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Foreword 
The seven papers comprising this Reco1·d deal with various prbblems in aerial 
photography, photogrammetry and new ground control survey techniques. 

The first paper presents a method for automatic acquisition of traffic data 
from aerial photographs. Photographic images of traffic in selected axeas 
were converted into digital images, as number patlerns, and interpreted by 
digital computers . The process required electro-optical scanning of each 
photograph. Speeds, density and headway within a traffic stream were found 
to be the meaningful engineering outputs derived from the system. 

An analysis of stereotriangulation for highway engineering mapping was the 
result of recent research in Texas. The second paper describes the develop
ment and explains that stereotriangulalion can be used to map many areas 
where tile surface is inaccessible because of unfavorable weather, terrain, 
vegetation or other adverse conditions. 

The fact that highway engineers have found a large number of practical ap
plications for photo interpretation is verified in "Utiliza.tion of Photo Inter
pretaUon in the Highway Field." The extensive list of applications given was 
compiled from replies by 53 highway organizations questioned by the Highway 
Research Board. 

Another paper considers the total extent in which interpretation of air photos 
has been employed by highway organizations and describes some of the major 
uses, including evaluation of soils and surface geology mapping of soils and 
sources of aggregates, study of drainage patterns, road condition surveys, 
traffic surveys, and land-use studies. 

Cited in one report is a program conducted by Kan$as to determine the most 
effective aerial film for various uses. The more significant studies included: 
(a) the effectiveness of color photography in road condition surveys to aid in 
identification and evaluation of pavement breakage· {b) correlation of various 
road "stains" with service condition· and (c) location of exposures of bedrock 
and deposits of sand and gravels for use in construction. 

The author of one of the papers is a photogrammetr.ic geologist in Ohio who 
has developed special techniques, including use of the Kelsh plotter, for map
ping coal outcrop and overburden. The method is aimed at quicker and better 
solution of problems in land acquisition and highway location and design. 

In "Accuracy of Field and Photogrammetric Surveys," data derived from 
surveys by photogrammetric methods and by conventional ground survey meth 
ods are compared. Although most of the data shown concern the accuracy of 
elevations within one extensive project, the authors conclude that the measure
ments by photogrammetric methods are satisfactory for computing volumes of 
earthwork for design and for payment purposes. 

The last pape1· in the Record discusses the problem of adjustments in tri
angulation to perfect the controls for geodetic and other major surveying tasks. 
Explained are the advantages of using modern electronic distance-measuring 
in:;itruments such as the tellurometer , Geodimeter , or E lectrotape and their 
application in measuring and adjusting the sides of fundamental figures by tri
lateration. ~le measurements and trigonometric functions are 1.111necessary 
in the new trilateratlon .technique. 
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Traffic Data Acquisition from Aerial Photographs 
By Photographic Image Processing 
T. A. BAGGOT, Data Systems Division, International Business Machines Corporation, 

Kingston, New York 

•THE APPROACH to traffic data acquisition known as image processing employs 
electrooptical scanning and conventional electronic data processing techniques to extract 
useful data from imagery. Basically, image processing involves three steps: 

1. Digitizing-visual images are converted into digital images; 
2. Transforming-digital images are converted into useful data; and 
3. Processing-the useful data are used to achieve the desired output for a particu

lar task. 

Digitizing is the conversion of visual images into number patterns that can be auto
matically interpreted by digital computers. This conversion is accomplished by ac
curately directing a light beam to a tiny increment, as small as 0.001 in. in diameter, 
of a photographic negative or positive. 

The quantity of light energy either transmitted or reflected by each increment is 
measured by a photoelectric cell and translated into a number. A basic scanning sys
tem is illustrated in Figure 1. The components of this scanning system are a light 
source, an optical arrangement, a phototube, a phototube amplifier, and an analog-to
digital converter. This system must automatically convert an area on the photograph 
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Figure 2 . 
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Figure 3, Space-time diagram. 
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Figure l1. Space-time diagram for conven

tional traffi c detector. 
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Figure 5, Space-time diagram for ae rial 
photography, 

into digital data and conveniently store the 
data so that it will be readily available for 
processing in a computer. 

The number obtained by measuring the 
light energy corresponds to a predetermined 
scale and is called a gray scale. For ex 
ample, a shadow cast by a vehicle might 
be given the value 7, whereas a O might 
represent a white line on a highway. Thus, 
digitizing an image gives a pattern of num
bers that indicates the varying shades of 
gray in that image. Figure 2 illustrates 
a typical gray scale. It should be noted 
that this scale has only eight shades and 
serves only as an example. The number 
of levels established in a gray scale de
pends on the density range of the image 
and on the number of gray shades required 
for a particular application. 

The result of digitizing imagery is a 
pattern of numbers, stored on magnetic 
tape, which corresponds to the varying 
shades of gray in the scanned image. A 
digitized image contains thousands of num
bers per square inch, and, in using a spot 
size of one mil, the figure attained is 1 
million per sq in. 

TRAFF1C DATA 

At this point, we should consider the 
traffic engineer and the information he re
quires. Figure 3, a space-time diagram, 
shows the total data available with respect 
to measurable parameters. Each trajec
tory indicates a vehicle traveling along a 
highway at a constant speed. From this 
graph we can obtain density, volume, and 
average velocity. 

Figure 4 is a similar space-time dia
gram with the relationship of a convention
al traffic detector added. The conventional 
traffic detector samples a short distance 
of the road for a long period of time. Mea
surements of speed and volume are re
corded so that densii.y rn11 l.it: t::;Li,uaLe<l. 
OI parlicular interest is the small section 
of highway that is sampled. The solid and 
dashed horizontal lines illustrate the width 
of the sample strip, determined by the 
sensor spacing. 

Figure 5 illustrates the traffic data ob
tainable from aerial photography on the 
space-time diagram. The density is read
ily available from a single photograph, and 
velocities can be calculated by tracking a 
vehicle from photograph to photograph. 
The extent of the area covered is deter-
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mined by the scale of photography; a ½-mi stretch of highway is secured by a photo
graphic scale of 300 ft to 1 in. 
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Figure 6 . Scanning format . 

Figure 7. Printout of scanned data. 

All the space diagrams used have been 
for a single lane and for constant velocities. 
They do not show lane changes or accelera
tion and deceleration of vehicles. A con
ventional detector will not normally detect 
these occurrences. However, these data 
will exist in the photographs. 

TRAFFIC DATA AND IMAGE 
PROCESSING 

In bringing the areas of traffic data and 
image processing together, we first es
tablish a scanning format for traffic data 
acquisition (Fig. 6a). Starting at the 
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Figure 8 . Printout of only extremes of 
scanned data (black and white). 
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lower right-hand corner of the photographed 
highway, we scan down the road for the 
desired distance. The last part of the 
highway to be digitized will be the upper 
left-hand corner. 

Figure 6b illuctrates the scanning and 
recording of the information . Each record 
is essentially a light profile ofa porti.on ofthe 
highway. In computer language, such pro
files a.re referred to as "data records." To 
clarify this p1·ocess further, the figU1·e shows 
an enlarged section of the roariway and the 
position of records as they are transferred to 
magnetic tape . A roadway represented on 
the photograph by an area 0 .1 itt. wide and 9 .0 
in . long and scanned with a 1-mil spot w uld 
be described by 100 reeords, each record 
containing 9,000 characters. The scanner 
used is capahlP. nf a 1-mil spot and of 
quantizing the light into 16 levels of gray. 
Each tape character represents the quan

Figure 10. lJata from single pho Logrn,JJIJ. 

tized gray level of a 1-mil spot on the 
photograph. Therefore, ,)osition across 
the roadway is located by record number, 
and position rlown thP. roadway is located 
by character position in a record. Com-
puting distances on the roadway involves 
using the photographic scale factor. As 

an illustration, for a photographic scale factor of 1 in. = 300 ft, 1 000 charactel'S of 
data are equivalent to 300 ft on the ground. 

Fif;'ure 7 shows the data obtainP.n in our first attempt to secure vehicular data from 
scanned aerial photographs. Patterns of zero's and F's can be seen in the right-hand 
portion of the illustration. To facilitate seeing the vehicle, we suppressed all digits 
except O and F. The result was Fte;ure 8. Although the vehicles are outlined, it is ap-
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Figure 11. Data from a series of photographs. 

OUTPUT OF DATA PROJECT - MODEL MARK II, VERSION 01 

PHOTO TAPE NUMBER 1726 TAPE NUMBER t'J21, LANE 3 

DIST • 
56.8 I 
94.0 2 

124.4 3 
151,1 4 
209.2 5 
257.7 6 
316,1 7 
422,4 8 
470.2 9 
552.1 10 
645.5 11 
740.5 12 
841.6 13 
926.6 14 

1023.6 15 
1103.5 16 

LOTH 
20.1 
17.2 
17.8 
20.1 
20. 1 
18.8 
17,5 
18.8 
29,7 
11.5 
20.1 
32.3 
17.8 
19.5 
19.8 
17.8 

PHOTO I 

IMAGE DE 
DAAAA}(G 
DAADAQ 
CAAEAQ 
CAACDIL 
BAFJCCG 
BCFFFGB 
CAAEBO 
CCFFFFB 
CBDFFFF 
EAEJCFB 
IAAADAQ 
BAABAEl 
DAAFAN 
EAAAAKl 
BBGFBJ 
BBGFBt 

DIST ,.. 
46.5 
86.5 

124.4 
Ull.7 
194.7 
236.6 
304.3 
366.3 
459.7 
508.9 
560.7 
624.7 
'123.0 10 
844.8 11 
942.1 12 

l018.'1 
1075.8 13 
1167.9 14 
1253.7 15 

LOTH 
19.5 
19.5 
19.1 
21,~ 
1'1, 5 
19.5 
16.5 
19.1 
17.5 
13.5 
18.8 
17.8 
11.5 
19.8 
20.l 
15.5 
17.2 
18.8 
16.8 

PHOTO 2 

• Correlation o( Vehlclea, nol a printout. 

lMAGE DESCRIPTION 
DCEEEE 
CAABANJ 
DAAAAPG 
CAACAMJ 
CBBEDJ 
DBCECTF 
GGDADGBBG 
CDEEFFO 
DAAFCM 
DDFFD 
CDFFFFB 
BDEFFE 
BBGFBG 
GBBCCEJ 
EAACCFN 
DABE LC 
DABGCJ 
FBBCBKD 
CAFlCCF 

Figure 12 . Output of two vehicle detecti on 
programs. 

parent that they would stand out by them
selves. The data were obtained by scan
ning a photograph taken with a 12-in. 
focal length camera at an altitude of 7, 200 
ft, yielding a scale of 1 in. = 600 ft and 
a field of view of 5, 400 by 5, 400 ft on the 
9- by 9-in. photograph. 

The coding used on the printout for the 
16 shades of gray ranges from O to 9 and 
from A to F , with O corresponding to the 
lightest shade and F corresponding to the 
darkest. 

For the photograph under discussion, 
65 veh were counted manually from 1, 800 
ft of 3 lanes of a 6-lane highway. From 
the suppressed printout data, a total of 
62 patterns of 0' s and F's was recognized. 
The vehicles not identified in the scanned 
printout included two in the shadow of an 
overpass and one in the shadow of a tree. 

With this initial success of detecting 95 
percent of the vehicles present, our next 

effort was to write a program to detect the existence of a vehicle on the roadway. This 
program calculates the average gray level across the lane for the scanned distance of 
roadway. For example, if the width of the lane is equivalent to 35 records or individual 
gray-level characters, the average of these characters is computed and stored. This 
process continues for each 1-mil increment along the roadway until the density averages 
for the entire length of scanned lane have been assembled. The results of this program 
present average gray levels for the distance of roadway under observation. Figure 9 
shows the output of the program. 
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The establishment of these averages provides the criteria for detecting the presence 
of deviation in the road background. A vehicle-detection program operating on these 
data would yield vehicle location and density data. A deviation from the road background 
falling within minimum and maximum criteria determines that a vehicle exists at this 
point. The deviation, as shown in Figure 9, is called the vehicle signature. At this 
_puiul, we l1ave llm:!e fadun; 11et:es::;a1·y for obtaining traffic data from aerial photo
graphs: 

1. We have detected the vehicle; 
2. We have determined the vehicle's location; and 
3. We have the time at which the photograph was taken. 

These data are shown graphically in Figure 10. 
This information by itself is almost meaningless. However, we can continue re

peating the procedure described previously and obtain data for a series of individual 
photographs. These plotted data are illustrated in Figure 11. 

The space-time diagram is becoming crowded with individual data points, which by 
themselves are of minor significance. Our next step in this research was to track a 
vehicle from one photograph to another. The key to this problem was the vehicle's 
signature, mentioned previously. The signature is first coded; then, by correlating, 
we are able to locate a vehicle in the next successive digitized photograph. The techni
cal feasibility of this procedure was verified by our last experiment, completed in 
July 1964. 

The aerial photographs which were digitized contained 42 veh common to both photo-
graphs. The results were as follows : 

1. Forty vehicles correlated; 
2. T'.vo vehicles did not correlate, because they passed under a tree; and 
3. There were no false correlations. 

Figure 12 is a sample of the vehicle detection program with the coded signature. 
The output displayed in this figure describes the location and the length of the vehicle 
and includes the image description. This is the coded vehicle signature. The vehicles 
listed in the output of photograph 1 were correlated to those in photograph 2. The time 
between photographs was 5 sec. The first two vehicles shown in photograph 2 are new 
to the scanned area. The vehicles in photograph 2 between 9 and 10 and between 12 and 
13 moved from lane 2 to lane 3. This correlation, using the allowable variances in in
dividual characters and the tolerances on overall descriptions, was periurmeu !Jy hand. 

' RECOMMENDATIONS 

What information does the traffic engineer need? Speed, density, headway? These 
and other meaningful engineering outputs can be derived. With proper programming, 
the desired traffic characteristics or parameters can be obtained by extending the afore
mentioned techniques. 

What has to be done to make this an operational system? Nothing; it is operational 
now. However, the term operational should be qualified; the system is operational only 
as an experimental tool. The drum scanner which has been used to investigaie ihis av
plication is essentially a laboratory device and not production equipment. For produc
tion work, the scanner would be inefficient and restrictive. 

Further reRea.rP.h iR required on both the equipment and the programming. In the 
area of equipment, a scanning bed similar to an input-output XY plotter should be de
veloped to control the scanning of curved highways and interchanges. The scanning 
head should be a variable-width line scanning device which would scan the photographs 
once for each lane. The programs now in use must be optimized and organized into a 
programming package. Additional programs must be written for obtaining the specific 
data required by the traffic engineer. 

Automatic traffic data acquisition from aerial photographs by photographic image 
processing has been proved technically feasible. Further research and development 
are required, however, for an economical operating system. 
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An Analysis of Stereotriangulation for 
Highway Engineering Mapping 
TOMMIE F. HOWELL, Photogrammetry Section, Texas Highway Department 

•THE TEXAS Highway De partment has developed a procedure to use stereotriangulation 
for the procurement of intermediate control data for photogrammetric mapping. A 
Zeiss C-8 Stereoplanigraph is used for the stereobridges. Electrotapes (electronic 
distance measuring instruments) and other high-order surveying equipment are used 
for the primary ground control traverses. All data are adjusted by electronic com
puters for which special programs have been designed. 

A research project was initiated to determine the feasibility of this method for ob
taining supplemental or intermediate ground control for large-scale photogrammetric 
mapping to be used for engineering purposes. From an evaluation of the data obtained, 
information such as accuracies to be expected, limitations of adaptability, and eco
nomics were to be determined. 

Ninety percent of all photogrammetric projects mapped by the Texas Highway De
partment are developed to a horizontal scale of 1 in. = 40 ft with vertical data shown 
by 1-ft contour lines and spot elevations to the nearest O. 1 ft. All planimetric features 
of the finished map sheets must be within 1. 0 ft of their true horizontal position and 
that 90 percent of all contours must be within one-half the contour interval, in this 
case 0, 5. The remaining 10 percent may approach the maximum deviation of one con
tour interval. Spot elevations may deviate a maximum of 0. 30 ft. 

To meet these rigid requirements, the basic ground control data must be very 
accurate. Ground control on such a photo1;r::immP.tric project consists of a primary 
control traverse with points varying distances apart, depending on terrain and desired 
measurement spacing, but averaging about ½ mi apart, with secondary or intermediate 
control points approximately 300 ft apart to insure at least two points per stereo
model. These primary and ser.nnrl::iry control points are paneled before photography 
with crosses having legs 4 ft long and 6 in. wide for easy photo identification. The 
primary field control traverses must meet at least second-order distance and angular 
closure requirements. The intermediate Held control for stereo-model scaling must 
meet third-order accuracy requirements. The criteria used by the Texas Highway 
Department for second- and third-order accuracies are given in Table 1. 

An Electrotape field party established by the Photogrammetry Section of the High
way Design Division is made available to all District and Resident Engineer Offices 
located throughout the state to work in cooperation with their field personnel to develop 
primary control traverse data. This field party does not attempt to establish the in
termediate control from whicl1 the photogrammetric mapping i::; accu1111-1lis11E:d bccau.s6 
the volume of work and the physical size of the state make it unfeasible. 

The establishing of the intermediate ground control points is expensive and has 
hP.P.n a major difficulty in the development of control data. There are several reasons 
for this difficulty. Most District field parties have previous commitments such as 
construction projects which make it impossible to obtain this control in time to meet 
the mapping schedule, and in many cases, the areas to be mapped tor highway engi
neering are inaccessible because of weather, terrain, vegetation, or uncooperative 
landowners. With these difficulties in intermediate ground control repeatedly en
countered, the possibility of utilizing stereotriangulation merited a research program 
to determine feasible methods and techniques. 

Pe,per sponsored by Committee on Photogr8JOITlet,ry and Aerial Surveys. 

8 



<i'--.---------<1'' 
J< 

1----,r---J 
J 

J, <',"/, _______ ...,; 
~ .. 
~ 

.,. 
0~ 

J 

• ,JR 

;-----
.~--); __ 

• .. 
' .. 

. .,. ·" 

-~ 

~ 

0 

z 
o• 

q~--... 1',,_ ___ _ 

0~ 

• .,Ill 

• t-----,--... ,"===x==i---l 

0-

4-l 
0 

~ 
~ 

r-1 

r-1 
0 
H 
.µ 
s:: 
0 

0 

TABLE 1 

ACCURACY CRITERIA 

Horizonta l Angles (sec) 

9 

Order of Horizontal 
Accuracy Dist . a 1~rt1.v J·i.;.e 

Lines 

Tr1unito CI08ura 

Avg. Max. 

Vertical 
Dist, (It) 

2nd 
3rd 

1: 10, ooo 10 VN 
1:5, 000 30 'N 

~N = ~o. of angles between tangents of traverse. 
M = lo~th of level circuit i11 miles. 

5 0.035/M 
10 0.050/M 

An area approximately 2. 7 mi long 
along I-35 north of Austin, Texas, was 
selected for the test area. Field control 
was established on this project (Fig. 1) 
similar to any other project designed to 
be mapped at 1 in. = 40 ft with a 1-ft 
contour interval. The only exception 
was that the Highway Design Division 
Electrotape field party, with its highly 
trained personnel and high-accuracy sur
veying equipment, established all the 
ground control including the intermediate 
control points. The traverse was run 
throughout the length of the project es
tablishing primary control points at in
tervals of 1,700, 3,000, and 5,300 ft. 
The angles were measured with a 10-sec 
Kern theodolite and each angle was turned 
a minimum of 8 times. This basic tra
verse closed well within the tolerances of 
second-order specifications. Interme
diate control points were chained in at 
distances varying from 270 to 330 ft. A 
total of 41 centerline points were estab
lished. Each of the intermediate points 
was slightly offset at varying distances 
from the tangent line between the primary 
control points. These deviations from 
tangent were induced to reduce any stereo 
operator "adjustments" for alignment. 
These centerline points were paneled with 
white crosses having legs 4 ft long and 
6 in. wide. 

The feasibility of vertical stereo
bridging was also studied. Wing points 
were placed throughout the length of the 
project and marked with panels of the 
same dimensions as those of the center
line. The wing points were located ap
proximately 400 ft on either side of the 
centerline and were spaced approximately 
300 ft apart, thus insuring enough for 
each stereo-model. A total of 76 wing 
points were paneled. Elevations were 
established on the centerline panels and 
wing point panels using a Kern level 
(Fig. 1). 
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After paneling and establishment of the ground control, a contract was awarded to a 
prequalified photogrammetric contractor to photograph the area following the Standard 
Specifications for Photography prepared by the Texas Highway Department. Specifi
cally, the area had to be photographed with a "distortion-free" aerial camera having a 
6-in. focal length producing a 9- by 9-in. aerial negative. The scale of the photography 
was required lo \.Je 1 in. - 200 ft, with an allowable 10 percent deviation, The negatives 
were to be of excellent image quality in all res pects, and no negatives could have tilt 
exceeding 3 deg and accumulative tilt between successive negatives could not exceed 
4 deg. The negatives were required to have an overlap between 55 and 65 percent. The 
photography received met these requirements in all respects. 

Two qualified photogrammetric contractors having "first-order" stereoplotting 
equipment were selected to dev elop stereotriangulation data of the test area. The 
contractors had two different models of first-order plotters: a Galileo Santoni Model 
IV Stereocartograph and a Wild A-5 Autograph. Zeiss C-5 and C-8 Stereoplanigraphs 
were later incorporated into the study. 

This research was initiated to determine the acceptability of stereobridged control 
for use in the development of photogrammetric maps. Also, data for stereobridging 
from Kelsh-type stereoplotters were to be compared with those obtained from the con
tracted stereoplotters. A skeleton control data tabulation s heet (Table 2) and a set of 
photography of the test area indicating the location of the vertical control points listed 
on the skeleton control sheet were furnished each of the photogrammetric contractors 
and the Texas Highway Department Kelsh operator. Also, the contractors were fur
nished the aerial negatives of the photographic flight for making diapositive plates 
adaptable to their equipment. 

TABLE 2 

SKELETON CONTROL DATA SHEET, 1-35 STEREOBRIDGE PROJECT 

Coordinates 
Point Elevation Point Elevation Point Elevation 

X y 

1 642. 36 44,980. 8 25,880. 66 69-1 645 , 52 61-2 705, 62 
2 644. 27 45,243.02 26,036. 70 69-2 647. 06 61-3 714. 60 
3 646. 06 45,518.52 26,189.51 69-3 648. 25 61-4 718 . 64 
4 650. 41 69-4 61-5 731. 80 
5 656 . 93 69-5 61-6 730, 22 
6 664. 87 69-6 61-7 
7 666. 04 69-7 59-1 
8 661. 49 69-8 59-2 
9 M4. 90 47, 007 . 00 27, 0J2. 03 60-0 611. 66 59 3 

10 652.17 47,273.54 27,196.95 6Y-1U 041. rn 59-4 
11 d51l. 27 47,487.65 27~ 328. 88 69-11 641 . 18 59 - 5 
12 668. 55 69-12 637. 72 59-6 
13 674. 35 67-1 59-7 
14 681. 44 67-2 667. 58 59-6 
15 689 . 33 67-3 658. 58 59-9 
16 697. 06 67-4 650. 89 57-1 
17 '/0~. YU 07-a 047. GI 67 -3 
18 706. 31 67-6 658. 03 57-3 
19 708. 32 67-7 57-4 
20 709. 95 67-8 57-5 
21 710. 31 50,092. 70 :,rn, 11iu. n. tj (-~ 57- u 
22 713. 89 50, 348. 75 28, 973. 24 65-1 57 - 7 
23 723. 13 50, 589. 56 29, 106. 15 65-2 57-8 
24 65-3 57-9 
25 65-4 55 - 1 
26 745. 68 65-5 55-2 
27 66 6 ~:,-,:\ 7.l~. ~4 
28 65-7 55-4 740. 30 
29 735. 52 65-8 55-5 
30 65-9 55-6 
31 65-10 660. 34 53-1 725. 71 
32 728. 40 63-1 53 - 2 715. 42 
33 63-2 53-3 709. 28 
34 63-3 53-4 719. 23 
35 710. 67 63-4 53-5 730. 62 
36 63-5 
37 bJ-b 
38 737. 55 63-7 
39 63-8 
40 63-9 
41 737 . 38 55 , 222. 26 31,775.55 61-1 



TADLE J 

UNADJUSTED KEl,SH-TYPE PLOTTER TAOULATION::,. 

""'" 

JO 
ll 
J2 
13 

" J5 
J6 
J7 
JO ,. 
20 
2l 
22 ,. 
25 
26 
27 ,. 
29 
30 
3l 
32 
33 

" " 36 
37 
38 

Avr.t, 

69-1 
69 - 2 
G(.1-3 
69- 4 
69-5 
69 - 6 
69-7 
69-8 
69-9 
69-10 
69 - 11 
69-12 
67-1 
67 -2 
67 - 3 
67-4 
67-5 
67-6 
67-7 
67 - B 
67-D 
65-1 
GS -2 
65 - 3 
65-4 
65-5 
G5-6 
65 -7 
65-B 
65 -9 
65-10 
G3 - 1 
53 - 2 
63-3 
63-4 
63 -5 
63-6 
63-7 
53 - B 
63 -9 
6)-J 
Gl - 2 
61 - J 
(H-4 
GJ -5 
61 - 0 
61-7 

Two- l'roJcclor Kelsh 

-1.0 ... 1.2 
-1. 3 • 1. G 
-l . 5 .. 20 
-15 -26 
-1,5 -J . 2 

J. 360 2. 120 

-0 . 4 - 1. l 
t0. 5 -l 8 

- 2.0 +0, 8 
-t0. D - 2. 6 

tl 8 -3. 2 
+2. 2 -3.l 
-t2..!) -J. I 

135 1.•U 
D.lllllllr.Nmpl• I 

-0.1 
-0. 4 
0 

,03 
+O, 2 

-0.2 

-0.J 
+0. 1 
+0. 4 
o.o 

+0.1, 
+0. ;1, 
-o., 
+0.1 
+l.l 
+ 1.l 
+J.tl 
• D.U 
-o.G 
-0.J 
-0.1 
-0.J 
-0.1 
f0.J 
+La 
+0.9 ., 
+0.~ 
+O. L 

+0,6 
(0,437) 

Tiu ee-P,ojeClOI' Kelsh 

T 

(:i) Cc11lel'llne Poinl s 

Control furnished 

t0.4 - 0.3 
,0. 4 -0. 4 
+-0. 5 -0.6 
+0.6 -0.I 
t0.6 -l.5 

Av:; Cl through 8) 
0 500 o. 580 

PJncl clcsl1uyed 
t0. 2 -0. l 
•0. J 
+0, 4 

tO, I 
+0, 4 

-t0. l +0, 5 
.Pn11e\ desL1oyed 

-0, G t0.5 
- l , O • l.2 
- 1, 3 +1,9 

Avg, (l2thtoul!'II 20) 
0 , 55 0. 67 

-0 . 7 -0.G +0.9 
-0,4 -0. B +1.3 
-0. 6 - 0. 6 ,1 7 
-0 9 -0. D tZ.7 
-1. • -0. 8 t 4. 0 
-2.G - L.6 -.4 2 
-2,7 -0, 4 +4 . 5 
- J,l -0, 6 14,7 
-3, 8 - 1. 8 t5, 0 
-4.8 -l . B +6.G 
-3,9 - 2. 4 +7.0 
-4,9 -2, 9 t7.7 
-5, 0 -3.3 t8, 5 
- 6,6 -3. 0 +8.0 
-7.0 - 4. 0 +8.5 
- 8.2 -5,6 +9 t 
-9.2 - 5.4 t9,B 

- 10. 0 -6.1 t l0 , 6 
(4.228) (2.367) (5.822) 

(1>) Verlical Wing Poinlsb 

-0.J 
-0.> 
-0.1 
+0.4 
+0.1 

-0,1 

-0.1 .... 
t0. 4 
- 0 I 
+O.:t 
+0.t 
-0 3 
,0. 1 
+ l . .. 
<01 
+l.l 
+I . ti 
-0. 8 
- 0. l 
00 

- 0. l 
10. 2 
0 0 

+ L. 3 
+0. 8 
+0.8 
•0,8 
- 0 , J 

.o ' 
(0 430 ) 

aAre:i o[ ccnl~rlinc vc11ir:il conl1ol only. 

K &, E M- 2 Slel'C0plollet 

X 

• 0.4 
t O. l 
1-0. 3 
+0 . 2 
-0. 3 

0 2G0 

-0.2 
.Q. 3 
- 0.5 
- 0.5 

•l.6 
- 2.0 
-2.l 

-0. 4 -o., 
-o.• 
-0. -1 
-0. 'I 

0,600 

-0.2 
-0. 2 
o.o 

+0. 5 

,2, (1 
,2.J 

1.02 0. 94 
-0. 6 -0.5 0, 0 
- 0. 5 -0, G +0, 3 
-0.9 - 0,5 +0,6 
-1. z -0 . 4 .. o.5 
- 1.5 -0 .2 +1.0 
-2. 2 -0 , 7 tl l 
- 2.3 +0,4 +L J 
-2. 5 +0, 6 ,.z. 2 
-2. 6 - 0.5 -t3. J 
- 2. 4 -0.2 +4,D 
-2. 4 -0.2 -t4,3 
- 2. 8 -0, 3 +5,5 
- 2.9 - 0, 2 +7, I 
- 4.0 +0, 7 -t9. 5 
-4, 0 0, 0 t0,D 
- 4. G -0, 8 -t !0.8 
-4,9 -1 , 2 +11 , 8 
-4,6 -0. 7 -tl2.7 
(2. 60G) (0. 483) ( 4. 772) 

-0 0 
-0. 2 
<01 
~o. 3 
.. 0. 1 

-0, l 

- 03 
0 

,03 
.o 2 
+0. 6 
-1Q.8 
-0.l 
•0 . 6 
+0.6 
o.o .o , 

;0. 3 
- 1. 4 
+O.l 
+O, 2 
• 0. 5 
.. o. e 
•0.9 
+0, 4 
-0.L 
•0.2 
•0. 1 
+0.9 

- 0.5 
(0.3110) 

1\vini; po111l c1:,1a i1, :irc:l of no cenlerline conlrn l is rnaL1c; :ivet·:ige er'rors :ind pallern 
are g ivc>n rn Table 4. 
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This skeleton control consisted of at 
least three horizontal and nine vertical 
control points at various distances through
out the length of the project. The initial 
model was fully controlled with additional 
horizontal and vertical control furnished 
at distances approximately 1, 700, 3, 000, 
and 5,300 ft apart. The primary reason
ing for the varying control distances was 
to determine the capabilities of control 
extension on Kelsh-type stereoplotters. 
The stereobridge on the first-order equip
ment was set up similarly, with three dif
ferent length bridges required. Vertical 
control was furnished throughout the 
1, 700- and 3, 000-ft control gaps on the 
centerline panels, and every 1, 000 ft 
thereafter. The differential control spa
cing was to assist in determining a pre -
ferred distance between the basic control 
points on a normal mapping project with 
a scale of 1 in. = 40 ft. 

The test area was set np on a two
projector Kelsh plotter, a three-projector 
Kelsh plotter, and a three-projector K & 
E M-2 stereoplotter. All three bridging 
tests were run by the same operator to 
minimize the effect of operator techniques 
on the data differences obtained. The op
erator had no access to the known control 
data until all three bridges were completed. 

The basic procedure used on all Kelsh
type bridging was simple control exten
sion. The operator was provided a man
uscript having all the furr.ished horizontal 
control points plotted by coordinates. The 
initial model was oriented as precisely as 
possible by the operator to the known hor
izontal and vertical control. This con
trol was extended and tied to the next 
controlled model, which was set up and 
extended likewise until all three uncon
trolled areas were spanned. As the oper
ator tied one model to the next, all panel 
points were dropped on the furnished manu
script and elevations of each panel were 
noted. On completion of this bridge, the 
coordinates and elevations of the dropped 
points were manually taken off the manu-
script and written in their appropriate 
blanks on the control skeleton sheets. 

A compar ison of diHe r ences of the X, Y, and Z coordinate positions of these Kelsh
type s t ereobridges indicated what accumulative errors and patterns of errors might be 
expected (Table 3). 

As indicat din Table 3, the three - projector plotters gave slightly better results. 
All three i nstruments had excellent results :in the shorter bridges and some of the 
errors noted could be a tt ributed to the manner in which the coordinates were manually 
obtained using a n engineer's s cal e . However, no error greater than ½ ft was obtained. 
Therefor e , this fac to r car r ied little weight i.n the evaluation. 
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This test indicated the necessity for abundant centerline vertical control. Level 
bubbles were utilized in the area where no centerline vertical control was furnished; 
however, the results were very unsatis(actory (Table 3 ). Deviations from the known 
control points obtained from the stereobridges on lhe three Kelsh-type stereoplotters 
were plotted to evaluate a possible pattern of deviation for adjustments. These tests 
indicated fair systematic error iJa.LL~r11s for the horizontal control but very little for 
the vertical control, minimizing the amount of confidence to be placed on using this 
control for high-order accuracy photogrammetric mapping. This does not rule out 
using control data obtained by Kelsh-type ste reobridging for areas not exceeding a 
three-model bridge between known horizontal and wing point vertical control, and 
having at least on centerline vertical control point per model. This control gap could 
be increased co11siderably wi,th abundant centerline vertical control, providing the ex
pected resultant map accuracies were relaxed accordingly. The extent of the use of 
Kelsh-type equipment for extending control would have to be gov erned by the intended 
use of the maps to be derived from this control. 

Additional research on different techniques is hoped for in the immediate future, 
especially in the area of duplication of models on the three-projector plotters in con
junction with an adjustment compute!' program similar to the one now be ing used with 
ster >otriangulation. This duplica tion of models technique was attempted, but wlthoul 
any graphic or computer adjustments. The initial l'esults were similar to those ob
tained by the normal tie-in control extensions given in Table 3; however, the additional 
research in this area appears to be merited, and evaluation of existing data is being 
continued at this time. 

Each of the contractors processing the t est area on first-order stereoplotters was 
required to submit a synopsis and to complete the skeleton control sheet, whereon the 
X, Y, and Z coordinates of known panels on the project were furnishe<l. The synopsis 
should contain information on the equipment used, procedure, and difficuities enl'.uun
tered. As stated earlier, the 8Lercoplotting equipment empl oy cl wa!'i a Galileo San
toni Model IV Stereocartograph and a Wild A-5 Autograph. Both contraclors used 
computei· programs and their r speclive bridging procedures were very simll J.' , 'rhe 
project was bridged by approximately scaling the initial model to th known control 
furnished and tying in each successive model without d.lsturbing the pr<:!viul1::; 111odel 
setting. Machine adjustments of BY, BZ, Swing, Tip, and Tilt were used in joining 
the successive models. Machine coordinates were established for all vertical and 
horizontal panel points throughout the length of the project. 

The machine X, Y, and Z coordinates of the known and unknown cunlrol points were 
keypunched along with the true X, Y, and Z coordinates of the known vertical and hor
izontal control points for the <'ornpulP.r i11put data. These cardc were run through the 
computer using a program adapted to adjust and transform all machine coordinates to 
the basic datum coordinates furnished. These coordiJmte data were printed on a read
out sheet supplying X, Y, and Z ground coordinates of all panels throughout the l ength 
of the project. 

Difficulties encountered by the contractors as stated ln Lheir synopsis included ex 
cessive swing in the initial model, as evidenced by lack of BY movement to complete 
Uu~ U.riJgt:, Cu]ju_st ~ct fv:r ou 3~~b~cq~~!!t bridge; '2Xt.:'=s~i11P 'R 7. movement: indicating 
climbing of ail'craft in photography acquisition, adjusted for on subsequent bridges; 
and lh possibility of excessive distortion in two isolated models, as evidenced by 
havin~ Lu CL'OS tilt the successive model to tie il lo lhe 1 revious model. 

The completed skeleton control data sheets wen:! l't:: ·eived h 1om the contractors with 
the required synopses. The initial data received for the Santoni slereotriangulation 
were analyzed, the field coordinates for the computer input were reversed, and the 
program was re.run. The revised data are referenced throughout this paper. 

The data obtained by the stereobridges using the first-order stereoplotters were 
superior to the results obtained on Kelsh-type equipment. The data obtained on the 
variable I engths of stereollri<lg1:i::; requested indicated little eir;nificant difference::;; 
however, no bridge was of sufficient length to provide conclusive results. The de
viations of the coordinates obtained by stereotriangulation on the first-order plotters 
were similar, both horizontally and vertically, to the data obtained on the three-pro-
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FIRST-ORDER AND AVEllAGE-.: KELSH STEru.:oon10m: TAOULAT(ON DATA 

I 
2 

' 4 
5 

' ' ' 9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 

" " 25 
26 
21 

" 29 
30 
31 

" " 34 
35 
36 

" 36 

" 40 
41 
Avg. 

Ketsh {Unadjusted) 

X y 

Control (ur11ished 

-i.0.4 -0, 3 
-i.0 3 -0, 5 
-t0, 3 -0. 7 
-0 4 -0. 2 
-0. 4 _,_2 
Avg. (I through 8) 

0,36 0 6 

-0. 2 -0. 12 
-0.J -0. 13 
-0.4 -0. 2 
-0. 3 +0.5 

-1. 2 1. 0 
-15 -ti 5 -
-lwB +2.0 
Avg, (121hrough20) 

-0. 6 -0, 5 +0. 0 
-0, 5 -0. 7 -t0. 8 
-0. 7 -0. 5 +1- 1 
-1. 0 -0, 6 +1. G 
-1 , 4 -0 . 5 +2 . 5 
-2. 2 - 1, 0 +2 6 
-2. 5 -04 +J, O 
-27 -0.G ,..J.5 
-3 . 2 -1 . 2 -t4. 1 
-3.5 -1 , 0 +5. J 
-3 0 -1 . 6 +5. 5 
-3. 7 -1- 6 +6.7 
-4. 0 -1 . 7 7, 8 
-5. 0 -2. 0 +8, 5 
-0.5 -2.2 9. 0 
-6 5 - 3. 2 10. 0 
-1. 0 -3.J 10,5 

129 t J, 3 

69-1 All Kelsh readings 

69-2 
69-3 

+ and - through 
polnl 61-7 

69-4 0 . 1 
69-5 0, 2 
69-6 0.1 
69-7 0, 35 
69-B 0. 1 
69-9 
69-10 
69-11 
69-12 
67-1 
67-2 
67-3 
67-4 
67-5 
67-6 
67-7 0. 2 
67-8 0 I 
57.9 
65-1 0,15 
65-2 0, 4 
65-3 0,5 
65-4 o. 2 
65-5 0.35 
85-6 0, 35 
65-7 0. 35 
65-8 1. 0 
65 -9 0, 7 
65-10 
63-1 0.1 
63 -2 0. 1 
63-3 o.J 
63-4 o.s 
63-5 0,!i 
63-6 0.11 
63-1 0.4 
63-8 o.s 
63-9 0, 4 
61-l 0 ._I 
61-2 
61-3 
61-4 
61- 5 
Gl-6 
61-7 0,4 
59-1 0,4 
59-2 
59-3 1,1 
59-4 1. 5 
59 -5 2.5 
59-6 2,0 
59 - 7 2. 1 
59-8 1. 5 
59-9 0.7 
57-1 2, 5 
57-2 3, 3 
57-3 4 J 
57-4 51 
57-5 5. 7 
57-6 5. 6 
57-7 4. • 
51 - 8 3,5 
51-9 2.5 
55-1 6. 5 
55-2 8, 4 
55-3 9. 0 
55-4 9. 4 
55-5 10.0 
55-6 1, 3 
53 - 1 l0, 4 
53-2 11, 5 
53-3 
53 - 4 11 . 4 
53-5 I0 , 8 
Avg fM091lJlrll"t1"~ 

-0~ l -0 I -0, 2 
0 0 0. 0 o.o 
0 0 +O. 2 0. 0 

-0, 1 -0. 1 +O . G 
-0. 2 -0. 5 -t0,6 

0. 0 -0. 3 0. 0 
-t0. J .;0. 2 .. 0.1 
-0, I +O, I 0 . 0 
t-0, 2 -0, 2 -tO. I 
-0, 3 0, 0 -0, l 
- 0. 1 -tO,l -0, 6 

-0, 2 +O 3 - 40 
0, 0 +O l -0 4 

-0. 1 t-0 , I -0. 7 
-0, 2 +0. t -0.8 

- 0. 1 +0. 2 -0. 3 
-0. 1 -i.0. 2 -0. 4 
+0. I -i.O, l -0, 5 
0. 0 t-0. 3 -0, 6 
0, 10 -0. 2 +O, 1 
00 -0. 2 -t0.2 

O.UIII t11pr-D1:c lll 

Avg, (I through 23) 
10, I -10, 2 :t0. 3 

X 

A - 5 

y 

(a) Cc11lerllne Poinls 

-0 I -0 I -0. 5 
-0.1 -0. 1 -0. 1 
... o.3 +0, 2 +0, 2 
+0 . 3 -0 . 2 +0, 5 
-0, l -0.2 +0.7 
-0. J -0, 1 +0, 2 
-tO I 0.0 +0. 5 
o.o -0, 2 t-0.1 

-0 . I •0. 2 -tO. l 
-0. 1 -0, 3 -0 , 1 
-0. l 0. 0 -0 . 5 

Panel destioy<?d 
-0.2 10 . 2 -0, 4 
.. 0. 1 -t0, 2 -0, 3 
-0, 2 .. o t -0.5 
-0.2 +O. l -0 5 

Panel destroyed 
o. o +0. 3 -0, 5 
0. 0 t0. 3 -0. 2 
o.o 10. 1 -0. 2 

+0, 1 0. 0 -0. 2 
-0 2 0, 0 +O. I 
o. o o. o -0, 1 

-0, 6 -0, 1 +O, 3 
-0, 4 -0.1 +0,5 
-o. 4 a.a +o, 3 
-0.2 -0.4 +0,6 
-0.5 -0, 2 +0,6 
1.5 -0,9 +0, 2 

-0.8 -0,5 -t0,5 
-1, 0 +0.4 +0.5 
-0, 9 -o. 7 +0, 2 
-0,5 -0, 3 -0.2 
-0. 4 -0.3 -0. 4 
-0. 5 -0, 3 -0. 1 
-0.2 -0, 2 -0. 3 
-0, 9 .,0,5 -0, l 
-0 . 3 -04 -t0. 2 
-0,.5 -0, 5 -0.3 
-0. 5 -0, 2 -0. 2 
-0. l -0.1 -0, 1 
f0,37 :t0.26 l0,34 

(b) Wing Points-Vertical Only 

(0 . 295) 
-0. 3 

o. o 
+0.1 
0.0 

-0.3 
-0.4 

-0.3 
+0. 2 
0.0 

-0.t 

+0. 2 

"'-' -t0 , 1 
+0, 2 
-0.J 
-0.1 
-0.I 

·0, 1 
-tO.J 
-+0, J 
-tOd 
-0.J 
-10. ~ 
-0.I 
+O.l 
+O.• ... , 
-t0.5 
+0.3 
+0,4 
-0 , J 
-0.4 
- 0.4 
-0. 2 
+0.6 
-t0, 2 

-0, l 
-0, d 

-0.2 
-0. I 
-0.3 
+0.3 
+0.3 
+0.5 
- 0,1 
,O, l 
-t0,3 
-1 _, 
-3 
-2 
0.0 
0.0 

• 0.5 
-0.5 
-1.I 
-o.a 
-0.9 
-0,9 
- 0. 4 
0.0 

,o.J 

(O. 1\03) 
-0, 3 

o,o 
..0. 1 
+0.$ .... 
+0 . .) 
.o.? 
+0,tl 
.0.' 
+O. I 
+0.1 

.... 
-0.) 
-0.I 
-tO. t 
-tO.i .... 
.o.' 
-0.4 
-0,4 
-0. 7 
-0.6 
-0.7 
-0.3 
+0.1 
-0.2 
0.0 

-0.6 
-0.5 
-0.5 
-0.5 
-0.2 

..,-r +O. 2 
.. 0.1 
-0.3 
-0.2 
-0.3 
+O. 4 
+0.2 
-t0.3 ... , 
.0.7 
-0,2 
-t0.4 ... , ., 
-1 
+I.I 
.. 0. 1 
+0.5 
-t0. 8 
+0 , 3 
+l, l 
.. o. 7 
-0,5 
-05 
+0,. 5 
-0. l 
-0, 3 
i0. l 
t0,2 
t0, 2 
-0, 9 
+0, 8 
-0.2 
-0.4 
-0 . 3 
i0 , 4 

-o., 
-0,l 
o, ' 

C-5 

t0, 3 tO 2 tO, J 
-0. l -tO,. I +0. l 
-0, J -0. 4 o. o 
0, 0 - 0.4 ,..J , L 

-0. 5 -0. 3 o. o 
-0.4 -0.4 -0. 2 
-0.3 - 0, 2 -0.1 
-0, 1 +0, 4 -0, J 
-0.2 -0. 2 -t0, 2 
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jector Kelsh-type equipment for the initial three to four models. Beyond this distance, 
the accuracy of the data from the contracted plotters remained fairly constant, whereas 
the Kelsh accuracies decreased considerably. As indicated in Table 4, there were 
little significant differences in the X, Y, and Z coordinate results obtained on the two 
first-order machines and, assuming the same operator techniques and computer pro
grams very little difference in per!orrm1n<:P. oft.he equipment. 

The acqL1lsition of a Zeiss C-8 Stereoplanigraph by the Tex.as Highway Department 
enabled further study of stereotriangulation jn areas not explored on the contracted 
portion of the pi·ojecl. The stereobridg s required of the contractors were negotiated 
and limited in s ·ope. The data and procedures obtained from the contractor's slereo
bridges were definitely informative and indicated that intermediate control could be 
obtained for some photogrammetric mapping projects by stereotriangulation. These 
encouraging preliminary data were a prime factor in determining that first-order 
plotting equipment would be of more use to the Department than the Kelsh-type stereo
plotting equipment then in operation. 

The identical test area and skeleton control data were initially utilized on the C-8 
Stereoplanigraph to obtain an equipment evaluation and to check out the difficulties 
indicated by the respective contractors in their synopses. The data obtained on the 
C-8 Stereoplanigraph are included in Table 4. The Army Map Service Branch Plant 
in San Antonio allowed the Texas Highway Department's operator to use of one of their 
first-order machines. During the 3 weeks spent working on the Army Map Service 
C-5 Stereoplanigraph equipment, the operator stereobridged a portion of the test area. 
The data obtained were adjusted utilizing the Army Map Service computer program. 
The program is basically the same as the adjustment program the Texas Highway De
partment uses; however, the horizontal and vertical input data had to be run through 
the computer separately. The readout-adjusted X, Y, and Z coordinates were similar 
to the results obtained by the Zeiss C-8, Wild A-5, and Santoni stereobridgcs, :ind are 
included in Table 4. 

At the conclusion of this phase, the test area along I-35 had been stereobridged, 
using the same control inlerval, on a two-projector Kelsh plotter, a three-projector 
Kelsh plotter, a K & E M-2 stereoplotter, a Wild A-5 Cartograp11, a Galileo Santoni 
Model IV Stereocartograph, a Zeiss C-5 Stereoplanigraph, and a Zeiss C-8 Stereo
planigraph. A thorough analysis of the data obtained fr0m these various stereobridges 
gave a fair indication of the accuracies which could be expected from stereotriangula
tion utilizing known control in the input data at distance intervals of 1, 700, 3, 000, and 
5,300 fl. 

All data thus far evaluated had been obtained from stereobridges developed through 
one certain area using the same phntne-raphy and control. In general, the X and Y 
d17,viations from the X and Y coordinates established from the ground survey were 
very small, averagin less than 0. 3 al any one point established by stereotriangulalion 
on first-order equipm • nL. Al a horizontal map scale of 1 in. = 40 fl, t11is .1:0. 3-ft de
viation would amount to slightly Less than 1/im in. This fra ·Lional diCference would be 
extremely difficult to plot on a map sheet and would ha.ve little eifect on individual 
model scaling on a Kelsh-type plotter. Also, this variation of lhe stereotriangulated 
p0intR frnm true coordinate position is plus and minus and tbe possibility of accwnu
lative errors is eliminated by the computer program which adjusts the intermediate 
control points to the coordinate positions of the furnished ground control points through
out the length of the project. 

Faelon, Lalu:u into consideration when analyzing and evaluating the hnrizontal errors 
of ±0. 3 ft incurred from the horizontal st01·eobridge data obtained on the various types 
of equipment are as follows: 

1. Possible resultant errors in basic control data, 
2. Distortion in the aerial photography, 
3. Correlation of the bridging equipment lens system and the photographic camera 

lens, 
4. Financial limitations on the photogrammetric contractors for input adjustments, 

and 
5. Control spacing not ideal for first-order bridging. 
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The basic control traverses were established by an experienced field party using pre
cision equipment and the possiblity of error was minimized in the actual survey and in 
the placement oi the panels. A pa11el might have been displaced off the absolute center 
of the control point since the test area is in a developed section of the highway and, 
due to the number of panels, it was difficult to maintain surveillance of all points be
fore photography. The consistently high deviations noted on certain points, with the 
necessity of cross tilting on some model ties, could have been due to minor localized 
photographic distortion. Dis tortion would, very definitely, have some effect in an 
overall stereobridge-especially when dealing with tenths of a foot. 

It is very doubtful that more than one of the stereobridges was run on equipment 
calibrated in exact correlation with the photog-raphic camera lens. The Texas Highway 
Department used corrective plates for the average of the type of lens, but these were 
no correlated with the specific lens o! the camera. This source of error should have 
little effect on the horizontal points but should be considered in an overall evaluation. 

The final readout data furnished by the contractors might have been improved by 
removing certain conh·ol points from the omputer input data. This would have re
quired a dditional computer time and additional funds, and was not part of the contract. 

It was recog•nized that the control data fwnished for the development of the stereo
bridging were not ideal for first-order equipment. Better results probably could have 
been obtained if the control had been spaced at different intervals; however, this in
terval was preferred for a simultaneous evaluation of the Kelsh-type plotters and the 
first-order equipment. 

The machine X, Y, and z coordinates of au panel poillts on t his test area had been 
recorded on the initial C-8 stereobridge, and wiUl only minor computer input data re
visions, stereobridge data were obtained at vai'ying distanc inl rvals of 1, 200, 1, 500, 
2,000, 2, 500, ;iml ~, 000 rt. A comparativ analysi.s of the effect of this differential 
control spacing on the resultant adjusted X, Y, a nd Z coordinates is given in Table 5. 

Elevation deviations from true ground elevations or Z eoorcliJJates noted in evaluat
inp; the various stereobridges from the test area were somewhat greater than the X and 
Y coordinate deviations. The average error incurred was less than 0. 4 ft. '!'his ele
vation ciifferential exceeds the vertical control accuracy desired on mapping projects 
at a scale of 1 in. = 40 ft. The effect of this average vertical error on the intended 
use of certain highway mapping projects might be negligible. 

Again, the facto:rs mentioned previously that possibly affected the horizontal ac
P.m·acies obtained were considexed in the analysis of the vertical errors incurred. In 
fact, these factors would have more ef.fect on the \tertical data than the horizontal data. 
Distortion in Lile aerial photography and correlation of the bridging equipment lens 
.sy.sltw1 a11d photographic camera lens system could gr eatly affed vertical accu1·acieo. 

Additional stereotriangulation research was conducted along F. M. Highway 1604 
in Bexar County. Map sheets were currently being developed on this project at a scale 
of 1 in. = 40 ft with a 1-ft contour interval. The basic control for the project had been 
established by standard field methods and most models had set up relatively well. A 
3-mi tangent was selected and stereobridged on a Zeiss C-1:l Stereoplamgraph. Ma
chine coo1·di11ates were recorded on all vertical wing points and centerline panels. 
Known ground control data wen: i11::1t,:dta.l .i.11l0 Lhc ii,put ~ompukr d:rt2. at dif!e1·e!!t in 
tervals. Tile results obtained on tlus stereobridge are given in Table 6. Un.fortunately, 
none of the wing vertical control points we.re paneled and identification of the exact 
location of these points was extremely dilficull. Mislocation of a vertical point on this 
project by a very small amount could easily result in input errors in excess of 1. 0 fl. 
Inasmuch as the successive models were tied by pass points in stereotriangulation and 
U1e individual models were not leveled (control not Iurnished), misidentified vertical 
·ontrol points could not be detected during the bridge. This problem of exact control 

point identification would definitely indicate U1at all control points, including vertical 
wing points, to be used as U1e basic control on any stereobridge should be paneled 
before photography for easy photo identification. 

Research into several areas of stereotriangulation is continuing. The Texas High
way Department r ecently purchased a Wild R.C-8 aerial camera with an aviogo11 lens 
and obtained corre ·tion plates for the :Zeiss C-8 Stereopla11.ig-raph ground especially 
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TABLE 6 

F. M. 1604 STEREOTRIANGULATION RESEARCH AREA" 

Three Single Three Clust er Four Single 

Point Control Ba nds Control Bands Control Bands 

X y z X y z X y z 

1205+00. 2 0, 0 +0. 2 -0. l +O. 1 0. 0 -0. 4 +0. 1 0. 0 -0. 2 
1208 0. 0 0. 0 +0. 5 0. 0 -0. 2 +0. 2 0. 0 -0, 2 +O. 5 
1211 -0. I +0. 2 +1.0 -0. 2 0. 0 +0. 8 -0. 2 0. 0 +LO 
1214 +0. 2 +O. 2 +1. 2 +O. 1 +O. 1 +0. 9 0. 0 +0. 1 +I. 2 
1217+15. 4 0. 0 +O. 1 +I. I -0. 2 +O. 1 +0. 8 -0. 2 +0. 1 +LO 
1220 0. 0 +0, 2 +I. 4 -0. 2 +O. 1 +1.1 -0. 2 +O. ,t +l. 3 
1230 -0. 2 +0. 2 +I. 9 -0. 5 +0. 1 +1. 6 -0. 4 +0. l +1. 8 
1233 +0. 2 +O, 4 +I. 5 -0. 2 +O. 3 +L 2 -0. l +0. 4 +l. 4 
1236 -0. 9 +0. 3 +O. 9 -0. 4 +O. 2 +0. 6 -0. 4 +O. 4 +O. 7 
1239 -0. 2 +0.1 0. 0 -0. 6 0. 0 -0. 1 -0. 4 +0.2 , o. 1 
1240+34. 4 +O. 1 +0. 3 +0. 2 -0. 5 +0. 2 -0.1 -0. 3 +0. 4 +O. 1 
1243 -0. 2 +0. 2 -0. 1 -0. 6 +0. 1 -0. 3 -0. 4 +0. 3 -0. 2 
1246 -0. I +0. 4 -0. 8 -0. 4 +0. 3 -L 0 -0. 2 +O. 5 -0. 9 
1249 0.0 +O. 2 -0. 4 -0. 3 +O. 2 -0. 7 0.0 +O. 3 -0.6 
1252 0. 0 +0. 2 +0. 4 -0. 3 +0. l -0. 9 +0.1 +0. 4 -0. 8 
1255 -0. 2 +0. 2 -0. 9 -0. 4 +0. 2 -1. 1 0, 0 +0. 5 -1. 1 
1258+02. 5 -0. I +O. 3 -0. 7 -0. 3 +0. 2 -1.0 +0.1 +0. 5 -1.0 
1261 -0. l +0. 3 -0. 6 -0. 2 +0. 3 -0. 9 +O. 3 +0. 5 -0, 9 
1264 0.0 +0. 2 -0. 6 -0. l -0. l +0 . 8 +O. 4 +O. 4 -0, 8 
1267 -0. 2 0. 0 -0. 7 -0. 3 -0. I -1.0 +0. 4 -0. 2 -1.0 
Avg. (0. 140) (0. 210) (0. 750) (0. 295) (0. 145) (0. 775) (0. 210) (0. 280) (0. 830) 

aCenterline vertical data indicative of vertical data on wing points. 

for the lens characteristics of this camera. An area similar to the I-35 Test area 
will be controlled, paneled, and photographed with the Wild RC-8 in th'e immediate 
future, and numerous research tests of stereotriangulation accuracies on the Zeiss 
C-8 Stereoplanigraph will be conducted on this area. Stereotriangulation tests on a 
smaller scale map project (1 i n. = 200 ft) are also scheduled. Research is continuing 
on the three -projector Kels h plotters utilizing the duplication of models (setting the 
tie -in model twice), in conjunction with a computer adjustment program. 

As a result of a thorough evaluation and analysis of the data obtained on stereo
triangulation during this research project, the Texas Highway Department plans to ob
tain and use control from stereotriangulation for photogrammetric mapping projects to 
be utilized in highway engineering. Minor limitations will be placed on vertical con
trol data at this time. 



Utilization of Photo Interpretation in the 
Highway Field 
HAROLD RIB, Highway Research Engineer, U.S. Bureau of Public Roads 

Many papers have been written in the past 20 to 25 years indi
cating the various possible applications of photo interpretation 
in the highway field. The purpose of this paper is to irnlicale to 
what extent these applications are being utilized by the various 
highway organizations. Summaries of the use of photo interpre
tation by major areas of photo interpretation and by stages of 
highway engineering are included. The paper also includes dis
cussions on research under way and special applications of photo 
interpretation in the highway field, as well as the highway de
partment's cooperative work with the Bureau of Public Roads 
utilizing Highway Planning and Research funds. 

•THE VALUE of photo interpretation in the highway field has be n discussed and 
demonstrated for over 20 years , yet its adoption by highway organizations has been 
slow. Only a limited number of highway organizations were utilizing photo interpre
tation extensively in their work before the enactment of the Federal-aid Highway Act 
of 1956. The enormous amount of work involved in the planning, design, and construc
tion of the 41, 000 mi of highways in the Interstate System, coupled with the s hortage 
nf engineering manpower available for this large undertaking, has resulted in a greater 
use of photo interpretation by the highway organizations. Au analysis of a survey of 
highway organizations made in 1955-1956 (1) indicated that 33 higltway 01·gani.zations 
used photo interpretation in some phases of their work; however, only 10 indicated a 
fairly extensive use. Analyses of recent surveys (2, 3, 4) and projects of the highway 
organizations Indicate that 50 are now employing photo· interpre tation in some phase of 
their work and 22 of these are using it fail'ly extensively. 

The objectives of this paper are to (a) indicate the exl nl lo which photo interpreta
tion is currently being utilized by the highway organizations, (b) point out some of the 
special applications and research under way in photo interpretation by various highway 
organizations, and (c) indicate the lype of work performed by the U.S. Bureau of Public 
Roads (BPR) and highway organizations cooperating with BPR utilizing the 1 ½ percent 
planning and research funds. No attempt is made to show how photo interpretation ea11 
be used in particular areas of highway e ngineering. This type of information can be 
found in the reie1·enc;t:~ iu i.hi::s 1,1ape r .. spe.:ia.lly iii Ilcfs. 2 , 5, :1nd 6. 

The summarizations in this paper deal with 53 highway organizations: the 50 state 
highway departments, the District of Columbia Highway Department, the Puerto Rico 
Department of Public Works and BPR. In the summaries of the use of photo inte:pre
tation by the various highway organizations, only the number of highway urgauizations 
utilizing this is shown. A listing by individual organizations is not included, because 
a major portion of the information utilized in the summaries was obtained from an
swers to questionnaires, and the answers by the individual organizations to one of the 
questionnaires were confidential. 

PHOTO 1N'1'.lia<PH.E:TATION IN THE HIGHWAY FIELD 

Photo interpretation is used here in the broad sense employed by many highway 
engineers, i.e., to include all types of activities where qualitative information is 
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obtained from photographs. This is necessary since most of the information utilized 
in this paper is derived from questionnaires, and there is generally no reliable method 
wher eby the various levels of photo interpretation- photo reading, photo analysis, and 
photo interpretation (5, p. 6; 6, p. 852)-can be dilferentiated. 

There are numerous applications of photo interpretation in the highway field and 
various methods of summarizing the uses by the highway organizations. For this study, 
two types of summaries are made: (a) by the major areas of photo interpretation ap
plicable to highway engineering, and (b) by the stages of highway engineering in which 
photo inte rpretation can be utilized. 

The major areas of photo interpretation applicable to highway engineering include: 

1. Location of construction materials (sand, gravel, borrow, clay); 
2. Evaluation of soils and geology and preparation of engineering soil maps; 
3. Evaluation of ground conditions affec ting highway alignment, including topography 

(cut and fill, amount of bedr ock and common excavation), soils (plastic, organic, 
erosive), drainage (seepage, flooding, high water table) , lands lides, and faults and 
earthquake zones; 

4. Dra inage studies and preparation of drainage maps; 
5. Land-use studies; 
6. Traffic surveys and analysis; 
7. Planning subsurface exploration and surveying programs; and 
8. Highway condition and inventory, and damage surveys. 

Table 1 gives the summary by the major areas of photo interpretation in the highway 
field and indicates how many highway organizations are utilizing photo interpretation in 
these major areas. This summary is based on an a nalysis of several recent question
naires (2, 3, 4), as well as on the author's knowledge of the activities of various high
way organizaffons through their cooperative work with BPR. 

The stages of highway engineering in which photo interpretation may be used are 
as follows: 

1. Highway planning; 
2. Traffic surveys; 
3. Highway location surveys, including reconnaissance survey of areas to deter

mine feasible routes, reconnaissance survey of alternatives to select route, prelimi-

TABLE 1 

HIGHWAY ORGANIZATIONS UTILIZING PHOTO 
INTERPRETATION IN HIGHWAY FIELD BY 

MAJOR AREA OF USE 

Major Areas of Use 

Location of construction materials 
Evaluation of soils and geology

preparation of engineering soil maps 
Evaluation of ground conditions 

affecting highway alignment 
Drainage studies-preparation of 

drainage maps 
Land-use studies 
Traffic surveys and analyses 
Planning subsurface exploration and 

surveying programs 
Road condition and inventory and 

damage surveys 

No. of Organizations 

32 

42 

36 

38 
38 
11 

39 
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nary survey of the selected route for design and preparation of construction plans, and 
location survey-staking of designed location on the ground; 

4. Construction surveys; 
5. Condition and inventory surveys; and 
6. Maintenance surveys. 

The number of highway organizations utilizing photo interpretation in the various 
stages of highway engineering is shown in Figure 1. The extent of use-slight, mod
erate or extensive-is also indicated. This summary is based on the answers by the 
highway organizations to the "Photographic Interpretation Surveys" portion of the 1962 
Questionnaire on Use of Aerial Sul·veys (2). 

An evaluation as to the extenl of u:,e of photo interpretation within cuch ota~e was 
accomplished by grouping the various items listed in each stage into the major areas 
of photo interpretation (land use, soils and geology, drainage, etc.). A weighted per 
centage was then determined based on the number of major areas of photo interpreta
tion included within each stage and the possible degree of utilization of photo interpre
tation within each major area. The criteria on which the ratings of slight, moderate 
or extensive are based are as follows: 

Slight- Utilized in up to one-third of the total possible uses in each stage; 
Moderate-Utilized from one- to two-thirds of the total possible uses in each stage; 

and 
Extensive-Utilized for more than two-thirds of the total possible uses in each stage. 

The total number of responses on which the analysis is based is 50. In this number, 
BPR is considered as one organization; however, the degree of utilization by the 
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Figure 1. Highway organizations utilizing photo interpretation in the highway field, 
by stages in highway engineering. 
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It is generally considered that the greatest value of photo interpretation in the high
way field is in the early stages of highway location, that is, highway planning, recon
naissance survey of area and preliminary survey of alternate routes. The reason for 
this is that several of the environmental factors controlling the economics of highway 
location, such as topography, soils, land use and availability of materials, can be 
evaluated by photo interpretation and the information thus developed can be utilized to 
arrive at the best and most economical solution. An analysis of Figure 1 indicates 
that in these stages, 32 to 37, or approximately 65 to 75 percent, of the responding 
highway organizations utilize photo interpretation in their work; however, only 7 to 15 
organizations or approximately 15 to 30 percent of the responding highway organiza
tions make extensive use of photo interpretation in these stages. 

Photo interpretation is also of great value in the preliminary survey of a selected 
route for evaluating the environmental factors as well as for planning a soil survey 
program to obtain information for the final design of the highway. As indicated in 
Figure 1, 34 of the highway organizations, or 68 percent of those responding, utilize 
photo interpretation in this stage. However, only 8 organizations, or 16 percent of the 
responding organizations, utilize the method extensively. 

Considerable use is also being made of photo interpretation in location surveying 
and staking of the designed location. Twenty-eight of the highway organizations indi
cated the utilization of photo interpretation in this stage, and more than half of these 
indicated a fairly extensive use. 

The application of photo interpretation in the remaining stages, traffic surveys, 
construction surveys, condition and inventory surveys, and maintenance surveys, is 
very limited. Comparatively few highway organizations are experimenting with or de
veloping procedures or techniques for the use of photo interpretation in these stages. 
Some examples of the use of photo interpretation in some of these stages have been 
given (7, 8, 9). 

An analysis of Table 1 indicates that photo interpretation is utilized by up to 42 of 
the 53 highway organizations for the determination of one or more of the environmental 
factors that control the economics of highway location (i.e., ground conditions, soils, 
availability of materials, land use, etc.), as well as for drainage studies and planning 
field exploration and surveying programs. However, it is evident from Table 1 and 
Figure 1 that there is a limited number of highway organizations utilizing photo inter
pretation in the areas of traffic surveys, road condition and inventory studies and 
damage surveys. 

Although Figure 1 and Table 1 indicate that, in the majority of the stages of highway 
location and major areas of photo interpretation, one-half to three-fourths of the high
way organizations are utilizing photo interpretation in their work, only one-fourth to 
one-half of these are using it extensively. Most important in determining the extent 
of its use by a highway organization are the presence of photo interpreters on the staff 
of the organization and the knowledge, background, and experience of these inter
preters. It is interesting to note that, in a questionnaire published in 1962 (3), only 
12 highway organizations indicated they had photo interpreters on their staff (BPR not 
included in this summary); however, from the author's contacts with the state highway 
departments, it is estimated that today between 20 and 25 highway organizations have 
photo interpreters. This may well be the reason for the lack of extensive use of photo 
interpretation by most of the highway organizations. 

The need for more trained photo interpreters has been recognized for many years by 
the highway organizations. Several have sent personnel to the special short courses 
on photo interpretation given by several universities (e.g., Cornell and Purdue). In 
addition, BPR has given short courses. Also, many universities are increasingly 
emphasizing photo interpretation. In a survey of university engineering schools made 
in 1962 (10), 29 out of the 96 answering indicated they planned to increase their em
phasis onphoto interpretation. 
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In summary, based on an overall study of the information available and known to the 
author, the use of photo interpretation by the 53 highway organizations is as follows: 

1. Fifty, or 94 percent, utilize photo interpretation; 
2. Three, or 6 percent, indicated no use; 
3. Fourteen, or 26 percent, use photo interpretation to a slight extent; 
4. Fourteen, or 26 percent, use photo interpretation to a moderate extenl; 
5. Twenty-two, or 42 percent, utilize photo interpretation extensively; 
6. Only two have indicated a use of photo interpretation in all stages of highway 

engineering. 

RESEARCH AND SPECIAL STUDIES 

In all phases of photo interpretation as applied to the highway field, information is 
obtained in practically all cases by the stereoscopic examination of black-and-white 
panchromatic aerial photographs or from the study of mosaics prepared from the 
black-and-white aerial photographs. However, within recent years, several highway 
organizations have been investigating the use of other types of photography, i.e., 
black-and-white infrared, color, and color infrared. 

Several organizations, including BPR Indiana, Kansas, Michigan, Montana, Ohio, 
Virginia and Wyoming, have been investigating the use of color aerial photography for 
photo interpretation purposes. The use of color photography as reported in the 
Bu1·eau's projects (11, 12) has proved so successful that the Region 9 office in Denver 
now uses color aerial photography for photo interpretation purposes for practically 
all of their projects in national forests and parks. 

Research in the value of color photography is being performed by the Ohio Depart
ment of Highways and Ohio State University under a cooperative agreement with BPR. 
In this project, the university is evaluating various .film-filter-scale combinations to 
determine the usefulness of photo interpretation in obtaining design information for 
the highway engineer. Areas under study are landslide-susceptible terrain and organic 
or soft subsoil areas. Multisensor photography (1?anchromatic, infrared, color, and 
color infrared) are being evaluated at scales of 1/9, 600, 1/ 4, 800 and 1/2, 400. In 
addition, various filler cuo11.JinaLions are being studied. Preliminary reports on this 
project (13, 14) have indicated that for organic soils, the best differentation of surface 
moistureconditions occurred on panchromatic film with no filters, and for landslide 
areas color photography was best for differentiating the type of rock outcrops and for 
deleruLiulug details in the shadows. The report also indicated that a scale of 1/9, 600 
was satisfactory in both landslide and organic area, but for evaluating items such as 
depth of organic layers and for differr-mti~ting types of rock, a scale of 1/4, 800 was 
preferable. 

Interesting research projects utilizing photo interpretation techniques are also 
being conducted by the State Highway Commission of Kansas. Some typical uses, as 
well as special uses( of photo interpretation of black and white aerial photographs 
have been reported 8). Some of the special projects discussed are (a) the use of 
special targeting techniques in conjunction with photo interpretation for the identifica
tion of geologic formations and evaluation of the use of these geologic materials in 
highway construction; (b) the study of channel changes over a period of years to try to 
evaluate the effect of a highway on channel changes or the effect of channel changes on 
an xis :i.ng or proposed highway; and (c) a bridge deck cond·tion survey. TJ1e meander 
patterns of streams are also being studied in an attempt to correlate the mP.a.nder angle 
(function of degree of curvature of the stream meander) as seen on the photograph and 
the type of material the stream is cutting through. Some examples of the work done 
by State Highway Commission of Kansas are shown in Figures 2 and 3. 

Figure 2 shows an example of a geologic exposure that has been targeted so the 
thickness, strike, dip and extent of the various geologic formations can be determined 
und mapped. This geologic information may then be used in the design of rock slopes, 
estimation of the quantity of rock that will be encountered during· construction, and the 
determination of the possibility of slides and other maintenance problems that may be 
encountered in existing facilities. 
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COURTESY STATE HIGHWAY COMMISSION OF KANSAS 

Figure 2. Example of targeting of specific geologic formations for determination and 
mapping of thickness, strike, dip and extent of various geologic formations. 

An example of the use of photo interpretation for i:he evaluation of channel changes 
over a 21-year period and the effect of the channel changes on an existing road is 
shown in Figure 3. Aerial photographs taken at five different times during this period 
were studied to ascertain the stream activities. From photo interpretation and the 
evaluation of the stream gradient, it could be determined that the collapse of the highway 
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COURTESY STATE HIGHWAY COMMISSION OF KANSAS 

Figure 3. Use of interpretation of five sets of photographs ta~en over 21-year period 
to determine reason for collapse of highway bridge. 

bridge was caused by the increased erosive action of the stream within recent years 
due to channel changes occurring in this period. 

The Maine State Highway Commission and the University of Maine under a coopera
tive agreement with BPR have recently completed two research projects on the use of 
photo interpretation techniques for obtaining information of value to highway engineers. 
Iu Llie Iii·sL ::ttudy, va1-iuu.s featu:reiS, such a.s oiz~, c~icrrtltic:1, elev3.ticn a!ld type of 
vegetative growth, were evaluated to determine if reliable estimates could be made 
on the depth of peat by photo interpretation techniques. A statistical analysis made 
on data obtained from 174 sites indicated that none of the features studied were sta
tistically reliable for predicting the depth of peat, although general trends were noted 
(15). In the second study certain features of eskers discernible by photo interpretation 
techniques such as longitudinal slope configuration, transverse shape, and height were 
evaluated to determine if some relation existed between these features and the grain 
size of the materials in the esker at a given point. Results indicated that the combina
tion of longitudinal slope configuration and transverse shape were very valuable in pre
dicting locations of gravelly materials, and for U1e areas t.:hecked, the prediction of 
gravelly materials was correct in 70 percent of the cases (16). Figure 4 is a stereo
gram showing a 2-mi section of an esker indicating four of the seven basic transverse 
shapes evaluated in this study (gently rounded, rounded, sharply rounded and crested). 
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Figure 4. Stereogram showing 2- rnile sec 
tion of esker and several shape confi gura
tions analyzed t o correlate shape with 

grain size of materials encountered . 
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In addition, this study also developed cri
teria for defining the limits of excessive 
overburden on esker flanks so that a photo 
interpreter could determine realistic 
boundaries for material volume estimates. 

PHOTO INTERPRETATION AND THE 
BUREAU OF PUBLIC ROADS 

Throughout the years, BPR has been 
one of the leading proponents of the use of 
photo interpretation in the highway field. 
For over 15 years, BPR has been promot
ing the use of photo interpretation through 
education and research and has been en
couraging the highway organizations to use 
Highway Planning and Research funds 
available to them for research in this area. 

In 1946, the Bureau entered into a co-
operative agreement with the New Jersey 

State Highway Department for development of engineering soil maps for the state. 
Work on this project was performed by Rutgers University under contract with the 
state highway department, and photo interpretation was used extensively for the de
velopment of the engineering soils maps. Rhode Island completed a similar project 
in 1956 using photo interpretation extensively. Cooperative work with Maine State High
way Commission was first initiated in 1948 for the development of engineering soils 
and materials maps using photo interpretation techniques. This work is still under 
way, but is mainly utilized for highway location studies. In addition, as previously 
indicated, techniques have been investigated for increasing the amount of information 
that can be derived by photo interpretation. At present there are 19 states in which 
pho to interpretatio n techniques a r e being utilized us ing the 1 ½ percent Planning and 
Research funds. Some of these proj ects a r e (a) mater ials mapping on a strip, county 
or state basis; (b) engineer i ng soils mapping on a strip, county or state basis; (c) 
evaluation of terrain investigation techniques; and (d) special projects, s uch as the 
engineering classification of geological materials. Two procedures manuals for per
forming material studies have been developed under the cooperative program (17, 18). 

In addition to promoting the use of photo interpretation by the state highway depart
ments, the Materials Division of BPR has conducted or participa ted in 14 schools of a 
1- to 2-week duration to train highway personnel in the techniques and applications of 
photo interpretation. 
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Evaluation of Color Aerial .Photography in Some 
Aspects of Highway Engineering 
ALVIS H. STALLARD and RAY R. BIEGE, JR. 

Respectively, Supervisor of Photographic Interpretation and Engineer of Photo
grammetry, State Highway Commission of Kansas 

To understand the usefulness of color aerial photography in its 
application to specific highway engineering problems, the State 
Highway Commission of Kansas has conducted a color aerial 
photography evaluation program. An evaluation criterion is 
established to guide the photographic interpreter and to em
phasize the various facets of the photo interpretation techniques 
most instrumental in evaluating the various types of aerial photo
graphy for road condition surveys and material inventories. 
Procedures used in the program and a discussion of factors af
fecting the interpretation process used for each engineering 
project are presented. Most of the findings are based on the 
fact that the usefulness of color aerial photography is governed 
by the objectives of the investigations, the photographic inter
pretation pattern elements most instrumental in the photographic 
analysis, and the natural conditions existing in the area being 
investigated. In essence, these factors determine whether or 
not the color imagery or a change of color of the imagery pro
vides additional information pertinent to the objectives of the 
investigation as opposed to the quality and quantity of informa
tion extracted from black-and-white photography. 

•COLOR AERIAL photography provides the photographic interpreter with the additional 
dimension of color contrast and a more natural image to observe and study. However, 
the usefulness of such photography is not fully known in many fields of endeavor. 

It is the purpose of this paper to evaluate color aerial photography for specific uses 
in the engineering fieldj The evaluation pertains to photography used on two specific 
engineering studies, materials inventories and road condition surveys. The former is 
associated with a statewide materials inventory program being made by the State High
way Commission of Kansas in cooperation with the U. S. Bureau of Public Roads. The 
manuscript of the color evaluation report has not been reviewed by the Bureau. 

The road condition surveys are a part of a research project on the performance of 
concrete pavement being conducted by the Research Department of the State Highway 
Commission of Kansas. The use of color aerial photography as a phase of this study is 
being investigated by the Photogrammetry Section of the Commission. Special emphasis 
is being given to a particular type of surface deterioration associated with a surface 
staining of the pavement. Various sections of pavement are characterized by different 
stages of stain development; i.e., some sections have only a few stains that can be de
tected, whereas others have a large percentage of the surface covered with a stain as
sociated with extensive pavement disintegration. The rate at which the staining spreads 
on the concrete surface, the pattern of stain development, and the stage of stain devel
opment at which initial distress is first detected are all factors that may be useful in 
determining the cause of such stains and, ultimately, the cause of the deterioration. 

Paper sponsored by Committee on Photogrammetry and Aerial Surveys . 
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To learn more about stain "activity," aerial photography of selected sections of 
highway pavement will be studied periodically for stain appraisal and mapping purposes. 
In this paper, the term road condition survey refers to the proposed stain appraisal and 
mapping process. 

To ascertain the most eI.fedive aerial film for road condition surveys, an evaluation 
program was conducted. The objective of the program was to determine the degree to 
which a given type of photography will increase the usefulness of a given pattern ele
ment. To complete the evaluation, the information derived from the pattern element 
must be appraised as to its significance to the objective of the project. 

The general procedures used to evaluate the usefulness of color aerial photography 
on the two engineering studies are similar; however, the nature and magnitude of the 
problems encountered on each were quite different. The objectives of the road condition 
surveys are less extensive but more detailed in nature, and the ground conditions are 
uniform. The objectives of the materials inventories are larger in scope and the ground 
conditions are highly variable. Therefore, even though similar procedures are used, 
each evaluation is discussed separately. 

To provide a consistent evaluation procedure throughout the investigation, an evalua
tion criterion was established. As each facet of the investigation was being completed, 
the following questions included in this criterion were answered: 

1. What information is desired or what are the objectives of the investigation? 
2. What area and, consequently, what type of ground conditions are being investi

gated? 
3. How much and what type of ground information is available? 
4. How instrumental is ground information in the photographic interpretation process 

i11 obtaining the objectives of the investigation? 
~. WhaJ photographic interpretation clues are most essential or are used the most 

in the photo analysis? 
6. Does color photography make any particular clue or pattern element more per

ceptible or meaningful to the objectives of the investigation? 
7. Docs color photography provide any additional clues that c::rnnot be detected or 

used on black-and-white photography? 
8. How much time is required to complete the photo analysis using the various types 

of aerial film? 
9. What is the cost of each type of film? 

On the basis of the answers of these questions, the usefulness or the effectiveness 
of each type of aerial vl1ul.ugraplty used in this investigation is prcocntcd in the conclu
sions of this paper in terms of time required to complete the photographic interpreta
tion, the quality and quantity of information derived from the interpretation process, 
the cost of the film, and other factors relevant to the objectives of the investigation. 

HOAD CONDITION SURVEYS 

Area of Investigation 

The test areas in which this investigation took place were a 2-mi strip of a 4-lane 
highway in northeast Y.ansas, and two test strips in the Topeka area. The former was 
characterized by advance stage staining; the latter was characterized by initial stage 
stains. These areas were photographed by the State Highway Commission of Kansas 
using Kodak Aero Ektachrome film and Agfacolor Negative film at an approximate 
scale of 1: 1,200. The conditions under which the two types of photography were taken 
were as uniform as possible; i.e., all photography was taken at nearly the same time 
of day under similar atmospheric conditions. 

Color transparencies were obtained from the Kodak Aero Ektachrome film and both 
color and black-and-while JJriuls were printed from the Agfacolor Negative film. The 
black-and-white photographs were printed on a single weight matte as well as a glossy 
photographic paper to evaluate both types of prints. 
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Procedure 

Initially, all stains were classified on the basis of information obtained through field 
work and the discernible stain characteristics observed on the aerial photography. The 
stain classification system was developed for identification purposes and to provide a 
basis of pavement panel classification. Subsequently, pavement panels were classified 
as to the type and number of stains in each panel that could be detected on aerial photo
graphy. It is beyond the scope of this paper to present a detailed description of the 
stain classification system. 

Each test strip was mapped and appraised by using the various types of photography, 
the poorest quality photography being used first and the best quality last. The mapping 
indicated the number and length of pavement panels included in the test strips and each 
stain was classified according to the classification system adopted for this investigation. 
The test strips were then mapped in the field using the same mapping procedure and 
classification system. The field data were used to evaluate the results obtained from 
the interpretation of the aerial photography. 

Evaluation of Photography 

When conducting road condition surveys, the interpreter has to associate the severity 
of the pavement disintegration with the discernible characteristics of the pavement 
stains. Initially, it was thought that a variation in stain color would be indicative of the 
severity of the pavement's condition. This was found to be true only to a limited extent. 
Early stage or initial stains (when the stains are first detectable) are very light com
pared to the more advanced stains. This is true not because of color or tone difference, 
but because of the degree to which small individual stained areas have merged or inter
connected. The merging of the smaller spot stains ultimately governs the size of the 
area which the stain covers. For the most part, it is the degree of concentration of 
spot stains that governs the detectability of this particular highway stain on aerial photo
graphy. The stain, especially in the advanced stage of development, is fairly consist
ent in color and, consequently, is quite readily discernible on color prints. 

Severity association is accomplished by noting stain width and number during the 
stain and panel classification. To classify the stains and panels accurately, the inter
preter had to be able to distinguish significant highway stains from other highway dis
colorations. Typical discolorations discernible on aerial photography are finishing 
marks, "road scum," asphalt stains, areas ground off for leveling purposes, tire 
marks, and the concrete itself. Many of the discolorations have either a distinct color 
of their own or a very inconsistent color pattern. However, some are rendered in a 
tone similar to significant highway stains on black-and-white photography. Figure 1 
illustrates finishing marks and a significant stain on black-and-white photographs. The 
insignificant finishing marks and the highway stain are rendered in nearly the same 
shade of gray on the black-and-white photography; however, a color change is observed 
when comparing the same two discolorations on color photography. 
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Figure l. Black-and-white photograph portraying insignificant pavement finishing mark 
and significant highway stain . 
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In essence, the biggest problem of completing road condition surveys was differen
tiating between significant highway stains and insignificant highway discolorations. The 
effectiveness of the various types of film used in this study was measured in terms of 
number of significant stains detected compared to the number present and the number 
of insignificant stains erroneously mapped on a given section of pavement. 

Black-a nrl-White -Photography (Single Weight Matte Prints) . -Only 24 percent of the 
stains that were in the initial stage of development were detected when black-and-white 
single weight matte prints were being used for the photo analysis of the selected pave
ment test sections. On many occasions, the stains in the more advanced stage of de
velopment were difficult to detect; however, because of their larger size , approximately 
50 percent of the advanced stage stains were detected and mapped accurately. 

When mapping the advanced stage stains, little difficulty was encountered in differen
tiating between significant and insignificant stains; however, during the process of 
mapping initial stage stains, 62 insignificant stains were mistaken for significant stains. 

The main defect of black-and-white photography printed on matte photographic paper 
for road condition survey purposes is poor resolution. All highway stains, regardless 
of their nature, were obliterated by the grain size of the photographic paper which con
tributed to the difficulties discussed previously. 

Black-and-White Photography (Glossy Prints) . -When compared with matte surfaced 
photographs, glossy prints greatly improve the resolution of black-and-white photo
graphy, resulting in a higher percentage of stain being detected. Approximately 57 
percent of the initial stage stains and 95 percent of the advanced stage stains were de
tected when using the glossy prints. No insignificant stain was mistaken for a signi
ficant one when working with the advanced stage of stain development; however, 57 in
significant stains were recorded on pavement in the initial stage of staining. 

The black-and-white glossy prints improve the detectability of all stains, significant 
and i11sig11iiicafJ.tJ however, the main difficulty encountered ,x,rhen using this typP o,Y 
photography is clifferentiating between these types when mapping pavement characterized 
by stain in the initial stage of development. 

Color Transparencies. - When comparing the mapping results produced from black
and- whi.te glossy prints with those obtained from color transparencies, a lower per
centage of signilicant stains was detect cl , and a greater number nf tnRignific.c'l11t stains 
were erroneously mapped. When the initial stage stains were being mapped by use of 
the color transpru·encies, only 43 percent of the significant stains wer det cted, and 
91 insignificant stains were mapped. Better mapping results were obtained from stains 
in the advanced otage. In all cases the colo · tra nf; parencies provided better results 
than the photography printed on single weight matte photographic paper. 

F.ven thm1gh r.olor transparencies provided the interpreter with color contrast and 
excellent resolution, several factors influenced the qualily oI the information extracted 
from the transparencies. The main factor detrimental to the interpretation process 
was the quality of the photography for road condition survey purposes. The Kodak Aero 
Ektachrome film exposure was based on the terrain adjacent to the highway and not on 
the light- colored concrete pavement. Consequently, the pavement was overexposed and 
the adjacent terrain was rendered in natural color. The pavement appeared to be washed 
out on the color transparencies. Much of the stain was not recorded on the film and 
some of the more conspicuous insignificant stain was mistaken for significaui. ::;i.ai11. 
This discrepancy was especially apparent on the pavement characterized by stain in the 
initial stage of development. 

Better results could probably have been obtained if better equipment had been used 
to interpret the color transparencies. For example, a light table equipped with lights 
of diff 1·enl intensities and different colors would provide optimum conditions fo:i; the 
detection and evaluation of a given size and color of stain. 

Agfacolo1· Negative Film. -Color prints proved to be far superior to any other type 
of photography in detecting and mapping initial stage stains. Approximately 84 percent 
of t·hP. i nit.ial stage stains were detected , and only 24 insignificant stains were cnoneous
ly r corded. When workil1~ wlth the advanced stage stains, the color p1·i11ts proved tn 
be no more effective than the black-and-white glossy prints· i.e., approximately 95 
percent of the advanced stage stains were detected and few if any i nsiginificant stains 
were erroneously mapped. 
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The color prints were of good quality. The areas adjacent to the highway pavement 
were slightly underexposed and good quality color prints for road condition survey pur
poses were obtained. The better photography was a result of experience gained from 
previous test photography . 

MATERIALS INVENTORIES 

Procedures 

For the purpose of this investigation, three counties (Ellis, Mitchell and Brown) in
cluded in the current State Highway Commission of Kansas statewide county materials 
inventory program were selected as test areas. Each county has different geological 
conditions. Materials inventories were completed in all three counties using black-and
white photography printed from DuPont Cronar Safety Film at a scale of 1:24, 000. 

As each county was being investigated for the location of construction materials, 
areas p1•oviding typical problems encountered during the photo analysis of the county 
(approximately 10 percent of the area of the county or 90 sq mi) were selected to be 
photographed with color aerial photography. These areas were selected on the basis 
of the type of geological source beds present, amount of overburden, and other prop
erties that may be peculiar to the specific area. 

The selected areas in Ellis and Brown Counties were photographed with black-and
white photography (DuPont Cronar Safety film) and Kodak Aero Ektachrome film at a 
scale of 1:12, 000. Black-and-white photographs were printed on single weight matte 
photographic paper from the Cronar Safety film, and color transparencies were devel
oped from the Kodak Aero Ektachrome film. The same procedure was followed in 
Mitchell County; however, instead of using DuPont Cronar Safety film to obtain the 
larger scale black-and-white prints, Agfacolor Negative film was used. Black-and
white prints and a limited number of color prints of the area being investigated were 
made from the Agfacolor Negative film. The selected area in Mitchell County was also 
photographed using Kodak Aero Ektachrome film to obtain positive color transparencies. 
The photography used in each of the test counties was as follows: 

Ellis and Brown Counties-DuPont Cronar Safety film, black-and-white single weight 
matte prints at scales of 1:12, 000 and 1:24, 000; and Kodak Aero Ektachrome film, color 
positive transparencies at a scale of 1: 12,000. 

Mitchell County-Agfacolor Negative film CN 17, black-and-white single weight 
matte pl'ints and color pri11ts at a scale of 1: 12, 000; DuPont Cronar Safety film, black
and-white single weight matte prints at a scale of 1:24, 000; and Kodak Aero Ektachrome 
film, color positive transparencies at a scale of 1: 12,000. 

After the procurement of the evaluation photography, each test section of each select
ed county was analyzed using the black-and- white matte prints and the color photo
graphy. The results obtained from each type of photography were compared with the 
results of a ground investigation of these same areas (ground reconnaissance and ex
ploratory drilling). 

Criteria 

The usefulness of color aerial photography is best realized when the color of the 
image improves and increases the amount of information above that normally obtained 
from the tonal qualities of the black-and- white photography. The evaluation, therefore, 
requires a knowledge of not only the type of geology (grO'lmd conditions) and, conse
quently, the construction material source beds in an area, but also the pattern elements 
used to accomplish the interpretation. It must also be determined whether or not a 
color image improves the pattern element or elements to such an extent that an addi
tional amount of pertinent information is obtained to justify the higher cost of the color 
aerial photography. To have a consistent evaluation from one county to another, the 
evaluation criterion set forth previously was followed. 

The objectives of material inventory investigations are consistent throughout the 
evaluation program-namely, detecting, mapping and describing construction material 
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source beds in the counties being investigated. The ground conditions of the sites being 
investigated were generally known, and a review of the existing information added to 
the general knowledge of the area. Such information includes data obtained from ma
terial quality tests , geological publications and maps , and soil reports based on field 
work accomplished in the county to be investigated or in adjacent counties. Geological 
reports, preliminary soil surveys, and groundwater reports were also available for 
all three counties included in the evaluation program. Usually, when ground informa
tion is available and can be correlated to the natural features as detected on the aerial 
photographs, the photographic interpreter uses the information derived from the pattern 
elements to supplement the ground information or vice versa, depending on the availa
bility of the ground information. Consequently, the degree to which the photo inter
preter relies on the information obtained through the interpretation of pattern elements 
will vary with the amount and type of ground in.formation available. 

The cost of each type of photography used in the evaluation program is given in 
Table 1. The evaluation criterion is referred to and discussed in the separate county 
discussions and in the conclusions of this report. 

Evaluation of Photography 

Ellis County. -The geology of Ellis County is characterized by interbedded shale 
and chalky limestones of Cretaceous Age capped in places by silt and fine sand of the 
Tertiary Age. Silt of the Pleistocene Age blankets most of the county. 

A small quantity of poor quality chalky limestone can be produced from the strata 
of Cretaceous Age and a limited amount of poor quality fine sand and silt can be pro
duced from the Tertiary beds. The main sources of construction material in Ellis 
County are the terraces of various ages located in the Smoky Hill and Saline River 
valleys. 

The specific tasks used for evaluation purposes in the test area in Elhs County are 
as follows : 

FUm 

DuPont Cronar Safety 

Kodak Ektachrome Aero 

Agf&wlo1· Negative CN 17 

TABLE 1 

PHOTOGRAPHY COST 

Factor 

Cost of roll (9½ x 230 It), approx. 300 frames 
Negative film 
Paper and chemicalsa 
Aircraft and labor (avg.) 

Cost of toll (91/z x 75 ft) , a11prox. 90 transparencies 
Co1or t"Oversal negative film 
Ch~n11 c:1ls 
All'Cl'alt arnl lalJU!' (llYI!, . ) 

Cost of roll {0~1., x 100 it), appro:--:, 115 frames 
Film cost 
Chemlcals 
Aircraft and labor 

Color prints 
On contractb 

State Highway Commission lab. 
Cos l of paper 
T,~Mr ~r,r'l rhPmir.sils 

Black-and-white print s 
Labor, paper, che111icals 

Color and black-and-white printsC 
On contract 

Agfacolor negative 
Coloi· print 
Black-and-white prinl 

State Highway Commission lab , 
Agfacolor negative 
Color prlnt 
Black-and-white print 

Cost($) 

71.50 
0 . 24 per exposure 
0 , 10 per print 
0 , 36 per print 

7>:"'7o per print for negative and 
Ilt·~l 8l:!l uI 1,Jtlul::. 

126.00 
1. 40 per transparency 
0. 36 per transparency 
0 , 16 per fra.nopnronor 
T.TI per transpare ncy 

1!.?. !.!=I 

1. 33 per frame 
0. 22 per frame 
0 . 38 per frame 
T:""9]" per negative frame 

3.00 per print 
1, 03 por nocnti,•o 
"°4.1]' per print and negative 

0.28 per print 
0. 80 per print 
T.'ml pe r1>rint 
1. 93 per negative frame 
3--:oI per print and negative 

0. 10 per print 
1.03 per ncgati\'c frame 
"2"lrn per priot a nd negative 

1. 93 per negative 
3. 00 per print 
0 . 10 per print 
~ 

1.93 per negahve 
1. 08 per print 
0 . lO per print 
3.11 

a Add $0.02 pel' print if glossy prints a1·e desired. 
bAt present all color prints are contracted; state Hi ghway Commission of Kansas plans to print its own color pl'ints 

on completion oI p1·oper !acililies. 
Cl( both color a nd black-and-white print s desired, cost of Agfacolor negative inc luded only once . 
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1. Locating volcanic ash for mineral filler, 
2. Differentiating between the Ogallala Formation (Tertiary Age) and the Ft. Hc'tys 

limestone Ionnation (Cretaceous Age) when both formations have a thin veneer of Pleis
tocene silt· and 

3 . Differentiati.ng between dilferent aged terraces (Pleistocene Age) containing dif
ferent types of construction materials located in the Smoky Hill and Saline River valleys. 

Ground information played a very important role in the materials inventory of Ellis 
County. Th photo interpreter had a good knowledge of Ellis County geology before the 
interpr tation process was started . Most of the material source beds were k11own and 
after the results of the available quality tests were corr lated with the source beds, 
the quality of the material that could be produced from a.ch source bed was also gen
erally known. 

Several different pattern elements wer · utilized in different areas for interpretation 
purposes. Volcanic ash deposits can be located by having some knowledge of the mode 
and time of deposition of the formation in which the ash is found; however, unless the 
ash is exposed, prospective sites can not be located using aerial photography. If the 
ash is exposed, a light colored band can usually be located. Volcanic ash deposits are 
unconsolidated and, consequently, do not form a distinctive ledge but blend into the 
relief of the surrounding ten·ain. Ash deposits a.r normally found in unconsolidated 
material. Even though C1·ctaceous bedrock has a simiia.r color the bedrock forms a 
distinctive ledge. Therefore, if the ash deposit is exposed, color imagery would not be 
required to differentiate between bedrock and the ash deposit. Ash deposits in Ellis 
County are rarely exposed and if they are near the surface, they are discolored by the 
overlying silts and are not easily distinguishable on any type of aerial photography. 

The Cretaceous limestone mapped Ln Ellis County was distinguished by a distinct 
tone pattern combined with a very distinctive topographic ledge and topographic posi
tion. The Ogallala Formation (Tertiary) was detected and mapped predominantly on 
the basis of topographic expression combined with a tone pattern peculiar to that 
formation. 

Terraces of different ages were detected and mapped on the basis of topographic 
position, topographic expression, land use, and drainage characteristics. The first 
two pattern elements were utilized the most. 

Color photography made the terrain easier to observe and more pleasant to study. 
Consequently the elements used for interpretation were easier to analyze. This is 
especially true for inte.rpreters with limited experience; however, although some addi
tional information could be extracted from the color photography by virtue of the color 
images , it is generally conceded that the additional information would not alter or add 
enough to the materials inventory in Ellis County to justify the increase in cost. Figure 
2 portrays the Fort Hays Limestone of the Cretaceous Age and Pleistocene terraces 

Figure 2 . Black-and-white photography of Fort Hays Limestone and Pleistocene terraces 
in Ellis County, Kansas. 
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along the Smoky Hill River valley in souU1 ast Ellis County as they appear in black-and
white photography. Color is an important factor in delineating Cretaceous bedrock in 
Ellis County; however, the color of the bedrock is r ndered in a very distinctive tone 
on black-and-white photography. 

Brown County . -The geology of Brown ColU1ty is char·:1.cteri zed by inter bedded lime
stone a:nd shale of the Permian and Pennsylvanian Ages ·appecl by heterogeneous gl clal 
drift deposited by the N braskan and Kansan glaciers. A tlun veneer of sill uI U1e lale 
Pleist ·ene Age covers most of the high t rrain with thicker deposits located in the 
northeast corner of the county. 

The best sources for crushed limestone aggregate are the Permian limestone beds 
localed in the western third of the county. The Pennsylvanian limestones are softer 
have more overburden, and are characterized by lhinnel' limestone units. A poor 
quality of clay-bound siliceous sand and limestone gravels can be produced from Lhe 
glacial drift. A limlted amount oI clay-bound chert gravel can be produ ·eel .from higb 
t 1Taces of the la.le Pliocene Age in th northwest quarte1· oI the county and locally 
derived limestone gravels can be produced from Recent terraces and floodplains of 
some of the larger drainage channels in the area. 

Ground information was used extensively in the mapping and correlating of limestone 
beds suitable for construction material. A limited amount of ground information was 
useful in detecting, mapping, and describing the high chert gravel terra s located in 
th larg r drainage channels. Ground information in the form of drill logs was avail 
able in areas characterized by thick glacial drift. Because of the heterogeneous nature 
of the g!a ial drift, this information supplied data for only the point where the hole was 
drilled and could not be used for correlation purposes. 

Various pattern elements were utilized !or the detection and mapping of the different 
source beds in Brown County. The high chert gravel terraces wer mapped predomi
nantly on tJ,~ bu.sis of tcpcg1·aphic po«iti,;rn :rnrl ex_pressio11. whereas lhe limcslone units 
WP.re mapped on the basis of landform, tone and ground information. Limestone gravel 
deposits in Recent terraces and floodplains were detected and mapped p!'ima.dly on the 
basis of landiorms, drainage characteristics, and general similarities to locations of 
known deposits and ground information . Prosp tive material site wer selected in 
the glacial till on the same basiR, and when the depu~ils w re near the r:;urfu.c:e, on gully 
analysis. 

All of the primary pattern elemeuts used in lhe Brown County evaluation were more 
perceptible on color than on h blaclc-and-white photography. However, th e lements 
used to detect and miip hP.rlrnrlc and unconsolidated material in ter1·aces were just as 
meaningful on the black-and-white photography as the color photography insofar as the 
objective of this investigati n is concerned. This was no frue of material inv sliga-

Figure ') . Black-o.nd-whl Le photograph of gl,icial till in Brown Coimty, Kansas . 
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tions in the glacial drift. Since the use of ground information was limited, the photo 
interpreter was largely dependent on the pattern elements of the photo interpretation 
process to detect prospective material sites. In some areas, this method was limited 
because of the thickness of the overburden. The inconsistent nature of the glacial drift 
made correlation of ground information from one area to another nearly impossible. 
The maiu pattern elements used i.n the i nterpretation of the drift areas were tone, 
topographi c expression, and gully analysis. During this evaluation, it was discovered 
that diffe r ent colored drift material (r ed clays, yellow sand, etc.) would render a 
similar gray tone on the black-and-white photography . Certain deposits of coarse and 
fine sand in the glacial deposits can be associated with a r ed silty clay to clay deposit. 
Consequently, it was the detection of these red areas on the color photographs that 
tentatively located a prospective material site. Although this association may or may 
not be true in other drift areas, similar associations involving different types of ma
terial may be possible. 

Figure 3 illustrates an area characterized by glacial till in Brown County, Kansas. 
Initially, this area, as observed on black-and-white photography , was not considered 
a prospective material site until the color photography was studied. A very distinctive 
orange material a ssociated with siliceous sand and gravel was detected at point "A" by 
use of color photography. Because of the heterogeneous nature of the glacial till, color 
photography can be profitably used if a potential material source of desirable quality 
can be located on the basis of material color change . However, unless the photo inter
preter has a detailed knowledge of the material present, the association of color of 
material to location and quality of material may not be established until a portion of the 
investigation has been completed or color photography was initially used on an·experi
mental basis. 

Other than a more extensive use of tone as a pattern element, no other photo inter
pretation clues other than those used with the black-and-white photography were used 
or discovered on the color photography for the exploration of construction materials in 
this particular county. 

Mitchell County. -The geology of Mitchell County is characterized by interbedded 
shale and chalky limestone of the Cretaceous Age capped in places by silt of the Pleis
tocene Age. 

A poor quality chalky limestone can be produced from the Cretaceous bedrock. The 
main sources of construction material in Mitchell County are terraces of the Illinoisan 
Age (Crete terraces). These terraces are composed of locally derived limestone from 
some Cretaceous bedrock units and siliceous sands and gravels derived from the 
Ogallala Formation. These terraces were laid down by the Solomon River and some 
of its larger tributaries. 

Figure 4. Black-and-white photography portraying Fencepost Limestone and alluvial ter
race in Mitchell County , Kans as. 
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Ground information played a very important role in the material inventory ofMitchell 
County . The photo interpreter had a good knowledge of lh a1·ea geology b for the in
terpretation process was started. Most of th ma erial source beds we.re known and 
after the available qua lily tests were corre lated with the source b els , Lh • quality of the 
material that could be produced from each source bed was also generally known. 

Some different pattern elements were ulilized in different areas for interpretation 
purposes. Cretaceous liine ston formaUons were mapped on th bas is of a distinct 
tone pattern and topographic position. The Cr te t l'l'aces were mapped on lhe basis of 
ground information, topographic position and expression, general s imila rities to loca
tions of known deposits, and in some areas, land use. 

Color photography greatly improves the usefulness of tone, but tone was not con
sidered a primary pattern element for exploration of construction material in Mitchell 
County. No other photo interpr etation clues other than those used with the black-and
white photography were utilized or discovered on the color photography for the explora
tion of construction material in this county. The additional information that could be 
extracted from the color photography by virtue of the color imagery was not relevant 
to the objectives of the material inventory and, therefore, did not alter or add to the 
investigation. 

Figure 4 is a portion of a black-and-white photograph portraying the Fencepost Lime
stone member and an alluvial valley in Mitchell County. Even though the limestone 
source bed is easier to detect on the color photography, the unit can be mapped just as 
effectively on the black-and-white photography. 

SUMMARY AND CONCLUSIONS 

Color aerial photography is pleasant to view , and it is conceded that when speaking 
in genera.i lt::rn1s, mur i1uor-rnation can be xtruntcd from it than c~m be extr::i df:'rlfrnm 
black-and- white ph t oe-1•a.phy; however , unless this additional informal.ion is pertinent 
to the objectives of the investigation, the color photog raphy wo\1ld only add to the expe n.se 
of the investigation. The additional information that can b extract d from the olor 
photogr aphy is obtained by vlrtue of color contn.st that ca nnot be detected as a sign:ili-
eant tonal change on black-and- white photography. olor photop;ra.phy , in most cases 
improves th discernibility of all pattern el ineuts but unless the color imagery in
creases the qua ntity and quality of the information deciphe1·ed from the palter n lements, 
the same information can usually be obtained from good quality black-and-white photo
graphy. Concerning the objectives of this investie;::it.ion, color aerial photography has 
a distinct but limited use in Kansas. 

Th':' ronr.l11 sions derived from this investigation pertain to two specific engineering 
problems. Ev n though these conclusions can be applied to similar projects in di1Ie1·
ent areas . different conclusions may result when the same photography is evaluated for 
different problems with different objectives. For example, color photography of a given 
area may not be necessary to complete an accurate construction material investigation 
but may be indispensable when analyzing and mapping soils of the same area. 

The effectivene ss of color aerial photography when used to complete road condition 
surveys and materials inventories can be measured in terms of cost of the film (Tctble 
1), the time required to complete the photo analysis, t11e amouni. and type of infunrn1.liu11 
extracted from the photography. and other factors that may be peculiar to a giver. pro
ject. The conclusions presented in this paper are based on these factors. 

During this investigation, emphasis w;i s placed on the type of informa ion that could 
be extracted from the various types of film· how ver, although no detailed time log was 
maintained during the interpretation proces s the relative amount of time required to 
complete the evaluation using the different types of aerial photography was noted. 
Less time was required to complete the interpretation process when using color photo
graphs printed from the Agfacolor Negativ film. The color image , when used lo ex
tract information pertaining to the ob.iectives of the projects, would on many occasions 
identify or delineate a parlicular it.em of information by virtue of its color, and the 
time- consuming activity of further studying a nd correlating other featm·es was not r • -
quired. Cnmpared to the color transparenc"ies , all color and black-and- white 1,ri nts 
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were easier to handle in the office and in the field. Because of better resolution, black
and-white glossy prints were easier and faster to interpret than the black-and-white 
photographs printed on single weight matte paper. Color transparencies took the long
est time to interpret, but the authors feel that this time would be substantially reduced 
if better quality transparencies (for road condition survey purposes) and better inter
pretation equipment were available. Assuming good quality transparencies were avail
able, they would provide the photographic 'interpreter the added benefit of the color 
images, as explained previously in the color prints discussion, and excellent resolu
tion. However, the added size of the transparencies (all transparencies were in closed 
in a plastic jacket) hampered their positioning for steroscopic vision. This situation 
could be improved by proper interpretation equipment. 

Road Condition Surveys 

Of all the photography used during this evaluation program, Agfacolor Negative film 
is best adapted to road condition surveys. One of the outstanding qualities of this film 
is the possibility of obtaining color or black-and-white prints. Color prints are a 
necessity to complete an accurate survey on pavements characterized by initial stage 
stains. Black-and-white glossy prints would suffice for pavement characterized by 
advanced stage stain. Even though color prints are more costly, the speed of interpre
tation and the higher quality of data that can be extracted from the color image of initial 
stage stains offset the higher cost. Because a similar quality of data can be extracted 
from good quality glossy black-and-white prints when mapping and evaluating the ad
vanced stage stains, these lower cost prints can be utilized. 

Good color transparencies can conceivably provide the same quality of image as the 
color prints at a slightly lower cost; however, the additional time to complete the photo 
analysis and the fact that a single purpose negative is used (only color transparencies 
or prints can be obtained from Kodak Aero Ektachrome film), the Agfacolor Negative 
film is considered more adapted to this particular project. Therefore, if a given pave
ment is to be surveyed, the portion of the pavement having advanced stage stains may 
be mapped and evaluated using black-and-white glossy prints, and the portion of the 
pavement having initial stage staining would have to be mapped using color photography. 
If Agfacolor Negative film was being used, black-and-white glossy prints, and color 
prints could be obtained from the same negative. The difference in cost of the color 
print and the black-and-white prints is such that savings could be realized in areas 
having widespread advanced stage staining. This situation is more flexible and, con
sequently, more adaptable to road condition surveys. One flight would suffice for both 
black-and-white and color photography. 

It should be noted, however, that if the pavement to be surveyed is characterized by 
predominantly advanced stage stains , Cronar Safety film could be used. It is less ex
pensive than the Agfacolor Negative film and has better resolution than the black-and
white photographs printed from Agfacolor Negative film. 

Materials Inventories 

In general, color photography did not significantly add to the materials inventory in
vestigation except in isolated cases. Areas where the use of color photography is most 
beneficial are characterized by inconsistent and erratic geology as in southeast Kansas 
or by thick overburden consisting of heterogeneous material as in glacial terrain in 
northeast Kansas. Ground information pertaining to the same areas is difficult to pro
ject and correlate and, consequently, more reliance must be placed on photographic 
interpretation techniques. 

Ordinarily, the photographic interpreter in Kansas has knowledge of the general 
conditions of any county that might be investigated for construction material sources. 
Therefore, the need for color aerial photography can be anticipated once the location of 
the county to be investigated is known. 

The procedure currently being used for materials inventory investigations in Kansas 
involves investigation of photographs printed from black-and-white DuPont Cronar 
Safety film. The cost is relatively low, and with only a few exceptions, the quality of 
data extracted is as good as information extracted from color photographs. The amount 
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of time to interpret the black-and-white prints for materials inventory purposes is less 
than that required for color transparencies and nearly the same as the time required to 
interpret color prints. 

If color photography is desired for use in material inventories, Kodak Ektachrome 
Aero film would be most desirable. Color transpareneies are more time consuming to 
interpret but the lower cost of the transparencies would offset the extra cost of inter
pretation. Although Agfacolor Negative film is a dual purpose film (since both black
and-white and color prints can be printed from the same negative), this dual purpose 
would not, under existing conditions, be utilized. As mentioned previously, the photo 
interpreter is able to anticipate the use of color photography when conducting material 
inventories in Kansas. Once the counties are studied on black-and-white photography, 
the areas to be analyzed on color photography an be s lected. On many occasions, 
color photography may not be required. The areas selected will usually be relatively 
small compared to the area oI the county bei11g iHvestigal d. Consequently, to photo 
graph the ntire county using Agfacolor Negative film wou ld only add to the cost of the 
project because only a small percentage of the film would be used to print color photo
graphs. 



Coal Outcrop and Overburden Mapping with 
Kelsh Plotter 
WAYLAND F. NORELL, Photogrammetric Geologist, Ohio Department of Highways 

The techniques developed for mapping coal seams and over-
burden using the Kelsh plotter are described. Applicable to 
terrain to be studied for highway relocation, the method is 
economical, utilizing the same photogrammetric materials 
used to produce the topographic map for the relocation study. 

The coal seams were deposited under swampy conditions, 
the base describing an approximate plane which has been sub
jected to diastrophic forces . Determination of the dip and 
strike within the mapping limits is done by using existing ge
ological information and photo interpretation of surficial coal 
manifestations. 

Retrieval of the original coal base through leveling the Kelsh 
models results in a segmented mapping of the coals and over
burden, each model leveled to the best information and con
nected to adjacent models in the flight strip. 

•ACQUISITION OF rigbts-of-way for highway relocation can be an involved process . 
When mineral deposits occur in the land.forms in the vicinity of U1e relocation, the de
termination of value, or damage, is even more difficult. Frequently the value of tlle 
mineral is many times the la11d value of adjacent tracts lacking the mineral deposit. 
Determination of the identity and areal extent of minerals and depiction in a measurable 
form was the objective of this project. 

The original idea for mapping coal seams along proposed highway rights-of-way was 
formulated by Lloyd 0. Herd of the Ohio Department of Highways. 

Coal seams were deposited as vegetal matter in low swampy areas and the base of 
the coal originally occurred in an approximate plane. Subsequent diastrophic forces 
have bolli regionally and locally warped this depositional plane. In Ohio, the present 
dip of the rock stral:.:1. is generally southeast, interrupted by gentle reversals and 
small anticlines. Resurrection of llie original depositional coal base and leveling this 
plane in the Kelsh double projection plotter would permit mapping the coal's extent 
and the overburden. 

The highway route selected for exploring and developing this technique was an 8-mi 
segment of proposed I-70 between the Guernsey County line and Morristown in Bel
mont County, Ohio. Topographic maps previously compiled at the scale of 1 in. = 200 
ft by the Aerial Engineering Section, with the proposed centerline for 1-70 superim
posed, were available; as were the aerial photography, horizontal and vertical control, 
and the glass plate transparencies for Kelsh double projection instrument work. 

The te1:rafo is dissected sedimentary rock with valleys as low as 950 ft and hilltops 
frequently exceeding 1,300 ft. Exposed are upper Conemaugh and Monongahela, Penn
sylvanian system, and lower Permian system rocks. 

Before mapping the coal seams, information was gathered from the following 
sources: 

1. Soil and rock reports by the Ohio Department of Highways Testing Laboratory 
which pertain to materials along the proposed centerline; 
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2. Stratigraphic sections measured in the area and on file at the Geological Survey 
of Ohio; 

3. Publications relating to geology of this area prepared by the Geological Survey 
of Ohio; 

4. Coal outcrops delineated by the Geological Survey of Ohio on 1: 62, 500-scale 
topographic maps of the 15- min quadrangle series for Pittsburgh :t-l'o. 8 Coal and Meigs 
Creek No. 9 coal; 

5. 1:24, 000-scale topographic maps in the 7½-min quadrangle series by the Ge
ological Survey or Ohio; 

6. Aerial photography by the U.S. Geological Survey; and 
7. Aerial photography taken at the scale of 1 in. = 800 ft and 1 in. = 200 ft by the 

Ohio Department of Highways. 

In the Ohio soil and rock reports, test cores containing coal were representatively 
plotted on a profile at the vertical scale of 1 in. = 10 ft and the horizontal scale of 
1 in. = 200 It. This profile constituted the basic framework for establishing the dip 
of the coal seams. 

The first step in preparation for accomplishing the coal seam and overburden map
ping was review of the available geological information to gain an overall concept of 
the highway route corridor. Prima1·y objectives in making this review were to de
termine: (a) the major coal seams which outc1·op within the limits of the corridor to 
be mapped; (b) intervals between coal seams; and (c) possible intermittent seams. 
The existence of the less persistent coal seams such a::; Lhe Redstone Oa and the Fish
pot was known. These seams are sometimes smut streaks or coal blossom and oc-
asionally may thicken to a true coal whi h can be mined. Care was required to .pre

vent correlating these coal seams with others of the stratigraphic column as this would 
have resulted in erroneous leveling in the mapping phase. 

Stratigraphic sections were studied a.nd their location was annotated on the topo
graphic maps at a scale of 1 in. = 200 ft, which served as a base for the coal seam 
mapping. Coal seams reportP.d in the highway segment selected for such mapping were 
plotted on the profile at the longitudinal position and elevation where they occurred. 
Occasionally, positioning of the stratigraphic sections was complicated by antiquated 
descriptions with references to terrain features which no longer exist. Aneroid ba
rometer measurements were used on older sections making vertical positioning less 
than precise. 

Coal outcrop maps for the Pittsburgh No. 8 and the Meigs Creek No. 9 coal mining 
a1·eas were examined. Recorded on the ma.p are spot elevation:,; al which the coal 
beds occur. These were recorded on the profile at the position indicated. 

The 1:24, 000- s cale topographic maps of the 7½-min quadrangle series, dated 1961, 
were an excellent source of information. Where coal has been stripped, the pit fo1·ms 
a water-filled basin between the high wall and tile spoil bank. The maps, produced by 
photogrammetric methods, show the pit water and by interpolating the contours on the 
high wall and the spoil bank, a coal seam base was ascertained within 10 ft of its true 
elevation. Where two pits were mapped uu Uu,: sam6 sl0v, the n.pprcx.i?n2.te interv;:i_l 
between the coal seams was determined and the seams were tentatively identified. 
This method was used to advantage in the valley of Stillwater Creek where slopes ex
ceed 300 ft in elevation. 

Coal pit elevations interpolated from the 1: 24, 000-scale topographic maps were 
tentatively plotted on the profile wher ever they were located within the proposed right
of-way co1·ridor for the highway. 

Photographs obtained from the U.S. Geological Survey, which had been used photo
grammetrically to compile topographic maps in the 7%-min quadxangle series of 
1:24, 000-scale, were used in conjunction with s uch maps. Slopes were examined 
stereoscopically for mine entries at the approximate elevation of Ule stripping. Pits 
located up to 3 mi left and right of the centerline of the pr0posed highway location 
aided in determining the strike on an areal basis. The term dip as used here is lhe 
descent of the coal seam along the proposed centerline and the slrike is the descent 
at right angle to the centerline. 
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Coal seams and the average interval between them in the stratigraphic column 
(Fig. 1) as de te rmined from the study were Waynesburg No. 11 to Uniontown No. 10, 
50 ft; Uniontown No. 10 to Meigs Creek No. 9, 112 f t; Meigs Creek No. 9 to Fishpot, 
24 ft· Fishpot to Redstone No. 8a, 35 It; Redstone No. 8a to Pittsburgh No. 8, 31 ft; 
and a total interval from No . 9 to No. 8 of 90 ft. 

Attention was next directed to the profile . The Testing Laboratory core informa
tion formed the basic framework for establishing the dip of the coal seams as the seams 
were precis ely positioned. Tentative information from stratigraphic sections and pit 
ele vations were subject to ve rtical revision when measured with the Kelsh plotter. 

A crude but entirely satisfactory method of correlating the coal seam information 
on the profile was used. The profile was on an 18-ft long piece of paper laid out on a 
long table. A string was stretched from the lowest coal seam reported in a core at the 
west end of the profile to the lowest coal from the same source at the east end of the 
profile. The string represented the dip of the Pittsburgh coal along the proposed cen
terline between the exterior points. A significant anomaly was apparent at the west 

Cool, WAYNE SBURG ""II 
Cloy, impure 

Shale, and sholy ~ndstooe 
LITTLE WAYN ESBURG 

Cloy, impu,e 

Limes lone 8 calcareous shale, WAYNESBURG 

Son_dstone, local, UNIONTOWN 

Shale s,llceous 

Cool, UNIONTOWN lt10 
c 1ov,iq>u1e 

Sh0Je,sil1ceous 

Sondslone, local, BIG RUN 

Shole,s1hceous 

Limes lo ne Bcolco,eous shale, UNIONTOWN 

Shale, siliceous, greenish, FULTON 

lime:slone S colco,eous shale. BENWOOD 

Cool, MEIGS CREEK ti.9 
.Cloy, lmp111, 

Sf'loJ1. Q '""' ollr sil l('toLII 

Co~~!:Jn! :~~:,f~~~11v uo,,r;:~'i 
Shale SO!'ldlto llC 1,.0WEA SEWlgk.LEY 

Limes lone 8 calcareous shale, FISHPOT 

Shale, ca lcareous 
Coal, REDSTONE, POMEROY #80 

Cloy, impure 

Limeslone 8. marly shale, REDSTONE 

sandslone generally 1111anliog, UPPER PITTSBURGH 

Shale, calcareous wilh bot ls 8 thin layers of limestone 

Cool, PITTSBURGH #8 

I ,,., 

Figure 1. Stratigraphic column in Belmont County . 
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end of the profile. If the line representing the No. 8 coal was correct, the interval to 
the No. 9 was in excess of 120 ft. There was coal reported about 30 ft above the line 
and could have been the Redstone No. 8a. After adjusting the string to these coals, it 
was discovered that a small anticline existing at this point which rose about 30 ft, re
mained level for 4, 000 ft, then resumed a normal dip. Along the remainder of the pro
file smaller anomalies were discerned. The string was adjusted to pass through the 
coal reported at the point where the anticline flank began to dip east. All evidence of 
coal seams which fell in the proximity of the string was labeled No. 8. The base of all 
these coal seams was connected to form the dip along the centerline, subject to change 
where Kelsh measurements were made on mine entries and pits, situated near the 
centerline. 

The same procedure was repeated for the Meigs Creek coal seam. Knowledge of the 
general 90-ft interval was found reliable and correlation was simplified. 

The Uniontown No. 10 and Waynesburg No. 11 coal seams were encountered in the 
eastern l ½ mi of this p1·oject near the proposed grade. 

The Uniontown coal is erratic in thickness, content and vertical position. The line 
representing the Uniontown coal was an average taken from the four reported oc
currences along the proposed centerline. A subsequent core recorded after map com
pletion only served to substantiate the inconsistency of the Uniontown. On an areal 
basis, it is felt that the coal outcrop line mapped represented the best average within 
the mapping limits. 

The Waynesburg No. 11 coal which outcrops in the hilltops at the east end of the 
area mapped was identified through the research, the core reports, and spot elevations 
from coal outcrop maps at a smaller scale. 

PHOTO STUDY 

On completion of this preliminary work, the aerial photography from which the 
Kelsh diapositives were produced was examined stereoscopically (Fig. 2). The mani
festations of coal in the landforms were delineated and tentatively identified as to coal 
seam encountered. Evidence considered included strip mines, drift mine entries, 
tipples, and test pits. 

The photo patterns of the strip mines with the unmistakable high wall, pit, and spoil 
make identification a simple task. Inherent in this simplicity are potential pitfalls. 
Not all strip mines are operated solely for coal recovery. Underlying most coal seams 
is a clay bed. 1n some operations, lJolh U1e coal and the clay beneath are r e moved, 
resulting in a pit elevation well below the coal base . 

At nthc-n' locations, where onlv the clay is stripped, a visual comparison of U1e 
amount of spoil with that from coal stripping reveals a usable photo pattern. Clay 
stripping usually results in small quantities of spoil while the reverse is true for a 
coal operation . 

. Clay is a lso mined by drifting. Where this is done, there is no way of differentiating 
clay mine enh·ies from coal mine entries with aerial photos. If kilns are seen during 
photo study, the existence of clay mining should be anticipated in the vicinity. 

T:ro.~ir.g cf cld wagon r0acts ~nli h~ul rnads to their apparent termini made location 
of abandoned mines possible in some wooded areas. Easily located were those mine 
entries where piles of mine debris had been dumped on the slopes near the entry. 
They form :rn eroding anomaly ,:,n lhe slnpe which was generally bare of vegetation in 
contrast to the wooded area surrounding. 

Test areas were bare soil areas where the soil had been removed along a slope 
seeking the coal seam. 

MAPPING PROCEDURE 

From the photo inte rpretation it was apparent that some stereoscopic models con
tained adequate coal base leveling control and others lacked it; consequently, bridging 
was required. The stereoscopic model with the best distribution of visual coal in
formation was selected. 



Figure 2 . Stereo-pair showing surficial coal evidence; notations are 1, strip mines; 
2, drift mines and debris; 3, test for coal; and 4, haul roads. 
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Using standard setup procedures for the Kelsh double projection instrument, the 
first model was scaled and leveled to the control used in producing the 1 in. = 200 ft 
topographic map. 

The topographic map was aligned to the planimetric detail of the projected model and 
taped down. A semi-transparent Mylar sheet of the same length as the map was taped 
over it, 1:ierinitting them to be moved as a unit when the model was releveled. 

The proposed centerline, visible through the overlay, was plotted and stationed on 
the overlay. Subsequently, coal outcrop and overburden was mapped in relation to this 
proposed centerline. '' 

At this time the model projected the terrain as leveled to the horizontal and vertical 
control used in making this segment of the topographic map. All visible pits, mine 
entries, and test pits were located in the model and plotted, and the elevations were 
recorded on the overlay. 

The locations of cores containing coal, reported by the Ohio State Highway Testing 
Laboratory, were plotted on the overlay at the position indicated in the soil profile; 
for example, 80 ft right of St.'t. 162+00. These locations were symbolized, and the 
"top of hole" and the "base of coal" elevations were recorded. 

LEVELING TECHNIQUES-X DIRECTION 

The next step was to level the model to conform to the Pittsburgh No. 8 coal using 
the information measured during the normal model projection and the dip indicated by 
the profile. 

Leveling in the X direction (along the centerline) was accomplished in the following 
manner. Coal reported in the cores would not be visible for leveling, nor would coal 
base elevations gained from the profile. To permit the use of this underground in
fo~·mation, several techniques were emp yed. For example, if at Sta. 107+00 the coal 
base was found at elevation 1102 and the terrain permitted, an identifiable object on a 
slope in the vicinity of that station at 1102 was plotted to represent one of the X direc
tion leveling points. 

Occasionally, a situation existed within a model where the terrain would not permit 
transfer of the coal elevations to hillside objects adjacent to the station. Some times 
this was due to a large landform occupying the area of the proposed centerline at one 
or both ends of the X direction. The leveling was done using the procedure shown in 
Figure 3. At Sta. 146+00 the ground elevation was 1020 and the coal base occurred at 
elevation 910. At Stfl. 182+00 the ground elevation was 1,000 ft and the coal base oc
curred at elevation 895. The coal dipped 15 ft in the X direction. To level the coal 
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Figure 3. X direction l eve Jj ne; of' No. 8 coal base ; coal under cover . 



45 

base, the second point had to be raised 15 ft in the model. This was accomplished by 
indexing the floating mark at the ground elevation at Sta. 146+00 and raising the ground 
at Sta. 182+00 until it read 1015 on the counter. The coal base was then level in the 
X direction and was 110 ft below the index point at Sta. 146+00. 

Variations of this technique were used where one or both X direction leveling posi
tions were eroded below the coa l base, but leveling in this direction was essential. 

The model was next leveled in the Y direction using the visible coal manifestations 
previously listed (Fig. 4). After the usual small X and Y adjustments, the model was 
level to the best available coal information for that seam. The model projected a seg
ment of terrain representing an area approximately 4, 300 ft in the X direction and 
7, 200 ft in the Y direction. 

The floating mark was indexed to the Pittsburgh No. 8 coal base and the cyacing 
table was locked at this elevation . The No. 8 coal outcropped on all landforms where 
the floating mark encountered the slope. With the Hoating mark locked at this horizon, 
pass points (drop points) were located along the edges or the neat model (match lines). 
Small identifiable dots or a short line representing the coal base were plotted, to be 
used in the adjoining models. These were subject to adjustment when other models 
contained visual evidence indicalil\g a change in the coal base elevation in the Y direc
tion. Before mapping, these adjustments were prorated through the bridged models 
where visual Y direction information was lacking. 

Actual mapping of the coal outcrop and overburden was performed if the model was 
considered leveled to sufficient control. With the floating mark locked at the coal base, 
the outcrop was plotted on the overlay and this pseudo-contour was labeled No. 8. 
The counter was then set so the floating mark encountered the landforms 10 ft above 
the coal outcrop line. This line represented the soil and oxidized coal within the land
forms. Next a line 20 ft above the coal base was mapped, with this line representing 
20 ft of coal, soil and rock overlying the coal base. In increments of 20 ft, these over
burden lines were plotted to the top of the landform or to the next coal in the landform 
if one existed. 

Mapping the Meigs Creek No. 9 coal base required releveling the model to the in
formation available for this seam. Procedures followed were those cited for the No. 8 
seam, but less visual information was found and the 90-ft interval was relied on ex
tensively. Only slight modifications of the No. 8 setup were felt necessary due to the 
landforms being subjected to the same regional deformation. 

The depositional variables which altered the interval between the No. 8 and No. 9 
coals were virtually unknown except from the profile and direct measurements made 
with the Kelsh plotter on landforms containing evidence of both seams. 

After all mapping was completed on the model, it was releveled to the vertical con
trol used in topographic mapping, all pass points were measured, and their true eleva
tions were r ecorded on the overlay. This completed the mapping for that model. 

Succeeding models in the flight strip were worked when sufficient coal information 
occurred within the neat model. Where visible evidence of a coal seam elevation was 
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Figure 4. Y direc t ion l eveling of No. 8 coal base . 
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measured within the proximity of the centerline, a correction was made to the tentative 
dip originally established for the profile in that vicinity. 

BRIDGING PROCEDURE-Y DIRECTION 

Bridging across models lacking Y direction leveling information was accomplished 
as indicated in the following example. The figures used are not the true elevations 
for the No. 8 coal, and are used only for illustration. Visual coal measurements were 
plotted on the profile at their true position. For example: 2, 300 ft left of Sta. 120+00, 
the No. 8 coal base was measured in a mine entry at elevation 1110. In another model, 
2, 100 ft left of Sta. 200+00, a pit measured 1078. The model lying between these sta
tions lacked any indication of coal for leveling left of the centerline. A line was drawn 
on the profile connecting the coal measurements cited. The line intersected Sta. 
160+00 at elevation 1094. A terrain point 2, 200 ft left of Sta. 160+00 at elevation 1094 
was located in the model and the model was leveled to this point (in the Y direction). 

This example is a simplification of the procedure. Sometimes the bridging spanned 
two or more models. Landform conditions similar to those encountered in leveling in 
the X direction, namely, coal under deep cover or one end of the model occupied by 
a valley, also occurred in the Y direction. The methods described for leveling in the 
X direction were used in Y direction leveling where necessary. 

The use of the procedu1·es developed, where applicable, resulted in a model-by
model mapping operation. Each segment of the strip depicted the coal outcrops and 
overburden in relation to the proposed centerline as dictated by the evidence gathered 
from all the sources mentioned (Fig. 5). 

At this time, construction is in the beginning stages. One cut in the vicinity of Sta. 
53+00 uncovered weathered coal between the No. 9 outcrop line and the 10-ft over
burden line. 

An unexpected check on the dip of the No. 8 coal materialized when the Department 
of Highways Testing Laboratory secured a core 11/2 mi east of the easternmost No. 8 coal 
used in producing the profile. The coal base dip was projected east along the profile 
to the core location without benefit of any adjustments. The projected No. 8 dip in
tersected the core 11 ft above the true base of the No. 8 coal. No other checks of 
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Figure 5. Segment of Kelsh coal base mapping illustrating ideal distribution of infor
mation; vertical scale greatly exaggerai;ed . 
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outcrop accuracy have been made. During construction, when the coals are exposed 
in the cuts, the map will be systematically checked using photogrammetric methods. 

NEW APPLICATIONS OF PROCEDURES 

Original research frequently results in extensions of the original work. For ex
ample, after the dip of a coal seam is established, the stratigraphic sections reporting 
coal in the measured column can be positioned with the coal located at its true position. 
All other rock strata reported are properly placed vertically by this technique. Where 
two or more coal seams are reported, the technique serves to bracket the strata. 
With this information, predictions of rock types in proposed cuts is aided. The subse
quent boring program can be planned with greater efficiency and economy by selective 
investigations based on the stratigraphic profile. Vertical delineation of stratigraphic 
rock types will also aid in slide prone slope analysis. 

Consideration is being given to future coal outcrop mapping. On the preliminary 
survey maps at a scale of 1 in. = 200 ft, abandoned coal mine maps, as well as the 
location of the proposed centerline for the highway, will be superimposed. The coal 
mine maps are on file at the U.S. Bureau of Mines and are at various scales. All 
mine maps, however, can be brought photographically to the scale of 1 in. = 200 ft, 
and would then be of value where the highway grade line is at or near the elevation of 
a coal seam. 

For highway design and construction plan preparation, topographic maps are com
piled at a scale of 1 in. = 50 ft. Using the coal profile, the coal outcrop line can be 
delineated on these maps using the techniques to level the stereoscopic models in the 
X and Y directions employed for similar work at the 1 in. = 200 ft scale previously 
explained. Then within each property boundary and the right-of-way lines the amount 
of coal actually taken by the highway from mining possibility can be determined. 

On completion of the coal seam and overburden mapping at the scale of 1 in. = 200 
ft, an analysis was made of the advantages of this research and the results attained. 

The coal seam mapping was found to be inexpensive. All necessary photography, 
mapping control, glass plate transparencies printed from the photography, and the 
base map were available. The supporting literature and core information regarding 
the coal seams and their overburden were procured very cheaply. 

The topographic maps at the 1 in. = 200-ft scale covered a route band of topography 
approximately 1 mi wide and 8 mi long. Within the mapped area are leased tracts of 
land in which the strippable coal seams will be interrupted by the new highway, thereby 
affecting continuity of stripping operations. Large stripping machinery will be isolated 
on one or the other part of originally continuous tracts of land containing the coal 
seams. The possibility of litigation is anticipated. 

Other products of this endeavor include: (a) coal seam and overburden outlined by 
contours on a 1 in. = 200-ft scal e map of the highway route corridor approximately 
1 mi wide and 8 mi long; (b) identity of coal seams affe cted; (c) extent of coal seams 
affected; (d) overburden measurements; (e) location of possible drift mine e ntries; and 
(f ) location of strip mines . 

The coal seam mapping techniques reported herein were developed by a geologist
photographic interpreter with extensive experience in operation of a Kelsh stereoscopic 
plotter. Although this combination is ideal, the same procedures can be used by 
people with one or more of these skills working with others who have complementing 
skills. To achieve the best coal outcrop line, numerous small decisions were made 
while the coal seam and overburden mapping was being done. Considerable time is 
saved if all skills required are possessed by the Kelsh instrument operator . 

APPLICATIONS IN OTHER FIELDS 

The techniques and procedures listed can be used in a regional coal study where 
long-range planning of availability is required to supply a facility. 

Establishment of dip and strike on an areal basis will permit economical positioning 
of test borings. Leasing will be expedited. 
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Where coal mining has been conducted at proposed dam sites, procedures discussed 
can aid in locating mine entries, air shafts, and in geological investigation. 
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Comparative Accuracies of Field and 
Photogrammetric Surveys 
LEWIS A. DICKERSON and PETER E. WARNECK, Lewis-Dickerson Associates, 

Watertown, New York 

Data resulting from the examination of surveys made by photo
grammetric and by conventional field survey methods for high
way design are compared. The greater part of the data pre
sented compares the accuracy of elevations on one highway 
survey project for design of a section of Interstate highway ap
proximately 7 mi long. The results of one evaluation indicate 
that the frequency and magnitude of differences between two 
field parties are approximately the same as those between ei
ther field party and the photogrammetric approach. Data from 
a less extensive examination of three other projects are also 
analyzed and compared. 

Both field and photogrammetric methods can be used to make 
surveys and compile maps for highway design, as far as eleva
tions are concerned. Either method may produce errors in 
elevation, and the field survey method is likely to cause the 
larger ones. However, in both cases, the errors are of little 
consequence during design and construction. Elevation meas
urements made by photogrammetric methods are sufficiently 
accurate for computing volumes of earthwork, both for design 
and for payment purposes. 

Basic field survey control is necessary for horizontal meas
urements made by either conventional field or photogrammetric 
surveying methods. Aside from this, and to the extent horizon
tal measurements are shown by plotted positions, photogram
metric methods result in better local and overall horizontal 
accuracy. Both methods, however, are adequate for the pur
poses of highway design and construction. 

•IT IS the purpose of this paper to present data resulting from the examination of 
surveys made by photogrammetric methods for the design of highways. Since the 
principal means of determining accuracy is by comparison with measurements accom
plished by conventional field survey methods, pertinent data on these field surveys 
were also secured and are presented. Most of th.e data given concerns the accuracy of 
elevations on one extensive highway survey project. Data from less extensive examina
tions on three other projects and a very small amount of data on comparative accura
cies of horizontal positions are given. 

BACKGROUND 

In the course of making surveys by plmtogrammetric methods, many queries are 
received as to the accuracies to be expected from such methods. Although practicing 
photogrammetric engineers obtain in the course of their work many indications of ac
curacy, these tend to be somewhat qualitative and are seldom in a form suitable for 
conclusive presentation. With one exception known to the authors, there is no con-

Paper sponsored by Committee on Photogrammetry and Aerial Surveys . 

49 



50 

elusive factual data published on the accuracy of photogrammetrically made measure
ments and field surveys as applied to large-scale topographic mapping for highway de
sign purposes. The exception is a paper recently published by L. L. Funk after com
pletion of the data given here. In the cou1·se of their work, the authors have collected 
the results of several tests and comparisons, and it was felt these would be of value to 
others and serve to answer the queries encountered concerning accuracy of surveys 
made by photogrammetric methods. 

The bulk of the data given here was obtained from one Interstate highway survey 
project. As the project work moved on through design and into the construction stage, 
it became convenient to secure the results of the pre-construction Held-measured pro
file and cross-sections from the supervising engineer, as well as the cross-sections he 
plotted us ing the photogrammetrically made measurements. None of the engineer's 
original work of plotting cross-sections, based on the photogrammetrically made sur
veys, was checked for horizontal positioning, interpolation of elevations from the con
tours, o·r plotting. This work provided a mass of data which could be used to evaluate 
the accuracy of the photogrammetric work fo1· the original design. lt then developed 
that the contractor on the job had also measured pre-com,Lrnction cross-sections and 
was willing to make his data available for study. This then provided an opportunity to 
compare Iielcl s urveys against one a nothe1· as well as against surveys made by photo
grammetric methods. 

As the results of the comparative examination became available, the need for 
examining other projects was indicated. Without w1dertaking costly field work for U1is 
purpose, two other projects were on hand where some limited comparison of field sur
vey and photogrammetrically made measurements cmLltl Lt: made. These compnrioons 
were made and studied along with the more extensive data already referred to; the re 
sulting data are being presented herein. Data from a fourU1 project are also presented . 
These resulted from a vertical accuracy test performed under circumstances which 
necessitated only a minimum of field survey cost. 

IL s hould be noted U1at th.e data given are largely comparative and leave unanswered 
the question of absolute accuracies . It would have been desirable to settle that ques
tion in the case of U1e first project mentioned but by the time need for such a compari
son became evident, construction was under way and the original growid was no longer 
available for re -survey. Cost considerations ruled out further field survey test work 
on two other projects. It is felt , however, that the data gathered are still of con
siderable value even though the absolute accuracy question still remains unanswered. 

SCOPE 

The first project to be examined was about 7 mi of highway route surveyed by pholo
grammetric methods for design of a section of the Interstate Highway System. The 
photography was taken during the fall flying season from a height o.t 1, 500 ft. A K-17 
came1·a equipped with a 6-in. wide -angle Metrogon lens was used. The maps were 
compiled using Kelsh stereoscopic plotters at a scale of 1 in. = 50 ft with contours at 
an interval of 2 ft. Except for one section of rough topography, approximately 2 mi 
lc:!g, the tcpog!'ap..lJ.y w::ii:: gFmerally rolling and the land was under cultivation or in 
pasture. Some scatter ed stands of light to medium hardwood cover were encounterect. 
The rough area contained heavy stands of hardwood timber and medium stands of coni
fers which we!·- ra!'tit: •larly rlP.nse in U1e drainage ways. 

On completion oi lh~ vllulography, examination indicated that the ve~etative cover 
presented no problem to mapping by photogrammetric methods except in the rough 
area. lt was obvious that Ht::!l<l sui·vey work would be required to complete the maps 
for the sizable areas scattered throughout the rough topography section where the 
ground was invisible. During the photogrammetric phases of the survey work, con
tours were measured and delineated in all but these areas. Copies of the photogram
metrically compiled manuscripts were then taken to the field to be used as plane tal.Jle 
sheets; the contours were completed in the missing areas by plane table and alidade 
surveying methods . 

Following design of the highway and as consfruction approached, the supervising 
engineer established the centerline on the ground, staking iL while using normn.l ourvey 
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procedures. He also measured cross-sections across the route using the normal on
the-ground survey procedures. His field notes of the cross-sections became the source 
for positions and elevations of the points used in making the comparison reported here
in. Also, before any construction work on the highway, the contractor on the job had 
the original ground cross-sections independently measured by his engineering staff. 
The contractor did not establish an independent centerline but used as a base the center
line previously staked by the supervising engineer. The contractor used normal pro
cedures in his cross-section measurement work. These cross-sections, as measured 
and plotted by the contractor, were the second source of data subsequently reported. 

With a rather unlimited amount of data on hand, it became apparent that all the in
formation available could not be analyzed and some selection would have to be made 
which would constitute a fair sampling. It was determined that it would be appropriate, 
as a first comparison, to examine the centerline profile from one end of the survey 
project to the other. It was realized this approach would tend to show the field work in 
a favorable light because both field parties had the advantage of measuring elevations 
at the same horizontal point, whereas at the time of map compilation, information was 
not available as to where the centerline would be established. 

It was then determined that if the cross-sections were examined, the comparison of 
Party A to Party B would have no advantage of horizontal positioning except at the base 
line. It was impractical to examine each cross-section in its entirety for the entire 
project, so an arbitrary decision was made to examine, as a second comparison, a 
complete cross-section at each interval of 1,000 ft throughout the length of the survey 
project. 

In the data collecting phases, it became apparent that one portion of the rough 
wooded territory, previously mentioned as requiring plane table survey, was producing 
gross differences in all possible comparisons. In view of the magnitude and frequency 
of the differences uncovered, it was decided to treat one part of this area separately. 
A segment some 1,900 ft long, containing about 1,100 ft of plane table work, was iso
lated and examined separately. The da:ta examined in this area are not included in the 
two sets of data previously mentioned, but are considered in a third comparison. The 
area mentioned was not completely surveyed by plane table because the area requiring 
such work had a random outline and generally followed the gullies. 

It was then decided as the fourth and final analysis of Project 1 to examine a seg
ment of designed highway completely in cut or fill. An arbitrary segment length of 
1,000 ft was selected as being a representative sample. Subsequent investigation of 
the construction plans revealed that in only one place was the condition satisfied and 
the area involved was entirely in cut. 

FACTUAL DATA 

The first examination of data was made of the centerline profile. Here the engineer 
established the centerline and staked it at a stationing stake interval of 50 ft. Eleva
tions were extracted from his field survey records for the stations. The contractor's 
data, were extracted and recorded on the same basis. The map elevations were taken 
from the cross-sections measured from the topographic maps and plotted on separate 
sheets by the engineer during the design phases of the highway engineering work. Com
parisons were made between the contractor's and the engineer's data, between the 
map and the contractor's data, and between the map and the engineer's data. When the 
engineer's data were involved in compar iSOJ;l , it was held as a base and the deviations 
found indicate the departure of the other set of data from the engineer. When com
parison was made between the contractor's data and map data, the contractor's data 
were held as the base. This basic procedure was followed for all projects examined. 
A portion of the plotted base line profile is shown in Figure 1 and the results of the 
comparison are given in Table 1. It is pertinent to note that in each of these compari
sons there were 10 differences greater than 2 ft. 

The second examination of data consisted in analysis of each elevation along each 
cross-section at even intervals of 1,000 ft for 7 mi. The engineer's cross-section 
point distances from centerline and elevation measurements were taken directly from 
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Figure 1. Typical segment of base line 
profile. 

his field survey notes. The contractor's 
elevation measurements were taken from 
his plotted cross-sections, interpolating 
where necessary, using points the same 
distance from the centerline as the en
gineer's. The elevations for the map were 
taken from cross-sections measured from 
the map and plotted by the engineer, but 
again the engineer's field measured dis~ 
tance to each elevation point was con
sidered to best portray the surface of the 
ground. It should be noted that the sepa-

TABLE 1 

COMPARISON OF ELEVATIONS, PROJECT 1 

Data 
Source 

Party A to B 
Map to Party A 
Map to Party B 

No. Arith. Mean Avg. Std. 
Points of Diff. a Diff . Dev. 

(a) Along Staked Centerlineb 

532 
532 
532 

+0.04 
+0.05 
+O. 02 

0,23 
0,59 
0. 61 

0.75 
0.93 
1.13 

Maximums 

-70. 0 to +10. 6 
-10. 1 to +5. 9 
-10. 1 to +10. 6 

(b) For Complete Cross-Sections, 1, 000-Ft Intervals Throughout Projectb 

Party A to B 
Map to Party A 
Map to Party B 

227 
227 
227 

+0.03 
+0.10 
+0.08 

0.50 
0.67 
0. 65 

0. 98 +3. 9 to -7. 5 
1. 07 -4.0 ~ +7.5 
0. 961 +4. 3 to -4. 1 

(c) Along Every Cross-Section for 1, 900 Ft of CenterlineC 

Party A to B 
Map· to Party A 
Map to Party B 

465 
465 
465 

0.0 
-0. 1 
0.0 

1. 1 
1. 6 
1.8 

2.2 
2.8 
2.9 

(d) Along 1, 000-Ft Segment of Highway in Cut 

Party A to B 
Map to l'arty A 
Map to Party B 

8nisregarding sign. 

171 
171 
171 

-0.03 
+0.2 
+0. 2 

bPlane table surveyed areas excluded. 

0.29 
0.4 
0.4 

0.48 
0.53 
0.44 

-10. 5 to +13. 9 
- 16.8 to +15.3 
-14. 4 to +11. 3 

-2. O to +1. 6 
±1, 7 
±1. 2 

crn rough wooded area, mapping partially by plane table method. 

rate distances irom Ua8e iiue tu points selected by the cr:.ginccr fer elevatio!l measure
ment on each cross-section are not necessarily the same points selected by the con
tractor or, as couid normally be expected, selected based on map content alone. It 
is pertinent to note that in each cu1u1Ja.t·isou t.'11::n, wer-~ 13 elcn.ticns diffe!'ing by more 
than l ft. The results of the compar h:iuu uI Lhe three sets ol' elevation::i nrc ~iven in 
Table 1 and samples of plotted cross-sections are show-u in Figures 2 and 3. 

The third set of data compared consisted of elevation data along each highway seg
ment for 1, 900 ft of centerline in a rough wooded area. The mapping of approximately 
1, 100 ft of this area was accomplished by plane table surveying methods. The three 
sets of elevations were analyzed and comparison results are also given in Table 1. 
Figure 4 shows a plotted cross-section in this area. 1 It should be noted that all gross 
map differences occurred in areas where plane table surveys were performed and dif
ferences encountered where surveys were made by photogrammetric methods fell in 
the same general range as encountered elsewhere in this paper. 
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Figure 3. Typical section, average terrain. 

The fourth set of data examined on this 
project consisted of the 1, 000 ft of high
way designed to be completely in cut. 
Here again the engineer's data were con
sidered to be datum and for elevation com
parison purposes his distances from cen
terline to elevation measurement points 
were assumed to be the best representation 
of the ground. The engineer established 
the staked centerline as well as grade 
stakes 150 ft right and left of the center

Figure 4. Typical section, rough wooded line. The contractor had these stakes to 
area . 

FT 

458 

456 

100 

Figure 5. Typical section, cut area . 

FT 

provide horizontal positioning 150 ft left 
and right of the centerline as well as a 
measurement line along each cross-sec
tion. The map elevations were taken from 
cross-sections measured from the map 
and plotted by the engineer and appropriate 
elevations were taken from the contractor's 
plotted cross-sections. The results of 
the analysis are given in Table 1 and a 
typical cross-section is shown in Figure 5. 

In addition to analyzing the data as in 
the previous three cases, earthwork vol
umes were also computed using the design 
templates for this section of highway. The 
engineer's and contractor's were both 
data taken directly from their field survey 
records. This is not the case in the pre
vious studies where it is assumed that the 
contractor's distances from centerline to 
elevation measurement points on each 

cross-section were his best evaluation of the ground surface and should be used. Map 
elevations were taken from the cross-sections measured from the maps and plotted by 
the engineer. Volumetric data were computed electronically and the following values 
were found: 

Based on engineer's data, 98, 640 cu yd; 
Based on contractor's data, 98, 628 cu yd; and 
Based on map data, 100, 235 cu yd. 
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The difference between map data and field data was +1. 62 percent. The average depth 
of cut was 20 ft, of which 2 to 4 ft were overburden and the remainder was rock. A 
typical cross-section is shown in Figure 5. 

The second project to be examined was about 1, 800 ft of a highway project where 
mapping by photogrammetric methods overlapped mapping by conventional field survey 
methods. The aerial photography was taken during the fall flying season from a height 
of 1, 200 ft . A precisionized K- 17 ca mera equipped with a 6-in. wide-angle Metr ogon 
lens wa s used. The maps were compiled using Balplex s te reoscopic plotter s a t a scale 
of 1 in. = 50 ft with a contour inte rval of 1 ft. The topography was gene rally rolling 
and the land consisted of cultivated fields or pasture . No additional field topographic 
information was required in the area of this study. 

Field data wer e obtained fro m cross -sections plotted from the original survey. 
Ground elevations from the maps wer e ob ta ined by measuring the profile of the original 
base line plotted on the maps compiled by photogrammetric methods. The cross
section lines were then erected perpendicular to the centerline and elevations were 
interpolated from contours on the maps at the same distance from the centerline as 
recorded for elevation measurement points in the field survey cross-section notes. 
The results of the study are given in Table 2. 

In plotting the field measured cross-sections on the map, it was discovered that 
where the cross-sections were on curves and one cross-section line crossed the 
plotted position of another , field surveyed eleva tions on t he diffe rent cros s-sections 
fell very close to each other. Ve r tical differ ences in t he neighborhood of 2 ft were 
observed in seve ral places . The hor izontal accuracy of this project is discussed in 
this paper . . 

The third project to be examined was 1 -½-mi segment of mapping on a 10-mi survey 
pr oject. The photography was taken during th spring flying season from a height of 
1,200 ft . A pre cisioni zed K- 17 came r a equipped with a 6-in. wide-angle Metrogon lens 
was used. The maps were compiled using Balplex s tereoscopic plotte r s al a :,Cale of 
1 in. = 50 ft with a contour interval of 1 ft. The topography was ge nerally flat and the 
land was under cultivation and pasture. Although some field survey elevation data 
wer e r equired to s upple ment photoer::immetrically obtained da ta in sever al other areas, 
none wa s required he r e . For comparison purposes, the field surve y da ta wer e taken 
from the field survey notes pre pared by the organization whi ch pho togr ammetrically 
compiled the m aps. A second -order base line survey had been made through the 
project, and side base linP.s, established by second-order survey methods, wer e a lso 
established on several intersecting streets. Station marker monuments wer e es tab
lished at intervals of approximately 500 ft along these base lines for which elevations 
were measured by third-uruer levels. Positions for profile mcacurements were 
established by stadia methods at intervals of about 50 ft along the base line . Using a 
Wild N-2 level, a series of unchecked side shots were made to establish the elevation 
of the profile points. The base line was plotted on the maps, and using field measured 
distances, elevations were interpolated from the contours of the maps. The results of 
the analysis are given in Table 2. 

TABT,F. 2 

COMPARISON OF ELEVATIONS, OTHER P ROJl!:CT::i 

No. Arith. Mean Avg. Std. Proj. Points of Diff. Diff.a Dev. Maximums 

2 136 +0.61 2,3 1. 51 +6. 4 to -9. 4 
3 145 -0,02 0. 18 0.26 +0. 5 to -1. 2 
4 28 -0.02b 0. 29b 0.37 -0. 9 to +0. 5 

aDisregarding sign. 
bHere differences classed as errors because positive horizonta] 

and vertical position Rss11rP11 . 



55 

The last project to be examined was a segment of an 11-mi section of mapping per
formed for design of the Inte rstate Highway System. The photography was taken during 
the spring flying season at a height of 1, 500 ft. A precisionized K-17 camera equipped 
with a 6-in. wide-angle Metrogon lens was used. The maps were compiled using Kelsh 
stereoscopic plotters at a scale of 1 in. = 50. ft with a contour interval of 2 ft. The 
topography was generally rolling. Most of the mapped area was under cultivation or 
was in pasture. In several areas, light to medium hardwood timber covered the land. 
No additional field work was required to supplement the photogrammetric work in the 
wooded areas. On completion of the mapping, the centerline of the northbound land 
was staked on the gr ound. Using a Wild N2 Precise level, a closed line of levels was 
measured over two portions of the line , each about ½ mi in length. Stations on the 
centerline a t interva ls of 200 f t were turned through, these points were plotted back 
on the 1 in. = 50-ft maps, and elevations were interpolated for the appropriate stations. 
Approximately 40 percent of the points tested were in the woods. The analysis of the 
errors is given in Table 2. This is the only test reported here in which positive 
horizonal and vertical positions are assured. 

DISCUSSION 

It might be wise here to consider the causes of errors that affect topographic map
ping by photogrammetric methods. L. L. Funk states that major errors in the photo
grammetric system stem from either large systematic errors or blunders. He also 
states that random errors together with small systematic errors, which may be im
possible to eliminate, determine the basic accuracy of the system. Inasmuch as the 
magnitude of the small systematic error is in the range of 0. 20 ft or less, it is not 
felt that this type of error will noticably affect map accuracy. Large systematic 
errors together with small random errors, however, would have an effect on map 
accuracy. By maintaining tight control over the field and map compilation phases, 
these errors and blunders can be kept to a minimum. Random errors, some large 
systematic errors and blunders will, however, escape detection and appear in the 
completed map. As long as the frequency of this type of occurrence remains low, 
highway design will not be materially affected. 

It is also appropriate to mention some of the advantages and disadvantages of the 
stereoscopic model. Vertically, the least elevation measurement that can be re
peatedly read on the instrument is about 1/7, 500 of the flight height. In other words, 
if a surveyed project was photographed from a flight height of 1,500 ft to prepare a 
map, the best possible measurement reading of a known elevation on the ground would 
be ±0. 1 ft. To set up the stereoscopic model, at least three known elevations are re
quired and four should be used in best practice. The stereoscopic model is leveled to 
these field-surveyed points to within ±0. 1 ft; when this is done, the model is brought 
to scale by means of at least two known horizontal positions. An area about 2, 000 by 
900 ft is then prepared for mapping. The photogrammetric instrument operator moves 
his measuring mark through the stereoscopic model delineating planimetry and con
tours in separate phases. Inasmuch as the entire area is fixed horizontally and verti
cally, the instrument operator must measure and delineate something that he cannot 
see if he is to make a mistake. He can, however, still be guilty of an omission or 
carelessness. In actual practice every movement of the tracing table, while measur
ing and delineating contours, is measuring and connecting spot elevations. The process 
then takes an infinite number of spot elevations which the instrument operator connects 
together as he moves the measuring mark over the spatial model. At any one time he 
may be a little above or below the ground. This type of error can be expected to be 
within the range of less than one-half the contour interval. Vertical errors in excess 
of this amount are caused by the inability of the operator to see the ground or to blun
ders or carelessness. 

In comparison to field survey methods then, we have combined the observing, meas
uring and plotting phase into one operation and have eliminated two possible sources of 
error. 
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It is also appropriate to examine the field survey procedures that would be used to 
gather similar data. In all probability, mapping by field survey methods stems from 
a base line which may or may not be closed on itself, let alone being tied to high order 
control surveys established by governmental agencies. This then is the Iirst place that 
errors can occur in the field work, and although solar observations may ti down azi
muth, there may be no check made on distance measurements. After base line staking 
at stations and ground line breaks, it is the usual practice to measure a base line 
profile and gather cross-section data. Considering only the vertical aspect for a 
moment, elevations along the base line and the cross-sections will be measured by use 
of a series of backsights and foresights. Each one of these separate elevation meas
urements is unchecked and subject to question. Although an occasional wild reading of 
the level rod will not materially affect highway design, it is certainly not desirable. 

The horizontal positioning of all cross-section p0ints for which elevation measure
ments are made and all other data to be plotted is open to suspicion. Although both 
field survey parties worked from a staked base or centerline and were supposedly 
meastu·ing grotmd point data 011 the same cross-sections, differences of from -10 . 5 to 
+13 . 0 ft die! o cur in one of the tests. Although the measured elevations were unchecked 
single measurements it is difficult to assume that the differences all stem from poor 
leveling. It is more reasonable to assume that different cross-sections were actually 
measured with the only common point being at the centerline. In one of the other sets 
of data presented, Party B had the advantage of having a centerline stake and a grade 
stake set 150 ft right and left of the centerline. In several instances, elevations meas
ured for the same grade stakes varied as much as two ft between the work of two field 
survey parties. Obviously in this case the differences were caused by poor leveling 
procedures. 

In comparing maps compiled by photogrammetric methods with those compiled from 
field survey data, it has been observed that horizontal positioning of lineal features at 
the base or centerline is usually good . It is very common to observe large di£ferences 
appeal'ing, however, as lhc distance from the centerline increases . Figure 6 is il
lustrative of this. Fence and building positions and size were measured from the maps 
prepared from field survey data and map. r.ompiled by photogrammetric methods . 
Both of these were then overlaid and the discrepancies became obvious . Field investi
gation proved that the map compiled by photogrammetric meU1octs was correct. At 
this point, it is impossible to determine whether or not the surveying instrument meas
urements were incorrectly read or rer.orded whether a right deflection was recoi-d d 
as a left deflection or whether the data were jusl plotted wrong. This type of hori
zontal error has been found with fences, houses, the centerline of intersecting roads, 
railroads and all other planimetric detail. The authors have never tied i11fo adjoilting 
maps prepared by field methods without finding at least one such discrepancy. It must 
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Figure 6. Comparison r:,f' hnri 7,ont.1,.l posi-

be pointed out that while this gross ty_pe oI 
horizontal error is not likely to be found in 
photogrammetric work, it is impossible by 
the photogrammetric approach to provide 
absolute dimensions of features. It is pos
sible, however, Lu a:;;tiumt: U-.at good photo 
grammeli·ic work in making mcasurcm nls 
and compiling topographic maps of a built
up area would overiay identically a good 
map prepared using data outalU1::u uy field 
survey methods_, for U1e drafting tolerances 
would be the controlling factor. 

It is vitally impol'tant to remember this 
horizontal weakness in evaluating all the 
vertical comparisons included in this 
paper. In only on case can it be said that 
a test has been applied to the mapping; the 
rest of the data is presented as compari
sons only. WhilP. t.hese comparisons tend 



to iI).dicate someone is wrong, no proof has been presented to identify which one is 
wrong or how much each one is wrong. 
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An overall look at the first project examined indicates that the maximum differences 
in all cases, be it Party A to Party B or either party as compared to interpolated ele
vations from the maps, are large, but all maximums for any one examination are in 
the same range. The original data tend to indicate that gross type differences were 
made by all parties concerned. In fact, all comparisons for any single test are of the 
same general magnitude. The one place where the comparison of data indicated that 
the field parties were producing better results between themselves than either did with 
the maps was in the computation of the standard deviation. Even here, however, in 
two cases, a lower standard deviation was obtained by comparison of the map eleva
tions with measured elevations of one field survey party than between elevations meas-
ured by the field survey parties themselves. ' 

In the test where 1,000 ft of centerline was designed to be in cut, the arithmetic 
mean of the comparison of photogrammetrically compiled map data with either field 
survey party data indicated that the contours of the maps were 0. 2 ft above datum. 
Subsequent volume determinations bear this out. The field survey parties had greater 
maximum differences between themselves, but their overall results appear to be 
more uniform. 

A comparison of the volumes computed from cross-section data of the engineer and 
of the contractor indicates that for a planned excavation of some 99, 000 cu yd, their 
cross-sections produced a volume difference of 13 yd and the maps indicated a dif
ference from the measurements by either field survey party of 1, 606 cu yd. This 
amounts to a difference of 1. 63 percent, and both the engineer and the contractor felt 
that, in this case, such an amount was negligible. Had the cut been shallower, how
ever, this percentage could have risen to a point of significance. 

The real test of a map prepared for highway design and construction lies not in 
statistical data but in how well the job can be done. That the highway discussed has 
been designed and constructed and both the engineer and the contractor feel only the 
usual number of modifications were made in the construction phases prove the topo
graphic mapping done by photogrammetric methods was as satisfactory as if the map
ping had been done by conventional field survey methods. 

The results of the second project examined tend to indicate that the datum of _the 
topographic mapping done photogrammetrically was high by about 0. 6 ft. It should be 
noted on this project that data have been presented which prove the cross-section 
measurements were in error and, in addition, proof has been presented to show errors 
also occurred in the horizontal measurements. 

The data of the third project tend to indicate topographic mapping was very good, 
which was all that could be hoped for. The only explanation which can be offered for 
the small differences shown in this project, where the elevations are all of the un
checked nature, is that the field survey work was under control of the mapping organi
zation and the work was carefully done. It is a little incongruous to make this state
ment when all previous statements made condemn loose field surveying techniques. 
Once again it should be emphasized that although the field survey data were gathered 
after the mapping was completed, it is considered a comparison and not a test. 

The last project examined was a test and is positive proof the arbitrary line, as 
staked, produced errors of the indicated magnitude. The size of the sample is small, 
but the distribution of points is reasonable and the accuracy in all types of cover was 
tested. 

CONCLUSION 

Both field and photogrammetric methods can be used to make surveys and compile 
maps for hig·lnvay design, in as far as elevations are concerned. Either method may 
produce large errors in elevation with the field survey method likely to cause the large 
ones; but in both cases such errors are of little consequence during design and con
struction. Elevation measurements made by photogrammetric methods are sufficiently 
accurate for computing volumes of earthwork, both for design and payment purposes. 
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With respect to horizontal measurements, we must recognize that the basic field 
survey control is necessary in surveys made by either conventional field or photo
grammetric methods. Aside from this, and to the extent horizontal measlll·ements 
are shown by plotted positions, photogrammetric methods result in better local and 
overall horizontal accuracy. Both methods, however, are adequate for the purposes 
of highway design and construction. 



Adjustment of Trilateration 
Fundamental Figures 
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SHUR-CHAI LEE, Aerial Engineering Section, Ohio State Department of Highways 

A fundamental figure is a quadrilateral or a central-point triangle 
whichformsthebasis of the problem of adjustment intrilateration. 
Any trilateration may be planned, analyzed and adjusted in funda
mental figures. Area equations are used for the formation of the 
condition equations in the least squares adjustment of the sides of 
the triangles of fundamental figures. Evaluation of the coefficients 
of the error equation or correction equation is the first task in the 
adjustment and can be done systematically as shown. Cases for 
both geodetic and engineering trilaterations are presented. 

•TRIANGULATION has been the conventional method used for the horizontal control of 
geodetic surveying and for some of the control of engineering surveys since Willebroad 
Snellins (1591-1626) used it in Holland in 1617. In such an operation, few bases and 
all of the angles are measured because long-distance measurement to the required ac
curacy is tedious, time consuming and difficult. The adjustment of triangulation is 
also complex and requires high technique. 

Several years ago, the author tried to simplify the routine work of the adjustmentof 
triangulation in fundamental figures for the convenience of engineers and recommended 
its use to geoclesists (7, 8). Since then, the advancement of the electronic distance 
measuring instruments such as Sharan Hiran, Geodimeter, tellw·ometer and Electro
tape and the increasing interest in the adoption of trilateration have caused him to con
sider applying his ideas on this adjustment to t he adjustment of trilateration. 

Distance is the basic geometric element in the position science of surveying and 
geodesy (6). We can not determine horizontal positions by triangulation measurements 
without atleast one known length, but we can determine positions by a trilateration 
scheme without any angular measurement. We have been using triangulation because 
we did not have a handy and reliable method of obtaining a great quantity of precise 
distances. Since the revolution of distance measurement by electronic instruments, 
trilateration has become increasingly significant. Field operations with electronic in
struments have been cautiously carried on. The problem of adjustment has been along 
the line of traditional triangulation method. 

Mechanically, angular measurement with the optical theodolite has its limitations. 
Even the electrooptical Geodimeter can substitute for the theodolite without difficulty. 
Other electronic distance measuring instruments are limited very little by weather and 
can measure long distances (6). 

Current literature in the fields of geodesy and surveying generally contains nvo basic 
analytical approaches to the adjustment of trilateration: (a) indirect adjustment by 
calculation of the variation of plane or geodetic coordinates (2, 4, 13, 14, 17) · and (b) 
conditional adjustment by conversion of the lengths of the triiatcn-ation into the angular 
condition equations (1 , 11, 15, 16, 18, 19, 20). There are still many other graphical 
methods, analogue methodsl5, 10) and methods for which the Laplace conditions are 
a ttached (3, 4), but they are variations of the basic analytical approach. 

In this p aper , t he problem of adjustment of pu.re trilateration (no angular observa
tions) is attacked by the basic analytical approach of conditional adjustment by area 
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Figure 1. Formation of q_uadrilateral and central-point triangle . 
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Formation of comp.Licated tri
lateration. 

equations of direct linear measurements. 
There are no a ngles, no coordinates and, 
hence, no trigonometric functions in
volved in the plane trilateration case in 
this approach. In the development of this 
method, both geodetic and engineer ing 
purposes are considered. 

FUNDAMENTAL FIGURES 

A simple triangle is the basic element 
of trila.tcration as it is in trianeula,tion, 
but unlike triangulation, there is no re
dundant observation when the three sides 
are measured instead of three angles. 
When a new point is attached to a triangle 
to form a two- triangle trilateration, there 
is still no redundant observation unless 
the attachment is let.I Lu all three vertices 
to form a four-triangle overlapped quadri-
lateral or central-point triangle as shown 
in Figure 1 . 

The number of redw)dant observations is equal to the number of conditions in the 
problem of adj\istment. According to the theory of adjustment , there can be no adjust
mm,t if there are no redtUldant observations. The quadrilateral or the central-point 
triangle each having one geometrical condition starts the problem of adJustment in 
trilat ration. We shall call them the fundamental figures. 

For onP. gP.ometric condition_. unlike the traditional method of forming equations by 
u!:ling angles in terms of triangl'c sides indirectly, there is only one way to form the 
area equation in terms of sides directly for a fundamental figure. Therefore, it is 
unique a.11d \:unsistent in adjustment and accuracy. This is anothP.r meaning of funda
mental figures. 

The fundamental figures are the fundamental units of more complicated trilateration 
in the geometric consideration of the formation of the figures and also, as we shall 
see later in the mathemetical handling of a large number of equation::; . As shown in 
Figure 2, to 8 is a waste measurement unless we make another measurement from 1 
to 7 or 8 to 2 to form one more fundamental figure, 01· from 1 to 6 or 8 to 3 to form 
two more fundamental figures, in addition to the original three fundamental figures. 
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Of course, we can measure from 1 to 6, 1 to 7, 8 to 2 and 8 to 3 to form six more 
fundamental figures. If 1 and 8 are known fixed points, the original three fundamental 
figures are sufficient for the adjustment of the observed sides to fix the six unknown 
points. 

The use of fundamental figures as an index· to identify the number of conditions in
volved and to study the accuracy of the figures of the more complicated geodetic tri
lateration, with or without restraints and with or without Laplace orientation, can be 
developed further. In this introductory paper, however, only the theory of using area 
equations of fundamental figures and the possible application of these equations to the 
systematic adjustment of geodetic and engineering trilaterations are presented. 

AREA CONDITION EQUATIONS 

The area equations to be used in this new approach of adjustment of trilateration 
are, for plane triangles, 

(la) 

or as given earlier ~) 

(lb) 

and for spherical triangles, according to Lhuilier' s formula, 

fs = R 2E 

4R
2 

arc tan tan\(½) tan \(s R -Li) tan \(8 R -L
2
) tan \(s R -L

3
) 

4R2 arc tan c (2) 

where 

s = 

R 

E 

C = 

sides in straight-line distances for plane triangles or in reduced 
spherical distances for spherical triangles, 

%(-L1 + -L2 + ,L3); 

mean radius of earth's sphere= 3,959 mi= 6,371 km; 

spherical excess; and 

1/ (s) 1/ ( s - l 1) 1/ (s - -L2) 1/ (s - t3) tan 2 R tan 2 -R- tan 2 -R- tan 2 ~ . 
(3) 

For the fundamental figures, the conditional equations in terms of areas as shown 
in Figures 3a and 3b are for a quadrilateral 

(4) 
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Flgul'e 3. Area condition0 . 

and for a central-point triangle, 

For a more complicated figure of trilateration, the condition matrix of areas can be 
easily written according to a number of r fundamental figures (e.g., Fig. 3c, with 
r = f.") 

WO! f0!-1 - fO!-II + fO!-Ill - fO!-IV 

Wf3 -f{l-1 + f[l-II - f{l-Ill - f~-IV 

Wy = fy-I - fy-II + fy-III - fy-IV = WO 0 

Wo fo-I - fo-II + fa-III - fo-1v 

WE: fE:-1 - fE-II + fE:-III - fE-IV 

(5) 

(6) 



where 

fa-III = f13-I, 

f13-IV = fo-II, 

fy-I = fo-I, and 

fo-IV = f(-Il (see Table 2). 

THEORY OF ADJUSTMENT 

The relations of the one-column matrices of the observed lengths of the side t' s, 
their error e's or correction v' s and the most probable values t 0 ' s of the sides are 

L - L 0 = E = -V 

and 

L + V = L0 

63 

(7) 

The condition matrix WO is a function of area and in turn a function of length. Through 
expansion by Ta:ylor's theorem and omission of the terms of and over second order , 
the condition matrix W0 in terms of a number of u observed lengths and their correc
tions becomes: 

W0 (t0 ) = W0 (t + v) 

W(t) + aw v 
a L 

= W + B'V = 0 

where B' is a transposed matrix of B, 

w 
rxl 

V = 

nxl 

Wp 

Vn 

(8) 

(9) 

(10) 
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awa, awa, oWa, 
C\'1 C\'2 . a,n 

a t1 at2 otn 

owp owp ow~ 
~l P2 Pn 

ot1 at2 oln 
B' aw (11) = aL = = rxn 

Pn 

and there are only six non-zero a,'s, P's, ... , p's in each row for the six sides of 
each fundamental figure. By the method of least squares using Causs' correlate k's 
and differentiating the conditional minimum, 

<I> V'PV - 2K'(W + B'V) = min . 

V'P - K'B' 0 

we obtain 

V = PBK 

where Pis the inverse matrix of weight. By substituting into Eq. 8, we obtain the 
normal equation matrix 

B'PBK = MK ~ -W 

and then 

K = -MW 

Knowing P and B, we can compute 

M B'PB 

By solving for K, V can be evaluated. 

EVALUATION OF B MA TRIX 

(12) 

(13) 

(14) 

(15) 

In computing M, the matrix B has to be evaluated if P has been already assigned or 
assumed to be a unit matrix, as is justified in the case of triJatP.ration where the three 
sides of each triangle are measured with equal accuracy. 
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As stated in Eq. 10, the elements of Bare derivatives of w's, the condition equations 
of areas, with respect to the sides of each fundamental figure. For the i th side of the 
a th fundamental figures, e.g., a quadrilateral as in Figure 3a, the differential coef
ficient is: 

awa a f1 frr afm afrv 
--=- --+----- (16) 
3.(.i a.t,i a.ii a .ii oti 

and, in turn, this coefficient is reduced to the problem of evaluating the derivative of 
the area of the Ith triangle with sides 1, 2 and 3 with respect to the i th side, e.g., 
side 1. This has been derived from Eqs. la and 2 as: 

(s1 - -l\) (s1 - t2)(s1 - t3) + [ (s1 - ti) - (s1 - t2) + (sr - .r.,i)(s1 - .t,3) - (si- t2)(s - ts) Js1 

4f1 (17a) 

or in a new simplified form for a plane triangle (~): 

(17b) 

and for a spherical triangle: 

2(1 + ci2)cr 
{ tan\(5

1 ~ ti) tan \f1 ~ t 2) tan \(51 ~ .(.3) [ 1 +tan
2 \(-:)] + 

1 ( sr- .t,· ) 1 ( s - -.t ) [ 1 (s1- l )] 1 (s1) tan / 2 7 tan /2 7 1 +tan
2 

/ 2 ~ tan /2\R + 

1 / s1 - l i) [ 2 1 (s1 - t ~] 1 ( s1 - -l ) 1 (s1) tan /2\~ l+tan /2 ~ / tan /2 ~ tan /2 R -

[1 +tan
2 \el~ ti)] tan \(sr~t ~tan \(81 ~ t3) tan\(:)} 

(18) 

If spherical excess E's instead of area f's are used in forming the condition equation 
w for spherical triangles, computations will be saved for the £actor R2 in all related 
equations. 

By deduction, any aw/at can be written or computed from equations similar to the 
forms of Eqs. 16, 17a and 18 for any side of the triangle in a fundamental figure. Thus, 
the B matrix can be formed. 
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EXAMPLE 

The method discussed in the last sections can be accomplished systematically either 
by a desk calculator or by a n electronic digital computer. An example for the analysis 
of a trilateration net bas ed on Figure 3c is given in Ta bles 1 through 4. The number
ing system of the points, the sides, the triangles and the fundamental figures or the 
condition equations, which are being tested in a computer progr am is sell-explanatory 
in the tables. The results of the adjustment of the trilatera tion net. of Figur e 3c accord
ing to the basic principle presented in this paper are also s hown. The detailed sample 
computation of the adjustment of a plane quadrilateral has been given earlier (~). 
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