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The Automatic Photomapper
An accurate system which may serve for

rapid combat mapping.

INTRODUCTION

T HE AUTOMATIC PHOTOMAPPER equip­
men t, developed by the U. S. Army

Engineer Topographic Laboratories as part
of the Rapid Com bat 1\1 arpi ng System
(RACOMS), is a ruggedized van-mounted,
highly mobile, mapping system capable of
producing high-quality orthorhotos and al­
titude line-drop charts. The equipment was
designed for rugged military use and can be
transported by ground or air LO a theater of
operation where it can be used to produce
military maps for use by ground forces in the
field. The equipment is capable of producing

* Presented at the Annual Convention of the
American Society of Photogrammetry, Washing­
ton, D. C., March 1967. The Author's agency has
recently been renamed C. S. Army Engineer Topo­
graphic Laboratories.

all the orthophoto and altitude line-drop
charts required for mapping a four-IS-minute
quad area in 48 hours provided the scalc of
the photography is approximately 1 :50,000
and the camera position and attitude data are

.accurately recorded along with each photo­
_grar h.

The equipment operates on a digital com­
pu ter-con trolled closed-loop pri nci pie uti­
1izing electronic scanning and corre'lation
techniques for information, detection. and
data feedback. nder control of a digital
computer and appropriate computer pro­
grams. the system scans similar object roints
on each photograph. The scanned informa­
tion is analyzed by the electronic correlation
circuitry to determine the height error. This
information is then sent to the computer
where it is analyzed and used to control the
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altitude printout \\'hile the \·ideo signal ob­
tained from one of the photographs is used
to produce a ne\\' orthographically correct
photograph \\·ith all distortions remo\·ed.

The equipment \\·ill operate with \'ertical,
convergen t, or panoramic stereo photographs
cO\'ering a wide range of focal lengths and
flyi ng heigh ts.

ments, known camera characteristics, and
known geodetic control. The equipment can
also usc aircraft-position data in lieu of
normal ground control for compiling outputs.

Figure 4 sho\\'s the required inputs and
outputs for the compilation modc of opera­
tion. I n this mode. the equipment operates
using a mathematical model entered into the

A IlSTRACT: Concepls of ?I1oderll willja re demand {t capabilily for ra pid prepara­
hOIl of IIp-Io-daie lopographic a II Ii geodelic dliia of areas deep willl1:11 unfrieudly
lerr'ilories. Eq/l'ipmenl presently used by II rmy Topograpliic Vllils lire slow and
lime-consuming. Tlie slate of llie (lrt ,in auIomalic mappillg lias advanced 10 llie
poinl wliere (In eXIrernely sopliisll:C!I1ed, liighly II CCII I'll Ie, Iflinsporilible syslem
1111.1' been del1eloped for mapping ,in Ille .field. TIle mlljor componenl of sucli a
syslem is llie Van-Jlounled A ulomlilic Pliolornapper. ~I discussion of llie opera­
lion of llie syslern, Illong willi lesl results oblained during prehmillary andjinal
acceplallce leslillg. includes some aspecls of maillleuu'//ce alld Irouble sllOolillg.

SYSTE~IS DESCRIPTION

J7igure 1 shows an external view of the
automatic photomapper with attached mo­
bilizers.Eaeh of the mobilizers has a hy­
draulic jack for raising or lowering the van.
The sides of the \'an arc expanded durin!!,
operation of the equipment. The entire van
with mobilizers attached can be transported
by air.

Figure 2 shows a scale modcl of thc Au to­
matic Photomappcr. The equipmcnt con­
sists of a precision compilation table, a con­
trol consolc, a computer with associated
controller and typcwriter, the I/O pedestal.
and a 3}-bay elcctronics rack. The control
console con tai ns a stereoviewer and reference
viewer used for setting up models and for
monitoring system opcration. Figure 3 .. hows
a photograph taken inside the van. Prior to
moving the van, the scanning table X and Y
carriagcs are raised up ofT the ways and
locked in a caged position; the control con­
sole, mounted on slides, is pushed IowaI'd the
center of thc van and picked up hy a set of
shock pins: thc oscilloscopc goes in thc
storage cabinet; the chair is clamped down:
and the sides of thc van arc folded in.

S\'STE~I OPERATION

The equipment was designed mainly for
the compilation mode of operation. In addi­
tion, the equipment can be used as a pre­
cision comparator, and the computer can be
utilized to generate the camera station and
orientation data necessary for the compila­
tion operation from the comparator measure-

computcr. The inputs to the scanning table
are stereo glass plate diapositives of vertical,
con\'ergent, or panoramic photography. The
inputs to the computer are the camera X, 1',
Z-positions, the camera (</>, K, w) orientation
data, the camera focal length, the camera
lens characteristics, the contour inten'al de­
sired, the area to be compiled, thc location
and symbols to be printed, and the center of
the earth's curvature correction. The outputs
arc the orthopholO and altitude line-drop
chart. During the set-up of the model, the
operator may also entcr information into the
computer from the control consolc to takc
ad\'antage of the ach'crse arca routine and to
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FIG. 2. Scale model of Automatic Mapper.

assist the equipment through difficult areas.
Using the position control on the control
console, the operator moves the light on the
reference viewer (which holds a photograph of
one of the diapositives) around any difficult
areas and, with the keyboard, tells the com­
puter when it gets to these areas either to
hold altitude, to profile at slow speed, or to
profile at medium speed.

TEST RESULTS

Preliminary and final acceptance testing
of the equipment has been completed. The

tests were conducted in accordance with an
approved test plan. A brief description of the
main tests conducted and the results ob­
tained follow.

Instrument accuracy. A 9-by-9-inch preci­
sion grid was placed in the scanning table
over lens Position No.!. The grid intersec­
tions of 81 points were measured while mov­
ing the table over a 9-by-9-inch area. The
table was then centered and 49 points were
measured while movi ng the lens posi tioner
over a 3-by-3-inch area. The procedure was
repeated with the grid placed over lens posi-

FIG. 3. Automatic Photomapper equipment.
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FIG. 4. Compilation Illode of operatioll. (I) Outputs: orthophoto, aitillide lille-drop chart. (2) j\laterial
inputs: lilm positives or glass plate.,. (3) J>ata input: camera-X YZ-Iocations, eJ>,K,w-orientations, .Iens
characteristics, focal lengths; operatioual data-scale of output, contour interval, area to be compIled,
center of carth-curvature correction, location and symbols to be recorded.

tion No.2. The RMSE yaried from a low of 3
microns to a high of 6 microns. All axcs \I'ere
within the 7 microns R~ISE requircment.

DY/lamic aCC/lracy. A precision grid plate
was scanned at maximum compilation speed
and a ncgati "C copy of the grid was pri n ted.
The grid intersections of thc printed grid
wcrc mcasurcd and compared to the original
grid. The R~ISE for the Y-axis was 14 microns,
for the X-axis 19 microns. Both axes were
within t'he 30-micron requirement.

I{E"EI~ENCE VIEWER

A 9-by-9-i nch precision grid was placed in
the scanning table and a piece of "ellum
paper was placed o"cr the reference ,·icwer.
As the table was Illo"cd to each in terscction
of the grid, the center of the spot of light on
the refcrence "iewer was marked on the
"cllulTI paper. The markcd papcr "'as then
placed o"er the grid, and thc Illaxi mUIll error
was Icss than the requircd ± .01 inches.

STEI~EOVIEWER

The unit provided the operator with satis­
factory stereo images for monitoring system
operation and for remo"ing parallax by plac­
ing the electronic Roating mark on the
ground. The area viewed in the stereoviewer
corresponds to one of two diapositive scan
sizes available to the operator. Maximum
scan corresponds to a raster size at the dia-

positive of 4 mm. by 5 mm., and normal scan
corresponds to a raster size at the diapositi"e

FIG. 5. Orthophoto: camera altitude, 25,000
feet; focal length, 6 inches; scale of output,
1:50,000.
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FiG. 6.."\Ititude line-drop chart: cuntour interval
-W feet; camera altitude. 25,000 feet; focal length,
6 inches; scale of output, 1:50,000.

of 1 mm. by 1.2S mm. During the set-up of a
model, the imagery in the stereo\·iewer can be
magnified by 2, -+, or S times by pressing the
appropriate magni '"ication swi tch.

OUTPUT RESOLUTION

1\ standard USAF resolution test target
was scanned at maximum compilation speed
and printed at the output. The resolution of
the printed output target was 35 lines/mm.

EQUIP~IEl\T SPEED AND ACCUHACY

The time required for compiling a model
depends on the accuracy required and the
amount of adverse area in the model. The
average time to compile a 4-by-8-inch model
using a raster \\"idth (DX) of 0.5 mm. is SO
minutes. The Cofactor of the instrument when
using a DX of 0.5 mm. is approximately
1360. The a\'erage time to compile a 4-by-8­
inch model using a raster width (DX) of 1.0
mm. is 26 minutes. The Cofactor of the in-

strument when using a DX of 1.0 mm. IS

approximately 800.

R ECTIFICA TlO"

For rectification purposes a raster width
(DX) of 4 mm. can be used. The time re­
quired to rectify a 9-by-9-inch photograph is
12min utes.

OUTPUT PRODUCTS

Successful compilations were made from
\"ertical and 25-degree COIl\"ergen t photog­
raphy. Figure 5 shows an orthophoto made
from \'ertical photography. The scale of the
orthophoto is 1: 50,000. A raster wid th of
0.5 nlm. was used to compile the mudel.
Figure 6 shows the altitude line-drop chart
for the same model. The contour interval is
40 feet. The altitude chart is made up of
grey, white, and black shadings. The sequence
of the shadings indicates up-hill or down-hill
progression. The symbols around the upper
right portion of the model outlines the ad­
\'erse area selected by the operator. \"hen the
scanning table came to this area. the com­
pu ter slo\\'ed the profili ng date do\\'n to
medium speed.

1\1 AINTENANCE

The equipment was designed for easy
access to all the electronic components. To
assist in trouble shooting the equipment,
OI"er 5,000 testpoi n ts and SOO neon ligh ts are
\\"ired into the system. In many instances.
especially in the computer, malfunctions cae
be analyzed with only the aid of the neon
lights.

The interface drawer in the electronics
rack has a test panel for si mulati ng the com­
puter outputs, and is used to help calibrate
and trou blc shoot the eq ui pmen t. Diagnostic
tapes are also a\"ailable for checking the com­
puter, controller, and remaining logic.

CONCLUSI01\S

An evaluation of the tests performed indi­
cates that the automatic photomapper is an
accurate mapping system that can be utilized
as the heart of the RAPID COMBAT 1\'lapping
System (RACO\IS) 1'01" effecti\'e mapping in
the field.

See announcement of 1968 Congress in Switzerland on page 104.


