
Highway Location and Design Utilizing 
Photogrammetric Terrain Data 
CHARLES E. McNOLDY, Pennsylvania Department of Highways 

This paper describes the current use of terrain data obtained through photo
grammetric procedures for highway location and design. The equipment is 
described in some detail along with techniques and computer programs that 
are available. New approaches in determination of final pay quantities and 
an integrated design concept are discussed. 

•THE PENNSYLVANIA Department of Highways is similar to most other state and 
private highway engineering establishments in that photogrammetry plays a most im
portant role in the total highway program. Much has been written, presented, and 
published on the more common applications of photogrammetry. I will endeavor to 
keep this presentation free from the traditional uses and techniques of photogrammetry 
and hopefully share with you some practical procedures and techniques relative to the 
utilization of terrain data. In doing this, I hope to stimulate your thoughts and leave 
with you some useful information that will assist you in your own areas of operation. 

The department, with its own forces and through contracts with photogrammetric 
engineering firms, produces and uses a great amount of large-scale topographic map
ping. This mapping is normally accomplished at scales of 200, 100, and 50 ft to the 
inch. The 200-ft scale is utilized for design location studies in rural areas. The 
100-ft scale is utilized for bridge site studies and design location studies involving 
urban areas. The 50-ft scale is normally utilized for the final design, except in highly 
urbanized areas where final design is accomplished from 25 ft to the inch mapping 
supplemented by field surveys. 

The total internal photogrammetric capability of the department is located in Harris
burg and functions as an arm of the central office Bureau of Design. It is through this 
unit that all photogrammetric projects are either accomplished or contracted. If con-

- ·-- - -·--tracte-d;-tnephotogrammetric work is inspectea ·and·approved·for·further ·engineering
use. The Photogrammetry and Surveys Section is a service agency providing photo
grammetric services to the 11 separate district engineering offices located throughout 
the state and to other central office bureaus, i.e., construction, traffic, materials. 

In addition to the mapping, the department produces photogrammetric cross sections 
for (a) design location studies, (b) final design, and (c) construction payment (earth
work quantities). 

P1~t::st:ittly, the Uepa1-t.11eut obtains crvsD aactivna by the fr;llc-r.,ving 3 ~~thcds: 

1. Conventional ground survey methods in the field, 
2. Interpolation of contours from large-scale photogrammetric topographic maps, 

and 
3. Direct automatic terrain recording from stereoscopic models. 

This presentation is concerned with only the last method, that of obtaining cross sec
tions from stereoscopic models. 

Because of the volume of cross-section work in all 3 of these areas, and the limited 
amount of equipment available to accomplish terrain readout, priorities had to be 
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established as to how this equipment would be utilized. Recognizing that even 
though assignment of the stereo-readout systems to final design and final earthwork 
surveys would greatly benefit the department, the most significant benefits would be 
derived through the use of these systems in the design location studies. Here the 
digital terrain model system is of primary importance to the department. 

Accordingly, the greatest amount of cross-section readout work has been accom
plished for design location study purposes. It is in this area that our major efforts 
have been directed and our phogrammetric cross-sectioning techniques and procedures 
most fully established. 

DESIGN LOCATION STUDIES 

Mapping Review and Corridor Refinement 

Once the mapping at 200 ft to the inch for rural areas has been completed, it is 
sent to the requesting district engineering office for use in studying alternate roadway 
alignments. 

At this point, the alignment of the proposed roadway has been defined as being within 
the band of mapping 7,000 ft in width (based on a 6-in. camera at a 6 ,000-ft altitude 
above mean terrain and 5-diameter magnification plotting instruments) as shown on the 
200 scale map sheets. Subsequently, the task of the engineer is to determine the spe
cific location of the roadway within the area mapped at 200 scale. There are many 
factors that are considered in making this determination. However, for the purpose 
of this presentation, the factor of topography, and more specifically how it is handled, 
will be considered. After a careful study and review of the corridor that has been 
mapped, a band of interest is selected within this corridor. This band of interest is 
rarely less than 3,000 ft or more than 7,000 ft in width, the only exception being oc
casional parallel flights resulting in mapping bands in excess of 7,000 ft. This band 
of interest is graphically shown on the cronaflex map sheets by limit lines drawn in 
pencil. This establishes that portion of the 200 scale mapping for which cross sec
tions are desired. 

In addition to establishing the limit lines of the band of interest, the engineer must 
determine a base line to which all cross sections are to be referenced. The location 
of this base line is normally through the center of the band of interest on the mapping. 
However, there is considerable flexibility in the positioning of this line. The only re
quirement is that it can be constructed on the map sheets. 

Depending on the complexity and length of the band of interest, the computations for 
the horizontal geometry describing the base line are performed either manually or 
through direct teletype communications with the department's computer center in 
Harrisburg (Fig. 1) and the remote unit (Fig. 2) in the district engineering office. The 
following event sequence occurs when using the computer for the horizontal geometry. 

Figure 1. The Pennsylvania Department of Highways 
utilizes 2 Burroughs B5500 computers in the central 
office Data Processing Center. A portion of the 

operation is shown here. 
Figure 2. A remote unit to the Computer Center is in 
operation in each of the 11 district engineering offices. 
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The computer program requires the following input data: 

1. The station value of the beginning point; 
2. The north and east coordinates for the beginning point, all P. I. points, and the 

ending point; and 
3. Either the radius or degree of curve desired at each P.I. 

This program then computes the following: 

1. P. I. to P. I. distances and bearings of tangent lines; 
2. The curve data for each P. I.; 
3. The station values of the P. I., P. C., and P. T. points; 
4. The tangent length, curve length, and external distance for each curve; and 
5. The north and east coordinates of all P. C. and P. T. points. 

This information is received by the engineer on the remote teletype unit from the 
computer, and used to plot and construct the base line on the map sheets. This same 
output information is also stored on magnetic tape files for later use when the cross 
sections have been completed. 

It is at this point that the work shifts from the engineer in the district engineering 
office to the Photogrammetry and Surveys Section in the central office. 

Preparation for Terrain Readout 

When a project arrives in the Photogrammetry and Surveys Section, it is reviewed 
to ensure proper preparation of the cronaflex map sheets and other materials necessary 
to reset the stereo models in the plotters. 

The cronaflex map sheets must show the following information (Fig. 3): 

1. Lines establishing the band of interest, 

Figure 3. A topographic map showing the band of interest, base line, and curve data ready for the readout 
of terrain data. 



2. A base line ticked at every 1-in. 
(200-ft) interval plus all P. C. and P. T. 
stations, and 

3. All curve data in the conventional 
position adjacent to each P. C. 

The cross-section interval is normally 
1 in. (200 ft) at this scale. Cronaflex 
overlays aligned to the plotted base line 
are used extensively for cross-section 
orientation. This eliminates the need to 
draw every cross-section line on the map 
sheets (Fig. 4). For tangent sections, a 
master grid is used. This grid is 37 by 
47 in. and has parallel lines 1 in. apart 
in one direction and parallel lines 5 in. 
apart and perpendicular to the other lines. 
At this map scale, the cross-section lines 
on the curves are usually drawn on the 
map sheets. Curve templates are used in 
some cases, but the most expedient pro
cedure is usually drawing the lines through 
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Figure 4. Cross-section grid being oriented over the 
base map for readout of terrain. 

each 200 ft station and extending them a sufficient length to span the band of interest. 
As these tanget and curve templates become worn through use, new ones are printed 

from the master scribed negatives constructed on the coordinatograph. 

Description of Terrain Readout Equipment 

The department is now operating 3 terrain readout units each attached to a standard 
2-projector stereoplotter (Figs. 5 and 6). The oldest of the 3 units was installed in 
September 1965. The other 2 newer units were installed in September 1967. The older 
unit is presently undergoing major modification work to update and bring it to the same 
production capacity level of the 2 newer units. A brief description of the primary com
ponents and the functions they perform follows. 

Horizontal Scaler Arm-This arm is placed on the plotter reference surface and 
oriented to track the cross section to be recorded. It is especially suited for the job 
it performs in that it has a usable linear distance of travel slightly more than 35 in. 
This special feature greatly facilitates reading of long cross sections as is the normal 
case in this application. The counting rate of the scaler is determined by the selection 

Figure 5. An overall view of the stereo instrument 
with terrain readout equipment attached. 

Figure 6. A close-up view of the horizontal scaler, 
operator control panel, and the stereo-image alterna

tor system. 
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of gears in the gear box at one end of the arm. An optysyn (electronic, not magnetic) 
encoder attached to the main gear shaft transforms the revolutions of the gears into 
electrical pulse signals, which are displayed in numerals on the bidirectional counter 
in the control console. Thus, the horizontal distance through which the tracing table 
is moved is visible directly in feet on the control console display panel. 

Vertical Scaler-The vertical scaler is an optysyn (electronic, not magnetic) encoder 
that is attached directly to the top of the Bausch and Lomb tracing table. It is driven 
by the elevation counter gear of the tracing table. This vertical scaler transforms the 
vertical displacement of the tracing table platen into electrical pulse signals. These 
signals are relayed to the control console where they are displayed. As with the hori
zontal distance, the elevation is displayed directly in feet. The tracing table with the 
vertical scaler is attached to an offset arm on the horizontal scaler by a removable 
pin. The combined horizontal scaling arm with the tracing table connected is conven
iently portable to allow easy removal from the plotter surface during model setups. 
It is very easy to align to the cross-section lines, yet it has sufficient weight so the 
horizontal bar does not inadvertently shift off the cross-section line as the tracing 
table is moved from one end of the cross section to the other. 

Control Console-The control console is the operational center of the entire system. 
It functions as it is directed according to the wiring in the patch panel on the lower front 
portion of the console. Besides the patch panel, the primary outward appearing features 
are 2 bidirectional counters of 6 digits each, one for the horizontal distance and one 
for the vertical elevation; an incremental 2-digit card counter; and a bank of 12 separate 
10-position digital switches plus other control buttons and switches. 

IBM 026 Card Punch-This is a standard card punch that operates under the com
mand of the control console. When the record button is depressed, all preprogrammed 
constant data, the card number, the horizontal distance, and the elevation are auto
matically recorded on a punched card. 

Readout Procedure 

When setting up the stereo model prior to readout, the scaling arm, tracing table, 
and portable panel are placed on a table adjacent to the plotter. A second tracing 
table, free of the readout head and electrical cords, is used to perform the relative 
and absolute model orientation. 

Once absolute model orientation has been attained, the appropriate grid is overlaid 
on the map sheet, and the horizontal scaling arm, the tracing table with scaler, and 
.tll~ po_~!a.b!e_paJ!eJ a.r~_ pQsHi9peq on_J;b._e pl_otter_ working_surface, _ It is at this point 
that the operator initializes all switches and enters the appropriate information on the 
data switches on the control console and the portable panel. 

The readout is accomplished in ascending station order for all cross sections in the 
neat stereo model. Each section is recorded by beginning with the point at the extreme 
left of the base line and ending with the point at the extreme right of base line. On a 
section 6,000 ft long, the readings would begin at -3,000 ft and end at +3,000 ft. Al
though the plus and minus signs are displayed on the bidirectional counter for the hori
zontal dlstance, they are not recorded on the cards. The computer works with the 
readings assuming a left to right scan sequence. A zero horizontal point, which is on 
the base line, is always recorded. This zero value tells the computer that the terrain 
points following are right of the base line. 

The card format used to record the terrain is simple but compact. It is so arranged 
that 7 terrain points can be recorded on a Ringlfl card in addHion to tho identifying 5t.a.
tion, the card number, the lane, the card type, and the rod or elevation format code 
(Fig. 7). These readout systems were designed and built taking into consideration the 
special requirements of the department. They have unique features, which add con
siderably to the efficient operation. There is an automatic error correction capability 
with the systems. 

Should an operator prematurely activate the record button resulting in the punching 
of a terrain point that is in error in either location or elevation, he presses the error 
button on the portable panel. The following events occur automatically. The partially 
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PHOTOGRAMMETRIC CROSS SECTIONS 

-LOCATION- 05/0l/69 

STAT lON OIST ELEV DIST ELEV DIST ELEV DIST ELEV DIST ELEV DIST ELEV DIST ELEV 

SL 02 f o9 ooes+oo.oo 0602 1os1.o 0670 1os1.o os12 1os1.o 0958 1os1.o 1oss 1osJ.o 1199 1osJ.o 1267 10~2.o 
~L 02 E lo 0088 • 00.00 1306 1049.0 1369 1050•0 • 
SL 02 f. Ol 0090+00,00 2338 0912,0 2256 0917,0 2236 0917•0 ZZ19 0912.0 2209 0911.0 2190 0924.0 2140 09Z6o0 
!>L 02 I:. 02 0090+00,00 2133 0923,0 2083 0925,0 2012 092700 1908 093lo0 1876 092900 1847 0932.0 1807 094200 
~L oz 6 OJ oo<Jo+oo.oo 1748 0945.o 1670 o949•D 1615 0940.u 1548 o<Js1.o 1526 0940.0 1s1s 0954.o 1468 0957,0 
SL 02 16 04 0090+00.00 1436 0951.Q 1415 Q959oO 137!1 0960•0 1323 0967,0 121:19 0973,0 1246 097800 1194 0984,0 
SL 02 f 05 0090+00 • 00 1135 0990o0 1089 0998•0 1000 1007 • 0 0877 10l5o0 0822 101800 0744 102100 0634 102100 
SL 02 £ 06 0090+00o00 0534 1023-.0 0454 102500 0384 102600 0249 102500 0150 102600 0068 1028oU UU28 103UoU 
SL 02 E 07 0090+00o00 0000 l03loO 0059 103500 0164 lO'i6oO 02b8 105400 0356 106400 0453 1071 • 0 0517 1073 • 0 
SL 02 E 08 0090-tOOoOO 0576 l076oO 0616 107300 0626 1070 • 0 0630 107300 0649 107200 0658 1071 • 0 0664 107400 
SL 02 E 09 0090+00 • 00 on, I07J .o 0 092'1 LOl2 .o O 1008 107000 1134 1068 • 0 1252 106500 1357 1064.0 1478 1062 • 0 
SL 02 E 10 0090+00.00 1530 1059 • 0 1555 1057 • 0 1583 105900 1642 1060 • 0 • 

SL 02 I? Ol 0092+00 • 00 2376 0904.oO 2348 0912 • 0 2273 091700 2231 0919 • 0 2219 0916.o 220'9 0923 .. o 2174 0925 • 0 
SL 02 t oz 0092+00.oo 2159 092100 2129 0926 • 0 2106 0921.0 2031 092200 1997 092a.o 1971 0931J.o 1956 0926 • 0 
::.L 02 f: oJ oon+oo.oo 1933 0930.0 1891+ o9tts .. o 1844 0946 • 0 1793 0943.o 1749 0950.0 1103 09s2.o 1629 o9H • O 
SL 0 2 E 04 009Z+OO • IJO 1551 0962.Q 1!110 0966.oO l't64 096900 l4i4 0969.0 D8J 0974 • 0 1343 0977 • 0 1298 0987 • 0 
::.L 02 L as oon+oo,oo 1248 0994.o 1197 099700 1134 1005 • 0 1051 101100 0964 101800 QBB3 1021.0 0815 102soo 
SL 02 E 06 0092+00000 0122 1026.0 0669 1028°0 o!,83 1028 • 0 0431 103000 0334 1032.0 0194 1034.0 0098 1031.0 
SL 02 E 07 0092+00 • 00 0030 l04loO 0000 lO'i3oO 0063 1051 • 0 0132 1058 • 0 0201 1064 • 0 0279 1071 • 0 0367 1076 • 0 
SL 02 E 08 0092+00 • 00 0505 108000 0595 l08lo0 0677 10B1 • 0 0692 1078 • 0 0699 1082 00 0714 1080 • 0 0722 1078 • 0 
!IL 02 E 09 0092+00 • 00 0729 108100 0845 1081•0 0979 108000 1109 1078 • 0 1200 107700 o 
SL oz C Ol 0094+00 • 00 2416 0911-o 2356 0913 • 0 2295 0916 • 0 2270 0918.o 2257 0917 • 0 2242 0921.0 2201 092l • O 
SL OZ f 02 0094+QO • OO 2150 0922 • 0 2099 0918 • 0 2057 0920•0 1978 0924 • 0 1912 0927 • 0 1888 0930.0 1874 U940 • 0 
!.L 02 E 03 0094+00 • 00 1827 0943 • 0 1764 0942.oO 1713 0946 • 0 1690 0947.o 1670 0948 • 0 1618 0951.o 1581 0960.0 
SL 02 £ 04 0094+00 • 00 1556 0967 • 0 1511 0971 • 0 1467 0976 • 0 1435 0981.0 1392 0990 • 0 1370 09~3o0 1267 1002.0 
SL 02 f 05 0094+00 • 00 1166 1011 • 0 1059 10l8•0 0981 1020 • 0 0945 1022.0 0909 1023 • 0 0893 1022.0 08H 102"•U 
!>L 02 f. 06 0094+00.00 079:l 1025.0 Ot,80 1029 • 0 0580 1030.0 0467 1032.(t OHZ 103600 0246 lO)tt.O 0143 1046•0 
::.L oz t. 07 0094+00 • 00 0078 1052.0 0018 105800 0000 1U59 • 0 UU39 1(166 • 0 0089 lOTloU UH(I 1U73.U \Jl8b 1078 • 0 
!IL 02 t OIi 0094+00oUO 0240 1082 • 0 0334 101:!SoO 0414 1086 • 0 05J.) l087 • U 0569 lU90oU 0636 lU9UoU 0664 1088.U 
SL oz E 09 0094+oo.oo 06?4 1090 • 0 0742 J.090o0 0752 108700 0755 108900 0773 1089 • 0 0781 101:11.u 0787 109u.u 
SL oz ll lo 0094+00.oo 0853 1088.o 0937 1088•0 1038 l087 • Q 1136 1086-0 1244 1085 • 0 1366 1084.0 1449 108200 
SL 02 £: 01 0096+00 • 00 2464 0910o0 2431 o913oQ 2379 0912 • 0 2336 090600 2306 090600 2286 0912 • 0 2271 0919 • 0 
SL oz IE 02 0096+00 • 00 2234 0920 • 0 2204 0912 • 0 2157 0913.o 2120 0917-0 2069 0918.o 2043 0923 • 0 2019 0921.0 
SL 02 E 03 o096+oo.oo 1998 0925.o 1961 0934•0 1912 0941•0 1858 0947.o 1793 0957.0 1734 0962.o 1673 0967oO 
SL 02 t 04 oo96+oo.oo 16-24 0974.o 1555 0983.o 1506 0988•0 1446 0993.0 1415 0995oO 1381 0999oO 1287 1010.0 

Figure 7. A terrain listing indicates the station and the distance and elevation of the points 
selected during readout operations. 
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completed card in the keypunch is released with a single 12 punch being entered in 
column 80. As this card passes the read head of the keypunch, a duplication cycle 
begins on the following card that is passing by the punch head. The duplication con
tinues to a point on the card that is one terrain point short of the original card, for 
example, if an operator has 5 good terrain points on a card and makes a bad reading 
on the sixth point. The card is automatically duplicated up to and including the fifth 
terrain point and then it stops. The operator then makes the correct point observation 
and continues to read on. Even the card number is held from its normal automatic 
advancing during this reject and duplicaticm, so there is no loss of card number se
quence. The operator remains at the plotter throughout the operation and does not have 
to manually remove the error card or in any way manipulate the keypunch. During a 
later card edit on a card collator, the error cards are automatically sorted out of the 
card decks and discarded. 

The most frequently used buttons, which control record, card release, and card 
counter reset, are located in numerous locations, such as the operator's hand-held 
switch, the portable panel, and the control console. This facilitates the initializing 
of the system prior to and during readout. The operator accomplishing the terrain 
readout completes the model set-up sheets as well as a log sheet where he checks off 
the stations completed and notes any difficulties encountered. These sheets provide 
quick answers to most questions that may arise later. 

Of the total 200 scale mapping produced, about 20 percent is accomplished by de
partment forces and the remaining 80 percent by contract. Thus, about 4 of every 5 
terrain readout jobs performed involve resetting of models previously compiled by 
photogrammetric engineering firms. This has been an excellent monitoring system 
for the quality of work being done under contract. 

Preliminary Terrain Card Edit 

Once completed, all cards on a project are submitted to the Data Processing Center 
for a preliminary card edit. This preliminary edit is performed on an IBM 407. It 
checks, for proper card sequence, blank colums that should have been punched, double 
punches, and reject or 12 punches in column 80. Any cards that are sorted out due to 
these conditions being present are kept separate and listed on the last sheet of the print
out. Corrections are made, and the cards permanently turned over to the computer 
center. 
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Data Processing 

All processing is accomplished on one of the department's 2 Burroughs B5500 com
puters. These separate programs are utilized in the analysis of the terrain information. 
A look in depth and detail at the inner workings of these programs is beyond the scope 
of this presentation. Only the major aspects will be covered to show how the terrain 
data are used. 

Terrain Edit and Merge-The first of the 3 programs is the terrain edit and merge 
program. This program edits the terrain cross sections and creates a tape with orig
inal ground cross-section information for use in subsequent programs. It searches 
for and notes the following: Error 1-negative elevations; Error 2-missing or duplicate 
card numbers; Error 3-station numbers not ascending; and Error 4-horizontal dis
tances not in ascending order. 

Using as a criteria the controlling parameters established by the engineer, the 
program checks for the following: 

1. The minimum terrain distance left and right, 
2. Distance between stations, 
3. Longitudinal slope, 
4. Transverse slope, 
5. Terrain card out of sequence, and 
6. Missing terrain point on the base line. 

The checking of these criteria is essential to ensure smooth program operation later 
on. The merge phase of the program enables the addition and deletion of terrain points 
or complete cross sections without rerunning the terrain edit phase . 

Alignment Design-The second program, which is the alignment design program, 
computes the horizontal curve data and station values for a given roadway horizontal 
alignment. It uses data from the terrain edit and merge program. The horizontal 
alignment may take any one of the following 3 types: 

1. One line where the survey base line and construction centerline coincide; 
2. Two lines where the survey base line and construction centerline do not coincide 

but have a determinable geometric relationship; and 
3. Three lines where you have the survey base line and 2 independent construction 

centerlines such as a left and right roadway. No two of the lines are coincident, but 
they all have a determinable geometric relationship. 

Before this program can be run, the engineer must define the alignment of the line on 
which he desires the horizontal geometry to be computed. This he does by providing 
the computer with north and east coordinates for the 2 terminal points and any P. I. 
points as well as the degree, or radius, of curves where required. 

For every run on the computer, each with a separate alignment, the engineer re
ceives a tabulation of survey line stations and equivalent secondary alignment stations. 
Also computed are offset distances between the survey line and the secondary line and 
the :L~glc bct".".'ccTI t..11.c pcrpcTidicular ~ffset arid the se!!0rrdary a!ignmerrt_ Once th~ 
terrain is in the computer, multiple trial runs for different alignments can be obtained 
with relative ease. 

Roadway Design- .£AA.s the engineer rcvie".vs t..~e hcrizcntal aligrrment resulting from 
each computer run, he decides which alignments he wants to take through the U1ird 
and last computer program, which is the roadway design program. 

The roadway design program utilizes as input data information from both the terrain 
edit and alignment design programs previously discussed. 

The program computes the vertical geometry consisting of the following: 

1. The profile grade, 
2. The vertical curve data for each vertical P. I., 
3. The template shape for each terrain station, 
4. The points of slope intersect with the terrain, and 
5. The earthwork areas and volumes between every 2 consecutive stations plus 

subtotals every 1,000 ft and the final totals for the entire job. 
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The use of this program series on a selective basis enables the engineer to make 
a comparison of the various possible alignments and greatly assists in the selection of 
the alignment to be recommended at the public hearing, before going into the final de
sign phase. 

FINAL DESIGN 

After an alignment has been tentatively approved by all parties concerned, topo
graphic mapping at a scale of 50 ft to the inch in rural areas and 20 ft to the inch in 
highly urbanized areas is produced on the alignment. The mapping width at these 
scales is normally between 600 and 1,200 ft. The procedures for producing photogram
metric cross sections for final design are very similar to those previously described 
for the design location study. One minor change is made in the wiring of the patch 
panel on the control console to permit elevation reading and recording to the tenth of 
a foot. 

Upon completion of the cross-section readout, the card deck is submitted to the 
Data Processing Center for a preliminary card edit as was the case in the design loca
tion study. After edit, the terrain cards and supporting material are returned to the 
district office for study, analysis, and preparation of additional information. All re
quired data are then forwarded to the Data Processing Center for the purpose of com
puting the final design geometry. The computer final design programs produce grade 
profile data, generate templates, compute cut and fill earthwork quantities, and produce 
tapes for the plotting of data on an automatic line plotter. 

The department has entered into an agreement with Swindell-Dressler Company, 
a consulting engineer firm, for the design of a project utilizing a computer-oriented 
design concept with computer graphics. Here, again, the terrain data are generated 
through readout from the stereo models. 

The total system involves 8 programs as follows: 

1. Input-load terrain data and horizontal geometry and establish parameters and 
limitations in accordance with design criteria; 

2. End areas-calculate end areas, slope stakes, and ditches according to template 
parameters (an example is shown in Fig. 8); 

'
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Figure 8. Cross sections plotted by a data plotter as a result of the computer operations. 



tl-
;z

_;
. 

J
O

S
E

P
H

IN
( 

I.A
N

G
 

Ill
, •
•
 

F
ig

ur
e 

9.
 

,:?
;-

.....
. 

C
en

te
rl

in
e 

pr
of

il
e 

w
it

h 
ex

is
ti

ng
 g

ro
un

d 
pr

of
il

e.
 

I ;
 <I

A
III

E
S

 
W

IT
T

M
A

N
 

• 
tf

!'
U

:tt
 0

. 
.
.
 TT

W
A

flf
 

C
A

) 
(X

) 



39 

3. Centerline profile-establish grades, vertical curves, and original ground and 
profile elevations; 

4. Mass haul diagram; 
5. Topo plan; 
6. Contour map-a plot depicting the contours of the finished roadway; 
7. Vertical plot-graphics indicating the grade lines for the roadway, ditches, and 

intercepts with original ground; and 
8. Perspectives-perspective views of the design from a station and elevation se

lected by the design engineer. 

The Swindell-Dressler Company utilized an IBM 360 Model 44 (64K) computer and 
a CalComp plotter for our project. The required computer programs are written in 
FORTRAN IV language. For further information, it is suggested that Mr. George Kisak 
of Swindell-Dressler Company's Computer Division be contacted by writing 441 Smith
field Street, Pittsburgh, Pennsylvania 15222. In still another evaluation, the depart
ment is considering the elimination of cross sections through the use of a contour grading 
plan. The construction plan, in this case, will consist of the design with original 
ground contours and "to-be-built" contours included on a plan sheet (Fig. 9). In this 
procedure, the basis for the construction plan will be the topographic map prepared 
by photogrammetric methods. 

CONSTRUCTION PAYMENT (EARTHWORK QUANTITIES) 

We are presently engaged in the readout of as-built cross sections utilizing color 
aerial photography. All previous projects were accomplished using panchromaticfilm. 

Research conducted by the department during 1966-67 indicated there was less than 
one percent difference between volumes determined by photogrammetric methods as 
opposed to conventional field surveys. The research was conducted with black and 
white photography. 

The main problems encountered were the difficulties in obtaining accurate elevation 
readings on the concrete pavements and the inability to see ditch slopes. These prob
lems should be overcome through the use of color aerial photography. 

The project presently being accomplished with color photography is 5.6 miles in 
length in moderately rolling terrain. Although this is a production project, we are 
also using it to research certain techniques relative to color versus panchromatic 
film, required density of panels, and control points for stereo model orientation. 

CONCLUSIONS 

No matter what procedure may be accepted in the future as a standard, photogram
metric data will continue to be very much in demand as the basic source material. 

With the ability to place terrain data directly onto punch cards or tape, the photo
grammetric engineer will find his services increasingly required as the computer 
systems and graphics are refined and as the young design engineer is trained to use 
computer-oriented procedures. Our workload will again increase as we gain acceptance 
from the construction contractor for pay quantities determined from photogrammetric 
data. 
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