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— ~,panoramic mission imagery are given. Two levels of target position diff i—
culty were established: (1) A—points located at terrain or man—made features
mutually identifiable on both mission and data base imagery; (2) B—points
remote from terrain or man—made features mutually identifiable on mission
and data base imagery .

‘
~ “rransfer of A—points for vertical , oblique , and panoramic photographs

was accomplished with good accuracy——median location error was 19 meters or
less . Performance was significantly better when A—points in panoramic mis—
slons were located in the near—vertical half of the image in contrast to the
near—horizon half .~ Similarly, panoramic mission imagery in film transparency
form resulted in ~6re accurate transfer than when presented as an opaque
paper print. ..- 0

ransfer of B—points was more difficult. For vertical missions, median
location error was about 20 meterb. For oblique or panoramic imagery , loca-
tion errors were markedly greater when the B—points were located in the horizon
half of the image as compared to performance when the points were in the near—
vertical half of the image . points in the horizon half of low panoramic
missions were more accurate transferred when in fi lm transparent forma t
than when displayed on opaq e per prints.

- -.(

0 ~~~~~~~~~~~~~~

a C
c~I~

- Uncle f ied

~~~~ 

SICtTY4C1
~
AU.FICA1U

~~~~~ 
THIS P4

~~~
FII

~~~ ~~~~~~~~~~~~~~

___________-

~ 

~~~~
---

~~~~==~~
=--

~~~
=-- -

~~~ 
— -

~~~~~~~~~~~~~~~

- -
~~‘



0 

~~~~~~~~~~~~~~~~~~~~~~~~~~ r~~~~~~~ror~~~~~ ~~~~~~~~~~~~~~~~~~~ 

- 0 — 0~~~~~~~~~~ 
-

~~~~~

Technical Paper 346

THE EFFECTS OF PHOTO CHARACTERISTICS

I UPON LOCATION DETERMINATiON IN A

__ 

PHOTOGRAMMETRIC FACILITY
E. Sewelt and R. Bradle

Raytheon Company!Autometrlc
- 

-

~~~
, - A. Harabedlan

Human Factors Research, Inc.

- and
- - T. E. Jeff rey

U.S. Army Researc h InstItute

HUMAN FACTORS TECHNICAL AREA

Submitted as complete and Approved By:
technically accurate , by:

- 
~~. Technical Area Chief ORGANIZATIONS AND SYSTEMS

-
~ -, RESEARCH LABORATORY

0 - Joseph Zeidner

~~~~~~~~~~~ 

- - 
0 Edgar M. Johnson Frank J. Harris , Acting Director

TECHNICAL DIRECTOR

U.S. ARMY RESEARCH INSTITUTE FOR ThE BEHAVIORAL AND SOCIAL SCIENCES
5001 Eisenhower Avenue, Alexandria, VIrginia 22333

- 
Office. Deputy Chief of Staff for Personnel

Department of the Army

October1978 -

Army Project Number Contract DAHC1S T3-C 0031
2Q1 210SA722 Surveillance Systems

0 
f~~ p ~~~~~~ t~~ unlin~tud.

_ _ _ _ _ _ _ _ _ _ _
- 

r~~-~
- — —.. -~~-.——- . ~~~~~~~~ ____________________



- —. 
-~~ wr~~m -~~~~~~-

ARI Research Reports and Technical Papers are intended for sponsors of
R&D tasks and other research and military agencies. Any findings ready for
implementation at the time of publication are presented in the latter part of 0

the Brief. Upon completion of a major phase of the task, formal recommen-
dations for official action normally are conveyed to appropriate military
agencies by briefing or Disposition Form.

1 1  -

I,
’

~~

- - - - 
--

~~~~~~~~ ~~~~~~ ~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~



----__

~~~ 0

FOREWORD

The Human Factors Technical Area is concerned with the demands
of the future battlefields for increased man—machine complexity to ac—
quire, t ransmit , process, disseminate, and utilize information. The

• research is focused on the interface problems and interactions within
command and control centers and is concerned with such areas as topo—
graphic products and procedures, tactical symbology, user—oriented sys—
teins , information management, staff operations and procedures, and sen-
sor systems integration and utilization.

One critical aspect of intelligence information from aerial sen—
sor is the accurate location of targets. Recently, the Army has devel—

0 oped the Analytical Photogrammetric Positioning System (APPS) which
provides an improved capability for target positioning. However, there
are several unknown factors in this system associated with the human
interface. The present publication deals with the determination of the
speed and accuracy with which operators can transfer terrain positions
from relatively large—scale mission photographs to small—scale data—
base vertical photographs and the dependence of such performance on the
characteristics of the photographs used. This is a critical factor of
the overall job performed by the operator of the APPS . Results m di—
cate that the most important vai-iables were: how close the target is

0 to an identifiable terrain detail; whether the target is in the fore-
ground or background of a non—vertical image; and the resolution of the
mission imagery .

Research in the area of sensor systems integration and utiliza—
• tion is conducted as an in—house e f fo r t  augmented through contracts

with organizations selected for their unique capabilities and facili—
ties for research on sensor systems. The present study was conducted
by personnel from Raytheon Company/Autometric and Human Factors Research
Inc . under contract DAHC19—73—C—0031 with program direction from Abraham
H. Birnbaum. This effort is responsive to requirements of Army Project

0 
2Q162106A72 2, the U.S. Army Engineer Topographic Laboratory, Ft. Belvoir,
Va., and the Assistant Chief of Staff for Intelligence. Special require—
ments are contained in Human Resource Needs 73—65.

H
hnical Director
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0 THE EFFECTS OF PHOTO CHARACTERISTICS UPON LOCATION DETERMINATION IN A
PHOT0GRAN~~ TRIC FACILITY

BRIEF

Requirement:

To determine how well an image interpreter can transfer image
points from reconnaissance (stimulus) photography to a small-scale
photographic data base, using photography from vertical frame, oblique
frame, and panoramic cameras as stimulus imagery.

Procedure:

Points selected for transferring were : Type A points appearing
on identifiable ground objects, and Type B points more than 200 meters
from identifiable ground objects . These were marked on negatives of
high— and low-altitude vertical photographs , high- and low-altitude
panoramic photographs, and an oblique photograph , using varying scales.

[ Transparent prints and paper prints were made from each negative. A
photographic data base at a scale of 1:100 ,000 was obtained for each
area covered by the stimulus imagery .

0 After a short pretest training period , 40 Army image interpreters
were required to transfer 30 points from each of the four different
types of stimulus photography to the appropriate data base by marking

- the selected points. Time required to transfer each point was recorded.
- Coordinates of the marked points were compared to the true coordinates ,

and error vectors listed. The effects of resolution, scale, and posi—
tion on location accuracy were statistically tested and described.

0 Findings :

Point—transfer accuracy was affected ncst by the relationship of
a point to identifiable detail imaged on both the stimulus and data
base photography . Type A points were located more accurately than

. 
Type B points by ratios of 3:1 to 6:1.

0 
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Accuracy was also affected by the position of a point in the Near
or Far portion of a non—vertical photograph . (Near is defined as the
half of the photograph closest to the vertical . Far is the horizon-
half of the photograph.) Points in the Near portion were located more
accurately than points in the Far portion. Examples of error magnitudes
at the 75th percentile are:

Oblique, B-Points Near- 54 meters Far- 229 meters 0

High Pan , A—Points Near— 14 meters Far- 32 meters

The difference in ground resolution (paper print vs. transparency)
was most significant for Type A points on the Low Pan imagery. The
transfer error for the transparent print was 25 meters compared to 165 0

meters for the paper prints. For other mission imagery the resolution
difference was of no practical consequence.

0 Under the conditions of these tests, transfer errors of less than
20 meters can be met 50% of the time for Type A points on all imagery

0 P and 75% of the time for Vertical and Near High and Near Low Pan photos.
Only the Vertical imagery is adequate for keeping Type B point transfer
errors to 20 meters.

Test subjects preferred transparencies to paper prints for the stimu-
0 lus imagery and they preferred transmitted light (light table) to re-

flected light (high—intensity lamp) even for paper prints.

Utilization of Findings:
0 

.This study showed clearly that large errors may result in the point
transfer process. Targets appearing on identifiable features visible on
both the mission and data base imagery (Type A points) can generally be
transferred to within 30 meters at 75th percentile. However, even for
Type A points , when the resolution of the mission imagery falls too low
because of scale and position, the accuracy deteriorates rapidly. For
this case an acceptable level of resolution can be maintained by using
transparent prints instead of paper prints. Transfer accuracy improves
overall when transparent prints are used. This strongly suggests the
use of equipment on which transparencies can be viewed and the opera-
tional use of transparencies instead of paper prints. •

0 4 Type B points cannot be transferred visually to acceptable accu-
racies with any consistency. Since most target points are likely to be 

0

Type B points , a way must be found for improving the transferring of
these points.

• 
• 

•~~~~~~~ •
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- The difference in transfer error between scales for vertical mis—
• sion imagery was not operationally significant. This does not mean

that scale is not an important factor. Rather , it indicates that the
ground resolution of all vertical mission imagery used in the tests
was higher than the corresponding data base ground resolution . It

- follows that higher quality data base photography might permit better
utilization of vertical mission imagery in the transferring process.
Higher ground resolution can be obtained by better cameras (lens-film
combinations) or by larger scale data bases.
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THE EFFECTS OF PHOTO CHARACTERISTICS UPON LOCATION
DETERMINATION IN A PHOTOGRAMMETRIC FACILITY

INTRODUCTION 
0

Many photogrammetric applications require the locating and marking
of the images of the same ground point on one or more sensor records.
In aer ial tr iangulation, pass points and control points are transferred
stereoscopically from one photograph to one or more overlapping photo—
graphs. In terrestrial. photogrammetry, identical image points 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 positions 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-
virons relations and technique and equipment used. Also, the intended
application dictates, to some extent , the care that is given to such
transfers. -

There is a continuing need for more accurate and faster means of
acquiring aiming data for the artillery. 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, pro-
vides a new capability for target positioning. This instrument is
called the Analytical Photograinmetric Positioning System (APPS)~-~ It
consists essentially of a mirror stereoscope mounted over a coordinate
measuring system whose outputs are fed to an interface unit and then to

0
; a programmable desk calculator . Two overlapping data base photographs

are mounted on the two stages of the mirror stereoscope. After pre-
liminary index ing and checking, 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 inherent accuracy of the

0 APPS has been found to be adequate for locating the artillery field
piece 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 several types of
photographic imagery of different scales and resolutions, and the re-
lationships of the target to features in the scene (target/environs).

-1-”A more detailed description of the APPS is given in Appendix A.

~

0 
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Transferring of image points from one photograph to another seems
straightforward and quite exact. This may be true under some circum-
stances but not under others. It has been shown in precision photogram—
metric applications that when a reasonably good stereo model can be

0 formed with two photographs, conjugate images can be marked on the
photographs with very high accuracy——ten (10) micrometers or less. But
when the two photographs differ in scale,resolution, attitude, etc.,
the problem becomes one of trying to match two dissimilar types of
photographs. Some of the differences that must be considered are dis-
cussed below.

Scale of the Data Base

The scale of the photo data bases now being used with the APPS is
1:100,000. Data base scales as small as 1:160,000 are being considered
f-or adoption . At a scale of 1:100,000, ten micrometers on the data base
represents one meter on the ground. A maximum of 20 meters per coordi-
nate dimension has been projected in the APPS error budget for the
transfer accuracy of points located in friendly terrain, while 50 meters
per dimension for transfer accuracy of points located in enemy terrain
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).
This leaves very little margin for error, and in areas with few or no
prominent scene features it may be extremely difficult to transfer a
point “by association” to this accuracy.

Scale and Geometry of Reconnaissance Photography

Targets can be imaged by any one of a variety of reconnaissance
cameras. Panoramic and oblique cameras produce photographic imagery
that has geometry different from that produced by vertical frame
cameras. The farther the target is from the vertical, the greater the
difference In ~eotnetry . As the horizon is approached it becomes dif-
ficult even to locate the general area in which the target is located,
one reason being that the scale becomes smaller as one moves from the
nadir towards the horizon, and ground features become masked by higher
elevations on the camera side of the scene. These conditions, plus
the fact that, usually, there is a large scale difference between the
mission imagery and the pho to data base, are important factors when
trying to correlate two dissimilar types of Imagery to the required
accuracy . Of course the scale of the data base can be enlarged opti-
cally so it will be closer to the mission imagery scale. The optics
of the APPS are fixed at 6X so that was the maximum enlargement permit—
ted for this study. Even if zoom optics are permitted , very little - -

additional useful information can be expected unless the data base
photography is of unusually fine quality .

—2— 
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Other Factors

Some of the other faLtors that can cause problems in transferring 0

points are:

• Seasonal differences in the time of exposure of the
data b~se photography and the mission imagery .

• Different acquisition times of the-data base and, the
mission photography. New roads, railroads, and -

housing developments, different water levels of rivers
and lakes, different crop patterns, etc. may be on
one photograph and not the other. This may cause con-
fusion in transferring points.

OBJECTIVE

The objective of this study was to determine how well an image
interpreter could transfer image points from a reconnaissance photo-
graph to a small scale photographic data base. Tests were designed to
determine both the accuracy and the speed of transfer. Mission (recon—
naissance) photographs used in the tests were selected frames from
oblique, panoramic and vertical frame cameras at various scales and
resolutions. The data bases were vertical mapping photographs at
1:100,000 scale.

SCOPE

This study was limited to the one act of transferring points from
one type of photography (mission imagery) to another type of photog-
raphy (data base). The transferring was done visually, i.e., no instru-
mental aids, other than small. tube—type or linen tester magnifiers, were
allowed. APPS operations were approximated by using, in this study, the
same type of photographic material used in APPS , by limiting the magni-
fication of the data base to 6X, and by using the same scale data base .
The tests were designed to provide information on the accuracy and speed
of transferring points from mission imagery for combinations of the

• following variables:

• Types of imagery (vertical, panoramic, oblique)
Scale

• Resolution (positive transparency vs. paper print)

• Point/environs relationship.

METHOD 
0

Experimental Design

The experimental design for the vertical mission photos was a
2x2 factorial. The effects of Print Type, Scale, and the interaction
between the two variables were between groups. The experimental
design for each of the non—vertical photos was also a 2x2 factorial.
The effect of Print Type was between groups, but the effects of

—~5—
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Position and the interaction between the two variables were within
groups. As can be seen in Table 1, each group of subjects transferred
the points from four mission photos——one vertical photo and three non—
vertical photos.

Table 2 shows the order in which the four mission photos were
presented to each of the groups. Within each group, half of the lub—

• • jects were given one sequence of the four photos and the other half
another sequence. The photo sequences were 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 fourth. For
example, five subjects worked with Bi the oblique transparency first,
a different five subjects with it second, etc. An equal number of
subjects were presented with each vertical photo either first and
second, or third and fourth. . 

0

For each photo, half of the subjects transferred the points in
one sequence and the remaining half in the reverse sequence. In 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 points in reverse sequence. This was done
to minimize any bias in performance .on the Near and Far points and on 

0

the A and B points due to the potential effects of any time—correlated
• variables . -

0 -

Subj ects

• For ty enlisted image interpreters from the 18t Military Intelli-
gence Battalion, Aerial Reconnaissance Support (1St MIBARS), Ft. Bragg,
North Carolina served as subjects. The experience of the image inter-
preters ranged from one year to over twenty years. The forty subjects
were assigned randomly in equal numbers to one of four groups. A given
combination of Print Type and Scale for the vertical photographs was
assigned to each group. Thus no subject viewed the same scene 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 than once. The
experimental condition by groups is shown in Table 1. 

0

Variables

independen~_Vartables. There 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 achievad by
selecting different flight altitudes and resolution difference was
achieved by the use of paper prints and transparencies of the mission
photos. Hereafter these two variables will be referred to as Scale
and Print Type. The independent variables for each of the non—vertical
photos were Print Type and Position of the point (Far vs. Near). Near

4 points are defined as those located in the half of the photo which is
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Table 1
EXPERIMENTAL CONDITIONS BY GROUPS

MISSION PHOTO PRINT TYPE
Trans—

SCALE Paper parency

Vertica l Gp 1i1 Gp 2

_ _ _ _ _ _  
Gp 4 G p 3

PRINT TYPE
Iran

POSITION Paper parency

Far G p 3  G p l
Oblique + +

Near G p 4  G p 2

Trans—

I 

- 
PRINT TYPE

~~SITION_ Paper parency

Far G p 3  G p l
High Pan + +

Near G p 4  G p 2

PRINT TYPE
Trans—

POSITION Paper - 
parency~

Far G p l  Gp 3
Low Pan + +

Near 6 p 2  G p 4

~ lO sub jects in a group (Gp). Each cell represents a photo .

H 
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Table 2
ORDER OF MISSION PHOTOS BY GROUPS

_ _ _ _ _ _  
ORDER 

_ _ _ _ _ _  _ _ _ _ _  

-

GROUP N 
_ _ _ _ _ _  

2nd 3rd _AflL.

G p l  5 A~ B1 02 Cl

_ _ _ _ _ _ _  
5 02 C 1 A~ B1

G p 2  B~ D 2 C1 A 8

5 C1 A 3 B1 
_ _ _

G p 3  5 A2 B2 D~ C2

Gp 4 _ _ _ _  _ _ _ _ _ _  _ _ _ _ _ _

- 

_ _ _ _ _  _ _ _ _ _

NOTE : A = Vertical Photos
- i = Small Scale/Transparency

2 = Small Scale/Paper Print
3 = Large Scale/Transparency

= Large Scale/Paper Print

- B = Oblique Photos

C = High Pan Photos

0 * Low Pan Photos . 
—

For B , C, and 0
1 = Transparency 

0

2 = Paper Print

6-
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closest to the vertical. Far points are defined as those located in

the horizon—half of the photograph. —

Dependent Variables. The dependent variables for these tests

were the location error (in micrometers), and the time (in seconds)

required to transfer a point. 
0

Control Variables — The control variables were the two types of
points, A and B. The points were selected in terms of significant

background detail, i.e., point/environs.

Development of Experimental Materials

Stimulus Imagery. Mission imagery was chosen that was representa-
tive of Army reconnaissance photography as to type, quality and scale.
Further, the test materials issued to the subjects were printed on two
types of emulsion bases——paper and transparent(film). Preliminary tests
confirmed that more of the available resolution in the negatives was
retained by transparent prints than by paper prints. (A 40 lines/mm photo
negative contacted onto standard photographic paper produces paper
prints having a ground resolution of about 22 lines/mm. The same negative
contact printed onto copy film produces transparencies having a ground
resolution of about 32 lines/mm. An 80 lines/mm negative yields 30 lines/mm 

0

paper prints and 55 lines/mm transparencies). One portion of the experiment
was designed to compare transfer performance when using paper prints (“low”
resolution) with performance using transparent prints (“high” resolution).
The characteristics of the mission and data base imagery are shown in
Table 3.

Point Selection. Transfer points were selected by examining the
mission 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
considered originally, it was found that a two—level classification,
Type A and Type B, was more meaningful. The two types of points are
def ined as:

Type A — Points on a feature identifiable on both the
mission and the data base photographs. (For
example, a point on a road intersection, a
building corner , a bridge, or a drainage
pattern.)

Type B — Points which are more than 200 mete rs - f rom
a point identifiable on both the mission
and data base photographs .

Test Materials. Test material produced for each subject con—
sisted of four frames of mission imagery and their assoc iated data
bases. Two frames were paper prints and two were transparent prints.
The data bases were printed on a pigmented film base.

—7—
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Table 3

CHARACTERISTICS OF THE MISSION AND
THE DATA BASE PHOTOGRAPHY

Mission Photography

Code Location Type of Photography Scale Photo Base

Al Ft.Belvoir,Va. High Alt.Vertical 1:20,000 Transparency

A2 Ft.Belvoir,Va. High Alt.Vertica]a/ 1:20,000 Paper 0

AS Ft.Belvoir,Va. Low Alt.Vertical 1:5,000 Transparency
— A4 Ft.Belvoir,Va. Low Alt.Vertical 1:5,000 Paper

Bi Ft.Sill ,Okla. Low Oblique 1:10,000 Transparency
- (at nadir)

B2 Pt.Sill,Okl.a. Low Oblique 1:10,000 Paper

Cl Alexandria,Va. High Alt.Panoramick_’ 1:30, 000 Transparency

C2 Alexandrla,Va. High Alt.Panoramic Paper

Dl Syracuse N.Y. Low Alt.Panoramic 1:30,000 Transparency
(at nadir)

132 Syracuse,N.Y. Low Alt.Panoramic 1:30,000 Paper

Data Base Photography

Code Location Scale Photo Base
A Ft.Belvoir,Va.W 1:100,000 Cronapaque~1

B Ft.Sill,Okla. 
- 1:100,000 Cronapaque

C A.lexandria,Va..~/ 1:100, 000 Cronapaque
D Syracuse,N.Y. 1:100,000 Cronapaque

See Figure 1
See Figure 2
See Figure 3
Cronapaque is the trade name for a translucent, low—shrink film 0

used for the APPS data base. Commercial or trade names are given
only in the interest of precision in reporting experimental pro— 0

cedures. Use of the names does not constitute official endorsement
by the Army or by the U.S .  Army Research Institute for the Behavioral
and Social Sciences .
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Figure 1. — Vertical Mission tmagery And Associated Data Base
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Pilot Tests

Pilot tests were conducted prior to the principal tests. The purpose
of these tests was to provide a realistic assessment of the test materials,
test equipment , test procedures , mensuration , and data processing. Also,
these tests provided useful data on the t ime that would be required to
conduct the principal tests. Perspnnel from the Army Research Institute,
the Engineer Topographic Laboratories, and the contractor participated
in the tests. All pilot test data were measured, graded and analyzed.

Subject Training
p

Test equipment , consisting of a light table, two six—power magni—
fic~rs, a point marker, an electrical timer, and ~i high intensity goose-
neck lamp , was issued to each subject (See Figure 4). Photographs of the
APPS equipment 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 making 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 base.
Instructor personnel observed the subjects to ensure that each one was
adequately prepared for the tests.

Data Collection (Principal Tests)

A packet of test material containing ~~l miosion photos, data base
photos, and sheets for recording the time take.i for each transfer was
issue d ro each subject.  ihe s~t’r;jects we re told that , eveii though tim e
was being recorded , there was no time limitation and that accuracy , not
speed, was of paramount importance . Each subjcct was required to trans-
fer 30 points on each of four-24nission photographs by marking the location
of each point on a data base and recording the time taken to transfer
each point.

It required from 1 to 1½ hours to transfer the 30 points from a
single mission photograph. After each session, a critique uas held to
get the views of the test subjects concerning the tests and the test
equipment. All tests were completed in seven working days.

• p

p

Five mission photo ; wcrc uaed in LhC tests but the two verticals
covered the s.irne ground area. Only one vertic il mission photo was
assigned to a ~;ubject.

—1 2—
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~~~~~~~~~~~~~~~~~~~~~~ Inspect io n of the location error
data revealed tha t  3 of the 40 subjec ts  did noc fo l l ow  the procedures
adequately, so these subjects ’ data were not used . In addi t ion , one
subjec t ’s data for  the  high pan photo Pa~~r A po in t s  were not used . It
was apparent  tha t  on half of the Far points , he had mis iden t i f ied  the
app rop r i a te  fea tures in the  da ta base.

Tho data from three points in the low pan photos were also elimi-
nated f r o m  the analyses. One point was a Far A point , one a Near A
point , and one a Far B point .  On e of the points  was el iminated because
a valid solutio n could not be obtained for  its t rue  locat ion .  The other
two points  we re eliminated because over half  of the subjects did not
a t t emp t  to t r a n s f e r them . Thus fo r  the low pan pho to s there remained
a total of 7 Far A points , 6 Near A points, 7 Far B points , and 7 Near
B points .

About 2½ percent of the required transfers were either missing or
could not be scored for the following reasons: the subject made a long
scratch or the pinprick was so large that the intended location of the point
could not be determined ; he selected the wrong point ; or, by far the most
common reason , no pinprick could be found on the data base, or the subject
noted that he could not find the point on the data base photo .

A f t e r the stud y was comp l eted, it  was discovered that , due to a
clerical, er ror , ha lf of the subjects assigned to the oblique pho tos
were not given the poin t  numbers appropriate for these photos . Instead,
Lhey wer o given the  30 point nu~ubcrs appr~’pri-~te ~or the v~~ tica 1
photos . As a consequence , these su b je cts t ransfer r ed 14 A points and
.16 B po int s  instead of 15 of each type~ Ten A po ints and 7 B points
were in common w i t h  t h e  points  t ransferred by the other  half of the
subjec ts .  ihis did not seriously a f f e c t  the data analyses.

~r~~ t i c u  of the D a t a  for S t a t i s t ic a l  A n a ly s i s .  The measure of
each s ub j e c t ’ s lcc~~t i~ :i e r ro r  p or fo rmance for  a p a r t i c u l ar  exper imenta l
condi t io n was the  uedi~ n of the  errors  he made on the poin ts  for  that
co nd i t ion . f he med .~an rather  than the mean error was used because , for
n ’any o~ the su b j c cL s , the  d i s t r i bu t ion  of errors  across po in t s  was
~;(~ w r - 1 ] ly  po si t  ivLl y skewed ; tha t i s , many subjects ra !e  ~i i ar g e  e r ror
OU oro or two of the  p o in t s .  If a sub jec t  was miss ing  an or r o r  score

r a par t  i ~u lar point , he wa~ ass igned an a r t  if icial  score , which was
t h e  med ian  of the o t h e r  s u b j € c t ’ s e r ro r s  [or t ha t  po in t .

For the v e r t i c a l  p hoto s, two m o i i a n  e r rors  we~~c computed fo r  each
s u b j e c t — — o n e  based on 15 A points , and one based on 15 B p o i n t s .  For
the  n o n - - v e r t i c a l  photos , fou r ni ediatis were conputed f o r  each sub jec t ;
fo r  the high pan photos , the media ns were based on 8 A and 8 B Far
po in t s , and 7 A and 7 B Near points; fo r t h e low pan photo s , the
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medians were based on 7 A and 7 B Far points , and 6 A and 7 B Near
points; for the oblique photos, the medians for half of the subjects
wer e based on 8 A a nd 8 B Far points and 7 A and 7 B Near points; and
fo r the other half of the subjects , the medians were based on 8 A and
8 B Far points , and 6 A and 8 B Near points .

Means of the subject ’s median errors were used in testing the
statistical significance of the effects of the various independent vari-
ables. The statistical tests (analysis of variance and t tests) were
used to test not ooly the significance , but to determine whether or not
levels of the independent variables should be combined for descriptive —

purposes.

Scoring

Point Location Standards. Point location standards (school
solutions) were established for each frame of mission imagery.

The A points on the mission photo were located visually on the
data base and the location of each point was marked with a pin prick.
The B points could not be transferred accurately in this way . A series
of tests showe.d that  suf f ic ien t  accuracy could be attained by analyti-
cally transferring the B points from the mission to the data base photo-
graphs. To perform this, an eight—parameter projective transformation
was chosen and programmed on a CDC 6600 digital computer.

The t rue locatIons of the poir.ts were determined in tha following
manner . Each mission photo, ‘.ihicts had been marked with A and B points,
s/as placed in a precision comparator and the coordinates of all points
were measured and recorded on punched cards . The corresponding data
base photo was plac ed in the comparator and the f iducia l markers and
a l lA  points  were measured and recorded on punched cards. A series of
local t ransformat ions  was set up .  A local transformation was made up
of B poi nts surrounded by A poi nts .  (Additional “control” poi n ts were
added in areas where there were not enough A points to ef f ect a st rong
t r an sformat ion . )  Since the A points  were measured on bo th the mission
and the data base photog ra phs , t ransformation parameters could be
computed . Using these t ransformation parameters , the B points
(ateasured on the mission imagery only) were t ransformed into the data
base coo rd ina te  system . The computer program pr in ted  out the X and Y
r es iduals of the  A poi nts .  The size of the residuals was a good m di—
cat io n of how well  the B po in t s  had been transformed . A typ ical layout
of A and B points  fo r  an oblique local t r ans fo rmat ion  is shown in
F igure  5. The computer  pr intou t for  this is shown in Figure 6.

The t rue locat ions, then , are the data base comparator coordinates
of the A points and the t ransformed locations of the B points , in the
data base coordinate  system .

L - - _ _ _ _ _
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Mensuration and Error Vector Computation. Each of the forty
(40) test subjects transferred thirty (30) points to each of four data.
base photographs . Each data base was placed in a precision comparator
and the coordinates of the f our f iducia l marks and the 30 points were
measured. The output of these measurements was a punched card for each
transferred point showing the Subject Number, the Mission Photo Code
(B1, B2 , C l ,  etc.)  and the x and y coordinates of the point.

Programs were written for the CDC 6600 computer to process the
measurement data. A transformation program was used to place the sub-
ject’s measurements into the appropriate data base coordinate system.
Thus, the coordinates of all points on the subject’s data base could be
compared directly with the true coordinates of their conjugate points.
The computer printout contained the errors in x and y and the error
vector (location error) for each point, in micrometers (See Figure 7).
At the scale of the data base (1:100 ,000), ten micrometers equals one
meter on the ground .

RESULTS

Marking Error - 
-

One factor that has a direct bearing on transfer accuracy is the
accuracy with which a person can mark a pre—selected point. Tests
made with six subjects showed tha t, at a scale of 1:100,000, the error
in marking was less than two meters on the ground.

Location Errors

The location errors for each type of mission photo are described
in the following four sections. Within each section, the results for
the A points are presented f irst, and those for the B points second.
For each type of point, there- is a table of error means by levels of
the independent variables , statistical tests of the effects of the inde-
pendent variables, and a description (or descriptions) of the- location
error in the form of cumulative percentage dis tributions. Descriptive
statistics based on the cumulative percentage of error in meters were
considered more appropriate than those based on the normal distribution
assumption because the distribution 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 compos ite
cumulative percentage distribution. Artificial error scores are not
included in these distributions.

Vertical Mission Photos. Table 4 shows the error means for the
vertical photo A points. It is apparent from the table that there were
only small and negligible differences among the means for the different
combinations of Print Type and Scale.
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Figure 1. — A Typical Printout Showing The Cosipari.on Of A Subject’s
Location Of Points To The True Locations
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Table 4
VERTI CAL MI SSION PHOTO S

MEAN LOCATION ERROR (METERS) FOR A POINTS

PRINT TYPE
Trans- - Mean

_~~ALE Paper ~arency Total

Lar e 7.6 5.9
- _________ 

(10)!)’ (8) 
_______

- 8.7 7.1Small (10) flo) 
________ 

-

Mean 82 6 5  74Total 
_ _ _ _  _ _ _ _ _  _ _ _ _

~1Mumber of subjects.

F ~
An analysis of variance of the data (Table 5) indicated that the

effec ts of Scale, Print Type, and the interaction between the variables
were not statistically significant. The data from all levels of the
independent variables were combined.

Table 5
VERTICAL MI SSION PHOTOS
ANALY SIS OF VARIANCE OF

- LOCATION ERRORS (METERS) FOR A POINTS
- 

Source df MS _ F

Scale (A) -

- 1 12.28 1.48

- Prints (B) - 1 24.52 2.96

A z B  1 .01 (1.00

Error 33 8.27

Figure 8 shows the 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 points, select
50% (the median) on the ordinate and read the value on the abscissa
(location error) that corresponds to the point where 50% intersects the
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Figure 8. Cumulative percentage of location errors: vertical
mission photos/A points (No542).

function, In Figure 8 that value is 8 meters. This means that half of
the errors were less than 8 meters and half were greater than 8 meters.
If the interest is not in typical performance, but rather 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 percentages.

Table 6 shows the error means for the vertical photo B points.
Though the mean errors for the Paper Prints were slightly larger than
they were for the Transparencies, an analysis of variance (Table 7)
shoved that the effects of Print Type, Scale, and the interaction between
the variables were not statistically significant. The data from all
levels of the independent variables were combined.
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Table 6
VERTICA L MISS ION PHOTOS

MEAN LOCATION ERR OR (METERS) FOR B POINTS

PRINT TYPE -
Trans- MeanSCALE Paper ~p~rency Total

- Large 23.9 20.0
__________ J10~J (8) 22.0

Small 21.1 20.7 -

_____________ (10) (9)  23.9

To tal 25.5 20.4 23.0

Miumber of subjects.

~
Table 1

VERTICAL MISSION PHOTOS
ANALYSI S OF VARIANCE OF

- LOCATION ERROR S (METERS ) FOR B POINTS
Source - df MS F

Scale (A) - 1 34.59 <1

Print (B) 1 242.61 3.73

A x B 1 13.83 (1

Error 33 64.98

Figure 9 shows the cumulat ive percentage of location errors for
the vertical photo B points. The median error was about 20 meters.
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Figure 9. Cumulati ve percentage of locati on errors : verti cal
mission photos/B points (N~55O).

Oblique Mission Photos. Table 8 shows the error means for the
oblique photo A points, (The means are based on the performance of two
subgroups of subjects. As pointed out earlier, the two subgroups did
not transfer all of the same points.) The error means wer~ larger for
the Far points than for the Near points and larger for the Paper than
for the Transparency.
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- Table 8
OBLIQUE MI SSION PHOTOS

MEAN LOCATION ERROR (METERS) FOR A POINTS

PO S ITION PRIUT TYPE
OF Trans— Mean

POINT S Pai,er parency 
- 
Total

F 24.6 20.8ar (19) (18) 22.7

Near 
________ ~~~~~~~~ 

13.0

Mean
Total 20.6 15.0 - 17.8

But an analysis of variance (Table 9) indicated that the effects
of Position, print Type, and the interaction between the variables were
not statistically significant. The data from all levels of the inde-
pendent variables were combined.

Table 9

OBLIQ UE MISS ION PHOTO S
ANALY SIS O F-VARIANCE OF

LOCATION ERRORS (METER S) FOR A POINTS

Source df MS 
- - 

F

Between
Subjects 36

Prints (A) 1 1 ,915 3.57

Grou ps 1 1 ,080 2.01

Error 34 537

Within
Subjects 37

Position (B) I 505 2.28

A x B  1 152 <1.00

Error 35 221
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Figure 10 shows the cumulative percentage of location error for
the oblique photo A points. The med ian error was about 11 meters.
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Fi gure 10. CumulatI ve percentage of location errors: oblique
mission photos/A points (N~529).

Note that the median err~r is somewhat smaller than the mean total
of 17.8 meters shown i~ Table 8. This difference is due to the posi—
tive skew of the error distribution. If a distribution of measures is
positively skewed, the mean ‘will, be larger than the median, and the
magnitude of the dif ferenc e between the mean and the median will depend
upon the amount of skew, ~ifferences between the means and medians
will be evident in the remaining results and will not be commented an
further.

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 Types, but there was no substantial,

- 
consistent difference between the means for Print Types.

\
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Tabl e 10 -

OBL IQUE MISSION PHOTOS
MEA N LOC A TION ERR OR (METER S ) FOR B POINTS

PO SITI ON ~~~~RI~ T TYPE
OF Trans— Mean

________  
PaDer p~ rericv Total

132.2 138.3Far (19) (18) 135.0

35 •5  34• 4Near j 19) (18) 35.0

Mean
Tot al 83 .8 86.3 85.0

An analysis of variance (Table 11) indicated that only the effect
- of Position was statistically signif icant (p < .01). The data from the

two Prin t Types were combined for the Near and for the Far points.

Table 11
O B L I Q UE M I S S I O N P H O T O S
A N A L Y S I S  OF V A R I A N C E  O F

LOCATION ERRORS (METERS) FOR B POINTS

Source  
- 

d-f MS F’

Between
S u b j e c t s  

-

Prints (A) 1 114 <1.0

Groups 1 556 <1.0

Error 34 4,150

With in
Subject s IL .

Pos i t i on  (B) 1 185 ,626 58 .24**

A x B  1 237 <1.0

Err or 35 3,187

< .01
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Figure 11 shows the cumulative percentage of error for the Near
and for the Far B points. The median error for the Near points was 29
meters and for the Far points 104 meters.
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Figure 11 . Cumulative percentage of locati on errors: oblique
mission photos/B poi nts .

lli&h 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 Transparency for both Positions.
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Table 12 -

HIGH PAN MISSION PHOTOS
MEAN LoCArI oN ERROR (METERS) FOR A POINTS

POSITION — 
PR INT TYPE

OF Trans— Mean
POn:TS Paoer parency_ Total_

20.6 11.8 16 2 -Far _~l8) (18) ________

ear (18) 
- 

( 18)  
_______

Mean

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
Near and for the Far points.

Table 13

HIGH PAN MISSION PHO1’DS
ANALY SIS OF V A R IAN CE OF

LOCATION ERRORS (METERS) FOR A POINTS

Source  df MS F

Be tween
Subjects 35 -

Pr ints (A) 832 9.04**
Error 34 92

W ithin
Subjects

Posi t i o n  (8) 1 1 ,039 20.78**

A x B  1 77 1.54
Error 34 50

**p < . Ol
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Figures 12 and 13 show the cumulative percentage of errors for  the
Paper and Transparency and fQr the Near and Far points. The median
error for the Paper was 12 meters and for the Transparency 8 meters.
The median error for the Far points was 12 meters and for the Near
points 7 meters.
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Figure 12. CumulatI ve percentage of location errors. High pan
- 

- 

mission photos/A~points ; Print Type. 
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Figure 13. Cumulati ve percentage of location errors: high pan
mission photos/A points ; Position .

Table 14 shows the error means for the high pan photo B points.
The err or means were larger for the Far points than for the Near
points for both Print Types, buL there was essentially no difference

- between the means for the Paper and Transparency.
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Table 14

HIGH PAN MISSION PHOTO S
MEAN LO CATION ERROR (METE RS ) FOR B PO INTS

POSITION PR INT TYPE
OF Trans— Mean

_~Qj~j~~ - 
Pap er _~a r e nçy Total

57.1 56.0 6Far (19) (18) 5 .6

38.2 35.3Ne ar (19~~~ (~5) - 

6.7

4 7 .6 45.7 
- - 

46.7

An analysis of variance (Table 15) indicated that only the effect
of Position was statistically significant (p < .01). The data from the

P Paper and Transparency were combined for the Near and f or the Far
points.

Table 15
HI GH PAN MISSION PHOT OS
ANALY SIS OF VARIA NC E OF

LOCATION ERRORS (METERS) FOR B POINTS

Source d-? ~~MS_ F

Between 
36 

-

Subjects —

Pr int (A) 1 76 <1.0
Error 35 749 

-

Within - - - -

Subjects 37

Position (B) 1 7,255 2O.8-~*
• A x B  1 15 <1.0

Error 35 348

< .01

______
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Figure 14 shows the cumu lative percentage of location error for
the high pan mission photo Near and Far B points. The median error for
the Far points was 48 meters, und for the Near points 34 meters .
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Figure 14. Cumulati ve percentage of location errors: hi gh pan
mission photos/B points .

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 combinations of Print
Type and Position , and the error mean for the Transpar ency/Far point was
somewhat larger than that for the Transparency/Nea r point.
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Table 16
LOW PAN MISSION PHOTOS

MEAN LOCATION ERR OR (METERS ) FOR A PO INTS

P O S I T I O N  
PRI ; 1 T TYPE

OF Trans— - Mean
__________ 

Paper pa re ncv To ta l

Far 
________ 

37.4

Near 6.7

~~ 1
32.7 11.4 22.0 j

An analysis of variance (Table 17) indicated that the effects of
Print Type and Position were statistically significant (p < .05 and
.01, respectively) as well as the interaction between the two variables

< .01).

Table 17
LOW PAN MISSIO N PHOTOS
ANALY SIS OF VARIA NCE OF

LOCATION ERRORS (METERS) FOR A POINTS

Source df MS F
Between
Subj ects 36

Prints (A) 1 8 ,4 10 4 Q9*
E r r o r  35 2,054

Within
Subjects -

Position (B) 1 16 ,743 8.61**
A x B 1 9,031 4 .64*5
Error 35 1 ,944

‘p < .05
< .01
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It is apparent from inspection of Table 16 that the statistical
signif icance of the two variables is due almost entirely to the large
error on the Paper/Far pou t combination. A t test for correlated ob—
servat ions indicated that for the Paper the difference between the
means for the Far and Near points was statistically significant
(t — 2.59, p < .02 df 1 and 17); but, for the Tr;unsparency, the dif—
ference between the means for the Far and Near Points was not statis-
tically significant (t — 1.67). Consequently, only the data from Paper
and Transparency Near points were combined. -

Figure 15 shows the cumulative percentage of error for the low pan
photo A points. Three cumulative percentage distributions are shown:
one for the Near points, one for the Transparency/Far points, and one
for the Paper/Far points. The median error for the Near points and the
Transparency/Far points was about 8 meters, and for the Paper/Far
points about 19 meters.
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Fi gure 15. Cumulative percentage of location errors: low pan
m i s s i o n  photos/A points .
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Table 18 shows the error means for the low pan photo B points.
The error means for the F~r points were considerably larger than
those for the Near points for both the Paper and Transparency. The
difference between means for the Paper Near and Far points was con—
al.derably larger than the difference between the means for the Trans—
parency Near and Far points. There was little difference between the
means for the Paper and Transparency Near points.

Table 18 
- 

-

LOW PAN MISSION PHOTOS
MEAN LOC ATION ERROR (METERS) FOR B POINTS

POSITION 
P R I N T  TYPE

OF Trans- Mean
- 

Pfllr:TS Paper pprency ~ Total_

Far 225.1 117.8 171 4
____________ 

( 18) (19 ) 
__________

42.5 48.3Near  ( 18) (19)
a —

133.8 83.0 108.4

An analysis of variance (Table 19) indicated that effects qf Print
Type, Position, and the interaction between the two variables were
statistically significant (p < .05, .01, .01, respectively).

- Table 19 
-

LOW PAN MISSION PHOTOS -

ANALYSIS OF VARIANCE OF -

LOCATION ERRORS (METERS) FOR B POINTS

Source df MS F

Between
- Subj ects

Prints (A) 1 47 ,568 7.12’
Error 35 6 ,677-

Within
Subjects

Location (B) 1 286 ,792 53.76”
A x B 1 59 ,112 11.0$”
Error 35 5 ,335

‘p ’.05
“p ’ 0 1
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A t test for correlated observations indicated that tha difference
between means for the Paper Near and Far points and for the Transparency
Far and Near points was statistically significant: the values for t
were 5.44 (p < .01, df 1 and 18) and 5.97 (p < .01, df 1 and 17). A t
test for uncorrejated observations indicated that the difference between
means for the Paper and Transparency Far points was also statistically
significant (t — 3.02, p < .01, df 1 and 2l).~A The difference between —

means for the Paper and Transparency Near points was not statistically
significant. Consequently, only the data from the Paper and Trans—
parency Near points were combined .

Figure 16 shows the cumulative percentage of error for the low pan
photo B points. Three cumulative percentage distributions are shown:
one for- the Near points, one for the Paper-/Far points, and One for the
Transparency/Far points. The median error for the Near points was 39
meters; for the Paper/Far points, about 183 meters; and for the Trans—

— parency/Far points, about 100 meters.

Point Transfer Times

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
among the levels of the variable were on the order 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.

!.éf is 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 population variances a-re not equal is de-
scribed by Welch, B. L. (1947). In Winer, 3. B.,  Statistica l Prin ci—

- - 
p ies in Experimenta l De8ign~ p. 37. New York: McGraw—Hill, 1962.
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Figure 16. CumulatIve percentage of location errors: low pan
mission photos/B points .
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Su MMARY AND DISCUSSION

- - Because of the large-number of independent variables and types of
mission j.hotos, a sununary of the location error results is provided in
Table 20.

Table 20

SUMMARY OF RESULTS FOR LOCATION ERRORS

MISSION INDEPEN DENT STATISTICALLY LEVELS OF ERRO R (METERS )
PHOTO POINTS VARIABLE SIGNIFICANT VARIABLE 2S% 50:. ~~~~~

A Scale No All levels 7 I i
Print No combined -

Vertical —— ____ —
B Scale No All levels 12 20 36

Pr int No combined
— 

A Print No combined 6 11 28

- 
Position No

O b l i q u e  —

B P r i n t  No . Far.A~ — 
~~~~~~

__ • 
104 229

Pos i t ion  Yes Near-~/ 1 4 29 54
_ __ _ _  - --

- Paper 6 1 2 35
P r i n t  Yes Trans - — —-

A —________ ______________ parency 
____ 

8 16

Far 6 12 32
Position Yes —— —

Near  3 7 14
H ig h Pan

Print No Far.aJ 22 48 97
B —

Position Yes Near.V 15 34 72

Far- 8 ~~
Print Yes Pap er 

____ ____ —

Far—
- Trans- 5 8 25

. A parcncy 
_____ - —

- Position Yes Neara/ 4 8 10
Low Pan

Far- 60 183 433Paper 
_____Print Yes Far—

Trans -  38 1 00 233
B parency 

_____ _____ —

Pos ition Yes Pl ear.W 18 39 150

~iDa ta from PrirL t Types combined. -

_ _ _ _ _ _ _  

I ~

~~IIl~ I - - - — ~~~~~~—~~ - --~~,‘- 
~~~~~~~~~~~~~~~~~~~~~~~~ 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
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The table t hows for each mission photo and for the A and B points
separately whether or not the independent variables were statistically
signif icant; the levels of the independent variables for which accumu-
lative percentage distribution was computed ; and the error correspond-
ing to each of three selected cumulative percentages . Each percentage
and associated error may be interpreted as follows: for example, con-
sider the vertical mission photo A points; 257. of the location errors
were less than 4 meters, 50% were less than 7 . meters, and~ 75% were less
than 11 meters.

The location error for  the three percentages is showx~ to allow the
r eader to asness the skew of the error distributions. The direction
and the amount of skew may be computed by comparing 

~
757.e~

507.e) to
(50X e 25% e) where e is the location error . If the first term is larger
than the second, the distribution is positively skewed; if the first
term is smaller than the second term, the distribution is negatively
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.

I. It is evident from inspection of Table 20 that nearly all of the
distributions were positively skewed, with the exception of that for
the vertical photo A points-~

1and 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-
rately than the remaining points and this was particularly true for the
B points and for the Far points; on some points, a few subjects made
error s considerably larger than those mad e by the r emaining subjects.

Now to consider the effects of independent variables of Scale ,
Print Type (Resolution) , and Position (Near , Far) . The scale of the
vertical mission photos did not af fec t the magn itude of error. This was
tru e for the A points ,- points that were on easily identifiable features,
and for the B points——points that were not close to such fea tures. Scale
did not affect the error magnitude possibly because the two scales pro—
vided sufficient detail for locating the points on the data base.

The variable of Print Type did not affec t location error for the
vertical or oblique mission photos. It did have a statistically sig-.

- nificant but small effect for the high pan photo. A points (Paper
12 me ter median error; Transparency = 8 meter median error); a slightly
larger effec t for the low pan photo Far A points (Paper = 19 meters ,
Transparency — 8 m eters); and a pronounced effect  for the low pan pho to
Far B points (Paper = 183 meters; Transparency = 100 meters) .

Performance with the transparencies 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 of the mission negative was close to a level where even a

________________________________________________________

~“Th is has a slight positive skew but is neg].ible compared to the others.

- 
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smalL degrada t ion would cause a significant loss of the de ta i l  u se fu l
for accurate point transfer . Apparently the transparency preserved
more. of this useful detai]. than the Paper p r in t .  Generall y,  the sma ll
degradation caused by the Paper pr int was not as harmful for the other
mission photos because the overall quality of the negatives was suffic-
iently high so that a small loss in ground resolution did not cause a
signif icant loss of detail useful  in po int t ransferr ing .

As expected , the variable of Position significantly affected loca-
tion error . The error for the Far po ints was usually larger than for
the Nea r points  and the d i f f e r e n c e  in the magnitude of the error was
larger for the B points than for the A points. The probable exp lana—
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 proportional to their corresponding features
on the data base , whereas the Near points were in the portion of the
photo in which the distances were closer to linear. It was undoubted ly
more difficult to locate points where the distances were non—linear .
The effects of Position were larger for the B points than fur the A
points because, by definition, the A points were located on identi-
fiable features while the B points were relatively far removed from
such features.

The location error for  the non—vertical photo Near A points was
not ouch larger than that for the vertical photo A points. For the
vertical photos, the 50% (median) and 75% location errors were 7 and II
meters; for the non—vertical photos, the 50% error ranged EL~om 7 to
11 meters and the 75% error ranged from 10 to 28 meters. Eut the error
i-or rh’~ Near B points wa~ considerabl y larger than that for the verti-
cal photo B point s .  For the vertical  photo , the 50% and 75% errors
were 20 and 36 meters; for the Near B points, the 50% orror t~ ng’d from
29 to 39 meters , and the 75% error ranged from 54 to 150 meters.

These results indicate that the location error Eor the ver t ica l
m t ss ion  photos and for  the near portion of the non—ver t ica l  tu i s s ion
photos are comparable for only specific kinds of points— —those located
on or very close to identifiable features in the scene.

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 f~’r the Far points ramm ~ed from 48 cn~ters for
the hi gh pan photos to about 140 meters (mean of 183 and 100 meters)
for  the low pan photos ; the 75% error ranged f r om 97 me te r s  (hi gh pan
plm ot o~i) to about 335 meters (mean of 433 and 233 meters)  fo r  the low
pan photos .

The results of this study, as sunur.arized in Table 2 0 should be
useful .  in assessing the operat ional  capabi l i t ies  of the APPS for tar—
gets appearing on various types of reconnaissance p hotograp hy .  It is
apparent tha t B--type ta rgets  usua l ly  cannot be t r ans fe r red  visual ly  to
acceptable accuracies except from vertical mission imagery. This m dl—
cates that other means for transferr ing B—type t.irgets should be found .
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Overall improvement in point transfer accuracy might be achieved by
judicious selection of operators plus specialized training.

This report should he useful to G—2 air offic ers and reconnais-
sance aircraft pilots because it shows clearly the value of acquiring
targets in a near vertical mode, Of course , operationa lly, this is
sometimes not possible but at least the operational personnel will know
the loss of transfer accuracy that will result when targets arc imaged
in the Far portion of a panoramic or oblique frame.

There may be some advantage in viewing the data base or the mis-
sion photography in a stereo mode and s t i l l  further advantage if both
are viewed in stereo. Stereo was not used in this study but , based on
past related exper ience, the use of stereo might improve both A point
and B point accuracy, but the greatest improv ement would be to B points .

During the main tests It required an average of less than one
minute per point to effect a transfer . However, there are two steps in
the transfer process. The first is finding on the data base the area
covered by the mission photo . In some preliminary tests this was found
to be so tim e consuming (u p to 30 minutes) that transparent templates
were furnished each test subject so he could quickly locate the areas
on the da ta bases. In 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
qu ick ly  re la te  one photo to another , when there is a large d ispar i ty  in
scale and geometry, seems essential for efficient operation of the APE ~S.
The second step is the finding and marking of the point of interest on
the data base.

CONCLUSIONS

Based on the results of this study and on general obsarvations
made during the testing phase it is concluded that:

• The tests were conducted according to the test plan
and we re successful  in f u l f i l lin g  t h e  stated objectives .

• The following variables were found to be practical l y
s ign i f i can t :

Po si t ion  (Fa r or Near por t ion  of the format
of non—vertical imagery)

Po in t / E nvirons (Relat ionshi p of point to
ide n t i f i a b l e  deta i l )

Resolution (Transparency vs. Pape r Print) —

si gni f  icant  onl y fo r some comb ina t ion s
of conditions

The var iab le  found to be not pract ical ly si gnif icant
is: -

Scale (wi thin operational ranges — vertical
photography)
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• Under the conditions of the experiment, transfer CEP 
of less than 20 mete rs was obtained for 50 perc0nt of 
the A points transferred from all mission types and 
75 percent of the trans fe r s were within a CEP of 20 
meters for Vertical mis~ions, fo r the Near po rt ion of 
High and Low P3noramic missions , and fo r film trans ­
parencies for the High Panoramic mission irrespc~tive 
of t a rget position on the image . Only the Vertical 
mission imagery was adequate for the purpose of pro­
viding a CEP or 20 meters for the transfer of 50 per­
cent of the B points. 

• Test s ubjects preferred transpar encies to paper prints 
for mission imagery and they preferred transmitted 
light (ligh t t able) to r eflected light (high intensity 
lamp),even for paper prints. 

• The cumulative percentage curves are useful in estimat­
lng transfer e rrors fo r diffe rent kinds of mi ssion 
imagery . 
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APPENDIX A

ANALYTICAL PHOTOCRAtft-~ETRIC P05 ITt ONT Nc ; SYSTF>1 (APPS)

The Analytical Photogrammetric Positioning System (APPS) is a
point position ing system developed at the US Army Engineer Topographic
Laboratories (USAETL), Fort Belvoir, Virg inia. The APPS has evolved
as a solution to the problem of determining X, ‘1, Z coordinates of
points of interest anywhere in or forward of a Corps—size area in a
matter of minutes.

Photogrammetric theory and techniques have been combined with the
capabilities of a desk top programmable calcula tor to provide for
utilization of the analytical methods of determining position, unlike
the more classical analog methods found in photog rammetric map
compilation 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, Z coordinates of a point .

There are two parts  to the APPS; (1) a Data Base (DB) consisting
of mapping quality aerial photography and its associated numerical
data , and (2) an assemblage of mensuration and data processing equip-
ment with associated software. -

The DB is the key element of the APPS. It is rigorously prepared
as part of the normal mapp ing process and only then extracted from
that process for application to the APPS . The UB is mathematically ad-
justed by an analytical  procedure known as aerial  block t r iangula t ion
which is based upon the method of least squares.  Given two poInts  of
known horizontal  posi t ions (X ,Y) and th ree  poiats  of known elevation
(2) , one can determine the six or ienta t ion  parameters  of a p hotog raph ,
whether dealing with one overlapping pair of photog raphs or overlapping
coverage of entire countries. Use is made of redundant control data

- whenever possible to reduce accumulation of small uncorrected systematic
errors and random errors. The adjustment is held to ground control.

The DB photograph requires no spec ial processing such as rec t i f i -
cation . It is annotated with orientation points called index points
and with check points. Its assoc iated numeri:al da ta  includes interior
and exterior orientation parameter s, photo coordinates of the index
points, and geocentric coordinates of the check points. APPS equipment
calibration parameters are al so incorporated in the numerical data .

The other por t ion of the APPS , the hardware, is primarily an
assemblage of eonimercial , off—the—shelf items that, will accept the DB
and perform the necessary measurements and computations for X, Y, Z
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coordinates. The current package represents first generation compo-
nents .  Modi f ica t ions  and add— ons have been envisioned to increase the
flexibil i ty of the system.

There are five major component items of equipment to include:
(1) a modified Zeiss Stereotopef’ (2) an operator control box, (3) an
in terface unit , (4) a Iiewlett—Packard~1(I1P) 9810A programmable calcu—lator-~~and (5) an HP cassette memory4” See Figure Al.

The Stereotope provides the capability for  stereoscopic viewing
and parallax measurement by the X , Y and X—paral lax motions it pos—
sesses . To extract these measurements, a Bendix X, Y digitized data
gr ld 11is installed under the Stereocope 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 provides a simple means of selecting a
particular operation for the APPS to perform, i.e., zero the baseplate
data grid datum , or index the DB sterearnodel, etc.

The interface unit converts cursor signals to the HP language and
subsequently HP language to a desired output language.

The UP 9810A programmable calculator and the UP cassette memory
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 one numerical DB file
at a time together with the input from the Stereotope through the
interface to compute the X, Y, Z coordinates of a point.

In practice, the operator uses a photo index overlay to determine
which DB stereo pair of photographs to place on the Stereotope. He
inserts the magnetic tape 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 program by use o~ a magnet ic
card. The card also contains the Stereotope calibration parameters
mentioned earlier . He then calls in the DB file for the model being
used by keyboard commands. Each photo of the model is oriented inde—
pendently using the index points mentioned earlier. The photo coordi-
nates of four index points are measured and a transformation cotnputa—
tiori made to relate the measured photo coordinates to the adjusted
photo coordinates. The operator then observes and measures a check
po int, this time in stereo, to ascertain that he correctly oriented
the model. He must agree with the known coordinates of the check
point within established tolerances before he can proceed . Once he is
signalled to proceed he then observes the point of in terest , measures
and computes the X, Y, 1 coordinates of the point and obtains a p r in t—
Out on paper tape of the UTH Zone , East i rtg, Northing nd elevation in
meters.

!/Commcrical or t r ade  names are given only in the interest of precision
in reporting experimental procedures . Use of the names does not con-
stitute official endorsement by the Army or by the U.S. Army Research
Institute for the Behavorial and Social Sciences .
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Test results conclude that horizontal position locations deter-
mined with the APPS are approximately equivalent to third—order ground
surveys. This is readily achieved by personnel having previous train-
ing in the interpretation of aerial photographs and additional 16—40
hours instruction on the APPS .

The APPS is packaged for transport in three militarized carrying
cases for a total weight of 478 pounds and a volume of 27.42 cubic
feet . It requires 600 wat t s  of power at llOv, 60 lIz .

• 
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