. Particularly the

Loo foot crater.

' - )
:IDJ. eeconds 'I?he 75 foot depreseion is visible. Y. ﬁ
[ is
110 seconds Shadow is starting to meke all the. craters disappear.
th, models : (Repeat)
. 22 seconds = It's washed ou'b to about 25 . E
- I Just can't imagine it being that bad.
60 seconds - I see absolutely nothing. , .
T 90 seconds - Its ; coming in a little bit better, it's only 'bad out to about |
. 15 ‘ , . ,
105 seconds. - I' ve got a crater at 56° . ¥ |
s '- Hothing, a‘beolutely nothing, I didn't) see: the.t koo foot erater
at all this tdme. j .- g
. {’;:’.:Q . . ] . jlh | .
) - ! . ) -. .'. ' . 6)‘ ‘ N
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- IM vehi?:l.e. The projected visuel scene is obtained frem televieion cameras

S:l.nmla.tion are ehown in F:lgure 3in the body of this report. They- are ccnt..ined

- L+0. BASIC FACILITY DESCRIPTION

vehicle being eimulated, is driven by servos throngh six degrees of freedom.
] Astronaut control commands are fed :f‘rom the cockpit to the computer thereby

! rull range_ of_‘ -ective cock—p:l.t instmentation is prov:l.deq\.

‘Major elements of the SPace Flight %.ﬁnula.ter uged :I.n the Parametric Vision

:l.n three separate reoms, the proJection roonm, the model room and the computer

. room, each oi' vhich :I.e deec.r:l.bed in turn below. . o _-_M,.-;-»-- -

Sy fe -
(f\)}

. APPENDD{ III
DESCRIPTION OF SDIULATION EQUIFMENT o=

The Boeing Space Flight Simulator is a fixed base visual simulator which uses

& projected television display to create the visual environment extérnal to the

vhich are observing the luanar models. The camera, acting as an e.nelog of the N

medii‘ying the visuel ecene pro.jected. Tc complete the simulated emr:l.ronment,

W

T

screen erea, :I.ncluding that seen by the cemmandcr. The ccmaner'e vie:l.b.tlity

2.0 Pnomc'.r::on ROOM - . e )

The. pro.jection rocm conteins the. full sca.le M cockp:l.t with 1its displays ’ con-
trcle and pcrteble veice recorder, and the high 1ntens:|.t; ™ pre.jector, both

Py a

of wh:lch are mounted as, close as. poesi‘ble to the center of the’ 30 foot diameter

hemiepher:lcal sereen. The plan view of the pro.iect:lon room ig. ehown 1n F:tgure

. I;I-;. The two place e:l.nmleted IM ccckpi.t 1s of plwood construction, ccmpletely
:enclcsed. ' F:I.gure I11-2 shows the cockpit ae :!.nsta.'l.led 1n the pro.ject:l.on roem. |
-The two crew ste.t:l.ons are ,ete.nd-up and the lert or ccmmender 's ste.t:l.cn :I.e pro-

B f . )
i ___vided w:l.th en &M field—o‘;’-view window. 'I'he stat:l.on on the r:l.g'ht :I.e p‘ _ov:!.ded with

T fJ

a. :I.a.rge recte.ngula.r sha.ped wind.ow enabling the observer to view most of the |
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'

.90° in the.vertical plane. Measured values of resolution, gray scale reproduction,‘

diagram is shown in Figure III-3.

The commander'gﬂwindow configuration and tﬁe'landing point designator (LPD) ere
shown in Figure III-%., A double Plexiglas window with_séribe lines was used

fo 1mplement'the;ia%ding point designator. ’ : ;
‘ The flight instruments are located Just to the right of the commander's window é
and can be viewed by both comman@er and observer. They inclnde the following .3
iinst:uments vhich are numbered 1n‘Figure 1115, " .5
1) 'Eiaﬁsed timér (aigital readout in seconds) 3
f 2) BEvent timer orﬁclack cT s . o o i
3)'.. Av :lndica.tor (digital readout in fps)
1) Fl:l.ght- attitude indicator (roll and pitch)

T o 38 T et i ...;:1.., T

R P T

' .5) . Yaw indicator (degrees right or left)
6) Pltch, roll and yaw rate indicators (degrees per sec)

. T) Altitude and range indicators (ft)

“T=TTg) Altitude rate and vange raté inditators (fti per-seci)
' 9) Landing point désignatof1(on—cummandeg:s window) -

|10, 11, 12) Instrument and cab light switches:

Additional-instruments incluéed té implement the éimulaiion-#Efe“an intereem '

-outlet (1tem 13 in Figure III-5) and a pertable magnetic tape volce recorder

(not shovm). A three-axis hand controller was mount»d to the right of the -

| commander Just below the 1nstrument panel. This controller prov1ded up to :

‘of pitch,’roll, and yaw rotational motiqn by the commander,

‘The TV projector prgvideé a field of V1ew of 120° in the horlEOntal-plane énd

screen brightness and brightness uniformity for' the Tv system from camera to pra-r

mh

A
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features. Hsterial 15 adted either by gluing blocks of styrofeam.\ ‘to the

ot e DT TR

s

Jector were reported in D2-114040-1, the Parametric Vision Study, Presimulation

Repori, and arée repeated here, in Appendix IV,

3.0 MODEL ROOM | .

The model room contains, the following componenﬁs used for the Parametric Vision

)

Simulation:

1) Model turret and six luqar models.

}"‘f

2) Back stop model and mounting.

- 3) Cemera carrisge and gimballed camera.
L) Half-silvered mirror and mirror mount.
5) High intensity collimated light source.
6) Honeycedb collimator.

) Venetiea.blind collimator.

“‘
h

L _ ol g . : S
The follewing paragraphsﬁgescribe in detail the major cemponents.

\\
4
W B

Lunar Models vere constructed by Joining four 2&“ x 96" x b" styrofoem boards

1

' together and then adding or removing,material to create the various 1uner ‘

A

surface or by. applying a spackle/diatomite 50-50 mixture. Material is removed‘

by rotary wire brushes and steel bux% driven by small electric drill or air

f.

motors. °

The number of craters per unit area as- determined frem Lnnar Orbiter photographs

were usedote est&blish_the erater distribution on the medels. Location of the

:craters was esieblished by & randomizing process. Twe sets of three models

wvere constructed, one set depicting a smooth mere area and the other a meuntainp

ous area adJaCent to a somewhat smoether-lava flow. Scales of the three medels

in a set are 588 210, and 75 feet ‘per 1nch.. Models ere designated according B '

to their scale and their set, thus model 210L is the middle scale model of the

L};.J

I8

.
o
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g b

smooth mare set while 75R is the largest scale model in the rough set. Rills,
mounds and debris were added to look like typical rills, mounds and boulder o
strewn fields on the Lupar Orbiter photographe on which these features eppeared.

. Exact sealing was used whenever possible, but some improvization was necessary.

Lunar Orbiter photographs were used as a reference to ensure that-the general
appearance of the models conformed to "typical" lunar landscepe and that

.physical reality never gave way to artistic licenseé.

After the lunar topographic features on a given model were completed, a slwrry
E of portland cengE/EﬁﬁﬂbruBMEd onte the surface. While the surface was still

moist, the model was dusted with a layer of dry portland cement to provide a

rough microstrueture. This combination formed the base coat for the final

dusting.

" After the base coat was dri.}, it was dusted vith & 5 %o 1 mixture of portland

G

cement to red portland cement coloring (1ron oxide) Th;s mixing ratio ﬁuplicates g

-q;uite clesely the I-Iapke lunar_photometﬁc funetion,

In order to preserve the "fairybcastle“ stricture of the dusted surface (and
. with it the photometric function), but at the same time cause the 1ndiv1dual
-partieles to adhere to each other-so:that the model could be.turned on eﬁge,

the dusted models were placed in & humidity chamber, where the humidity was

. held at 100%, for several hours. Due to the hygroscopic nature of portland
cemént, each of the individual particles picked up enough water to bond it to

other cement particles, thusipreServing_the structure.

Figures I111-6 ﬁh;&ggh III«ll-show photographs of the six models with five features

marked on each model. Fhotos were teken of each model. from a p&int-along'the

v L . -_ o , ¢

4 ' _ o ' _ o)
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simulated treJectory 64 inches from the londing site for a trajectory angle

of 19° end a sun angle of 7°. This point lies st epproximately the start of
the trajectory for‘e&ch model and vas selected in order to evoid shadows from
the camera. Fhotography with iliuminatien by the half-silvered mirrer wae not
used at the time these photographs were taken due to incomplete fabrication
of the mirror mounts. Features marked are typical, and are dimensiomed in |

The relative arrangement of the equipment is shown in Figure III-12. The model

Aturret supports the six lunar models vertically and in a fashion such that by
rotating the turret;, any one of the six models can be positioned before the

camera, Position of the turret is controlledaby computer and rotetion is

motor-driven making the system completely automatic. Positional accursey for

each model 1s %+ 3 minutes of ere.

i

ww;wThe back stop model, prepared like the others, but without distinguishable

terrain features, fills in the spece between the back edge of each of'the six
models and the average luner horizon. it must be hinged out of position each

time that the turret is rotated to change ‘models.

The camera carriage pr@vidés six degrees of motion freedom to the TV camera.,

each degree of freedom being servo d#i%en and controlled from the computer..

Carriage servo system characteristics are given'ip Figure I1I-13.
The half-silvered mirror is 8 feet high end 9 feet across and consists ef'four

‘‘‘‘‘

mirrors eaeh k feet x‘hellz feet. It 1s used te reflect light rays from the

| Jight SOuree'en to the surface of the-model, Since it is mounted.in.;rcnt of‘&%e

- che TV camera, the.cameraemust look through the”mirrerf’thus the requirement

“that the mirror be of the bean splitter type. The @irrer-eSSembly 1e-mounted_

111-16
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1a

~BACK STOP MGDBEL

TRACK FOR

| ASSEMBLY 2%
'MIRROR MOUNT | -

cAmvera |
CARRIAGE.__

MODELS (6) X

" Figure 111-12 MODEL ROOM LAYOUT =~ 4
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e

sun angles through 30°. ' . . Ty

" the light was filtered through a black honeyeoub. "collimator.

i

partly on the TV cemera carriage and partly on its own track and vheels. It

moves downrange with the carriage, but is independent of camera movement except

" in the downrange directien.

The half-silvered mirror was purchased from Liberty-Mirror Division, Libbey-

Owens-Ford Glass Company. The Hi-efficiency Coating No. 4Ol was chosen from

the several coatings available because it gave the best integrated vidicon

: responseAfor quartz-iocdine lamps and the red lunar model dust. The transmission

and reflection are given in Figure III-lk. To adjust the lighting angles, as

.reqniﬁed, the mirror is tilted about a vertical axis, this axis located appreii-
.mately 6 inches off the surface of the model. For a 7 degree sun angle the

mirror is ££lted forvard 3-1/2 degrees. This procedure is followed for all the )

T

The high 1ntensity-collimated-light soﬁrce consiSts of 780 separate lamps and

Y, ‘

reflectors so arranged in an array to cover an aree 8:c8ft.with collimated ligat.

.,f

: The entire array can be moved up or down, rolled elong the floor, tilted and S

rotated in azimuth to obtain the proper pointing angle. The lamps are Sylngnia

- quartz-iodine, tungsten filament, each rated at T5 watts,wth a color temp- S

. erature of 3000° K and 1600 lumens: Each lamp was focused for maximum intensity.

Figure III-15 is a photograph of the 8' x 8' light source. .

In order to reduce stray light and improve the eollimation of the light source, -

1.

The venetian blind coldimator was mounted near the surface of the lunar model
and used to improve collimation in the plane parallel to the model surface at

the‘expense of eellimatien in.the vertical plane. It was required to minimize

R <+ X

o SR N ST S+ M P e Y
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unwanted front lighting of high points on the models.

¢

Figure III-16 shows the 755 model illuminated by the high intensity light source
at a 10° sun angle. Figure I1I-17 shows this same model in the down-sun position.

N | Note that all the terrain features are washed oute

%.0 COMPUTER ROOM - R e
The computer room contains the SDS 930 digital computer with peripheral equip-
ment., the TV control console and a magnetic tape volce recorder. Figure III-J-._B
is'a block diagram of the eomput-er ‘system and Figure III-19 is & block diagrem

of the TV system. Figure III-QO shows the sequence of events for a typical

o _mr'simlation run over the three models of a set (rough or smooth) and the initial

.and ﬁnel conditions. The computer enalysis for the Parametric Vision Simlation
anelysis was 'based on the graphiecal trajectory data prov:.ded by NASA, and shmm
.-1n Fj.gures 111-21 through 26. Three models were used in flying each trajectory.

Thus, & given tra.jectory vas flown in three segments, each sement corres;pond:lng

s s e one - modeT s K- continuous fhght would have been poss:.ble/\by constructing“o"""-"-'------ —
45 foot long single rodel, The increased cost of such a model, plus the asso-
clated lighting pro'blems, did not 'warrant this approach. The six tra,jectory

. paremeters, slant range, eltitude, pitch (9), " look angle, flight pa\th angle and

velocity, were sp]_it into segments corresponding to the model and time of flight. _ |
Carve ﬁtting polynom:l.als, as functions of time s Were then generated using the -
methed of least squares. A total of forty-e:lght functions were determined,

varying in. degree from second to £ifth. T

. | e All parameters are functions of time only, however, the three axis controller
| 1nputs were used to modify the appropriate angles. This modification in no way
affected the: flight path. Response to controller inputs was dictated by simu- -

_ * lation hardware constraints.

(AN
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The program was written to evaluate the six polynomfals. Different trajectories

. were obtalned by altering the coefficients of the polynomials, reading the data

into the computer from cards by means of the standard Space Flight Similator card
reader program. '
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APPENDIX IV - TELEVISION AND ILLUMINATION SYSTEM TESTS AND TEST RESULTS

. Television System Resolution

In accord with Exhibit A of the Statement of Work, results of television system
. resolution, brightness and uniformity tests were reported in the Presimulation ‘

Report, Document D2-11%040-1.

Angular Resolution data included in that report exceeded the specification require-

. ment of 20 arc minutes or less. It was noted that superior ;‘angular resolution

had be.én measured prior to contract 'aﬁard and thatf. these tests would .;'be repeated
'be_fore the simtlation tests ‘began. Resol_ution and grey scale ’ineasurement-s- of thé
entire ™v system were made ilmmediately prior to the simu.latmn with the fol].owing
results. _ ] - |
- ‘1). Angular ':;esolﬁtion was measured by means of.' the ._f.ollowing
_equipment' ' | | |

' 7.2 x 9.6" EIA Resolution Chart Transparency "("\.

"Iight Box~~ = .- _
TV Camera, with 120 lens, s/h 5h9, installed
‘l_TV Prodector, with 120 lens installed

B 'Measurements were made by 1ocat1ng the resolut:l.on chart exactly

6" from the nodal po:lnt. of the camers lens. Values of center

-and corner resolution were recorded. Readings obtained from pro= . o n
. SR A Jected aisplay.

: The _m.easure_d test results were!

Center: . oL o R 9:&\
R . 'Horizontal " I4d are minutes
- | Vertical S . 19.6 arc minutes.
' T~ o Average.. - . 1l7.0 arc minutes




Corner:

Horizontal | 16.l+ arc minutes
Vertical 20.8 arc minutes
Average '18.6 arc minutes !

2) Gray scale measurements were made with the following test - :
equipment: |
| EIA Linear Gray Scale Chart
IV Camers, with 120° lens, S/N 549, installed
IV Projector, with 120° lens insta]led | | i

The measurenents were made by placing the gray scale chart before

the camera and counting the number of visible gray shades in the
| pro:jeéted displsy. Nine gray shades were visible.

'M_ode_l mwination

Fabrication of_ the light coliimators had not Leen combleted when the Presime-

lation Report was released. Accordingly moa.el 1llumingtion data for the

) ,;’sﬂ \\
operational set-up could not be reporied. | \\.7

o

}‘;

Model sﬁrface ‘br:l.ghtness measurements were made mth the l:lght source, mirror *

.\

———— RS

and dusted model in their operational pesit:.ons. Results are shown -:l.n Figure IV-1,
" These measurements were obtalned on & flat dusted lunar model to eliminate noﬁ-

uniformities due to terrain features.

‘The unifornity does mnot mest thé specification in the contract that any point

on the model shall be within 40% of the everage imminances The ina.jor contribution

N
V
B

to non-unifomity is attributed to an accidental break in the beam splitter mrror.

Fortunatel;r, the area of interest (i.e. s the upper right quadrant where the landing
. efte is loeated) is in a region of betier than 40% uniforn illunnnation, and the

areas ‘beyond and to the far lu.f‘t of the landa.ng sn.te are :m the non-uniformly lic
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: REPRODUC

portions of the mode. ‘“hese arcas would be “washed~oui™ in the visual display

because of the photometric properties of the surface. Visibility is, within
rgther broad limits, strictly a function of the photometric properties of the
surface and not a function of surface brightness so that lack of uniformity did

not detract from similation resultse.

| §xstem Brightness Un:r.f ,,,,,,

The te‘:h-" TR S VT ;.z; 2 .urms brightness uniformity was as follows: Flace

:t [
1.-'_-

the targe‘t boam i bl a.ef P edge of the camers view fi eld., on & horizontal

centerline ’passn.ng through the camera and projector optical axis. Provide a

‘ constant-velocity cdnmgnd_‘ to the camera gitbal yaw servo, such that the target

'_moves.horizont-ally through the display at a rate of 5 or 10 degrees per seconde

' ' . | (i
Track the target movement across the display fiela  manually, using the photo-

metqr telesecopic sight. The potentlometer output is to be connected to the

N
O SR M - e 1
‘

Rmsarily Gl .‘E:;.f;;.u--’n;f‘:_;:;;.*..- L SnG ..a.i.a.oratca in aee;,rec The vertical ani Ll

el

,-—pletter will- be dr—::.—ven 'by the- phetemeter outputs —The resultant chart will “be—a~

I

plot of bnghtness VS horizontal displa.y ang‘l.e for a f:uced elevation angle of 0°.

Repeat the feregomg proc edure at elevation e.ngles of -20 3 -'ll-O ’ and +20°.

The demonstrated 'brightness varia"'ion, excluding the ares within 5° of the 1eft

edge, 1is 329.7%. (This figure includes the entire television svstem, and the

- pickup and proj‘ectionggsp;.n.cal systems.) The television system per-formgfnce meets

or exceeds &1l contract specifications. |

Comperison with Lunar Visibility - | I

~~While every effort was made to duplicate /«isual conditions on the lunar surface it

/

| was_physi ey Egnn sible to dupl:_Lca1e elthe*- the lunar photometric mnction, or

.
o »

ne ?: L,htnc cuoet :?t‘-fjj. Figure IV-2 shcws the photo_mgurlc_ mnctiop of the

v .-
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f REPRODUCIBILITY OF THE ORIGINAL PAGE IS POOR ;

e e e it i e o S Y|

~ yportland cement-fron oxide mixture and the lunar photometric function. It can
" " be seen that thﬁ‘eement mixture duplicates the lunar surface reasonably well
though hot exactly. No attempt has been made to derive a figure of marit for. -
this material, or to assess how much the deviation affects the visual simu-
lation. The fact that the materisl duplicates the gross condition on’ the lunar

aurface has already been shewn in Figures III-16 and -17.

Figure IVL? =hﬂ"= +he difference in scene brightness between the simulator gcreen
and lnnam bﬂi&esezjaperimposed on curves showing what the human eye can be
expected to see. vThe figure shows thet while the scene brightness of the
'Bimulator screen is considerably less than that of the lunar surface, the @if-
ference has only a small. effect on visibility. The human eye eould detect almost
as much detail on the simulator screen &s on the lunar surface. Actually, the
TV projector 1imits the resolution .to semething considerably less than the

capability of the human eye ena no increase in brightness can compensate for
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