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1. INTRODUCTION

Canada's ten million square kilometiirs of land surface .
necessitates a continuous large mapping endeavour by the
Topographical Survey Directorate, Surveys and Mapping Braach,
Department of Erergy, Mines énd Resources, Ottawa. The uti-
lization of satellite photography, such as that ﬁrovidéd by
the SKYLAB missions, was considexred to be well worth a de-
tailed study. The SKYLAB mission ﬁrovided the o#ﬁortunity
to investigate satellite imagery with relatively high metrie
and resolution qualities for future possible apﬁlications in
planimetric mapping at medium‘and small scales. The main
mapping interests involve the potential usage of SKYLAB
imagery for new and revision line mapping, ﬁhotomapping possi-
bilities and the application of this phctography as control |

for conventional high altitude aerial surveys.

i,
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2, TECHNICAL APPROACH AND TASK DESCRIPTION

As a mapping z2gency responsible for the Nationmal Topographic
Mapplng Program, the Topographical Survey Dlrectorate Surveys ancd
Mapping Branch, was primarily interested in conductlng research
studies on the SKYLAB/EREP photography fpr various mapping appli-
cations. The formal agreement between NASA and the Department of
Energy, Mines and Resources to undertake this research was presen-

ted in the form of Exhibit "A", Statement of Work for the Investi-

gation of SKYLAB/EREP Data, NASA Headquarters Proposal Registration

No. 558 (see Appendix A)., This proposal outlined the provisions
identifying the services, tasks and deliverable produgts regquired
of the Prinecipal Investigator, the associated Co-investigators and
their related organizations for the investigation and analysis of
SKYLAB/EREP imagery. Sﬁecifically, the Technical Approach of
Exhibit "A" proposed to conduct the following studies:

(1) the determination of ground resolution capabilities of
the S5190A system photography:

(2) the utilization of S190A photography for the production
of planimetric line maps and photomaps at scales of
1:50,000, 1:100,000 and 1:250,000;

(3) the formation of photogrammetric models of the terrain
using stereoscopic satellite photography;

(4) the establishment of exterior arientation of amalytically
formed models using satellite photography; '

(5) the feasibility and accuracy attainable of using analy-
tical aerial triangulation and numerical adjustments
with satellite photography for planimetric mapplng in
northern Canada where control is sparse,
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In performing these studies, glass and/or Ffilm diapositives
were to be produced from both color and black and white originals.
Photogrammetric mensuration and resclution evaluation was to be
performed on each type of imagery received, with measurements
achieved on comparators and the Analytical Plotter. The maximum
number of models available were to be used for aerial triangulation
and adjustment. The graphical line maps produced were to be
evaluated against available redundant ground control and existing
larger scale mapping (1:25,000). Photomaps, particulaxrly of the
Canadian hinterlands, were to be produced and evaluated for the
purposes of mapping and map revision. Data from the S192 multi~
spectral scanner was to be co-investigated by the Canada Centre
for Remote Sensing, Department of Energy, Mines and Resources.

The Task Descriptions as outlired by Exhibit "A" required
that the Principal Investigator should:

(1) assist NASA in mission planning activities related to the
previously mentioned technical studies as well as provlte
guidance during real time EREP pass planning;

(2) be responsible for establishing scientific requirements
and/or objectives for the studies being investipgated and
participate where required in the views related to the
performance operation and data requirements of the inves-
tigation}

(3} conduct the supporting studies required to complete the
designated investigations and prepare reports for NASA

describing results and analysis of studies;

(4) be responsible for the reduction, analysis and interpre-
tation of EREP data as outlined previously.

R S
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3. NWARRATIVE HISTORY OF THE INVESTIGATION

As the SKYLAB/EREP missions progressed, it became apﬁarent
that the items listed in Exhibit "A" as part of the Technical
Approaéh could not fully be realized as originally stated. The
main test area selected for planimetric and aerial triangulation
tests called for a strip of photography with 60%Z overlap extending
from Windsor, Ontario to Quebec City. Although several earth
sensing passes were attempted over the southern extremities of
Canada during the SL-3 mission, the net result consisted only of
cartographically usable imagery along a short stretch of the
Manitoba-North lDakota boundary and.several short passes of 2-5
images in Southern Ontario and in the Bay of Fundy area. The
scheduled pass from Windsor to Quebec City could not be acquired,
initially becau:e of the problems resulting from the loss of solar
panel and part of a heat shield and later because of adverse
weather conditions. However, the several short passes of imagery
mentioned were received in the Spring of 1974 and copies of the more
useful passes were forwarded to the three Co-investigators involved
in the mapping investigations.

' In order to undertake as many as possible of the investigations
listed in the Technical Approach of Exhibit "A", the three Co-
investigators, were assigned research prajecfs supervised by the

Principal Investigator. These Co-investigators, funded by the
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Topographical Suivey Directorate, were as follows: (1) the Re-

search and Develcopment Section of the Toposgraphical Survey Direc-—

torate, Surveys and Mapping Branch, Department of Enérgy, Mines

and Resources, Ottawa; (2) the Department of Surveying Engineerirg
of the University of New Brumswick, Fredericton, New Brunswick; ard
(3) the Department of Photogrammetry, Universite Laval, Quebec City,
Quebec. Agreements in the formlof official contracts, which sﬁeci-
fied that all investigations were to be carried out according to
Exhibit "A" (Appendix A), were issued to the two outside‘research
agencies in June 1973. It was not until June 1974, however, that
suitable imagery became available to the Co-—investigators. Six
separate investigations were performed (see Chapter 4: TECHNIQUES
AND PROCEDURES USED) by the Co-investigators: three quantitative
and three qualitative studies,

The Topographical Survey performed ome of the quantitative
assessments ~ the determination of the planimetriec accuracy of the
S190A photography. This investigation was completed in October
1974. The accuracy attainable for horizontal control points deter~
mined by fully analytically aerial triangulation of SKYLAB S1904
and SlQOB-phbtography was ascertained by the Co-investigator at the
University of New Brunswick in May 1975. The evaluation of 51904
an& 51908 photography for the provision of supplementary control
for mapping procedures and the determination of the accuracy with
whieh this photography could be used to establish control for high
altitude photography was undertaken by the Co~1nvest1gator at Laval

Un varsity and the results were submitted in July 1975.
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The three qualitative analysis on SIYLAB S190A and S190B

imagery were also performed by the Topographiecal Survey Directorate.

‘These investigations included: (a) the intercomparison of the

quality of specifiec cultural detail between three sets of six-
simultaneously taken images from the S1L90A system; (b) the map
fevié;on potential of S5190A and S190B imagery for both urban and
rural-recreational areas; and (¢) the photomapping applications
of SKYLAB imagery. The evaluations were completéd in April 1975.
Separate Sub-reports were prepared on each of the six inde-
pendent investigations by the Co-investigators in charge of each
study. The contents of these reports form the substance of the
overall investigation. Although the quantitative tests were per-—
formed by three separate agencies, similarities and consistencies
in final results were obtained as will be shown later (Chapter 1Z:
GENERAL CONCLUSIONS). Similarity of characteristics was also

apparent in the qualitative tests as will be further shown.

L . . . R :
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4. TECHNIQUES AND PROCEDURES USED

In order t> follow as closely as possible the specifies of
the agreement of Exhibit "A", Technical Approach and Task Descrip-
tions; the following six investigations were carried out by the
Co-investigators identified in the previous chapter and monitorec
by the Principal Investigator:

I The planimetric accuracy of points determined from
8190A photography was determined from (a) a single
model of third generation, 70mm format, black and
white diapositives, and (b) the same model but fourth
generation, four times enlarged, black and white
diapositives,., Mensuration for this determination
was carried out both on the Analytical Plotter AS1lA
and the Wild STR-~-1. Several independent adjustment
prccedures were applied to the data.

it Aerial triangulation was performed omn several strips
of four models each, twice on a selected black and
white series and once agai:' on a colour series of
the S190A system, and also on a colour series of the
S81t0B system. The Zeiss PSK was used for mensuration
in all cases. After adjustment, residual errors were
determined on redundant ground control,

ILE Another independent investigation was s=t up to eva-
luate S190A and S190B photography for the provision
of supplementary ground control for mapping procedures,

as well as determine the accuracy with which this photo-

graphy can be used to establish control for high alti-

tude aircraft photography. Measurements were performed

on the Wild STK-1l and the adjustments were computed
employing two separate techniques,

v A gqualitative intercomparison was made between three
sets of six-simultanecusly taken images from the S150A
camera system. Image quality for specific cultural
detail required for mapping was rated fox clazity on
a scale devised by the investigator.

e o i A oy e Bt ot
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v The map revision potential of both S190A and S190B
imagzry was evaluated for (a) urban areas and (b)
rural-recreational areas. Selected models of both
black and white and colour iiragery were evaluated
using the Wild B-8 Stereoplolter and the Bausch and
Lomb Zoom Transferscope.

Vi The photomapping applications of both SKYLAB S190A
and 8190B were investigated and compared against
photomaps produced from standard aerial photography
and ERTS imagery at a scale of 1:250,000, Sample
photomaps were produced of all these systems at the
scale of 1:250,000,

As can be seen by the preceeding, the invéstigations even-
tually undextaken differed somewhat from those originally stipu-
lated in Chapter 2: TECHNICAL APPROACH AND TASK DESCRIPTION,
These differences were unavoidable due mainly to the relatively
small sample of imagery received, The investigation was extended
to include tests on .imagery from the earth terrain camera SI190B,
Another primary difference between the originally designated
tasks of the Principal TInvestigator and those actually carried
out was the eventual establishment of another Principal Investi-
gator at the Canada Centre for Remote Sei1sing to complete the
independent study on imagery from the 5192 multispectral scanner,
A separate report on this investigation will be produced by the
Canada Centre for Remote Sensing. Otherwise, the Technical Re-
quirements and Task Description outlined in Exhibit "A" were

followved as clesely as possible and are described in the detailied

chapters on the six separate investigations.

A ke ke i e s ke < 2 0 o

el
DT




e e

By

pasiz g

[

By

1 !

p—

1

A

D GEﬁERAL'REMARKS'CN SKYLAB DATA ACQUISITION

To conduct the tests originally outlined %y Exhibit "A",
the SKYLAB coverage requested included a well conirolled strip
extending from Windsor, Ontario to Quebec Cify. rUnfortunately,
this imagery was unattainable. Suitablg'imagery for the proposed
investigations was not made available until Spring 1974. The
imagery that eventually reached the respective Co-investigators
consisted of several small sets of third and fourth generation
photography forming strips of four to five models each. The
second generation imagery received by the Principal Investigator
was retained and stored in Ottawa at the National Air.Photo
Library. Thus, third and fourth generation products, generally
in the form of film diapositives, were produced and forwarded
to the various co-investigators so that individual investigations
would not be further delayed. Orbital information associated
with the actual imagery was quite complete.

Although pre-flight scientific specifications for the re-
spective cameras were made available to the Prinéipal Iavestigator,
very little actual precise camera calibration data, necessary for
analytical photogrammetric work, was available as the experimenta-
tions began. A number of assumptions regarding calibration were
made in order to get the investigations underway. These various
assumptions and their iuwplications to the experimental data
acquired are separately reported for each investigation. -bn the

whole, subsequent receipt of Pre-flight Baseline Data of the
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system proved mest of the assumptions to be relatively valid;
However,-a precise definition of the posi.iion of the photograimettic
ﬁrincipal point was one factor which remained quite uncertain.

It must be noted that NASA was very promptk iﬁ forwarding
available SKYLAB literature and informatiom at all times. Unfor-
tunately, most of these data, although informative and useful in
many ;sPects, were not sufficient to furnish the complete precise
camera data essential for analytical photogrammetric studies.

A detailed list of the actual imagery and complementaxry SKYLAB/
EREP data employed in each separate investigation will be included

in the respective summaries of the six individual studies.
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6., INVESTIGATIOW T: DETERMINATION OF PLANIMETRIC ACCURACY OF

POTNTS ESTAELISHED ON SKYLAB S190A PHOTO~
" GRATPHY

6.1 Technical Approach and Task Description

The objective of this investigation was to determine the
planimetric accuracy of supflemeutary corntrol points on photo-
graphy from the SKYLAB S180A Camera system. Similarity and
projectivity transformations were performed on data derived
from observations on the Wild STK-1 of fourth generation en-—
larged photography as well as on third generation small scale
70mm diapositives. Three dimensional transformations were also

applied to both sets of data.

6.2 Photography used for Investigation I

Two sets of photo material were selected for the investi-
gation: (a) third generation, 70mm forwmat, black and white
diapositives of photos 314 and 315 of roll #47, Orbit 52 dated
21 September 1973 and (b) fourth generation aﬁproximately 4X
enlarged black and white diapositives of the above exposures.
The photo pair was selected from camera station number 5 because
it had the best estimated grouund resolution of the 6 statioas,
with an expected resolutiom of 30 to 38 meters. The selected
photo pair forﬁ; a model covering a‘large area.of northeastexrn

Nova Scotia and part of New Brunswick. Approximately one~third
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of the image area of each photo is water {(Bay of Fundy) and the
land area is hezvily forested, especiallv on the New Brunmswick
side, The effetts of these features combine tb make wvery dark
appearing diapositives but with adequafe density and contrast to
allow reasonable point identification and mensuration.

The Mapping and Charting Establishment (M.C.E.} of the
Ganadian srmed Forces aided in the mensuration ﬁork in this in-
vestigation., Photogrammetric quality tests, performed by M.C.E.
(see attached M.C,E. Report Appendix B.4), showed ﬁockets of
residual parallex at the completion of relative orientation.
M.C.E. was the only agency that performed an optical~empirical
relative orientation on the photography.

6.3 History of Tnvestigation I; Discussion of Techniques and Pro-
" cedures

The preparation for the meﬂsﬁration was carried out entirely
on the enlarged diapositives and paper‘ﬁrints of these diabositives.
Thirty-five (35) well distributed photo-identifiable road inter-
sections were selected on each photo, with apﬁroximately half of
these points being common to both photograﬁhs. Attempts to trans-
fer these identities to the 1:50,000 map sheets obtained for the
co—ordinate derivation proved impossible in many dinstances as
several road systems were non-existent on the available map sheets.
The reverse process was then applied wherein the identities on the
map sheets werg-transferred to the ﬁhotos and diaﬁosi;ives. This
was a time coﬁsuming and not entirely successful procedure as, in

order to maintain good point distribution, some less than-well-

defined intersection transfers had to be accepted. A total of
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forty-seven (47} road intersections were finally choren with thirty-
one (31) of thece points appearing on Photo 314, thirty-five (35) -
on.photo 315 ané¢ nineteen (19) appearing in the common overlap.

(See Appendix B.3 for identification of these point;.) Ground
control co-ordirates were derived by romer measurements . (Apbendix
B.3-a), Since grid sizes vary according to the date and method of
printing the map sheets, no ma@ derived co~ordinates could be
assumed to be butter than £20 meters.

Two photogrammetric instruments were used on the project:

a. The Analytical Plotter AS11A (M.C.E.) performed a computer-
assisted optical-empirical relative orientation. The output
of this instrument was model point co—ordinates of the 4X
enlarged, 24" focal length, diapositives.

b, The BTK-1L of the Topographical Survey Directorate ﬁrovided
plate co-ordinates of boéh the 70mm, 6" focal length, and 4X
enlarged, 24" focal length materials.

The original assignment was to perform both Similarity and
Projectivity transformations to STK-1l data obtained from observa-
tions on 4X enlargeﬁ diapositives., Nine to twelve peripheral
points were chosen cn each photo, With‘the remaining points used
as check points. This requirement was later expanded to include
a similar procedure using the very small scale 70mm diapositives;
and also to include 3-Dimensional transformations on both sets of
data,

The data derived from all sources were processed as follows:

a. Data of Analytical Plotter AS1lA (see Apﬁendix B.&)_!




[

—

O

| I

[

| B—

| OV,

(1)

- 14 -

3-Dimensional transformatien of 4X enlarged, 24"
focal length material only. The Program used to
perform the transformation was the well-known Shut
Strip Polynomial Adjﬁstment 0of the Natiomal Research

Council of QLanada,

b, Data of the STK~1 (the original and enlarged formats were

processed separately).

(1)

(2)

(3)

(&)

(5)

2~Dimensional Similarity transformations to reliable
ground control,

2-Dimensional Projectivity transformatiomns to reliable
ground control.

2-Dimensional, 9~Point Similarity transformations to
peripheral control selected from reliable ﬁoints.
2-Dimensional, 9-Point Projectivity transformations to
peripheral control.

3-Dimensional transformations to reliable control.

The data for the Similarity and Prcjectivity transformations

was provided by employing programs developed by the Research and
Development Section of the Topographical Survey Directorate, and
the 3-Dimensional transformation was computed by using the Stutt-

gart Adjustment Program PAT-M-43,

A summary of the final results of the above traasformations

is shown in Appendices B,l-b and B,l-c together with the pre-

adjustment corrections applied (Appendix B.1l-a).

Each adjusStment was performed using the normal procedure at

Topographical Surveys of including the apparent reliable ground

P e TR bnt T,
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control points until an optimum solution is found. "The criteria
for rejection or inclusion is. based entirely upon the magnitude

of the rasiduals following each trial adjustment.

6.4 Ground Truth Activities of Investigation T

All ground control coordinates were map-derived from existing
topographical maps of scale 1:50,000. These coordinates are known

to be no better than *20 meters.

6.5 Problems Encountered during Investigation I

At the beginning of this project, very little precisé cali-
bration data with respect to the S5190A camera system was known.
Therefore, in order to get the project underway, a number of
assumptions were made, These assumptions, together with the avai-
lable hard data furnished by NASA,were as follows:

a. Focal length, 70mm format - six inches

Focal length, 4X enlarged format - 24 inches

b. Flying height - 425 kilometers or 264 miles. This height

was derived from the orbital information omn the pass.

¢. Photo scale 70mm format - 1:2,800,000 approximately

Photo scale enlarged format - 1:700,000 approximately

d. Lens distortion - assumed nil -

¢. Reseau origin ~ assumed co-incident with prineipal point

f. Atmospheric refractionm -~ assumed ail

g. Film distortion -~ assumed nil,

Subsequent receipt of SKYLAB Pre-flight Baseline Data of this

system proved the assumptions to be reasonably wvalid. The maximum
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lens distortion ﬁas 0.,8um, calibrated reseau intersections correc:
to lum, and an effset of the optical axis with respect to the cenxure
reseau intersection was 7uym in X and 1l6un in Y.

As mentidned in Section 6.3 on the History of Investigation I,
there were also problems involved in the identification and trans-
ferral of reliatle road intersections for ground control both from
phote to map and ﬁap to photo., However, aftexr considerable delay,

forty-seven points were established for observation.

6.6 Discussion. of the Results of Investigation I

The results of the adjustments outlined in Section 6.3 indi~
cated immediately that certain anomalies contained in Photo 314 of
the small scale 70mm, 6" focal length diapositives could not be re-
solved by the 2-Dimensional transformations (Appendix B.1-b).

The Prdjectivitj (8~parameter) solution was significantly
better than the Similarity (9-parameter) solution but large resi-
duals, especially at the non-~used control points, remained.

The 3-Dimensional transformations again produced inferior re
sults from the small scale 70mm photography but achieved particu-
larly good solutions using the enlarged diapositives - especially
in the PAT-M-43 adjustment where the model was formed numerically
from comparator observations (Appendix B.l-c). The slightly in-
ferior results of the Analytical Plotter tests could be attributed -
to its inability to measure directly to one micron and the nﬁtical-
analytical method of model_fﬁrmation. In both cases, it was signi-
ficant that only a very small number of the common model points

were withheld from contributing to either solution and in the case

e
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of the Analytical Plotter adjustment, no, reliable horizontal control
points were withheld and only one vertical point was unused.

Exrror distribution throughout all adjustments appeared'to be

of a systematic nature with the largest deviations ocecuring at
check-points near the edges of the photographs. Photo 314 showed
the greater deviations.

fhe final horizontal positional errors of the adjustments were '

reduced to the displacement in inches at map scale of 1:250,000 znd
assigned a tentative map classification to each under NATO Circulax
Map Accuracy Standards. While recognizing that the classification
assigned could only be approximate, this method provided a reasonable
indicater of planimetric accuracy achieved (Appendix B.2).

On the whole, these adjustment results indicated several broad

points:

a., Reliability of planimetric assessment could only be goad
on'photos containing an adequate number of well-distributed,
well-~identified ground points. Reliability would decrease
in remote areas having less well-~defined map detail.

b. Instrument operators.adapted gaickly to observation of
smali scale photography as used in this investigation.

c. Enlargements to approximately 4X format cffered the best
mensuration possibilities which in part accounted for the
better results achieved.

d. The 3-Dimensional transformations from the 4X emlargement

provided the best overall results,

NN
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6.7 Conclusion .o Tnvestigation I

The resulté obtained indicate that ﬁhoto products -f£from the
S190A system are capable of satisfying planimetric accuracy re-
quirements at scales of 1:250,000 and smallexr. In the case.of
the 3-dimensional adjustment of the enlarged model, 1:50,000
planiﬁetric accuracy requiréments were satisfied. These results
were oétained from only a single model, but they lead onerto be-
lieve that, given well-distributed, wellridentified ground control,
4X enlarged diapositives, and good calibration data, planimetric
accuracies adequate for Class B l:S0,00U mapbing (NATO Sfecifica—
tions) are obtainable. Note that generally superior results were
obtained from the 4X enlarged diapositives. The 2-dimensional |
adjustments did not account for the relatively large, systematic
error input of photo 314, This points up the difficulty of
assessing photography with such anomalies in areas that have little

or no reliable ground control.

6.8 Recommendations from Investigation I

1. The method of adjustment to ground contrel of imagery
from the S190A camera system or future similar systems should be
in 3-Dimensional from analytically formed indeﬁendent models,.

2. %Prior to any future space missions incorporating satel-
lite photography, a method of targetting of known grouad control
points should be devised, Such a method could take the form of
the parabolic mirror system which was.emﬁloﬁed'with'the ERTS
photography_or a type of optiecal targetting using high poqgred

laser beams and prisms.




A et g g

et e U UV S Y

———
i
e |

o

[ ——
! .
e

.
[

[

7. TINVESTLGATION II: HORIZONTAL GONTROL EXTENSION WITH.SKYLAB/

EREP IMAGERY

7.1 Technical Approach and Task Description

The objective of this investigation was to ascertain the
accuracy attainable for horizontal control points determined by
aerial triangulation with the SKYLAB/EREP S190 system phbtograﬁhy.
A fully analytical procedure was employed for the aerial triangu-
lation. The following items were computed and included in the
analysis: standard error of the observations; accuracy of the
relative orientation; root mean square exror of the model coor-
dinates; standard deviation of unit weight of the adjustment; thg
fitting accuracy to the ground control; and the roet mean square
erroxr of discrepandies at check points. TFour separate strips of

photography were investigated.

7.2 Photography used for Investigation II

The four strips of photography used in this investigation

were as follows:

a. Strip 1 and 2
Mission: 3, Sensoxr: S1904A, Orbit. 52, Flight Date: 9/21/73

- Roll 47, Pan~X Black and Whaite, Frames: 312, 313, 314, 315,

316
- Roll 46, Aerial Colour, Frames: 3123,313,'314; 315, 316
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The geographic 1§catioﬁ'of the cdverage is Southafn New Biunswick,
Bay of ?undy and North-Western Nova Scotia in Ganada. The approxi.—
mate scale of the photos is 1:2,774,000.
b. Strip 3 ‘ ' .

Mission: 3, Sensor: SL190A, Orbit: 14, Flight Date: 8/5/73

- Roll 23, Fan-X Black and White, Frames: 183, 184, 185, 186
The ggographic 10cation.of the coverage is South Eastern Hichigan,
U.S5.A. and Soutl Western Ontarioc, Canada. The approximate scale
of the photographs is 1:2,861,000.

c. Strip 4

Mission: 3, Sensor: S190B, Orbiﬁz 14, Flight Date:. 8/5/73

- Roll 83, Aerial Colour, Frames:’ 149, 1505 151, 152, 153
The geographic location of the coverage is South—Eastérn Michigan,
U.S8.A. and South-Western Ontario, Canada. The approximate scale
of the photographs is 1:955,000.

7.3 History of Investigation II; Discussion of Techniques and
" Proacedures '

The investigation of the four striﬁs was performed:in the
order listed in Section 7.2: ‘Pﬁotography used in Investigéﬁioﬁ 1I.
A large number of points was selected and méfked on éacﬁ

sktrip. ~Thg‘image.coordinates of these points were measureé in a

Zeiss PSK stereocomparator under 8 times magnification., The mea-

- surements of Strip 1 (Roll 47) and Medel 1856 of Strip 3 (Roll 23)

were performed in two independent sets. Appendix C.1 lists the

- standard error of one measurement as computed £rom the double mea-

surements.

e
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Next, independenf models were formed in each strip with the
Analytical Striy Triangulation Program NRC-34 of the National Re-
search Council of Canada, Correction was applied for earth curva-
ture and atmospheric refraction., All points measured in a parti-
cular sterec pair were included in the relative orientation. The
accuracy of the model'%ormation is.indicated by the standard.errars
of thé intersection of corresponding rsys, which were computed from
the residual parallaxes after relative orientation, (Appendix C.2).
The maximum values for the residual parallaxes are also listed.

Finally, the models were assembled into striﬁs and subjected
to rigorous simultaneocus adjustment to ground control points. The
Stuttgart Adjustment Program PAT;H 43 was employed for this ﬁurpose.

Two sets of control peints were used for the adjustment of
Strip 1 (Roll 47). The first set conta:ned 43 points distributed
over the entire strip and the second set consisted of nine points
Wi;h a band of three points being 1ocated at the beginning, the
middle and at the end of the strip. St-ip 2 (Rpli 46) was adjusted
cnly with the nine control point configuration. Two of the models
in each strip were also adjusted separately. In each case four

control points were employed.

Strip 3 (Roll 23) was adjusted with six‘ground control points,
with a band of three points being located in the first and the last
mddel. Two of the models Were.alsb adjuaté& sepatrately with Ffour

control points each.

Strip & (Roll 83) was adjusted with'ﬁinE'éontrolibointé,'with

a band of three points located at the beginning, t“e middle and at

the end of the strip. All models were also adjﬂStéd sepérafel&rwitﬁi"

four control points each.

.
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At all points that were not used for the adjustment, the dis-
crepancies were formed between the map cosrdinates and the photo-
grammetrically determined coordinate valuzs and then the root measrs
square error (RMSE) of the discrepancies was computed. Points which
showed a discrepancy larger than three times the RMSE were rejected
and excluded from the computation of the f£inal RMSE value. Appen-
dix C.3 lists for each test case the total number of check points
available, the number of points rejected and the RMSE of the X anc
Y coordinates at ground scale in meters and at image scale in
millimeters.

The following additional statistical tests were performed and
are listed in Appendix C.&4;

-~ Roof mean square error of all model points, i.e. transfer points,
perspective centres and control points, This value represents
the intermnal accuracy of the model or strip.

- Standard deviation of a model coordinate with unit weight.

~ The fitting accuracy, which is the root mean square error of tha
differences batween the given value of a ground coordinate used
for the adjustment and the transformed photo coordinate of the

same point after adjustment,

7.4 fround Truth Activities of Investigation IT

No £ield measuréments were conducted in this 1:'u:c<:oj.e.c1:._a The
coordinates of the ground control ﬁoints were measured on topograﬁhic
maps in a coordinatograph. For Strifs 1 and 2 the maés scale was.:
1:50,000, ©¥For Strips 3 and &4, 1:24,000 scale maps were used over
Michigan and 1525,000 scale maps.over Ontario. Road inteééecticﬁs

outside densly populated areas and prominent points along the coast-

line and shore-line were selected as control points.
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7.5 Problems Ercountered during Investigation IT

It was discovered that the calibrat:ion data of the S5190A camara
system, as published in the "Sensor Performance Report MSC-05528

(sL2), Vol. 1, 7,2 Geometric Distortion Evaluation“} were not useable

for defining the various image refinement parameters, customaril
P N

employed in analytical photogrammetry, for the following reasons:

- The calibration of the lenses for radial and tangential distortion

was performed with a different lens-reseau configuratiom, than the

one used in flight.
- The image coordinates of the principal point were not provided.
The principal point of autocollimation specified in "Skylab In-

strumentation Calibration Data, Vol. IV, MSC-07744, Revision B,

Table 2.4.3" is not equivalent to the principal point as used in

photogrammetry., The former is "“the image formed by the camera

lens when a parallel pencil of rays, which in object space is
perpendicular to the image plane, enters at the exterior perspec-—
tive centre", while the latter is defined as "the foot of the

perpendicular from the interior perspective centre to fthe image

plane".

—~ The calibrated value of the principal distance is specified to
the nearest 0,001 inches, (Repbrt MSC-07744, Review B, Table
2.4.3) which is eﬁuivalent te 25 pm. This accuracy is generally
inadequate for precise analytical photogrammetric work.

Conseque&;ly, it was impossible to correct the measured image
coordinates for radial and tangential lens distortion and for de-

formation of the emulsion base; the measured image coordimnates had

to be referenced to the centre reseau mark rather than to the prin-

cipal distance used in the computations is questionable. These
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factors, no doubt, affected the intermal accuracy of the triangula-
tion.

The main problem encountered during the investigation of the
S190B photography was in determining the exact location of the
principal point. This camera has only two fiducial marks and the
origin of the image coordinate system hatd to be established by the
intersectibn of the frame diagonals. The location of the principal
point was then defined with reference to this system in accordance
with the data given in the calibration report.

It was rather inaccurate to define the principal point in
this manner since the frame corners were somewhat rounded and could
not be measured accurately. This was especially true of the corner
where the cloek data block was located. This difficulty could have
been eliminated by manufacturing the camera with four standard

fiducial marks on the focal plane frame.

7.6 Discussion 9f the Results of Investigation IT

With reference.to Appendix C.l, the precision of the measure-
ments can be regarded as excellent, comnsidering that natural féa~
tures wére observed., It should be emphasized, however, that this
value indicated the precision by which the same spot was located
twice in the same model. A more ceritical and difficult part of the
data acquisition was to locate the same éoint in a neighbouring
model and to correlate the image points with the map ﬁoints.

With reference to Appendik c.2, the accurécy of the relative

orientation was satisfactory and corresponded to expectations based ﬁ F

on the precision of the measurements. The results obtained for the

four strips are rather similar, ;

o,
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The results shown in Appendix C.4 proved that the intermal
accuracy of the strip was very good and compared favourably with
accuracies attainable with conventional aerial pﬁotograﬁhy. The
largest values for the RMSE of model points and the standard de-
viation of unit weight occurred in Strip 2 (Roll 46). The accuracy
improved in Strips 1 and 3 and the smallest errors were obtained in
Strip 4 (Roll 83). The varying accuracy of point identification
is the probable explanation for these varying results,

The terrain shown in Strips 1 and 2 is largely forest covered
and easily identifiable features were in short supply. A bluish
haze was evident on the colour phgtographs of Strip 2, which dime-
nished the contrast somewhat and decreased the resolutiomn of the
image, Strips 3 and 4 on the other hand covered mainly open tex-
rain and urban areas, with a dense road pattern, so that the se-
lection of easily identifiable targets was no problem. The high
resolution of the $190B photographs of Strip 4 further improved
the identification accuracye.

The adjustment of the strips to ground control proved satis-
factory in all cases,

Appendix C.3 indicated that the RMSE of the coordinates at
check points ranged from 12 um to 31 um at the scale of the image.
Such results can be regarded as excellent, considering the fact
that all control and check points were natural features and that
the ground coordinates weré obtained from 1:50,000 and 1:24,000
topographical map sheets. Under the circumstances, erroxrs of 20
to 25 meters could have easily ocecurred in the identification of

points and some of the ground coordinates could be in error by as
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much as 10 uym at the scale of the image. No doubt, the results
could have been improved by more stringent point selection, by de-
viging some form of targeting for the points (such as parabolic
mirrors) and by employing ground survey techniques for the deter-

mination of the ground control.

7.7 Conclusion of Investigation IT

As expected, Strip 3 (Roll 23) showed the best results since
it was taken with the metric camera system. Most points selected
were easily identifiable and the ground control data was more re-
liable because of the larger scale maps available in this area.

At ground scale, however, Strip 4 had the highest accuracy. Ap-
parently, the larger scale image provided by the S190B camera has
more than offset the lower precision of the internal geometry.

From a practical point of view, these results were the most signi-
ficant since it proved that it is possible to establish ground cecn~
trol coordinates with an accuracy of 15 to 20 meters with space
photography. It should also be noted that Strip 4 covered a large
area of 200 km by 110 km and was controlled by only nine ground
points.

With reference to Appendix C.3, the re;ults obtained indica-
ted that both the S190A and S190B Camera Systems are capable of
satisf}ing certain NATO planimetric accuracy standards. Strip 4
{(5190B) yielded the best results in that the requirements for ‘
1:250,000 Class A specifications were far exceeded as well as Class

B specifications for 1:50,000 mapping. Strip 3 (S1904, 0.6~0.7 um,
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Black and White) also exceeded the accuracy requirements for GClass A
1:250,000 mapping and bordered on those for Class B 1:50,000 stan-
dards., Strips 1 and 2, with slightly inferior results still met the
specifications for planimetric accuracies of Class A mapping at

scales of 1:250,000 and smaller.

7.8 Recommendations from Investigation III

1. A more comprehensive investigation of aerotriangulation
with space photography should be considered in future satellite
missions. Systematic uninterrupted photo coverage of large areas
0f the North-American continent at 607 or 80Z overlap should be
planned for this purpose to permit the triangulation of large blocks
of photographs.

2, A long focal length, large format metric camera is more
suitable for aerotriangulation than a short focal length multi-
spectral camera, therefore such an instrument should be part of any
future space photography mission.

3. TFour standard fiduecial marks should be established in
future satellite camera systems to allow for better calibration
conditions and a more pr2cise means of establishing the primncipzal
points of the photographs.

&, A gtudy should be conducted to devise some feasible method of

targetting ground control points.
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i 8. INVESTIGATIO! TIT: THE POTENTIAL OF EMPLOYING SKYLAB/EREP
PHOTOGRAPHY AS CONTROL FOR HIGH ALTITUDE
T " ATRCRAFT PHOTOGRAPHY
ii
3? 8.1 Technical Approach and Task Description
11 The main objective of this investigation'ﬁaé to determine the
e utility of SKYLABR photography in achieving the maximum possible
gg accuracy for establishing control for either 1:50,000 or 1:100,000
scale maps. Various approaches which might improve the accuracy
iﬁ were investigated such as: (a) the correction of systematic image
ff errors; (b) the use of imagery from more than onme channel of the
- 8190A multispectral camera systemj (e) the incorporation of SKYLAB
M orbital parameters as = camera ositioning device in a bundle
5 P P 8
adjustment; (d) the combination of several strips or blocks of
{1
gi high altitude aircraft photography with SKYLAB photographys and
;; (e) the use of several combinations of available ground control
= for an adjustment of the photography.
[
b 8.2 Photography Used for Investigation III
It
ﬁ The following groups of SKYLAB photography were employed for
the investigation:
{T‘{
b3 I
i a. Sensor S190A, Orbit 52, Rolls 47 (312-316) and Rolls 48 (312~
316). These photographs covered an area of the Atlantic
- Provinces, Canada.
b. Sensor S$1904A, Orbit 14, Rolis 23 (183-186) and Rolls 24 (183~
i
~ 186). These photographs covered the area of Lake Saint~Clair
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and Windaor, Ontario in Canada and parts of the States of
Michigan Ohio and Pennsylvania in the U.S.A.

High altitude photography consisting of a block of four
strips of six photographs each and covering an area in the State
of Michigan was availablg for test purposes. These photographs
had been taken in conjunction with the LANDSAT-1 mission and had
the following aspecifications:

-~ An RC-1{) camera with a 6 inch focal length. The £ilm type
was aerochrome infrared 2443 with a bandwidth of 0.510 - 0.9%0um.
The photography was flown 15 October 1972 at an altitude of 19,8
kilometers above mean sea level,

8.3 History of Investigation IIL; Discussion of Techniques and
Procedures :

The first step in the procedure was the establisﬁment of
sufficient ground control and pass points necessary to carry out
the investigation. Intersectiomns of roads and highways wexe
chosen in most cases and care was taken to insure that common
points, identifiable on both the SKYLAB S190A and high altitude
photography involved, were obtained. The coordinates of the
ground control points were determined from published 1:25,000
(Canada) and 1:24,000 (U.S.A.) map sheets. The points were then
transferred to the photography using a Wild PUG instrument gquip—
ped with a 40pm drill, which was considered to be more suitéble

for high altitude photography like SKYLAB imagery than the larger

standard 60um drill.
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For each SKYLAB photograph, the coordinates of the nine reseau
’ crosses -and all other points required in the investigation were

measured on the Wild STK~1l. A computer program, STKREDUC, was

» written at the Department of Photogrammetry of the Universite Laval

! to average the measured coordinates, reduce them to the centre of

L

gravity of the photograph and obtain the standard deviatioms of

YT

the measurements, The same technique was applied to the high alti-
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tude photography employing the eight fiducials. Systematic errors

NP

L in image coordinates due to film deformation, lens distortion and

BT refraction were researched individually and appropriate computer
programs were develoéed at Universite Laval to apply corrections
i:'P for these errors (Appendix D.1).

After all the corrections were aﬁﬁlied to the image coordinatas;
strip coordinates of the same points wers obtained using a ﬁrogram

previously written at Laval TUniversite. This program was adapted

for this investigation to accept as input corrected image coordinates

when either reseau (SL90A) or fiduveial marks (high altitude) were

| S——

incorporated. Schut's program from the National Research Council,
Canada, was used to adjust the strip coordinates. This program uses

a third degree polynomial transformation in the adjustment of photo-

| — Ll

grammetric strips and blocks.

i
et

Strips 23 and 24 of the SKYLAB S190A photography were adjusted

L

b separately and then both rolls were combined and adjusted as omne

Lt

block., To maximize the effect of ground control, the ground coor-

dinates of all.image points were given as contfol and the residuals

R

at each'point determined. It was then thought that a strip of three

S190A models might cover an area too large to be adjusted by a
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polynomial transformation, so the block was broken dewn and each
roll was adjusted using either one, two or three models.

The four high altitude photography strips were also adjusted
using Schut's program: first each strip separately, and subsequernt-
1y all four strips combined to form one block., Again, the ground
cocrdinates for all image points were used as control.

After the separate adjustments had been performed on the 51904 é %
and high altitude photography, further adjustments were carried out
combining one SKYLAB model from each of the twd rolls with either
one, two, three or all four models of a high altitude strip. Again
the ground coordinates of all the image points were used as control. : ,

Since the use of all the image points as control does not cor- |

respond to practical applications, the previous tests were repeated

employing only a necessary winimum of well distributed ground control
points for either the SKYLAB or high altitude photography. For the
first test (Case 1) on a single S190A model, only twelve (12) con~
trol points were used in the adjustment and the ground ccordinates
of all the other image points were calculated. The residuals were
quite large so the adjustment ﬁCase 2) was repeated with an additiomal
ten (10) control points. The four high altitude strips were also
adjusted independently (Case 3) holding only twenty-six (26) points
as control.

Again the SKYLAB and high altitude photography were combined

with a minimum amount of control. The first combination adjustment

(Case 5) of this type incorborated 12 control points for the S1904
model, 22 for the high altitude strip and 14 points as common to _ 3’%

both. A final combined adjustment (Case 6) was performed using the

same data with an additional 31 high altitude points as control.
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Although the above adjustments produced valuable informatiown,
it had been fel: from the beginning of the investigation that a
bundle method of adjustment would be a more suitable type of adjist-
ment for SKYLAB and high altitude photography. However, due to =z
lack ¢f time and funds it was not possible to comﬁlete this aspect
of the investigation.

A computer program AERTRING was written at Universite Laval
to incorporate data from SKYLAB and high altitude photography into
a bundle adjustment., The approximate coordinates of the SKYLAB
camera station were obtained employing the orbital ﬁarameters.
Again strips 23 and 24 of the S190A camera system were adjusted
separately and later combined into one adjustment. TIn both cases
the ground coordinates of all image points were given as observa-
tions zand weigkts were applied both to the ground and image coor-
dinates.

AERTRING was used again to adjust a single SKYLAB model in~
corporating twenty~six (26) control points as observations.
Approximate values for the camera station coordinates were obtained
from the previous adjustment and twenty~two (22) pass poinfs wera
assumed as unknowns. This test was repeated cowmbining one striﬁ

of high altitude photography with the SKYLAB model (Appendix D.3).

8.4 CGround Truth Activities of Investigation III

Published topographic map sheets were used to oktain the

ground coordinates for the adjustment of the aerial triangulation

and for the checking of the output results. In Canada, topographic
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maps at the scale of 1:25,000 and in the U.S5., maps at the scale of
1224,000'Were available for the areas cdvered by both the SKYLAB |
and high altitudz photography. American standards require. that the
horizontal accuracy of 90Z of the well defined map points be piotted
correctly within #0.5mm which would correspond to #12 and 12.5 meters
on the ground for 1:24,000 and'l;ZS,OOO ssicale maps.

The Universal Transverse Mercator (U.T.M.) ground coordinates
were measured to am accuracy of *0.lmm. The verticalAcobrdinates
were obtained by visual interpolation of contours. It was felt that‘
for this investigation, a higher measuring acéuracy was not justified
due to the possibility of expansion and shrinkage of the map sheets.

Because of the large areé covered by the SKYLAB photography, in

which two zones were crossed, it was felt that the U.T.M. coordinate

system wés not suitable for aerial trianzulation in this investiga-
tion. Consequently, all U.T.¥, coordinates were transformed to the
Secant plane coordinate system éduptad by the U.S. Coast and Gendetie
Survey. This system is a local three disensional orthogonal system -
in which the Z-coordinate is equivalent to the combination of eleva-

tion and earth curvature.

8,5 Problems Encountered during Investigation III

The original plan was to extend the investigation to include

imagery from the SKYLAB S190E terrestrial caméra as well as from.

the S190A system., However, the S5190B was not considered metric in

the photogramme%ric sense because its image frame was part Qf a
removable magazine which prevented the exact positioning of the

principal point, and it employed a focal plane éhutter.
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The choice of ground control points for the investigation

presented a very tiring task.

Many of the road intersections

visible on SKYLAB photography did not exist on the corresponding

map sheets., The reverse condition was also present in that well

defined map sheet intersectiouns were not visible on SKYLAB photo-

gfaphs. The large scale differences involved, indicated by the

fact that one SKYLAR photograph of 70mm format covered the same

area as 54 high altitude photography and approximately 250 map

sheets, alsoc presented problems in point identification. However,

as shown by Tahble 8.1, sufficient points were finally gathered.

Table 8.1 Number of points inm both SKYLAB and high
altitude (H.A,) photography.

SKYLAB 1 Model/Strip

Photography Inveclved |Points in H.A. | Points in SKYLAB |Common Points | Sum
H.A, Strip #1 11 18 29
H.A, Strip #2 17 21 38
B.A. Strip #3 19 16 35
H.A. Strip #4 19 20 39
SKYLAB 3 Models/Strip 62 65 127
SKYLAB 2 Models/Strip 57 65 122

24 62 86

The final major problem emcountered arose in the section of

the investigation which dealt with aerial triangulation by bundle

adjustment. Limited time and money prevented the entire completion

of this aspect of the study at present time but it is hoped that

further investigations will be carried out in the future.

Beb DisduSSign of'the'Results of'Invastigation'III

In the studies. carried out to correct the systematic. errors

of the image point coordimates, it was discovered that film
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deformation for both SKYLAB and high altxtude photography coul&
reach more than #10pm and it was necessanry to correct for this
deformation by :z method suchk as the one described at Appendix
D.1. TFor SKYLAL photography, the errors due to ieng distortion
were very small and could be ignored but for the high altitude
photography, polynomial corrections (Aﬁpendik D.1l) were aéﬁiiad.
Refraétion erro:s were also insignificant for SKYLAR imagery but
were applied to the high altitude photography (see Apfendix D.1).

Perhaps the most significant results of this investigation
were those ariéing from the analytieal aerial triangulation adjust-
ments of the imagery involved in the study. The first group of
adjustment results were those obtained using Schut's third degree
polynomial transformation épproach.

The results obtained from polynomial adjustments of Stxips
23 and 24 of the SKYLAB data, éach as single striﬁ.adjustments
and later combined to form a block, and holding the ground co-~
ordinates of all image points as control, are shown at Appendix
D,2~a., These results indicated that there were no significant
differences in the standard deviations when the rolls were
adjusted separately, combined as a block or evemn at a later
stage when single models in a strip were adjusted independently-

The average values of the standard deviations were 33 meters in

X,'46.5 meters in Y and 128 meters in Z expressed in ground

values.

The pdlynémial adjustment results of the'four'high altitude

~strips, both as separate strip adjustments and subsequently com-

-

bined as a block, are shown at Appendix D.2-c and yiel&ed.standard
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deviations ranginrg from £7 meters to *23 meters in X and Y and

3 meters to *7 neters im Z, The ground coordinates of all

image points were used as control.

The combination of one SKYLAB model with eitbher omne,

two,

three, or four high altitude strips into the polynomial adjust-

ment offered no significant improvement Iin the planimetric or

height accuracies (Appendix D.2-d) due probably to the fact

that again all ground coordinates were used as control.

Several of the polynomial adjustments were repeated with

fewer control points (Appendix D,2-e) as described previously

in Section 8.3. Case 1, which employed only 12 control points

on a SKYLAB model, yielded a very large o, and the addition of

10 extra control points (Case 2) into the adjustment led to a

significant improvement in both planimet::ic and vertical accu-

racies. The polynomial adjustment performed on the high alti-

tude photography, employing only 26 points as ground control

(Case 3), yielded, as was to be expected higher residuals than

in the case where all image points were held as control,

combination of three high altitude strips with two SKYLAB
using only 12, 22, and 14 control points for SKYLAB, high
tude and common points respectively, resulted in a slight

ment of both the planimetric and height accuracies of the

The
models
alti-
improve~

SKYLAB

models (Case 4). Another strip of high altitude photography and

31 additiomnal high altitude control points were added to the

combined adjustment and, as shown by Apperdix D.2~e, there were

no significant differences in accuracies between Case 4 and

Case 5.

IRNN

.
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Aerial triangulation by bundle adjustment (see Section 8.3)
was performed on portioms of the SKYLAB aad high altitude photo-
graphy employing program AERTRING. In the first test, where one
model of each 0f the two SKYLAB rolls was adjusted separately and
later both were combined, the maximum differences between the co-
ordinates of the SKYLAB camera station obtained from the adjust-
ment aﬁd those obtained from the orbital parameters were only 2.3,
1.0 and 5.2 kilometers respectively for X, Y and Z. The élanimetric
and vertical accuracies of the SKYLAB model inmproved over the poly-
nomial transformation adjustments with the average S 8m, UY =
18m and o, = 18m (Appendix D.3-a). However, again all image points
vere used for control.

The second bundle adjustment carried out on a single SKYLAB
model using only 26 control points as observations and the appro-
ximate coordinates of the camera station obtained from the pre-
vious adjustment, gave much poorer results than the first set of
bundle adjustments with an especially huge error im Z. When the
same test was repeated with an additional high altitude strip,
the accuracies were somewhat improved (Appendix D.3-b) with a
o and o of approximately %30 meters and g, about *200 meters.

On the whole, it was obvious that furthex testing was
necessary and the results from the bundle adjustments must then
be analysed more rigorously and from a statistical point of view
before any specific conclusions can be formulated on this bundle

adjustment procedure. -

- i




Py

£

g e

FEN—_—e

o

.

8.7 Conclusions to Investigation IIX

Using polynimial transformation adjustments for SKYLAB and/ox

high altitude phatography produced the following accuracies:

(a)

(c)

SKYLAB - T and cy vere app;oximately +40 me€ers on the
ground,

High altitude photography - o and Uy were approximately
+18 meters and ¢, was approximately 11 meters.

The combination of SKYLABIphotography with up to 24 high
altitude photography did not significantly improve the
accuracies in X, Y and Z. Perhaps significant imﬁrovements
could be obtained employing a considerably larger block of

high altitude photography.

Using the bundle adjustment approach on the two types of

photography the following accuracies were cbtained:

(2)
(b)

(e)

SKYLAB - o, and Uy were approximately £30 meters.

The difforences between camera station coordinates obtained
from the orbital parameters supplied by NASA and the outﬁut
of the adjustments are no more than 5 kilometers im ¥, Y or
z,

By combining one high altitude strip of six photographs
with SKYLAB photography the accuracies improved by 25, 21

and 287 for the X, Y and Z coordinates respectively.

Based on these conclusions it was felt that there was indeed

potential in employing SKYLAB/EREP photography as control for high

‘altitude photography for small scale mapping when using the bundle

adjustment method of analytical photogrammetry. -
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8.8 Recommendations from Investigation TII

1L, The selection and marking of gruund points to be used as
control or pass points in aerial triangul.ation with photography
such as SKYLAB material should be plannel and completed ﬁrior to
the ﬁhoto missions.

2. Further improvements in the algorithm used to solve the
normal equations in program AERTRING should be made, and this is
presently being studied at the Universite Laval.

3. VA more stable film should be used for high altitude
piotography than the Aerochrome Infrared f£ilm employed in this
investigation.

4. A greater number of high altitude ?hotographs, well
distributed over SKYLAB photography areas should improve the

accuracies obtained through bundle adjustments.
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9. INVESTIGATION IV: QUALITATIVE EVALUATION OF SKYLAB 51904
" PHOTOGRAPHY

9,1 Technical Approach and Task Description

The object of this project was to evaluate the image clarity
for mapping purposes of photography obtained from the SKYLAB 5190a
multispectral camera system. This system provided a series of

photographs from each of six simultaneocusly exposed cameras contai-

[

ning six different film-filter combinations. The method of evalua-

tion was a visual intercomparison under magnification of the same

B

image feature on each of the six simultaneous pictures, using second
L

generation contect positive (70mm) transparencies of the imagery.

9.2 Photography used for Investigétion IV

|-

From the SKYLAB 3 Mission, a complete set of six simultaneois

- photographs from the 8190A system was obtained for three areas of

f Canada: (a) Toronto area from Orxbit 27, 9 September 1973, frame

e e e LT S T e A = iz
R

016; (b) Southern Manitoba from Orbit 50, 19 September 1973, frame

2143 and (ec) the Bay of Fundy from Orbit 52, 21 Sepﬁember 1973,

frame 316. The camera film-filter combinations of the S190A system

=

are tabulated in Table 9.1.
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Table 9.1 Zamera Film-Filter Combinations of S190A System

Camera Film Filter Bandwidth
1 IR aerographic B&W - type EK2424 cc 0.7-0.8 um
2 IR aerographic B&W - type ER2424 DD 0.8-0,9 um
3 Aerochrome “R Colour - type EKZ443 EE ., | 0.5-0.88um
4 Aerdial Colour - type 80-356 FF 0.4-0.7 pm
5 Pan-X aerial BE&W . -~ type 50-022 BB 0.6~0.7 um
6 Pan~X aerial B&W - type 50-022 AA 0.5~0.6 um

9.3 History of Investigation IV; Discussion of Techniques and
Procedures '

The three sets of photography were evaluated independently
by employing a method of visual intercomparison of the same image
feature on each of the six simultaneous pictures using second
generation contact positive (70mm) transparencies. A rating of
1-10 was assigned to the image, where 1 represented the best
defined image of the subject among the six samples and 10 refre-
sented no record of the subject at all. The images were also
rated for granularity. The results of the individual evaluations
were later tota .led to form the overall evaluation, and thus the
film with the smallest t_.tal indicated the best overall image

quality,.

9.4 Ground Truth Activities of Investigation IV

The cultural detail selected to determine the clarity of the
image for map compilation included items such as airports, major
and secondary roads, rivers, minor drainages and shoreline detail

as well as a few specific objects such as a racetrack or pier.

R el
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9.5 Problems Ercountered during Iunvestisation IV

The rating system was very subjectise and if totalled over
several subjecte could give a quite erroieous relative rating of
the film-filter combination. In order ts solve this problem, the
selection of images was weighted in relation to importance of map
content so that the totals (Appendix E.l) also provided a relative

rating with respect to average map content.

9.6 Discussion of the Results of Investigation IV

The performance of the various film-filter combimnations in
recording cultural map features corresﬁonded with what would be
predicted from experience with normal aerial ﬁhotography. The
Pan-X Aerial black and white film and the Aerial Colour f£film ex-
hibited low granularity and good image ¢uality. The infra-~red
films, both black and white and colour, had a very noticeable
granularity which affected the image resolution. The Panchroma-
tic black and white film was the best g..neral ﬁurpose film for
delineating map features (roads, airports, warfs, water areas).,
Greater filtration of lower wavelengths improved the clarity of
the image for high altitude photograéhy. Everything seen on the
0.5~0.6um bandwidth could be seen with better contrast omn the
0.6-0.7um bandwidth, The colour image was good but no better
than black and white for any of the features compared. The black
and vhite infra-red films provided excellent delineation of water
features. The Aerochrome 1R colour image was much ﬁoorer than the
normal colour image and the resolution was much poorer t§§n the |
colour or panchromatic black and white films. Examples of the

photography evaluated can be found at Appendix E.2.
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9.7 Conclusions to TInvestigation IV

O0f the six :ameras of the S190A multicamera system, the camera
containing the Panchromatic Black and White f£ilm fitted with a BB
; di - filter (bandwidth 0.6-0,7um) provided the best resolution of speci-

fic cultural detail employed in mapping. The aerial colour film

also pxesénted a clear image but no better than the camera using the

o ﬁ: Pan X Aerial B&W £ilm.
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10, INVESTIGATION V: THE REVISION POTENTTIAL OF SKYLAB PHOTOGRAPRY

-

10.1 Technical Approach and Task Description

The objective of this investigation was to evaluate S190A and

‘81903 SKYLAB imagexry for its revision potential, both in urban areas

and rural-recreational areas. Planimetric compilations at scales of
1:250,000 and 1:50,000 using third gemeration reproduction, wexre pro-
duced on the Wild B-8 Stereoplotter, the Kern PG-2 and the Bausch

and Lomb Zoom Transferscope.

10.2 Photography used for Investigation V

The Windscr area of Southerﬁ Ontario was selected from the SKY-
LAB-3 coverage in Canada as an area best representimng urban ma?ping
requirements. The actual photograshs used included:

- S190A Camera with a2 six inch foeal length and original scale of
1:2,850,000. Selected photography from this system:

(a) Roll 23 (185-186), 0.6um-0.7um, 4X enlarged

(b) Roll 22 (185-186), colour, 4X enlarged.

- S190B Camera with an eighteen inech focal length and original
scale of 1:950,000. Selected photography from this system:

(a) Roll 83 (152-153), colour, 2X enlarged.

The diapositives used in the investigation were third generation

copies cbtained by enlarging the second generation negatives (black

and white) or positives (colour). The area was free of q}oud and the

pictures had 607 forward overlap.
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The Mazinaw Lake region of Southern Ontarioc was chosen as being
typlcal of the remotest area covered by SKYLAB photography. However,
this region contained a few roads, power-limes and railways. The
SKYLAB imagery deﬁicting this area included:

~ 8190A Camera with six inch focal length and original scale of
1:2,850;000. Selected ﬁhotography from this system:

(a) Roll 40 (17-18), colour, 4X enlarged

{(b) Roll 40 (17-18), 0f6—0.7um, 4X enlargedf
—~ S5190B Camera with eighteen inch focal length and original scale
of 1:950,000. Selected ﬁhotograﬁhy from this system:
(a) Roll 85 (298-299), black and white diapositives,; 2X enlarged
(b) Roll 85 (298~299), black and white diapositives, 3.8X enlarged

(c) Roll 85 (298-299), black and white diaﬁositives, 4X enlarged;

Again the photographs used in plotting were third generation
copies obtained by enlarging the second generation negatives suﬁplied
by NASA. In this case, the photos from the S5190A cameras had only 207
forward overlap, so that stereoviewing was limited to a small area.

A few small clouds and shadows were present on the imagery.

10,3 History of Investigation V; Discussion of Techniques and Procedures

For the revision evaluation of SKYLAB imagery in urban areas,
the map compilations from the colour diapositives of the 51904 Camera
system were produc=i using the Wild B-8, while the black and white
ﬁiapositives were used in the Zoom Transferscope. The scale of both
compilations was 1:250,000. The enlarged S190B photography used in

the urban evaluation was plotted at scales of 1:250,000 and 1:50,000.
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Th 1:250,000 plots of the S190B imagery were produced directly with
the Kern PG~2, while the 1:50,000 maps were plotted at 1:100,000 on
the B~8 and then enlarged using the Transferscope.

For the rural-recreational study, the colour diapositives of the
S190A system were again used in the B-8 to produce a plot directly at
1:250,000, The S190B photography was used both in the B-8 and the
Zoom Transferscope to'produce plots at 1:250,000 scale. The S190B
imagery was also used to ﬁrcduce 1:50,000 sczle maﬁping in the same
manner as in the urban evaluation, In addition, a ﬁortion of the
imagery was enlarged four times making it possible to plot directly
at 1:50,000 with the Zoom Trarsferscope.

Aépendix F.3 displays samples of enlarged S190A and S190B photo-

graphy to the scale of 1:250,000.

10.4 Ground Truth Activities of Investigation V

Published 1:50,000 and 1:250,000 map sheets served as a basis
to establish scale and map content. However, the plotting of detail
was done independently of the map and the compiler drew only what he

could see and interpret from the photographs.

10.5 Problems Encountered during Investigation V

For the revision évaluation in both the urban and rural recrea-
tional areas, it was not possible to plot the enlarged S190B imagery
directly at 1:50,000 in the B-8. Therefore, the detailed was plotted
at a smaller scale (1:90,000 or 1:100,000) and then enlarged to

1:50,000 using the Zoom Transferscope.

P
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The original intention of this invastigaticn was to evaluate
photography for revision potential over true wilderness areas.
However, tha most remote area covered by available SKYLABR imagery
(Mazinaw Lake district) represented one for which the map sheet
could be classified as "rural-recreational', For this classifica-

tion, the imagery received was suitable for evaluation.’

10.6 Discussion of the Results of Investigation V

The results of this investigation can be broken down under
two topics for each study: {(a) revision potential at the scale
of 1:250,000 and (b) at the scale of 1:50,000.

At the scale of 1:250,000 and using the S190A imagery, the
best results for both the urban and rural~recreational evaluations
were obtained using the colour diapositives in the Wild B~8 plot-
ter. (See Appendices F.l and F.2 for sample overlays.) Roads were
difficult to diséinguish in the heavily built-up areas, but in
rural areas roads were identifiable by the presence of houses and
farms which usually could quite easily be seen, Power lines and
large lakes could be plotted with an accuracy commensurate with
revision requirements at this scale, as well as many other well
defined features such as airports, subdivisions, farm complexes,
sewage plants, gravel pits and oil and gas tanks. However, deli-
neation of shorelines was of variable accuracy, and drainage pat-
terns and railways could not be detected.

The use of the S190B imagery to produce plots at 1:250,000
improved the accuracy and content of the map both for the urban
and rural-recreational evaluations. Some of the raililrpads could

be plotted in the urban study and the identification of the road

s,
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patterns was easier for both evaluations. However, in both cases,
the delineation ¢f drainage: patterns and inland waters remained

quite difficult in many areas.

In compiling the 1:50,000 maps from the enlargements of the

1:90,000 (rural-recreational) and 1:100,000 (urban) detail plotted

on the B-8, which were obtained from the initial S190B third
generation imagery, there was a very definite loss in resolution
which in general left the detail fuzzy and difficult to define.
(See Appendices F.l1 and F.3,) Only power lines and hard-surface
all-weather roads could be plotted with an accuracy adeguate for
1:50,000 interim revision and only ther in the rural areas. For
the urban evaluation, it was impossible to depict the buildings
accurately and again, in both cases, the water areas could not
be delineated in detail. The results obtained in the rural-recrea-
tional evaluation from the plot at scale 1:50,000 on the Zoom
Transferscope, using the four times enlarged S5190B photography,

produced an image that was objectionally fuzzy.

10,7 Conclusions to Investigation V

To a cexrtain extent, photography from the S190B (colour)
system and the S190A (colour) system could be used for road re-
vision in the urban-agricultural areas for the scale of 1:250,000.
Many other features such as airports, subdivisions, farm complexes
sewage plants, gravel pits and tanks could be detected, but it is
unlikely that their interpretation would be reliable enough to con-
sider this photography as a complete revision source for such in-

formation. However, it could serve as an indicator of where addi-

tional information is required.
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In the rural-recreational map sheet area studied, sﬁace photo-
graphy of the type provided by the SKYLAF S190A camera system (aerial
colour) could be used for interim revisica mapping at a scale of
1:250,000 for the detection of new features such as major roads,
power lines and new reservoirs. The SKYLAB S1903 photography in-
creased the confidence with which these #features could be identified
at the.1:250,000 scale but offered no additional reliable map re-
vision potential.

For both urban and rural-recreational revision, the map revision
potential at a scale of 1:50,000 using thec better S190B camera pheoto-

graphy was limited, and could be applied with certainty only to major

roads and powerlines.

10.8 Recommendstions of Investigation V

1. Imagery from space photography similar to the SKYLAB S190A
and S$190B Camera systems may be used for map revision at the scale
of 1:250,000. Haowever, this imagery may be used with certainty oaly
for the revision of new major roads and power lines in nonwurbaﬁ areas.,

2, Space photography with characteristics similar to SKYLAB
S5190A and S190B imagery camn sérve as a valuable indicator to where
revision of 1:50,000 maps detail is required. It may then be neces-
sary to obtain additional revision information such as conventional

aerial photography, to complete the actual revision,
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11. INVESTIGATION VI: THE POTENTIAL OF SILYLAB PHOTOMAFPING APPLICATIONS

11,1 Technical Approach and Task Description

To determine the photomapping applications of SKYLAB imagery, a
partial photomap at the scale of 1:250,000 of an area north of the
Bay of Quinte, Southern Ontario, was produced from poth SKYLAB S190A
and 81908 photography. These were comparéd with each other and eva-
luated as input products to a completé photomap at this scale. The
potential of producing photomaps from this imagery was also evaluated
against photomaps produced from standard aerial photography at one

end of the scale and LANDSAT-1 imagery at the other end of the scale.

11.2 Phontography used for Investigation VI

Table 11.1 indicates the photography use< to produce the photo-
maps of the selected area (Bay of Quinte north to latitude £4° 4577

Table 11.1 Input Photography and Imagery

Camera Original Scale| Bandwidth # Pictures | Enlargement
6" £.1., 9"x9" l: 36,000 {  0.5-0.68um 240 0.14
Wild, Zeiss
SKYLAB S§1904A 1:2,850,000 0.5-0.6 um 1 11.4
53" £.1., 70mom
SKYLAB S5190A 1:2,850,000 0.6-0.7 um 1 11.4
6" £.1., 70mm
SKYLAB 51908 1: 950,000 0.5-0.68um 1 3.8
18" f.l., &3"
LANDSAT~1 1:3,369,000 0.6-0.7 um 1 13.5
70mm

S o
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11.3 History of [nvestigation VI; Discussion of Techniques and Prccedures

The area sel:cted for evaluation covered about one third of a
standard 1:250,00) map sheet (99 statute miles E-W by 69 miles 11-5)
of the National Topographic Series (N,T.S.). This afea was covered
by black and whitz photography £rom both the §190A and S190B camexa
systems, by conventional aerial photogréphy and by LANDSAT imageryv.
The scale of 1:250,000 was the only scale studied since the next
larger N.T.S. scale, 1:50,000, is within the caéability cf conven-
tional aerial photography, and the next smaller scale, 1:500,000, is
within the capability of the LANDSAT system.

To produce one of the photomaps of the evaluation area, 240
standard aerial photographs at the scale of 1:36,000 were used. A
second photomap of the same area was produced from one black and
white S5190A image of spectral bandwidth 0,5-0.6um, and a third photo-
map from a S190A image having a spectral bandwidth of 0.6-0.7um. 1In
the latter two cases, it was required that the enlargement from
1:2,850,000 to 1:250,000 be done in two stages. For these test sam-
ples, the 70lmillimeter second generation positive copy was emnlarged
to a 9"x9" negative, which was then rectified to a map base at
1:250,000 with considerable loss of resolution and contrast. The
fourth photomap produced was rectified directly from the S5190B imagery.
The fifth photomap was produced from LANDSAT-1 imagery. (See examﬁle

reproductions at Appendix G).

11.4 Ground Truth Activities of Investigation VI

Published 1:50,000 and 1:250,000 map sheets of the N.T.5. series

were used as map bases for the rectifications of the photographs as

required.
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11.5 Problems Ercountered during Investization VI

The SKYLAB jhotographic éystem proviiled small scale coverage
in both black and white and colour for linited areas in Canada.
None of the passes provided complete coverage of a 1:250,000 map
sheet. Photography suitable for evaluation covered approzimately
one third of a standard 1:250,000 sheet.

The 70 millimeter format S190A imagery had to be enlarged to
9"%x9" negatives before rectification to a map base at 1:250,000.
This led to a relatively poor image with evident granularity and
poor image resolution along with the possibility of additional de-

fects acquired at each reproduction stage.

11.6 Discussion of the Results of Investigation VI

Although technically possible, the production of photomaps at
1:250,000 from conventional aerial photography is time consuming
because of the number of pictures involved, and the product often
suffers from several well known defects, The number of pictures
required can range from 100 super wide angle photos at 1:110,000
scale to as many as 800 if the. smallest scale available is 1:36,000,
as was the case in this investigation. Density and contrast mat-
ching problems increase with increasing numbers of pictures. Other
evident defects of photomaps produced in this manner arise due to
banding, tone control and specular reflection from water. The plani-
metric accuracy, however, was excellent in this case as the comﬁila—
tion was based on 1:50,000 map manuscripts, _Tﬁe amount of detail
present in the copy negative far exceeded that which would wsefully
reproduce in a lithographic process, and would be more aﬁpropriate

to the production of 1:50,000 or larger scale photomaps.

S




As mentioned in Sectiom 11.5, the eniargement of the two sets
of S190A photography had to be accomplished in two stages. The re-~
sults of neither were outstanding., Film granularity in the final
products was quite evident and image resolution was less thaa could
be reproduced in a lithographic process. Contrast comtrol through
the numerous reproductions can present problems, and image defects
are easily acquired at each reproduction stage., Of the two sﬁectral
bands, the range 0.5-0.6um was the better although delineation of
water features was poor. The photography in the bandwidth 0.6-0.7
resulted in too high a contrast image with a loss of detail in all
the cultivated areas. However, the planimetric accuracy was good
and well within the accuracies required for 1:250,000 photomapﬁing.

The SKYLAB $190B photography taken with panchromatic £ilm and
a conventional Wratten 12 (0.5um) filter provided azm excellent image
for 1:250,000 photomapping. The enlargement factor of 3.8% did not
exceed the resolution capabilities of the film, and the planimetric
accuracy was well within the requirement: of 1:250,000 photomapping.

The use of LANDSAT imagery for 1:250,000 photomapping had been
previously explored by the Research and Development Section, Topo-
graphical Survey Directorate, and discarded because of short comings
in planimetric accuracy and image quality. However, the LANDSAT
experiments did present interesting coméarisons with the SKYLABR ﬁro—
ducts, The water areas and drainage systems were perhaps more rea-
dily identifiable on LANDSAT imagery than any of the other products
but resolution of detail was much inferior. The coverage per ma§
sheet was the largest of all the products studied (1.9 timgs). How-

ever, the difficulties of obtaining map sheet coverage, even with an
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image this size, from cyclic cloud coverage has been well demonstrated
during the three years LANDSAT has been ir operatiom and this exﬁetience
can be extrapolated to a2 SKYLAB-~type ﬁrcduct.

The coverage of a single image from the S190A system is about
1.4 times the area of a southern 1:250,000 map sheet, but because
of the direction of the orbital ﬁaths it would require at least &4
frames from 2 or more orbits to cover a conventional sheet. A single
SKYLAB image from the S190B camera system covers about §3Z of a
southern 1:250,000 maé sheet and again since the orbital paths are
not compatible with efficient coverage of a maﬁ grid system such as
the ¥,T.S5. system, it would be expected that parts of at least 4 to
6 photos would be required to cover a single sheet. As soon as more
than one image is required im any case, the same problem is encountered
as in conventional aerial photograzphy - that of obtaining cloud-f:ree

photography in a short time period.

11.7 GConeclusions and Comments of Investigation VI

The SKYLAB S5190B camera system operating with normal panchromatic
film and a Wratten 12 filter produced the most appropriate image for
1:250,000 photomapping - of any of the five systems evaluated, The
resolution of this system was adequate, the planimetric acecuracy was
good and a single image replaced a multitude of aerial photos.

Notwithstanding the above advantages of the S190B imapge, a non-
directed photographic system such as an orbiting satelilite has seriocus
shortcomings for a country with weather systems like those over Canada.
Experience with LANDSAT has shown that cyeclic coverage of a countiry as

sporadically cloud-covered as Canada is not efficient, and it would

Y

MLy LR mteben e e e e




4
-

[W—

F——

not be unexpected to find that it would take ome year to several years
(depending on the area) to obtain the 4 to 6 compatible cloud—frée
photographs required to cover a standard map sheet.

A 1:250,000 nap sheet can be photographed in one day by conven-
tional methods under cloud-free conditions, although the aircraft
may have been waiting for several weeks (or months) for that weather
condition.

Directed systems (airborne photography with conventional mapping
cameras) can provide scales as small as 1:150,000 on a commercial
basis (Jet with super~wide angle lens). MNilitary technology has
operated aircraft at 80,000 feet (U-2) which, with a conventional
super-wide mapping camera provides a scale of 1:275,000. Such systems
would offer as great a potential for 1:250,000 photomapping as the
SKYLAB S190B camera system, even though the number of pictures re-
guired to cover a standard sheet of this scale would be between 15
(U-2) and 45 (Jei:) compared to 4-6 S5190B photographs,

Although cleud—£free imagery from satellite :ensors such as -
SKYLAB §190B Camera System, provides excellent photography for small
scale photomapping purposes, it can not be considered to be an effi-
cient method of obtaining imagery of fregquently cloud covered areas.
As a practical consideration, it must be pointed out that directed
photographic systems, such as those employed by Jet aircraft and U-2
aircraft, offer as great a photomapping potential as SKYLAB imagery,
.take_less time to acquire the necessary photography, and would use
conventional auiiliary equipment {enlargers, rectifiers, differen-

tial rectifiers) already in existence for mapping for aerial photo-

graphy,




12. GENERAL CONCLUSIONS

12.1 Conclusions - Quantitative Investigations I, IT, TIiT

The results of Investigation I, which was carried out on a
single 5190A (bandwidth ¢ 6-0.7um) model, satisfied the plani-
metric accuracy requirements at mapping scales of 1:250,000 and
smaller, using two dimensional transformations on data obtained
from a four times enlarged image. In addition, it was shown
that NATO planimetric accuracy requirements for Class B
1:50,000 mapping were obtainable, using a three dimemnsional
adjustment of this enlarged image data. Investigation II in-
dicated that the extension of horizontal control on small strips
of S190A (bandwidth 0.6~0.7um) imagery through a fully analytical
adjustment could also achieve 1:250,000 scale mapping require-
ments, The introduction of imagery from the S190B camera system,
although not considered metric in the photogrammetric sense, in-
creased the planimetric aeccuracy significantly in that Class B
1:50,000 accuracy specifications were met. Investigation IILI,
which examined the potentiél of employing S190A imagery as con-
trol for high altitude aircraft photography, resulted in an
improvement in the accuracies of the ground X, Y and Z coordinates
| by 25, 21 and 287% respectively, when using a bundle method of
§ ; adjustment onlthe combined photography. In tﬁis investigation,

i

Class 4 1:250,00U mapping standards were also obtained on--S190A

(0.6-0,7um) photography.




Although the three quantitative investigations were undertaken
by three separate agencies, employing different techniques of
aerial triangulation adjustments, the overall results were gquite
compatible. 1In all three cases, 1:250,000 mapping requirements
were achieved quite easily oﬁ the S§190A photography, which employed
Pan X Aerial Black and White Film with a bandwidth of 0.6-0,7um.
The ground control for z2l1l three investigations ﬁas obtained in
similar manners Ifrom already existing medium scale map sheets,
where the actual positioning of these points could be in error by
as much as *20 meters. In Investigation I when a 3-Dimensional
PAT~M adjustment procedure was carried out on the STK-1 data of
the single enlarged 5190A model, the standard deviation at control
was approximately 20 meters in both X and ¥. The same results
wera obtained from the two strips of S§1904A (0.6—0.?um) photography
examined in Investigation II, which also employed the PAT-M-43
adjustment., Investigation IIT, which led to the development of a
bundle method of adjustment employing SKYLAB orbital parameters,
also yielded standard deviations of approximately 20 meters in
both X and Y at control, The 2-Dimensional transformations per-
formed on the data from the S190A imagery (4X enlarged) in Inves-
tigation I yielded slightly larger standard deviatiomns of approxi-
mately 26 meters at control, which the polynomial adjustments of
Investigation III averaged 30 meter standard deviations in X and
Y. Considering the origin of the ground comntrel, these results

are extremely good and consistent.

“r




The best adjuétment results of all three quantitative investi-
gations were obtiained in Investigation II from the data derived
from the 81908 photography. The standard deviation at control was
approximately 10 meters in both X and ¥, with an RMS erroxr of 23
meters at check points. Although this camera system does not meet
the specificatioas of a2 metric camera, the larger scale image pro-
vided by the system has apparently more than offset the lower pre-
cision of the internal geometry.

A strong recommendation from all three of these investigations
advised the development of some method of targeting of ground con-
trol prior to future satellite imagery gathering missions. For
example, a specially designed mirror/light system could be employed.
Another recommendation from these quantitative studies involved the
installation of a metric camera with a fairly long focal length for

future space missions.

12.2 Conclusiois - Qualitative Investigations IV, V, VI

The qualitative evaluation of the photography of each of the
six simultaneously exposed cameras of the S5190A camera system
{Investigation IV) showed that the camera containing the Panchro-
matic Aerial Black and White film fitted with a BB filter (bandwidth
0.6-0.7um), provided the best resolution of specific cultural detail
required in mapping. The aerial colour film also presented a clear
image but no better than the Pam X Black and White. However, for
map revision pﬁrposes (Investigation V), the zerial colour film
offered the greatest potential of the S190A system cameras, for re-

vision at scales of 1:250,000 and smaller. In any case, this map
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revision potential was limited to the detection of major roads,

powerlines, and new reservoirs and thus niay serve only as an

indicator as to where revision might be necessary. For 1:50,000

mapping, the necessary two-stage enlargenent procedure involved
with the S5190A imagery resulted in a very definite loss of reso-

lution and detail. The same enlargement difficulties occurred

in the producticn of partial photomaps (Investigation VI) employ~
ing the 51904 imagery.

The S$190B photography increased the confidence with whieh
features could be identified for map revision purpeoses at the
scale of 1:250,000, but again it was unlikely that the interpre-

tation of these features was reliable enough to consider this

photography as a complete revision source. However, the S190B

photography would serve better than the S190A photography as an
indicator of the location of new features at the scale of
1:250,000, and could only be applied with certainty at the scale
of 1:50,000 for the identification of m.jor roads and powerlines.
The 5..3B imagery proved the most appropriate type of photography

for the production of photomaps at the scale of 1:250,000 of the

five samples studied during Investigation VI. The major draw-

back in using this photography for photomapping in a country as
frequently cloud covered as Canada lies in obtaining compatible

cloud-free imagery. Directed systems of obtaining small scale

photography, such as the U~2 aircraft equipped with super-wide

angle cameras, could offer as great a photomapping potentizl as

S150B photography with fewer problems due to weather, B




12.3 Overall Comnents on Total Investigation

The results af the six independent investigations carried out
on ithe SKYLAB/EREP imagery clearly indicated that certain selected

sets of this photography were adequate for planimetric mapping pur-

poses at scales of 1:250,000 and smaller. In limited cases, the

NATO planimetric accuracy requirements for Class B 1:50,000 scale

mapping were alsc achieved.

0f the S190A photography system, the camera containing the

Pan X Aerial Black and White film (0.6-0.7um) ofifered the greatest

potential to mapping at small scales. However, the S190B system

continually proved to offer more versatility throughout the entire

investigation in that the larger and clearer image achieved up to

Class B 1:50,000 planimetric accuracy reauirements; depicted more

clearly than S190A photography specific ground features for map
revision potential at scales of 1:50,000 and 1:250,000; and offered
the best input product of all studied to the production of photo-

maps at the scale of 1:250,000. For future applications, a metric
camera with similar characteristics to the §190B camera could pro-

vide a multi-purpose system fof mapping from satellite imagery.
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.SR558-112
PROVISIONS

FOR PARTICIPATION IN THE NASA
SKYLAB EARTH RESOURCES EXPERIMENT PROGRAM

1. Investigation to be Conducted:

1.1 The Department of Energy, Mines, and Resources will use
its best efforts to arrange for furnishing. the necessary persoanel,
facilities, and services for the Principal Investigator to conduact
an investigation and analysis of Barth Resources Experiment
Program (EREP) data, The general approach, iotent, and
obje:tives of this investigation and analysis are detailed in the
proposal eatitled "'Investigation of Selected Imagery from Skylab/
EREP S190 Photographic Systern, ' dated April 1871, Submitted

. By Mr. R. A, Stewart.

1.2 The purpose of these provisions is to identify the services,

tasks, and deliverable products required of the Principal Investigator,

his associated Co-Investigators, and their related organizations
for the investigation and analysis of Skylah EREP data.

1.3 Techmcal f&pproach

The mvestlgatmn will assess the 1macrery, accuracies obtainable

-and cost effectiveness, of photography from the EREP S1804 and -

S190B sensors, for 1:50,000, 1:100,000 and 1:250, 000 scale mapping
and/or revision, activities, More specifically, it is proposed to
conduct the following studies: ' ' :

{1} Ground resolution capabilities of satellite photography,
specifically S180 system photography.

{2) Utilization of 5120 photography for the produc-tion of plani-

metric graphical maps and photo maps at scales of 1:50, 000, 1:100, 000

and 1:250, 000,

{3) Formaztion of geometrical models of the {errain usmg StEI‘BOSCOpl""
satellite photography.

(4) Exterior orientation of anélyticélly constructed models using -
.satellite photography.

{5) Feasibility and accuracy of using analvrtical aerotriangulation
and numerical adjustment with satellite photography for planimetric
mapping in northern Canada where coatrol is sparse.

*
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" {3lass and/or film diapositives will be produced from both
the colour and black and white or ginals. Photogrammetric
mensuration and resolution evaluition will he performed on each
type of imagery received. Measirement of single photcgraphs
acd stereo models will be performed on comparators and the
Aralytical Plotter. Analytical aerofriangulation and adjustment
will be performed throughout the maximum number of models
available, -

Graphical (line) planimetric mapping will be produced at
sczles of 1:50, 000 and smaller, and evaluated against redundant
ground control already available, aad against existing larger
scale mapping at 1:25,000. Photomap sections will also be
praduced and evaluated as to their usefulness for mapping -
particularly in the Canadian northland.

The mensuration, map production, analysis and evaluation
will result in a guantitative and gualitative assessment of the
value of satellite metric photography (S190 system) for mapping
and map revision, -

The S192 multispectral scanner daia will be used in the
development of interpretation techniques. The Canada Cenire
for Remote Sensing (CCRS) will conduct research investigations
in automatic interpretation of image data from aircraft and
spacecraft., Emphasis will be placed cn classification of
cover types. CCRS will be assisted in the collection of ground
truth along the satellite path by several federal and provincizl
agencies. CCRS will make use of its ERTS and aircrafit data
hapdling facility and an interactive multispectral analyzer
display system in these investigations.

Several other Canadian governmeut departments are very
interested in obtaining the S192 imagery from CCRS for rescurce
stadies within their jurisdiction. These include the Depariment
of the Environment (forestry, oceanography, inland waters}
and the Department of Agriculture, ' - -

1.4+ These provisions shall become effective on fhe date of.
signature and remain in effect until 12 moaths from last receint
of data unless extended by the mutual agreement of NASA and
the Principal Investigator,

'1. 5 'I'hc efforts required by this agreement are limited to those
identified in the PI proposal, as amended and/or modified by
this agreement,
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1.6 Any chanme in the scope or the objective of the approved
invesi gation 2ad analysis as defined in the Task Description
requires the prior approval of NASA.

Requests for changes should be sent as noted below:

Six copies to: Director, Earth Observations Programs
" "Code ER, NASA ileadquarters
Washinglon, D, C, 20548
Gne copy to: - NASA Office of Internaiional Affairs
Code I, NASA Headquariers ’
Washington, D, C. 20546

Two copies to: EREP Technical Lionitor, Code TF6
NASA Alanped Spocecraft Center
Houston, Texas 77058 )

- —
e

1.7 Should the requirements stipulated in the Principal Investiga-
tor's proposal diifer from the requirements stipulzted in these
provisions, the requirements of these provisions will prevail.

2, Phezse Appronch:

The approved investigation and analysis will be performed in two
major phases:

2.1 Phase I--Preparation

2,1.1 The Principal Investigator should establish a state

of readiness to reczive, process and analyze the Skylab data,
Typical preparations include, but are not limited to, pariicipa-
tion in generating the [nvestigation Requirements Documeont
{IRD), cquipment soiups, test runs using simulated data

(as available), ‘ata analyses, liierature searches and

surveys, ctc. -

2.1,2 WMilestone Plan

Concurrent with 2, 1.1 above, the Principal Investigat.or
will generale as deiniled and {irm a schedule.as possible that
identilies start/siop dates for each data activity; data (by
type) need dates; major analysis programn milestones; etc,
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2.2 Paase II--Data Analysis

Tais phase will begin vpon receipt by the Principal Invest: gator
of Skylab EREP data. The purpose of this phase is to utilize
the Milestone Plan and dota reduction and analysis technigues
develcped in Phase I to complete the investigation proposed.
This rhase v'ﬂl complete the period of performance of the
investigation,

Rlore specifically the Principal Investigator will:

2.2,1 Process (as required) and analyze SKy lab data reczived ‘
from NASA, |

2.2,2 Evaluate and, if necessary, revise or modify the |
Investication Requiraments Document, task description, . |
and milestone plans to assure corrpatibility with any revised :
and improved data processing procedure and/or analysis ’
technique, '

|

|
_ 3
2.3.3 The Principal Investigator shall publish the results of |
his efforts as soon as possible in the open literature; however, 1
NASA concurrence {0 release such resulis and related data ]
as delineated in paragraph 8, "Data Reléase and Use Restric- :
tions" should be obtained, - -

2.3.4 Prepare a Final Report as specified in paragraph 4.2,

3. Tasks Description

3.1 EREP Techuical Investigations

8.1,1 Mission Support

. The PI shall assist 2 NASA /AISC in miszion placning
activities related to the proposcd investigation., The mission
planning activities shall include but nct be limited to-

a. Site definition and consiraints . :
b. Scientific and calibration data and ghotograrhic [
requirements

¢, Normal and contuweqcy operations
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In'addition, the PI shail assist XASA/AISC during
the mission in providing guidance conceraiag real time
EREP pass planaing, ‘

3.1,2 Scientific Requirements

s

The PI shall be respousible for estzhlighing tho
scientific requirements and/or chjectives for the investigative
tasks and sholl participate as may be required in reviews
relating to the performance, operation and data requirements.

-

3.1.3 Supporting Studies

The PI =izll coaduc: those supporting swudies -
{i.e., ground measurements, analysis of aireraft
data) that are reqiired to complete the approved

tasks,

The PI shall prepare reports which describe the results
and anzlysis of the studies and shall be submitted to ¥NASA/AISC

as parti of the progress report,

3.1.4 BScientific Data Reduction and Analysis

The PI shall be responsible for the reduction, analysis

and inierpreiation of the EREP data. Specifically these
activilies include compietion of tasks ideantified in items (1}

through {3) in Section 1, 3.
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4, Reporis

The Principal Investigator will prepare the documents and repcrts
listed belosr and forward them with all traasportation costs prepaic

to the addresses indicaled.

4,1 Quartlerly Reportse

Four copies of Quarterly Progress Reports will be prepared
in English and jorwarded to NASA as notccx i'z parazraph 5,0,
ted three -"r'on:hs aft:—::*

The first Progress lleport will e submit
ol b on &

initizticn of Phase I and should be received at NASA withi oy
after the end of the period reporied, This report may be in 1e er
forrm and will contzin as a minimum the following information,

4,1.1 Title of the Investigaiion,

4,31.2 NASA 1-Ieadquérters propos-al identification nuinber,
{i.e., SR 358-1/2).

4.1.3 A discussion and sumrnry of the accomplishments
during the reporiing periocd and those planned for the next

reporiing periocd.

4,.1.4 A discussion of significant I‘E"".ll...a and their relatizn-
ship lo practical applications a and/or cperaticnzl prohiem
4. 1.5 A description of major

jor problems impeding the progress
of the investigation.

.

4,1.6 A list of published articles andfor papers, preprints,

etc. that were rcleased during the reporting period, .
4,3.7 Recormnmeniations concerning practical chznges in zpalytica! |
operations or additional iavestigarive szcrt‘ ading 'to the maximun::

uul.zahon of the Skylab EREP data.

4.2 Finzl licport -

Ten copies of the Final Report \"111 be pre
and forwarded to '\'-’&5.\ as noted in paragravh

RIGINAL: PAGE‘E
%E‘ POOR QUALITY]
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be prepzred nol later than the final 20 days of Phase [I. One
drafl ez py, in Fuslish, will be submitted to the NASA Technical
Monitor not laler than 50 days prior to the end of Phase I for
review. The I'rincipal Investigator will be notified of any NASA
comme 1ts on the report within 30 days after receipt of the drait
by NASA. ‘

4,%.1 Counlent - The Final Report will bn a comprehensiv:
summeary of the informaticn submitied in the Quarterly Regorts
and will be a compicie and seli suificient document defining

ail aspects and resulis of the investigation. As a minimum tha
following information will be included: ‘

4,2.1.1 Front cover ia format of attached Figure 1.,
"Sample Report Cover. "

4.2.1.2 Index of the major categories of information
included.

4,2,1.3 'I‘hc, Techaical Approach and Task Descmptlen
as included herein,

4,2,1,4 A narrative history of the investigation,

4.2.1.5 A discussion of the techaigues and procedures
used, : -

4,2,1.6 <A summary of the Skylab data furnished and )
a definition of the conditi oas under which the data
was cbtained, ‘

4,2,1.7 A summary of zround fruth activities,
{(Rough lield notez shall bz iacluded as an addendum
to the Final Repart), o '

*

4.2.1.8 A discussion of the problems encoumered
and thelr resolutica. -

4,2,1.9 A discussion of the results and {indings of
the investigation. ' '

4,2.1,10 The recommendations of the Principal
Investizator srith respect {o utilization of space gensed

-
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7T data for practiczal applivation of the findings’ . !
H of the investigation to e:rth related tasks and

problems.
]
U ’ 4,3 TProfessional Reports

Five copies of 211 published reports, in-house reports,
etc., resulting from the efiori performed

Y

, . scientific papers, theses,

_ under this agreement shall be forwarded in :..rrhsn ol MNASA as i

L ' notzd in paragraph 3. 0. s |
I ' 5, Report Submissica - Formzl subrnigsion of reports required in
L the performarnce of this agreement shall be to the addressee and in the-
; guantities specified below,
L : Quarierly Final Professionzl
Addressee Reports . Report Reports
P Director, Earth Observations One Copy One Copy One Copy
! Programs ;
S Code ER, NA3SA Headguarters
Vashington, D, C., 20546
f NASA Office of Internahon al S
. Affairs . ' "
{ Code I, NASA Headguarters . : .
; Washington, D, C, 20546 ~ " "One Copy One Copy One Copy
| ‘ T —— :
‘ P ERETF Technical Monitor Two Copies Seven Copies Two Copies .
b Code TF6 . ~ ;
NASA Mannud Spacecraft Center S ;
ouston, Texas 77058 .
P < : :
P Technical Library Branch " Wone « One Copy _ None
Code JAIB
Pl NASA Manned Spacecralt Center -

Houston, Texas 77053

P 6. Investization Data Availability .

*

NASA will uge its besi efforts to obtzain and orocess the data required by
the Principal Investigaior in such a maunner as to echieve the quazlity cud .

L
. L

T A e b v g
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A

timeliczss reguired to sunport the Principal Investigator's efforts,
Because of the multlpllcuy of requiremer is for data by numerous
Princigzl Invaestigators and as a result of other Skylab program
requirements and limitatio ns, some comj3romises in data acguisition
and processiong may resx_lt, but such decisions will include the most
careful consideration of the requirements of these provisions,

L

6.1 Substitute Data .

If the daia reouired to perform the tasks specified in these
prorisions are not available f[or the site refuesiad, uz
mutal azreement of the NASA and the Principal Investigaior,
dzt= relating io an alternzate site may be provided.

7. lavestigation Daia Definition

data to be furri ‘1ecl in support of this 1'1"9 tigaticn

The Skylzb EREP rto
manis Dozcument (IRD
d

willbe specilied in an Investigation Iloguire
which sx>211 De initiated by the Tech-n 1 “Eomto based on the pronozal
received and will be verified by the Principzl Investiigzaior prior to the

applica=ie Skylab missions

8. Dai= Usc and Release Restricticons

A. The Principal Investigator and Department of Energy, Mines, and
Resources will not use for other than government purposes, nor release
nor publish, any analysis/findings, or techniques developed under this
agreement or any-~information derived therefrom, until such analysis/findiz
or t2chniques have been revorted to NASS in the manner prescribed

by iis sercement and the Principal Investigator has been informead

by T7ASA in writing that such reported arslys iS’fh.ulﬂ“a or technigues
have been made available to the generzl public, .

B. Zf it is necessary in fulf 111[1:, the regui.

tha% ihe Principal Inves:izator relea

enelreis ffindings or technigues, or d

froz=, prior to being advised by X4 thzt such hzs b

avaZable to the general public, the Priccizal Investigator «will,

befc~e such release or disclosure, cobizin a wriiten agreement irvom
r e

the rcecipient to abide by the forezoing

f this z2gree:mnent
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g, Daliv-zry and Archiving of Data;

DS
& amera}

9.1 T e EMAR will arraage for meeling the cost of

ERLP data o the Principsl Iuvestigator., Insofar as
possilale, NASSH will ship the datz in the manner requested, How-
ever, Zata will be shipped to the Principal Investigator by the most

expotiant and direct route possible so as not to delay the investi-

L gation.
: 9,2 "The doia can be shipnad in accordance with paragraph 1, 2
i L& £ N8 Ui Cail D2 ope 5.1 TLar 94 aragTang " ’

g_2.1 The data can be sent air freight-collect frora the NASA
L.fznned Spacecraft Center, Houston, Texas to the Principal
Ixwvestigalor or spoasoring ageacy. :

.

from the NASA Alanned Spacecraft
appropriate foreign embassy cr
or be picked up ot the NASA

Q. 2.2 The data can he mailed
Center, IJiouston, Texas to the
saigssion in Washiagtfon, D, C.,

E -8
IT3znned Spacecraft Center by a ¢esignated countact. The embassy,
riission or other desiznated contzact may then forward the data

{o the Principel Investizator or sponsoring agency.

e.2.3 (Other), as requested by the Pripcipal Investigator and
- a.creed to by NASA, -

9.3 Loy aniicipated delav in scheduled comnpleticn of the agrced

effoirt —esuliins direcily {rom untimelw avoeillabilive of reguired
daiz cr for owhor reasorns should immediclely be brought o the
atteowion of e Technicexzl sisaiior in-wriling,

presently in the process of establishing a system for
nd archiving EREP investigation data. When the XA5A
archiving svstem is finalized, the Principal
tor will be sent information which will expliain how the
sysie: operales,. Therealter, the Principal Invesiigator may be
reguc sied to nid in the identification of, and the incorporation of |
. .
t

ERIZZ? data hig investigatica into the NASA sysiem,

o

10. Use « 7 the Internctional Syvstem of Urnits (SI):

-

p—— e =

"

Meas-rement values should be expresszed in the Internationz]

J' Systomm o7 Units, Both SI unils znd cusicimary units can be uzed where
the use © ~ ST uniis would imnnir communicstions or roduce the useiul-

ness ¢f 1.2 report, \When boili systems are used, 57 vnitz showdd e
stated TiL - oand cusiominry unlts afterwaras; Le,, 1600 KAL

e A

{2t mles

. ORIGINAL PAGE I8
I oF POOR QUALITY
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In ezch case, the report should state whixh system of units was used
for the origiral measurcements and calcwiations,

11, Dispositinn of NASA Property:

Any magnetic tapes furnished by NXAS:\ will remain the property

of NASA, Trm Principal Investigator will be res sponsible for main-
taining an accurate record of the guantity” of such tapes furni shed him
s following completion

and return the same no later than gix menils
of the investization or whenever the data coniainea on them has

Pl
sarved its vzeful purguse and is no longer reguired by the investigator,
nt

Reiurn shipment sh dd be to:

NASA MNanned Spacecrait Center

Houston, Texas 77055 .
Attention: Code FD3 ~ CMDT

12, Technical Direction

IASA Technical Direction to the Principzal Investigator will be
throuzh the NASA Technical Alonitor and will be limited to cdirections
letails, suggest possivle lines of inquiry or ctherwise more
th in thesce provisions. This technical

el T

suecii‘icallv, define the work set for
dire-:-‘lon ¢iil not maierially change the intent ¢f the Techrnical Apprezach or

Tasks Description as stated herem ALl such technical direction will
be in wri i ng. The Technical Moritor for this inv estv‘ tion is:

Mr. Roger D. Hicks

Code TFS

NASA Nlanned Spacecrait Center
Housion, Texas 77038 T ‘ .

13, WXASA Sponsored Conlerences

A NASA sponsored conference ray be held relative to the EREP

Investigations, This conference wiil be for the purpose of presenting
-the results of the final report submitted, The Prineipzl Investigator
7 +h

or, if nececssary, his desizuee agrees to attend the conference if reque

"é/f// AN, -] L PO oS

lg:'x.:...'. a4 "' ' ‘J OL..;O"!.!"" Prlnclpél inveat'f'ar.or
Instiigtion

Fla /973

Da tc

1Y 1 }E
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EXAMPLE

Tite of Investigation WIND EROSION OF SOILS

Claudius Xenia

Principal Investigator ——

Name and address of
Principzl Investigator's

QOrganizaticn

Date September 1972

Quarterly Progress Report for Period

Type of report and ———m——
July-~September 1872

period covered

L.

Name and address of ' ) KASA Manned Spacecrafi
nzationzl sponzoring : Center

agency “Houston, Texas 77058

’

Figure 1, Sample Report Cover
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APPENDIX B.1-&

IRE~ADJUSTMENT CORERECTION! INVOLVED
Type of Plate nggi% Corrections
Transformation # Inches [Lens Dist.|Earth Cur. Reseau
314 6 Y v
315 6 = v Vv
Similarity -
314 24 Y v
315 24 Y "
: 314 6 v 4
Similarity 315 6 / 4
(9-point) 314 24 / v
315 24 v Y
314 6 Y 4
315 6 y v
Projectivity
314 24 Y Y
315 24 Y Y
314 6 Y Y
Projectivity 315 ) 6 4 /
(9-point) 314 24 Y /
315 24 Y 4
3D - PATM Model 6 J J
(input - STKI1) 314/315
3D - PATM Model
(input - STK1) {314/315 24 /- /
3D - Shut Model 24 '/
(input - A/Plotten314/315

;,MAA¢£




A

- APPENDIX B.1-Dh

ADJUSTMENT RESULTS OF 2-~DIMENZIOWAL TRANSFORMATIONS

Type of Plate | Focal|Totall # 7 R.M.S. (meters) Not |4 R.M.S. fmet?ISE

Transformation i Leng?h Cont.hsed ’ < v Pog'pn (Used ' ¥ v Pos'n
314 6 29 21 72 319 303 440 8 {28! 882 1759 1968

315 6 34 27 |79 ' 69 63 93 7 f21| 418 307 519

Similarity . .

314 24 30 26 187 90 77 119 & {13 246 261 359

315 24 34 27 79 66 .67 94 7 21| 136 275 307

314 6 29 9 |31 382 352 520 20 150) 599 1131 1280

Similarity 315 6 34 9 27 73 0Y 100 25 73] 222 %70 280
(9-point) 314 ¢ 130 o l3ol 88 g5 121 21 {70} 140 127 188
315 24 34 g {27 67 717 102 25 (73 97 155 i85

, )
314 6 20 | 22 |76 34 31 46 7 l24] 943 | 2076 | 2280
315 6 34 | 30 (88 32 18 37 4 1121 570 195 603
Projectivity :

314 | 24 30 23 77 25 21 33 7 23] 156 207 259

315 24 34 30 [88 30 24 38 4 12) 129 131 185

314 6 29 9 |31 99 67 120 20 (69| 518 1234 1339

(9-point) 314 26 |30 | o |30] 24 30 38 | 21 {79 101 120 | 157
315 * 24 | 34 9 |27 29 24 37 25 {731 . 56 74 99

5L I e .- S Gy

q-T*9 XIQNTddV




APPENDIX B, 1l~-c

ADJUSTMENT RESULTS OF 3-DIMENSTIONAL TRANSFORMATIONS
Type of Model Focal Control # Used R.M.S. (meters) i Not UsedR.M.S. (meters)
Transformation Length . n v X v 7 i v X ¥ 7
17 17 H# | 12 11 100 | 88 72 1 5 "0 763 761 (1322
3D ~ PATM 314/315 6"
(input ~ STK1) Position = 133 bosition =_1077
2171 65 2] 29 35
17 17 {# ] 1e 13 18 119 110 | # i 4 1215 354 1483
(lﬂP’Jt -~ 8TK1) Position = 26 Position = 414%
Z 194 76 2 6 23
17 28 # {17 27 41 128 114 { # 0 1 0 v 176
3D -~ Shaut 314/315) 24"
(input ~ A/Plotten) Position = 51} Pogition = 0
% §100- 196 % 0 4

PP,

P AL AR S

e
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APPENDIX B.2
WITH RESPECT TO
NATO MAP STANDARDS

-

POSITIONAL ACCURACLY
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POSITIONAL ACCURACY W.R.T.

NATO MAP STANDARDS

PR

ORI

APPENDIX B.2

[

[

[
[ E—

Type Plate Focal : Control Used : (?ontrol Not Used NATO
of or Length P°§i§izn Inches at | £ of P°§1§1°“ Inches at] % of Clma“
Transformation Model (I . A LTTOYT ' as58.
| nches (meters) 1:250000 -jControl (meters) 1:250000 |(Control
314 6 440 .069 72 1968 . 310 .28 C
315 6 93 . .015 79 519 .0&2 21 c
Similarity . :
314 24 119 .019 87 359 .056 13 C
315 24' 94 Q15 79 307 048 21 c
314 6 520 082 31 1280 .202 69 c
Similarity 315 6 100 .016 27 280 .044 73 C
(9-point) 314 24 121 .020 31 188 .030 70 B
315 24 100 016 27 185 .029 73 B
315 6 37 .006 88 603 .095 12 C
Projectivity ‘
314 24 33 . 005 77 259 041 23 Cc
315 24 38 .006 88 185 .029 12 B
314 6 120 .019 .31 1339 .211 69 C
Projectivity 315 6 33 .005 ?7 248 .039 73 B
(9-Point) 314 24 38 .006 30 157 .025 70 5
315 24 37 .006 27 99 .016 73 A
! .

[ L

't XIaNdddv

T e e
= T =T
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APPENDIX B,.2
POSITIONAL ACCURACY W.R.T. NATO MAP STANDARDS'
Type Plate | Focal Control Used Control Not Used NATO
of or |Length [Position Position Map
Inches at ] Z of Inches at| 7 of o
Transfermation Model |Inches Exrror X Exrrox . Clasas.
(meters) 1:250000 |(Control (meters) 1:250000 |{Control
3-D PATM
(input - STK1) 314/315 6 133 .021 71 1077 . 170 29 C
3~D PATM .
(input - STR1) |314/313 24 26 004 94 414 .065 6 A
3-D Shut
(input-A/Plotter) 314/315] 24 51 .008 100 NIL .000 NIL A

* Not valid; one point only
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APPENDIX B.3

IDENTIFICATION OF GROUND
CONTROL POINTS
INVESTIGATION I
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SKYLAB ~ BAY OF FIRDY

PLANEMETRIC ACCURACY TEST

APS #954 552

Appendix B.3-2a

Ground co-ordinates of selected photo points in U.T.M. Zone 20.

% Cewmumon Coubvsl

Point No. E. N. Elev. (£k.) Map Sht. No.
1 321 245 4 921 205 310 21476
2 308 930 4 938 595 550 21A/11W
3 293 745 4 954 595 63 21A712%
4 267 625 5 030 290 200 21H/5
5 286 910 5 040 663 160 21H/5
6 305 670 4 969 055 210 21A7144
7 320 645 & 977 665 320 21A/14Y
8 327 030 & 940 910 45 21A/11E
9 343 445 4 916 165 285 214770
10 369 840 4 923 510 270 21A/7E
% 11 375 850 & 954 175 545 21A/10E
12 339 770 & 953 585 &70 - 21Af11E
% 13 354 425 4 982 615 135 2147159
14 302 400 5 051 385 490 21H/12E
¥ 15 324 275 5 052 370 a6l 21H/11W
% 16 357 160 4 995 990 065 21H/2W
% 17 378 795 4 986 37C 700 21H/2E
# 18 394 660 4 934 500 us 21A/9W
% 19 422 820 4 948 255 165 110/12
% 20 397 300 & 976 240 ans 21A7/16W
32 21 388 365 5 005 815 &30 21H/1W
¥ 22 362 325 5 032 490 23 218/7
% 23 350 170 5 053 890 22.5 21H/10W
1 24 369 005 5 069 205 50 21H/15E
% 25 386 500 | 5 087 370 475 21H/16W
¥% 26 394 340 5 046 305 120 21H/ 99
% 27 393 995 5 030 395 qo 21H/8
x 28 413 120 5 029 650 75 21H/8
»® 29 419 505 5 008 010 1no 21H/1E
x 30 429 860 & 990 065 190 11E/4W
% 31 436 680 & 969 520 u.7o0 11D/13
32 459 740 4 970 320 520 11p/13
33 449 340 4 993 260 370 11E/4E
34 437 270 5 014 785 123 | 11E/5W
35 419 310 5 050 870 &30 21H/9E
36 413 505 5 068 125 6©8o 211/ 16E
37 405 650 5 088 320 u5 21H/16E
38 418 665 5 102 025 27 211/1
39 438 160 5 076 265 150 11E/13%
40 445 600 5 051 420 u7s 11E/12

cesd2

oy
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Appendix B.3-a

Point No.

Elev. (fr.) Map Sht. No.

41
42
43
bé
45
46
&7

463
477
481
494
483
470
534

720
050
320

890 1

890
635
605

flnu by B B

029
996
981

991

041
068
109

665
870
215
960
565
585
225

o | 11E/6W
78 11E/3
9o 11D/14

150 11E/3

575 11E/11E

.- 11E/14W

33 1iL/&
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Appendix B.3-t

Novn Scehia

Diagrammatic Sketch of SKYLAB Photo 314

STMILARITY TRANSFORMATION

9-Point Control Distribution

® ~ points used on 6" format

(® - points used on 24" enlarged format
@ - points used in both cases

@ - reseau points
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Appendix B.3-b

T P
Northom b r’nnd
_ Stravt

-3 45

Diagrammatic Sketch of SKYLAB Photo 315

" SIMILARITY TRANSFORMATTION
. 9=~Point Contrel Distribution

@ -~ points used on 6% format
(8) - points used on enlarged 24" format

gg.— points used on both

- reseau points

1
!
]
{
a
:
b

L ki e e sy
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Appendix B.3-b

Nova Seotia

Diagrammatic Sketch of SKYLAB Photo 314

- PROJECTIVITY TRANSFORMATION

9-Point Control Distribution

- points
- points
£3 - points
- reseau

used on 6" format

used on 12" enlarged format
used in both ca=es

points
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Appendix B.3-b
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Diagrammatic Sketch of Skylab Photo 315

PROJECTIVITY TRANSFORMATION

" 9~Ppoint Control Distribution

points used on 6" format

points used on 24" enlarged format
points used in both cases

reseau points
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APPENDIX B.4

REPORT ON SKYLAB OBSERVATIONS
PERFORMED BY TH?E
MAPPING AND CHARTING ESTABLISHMENT

© e




4 Jul 74

MAPPING AND CHARTING I.STABLISHMENT

COMPILATION DIVISTION

AS1JA SECTION

NASA SXVILAB PLANTMETRIC ACCUPACY -TEST TOR EMR

1. Request: An absolute orientation of two (2) Skylaeb f£film positives
and supply the following information and manuscript tc
Energy, Mines and Resources:

de.

b.

(=

2. Reaquested by:

the scale of the model after absolute orientation;

a model point coordinate listing of common points
observed;

a listing of reseau intersection coordinates, observed
monocularly on each diapositive;

listed differences at model scale of common points
observed:; ' :

a pencil trace of coastal outline (including island at
"A"™ shown on print) at scale of 1/250,000.

Mr A. Sturrock ~ Dept of Energy, Mines and Resources.

3. Date of Request: 2 July 1974

4. Source Information:

2

Camera Station 5 of Multispectral System S5190A.
Calibrated "£¥ - 6" (original format)

Format Size = 70 mm (original)

Flying Height ~ 425 km (éverage)

Lens Distortion — Nil (alleged distortion free)
Size of Reseau - 20 mm (at ariginal format size)

Reseau Origin -~ Assume centre intersection is the PP.
Mo offset to be appliad.

eoul

2
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5.

6.

7.

h-

3.

Atmospheric Refraction - Nil

Pilm Dist. Correction - Nil.

Source Material:

al
b'
c.

d.

(=

Flagged Film Positives 314~3153 . ..

Annotated Prints 31.4-315

Film clip of Second Generation 70 mm size Diapositives

Ground Horizontal Coords and Map Identities of
ammotated points, Zone 20.

Extracts from Skylab Data Publications.

AS11A T rocedure:

a.

b-

Adjustment Results - with linear terms —.'*:

ELV

Find Photo Scale.

Record Reseau Intersections (monoculariy).

Perform a material evaluation.

Prepare Model B. a.

Compute ;adius of the earth.

Compute enlargement I[actor and priécipél distance.
List map derived elevations.

‘Perform a relative orientation.

Perform an absolute orientation.

Read points and run through a linear adjustment.

Compile shoreline of the'Bay'of Fundy.

Model Scale after absolute orientation was 1/667167.

. .
' t, . . !

.
P

]
1}

STD = 36.96 mitres
STD

51D

]
1n

26.8, metres
1.8.00" or 45.11 metres
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.
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8.

9.

Remarks:
a,
b.
c.
d -
Completion:

Photo reproduction of the £ilm positives was poor,
Relative orientation was very difficult and some pcckets
of parallax were impossible to remove. I believe a

Lens Distortion Carrection is neseded.

Earth's radius was introduced into the ASlIA System
not the Adjusiment. .

Some water elevations were picked up to aid the )
Vertical Adjustment. It appears that with more vertical
control, the vertical adjustment improves.

& July 1974
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MENSURAT1ON MATERTAL FVALUATION - ASIIA

JOB NO. & NAME: _ IASA SKYLAB PEOTOC: P or ¥ FRAME PHOTO hos: 314 ~ 3°
EVALUATION BY: 3+ Go DALGITY  ( M.C.E. ) pATE: 2 / sury / 1974 |
‘ ' l
Legend: N - Nil, VP - very poor, P — poor, ¥ —~ fair, G - good, VG —~ very good %
. |
1
pHOTO # 314, PHOTO # 315 _
3 —— 53 ————— 5/
Reseau _ _FAIR Reseau __ FAIR !
# | P | Density _POOR P P Density pPOOR :
Contrast P00R T { Contrast PQOR !
F{ F | Features PGOR F F Features POOR. 1
| Film defects SCRATCHES ) | Film defects sgrATC):
F{F {FILM 1S 700 DARK £ F _ FILM IS T0OQ DARK I
7 27 14 rd
Gen. Definition: FAIR Gen. Definition: FA SR '
MODEL: J4- 245
P ve P
3 F F i
1.1
F F F :
= Percent. Stereo:_ 95% ;
= PHOTO # - PHOTO # :
E’E‘{ Reseau - Reseau (I
gy - - ;
%:m Density Densgity
L Contrast Contrast i
lg Features Features
m Film defects Film defects ;
; i
Gen.” Definition: - Gen. Definition: -
MODEL: __ . 4 :
i RE 1
L
!‘ 1
Percent. Stereo: _ 8
Remarkss 1« FILM REFRODUCTION 1S5 THE CAUSE OF SOME AREAS OF POOR {
DEFINITION AND CONTRAST _
2. REASEAUS ARE NOT CLEAR AND PRONOUNCED, F
_ 3. SOME CLOUD AREAS, o _ L




JASA SKYLAB PLAMIMETRIC ~CCURACY TEST

AST1A PLOTTER M.C.E.

1 ofF 2

MAP DERIVED ELEVATION.S FOR HORIZONTAL COMNTROL

POINT NUMBER

\) e st o dh wd d h ok —d ek
OCWOUDIHUEWN = OWE I ULEWR e

NN
N-—n

23

ELEVATION IN FEEY

% ncicaies BM elevation

310 v,
550«
65.
200~
160 -
210.-
320.
BYS.
285.
270.
545 .
670 -
135
Ug0.
g5H-

CON Tawwnsol




2 of 2
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PREPARATION FORM - AS11A

COMPUTE PHOTO SCALE

Job: NASA SKYLAB  TLine:

Classified: 3:=a/llo

W.0. No.

it e L

Fhoto: 314-315

/////;ﬂ ( y7 )

(W)

MEASURED PHOTC DISTANCE

Diagonal No. 1 = .

Diagonal No. 2 =

COMPUTED GROUND DISTANCE

Diagonal No. 1 Point 15

. 259 mscrs

« 256 mbrs

E.
324 275

Point Uy - Y48y 890

N.
S 052 370
4 991 960

- JAE? 4—AH2

Photo Scazle Mo, 1

Diagonal No. 2 Point 18
Point 47/

AE= 170615

AN= 60 410

=
JAE® + aNF

Photo Scale No, 2

Average Photo Scale

Computed by: & e paLeiTY Checkad by:

S

= 180994.,.05 metres
= .1: 98 819
394 680 1 g34 500
434 605 5 109 225
AE= 39 gu5  Al= 174 725
= 179232.88 meLres
= 1 700 128 ,”
= 1: 699 u73
Date: 2/.:m._{'

et e i tismig aws g - e m sl a.p e w = e i




RESZAU INTERSECTION COORDIMATES OBSERVED
MONJCULARLY ON EACH DIAPOSI TIVE

DIAPOSITIVE 3iH . DIAPGSITIVE 313

Ui 80,533 31 x * 80,533

80.635 Y 80.633

s 2

¥ X 0,008 52 N 0.003 A
Y 80,608 Y 80.608 T

43  x - 80,487 53 x = 80,190
80.612 Y  B0.815

B4 x - 80.505 B 54 X = 80.515

..<

¥ 0.025 Y 0.028" :
sl .

US X 0,000 . 55 X 0.000
: 0.000 " _ ¥ 0.000

M6 x 80,550 56 x 80,553 o
Y 0.018 Y 0.003 :

T
!
-t

by
kY

47 x 80,590 | 57 x  80.583
¥ - 80.B60 v - 80.5670

48 x 0.003 58  x = 0,007 o
¥ - 80.655 Y - 80.655 .

S S N
E
|

i b G R R e Sy
N
£ il

ng X - 80.562 . 59 X = 80,9577
Y - 80,612 : Yy - 80,615

PE e O
L U k) Ky e
|

byt yrdy o 7

S L de k) Rk e A
e b i R EYE 5
3 S N h
3 sl +
A A et

5

T AT L, TN

e

i
55
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COMPUTE

Pagre 4
PREPARATION PORM -~ ALVILA

| ¢lasziricg:

o f i

Ceenfi]

_PRINCIPAL DIGTANCE OF

N C’l 1"!\0'1‘0]1 I\PL’L',LF'

DIAPOSTIIVE - NORMAL PHOTGGREFIY

Job: nASA sxylLag - Line: v.0. No. Pnotos: 3i4-315
FIDUCTALS i3 PAUEL Q} Camera typs:
= - e Lens typa:
Lens number:
Date of calib:’
— .
WGt | 2noks 31 U Cal focal 1enrzh ISE.HOO M¥

OBSERVED FIDUCIAL COORDINATES:

o e

.Averaged Calibrated Distance = &

e

CALIBRATED FIDUCIAL DISTANCES (m.m.)

= == N N - ) -
3 -5 %7 40.000 U7 -85 up .000 ¥ -

—

%0.000 & -

40,000 |

—

43 _40.000

d—— e st

e ity . —— o

Plate No.:

3y

i3 x -80 . 487 H3:x -.ao 562 47« +80.590 1 X £80.533 |
y 80.612  y-80.612 ¥ -80.660 ¥ _80.635.
OBSERVED DISTANCES: :
- 161..020 - &7 161,295 47 - ud i61.152 f9 - 43 161 221
Averaged Observed _  Distance =| gt 1727
| T 181.1758 T
FHIARGEIFE T)CTOR SYERAGED ORSERVED DISTANCES . u,0293
( ___ erposures used)  AVERAGED CALIBRATED DISTANCES
140, 0000 :
2 AL DTSTANCE = CAL, FOCAL LTHGTH X 0.7, - |
RIMCIPAL DTITAND Cil, WOCAL L Td X ,61‘-!-:553

Déte:

2/ suLy / Ml

Computed ty:  Ge Ge BALCI1TYhecked by

CRIGINAL PAGE IS
OF PCOR QUALITY

s s i - i - L . e .o

ot e e -

i
o
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B Pijres 42 ol 2 5
PREPARATION FORM ~ AD1TA
COMPUTE__ 1 RINCIPAL DINTANCE OF DIAPOUTTIVE -~ HO Cp o (Conttd) .
OBSERVED 1'IDUCIAL COORDINATES: Plate No.: 315 "
@‘ - X =30.480 5,5 - X- 80.577 @ - X +80. 583 @ =~ Z+80 533
y +80.615° ~ y- 80.615 y -80. 870 7 +80 . 633
CHESIRVED NISTANCES: T
«—-.. ' —~ Tem— o, o '_—-," — o~
9% - 91 161,023 5i - §7 161,303 §7 -39 161,160 S55- 53 161.23C
AVERAGED OB3ZR: DISTEANCE = |- . 7 7 |
AVERAGED OBSERVED DINTANCE [-J.QL-_IEQ.!
Piate No.
At - x . B - x _ . c -x D1 -x
y o . Yo e y y ;
.i

A' - B! : B! - C! . c' - D D' - A

et e e+ e - e P e — n r— ————— !

i e P
AVERAGED OBSERVED DISTANCE = |7 ; | -

S ———

—— L T e R R B W e i R RS

i
I

Plate No.:

e s e e g = bt

AVERAGED O3SERVED DISTANCE =

4
fy

;gg“n%. P R T e e
H o i o

Computed oy: Chécked oy: ) Date: %_

———

T WY SN K e
3 A e
. Frl . s .

ORIGINAY; PAGH'TS
OF POOR QUALITY . ' o :‘




A cfp
{ - | CLASSIFIED D ¥&s/Wo
1 . . . ,
A ; Job: nasa skyLas L.jnez: . w,0.* Modal(s) 314 2 3{5 p
1 ' o ' . '
| Chcc Type of Work' Qaqwmment - Proc!ucbwn Tmmmg QQHM.&;/ Emmda.mg«,- m.}u.[al:;ssa.DOf iek.
PHOTOGRAPHY. |
| Typa: L_FRAME - o Chi.: B1M.853uM.  FRHp, 2 Y25 u B H-h: e
N COMPUTE GEAR RATIOS.
Photo Scales_* 13 699473 ‘Required Manu. Scale @ __1t 250000
¥ atio: Pheto Seale /Manuseript Seale: = 1: 2.798 -
3 Clesesl ]isl'cd Ratio From Gear TQHQS ‘ = 1 2;,666
| .Wu:- ‘el Seale fo be usa.d Mcmu chl@x ]ss!-ad Ratio=|{_1+ 666500 i T
| Gears to be used PLOTTER Co-0RDINATOGRAPH
: 1R L - 1°1 ——
Jotor sumem e f—;»,v — o — — s ‘ e . rsees emeemene =
COMPUTE CONYERSION FACTORS AT MODEL SCALE OF 1: 666 500
1. = Scale | éla.nominc:i'or/nlooo = | 666, matres, RAD_I_L_JS of Earth () at SC’JI 7 —
i, . = K /‘, x 3.2808333 = 2186,673 Feat 6 378 000
H - — «l0O0
Look _ ' _ Seate Danominator ©
: | over, T 1/6 = M. m. R= 9560 et

L T T T T T TR LR A T

g




§ e 5 T T s R e R S e A0 el 1 N A I
'_ AST1A PREPARATION ~ GROUND CONTROL - g
CLASSIFIED? ¥=L/io |
{
Jol,; NASA SKYLAB " Lines Zone: 20 « Model Scale:__13: 666500 |
COMPUTE = GROUND CONT. TO MODEL SCALE
[Hor: = Ground Co-brcl/A = Model Co-ord. Vert:” o) Elev. in FI-/ 3.2808333 = Elev. m melves.
. bY Elev. in -'pdzzl‘ms/A = Model.Elev. in m.m.
; i ~ MODEL DIFF, | AOUEL BIEF. || ELEV: | MODEL | DIFF- 4| o mieamore
ENT. || EASTING | pasTING |FROMRER| NORTHING | NoRTHING |FROM REF. || (matres)| (mum.) |[FROMRER)| S=HARKS
Eg : . 1 -;l '
15 || 324 275 - 486,534 | - 96,139 S 052 370 7580,450 | +69.850 ||975 FT JUUG |+, 158 Ct -
- . [T 78
25 || 386 500 573,885 | - 2,798 5 087 370 7632,963 [+122,383 |[475 Fv 217 | =071 C2
192,02 :
21 388 365 582,693 " 0,000 S 005 815 -7310.600 0,000 | 630 FT .88 .000 ner rOIN,
. ' | _ 163,07 -
11 375 850 563,916 | = 18,779 Y 954 173 7433, 121 ~77,479 |1535 F7| - L2US | -, QU3 9
- - ‘ T, 780~
3 ﬂ 36 €80 655,184 72,491 4 968 520 7456, 1Y | ~54,U56 (U475 F 217 { ~.071 c2
E —
' :
| ]
! |
] _ 1‘
i o
; :
i r
i
i ......,..-i;
D N L S




Classificd: Yus/1o
SHUTDOWN — ASLIA TINSTRUMINT RQ&piNGS
* Jobt NASA sKylL:s * Line: __ * Model: (L) __31ju (R) 215
After; () Interior () Relative () P.A.C. { ) F.A.O,
Focal Length: H14,653 Earth Curv. Factor: 9560 Base (y) in () out
Model Point
Xm ,";" -2-8 2 8, - ) 2] DUMP PT
Ym iy .7- 5. 5‘.0, ng o 315 .
1
Em —_— 10'0 S!QI Al

Photo Point

Skatch of

X1
Y

-

D 2,8.2.5

-

2

. 7+5.3.0,

X2
¥,

11

Shutdown Point

M.5.6,.3.0,

8,714, 0,

ORIENTATION ELEMENTS

Photo No. Photo No. %
1 7. 1 7. :
[ e ' P ‘
311{410:0 i 3:1:1510:0 i
8 E) 8 14 :
bx., . s ' bx, "4 o _ Tt i
1 = 5!Q1CL§HLE 2 + 5 o-o-o:o? :
15 21 CARD #1 15 . 21 CARD #2 :
by 1l | jojolojol ) by 4 111158
22 28 22 28 :
bz |-lgl1lweisig | bz2. l+igirialel7ial | :_‘.;
Kl li' rOQ O(. O lol On Ka l",—‘ IOQOLO . Ou g; iﬁ
IJI 1—!—1 loﬁovo-otoy I'Jz l-!-—!; -0'0'0 I!O- A
6, =, .0.0.0.0.0, $, = 0:1.5.4.8, :
Operators Remarks Final Residual Y Parallax f
Completion Time: hrs ming 1 . 7 - ﬁ
‘ 2 .
b 10 i
5 11 ﬁ
" |
s 12 g
ﬁ,
Final Iteration|No. ;
Yote: Items marked with asterisks must also be recorded on the Shutdown Tape. P
. Ll
_ R B . i i . ey .._...r.._n..',,«( :




Classifled: Sfos/tic
SHUTDOWN —~ AS]TLA LNSTRUMEN" READINGS
% Job: MASA SKYLAS * Line: * Model: (L) 314 (R) 315
After: ( ) Interior ( ) Relative () P.A.0. () F.A.O,
Focal Length: gyu_g53  Earth Curv. Factor: a580 Base (gx) in ( ) out
Model Point 1
v 4. . .2.3.7.0, ) 21 DuMP PT. |
® o '
- e -_e R -
o 7e9.0.0, 31y 315 - |
!
Em + . .0.00,8, , :
ketch of Shutdown TPoint
Photo Point
X1 . 22,830 Xp o= M.35,620
¥y, .~ . 7550 Y, - . 8, 7u0, .
ORIENTATION ELEMEXRTS
Photo No. Photo Mto.
1 7. .o 1 yd N ?
e ]
3{1julola . : :3.1{5,0;0 L
8 i . g 1t ¢
- 1 ! i : " ’ b i ' e _= i
b2, - 1615i67]0' b%, 4+ 39,165
15 21 CARD {1 15 - 21 CARD #2 :
I T T - | - ; g iy .ot :
by, = 1310 SIE bY2 - . 1.8M 2 5
22 : 28 . 22 28
7 AT S D A B :
®z1 +igjuisjolals| bzz |4i64i3,5:0 (0]
Kl .+| ,Oboqo -040; Kz :+1 yO poyo yo. 9,
v, .+ .0,2.720, ¥, 4. 0,2,730
ﬁl P .1:.1.'8 -0 0. ' X 92 at 110,2.5,3, :
Operators Remarks Final Residual Y Parallax
Completion Time: hrs mins - 3 7
2 5 f 'i
3 9 . \ i
& 10 :
5 11
5 12
Final Iteration{No.
Note: Items marked with asterisks must also be recorded en the Shutdown Tape. §
.
v S Virlt
% Operator: ©-G¢ DALEBITY Date: '!”/7/'1)' R

e e S R

i i am e Aot i o




e

¥

¥-

1

T

Fog

~ F % -

ik el

2
i
a7

e

i
v
E
|
i

43

L ]

1.

1

ABSOLIME OURIEITATTUN - SCALING

311315

Made .: r
SA 8 ST
FIAGOTAL T, 1] NASA SKYLAB TES ,
CONTROL AT 1: 666'500 SCALE MODEL AT 1: SCAIE | B (sRMD)
M| Xe Miecrons | Yo Microns[ Ee Microns m Wicrons | Ym Miecrous | Ba Hicrons | Be - Em '
15].-96,159 59,850 _Uug = 56.325 qu, 953 uy3
31 72.ua1 Y .54, 156 217 up_993 | ~ 87, 295 258
-168.650 124,305 . 229 -103.323 182.2u18 . 185
CONTROL DISPANGE £ 6D = {22 + Y2 + B2  NUDEL DISTANCE = I = V2 + 12 452
oD = __209,51039 . ¥MD = _209,U39U3
SCAYE FACTOR M. 1 - O = __209.51039 L= . 1.00005 .
' MD 209.49943 r
NI630NAL 0, 2 | ‘
CTROL 27 1: BRASON SCALS MODEL, AT 1: SCALE | B (gT) |
ID| Yo Microns ! Yo Hicrong | Zc Microns | ¥m Microns | ¥Ym Microns ! Bm Mierons | Ze - Fm | _
T1] -18.777 [ = 77.5479 . 2u5 -45.765 | - 71.127 . 175 L
20| - 2.798 1 122.363 .217 20.123 104.9u8 125 P
COWIROL DISTANCE = OD = VX2 + Y2 + E2  MOTEL DISTAIGE - MD = X2 + Y2 + B2
D = _201,00325 . MP = __200,4917 | :
SCALE PAGIR M. 2 = OF = _201.00325 = ___1.00256 3
D 200, 4977 e ¥
AVERAGE MOIEL SCAIE = 1: 1,001 :
2. FTHAL SCALING PROCETURS

STEP Ho,
SIER

1 Select the Model Dlagonal which is closest to the desired

seale.

EP NJ, 2 HMultiply the scale factor times bz, by, and bz.
_ I j Il ) -
(bxl) (bxz) - (bx) (Scale Factor)| |(Sceled bx),(bxl) (Scaled bx) " (Gorrected bzz)
- = . = i - . =
(byl) (byz) (by) {scele Fector)| |(Scaled by)i(byl) (Sceled by)| }{Corrected byg)
- (oz) ~ (Scale wactor) "I (Scaled hz)”(hzl) "~ (Scaled vzy| |(Gorrected bzz) ;

Pt

dasired aczle,

Pt £3
N .

. AN

#4 P42

.
(O vmala oxTanba® o ow¥ do P SREE R R

Enter the corrected bxp, bys, 2nd bzp valuss.
Read end punch selectzsd model disgonal point coordinates and verify the

-

e R R = b i e

QPERATORS REMARES:

e e e i g w4

[ el

Ft £1 ID A7 R
Pt L2 I A7 £t
Pt 43 ID A7 £t
Pt FL 1D Az 4
ORIGINAL PAGE IS
OF POOR QUALITY |
OB eGe PALGITY

e e S
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APPENDIX C.1

|
i — STAKDARD ERROX OF ONE OBSERVITION, ROLL 4T 23D 23,
i  BLACK AND WEITE
] |
ROLL TRAVE 0. OF ax ay '
L TYPE NUNMBER POTHYS TN ¥ IV M
l’ U 312 R 53 0.007 0.009
U ' 313 L 53 0.007 0.008
L. Roll 313 » 57 0.005. 0.008
é U 47 31k L 57 " 0,006 6.009
U B&W 31k R ‘ Th 0.007 0.008
! 315 L Th 0.007 6.009
% U 315 R 96 0.006 0.007
7 316 L 95 0,005 0.00T
U Roll 23 185 T 43 0.011 0.017
U BeW 185 R 13 0.010 0.016
" 10T®: L end R indicate ths l=ft and rignt he.l':ﬁ' of a frezme
U: respzcbively.
pm

1
]
!
H
!
1
i
%
“
H

"
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CURACY' OF RELATIIR

APPENDIX C.2

ORTEITATION

The last two digits of the mod
usad to fTorm the nodel; GDY = S
of corresyonding rays;

Max. Voy

Roll XMode Ho. of ooy Max Voy
Tyoa ffunhar Poinus in mm in =m
iqll 3123 51 0,002 0.02k
BT& W 313k 5h - 0,010 0.031
k5 1 0.011 0.0h1
3156 95 0.009 0.022
3123 5i 0.013 5;029
Roll -313h 5h 0.012 0.031
gglpuf 31k5 Th © 0.01% 0.032
3156 96 0.010 0.02h
Roll 183k 20 0.010 0,024
§3& W 1845 Ik} 0.011 0.027
1856 - W3 0.008 0.017
TR PO '
1:90 L2 0.012 0;029
Roll 1501 kg 0.011 0.025
2210ur 1512 W7 0.010 ©.020
1523 35 0.009 0.021
toke: 2 1 indicate the two frarmes

of the initersaction
» of residusl porallsx

A PRI A bt o e s b P S
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R

ROOT

CHECK POINTS

APPENDIX C.3

¥EAY SQUAPRRT ERROR OF DISCR=PANCIES AT

Serssme—s §

=

===

=3

==

=

1

k

- ——

Ho. of Fo. of Check Ground Scale {fmags Scal=s
Roll ¥odzl Control | “Chsck Points ux¥ #Y | BX s
Tyoa flarber Doints Doints Rejectad in=m inm inpmt in oo
Strix 43 164 T ko b | 63.2]1 0.018 | 0.023
Toll sTip 9 191 13 k7.9 | 67.8]  o.0L7 0.02k
gT& - 31k5 h 58 9 Lk,o 82.0 0.016 0.030
3156 ) 58 9 - h2.0 7.1 0.015 0.028
b oaity 9 196 18 76.6 Th.é 0.028 0.027
Roll S P -
LE 3145 1 6h T Bz.h 23.0 0.031 0.03?
Colour| scp y 87 5 56.7 5.2 0.020 0.02k
23 1885 L 3k L 35.6 k6.1 0.012 0.01%8
B&V | asg 3 37 b 35.3 | 3k.7| o0.012 | 0.012
$rip 9 130 5 19.1 | 28.5| 0.020 | 0.030
Roll | 1kgo L NN i 22.3 | 15.9 0.023 0.0L7
83 1 v 1
Cotour| 1501 h‘ W8 1 19.9 20.8 9.021 .02k
1512 b 46 - 26.8 | 19.8 g.028 | 0.021
1523 L 33 2 29.8 | 2k.1| 0.03L | 0.025

£ 8 8t o 3 s sinn

PR L L O PP IR S L G M RS EL IR SRS RS S

e eme ey
e bt e e
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L
. -

SO

e

w b TSTront, Toas OF—af AboodTa o

[Ep——

Fe

a
o

WX, ut

Bt i

= vool meon square error

b On R Al Mo S A 1+ e an W e heinn

standnrd deviation of unit weight of the adjustment;
of the ground control poi:.tbs,

RUGE Model Points Fitting Accuracy-
No, Qf - Groung Seale " Image Bceale _No, of Ground Scale Tmage Scale

‘Roll | - ) Model ux ny ag nx uy o, . Controll uFX ur'y yFx WFy
Type | Model [Points { inm [ inmm| ifom |[“inmm | in mr | in mm | Poinbs inm inm { inmm in mm

Strip 122 23.1 | 25.6 | 36.9 0.008 | 0.009 { 0,013 b3 35.1 29.0 { 0.013 0.010
E?ll Strip 108 | 16.3 | 20.1 |27.0 0.006 | 0.007 | 0.010 9 17.4 | 22.2 | 0.006 | 0.008
B&W 3145 I 8.0 | 10.2 |18.3 0.003 | 0.004k | 0,007 b 8.0 10.2 | 0.003 0.00k

3156 L |26 ) 5,7 |31.6 0.008 | 0.002 | o0.011 L 21..6 5.7 | 0.008 | 0.002
Rot1 | Strip 112 26.6 | 38.7 |50.1 0,010 | 0.01k | 0.018 9 29.7 34.6 | 0.011 0.012
b6 - 3145 I 28.1 | 23.1 | 51L.k 0.010 { 0.008 | 0.019 Y 28.1 23,1 | 0.010 0.008
Coloun o156 % | w1 19,8 |3b.k 0.005 | 0.007 | 0.012 b ikl | 19.8 | 0.005 | 0.007
Ro11 | Strip 32 13.6 | 10.% j21.2 0.005 { o.00k | 0,007 6 18.6 18.4 | 0.006 0.006
23 < 18k5 L 15.% | 17.3 | 32.8 0.005 | 0.006 | 0.011 it 5.k 17.3 | 0.005 0.006
By 1856 I 12.6 6.2 119.5 | 0.004 | 0.002 | 0.007 L. 12.6 6.2 0.00k 0.002

SHrip 83 7.1 8.2 12.9 0.007 | 0.009 { 0.013 9 12.0. | 15.2 | 0.013 | 0.016
ga " | 1ho0 b fuo | 9 {150 | 0,005 | 0,010 | 0.016 4 ho | 9.4 0.005 | 0.010
Colour] 1501 b 6.0 9.1 5.k 0.006 | 0.009 | 0.016 A 6.0 9.1 1! 0.006 0.009

1512 4 5.0. | 8.2 13.6 0,005 | 0.009 | 0.0Lh 4 5.0 8,21 0.005 0.009

1523 L l11.1 113,6 24,8 0.012 | 0.0k | 0.026 L 11.1 13.6 | 0.012 0.01k
Mote; pX, p¥ = root mean. square error of all model points;
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" APPENDIX D

1O

WINVESTIGATION OF SELECTED IMAGERY FROM
SKYLAB/EREP S190 PHOTOGRAPHIC SYSTEM"

APPENDICES RELATED TO

INVESTIGATION ITT

TOPOGRAPHICAL SURVEY DIRECTORATE
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APPENDIX D.1

CORRECTIONS FOR SYSTEMATIC ERRORS
OF THE
IMAGE COORDINATES

Extracted from the

Technical Report
on : .

"Aerial Triangulation with SKYLAB Photoyraphy and High Altitude
Aircraft Photography - Comsideration of HKYLAB Orbital Parameters”

by ‘

~ M.E.,0., Ali

Research Assistant

Department of Photogrammetry
Universite Laval
Quebec
July, 1975
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1I-4 Correction for Systematic Errors of :he Image Coordinates

One of the advantages of analytical photogrammetry is the possibility of

correcting for systematic image errors. The film deformation correcticn will

be discussed in Section II-4-a. For the lzns distorsion correction, a new
method was tested and used. This method will be_explained in Section 1II-4-b.
An explanation for a refraction correction being unsignificant for SKYLAB

pﬁotography, as well as the algorithm used for the refraction correction of

H.A, photography will be given in Section II-4-c.

IT-4-a Film Deformation

The causes and the correction of f£ilm deformation have been
studied by many authors; see for exdmple Keller (11}, Ziemann (23, 24),
Vlicek (22) and Tewinkel (20). After a careful review of previous investi-

gations, the following polynomial was used to correct fof film deformation:

Xp + 2] + agx * agy + ayxy t asx® t agy? + ayxy? +agx’y
) . (2.1}
Ym by + bax + bay + byxy + bsx? + bgy? + byxy? + bax’y

it

XF

]

YE

‘vhere,

XF, YF are the photo coordinates after film deformaticn correction,
Xm, ¥Ym are the measured photu coordinates, and
@15 sssvey 2g, D1, ....., Dg are the sixteen polynomial coefficients

to'be determined.

For the SKYLAB photography, the nine reseau marks yield
‘eighteen equations. A computer program, FILMDEFO, was .uwritten to use a
1eas£ squares technique for determining the coefficients, and, afterwards,
to compute the corrected coordinates xF, yp for any given point whose

measured coordinates are Xp, ym. From the output of the program, it was

o

4
i
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o
1
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found that tivo to three iterations were n:cessary to determine the coeffi-
cients. The variance of the unit weight after adjustment ranges from

106.1 uzto 0.1 13;with an average of 8.7 u?. Table 2.2 gives the variances
of the unit veight for various SKYLAB photographs as they were obtained from

the output using the FILMDEFO program.

For the H.A. photography, it was felt, in view of the type
of film used (Aerochrome Infrared 2143), that the film deformation is
larger and more significant. Unfortuna%ely, no reseau marks are available
and the. eight fiducial marks had toc be used. If the polynomial given by
Eqpationiz.l is used, then, this would give sixteen equations to determine
sixteen unknown coefficients. It was thought that eventually another type
of polynomial would fit better thé film deformation of the H.A. photography.
For this reason the following two polynomials were also used and tested

aguinst the one given by équation (2.1).

Xp + 23 + 25X + azy + ayxXy + agx? + agy?

XF =
(2.2)
YE = yp + by + box + bgy + byxy + bgx? + bgy?
XF = Xp + a1 + aX '+ agy + agxy
' (2.3)

i

YF = ¥m + by + bax + by + byxy

where
XE, YF, X Ve and Bpaees Bgs bl"' bg have the same meaning

as defined for Equation (2.1).

Table 2.3 gives the variances of unit weight for each H.A.
photograph using Polynomials (2.2} and the variances of umnit weight range

from $194 to 54 p? and are slightly larger for Polynomial (2.2).

o man et e g e
i .
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Orbit Neo. Roll No, Plate No, ariance of unit Absolut¢ amount of
weight (u?) maximum residuals (p°
14 . 23 183 4.0 1.8
' 184 4.1 1.9
185 1,9 1.1
) 186 8.3 2.5
24 183 0.1 0.2
184 1.0 0.9
185 0.7 0.8
186 4.1 i.8
52 a7 312 2.9 1.2 |
313 7.3 2.3 f
% 314 3.9 1.4
315 2.4 1.2 i
316 7.1 2.3
48 . 312 106.1 9.1
313 .0.4 0.4
314 0.9 0.8
315 0.9 0.7
. 316 1.5 1.0

Table 2.2 - Variances of unit weight and maximum residuals {SKYLAB £ilm
deformation, 18 equations with 16 unknown polynomial coefficients);;_'j£

-
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Absolute amounts of
maximum residuals |
12 coeff. B8 coeff.

. 2
i No. of Variances of unit weiphts (™)

photograph

—
ks
i
i
;
i

B
|
.
E i
B .d
i
;
;
,

12 coeff. 8 coeff,
, Vx

15188 258 242 18
15189 269 - 200 17
15190 274 200 17
15191 194 100 T g
15192 320 200 18
" 15193 400 300 a2
25181 390 300 15
25182 320 300 18
25183 400 _ 300 21
25184 410 300 22
25185 250 200 17
25186 ' 330 . 200 20
35175 290 . 200 18
35176 -0 390 300 21

35177 - 409 2007 ) 21

35178 360 | 300 21

35179 " 270 200 . 18
35180 360 - 300 20
45169 - 400 300 20
45170 - 540 400 26
45171 370 300 21
45172 100 : 300 22
45173 290 200 17
45174 430 300 To22

L I T I S I T T O - T - T - S - S < - S R - S 7 B

v
L

[
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Vi

22
22
22
16
21
21

- 30

24
27
27
22
28
23
25
24
27
24
28

28

31
27
28
24
27

-

'V

15
16
15

9
22
22
19
18
15
15
14
14
14
21

- -

17
16

22

13
17
12
14
15
19

Average 346 | 260

Table 2.3 - Variances of init weight and maximum residuals, film

deformation, H.A.-photography
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The corrected -:oordinates xp, yF for all po.nts measured on the photograbshs,
using either Polynomial (2.2) or Polfﬁomial (2.3} ,were compared with the
ones using Pol/momial (2.1). Table 2.4 shows the standaid residual errors
resulting from this comparison and for eac- H.A. photogfaphy.- It can

be seen from éhis table that the maximum and minimum differences are 10.3 yu,
and g;g_g_regpectively, while the average is about 4 y. Based on this
anélysis, it can be concluded that Polynomial 2.2 yields a better aﬁproxima—
tion for the film deformation of the H.A.-photography than Polynomial 2.3,
Also, ithecomes evident that the values xg, yF, calculated from Polynonial
2,2 are more close to the ones calculated by using Polynomial 2.1 when com-

pared with those calculated using Polynomial 2.3.

As a consequence of this amalysis and based on previous
investigations, it was decided to use Polynowial 2.1 for the correction of

the film deformation.

-

IT-4-b Lens Pistortion

The SKYLAB S-190A camera design requirement for the image

matching of point sets at each image angle © (26) was that, when using the

- 8ix lemses,the image points would be within an ellipse of dimensions 20-tan@-u

tangentially by 10 ¢ radially. The lens distortion maich test was éerformed
by ITEK Corporation, Lexington, Mass. The results of this test are givén‘in
(26) and were available to the author. In the test, the readings were taken
every 20 off-axis along four diameters, This givgé a total of 48 readings
as shown in Figure 2.1, 1In view of the good quality of the SKYLAB camera
leﬂses and of the small image size (7 x 7 cm},'it was decided to correct

the lens distortion for azll image coordinaéeég: After A review of some of

the publicaticns which discuss the lens distortion and its correction
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No. of Standard residual crrors (u) Absolute amounts of
photograph paximum residuals (u1

12 coeff. 8 coeff, 12 coeff. 8 coeff.
X Y Xy X Y I
* 15188 +6.8 1.4 £9.0 +18,7 10.9 1.8 . 13.9 25.0
15189 8.7 1.4 12.7 16.2 16.5 2.6 21.9  27.0
15190 6.5 2.1 9.5 11.2  _13.9. 3.6 20.3 19.8
15191 6.0 _ 1.7 7.0 10.6 12.3 3.4 13.9 13.9
15192 6.7 2.8 7.3 15.0 15.7 7.5 13.7 21.7
15193 10.3 3.4 10.3 20.1 19.5 5.1 20,3. 27.0
25181 7.1 1.7 11,2 16.8 10.6 2.6 21.9 21.3
25182 5.3 1.8 6.4 19.9 14.6 3.7 19.3 28.7
25183 8.9 1.3 9.9 11.4 19.7 2.8 24.5 22.1
25184 7.7 0.6 7.5 15.0 18.7 0.9 22,8 22.2
25185 8.5 1.9 8.5 10.8 15.1 2.9 19.7 18.8
25186 8.3 2.1 6.1 13.8 16.9 4.1 9.2 19.9
35175 7.4 0.8 - 10.8 13.3 15.3 1.7  21.3 22,9
35176 " 7.7 1.4 9.4 16.9 18.4 3.0 21.5 30.5
25177 7.3 1.5 €.2 16,8 7.5 5.8 T
35178 4,5 2.1 7.4 11.1 11.1 ° 4.0 19.9 20.8
35179 7.87 1.7 .8.4 8.3 14.7 2.7 15.8 16.7
35180 7.0 4.0 8.1 11.8 18.0 6.2 16.3 22.6
451689 8.7 1.6 12,9 13.1 17.0 3.4 24.6 20.1
35170 9.8 2.3 11.5 15.8 22.2 3.4 27.8 27.5
45171 8.9 1.6 9.8 11.7 17.2 3.1 19.3 19.4
45172. 9.2 2.0 9.8 14.2 18.0 4.3 ° 24.4 23.9
45173 8.0 3.5 9.1 9.3 14,7 5.3 20.0 17.1
45174 9.0 3.0 8.8 16.5° 16.9 5.0 .16.7 25.6
Average 7.7 2.0 9.1 14.0

R

Table 2.4 - Standard residual errors and maximum residuals, fiim defor-
mation for H.A.-photography (correction with 16 coeff. - cor-
rection with 2ither 12 or 8 coerf.)

bl
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(5, 6, 10, 11, 14, 22); it could be concluded that the two polynomials given

by Equations 2.4 were the most frequently used to correct for the lens distortion:

The difference between the various approaches consists:of the numbers of coef-
ficients used. If Ar and At were assumed to be the corrections for the

coordinates due to lens distortion in radial and tangential directions

respectively, then -

br = ajr + 2,73 + 2375 + 2,r7 + agrlsin 6 + agricos 6 (2.4)

At = byr?sin 8 + byr?cos 8
wherer

: ay, 4...4g, D3, by are the polynomials® coefficients ’
to be determined
T is the radial distance from the principal point, and can be
éxpregsed as:
T = x2 4 }2

where

% and y are the photo coordinates.

The conventional method for the determination of the coeffi-
cients uses all distortion measurements over the whole format as one
entity and the least squares- techniques is used for the solution. It

was thought by the author that eventually by dividing the format into various
- zones, and by determining the coefficieﬂts for each zone sepa:atély; would

produce more reliable values for the coefficients. Consequently, each ‘

SKYLAﬁ photograph was divided into 8 zones as shown in Figure 2.1. The

coefficients for each zone were determined from the points on the straight

lines surrounding the zene in questiom.

A computer program, LENSCOFF, was written using a least

!
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: LJ squares adjustment, to compute the polynom: al coefficients.
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The data for

the three lenses Nos.4, 5 and 6 (mentioned as Stations 4, 5 and 6 in Tables
lj . 2,5 to 2,.8) of the Multi-sfectral Photographic Camera (MPC) S-190A was
analysed. Table 2.5 shows the variance of uﬁit weight (mg) =2s obtained
LJ by the LENSCOEF progr;m for_both radial and tangential distortions using a

single zone only. Although mg is small, and indicates that the coefficients

p———
[S——

will yield a sufficient accuracy, the coefficients were also determined for
the case of dividing the entire format into eight zomes. Tables 2.6, 1.7
and 2.8 show the mp's for the eight zones, using six and four radial

and two tangeﬁtial coefficients.

= T

The H.A. phatography was taken with a Wild RC-10 camera.

The calibration report (27) was prepared by the U.S. Geological Survey, and

—

was available to the author. Twenty-four readings along four radii, as

—

shown in Figuré 2.2, were given for the radial distortion. The same pro-
cedure as for the SKYLAB photography was applied. All readings were used
as an entity, the format was di&iéed into four separate zones {as shown in
Figure 2.2) and the polynomial coefficients were determined in beh cases.
Tables 2.9 and 2.10 show the-mo—values, as obtained from the LENSCOEF

program, for various numbers of coefficients and dividing the format into

one and four zones, respectively.

Considering Tables 2.5 to 2.8, it can be concluded that:

I

1} SKYLAB photography: although the use of'a single zone covering the
entire format produced a satisfactory accuracy, the division of the

oo format into eight zones reduced mg by one magnitude, and by 50 per cent

when six and four radial coefficients were determined, respectively;

N ) .
for the tapgential coefficients, my was reduced by about two

magnitudes.
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Numb, of “Jumb. of used Variance of unit weight
equations  :oefficient in p Remz rks

Station 4% Station 5  Station 6

43 6 0.4 0.8 0.1 Radial dis-
. tcertion
4 0.7 ¥ 1..-6___ 0-7
3 -~ 0.6 1.5 0.7
2 ' 0.6 1.5 C0.7
1 0.6 1.5 0.8
2 . 0.20 0.04 0.6 Tangential
distortion

* Station No.: refers to the positions of the MPC lens .as shown in Fig. 1-1

Table 2.5 - Variances of unit weights (SKYLAE.photography and tangential
lens distortion, various numbers of coefficients, use of only
. one zone for' the entire format).

-
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"equations coefficients zones

Numb., of Numb, of No. of

Variance of unit weight
in p?

Station 4% Station 5

Station 6

-t

12 -6 0.06 . ..
-7 2 6.07
0.08

0.08

[ IR~ N ¥

0.04
6 0.05
7 0.06

8 0.07

0.14

0.12

0.04 -

0.03
0.05
0.05
0.02

0.05

. 0.03
0.03
| 0.05
0.03
0.05

0.03

0.02

Average | . 0.06 .

0.06

0.04

* Station No,: refers to the positions of MPC lens as shown in Fig. 1-1

distortion, six coefficients,

format divided into eight zones).

Table 2.6 - Variances of unit weights (SKYLAB photography radial lens
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Number of Number.of. No.of . Variance of unit weight
equations coefficients zones in u
Station 4*¢f Statiom 5 Staticn 6
12 4 : 1 1,08 771,51 - b.O2
2 0.18 0.60 0.0%
3 0l07 0.29 0.30
4 0.32 0.68 0.1
5 0.89 1.85 0.08
6 . 6.07 0.35 0.07
7 0.08 0.31 0.33
8 0.40 - 0.75 0.05
 Average : . 0.39 0.79 0.13

* Station No.: refers to the positions of the MPC leas as shown in Fig. 1-1

Table 2.7 -Variances of unit weights (SKYLAB photography radial léns
distortion, four coefficients, format divided into
eight zones). )
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Number of Number of - No,of Variance of unit weigh=z
equations coefficients zones in u?
: Station 4¥* Station 5 Szation 6
12 2 T 1 0.001 0.004 2,002
2 0.002 ©0.002 - 0.,001
3 0.005 0.004 0.001
. 4 0.004 ° 0.008 0. 007
5 0.001, 0.004 0.030
6 0.004 0.002" 0.024
% 0.005 . 0.005 0.001
-3 0.002 0.006 0,002
. Average 0.004 0.004 0.00%

* Station No,: refers to the positions of the MPC lens as shown in
Fig. 1-1 -

r

Table 2.8 - Variances of unit weights (SKYLAB photography tangential lens
distortion, two coefficients, format divided inte
eight zomnes). '
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Fig. 2.2- Lens distortion for
' H.A. photography.
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Variance of unit weight in p2
6 coeff. 4 coeff. - 3 coeff. 2 coeff, 1 coeff.

Number of
equations

M 24‘ ’ 13-5 ) - 14‘-5 14-0 T mem e 15-4 16.3

Table 2.9 - Variance of unit weight (H.A. radial lens distortion, various
numbers of coefficients, format with only one zone,
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Number of  No. of Variance of-unit weight in p?
equations Zone ’
6 coeif. 4 coeff. 3 coeff. 2 coeff, 1 coeff.
12 1 1.1 20.8 18.5 "18.,3 19.0
2 ‘ 2.5 6.1 5.6 7;2_ 9.1
3 3.2 10,2 9.7 11.6 11.6
4 1.3 28:1 25,2 24.9 23.6
Average 2.0 16.3 14.8 15.5 15.8

Table 2.10 - Variances of unit weights (H.A. photography radial lens
distortion, various numbers of coefficients, format
divided into four zones).
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2) H.A. photcgraphy: In case that four or less radial coefficients were
determinec, a slight change in mg was observed, and when the format
was covered by one and four zones, iespectively; however, when using

six coefficients mp became significantly smaller when dividing the

format into four zones.

By considering the above analysié,“all SKYLAB and H.A. photo-
graphs were corrected for lens distortion using six coefficipntg and by
dividing the format into eight and four zcnes, respectively. A computer
program LDISCORR, was written to read the coordiﬁates of a point, determine

its zone and apply the corrections by using the appropriate coefficients.

IT~-4-c Refraction

When an optical ray travels in space, it.crosses twé different
regions of the atmosphere: the’'troposphers, extending upwords to about 30 km,
and the ionosphere, extending from'about 30 to 400 km. In photogrammétry, it
can be safely assumed that théfe is no refraction in the ionosphere region.
Vicek (22) and Schut (18) investipgated the refraction corréction for photo-
giammetric measurements, considering various weather conditions,

-~ the eafth curvature, the ground heights and the tilt of the caméra. Based
on the above publications, the refraction correction Ar at any radial dis-
tance v for near vertical photographs taken in the troposphere region can be
ngiven by: -
Ar = (£ . Ao/ cos?a) - tan o ' (2.5)
where

£ is the focal length of the camera,

¢ is the angle between the optical ray and the nadir

direction, at the exposure station

R e e




2 et v e

iy

FEITII ST S e S e or g S,

2 =

[ —
[

e is the angle between the theoretical straight ray pa'h
and the tangent to the actual ray path at the exposu-e

station and can be given by the following formula:

bo = TR 356 " h- 6h 250 @ 2.

where -

H is the flight altitude zbove sea level in km

h is the ground elevation above sea level in km

Since the H.A. photographs were taken at an altitude of about
20 km, the image coordinates of these photographs were corrected using this
formuia.
For SKYLAB photography the refraction correction is not
significant as follows from the foliowing derivation:
Assuming that (see Figure 2.3):
Hy is the upper'liﬁit o?'the ‘troposphere region being about 30 km,
Hs  is the altitude of the SKYLAB camerz (435 km),
ai, g are the angles between the theoretical ray paths and the
'nadir.directions, for photographs taken at altitud;s Hy
and Hg,respectively, |
Auj, Aag are the angles between the theoretical straight ray paths and
the tangents to the actual ray patﬁs at the exposure station,

for photographs .taken at heights Hy, and Hg,respectively.

From Figure 2.3 follows:
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sin ¢ sin Aeg ° | .7

Rs . _ % | (2.8)

-4
sin ¢ sin Acg

cos al = (2.9)
and
cos oufs =

R A

s C (2.10)

From Equations 2.7 and 2.8 one obtains:

Ry _ sin dag ) ”
Rg sin Aag , ' (2.11)

and from Equations 2.9 and 2.10:
‘Rg _coser ., Hg S (2.12)

Since Aog, Aay.are very small angles, and since aj and ag will not exceed

110, it follows from Equations 2.11 and 2,121

A : '
§§-= Agg _ | (2.13)

By using Equatiom 2.6, and assuming that:

H

n

Hy = 30 km, Hg = 435 kn

it

h=0.2kn

£ =152.0 mm .

I

o= oy =ag = 100
.6
One obtains: A af = 13.14 - 10 radians

» and from Equation 2.13:

bog = 0.928 - II‘.[l"s radians
and from Equation 2.5:
Arg = 0.15 p
This amount is not siénificant, if one considers.the accuracy for the

measurements of the photo coordinates is not better than * 1 w.
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APPENDIX D.2
INVESTIGATION ITL

POLYNOMIAL ADJUSTMENT RESULTS
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APPENDIX D.2~:

| No, of the Model. No. of No.of O, Uy. o,
in the stxip -Toll points jn} w m
5 23 124 T £34.6 £46.8 £159.3
24 128 52.65 46.1 104.3
Above strips 23 124 34.5 46.1 157.6
combined 24 128 32.8 47.7 103.6

. roll and for an adjustment of both rolls combined.

APPENDIX D.2-b

- Standard deviations for a separate adjustment of each SKYLAB

No. of

. No. of the Madel No.of. °x o o
in the strip roll points m n m>

1 23 84 #28.1 +42.2 +194.5

24 77 37.2 50.9 112.0

2 23. 118 32.5 45.3 180.5

24 115 31.5 44.9 107.3

3 23 127 24.45 46.1 157.6

24 132 - 32.8 47.7 103.6

2

. - Standard deviations

after adjustment

SKYLAR models.

of one, two, z2nd three
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APPENDIX D.2-c

No. of the No, of models No.of o G, g,
strip per strip points - .; g ;;

1 8 29 £8.25 +15.3 3,41

2 6 37 9,86 17.70 4.21

3 6 35 9.69° | 14.41| 7.0

4 6 39 9.91 9.39 6.56

1 6 29 7.14 - 7.37 3.34

2 6 37 9.41 | 17.68| 4.2z

3 6 35 10.02 23.32 6.98

4 6 39 .65 9.16 6.18

Standard deviations for a separate adjustment of each
strip and for an adjustment of all four strips com-

bined - H.A. photography.
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APPENDIX D.2-d

Type of "No.of Oy o] o, Remarks
photography points W 24 Rn
H.A, strip 1 29 27,14 | 27,37 x3.34
one H.A. strip and
S.K. Toll 25 84 28.54 41,881 192.88
_ ‘ two SKYLAB rolls
S.X. Toll 24 77 32.07 39.72 1 112.01
‘ = (one model each).
'H,A strip 1 29 7.14 7.37 3.34 -
two H.A. strips and
H.A, strip 2 38 9.72 17.46 4,15
: two SKYLAR r0ll
S.K. roll 23 84 28.54 41,88 | 192.88
‘ (one model each}.
S.K. Toll 24 77 32.07 38.72 | 112.01
H.A. strip 1 29 7.14 7.37 3.34 :
three H.A. strips and
H.A. strip 2 . 38 9.65 17.48 4,17
_ ~ two SKYLAB iolls
H.A, strip 3 34 8.52 14,20 7.06
(one model 2achj.
S.K. roll 23 84 28,54 41.88 | 192.88 :
S.X. roll 24 77 ° 32.07 39.72 | 112,01
H.A, strip 1 29 7.14 7.37 3.34 .
four H.A. strips anc
H.A. strip 2 38 9.67 17.50 4.17
’ two SKYLAB rolls
H.A. strip 3 34 9.57 14.19 7.08
(one model each)
H.A. strip 4 39 9.66 9.17 6.48 .
S.K. roll 23 84 28.54 41.88 | 192,88
S.XK. roll 24 77 32,07 39.72 | 112.01 -

_- Standard deviations for the adjustment of various numbers

of H.A. photography strips combined with both SKYLAB
photography rolls.
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APPENDIX D.2-e

Type of Number of No.of o Uy- c,
photography - | control points points m o -
S.K. roll 2 12 .57 £38.00 |+44.79 | £670.75
S.K. Toll 2¢ (Gase 1) 50 35.31 | 40.95 | 232.45
S.X. Toll 23 22 57 . .24.90 | 40.05 | 151.28
S.K. Toll 24 (Cass 2) 50 28.73 | 32.65 | 151.90
H.A. strip - 26 18- 10,1 9.3 6.8
H.A. strip 2 24 10.2 | 13.8 6.4
H.A. strip 3 20 10.6 | 18.0 11.4
H.A. strip 4 |. (Case 3) 23 1.9 | 10.7 8.7
H.A. strip 1 | 12 points S.K. 18 12.23 | 20.27 | 64.55
H.A. strip 2 | 22 points H.A. 24 17.55 | 20.20 |~ 82.89
H.A. strip 3 |14 common points 20 13.80 | 19.07 58.02
H.A. strip 4 } 23 14.25 | 15.49 | 70.89
S.X. Toll 23 57 20.09 | 37.21 | 128,55
S.K. roll 24 | (Case 4) 50 26.98 | 31.03 | 134.39
H.A. strip 1 | 12 p;oin'ts S.X. 13 12.54 | 22.81 61.99
H.A. strip 2 | 53 points H.A. 16 20.91 | 21.36 | 76.93
H.A. strip 3 |14 common points 13 16.30 | 22.24 | 57.29
H.A. strip 4 | 13 16.51 | 17.85 | 95.01 .
S.K. roll 23 57 20.13 | 37.15 | 127.37
S.K. roll 24 QCase 5) 50 29.08 30.§0 132.87

- Standard deviations for various numbers of control points.

SRR DU b e e e e e e




T T T

APPENDIX D.3
FROM BUNDLE ADJUSTMENT
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APPENDIX D.3-a

e

A

Number of No. of Number s g Maximum residuals
i £ £ Y v v v
models/strip roll o < y 2
polnts m _
m m. m
1 N 23 84 +9.7 | *12.6 ) +19.5| 31.5 | 63.0 | 59.0
24 77 1.9 21.2| 14.5} 40,0 [158.0 | 41.0
23 and 24 86 i2.9 20.8 20.3| 38.7 |122.0 57.9
together
Standérd deviations and absolute amounts of the maximum residuals.
Bundle adjustment; 211 points being used as observatioms.
APPENDIX D.3-b
Tg v . !’I . -
hgigirgfh igﬁgrogf % Uy Gz ax. residuals
P grapay -On%Eo m m 1) v v
points X ¥y z
: m m m -
One model from 22 . | £28.3 |+£30.7 1£203.5 |71.5{ 60.0 339.0
Roll 23
One model from 26 21,2 | 24.2 ] 146.1 |39.1] 50.0 307.0
Roll 23 § Strip 1 -
of H.A, photogra-
phy
(6 photographs)
i

Standard deviations and absolute amounts of the maximum
residuals,
respectively, being used a2s observations.

Bundle adjustment; 26 and 22 points,
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No. of No. of X, Y, ' Z, ¢ w X Remarks
SKYLAB roll '
photograph | i m m
| 184 | -e0117.9 1052.1 435995.0 {00° 00' 00v|00® 00! 00"|-29° 00' 00"| Orbit parame-
5 ters
f 23 -59769.6 692.7 441011,2 (00 17 29 |00 09 05 (-29 44 02 | Roll 23 alone
24 ~60485.0 1194,5 ,441261.7 100 23 08 {00 12 03 [-29 27 4Z | Roll 24 alone
% 23 -59763.6 678.9 441406.7 {00 17 26 |00 08 59 |-29 01 Rolls 23 and 24
g 24 60384.7 1218.7 441273.7 |00 22 22 00 12 15 |-29 27 42 together
ﬁ 185 — 2456,0 | -36936.1 436132,7 |00 00 00 100 00 00 {-29 00 OO | Orbit parameters
23 227.9 | ~36868.8 441261,0 |00 06 05 (00 06 51 |-29 45 59 { Roll 23 alonc
= 24 2033.6 | ~36145,5 441404,0 {00 02 10 [00 07 34 |-29 28 30 } Roll 24 alone
I 23 3206.7 | ~37011.5 441231.5 |00 ©05 22 (00 07 59 |-29 46 04 | Rolls 23 and 24
: 24 1704.9 | -36067.8 441439,3 |00 05 @1 {00 01 33 |-29 28 29 together
g
: : _ 3
Camera station coordinates and rotation angles obtained from the orbital parameters 5
_ tabulation and after least squaresadjustment. g
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INVESTICGATION IV
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APPENDIX E.1

COMPARATIVE RATINGS OF IMAGE QUALITY FOR SPECIFIC FEATURES
{1 = BEST, 10 = NOT VISIBLE) ON SKYLAB S1390A
SIMULTANEOUS PHOTOGRAPHY IN 6 SPECTRAL BANDS

TORONTGO AREA 1 2 3 4 3 6 |

8190a Image 016 B&W IR B&W IR COLOUR IR COLCuf BeW an  BaW Pap
Orbhit 29, 09/09/73 0.7-0.8 0.8-0.9 0.5-0.38 0.4-0.7 0.6-0.7 0.5-0.6;’;
um pm pm um um Ve '
Granularity 3 3 yA 1 1 1
Malton Airport 8 ] & 2 1 2
Yonge Street 6 6 7 1 1 2
401 Hwy. 10 10 & i 1 2
Suburban Roads 10 10 10 8 6 8
Lake Scugog/Marsh 1 1 2 5 4 5 .
Rivers 1 Z 4 5 5 ot j
Piers intoc lake 9 8 4 2 i 2z -
Race Track 10 10 5 2 i b3 1
|
BAY OF FUNDY |
S190A Image 316 |
Orbit 52, 21/09/73 1
Granularity 3 3 3 1 1 1 '
Airport 1 9 8 7 2 1 3 ‘
Airport 2 10 10 5 3 1 3 !
New Highway 10 9 5 1 1 2 ;
Secondary Roads 10 10 5 2 1 3 !
Shoreline Detail 5 6 3 2 1 4 |
Minor Drainage 3 2 10 g i0 10 ]
Lakes 1 1 6 3 5 & |
|
SOUTHERN MANITOBA j
5120A Image 214 3 |
Crbit 50, C%,19/73 10 i
Granulazity 3 3 2. 1 1 i .
3mzll Town 19 10 8 2 1 z
Zeservoir i 1 . 3 4 & 5 '
Taads K 7 5 ! 1 2 i
l:nor Drainage 1 1 10 § 5 10 |
Vi rpore 8 _8 5 2 E 2
i iap Scures 13¢ 138 119 28 485 33
worst Lest
ORIGINAL PAGE IS

@F POOR QUALITY ;j
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APPENDIX E.2

EXAMPLE PAPER PRINTS OF ENLARGED
SKYLAB PHOTOGRAPHY
USED IN THE QUALITATIVE EVALUATION
OF
INVESTIGATION IV
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S190A PAN-X AERTAL BLACK AND WHITE

(4X enlarcements from 2nd gensration 70mm negatives)

Fio.: 1l 0.6 to 0.7um band — Best redition of cultural detail.

Note: Example slightly blurred by lettering overlay.

ORIGINAL PAGE IS |
OF POOR QUALITY



S1S0A Aerial Co
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APPENDIX F

TO

"INVESTIGATION OF SELECTED IMAGERY FROM

SKYLAB/EREP 8190 PHOTOGRAPEIC SYSTEM" -

APPENDICES RELATED TO

INVESTIGATION V

TOPOGRAPHICAL SURVEY DIRECTORATE
DEPARTMENT OF ENERGY, MINES AND RESOURCES
CANADA
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APPENDIX F.1

EXAMPLE OVERLAYS PRODUCED FROM
SKYLAB PHOTOGRAPHY
FOR MAP REVISION POTENTIAL IN A
RURAL RECREATIONAL AREA
AT SCALES OF 1:50,000 and 1:250,000
INVESTIGATION V
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APPENDIX F.2

EXAMPLE OVERLAYS PRODUCED FROM
SKYLAB PHOTOGRAPHY
FOR MAP REVISION POTENTIAL IN
URBAN AREAS
AT SCALES OF 1:50,000 AND 1:250,000
INVESTIGATION V
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APPENDIX F.3

EXAMPLE ENLARGED PAPER PRINTS OF
SKYLAB PHOTOGRAPHY
USED IN THE MAP REVISION POTENTIAL
STUDY OF INVESTIGATION V
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APPENDIX G

TO

"INVESTIGATION OF SELECTED IMAGERY FROM
SKYLAB/EREP $190 PHOTOGRAPHIC SYSTEM"”

EXAMPLE RECTIFIED PHOTOGRAPHY

S USED IN

INVESTIGATION VI

TOPOGRAPHICAL SURVEY DIRECTGRATE
DEPARTMENT OF ENERGY, MINES AND RESOURCES
= CANADA
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