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PREFACE 

Authority for conducting the effort described in this report 
is contained in Project 4A762707A854, "Military Geographic Analysis" 
and the Defense Advanced Research Projects Agency, Order Number 
2877, dated 5 September 1974, providing funds for Engineer Agency 
for Resources Inventories (EARI), U.S. Army Engineer Topographic 
Laboratories (ETL), to proceed with "A Pro.posal to Investigate the 
Impact of Structured Landscapes on Armor Operations in Natural 
Corridors of Movement." 

The techniques described were devised by Lawrence P. Murphy, 
Project Engineer, and the production application of these tech
niques performed by William W. Abbe, a technical expert in mili
tary and international environmental assessment. Systems reconfig
uration , operator training, and a fair share of technique devel
opment was provided by Edward J. Trelinskie, Computer Equipment 
Analyst. 

This work was performed under the general direction of Dr. 
K. R. Kothe, Director, Geographic Sciences Laboratory, U.S. Army 
Engineer Topographic Laboratories and R. Ho Ottinger, Military 
and International Support, Engineer Agency for Resources Inven
tories (EARI). 

The work was performed during the period of December 1974 
through January 1975. 
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AN AUTOMATED TECHNIQUE FOR MEASURING 
BUILT-UP URBAN AREAS FROM MAP 

GRAPHICS THROUGH ANALOG IMAGE PROCESSING 

I. INTRODUCTION 

1. Subject. Tiiis report describes a production application 
using experimental analog (video) signal processing hardware and 
techniques for measuring areas (Km2) depicted on map manuscript 
graphics as built-up urban areas. The objectives of this effort 
were twofold: 

a. Confirm the feasibility of analog processing in 
determining the percentage of a map graphic input that is occupied 
by built-up areas and/or parts of the project area. 

b. On confirmation of the acceptability of analog pro
cessing, allow an analyst to use the system in a production mode 
for a specified study area and determine the ratio of time saved 
when compared to manual processing techniques. 

2. Background. The Engineer Agency for Resources Inven
tories (EARI) of the U.S. Army Engineer Topographic Laboratories 
(ETL) is engaged in scientific and technical operational services 
in support of the environmental data requirements of military and 
civil development programs. In the course of performing these 
services and studies, many unusual data extraction and analysis 
requirements occur. On determining that difficult or costly con
ventional analysis techniques are required for these studies, 
EARI consults with ETL research personnel to find more efficient 
processing methods and hardware. 

In December 1974, personnel of EARI consulted with the Geo
graphic Sciences Laboratory (GSL), ETL to consider if machine 
assistance could be provided to an analyst for determining per
centages of area and actual ground area values, in square kilo-
meters (~), f(}r built~up urban ar-ea-s within a large study 
project assignment. Because of the extent of the project study 
area, the use of manual area measuring techniques with dot or 
grid templets would make this operation extremely time consuming, 
fatiguing to the analyst and, consequently, of questionable ac
curacy. It was further concluded that it was impractical to use 
a mechanical planimeter for measuring the multitude of small 
(~0.25 Km2) built-up areas of irregular shape as extracted from 
project source materials. GSL recognized ·that analog processing 
elements embedded in the ETL experimental Automated Image Data 
Extraction System (AIDES) could be used to perform the required 
image data processing. 
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II. REQUIREMENTS, MATERIALS, AND APPLICABLE HARDWARE 

3. Requirements. The EARI study program required the deter
mination of the area of the project a~d of the portion of that area 
composed of built-up areas both in Km and as a percentage of the 
total. A minimum selection size criterion of 0.25 Km2 for built-up 
areas was subjectively determined to be suitable for strategic con
sideration and for representation on the study base map (1:750,000 
scale). Other data extraction requirements (e.g., Km2 and per
centage of the extent of built-up areas within natural corridors 
of movement in the same project area) were also specified but were 
to be addressed at a later date. 

4. Materials. Twenty-eight 1:250,000-scale standard mili
tary map-size mylar manuscripts showing built-up areas within 
project limits, prepared and reduced to 1:750,000 film positive 
format by EARI personnel constituted the project source material. 
Xeroxed positive paper prints of the reduced scale film positives 
were utilized for AIDES processing. Figure 1 shows an example of 
the paper print source material. 

5. Applicable Hardware. Processing modules embedded in the 
experimental Automated Image Data Extraction System (AIDES) were 
considered as a means for extracting area extent data from the 
xeroxed area manuscripts. AIDES is an experimental, analog/digital 
image processing device for extracting, merging, and displaying 
data from multiple (four) grey tone or binary image inputs. A 

1 description of AIDES has been published in a prior research note. 
To extract the area (extent) data, it was recognized that a very 
small sub-set of AIDES processing elements would be needed. These 
elements are identified as a single image scanner, a level selector, 
a video image processor, a video planimeter, and a color cathode 
ray tube (CRT) display. The color CRT was required as specified by 
the manufacturer of the image processor. These items are block 
diagrammed in a system configuration in Figure 2. The specific 
components and functions for elements in Figure 2 are as follows: 

a. Film scanner - The image input device is a single 
525-line vidicon (Westinghouse image tube WL 5140) with a 70 mm 
film gate, and an Aristo Type 45 HI cold cathode light source. 

1 L. P. Murphy and Edward G. Trelinskie, "Preliminary Image 
Data Extraction Experiments with the Phase I, Automated 
Image Data Extraction System-I," ETL-RN-74-7, December 1974. 
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This unit accepts input image films (70 x 70 nun) and converts 
them into a standard video signal suitable for analog signal pro
cessing. This scanner is one of the film scanners of the AIDES 
four-channel film scanner which was designed and fabricated for 
ETL by Systems Research Laboratories, Inc., Dayton, Ohio. 

b. Level Selector - This signal processing unit is one 
of the four level selectors available in the AIDES. This device 
allows the operator to select signal amplitude levels (upper and 
lower) from the incoming video image signal for a specific image 
grey level or, as in this study, only a single binary (black or 
white) portion of the video signal. Although not completely es
sential to this processing operation, this device was used to 
select only the input binary image and reject the system's noise, 
or grey level, anomalies occurring at the film input. 

c. Antech Densicolor Image Processor and Planimeter -
The image processor converts an image video density signal into 12 
quantized states (grey levels) which, in turn, are transformed into 
red, blue, and green video signals. This allows the display of ten 
colors, plus black and white. A windowing (framing) capability of 
variable size allows quantizing of the grey-level range of rectan
gular areas anywhere in the displayed scene. Color-coded image 
signals in the window area are routed to the planimeter logic cir
cuits for integration. A digital meter then displays the percent
age of the window area occupied by the color coded image(s). 

d. Display - A conventional color CRT display was used 
for display of the scanned image and operator placement of the 
sampling window for area percentage determination. 

III. PROCESSING TECHNIQUE 

6. Materials Preparation. Since the ETL scanner accepts 
small format input film ( <::; 70 mm square), a geographic grid was 
_plotted _on -the reduced (J.:7-50,000 scale) built-up area xerox prints 
in intervals of 30 minutes of longitude and 20 minutes of latitude. 
These 30-by-20-minute areas (hereafter called "chips") approximated 
the required 70 mm square input image format. The 30-by-20-minute 
grid divided each manuscript into 12 scanner compatible chips. 
Some chips in the array contained space external to project limits 
requiring a second step of processing. A second set of xeroxed 
prints was made from the gridded sheets for chips containing only 
parts of the study area. Project areas in these chips were colored 
black (Prisma-color pencil) and all open sea areas and areas out
side of the project were left uncolored (white). 

The gridded and colored sheets were then reproduced on thin 
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transparent film (3M, Type 588) using a 3M office copying machine. 
The films were touched up as required with a black plastic marking 
pen. The film prints were cut 1nto horizontal strips (see Figure 
3) measuring 2 degrees longitude by 20 minutes latitude. These 
film strips, which contained four chips each, were then suitable 
for video scanning and processing with the Antech Planimeter. 

Before proceeding with the machine percentage determinations, 
a tabulation form was designed for manually recordin~ the output 
data and for calculating the actual ground areas (Km). Figure 4 
provides an example of this tabulation form. Information recorded 
on this form is as follows: 

Column a - The DMATC map series number followed by an alpha
betic suffix (a-1) which identifies the map sheet 
film chip. 

Columns b and c - Actual ground distance values along the 
chip mid-latitude and central longitude from 
standard map projection tables2. 

Column d - Computed ground area covered by each map chip 
(columns bx c). 

Column e - Computed portion of chip in study area. 

Column f - Machine determined percentage of project study 
area contained in chip. 

Column g - Machine determined percentage of entire chip 
covered by built-up areas. 

Column h - Percentage of chip.study area covered by built-up 
areas. 

Column i - Ground &.reas in square kilometers covered by built
up areas in chip study area. 

Four positive calibration films (Figure 5) were made to check 
further and to calibrate the output of the system for planimeter 

2 U.S. Coast and Geodetic Survey, Tables for a Polyconic Projection 
of Maps and Lengths of Terrestrial Arcs of Meridan and Parallels, 
Spec. Publ. No. 5, 6th ed. 
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BUILT-UP AREA 

DATA AND CALCULATIONS 

a b c d e f g h i 

SHEET AND CHIP BORDER DISTANCE CHIP AREA I. OF CHIP % OF STUDY 
CHIP NO. NS EW TOTAL I STUDY AREA AREA AREA BUILT-UP 

km km km2 km2 % SA % BU % 
I km2 

NM99-8 
a>< 37.0753 35.973 1333. 70 336.10 29.8 0.4 1. 3 5.33 
bi< 37. 0753 35.973 1333. 70 1324.40 99.3 9.5 9.6 126.70 
c 37.0753 35.973 1333. 70 133.70 100.0 5.8 5.8 77. 35 
d 37.0753 35.973 1333.70 133. 70 100.0 6.3 6.3 84.02 
e* 37.0732 36.219 1342. 75 210.81 15.7 0.5 3.2 6.71 
fi< 37.0732 36.219 1342. 75 1295.75 96.5 12.6 13.1 169.19 
g 37.0732 36.219 1342. 75 1342.75 100.0 13.2 13.2 177. 24 
h 37.0732 36.219 1342.75 1342.75 100.0 8.4 8.4 112.79 
i>< 37 .071 36.465 1351. 79 406.89 30.1 10.0 33.2 135.18 
j* 37. 071 36.465 1351. 79 782.69 57.9 12.3 21. 2 166.27 
k* 37 .071 36.465 1351. 79 1121.09 83.0 5.6 6. 7 75.70 

NM99-7 
a 37.0753 35.973 1333. 70 1333. 70 100.0 11. 0 11. 0 140. 71 
b 37.0753 35.973 1333. 70 1333. 70 100.0 15.3 15.3 204.06 
c 37.0753 35.973 1333. 70 1333. 70 100.0 11. 3 11. 3 150. 71 
d 37.0753 35.973 1333. 70 1333. 70 100.0 7.0 7.0 93.36 
e 37.0732 36.219 1342.75 1342.75 100.0 20.0 20.0 268.55 
f 37 .0732 36.219 1342. 75 1342. 75 100.0 15.5 15.5 208. 13 
g 37.0732 36.219 1342. 75 1342.75 100.0 4.8 4.8 64.45 
h 37.0732 36.219 1342.75 1342. 75 100.0 3.2 3.2 42.97 
i>< 37 .071 36.465 1351. 79 1345.03 99.5 12.9 13.0 174.38 
j 37.071 36.465 1351. 79 1351. 79 100.0 9.4 9.4 127.07 
k 37.071 36.465 1351. 79 1351. 79 100.0 9.5 9.5 128.42 
1 37.071 36.465 1351.79 1351. 79 100.0 5.5 5.5 74. 35 

-
TOTAL 24,539.83 2,813. 64 

-·--------·--------·----·--------

*Partially in study area. 

Figure 4 Project Data Recording Form 
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area framing and output percentage value accuracy. These cali
bration films contained a window of known dimensions that was 
suitable for checking or calibrating the planimeter area readings 
in steps of 2 degrees of latitude within the study area. Each cali
bration film contained a series of black rectangles that covered 
approximately 9 percent of the framed area. These could be used to 
initialize equipment settings each day, to check calibration during 
the day, and to check calibration at the end of the day. 

7. Procedure. After a systems warm-up period of 45 minutes 
to assure stable conditions, the appropriate calibration film was 
placed in the scanner film holder, and the Antech Image Processor 
sampling window was adjusted to fit the calibration film window. 
The 0- and 100-percent calibration controls on the Antech Plani
meter were then adjusted (calibrated) for measuring the video sig
nal in the window area. The level selector threshold controls 
were adjusted so that the correct area percentage value (xO.l 
percent) was obtained when measuring the area covered by the black 
rectangles on the calibration film. The film illumination level 
from the Aristo light source was maintained at a constant level 
during calibration and production operations by using a photo
graphers light meter. 

The film strips (Figure 3) were then placed in the scanner 
film gate. Manual x, y, and rotation controls of the film gate 
were used to position the film chip(s) in the video scanning 
window. The 20-and 30-minute grid ticks on each input film chip 
were viewed on the CRT monitor when performing this operation. 
The chips were positioned exactly to just fill the window. 

After the above processing steps, the Antech Planimeter digi
tal meter was read, and the percentage value entered on the tabu
lation form (Figure 4, columns f and g). Upon completion of all 
the chip percentage determinations, the actual ground area calcu
laticms were made- with a desk~top ca-lcula-tor. F-romdata on these 
tabulation forms, percentages and land area values were calculated 
for the total project area, as specified by the project study re
quirements. A graphic portrayal of these data by chip location 
and generalized percentage range appears in figure 6. Although 
not required, this graphic portrayal is an easily made by-product 
of the project research. 

IV. DISCUSSION 

7. Evaluation. No comparative ground data from independent 
sources were available which revealed the extent of built-up urban 
areas within the project boundaries. It was decided to make a 
manual determination of built-up areas on 10 film chips for com-

13 



* DENSITY OF BUILT-UP A.'IU:AS 

a 25 to 51 % 

II 18 to 25 % 

am 9 to 18 % 

~ 4 to 9 % 

D Less than 4% 

* Based on built-up areas 
0.25 'Klrl2 or larger 

Figure 6 Density of built-up areas 

14 



parison to the machine-assisted determinations. The manual tech
nique used a transparent ruled grid (comparator) of 0.025-inch 
squares. This grid was placed over a chip and all whole or par
tial grid squares covered by urban tint were surrnned. The total 
test-chip area was also determined in terms of grid squares and 
divided into the total number of grid squares covered by urban 
areas to obtain percent age of built-up area. The manually de
termined area percentages for the test chips were compared to the 
machine-determined values. The range of percentage differences 
(~P) varied from -0.1 to +4.4 percent. The mean (x) value of 
these percentage differences was calculated to be 1.06 percent. 
The probability of analyst error for the manually determined per
centages was not determined because of limited funds and time, 
and the lack of more suitable manual analysis devices. Because 
of these limitations, no attempt was made to develop a larger 
comparison sample base, or compute and apply a correction factor 
to the machine readings. Another consideration was the Antech 
Planimeter manufacturer's specification, which states an accuracy 
of .±1.0 percent for this device. The determination of a 1 percent 
error for the machine readings was an acceptable condition by EARI 
personnel for processing the study area graphics. The probability 
of an operator error using grids in a manual mode is judged to be 
very high, but, as stated, no firm estimate was obtained. 

9. Time Comparison Analysis. A record of production time 
was maintained when determining built-up area percentages, both 
manually and by machine. The manually measured chips varied 
significantly in percent of built-up area (1.0 to 9.0 percent) 
and in the number of small built-up areas (10 to 140 per chip) 
to be measured. Consequently, the range of manual production 
time for the 10 test chips varied from 20 to 90 minutes per chip. 
Based on these data and a later determination that 8.0 percent of 
each chip was shown as built-up areas, it was estimated that about 
1 hour of manual processing would be required for each of the 247 
study area chips. It was also estimated that 1 hour of manual pro
cessing would be required to measure the land areas in each chip 
that partially fell into the project area (113 chips). Subse
quently, a total estimate of 360 manhours (247 + 113) of manual 
analysis would be needed to manually determine the study area and 
the built-up area percentages for all project area chips. The 
time recorded for machine processing of all 360 chips totaled 30 
hours, or 5 minutes per chip. This time figure excludes the 
systems warm-up period but does include the time for systems 
calibration and operator break periods. The machine processed 
chips varied in built-up area densities from less than 1.0 per
cent to 50.6 percent. Antech Planimeter percentage determinations 
(readouts) are produced at the same rate for any chip regardless 
of urban density. From the foregoing statement, it can be con-
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eluded that an increase in the rate of production processing by 
a factor of 12 can be achieved when machine assistance is provided 
for determining the percent of binary images in a graphic input 
scene. The time for materials preparation has not been considered 
in computing the ratio of time saved. The materials preparation 
would have been minimal if EARI had provided film positives from 
the production file of the base map color separations which were 
to be cartographically finished at a later date. 

10. Other Processing Options and Systems. A number of 
processing and output options are available in the AIDES that 
were not used for the production work described in this report. 
A scan converter storage tube and character generator are avail
able in the AIDES. A single video frame can be stored in the 
scan converter and annotated with the character generator. Figure 
7 contains several polaroid images made from the CRT display of 
chips processed in this manner. This figure shows binary images 
for the project area and the built-up area percentage determina
tion. The annotations under each binary image state the percent 
of framed area covered by the binary image(s), map chip designator, 
and DMA-TC map number. Approximately 3 minutes of processing time, 
excluding signal processing, is required to obtain this polaroid 
output. 

A Tektronix video hard copy unit is available in AIDES that 
allows dry silver printing (7 x 9 inch format) of any of the video 
scenes after signal processing in approximately 1 minute (see 
figure 8). 

A light pen is also available, which enables the analyst to 
modify binary images stored on the scan converter and displayed 
on the CRT. Although not used for this work, the unedited binary 
images could have been stored on the scan converter. The bounda
ries and other unwanted detail deleted with the light pen, and the 
resulting stored video image then .processed on the Antech Plani
meter for area percentage determinations. The light pen can also 
be used for annotation. 

The analog image processing elements used for the production 
processing described in this report are not unique. At least four 
(possibly more) domestic manufacturers produce video processing 
systems or elements which operate at TV speeds (1/30 second per 
frame) and can perform the video processes described in this re
port. Several other manufacturers, in this case domestic and 
foreign, produce slow scan (1/15 second per frame) video proces
sors which can perform the planimeter operation and a great number 
of other image processing functions. Listings of connnercially 
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Project Area Percent Determination 

Built-up Area Percent Determination 

Figure 7 Output Options - CRT Display and/or Polaroid Print 
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Figure 8 Output Option - Tektronix Video Hardcopy Printout 



applicable systems are not provided in this report because of the 
difficulty of keeping such a list up-to-date. 

Based on the results of the work reported in this report, a 
small tactical analog image processing system could be designed 
for the Army-in-the-field. The size of this unit would be about 
one-half of a worktable (3x3 feet), or less, with a small preci
sion TV camera suspended over the table. This conceptualized 
system could be suitable for use in the preparation of reports, 
studies and special graphics by current Army topographic units 
or for incorporation into systems proposed for development (e.g., 
Topographic Support System). 

If production requirements justify the development of a 
dedicated system for processing graphic inputs, an analog/digital 
(hybrid) processor could be designed and fabricated. This system 
would contain all of the elements shown in figure 2 (also, see 
Sec. II, para. 5) with the addition of a very small computer 
(micro-processor), appropriate interface hardware, and software. 
This system would be designed to perform all of the computational 
functions required in the process described in this report, in
cluding the reading of the Antech Planimeter digital registers 
and conversion of these data into actual ground area values. A 
larger computer (mini-computer) with extended memory could perform 
operations that are more complex than simply determining ground 
area values. An example of reading grey level encoded graphics 
(e.g., several different factor overlays) at video rates and 
modeling a prediction output with such a hybrid system has been 
demonstrated by the center for Research and Engineering, Inc., 
University of Kansas3 . In the use cited, the input. was terrain 
data graphics and the output was a remapping in terms of airfield 
construction effort required. Cross-country mobility or tactical 
bridging requirements could also be modeled in this fashion. 

!}igi tal image p:roces-s-ing could have b-eerr us-eU.- for de termihihg 
the area extent values for this project as a processing option. 
This would have necessitated digitizing the graphics (chips) and 
storing the digital data in array format. It would then be neces
sary to write software to sum the array points and convert these 
sums into ground area values. Digitizing the images would require 
operator interaction with the digitizing system (e.g. DICOMED) to 

3 Univ1.=i'.'. of Kansas, Terrain Factor Analysis and Automatic Color 
Code~_MaE2~~Utilizing the IDECS, Final Technical Report, ETL
CR-72-13, Contract DAAK02-71-C-0474, August 1972, AD755 531. 
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insure accurate chip framing. This digital operation and develop
ment of software would probably have cost more in time and funds 
than was available for the analog image processing described in 
this report. However, it seems logical that digital processing 
could perform graphic image processing with greater accuracy be
cause of increased scanning resolution and the inherent accuracy 
of digital processing. For future work of the type described in 
this report, a time, cost, and accuracy analysis should be made 
for analog, digital, and hybrid graphic image data processing. 

V. CONCLUSIONS 

11. Conclusions. It is concluded that: 

a. Map graphics can be satisfactorily processed at 
analog (TV) rates to determine the percentage of the input scene 
covered by built-up areas. These percentages can be converted 
into actual ground area (Km2) values. 

b. State-of-the-art analog image processing components 
can be configured and used in an operational mode (base plant or 
Army-in-the-field) to determine built-up area and project area 
measurements (Km2) in one-twelfth of the time required by manual 
means. 
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