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FOREWORD

The Hur °© Factors Technlcal Area is concerned with the remmnds
ot the- futur.,- ;mtlefields for increzsed man:-machine complexl 0 ac-
qu-re, transn. . K process, disseminate.. ‘and utzlize information. The
r=Searc” is {yvw:sec on the interface Droble“s and . _nQeractlon; w-thin
cmmanc and g tr-ol centers and is comcernec with "such areas as topo-
Zraphic ~rod® and’ procedures, tactical s-mrology, user-orien- ed,sys—
temss, _arrTmr  -u. management, staff gperativz and proceddres, and sen-

307 systems . gegration and utilization. - N

<zl aspect of intelligence ir:‘ormation from-aerial sen-

301 is th: .: "Wraze lécation of targets. Resentl- . the Army ‘has devel-
>pe the amal. ical Photogrammetr:c Positior .ng Svstem (APPS) which 4
,oro=de:. ar *% -oved capability for targ=- t 'szticning. However, there.
‘are -everz. . ..czown factors in Lhis z--ster asszciated with the hdman
interZac=. "Tesent pubilication ~als with the determination of the
spée anr . cuar .cv with which opera: -rs car iramsier terrain’ positions
fror -2i.._.ely .arge-scale mission , otog: adhe tc small-scale data-

base -erric “ﬁotographs and, the def--nden.«= 0of suzh performance- on :the
chare _seris - of the photographs used. This is a2 critital factor of
the cekgll ::b> ~=formed by the ope:ator :f th2 APPS. Results indi-"
cat¢ THaf ti: me @ important vaiiabl: ver: how -lose the target is
to;ar identi-ial.e terrain deﬁail; w: aer --e carge: ‘is .in the fore- .
groucd or backsr:'and of a non-verti-ai. .mags and the resolution.of the
mission imager: ) -

Research im the area of sensor =vsrems integration and utiliza-
tian .is concucted as an in-house eff-r- au ated through contracts
with o-ganizat ons selected for their "ninEFcaDabil‘ties and facili-
ties for resear:h on "sensor systems. ~“he present study was conducted
by personnel from:Raytheon’ Company/AuLametr-“— :nd Human. Factors Research
-c. under contract DAHC19- 73-C-0031 w1tq p nram direction from Abraham -
H. E-rnbaum. This effort is responsive to --«:irements Army Project
2Q0162106A722, the U.S. Army Engineer Topogrw=pnic Labeoratory, Ft. Belvoir,
Va.. and the Assistant ‘Chief. of Staff for Ir+-e_ ligence. Special require-
mer- s are contained #n Human Resource- Needs 73-45.° a ' :

’ - .
.



©:,THE ZFFECTS OF PHOTO CHARACTERIS&ICS uPQN’ L(I...?-TICM Dammixo'u IN A
-‘Pamcmmmxc B'ACILITY L ;

BRIEE L
' - i ) . L “ - ‘ . .
Requifremen=: i ?
: e . . o . /,'
o detemu.ne how well an’ ‘image 1ntarnret_r can transfer image
_ po:.rr- from raconnaissance (stimulus) pm:tography ko a’ ‘small-scale /' -
"_ phOtcg*apn-c data base, using pnotograp}rv fram vertlcal frame, obllgue |

frame, and panoramic cameras as stunuluc J.magery. o L
P ;

. Procedu—s : T ’ B /

FuinhTs selected for tre:xsferrl:yg were: ' Type A points appearing =+
- on idenr:::able ground cbje~~s and Type B points more than 200 meters .
from e st—Lfiable ground ok—=ezcs. These were marked on negatives of o
‘high- md ;:w—altitude vert-._al photogramms, hz.gh— anc low-altltude S
panoramrc:- -‘notographs,' and er :mllque phctograph, using varying scales. o
Transparss—+ prints -and paper Drints were made from eac: negative. a
Pphotogzz==.z data base at a,szale of 1:1C0, 000 was obtr_lned for each

~area ccw=red by, the stimulus "'nagery ‘ A Sea

Afv=- 3 short pretest tr& ning perlod 40 Army 1mege 1nterpreters '
' were rec—-re: to transfer 30 —oints from each ‘of the fc'ur dlfferent / ;
types of stimulius photégraph) =0 the approprlate data base by marklng\
' the selected moints. Time rexrzired to- transfer each¥ t was recorded
Coordinates ©s the marked poi=zts were, compared to the. true- coord1nates, ’
and. error vectors listed. Thk= effects of resolutlon,vscale, and pos1—'
*, tion on. locatiosn accuracy were statlstlcally tested /and descrlbed o

t:-ansfe;: accuracy was afvfected most by the relatlonshlp of

ntFto idwentifiable defa. 1 imaged on both the stimulus and data
Hase phirtograpmy. "Type. A.'points’ were located more acqurately than
‘I‘ype vao:.nts oy’ ratlos of 3:1 to 6 1 .
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e o .
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PO Accuracy was also aj#ectea by the p051tlon of a point in-the Near
or Far portion of a non— rtical photograph. (Near is defined as the
. half of the photograph closest to the vertical. .-Far is the horizon- = .
‘half of "the photograph )M Points in the Near:portion were located more '1;”
accurately than points in the Far portion.A Examples of error_magnltudes
-~ -at the 75th percentide dre: - . R ‘ L.

/ : .
) H S . -

Oblique, ' B-Point Near—‘.f54fmeters_ Far- 229 reters
R High Pan, A—Polnt; © Near- **14;meters - Far- 32 meters
I . “ . L | . :

. The d1fference in{/ground. resolutlon (paper pr1nt vs. _ransparency)
was most signifigant fgr Type A points on the Low Pan 1mac=ry. The v
. transfer ‘error fo he/transparent print was 25 meters compared to 165
meters for the paper ints. For other m1ss1on 1mager tha resolutlon
d1fference was of no pfactlcal consequence.

LV . . ¥

v Under the conditions oﬁ these tests, transfer. _errorzs of less than' -
- 20 meters can be met 0% of the time for Type A p01nts on abl 1magery _'
-and 75% of the time fbr Vert1ca1 and Near ngh ‘and Near Low Pan photos.v
Only the Vertical imagery is adecuate for keep1ng Type B p01nt transfer

_» errors to 20 meters. 4 . /7f> . , o . -

. .
. . .
. sy R

Test subjects- pﬁeferred tran:parencles to paper, pr1nts/f6f‘the~st1mu—,;
1us Imagery and th=y:preferred transmitted Iight (llght table) to-re—1 "3&
flected light (hlgb—lntens1ty lam:) even for paper pr1nts

' 3 . f

gs: . - e

- :‘l. »aaaas

Utlllzatlon of Flndl

‘ Th1s study sh0wqd clearly that large errors may result in the po;nt"
transfer Process. Targets appear1ng on 1dent1f1ab1e features v1s1bLe on*:
.both the mission and.data base imagery (Type a p01nts) can generally be .

- “transferred ‘to w1th1m 30 meters at 75th pércentile. -However, even for )
Type A poznts, when. dhe resolution of the, mission 1magery falls too lpw .
" because of scale and position, the accuracy deterlorates ‘rapidly. For .,
. 'this case an acceptable level of resolution can be maintained by using

¥ transparent pr1nts 1nstead of paper pr1nts., ‘Transfer accuracy improves ..
overall when transparent pr1nts are used. This strongly suggests the:
-use of equlpment on which transparen01es can be viewed and the - .opera-
tlonal use of trangparencles 1nstead of paper prlnts. o . ,;

.
.

. Type B points cannot be transferred V1Sua11y to acceptable accu~ . e
racies with any, cons1stency. Since most target points are. likely «to be.’
Type B p01nts, a way must be\found for 1mprov1ng the transferrlng of '

these p01nts. S e
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L Lo 'z'u *
e . .
TheAdlffsrence ih :ramsgfesr sroror befween scales for E:rtlca- 18~
s:Lon_ J.magery_mmt_c::;atnoa——, gr...f;cant ~This does mt meas

that scale is noct ah immoryan ac—or. Rather, it indicates that ::e

ground resoluticm of ai_ v/elt icca.. ToSsion imagery used in-the tesz.
was ‘higher than the cor Q;pon.dlnc Z=ta base ground resolutlon. Iz

— v

 follows that hicherqua .7 Gata oase phozography might permit Bec=r
..utilization of wertical wi:ssion _m'a:zery ..n‘the transferring groces:.
‘Higher ground zesolutio. . oz be -cotiined by better camleras (lens-i .

comb.x.matlons) ‘or by larrem' e i€ dzta bases. . K
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. THE EFFECTS'OF.PHjEO CHARACTERISTICS UPON LOCA@ION

”

DETERMINATION [N A PHOTOGRAMMETRIC - FACILITY : . .

, . M ) ’) < 4
Ma'hy photogrammetric applieatlons require the’ 1ocating a&marklng

of the images of the same ground p01nt on one Or more sensor records.
In aerial triangulation, pass points and control points are transferred °
stereoscopically from one photograph to one or more pverlapping photo-—
graphs. In terrestrial photogrammetry, identigal image p01nte on two
photographs must be measured. Target images found on reconnaissance

imagery are often transferred .to.a map or some other type of data base
so their ground pos1tions can be found. The accuracy with which a point
can be transferred from one sensor record to another is a function of
many factors, such as resolution, scale, relative ‘attitudes, target/en-—
viyons relatiors and technique and equipment used. Also, the intended
application dictates, to.some. extent, the care that is given to such

% .

transfers. o » : . ~——

t

v There is a continuing need fot more accurate and faster means of
';acquirlng aiming data for the artillery.q This is especially true in

_ areas where adequate maps are’ not available. The United States Army

. Engineer Topographic Laboratory, Ft. Belvoir, Va. has developed'an
instrument which, together with a ‘precision photographic data base, prc-
vides a new capability for target positioning. This instrument is
called the Analytical Photogrammetric Positioning System (APPS)X/ It
consists essentially of a.mirror stereoscope mounted over a coordinate
measuring system whose outputs are fed to an interface unit and then to
a programmable sk calculator. Two overlapping data base photographs
are mounted on the two stages of the mirror stereoscope. -After pre-—
limipary indexing and .chécking, index marks are placed over a point of
‘interest and the attached calculator computes the X, Y, and Z ground
coordinates of the point of interest: The 1nherent accuracy of the.
APPS has been found to be adequate for 1ocating the artillery field
biece and the target and for some other types of ground surveying.

The unknown factor in this positioning System is the error associated
with the transferring of points to .a data base from seyeral types Of
photographic imagery of different scaled and resolﬁtions, and the re- .
lationships of the target to features in the scene (target/environs)

Lo

.

..

'lfé more detailed description-of the APPS is given. in Appendix’A. .

LI ,)
" . L : . . . ‘ -

. : . - | .
N _.1 - I3 . v .
. . R ’ oy :
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~Iransferring of image p&ints from one otoﬂraph to another seems
straightforward and quite exact. This may be Jrue under some circum> -
*‘stances but not-under others. It has been shown in precision photogram-

metric appllcatiOns that when a reasonably %ood stereo model can be

- formed.with two photographs, cbnjugate images~can be marked-on the ' A’

photographs with very high'accuracy$-ten (10) micrometerd ,or less. But

. when the two photogr:%ps differ in scale resoluplon, attltude, etc.,

the .problem Becomes e of - trying to match two dissimilar types of
photographs. -Some of the d1fferences that ust be considered are dis-

cussed below. .,

Scale.ofltbe'
b The scdle’ of’ the photo d;ta bases no belng used with the APPS is&

1: lOO OOO. Dhta base scales as small as 1f 160,000 are being considered

for adoption, At a scale of 1:100,000, ten micrometers on the data .base

- ;represents one{ meter on tlie ground. A maxiuum of 20, meters per coordi-

‘nate dimension'has been prbﬁected in the APPS error- ‘budget for 'the

transfer accuracy of points locatedain.frlendly terrain, while 50 meters
per dimension for transfer accuracy of points located in’ enemy Lerrain _
has been allocated.” This means that a target point must be transferred

" to the data base with an accuracy of 1/5 millimeter (200 micrometers).

4 promlnent scene features it may be extremely dlfflcult to transf

i

J.

I

This leaves very little margin for error, dnd in areas with few or ‘no

point by association" to this accuracy. Ps

*

*Scale and Geometry of Reconnalssance Photography
¥ Targets can be 1maged by any one of-a var1ety of reconnaiss 3
cameras. > Panordmic and oblique cameras produce photographlc inageny
that has geometry different from that produced by vertical frame °
cameras. The farther the target is from the vertical, -the greater the
difference in geometry. As the Hbsigon is approached it becomes‘dif-
ficult even 4o locate the general area—in which the target is located,’, .
one, reason’ belng that the scale becomes smaller as one moves from the.

‘nadir towards the horjzof, and ground features beécome masked by highec:?f

‘elevations on the caméra side of the scene. These :gnglfions, plus

the fact/that, usually, there is a large scale differénce bet:egn tne
mission imagery and the photo data base, are'-important. factors’when

‘ trying to correlate two dissimilar types of imagery to the requirgd

accuracy. Of course the scale of the data base can be enlarged opti-
cally so it will be closer to tie m1551on imagery scale. The optics
of the APPS are fixed at 6X° 's6 that was the maximum enlargement permit-

"ted for this study. Even if zoom opt;cs are permltted very little

additional useful information can?be éxpected unless 'the data base _
photography is of wnusually fine QUalitx. T .. .
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L s Qome of the other factors that can cause problems in transferring

-~ - - N

- points ares. . T R _ .

3

‘e

1“"b '_"n' . Seasonal differenqes\in the time of exposure Of the
‘. . data babe\photography and ‘the: mmsslgb imagery ' “4 A

v T Different acqulsitlon times of ‘the-data base and the

- ?4 SOl mission’ photography. New: roads, railroads, and g

, ') - housing developments, d1fferent water levels of rivers
oLt T and: lakes, d1fferent crop " patterns, . etcy may be\on R -
gwy one'photograph and notthe ‘other. Thls may dause con-
T . fuslon in transferring points. R iy

\,U -. P - : . ‘ . ".\"b ) . . ..l \V “./‘. . ) N | :\,.’
,-"% : o OBJECTIVE. ~ : S

ol

' i - : : PSS -
' ,ﬁ‘J The Q*jective of this study was to- determine how well an image'

interpreter could transfer image points. ffom a reconnaissance photo-'

. graph to a small scale photographic data.base9 Tests were designed to

determine both' the accuracy and the speed of transfer. ‘Mission- (recon~ .

'issance) photographs used in the tests were selected frames from

resolut e. data bases were vertical mapping photographs at "
* -, 1:100,000. scale._‘.,.,» T , _

T L . . Y . ,

SCOPE

A

- - -

3

' This study was llmlted to  the one-act pf transferring points from
., One t)pe of. photography (mlsslon imagery) to another type of phoatog-,
raphy,{data base). The' transferring was done visually, i.e., no- instru-"

-k

mental aids, othér thag- small tube-type or linen tester magnifiers, were

2 allowed.. APPS: operations were approx1mated by using, in this study, the
"same type of photographlc material used in APPS, -by limiting the magni-
flcatlon of the data: base to 6X, and by using, the same scale data base.
The tests were des1gned to provide 1nformatlon on the accuracy and speed
of transferrlng points from m1s51on 1magery for comblnagdons of the
folloW1ng varlables. : -

<.
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. Types of imagery (vertlcal, panorach, obllqu67 : '
Voo .Scale o A o S ‘ : .
e Resolutlon (pos1t1ve transparency vs. papet prlnt)

. Polnt/environs relatlonship.

>

i~?~ T METHOD
' ExperimentalfDesign L “’A' , .

1.” The effects of Priat Type, Scale, and the 1nteraction
“two variables were between groups. The ‘experimental '

< design foy each of the non-vertical photos was also a 2x%2 factorial.
The effec of Print Type was between groups, but the effects of -




Position and the interaction between'thdﬁguo varlables';ere within -
groups-' As ¢ be -seen in Table 1, each group, of subJects transferred.
the points from four mission photos-—one vertical photo and three non-
"vertical photos. s : : -

- v

. “Table 2 shows the. order in which the four mission photos were.
presented- to each of the groups. - Within each group, half of the sub-
jects were given one sequence c¢f the four- phgkos and the other half

_another sequence. The(fhoto sequences weré varied across groups

. to control for the effects of time~correlated variables, .such as bore~.
dom, fatigue; and learning. An equal number of subjects were presented
with each non-vertical ‘photo, first, second, third, and fourthrw,Fbr-
7example, five subjects worked with By the oblique transparency first,
a different flve subjects with it sécond, etc. An-equal number of
subjects were presented with each vertical photo e1ther first and
second, or third and fourth. , L PR

Forﬁeach photo, half of the subjects transferred the points in
one sequence and the remaining half in the reverse’ sequence. Iq the
case of the non-vertical photos, half of the subjects transferred the
points starting at the horizon and working- toward the nadir, and the
other half transferred.the p 1nts in reverse sequence. This was done
to‘minlmize any bias in performance .on the*Near and Far points and on &
the A and B points. due to the ‘potential effects of ‘any time—correlated

'variables.. ‘
s . . .

.
RN o .
P ) -

Subjects T
Forty enllsted image interpreters from the 15t M111tary Intelli—
gence Battalion, Aerial Reconnaissance Support (ISt MIBARS), Ft. Bragg,
North Carolina served as, subJects% The experlence of the image inter-
preters ranged from one year to ov%r twenty years. The forty subjects
' were assigned randomly in equal ‘fumbers to ong of four groups. A piven
. combination of Print Type and Scale for the vertical photographs was
_ assigned to each group. Thus no subject viewed the same scéne more
than once. Transparencies:of each of the non-vertical photos were
assigned to two groups and Paper Prints to the two remaining groups.
‘Here, again, no subject viewed the, same scene ‘more tharf once. The
experimental condition by groups 1s\shown in Table 1.
- . _ . . ) »

- Variables

- Independent Variables. %here were two independent variables for
the vertical mission photos and two for the oblique, the high pan, and
the low pan mission photos. The independent variables for.the vertical
. photos were scale and groUnd resolution.  Scale change was achieved by
selectlng different f11ght altitudessand resolution difference was
- achieved .by. the use of paper- prints and transparenc1es of the mission
photos. Hereafter these two' variables will be referred to as Scale
and Print. Type. The- 1ndependent variables for each of the non-vertical
photos were Print Type and Position of- the point (Far vs. Near),. Near
“'points are def1ned*as those located in the.-half of the photo which is

1.
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v 3 “Table 1- i
S ~EXPERIMENTAL CONDITIONS BY GROUPS
J MISSION PHOTO o | | ?' PRINT TYPE
T . . |_SCALE Paper parency.
. \ ‘_1 '.’.. - : ’_ L 1 . .
ol Vertical aree Gp 12/ { 6p 2
e, : s Sm?ll 1 ep .4v Gp 3
PRINT TYPE
' L ’.' o ) oo L . o 'Trans._
) S et ' . |LPOSITION Paper parency
. Far - 6p 3 | Gp'1
.. Oblique’ : + +
o Near’ Gp 4 ' Gp 2
"PRINT- TYPE
B “. | Trans- '
POSITION _Paper parency
S = | Far Gp 3 Gp 1
“High Pan ., - -1 ot
ot v . . Near ’ Gp 4 : pr‘Z
i PRINT TYPE
I , Trans-
: POSITION. Paper -parency |.
o Far g . 23 3
Low Pan - | — .t
: . Near {»_G.p 2 ) ng 4

210 subjects 1n'a'gfbup (Gp). .Each cell répreSgnt; a photo.

5o




ST . Table2

q

* ORDER OF MISSION PHOTOS BY GROUPS

_ -~ ORDER .
GROUP- | N | 1st |* 2nd | 3rd | 4th
Gp 1 B A LBy | Do |Gy
' 5 | Dy .| €y oA, ' B,
Gp 2 51, By _ ‘: D2 (.:'l.r . A,
5 C, A B, PR
3 Gp 3 5 As B, D, Cs
5 D, Ca A, B,
Gp 4 5. By D, €2 . A,
“ 5 C, A By | .0y
NOTE: A = Vertical Photos
' -1 = -Small Scale/Transparency
2 = Small Scale/Paper Print
3 = Large Scale/Transparency .
% = lLarge Scale/Papeg Print
_ B = Oblique. Photos |
- C = High Pan Photos
D = Low Pan Photos

For B, C, and D -

- Transp rency

1
- = Papenr Print



’

closest zo the vertical. Far points are, definew as those located in

the horizon-half of the photograph. S - - .(g
: Dependent Variables. The dependent variab._es for these tests
*  were the location error ‘(in micrometers), and tne time (1n seconds)
tequired to’ transfer a point. . L o .

Control Variables - The control wariables were the two types of
points, A and B. The points were selected. 1n~sarms of" signlficant

‘ background deta11 i.e.; p01nt/env1rons.

s . ) N

N
Development of Experimental.Materials

btimuius Imagery " Mission imagery was chosen that was fepresenta—
;. tive of "Army reconnaissance phdtography as to type, quality and scale.
‘ Further, the test materials issued to the subjects were printed on two
*  typew®of emulsion bases--paper and -transparent(film). Preliminacy tests .. ..
confirmed that more of the available resolution in, the negatives’.was,
'retained‘by ‘transparent prints than by paper prints. (A 40 lines/mmuphoto
negative .contacted onto standard photographic. paper produces paper : ,°
S prints having a ground resolution of about 22 lines/mm. The same negaeive !
"vcontact printed onto copy film produces. transparenc1es«hav1ng a ground v
resolution of about 32 lines/mm. An 80 lines/mnf negative yields 30<lints/mm
paper prints and 55 lines/mm transparencies). One portion of the experiment
‘was designed to compare‘transfer performance when using paper prints ("low'""
resqlution) with performance using transparent prints ("high" resolution).,
The characteristics of the mission and data base imagery are shown in
Table 3. :

3

’.

. Pointﬁselection. Transfer points were selected- by examining the
missiorr and the data base photographs using 6X magnifiers. The points
were selected carefully so they could be classified logically.in terms
of their proximity to features.' Although three’levels of proximity were
. considéred originally, it was . found that a two-level classification;
Type A and Type B, was more meaningful The two types of points are.ri
defined as: : C ’ ' ot :

Type A - Points on a feature identifiable on both the'
mission and the data base photographs. (For

B ' ' example, a point on a road intersection, a
. (building corner, a bridge, or a drainage
attern.) : : L B o

Type B - POlntS which are more. than 200 meters. from
a point identifiable on both the m1ssion
< and data base photographs.;,;

*
o &v R
Test Materials.  Test material produced for each subJect con-
sisted of four frames of m1ssion imagery and their associated data-

bases. Two . frames were paper prints and two were transparent pr1nts.
-~ The data bases were pr1nted on a pigmented film base. '
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. . Y -K\. Table 3 e
T %/  CHARACTERTSTICS oF {THE MISSI&N AND® | _
v . . ; THE DATA BASE PHOTOGRAPHY ' TN
:; 1'§ ﬂ’v/ R Missron‘Photdgrap;y . . .
: Code L'bcatibn Y Type of Phot’ograghy “Scale Photo Base
jJ"_A}f' Ft Belvoir Va.,,'High Alt Vertical 1:20,000 H'Transparepcy
-y A2 Ft. Belvoir Va. ;,High Alt. Verticm}ilf 7 1:20,000 . Paper |
"fAS;.th.Belvoir,VaQ» Low Alt Vertical ,'1:5;000 Transparency
.&4 Jth;BelVbir,Va. Low«Alt’Vertical "~ 125,000 ~ Paper o
) BL - T Ft.sill, Oklé _, f »Lov)‘ ObliqUe . +."% 1:10,000 . Transpatency
_ ‘.’“ . _ s (at nadir) . , " -
- * B2 Ft 3111 Okla. -'_ Low Obliquq ‘. 1:10,000 ~ Paper
L4 S L »T .. - ~h: . <
,.f,, Gl. Alexandria Va. Hfgh Alt Panoramich/ -1:30,000. - Transparency
C ‘CZ ,-Alegandrla,Va. , High Ait Panoramic {?50?88%F) Paper .
2 'DL - Syracuse,N.¥. - Low Alt._P,anoramic ' '1:30;000 Transparency
B T (at nadir) R
D2, ‘Syracuse,N.Y. :Low Alt.Panoramic, |, 1:30,000 Paper -
PEE e “ N T °¢' _\ .'. N . K . : .- <.-.
. '“"ru:_ﬂ. : W Data Base.Photography s = = . =~
_ R RETR e » .
7., . Code Location . : ¥ Scale - Photo Base
e T Ty
. & . .Ft.Belvoir, va. & .+ 1:100,000 . . Cronapaqued/-
. i . r .- ’ .
B .. .Fe.Sill,Okla.( . .+ . 1:100,000 . Cronapaque
Co é.?n'-.Alexa -ia,Va.~/ ' " :1:100,000 Crdnapaque
’ P i Syracu ”N.Y. - ' l:I@Q,OOO? .,'WJ.Croghpague .
. \ . 3 NP . ’ . . —_— N . R . . . h
T S U S ) ‘C?) v
LLE S : L . .
. I — A . ‘ © o R
. ‘az- .} : . > - : o S
2/ see Figurg -1 v¢_ > o . : B T .
 Yse Figwea2 /0 T A
£/ See Figure 3 7 ' : L ‘

.;d’ —/ Cronapague ‘is the trade name for a trenslucent, low—shrlnk film e
. used*for . the APPS data base. Commercial or trade names are given
oniy in the interest of precision in, reportlng experimental pro~-
cedukéss . Use of the names does not constitutq official. endorsement
by the Army or by the U.s. Army Research InsLitute for. the Behav1oral
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Pilot Tests -, 2 o ' o A "[ o o
letTea g DN
oo Pilet ests wetefconducted prior to the prigcipal- testg._ The purpose
“'of- these tésts was to provide a realistic assessm?nt of the test materials,
test equipment, test procedures, mensuration, andfdata proce951ng. Also,
these tests provided, useful data on the time that would e required tg
conduc’t "the principal tests, Personnel from the Army Re eard1ﬁhsg}tute,
'the Engideer Topographic'Laboratories, ‘and the contracto part1c1pated
in the téstsz All pilot test data were measured, graded and analyzed.
. S ‘ . . o

»

. ~ A

’ o Yy e v o : .
‘Subject Training , N ‘ )

- \

> i

. . : > {

o . Testséquipment, consisting of a, llght’table, two six- -power magni-
fiers, a pdincfmarker an electrical timer, and a high’ inténsity goose-
neck lamp, was issued to each subject (See f?gure 4), Photographs of the
APPS’ equlpment ‘'were shown, the equipment was described and the’ subjects

" were told the’ purpose of the tests. They were instructed on use of the
test equipment\and on techniques for maklng point transfers. Sample
mission and data base photographs were issued and the subjects were asked
to practice transferring points from a mission photo to the data basey -
Instructor personnel observed the subjects to ensure that each one was
_adequately prepared for the tests. .

‘Data Coliection (PrinoipallTesbs)

'A packet of test material containing all mission photos, data base
photos, and sheets for recordlng the time, taken for each transfer was
issued to.each subJert. the sukjects qbrn told that, even rinough. .t ime
was being recorded, there was no time limitation and that accuracy, not
speed,, was of paranount importance.' Each subject was required to trans-
fer 30 p01ntb on each'of. fdur—ﬁissvon photographv by marking the 'location
of each pOlnt on a data bage! and recording the;tlme;takeﬁ-to transfer. .

_each point., ‘ﬂ}H’ - ' % ’

It required from 1 to, 1% hours to trausfer the 30- p01nts ‘from a _
slngle mission photograph.~ After each se551on a critique vas held to .
- get the views' of the test subjects concerning Lhe tests aud the test '
Jdequipment. .All tests were completed in seven working days.

-
4

"Five mission- phoros were uzed in the tests but the two verthals
‘coyéred the same ground area. Only one vertical mission photo was

Lk °

assigned to a subject. , , o o e

N -12- o . o . .
o , : .
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~StutisticalfComputations; S T
: Prellmlnary Scrconlqgfof uata. Inspectlon of the locatlon erro:
data. revealed that- 3 ,of the 40 subjects did not follow the procedures
adequately, so these subj 2ts' data were not usgd. 1In addition, one

sobject's data for the high pan photo Paper A p01an were not used. It
was apparent that on half of the Far points, he had mlsldentlf;ed the
approprlate features in the data base. : -

v

The data from three points in the low pan phot0s~here also elimi-
nated from the analyses. One poiat was a Far A point, one a. Near A N
point, and one a Far B point. On2 of the points was eliminated because’
a valid solution could not be obtained for its true location. The other
two poirts weré eliminated be.:use over half of ghe Subjects did not
attempt to transfer then. Thus for the low pan photos, there remalned
‘a total of 7 Far A poirts, 6 Near A points, 7 Far B points, and 7 Near
B p01nts, : . v , <,

, About 2} percent of the required transfers werg either missing or
“‘could not’ be scored for the fcllowing reasons: the subject made a-long
scratch or the pinprick.was sc large ‘that the intended location of the point

cpuld not be determined; he selected the wrong point; or, bf'far the = it~
. common reason, no pinprick couw_.i e found on the data base, or the s.» cc
noted Lhat he: could not find === point on thevdata base photo. .
Arter the study was completed, it was discovered thdL, due t0~- ®
v '.Llerlcal grror, half of the subjects assigned to the oblique photos
" were not given the point numbers apnrop-iate for these photos. Instezd, _
they were given the 39 point -~uwbers zp voprinte for the ‘ﬂrtlca'.. -

photos? As a consequence, these subjects transferred 14 A poxntg ‘and
16 B points. instead of 15 of cach tyﬁe=;»kén A points and 7 I points
were in.compon- with the p&ints transferred by the other nalf of" the
uUbJPC*S. 111s «did noL seriously a@fect the data analyses.

o %

+

) Prnpa)nr*nn of the Data _for Stat1,t1(al Analvsis. Fhe measure of

each suchct s location grror “performance for a particular experimental
tondltlon wis the median of the errors he made on the points for :hat

R

condltLon. fhe median rather than t' - mean error-was useéd secaus., for
" many of the subjectls, the diszr il of errors across points was
genc¥ially positively skewed; _lu nany subjects made = large error

‘on ome or two of the point-. I ject was missing am crror score

for a particular point, ho wa- mued ancartificial sceore which was

LhL median of tht other subje. -~ ars-for that point. ' ..

For the vertical photos. : _;siiah errors were compt i forﬁeach .

9UbJ€Ct~—OﬂL based on 15 A po” -ad one based on 15 B pe¢:ints. Yor

the non-vertical photos, four n:s wers rcomputed for eacn subjer :;

h N ) o il . -

for the hipgh pan photos,  thesr ins wer:  aset on 8 A anu 3 B Far
Tt N - B - . ’ N - T .

points,.and -7 A and 7 B Near p. . Cs; tor .2 lLcw pan photor the

‘ ,,'-,,- . o . ) K 7

s ’ s
e ) » e
-l. ~
b
© -—L \
o _

O
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3 4 | . E | o , P - -
v . . . ) ' . >
. ‘4 medians—wére'based on 7 A and 7 B Far points, and 6 A and.7 B Near .
" points; for the obl*que phutos, the medians for half of the subjects

. were basec 8 A and 8 B Far p01nts and 7 A and 78 Near points; and
for the otr‘ h- 7 of the subjects, the medians were bised on 8 A and
. 8 B Far R? — ’:'d 4 and 8 B Near p01nts. -

l

e “"Ject s median errors were used in testing the
ficance of the effects f the varlous independent vari-

ables. Th istriczl. tests (andlysis of varianc e.and ‘t tests) e
«used to t -only the significance, but to decermine whether or not

levels.of the independent variableg'shbuld be_combiped for descr}pt&ve

K ‘statistica

’

_purposes, . . .
Scoring . T -
' ; . . S
Point Lccatxon Standards. Point locatlon standards (school’

solutlons) wvere establlshed for each frame of missZon 1magery. o

B 24
. - 1

The & peints oh the missiof photo were located visually on the
data base and th: location of each p01nt was marked with a pin prick.
The B points cou.d not be transferred accurately in this way. A series
~  of tests showed that sufficient accuracy could be attained by analyti-
calLy transferring the B points from the mission tc the data base photo-
Y, graphs. To perform this., an eight-parameter projective transformation
was chc==n and programmeu on a CDC 6600 digital computer.

\ “he true lecations of the points were determined in the following
manner . Each mission pheto, which had been marked with A and B points,
~vas placed in 'a precision comparator 3nd the coordinates of all points
were measured and recordéd on p: ‘nched cards. ~he correspoﬁdlng data
basge plhioto. was placed in the comparator and tne fiducial markers and
all A points were measured and recorded on punched czrds. A series of
local transformatio:s was set up. A local tran\forz::lon was made up
of B points surrounced by A‘'points.’ (Additionai "¢ccazrol" points wer
‘added in areas where there were. not enough 4 points o effect a strong
transformation.)- Since the A points were maasured c - both/the nission
and the data base photographs, transformation paramc:ers cculd be
computed. Us1nv these transformation: paran’ters, tn- B points
(medsu¥ed on the mission imagery only) werc tronisiormad into the data
base coordinate system., The computer program ‘r_nt_l out the X and Y
residuals of the A points. The size of the residual: was a good indi-
cation of how well the:E points had been transiormed A typical layout
of A and B points for an oblique local trarsformation is shown in
Figure S. + Thet computer printoul for this i3 shown in Figure 6.

- © - ] \\—' .
The true %ocations, then, are the data base comparator coordinates
'/ of the A points and the transformod locations of the B points, if the

data base LoordLnate systtm. .

.

Lo

A -

a
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QO "A" Points
P S
® *B" Pdints

;Figuré 5. - Typfcal Layout For A Local Transformation

.

Figure 6. - Typical Printou

For A Local Transférmation

~16-

Cyry
Pl .

Forr SILL . M .
CaLlI oRATED VALUES ' .
B ’ . . -y
Iu - . Y. . . . P -
; o 2519 L1576 7L un, 48763494 30C .
- 2122 157705.331 . 482573.100
2038 1733352, 463 4314504 Juy
2ust 1ou/~2edud’ 631udeeual -
2ibe 1713294400  437.T6.400 P
. HMEASUREWD. VA r ve's® n .
. . .
) x : Y
219 5753644720 © . 569773.339 -
.22 Be7413.024 508322.450
. 2le3 ©Jo876.i1) 53%50,0u0 . C
we, 5i51de .00 2J901.238 Note; All values in micrometers
) el - 57157 .34y 237272.600 .
1) caL « Cat CTREA X TRAL ¥ RES X RES Y
2Ly 15.7-7.L30 37039, .00 155745.796 4375374440 Y R2.738 ¢ " 1.256
FIVEY 1077250t 48276, suu 1577:4.251 632578.155 15.749 -.165
RN Llanizaeet 43iv30. ,{w 173825.75- 4924574431 5245 ~3.131
3 ab Twlenul bl e 1837404940 LB8l55.618 . 14053 w389
P 2718550008 37.70. suu 171358 ,.655 L87677.533 -13.635 +167
’ RHS X 8.965129 RMS ¥ = ,722108
0 . L4
& .
ANLSFORMEU .VALUES N
. .
. 73 X Yy
it 1927,7.355 ©91323.597
cell . e oo 1590544959 GBe202.7.7
2u2s. 171660251 £89833,205 o7 i i
23¢9 . 193L/0.0b31 Ldo477.193 .
P i B 720652 L£24560,295
e RN ! PSS WY ©84L19.331 . ‘
c3is 175125,954 LB8e711,846 .
. 2aun 175628151 L834ud.uit
cinb L2751 XYL Y4 t.4d42%0,698
..b )
~



Q

ERIC

Aruitoxt provided by Eic:

P . .
«

_ T " “'J"’;".. ./
Marking ErrOr* A '

A . Y. . -.\0.

’ Mensuration and Error Vect¥r Computatlon, : Each of the.forty

(#0) test gubjetts tyansferred thirty (30).points t6 each of* four data

. base photographs,. E&ch data base was placed in.a precision comparator

and the coordinates of che four fiducial-marks and the 30 points were
measured The output of these measutements was. a punched card for each
transfer—ed point showing th SubJect Mumber} the Mission Photo Code
(Bl, B2, £, etc.) and the x and y coordlnates of the point.

’ : .

Programs were, written for the CDG 6600 computer to proéess the’

4.

measurement data. A transformatlon program wgs used to place the sub-

ject's measurements into the approprlate data base coordinate system.
Thus, the coordinates of all points on the subject's' data ibase could be
compared ‘directly with‘the: true ‘coordinates of thelr coangate points.
The computer’ feintout contained ;th& errors in'.x ‘and y and the error
vector (10cat10n.error) for each point, in micrometers (SEe Flgure .
At the scale of the data base (1:100, 000),.ten m1cr0meters equals one

meter on the ground.

.

e . e . ~

N . ¢ LA o RES.IJI‘TS ’ - é’ R . . ) a

. :
One factor that has a d1rect bearlng on transfer accuracy is,the

acc acy with which a person canfoark a pre—selected point. Tests.
madé with six sulijecte-showed that, at a scale of 1:100,000, the error

in markinc was léss than two meters on the ground.
“.L.
. B . . PR I
Location Errors g : o .
) . M * N 4

T"he location errors for each type of mission photo are descr1bed
in the following four sections. Within each section,  the results for .
the A toints are presented first, and those for the B points second.
For each type of point, there is” a table of etrror means by levels of
the incependent variables, statistical tests ,of the effects of the -inde-
pendert va:iables, and a description (or descr1pt10ns) of the location
error i tue’form of cumulative percentage distributions. Descriptive
statisv .cs based on the cumulative percentage of error in meters were
consider=d more appropriate than those based on the normal distribution

aSsumptlon because the dlstrlbutlon of errors was positively skewed.

»
~

A cumulative percentage distribution was presented_for each level
of the independent variables if the effects of that variable were sta-
tistically significant (p < .05). If the effects of a variable were not

statistically significant, the data were combined into a composite

: - . . C o, . . . . \
cumulative percentage distribution. Artificial error scores are not
* * - £ (] *

included in these distributions. ) . . -

. Vertical Mission Photos. Table 4 shows the error means fog the
vertical photo A points. It is apparent from the table that there were
only small and negligible differences among the means. for +he different
combinations of Print Type and Scale. :

r

. f) ~ : P)
- N A . - N * .
° - ‘ ¢ _17_ . e ) . .
: : . . : ' . '
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A © VERTICAL MISSION PHOTOS : o
N x’= - ‘MEAN»LOCATION ERROR (METERS):EEB A POINTS . o~
- . : .*_PRINT TYPE |
ST o N . Trans-" [l Mean |, . .
wmé < - _ .| SCALE" Paper ' | parency- Total : S
- L] T m v, . . ‘ "
s S Large’ 7.6 ' 5.9 ‘
r . . ‘ rg (]0)3/ (‘8) . 6.8 )
‘. Tl - 8.7 . 11" L
SR R LLLI AT s ST W A N
é' S Mean. ‘s ‘.‘; ; . . s . ; o
~ - Total 8.2t ). E;é ) ?.4 » T (a
S : o .EjNuﬁber of subjects. _ . -7 e .
a b . ' ’ ‘ !
;)' » . ) . J ] "' -
l‘ a ’ ' ’ . N § * *
v : ' - : . o,
. An analysis of variance of the data (Table 5) indicated that the' -
effects of Scalg& Print Type, and, the:fnteraction between the'variables -
were not’ statistically significant. .The data from' all levels of the .-
independent variables were combined.’ ) ' o, -
. . :./ * . ‘\‘ :_ ‘~ - N ’ -‘
st y CT ey ToTables g L. e
A ' -VERTIGAL' MISSION .PHOTOS
coe ANALYSTS OF VARIANCE, OF . _ ° ,
‘ LOCATION ERRORS (METERS) FOR A POINTS
| Source daf ‘ MS _F_
. ? . N .
! Scale (A) . 1 12,28 1.48 S
Prints (B) 1 . 24.52  2.96 -
D . A xB =1 - .01 <1.00
}
Error 33 . '8.27
. , “ ;‘ ) ‘
» ) ' "
N I ’ . ?

- . '

' Figure 8-sh0ws.}he cumulative percentage of location error (in
meters) for the A points. The figure may be interpreted as follows: if
the interest is in the typical or average error on these podints, s&lect
50% (the median) on the ordinate.and read the -value on ' the abscissa _
(Iocation error) that corresponds to the point where 50% intersects ,the [
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.Figure 8. - Cumu]at1vé percentage of 10cat1on errors. vertical -

. m1s>1on photos/A points (N= 542) _ o
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function., I& Figure 8 that value'is 8 meters. This means that half Gf
the errors were-less than -8 meters and half were greater than 8 meters.
Jf the interest is not in typigal performance,- buterather in some point
‘below, say 75% of the errors fall, select- 75% on the ordinate and determine

the corresponding error value on-the abscissa. -In Figure 8 that value is

+ 11 meters. . In other words, 75% of the errors were less. than 11 meters

and 25% were greater than 11 meters. Interpretations may be made in the

' same way for other pércentages.

, o +, )

Table 6 shows the ‘error mearns for the vertical photo B p01nts.

JThough the mean errors for the’ Paper Prints were slightly larger than

.-

-the/variables were not statlstlcally 91gn1ficaﬁt. The data from all

they were for the, Iransparen01es, am.ana1151s of variance (Table 7) - -
*showed that the efﬁects 'of Print Type, :Scale, and the 1ntera€t10n between

\4

o

-levels of the_indepeqﬁeﬂ% variables were combinedj
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'TaBIe 6

S aTT LS YERTICAL AISSTON: PHOTOS -
. MEAN.LOCATION ERROR (NETERS). FOR 8 POINTS

-

} PREAT TYPE |
L_SCALE . Paper - | - parency ! Total
Large || 23.9 |- 2000 f ...
o b QloRs | (8) . )} 22.0
S s fary U Taag L
SRR *(10) (9) >~ 23:9

are

e S ‘Mea’n.

\ : ' IR B Tcta] “_25-"5'. ' 24 - 23.0.
-

JNumber of sub,_)"evcﬁ.’s‘.“ |

N
AN
1

N

~t
': ‘

o v_”-'-f © Table 7

‘VERTICAL MISSION PHOTOS + - - . T

T e ANAIYSIS OF VARIANCE OF - -
o i...  LOCATION-ERRORS (NETERS) FOR B POINTS

‘~:'r,

R SCale (A) -','-;.1‘- 34,59 - <1
” L Print (B) B
¥ ,- ' - ‘: A x B f'. ,.‘

242,61. 8 3,73

13.83  , <1
Error S . 33 64198

. i FLgure 9 shows the cumulatlve percentage of location errors for
the vertical photo B point:s. The median error was about 20 meters.

e il w

: Source’ . CTdf s C_p - 000
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OBlique_Mi,sion Photos. , Table 8.-shows the error means, for the

' oblique photo A points. (The means are based on the performance of two

: subgﬁoups of subjects. - As pointed out earlier, the two subgroups did . 7

- not transfer alr of " the 'same poin:s ')  The error means were "larger for ¥
the Far points than for the Near points and larger for the Paper than -,
for the. Tranqurency. o s , - '
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: : - : ) Table '8 ) : e
e R ‘0BLIQUE MISSION.PHOTOS E
S “MEAN- LOCATION ERROR (HETERS) FOR A POINTS
S Po§irrbu' PRI”T‘TYPE :
o “OF L) - | Trans-. Mean -
N “ . POINTS _Paner . Darency !l Total |-
e b e 2408 ] 2008 -
R B 16.6- | 93 . oo
e 4 » - i
. e Mean‘- , 1 S
" R . ¥ Total- 20.6 15,0 || 17.8

» But an analysis of variance (Table 9) indicated that the effects
. of P081tion, Print Type, and the interaction between -the- varlables were
not stagistically significant. Ihe*ﬁata from all 1evels of the inde- o

- pendei variables were. combined ‘ I -
. . L
o Tab1e 9 R R
T B ,'_' 0BL1QUE MISSION PHoTos R
- - . L ANALYSIS OF VARLANCE'OF =~ . - 7/ ]
LOCATPON ERRORS, (HETERS) FOR A POINTS - .
Source" o .df'" .'M&' F 42 0
Betvieen o - ‘
Subjects - 36 AT -
' Prints (A) ~ 1 1,915 3,57
- Groups - . . 1 1,080 . 2,01~
"Error’ 34 - 537
‘Within S _ .
. -Subjects: : 21;- _
Position (B) 1 505 2,28 - &
" AxB 1. - 152 <1.00,
o \
Error . 35 . 221 .

. ._2_3“_4 ' Qt
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Figure 10 shows the cumuiative percentage of - location error for.
the oblique photo A points. The median error -was about 11 meters, -
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'77§-F§gure 10 Cumulat1ve percentage of Iocatxon*errors L ob11que
mission photos/A points (N 529)..;j;h_;w AN

. Note that the median error is. somewhat smaller than the mean total
.of 17.8 meters shown in Table 8. This difference is due to the poai- .
tive skew of the error distribution, . If a distribution of measures is

positively skewed, the mean will. be larger than the median, and the’ ,
magmitude of the difference between the mean and" the median will depend
upon the amount of -skew. Differences between the means and medians 2
will be evident in the remaining results and will not be commented on

further., ¥ a

Table 10 shows .the error means for the oblique photo B points.
(As with the A points, the means are based on the performance of two
subgroups.) The error means were larger for the Far points than for
the Near points for both Print Typ but there was no substantial, .
consistent difference betwéen the means for Print Types. ‘

. . . . .
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R -Table 10 e e

OBLIQUE MISSION PHOTOS . L
MEAN LOCATION ERROR (METERS) FOR B POINTS -

I T .j ‘ S - ’ : -
T L posiTion |PRIST.TYPE :
' o ' ' A .OF. ST Trans- Mean.

pPOTNTS Parner parency Il Total

2 | i3s3 || o |
s-|. 344 | .
Y 1. (8) | 35.0 -

Far = 119).

Near.

o o] Mean: U R TR |
L S L Total | 83.8 |  86.3 85.0,

aL/ L e
. ¢ A Co o
. . . . ‘e .‘v.— . v
v . An analysis of variance (Table 11) indicated that only the effect
"~ of Position was tistically significant (p < .0l). The data from the
two Print Types éere comblned for the Near andtfor the Far points. P

Table 11

o NI OBLIQUE MISSION PHOTOS
SA T ANALYSIS QF VARIANCE OF
- f“~"";'ﬂ***:LOCATION ERRORS (HETERS) FOR B POINTS

S Source .- df- . _Ms . _F

© /- Between o g
' . Subjects 6 T
e T _ Vel PR :
X fPrints (A) 1 ..114 .<}.0“ >
Lo g " 1. . 556 <i.0 .
LErrert 34 agsyo 0
Within ‘ ‘

Subjects - a7 : -

o - Position (B) ! 185,626 ‘;58.24**

- .. T AxsB t 237 . <1.0

E .. Error ' 35 3,187 o

*

**p < .01

Cha
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- Figure ll shows’ the cumulative percentage of error for the Near '
-and for ‘the Fa% B points, . The median errer for the Near points was 29.

,'_Ime"ers and_for. the Far. points 104 meters. . . .. Caeo oo
100 ¢ —_— —— ——

‘CUMULATIVE PERCENTAGE

© 20 f? R B | -,'Neag | Om = (N=269)
_ N : e Qe (127
,10ﬂ1/° - . o o "55f . '.*'1"l 78?)
| 50 . 100 150 200 .250 ' 300 350 ..400 450 -
LOCATION ‘ERRORS - IR

'J-.,-.

C(METERS). E

) F1gure 11‘ Cumulative percentage of Iocation errors.. ob1id§e
' m1ssion photos/B points. .

A

: . : . A . .
High Pan Mission Photos. Table 12 shows the error means for. the
high pan photo A points. ‘The error means were, ‘larger for the Far points

than for the Near points for both Print Types, larger for the Paper than
for the 1ransparency for both Positions.




Table'lz

WIGH PAN MISSION PHOTOS

l MEAN LOCATION ERROR (METERS"FOR A POINTS .

- N " - - TRt . — -»"»’ ‘.‘;‘ Co "'P‘""‘ T o
PosITION |——Riil TYPE .
, OF , Trans- ~Mean:
POINTS Paper parencv Tota{
. ll20.6 11.8 | 365 1
far sy | ey 182
o 10.9 | 6.2 L
Near (18) | (1eX 8.6
Mean . ' o .
Total | .15-8 9.0 12.4 |,

'3

, An analysis of variance (Table 13) indicated that the effects of
both Print Type and Position were statistically significant (p < 01),
but the interaction between the two, variables was not. The_data from
the two Positions were combined for the Paper and for the Transparency,
. and,, ‘similarly, the.data from: the two Print Types were combined for the
- Nea; and for the Far points

-~

SRR S Table 13 -
HIGH PAM MISSION PHOTOS

ANALYSIS OF VARIANCE OF -
LOCATION ERRORS (METEPS) FOR A POINTS eh,

-‘)j ) Source I df" _ 'MS F" - ,'~~HMI;T.-V
Between O ‘
Subjects 35 s ;
Prints (A)k’ 'J;;:'“J832 9.04%% .
cError 0 3a 92 s
S Within . o o -
v . SubJects 36 .
QE ) PoSltlon (B) I l;539_ 20.78%% :
o A xB- 1. €77 - .54
' Error 34 50
T mp o1 |

o
Co
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; .

. . Figures 12 and 13 show the cumulative percentage of errors for the
. Paper and Transparency and for’ the Near and Far points. The median
. error for the Paper was' 12 meters and. for the Transparency 8 meters.
~The ‘median error for t:he Far point:s was 12 met.ers and for the Near
. points 7 met:ers : : .

100

mission photos/A po1nts, Print Type..
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The error means wére larger for the Far points 'than for the Mear.
p01nts for both Print Types, buL there was essentially no ditfer#nce
between the means for the Paper and Transparency.
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Table 14 shows the-error meansyfor the high ‘Pan photo’ B p01nts.



Table 14

L ~° . HIGH PAN MISSION PHOTO3
4B MEAN LOCAIIQN~ERROR~(H£TERS)fFOR B POINTS -~ ~

o . . £
. | posITION . PRINT TYP
e : OF - Trans- MHean )
-~ POINTS Pqper parency.ff - Total
. 571 | s6.0 | ...
Far “(9) | (i8) -f 566
S R S38:2 | 3s.3 4 . T .
L , i Near ) . (]?) i (]8_)_ ). '3}6.7 .
- T y - ) i -
: : Mean 7 & ° ca 5
v |- Toear b o476 | esiz L~*€F'7

.4

. An analysi% of variance (Table 15) indicated that only the effect
, of" Position was statistically significant (p.< .01). The data from the
Paper and Transparency were combined for the ‘Near and for the Far

points. N
s ‘ | '
R . Tablels | )
) .  HIGHJPAN MISSION PHOTOS
' 'ANALYSIS OF VARIANCE OF -
LOCATION ERRORS (METERS) FOR B POINTS.
Source . df ks _F
T Between a S S o,
St ) . 36 o : - t. ’
w * '_ ,,:SUbjeCtS BIETINS S L e SRR B
}‘_,../ .-,._‘f. ; s A." el . Pl“lnt (A) .' 7§ .' ?" <].o » '. = Voo
IR .. Errer - - -, 35 . 749" I .
- ., - N A' . { T . .
. Within - e
Subjects- : 37 <
Position (B) <1 75255 20,@** o
A x B T s <1.0 ° i
Error . 35 348

*p'c 01 @ SRR AN

Lo
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_ 'Figure 14 éhowé the cumulative pércentage df ldcétién ‘error. for"
the high pan mission photo Near and Far B poMts. .The median error. for
the Fér points was 48_meters,'dnd for the Near points 34 -meters. ~ " . .
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Figure 14. (Cumulatwe perrentage of 1ocat1on errors: 'high-,'p.an
m1sswn photos/B po1nts .

' ’ _ Low Pan Mission Photos. Table 16 shows the error means for the
low pan photo A points, The mean error for the Paper/Far points was
‘considerably larger than for any of the other three romblnations of Print
Type and Position, and the error mean for the Tranaparency/rar point was
somewhat larger than that for the Transparency/Near point

s
&\\}
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Table l&

o o Low PAN MISSION PHOTOS -
T MEAN LOCATION ERROR’ (METERS)aFOR A PorNTs

d /s
“ | posITION |— PRIIT_TYPE " o
o - 0F L ‘Trans-" [ Hean M
- POIKRTS - |t Paner parency Total
: — - , -
. T 59.1" 15.6
. Far (18) (19) 37.4
6.3 7.1
Near (18) - 3). ‘6ﬂ7 .
Mean . ;
- Total 32.7 11.4 22.0

" An analysis of wariance (Table l7) indicated that the effectsvof
Print Type and Position were statistically sigaificant (p < .05 aﬁﬂ
.01, respectively) as yell as the 1nteraction between the two variables
(p < .01)

o -

- -32-

‘,_. . . . ) . H . . ) . Tab] e 17 L. R ::—‘. ',)‘ ) s
- LOW PAN MISSION..PMOTOS - - = 7.
e e ~ ¢ ANALYSIS OF VARLANCE OF . : oo
Y LOCATION ERRORS (METERS) FOR A POINTS LT .
S , Sourcg o3 fdf o MS . F ' ot
) Between . j | o
Subjects 36 '
“Prints (R) 1, 8,410  r4,09%
Error’ 35 . 2,054 s
Within- ]
Subjects . 37
) Posﬁtion‘(B)f 1 16,743 "~ 8.61%*
. A'xB i 9;0313 4. ogr*
Error - 35 1,944 -
*p < .05
**p < .01
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33
)



22 k.-
N .

) It_is &ppareht;from inspection of Table"16'thac"thé statistical
‘significance of thé two variables is due almost entirely to ghe large
_error on the.Paper/Far’ point combination. At test for correlated obZ
segygpiqn§_indiqh§edjthat,fq;Athg”ngerwthehdifference_between,thg S
~"i:xfuraans_for the Far "and ‘Near points .was statistically significant
: (t < 2.59, p_<v:02'df 1 and.17); but, fer the-Transparency, the dif-
';;erence'ﬁetwégn the means for the Far and Near Points was not statis-

idally significdant (t = 1.67). Consequently, only the data.from Paper
and Transparency “Near: poihts were combined. = .- = :

J

Figurev15€ﬁﬁow$ the cumulative percentage of .error for the low pan
photo A points! Three cumulative percentage distributidns are shown:-
one for: the Near points, one for-the Transparency/Far points, and one

»  for the Paper/Far points. The médian error for the Near points and the
.. » Transparency/Far points was about 8 meters, and for the--Paper/Far =
points about 19 meters. L s : - -
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_Figur2 15, Cunulative percentagé of loccation error's; low pan
mission photos/A points, _ L e )




Table 18 shows'the error ‘means for the low pan photo B p01nts.
The™ error means for the Far .points were considerably larger than‘ .
A thoge for the Near - ~points for both the-. Paper and Transparencyi _The:
f’ difference ‘betyeen means for the Paper Near .and Far points was con— .-
siderably larger than the - diffecrence between the means for the TPrans-
parency Near and Far p01nts.' Thére was little difference between the
means for therPaper and TranSparpncy Near points.

“Table 18

B LOW PAN MISSION £HOTOS * * RPN
MEAN. LOCATION ERROR (METER®) FOR B POINTS

. - .

.
/

- - f%ﬁr : —_ ‘
w - |posiTion | —PRINT TYFE. % N \
SN, © 0F . Trans- Mean ° ; ) .
T PoINTS | Paner parency Tota : )
oo e Tl 2289 17.8 - 5., | O
. oo Far. .‘n 8) - {(19) - 171.4 v
Y . 42,5 48.3 . ‘
~ - .o} ~ Mean . B : 'm:);"-"' A".“;"~ * e
. r b TOta] ]33.8 ..83'4n .\%‘]08.4 . ] B
Ag analysis §d<:ariance (Table 19) indicated that, effects of Print
- Type,; osition, he.interaction between the two variables tere
statistically significant (' < .05, .01, .01, respectively).‘
s ¢ <o - Tablels o,
e ° v ’ . LOW PAN MISSION PHOT( S A L .
RS Y+ ANALYSIS 'OF VARIANCE'YWF T . »
; ;‘“ T LOCATION ERRORS (HETERS) FOR B POINTS ) ’
L /. ) ¢ ) . L.
' ... . <Source - gﬁ : MS F - e .
Lo Betwéen o L T -
. T Subjects 36 L ‘ ‘
‘ “/;"\ . Prints (A) 1 47,568 7.12*
e T “Error . 35 6,677 '
;” Hithin
"Subjects - 37

- Location (B) 1 286,792 53.76%*

- AXB ‘ 59;"2‘ l‘.'OB'* . ’ ‘_ t e
- Error 35 5,335 '
p < .05 : .. J
*p < .01 ' R
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A T test for correlatéd observitibns indicated that the difference
_between means for the Paper Near and Far points and for the'Transparency
. Faruagd'Neap_pbintSvwas;Spatistically significant: the values for ¢t )
were 5.44 (p < IOIJ‘dfml'aﬁdﬁrBl"and;5.97-(p'<-.01, df 1 and 17). A ¢t
~test- for uncorrelated observations indicated that the difference betwees '
means for the Paper and:Traﬁsparency-Far points was also statistically -
significant (¢ = 3.02,' p < .01, df 1 and 21)3/ The difference between. °
means for.the Paper and Transparency Near points was ‘not statistically :
‘significant.. Consequently, only the data from the Paper and7?rané-

.

" parency Near points were combined. .
. " Figure 16 shows the gumu{ative percentage of'é%ror for the 1bw: pan’
“ photo”B points. Three cumulative percentage distributions are shown: °
. one’ for the Near. points, .one for the Paper/Far points, and one fo 'th%
Transparency/Far points. The median error for-the Near points was 39
. mégers;’fpr:the Paper/Far points, about 183 metéPs; and for . the Trans-
- parency/Far points, about 100 meters. T '

Poiﬁtonanéfer Times - ;
o " Visual inspection of the times taken to transfer the points re-~
vealed no practical differences between the levels of independent
variables of Scale, Print Type, or Position. ' The differences

' amang ‘the levels of the variable~were'On thev9rder of fractions'of_a
minute.  Generally speaking, the mean time taken to transfer points

" ' - was-about 30 seconds.on the vertical photos and about 50 seconds on .

~ the non-vertical photos. v o ot

.' y N . ‘; .. < : ' : hY ’ ' . : - . . o ’ . - ‘ L o

% o . . : ’ ' -

; %
. . . y
k] » /‘ ) . ¢
—
> ’ .

~

-3

2

v 24f 1s 21 instead.of 36 because ‘the variance of the two.samples was not
/ homogeneous.  This -technique of testing hypothesis about the difference
between two means when the'pqpulétion variances are not equal is de-
seribed by Welch, B. L. (1947). . In Winer, J.'B., Statistical Princi-
ples in ExperimentaZ‘Design,zpﬂ”37..NeW'York: McGraw-Hill, 1962. - -
: ? : : ‘
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"7 SUMUARY AND DISCUSSION |

.

:Bécause of the large number of independent variables andotypes of
missidﬂephotos,,a summary of the'location error results is provided ia

s

"ra_ple 20. ' : .
N v Table 20
.o : . SUMMARY OF RESULTS FOR L.OCATION ERRORS
* | B T . : - :
y .
MISSION _ INDEPENDENT | STATISTICALLY | LEVELS OF | ERROR (KETERS
PHOTO . [ POINTS | VARIABLE SIGNIFICANT VARTABLE 25% | 500 | 75%
b | scate " No o A1 revers|
_ \ 'A Print No = . combined 4 7opn
Vertical [—« ‘ — : ':’F— _
' ) < g . |Scale No - A1l Tevels| 5 | ., 36
\\» - | Print No combined '
| - : : | A1 Tevels
<7 A Print - Ro - ] combined 6 oy 28
. L - | Position No
| Oblique ° _ < YR :
8 Print “No. - Far | 44 (104 | 229
Position Yes ‘Near®/ | 14 29 54
3 . _ Paper | 6 | 12 | 35
lPr1nt . . Yes: Trans< - p
. A . - +lparency. 4 B !
' L - Far 6 12. | 32
Posttion - Yes : '
Lo ' - - Near : 3 7| 14
High Pan i - : . — ' — — .
o ) ' Print, No = . Faras = 22 48 | "97
: | Position - Yes Nearsg/ 15 34 | 72
oo ot Y| Far- 1 8 | 19 165
] ‘Print -~ |. Yes ,;Paper‘
1 ‘ o . o Far- - .
K : : - _ T I © . | Trans- 5 1. 8 25
AL R : L Lparency - T
o Position Yes “{Near&yr | 4 | .8 |10
Low Pan F
: =y ' ar- 3
] ) . . | papar 60 (183|433
’ Print Yes Far- T :
- ) : o BRI -Trans- 38 |160 | 233
B : ' . - | parency ‘ 1 .
Pdsition : .Yes Neaﬂy 18 _“'39 | 150
3/ata from Print Types combined. ) '
o ) o . . . 4
<o v
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“The tdble shows for each Ax:snun photo and fo? the A and B. po{hts
: . sgparately whether or.not the in pendent variables were sLatistically k
significant; “the levels of the independent‘variables for which accumu-
lative percentage distribution was computed"and the error correspond-
-ing to each of three gelected cumulative percentages. Each percentage
and associated error may be interpreted as follows: for ezample, con- -
sider the vertical mission photo A points; 25% of the locatioh errors
%ere less than 4 meters, 50% were less than.7 meters, and 75%" were less
than 11 meters. . - . _ 1. '

“The location error for the three percentages is shown to allow the

reader to assess the skew of the error distributions. The direction
and the amount of skew may be computed by comparing (75%,-50% o) - to
(50%e-25%e) where e is the location error. . If the first?term is larger
‘than the 'second, the distribution is pos1tively skewed; Af the first
term is smaller than the second term, the distribution is negaleely
skewed; and if the.two terms are equal, the distribution is symmetrical.
The magnitude of the difference in these two terms indicates the amount

of skew.

It is evident from inspettion of Table 20 that. nearly all of the
distributions were p0s1t1vely skewéd with the exception of that for
the vertical photo A points—/and for the low pan photo. Near A points.
The positive skew is attributable to two factors: for most of the mis-
sion photos, -a few of the points were far more difficult to locate accu-
'« Tately than- the remaining points and this: was®particularly true for the '
B points and for the Far points, on some poian, a few subjects made
errors cons1derably iarger_than those made by the remaining subjects..
Now to consider the effects of independent variables of bcale,~
_Print Type (Resolution), and Position . (Near, Far). The scale of the .
vertical mission photos did not affect the magnitude of error. This was"
" true for the A points,.points that were on easily identifiable features,
and for the B points--points that were not close to such features. Scale’
did not affect the error magnitude .possibly because the two scales pro-
vided sufficient detail for locatipg the p01nts on the data base.
¥
The variable of Print Type did not affect location error for the
vertiral or oblique mission photos. It did have a sLatiethally sig-
- nificant but small effect for the Ligh pan photo. A points (Paper =
‘12 meter median error; Transpatency 8 meter median error); a slightly
larger effect for the low pan photo Far ‘A points (Paper = 19 meters;
Transparencyas= 8 meters); and a pronounced effect fdr the low pan photo
‘Far B points (Paper = 183 meters; Transparency 100 meters).
Performance with thé trans paren<ies was considerably better than
" it was with the Paper prints only on the Far portion "of the low pan
photos. .This seems to indicate that the ground ‘resolution in the Far
portion ofvthe mission negative was close to a level where .even a

- . -

> .

-

%/This has a slight positive'skew.bﬁt'is neglible compared to the others.
:v 4(1’ LI
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~small’degradation would cause a Aignifijcant loss of the detail useful
for accurate point transfer. Apparently the transpdrency preserved
more of. this useful detail than the.Paper print. Generally, the small
degradation caused by the Paper print was not as harmful for the other
mission photos becduse the overall quality of the négatives was' suffic-
iently high so that a small.loss in ground resolution did not cause a-.
significant loss of detail useful in point transferring. - : )

As expected, the:variable of POS{;ibn significantly affected loca-
tion error. The error for the Far points was usually larger than for
the Near points and the differénce in the magnitude of the'error was.
larger for the B points' than for the A points. The probable explana-
.tion of the larger error for the Far points- is that they were in the
portion of the mission photo in which the distances between scene
features are not linearly - proportidnal ‘to their corresponding features
on the data base, whereas the Near points were in the portion of the
photo in which® the distances were cloeser .to linear. ‘It was undoubtedly
more difficult to locate points where the distances were non-linear. __
The effects of Position were larger for the B points than for the A
points because, by definition, the A points were located on identi-
fiable features while CHQ{B pointspyere'relétively far removed from
such features. " : V. " Y '

)The location error for the non-vertical'photowNear A points was
not wmuch larger than that for the vertical photo A points. For the:
-vertical photos, the 50% (médian) and 75Y% locatiou-errors were 7 and 11
meters; for the non-vertical photos, the 50% error ranged from 7 to .

11 meters and the 75% error ranged from 10 to 28 meters. But the error
_ for the Near B points was considerably larger than that for the verti-

cal photo B points. For the vertical photo, the 50% and 75% -errors

were 20 and 36 meters; for the Near ‘B points, thé. 50% error runged from
29 to 39 meters, and the 75% error ranged from 54 to 150 meters.

h These results indicate that the location error for the vertical
- mission photos and for the near portion of the non-vertical mission
photos are comparable for only specific kinds of points--thosa located
on or.very close to identifiable features in the scene.

e e . ST

) “‘For the B points, the location errors for the vertical mission
photos and for the Far portion of the non-vertical photos were not
comparable: the 50% error for the Far points ranged from 43 meters-for
the high pan photos to about.140 meters (mean-of 183 and lOO_mcEers)'
for the low pan photos; the '75% error ranged from 97 meters (high pan.
photos) to about 335 meters (mean of 433 and 233 meters) for the low
pan photos. - ' : : _ ' !

P

The results of this study, as summarized‘in.Table 20 should be | -
" useful’ in assessing the operational capabilities of . the APPS for tar-
gets appearing on various types of rcconnaiésangg photography. . It is
apparent that B-type targets usually cdnnot be transferred visually-to
acciptable accuracies except from-vertical mission imdgefy._ This' indi- .
cates that other means for transferring B-type targets should be found, -
\ i

S
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Cverall improvement in point transfer accuracy might be achieved by
judlCiOUb selection of operators plus specialized tralning

This report should be useful to G- 2 air officers and. reconnais-'
sance aircraft pllots chause it shovs clearly. the value. of acqulring
targets in -a near vertical mode. . Of coursé, operationally, is

. sometimes not pOSSlble but at: 1east the operational personne w111 know
.the loss of transfer accuracy that will result when targets are imaged
in the Far- portlon of a panoramic or oblique frame. :

. There may\ee some advantage in viewing the data base or the mis-
.sion photography in a. stereo mode 4nd still further advantage if both.
are viewed in stereo. ' Stereo wgs not used in this study but, based. on
past related experience, the use of stereo might improve both A point
and B point accuracy, but . the greatest 1mprovement would be to B points.

Y

During the. main tests it required ‘an average ot less than one,

minute per point to effect a transfer. However, there are two. steps in
"the tr3nsfer process. The first is fipding on the data base the area ' .
covered by the mission photo:. In some preliminary tests this was found

" to be so time consuming (up to 30 minutes) thaE’LransparenL templadtes
were furnished each test subject so he could quickly locate the areas
on the data’bases. 1In areas having limited, cultural and prominent

~ natural features, the location of the general area of the mission photo
could become. a major problem. - The training of interpreters to more
quickly relate one photo to another, when there is a large aispirity in
scal® and geometry, seecms essential for efficient operation of the. APPS-
The second step is the finding §¥d marking of the point of interedt on
rhe iata base. ' - '

-

CONCLUSIONS

" Based on the results of this study and on goneral obstrvations
made durlng the testing phase ir. '1s concluded that:

* The tests wera conducted according to the test plan
and were 1Pccesafu1 in fulfilling the stated obJocL1Vcs.

-

'f//~ * The fdllowing variables were found ‘to bé practically
significant: .o ' o .
Positiop (Far or Voar portion of the- foxma
of non-vertical Jmagery) . L

Point/Environs (RelaLlonship of point to
-identifiable detall) -

Resolution (Transparency Vs, Paper Print) .~
. significant only for' some ronhlnations s T
-+ of, ronditlons - . '

* The variable found "to=be not practlcally SLgnificant

is: . ) ] . . T
' Scale (within operatlonal ranges - vertijal
- * - phoLooraphy)
’ ’ ; N: 4.f\
. A . _*U I} .
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. Under the conditions of, the experiment, transfer CEP ..

' " of less than 20 meters was obtained for 50 perccnt of ]

"~ the A points. transferred from all mission! ‘types and
75 percent of ‘the transfers were within a CEP of 20

- meters for Vertical missions, for he Near portion of

* High and Low Panoramic missions, and for film trans-.

parencies for the High Panoramic mission’irrespective

, of target position on the image. Only the Vertical
mission imagery was adequate for the purpose of pro-
viding a CEP or 20 meters for Lhe transfer of 50. per-
cent of the B points. : '

+ Test subjects preferred transparencies to paper prints
for mission imagery and tﬁE? preferred transmitted
light (light table) to reflected 1ight (high intensity
lamp),even for paper prints. .

. The cumulative percentage curves are useful in estimat—

. ing transfer errors for dlfferent kinds of mission

: imagery. - .

& . . .
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' APPENDIX A . B

i A T q' . .
ANALYTICAL PHOTOGRAMMETRIC POSITIONTNG SYSTEM (APPS)
T The AnalgtiCal Photogrammetric. Positionln? System’ (APPS) isa’
point positioning systeﬁ developod ‘at the US Army Enginger Topographic
Laboratories (USAETL), Fort Belvoir, Vlrginla. The APPS has evolved
as'a solution to the problem of determiang X, Y, Z coordinates of -
points of interest anywhere in or forward of a C01ps-s12e area in a

matter of minutes, , .

nx
u \h‘.

Photogrammetric theory ‘and techniques ‘have been combined with the
capabilities of a desk top programmable calculator to provide for
~utilization of the analytical methods of determlnlng position, unlike
" the moré classical analog methods found in photogrammetric map ’
compilat:on instruments. The problem is treated as an intersection
problem for which universally accepted solution techniques are '
available. Numerical data are accepted for certain known parameters,
and measured photo coordinates are treated as the observed parameters,"
thereby solving for the unknOWn X, Y, 2 coordlnates of a point.

1

»

There are two parts to th$5X%P8° (1) a Data Base (DB) cdnsisting
of mapping quality aerial photbgrap y and its associated numerical
data, and- (2) an assemblage of mens raqion and data processing equ1p-‘~
ment with. associated software. - y

The DB is the key element of the APPS. It is rigorously prepared
as part of the normal mapping process and only then extracLed from
that process for application to the APPS. The DB is mathematlcally ad-
justed by an analytical procedure known as aerial block triangulation
which is based upon the method of least squarcs. Given two polints of
known horizontal positiens (X,Y) and %@,ee poiats of known elcvation
(Z), one can determine the six orienta ion parameters of a photograph,
whether dealing with one‘ovtrlapplng pair of phoLonrnphs or overlapping
coverage of entire countries. Use is made of“ rédundant control data
whenever possible to reduce accumulation of small uncorrectsed systematic
errors and random errors. The adJustment is held to ground control.

1 The DB photograph requ1rea no special processing. such as rectifi-
cation. It is annotated with orientation points cdlled index points
ard with checx points. - Its aSSOlet :d numerizal data includes ‘interior
and exterior’ orientation parameters, photo coordinates of the index

_points, and neoeentrlc coordinates of the check points. APPS cquipment
calibration parameters are also 1neorporated in the numerical data.
‘ : \

The. other portion of; Lhe APPS the hardware, is primarily an

assemblage of commercial, off~the—shelf items that will accept the DB
- and p&rfarm thc necessary measurements and computations for X, Y, & :

\‘.
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Aruitoxt provided by Eic:
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- coordirates.  The'current package représents [irst gencration compo-

nents. ‘Mod&fications and add-ons have been cnvisioned to increase the.
flex1bility of the system. 5 . . x A

There ‘are five major component itcms of equ‘pment to include.
(1) a modified Zeiss Stercotope, (2) an operator control box, (3) an
‘1nterface unit, (4) a-Hewlett=-Packard¥(UP) 9§10A programma le calcu-
lator—’ahd (S)an HP cassette memory-/_ See Figure Al.

The Stereotope provides the capabilipy for stereoscopic viewing 4
-and parallax measurement by the X, Y and A-parallax motions it pos-.
sesses. To extract these measurements, a Bendix X, Y dlgitized data
éridb&s installed under the Stdreotope baseplate and a signal cursor is
connected to the moveable photocarriage. Also, a shaft angle encoder
is connected to the X- parallax motion drive. ‘

The operator control box provide& a simple means of selecting a
-particular operation for thé, APPS to perform, f.e., zero the baseplate_
data grid datum, or index the,DB stereomodel, etc.

The interface unit converts cursor signals to the’ﬂP language and
subsequently HP language to a desixed ontput language.

BN

‘,w -

The HP 9810A' 'programmable . ca?#ulator and tHe HP cassettermomory
function together. The memory holds the software programming and DB
files on tape covering a Corps size area for sequential access by the
calculator. The calculator uses the program and - qne numerical DB file
at a time together with the input from the Stercbtppe through the
interface to compute the X, Y, Z coordinates of a voint.- )

&

In practice, the operator uses a photo index overlay to deternine
which DB stereo pair of photographs to place on. the Stereotope. He
inserts the magnetic tapc cassette containing the program and DB.
numerical data files for that model into the cassette memory. He then
activates the cassette memory to load the programjby use oi a magnetic
card. The card also contains the Stereot8pe cali ratiqu parameters
mentioned earlier. He then calls 9n the DB file for tile model being
used by kcyboard commandss Each photo of the medel is oriented inde-
-pendently using the index points mentioned’ earlier=—The photo coordi-
natces of four index points are measured and a transtormation computa-
tion made to raelate the measured photo coerdinates to the adjusted
‘photo coordinates.:The operator then-observes ‘and measures a check
point,- this time in stereo, to ascectain ¢€hat- he correctly oriented

“the model. He ust .agree with the known coordinates of the check
point within estiblished tqlerances before he can proceed Once he 1is
signalled to proceed he then observes the point of interest, measures
and computes the X, Y, Z coordinates of the point and obtains a print-
out on paper tape of the UTM Zone, Easting, Northing and elevation in

meters.

’

~

Yym . .
-/ Commerical or trade ﬁ%mes are given only in the interest of prec1sion
in reporting experimental procedutes. Use of the names does not con-
stitute official endorsement by the Army or by the U.S. Atrmy Research

Institute for the Bchavorlal and Social Sciences..
. | | . . -

44 20



PR

A ’ L -

Test results conclude that horizontal pdsitibn locatiens dcfer-
mined with the APPS are approximately equivalent to third-order ground _
‘surveys. This is readily achfeved by personnél having previous train- ..,%

.

ing in.the interpretation of”aerial:photographs and additiopal 16~40

PR

hours instruction on the APPS., -
: _ ) . . . o 4 LAV .

. The APPS is packaged4for transport in three militarized carrying
cases for a total weight of 478 pounds .and a volume of 27.42 cubic ’

.feet., It requires 600 watts of power at 110v, 60 Hz.
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