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SUMMARY 

The interface of a Numerical Ground Image (NGI) System with the Roadway 

Design System (RDS) for purposes of automated terrain evaluation was the 

objective of this study. Either the NGI system produced by a previous Texas 

Highway Department sponsored Research Project or one of the available proprie­

tary systems was to be implemented. The evaluation of the systems and the 

recommendation of the scan profile method, which was conceived by Mr. Larry G. 

Walker of the Department and developed by the project staff, was discussed in 

Departmental Research Report 186;..1, "Implementation of Numerical Ground Image 

System" • 

The interface of an NGI system with RDS was accompl i shed by the project 

staff's developing a scan profile numerical terrain storage system and adding 

to RDS a cross-section request capability and cross-section retrieval system 

which provides computed cross-section information from the NGI terrain model. 

This manual explains the data acquisition techniques and gives instructions 

for building the terrain model. Instructions are also included for request­

ing cross-sections through the use of RDS input. An example problem is given 

in Appendix A to illustrate the use of the NGI/RDS acquisition of cross­

sections. Detailed explanations of the algorithms used are in Appendix B 

and program documentation is in Appendix C. Appendix D contains a Glossary. 
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IMPLEMENTATION 

The overall objective of the study was directed toward the implementation 

of a flexible numerical terrain storage-retrieval system and the interfacing 

of this facility with the Roadway Design System (RDS) to provide capability 

in RDS for acquisition of cross-sections along any aligments defined to RDS. 

These cross-sections could then be used for prel iminary route location or 

design. This objective has been accomplished by the project staff's developing 

a scan profile NGI system for numerical terrain storage and writing routines 

in RDS to access the NGI file and develop terrain cross-sections. These 

capabilities are presently available to use in a design environment. 
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NUMERICAL GROUND IMAGE SYSTEM 

I. Introduction 

Numerical ground image (NGI) systems are computer programs which approximate 

the terrain surface with a numerical surface. These systems offer advantages 

in storing and retrieving terrain data for many applications of route location 

and design. When conventional survey methods are used, new cross-sections 

must be taken each time there is a shift in the horizontal alignment. This 

is not necessary with an NGI system because the terrain surface is not referenced 

to any specific alignment. Therefore, NGI allows the designer to modify align­

ments, explore alternate routes or locations and design interchange areas. 

All of this offers the designer a tool that enables him to evaluate more 

alternatives and to be more thorough in the evaluation and planning of safe, 

fast, efficient transportation. 

The overall objective of this study was the implementation of a flexible 

numerical ground image system which would augment and interface with the 

Roadway Design System (RDS). The latter system was developed in a previous 

research effort by the Texas Highway Department in cooperation with the 

Federal Highway Administration. The implementation was to be approached 

by first evaluating several available NGI systems and then implementing the 

most feasible one. The interim report (THD-1-19-7l-l86-l) for this research 

project gave the conclusions reached after studying two commercially available 

systems, one system developed under an earlier Texas Highway Department 

sponsored HPR project and a new simplified system which was conceived by 

Mr. Larry G. Wa"1 ker of this Department and was developed by the study staff 

during the course of the study. It was concluded from the study that the 

simplified system which is referred to as the scan profile system would be 
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the most feasible to implement since it is a combination data acquisition 

scheme and simplified approach to storage and retrieval of the terrain data 

required by RDS. It is particularly adaptable to conventional photogrammetric 

data acquisition methods which require some changes in the stereoplotter opera­

tor's procedures and degree of expertise. 

The specific objectives of this research study were as follows: 

1. Study the NGI System produced under Research Project No. 120. 

2. Study the available commercial offerings. 

3. Prepare an interim report recommending the implementation of 

either the previously developed NGI system or one of the 

commercially available systems. 

4. Adapt and install the selected system. 

5. Develop and demonstrate program modules which will create 

terrain cross-sections from the numerical ground model along 

alignments stored in the Roadway Design System. 

The first three objectives were covered in the Interim Report (186-1) 

and the last two are covered in this report which also serves as a user manual 

for the scan profile NGI system and acquisition of cross-sections using RDS. 

This report provides instructions on the acquisition of NGI scan profile 

data and explains the building of the NGI terrain model. Instructions are 

also provided for requesting roadway cross-sections through the use of RDS 

from the NGI terrain model. Portions of RDS must be used in connection with 

these cross-section requests and all of the capabilities of RDS may be used 

oj n any program execution. For these reasons it ; s necessary that the reader 

be familiar with RDS as described in FHWA Report No. 72D-104R-2, Roadway 

Design System, Volume II, User Manual (Revised March, 1974). Since most NGI 

data acquisition will be by photogrammetric methods, knowledge of photo­

grammetric techniques and terms is assumed. 



An example problem is given in Appendix A to illustrate the use of the 

NGIjRDS acquisition of cross-sections. Detailed explanations of the algorithms 

used are in Appendix B and program documentation is in Appendix C. Appendix D 

contains a Glossary. 
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Introduction 

II. Scan Profile NGI System For Terrain Definition 
and Roadway Cross-Sections 

The scan profile NGI system produces a numerical representation of the 

terra in surface. The terra i n data for thi s system is taken in the form of 

parallel scan profiles. These can be taken by either conventional or photo­

grammetric methods. The profiles may be irregularly spaced and points along 

the profiles may be irregularly spaced. The roughness of the terrain deter­

mines the density and distribution of data points. By the use of an algorithm 

the program connects points on adjacent profiles to produce a series of three 

or four-sided facets which cover the entire surface area between the profiles. 

(Four-sided facets may represent a curved surface while three-sided facets 

represent a f-Iat surface.) The faceted surface model in effect makes up a 

quasiorthogonal grid which varies in size locally to fit the terrain data and 

it contains all the data points which were taken. For this reason varying degrees 

of accuracy are obtained by taking more or less data. The faceted model produces 

cross-sections for use in RDS or similar systems. It has been demonstrated to 

produce reasonable contours in a direct manner and the approach used is compatible 

to the data acquisition for orthophoto mapping. 

Theory of the NGI System 

The scan profiles are analogolJs to a set of cross-sections along a straight 

baseline as illustrated in Figure 1, but the data includes a very significant 

set of additional information which identifies significant slope discontinuity 

boundaries. A close observation of the complete set of profiles in Figure 1 

reveals to the trained observer an obvious V-bottom ditch which enters on the 

left side and proceeds diagonally across the surface area shown. The mental 

4 



Figure 1. Scan Profiles with 
Discontinuity Points 
Noted 

Figure 3. Scan Profiles with 
All Points Connected 

Figure 2. Scan Profiles with 
Discontinuity Points 
Connected 

Figure 4. Faceted Surface Model 
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process used in arriving at this conclusion seems simple but actually it in­

volved a complex intuitive thought process. To reach the same conclusion by 

computer logic from the raw data would be almost prohibitive. For this reason 

the scan profile approach depends upon the stereoplotter operator to identify 

significant slope discontinuity boundarieS. (These are identified by special 

coding when the profiles are taken.) 

In taking the profile points, the operator selects the outside edges of 

the profiles which are automatic discontinuity boundaries and any points that 

represent significant changes in elevation. The operator then must identify 

the other significant boundaries (discontinuities) which, in the example in 

Figure 1, were the two edges of the V-bottom ditch. All discontinuities do not 

need to be identified (such as a V-bottom ditch if it ran perpendicular to the 

scan profiles), but the ones that are identified divide the surface into dis­

crete areas as shown in Figure 2. Within each discrete area the system uses an 

algorithm to connect up the points to achieve a transition from profile to pro­

file as illustrated in Figure 3. The scan profile algorithm connects points 

on adjacent profiles on the basis of their relative position between their com­

mon discontinuity boundary. It follows that the operator needs only to establish 

enough discontinuity boundaries so that the algorithm point connect process from 

profile to profile in any given area will adequately determine the model. When 

digitizing data from a photogrammetric stereo model, the desired discontinuity 

boundaries are sketched on the manuscript and then the discontinuity points are 

recorded as specially coded (multiple entry) data pOints on the scan profile. 

This assures that the faceted model as shown in Figure 4 will always reflect 

the slope discontinuities which have been identified. 

The algorithm used to connect the points in each discrete area between two 

adjacent scan profiles starts with the leftmost discrete area and proceeds to the 

right. Figure 5 explains mathematically how the algorithm connects the points. 
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In,the drawing above. points 1A and 1B are automatically connected (discontinuity 
boundary). The point connection process then considers the following cases for connecting 
the next points on each scan profile. 

Case 1. Point 2A connects with point lB. 
Case 2. Point 2B connects with point 1A. 
Case 3. Point 2A connects with point 28. ~ 

IS 28 

The connection process the program uses is based on the average of the fractional dis­
tances of adjacent points. The fractional distances for each point are computed by the 
equation: 

Fract,'on Po'nt - Distance from beginning bounda~ to given pOint 
, - Total distance etween uridaries 

Therefore, for the example shown above: 

Fraction point lA ;: 0/20 = 0 
Fraction point 2A ;: 2/20 = .1 
Fraction point 18 ;: 0/1,2;: 0 
Fraction point 28 = 3/12 ;: .25 

Now the algorithm uses these fractions to check.: 

+If the fraction for point 2A < average of fractions for pOints 1B and 2B. 
then it connects pOint 2A with point lB and continues. 

+If the fraction for point 2B < average of fractions for points lA and 2A. 
then it connects point 2B with point lA and continues. 

+If neither of the two conditions above exists. i~ connects point 2A with 
2B and continues . 

When the proper connection has been established. the process is repeated using uncon­
nected pOints to the right. In the previous example, point 3A and point 2B would be checked 
and since their fractions are equal. they are automatically connected. Similarly, point SA 
would be connected to point 3B, etc. 

Figure 5. Point Connect Process 
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Discrete areas must be bounded by two discontinuity lines. Each line is defined 

by t\\Q discontinuity points -one on each scan profile. If there are no internal 

discontinuities, the left and right scan profile boundaries form the discrete 

area bounded by two discontinuity lines. If there are internal discontinuities, 

there must be the same number of internal discontinuity points coded on any 

pair of adjacent scan profiles. Therefore, in cases where two internal discon­

tinuity lines begin or end at the same pOint on a scan profile, two identically 

specially coded readings one foot apart must be taken so that there will be the 

same number of internal discontinuity points between adjacent scan profiles. 

The algorithm connects discontinuity points from left to right. If there is 

an extra discontinuity point on one of the scan profiles, the rightmost extra 

internal discontinuity point will be ignored. On the scan profiles where inter­

nal discontinuities begin or end, additional special coding is needed to indicate 

that the discontinuity point{s) applies in only one direction (ahead or back). 

The selection of internal discont"inuities requires skill and practice. 

Figure 6 shows two examples of the point connect process on two adjacent scan 

profiles. The two examples use the same two scan profiles. One example indi- . 

cates internal discontinuity boundaries and the other does not. The resulting 

roadway cross-sections show the importance of indicating discontinuities. 

Scan Profile Requirements 

The width of ground coverage available when photogrammetric processes are 

used to obtain the scan profiles is limited to the width of the flight strip. 

The program can utilize as many as 47 flight strips or tangents. 

The prof'iles are taken in a coordinate system where the profile lines have 

a relatively constant flight strip width (Y value), The coordinate system may 

be along or parallel to a flight line or parallel to a given surface coordinate 

system. The arbitrarily chosen coordinate system must be referenced to the 

coordinate system being used by RDS. 
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The baseline used for the scan profiles must be a straight line; therefore, 

a logical series of lines to select for the baseline would be the flight tan­

gents for the photogrammetric survey. The tangents selected should overlap in 

such a way that when an RDS baseline alignment is developed, each roadway cross­

section can be completely generated with data from a single flight strip. 

Figure 7 shows flight strips that do not overlap sufficiently. The dashed bound­

aries on the flight strips would have given the necessary overlap to develop all 

RDS cross-sections. Since the location of the RDS baseline is not necessarily 

known when the NGI baseline is selected, adequate strip width and overlap are 

essential to guarantee a complete terrain file for any roadway alignment loca­

tion. 

Program Procedure for Building Cross-Sections 

The X,Y,Z coordinates and pOint connecting codes produced by NGI are stored 

on a tape or disk file. This file is referred to as the NGI data file and can 

be accessed to develop roadway cross-sections using the Roadway Design System. 

The Roadway DeSign System stores PI coordinates for the baseline align­

ment (G). This alignment must be stored in the same surface coordinate system 

as the beginning and ending real coordinates of the NGI flight strips. Cross­

sections are developed along alignment G. Alternate sets of cross-sections may 

be developed by defining a new alignment G on any number of separate runs. 

In order for RDS to develop roadway cross-sections, the coordinates of the 

left limit, centerline point and the right limit for each cross-section station 

requested along alignment G must be computed by RDS. Each cross-section is then 

developed in the following manner: 

1. The NGI data file is searched to find the flight strip which contains 

the surface coordinates of the three points defining the roadway 

cross-section station. 
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2. The three points are converted to the flight strip coordinates. 

3. The X-coordinates of the left and right limits are used to determine 

which scan profiles are needed to develop the roadway cross-section. 

4. The roadway cross-section points are computed by interpolating eleva­

tions (Z-coordinates) for three given points, and then interpolating 

the X, Y, Z coordinates for each intersection point of the transverse 

line defining the roadway cross-section and the lines connecting the 

scan profile points. 

5. The roadway cross-section points as indicated in Item 4 are converted 

to RDS terrain cross-section data pOints (station, offset, and eleva­

tion). They are stored on the RDS station file and made available for 

use in all RDS processes requiring cross-sections. 

A technical description of this process is given in Appendix B. A schematic 

of the RDS/NGI interface is shown in Figure 8. 
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III. Building The NGI Data File 

Introduction 

Chapter II described the scan profile NGI system for terrain definition: 

how it works, the requirements for taking scan profiles, and the program pro­

cedure for building roadway cross-sections. This chapter will explain the 

procedures used to build the NGI data file. The reader should understand the 

theory given in Chapter II before attempting to use the system. 

Taking the Scan Profile Data 

The scan profiles taken by the stereoplotter operator are essentially the 

same as cross-sections taken along any baseline. The operator sketches in the 

discontinuities on the manuscript and then decides where along the flight strip 

baseline he should take scan profiles in order to adequately describe the 

ground surface. As in cross-section data acquisition, it is up to trained 

observers to know when to record profiles and where plus stations are needed. 

In most cases, discontinuity boundaries should determine the necessity for plus 

stations. 

Points on scan profiles that indicate changes in elevation and right and 

left outside boundaries are identified by one shot (one set of Y, Z coordinate 

readings). Internal discontinuity points are indicated by double, triple, and 

quadruple entries (multiple shots) of identical data (the same Y, Z coordinates), 

The formula for indicating the type of internal discontinuity points is as 

follows: 

1. Two identical readings (double shot on one scan profile with the same 

offset distance and elevation) mean that scan profile point is connected 

to a multiple shot at both the scan profile ahead and back. 

14 
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2. Three identical readings (triple shot on one scan profile with the same 

offset distance and elevation) indicate the beginning of an internal dis­

continuity. This discontinuity point connects to a multiple shot at the 

ahead scan ~rofile only and to a single shot at the back scan profile. 

3. Four identical readings (quadruple shot on one scan profile with the 

same offset distance and elevation) indicate the end of an internal dis­

continuity. This discontinuity point connects to a multiple shot at the 

back scan profile only and to a single shot at the ahead scan profile. 

If two discontinuity lines begin or end at the same point on a single scan pro­

file, then two sets of identical multiple shots must be taken one foot apart. 

This scheme identifies two distinct discontinuity boundaries which are required 

to define the terrain accurately. Figure 9 shows an example of two discontinuity 

boundaries which merge at the same pOint. Any significant elevation changes be­

tween internal discontinuity boundaries are indicated by a single Y, Z coordinate 

reading or shot. 

It should be noted that the right and left outside points on the profiles 

must not be multiple entires since these are automatic discontinuity boundaries. 

If a ridge line enters or leaves the scan profile coverage area at the far limit 

of a scan profile, then the limit should be moved out one foot so that the multiple 

shot will be inside the scan profile limits. Figure 10 shows an example of mul­

tiple shot use. It shows that there cannot always be constant left and right 

limits for acquisition of data. It will be necessary to widen particular scan 

profiles in order to include an accurate discontinuity boundary in the case of a 

skewed ridge line. In Figure 10 this was done as indicated at 1 and 2, and an 

extra reading was then taken to determine the outside boundary. 
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The scan profile readings are taken in even feet and the elevation is read 

to the nearest tenth of a foot. The maximum distance left and right from the 

scan profile reference line is determined by the width of the flight strip but 

it cannot exceed 9999 feet to the left and 9999 feet to the right. 

The punched card format is the Texas Highway Department RDS terrain format 

(card type THD) as discussed in the IIRoadway Design System User Manual II. These 

cards can be run as RDS cross-sections, and profile plots may be obtained; how­

ever, the designer will probably need planimetric and/or topographic maps before 

he can select his roadway cross-section baseline(s). 

Creating the NGI Data File 

After the stereoplotter operator has recorded all the scan profile points, 

they are processed w'ith the NGI program which develops the terrain model. The 

input for this program includes the following: 

1. One NGI Header card 

2. One NGI Str'l p Header card for each fl ight stri p 

3. Scan profile data cards. 

Data for Items 1 and 2 above are entered on Form 1381 which is shown in Figure 

11. Data entry for each of the above items will be discussed separately. 

NGI Header Card. The NGI Header card must be the initial card in the data 

deck assembly and there can only be one per run. The function of this card is 

to indicate whether or not the NGI data file is to be stored on a project tape. 

KEEP NGI 
(YES CARDS 

OR (YES 
OR 

NO) NO) 

.. 

.. 



CONTROL 8 
SECTION 

*' 

DISTRICT RES. NO. ___ _ 
I.P.E. PROJ. ____ _ 
CO. HWy. ____ _ 

TEXAS HIGHWAY DEPARTMENT 
TIES ROAD DESIGN SYSTEM 
NGI HEADER INPUT FORM 

SHEET OF __ __ 
DATE ___________ _ 

PREPARED BY _____ __ 

THE NGI HEADER CARD MUST BE THE FIRST CARD IN THE DECK STRUCTURE. THERE SHOULD ONLY BE ONE 
NGI HEADER CARD IN THE DECK AND IT MUST BE DIRECTLY FOLLOWED BY AN NGI STRIP HEADER CARD. 

NGI STRIP HEADER INPUT FORM 

BEGINNING BEGINNING ENDING ENDING 
X - COORDINATE Y - COORDINATE X - COORDINATE Y - COORDINATE 

ONE NGI STRIP HEADER CARD MUST PRECEDE THE SCAN PROFILE DATA FOR EACH STRIP. 

..... 
~ 

Figure 11. NGI Header Card Input Form and NGI Strip Header Input Form 
Form 1381 
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If "YES" ;s entered in the "KEEP" columns (28 through 30), the NGI data 

file will be stored on a specified project tape. If "NO" is entered, the file 

is not written on tape. "NO" would only be entered if an RDS job step accessed 

the NGI data file dir'ectly after the NGI job step in the data deck structure. 

If nYEs n ;s entered in columns 28 through 30, the input data will also be 

written on tape on a separate data set from the NGI data file. This input data 

is in an edited format (page 21) with a positive or negative distance, eleva­

tion, and type for each scan profile pOint. The types indicate whether the 

points are normal scan profile points (1) or discontinuity points (2, 3, or 4). 

The outside points are always entered as type 2. This edited input data may be 

punched out and used on subsequent runs by entering a "YES" in columns 31 

through 33. Correct'ions to the input are made using this card format by 

deleting existing pOints or by changing the type of point. 

NGI Strip Header Card. The NGI Header card must be followed by an NGI 

Strip Header card for the first flight strip. (Each subsequent flight strip 

must have an NGI Strip Header card also.) The program can process a maximum of 

47 flight strips. The NGI Strip Header card supplies the beginning and ending 

surface coordinates for the flight strip baseline of the scan profile data that 

follows. These surface coordinates must be in the same coordinate system that 

the RDS baseline alignment will be in. 

NGI STRIP HEADER INPUT FORM 

BEGINNING BEGINNING ENDING ENDING 
X - COORDINATE Y - COORDINATE X -COORDINATE Y - COORDINATE 

ONE NGI STRIP HEADER CARD MUST PRECEDE THE SCAN PROFILE DATA FOR EACH STRIP. 
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Scan Profile Data. The NGI scan profile data cards for a specific flight 

strip are placed in the deck structure directly following their NGI Strip Header 

card. These data cards must be entered in scan profile baseline station order. 

As in all cross-section data, NGI scan profiles are recorded as elevations and 

distances to the left and/or right of the baseline along perpendiculars to a 

given station. Data should reflect breaks in the terrain and should not neces­

sarily represent a grid system. Data is entered in the Texas Highway Depart­

mentis RDS terrain format or in the alternate card format (NGI cards) as shown 

below. 

DISTRICT __ RES. NO, __ 
I.P, PROJ •. __ _ 
<.;u. ____ HWY, __ _ 

BENCH MARK 
w 

'" ELEVATION u 
o~ z 

H.I. 0° <t 
a:<t f-

w '" a: 0 

TEXAS HIGHWAY DEPARTMENT 
TIES ROAD DESIGN SYSTEM 

TERRAIN INPUT FORM 
(Enter THO In Cols. 30-32 On Form 1327 ) 

to W ... W '" W '" W '" W 
u u u z u z u z Cl ~ Z 

0- z go z z '" - z 
~~ 

z 
0 0 <f <t 0° ;'! 0° <t ;'! a: <t f- a: <f f- a: <t a: i:l f-

w '" w '" w '" '" w '" a: i5 '" 15 a: 15 a: 0 a: 15 

I 

1f 

SHEET __ OF __ 
OATE ____ _ 

PREPARED til ___ _ 

'" to 2i '" z <.> u 
go z 

~~ 
z 

<t ;'! a:;:' f-

'" w '" <r 0 a: 0 

The card format shown above is discussed in Chapter 6 of the "RDS User Manual II. 

STATION DIST. 

D 
T E 

ELEV. Y L DIST. 
P E 

" E T 
E 

D 
T E 

ELEV. Y L DIST. 
P E 
ET 

E 

D 
TE 

ELEV. yl DIST. 
pE 

'ET 
E 

ELEV. DIST. ELEV. 

The NGI card format shown above allows a maximum of five elevations and 

distances to be entered per card. Data must be entered in successive columns 

in left to right order of the distances. There are columns for type of point 

and point deletion for each scan profile. Each point must have a type entered. 

The poi nt wi 11 be ignored if an "X" is entered in its Delete column. Co 1 umn 

80 indicates the number of sets of points entered on each card. 

NGI Data Deck Assembll' The data deck assembly for building an NGI data 

file is shown in Figure 12. 
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Scan Profile Data Cards 

!'.) NGI Strip Header Card 
~ 

of 
ok 

~()j « 
~ Scan Profile Data Cards 

cl' 
NG I Strip Header Card 

Scan Profile Data Cards 

NGI Strip Header Card 

NG I Header Card 

Figure 12. NGI Data Deck Assembly 
\ 

.. 
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IV. Requesting RoadwayCross~Sections 

The NGI data file which has been built can be used to generate cross-sections 

along any specified RDS baseline alignment (alignment G) which has been previously 

stored or defined. The cross-section station limits, station increments, and 

left and right offset limits must be specified. This request is made on the RDS 

Cross-Section Request Form (Form 1372) which is shown in Figure 13. An example 

input is shown below: 

FROM 

STATION 

TO 

STATiON 

f­
Z Z 
o w 

2 
f- W 
« n::: 
I- u 
(f) Z 

L L NGI* 
FILE 

WIDTH 0 WIDTH 0 ON 

LEFT R RIGHT R TAPE 
( YES 

R R OR NO) 

The first line of the form has a field (columns 42 through 44) to indicate whether 

the NGI data file is on tape or not. If this column is marked "NO", the RDS job 

must be preceded by an NGI run which creates the NGI data file. This field should 

only be used on the first card. 

The above input requests roadway cross-sections to be built from station 

100+00 to 150+30 at increments of 50· feet and with left and right limits of 200 

• feet from the RDS baseline G alignment. From 150+50 to 201+13, the left limit 

is 150 feet and the right limit is 175 feet. Two single plus stations (150+30 

23 



CONTROL 8. 
SECTION 

DISTRICT RES. NO. ___ _ 

.P.E. PROJ. ____ _ 
CO. HW~ ________ __ 

TEXAS HIGHWAY DEPARTMENT 
TIES ROAD DESIGN SYSTEM 

CROSS - SECTION REQUEST FORM 
USING NUMERICAL GROUND IMAGE (NGI) FILE 

~~~~6LL7~8~9 __ ~ __________ -,,-__ -. __ -.-. __ -.-. __ ~ 

L L NGI* 
I-

Z z 
FROM TO o w 

~ 

STATION STATION 
I- W 
<{ a::: 
I- u 
(j) z 

FILE 

WIDTHIOIWIDTH 0 ON 
LEFT R RIGHT R TAPE 

( YES 

~Li~~i J~, I?~ '~i~ ! 

Figure 13. Form Used to Request Roadway 
Cross-Sections From the NGI 
Data File 

., 

SHEET ___ __ 

N 
.;:. 

DATE _____________ _ 

PREPARED 

'''FORM 137>2 



and 201+13 are requested by giving the same station number for the From Station 

and To Station leaving the Station Increment blank, and entering the Left and 

Right Widths. 

If more than one line of input is entered on this form, the cards must be 

in ascending station order. Different sets of cross-sections may need to be 

25 

built along other baselines as in the case of an interchange. This will require 

as many cross-section request runs as the number of baselines since cross-sections 

can only be requested along RDS baseline alignment G. Each run would access the 

NGI data file with a different alignment G and different Cross-Section Request 

data. The different sets of cross-sections can then be either stored on tape or 

punched on cards to be used in the various RDS processes. 

RDS Data Deck Assembly 

A data deck assembly for requesting cross-sections is shown in Figure 14. 
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Remainder Of RDS Deck Structure 

Card With III In Column 13 

Cross -Section Request Cards 
(From NGJ File) 

RDS Terrain Header Cora 
Job Type "0rig. Cards" 

Data Defining Alignment G 

RDS System Card 

Figure 14. Data Deck Assembly for Building Cross-Sections 
Using the NGI Data File 



. . 

V. Conclusions and Recommendations 

The NGI/RDS interface has been shown to be a flexible tool for use in road­

way design. It provides the design engineer with a means of studying designs of 

alternate locations without requiring cross-sectioning of each proposed alignment 

or re-cross-sectioning of alignments that are revised. 

Projects proposed to be developed utilizing the RDS/NGI procedure need to be 

evaluated to determine if there is a need for the more extensive scan profiles 

required to define a terrain surface of sufficient size to be used for alternate 

alignments. Projects where deviation from the original alignment is considered 

remote would not normally benefit from the acquisition of NGI scan profiles and 

building of the NGI data file. 

Proposed enhancements to the NGI/RDS process which were not developed under 

the current project but are recommended to be implemented on an orderly basis 

are as follows: 

1. The system should be expanded to handle multiple adjacent flight strips 

so that terrain files of block areas may be defined. This ability 

eliminates the need of overlaping NGI scan profiles at the junction of 

adjacent strips of a series of strips as shown in Figure 7. 

2. Photogrammetric digitizing equipment should be modified to provide an 

alternate means for indicating discontinuity points instead of the 

multiple shot indicators presently used. 

3. A means of contour plotting selected areas of the NGI data file should 

be developed. 

4. The RDS routine that builds the roadway cross-sections should be modi­

fied to provide transitioning of the cross-section limits. 

27 
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5. The ability to take partial scan profiles to define areas of isolated 

discontinuities such as hills and holes should be provided. 

The above listed recommendations could not be developed in the limited 

scope of implementing a numerical ground image system and are not listed in 

any order of priority. The need for any of the recommendations should be 

studied and justified on the basis of cost benefit before programming is accom­

plished. 

.. 

.' 



Appendix A. Example Problem 



EXAMPLE PROBLEM 

An example of the use of NGI and RDS in preliminary route location is shown 

on the following pages. The data for this example is from a photogrammetric 

project at a 1"=400' map scale where control was already established. The terrain 

is very rough, and the routes selected do not depict actual roadway designs but 

were used only to demonstrate the NGIjRDS capabilities. 

Photogrammetric cross-sections were taken to provide a comparison with RDS 

cross-sections that were developed from the NGI terrain model. The number of 

scan profile points and discontinuities taken for this problem are probably 

more than would be needed for preliminary route studies; however, this accuracy 

was needed to develop NGIjRDS cross-sections that could be compared with the 

photogrammetric cross-sections to test the accuracy of the NGI model. 

In order to show the accuracy of the NGI terrain model, the NGIjRDS and 

photogrammetric cross-sections have been superimposed on the same plot. Some 

of the cross-sections are shown on pages A-19 and A-20. It should be noted that 

the plots compare very closely in most cases. The differences may be attributed 

to the procedure used in taking the scan profile points and photogrammetric 

cross-sections. NGI scan profiles are taken in the same manner as photogram­

metric cross-sections. The procedure used at the Texas Highway Department for 

taking photogrammetric cross-sections is to draw the position of the cross-

section on the manuscript. This provides for the positioning of the X, Y, Z 

digitizer. At a scale of 1"=400 1 the position of these lines cannot be drawn to 

exactly duplicate the mathematical position represented. However, NGI develops 

the terrain model using the given scan profile coordinates, and RDS mathematically 

computes cross-sections at precise, horizontal coordinate positions. The RDS cross­

sections were compared with a set of photogrammetric cross-sections that are 

likely to have the same type of position error as the NGI scan profiles. There­

fore, the two sets of sections are probably not in the same position; and with 

A-l 
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steep, sloping terrain, this could cause significant error. 

For further comparison, an earthwork design was run against both the NGI/RDS 

and photogrammetric cross-sections. Examples of design volumes from these two 

runs are shown on pages A-22 and A-23. Thi s exampl e shows a 2 percent di fference 

in volume which indicates that the NGI/RDS cross-sections for this example would 

be adequate for preliminary design. 

Cross-sections were also developed along an alternate alignment to show the 

system1s capability in route location. 

Partial input and output is included on the following pages for each step of 

the NGI and RDS runs. 

• 



v 

\ 

I 1\ 

+> 
aJ 
aJ 
4-

o o 0 
q :;' "\ 
N 0"1 
r- M 

1/ 

>, ",r- / IF 
r-
aJ 
+> 
to 
E .,.... 
x 
o 
S­
o.. 
0.. 

<:::( 

II 

r-- 1\ 
/ "" v 

1\ 

\ 

1I 

v \ 
'" -- \ 

/ 
\ ....., 

\ 

Ir--

-
\ 

\ 

,/ V 
.c,Y 

/1 

\ 

/ 
,/ 

~~/v ! 1/ II 

\ 
) 

J 
\ 

,/ "-

" 

Note: 

\ / 
,~ 

Scan Profi 1 es 
1\ 

Discontinuities have been sketched 
in as they would have been on the 
photogrammetric manuscript. 

\ 

Plot of Scan Profiles and NGI Baseline 

A-3 

o 
o 
+ 
L.() 
<::j" 
N 

\ 



CONTROL a 
SECTION 

DISTRICT RES. NO. ___ _ 

I.P.E. PROJ. ____ . 

CO. HWY. __ _ 

NGI 
KEEP CARDS 

(YES (YES 

OR OR 
NO) NO) 

TEXAS HIGHWAY DEPARTMENT 
TIES ROAD DESIGN SYSTEM 

NG I HEADER INPUT FORM 

SHEET .. ___ OF __ _ 

DATE ______ _ 

PREPARED BY __ 

THE NGI HEADER CARD MUST BE THE FIRST CARD IN THE DECK STRUCTURE. THERE SHOULD ONLY BE ONE 

NGI HEADER CARDIN THE DECK AND IT MUST BE DIRECTLY FOLLOWED BY AN NGI STRIP HEADER CARD. 

NGI STRIP HEADER INPUT FORM 

BEGINNING BEGINNING ENDING ENDING 
X COORDINATE Y - COORDINATE X COORDINATE Y - COORDINATE 

ONE NGI STRIP HEADER CARD MUST PRECEDE THE SCAN PROFILE DATA FOR EACH STRIP. 

I 
Form 1381 

, 

)::> 
I 
~ 



TEXAS HIGHWAY DEPARTMENT 
DISTRICT RES. NO. SHEET 

J.P. E. PROJ. 
TIES ROAD DESIGN SYSTEM 

DATE 
CONTROL 81 CO. HWY. TERRAIN INPUT FORM PREPARED BY 

SECTION 

STATION 

( Enter THO In Cols. 30-32 On Form 1327 ) 

18 ~ I 
w 19 W 

o ~ I 
w 19 W 19 W 19 

U Z U U Z U Z U Z 
Z o - z z o - z 0- z 0-

I P I - I' I b ~~L~~~ii';;"!(i,ti·'~~ul!l~l~Za I ;X ~ I r: ;:! 0 0 <{ 0 0 ;:! 0 0 <{ 0
0 <{ o 0 

a: ~ I a: <{ I- a: <{ a: <{ I- a::~ I- a: <( 
if) w if) w if) w if) if) w 
(5 a: (5 a:i (5 a:: (5 a:: (5 a: 

Note: This input represents the initial photogrammetric scan profile data. NGI cards were punched 

from tape and used on subsequent runs. 

NGI Input 

W 
U 
z 
<{ 
I-
if) 
(5 

OF 

19 
Z o -

0
0 

a::<{ w 
a: 

W 
U 
z 
;:! 
if) 

(5 

)::­
I 

U"1 



STATION 
NU"BEFi 

139+30.00 

POINT 
NUMBER 
(TYPE) 

U 21 
6(11 

11(11 
16(3) 
2l( 11 
26111 
?1111 
36( 11 
4l( 11 
46( 11 
5l( 31 
56HI 
6ll 11 
66(11 
7UlI 
76(21 
8U 11 
80( 11 
<n( 11 
96(11 

101111 
lObI U 
111111 
116( 11 
12l( 11 

REV 
IN 

CEET 

DIST 
IN 

FEET 

4642.8 -5930 
475"1.4 -5386 
4166.9 -4922 
4612.8 -4196 
4691.4 -3462 
1..774.0 -3034 
4901.1 -2544 
4906."1 -2075 
,+807.6 -1652 
4656. 8 -1286 
4674.3 -105? 
4740.2 -729 
4833.3 -414 
4825.3 -116 
4801.1 255 
4646.8 712 
4583.2 1536 
4594.8 1920 
4564.9 2354 
4553.5 2807 
4571.8 323] 
4531.2 3658 
4568.8 4012 
4513.0 4633 
4530.8 5102 

POINT 
NUMBER 
IT YP E) 

2111 
7111 

12(1) 
17111 
22( 11 
27111 
32(11 
37111 
42131 
4 7i 31 
52 I 1) 
57(31 
62111 
61111 
72(21 
77(1) 

82(1) 
87( 11 
92111 
97111 

102(1 I 
107121 
H2! 11 
11 7(1) 
122(2) 

NUMERICAL GROUND IMAGE SYSTEM 

SCAN PROFILE DATA LIST 

ElEV 
IN 

FEET 

4652.5 
4790.0 
4744.0 
4669.8 
4106.5 
4804.0 
4917.9 
4892.9 
4791.1 
4649.7 
4708.5 
4765.2 
4840.8 
4809.3 
4774 .. 1 
4630.9 
4578.0 
4589.8 
4557.7 
4553.6 
4563.3 
4551.9 
4572.0 
4570.6 
4514.4 

DIST 
IN 

FEET 

-5870 
-5270 
-4834 
-4023 
-3357 
-2970 
-2463 
-1960 
-1594 
-1214 

-948 
-672 
-383 
-43 
314 
B60 

1648 
1';182 
2428 
2867 
3362 
3768 
4103 
5014 
5825 

POINT 
NUMBER 
I TYPE' 

3 ( 11 
8HI 

13 ( 11 
18UI 
23 (31 
28 I 1) 
33(1) 
38 H) 
43111 
48U) 
53111 
58 (11 
63 (11 
68111 
73111 
78(1) 
83(2) 
88(21 
93121 
98(2) 

103(11 
108121 
113111 
118111 
123111 

ELEV 
IN 

FEET 

4673.3 
,+802.7 
4721.1 
4674.2 
4712.4 
4819.6 
4926.3 
4876.1 
4752.2 
4633.1 
4723.4 
4787.5 
4842.0 
4809.7 
4740.3 
4611:1.3 
4582.6 
4571.7 
4565.8 
4561.5 
4550.3 
4563.4 
4569.7 
4562.5 
4511.2 

DIST 
IN 

FEET 

-5780 
-5204 
-4672 
-3963 
-3309 
-2922 
-2392 
-1891 
-1534 
-1176 

-884 
-630 
-332 

o 
374 
980 

1683 
2082 
2532 
2949 
3469 
3874 
4130 
5279 
6032 

POINT 
NU148ER 
I TYPE) 

4111 
9111 

Ift( 11 
19111 
24 ( 11 
29(1) 
34111 
39( 11 
44( 11 
49(1) 
54(1) 
59111 
64(1) 
69111 
74( 11 
79111 
84111 
891 U 
941 11 
99111 

104 (2) 
109(11 
114111 
11911) 
124 I 21 

HEV 
IN 

FEET 

4693.1 
4804.9 
4699.1 
4682.6 
4721.8 
4844.9 
4927.6 
4855.1 
4709.6 
4636.5 
4730.5 
4809.3 
4839.1 
4815.5 
4707.2 
4605.9 
4584.7 
lt570.8 
4568.2 
4510.2 
4544.8 
4568.5 
4573.1 
4553 •. , 
4511.0 

DIST 
IN 

FEET 

-5685 
-5090 
-4485 
-3802 
-3240 
-2798 
-2330 
-1812 
-1414 
-1152 
-847 
-574 
-252 

85 
458 

11lt4 
1765 
2172 
2650 
3053 
3494 
3972 
4152 
5 .. 35 
6138 

POINT 
NUMBER 
(TYPEI 

5( 11 
1 O( 11 
15111 
20111 
25111 
30111 
35111 
40( 11 
45111 
50( 11 
55(11 
60e 11 
65111 
70111 
75111 
80(2) 
851 11 
90( 11 
95(21 

100111 
1051 11 
nOlll 
115e 11 
120121 

ElEV 
IN 

FEET 

4718.3 
4790.9 
4680.9 
4687.3 
4743.4 
4871.4 
4921.9 
4825.2 
4683.7 
4662.3 
4726.2 
4821.4 
4830.6 
4826.3 
4669.7 
4589.6 
4591.2 
4569.7 
4563.4 
4573.6 
4534.0 
4569.7 
4574.6 
4544.9 

DIST 
IN 

FEET 

-5563 
-5016 
-4321 
-3603 
-3121:1 
-2682 
-2240 
-1724 
-1356 
-1091 

-770 
-530 
-178 

180 
590 

1441 
1856 
2307 
2732 
3158 
3569 
4052 
4308 
5550 

OIS:ONTINUITIES- 15(2) 61~1 0141 15 BK 21 FWD 

BK is the number of discontinuity points for the back direction 
(2's + 4's). FWD is the number of discontinuity points for the 
forward direction (2's + 3's). The FWD must always be equal to 
the BK for the next station. 

POiNT CONNECTIONS 1 TO 
7 TO 

Point 14 of /

14TO 
20 TO 
28 TO 
36 TO 

is scan pro­
file (139+30) 
connects to 
poi nt 16 of 
the next scan 
profile (140+00). 

43 TO 
48 TO 
56 TO 
64 TO 
71 TO 
79 TO 
85 Tt) 
93 

100 
108 
114 

TO 
TO 
TO 
TO 

1 
9 

16 
24 
31 
38 
44 
51 
57 
6~ 
69 
16 
84 
'91 
99 

106 
113 

1 TO 
e TO 

15 TO 
21 TO 
29 TO 
37 TO 

2 
9 

17 
25 
31 
39 
45 
51 

43 
49 
57 
65 
72 
80 
86 
9'+ 

101 
108 
115 

TO 
TO 
TO 58 
TO 63 
TO 70 
TO 77 
TO 85 
TO 92 
TO 100 
TO 107 
TO 114 

2 TO 3 
8 TO 10 

16 TO 18 
22 TO 26 
30 TO 32 
38 TO 40 
43 TO 46 
50 TO 52 
58 TO 59 
66 TO 64 
73 TO 71 
80 TO 78 
87 TO Be 
94 TO 93 

102 TO 101 
109 TO 108 
116 T:J 115 

3 TO 4 
9 TO 11 

17 TO 19 
23 TO 27 
31 TO 33 
39 TO 40 
44 TO 47 
51 TO 53 
59 TO &0 
67 TO 65 
74 TO 72 
81 TO 79 
88 TO 87 
95 TO 94 

103 TO 102 
110 TO 109 
117 TO 116 

Sample NGI Output 

4 TO 5 
10 TO 12 
18 TO 20 
24 TO 28 
32 TO 34 
39 TO 41 
45 TO 47 
52 TO 54 
60 TO 60 
68 TO 65 
75 TO n 
82 TO 80 
89 TO 88 
96 TO 95 

104 TO 102 
110 TO 110 
118 TO 117 

ft TO 6 
n TO 13 
19 TO 21 
25 TO 29 
33 TO 35 
40 TO 42 
46 TO 413 
53 TO 55 
61 TO 61 
69 TO 66 
76 TO 74 
83 TO 81 
90 TO 89 
97 TO 96 

105 TO 103 
111 TO III 
119 TO 117 

5 TO 7 
12 TO 14 
19 TO 22 
26 TO 30 
34 TO 36 
41 TO 42 
46 TO 49 
54 TO 56 
62 TO 62 
70 TO 67 
77 TO 75 
84 TO 82 
91 TO 89 
98 TO 97 

106 TO 104 
112 TO 112 
120 TO 118 

6 TO 8 
13 TO 15 
20 TO 23 
27 TO 30 
35 TO 37 
42 TO 43 
47 TO 50 
55 TO 57 
63 TO 62 
71 TO 68 
78 TO 75 
84 TO 83 
92 TO 90 
99 TO 98 

107 TO 105 
113 TO 113 
121 TO 119 

)::0 
I 

0'\ 



~ 

2 
NUMERICAL GROUND IMAGE SYSTEM 

SCAN PROFILE DATA LIST 

STATION POINT ElEV DIST POINT HEV DIST POINT ELEV DIST POI~T ELEV DIST POINT HEV CIST 
NUMBER NUMBEfl IN IN NUMBER IN iN NUMBER IN IN NU"I8ER IN IN NUMBER IN IN 

(TYPEI FEET FEET ITYPEI FEET FEET I TYPEI FEET FEET I TYP E I FEET FEET (TYPEI FEET FEET 

POINT CONhECTIONS 122 TO 120 123 TO III 124 TO 122 

140+ 0.00 l( 21 4630.2 -5954 2131 4630.9 -5934 3 111 4634.3 -5902 4111 4641.9 -5850 51 11 4655.1 -5761 
6tll 4669. 8 -5680 7 111 4693.2 -5543 8 111 4717.4 -5425 9111 4749.9 -5291 1 O( 11 4772.4 -5204 

11111 4777.9 -5132 12 I 11 4769.9 -5052 13111 4749.5 -4961 1'+111 4729.2 -4868 15111 4707.2 -4709 
16111 4689.3 -4542 17111 4674.9 -4376 18121 4667.2 -4267 19111 4665.4 -4123 20111 4676.1 -4022 
21111 4690.8 -3e70 22111 4697.5 -3735 23111 4697.5 -3614 24111 4694.5 -3516 25111 4695.3 -3438 
26111 4709.5 -3324 27121 4718.2 -3254 28 III 4B2.7 -3172 29111 4762.0 -3058 30111 4798.6 -2965 
~1111 4839.6 -2840 32 (11 4866.0 -2721 Bill 4900.5 -2586 34111 4926.0 -2475 35111 4933.5 -2422 
36 ( 11 4936.7 -2352 HIll 4930.2 -2274 38 111 4920.5 -2189 39111 4902.7 -2001 40111 4886.9 -1900 
41111 4868.1 -1834 42111 4825.3 -1751 43121 4792.7 -1670 44111 4773.2 -1621 45( 11 4752.1 -1574 
46111 4730.4 -1522 41111 4691.8 -1379 48 III 4669.4 -1306 49( 11 4653.8 -1253 50121 4646.1 -1172 
51111 4631 • 8 -11 2 5 5 2( 11 4655.1 -1067 53121 4672.0 -995 54 I 11 4687.9 -926 55 111 4696.2 -867 
56111 4697.8 -811 571 11 4725.9 -734 58121 4766.5 -639 59111 4794.6 -582 60111 4804.0 -550 
61(1) 4B06.5 -4411 62(1) 4808.3 -327 63 I 11 4808.7 -197 64 111 4801.4 -84 65111 4797.5 0 
66111 4802.4 68 67111 4816.9 171 b8111 4816.8 209 69( 11 4805.5 266 70121 4786.7 298 
71(1) 4757.4 332 72( 11 4721.5 411 73 11) 4676.7 564 74121 4649.6 700 75111 4626.8 902 
76( 11 4611.8 1068 77111 4591. 8 1410 78121 4590.1 1455 79111 4582.5 1541 80111 4575.6 1640 
81121 4582.3 1687 821 U 4580.7 1745 8: I 11 4588.5 1848 84 ( 11 4592.0 1940 85111 4588.8 2016 
86111 4578.7 2128 67(21 4569.6 2246 88 (1) 4561.6 2345 89 (11 4555.3 2431 90111 4558.4 2558 
91121 4562.5 2594 92111 4566.3 2682 93(1) 4564.4 2749 94(21 4557.7 27C14 95111 4549.4 2856 
96111 4555.2 2918 97(21 4561.4 2972 98(1) 4570.0 3083 99( II 4571.1 3167 10 a I II 4568.2 3277 

101111 4"58.7 3409 102121 4542.9 3538 103(1) '-533.0 3571 104 ( 11 4534.7 3658 105121 4545~3 3731 
106 I 11 4557.8 3818 107(2) 4562.0 3870 108111 4567.6 ?968 109 III 4568.8 4041 II 0111 4567.5 4054 
n1l1l 4571.2 4088 112(1) 4568.2 4116 113111 4571.2 4140 114111 4572.0 4452 U5( 11 4570.0 4840 
U6111 4%5.6 5179 117111 4556.3 5425 116121 4543.4 5607 119( 11 4526.6 5738 120( 21 4513.7 5825 
121111 4511.3 5934 122121 1t510.2 6133 

DISCONTJNutTtES- 211 21 113 ) 0(41 21 BK 22 FWD 

POINT CONNECTIONS 1 TO 1 2 TO 2 3 TO 2 4 TO 3 5 TO 3 6 TO 4 7 TO '3 6 TO 5 
9 TO I) 10 TO 6 11 TO 6 12 TO 7 13 TO 8 14 TO 8 15 TO 9 16 TO 10 

17 TO 11 18 TO 12 19 TO 13 20 TO 14 21 TO 15 21 TO 16 22 TO 17 23 TO 18 
24 TO 19 25 TO 20 25 TO 21 26 TO 22 27 TO 23 28 TO 24 29 TO 25 30 TO 25 
31 TO 26 32 TO 27 33 TO 28 34 TO 29 35 TO 30 36 TO 31 37 TO 32 38 TO 32 
38 Til 33 39 TO 34 40 TO 35 41 TO 36 42 TO 37 43 TO 38 44 TO 39 45 TO 39 
46 TO 40 47 TO 41 48 TO 42 49 TO 42 49 TO 43 50 TO 44 50 TO 45 51 TO 46 
51 TO 47 52 TO 48 53 TO 49 54 TO 50 54 TO 51 55 TO 51 56 TO 52 51 TO 53 
58 TO 54 58 TO 55 59 TO 55 60 TO 56 61 TO 57 62 TO 'S8 63 TO S9 64 TO 6() 
E:5 TO ('1 66 TO 61 66 TO 62 61 TO 62 68 TO 63 69 TO 63 70 TO 64 71 TO 65 
72 TO 66 72 TO 67 73 Ta '68 74 TO 69 74 TO 70 75 TO 11 75 TO 72 76 'fa 73 
77 TO 74 78 TO 74 79 TO 75 79 TO 76 80 TO 77 81 TO 78 82 TO 79 83 TO 80 
83 TO 81 84 TO 82 85 TO 82 86 TO 63 87 TO 84 87 TO 85 8S TO 86 89 TO 87 
90 TO ae 91 TO 88 92 TO 89 93 TO 89 94 TO 90 95 TO 91 96 TO 92 97 TO 93 
98 TO 94 99 TO 95 100 TO 96 101 TO 97 102 TO 98 102 fa '99 103 TO 100 101t TO 101 

Sample NGI Output 
;t:. 
I 

-....,j 



J:=; 
I 

();:) 

:; 
NUMERICAL GROUND IMAGE SYSTEM 

SCAN PROFILE DATA LIST 

S TATI ON POINT ELEY 01 ST POINT HEV OIST POINT ELEY DIST POINT HEY OIST POINT HEY OIST 
NUMBER NUMBER IN IN NUMBER IN IN NUMBER IN If\: NU'1BER IN IN NUMBER IN IN 

(TYPE) cEET FEET ( TYPE) FEET HET (TYPE) FEET FEET I TYPEI FEET FEET (TYPEI FEET FEET 

PO!NT CONNECTIONS 104 TI] 102 105 TO 103 106 TO 104 101 TO 105 108 TO 106 109 TO 101 110 TO 108 III TO 109 
ll2 TO 110 ll3 TO 110 113 TO III ll4 TO 111 115 TO 112 116 TO 113 111 Te 114 111 TO 115 
ll8 TO 116 119 TO 111 119 TO 118 120 TO 119 121 TO 119 122 TO 120 

141+10.00 1(2) 4620.8 -5931 2(2) 4629.4 -5823 311i 4638.1 -51'''; 6 4( 1 j 4654.6 -5580 5(1i 4617.4 -5423 
6111 4103.3 -5220 1111 4705.6 -5061 8 III 4698.4 -4914 9111 4681.1 -4198 1 OC 11 4619.1 -4690 

III 1) 4669.5 -4526 12121 4661.8 -4416 13(1) 4665.1 -4212 14(1) 4616.6 -4103 IS! 11 4691.4 -3966 
1613 ) 4111.9 -3886 11(1) 4125.3 -3126 1813 ) 4122.1 -3662 19 ( 1) 4705.7 -3412 2 O( 11 4101.5 -3402 
2l( U 4701.8 -3342 22111 4718.6 -3240 23 ( 2) 4730.6 -3158 2411 ) 4155.1 -3054 2 5! 1) 4768.9 -2934 
26(1) 4835.9 -2192 21111 4873.1 -2664 28 III 4905.2 -2534 29(1) 4925.9 -2456 30( 11 4931.4 -2364 
3ll 1) 4929.5 -2308 32(1) 4922.8 -2208 33 (II 4914.4 -2109 34( 11 4905.4 -1970 35111 4888.7 -1902 
36111 4872.0 -1850 3711 ) 4844.2 -1190 38121 4193.9 -1695 39111 4114.5 -1649 40( 11 4123.5 -1531 
41 11) 4668.1 -1426 42111 4663.0 -1308 43« 11 4648.8 -1226 44121 4636.0 -1184 45( 11 4636.1 -1161 
46(1) 4625.3 -1124 47111 4640.2 -1084 48(1) 4651.0 -996 4~121 4663.9 -901 50! II 4668.2 -851 
51111 4677.1 -818 52 (11 4691.1 -162 53 (11 4716.4 -677 54141 4766.4 -594 5 5( 11 4171.9 -516 
56 III 4766.0 -498 57(1) 4759.1 -422 58111 4761.2 -334 59111 4769.1 -202 60111 4772.9 -101 
6Ull 4714.1 0 6211 J 4719.1 51 63 111 4191.4 155 64141 4787.0 208 65« 1) 4175.0 266 
66(1) 4745.8 330 61111 4708.3 449 68 111 4667.5 603 69 11) 4646.6 109 10121 4642.4 136 
71111 4628.4 811 72111 4618.8 979 BI1I 4605.3 ll63 7412 J 4586.3 1495 751 II 4 5e1. 5 1518 
16(11 4575.'5 1617 77( 11 4575.1 1660 78121 4578.5 1710 19(1) 4579.5 1808 80(1) 4586.3 1682 
SU 11 4588.7 1994 82111 4585.6 2095 83 III 4574.0 2360 84(11 4563.e 2475 85121 4557.5 2541 
86111 4'i4 8.1 25QO 8 7( 11 4'550.5 2650 88(2) 4558.4 2699 89 ( 11 4561.3 2118 90(2) 4554.2 2616 
9I1 1) 4541.2 2872 92111 4547.6 2917 93(2) 4557.6 2995 9 .. 1 II 4566.5 3082 95111 4570.7 3159 
96(1) 4565.3 3320 97(1) 4557.5 3420 98( 11 4545.5 3519 99(21 4540.6 3558 100111 4530.1 3632 

101111 4530.2 3662 102111 4542.1 3723 103(2) 4551.3 3779 104( 11 4559.5 3844 105(2) 4562.0 3684 
106(11 4567.6 4024 107111 4566.0 4040 108(11 4568.7 4076 109111 4564.9 4100 HOI II 4569.6 4124 
111(11 4569.9 4291 112111 4568.9 4691 113111 4564.3 5152 11 .. 111 4555.9 5401 11 5111 4547.9 5512 
116121 4540.2 5677 111IU 4525.1 5762 ll8(11 4514.3 5824 ll91 2 j 4511.5 5873 120( 2) 4508.6 6133 

DISCONTINUIT[ES- 20121 2131 2( (.1 22 BK 22 FWD 

POINT CON~ECTIONS 1 TO 1 2 TO 2 2 TO 3 :; TO 4 4 TO 4 5 TO 5 6 TO 6 7 TO 7 
8 TO 7 9 TO 8 10 TO 8 II TO 9 12 TO 9 12 TO 10 13 TO 11 14 TO 12 

15 TO 13 It TO 14 16 TO 15 16 TO 16 17 TO 17 17 TO 18 17 TO 19 18 TO 20 
18 TO 21 19 TO 22 20 TO 22 21 TO 23 22 TO 23 23 TO 24 24 TO 25 25 TO 26 
26 TO 27 27 TO 27 28 TO 28 29 TO 29 30 TO 30 31 TO 30 n TO 31 33 TO 32 
34 TO 33 35 TO 34 36 TO 35 37 TO 35 38 TO 36 38 TO 37 39 TO '38 40 TO 39 
41 TO 40 42 TO 41 43 TO 42 44 TO 42 45 TO 43 4b TO 44 47 TO 45 48 TO 46 
48 P) 47 41" TO 48 49 TO 49 50 TO 44 51 TO 49 52 TO 50 53 TO 50 54 TO 51 
55 TO 51 56 TO 52 57 TO 52 58 TO 52 59 TO 53 60 TO 54 60 TO 55 61 TO 56 
62 TO 56 63 TO 57 63 TO 58 64 TO 59 65 TO 59 66 TO 60 67 TO 61 68 TO 62 
69 TO 63 70 TO 63 71 TO 64 72 TO 65 73 TO 65 73 TO 66 14 TO 67 74 TO 68 
75 TO 69 76 TO 70 77 TO 71 78 TO 72 79 TO 73 80 TO 74 81 TO 75 82 TO 76 
El2 FJ 77 83 TO 78 83 TO 79 84 TO 60 85 TO 81 86 TO 82 87 TO 83 88 TO 64 
89 TO 85 90 TO 8'i 91 TO 86 92 TO 87 93 TO 88 94 TO 89 95 TO 90 95 TO 91 

Sample NGI Output 



4 
NUMERICAL GROUND IMAGE SYSTE~ 

SCAN PROFILE DATA LIST 

STATIO"J POINT ELEV !JIST POINT ELEV DIST POINT ELE" DIST POIIH ElE" O[ST POINT ElE" DIST 
NUMBER NUI'48ER IN IN NUMBER IN IN NUMSER IN IN NU148ER IN IN NUMBER IN IN 

( TYPE) FEET FEET (TYPE) FEET FEET ITYPEI FEET FEET (TYPE) FEET FEET (TYPE) FEET fEET 

POINT CCNNECTIONS 96 TO 92 97 TO 93 98 TO 93 99 TO 94 100 TO 95 101 TO <:15 101 TO 96 102 TO 97 
103 TO 98 104 TO 99 105 TG 99 106 TO 100 107 TO 100 107 TO 101 108 TO 102 109 TO 103 
110 TO 104 III TO 105 112 TO 106 112 TO 107 113 TO 108 114 TO 109 115 TO 110 116 TO 111 
117 TO 112 118 TO 112 119 TO 11 '3 120 TO 114 120 TO 115 

1 4 2+30.00 112 ) 4620.6 -5<;37 2( 1) 4627.3 -5698 3(21 4631.6 -5591 4 (1) 4640.0 -5486 5( 11 4653.4 -5351 
6 (1) 4662.1 -52l7 7( 11 4664.0 -5038 8(11 G.661.5 -4810 9(2) 4658.4 -4627 10( 11 4656.7 -4529 

11< II 4660.4 -4359 1201 46f-5.5 -4193 DC 1) 4683.8 -4082 H( 2) 4708.8 -4004- 15( 11 4749.2 -3936 
16( 11 4762.2 -3822 1 7( 1) 4767.7 -3732 18 ( 11 4763.3 -3668 19( 11 4741.5 -3576 201l) 4723.7 -3498 
21( 2) 4712.9 -3422 22! 1) 4113.0 -3306 23 (1) 4719.9 -3222 24(21 4732.2 -3128 25( 11 4757.3 -3017 
26( 11 4796.3 -2867 27i 1) 4845.8 -2702 2811 ) 4886.3 -2528 29 ( 1 ) 4905.9 -2407 30111 4914.0 -2328 
311 11 4'11 1.7 - 22 03 32 ( 1 ) 4911.1 -2018 33(11 4905.e -1919 34- ( 1) 4892.3 -1856 35( 11 4812.5 -1807 
36( 11 4821.0 -1714 3 7{ 2) 4797.8 -1672 38(11 4776.3 -1626 39( 1) 4716.0 -1484 40( 11 4679.0 -1370 
4l{ 11 4649.6 -1244 42(2) 4635.9 -1157 43 (11 4623.0 -1116 44 ( 11 4629.4 -1083 45( 11 4631.3 -1031 
46( 11 4640.8 -973 47( 11 4652.1 -884 48 ( 1) G.650.2 -861 49( 21 4655.1 -800 50( l) 4685.3 -630 
511 U 4706.2 -522 5211 ) 4720.9 -332 531ll 4735.7 -166 54(1) 4741.0 -35 55111 4146.2 0 
56(1) 4766.3 98 57{11 4772.4 155 58 I 11 4767.7 201 59111 4750.7 281 60( 11 4129.4 366 
611 11 4682. t 540 62{ 11 4653.5 657 63(2) 4635.0 757 64111 4622.2 814 65( 11 4608.6 1080 
66111 4593.7 1317 67111 4583.3 1418 68(21 4580.7 1540 69111 4577.5 161<:1 10( 11 4515.9 1672 
711 1) 4570.6 1105 72 ( 2) 4574.8 1762 13(11 4576.0 1831 74 ( 11 4581.0 1904 75( 11 4584.0 2025 
16111 4578.6 2132 17( 1) 4571.4 2228 78( 11 4511.7 2366 79( 11 4568.9 2456 80(1) 4557.0 2581 
5U 2} 4551.3 2621 92(1) 4542.6 2658 83 ( 11 4542.6 2706 84(4) 4553.2 2114 85( 4) 4552.4 2806 
86 ( 11 4531.3 2863 In( 11 4538.9 2925 88(2) 4545.9 29(;8 89 11) 4556.7 3046 90( 11 4566.1 3134 
9t! 1) 4568.1 320[' 92( 11 4563.2 3323 93 (11 4552.0 3447 94121 4541.2 3522 95( 11 4527.8 3623 
<l6(11 4527.9 3640 97 ( 11 4537.8 3616 98(21 4544.9 3716 99121 4559.1 3852 100( 11 4563.8 4008 

10l( 11 4561.5 4029 102( 11 4564.1 4059 103(l) 4562.2 4086 104 I 1) 4566.0 4108 105( 11 4569.6 4291 
106 I 11 4569.2 4562 101(11 4568.2 4<102 108 (11 4561.2 5192 109(11 4553.6 5425 nOl1l 4541.1 5696 
111(2) 4'53G..9 575(; 112(11 4525.1 5816 113(2) 4510.2 5875 114( 1) 4508.1 6012 115(21 4506.3 6138 

Dl SCONT INU ITt E S- 20(2) o ( 3) 2(4) 22 BK 20 FWD 

POINT CONNECTIONS 1 TO 1 TO 2 1 TO 3 1 TO 4 1 TO 5 2 TO 6 2 TO 1 3 TO 8 
4 TO 8 5 TO ~ 6 TO 8 7 TO 9 8 TO 9 9 TO 9 10 TO 10 n TO 11 

12 TO 12 12 TO 13 12 TO 14 13 TO 15 14 TO 16 15 TO 16 16 TO 17 17 TO 17 
18 TO 17 1 Ci TO 17 20 TO 18 21 TO 18 22 TO 19 22 TO 20 22 TO 21 23 TO 22 
24 TO 23 24 TO 24 24 TO 25 25 TO 25 26 TO 26 27 TO 27 28 TO 28 29 TO 29 
30 TO 30 31 TO 3\ 32 T:J 32 33 TO 33 34 TO 34 35 TO 34 36 TO 35 . 37 TO 36 
39 TO 31 39 TO 38 40 TO 39 41 TO 40 42 TO 41 43 TO 42 44 TO 43 44 TO 44 
45 TO 44 4f- TO 45 47 TO 46 48 TO 46 49 TO 41 49 TO 48 50 TO 49 51 TO 50 
52 TO 51 52 TO 52 53 TO 53 53 TO 54 53 TO 55 54 TO 56 55 TO 56 56 TO 57 
57 TO 58 57 TO 159 58 TO 5Ci 59 TO 60 60 TO 61 61 TO 62 62 TO f>3 63 TC 64 
64 TO 65 65 TO 66 66 TO 67 67 TO 67 68 TO 68 69 TO 69 10 TO 10 71 TO 7l 
72 TO 72 73 TO 13 1G. TO 73 75 TO 74 76 TO 75 11 TO 76 17 TO 11 18 TO 18 
79 TO 78 79 Tn 79 80 TO 80 81 TO 80 82 TO 80 83 TO 81 84 TO 82 85 TO 82 
86 TO 83 87 TO 94 88 TO 84 89 TO 85 90 TO 85 91 TO 86 92 TO 87 93 TO 88 

Sample NGI Output l:=o 
I 
~ 



DISTRICT Res. NO. 
CONTROL a. I 

loP. E. PROJ. 

CO. HWY. 

PROCESSES TO BE 
JOB INIT. INiT. INIT •• 

EXECUTED TYPE KEEP GEOM DESIGN BRG. 
(YES FILES DATA FILES 

(OLD OR (YES FILES (YES n Ilflvlll-11111 OR (YES 
~ :i ~ l'l w ~ .. :': .. w NO) OR OR OR 
~ ~ ~ ! ~ ~ g ~ i ~ ~ "NEW) NO} NO) NO} 

TEXAS HIGHWAY DEPA.RTMENT 

TIES ROAD DESIGN SYSTEM 

SYSTEM CARD 

COUNTY AND HIGHWAY 

SHEET. LOF __ 
DATE _______ _ 

PREPARED BY ____ _ 

DATE 

----- TEXAS HIGHWAY DEPARTMENT -z-----
CONTROL a. DISTRICT RES. NO. TIES ROAD D~IGN SYSTEM SHEE T OF 

SECTION LP.E. PROJ. DATE ____ ---
CO. HWY. HORIZONTAL AUG MENT INPUT FORM PREPARED BY ___ _ 

STATION 
BEG. 

STA. 
I.~ 

DEGREE 

OF CURVE 
RADIUS 

OR 
SPIRAL P. f.COORDINATES 

STOR OR 

GEOM. fEND 
POiNT BRG 

~ ____ r-____ ~ _____________ ~ ______________ -iINUMBER 

U ! I III I I I I I I ~ I I I I J lILL! II t3J3.l512.16Ifl41~IO~J7~I~L'13~~ltH4L I k; 
\§j~J U I~ 111J Ll LI U LI t I II L! U lJ U LI LLIJ IJ! 1J~1~5l-lzj.2I~IQ]61L1 171l7~f11£J619'k?17l;;1 1 1 17 

I 

'-

3 DISTRICT RES. NO. 
TIES ROAD DESIGN SYSTEM 

SHEET - VI" __ 

CONTROL a. 
PROJ. DATE I.P.E. SECTION 

TEXAS HIGHWAY DEPARTMENT 

'l1'll1111710fLI R 
CO. HWY. TERRAIN HEADER INPUT FORM PREPARED BY 

I 

JOB TYPE PRINT TYPE CROSS- LIST OF 
jsEcTIOil C ROSS- SECTION 

II: 
CARD 

~ 

TYPE DATA INPUT COMMENTS '" ~ "' 0 , a CARDS,? '" ( THO .. 8 e u ~ z OR W ~ w 
§ * ~ '" 

~ ! .. ~ TEX) ( YES OR NO) ;! ~ ~ ii 

TIEIRIRIAIIIN IX' I 1 I 1 11111111 BlulIILIDI INIGLrI IcIRI!2SIS r:; 1-lsiElciTII I~INlsi I I I I 1 I 1 1 1 1 I 
I I I I I I 

Pages 1-3 of RDS Input 
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DISTRICT RES. NO. ___ _ 

P. E. PROJ. ____ _ 
CO. HWY. ____ _ 

TEXAS HIGHWAY DEPARTMENT 
TIES ROAD DESIGN SYSTEM 

CROSS - SECTION REQUEST FORM 

SHEET 
DATE _________ __ 

PREPARED BY ____ _ 

, - " .. . USING NUMERICAL GROUND IMAGE (NGI) FILE 
7 __________ _ 

FROM 
STATION 

TO 
STATION 

I- L L NGI* 
z z FILE 
::2 ~ WIDTH 0 WIDTH 0 ON 

~ ~ LEFT R RIGHT R TAPE 
in ~ ( YES 

R OR NO 

Note: Non-uniform station increments 
were used to duplicate photogram­
metric cross-sections. 

FORM 1372 

Page 4 of RDS I :::t> 
I 



CONTROL e. 
SECTION 

CROSS­

SECT. 
PLOT 

FROM 

BASELINE 
STATION 

CONTROL 8 
SECTION 

, r7 rt 171710 IA RI 

TEXAS HIGHWAY DEPARTMENT 
SHEET S OF __ _ 

DISTRICT RES. NO. TIES ROAD DESIGN SYSTEM 
I.P.E. PROJ. DATE ______ _ 

co. HWY. CROSS-SECTION / PROFILE PLOT INPUT FORM PREPARED BY _____ _ 

TO 

BASELINE 
STATION 

DISTRICT 

I.P.E. 

CO. 

SCALE SPACE 

HORIZ'I VERT. I HOR'I VER. 
(FT/IN)(FT/IN) (IN) (IN) 

RES. NO. 

PROJ. 

HWY. 

I 
N 
C 
R 
E 
M 

TEXAS HIGHWAY DEPARTMENT 6 SHEET - vr __ 

TIES ROAD DESIGN SYSTEM DATE 

TERRAIN HEADER INPUT FORM PREPARED BY 

JOB TYPE PRINT TYPE 
< 

LIST OF CROSS-
~ 

~TlON CROSS- SECTION 

" CARD 
i' ~ If TYPE DATA INPUT COMMENTS 

'" l! '" i Q 0 
( THO CARDS? " fl c ::> 

:I x ~ ~ 

~ ~ z OR .; ~ ~ g ~ ~ ~ ~ rEX) (YES OR NO) ii' l! c .. ~ 0 " .. 
Iii I I il!! II I ITT1111 rl 1 I!! I I II I I I I I I T/EIRIRIAIIIN tx I I I I I I I I I I I I - I 4 I I I I ---- ---

CONTROL e. 

" 

DISTRICT ___ _ 
I.P.E. ____ _ 
CO. _____ _ 

TO 

TERRAIN 

STATION 

TEXAS HIGHWAY DEPARTMENT 
RES. NO. ___ _ 

TIES ROAD DESIGN SYSTEM PROJ. ____ _ DATE ________ _ 

HWY. ____ _ PRINT REQUEST FORM FOR STATION FILE DATA PREPARED BY ____ _ 

HUBS 

Pages 5-7 of RDS Input 
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.. 

TeXAS HIGHWAY DEPARTMENT TIE S ROADWAY DESIGN SUBSYSTEM * •• DESIGN DATA * •• 
HORIZONTAL ALIGNMENT PROCESS NOV 13. 1974 
CONTROL 9999 SECTION 70A COUNTY & HIGHWAY - PRESIDIO COUNTY 

HORIZONTAL ALIGNMENT LIST 
FOR ROADWAY G 

COMPUTATIONS BASED ON ARC DEFINITION 

P.I. X Y 

5 100+00.0000 342302.4077 799859.6159 

S 62 27 7.17 W 4000.0000 FEET 

133+38.6114 PC 661.3886 T 339342.3160 798315.5360 

10 140+00.0000 PI 2 0 0.0 D 26 0 0.0 LT 1300.0000 L 2864.7890 R 338755.9132 798009.6492 

146+38.6114 PT 661.3886 T 338362.9498 797477.6580 

S 36 27 7.17 W 2400.0000 FEET 

156+05.5895 PC 771.6333 T 337788.420" 796699.8643 

15 163+77.2227 PI 3 0 0.0 D 44 0 0.0 LT 1466.6667 L 1909.8593 R 337329.9556 796079.1973 

170+72.2561 PT 771.6333 T 337431.3149 795314.2501 

S 7 32 52.83 E 2170.0000 FeET 

176+73.0166 PC 797.6062 T 337510.2289 794718.6951 

20 184+70.6229 PI 3 0 0.0 D 45 20 0.0 RT 1511.1111 L 1909.8593 R 337615.0000 793928.0000 

191+84.1277 PT 797.6062 T 337126.3029 793297.6422 

S 37 47 7.17 \of 2698.5879 FEET 

206+48.4407 PC 436.6688 T 336229.1116 792140.3782 

25 210+85.1094 PI 2 0 0.0 D 17 20 0.0 LT 866.6667 L 2864.7890 R 335961.5626 79179.5.2737 

215+15.1073 PT 436.6688 T 335808.9807 791386.1302 

Horizontal Alignment List 
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100+00.00. 

TEXAS HIGHWAY DEPARTMENT 
HORllONTAL ALIGNMENT PROCESS 
CONTROL 9999 SECTION 10A 

TIE S ROADWAY DESIGN SUBSYSTEM *** DESIGN DATA *** 

HORIlONTAL ALIGNMENT LIST 
FOR ROADWAY G 

NOV 13, 1974 
COUNTY & HIGHWAY - PRESIDIO COUNTY 

& 

COMPUTATIONS BASED ON ARC DEFINITION 

P.I. 

30 

35 

' .. 

'"' 

228+11.4232 PC 

230+62.0598 PI 

233+11.4232 PT 

260+60.1867 

'>. 

" • 

S 20 27 7.17 W 1983.6212 FEET 

250.63&6 T 

2 0 0.0 D 10 0 0.0 LT 500.0000 L 2864.7890 R 

250.636& T 

S 10 27 7.17 W 3000.0000 FEET 

'!7 .,. ~. !; 
i 
i! 

""-
I 
:: 

• t :: 

Horizontal Alignment List and Plot 

X Y 

335356.0189 790171.5272 

335268.4409 189936.6894 

335222.9725 789690.2116 

334124.2061 186986.4676 
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TEXAS HIGHWAY DEPARTMENT 
TERRAIN EDIT & STORE PROCESS 
CONTROL 9999 SECTION 70A 

FROM 

TIE S ROADWAY DESIGN SUBSYSTEM ••• EARTHWORK * •• 

TO STATION 

NOV 13. 1974 
COUNTY & HIGHWAY - PRESIDIO COUNTY 

CROSS-SECTION lIMITS 
BASELINE STATION 8ASEL INE STATION INCREMENT LEFT RIGHT 

« FT) I FTI 1FT I 

155+ 0.00 156+45.00 145.0 500L 500R 
157+ 0.00 158+25.00 125.0 500L 500R 
160+0.00 161+25.00 125.0 500l 500R 
162+60.00 165+ 0.00 240.0 500l 500R 
166+50.00 167+50.00 100.0 500l 500R 
168+90.00 170+ 0.00 110.0 500l 500R 
171+75.00 173+15.00 140.0 500l 500R 
175+ 0.00 176+40.00 140.0 500l 500R 
177+50.00 180+ 0.00 250.0 500L 500R 
182+50.00 184+ 0.00 150.0 500l 500R 
185+ 0.00 186+ 65. 00 165.0 500l 500R 
188+20.00 190+ 0.00 180.0 500l 500R 
191+80.00 192+50.00 70.0 500l 500R 
193"40.00 195+ 0.00 160.0 500l 500R 
195+80.00 196+75.00 95.0 500l SOOR 
198+25.00 200+ 0.00 17S.0 SOOl SOOR 
201"40.00 203+6S.00 225.0 500l SOOR 
205+ 0.00 206+3S.00 13S.0 SOOl SOOR 
208+ 5.00 209+60.00 155.0 SOOL SOOR 
210+ 0.00 212+30.00 230.0 500l 50 OR 
21S+ 0.00 225+ 0.00 500.0 500l 500R 
226+25.00 227+85.00 160.0 500l 500R 
230+ 0.00 230+70.00 70.0 SOOl 50 OR 
232+45.00 235+ 0.00 25S.0 500L 500R 
235+80.00 237+10.00 130.0 500l 500R 
240+ 0.00 242+70.00 270.0 500l 500R 
245+ 0.00 246+70.00 170.0 SOOl 500R 
250+ 0.00 252+50.00 250.0 500L 500R 
255+ 0.00 260+ 0.00 500.0 500L 500R 

of Cross-Section Request 

8 

:t:> 
I 

(.J1 



TEXAS HlGHWAV DEPARTMENT 
TERRAlN EDlT & STORE PROCESS 
CONTPOL 9999 SECTION 70A 

T l E S ROADWAY DESIGN SUBSYSTEM *** EA~THWORK *** 

STATION 
NUMBER 

155+ 0.00 
156+45.00 
157+ 0.00 
158+25.00 
160+ 0.00 
1bl+25.00 
Ib2+60.00 
11>5+ 0.00 
166+50.00 
167+50.00 
168+90.00 
170+ 0.00 
171+75.00 
173+15.00 
175+ 0.00 
176+40.00 
177+50.00 
180+ 0.00 
182+50.00 
184+ 0.00 
185+ 0.00 
186+65.00 
188+20.00 
190+ 0.00 
191+80.00 
192+50.00 
193+40.00 
195+ 0.00 
195+80.00 
196+75.00 
198+25.00 
200+ 0.00 
201+40.00 
203+65.00 

LEFT POINT COORDlNATES 
X Y 

338253.3341 
338173.5554 
338150.5918 
338102.0513 
338042.9322 
338007.2627 
337975.0798 
337934.5907 
337920.3909 
337915.7309 
337915.6955 
33 7920.9778 
337940.4786 
337958.8686 
337983.1696 
338001.5595 
338016.7122 
338024.9006 
337991.8878 
337952.5094 
337918.2386 
337847.9534 
337766.7571 
337654.7454 
337524.6457 
337481.0987 
337425.9553 
337327.9225 
337278.9061 
337220.6992 
337128.7935 
337021.5702 
336935.7915 
336797.9330 

796487.7212 
796379.2121 
796345.7307 
796267.27'39 
796152.4608 
796067.3765 
795973.0809 
795800.721 t 
795690.9?-~9 

795617.2696 
795513.9446 
795432.9258 
795278.0749 
795139.2880 
794955.8910 
794817 .1041 
794687.8466 
794372.7283 
794059.2371 
793874.1586 
793752.7368 
793556.8313 
793378.9625 
793181.4772 
792995.4096 
792939.2303 
792868.1022 
792741.6523 
792678.4273 
792603.3477 
792484.8009 
792346.4963 
792235.8526 
792058.0324 

NOV 13, 1974 
COUNTY & HlGHWAV - PRESIDIO COUNTY 

CENTERLINE POINT COORDINATES RIGHT POINT COORDINATES 
)( V 

33 7851.1566 
337765.3337 
337734.2262 
337668.4711 
337588.3856 
337540.0661 
337496.4697 
337441.6213 
337422.3857 
337416.0731 
337416.0250 
337423.1807 
337444.8110 
337463.2010 
337487.5020 
337505.8920 
337518.8006 
337525.2901 
33 7499.1268 
337467.9186 
337440.7584 
337385.0560 
337320.7064 
337231.9350 
33 7128. 8285 
337085.9427 
337030.7993 
336932.7665 
336883.7502 
336825.5432 
336733.6375 
336626.4142 
336540.6356 
336402.7770 

796784.7957 
796667.9249 
796622.5695 
796516.2883 
796360.7573 
796245.4982 
796117c1612 
795884.2747 
795735.5521 
795635.7630 
795495.7943 
795386.0426 
795212.3965 
795073.6096 
794890.2126 
794751.4256 
794642.1957 
794392.4584 
794144.0106 
793997.3325 
793901.1034 
793745.8445 
793604.8802 
793448.3693 
793300.9072 
793245.5826 
793174.4545 
793048.0046 
792984.7797 
792909.7000 
792791.1532 
792652.8486 
792542.2050 
792364.3848 

.. ... 
~ 
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! 
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I: 
! .. 
~ 

X Y 

337448.9791 
337351.1120 
337317.8606 
337234.8909 
337133.8391 
337072.8695 
337011.8596 
336948.6520 
336924.3804 
336916.4152 
336916.3545 
336925.3836 
336949.1435 
336967.5334 
336991.8344 
337010.2244 
337020.8890 
337025.6795 
337006.3657 
336983.3279 
336963.2781 
336922.1587 
336874.6557 
336809.1246 
336733.0113 
336690.7867 
336635.6433 
336531.6106 
336488.5942 
336430.3872 
336338.4815 
336231.2582 
336145.4796 
336007.6210 

797081.8702 
796956.6377 
796899.4082 
79676503027 
796569.0538 
796423.6200 
796262.4414 
795967.8284 
795780.1703 
795654.2564 
795477.6441 
195339.1594 
795146.7180 
795007.9311 
794824.5341 
794685.7472 
794596.5447 
794412.1885 
794228.7842 
794120.5063 
794049.4700 
793934.8578 
793830.7978 
793715.2614 
793606.4047 
793551.9349 
793480.8069 
793354.3569 
793291.1320 
793216.0523 
793097.5056 
792959.2010 
792848.5573 
79267 O. 73 71 

Output of Cross-Section Coordinates and Plot Representing the Cross-Section Lines 
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12 
TEXAS HIGHWAY DEPARTMENT T rES ROADWAY DESrGN SUBSYSTEM *** EARTHWORK *** 
TERRArN EDIT & STOPE PROCESS NOV 13. 1974 
CONTROL 9999 SECTrON 70A COUNTY & HrGHWAY - PRESIDIO COUNTY 

ORIGrNAL CROSS-SECT rON LlST 

STATION ELEV or ST ElEV DrST ELEV DIST ELEV DrST ElEV DrST 
NUMBER IFTI ( FT) 1FT) 1FT! (FTI IFTI IFTI IFTI 1FT) IFTI 

155+00.00 4825.37 500.00L 4802.64 458.17L 4793.88 441.16L 4774.42 393.59L 4773.06 390.46L 
4724.67 280.15L 4689.15 157.59L 4665.41 51.66l 4659.25 29.93L 4654.11 0.0 
4651.06 17.74R 4641.15 78.40R 4641.30 89.62R 4628.94 132.01R 4635.35 149.01R 
4653.62 215.58R 4669.66 289.64R 4683.31 349.22R 4685.46 356.22R 4692.68 400.08R 
4696.90 453.87R 4714.50 500.00R 

156+45.00 4834.32 500.00L 4822.48 478.0lL 4797.87 432.98L 4775.42 384.47L 4731.99 281. S5L 
4716.19 245.12l 4679.93 135.12l 4652.10 14.90l 4649.74 0.0 4639.05 67.48R 
4635.92 71.59R 4626.62 113.01R 4628.17 146.34R 4634.25 193.17R 4644.67 260.30R 
4651.64 311.70R 4650.54 324.03R 4659.26 394.69R 4661.51 417.62R 4666.11 433.62R 
4680.52 500.00R 

157+00.00 4831.10 500.00L 4826.24 489.55l 4198.11 437.77L 4771.01 378.51l 4718.36 255.54L 
4677.68 130.46l 4648.85 8.33l 4647.55 0.0 4634.92 80.58R 4622.63 122.16R 
4628.12 154.99R 4629.80 162.62R 4631.38 206.44R 4640.12 272.98R 4650.92 362.91R 
4649.27 383.38R 4654.73 443.14R 4655.12 446.33R 4665.30 500.00R 

158+25.00 4826.66 500.00l 4798.72 447.77l 4762.56 366.87L 4724.11 279.87l 4720.03 269.16l 
4671.81 118.62L 4644.79 9.88L 4643.30 0.0 4630.33 85.79R 4620.36 129.18R 
4620.79 163.92R 4631.08 210.77R 4633.49 344.05R 4636.46 479.36R 4638.81 500.00R 

160+00.00 4804.96 500.00l 4800.02 490.03l 4768.46 413.80l 4732.13 321.26l 4692.83 215.01L 
4653.93 70.66l 4642.22 16.50l 4639.85 0.0 4628.01 8Z.26R 4625.72 168.50R 
4616.17 201.99R 4613.77 258.98R 4624.39 288.05R 4621.00 385.47R 4620.19 406.23R 
4623.58 500.00R 

161+25.00 4788.55 500.00l 4775.69 466.07l 4774.50 462.Z6l 4733.69 344.23l 4695.00 231.09l 
4654.46 87.03l 4635.12 0.0 4629.64 24.66R 4619.17 123.03R 4618.68 182.15R 
4618.63 190.34R 4611.15 213.40R 4610.50 264.28R 4617.07 294.04R 4618.88 Z99.84R 
4618.29 335.01R 4614.68 406.52R 4614.24 486.46R 4615.63 500.00R 

162+60.00 4780.33 500.00l 4765.22 45Z.09l 4758.59 432.30l 4731.77 353.02l 4694.80 Z53.50l 
4658.79 129.15l 4636.67 29.23l 4631.35 6.39L 4630.28 0.0 4614.63 92.94R 
4605.47 13(~.95R 4606.53 189.89R 4608.37 236.50R 4613.96 264.13R 4613.21c 310.20R 
4611.69 390.48R 4609.46 406.87R 4605.20 442.40R 4609.24 500.00R 

165+00.00 4788.95 500.00L 4786.51 481.25L 4719.49 454.79l 4769.20 438.56L 4754.66 419.79L 
4724.42 362.19L 4680.44 269.84L 4617.34 263.18l 4638.51 130.89l 4638.19 129.25L 

...... 
'-I 

e uutout of Cross-Sections Developed From NGI File 
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TEXAS HIGHWAY DEPARTMENT TIE S ROADWAY DESIGN SUBSYSTEM ••• EARTHWORK ••• CO 

TERRAIN EDtT & STORE ~ROCESS NOV 13, 1974 
CONTROL 9999 SECTION 70A COUNTY & HIGHWAY - PRESIDIO COUNTY 

ORIGINAL CROSS-SECTION LIST 

STATION ElEV 01 ST ELEV OIST ELEV DIST HEV DIST ElEV DIST 
NUMBER ( FTI (FT I ( FTJ (FTI ( FTI ( FTI (FT I (HI ( HI I FTJ 

165+00.00 4612.86 6.27L 4612.30 0.0 4609.75 28.84R 4603.97 60.83R 4603.11 81.64R 
4604.55 98.81R 4596.35 121.02R 4596.05 146.45R 4599.75 188.56R 4601.95 214.49R 
4601.72 270.07R 4596.31 306.59R 4595.46 311.79R 4595.31 312.96R 4606.39 404.68R 
4616.73 484.10R 4620.23 500.00R 

166+50.00 4173.88 500.00l 4773.34 492.84l 4755.04 H6.65L 4740.99 429.86l 4733.24 420.47L 
4731.54 417.26L 4681.15 328.77L 4658.68 254.57l 4649.19 227.90l 4618.86 110.57l 
4615.60 94.60L 4611.03 67.59l 4600.04 0.0 45.97.00 18.70R 4592.47 55.49R 
4591.02 131.07R 4590.99 147.95R 4590.72 148.82R 4597.03 l86.20R 4595.69 199.46R 
4592.25 245.56R 4590.28 252.17R 4596.77 321.74R 4606.48 369.45R 4615.27 409.42R 
4628.19 460.45R 4639.28 500.00R 

161+50.00 4741.82 500.00l 4739.36 418.09L 472 O. 54 421.08L 4720.07 420.52L 4718.44 417.51l 
4694.36 382.48l 4668.91 334.00l 4644.63 258.91l 4642.08 248.94L 4602.99 69.84L 
4599.04 47.49L 4596.30 21.25L 4592.25 0.0 4590.80 7.62R 4590.91 79.90R 
4588.23 88.24R 4590.39 132.15R 4589.75 138.20R 4592.48 188.76R 4587.51 206.44R 
4588.08 262.00R 4589.46 267.30R 4599.82 305.70R 4604.86 329.95R 4622.82 387.98R 
4646.95 473 .59R 4648.33 478.01R 4656.05 500.00R 

168+90.00 4681.30 500.00l 4694.26 472.56l 4691.84 450.89l 4687.78 444.11l 4666.10 409.80L 
4648.71 354.59l 4629.55 286.05l 4611.42 223.82L 4593.00 84.86L ft592.03 76.02L 
4590.14 66.49l 4590.80 0.0 4590.80 0.30R 4581.01 11.47R 4585.05 15.89R 
4585.11 65.96R 4581.33 101.38R 4582.11 146.75R 4585.19 173 .09R 4583.44 191.43R 
4583.24 200.80R 4592.18 Z45.65ft 4611.96 316.13R 4629.39 384.11R 4644.80 410 .. 19R 
4619.34 475.44R 4688.56 500.00R 

170+00.00 4649. 1ft 500.00l 4643.59 435.61l 4642.95 432.87L 4640.25 428.77l 4637.68 418.19L 
4628.01 344.29l 4604.06 210.78l 4593.39 144.88L 4589.33 123.19L 4587.39 70.25L 
4584.10 63.34l 4585.96 0.0 4586.50 18.25R 4584.58 25.94R 4581.60 43.23R 
4580.14 119.94R 4581.73 160.86R 4580.53 180.52R 4588.61 224.57R 4601.16 216.29R 
4616.23 326.28R 4620.51 333.41R 4637.09 369.62R 4662.19 428.12R 4610.12 452.99R 
4683.34 500.00R 

171+75.00 4610.65 500.00L 4t-09.88 479.01L 4601.71 423.36l 4600.43 363.10l 4595.06 299.74L 
4589.14 249.62l 4586.87 234.71l 4584.35 200.bTL 4581.45 149.78L 4581.43 22 .. 92L 
4581.11 0.0 4579.96 81.10R 4578.77 91.10R 4577.35 102.02R 4576.82 166.06R 
4582.02 205.40R 4583.94 221.26R 4594.89 278.70R 4601.45 314.09R 4604.66 327.22R 
4621.94 395.10R 4645.75 SOO.OOR 

Example Output of Cross-Sections Developed From NGI File 
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158+25 

157+00 

156+45 

COUNTY 

-SOD -400 -300 -200 -100 0 100 200 300 400 sao 

165+00 

162+60 

161+25 

160+00 
CONTROL 9999 SECTfON '10R 
COUNTY ~ HIGHWAY - PRESIOIO COUNTY 
SCALE -

H : 1 INCH = 100.0 FEET 
V : 1 INCH = 100.0 FEET 

DATE -NDV 13. 19'14 

-500 -400 -300 -200 -100 0 100 200 

Comparison of NGI/RDS (solid) and Photogrammetric (dashed) Cross-Sections 
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171+75 

170+00 
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168+90 

167+50 

.. 
o 
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'" '" .. 

166+50 

CONT~OL 9999 SECT ION 70R 
COUNTY' HHfHWAY PRESIDIO COUNTY 
SCRLE -

H = 1 INCH 
V = 1 INCH 

DATE -NOV 13. 

-500 -400 -300 -200 -100 0 100 2:00 300 400 500 
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18.,?+50 

1~ 
1@+00 
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177+50 ... 

"? 

1~ 
176+40 

!D 
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1~ 
175+00 

., 

IE --------173+15 

CONTROL 9999 SECTION 70R 
COUNTY ~ HIGHWRY - PRESIDIO COUNTY 
SCRLE -

H = 1 INCH = 100.0 
V = I INCH = 100.Q 

DRTE -NOV 13. 1974 

-500 -400 -300 -200 -100 0 100 200 300 400 500 

Comparison of NGIjRDS (solid) and Photogrammetric (dashed) Cross-Sections 
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157+00 

. .... 

156+45 

CONTROL 9999 SECTION 70R 
COUNTY ~ HlGHWAY - PRESIOIO COUNTY 
SCALE -

H : I INCH: 100.0 FEET 
V = I INCH = 100.0 FEET 

DRTE -NOV 13. 1974 

-SOD -400 -300 -200 -100 0 100 200 

----

300 400 500 

C> 
") 

165+00 

162+60 

-------------------------161+25 

III 

'" 

160+00 

CONTROL 9999 SECTION 70A 
COUNTY ~ HIGHWAY - PRESIDIO COUNTY 
SCALE -

H = I INCH = 100.0 frET 
v = I INCH: 100.0 fEET 

ORTE -NOV 13. 1974 

-500 -400 -300 -200 -100 100 200 300 400 500 

Cross-Section Plot of Typical Earthwork Design Using NGljRDS Cross-Sections 
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TEXAS HIGHWAY DEPARTMENT TIE S ROAOWAY DESIGN SUBSYSTE~ *** EARTHWORK *** N 
EARTHWORK QUANTITIES CALCULATION PROCESS NOV 13, 1974 N 

CONTROL 9999 SECTION 7CA COUNTY & HIGHWAY - PRESIOIO COUNTY 
EARTHWORK QUANTITIES LIST FOR RCAOWAYS ABC 0 E F 

ADJUSTED 
BAS ELINE STATION sa TI ON STA nON ACCUM ACCUM MASS ADOED QUANTITIES 
STAT ION CUT FILL FILL CUT FILL ORDINATE COMPACT ION CUT FILL 
NUMBER ! CU-YO I ICU-YDI (CU-YOI (CU-YOI (CU-YOI I CU-YOI fACTOR (CU-YO I (CU-YD I 

155+00.00 0 0 0 0 0 0 I.COOOO 0 0 

156+45 .. 00 17221 2852 2852 17221 2852 14369 1.00000 0 0 

157+00.00 7045 1306 1306 24266 4158 20108 1.00000 0 0 

158+25.00 16659 21378 2878 40925 7036 33889 1.00000 0 0 

160+00.00 23103 2<;37 2937 64028 9973 54055 1.00000 0 0 

161+25.00 16106 1742 1742 80134 11715 68419 1.00000 0 0 

162+60.00 16354 2781 2781 96488 14496 81992 1.00000 0 0 

165+00.00 16871 10413 10413 113359 24909 88450 1.00000 0 0 

166+50.00 2255 13196 13196 115614 38105 77509 1.00000 0 0 

167+50.00 93 12150 12150 115707 50255 65452 1.00000 0 0 

168+90.00 0 1€787 18787 115707 69042 46665 1.00000 0 0 

170+00.00 0 15424 15424 115707 84466 31241 1.COOOO 0 0 

171+75.00 0 21914 21914 115707 106380 9327 1.00000 0 0 

173+15.00 0 14551 14551 115707 120931 -5224 1.00000 0 0 

175+00.00 0 16739 16739 115707 137670 -21963 1.00000 0 0 

176+40.00 0 lC862 10862 115707 148532 -32825 1.00000 0 0 

177+50.00 0 7565 7565 115707 156097 -40390 1.00000 0 0 

180+00.00 0 14447 14447 115707 170544 -54837 1.00000 0 0 

182+50.00 49 8452 8452 115756 1789<;6 -63240 1.00000 0 0 

184+00.00 215 1<;14 1914 115971 180910 -6493'il 1.00000 0 0 

Earthwork Quantities From Design On NGljRDS Cross-Sections 
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TEXAS HIGHWAY DEPARTMENT TIE S ROAO~AY DESIGN SUBSYSTEM *** EARTHWORK *** 
EARTHWORK QUA~TITIES CALCuL4TION PROCESS OEC 02. 1914 
CONTROL 9999 SECTION 104 COUNTY & HIGHWAY - PRESIDIO COUNTY 

EARTHWORK QUANTITIES LIST FOR ROADWAYS ABC 0 E F 

ADJUSTED 
BAS ELINE STAT ION STATION ST! nON ACCUM ACCUM MASS ADDED QUANTITIES 
STAT lOlIl CUT FILL FIll CUT FI LL ORDINATE COMPACTiON CUT FILL 
NUMBER (CU-YD) ( CU-YOI (CU-YO) (CU-YDI (eU-YDI ( eU-YOI FACTOR (CU-YO) (CU- YO) 

155+00.00 a a 0 0 0 a 1.00000 0 0 

156+45.00 11598 1942 1942 17598 1942 15656 1.00000 a 0 

151+00.00 7217 917 917 24815 2659 21956 1.00000 0 a 

158+25.00 1681<;; 2172 2112 41634 5631 36003 1.00000 a 0 

160+00.00 22511 3}79 3179 64211 8910 5540 1 1.00000 a a 

101+25.00 14937 1644 1644 79148 10454- 68694 1.00000 a 0 

162+60.00 15717 3374 3374 94865 13825 81037 1.00000 0 a 

105+00.00 11430 11048 11048 112295 24816 81419 1.00000 a 0 

166+50.00 2521 12335 1233~ 114822 31211 11611 1.00000 0 0 

161+50 .00 199 11892 11992 115021 49103 6591"1 1.00000 0 0 

168+90.00 0 19081 19081 115021 68184 46831 1.00000 a a 

170+00.00 a 15221 152?7 115021 83411 31610 1.00000 0 0 

111+75.00 0 21306 21306 115021 104111 10304 1.00000 0 0 

113+15.00 0 14402 14402 115021 119119 -4098 1.00000 0 0 

115+00.00 0 It978 16978 115021 136097 -21016 1.00000 0 0 

116t40.00 0 11274 11214 115021 141371 -32350 1.00000 0 0 

111+50.00 0 78n 7887 115021 155258 -40231 1.00000 0 a 

180+00.00 0 15035 15035 115021 170293 -55212 1.00000 0 a 

182* 50.00 12 8566 8566 115033 118859 -63826 1.00000 0 a 

184+00.00 126 2418 2418 115159 181271 -66118 1.00000 0 a :J::.> 
I 

N 
W 

Earthwork Quant'ities From Desiqn on Photogrammetric Cross-Sections 
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T~XAS HIGHWAY n~PART~ENr TIE S ROADWAY DESIGN SURSVSTFM *** DESIGN DATA *** 
HOP! lONT Al AL[GN~~NT PRocess DEC 05, 1974 
CrNTROl 9999 SFCTI8N 70R COUNTY & HIGHWAY - PRESIDIO COUNTY 

HORIZDNTAL ALIGNMENT lI~T 

FOR ROADWAY G 
COMPUT~TIONS BAS~O ON ARC DE~INITION 

P. I. X Y 

5 100+1"\0.0000 342"302.4077 799859.6159 

S 62 27 7.17 W 4000.0000 FEET 

133+39.6lL4 PC 661.3886 T 339342.3160 798315.5360 

10 140+QO.0000 DI 2 0 0.0 D 26 0 0.0 IT 1300.0000 l 2864.7890 R 339755.9132 798009.6492 

1 46 + "3 8 • 6 11 4 D T 661.'886 T 3383fl2.9498 797477.6580 

S 36 27 7.11 Ii 1480.0000 FEET 

147+6~.OC;09 PC ,',95.1319 T 339289.5846 797378.3367 

15 154+57.2221 PI 'I 0 0.0 D 40 0 O.r) RT 1333.3333 l 1909.8593 R 337816.5127 796819.2038 

16'1+95.4241 DT 695.1319 T 337200.7835 796656.3622 

5 76 27 7.11 W 2500.0000 FEET 

113+!lB.5469 PC 511.7453 T 33<;943.6432 796353.4352 

20 179+00.2921 PI 3 (l 0.0 n 30 0 0.0 LT 1000.0000 l 1909.8593 R 335446.1377 796233.5538 

183+83.5469 oT 511.7453 T 335015.2261 795880.9807 

S 46 27 1.17 W 4000.0000 FEFT 

213+71.'6620 DC 50<;.1396 T 332913.0722 793825.7273 

25 218+76.8016 01 2 0 0.0 0 20 0 0.0 IT 1000.0000 L 2864.78<)0 R 332546.9484 193477.7053 

223+71.6620 PT 505.1396 T 332121.9351 793025.4498 

Horizontal Alignment List For an Alternate Route 

~ .. 
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T~XAS HIGHWAY OFPARTM~NT 
~ORIZO~TAl AlIG~MENT PROC=SS 
C~NTROl 9999 SECTION 70~ 

T 

~ 

F S ROADWAY DESIGN SUBSYSTEM * •• DESIGN DATA ••• 

HORIlONTAl ALIGNMENT LIST 
F('lR ROADWAY G 

D~C 05. 1974 
COUNTY & HIGHWAY - PRESIDIO COUNTY 

COMPUTATIONS BASEn ON ARC DEFINITION 

P.I. 

249+65.8713 DC 

30 253+66.'5224 PI 

251+65.8113 PT 

35 283+65.2202 

S 26 27 7.17 W 

4(10.6511 T 

1 0 0.0 D !3 0 0.0 IT 

400.6511 T 

518217.17W 

; 

! 
~ 

~. 
11 

~ 
~ • ' . ..... 

zontal ; 

x 

3500.0000 "'EET 

331166.3503 

800.0000 l 5729.5780 R 330987.8811 

330861.0710 

3000.0000 FEET 

330038.3513 

6 te t'f" ,. .. 

st and ot for tern ate Route 

y 

790702.6337 

790344.1276 

789964.0742 

787498.3600 

" 

7 

.......ft 

):> 
I 

N 
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155+ 0.00 
160+ 0.00 
165+ 0.00 
170+ O.no 
175+ 0.00 
180+ 0.00 
185+ 0.00 
190+ 0.00 
195+ 0.00 
200+ 0.01 
205+ 0.00 
210+ 0.00 
215+ 0.00 
220+ 0.00 
225+ 0.00 
230+ 0.00 
235+ 0.00 
240+ 0.00 
245+ 0.00 
250+ 0.00 
255+ 0.00 
260+ 0.00 

~RQM TO CROSS-SECTION LIMITS 
~ASELtNE STATION BASELINE STATION 

STATION 
INCREMENT 

(FT) 
LEFT RIGHT 
(FT) (FTl 

155+ 0.00 260+ 0.00 500.0 500L 500R 

LEFT POINT CGORDINATES CENTERLINE POINT COORDINATES RIGHT PJINT COORDINATES 
X Y X Y X Y 

338009.324CJ 796456.3756 337148.7402 796883.l022 3374e8.1554 797309.8288 
337434.2159 796201.3<:)35 337292.9554 796681.0240 337151.6948 797160.6546 
336924.5953 796075.4 0 93 336807.4653 796561.5863 336690.3353 797047.6732 
336438.5084 795958.3692 336321.3783 796444.4562 336204.2483 796930.5432 
335981.3954 795845.7523 335836.1144 796324.1804 335690.8335 796802.6085 
335646.1'~86 795693.7595 33 5:3 82. 041 7 796118.2841 335117.884 7 796542.8087 
3"35338.9263 70 5441.7950 334994.4452 795804.1Q37 334649.9&42 796166.5924 
334976. 52 7f> 79'5097.3140 334632.0465 79545<:).7126 334287.5655 795822.1113 
334614.128'1 794752.8329 334269.6479 795115.2316 333925.1668 795477.6302 
334251.7303 794408.3518 333907.2492 794770.1505 333562.7681 795133.1492 
333889.3316 794063.8708 333544.3505 794426.2694 333200.3695 194188.668 1 
333526.9329 7'B719.3897 333182.4519 794081.7884 332837.9708 794444.1871 
333182.4294 793388.6456 332822.0645 793135.2531 332461.6996 794081.8611 
332923.6595 "'93()67.1794 332508.5815 793346.5450 332093.5035 793625.3106 
332712.4211 792681.8239 332264.7672 792910.5418 331817.1132 79313 3. 2717 
332489.6973 792240.1699 332042.0433 192462.8938 331594.3893 192685.6117 
332266.9734 1<;1792.5160 331819.3194 792015.2399 331371.6654 192231.9638 
332044.2495 791344.8620 331596.5955 791561.5859 331148. a 415 791190.3098 
331821.5256 7Q ()891.2081 331"\73.8716 791119.9320 330926.2176 7913 .... 2,,6559 
331600.2115 7C}0452. 1794 331151.2388 790672.2329 330702.2661 790892.2864 
331411.4854 790034.1488 330951.0422 790214.2343 330484.5991 190394.3199 
331261.2616 789583.1213 330186.9610 789741.9823 330312.6724 789900.2373 

::; , 
:// ;: 

+ 
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'-' .. 

Output and Plot Representing the Alternate Route With Cross-Sections Requested Every 500 feet 
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TeXAS HIGHWAY DEPA~TMENT 

TERRAIN EDIT ~ STORE PROCESS 
cnNTR~L 9999 SECTION 1O~ 

STATIOr--J ELFII [nST 
NUM~ER 1FT) I Fll 

I 
160+00.00 4620.65 500.JOL 

4614.31 242.09L 
4631.06 O.Q 
4683.66 282.8tR 
4164.45 474.55R 

165+0'0.00 4620.52 500.0f'l 
4620.46 300. <;l9l 
4634.32 0.0 
4685.38 394.09R 

110+00.00 4178.62 500.00L 
4104.25 14.54L 
4158.85 IBl.B6P. 
4130.14 348.80R 

115+00.00 4736.18 500.00L 
4650.32 221.96L 
4602.23 24.08R 
4634.32 SOO.,)OR 

180+00.00 4S98.2B 500.00L 
4S63.54 69.661 
4565.56 8B.90R 
4628.00 421.27R 

185+00.00 4545.13 SOO.OOL 
4551.62 179.95R 

190+00.00 4525.09 SOO.OOl 
4536.49 133.01L 
4565.34 65.9QR 
4631.19 3l5.33R 

~ 

13 
TIE S ROADWAY DESIGN SUBSYSTE~ *** EARTHWORK *** 

DEC 05. 1974 
COUNTY & HIGHWAY - PRESIDIO COUNTY 

ORIGINAL CROSS-SECTION LIST 

EL Ell DIST ELEII DIST ELEII DIST EL Ell OIST 
( ETl 1FT) (FT ) ( FT) I FT I (F Tl ( FT) 1ft I 

4611.82 432.77l 4618.62 410.28l 4621.68 334.11L 4614.51 292.23L 
4613.85 219.40L 4624.93 185.47l 4625.83 95.84l 4628.55 35.56L 
4631.04 84.16R 4638.19 94.29R 4649.39 141.14R 4655.33 179.98R 
4689.36 299.04R 4732.39 375.39R 4137.60 382.93R 4763.39 464.38R 
4769.8<:1 500.00R 

4621.45 405.25l 4616.17 380.49L 4618.61 374.61L 4619.84 350.58L 
4618.60 246.10L 4611.11 231.48L 4620.12 148.07l 4630.03 36.86L 
4636.41 18.48R 4641.48 95.21R 4652.39 131.28R 4611.27 255.08R 
4100.80 500.00R 

4158.12 314.21L 4153.21 346.41L 4109.80 151.78L 4102.21 33.62L 
4107.74 0.0 4126.31 77.591< 4127.04 19.58R 4752.30 151.16R 
4168.75 240.60R 4168.55 245.05R 4165.62 251.36R 4136.05 334.11R 
4115.03 393.36R 4100.40 445.99R 4686.19 500.00R 

4712.24 425.24L 4104.21 397.82L 4683.80 336.91L 4611.21 294.51L 
4618.77 <:I0.21L 4601.92 2B.81L 4601.41 22.30L 4601.83 0.0 
4610.63 U8.11R 4621.36 341.08R 4622.15 354.84R 4633.89 480.28R 

4589.86 402.73L 4517.92 241.1Sl 4574.97 213.02L 4570.00 142.03L 
4562.94 25.66L 4560.71 0.0 4558.72 22.84R 4560.49 64.87R 
4511.40 13S.81R 4582.52 215.88R 4596.37 288.63R 4598.40 291.45R 
4639.73 448.25R 4663.69 500.00R 

4541.11 189.91L 4541.84 71.59L 4542.03 22.12L 4543.08 0.0 
4553.01 200.S1R 4564.41 359.29R 4570.03 500.00R 

4526.79 385.76L 4527.26 323.25L 4527.64 282.22L 4531.15 203.49L 
4540.02 101.84L 4540.31 105.58L 4549.26 28.46L 4554.11 0.0 
4516.34 120.68~ 4591.84 182.66R 4626.06 210.36R 4627.12 275.36R 
4635.45 420.84R 4634.00 500.00R 

Example Cross-Section Output for Alternate Route 
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Example Cross~Section Plots for Alternate Route 



Appendix B. Description of the Algorithm For Building Roadway Cross-Sections 
From the NGI Fi1e 



DESCRIPTION OF THE ALGORITHM FOR 

BUILDING ROADWAY CROSS-SECTIONS FROM THE NGI FILE 

After the Numerical Ground Image file has been built, it can be used to 

build roadway cross-sections along any selected baseline alignment. In order for 

this to be accomplished without any errors, the alignment must be defined such 

that all of the cross-sections to be taken lie within the range of the data 

stored on the NGI data file. 

Assuming that a roadway alignment has been properly defined, a request for 

roadway cross-sections must contain the station limits on the specified alignment, 

the increment to be used between cross-sections, and the left and right offset 

distance for the cross-sections. Using this information, the surface coordinates 

for the left, centerline and right points may be computed for all requested cross­

sections. 

The algorithm for building roadway cross-sections from the NGI data file is 

based upon (1) receiving the three surface coordinates for the left, centerline, 

and right points on the roadway cross-section to be computed and {2} intersecting 

the bounded 1 i ne (or 1 i ne segment) defi ned by these three poi nts with the proper 

connected point data of the NGI file. 

The NGI data file would normally be so massive that it would be quite imprac­

tical to have all the data in core at the same time; therefore, an algorithm is 

used. The algorithm first brings into core only the flight strip index array. 

This array is in the first record of the file and contains the surface coordinate 

limits for each strip along with the number of scan profiles in each str·ip. This 

array ;s brought into core only once and remains resident throughout the whole 

process. 

The algorithm uses the left pOint of the roadway cross-section to be com-

B-1 
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puted to find which strip in the file contains the data that is relevant for 

computing that roadway cross-section. The method used for finding the proper 

strip is (l) to compute the interior angles between the given left point, the 

beginning point of the strip and the ending point of the strip and (2) to 

check if the angles at the beginning and ending points are less than or equal 

to a right angle. This is done for every strip until the proper one is found. 

When the proper strip has been located, then the NGI scan profile index 

array for that strip is brought into core from the NGI data file. The NGI scan 

profile index array contains the scan profile station number, the number of 

points, and an index to retrieve the point data for every scan profile within 

the strip. Now the algorithm must translate and rotate the three given roadway 

cross-section pOints (left, centerline, and right) in such a way as to convert 

them to the coordinate system of the strip itself. When this is accomplished, 

then the X-coordinate of the left pOint of the three given points may be used 

to determine between which two scan profiles the computed roadway cross­

section begins. A search through the scan profile station array is used to 

find the two proper profiles and then the retrieval indices are used to bring 

into core the actual point data for the two scan profiles. The basis for the 

whole algorithm centers around maintaining only two relevant scan profiles in 

core at the same time. This is done by computing all possible roadway cross­

section pOints between the resident scan profiles and then retrieving the next 

scan profile and wiping out the unnecessary one of the previous two. 
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In the following sketch, 

~--~----~~---~'----'~~--~---~'--~rSCAN PROFILE 

/ \ \ \ /\ I (1+ I) 

! I \ I I \ I 
f I I 1 
f \ \ I \ 1 

/ \ \ / \ I 
/ \ \ I \ I 

I I \ I \ I 
~----+----+--~-~~~---~----+--~--~-~ISCANPROFILE 
: : / I, I (1) 
I I \ I I 1 I 
I I I \ I I \ I i : I I \ I I I I 
I I I 1\ ! I I I 
1 I I Ii \ \1 I I I 
I I 1\1 \ \1 I I I 
I I I \1 \ \f I I I 

i f I \! \ If I \ I 
..... -~"'4 -::::---..... '>--------'llI>-------lo~~ __ .... ¥---_~ ---...... -_-..... 1. SCAN PROF IL E 

X,Y,Z (1-1) 
-y 

t 
X 

the left point lies between scan profile I and 1-1. Data for these profiles is 

retrieved and the intersection points are calculated up to section I, then 1-1 

data is released and 1+1 data is captured. Now the rest of the intersection 

points are calculated between I and 1+1. 

The algorithm for calculating the intersection pOints, i.e. the points that 

make up the computed roadway cross-section, must be able to handle several dis-

tinct cases: 

Case 1: The three given points form a line segment that is parallel to and 

between two scan profiles. 

------; --'tl-----li~-Tt ---t--r---j --- SCAN PROFILE 
I I I I I (1) 
, I I \' I 
f );;;--'+\--+1 -*")( +\ ~'>----+--;<)( 1 
I LT. \ I p\ \ : RT. \ 
r PT 1 1 I " PT I 
, I I 
I I I II 
I I I 11 I 

____ -41 __ -41>---...... 1>---_ ..... __ ..+-_-4-1 --- SCAN PROF ILE 
(I -I) 

This is a special case because the line does not intersect either 

of the two profiles. Since the X-coordinate in this case remains 
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constant, it is possible to use the equation for each connection 

line and solve for ViS until a V coordinate is found that is 

bounded by the left and right given points. 

Case 2: The three given points form a line segment that is coincident 

with a scan profile. 

LT. <t RT. 
PT PT PT 
JI, f , I I! I I I , )1 i \ 

--t-l!~~.-----'t----r--t-""'-""""-r--- ~-- SCAN PROF I LE 
I I I I \ I I I I 

I I \ I I 
1 I \ I I 
II \ I , 
11 \ 1 I 
II \ I I 
i \ 1 j 

I I 
I I 
I , 
I, 
, I 
II 
II 
r 

I 
I 
I 
I 
I 
I 
I 

I 
I 
I 
I 
I 
I 
1 

(1) 

SCAN PROFILE 
(I -I) 

This ;s a simple case where the only points used will be the 

three given points (for which a Z coordinate must be interpo­

lated) and all scan profile points bounded by the left and right 

given points. 

Case 3: The three given points form a line segment that ;s neither paral­

lel to nor coincident with the scan profiles. This is the general 

case and there are many small variations that must be handled. 

The method used is to find the intersection pOints between the 

entire line defined by the three given points and the two entire 

lines defined by the scan profile pOints for the forward and the 

back scan profiles. 

CD 

INTERSECTION 
I 

GIoo.",,- I • T ,! I! I I --r--.L. j J I j \ I \ 

I : -t--~ I : I 1 \ 
I 1 I \ I I 
I : I I L 1ft I \ 
: :' \ I : I R\ ~ : \ 

SCAN PROFILE 
(1) 

I I I I :i---bl I 
.1---.1>----1.-.1 .... 1-..... 1 ----'>--''__ ......... ---+--1---4-' --'->-=+:1""'''''''11\-0 <.-1 ----,- SCAN PRO F I L E 

INTERSECTION (I-I) 
2 
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INTERSECTION 
2 

SCAN PROFI LE ------.1--.-' --t----.---r-;--t--"1'"r ---.-, --tf---+-i _-..=-0 
( I) I I , R I J... -,-
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I \ ---..,...- ___ ~I I I I 

SCAN PROFILE (I) 

: , ' L I I I t 
, I I : til 
1 : t , t <l I --1. I 
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• ! I I' I I '---:-=-0 

SCAN PROFILE (I-I) INTERSECTION 

INTERSECTION 
2 

2 

--~--!r--~r---1r---...,.....--r--~~f ----- SCAN PROFILE 
: \ (1) 
I 1 
I 1 

: \ iL \ 
r l ....... + I 

--~j~(!)~-~~~~!-~~ __ ~____"_~_----4.I ____ __ 

INTERSECTION 
I 

SCAN PROFILE 
(I -I) 

The exampl es show only some of the variations that are possibl e. 

When the intersections 1 and 2 are found, it is possible by inter­

secting the connection lines for each set of NGI points with the 

given line to find all the intersections that fall within the left 

and right given cross-section pOints. The Z-coordinate (elevation) 

for all the points found can be interpolated from the NGI point 

data. 
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COMPUTER ARRANGEMENT AND STORAGE 

OF THE NUMERICAL GROUND IMAGE DATA FILE 

The NGI data file is composed of X, Y, Z point values, point connectors, and 

sufficient indices to enable retrieval of information for various applications. 

The first record of the file always contains the flight strip coordinate limits 

for each strip, the number of scan profiles for each strip, and the total number 

of strips in the file. At present, there can be a total of 47 strips with a max­

imum of 200 scan profiles for each strip. The coordinate limits are state plane 

coordinates for the beginning and ending points on the centerline of the flight 

strip. These limits are used later for finding which strip contains a given 

point. The next 47 records of the file are used to store the scan profile index 

arrays for each strip. These records are always reserved for the index arrays 

regardless of how many strips are in a given job. The index arrays contain the 

station for each scan profile, the number of points stored for that scan profile, 

the position (1-400) in the 400 word record where the point data for the scan 

profile begins, and the record number on which the data begins. The station 

occupies one word (4 bytes); and the number of points, the wor.d position in the 

record, and the record number itself are all packed into a single word (4 bytes). I 

Thus, two words are sufficient for storing the indices for one scan profile and 

200 indices may be stored in the 400 word record. 

The point data begins on record 49 and is stored dynamically, i.e. there is 

no wasted space on any data record since the point data for several scan profiles 

may be packed into the same disk record. This conserves needed space when a large 

volume of data is necessary for a given job, and yet the individual data points 

for any given scan profile may be easily retrieved with the indices provided. All 

point data for a given scan profile has an X value which is the station for the 

scan profile so that only one stored station value is sufficient to describe the 

X coordinate for up to 200 stored points on a scan profile. However, the 

C-l 



C-2 

distances from the flight strip centerline (V-coordinate) and the elevations 

(Z-coordinate) for each point on the scan profile must be stored. The max"imum 

distance allowed is 9999 feet left and right of the centerline and all distances 

are taken in even feet. The elevations are taken in tenths of a foot and have 

a maximum value of 9999.9 feet. Efficient storage of these values necessitates 

pack"ing the distance and elevation into a single word of storage (4 bytes). 

All of the pOints on a scan profile must somehow be related to the pOints on 

the previous scan profile and the next scan profile. This is accomplished by 

stor"ing point connectors that contain the point number from one scan profil e 

and the point number on the previous scan profile that should be tied together. 

The two point numbers that make up the connector are packed into a single word 

(4 bytes). The poi nt data for the first scan profil e of a stri p will have no 

connectors since there is no.previous scan profile to connect the pOints to; 

however, every point on the remaining scan profile will have at least one 

connector tying it to a pOint on the previous scan profile. If a single point 

connects with more than one back point, then a connector is stored for each 

connection. In the data records, the number of connectors for a scan profile 

immediately follows the stored distance/elevation values. If the number of 

connectors is other than zero, then following it will be the number of connec­

tors specified. Data for the next scan profile begins immediately following 

the last scan profile connectors; and, when the data reaches the end of the 

record, that record is written back out to disk and the remainder of the data 

is stored on the first part of the next record. This dynamic storage of pOint 

data is maintained until all point data has been stored for every scan profile 

for all strips. An arbitrary upper limit of 2350 four hundred word records 

has been set to handle massive amounts of point data, but this limit can be 

easily revised up or down to better handle jobs in the future. 

.' 



Rec. 1 Flight Strip Index Record {Maximum 47 
1 ~ __ ~ ____ ~ ____ ~ __ ~ ____ ~ ____ ~~ ________ ~ ____ ~ ________ ~~ ________ -,400 

Rec. 1 No. of Prof. 1 No. of Prof. No. of Strips 

R*8 R*8 R*8 R*8 R*8 1*2 ~ 1*2 

1st Strip Nth Strip 1st Nth 
1 ~ N ~47 

BegX, BegY - R*8 State plane coordinates for the beginning point on the centerline of the strip. 
EndX, EndY - R*8 State plane coordinates for the ending point on the centerline of the strip. 
No. of Prof. - 1*2 Number of scan profiles stored for any given strip. 
No. of Strips - 1*2 Number of strips stored for any given job. 

(See Figure C-1.) 

Rec. 2-48 Scan Profile Index Records (Maximum 200 Scan Profiles) 

Rec. No. of Pts1 Datal Record No. 

For 

~~~ __ ~~~~~~~~~.-__ ~~~ __ ~~~~~-rr~ __ ~ __ ~~400 
Rec. N+1 Record 

XSTA 

{

No. of Pts. 
* Index 

Data Record 

(See Figure C-l.) 

SCAN PROFILES 

3 

Index Record For 
Strip N 

- Station number for the scan profile. 
- Number of points (elevations and distances) stored for any given scan profile. 
- Location in the record where the stored point data begins. 
- Disk record upon which the stored point data begins. 

* Packed Index (4 Bytes) 

Ixxxlxxxlxxxxi 
No. of Pts. Index Data Record 

1 -200 1-400 1 -2398 

2 
SCAN PROFILES 

------

STRIP 2 

SCAN PROFILES 

3 

Figure C-1. Multiple Strips with Scan Profiles 

FLIGHT 
STRIP 
CENTERLINE 

n 
I 

W 

I 

.J 



Rec. 49-2398 Scan Profile Data Records (Dynamic) 

Rec. 49 

Rec. 50 

Rec. 51 

Rec. I 

Rec. I + 1 

Point Conectl Point Conect2 

Prof. 2 of Strip 1 Connectors Between Profs. 1 & 2 

Point Conectl 

Prof. 3 of Strip 1 Connectors Between Profs. 2 & 3 

Point Conectl 

Prof. Connectors Between Profs. M & M - 1 

Prof. 3 of Strip 1 

400 
Etc. I 

Prof. 

~ ____ ~ ____ ~ ____ ~ ____ ~ ____ ~ __ ~ ______ ~ _________ -. ________ ~ __________ ~400 
Etc. Point ConectJ 

Prof. 1 of Strip 2 Prof. 2 of Strip 2 + Connectors Between Profs. 1 + 2 

~ __ ~ ____ ~ ____ ~ ____ ~ ____________ ~ ____ ~ ____ ~ ____ ~ ____________________ -,400 
Rec. J Point ConectJ Etc. 

Prof. M of Strip 2 + Connectors Between Profs. Prof. 1 of Strip 3 
M & M - 1 

Point Point Point 
Rec. Last .. . Dist l El eV1 . .. ConectJ Di st1 El eVl . . . DistK ElevK Nocn=J Conectl ... ConectJ 

("") 
I 
~ 

400 

400 

.-/ - --
Prof. M - 1 of Last Strip & Last Prof. M of Last Strip Connectors Between Profs. M&M-l 

Connectors Between Profs. M-l & M-2 

*1 .fDist 
l. El ev 

- Distance from the strip centerline of the given point biased by 10,000 feet. 
- Elevation for the given point. 

Nocn 
*2 Point Conect 

- Number of point connectors between two given scan profiles. 
- Connector between a pOint on one scan profile and a point on an adjacent scan profile. 

*1 Packed Data (4 Bytes) 

I X X XX X I X X X X X I 
Dist. in Feet 
(Present Max. 
9999 Ft L or R) 

1-19999 

Elev. in Tenths 
of Feet (<:10,000) 

.1-9999.9 

*2 Packed Index (4 Bytes) 

~xxxlxxxi 

Index to Point 
on Ahead Prof. 

1-200 

Index to Poi nt 
on Back Prof. 

1-200 



PROGRAM DESCRIPTIONS 

WRITTEN IN FORTRAN IV FOR IBM 370 MOD 155 

NGI Driver 

This routine is the driver for the numerical ground image file builder pro­

cess. Its only concern is reading the header card and transferring control to 

subroutine NGI to do the actual file building. When the NGI file has been built, 

this routine will store the file on tape if so requested on the header card. 

Subroutine NGI 

Subroutine NGIis the routine that actually processes the data and stores 

it as the NGI disk file. NGI utilizes a read routine called CARD to read in all 

the given points for a given NGI scan profile; then it takes this data (in the 

form of a station for the scan profile and numerous elevations and distances 

across the scan profile) and packs it into a smaller area, and then it computes 

the points that are to be connected to the points on the last scan profile stored. 

In this way the completed NGI file is a series of interconnected elevations and 

distances (from the centerline) that describe the ground in question. NGI 

handles storage of all the necessary indices and limits required later for effi­

cient data retrieval. 

Subroutine PREP 

Subroutine PREP is a routine within the RDS system that processes a cross­

section request card and prepares the station file for the cross-section building 

routine. PREP reads an RT 70 card for the beginning and ending ~tations that 

cross-sections are to be computed for, the station increment between cross­

sections, the cross-section width left and right, and a tape flag. If the tape 

flag is set, PREP reads the NGI file from tape and stores it on the disk. PREP 

opens the station file and stores on it all the stations (along with their left 

and right widths) for which a cross-section is to be computed. When all RT 70 

cards have been processed, PREP passes the open station file to subroutine PLIST. 

C-5 
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Subroutine PLIST 

Subroutine PLIST is a routine within RDS that stores on the station file 

three state plane coordinates for the leftmost point, the centerline point, 

and the rightmost point of the cross-section to be computed. PLIST first re­

trieves the previously stored alignment along which the cross-sections will 

be computed, then using subroutine CALXY calculates the left, centerline, and 

right point for a station (with widths) from the station file and restores 

these coordinates in place of the left and right cross-section widths. PLIST 

then call s subroutine XBILD (the cross-section builder routine) which computes 

the entire cross-section using the three given coordinates and the NGI disk 

file. XBILD replaces the three given coordinates with the computed cross­

section and PLIST stores the cross-section on the station file and calculates 

three more coordinates for the next station. PLIST continues until all sta­

tions have been processed. 

Subroutine XBILD 

Subroutine XBILD is a routine within RDS that takes the three given state 

plane coordinates and computes the entire cross-section through these pOints 

using the previously stored NGI file. XBILD first retrieves the coordinate 

limit arrays from the file and stores them in core. This is done only once 

for a given job. A search is then made to find which strip contains the given 

left pOint. When the proper strip is located, its scan profile index array 

is retrieved and stored in core. Another search is made to determine which 

scan profile{s) the left point of the cross-section falls on or between. When 

the proper NGI scan profiles are found, they are stored in core along with the 

point connectors. Now cross-section pOints can be computed at every intersec­

tion of the given line with various connected NGI scan profile points. If the 

whole cross-section cannot be computed between two adjacent NGI scan profiles, 

then more NGI scan profiles will be retrieved until the cross-section is com­

plete. XBILD returns with the computed cross-section stored in the station 

file array. 



NGI Driver 

ENDFL 
IQUIT 
!YES 
JARG 
LAST 
RECRD (400) 
SYSIN 
SYSOT 
SYSTP 

Su brout i ne NGI 

CONECT (200) 
DATA (400) 
DBREC (188) 
DIST (2) 
ENDFL 
FENCE (4) 

FRAC (4 ) 
I 
IARG 
ICNT 
lOIS (2 ) 
IFL 
IFRST 
INDX 
IQUIT 
IREC 
ISTRP 
ITYPE 
I2REC (48) 
J 
JCARD 
~IFL 

JNDX 
K 
MAX 
N 
Nl 
N2 

'" N3 
NOCN 
NOPT 
NOSEC 
NOSTR 
NX 
PNTR (4) 

DEFINITION OF VARIABLES 

End of file check variable, initialized to 1. 
- Flag denoting termination of processing, initialized to O. 
- Constant 'Yes'. 
- Associated variable used in I/O for NGI disk file. 
- Number of last record on NGI file. 
- Array that NGI record is read into or written from. 
- Card reader unit designation = 5. 
- Printer unit designation = 6. 
- Tape unit designation = 16. 

- Array containing point connector indices. 
- Array containing input distances and elevations. 
- R*8 array used to store strip coordinate limits. 
- Array with distances between fences for any scan profile. 
- Same as NGI driver. 
- Array indicating points on scan profiles which are 

boundary fences. 
- Array with ratios of distances between points. 
- Index used different ways. 
- Associated variable used for I/O with NGI disk file. 
- Counter for multiple input points. 
- Array with a boundary fence distance. 
- Flag used to enter different areas of program. 
- Flag denoting first time through logic. 

Do-loop begin limit used to store NGI data. 
- Same as NGI driver. 
- Number of record of NGI file at any given time. 
- Logic flag indicating type of NGI card read. 
- Type designator for multiple shots on c~oss-section. 
- 1*2 array used to store number of scan profiles per strip. 
- Index used various ways. 
- Common variable indicating status of input cards. 
- Flag denoting forward or back scan profile for connecting 

points. 
- Index for storing station and indices. 
- Do-loop index. 
- Constant set to maximum record size for NGI record. 
- Do-loop limit set to number of pOints. 
- Do-loop begin limit. 
- Do-loop limit. 
- Do-loop begin limit. 
- Number of connectors associated with a given scan profile. 

Number of points (Dist, Elev) on a given scan profile. 
- Number of scan profiles in a given strip. 
- Number of strips in a given job. 
- Do-loop limit. 
- Array used to store pOinters in the connector building 

process. 

C-7 



C-s 

Subroutine NGI (Cont'd) 

REC (400, 2) 

SDATA (200, 2) 

TNOPT 

XSTA 

XYBE (4) 

Su brout i ne PREP 

ENDFL 
EQTAB (7, 20, 2) 
ESTA 
I 
12 
IBEG 
IC13 
ICHWY (4) 
IDATE (4) 
lEND 
IMAGE (20) 
INDEX 
IPAGE 
IQUIT 
IRSET 
IRTYP 
ISTAl 
ISTA2 
ITAPE 
ITYPE 
IWDL 
IWDR 
IYES 
JCSTA 
JEQ 
JKEY 
JOBNO (2) 
JTAPE 
KEYC 
KEYT 
L 
LCNT 
LORL 
LORR 
NGIDX 
NGITP 
NINE 
NOEQ (26) 
ONE 

- Array used to hold NGI data until ready to be written 
on disk. 
Array used to hold intermediate NGI data in packed 
form. 

- Number of points (Dist, E1ev) on the adjacent scan 
profile. 

- Station number (x-coor) associated with a given scan 
profile. 

- Beginning and end state plane coordinates for a given 
strip. 

- Same as NGI driver. 
- Table contain.ing a1 ignment equation stations (if any). 
- Equation station from table. 
- Do-loop index. 
- Do-loop limit set to number of equations on table. 
- Beginning station from request card. 
- Variable containing contents of col. 13 of card. 
- County and highway name for heading print-out. 
- Data array for heading print-out. 
- Ending station from request card. 
- Card image array used for input. 
- Associated variable used for I/O on disk file S. 
- Page number for heading print-out. 
- Same as NGI driver. 
- System flag for reset condition. 

System flag for type of run. 
- Integer part of station number for print-out. 
- Integer part of station number for print-out. 
- Flag indicating if NGI file stored on tape. 

Variabl e indicating card type (request card). 
- Offset width left. 
- Offset width right. 
- Constant IYes'. 
- Station stored on STFIL array. 
- Equation flag. 
- Logic flag. 
- Job number array for heading print-out. 
- System indicator of tape condition. 
- System indicator of next routine to be executed. 
- System indicator if tape other than NGI was read. 
- Constant ILl. 
- Line counter for print-out. 
- Left offset indicator. 
- Right offset indicator. 
- Associated variable for NGI disk file. 
- Tape unit number for NGI file 16. 
- Record initialization constant = 999999999. 
- Array of number of equations. 
- Constant Ill. 

" 
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Subroutine PREP (Cont'd) 

OSTA 
OWIDL 
OWIDR 
RECRD (400) 
RTlO 
STAl 
STA2 
STAF 
STFIL (852) 
SYSER 
SYSIN 
SYSOT 
WIDEL 
WIDER 
XNCR 
XPUT 
XSTA 
XXTA (2) 
YNCR 

Subroutine PLIST 

BAZ 
BDIST 
BXl 
BX2 
BYl 
BY2 
ENDFL 
HASTA (50) 
I 
ICHWY (4 ) 
IDATE (4 ) 
IEF 
IPAGE 
IQFLG 
IQUIT 
ISTAl 
ISTRP 
JOBNO (2 ) 
KPAG 
LCNT 
N 
NINE 
NTIME 
NOEL 
PI2 
STAF 
STAl 
STFIL (852) 
SYSER 
SYSOT 
WIDEL 

- Old ending station number for last request. 
- Old offset width left for last request. 
- Old offset width right for last request. 
- Array that NGI record is read into or written from. 
- Constant 'RT70 ' signifies cross-section request card. 
- Real part of station number for print-out. 
- Real part of station number for print-out. 
- Station file name = 'STAF'. 
- Station file record array. 
- Error print-out unit number = 4. 
- Card reader unit number = 5. 
- Format print-out unit number = 6. 
- Offset width left. 
- Offset width right. 
- Station increment. 
- ISAM record creation key. 
- Input station number to subroutine STATN. 
- Output array from subroutine STATN. 

Station increment. 

- AZIMUTH or bearing for subroutine BRDIS. 
- Distance variable for subroutine BRDIS. 
- First point's X value for subroutine BRDIS. 
- First point's Y value for subroutine BRDIS. 

Second point's X value for subroutine BRDIS. 
- Second point's Y value for subroutine BRDIS. 

See NGI driver. 
- Array of hor i zonta 1 ali gnment da ta stat ions. 
- Do-loop index. 
- See subroutine PREP. 

See subroutine PREP. 
- End of file flag. 
- See subroutine PREP. 
- Logic flag for closing station file. 
- See NGI driver. 
- Integer part of station number. 
- Strip flag (parameter for subroutine XBILD) initialized=O. 
- See subroutine PREP. 
- Indicator of existence of horizontal alignment data. 
- See subroutine PREP. 
- Do-loop limit. 
- See subroutine PREP. 
- ISAM set counter. 
- Number of elements of data for horizontal alignment G. 
- Constant = IT/2 radians. 
- See subroutine PREP. 

See subroutine PREP. 
- See subroutine PREP. 
- See subroutine PREP. 
- See subroutine PREP. 
- See subroutine PREP. 
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Subroutine PLIST (Cont'd) 

WIDER 
XCLOS 
X ESTL 
XGET 
XOPEN 
XPUTX 
XSETL 
XSTA 
XTFIL (6) 

ZERO 

Subroutine XBILO 

ANG 

ANGL (0,01,02) 

CONECT (250, 2, 2) 

COSA 

OELTX 
DELTV 
DIFF 

DIST 
DISTl 
DIST2 
EPS 
FRAC 

I 
11 
IB 
IBAC 
IBC 
!BEG 
IBIAS 

ICLFL 

IDFLG 

IDIST 
IELV 

IFD 
IFIND 
IFLG 
IFWD 
IKEV 

- See subroutine PREP. 
- ISAM close key. 
- ISAM reset key. 
- ISAM retrieval key. 
- ISAM open key. 
- ISAM record replacement key. 
- ISAM set key. 
- Cross-section station number. 
- X, V coordinates (state plane) for the left, centerline, 

and right of given cross-section. 
- ISAM initial record key. 

- Interior angle between beginning and end point and 
1 eft point. 

- Statement function for computing enclosed angle 
(given three sides of triangle 0, 01, 02). 

- Array of point connectors between forward and back 
cross-sections. 

- Cosine of rotation angle for converting state plane to 
strip coordinates. 

- Difference of XiS for axis translation. 
Difference of V's for axis translation. 

- Difference of left cross-section point with any NGI 
scan profile station. 

- Distance from beginning to end of strip. 
- Distance from beginning to left cross-section point. 
- Distance from end to left cross-section pOint. 

Epsilon factor = 5 x 10-3 
- Fractional distance intersection is between two NGI 

points. 
- Index for NGI scan profile for strip. 
- Index counter for computed cross-section. 
- Index used to pick out relevant data from disk record. 
- Index for the back connector pOint. 
- Index for the back. connector pOint. 
- Index to beginning strip for search. 
- Constant = 1000 used to bias V values (keeps them posi-

tive). . 
- Flag set to which point of computed cross-section is 

theCi;. point. 
- Flag denoting if intersection point is on NGI scan 

profile. 
- Integer used to store distance for maintaining precision. 
- Integer used to store elevation for maintaining pre-

cision. 
- Index for the forward connector point. 
- Logic flag to skip test after first time. 
- Logic flag to skip code after first time. 
- Index for the forward connector point. 
- Logic flag used in computed go to. 

.. 
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Subroutine XBILD {Cont1d) 

ILAST 
INDX (200) 
IONFL 

IQFLG 
IREC 
ISGN 
ISTRP 
IXFLG 
J 
JARG 
JREC 
K 

Kl 

L 
Ll 
L2 
LAST 
LINE 
LX 
M 
Ml 
M2 
MAX 
MM 

MX 
N 

NCR 

NGIFL 

NINES 
NOCN (2) 

NOPT (2) 

NOSEC (47) 
NOSTP 
PI 
SINA 

SQDIS 

STFIL (852) 
STORE (400) 
STRX (3) 

STRV (3) 

- Limit for points in search procedures. 
- Array of indices that point to data in the disk file. 
- Flag telling if left point of cross-section is on NGI 

scan profile. 
- Quit flag to get out of loop. 

Index as to which disk record is in core. 
- Increment = ± 1 depending on which way alignment runs. 
- Strip flag se~ = strip number being used at present. 

Counter for given (X,V) coordinates (left, 4 , right}. 
- Index as to which NGI scan profile is in core. 
- Associated variable for NGI disk file. 
- Index as to which record from NGI file is in core. 
- Index = 1 or 2 where 1 means the back scan profile and 

2 means the forward. 
- Index = 1 m' 2 where 1 means the back scan profi 1 e and 

2 means the forward. 
- Index to points for (X,V,Z) computations. 
- Index used for shifting storage areas. 
- Index used for shifting storage areas. 
- Limit for points in search procedures. 
- Logic flag used in computed go to. 

Index for (X,V,Z) computations. 
- Index to points for (X,V,Z) computations. 
- Index to points for (X,V,Z) computations. 
- Index to points for (X,V,Z) computations. 
- Maximum number of words in NGI record = 400. 
- Do-loop limit = total number of points for computed cross-

section. 
Index for (X,V,Z) computations. 

- Variable containing number of scan profiles for any given 
strip. 

- Index increment = ± 1 depending on whic\h direction on scan 
profile. . 

- NGI flag indicates if left point of cross-section is on 
ahead scan profile, on back scan profile, or between scan 
prof"il es. 

- See subroutine PREP. 
- Number of point connectors for ahead scan profile and back 

scan profile. 
- Number of points for ahead scan profil r: and back scan 

profile. 
- Array of number of scan profiles in each str"j p. 
- Number of strips stored on NGI file. 
- Constant If :; 3.1415926535728. 
- Sine of rotation angle for converting state plane to strip 

coordinates. 
- Square root of distance2 between point (X,V) and points 

(Xl, vl). 
See subroutine PREP. 

- Array used to retrieve a data record from the NGI file. 
- X-coordinate strip for a given strip for the left, i , 

right points of a given cross-section. 
- V-coordinate strip for a given strip for the left, <t: , 

right points of a given cross-section. 



C-12 

Subroutine XBILD(Cont'd) 

SVSER 
XB (47) 

XDIS (X, Xl, V, Vl) 

XE (47) 

XI 
XJ 
XSECX (200) 

XSECV (200) 

XSECZ (200) 

XSTA (200) 
XTFIL (2, 3) 
VB (47) 

VDl 
VD2 
VDELT 
VDIST (200, 2) 

VE (47) 

VI 
VJ 
VMAX 
VMIN 
vv (2) 

ZELV (200, 2) 

ZI 
ZJ 

- See subroutine PREP. 
- Array of state plane X-coordinate for the beginning 

point of each strip. 
Statement function for computing distance2 between 
point (X,V) and point (Xl,Vl). 

- Array of state plane X-coordinate for the end point of 
each strip. 

- Intermediate calculation X-coordinate for cross-section. 
- Intermediate calculation X-coordinate for cross-section. 
~ X-coordinate array for all points of computed cross­

section. 
- V-coordinate array for all points of computed cross­

section. 
- Z-coordinate array for all points of computed cross-

section. 
- Array of stations (X-coordinate) for any strip. 
- See subroutine PLIST. 
- Array of state plane V-coordinate for the beginning 

point of each strip. 
- Temporary variable with a distance (V-coordinate). 
- Temporary variable with a distance (V-coordinate). 
- Difference of forward and back ViS. 
- Array of distances (from ~) (V-coordinate) for NGI 

scan profiles in core. 
- Array of state plane V-coordinate for the ending point 

of each strip. 
- Intermediate calculation V-coordinate for cross-section. 
- Intermediate calculation V-coordinate for cross-section. 

Maximum V for given left cross-section point. 
- Minimum V for given left cross-section point. 
- Intersection points of given cross-section with forward 

and back NGI scan profile. 
Array of point elevations (Z-coordinate) for NGI scan 
profiles in core. 

- Intermediate calculation Z-coordinate for cross-sections. 
- Intermediate calculation Z-coordinate for cross-sections. 



.. 

NGI DRIVER 

Define NGI 
disk file + 
call REREAD 

Read header 
card for tape 

store Yes or No 

If~ fatal 
error or no NO-----IIIIII 
tape store 

Return 
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Yes 

Print 
error 

message 

Return 

No 

Initialize 
variables & 
arrays for 
point connect 
process I 

NUMERICAL GROUND IMAGE FLOWCHART 
(FILE BUILDER) 

--------~ " 

Initialize 
variabl es 

I Store number I 
of scan profiles Yes 
for last strip 

Write index 
for last I 

cross-section 
I on 
NGI file 

Reset section 
counter, i ncr. 
strip counter 

. set flags 

Store coordinate 
limits for 

strip 

Reread card for 
state plane coor. 
of stri p 1 imi ts 

¥es-_k" 

No 

Incr. Xsect Restore scan 
counter, store profile data 
Ista. for scan ...... ----lin packed form----------l 
profile & index w/dist, elev, & 
lwhere assoc.-1 L--type I 

data is 

Remove type from 
packed data + 

store in array. 
(When full write 
arra to di sk) 

Locate next 
di sconti nui ty I------~ 
boundary 

C-14 

Print 
error 

message 

Eliminate 
all extra 

boundaries 

----~-- ------

• 

" 
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Calc. dist. bet. Compute ratios 
boundaries & bet. of each pt. t0wa-___ ---1 

I-----..... start and 4 pts.---.I'I its respective 
(2/Xsect) for both boundary dist. 

Set connector 
from pt. 2 to 
pt. 4, incre­
ment pt. 1 to 

. 4 

Set connector 
from pt. 1 to 
pt. 3, incre­
ment pt. 2 to 
Pot. 3 

Increment 
point (3) 

scan profi 1 es I 

~f Increment 
ratio {4 )' .... __ .., connector 

Ye < average (2+3J counter 

Yes 

? (Index) 

Set connector 
from pt. 3 to 
pt. 4, incre- I-----l~ 
ment pt. 1 and 
2 to pt. 3 & 4 

Return 

Store on disk 
stri p 1 imits & 
indices. scan 
profile index 
& last scan 
profile pt. 

record 

Increment 
point 3 

Increment 
point (4) 

If @ t. (4) < end"'~------- 2/B y 
Increment @ 
pOint (3) & liB Ye 
point (4) 

No 

Store connectors 
& no. of connec­
tors, move scan 
profi 1 e da ta to 
allow for new 
data 

Yes 



error 
messages 

Set end 
flags 

Return 

Increment 
line 

counter 

If 
/new 

SUBROUTINE PREP 

If 
... common ... 

flags JTAPE=O 
Yes/-~r JCSTA=9'sot--No 

IRTYP=l 
Initial ize 
variabl es 

Reread RT70 
J----I~ Xsect request 

? 

If 
It:'' Width 

~rt. width 
Yes'or beg. sta.~ 

'end sta. 
? 

Prepare given 
beg. & end sta. 
for print. & 

~I--.....J blank out STFIL--­
array w/9's. 
Negate given 
widths to left. 

Print heading 
for cross-section 

. 1 imits 

Incr. page 
... ----1 counter 

Line counter 

card 

/If ...... 
NGI file 
storeB>dn 

tape 
? 

Write 
NGI 

record 
onto 
disk 

<beg. sta. < .>-;....:.: ___ 
old end sta. 

Set new 
beg. sta. 
= old end 
sta. ?/ 

/~:~ 
Yes~~d sta:~~:>-No 

old end sta. 
~ 

Compute min. Y 
max. widths for ~ 
first overlappingl----- 2/A 
sta. JCSTA=begJ 
sta. 
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Rewind tape & 
write "NGI 
copied from 
tape" 

No 

" 



If, 
Set incr. /there, 
YNCR to ___ Yes-<.i s a gap bet~ 

resolve gap. station limits 
? 

No 

I ..... 
Store e}lua't. flag 
equation I--____ ~JEQ > no. of"l-Yes 
record on e~uations/ 
station file ? 

Set ESTA= 
equation 
station (JEQ) 

TA & .... If~ Store ES /ESTA ~ 
ahead equation.4AII--_No-<present sta. Yes 
in STFIL array~ ~JCSTA 
incr. JEQ ind x ............ ?/ 

Set 
JCSTA=old 
end sta. 

Set 
JKEY=l 
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Set 
IQUIT 

flag=2 

Yes 

Store JCSTA 
on the 

station file 

,-If, 
~M column 13 
~10~ontains 1 

? 

Store width 
left & width 
rt. & flag in 
STFIL array 

:Yes 

~
cal1 subr. 

STATN to 
incr. to the 

next sta. 
JCSTA 

Store STFIL 
~----I Read next 

card 

Restore 
YNCR=XNCR 
WIDEL=WIDL 
WIDER=WIDR 

array on 
ISAM file 

Set old end sta. 
:::: end sta .• old 

I--I .. rt. width=rt. 
width. old 1t. 
width=l t. 
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Set 
JCSTA=9's 

Write 
Put last STFIL (wI 
record (w/stai-' ----I_equations) 

1-----... =9's) on ISAM & eq. table 
file ~ 



SUBROUTINE PLIST 

Return 

Write 
Ie--No 

Initialize 
variables 

If, Set station=last 

Write check print 
of STFIL arrayr.-----------, 
w/cross-section 

Print 

No 

Call XBILD to 

(

build cross-s~\ 
tion for 3 given 
pts. us; ng NGI 
file,store in 
STFIL 

Print (heading if 
necessary) & state 
plane coor. for 
It.} <t. rt. p~. 
incr. lines 

.. station station & store 
<.:::last statio>n~Y_es_-IlIo!back in STFIL I----~ 
"-on ali gn. array 

Call BRDIS 
,>--__ --IIlI\to ca 1 c. X, Y I S 

for It. & rt. 
offsets ? L-~ _____ ~ 



CROSS SECTION BUILDER FLOWCHART 
(USING NGI DATA FILE) 

Initialize 
variables & 
statement 
functions 

Read strip 
limits, no. Initialize 
of scan pro- EPSILON, MAX, 
f 'l IBEG, IBIAS. 

~-=---... 1 es, no. 1-----1 .... ISGN=l. 1=I~EG=l 
of strips 

No 

Increment 
I 

..... -No 

r:--1 
Read scan pro-
files. stations Set strip = I 
& indices from N = no. of sca 
NGI disk file .... ---1 profiles for 

stri p (I) 

Calc. deltas, sine. 
cosine for strip (I 
rotate & translate 
given st. pl. coor. 
to strip coor. for 
It .• 1:, & rt. pts. 

/If, 
i1;'s first 

can profile ~or. Yes 
this strip 

? 

C-20 

from disk 

Find' Dist2 Beg-End If' 
Dist~ Beg-XY (left) I ~ oyer 
Dist2 XY (lef~End~~ > no. of 
Find enclosed No strip 
an9l es for stri p ? 
(I}I~·----.J 

Initialize 
flags & 1 imits 
set 1=2 
ILAST=N 

Yes 

Write 

Set 
error 
flag 

Return 



.. ~--------------------------------------------------------,C-21 

Set NGI flag =; ~ ~t~ 
Z for It. pt. on ,,,If. x~~o~< yes-___ ~k GIFl = l;~ 
NGI forward sdan--"'lII"""'..lo< rt. X-coor'? ~f ISGN < 0 No 
profile y I=I+ISGN 

Ca 1 c. d iff. of I 
It. pt. X-coor. & 
station (I) on 1-----1 .. 
strip (ISTRP) 

No 

iii i 

Set IB _=1; IKEY Set index J = I -1 

@=1; l = Type I for retreiving scan 
2/C calc. no. of pts"'~---profile (J) data 2/E 

and which record set store indexl 
to retrei ve K = 1 

L' -----___ ---J 

~ 
No ___ -I~ .. da ta record 

JIll"'" from NGI __ ---, 

Yes 

YDIST(IB K)=STORE(l) 
, 10000 

ZElEV(IB.K)=STORE{l) 
-YDIST* 
10000 

l=L+l 
IB=IB+l 

Yes No 

disk file 

Set IKEY 
=2 

1=1+1 

Set IBEG = 
ISTRP + ISGN 

.... If,~ IBEG ~ no. No l/A 
<6f stn ps or 

'IBEG S. 0 
,?/ 

I 
Yes 

~ 
Set no. of ~ 
connectors r-----~ 
NOCN=Store (l) 

Set l=l 



C-22 

compute con­
nector pts. 
from stored 
info. Incr. IB 

IKEY=3 

No 

IB=l 

L=L+1 

If 
No-<~YeS 

~. 
K > 1 or IQFLG ... Yes---~ 

=1 

J=l 
K=2 

Set NGI 
F1ag=1 

No 
Set ·A 

,ISGN=':l " /If ............ 
<,IFIND=O; if~yeS~L9. X > Rt. X 
Lt. X=Sta(I-1) ? 

? 

No Yes 

~ If 
4/A 14-4t----ves.LTll Set NGI 

F1ag=2 

Set 

~
ISGN=l; . 

4/B Yes If)) 
Lt. X=Sta(I) 

? 

e...r----
es 

No 

1=1-1 
L1=2 
L2=1 



1=1-2 
ILAST=l 

1=1 +1 
L1=1 
L2=2 

Ia--No 

No-...... 

C-23 

~ No .. ~( )Yes ~ Lt. x=s~a (1-2 »)-!-W.-~--I~pL t92 

Set NGI 
Flag=2 

~ __ Yes 

Set NGI 
F1 ag=l 

Set NGI 
F1ag=1 

No 

1=1+1 
ILAST=N 



C-24 

I I ~ove all dists! I I 
(0 Set I QFLG= 1 ; ( ) () () 5/A -----II ..... NOPT(Ll )=NOPT(L2)-___ .... a";'nd elev. L2 I--_~NOCN Ll =NOCN L2 

I M=NOPT(2) I part of array M=NOCN(2) 
. . to (Ll) part 

~t----

~r----

~r----Yes Move connectors 
"'--from (L2) part of 

array to (Ll) p'art 

Initialize 
M=NGIFL 
K=l 
11=1 

I I 

No XFRAC=O.O 

compute XFRAC= 
the fraction of 
dist. Lt. X is from 
Sta(I-l) 

& YMIN = Maximum 

No 

[

Compute YMAX 

& mi nimum values ..... .&-..-f 

for the Y dists. 
& set IFIND = 1 

XFRAC=l.O 

Yes If No Q 
¥~YMAX ----t ..... \!!!!) 

If L=l L=NOPT(l) 
ILAST=l 
ISGN=-l 

Yes-<L~ Y ~? . R./t. Y-No-..... lLAST=NOPT(l) 
~ ISGN=l 



Yes 

I I 8 Calc. diff. 
6/A t-----t .... between YDIST 

given Y (K) 
(L,M)--,-_K 

Set 4- flag 
ICLFL=Il 

I I 
Compute fraction 
Y(K) + YDIST(L.M~ 
store cross-section 
X=Sta(I-l) }4-NO 
Y=Y(K) 
calc. Z-coordinate 

Increment 
K=K+l 
Il=Il+l 

j , 

8 
AX=Sta(I)-Sta(I-l) 

6/ B r--------l .. a K= 1 
Il =1 
YJ=-l 

L=NOCN(2) 
ILAST=l 
ISGN=-l 

~-Yes 
If 

Lt. Y < Rt. Y 

~ No 

L=l ISGN=l 
,...-----1 ILAST=NOCN(2) 

Compute fwrd. & @ 
back connectors-----I .... 7/A 
(or point (L) I 

No--8oI 

C-25 

Increment 
given pt. 
counter 
K=K+l 

Store cross-section 
X=Sta(I-l) 

~--801 Y=YDIST(L.M) 
Z=ZELV(L.M) 
Increment 11 

Increment Y 
dis t. c ounter,I-------':.:.:a1o(" 
L=L+ISGN 

Yes 
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~Y=YDIST(FWRD}-

@ I YDIST(BACK) 
7/ A f---"'-----1 .... Ca 1 c. i ntenned i a te 

VI & diff=VI-YK 

Set <t flag 
ICLFL= Il 

Calc. fwrd. & back 
connectors for (L-l) 
YI::. using these 
ca 1 c. i ntermed. 
YJ + ZJ 

Calc. Intermed­
iate elevation 

ZI 

Store cross­
section 
X=X(K) 
Y=Y(K) 
calc. elev. Z 

Set 
ICLFL=11 

...... -Yes 

Yes 

Calc. inter. 
elevation 

ZI 

Incr. 
11=11+1 
K=K+l 

Incr. 
L=L+lSGN 



" 
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compute inter 
section of cross-

1------1 .. section wIthe two 
NGI scan prof; 1 es 1-----1-'< 

Set flag 
K=2 

Set flag 
Kl =2 

Error 

Set indices 
Ll=l 
Ml =1 

M=l 

; tis between 
YY(l) & YY(2) 

~-Yes 

Set ILAST= 
no. of pts. on 
NGI Xsect (k) 

Set indices 
Ml =Conect{M ,K,2) 
M2=Conect{M-l,K,2) 
Ll =Conect(M ,Kl ,2) 
L2=Conect{M-l,Kl,2} 

Set flag 
K=NGIFL 

Initial ;ze 
Line=l Kl =1 

IONFL=O 

Compute L=pt. 
no. just past 
YY(K) Compute 
ZI, XI=Sta{I-2+K} 
YI=YY{K) 

No 

Set flag 
K=l 

X,...Yes 

y~{~ 
YDIST(NOPT(Kl),Kl} 

? 

Set indices 
LZ=NOPT(K} 
MZ=NOPT( Kl} 
M=NOCN{2}+1 

Store cross-sectlon 
Find M=Index X=XI 
of connector ~----f ILAST=NOCN(2) .... --IY=YI Z=ZI 
equal to L Incr. counters 

ICLFL; IXCNT; Il 
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Set 
LINE=2 
NCR=l 
LAST=NOCN(2) 

Set indices 
LX=Ll 
MX=Ml 

,...If 
No ........ IVV(Kl)­

'>--~':"" VDIST(Ml ,Kl ) 
'< eps./ 

'1' 

No 

,...If, 
/IVV(Kl )~ 

,---1-'-.ctyOIST(Ml ,Kl )J> 
~·eps./ 

'1:/ 

Yes 

..... If' 
IONFL11 

and 
Yes VV(Kl )<~OIST(Ml ,Kl 

..... 1/ 

Set 
I..INE=3 
NCR=-l 
LAST=2 

Set 
IONFL=2 
M=M+l 

Set indices 
LX=L2 
MX=M2 

Set 
IONFL=O 
M=M-l 



Compute XJ. Compute 
I----....,VJ. ZJ using 1-----IIliDiff=X(I)-XJ 

MX & LX indices Set IDFLG=Q 

Set 
ICLFL=IXCNT 

Set 
IDFLG=l 

~I--_Store X. V. & 
calc. Z for 
cross-section pt. 

Increment 
11=11+1 
IXCNT=IXCNT+1 

Set 
NGIFL=l 

! I 

Store 
XJ. VJ. ZJ '-"-No 
Incr. 11 

Replace: 
XI=XJ 
VI=VJ 
ZI=ZJ 

No Incr. 
M=M+NCR 

Set 
NGIFL=2 

C-29 

Print 
error 
message 

yes----.t 
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Compute 
\-----..... XJ=Sta(I-l+K) 

_._---Yes 

Compute distances 
from 4 pt. to all 
other cross-sec-I 
tion pts. & store 
results in STFIl 
array. 

Set 
IClFl=Il 

..... -yes 

YJ=YY(Kl) 
Cal. ZJ 

Increment 
Il =ll +1 
IXCNT=IXCNT+l 

No---. Compute 
DIFF=X(IXCNT)-XJ 

Store 
X=X(IXCNT) 
Y=Y(IXCNT) 

Calc. Z 

Set 
NGIFL=l 

Set 
NGIFl=2 

, . 



PROGRAM LISTINGS 

Some of the objectives of this research project were to implement an NGI 

system, and develop and demonstrate program modules which would create terrain 

cross-sections from the numerical ground model along alignments stored in the 

Roadway Design System (RDS). These objectives were accomplished; however, due 

to the 1 imited toime and funds several previously written routines were used for 

expediency. These routines performed the functions required along with functions 

extraneous to NGI. It was the intention of the project staff that these routines 

would be replaced after more experience in the use of the system was gained. 

In order to run NGI, the user must have version 5'.0 of RDS (which was trans­

mitted to FHWA on May 23, 1974) or a later version. Two RDS routines (CARD and 

BLOCK DATA) were utilized in the NGI system with very slight modifications. The 

listings for these two routines are given on the following pages along with the 

two new NGI routines (MAl Nand NGI). 

Three new routines (PREP, PLIST and XBILO) were written for RDS to access 

the NGI file and build cross-sections. These routines were included in version 

5.0 of ROS; however, they have been revised and listings of the latest version 

are included. In addition the following routines must be copied exactly from 

version 5.0 of RDS and used with the previously mentioned routines: STANO, 

STATN and PRNTR. Since some of the RDS routines used in NGI call other RDS 

routines, it is necessary to use the following dummy RDS routines: DELETE, EXTND, 

HUB, ISAM, PREP, PNCH, DCODE, and LETR. The documentation for the routines PREP, 

PLIST and XBILD included in this report updates that contained in version 5.0 of 

RDS. A link edit (module map) is given on the next two pages. This shows all the 

routines necessary for the NGI system. 

Pages C-72 and C-73 are the JCL for job stepping NGI and RDS. Page C-74 is 

the JCL for processing NGI and building an intermediate tape file. Page C-75 ;s 

the JCL for accessing the intermediate tape file and executing RDS. These JCL 

were used in testing NGI. 

C-3l 



F44-lEVEL LINKAGE FDITOR OPTIONS SPECIFIED LIST,LET,MAP 
DEFAULT QPTION(S) USED - SIlE=(65536,266241 

n 
I 

\.N 
MODULE MAP N 

CONTROL SECT ION ENTRY 

NA'1 EO JRIGl'l LENGTH NAME LOCA HON NAME LOCATION NAME LOCATION NAME lOCA HON 

MAIN 00 202 
CDATA 2DB 6CO 
CMAIN 998 28 
CPRNT geo 68 
5VSTM A2B 70 
EQBLK A48 92C 
TItlE 1318 2C 
NGI l3A8 3FDB 
CARD 5380 2CC 8 
PRNTR 8048 5342 
SHNO 0390 618 
STATN D9A8 410 
'JEL ET DEl8 F6 
EXTNO OF10 F6 
HU B 1'008 F6 
I S AI-' ElOO F6 
PREP EIF9 6 
PL 1ST E2~0 F6 
DCODE E3E8 F6 
LETR E4EO F6 
PNCH E5D8 F6 
I Hcm I 05* E600 E6E 

01 OC 5# E6DO 
I HC ECOMH* F540 F61 

IBCDM# F540 FOIOCS# F5FC INTSWTCH 10486 
IHCCOMH2* 104A8 650 

SEQOA50 10820 
PEREADII * 10BM DA 

REREAD 10B08 
IHCFCVTH* lOBES 1190 

AOCON# lOBES FCVAOUTP 10C92 FCVlOUTP 10022 FCVlOUTP lOE12 
FCVIOUTP 11220 FCVEOUTP 11122 FCVCOUTP 1193C INT6SWCH 11C'23 

IHCFFNTH* 11088 542 
ARlTH# 11 088 AOJSWTCH 12124 

IHCEFIOS* 122DO F28 
FIOCS# 12200 FIOCSBEP 12206 

IHCFI052* BIF8 52E 
THCERRM * 13128 504 

ERRMON 13128 IHCERRE 13140 
IHCUATBL* 13000 638 
IHCUOPT * 14338 350 
IHCHRCH* 14688 28F 

IHCTRCH 14688 ERRTRA 14690 
CERWK 14918 14 

',-



" 

NAME ::JR I G I 'II LENGTH NAME LOCATION 

CDElE 14930 4C 
PARM 14980 5C 
(SOH 149EO 644 
CST AT 15028 e 
CIXSE 15030 C 
QSAM 15040 D7E1 

ENTRY ADDRESS 00 
'fOTAL LENGTH 150B8 

****MAIN DOES NOT EXIST BUT HAS BEEN ADDED TO DATA SET 

NAME LOCATION NAME LOCA TlON NAME LOCATION 

';"'l 
I..N 
I..N 



FORTRAN IV G LEVEL 

C**** 
0001 
0002 
0003 
0004 
0005 
0006 
0007 
0008 
0009 5 
0010 
0011 
0012 
0013 
0014 
0015 
0016 
0017 
0018 10 
0019 
0020 
0021 
0022 15 
0023 20 
0024 
0025 

21 MA[N DATE 74353 08/56/21 

NG I OR rVER **** 
CO~MON ISYSTMI SYSIN,SYSOT,SYSER,SYSTP,NINES,[QU[T,ENDFL,JARG 
COMMON ITITLEI IPAGE,IOATE(41,ICHWY(4),JOBNO(21 
COMMON IC'AINI IOU,,191,LIST 
COMMON ICOATAI ISTA,IDU"DATA(400),NOPT,IDUMl,IOUM2181,[DUM3120) 
INTEGER IYES/'YES'I,DATA,SYSIN,SYSOT,SYSER,SYSTP,ENDFL 
DEFINE FILE 15(2;9E,400,U,JARGI 
CAll REREA£: 
READ (S¥S[N,51 ITAPE,ICRO,ICROP,IPRNT 
FORMATI~7X.2A3,43X,A3,All 
IFIICROP.EQ.IYESI LIST"l 
CALL NGIIIPRNT.ICRO,ITAPEI 
IF!ITAPE.NE.[YESI GO TO 20 
END FILE SYSTP 
LAST=JAPG-l 
JARG=l 
DO 10 [:l,LAST 
READ Il5'JARGI DATA 
WRITE !SYS1PI DATA 
END FILE SYSTP 
REWIND SYSTP 
WRITE 16,151 
FORMAT!II' THE NGI FILE HAS SEEN PUT ON THE TAPE'/I) 
CONTINUE 
STOP 
END 

'" 

PAGE 0001 

• " 

n 
I 

I..N 
~ 



LEVEL 21.8 I JUN 74 I 05/360 FC~TRAN H 

COMPILER 

ISN 0002 
ISN 0003 
ISN 0004 

ISN 0005 
! SN 0006 
ISN 0007 
I SN 0008 
ISN 0009 
ISN 0010 

I SN 0011 

OPTIONS - NA~E= ~~I~.OPT=02.lINECNT=60.SIlE:OOOOK. 

'" 

'" * 
* 
'" * 
'" 

SOURCE.EeCOIC,lIST.OECK.LOAD,MAP.NOEOIT,NOID,XREF 
BLOCK tATIl 
COMMON ICOA TAl 
COMMON IC!lAINf 

COMMON ICPRNT I 
COMMON ISYSTMI 
COMMON fEQBLKf 
COMMON IT ITLEI 
REAL*8 EQTlHl 

JCSTA,CF,DATAI4001.SNUMC,KEY.INDEXI8I,OVERIZOI 
I~TYP,JRTYP,IRSET,JCARD,ITSTA.ODUMP.FDUMP.FINAl. 

INTPl,LlST 
OT,EL1,NUMC,HIBI.FS.8S.BM,NUM,LOR,ICARO,TYPE,NEQ 
SYSIN,SYSOT,SYSER,SYSTP,NINES.IQUIT,ENDFL,IARG 
NOEQ!261.EQTABI7.20.21.NSET 
IPAGE.ICATEI4I,JCHWYi41.JOBNO[21 

INTEGER NEQ/lf, IRSETfl/,ODUMP/O/,FDUMP/Of,JCARDflf, 
JCSTAf~~9~99999/.FINAL/O/,INTPl/O/.KEY/I/,INOEX/3,797. 

'STAF.,3400,2,403,'fINF',1154f.OVER/'I','Z','3',14','5', 
'6','l','e','9','0','J','K','L','M','N','O','p','g','Rt, 
-801095616f,ICARD/lf,IRTYPflf,LIST/Of.NOEQfl*Of. 
NSET/I/,SYSIN/5/,SYSOT/6/,SYSER/6/,SYSTPf2/, 
NINES/~~9999999/.iQU[TfO/,eNDFLflf.IARGfOf.IPAGE/1/. 

IOATE/4.· '1,ICHWVf4.' "I.JOBNOf2*' -f,DTI81,Ell'S! '" END 

DATE 74.353/08.51.25 



LEVEL 21.8 1 JUN 14 I OS/360 fORTRAN H 

COMPILER 

ISN 0002 
ISN 0003 
ISN 0004 

ISN 0005 
ISN 0006 
ISN 0001 
ISN 0008 
I SN 0009 

ISN 0010 
ISN 0011 
ISN 0012 
ISN 0013 
ISN 0014 
ISN 0015 
ISN 0016 
I SN 0011 
ISN 0018 
ISN 0019 
I SN 0020 
I SN 0021 
ISN 0022 
ISN 0023 
ISN 0024 
ISN 0026 
ISN 0021 
ISN 0029 
ISN 0030 
ISN 0031 
ISN 0033 
!SN 0034 
ISN 0035 
ISH 0036 
ISN 0038 
ISN 0040 
ISN 0042 
I SN 0043 
ISN 0045 
ISN 0046 
ISN 0041 
I SN 0048 
ISN 0050 
ISN 0051 
ISN 0052 
ISN 0053 
ISN 0054 
ISN 0055 
ISN 0056 
!S"l 0051 
ISN 005S 
ISN 0060 
ISN 0061 
ISN 0062 
I SN 0063 

, ' 

OPTIONS - ~AME= M~IN,OPT=02,LINECNT=60,SIZE=0000K, 
SOURCE.EECDIC,LIST,DECK,LOAO,~AP,NOEOIT,NOID,XREf 

SUSROUTINE NGIIIP,IC,ITI 
COMMON ICDATAI XSTA,IDUM,DATA(400),NOPT,IOU~I,IDUM2(8I,IDUM31201 
COMMON ICMAINI IRTYP,JRTVP,IRSET,JCARO,ITSTA,ODUMP,ISTRP,fINAL, 

* INTPL,LlST 
COMMON ISVSTMI SYSIN,SVSOT,SVSER,SVSTP,NINES,IQUIT,ENDfL,IARG 
COMMON IPARMI IM~GEI231 
DIMENSION fRACI41,DISTI21,ELEV(5) 
INTEGER SYSIN,SYSOT,SVSER,SYSTP,ENDFL 
INTEGER RECI400,21,SDATAI20Q,21,FENCEI4I,PNTR(41,IDIS(21,TNOPT, 

*DATA,XSTA,CONECTI200I,FINAL,IPTNO(5),ITVPI5),IDISTI5),IBACKIS), 
*IAHEDIB),OSTA,ICHEKI~I,STA.STOLD,IELVI5) 

REAL*a DBRECIIB8),XYBEI4) 
INTEGER*2 NOSTR,I2RECI4Bl,SDINDI200,21 
EQUIVALENCE 112RECI481,NOSTRI 
DATA MY/'Y·I,IX/'X'I.IYES/'YES'/,NGI/'NGI'I 
NOSTR=O 
IREC=4'l 
INDX"'l 
NOPT=O 
MAX=400 
IPG=O 
LCNT=56 

5 IFRST=O 
OSTA=XSTA 
TNOPT=NOPT 

10 IFIIC.NE.IYESI GC TO 14 
ISTRP=l 
IfIJCARD.EQ.2} GC TO 12 

11 READ 15,I,END=221 IMAGE 
1 FORMAT(3A4,Al.2A4,2Al,2A4,A3,2A4,A2,9A4) 

IFIIMAGEI~I.EQ.NGII GO TO 23 
12 N2=2-lfRST 

READ 1"9,21 ST~,IIOISTIII.IPTNOII).ITYPII),ICHEKIII,I=1,51,N 
2 FOR~ATII8,512(I5,1Xl,I1.All,lX,Ill 

IFIJCARD.EQ.ll GO TO l~ 
IFISTA.NE.STCLDI GC TO 24 

19 IFIN.EQ.OI N=5 
DO 21 [:I,N 
IFIICHEKtll.EQ.IXI GO TO 21 
J=J"l 
SDATAIJ.N21=IIOOOO-IDISTIIII*100000+IPTNOII) 
SDINDIJ,N21=ITYPIII 
IF(IP.EQ.~YI WRITE 16.181 I,J.N2.S0ATAIJ,N21,SDINDIJ.N2J 

18 FORMATI' ',13.13,13,112.121 
21 CONTINUE 

STOLO=STA 
JCARD=2 
GO TO 11 

22 1 STRP= ~ 
GO TO 24 

23 ISTRP=2 
IFIJCAPO.EQ.ll GO TO 11 

24 XSTA=STOLD 
STOLD=STA 
NOPT=J 
GO TO 82 

II. 

DATE 14.353/08.51.30 

• 

n 
I 

I..N 
0"'> 



I SN 0064 
I SN 0065 
ISN 0066 
ISN 0068 
ISN 0069 
I SN 0070 
I SN 0011 
ISN 0073 
I SN 0074 
ISN 0075 
ISN 0076 
I SN 0071 
ISN 0018 
ISN 0079 
ISN 0081 
!SN 0082 
ISN 0083 
ISN 0084 
ISN 0086 
ISN 0087 
ISN 0088 
1 SN 0089 
ISN 0090 
I SN 0091 
I SN 0092 
ISN 0094 
ISN 0095 
ISN 0096 
ISN 0097 

I SN 0099 

ISN 0100 
ISN 0101 
I SN 0102 
ISN 0103 
ISN 0105 
ISN 0106 
ISN 0101 
I SN 0108 
ISN 0109 
ISN 0111 
ISN 0113 
I SN 0114 
ISN 0115 
I SN 0116 
ISN 0111 
I SN 0118 
ISN 0119 
ISN 0120 
ISN 0121 
I SN 0123 
ISN 0124 
ISN 0125 
ISN 0126 
ISN 0121 
ISN 0128 
ISN 0129 

• • 

14 CAll caRD 
GO TO (40,15,40,351.ISTRP 

15 IF(JCARD.EQ.21 GC TO 40 
16 JCARO .. l 
11 READ (~9,201 XYBE 
20 FORMAT(13X.4F15.51 

IFIIT.EQ.IYESI WRITE (SYSTP.l1 IMAGE 
Nl=NOSTlU'4H 
N2=Nl+3 
J=O 
DO 25 1"1'<1, N2 
J=Ji-l 

250BRECIII=XYBEIJ) 
IF(NOSTR.EQ.OJ GC TO 28 
12RECINOSTRJ-NOSEC 
IARG=NCSTR+l 
N2"'2*NCSEC 
IFIIP.EQ.MYI WRITE 16,211 IREC(I,11.I:l,N2) 

21 FORMAT" XSECTION ARRAY - INDEX'.2001/1X,2!1011 
WRITE (15'IARGI IRECII,ll,l=l.MAXI 

28 NOSEC=O 
NOSTR=NOSTR+l 
IFRST=l 
IKEY=O 
I F( IC.NE. (YES 1 GC TO 10 
J=O 
GO TO 11 

30 12RECINOSTR)=NOSEC 
lFIIP.EQ.MYI WRITE 16,311 NOSTR.IDBRECI4*I-31.D8RECI4*1-21, 

* OBREC(4*I-l),OBRECI4*II,I2RECIII,I=1,NOSTRI 
31 FORMAT(' NO. OF STRIPS=·,12/1X.'STRIF CCOR. LIMITS & INDICES', 

*411/1X.4F15.5,1511 
WRITE (15'11 OBRfC,12REC 
IARG"NCSTR+l 
N2=2*NOSEC 
IFIIP.EQ.MY) WRITE 16,321 IRECII,ll,l=l,N21 

32 FORMATI' XSECTIQN ARRAY - INOEX',2001/1X,2IIOII 
WRITE 115'IARGI IRECII,ll,I=l,MAXI 
IARG=IREC 
N2=INOx-l 
IFIN2.EQ.01 GO TC 39 
IFIIP.fQ.MYI WRITE (6,331 IRECII,2I,I=l,N21 

33 FORMATC' POINT ARRAY',34(/IX,1211111 
WRITE (15'IARG) IREC(I,2I,I=1.MAXI 
GO TO 39 

35 WRITE (6,381 
38 FORMATI' ERROR UNRECOGNIZABLE NGt CARD - PROCESSING TERMINATES') 
39 IQUIT=ENDFl 

GO TO 200 
40 NX= 2*NOPT 

IFIIP.EQ.MY} WRITE 16,131 NCPT.XSTA,IOATAill,l=l.NX) 
13 FORMATI' NOPT"",13,' XSTA='.IIO/5X,·OATA ARRAY',2001/1X.2IIO)) 

1=0 
J=-l 
Nl=O 
N2=2-IFRST 

43 ICNT"l 
45 I=I+l 

• 
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I SN 0130 
ISN 0131 
ISN 0133 
ISN 0134 
I SN 0136 
ISI\i 0138 
ISN 0139 
ISN 0140 
rSN 0142 
ISN 0143 
ISN 0145 
1 SN 0147 
rSN 0148 
1 SN 0149 
ISN 0150 
(SN 0152 
ISN 0153 
ISN 0154 
ISN 0155 
(SN 0157 

I SN 0158 
I SN 0160 
ISN 0161 
ISN 0162 
ISN 0163 
ISN 0164 
I SN 0165 
ISN 0166 
ISN 0167 
ISN 0168 
ISN 0169 
ISN 0171 
I SN 0172 
ISN 0173 
I SN 0174 
ISN 0175 
1 SN 0176 
ISN 0177 
ISN 0178 
1 SN 0179 
ISN 0181 
ISN 0182 
1 SN 0184 
ISN 0185 
ISN 0186 
ISN 0187 
ISN 0188 
ISN 0189 
TSIII 0190 
ISN 0192 
ISN 0193 
ISN 0194 
ISN 0195 
rSN 0197 
I SN 0198 
ISN 0199 
ISN 0200 

50 J=J+2 
IF(I.GT.NCPTI GO TO 80 
SOATAII,N21=II000000-0ATAIJ+111*1000+0ATAIJI/10 
IFII.EC.ll GO TO 55 
IFfSOATAII-l,N21.NE.SOATAII,N211 GO TO 60 
NOPT:NCPT-l· . 

55 ICNT=ICNH1 
IFII.EO.II GO TO 45 
GO TO 50 

60 IFI ICNT .lE.41 GO TO 10 
IFIICNT/4*4.NE.ICNTI GC TO 65 
N1=ICNT/4-1 . 
ICNT=4 
GO TO 10 

65 IFIICNT/3*3.NE.ICNT) GO TO 10 
Nl=ICNT/3-1 
ICNT=3 

70 SOINOII-l.N21=IC~T 
IF(IP.EQ.~YI WRITE 16,721 I,J,N2.ICNT,SOATAII-l,N21.S0INOII-l,N21 

72 FORMATI' 1=''[3,' J=',[3,' N2"',Il,' ICNT='.12,· SOATAII-l,N2)=', 
*111,' SOINO(I-l,N21=',12! 

IFINI.EQ.O) GO TC 43 
DO 75 1<=I,Nl 
NOPT=NCPT+l 
SOATAII+l.N2)=SOATAI1.N2l 
SDATAII.N21=SOATAII-l,N21 
SDINOI I.N21=SOINOI l-hN2) 

15 I=IH 
Nl=O 
GO TO 43 

80 SOINOII-l,N21=2 
IFIIP.EQ.MYI WRITE (6,121 (,J,N2.ICNT.SOATAll-l,N21,SDINDII-ltN2) 

82 NOSEC=NOSEC+l 
JNOX=NCSEC*2-1 
RECIJNCX,ll=XSTA 
RECfJNOX+I,II=NOPT*10000000+INOX*10000+IREC 
NI=INOX+NCPT 
J=O 
IFl=l 

85 00 95 1:INOX,Nl 
IFII.GT.MAXI GO TO 100 
J=J+l 
IFII.NE.Nll GO TC 90 
RECfI,21=0 
GO TO ':i5 

90 REel I,21,.SDATA(J,N21 
95 CONTINUE 

INOX:Nl+1 
J=O 
IFIlFRST .EO.!) GC TO 5 
GO TO 105 

100 I NO X'" 1 
I IIRG" I REe 
IFIIP.Hl.I"YI WRITE 16,103) IRECII,21.I=1,MAXI 

103 FORMAT( 'POINT ARRAY' ,34111X,12Illli 
WRITE (15'IARGIIRECII,21.I=1,MAX) 
IREC=IREC+l 
N1=NI-I"AX 

.. 
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I SN 0201 
ISN 0202 
ISN 0203 
ISN 0204 
ISN 0205 
I SN 0206 
I SN 0201 
ISN 0208 
ISN 0209 
ISN 0210 
I SN 0211 
ISN 0212 
ISN 0213 
ISN 0214 
I SN 0215 
I SN 0211 
ISN 0218 
ISN 0220 
ISN 0221 
ISN 0222 
ISN 0224 
ISN 0225 
ISN 0226 
I SN 0221 
ISN 0229 
ISN 0231 
ISN 0232 
ISN 0233 
I SN 0235 
ISN 0236 
ISN 0231 

ISN 0238 
I SN 0239 
ISN 0240 
ISN 0241 
ISN 0242 
ISN 0244 
I SN 0245 
ISN 0246 
ISN 0241 
ISIII 0248 
ISN 0249 
ISN 0250 
ISN 0252 
ISN 0253 
ISN 0254 
ISN 0255 
ISN 0251 
ISIII 0258 
ISN 0259 
ISN 0261 
ISN 0262 
ISN 0263 
ISN 0264 
ISN 0265 
I Sr-J 0267 

GO TO 185.115.11~1.IFL 
105 IFL=2 

NOCN=O 
DO 110 1=1.4 
FENCE I 11=1 

110 PNTRII 1=1 
115 FENCEl1'=FENCEI41 

FENCEI21=FENCE{31 
N=TNOPT 
JFL=l 

120 N3=FENCEIJFll+1 
DO 135 I=N3,N 
ITYPE=SOI~OII.JFLI 
GO TO 113~,140.125.1301.ITYPE 

125 IFIJFL.EC.11 GO TO 140 
GO TO 13'; 

130 IFIJFl.EC.21 GO TO 140 
135 CONTINUE 
140 FENCEI';-JFLI=I 

IFIJFL.EC.21 GO 1C 145 
JFL=2 
N=NOPT 
GO TO 120 

145 IFIFENCEI31.NE.NCPTI GC TO 150 
IFIFENCEI41.EC.TNOPTI GO TO 155 
FENCEI4,=TNOPT 
GO TO 153 

150 IFIFENCEI41.NE.TNOPTI GO TO 155 
FENCEI31=NOPT 

153 WRITE 16.1541 NCSTR.NOSEC.XSTA 
154 FORMATI' ERROR-UNECUAL NO. OF FENCE MARKS FOR STRIP NO. '.12,' SEC 

*T. NO. '.13.' AT STA. NO. '.110,' EXTRA MARKS ElIMINATED-PROCESSIN 
*G CONTINUES" 

15510ISI1'=SCATAIFENCEl1'.11/100000 
10ISI21=SCATAIFENCEI21.21/100000 
DISTl11=10ISI1'-SCATAIFENCE(41.11/100000 
DISTI21=IDISI21-SDATAIFENCEI31.21/100000 
IFIIP.EQ.MYI WRITE 16.1561 IDIS.DIST.FENCE 

156 FORMATI' 10IS='.216.' DIST='.2F8.2.' FENCES=',41101 
158 FRACll'=110ISI1'-SDATAIPNTRI11.11/1000001/DISTI11 

FRACI21=IIOISI2'-SOATAIPNTR(21.21/1000001/DISTI21 
FRACI31=IIOISI2'-SDATAIPNTR(31.21/1000001/DISTI21 
FRACI41=IIDISl1'-S0ATAIPNTRI41.11/1000001/DISTI11 
NOCN=NCCf\+l 
IFIFRACI41.GE.IFRACI21+FRACI311/2.01 GO TO 160 
CDNECTINCCN'=PNTRI21*1000+PNTRI41 
PNTRll'=PNTRI41 
GO TO 168 

160 IFIFRACI31.GE.IFRACI11+FRACI411/2.01 GO TO 165 
CONECTINCCNI=PNTRI!'*lCCO+PNTRI11 
PNTR I 2 I=PNTR 13' 
IFIPNTRI3'.lT.FENCEI311 PNTRI31=PNTRI31+1 
GO TO 170 

165 CONECTINCCNI=PNTRI~I.ICOO+PNTRI41 
PNTRl1'=PNTRI41 
PNTR 12 I=PNTR (3) 

IF(PNTRI31.lT.FENCEI~11 PNTRI31=PNTRI31+1 
168 IFIPNTRI41.lT.FENCEI411 PNTRI41=PNTRI41+1 
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ISN 0269 
I SN 0271 

ISN 0212 
ISN 0274 
ISN 0215 
I SN 0216 
! SN 0218 
ISN 0219 
!SN 0280 
ISN 0281 
!SN 0283 
I SN 0284 
ISN 0285 
I SN 0281 
ISN 0288 
I SN 0289 
ISN 0291 
I SN 0292 
ISN 0293 
I SN 0294 
ISN 0296 
I SN 0291 
ISIIl 0298 
ISN 0299 
ISN 0300 
ISN 0301 
ISN 0302 
ISN 0303 
ISN 0305 
ISN 0307 
ISN 0309 
ISN 0310 
ISN 0311 
ISN 0312 
ISN 0313 
ISN 0314 
ISN 0315 
rSN 0316 
{SN 0318 
I Sill 0320 
ISN 0321 
ISN 0322 
ISN 0323 

ISN 0324 
ISN 0325 
ISN 0321 
I SN 0328 
ISN 0329 
ISN 0330 
ISN 0331 
I SN 0332 
I SN 0333 
[SN 0334 
ISN 0335 

110 IF(IP.EQ.~YI WRITE (6.1111 CONECTINOCNI.NOCN,PNTR,FRAC 
111 FORMATI' CONNECTOR=·,I6.' NOCN='.I2,' PNTRS=',413,' FRACS=',4Fl1.8 

*1 
IF(PNTR(1'.NE.FENCE(41.0R.PNTRI21.NE.FENCEI311 GO TO 158 
PNTRI31=PNTR(31+1 
PNTR(41=PNTR!41+1 
[F(FENCE{41.lT.T~OPT.ANO.FENCEI31.lT.NOPTI GO TO 115 
RECINl,21=NCCN 
Nl=INOX+NCCN-l 
J=O 

115 IF( IP.EQ.MYI WRITE 16,1141 I~OX,Nl 
114 FORMATI' INOX=',14,' Nl=',I41 

00 118 l=INOX,Nl 
IF'I.GT.~AXI GO TO 100 
J=J+l 
RECI[,21=CONECTIJI 
IF! IP.EQ.My) WRITE ,~,l111 I,RECII,21,J 

111 FORMATI' INOX=',14,' CCNNECTOR=",I6,' J:',131 
178 CONTINUE 

I NOX=N 1+ 1 
IFIINOX.lE.~AXI GO TO 119 
I F l=3 
GO TO 100 

119 J=O 
JFB=O 
JF=O 
JB=O 
DO 250 I:I,TNOPT 
IFISDINDII,I'.EQ.21 JFB=JFB+l 
IFISDINOII,ll.EQ.31 JF=JF+l 
IFISOINOII,11.EQ.41 JB=JB+l 
J=J"tl 
IPTNOI J 1= I 
ITYPIJI=SOINO(I,ll 
IDS=SOATAII,ll/lCOOOO 
IOISTIJI=1000D-ICS 
IElV(JI=SOATA(I,ll-ICS*100000 
ElEVIJI=IElVIJI/IO. 
IFIJ.ll.5.AND.I.NE.TNOPll GC TO 250 
IFllCNT.lT&561 GC TO 215 
lCNT"10 
I PG=IPG+l 
WRITE 116,210) IFG 

210 FORMATIIPI.129~,I2/50X,·NUMERICAl GROUND IMAGE SYSTEM'/153X, 
.'SCAN FR(FllE DATA lIST'1116~,'STATION ',51' POINT ElEV 01 
*sro )/6X, 'NUMBER ',51' NUMBER IN IN' !1l5X,5 I' (TYPE) 
• FEET FEET'II 

GO TO 220 
215 IFII.GT.51 GO TO 230 
220 15T=OS1A/10000 

ST=ABSIICSTA-IST*lOOOOI/100.1+.0005 
WRITE (16,2251 I5T,ST,IIPTNOIK),ITYPIKI.ElEVIK),IOIS1(KI,K=l,JI 

225 FORMATI/3X,I6,'+',F5.2,513X,13,'('.ll,')'.2X,F6.l,lX.I51) 
lCNT=lCNHl 
GO TO 240 

230 WRITE 116,2351 IIPTNOIK),ITYP(K),ElEVIKI,IOISTIKI.K=I,J) 
235 FORMATI15X.513X.I3.'I'.ll,')'.2X.F6.1,lX.15)) 
240 IF(IT.~E.IYESI GO TO 248 
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1 

ISN 0331 
IS"I 0339 
ISN 0340 
ISN 03-41 
ISN 0342 
[SN 0343 
ISN 0344 
ISN 0345 
ISN 0346 
rSN 0341 
I SN 03-48 
I SN 0349 
ISN 0351 
ISN 0352 
ISN 0353 
I SN 035-4 
I SN 0355 
I SN 0356 
ISN 0351 

ISN 0358 
I SN 0359 
ISN 0361 
I SN 0362 
ISN 0363 
ISN 0364 
ISN 0365 
ISN 0366 
ISN 0361 
I SN 0368 
ISN 0369 
I SN 0310 
[SN 0311 
I SN 0313 
ISN 0315 
I SN 0316 
ISN 0311 
I SN 0318 
I SN 0379 
ISN 0381 
I SN 0382 
ISN 0383 
ISN 0384 
I SN 0385 
ISN 0386 
ISN 03S1 
ISN 0388 
I SN 0389 
ISN 0390 
I SN 0392 
ISN 0393 
I SN 0394 
T SN 0396 
I SN 0398 
ISN 0399 
ISN 0400 

IFIJ.EC.5) GO TO 244 
Kl~J+l 

DO 243 K=Kl,5 
IOIST(K)~O 

IELVIKI=O 
243 ITYPIKI=O 

" 

244 WRITEISYSTP,2451 OSTA,IIDISTIK),[ELV(K),ITYPIKI,K=1,5t,J 
245 FORMATI18,512II5,IX,),Il,IX),IX,Il) 
248 LCNT=LCNT+l 

J=O 
250 CONTINUE 

IFILCNT.LT.56} GC TO 252 
LCNT=10 
IPG=IPG+l 
WRITE 116,210) IPG 

252 IFORW=JFB+JF 
IREAR=JFI!+J8 
WRITE 116,2531 JFB,JF,JB,IREAR,IFORW 

253 FORMATI/IX,'DISCCNTINUITIES-',14,'(2)',14,'13)',I4,'I-4)',14,' BK', 
'" 14,' FWC'l 

LCNT=LCNT+2 
IF{IKEY.EQ.11 GO TO 300 
DO 180 I=l,NOPT 
SOINOII,1)=SOINDII,2) 

180 SOATAII,lt~SOATAI[,21 
TNOPT~NOPT 

OSU=XSH 
J=O 
DO 285 [~l,NOCN 
J=J+l 
IAHEOIJI=CUNECTI[1/1000 
IBACKIJ1=CGNECTIII-IAHEOIJ)*1000 
IFIJ.LT.e.ANO.I.NE.NCC~) GO TO 285 
IFILCNT.LT.561 GC TO 255 
LCNT=10 
[PG=IPG+l 
WRITE 116,210) [PG 
GO TO 260 

255 IFtI.GT.Sl GO TO 210 
260 WRITE 116,2~51 IIBACKIKI,IAHEOIK),K=I,JI 
265 FORMATI/' POINT CCNNECT[ONS ',813X,[3,' TO ',(3)) 

LCNT"'LCNT+l 
GO TO 280 

210 WRITE 116,215) ItI!ACK(K),[AHEO(KI,K=I,JI 
215 FORMATI19X,813X,I3,' TO ',[311 
280 LCNT=LCNT+l 

J=O 
285 CONTINUE 

IFIISTRP.EQ.lI GO TO 10 
IKEY=1 
GO TO 11<; 

300 IFIISTRP.EQ.21 GO TO 16 
IFIISTRP.EQ.31 GC TO 30 
GO TO 10 

200 RETURN 
ENO 
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LEVEL 21.8 t JUN 74 } OS/360 FORTRAN H 

ISN 0002 

COMPILER OPTIONS - NAME= ~AIN,OPT=02,LINECNT=60,SIZE=0000K. 

C *** 
C *** 
C *** 
C *** 
C *** 
C *** 
C *** 

SCURCE,EBCOIC,LIST,DECK,LOAD.MAP,NOEDIT.NOID,XREF 
SUBROUTINE CARD CARD0005 

SUBROUTINE CARD READS THE TERRAIN EDIT AND STORE DATA CARDS, CARDOOIO 
DETERMINES THEIR TYPES. REREADS THEM IN THE PROPER FORMAT, AND CARD0015 
PROCESSES THE NUMBERS SO THEY ARE IN THE FORM USABLE BY THE T I ECARD0020 
SYSTEM. THE VARIOUS DATA CARDS ARE GIVEN THE FOLLOWING TYPES-- CARD0025 
tNOTE--T~E TERM 'NO' REFERS TO A 'NEGATIVE ZERC', OR A ZERO AND A CARD0030 
MINUS SIGN PUNCHED IN THE SAME COLUMN. SIMILARLY. 'N6' REFERS TO CARD0035 
6 AND A MINUS SIGN PUNCHED IN THE SAME COLUMN, ETC~I CARD0040 

ISN 0003 REAL*S EQTAB,ETl,ET2 CARD0045 
C *** CARD0050 
C * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * CARD0055 
C * TYPE * CHARACTERIZATION * DATA CARD CARD0060 
C * * * * * * * * * * * * * ~ * * * * * * * * * * * * * * * * * * * * * CARD0065 
C * - - - - - - - - - - - - - - CARD0010 
C * elEVATION CARDS -- NEW THO FORMAT CARD0015 
C * - - - - - - - - - - - - - - - - CARD0080 
C * 1 * 1 IN COLUMN 13 * ORIGINAL HI CARD CARD0085 
C * ? * 2 IN COLUMN 13 * ORIGINAL BIAS CARD CARD0090 
C * 3 * 3 IN COLU~N 13. BLANKS IN 26-32 * ORIGINAL TURNING POINTCARD0095 
C * 4 * 3 IN COLUMN 13, DATA IN 26-32 * ORIGINAL BENCH MARK CARDOI00 
C * 5 * 4 IN COLUMN 13 * FINAL HI CARD CARDOI05 
C * 6 * 5 IN COLUMN 13 * FINAL BIAS CARD CARDOllO 
C * 1 * 6 IN COLUMN 13, BLANKS IN 26-32 * FINAL TURNING POINT CARD0115 
C * S * 6 IN COLUMN 13. DATA IN 26-32 * FINAL BENCH MARK CARD CARD0120 
C * - - - - - - - - - - - - - - - - CARD0125 
C * ELEVATION CARDS -- OLD THO FORMAT CARDOl30 
C * - - - - - - - - - - - - - - - - - - - - - - - CARD0135 
C * 1 * NO IN CClUMN 13 * ORIGINAL HI CARD CARD0140 
C * 2 * N6 IN COLUMN 13 * ORIGINAL BIAS CARD CARD0145 
C * 3 * 5 IN 13, NO IN 23, BLANKS IN 39-44 * ORIGINAL TURNING POINTCARD0150 
C * 4 * 5 IN 13. NO IN 23. DATA IN 39-44 * ORIGINAL BENCH MARK CACARD0155 
C * 5 * Nl IN CCltMN 13 * FINAL HI CARD CARD0160 
C * 6 * N1 IN COLUMN 13 * FINAL BIAS CARD CARD0165 
C * 7 * 5 IN 13. Nl IN 23. BLANKS IN 39-44 * FINAL TURNING POINT CACARDOI10 
C * B * 5 IN 13. Nl IN 23. DATA IN 39-44 * FINAL BENCH MARK CARD CARD0115 

ISN 0004 INTEGER SYSIN.ENDFL,OF,FINAL,DATA.SNUMC,OVER,OT(S),ELl(SI, CARD0180 
1 HIBI.FS,BS,BM,TYPE,SDATA(400).STAl.STA2,DELl.OEL2. CARD0185 
2 OFD(31,PLUS,ASTA.8STA,BLANK/' 'I,FAC,HB.IEQ(20),OLOR. CAR00190 
3 O~UM,OONUM,CORC,ORD,ORDCK.SNUM,EL2(SI,FACTR.L/'L'I,OOJCS, CARD0195 
4 ISKIP/1/. BMCK/0/,OSTAl/-I/,OSTA2f-1/,CJCST/-1/. CARD0200 
5 RCL,HB2,ZI/'OOOO'I,Z2/'OO'I,TERR/'TERR'f,IM(81,TKEY(21 10,0/, CARD0205 
6 C13(91/-801C~5616,'0','5','J'.'P'.'9','8·,'1','I'I. CARD0210 
1 CTYPt91/1.2,3.5.6,9,ll.12,13/.BT,R055/'RD55'f,NGI/'NGI 'I, CARD0215 
8 G/'G'I,RT60/'RT60'I,HPCL,MINUS/'-'I,RT30/'RT30'f,SKEY, CARD0220 
9 RT011'RT01'I.RT08/'RTOS'f,RTll/'RTll'I,RT10/'RT10'1. CARD0225 
A RT40/'RT40'I,IJOBt201/' FIN','AL C','D./T'.'APE','ORIG', CARD0230 
B '. EX','TENS','IONS','FINA','L EX','TENS','IONS',' 0', CARD0235 
C 'ELET','IONS',' '.'MODI','F/HU','SS/P','RINT'I,SYSOT, CARD0240 
o TEX/'TEX'I,CCTV,BPR/'BPR'I,THDf'THD'I.YESf'YES'I,NOf'N0'1 CAR00245 

C * - - - - - - - - - - - - - - - - - - - CARD0250 
C * - - - - - - - - - - - - - - - - - - - - - - - - - - CARD0260 
C * ELEVATICN CAROS -- TEX FORMAT CARD0255 
C * 1 * 1 IN COLUMN S * ORIGINAL HI CARD CARD0265 
C * 2 * 2 IN COLUMN 8 * ORIGINAL BIAS CARD CARD0210 
C * 3 * 3 IN COLUMN 8, BLANKS IN 20-26 * ORIGINAL TURNING POINTCAR00215 
C * 4 * 3 IN COLUMN 8. DATA IN 20-26 * ORIGINAL BENCH MARK CARD02S0 

... ," 

DATE 74.353/08.52.24 
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• ( 

rSN 0005 
ISN 0006 
ISN 0001 
ISN 0008 

ISN 0009 
ISN 0010 
I SN 0011 
ISN 0012 
ISN 0013 
ISN 0014 

I SN 0015 
ISN 0016 

ISN 0011 
ISN 0018 
ISN 0020 
ISN 0021 
ISN 0022 
I SN 0023 
I SN 0024 
ISN 0025 
ISN 0026 
ISN 0021 
ISN 0028 
ISIIJ 0029 
I SN 0030 
I SN 0032 
I SN 0034 
ISN 0036 

ISN 0031 
ISN 0038 
ISN 0039 

t 

C • 5 • 4 IN COLU"'N 8 • FINAL HI CARD CARD028S 
C • 6 • 5 IN COLUMN 8 • FINAL BIAS CARD CARD0290 
C • 7 • 6 IN COLUMN 8, BLANKS IN 20-26 • FINAL TURNING POINT CARD0295 
C • 8 • 6 IN COLUMN 8, DATA IN 20-26 * FINAL BENCH MARK CARD CARD0300 
C • - - - - - - CARD0305 
C * eTHER TERRAIN CARDS CARD0310 
C * - - - - - - - - - - - - - - - - - - - - - CAR00315 
C • 9 * 9 IN COLUMN 13 • EQUATION CARD CARD0320 
C • 10 • 'TERR' IN COLUMNS 9-12 * RESET CARD CAR00325 
C * 11 * 'RTOS' IN COLUMNS 8-11 * DELETE CARD CARD0330 
C * 12 * 'RT07' IN COLUMNS 8-11 * INTERPOLATED XSECTION CARD0335 
C * 13 * 1* IN COLUMNS 1-2 OR 1 IN COLUMN 13* END OF TERRAIN DATA CACARD0340 
C • 14 * 'Ro55' IN COLUMNS 8-11 * TIE S EQUATION CARCARD0345 
C • 15 * tRT60' I~ COLUMNS 8-11 * HUB CARD CARD0350 
C * 16 * 'PT30' IN COLUMNS 8-11 * PRINT CARD CARD0355 
C • 17 • 'RT1l' IN COLUMNS 8-11 • EQUATION DELETE CARD0360 
C * 18 • 'RT10' IN COLUMNS 8-11 • NGI PREPARATION CARD CARD0365 
C • 19 • 'RHO' IN COLUMNS 8-11 • X-SECTION MOOIF ICATIONCAR00370 
C • * • • * • • • * * * • • * * * • * * • • * • • * • * * * * • • * * * CARD0375 
C **. CAR00380 

COMMON/CO~TA/JCSTA,OF,OATA(400),SNUMC,KEy,INOEX(8I,OVER(20) CAR00385 
COMMON/COELE/OELl.OEL2,OFD,PlUS,HPCL(61,IRW,lHUB(61 CARD0390 
COMMON/CERWK/KEYT.JTAPE,KSTA,KPAG,KBRG CARD0395 
COMMON/CMAIN/IRTYP,JRTYP,IRSET.JCARD,ITSTA,ODU,",P,ISTRP,FINAL, CARD0400 

1 INTPL,LIST CAR00405 
COMMON/CPRNT/DT,ELl,NUMC,HIBI,FS,BS,BM,NUM,LOR,ICARD,TYPE,NEQ CARD0410 
COMMON/CSORT/SDATA,N CAR00415 
COMMON/CSTAT/STAl,STA2 CAR00420 
COMMON/EQBLK/NOECC26I,EQTA811,20,21,NSET CARD0425 
COMMON/PARM/IMAGEI23) CARD0430 
COMMON/QSAM/XOPEN.XCLOS,XGET,XSETL,XESTL,XPUT,XPUTX,ZERO,STAF, CARD0435 

1 NT! I"E, SKEY 121. STF III 850 I CARD0440 
COMMON/SYSTM/SYSIN,5YSOT,SYSER,SYSTP,NINE,IQUIT,ENDFL,KNDEX CAR00445 
COMMON/TITLf/IPAGE,IDATEI4I,rCHWYI41,JCBNOI21 CARD0450 

C * •• INITIALIZE VARIABLES. CARD0455 
OF= 1 CARD0460 
IF IIRTYP.EQ.3.0R.IRTYP.EQ.51 OF=2 CAR00465 

10 OLOR=L CAR00470 
ORO=O CAR00475 
ONUM=O CAR00480 
I SAVE"-l CARD0485 
SNUM=O CARD0490 
SNUI"C=C CAR00495 
(lOIllUM=O CARD0500 
OORO=O CARD0505 
JUMP" 1 CARD051D 
I STRP= 1 
IF (IRTYP.GT.51 JU~P=O 
IF IJCARO.EQ.2.ANO.TYPE.EQ.121 GO TO 182 
IF (JCARC.EQ.21 GC Te 430 
8T=0 

C * *. REA 0 
C *.* GENERAL READ. 

A CAR 0 

ZO READ ISYSIN,30.ENO=601 IMAGE 

AND o E T E R MIN E 

30 FORMATI3A4.Al,2A4,2Al,2A4.A3,2A4,A2,9A41 
25 ICARD=ICARD+l 

ITS 

C *.* DETERMINE THE TYPE OF CARD JUST READ. FIRST CHECK FOR A RESET 
C *** IA RESfT CARD CO~TAINS THE WORD 'TERRAIN' IN COLUMNS 9-15.1 

CAR00515 
CAR00520 
CARD0525 
CAR00530 

T CAR00535 
CAR00540 
CAR00545 
CAR00550 
CARD0555 

CARCARD0560 
CARD0565 
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ISN 0040 
ISN 0041 
I SN 0043 
rSN 0044 
tSN 0046 
ISN 0041 

ISN 0048 
ISN 0049 

ISN 0051 
ISN 0052 

ISN 0054 
I SN 0055 

ISN 0051 
ISN 0058 

ISN 0060 
ISN 0061 

I SN 0063 
ISN 0064 

ISN 0066 
I SN 0061 

ISN 0069 
ISN 0010 
I SN 0012 
I SN 0013 
ISN 0014 
ISN 0016 
I SN 0071 
ISN 0019 
ISN 0080 

ISN 0082 

ISN 0084 
I SN 0085 
ISN 0086 
I SN 0088 
ISN 0089 

I SN 0091 

ISN 0093 

.,. t 

TVPE=10 
IF (I~AGEI31.EQ.IEPRI GC TO 90 
TVPE=20 
IF(IMAGE(31.EQ.~(I) GO TO 90 
REAO(SS.35) I 

35 FORMATI1X,A4) 
C *** IF THE CAPO HAS 'PT08' IN COLUMNS 8-11, IT IS A TERRAIN OELETION 
C *** CARO. 

TVPE:ll 
IF (I.EQ.PT08) GC TO 90 

C *** IF THE CAPO HAS 'RT01' IN COLUMNS 8-11. IT IS AN INTERPOLATEO 
C *** CROSS-SECTION CARO. 

TVPE=12 
IF (I.EO.PT011 GO TO 90 

C *** IF THE CAPO HAS 'R055' IN COLUMNS 8-11. IT IS A TIE S fORMAT 
C *** EQUATICN CARD. 

TYPE=14 
If II.EQ.PD551 GO TO 90 

C *** IF THE CARO HAS 'PTbO' IN COLUMNS 8-11. IT IS A HUB CAPO. 
TYPE=15 
IF (I.EQ.RT601 GC TO 90 

C *** IF THE [ARD HAS 'RT30' IN COLUMNS 8-11. IT IS A PRINT CARO. 
TVPE=16 
IF II.EQ.RTlOI GO TO 90 

C *** IF THE CAPO HAS 'RTll' IN COLUMNS 8-11. IT IS AN EQUATION 
C *** DELETICN CARD. 

TVPE=17 
If (I.EQ.PTlll GC TO 90 

C *** IF THE CARD HAS 'RT10' IN COLUMNS 8-11. IT IS AN NGI PREPARATION 
C *** CARO. 

TYPE=18 
IF {I.EO.PT101 GC TO 90 

C *** IF THE CARO HAS 'RT40' IN COLUMNS 8-11, IT IS A CROSS-SECTION 
C *** PUNCH PECUEST CARC. 

TVPE=lS 
IF (I.EQ.PT40) GC TO 90 
TVPE=O 
ITH=l 
IF (LIST.GE.lOOI EC TO ~5 
DO 31 1=1.6 
IF (IMAGE(41.EQ.C~ER(II) TYPE=I 

31 CONTINUE 
IF (TYPE.EQ.5.ANC.(IMAGE(81.EQ.C13(11.OR.IMAGEI81.EQ.C13(4)11 

1 TlPE=O 
IF (TVPE.NE.O) (C TO 82 

C *** CHECK CONTENTS Cf COLUMN 13 AGAINST ARRAV C13. ASSIGN 
C *** CORRESPONDING TYPE FROM ARRAY CTYP. 

IB=O 
00 40 1=1.9 
IF {IMAG~(41.EO.C13(I)1 TYPE=CTYP(II 

40 CONTINUE 
IF (TVPE.NE.31 GC TO 50 

C *** DIFFERENTIATE BETMEEN ORIGINAL AND FINAL BENCH MARK ANO TURNING 
C *** POINT CARCS. THE ORIGI~AL CARDS HA~E [13(11 IN COLUMN 23. THE 
C *** FINAL CARDS HAVE C13(41 IN COLUMN 23. 

IF (IMA(E(S).EQ.C13(4)1 TVPE:1 
C *** THE BENCH MARK CARDS HAVE VALID OAT A IN COLUMNS 39-44. 

IF I(I~.GE(131.NE.BLA~K.ANO.IMAGEI131.NE.Z11.OR.IIMAGEI14I.NE. 

i 

CAR00570 
CAR00515 

CARD0580 
CARD0585 
CARD0590 
CARD0595 
CARD0600 
CAR00605 
CAR00610 
CARD0615 
CARD0620 
CARD0625 
CAR00630 
CAR00635 
CARD0640 
CAR00645 
CAR00650 
CARD0655 
CARD0660 
CARD0665 
CAR00610 
CAR00615 
CAR00680 
CARD0685 
CARD0690 
CARD0695 
CAR00100 
CARD0105 
CAROO1l0 
CARD01l5 
CARD0120 
CAR00125 
CARD0130 
CARD0135 
CARD0140 
CARD0145 
CARD0150 
CARD0155 
CARD0160 
CAR00765 
CARD0710 
CAR00115 
CARD0180 
CAR00185 
CARD0190 
CAR00195 
CARD0800 
CARD0805 
CARD0810 
CAR00815 
CAR00820 
CAR00825 
CARD0830 
CAR00835 
CAR00840 
CARD0845 
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ISN 0095 

I SN 0097 
ISH 0098 
ISN 0099 
ISN 0100 
ISN 0101 

I SN 0102 
ISN 0104 

ISN 0106 
ISN 0108 
I SN 0109 
I SN 0110 
ISN 0111 

ISN 0113 
ISN 0115 
r Sill 0116 
I SN 011 7 
I SN 0118 

I SN 0119 
ISN 0120 
ISN 0121 
ISN 0123 

ISN 0125 
ISN 0127 
ISIIl 0128 

ISN 0129 
I SN 0130 
I SN 0131 
ISN 0133 

ISN 0135 
I SN 0137 
! SN 0138 
ISN 0139 
ISN 0141 

ISN 0142 

1 BlA~K.ANO.IMAGE(14).NE.l2') TYPE=TYPE+1 
50 IF (TYPE.NE.O) GC TO 70 

CAR00850 
CAR00855 
CAR00860 
CAR00865 
CAR00870 

C *** THE CAPO IS UNRECCGNIZABlE. PRINT AN ERROR MESSAGE ANO ENO 
C *** CAlCUlATICNS. 

57 KEY=8 ' 
ISTRP=4 
CAll PRNTR CAR00875 

60 TYPE=13 CAR00880 

C *.* 
C *** 
C *** 
C *** 

70 

IQUIT=2 CAR00885 
USING IRTYP, THE RUN TVPE, OETERMINE WHETHER FINAL OATA CAROS ARE CAR00890 
BEING RUN AS ORIGINALS, OR ORIGINALS AS FINALS. (THIS APPLIES TO CAR00895 
CARO TYPES 1 - 8.1 PRI~T AN ERROR MESSAGE THE FIRST TIME THIS CAR00900 
OCCURS. CAR00905 
IF (TYPE.GT.81 GC TO 90 CAR00910 
IF (TYPE.lT.5.0R.IRTVP.EQ.3.0R.IRTYP.EQ.51 GO TO 80 CAR00915 

C *** FINAL CAROS ARE BEING RUN AS ORIGINALS. PRINT AN ERROR MESSAGE CAR00920 
C *** THE FIRST TIME THIS (CCURS. CAR00925 

IF (TKEY{'I.EQ.l) GO TO ao CAR00930 
TKEY(21=1 CAR00935 
KEY=26 CAR00940 
CALL PRNT~ CAR00945 

80 IF (TYfE.GE.5.0R.IRT~P.lE.2.0R.IRTYP.EQ.4) GO TO 90 CAR00950 
C *** ORIGIN~l CARDS ARE BEING RUN AS FINALS. PRINT AN ERROR MESSAGE CAR00955 
C *** THE FIRST TIME THIS CCC~RS. CAR00960 

C *** 
82 
83 

IF (TKEYll'.EQ.ll GO TO 90 CAR00965 
TKEY{ 11=1 CAR00970 
KEY=27 CAR00975 
CALL PRNTR CAR00980 
GO TO ~O CAR00985 
NEW THO FORMAT--FINISH DETERMINING TYPE CAR00990 
REAO{qS,8~' BS,FS,BM,I CAR00995 
FORMAT(17X,3A4.A3) CAROIOOO 
IF ITYPE.GT.31 TVPE=TYPE+I CAR01005 
IF ((TYPE.EQ.3.0R.TVPE.EQ.7).ANO.(BM.NE.BLANK.OR.I.NE.BLANK)) CAROIOIO 

1 TVPE=TYPE+l CAROI015 
IF (TVPE.EQ.1.ANO.IMAGEI5).EQ.BlANK) TVPE=13 CA~OI020 

ITH=2 CAROI025 
GO TO 70 CAROI030 

C *** OETERMINE TYPE OF 'TEX' ROO REAOING CARD. CAR01035 
85 REACI~~,67) TVPE,I,B",BS CAROI040 
87 FORMAT(7X,Il,4X,Al,6X,A4,A3) CAROI045 

IF (TYPE.GT.3) TVPE=TYPE+l CAROI050 
IF ((TVPE.EQ.3.CR.TYPE.EQ.7).ANO.(BM.NE.BlANK.OR.BS.NE.BlANK)) CAROI055 

1 TYPE=TYPE+l CAROI060 
IF ITYPE.FC.0.AN[.I.EQ.C13(SI) TYPE=13 CAROl065 
STAl=O CAROI070 
1B=0 CAROI075 
IF (TVPE.EQ.O) GO TO 57 CAROI080 
GO TO 70 CAROl085 

C *** GO TO THE CORRECT CARD PROCESSING AREA. CAROI090 
C *** TYPE = 1 2 3 4 5 6 7 6 9 10 11 12 13 14 CAROI095 

90 GO TO 1360,380,360,340,380.380,360,340,200,100,160,180,150,195, CAROl100 
C *** 15 16 11 18 19 20 CAROII05 

1 IGB,19Q,1300,205,1350,210), TVPE CARDIllO 
C * * * * * * T Y P E = 1 O. RES ETC A R 0 S * * * * * * * CAR01115 
C *** RESET C~RDS PERMIT MORE THAN ONE TYPE OF DATA TO BE PROCESSEOCAR01120 
C *** DURING CNE JOB. lE, T~E USER CAN ADO ORIGINALS, ADD FINALS, 00 CAROl125 
C *** ORIGINAL EXTENSIONS ANO FINAL EXTENSIONS, ALL IN ONE RUN. THE CAROl130 
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ISN 0143 
ISN 0144 
ISN 0145 
ISN 0146 
ISN 0141 
I5N 0149 
ISN 0150 
ISN 0151 
ISN 0152 
ISN 0153 
ISN 0154 
I SN 0155 
ISN 0156 
ISN 0151 
IS1II 0158 
ISN 0159 
ISN 0160 
ISN 0161 
ISN 0163 
ISN 0165 

I SN 0166 

ISN 0161 
ISN 0168 
ISN 0169 
ISN 0171 
J SN 0113 
ISN 0114 

J SN 0115 
I SN 0116 

C *** DIfFERENT TYPES CF DATA MUST BE SEPARATED BY RESET CARDS. JRTYP, CARDll35 
C *** THE RESET RUN TYPE INDICATOR, INDICATES THE TYPE OF DATA FOLLOWINGCAR01140 
C *** THE RESET tARO. THE TABLE BELOW INOICATES THE MEANING OF JRTYP --CAROl145 
C *** CAROl150 
C * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * CAROl155 
C * JRTYP * X IN COLUMN * TERRAIN JOB TYPE * CAROl160 
C * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * CAROl165 
C * 3 * Ie * FINAL SECTIONS * CAROl110 
C * 4 * 19 * ORIGINAL EXTENSIONS AND CORRECTIONS * CARDl175 
C * 5 * 20 * FINAL EXTENSIONS AND CORRECTICNS * CARDlleo 
C * 1 * 22 * DELETIONS * CAROl185 
C * 8 * 23 * MODIFICATIONS * CAROl190 
C * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * CAROll95 
C *** CARD1200 
C *** NOTE T~AT THE DIFFERENT TYPES OF OATA MUST BE RUN IN THE ORDER OF CARD1205 
C *** THEIR JOB TYPES, AND EACH TYPE OF OATA MAy BE RUN ONLY ONCE. CAR01210 

100 READI99,l101 IM,CDTY,tIST CAROl215 
110 FORMATI15X,eAl,216X.A31) CAR01220 

00 120 1=1,8 CAR01225 
JRTYP:I CAR01230 
IF ~IM{II.NE.BLA~K' GO TO 140 CAROl235 

120 CONTINUE CAR01240 
KEY=1 CAR01245 

130 CALL PRNTR CAR01250 
NEQ:l CAR01255 
IQUIT:ENOFL CAR01260 
RETURN CARD1265 

140 IRSET=2 CARD1210 
JCARD=l CARD1215 
OJCST=-l CARDl280 
OSTAl=-l CARDl285 
OSTA2=-1 CAR01290 
J=IJRTYP-JRTYP/11*4-12 CAR01295 
IF ICDTY.NE.BPR.AND.CDTY.NE.TEXI CDTY=THO CAR01300 
IF ILIST.NE.YESI tIST=NC CAR01305 
WRITEISYSCT,1451 IPAGE,TOATE,JOBNO,ICHWY,{IJOB(J+II,I=1,4I, CARD1310 

1 CCTY,LIST CAR01315 
145 FORMATll~1,106X,I3/1X,'TEXAS HIGHWAY DEPARTMENT',aX,'T 1 E S ROAOCAR01320 

lWAY OESIG~ SUBSYSTEM *** EARTHWORK ***'/lX,'TERRAIN EDIT AND STCAR01325 
lORE PROCESS',54X,4A4/1X,'CONTROL ',A4,' SECTION ',A3,43X,4A4/38X, CAROl330 
3 'TERRAIN EDIT AND STORE REQUEST'//43X, 'CROSS-SECTION', CAR01335 
4 9X,'LIST OF'/29X,'JOB TYPE',8X.'OATA CARD',aX,'CROSS-SECTION'KJ24SEP4 
5 /48X,'TYPE',~X,'OATA INPUT CARDS'//25X,4A4,7X,A3,17X,A3) CARD1345 

IPAGE=IPAGE+l CARDl350 
1=0 CAR01355 
IF ILIST.EQ.YESI 1=1 CAR01360 
IF IC[TY.ECoTEX) 1=1+100 CARD1365 
LIST:I CAR01370 
GO TO 530 CAR01315 

C * * * * •• * * T Y P E = 1 3, END 0 FDA T A * * * * * CARDl3ao 
C *** IF OTHER TIE S DATA IS TO BE RU~ AFTER THE TERRAIN DATA, CARD1385 
C *** AN END OF TERRAIN CATA CARD MUST COME AFTER THE TERRAIN DATA AND CARD1390 
C *** BEFORE T~E OTHER TIE S DATA. THE END OF TERRAIN DATA CARD HASCARD1395 
C *** A 1 IN COLUMN 13. IF THE TERRAIN DATA IS THE LAST DATA RUN, IT CARD1400 
C *** MUST BE FCLLOWED ey AN END OF FILE CARD. A CARD WITH A '* IN COLUMCAR01405 
C *** 1 AND 2. CARD1410 

150 IRSET=3 CARD1415 
IFIISTRP.LT.3) ISTPP=3 
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I SN 0178 

I SN 0179 
I SN 0180 
ISN 0181 
ISN 0183 
I SN 0184 

ISN 0185 
ISN 0187 
ISN 0188 

ISN 0190 
ISN 0191 
ISN 0192 

ISN 0193 
ISN 0194 
ISN 0195 
ISN 0196 
ISN 0191 
[SN 0198 
ISN 0199 

ISN 0201 
ISN 0202 
ISN 0203 
r SN 0204 
ISN 0205 
ISN 0206 

ISN 0207 
ISN 0208 

ISN 0209 
I SN 0210 

I SN 0211 
ISN 0212 

I SN 0213 
ISN 0215 
ISN 0216 
ISN 0217 

ISN 0218 
I SN 0220 
ISN 0222 
ISN 0223 
ISN 0224 
I SN 0225 

ISN 0226 

GO TO 530 
C • '" * * * '" * "'. T V P E = 1 1, DEL E T E CAR 0 S 
C ••• FOR AN EXPlANATICN OF THIS DATA, SEE SUBROUTINE DELETE. 

160 READ(99,1701 DEl1,DEl2,OFO,PlUS,HPCl,IRW,IHUB 
170 FORMAT(11X,219.11All 

IF (DEl2.Ee.01 DEl2=-1 
CAll DELET 
GO TO 20 

CARD1420 
'" >I< • CARD1425 

CARD1430 
CARD1435 
CARD1440 
CARD1445 
CARD1450 
CARD1455 

C • •• T V P E = 1 2 , 
C ••• CARDS ••• 
C ••• FOR AN EXPLANATICN OF 

N T E R POL ATE D C R 0 S S - SEC CAR01460 
'" • • • •••••••••••••••••• CAR01465 
THIS DATA, SEE SUBROUTINE IXSEC. CAR01470 

180 IF (JCARO.EQ.21 GC TC 
182 JCARD=1 

530 CAR01475 

IF IIRTVP.LE.21 GO TC 184 
C ••• IF IRT~P IS NOT 1 OR 2 INTERPOLATED 
C ••• PRINT AN ERROR MESSAGE AND SKIP THE 

KEY=33 

CAR01480 
CAR01485 

STATIONS CANNOT BE PROCESSED. CAR01490 
CARD. CAR01495 

CAR01500 
CAll PRNTIl CARD1505 
GO TO 20 CAR01510 

C "'*. 
184 
190 

READ THE INTERPOLATED CARD AND PREPARE 
READI~~.1901 JCSTA.DATAI11,DATAI2) 
FORMATU1X.31<;l1 

TO SET UP A RECORD FOR IT. CARD1515 
CAR01520 
CAR01525 
CARD1530 
CAR01535 
CARD1540 

DATAI31-=-1 
DATA 141=-1 
SNUMC=2 
INTPL=INTPL+1 
IF (OJCST.lT.JCSTAI GO TO 192 

C ••• IF THE STATION IS CUT OF ORDER 
KEY=24 
CAll PRNTIl 
SNUfoIIC=O 
GO TO 20 

192 OJC S T=JC STA 
RETURN 

CAR01545 
CARD1550 

PRINT AN ERROR MESSAGE AND SKIP IT.CAR01555 
CARD1560 
CAR01565 
CARD1570 
CAR01575 
CARD1580 

C**. TVPE=le. 
205 CAll PREP 

NGI PREPARATION CARD 
CARD1585 
CAR01590 
CARD1595 

RETURN 
C •• * TYPE=20 STRIP HEADER CARD 

210 ISTPP=2 
GO TO 530 

C ••• T~PE=14, 

195 KEY:34 
NEQ=5 

T E S E QUA T ION CAR 0 

CARD1600 

•• CARD1605 
CARD1610 
CARD1615 

C •• '" IF THERE ARE MORE THAN 20 EQUATIONS, PRINT AN ERROR MESSAGE AND 
IF INOEQ(1'.GE.201 GO TO 130 

ENCARD1620 
CARD1625 
CARD1630 
CARD1635 
CARD1640 

READ199.1961 NUM,IEQB1,IEQA 
196 FORMATI11X.A1,lX,2191 

NEQ=l 
C "''''. IF AN ATTEMPT IS MADE TO READ EQUATIONS FOR ANV ROADWAY EXCEPT 
C ••• THE BASELINE, PRINT AN ERROR MESSAGE AND END. 

CARD1645 
CARD1650 

IF (NUM.NE.GI GO TC 130 
IF (ICARD.EQ.21 ICK=NOEC(71 
NOEQ(11=NCEQ(71+1 
I=NOEC !7! 
IEQIII=O 
GO TO 235 

C '" '" >I< T Y P E 
198 CALL HUB 

1 5 , HUB CAR D '" '" '" '" '" '" '" '" '" 

CARD1655 
CARD1660 
CARD1665 
CARD1670 
CARD1675 
CARD1680 

'" '" '" '" CARD1685 
CARD1690 

PAGE 006 

n 
I 

..c:­
'-! 



ISN 0221 
ISN 0229 

ISN 0230 
ISN 0231 
ISN 0232 
ISN 0233 
ISN 0234 
ISN 0235 
!SN 0231 
I SN 0239 
ISN 0241 
ISN 0242 
ISN 0244 
I SN 0245 
ISN 0246 
ISN 0241 
ISN 0248 
ISN 0249 
ISN 0250 
rSN 0251 

ISN 0253 
ISN 0254 
ISN 0256 
rSN 0251 
ISN 0258 
ISN 0259 
ISN 0260 
ISN 0261 
ISN 0262 

ISN 0263 
ISN 0264 
ISN 0265 
ISN 0266 
ISN 0268 
ISN 0269 
I SN 0211 
ISN 0212 
ISN 0213 
ISN 0214 
ISN 0216 
I SN 0271 

I SN 0279 
ISN 0280 
ISN 0281 
[SN 0282 
I SN 0284 
ISN 0285 
rSN 0286 
ISN 0281 
rSN 0288 

ISN 0289 
ISN 0290 

IF IIQUIT.EQ.ENDFL) GO TC 60 
GO TO 25 

CARD1695 
CARD1100 

C • * 
1<)9 

1199 

* T Y P E = 16, P R I N T CAR 0 
REAO(q~,1199) OEll,OEl2.0FO.HPCl.IRW,IHUB 
~ORMATlll~,2I9,16~11 

•• * • * * * * • * • CAROI105 
CARDI7l0 
CARDI115 
CARDl120 
CARD1125 

IHP=O 
I H:O 
DO 1200 1=1,3 
IF IHPClIII.NE.BLANK.OR.HPClI3+II.NE.BlANKI IHP:l 
IF IIHUBIII.NE.8lANK.OR.IHUBI3+IJ.NE.BLANKI IH=1 
IF (OFOlll.EQ.8lANKI GO TO 1200 
KEY:99+1 
IF (NTtME.EQ.U CAll ISAM(XESTl,STAFI 
NTI ME:l 
SKEY 111= I 1+1112 
SKEY(2'=DEll 
CAll ISAM(XSETl,ST~F,SKEYI 

CAll PRNTfI 
1200 CONTINUE 

DO 1210 1=1,3 
IF 111.EQ.l.AND.IHP.EQ.01.OR.II.EQ.2.ANO.IRW.EQ.8lANKI.OR. 

1 (I.EQ.3.AND.IH.EO.011 GO TO 1210 
KEY=102+1 
IF INTIME.EQ.ll CAll ISAMIXESTl,STAFI 
NTI !lE=1 
SKEY(II=1 
SKEY(21=OEll 
CAll ISAMIXSETl.STAF,SKEY) 
CAll PI1NTR 

1210 CONTINUE 
GO TO 20 

CARDI730 
CAROI135 
CARDl140 
CARD1745 
CARD1150 
CARD1755 
CARD116Q 
CAR01765 
CARDl170 
CARDl175 
CAR01180 
CARD1185 
CAR01790 
CAR0l195 
CARD1800 
CARD1805 
CARD1810 
CARD1815 
CARD1820 
CAR01825 
CARD1830 
CAR01835 
CARD1840 
CAR01845 

C ••• TYPE=11, DELETE E QUA T ION S • * * * CAR01850 
1300 READ(99,1961 NUM,IEQ81,IEQA 

KEY=20 
NEQ:l 
IF (IRTYP.NE.2) GO TC 130 
KEY=35 
IF INUM.NE.G) GO TO 130 
ETl=IEC;;Bl/l.OD2 
ET2= IECAIl .002 
I 2=NOEC 111 
IF 112.EQ.0) GO TO 20 

1310 00 1320 1=1,12 

CARD1855 
CARD1860 
CAR01865 
CAR01810 
CAR01875 
CAR01880 
CARDl885 
CAR01890 
CAR01895 
CARD1900 

IF IOABSIEQTABI1,I,I)-ETII.lT.2.00-2.ANO.DABSIEQTABI1,1,2I-ET21 
CARD1905 
CARD1910 
CARDI915 1 .IT.2.0D-2) GC TO 1330 

1320 CONTINUE 
GO TO 20 

1330 NOEQI71=NCEQI71-1 
IF (I.EQ.I21 GO TC 20 
12= I 2-1 
DO 1340 J: I .r 2 
EQTA8(1,J.l'=EQTAS(1,J+l,11 

1340 EQTAB(1,J,2t=EQTAB(1,J+l,2) 
GO TO 1310 

C • * * T Y P I' 
1350 CAll PNCH 

GO TO 20 

I <; , PUN C H CAR [) 

CAR01920 
CAR01925 
CARD1930 
CARD1935 
CAR01940 
CARD1945 
CAR01950 
CAR01955 

C • * * T Y P E 9 • E QUA T ION S 

CARD1960 
•• * * • * • * * * * CAR01965 

CAR01910 
CARD1915 

* •••••• * * •••• CARD19BO 
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I SN 0291 

I SN 0292 
ISN 0294 
ISN 0295 
I SN 0296 

ISN 0298 
I SN 0299 
ISN 0301 
I SN 0302 
I SN 0304 
I SN 0305 
[Sill 0306 
ISN 0307 
I SJ.I 0308 

ISN 0309 
I SN 0310 
ISN 0312 
I SN 0314 
I SN 0316 

I SN 0318 
ISN 0319 
ISN 0321 

ISN 0323 
{Sill 0324 
1 SN 0325 
lSN 0326 
ISN 0327 
lSN 0329 
ISN 0330 
ISN 0332 

ISN 0333 
ISN 0334 
lSI\! 0335 

C *** 
C *** 
C *** 
C *** 
C *** 
C *** 
C *** 
C *** 
C *** 
C *** 
C *** 
C *** 
C *** 
C *** 
C *** 

200 
C *** 
C *** 

220 

c *** 
C *** 

230 

C *"'* 
C *** 

C *** 
C *** 

235 
C *** 

236 

C ."'* 

.. 

EQUATION CARDS ~AY ONLY BE RUN WHEN A NEW FIlE IS BEING CREATCARD1985 
CHECK IN COLUMN 16. ONLY BASE LINE EQUATIONS MAY BE ENTERED IN THCARD1990 
TERRAI~ PROCESS. THE TIE S TREATMENT OF EQUATIONS IS VERY CARD1995 
SIMILAR TO THAT USED BY THE FORMER EARTHWORK SYSTEM. (SeE THE CARD2000 
EARTHWCRK SYSTEM, TEXAS HIGHWAY DEPT., 1968, PP2-5--2-9.1 CARD2005 
NOTE-- CARD2010 

AI THERE CAN BE NC ~ORE THAN 9 OVERLAPPING EQUATIONS. CARD2015 
B) THERE CAN PE Ne MORE THAN 20 EQUATIONS. CARD2020 
C) THE EQUATION STATION MUST BE CALLED BY THE BACK STATION NAMECARD2025 
01 IN THE CASE OF AN OVERLAPPING EQUATION, THE BACK STATION MUSCAR02030 

BE OVERPUNCHED. AND THE OVERPUNCH MUST BE IN THE LAST COLUMNCARD2035 
CF THE STATICN NUMBER. CARD2040 

E) THERE CAN BE NO DQUBLE OVERLAPS. CARD2045 
THE TERRAIN PROCESS CAN ALSO USE BASE LINE EQUATIONS STORED BY THECARD2050 
DESIGN DAT~ PROCESS. CARD2055 
KEY=20 CARD2060 
IF WE TRY TO PROCESS EQUATION CARDS FOR ANY RUN TYPE BUT CARD2065 
RUN TYPE 1. WE PRINT AN ERROR MESSAGE ANO END. CARD2070 
iF (IRTYP~GT.l) GO TO 130 CARD2075 
REAOi9~.2201 I.IEQB1.XEQ82.IEQA CARD20eo 
FORMATI8X,12.3X,I6.A1,I1) CAR02085 
IF I!C~RO.EQ.21 ICK=NOEQI71 tARD2090 
CHECK THE EQUATION NUMBER PUNCHED ON THE EQUATION CARD. TO SEE IF CARD2095 
CARDS ARE OUT OF ORDER. IF SO. PRINT AN ERROR MESSAGE AND END. CARD2100 
NEQ=4 CARD2105 
IF (I.NE.NOEQI7)-ICK+IJ GO TO 130 CARD2110 
00 230 J=1,20 CARD2115 
IF IIEQB2.NE.OVERIJ)J GO TO 230 CARD2120 
IEQB1=IEQel.l0~J-J/10*lD tARD2125 
CONTINUE CARD2130 
IEQB1=IEQS1*lO CARD2135 
IEQA=[EQA$lO CARD2140 
NOEQ(1'=NOEQ(7)+1 CARD2145 
CHECK TO SEE IF THERE ARE MORE THAN 20 EQUATIONS. IF SO, PRINT ANCARD2150 
ERROR MESSAGE ANC ENC. CARD2155 
NEQ=5 CARD2160 
IF INOEQ(1).GT.20) GO TO 130 CARD2165 
IF II.EQ.I) IEQ(l)=O CARD2170 
IF (I.GT.1) IEQ(1l=IEQlI-1) CARD2175 
IF I{EQA.LE.IEQBl) IEQII)=IEQII)+lOOOOOOOO CARD21BO 
CHECK TO SEE IF THERE ARE MORE THAN 9 OVERLAPPING EQUATIONS. IF CARD2185 
SO. PRINT AN ERR[R MESSAGE. CARD2190 
NEQ=3 CARD2195 
IF IIECII).GT.900000000) CALL PRNTR CARD2200 
IF INSET.EQ.l.0R.KPAG.EQ.0) GO TO 236 CARD2205 
READ THE EQUATICN CATA FOR THE BASELINE. CARD2210 
KNDEX=39 CARD2215 
READIS'KNDEX) EQTAB CARD2220 
KNDEX=O CARD2225 
NSET=1 CARD2230 
IF IICK.GT.O) GO TC 240 CARD2235 
ECTAB(7.I.l)=IEQB1/1.0D2 CARD2240 
IF (I.GT.ll EQTABI7.I.IJ=IEQII-11/1.0D2+EQTAB(7.I.1) CARD2245 
ECT_811,I,21~(lECA+IEQ(I))/1.002 CARD2250 
PRINT T~E EQUATICN. CARD2255 
NEQ=2 CAR02260 
CAll P~NTR CARD2265 
NEQ:l CARD2210 

'" 
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I SN 0336 
ISN 0331 
ISN 0339 
I SN 03'+0 
ISN 0341 
ISN 0343 
ISN 0344 
I SN 0345 
I SN 0346 
ISN 0348 
ISN 0349 
ISN 0350 
ISN 0351 
ISN 0353 
I SN 0354 
ISN 0355 
ISN 0356 
ISN 0351 
ISN 0358 
ISN 0360 
ISN 0361 
ISN 0362 
ISN 0363 
I SN 0364 
ISN 0365 
ISN 0366 
ISN 0361 
ISN 0368 
ISN 0369 
I SN 0311 
ISN 0312 
ISN 0373 
ISN 0314 
ISN 0315 
ISN 0316 
ISM 0317 
ISN 0318 
ISN 0319 
ISN 0380 
ISN 0381 
I SN 0382 
ISN 03B3 
ISN 0384 

ISN 0385 
[SN 0386 
ISN 0388 

ISN 0390 
ISN 0392 

GO TO 20 
240 IF IICARO.EO.2} J1=1 

JKEEP=J1 
J2=NOEQ(1) 
IF tJl.EQ.J21 GO TO 260 
DO 250 J=Jl,J2 
IT1=EQTAB{1.J,II*1.OD2+5.0D-l 
IT1=ITI/10000000C·I00000000 
IF (IECB1.LT.ITI. GO Tt 280 

250 CONTINUE 
260 IT2=EQTABt7,J2,21*1.002+5.0D-1 

IT2=IT2/100000000*100000000 
IF (IECB1.GT.IT21 GO TO 210 
IEQB1=IEQBl+1000COOOO 
IEOA=IEOA+100000000 

210 J2=J2+1 
EQTAB(7,J2.11=(IECB1+IT2t/l.002 
EQTA8(1.J2.21=(IEQA+IT21/1.002 
IF (IEQA.LE.IEQB11 EQTABll.J2.21=EQTAB{1,J2.21+1.006 
Jl=J2+1 
GO TO 310 

280 Jl=J 
00 290 J"'Jl,J2 
K=J1+J2-J 
EQTAB(7,K+l,II=EQTABll,K.ll 

290 EOTABtl,K+l.2J=EQTAB(1,K,21 
EQTABll.J.ll=IIEQBl+IT11/1.002 
EOTABI7,J,21=(IECA+ITIJ/1.OD2 
IF IIECA.GT.IEQBll GC TO 310 
EQTAB!7.J.2J:EQTAB(7,J.2J+l.OD6 
Jl"'Jl+l 
J2=J2+1 
00 300 J=Jl,J2 
EQTAB(7,J,1'-ECTAB(7.J,lJ+l.OD6 

300 EQTABI7.J,21~EQTAB(7.J,2J+l.006 
310 NEg",Z 

J2=Jl-l 
00 320 J=JKEEP,J2 
NOEQ(1J=J 

320. CAll PRNHl 
NOEO(1 J=J2 
NEQ-l 
GO TO 20 

C··· C "''''. E LEV A T ION CAR 0 S 

CARD2215 
CARD2280 
CARD2285 
CAR02290 
CAR02295 
CAROBOO 
CAR02305 
CAR02310 
CAR02315 
CAR02320 
CAR02325 
CARD2330 
CARD2335 
CARD2340 
CARD2345 
CAR02350 
CAR02355 
CAR02360 
CAR02365 
CAR02310 
CARD2315 
CAR02380 
C,ARD2385 
CARD2390 
CAR02395 
CARD2400 
CARD2405 
CAR021tl0 
CARD2415 
CARD2420 
CARD2425 
CAR02430 
CAR02435 
CAR02440 
CAR02445 
CAR02450 
CAR02455 
CARD2460 
CARD2465 
CARD2410 
CAR02415 
CARD2480 
CAR02485 
CAR02490 
CAR02495 
CARD2500 C 

C 
C 
C 
C 
C 

."'. .. '" 
••• 
••• . '" ••• 
340 

c."'. 
c ."'''' 

THESE CARDS ARE IDENTICAL WITH THOSE USED BY THE FORMER EARTHCARD2505 
SYSTEM. (SEE THE EARTHWORK SYSTEM. TEXAS HIGHWAY DEPT •• 1968. CARD2510 
PP 3-1--3-11.1 CARD2515 
'" '" T Y P E .. 4 AND 8. BEN C H MAR K CAR 0 S CARD2520 
REREAD BENCH MARK CARDS. CARD2525 
KEY"2 CAR02530 
IF ILIST.GE.I001 GC TO 355 CAR02535 
IF (ITr.EQ.2) GO TO 352 CAR02540 
CHECK TO SEE IF THE FORE SIGHT IS BLANK. IF IT IS NOT. THE CAR02545 
PRINTI~G ROUTINE CHECKS THE ENGINEER'S CALCULATIONS OF THE HIBIAS.CAR02550 
IF (IMAGEI121.NE.BLANK.ANO.IMAGEI121.NE.Zll KEY:3 CARD2555 
REAOl99,3501 STA1.STA2.NUM,BS.FS,BM CARD2560 
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ISN 0393 
ISN 0394 
ISN 0395 
I SN 0397 
I SN 0398 
ISN 0399 
I SN 0400 
[SN 0401 
ISN 0402 
I SN 0403 
ISN 0405 
ISN 0406 
ISIIl 0407 

I Sill 0408 

ISN 0410 

ISN 0412 
IS"! 0414 
I SN 0415 
ISN 0416 
I SN 0417 

ISN 0418 
ISN 0419 
ISN 0420 
ISN 0421 
ISN 0423 
I SN 0424 
I SN 0426 
I SN 0427 
I SN 0429 
ISN 0431 
ISN 0432 
I SN 0433 

ISN 0434 

ISN 0436 
ISN 0437 

ISN 0439 
ISN 0440 

ISN 0442 
ISN 0443 
ISN 0444 
ISN 0446 

ISN 0448 
I SN 0450 
I SN 0451 
ISN 0452 

.. 

350 FORMAT(6X,Al,I5,IX,I2,13X,14,2X,I4,I61 
GO TO 370 

352 IF (FS.NE.BLANK.ANO.BM.NE.BLANK.ANO.FS.NE.Zl) KEY:3 
REAO'9~,354) STAl,STA2,NUM,IB,BS,FS,BM 

354 FORMAT(6X,Al,15,IX,12,lX,Il,214,171 
IB=IB*100000 
GO TO 370 

355 REAO(99,356) FS,BM 
356 FORMAT(30X,A4,Al1 

IF IFS.NE.BLANK.ANO.BM.NE.BlANK.ANO.FS.NE.Zll KEY=3 
REAO(99,3581 STA2,NUM,BM,BS,FS 

358 FORMATI8X,19,Il,lX.17,14,151 
GO TO 370 

C * *. T Y P E ,. 3 A N 0 7, T URN I N GPO I N T CAR 
C *** REREAO TURNING POINT CARDS. 

360 IF (LIST.LT.IOO.AND.ITH.EQ.11 REAO(99,3501 
1 STAl,STA2,NUM,BS,FS 

IF (lIST.lT.IOO.AND.ITH.EQ.2) REAO(99,3541 
1 STAl,STA2,NUM,IB,BS,FS,BM 

IF (LIST.GE.IOCI REAOl99,3581 STA2,NUM,I.BS.FS 
IB-=IB*100000 
BMCK=O 
HIS I=HI8I+BS-FS 
KEY"'l 

C *** PRINT THE TURNING POINT AND BENCH MARK DATA. 
370 JJCST=JCSTA 

JCSTA=STA2 
I-=KEY 
IF I(OSTA1.NE.STA1.OR.OSTA2.NE.STA21.AND.LIST.LT.IOOI CAll STANO 
KEY", I 
IF (lIST-lIST/IOC*lOO.EQ.ll CAll PRNTR 
JCSTA=JJCST 
IF (KEY.GT.l) HIBI=HIBI-FS+BS 
IF IKEY.GT.l.AND.BM.NE.OI HIBI=BM+8S 
BMCK=O 
BT=1 
GO TO 420 

C * ,., * T Y P E ,. I, 2, 5, A N 0 6, E LEV A T ION C A 
C .*. REREAD ELEVATION CARDS IHI AND BIAS CARDSI. TYPES 1, 2, 5. AND 6. 

380 IF (lIST.LT.IOO.ANC.ITH.EQ.ll REAO(99.385! 
1 STAl,STA2,NUM,ROl,HB,HB2,IELl(II,EL2III,OTIII,I=l,81 

385 FORMATI6X,Al,I5,IX,12.Al,lOX.I5,Al.8II2,Al.I31) 
IF IlIST.lT.IOO.AND.ITH.EQ.21 REA0199,390) 

1 STAl,STA2,NUM,ROL.IB,HB,HB2,IELllll,El2111,DTIII,I=I,8) 
390 FORMAT(6X.Al.I5,1~,I2,AlfIl,8X.I6,Al.BII2,Al.1311 

IF (L1ST.GE.IOOI REAC(99,395) STA2,NUM,ROl,HB,HB2,(ElllIl,El2II I, 
1 01(11.1=1,6) 

395 FORMATI8X,I9,ll.Al,16,Al,6II3,Al,I511 
IB=IB*ICOOOO 
IF «(HB2.~E.BLANK.ANC.He2.NE.OVER(10)I.OR.HB.NE.0) BT=O 
IF IBT.EQ.l.AND.~STAl.NE.OSTAl.OR.STA2.NE.OSTA211 BMCK=BMCK+l 

C *** IF BMCK .GE. 30, WE'VE GONE 30 STATIONS WITHOUT ENCOUNTERING A 
C *** BENCH ~ARK CARO. (THIS ONLY APPLIES IF THE HB~OI. PRINT AN 
C *** ERROR MESSAGE. 

IF IBMCK.LT.301 GC Te 400 
KEY=4 
CALL PRNTR 

400 HCTR"1 

CARD2565 
CARD2570 
CARD2575 
CARD2580 
CAR02585 
CAR02590 
CAR02595 
CARD2600 
CAR02605 
CARD2610 
CARD2615 
CARD2620 
CAR02625 
CAR02630 
CARD2635 
CAR02640 
CARD2645 
CAR02650 
CARD2655 
CARD2660 
CAR02665 
CAR02670 
CAR02675 
CAR02680 
CAR02685 
CAR026QO 
CARD2695 
CAR02700 
CAR02705 
CAR02710 
CARD2715 
CAR02720 
CAR02725 
CAR02730 
CAR02735 
CAR02740 
CAR02745 
CAR02750 
CAR02755 
CAR02760 
CAR02765 
CAR02770 
CAR02775 
CAR02780 
CARD2785 
CAR02790 
CAR02795 
CAR02800 
CAR02805 
CAR02810 
CAR02815 
CAR02820 
CAR02825 
CAR02830 
CAR02835 
CAR02840 
CAR02845 
CAR02850 

• 
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ISN 0453 
ISN 0455 
I Sf\! 0457 
ISN 0458 
ISN 0460 
I SN 0461 
ISN 0462 
ISN 0463 
ISN 0465 
ISN 0466 

ISN 0468 
ISN 0470 

I SN 0471 
I SN 0472 
ISN 0474 
ISN 0415 
ISN 0411 

I SN 0419 
ISN 0480 
ISN 0481 

ISN 0483 
ISN 0484 
ISN 0486 
I SN 0487 
ISN 0488 

ISf\! 0489 

ISN 0490 
ISN 0492 
ISN 0493 
ISN 0494 
I SN 0496 
I SN 0497 

ISN 0499 
ISN 0500 
ISN 0501 
I SN 0502 
ISN 0503 
ISN 0504 
[SN 0505 
ISN 0506 

ISN 0501 
ISN 0508 

IF ITVPE.EQ.l.OR.TVPE.EQ.5. FACTR;-1 CAR02855 
IF (BT.EO.II GO TO 4Z0 CAR02860 
DO 410 I~I.10 CARD2865 
IF (HeZ.NE.OVER I I I I GO TO 410 CAR02870 
J:I-I/IO*10 CAR02815 
HIBI=HB*10+ISIGN(J.HBI CARD2880 

410 CONTINUE CAR02885 
IF (HBZ.EQ.BLANK) HI8I=HB*10 CAR02890 
BT=1 CARD2895 

420 IF (JCARO.EO.I) GO TO 430 CAR02900 
C *** WE COME HERE TO PROCESS A GENERAL DATA CARD. EVERY TIME BUT THE FICARD2905 

IF (STAl.NE.OSTAl.CR.STA2.NE.OSTA2) GO TO 530 CARD2910 
GO TO 460 CARD.2915 

C *** HERE WE INITIALIZE VARIABLES THE FIRST TIME WE DO AN ELEVATION CARCAR02920 
430 JCARO=Z CAR02925 

IF (OSTAl.EQ.STAl.ANO.CSTA2.EO.STA21 GO TO 460 CARD2930 
JCSTA=STAZ CARD2935 
IF (lIST.LT.I001 CAll STANO CARD2940 
IF (ISI<IP.EO.O.OR.CJCST.LT.JCSTA) GO TO 450 CARD2945 

C *** IF THE ELEVATION CARDS ARE OUT OF ORDER, ACCORDING TO THE STATION CARD2950 
C *** NUMBERS, wE PRINT AN ERROR MESSAGE AND SET ISKIP=O. SO WE'LL SKIP CARD2955 
C *** THE FI~AL PROCESSING FOR THIS STATION. OOJCS IS THE LAST 'IN ORDECAR02960 
C *** STATION, OJCST IS THE LAST STATION. AND JCSTA THE PRESENT STATION.CARD2965 

lSI< IP=O CARD2970 
OOJCS=CJCST CARD2915 

450 IF (ISKIP.EQ.l.0R.OOJCS.LT.JCSTAI lSKIP=1 CARD2980 
C *** IF THE PREVIOUS STATIeN NUMBER WAS CUT CF ORDER. ANO THIS ONE IS. CARD2985 
C *** WE PRI~T AN ERROR MESSAGE HERE. CAR0.2990 

KEY=II CAR02995 
I~ IISKIP.EQ.OI CALL PR~TR CARD3000 
OSTAl=STAI CAR03005 
OSTA2=STA2 CARD3010 
OJCST=JCSTA CARD3015 

C * * * * * • * * * r NIT I ALP ROC E S SIN G * * * * * * CARD3020 
C *** HERE WE 00 THE INITIAL PROCESSING OF THE INOIVIDUAL SETS OF CARD3025 
C *** ELEVATION CARDS. feR A NEW STATION. CARD3030 

460 SNUM=SNUM+1 CARD3035 
C *** IF THE ELEVATION C.RDS ARE OUT OF ORDER, WE PRINT AN ERROR MESSAGECAR03040 

IF (NU~.EQ.SNUMI GD TO 470 CAR03045 
KEY=9 CARD3050 
CALL PRNTR CARD3055 

410 IF (TYPE.EQ.3.0R.TVPE.EQ.4.0R.TYPE.GE.71 GO TO 20 CARD3060 
LOR=RCl CARD3065 
IF (SNUMC.EQ.O.OR.CLOR.EQ.LOR) GO TO 460 CARD3010 

C *** HERE WE'VE FINIS~ED INITIAL PROCESSING OF THE DATA FOR ONE SIDE OFCAR03015 
C *** CROSS-SECTION AND WE'RE PREPARING TO START INITIAL PROCESSING OF DCAR03080 
C *** FOR THE OTHER SICE. CARD30S5 

415 OORD=ORD CARD3090 
OONUM=CNUf'! CARD3095 
ORO-"O CARD3100 
ONUM=O CARD3105 
OLOII=LCR CAR03110 
ISAVE=SNU~C+l CARD3115 

480 ORDCK=Z CARD3120 
NUMC=l CARD3125 

C *** HERE WE CCUNT THE ~U~BER OF PERTINENT POINTS ON THE CARD. CARD3130 
12=8 CARD3135 
IF (LIST.GE.I00) T2=f CAR03140 

,. 
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ISN 0510 
ISN 0511 
ISN 0512 

ISN 0514 

ISN 0515 

ISN 0516 
I SN 0518 
I SN 0520 

ISN 0521 
I SN 0523 
ISN 0525 

ISN 0526 
ISN 0527 
ISIIl 0529 
ISN 0531 
ISN 0533 
ISN 0534 
ISN 0536 
ISN 0537 

TSN 0538 
ISN 0540 

I SN 0541 
I SN 0542 
I SN 0544 
ISN 0546 
I SN 0548 
ISN 0549 
ISN 0551 

I SN 0552 

ISN 0554 
ISN 0556 

I SN 0557 
ISN 0558 
ISN 0560 

I SN 0561 
ISN 0562 

C *** 

c *** 
490 

c *** 
500 

510 
C *** 
C *** 
C *** 
C *** 
C *** 
C *** 
C *** 

C *** 

C *** 

515 

C *** 
C *** 
C *** 
C *** 
C *** 

520 
C *** 

C *** 

C * * 

IFAC=10-LIST/IOO*9 CAR03145 
DO 510 1=2.12 CARD3150 
IF IOTII).EO.0.AND.ELIIII.EO.0.AND.IEL211).EQ.OVERI10).OR. CAR03155 

1 EL211l.EO.BLANKI} GO TO 510 CARD3l60 
NUMC=NU~C+1 CAR03165 
HERE WE C"ECK THE CROER OF THE DISTANCES ON THE CARD. CAR03170 
IF IOHII-OTlI-i)} 490.510.500 CARD3175 
WE ARRIVE HERE If THE DISTANCES ARE DECREASING. CAR03180 
IF (ORCCK .EO.2) CRDCK=-l CARD3185 
IF (ORCCK.NE.-ll OROCK=O CARD3190 
GO TO ~lO CARD3195 
WE ARRIVE HERE IF THE DISTANCES ARE INCREASING. CAR03200 
IF (OROCK.EO.2) CReCK-l CAR03205 
IF (OROCK.NE.l) CRCCK=O CAR032l0 
CONTINUE CAR03215 
WHEN WE REACH THIS POINT, OROCK CAN HAVE THE FOLLOWING VALUES-- CAR03220 

ORDCK=l IF DISTANCES ARE INCREASING. CAR03225 
OROCK=O IF DISTANCES BOTH INCREASE AND DECREASE. CAR03230 
ORDCK=-l IF DISTANCES ARE DECREASING. CAR03235 
OROCK=2 IF DISTANCES ARE CONSTANT ON THE CARD. CAR03240 

FAC=1 fOR READINGS TO TI-'E RIGHT Of THE CENTERLINE AND FAC =-1 fOR CARD3245 
REAOI~GS TO THE LEfT OF THE CENTERLiNE. CAR03250 
FAC-l CAR03255 
If ILOR.Et.L) FAC=-1 CAR03260 
If IOROCK.NE.2) CRO=ORO+ORDCK*fAC CAR03265 
If (ORDCK.NE.2) C~UM-ONUM+l CAR03270 
12=NUMC*2 CAR03275 
IF ILOR.EQ.L) le=-IB CAR03280 
DO 520 1=1,12.2 CARD3285 
K=II+11/2 CAR03290 
HERE WE CONSIDER T~E DISTANCES. CARD3295 
IF ILOR.EC.L) DTIK)=-DTIKI CARD3300 
OATAI2*SNUMC+I+l)=IB+DTIKI*lfAC*lfAC CARD3305 
HERE WE tECIPHER THE ELEVATIONS. CAR033l0 
00 520 J=1,20 CARD3315 
IF IEL2(K'.EO.BLA~K.ANO.J.EQ.lOI GO TO 515 CAR03320 
IF (EL2IK).EQ.MINUS.ANO.J.EQ.20) GO TO 515 CAR03325 
If IEUIKl.NE.OVERIJIl GO TO 520 CAR03330 
ELIIK)=ELlIKI*10+J-J/IO*lO CAR03335 
IF IJ.GT.IOI ELIIKI=fACTR*ELltKI-IFACTR*5000+50001/IfAC CARD3340 
OATAI2*SNUMC+II=HleI+F~CTR*ELl(K)*IFAC CAR03345 
HERE WE INTERPRET THE ELEVATIONS PUNCHEO AS NEGATIVE ZEROS. SEE CARD3350 
THE COMMENTS IN ROUTINE NZERO FOR AN EXPLANATION Of THIS CONCEPT. CAR03355 
NOTE--ELEVATIONS PUNCHED AS NEGATIVE ZEROS ON A CARD ARE SET EQUALCARD3360 
-1 BY THE PROGRAM. tEo A -1 INDICATES THE LOCATION Of A PUNCHED CAR03365 
NEGATIVE ZERO. CAR03370 
If (J.EQ.~O.AND.tELIIK).EQ.-l000.0R.ELl(K}.EQ.O)) CARD3375 

1 OATAI2*SNUMC+l}=-1 CAR03380 
IF (OATAI2*SNUMC+II.EQ.-l) FINAL=flNAL+l CAR03385 
CONTINUE CAR03390 
HERE WE PRINT THE tATA eN AN INDIVI~UAL CARD. CARD3395 
KEY=5 CAR03400 
IF ILIST-LIST/I0C*100.EQ.I) CALL PRNTR CAR03405 
OlOR=LCR CAR03410 
HERE WE ADO UP T~E NUMBER OF POINTS IN THIS CROSS-SECTION. CARD3415 
SNUMC=SNU~C+NUMC CARD3420 
GO TO 20 CAR03425 
* * * * * * * fIN ALP ROC E S SIN G * * * * * * * * CARD3430 
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ISN 0563 
ISN 0565 

ISN 0561 
ISN 0568 
I SN 0569 

ISN 0510 

I SN 0512 
I SN 0513 
ISN 0515 
ISN 0511 
ISN 0578 
ISN 0519 
ISN 0580 
ISN 0581 
I SN 0582 
ISN 0583 
ISN 0584 
ISN 0585 

ISN 0586 
ISN 0588 
I SN 0590 
I SN 0591 
I SN 0592 
ISN 0594 
ISN 0595 
ISN 0596 
I SN 0591 
I SN 0598 
ISN 0599 

C *** NOW WE ARE READY TO DO THE FINAL PROCESSING FOR A STATION. CARD3435 
C *** HERE WE CHECK THE CRDER OF THE DATA ON THE WHOLE SET OF CARDS FOR CARD3440 
C *** STATIC~. ~ND RECRDER T~E DATA. CARD3445 
C *** ThERE ARE THREE WAYS IN WHICH THE ELEVATION CARDS OR CARD3450 
C *** READINGS ~AY BE CUT OF ORDER. IN TWO OF THOSE CASES. FINAL CAR03455 
C *** PROCESSING IS SKIPPED FOR THAT STATION. CARD346D 
C *** II THE READINGS THEMSELVES MAY BE OUT OF ORDER lIE. THE READINGCAR03465 
C *** ON ONE SIDE OF T~E CENTERLINE MAY FIRST INCREASE AND THEN CARD3410 
C *** tECREASE. OR VICE VERSA. OR SOME READINGS MAY BE GIVEN FOR CARD3475 
C *** THE RIGHT SleE. ThEN SOME FOR THE LEFT. THEN MORE FOR THE RICARD348D 
C *** FOR EXAMPLE.I IN THIS CASE. OONUM.NE.IABSIOOROI OR ONUM.NE.CAR03485 
C *** IABSIORDI. AND FI~AL PROCESSING IS SKIPPED FOR THIS STATION.CARD3490 
C *** 21 THE CARDS FOR AN INDIVIDUAL STATION MAY BE OUT OF ORDER. CARD3495 
C *** ACCORDING TO THE CARD NUMBERS PUNCHED ON THEM. UNLESS CARD3500 
C *** THE READINGS ARE CUT OF ORDER AS A RESULT, THE FINAL CARD3505 
C *** PROCESSING IS NOT SKIPPED. CARD3510 
C *** 3) THE STATION ~UMBERS MAY BE OUT OF ORDER--IE, NOT INCREASING.CARD3515 
C *** IN THIS CASE, SKIPzO. AND FINAL PROCESSING IS SKIPPED FOR ALCARD3520 
C *** STATIONS UNTIL ONE IS REACHED WITH A STATION NUMBER GREATER CARD3525 
C *** THAN THE LAST 'GOOD' STATION. CARD3530 

530 IF IJUMP.EQ.O.OR.ISKIP.EQ.OI GO TO 630 CARD3535 
IF IOONUM.EQ.IABSIOORDI.AND.ONUM.EQ.IABS(ORDII GO TO 540 CARD3540 

C *** IF THE RE~DINGS C~ ONE SlOE OF THE CENTERLINE OR THE OTHER ARE CAR03545 
C *** OUT OF CRDER. PRINT AN ERROR MESSAGE AND SKIP THIS STATION. CARD3550 

KEY=IO CARD3555 
CALL PRNTP CARD3560 
GO TO 630 CAR03565 

C *** IF ALL DISTANCE RE~OINGS DO NOT INCREASE MONOTONICALLY. WE REORDERCAR03570 
C *** THE RE~DINGS. CAR03575 

540 IF I(IS~Ve.EQ.-l.AND.ORC.GE.OI.OR.IISAVE.GT.-l.AND.OORD.GE.OII CARD3580 
I GO TO 560 CARD3585 

C *** IF THE READINGS eN THE FIRST SIDE OF THE CENTERLINE DECREASE, CARD3590 
C *** REORDER THEM. CARD3595 

I=ISAVE*2-3 CARD3600 
IF t IS~VE.EQ.-li I=SNUMC*2-1 CARD3605 
IF II.EQ.II GO TO 560 CAR03610 
J=l CARD3615 

550 Kl=DAT~III CAR03620 
K2=OATAII+ll CARD3625 
OATA(I'=OATAIJI CAR03630 
DATAII*l'=DATAtJ*11 CARD3635 
DATA(JI=KI CARD3640 
DATAIJ+11=K2 CARD3645 
1=1-2 CARD3650 
J=J+2 CARD3655 

C *** IF THE READINGS ON THE SECONO SIDE OF THE CENTERLINE DECREASE, CARD3660 
C *** REORDER THEM. CARD3665 

IF (J.LT.I) GO TC 550 CARD3610 
560 IF 10RO.GE.0.OR.ISAVE.EQ.-ll GO TO 580 CARD3615 

!=SNUMC*2-1 CARD3680 
J=ISAVE*2-1 CARD3685 

510 IF II.LE.JI GO Te 580 CARD3690 
K1=DAH I II CARD3695 
K2=DAT~(I*11 CARD3100 
DATAII'=DATAIJI CARD3105 
DATAII+U=OATAIJ+l) CARD31l0 
DATAIJI=Kl CARD3115 
DATAIJ+l'=K2 CARD3120 
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ISN 0600 
ISN 0601 
ISIll 0602 
ISN 0603 

ISN 0605 
I SN 0606 
ISN 0607 
ISN 0608 
ISN 0609 
I SN 0610 
I SN 0611 
ISN 0612 
I SN 0613 

ISN 0614 
ISN 0616 
ISN 0617 
ISN 0618 
I SN 0620 
ISN 0621 
ISN 0622 
ISN 0623 
[SN 0625 
ISN 0626 
[SN 0627 
ISN 0628 
ISN 0629 
[SN 0630 
[SN 0631 
ISN 0632 
[SN 0633 
I SN 0634 
ISN 0635 
I SN 0636 
I SN 0631 
I SN 0638 

I SN 0639 
ISN 0641 
[SN 0643 
ISN 0644 
I SN 0646 
ISN 0647 
I SN 0648 
I SN 0650 
ISN 0651 

1=1-2 
J=J+2 
GO TO 570 

.. 

580 IF IISAYE.EQ.-l.0R.LOR.NE.LI GO TO 620 
C *** IF WE'VE READ THE RIGHT READINGS BEfORE THE LEFT REAOINGS. 

I3=ISAYE*2-2 
00 590 1=1tl3 

590 SOATAIII=OATAIII 
11=ISAVE*2-1 
I2=SNUMC*2 
00 600 I:Il,I2 

6000ATA(I-Il+ll=OATAIII 
006101=1.13 

6100ATA(12-Il+l+II=SOATAIII 
C *** [f REACINGS ARE (UT CF OROER, REOROER THEM HERE. 

620 IF ISNUMC.LE.l1 GO TO 629 
I2=SNUMC*2 
DO 628 1"4,[2,2 
IF (OATAIII.GE.OATAII-211 GO TO 628 
JJ2=1-4 
DO 622 JJ=2.JJ2.2 
J=JJ2+2-JJ 
IF IOAUIlI.GT.DIITAIJII GO TO 624 

~22 CONTINUE 
J=O 

624 CONTINUE 
Kl=OATHI I 
K2=DATllII-1i 
JJ1=J+2 
JJ2=1-2 
DO 626 JJ=JJl.JJ2,2 
K=J Jl+JJ2-JJ 
OATAIKi21=DATAIKI 

6260ATA(K+l'=OATAIK-ll 
OATAIJ+21=Kl 
DATAl Jill"'K2 

628 CONTINUE 
C *** IF TH[S IS AN EXTENS[ON. BRANCH HERE. 

629 IF I[RTVP.GE.4) CALL EXTNO 
IF (IRTVP.GE.4.AND.IQUIT.NE.ENOFL.ANO.IRSET.EQ.l1 GO TO 10 
RETURN 

630 IF (IRSET.NE.ll GO TO 640 
JCARO=2 
GO TO 10 

640 IF (IRTVP.LE.3) JCSTA=NINE 
RETURN 
END 

CAR03l25 
CAR03l30 
CARD3135 
CAR03l40 

REOROERCAR03l45 
CAR03l50 
CAR03l55 
CAR03l60 
CAR03l65 
CAR03110 
CAR03115 
CAR03l80 
CAR03l85 
CAR03l90 
CAR03795 
CAR03800 
CAR03B05 
CAR03810 
CAR03815 
CAR03820 
CAR03825 
CAR03830 
CAR03835 
CAR03840 
CAR03845 
CAR03850 
CAR03855 
CAR03860 
CAR03865 
CAR03810 
CAR03815 
CAR03880 
CAR03885 
CAR03890 
CAR03895 
CAR03900 
CAR03905 
CAR03910 
CAR03915 
CAR03920 
CAR03925 
CAR03930 
CAR03935 
CARD3940 
CAR03945 
CAR03950 
CAR03955 

~ 
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LEVEL 21.8 I JUN 74 I OS/360 FORTRAN H 

COMPILER OPTIONS - ~~ME= MAIN.OPT-OZ.LINECNT-60.SIZE=0000K. 

I SN 0002 

ISN 0003 
[SN 0004 
ISN 0005 

ISN 0006 
[SN 0001 
ISN 0008 
ISN 0009 
ISN 0010 

I SN 0011 
I SN 0012 

I Sill 0013 
I SN 0014 
ISN 0015 

ISN 0016 
ISN 0018 

ISN 0020 
ISN 0021 
ISN 0022 

ISN 0023 
I SN 0024 
ISN 0025 
ISN 0021 
ISN 0028 
[SN 0029 
ISN 0030 
ISN 0031 
I SN 0032 
I SN 0033 

ISN 0034 
ISN 0035 
ISN 0036 
ISN 0037 
ISN 0038 
ISN 0039 
ISN 0040 

I SN 0041 
ISN 0042 
ISN 0044 
ISN 0045 
ISN 0047 

ISN 0049 
I SN 0051 
[SN 0052 

SCURCE.EeCDIC.LIST.DECK.LOAO.MAP,NOEOIT,NOIO.XREF 
SUBROUTINE PREP 

C •• * THIS ROUTINE PREPARES T~E STATION FILE FOR THE NGI ROUTINES. 

C 

REAL*S XSTA,EQTAB,XXTA(2),YNCR,XNCR 
REAL*4 OWIOL/99~~.I,CWIDR/-9999.1 
INTEGER L/'L'I,OSTA/-l/,XPUT,STAF,SYSIN,SYSOT,SYSER,ENDFL, 

1 RT7C/'RT70'I,ES1A,ONE/'I'I,IMAGEI201,STFIL,OF,FINAL 
INTEGER IVES/'YES'I,NGITP/16/,RECRO(4001 
COMMON/CCEDI/IDU~2IZ5I,KEYC,ICARO 

COMMON/CDATA/JCSTA,OF,IDUMI(4301 
COMMON/CERWK/KEYT,JTAPE,KSTA,KPAG 
COMMON/CMAIN/IRTVP,JRTVP,IRSET,JCARO,ITSTA,OOUMP,FOUMP,FINAL, 

1 INTPL,LIST 
COMMON/EQ8LK/NOEC(26',EQTAB(1,20,l"NSET 
COMMON/QSAM/XOPEN,~CLOS,XGET,XSETL,XESTL,XPUT,XPUTX,ZERO,STAF, 

1 NTIME,STFIL(8521 
COMMON/SYSTM/SYSIN,SVSOT,SYSER,SYSTP,NINE,IQUIT,ENDFL,INDEX,NGIDX 
COMMON/TITLE/IPAGE,IDATEI41,ICHWY(4),JGBNO(21 
EQUIVALENCE (STFILll),RECRO(111 

IF (JCSTA.NE.NINE.OR.JTAPE.NE.O) GO TO 620 
IF (IRTYP.NE.ll GO TO 500 

C * •• INITIALIZE VARIABLES. 
LCNT=34 
JKEY=O 
JEQ=l 

C *.* REREAD T~E DATA CARD. 
lO READ(99,30) IBEG,IEND,XNCR,IWOL,LORL,IWDR,LORR,ITAPE 
30 FORMATIIIX,ZI9,F4.1,Z(I3,AI),A31 

IF(ITAPE.NE.IYESI GO TC 35 
NGIDX=1 

31 READ (NGITP,ENO=121 RECRD 
WRITE (15'NGIOXI RECRD 
GO TO 31 

32 REWIND NGITP 
WRITE ISYSER,33J 

33 FORMATI/15X,' NGI FILE ~AS eEEN TRANSFERRED FROM TAPE TO DISK." 
C * •• PREPARE TO PRINT THE DATA CARD. 

35 ISTAl=IBEG/lOOOO 
STA1=IIBEG-ISTAl*10000'/l.OD2+5.0D-4 
ISTA2=IENC/I0000 
STA2=IIEND-ISTA2*lOOOO)/l.00l+5.0D-4 
DO 10 1=7.852 

10 STFIL(I'=NINE 
STFIL(l}=l 

C *** CHECK FOR DATA CARC ERRORS. 
WIDL=IWDL 
IF (LORL.EQ.LI WIDL=-WICL 
WIDR=IWDR 
IF (LORR.EC.L' WrCR=-WIDR 
IFIWIDL.GE.WIDR.CR.leEG.GT.IENO) GO TO 540 

C .** PRINT DATA CARD AND PAGE HEADING. 
IF ILCNT.LT.34) GC fO 55 
WRIfE(SYSOT.40) IPAGE,ICATE.JOBNO,ICHWY 

40 FORMAT(lHl,106X.I3/6X,'TEXAS HIGHWAY DEPART~ENT',1X.'T I E S ROAD 
lWAY DESIGN SUBSV5TEM',4X,'.*. EARTHWORK ***'/6X,'TERRAIN EDIT & ST 
20RE PROCESS',57,,4A4/6X,'CONTROL ',A4,' SECTION ',A3,4lX, 

"" 

DATE 14.353/08.53.46 

" 

n 
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\J1 
en 
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ISN 0053 
ISN 0054 

ISN 0055 
I SN 0056 
ISN 0057 
ISN 0058 
ISN 0059 
ISN 0060 
ISN 0062 
ISN 0064 
ISN 0065 
ISN 0066 
I SN 0067 
ISN 0069 
ISN 0070 
rSN 0072 
rSN 0074 
ISN 0076 
r SN 0077 
ISN 0079 
ISN 0080 
I SN 0081 
ISN 0082 
rSN 0083 
tSN 0085 
ISN 0086 
ISN 0087 

ISN 0088 
I SN 0089 
rSN 0090 
ISN 0091 
ISN 0092 
ISN 0093 
ISN 0095 
ISN 0096 
ISN 0097 
ISN 0098 

rSN 0099 

ISN 0100 
ISN 0101 
ISN 0102 

ISN 0104 
I SN 0105 
I SN 0106 
ISN 0107 

ISN 0108 
ISN 0110 
ISN Olll 
ISN 0112 

" 

3 'COUNTY & HIGHWAY - ',4A4111 
WRITEI SYSGT,501 

50 FORMATI21X,'FROM',15X,'TO',12X,'STATION',5X,'CROSS-SECTION LIMITS' 
1 115X,21'BASELINE STATION',2XI,2X,'INCREMENT',7X,'LEFT' ,6X, 
2 ' RIG H T ' 156 X , ' 1FT I ' ,9 X , 2 I • I F TI ' , 7.X )/ I 

IPAGE:IPAGE+l 
LCNT:O 

55 WRITEISYSOT,571 ISTA1,STAI,ISTA2,STA2,XNCR,IWDL,LORL,IWDR,LORR 
57 FORMATI17X.2115,'+',F5.2,7XI,2X,F5.1,9X,2113,Al,7XII 

LCNT:LCNT+l 
IF IIBEG.LT.OSTAI IBEG=OSTA 
IF (IEND.LT.OSTA) GO TO 570 
WIOEL=AMINIIOWIDL,WIOLI 
WIDER=AMAXIIOWIOP,WIDRI 
JCSTA=IBFG 
IF (OSTA.GT.-II JCSTA=OSTA 
YNCR=XNCR 
IF IIBEG.GT.OSTA.AND.OSTA.GT.-l' YNCR=IIBEG-OSTAI/l.OD2 
IF(IBEG.EQ.IENDI GO TO 200 

60 IF IJEQ.GT.NOEQ(1») GO TC 80 
ESTA=EQTABI7,JEQ,l)*1.002+5.0D-l 
IF IESTA.GT.JCSTAI GO TO 80 
STF III 21=ESlA 
STFILl31"ESTA 
STFIL(41=EQTABI1,JEQ,21*1.OD2+5.0D-l 
JEQ=JEQ+l 
IF IJCSTA.EQ.ESTAI GO TC 90 
STFILI1991=NINE 
STF III 51:NINE 
STFILl6'=NINE 

C *.* STORE AN EQUATION RECORD ON THE ISAM FILE. 
CALL ISAMIXPUT,STAF,STFIL,340S1 
GO TO 60 

80 STFILI21=JCSTA 
STFILI31=JCSTA 
STFILl41=JCSTA 
IF IJCSTA.EQ.NINf) GO TC 240 
STFILI51=WIDEL*I.OD2 
STFILI6'=kIDER*1.002 
STFILl7991=1 

90 XSTA=JCSTA/1.002 
C .*. STORE THE RECORD ON THE ISA~ FILE. 

CALL ISAMIXPUT,STAF,STFIL,34081 
C *.* MOVE TC THE NEXT STATION. 

CALL STATNIXSTA,YNCR.7,XXTAI 
JCSTA=XXTAlll·l.OD2+5.0D-l 
IF (JCSTA.GE.IENCI GC TC 200 

C *.* THE NEXT STATION IS LESS THEN lEND, THE ENDING STATION. 
YNCR=XNCR 
WIDEL=WIDL 
WIOER=WIDR 
GO TO eO 

C ••• THE NEXT STATION IS GREATER THAN OR EQUAL TO lEND, THE ENDING 
C •• * STATICN. 

200 IF IJKEY.GT.OI GO TO 230 
OSTA=IENC 
OWIOL:WIOL 
OWIOR=ldOR 

... " 
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ISN 0113 
I SN 0114 
ISN 0115 

ISN 0117 
ISN 0119 
ISN 0120 

ISN 0121 

ISN 0122 
ISN 0123 

ISN 0124 

ISN 0126 
ISN 0121 

I SN 0128 
ISN 0129 
ISN 0130 
ISN 0132 
ISN 0133 
ISN 0134 
ISN 0135 
ISN 0136 
ISN 0138 
IS~! 0139 
ISN 0140 
ISN 0141 
rSN 0142 
ISN 0143 
ISN 0144 
ISN 0145 
ISN 0146 
ISN 0141 

lSI\! 0148 
ISN 0149 

ISN 0150 
ISN 0151 
ISN 0152 
ISN 0154 

ISN 0155 
ISN 0151 

ISN 0158 
ISN 0159 
ISN 0160 
ISN 0161 

READISVSIN,210,E~O~220J ITYPE,IC13 
210 FORMAT(1X,A4,IX,A1J 

IF (ITVPE.EQ.RT7CI GO Te 20 
C *** THE NEXT CARD DOES NOT BELONG TO THIS ROUTINE. 

IF IICI3.NE.ONEI GC TO 590 
JKEY=l 
GO TO 60 

C *** THE 1* CARD HAS EEEN READ. 
220 IQUIT=2 

C *** PREPARE TC COMPUTE THE COORDINATES FOR THE VERY LAST STATION. 
JKEY=l 
GO TO 60 

C *** ALL CCORDINATES HAVE BEEN COMPUTED. FINISH AND RETURN TO THE 
C *** CALLI~G ROUTINE. 

230 If (IQUIT.EQ.ENOFll GO TC 900 
C *** PUT THE REMAINING EQUATION RECORDS, IF ANY, ON THE FILE. 

JCSTA:NINE 
GO TO 60 

C *** PUT THE LAST ORIGINAL RECORD (WITH STATION NUMBER NINEI ON 
C *** THE FILE. 

C 

240 STFIL(~I=NOEQ(71 
12=NOEQ(1) 
IF (I2.EO.0) GO TO 260 
DO 250 1=1.12 
STfIL(5+II=EQTABI7,I,II*1.OD2+5.0D-l 

250 STFIL(25+II=EQTAB(1,I,21*1.0D2+5.0D-l 
260 CALL I5AMIXPUT,STAF,STFIL,34081 

If (JKEY.EQ.21 HlUlT"'ENCFL 
INDEX=12 
READ(8'INDEXI STFIl 
DO 210 1=1,26 

210 STFIl(52+II=NOEQ(II 
INDEX=12 
WRITE(8'INDEXI STFIl 
INDEX=39 
WRITE(8'INOEXI EQTAB 
INDEX=O 
GO TO <;00 

C *** ERROR MESSAGES 
C 

500 WRITE(SYSER,5101 IRTYP 
510 FORMATI/15X,'NGI PREPARATION DATA MAY ONLY BE RUN UNDER TERRAIN OP 

ITION "ORIGINAL CARDS" -- IE, WITH',23X,'PREP'/15X,'JOB TYPE 1. 
2INSTEAC, IT WAS PUN WITH JOB TYPE ',II,'. CALCULATIONS CEASE.', 
3 39X,'PREP'I 

IQUIT=ENDFL 
GO TO 900 

540 If IWIOl.GE.WIDRI WRITEISYSER,550J 
550 FORMAT(/15X,'THE CROSS-SECTION LIMITS ON THE FGLLOWING CARD ARE OU 

IT OF CRDER. CALCULATICNS CEASE.'~24X,'PREP'1 
IF (IBEG.GE.IENDI WRITE(SYSER.5601 

560 FORMAT(/15X,'THE STATION NUMBERS ON THE FOLLOWING CARD ARE OUT OF 
10RDER. CALCULATICNS CEASE.'.29X,'PREP'1 
WRITE(SYSER,511 ISTA1,STAl,ISTA2,STA2,XNCR,IWDL 4 lORL,IWDR,lORR 
IQUIT=ENOFL 
GO TO <;00 

570 WRITEISYSCT,5801 rSTAl,STAl,rSTA2,STA2,XNCR,IWDL,LORl.rWDR,LORR 

" 
. , 

PAGE 003 

4 .. 

\l 
I 

\j1 
ClO 



ISN 0162 

ISN 0163 
ISN 0164 
ISN 0165 
ISN 0166 
ISN 0167 
ISN 0168 

ISN 0169 
I SN 0170 
ISN 0171 
ISN 0173 

ISN 0174 
I SN 0176 

ISN 0177 
ISN 0178 
TSN 0179 
I SN 0180 
ISN 0182 
ISN 0183 
ISN 0184 

580 FORMATC/15X,'THE FOLLOWING 
lER. THE E~DING STATION IS 
ZION ON THE PREVIQLS CARD. 

IEND=CSTA 
GO TO 220 

590 READ(<J<;,6QO) IMACE 
600 FQRMAT(20A41 

WRITEISYSER.6101 t~AGE 

NGT PREPARATION DATA CARD IS OUT OF ORO 
BEFORE',Z3X,'PREP'/15X,'THE ENDING STAT 
CALCULATIONS CEASE.',48X,'PREP') 

610 FORMAT(/15X,'THE NGI PREPARATION DATA IS FOLLOWED BY THE FOLLOWING 
1 CARD. THIS IS AN ERROR. ITt,27X,'PREP'/15X,'MUST BE FOLLOWED BY 
2 A 1* CARC OR A CARD WITH A 1 IN COLUMN 13. CALCULATIONS CEASE.', 
3 26X,·PREP'/20x.ZOA41 

JKEY=Z 
GO TO 60 

620 IF IKEYT.NE.O) WPITE(SYSER,630) 
630 FORMATI/15X,'NGI PREPARATION DATA CANNOT BE RUN AS AN OLD JOB. CA 

lLCULATICNS CEASE.',3<JX,'PREP') 
IF (JCSTA.NE.NINFI WRITEISYSER,6401 

640 FORMATI/15X,'NO eTHER TERRAIN DATA CAN BE RUN WITH NGI PREPARATION 
1 DATA. CALCULATICNS CEASE.',Z9X.'PREP') 

H1UH=ENCFL 
<;loa IRSET:::! 

IRTYP=: 
IF IIQLIT.EQ.E~DFL) RETURN 
KEYC=2 
RETURN 
END 

.. 
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lEVEL 21.8 I JUN 14 I OS/360 FORTRAN H 

ISN 0002 
I SN 0003 

I SN 0004 

I SN 0005 
I SN 0006 
I SN 0001 
ISN 0008 

ISN 0009 
ISN 0010 
I SN 0011 

ISN 0012 
ISN 0013 
I SN 0014 
ISN 0015 
ISN 0016 
I SN 0011 

ISN 0018 
ISN 0020 
ISN 0021 
ISN 0023 
I SN 0024 
ISN 0026 
ISN 0021 

ISN 0028 
ISN 0029 
ISN 0031 
I SN 0032 
ISN 0033 
ISN 0035 
ISN 0036 
ISN 0038 
ISN 0039 
ISN 0040 
ISN 0041 
I SN 0042 

ISN 0043 
ISN 0044 
I SN 0045 
ISN 0046 
ISN 0041 
ISN 004B 
ISN 0049 
ISN 0050 
ISN 0051 
I SN 0052 
ISN 0053 
ISN 0054 

.. 

COMPILER 

C 

OPTIONS - NAME= MAIN,OPT=02,lINECNT=60,SIZE=0000K, 
SOURCE,EECOIC,lIST,OECK,lOAD,"AP,NOEDIT,NOID.XREF 

SUBROUTINE PlIST 
REAl*8 PI2/1.51019632679489600/,BXI,BY1,BX2,BY2,BDIST,BAZ, 

I XTFIlI61,XSIA,HASTA 
INTEGER STAF,SYSCT,SYSER,ENDFl,STfll.XOPEN,XClOS,XGET,XSETl. 

1 XESTl,XPUTX,ZERO 
COMMON/CBRDIS/BXI,BYI,BX2,BY2,BDIST,BAZ 
COMMON/CERWK/KEYT,JTAPE,KSTA,KPAG 
COMMON IHARlNI DUMIIIOOOI,HASTAIIOOI,DUM21300I,NOEl,NAlS 
COMMON/QSAM/XOPEN,XClOS,XGET,XSETl,XESTl,XPUT,XPUTX,IERO,STAF, 

I NTIME,STflLIS521 
COMMON/SYSTM/SYSIN,SYSOT,SYSER,SYSTP,NINE.IQUIT,ENOfL,INDEX 
COMMON/TITLE/IPAGE,lOATEI41,ICHWYI4l,J08NOl21 
EQUIVALENCE ISTFILI31,XTFILI111 

C *** INITIALIZE VARIABLES. 
WR ITE I SYSER ,101 

10 FORMATIIX.'PLIST'I 
OUM211521=0.0 
LCNT=34 
I STRP=O 
IQFLG=O 

C *** RETRIEVE BASELINE ALIGNMENT 
IF (KPAG.EQ.OI GC TO 520 
CALL ALGET(7) 
IF IHASTAIII.EQ.-l.OCOI GO TO 520 
CALL ISAM(XOPEN,STAF,OI 
IF INTIME.EQ.l1 (ALL ISAMIXESTL,STAFI 
NTiME=1 
CALL ISAMIXSETl,STAF,ZEROI 

C *** RETRIEVE A CROSS-SECTICN RECORD FROM THE STATION FILE. 
910 CALL ISAMIXGET,STAF,STFIL,3400,IEFI 

IF ISTFILll'.E~.NINE.OR.IEF.NE.OI GO TO 130 
WRITEISYSER,201 STFILlll,STFILI7911 

20 FORMATIIX,2191 
IF ISTFILI1911.NE.l1 GC TO 910 
XSTA=STFILlll/l.OD2 
IFIXSTA.LE.HASTAINOELII GO TO 25 
XSTA=HASTAINOELI 
STFILIll=XSTA*100.+.5 
IQFLG=1 

25 WIDEL=STFILI31/1.0C2 
WIDER=STFILI41/1.C02 

C *** FIND THE STATE PLANE CCORDINATES FOR THE LEFT, CENTERLINE AND 
C *** RIGHT POINTS. 

CALL CALXYIXSTA,l,BX1,BY1,BAZI 
BAZ=BAZ-PI2 
BDIST=WlDEl 
CAll BRDIS(2) 
XTFIl (1 )zeX2 
XTF IL 121=BY2 
XTFIlI31=BXl 
XTF III 4 I"BY! 
BOIST=ldOER 
CALL BROISI21 
XTF IU 51=BX2 
XTF Ill€: )=eY2 

DATE 14.353/08.54.20 
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ISN 0055 
I SN 0057 
I SN 0058 

ISN 0059 
ISN 0060 
ISN 0061 

ISN 0062 
ISN 0063 
ISN 0064 
ISN 0065 
ISN 0066 
ISN 0067 
ISN 0068 

I SN 0069 
ISN 0070 
I SN 0012 
I SN 0013 

ISN 0074 
ISN 0075 
ISN 0076 
ISN 0077 
ISN 0078 
ISN 0080 
I SN 0081 
ISN 0082 
ISN 0083 

ISN 0084 
ISN 0085 
ISN 0086 
ISN 0087 

C * •• PRINT THE STATE PLANE C(ORDINATES. 
IF ILCNT.LT.341 GO TO 110 
WRITEISYSCT,401 IPAGE,ICATE,JOBNO,ICHWY 

40 FORMATIIH1,l06X,13/6X,'TEXAS HIGHWAY DEPARTMENT',7X,'T I E S ROAD 
lWAY DESIGN SU8SYSTEM',4X,'*** EARTHWORK *.*'/6X,'TERRAIN EDIT & ST 
20RE PROCESS'.57X,4A4/6X,'CONTROL ',A4.' SECTION ',A3,42X, 
3 'COUNTY & HIGHWAY - ',4A4111 

IPAGE=IPAGE+l 
WRITElSYSCT,1001 

100 FORMATI3X,'STATICN',9X,'LEFT POINT COORDINATES',5X,'CENTERLINE POI 
lNT COO~DINATES',fX,'RIGHT POINT COORDINATES'/3X,'NUMBER',14X, 
2 3{'X',12X,'Y'.16XI/J 

LCNT=O 
110 ISTAl=STFILlll/1COOO 

STAl=(STFILll'-ISTAl*100001/1.0D2+5.0D-4 DW30CT74 
WRITEISYSOT,1201 ISTAl,STAl,XTFIL 

120 FORMATIIX,I5,'+',FS.2,314X,2F13.411 
LCNT=LCNT+l 
CALL XBILD IISTRPI 

C .** REPLACE TH CROSS-SECTION RECORD ON THE STATION FILE. 
CALL ISAMIXPUTX,STAF,STFIL,3400J 
IFISTFILI7971.NE.NINEI GO TO 30 
WRITE (SYSER,291 STFIUlI 

29 FORMATI/15X,' XBILD FAILED TO BUILD A XSECTICN FOR STATION ',Ill, 
*' CALCULATIONS CCNTINUE WITH NEXT STATICN') 

GO TO ~6 
30 N=STFILI7971*2+3 

WRITE ISYSER,351 STFIL(II,(STFILlII,I=4,Nl 
35 FORMATIIX,IIO/,llX,10IIOI) DW30CT74 
36 IFIIQFLG.EQ.OJ GC TO 910 

130 CALL ISA~IXCLCS,STAFI 
RETURN 

520 WRITEISYSER,5301 
530 FORMATI/15X,'NO ALIGNMENT DATA IS AVAILABLE FOR ROADWAY G. CALCUL 

lATIONS CEASE.',4~X,'PREP·1 
IQUn-=ENCFL 

qOO CCNTINl:E 
RETURN 
END 

J 

PAGE 002 
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ISN 0002 
ISN 0003 

I SN 0004 

ISN 0005 

I SN 0006 
ISN 0007 
ISN 0008 

I SN 0009 
I SN 0010 
ISN 0011 
ISN 0012 
ISN 0013 

I SN 0014 
I SN 0015 
I SN 0016 
I SN 0011 
ISN 0018 
ISN 0020 
ISN 0021 
ISN 0022 

ISN 0023 
ISN 0024 
I SN 0025 
ISN 0026 
ISN 0027 
ISN 0028 
ISN 0029 
I SN 0030 
ISN 0031 
ISN 0033 
ISN 0034 
ISN 0035 
I SN 0036 
I SN 0031 
ISN 0038 
ISN 0039 
ISN 0040 
ISN 0042 
ISN 0044 
ISN 0045 
I SN 0046 
ISN 0041 
ISN 0049 
I SN 0050 
ISN 0051 
ISN 0053 
ISN 0054 

COMPILER OPTIONS - NAME= M~I~,OPT-02,LINECNT=60,SIZE-0000K, 
SOURCE,EeCOIc,LIST,OECK,LOAO,~AP,NOEOIT,NOIO,XREF 

SUBROUTINE XBILO (ISTRP) 

~ 

COMMON /S~STM/ SYSIN,SYSOT,SYSER,SYSTP,NINES,IQUIT,ENDFl,lNOEX, 
JARG,IBNOX,DLAMB 

COMMON/QSAM/XOPEN,XClOS,XGET,XSETl,XESTL,XPUT,XPUTX,ZERO,STAF, 
1 NTIME,STFIl(852) 
REAl*8 XTFIL(2,3),XBI471,YBI471,XE(47I,YEI411,XOIS,ANGl,X,Y,Xl,Yl, 

*O,Ol,02,DIST,OISTl,DIST2,ANG,PI/3.1415926535728CO/,OELTX,OELTY, 
*SQDIS,SINA,COSA,STRXI3I,STRY{31,DIFF,XSECXI200I,XSECY'2001, 
*XSECZ(200),FRAC,XI,YI.ZI.XJ.YJ,ZJ,Y01.Y02,YDELT,YYI21,EPS,DlAMB 

REAL*8 XFRAC,YMAX,YMIN 
INTEGER*2 NOSEC(41I,NOSTR,CCNECTI250,2,21 
INTEGER XSTAI2001,INOX(200) ,STOREI4001 ,SYSIN,SYSOT,SYSER,SYSTP , 

*ENOFL,XOPEN,XCLCS,XGET,XSETL,XESTL,XPUT,XPUTX,ZERO,STAF,STFIl 
DIMENSION YOIST(200,2I,ZELVI200,ll,NOPTI2I,NOCNIll 
EQUIVALENCE ISTFIL{3I,XTFILIl,lll 
OATA IREe/Of 
XOISIX,Y,Xl,Yll=IX-Xll*{X-Xll+(Y-YII*IY-YII 
ANGL(O.Ol,021=OARCOSIIDl+D-D21/12.000*OSQRTIOll*OSQRTIDIll 

c**** CHECK FOR INITIAL READ IN OF STRIP INDEX 
IQFlG=O 
NGIFL=O 
IXCNT=1 
11=1 
IFIISTRP.NE.O) GO TO 20 
IREC-O 
JARG-l 
READ 115'JARGJ IX8III,YBII).XEIII,YEII),I-I,411,INOSEC'II,I=1.41', 

* NCSTR 
c**** OETERMINE WHICH STRIP CONTAINS INPUT XSECT 

EPS=5.00-~ 
MAX=400 
IBEG-l 
IBIAS=IOOOO 
ISGN=l 
WRITE (11,41 NCS1R.(NOSEC(II,I=I.NOSTRI 

4 FORMAT(25I51 
5 I=IBEG 
6 IFII.GT.NOSTR.OR.I.LE.OI GO TO 13 

WRITE 111,31 XBIII,YBIII,XE(II,YEIII,XTFIL 
3 FORMATIIX,10FI2.41 

OIST·XDISIXBII1,~BIII.XE{II.YEII)1 
OISTI=XOISIXBII1,YBII1.XTFILII,I'.XTFILI2.111 
0IST2=XOIS(XEII1.~EII1.XTFILII,I},XTFIL(2.111 
WRITE (11,11 015T,015Tl.0IST2 

7 FORMAT(IX.3F20.5) 
IFIOI5T.EQ.0.OCOI GO TC 10 
IF(OISTl.EQ.O.OOO.OR.OISTl.EQ.O.OOOl GO TO 9 
ANG=ANGLICIST.OI$Tl.DIST21 
WRITE (17.81 ANG 

8 FORMAT(lX,F20.5) 
IFIANG.GT.PIf2.0[01 GO TO 10 
ANG=ANGLIOIST.OIST2.DISTII 
WRITE 111,8) ANG 
IF(ANG.GT.PIf2.0[0} GO TO 10 

9 ISTRP=I 
GO TO 15 

OW30CT14 

OW30CT74 

DW30CT74 

OW30CT74 

OW30CT74 

DATE 14.353/08.54.43 
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ISN 0055 
ISN 0056 
ISN 0057 
I SN 0058 
I SN 0059 
ISN 0060 

ISN 0061 
ISN 0062 
ISN 0063 
ISN 0064 
ISN 0065 
ISN 0066 

ISN 0067 
ISN 0068 
ISN 0069 
ISN 0070 
ISN 0071 
I SN 0072 

I SN 0073 
ISN 0074 
I SN 0075 
ISN 0076 
I SN 0077 
I SN 0078 
I SN 0079 
I SN 0080 
ISN 0082 
ISN 0083 
ISN 0084 
I SN 0085 
ISN 0086 
ISN 0087 
I SN 0089 
ISN 0090 
ISN 0092 
ISN 0094 
ISN 0095 
I SN 0097 
ISN 0098 
I SN 0100 
ISN 0102 
ISN 0103 
ISN 0104 
ISN 0105 
ISN 0106 
ISN 0107 
ISN 0108 
ISN 0109 
ISN 0111 
ISN 0112 
ISN 0114 
ISN 0115 
I SN 0116 
ISN 0117 
ISN 0118 

10 I=I+ISGN 
GO TO 6 

13 WRITE (SYSER,111 
11 FORMATI' ERROR - NGI UNABLE TO FIND LT. POINT ON ANY STRIP') 
12 STFILI1971=NINES 

RETURN 
C**** FOUND WHICH STRIP XSECT IS ON 

15 N=NOSECIISTRPI 
JARG=ISTRP+l 
REAC 115'JARGI I~STAIII,INDXII),I=l,NI 
WRITE 117,16' IXSTAIII,INDXII1,I=1,NI 

16 FORMATIIX,12II0) 
JARG=IIlEC+l 

C**** CALC. DELTAS AND TRIG CONSTANTS FOR THE GIVEN STRIP 
DELTX=~E(ISTRPI-~BIISTRP·I 
OELTY=YEIISTRPI-YBIISTRPI 
SQDIS=CSQRTIDISTI 
SINA=DELTY/SQDIS 
COSA=OElTX/S'DIS 
IFLG=O 

C**** TRANSLATION AND ROTATIO~ OF INPUT COCR TO STRIP COOR 
20 DO 25 J=1,3 

DElTX=XTFllI1,JI-XBltSTRPI 
DElTY-XTFIlt2,J)-YB![STRPI 
STRXIJ1-DELTX*COSA+DELTV*SINA+XSTAl11/1.0D2 

25 STRYIJI=-OELTX*SINA+DELTY*CCSA+IBIAS 
WRITE 111,271 STRX,STRY,IFLG 

27 FORMATI' STRX=',3F12.4/,' STRY·',3F12.4,· IFLG-',I21 
If(IFlG.NE.OI GO TO eo 
If INO=O 
IHG-1 
1=2 
IlAST='" 

28 DIFF=STRXII1-XST~III/1.C02 
IFICA6S(OIFF).GE.EPSI GO TO 31 
NGIFL=~ 
IF(CA6S(STRXlll-STRXI31'.LT.EPSI GO TO 38 
IFISTR~(ll.GT.STR~(3l1 GO Te 38 
NGIH=l 
IfIISGN.LT.O) GO TO 34 
GO TO 32 

31 IFIDSIGNll.OOO.OIFF).NE.ISGNI GO TO 34 
32 IF(I.E'.ILASTI GC TO 33 

I=I+ISGN 
GO TO 28 

33 IBEG=ISTRP+ISGN 
IQFLG=O 
IXCNT=l 
11=1 
NGlfL=C 
IFIIBEG.GT.NOSTR.OR.IBEG.LE.OI GO TO 13 
GO TO S; 

34 IF(ISGN.lT.OI 1=1+1 
38 J"I-l 

WRITE 16,391 J,XSTAIJ) 
39 FOR~ATI' J=',I3,'STATIC~=',II0) 

K"'l 
40 16= 1 

DW30CT74 

DW30CT74 

DW30CT74 
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ISN 0119 
ISN 0120 
ISN 0121 
ISN 0122 
I SN 0123 
ISN 0124 
ISN 0125 
ISN 0127 
ISN 0128 
ISN 0129 
ISN 0130 
ISN 0131 
ISN 0132 
ISN 0133 
ISN 0134 
I SN 0135 
ISN 0136 
I SN 0137 
ISN 0138 
ISN 0139 
ISN 0140 
ISN 0141 
ISN 0143 
ISN 0145 
ISN 0146 
ISN 0147 
ISN 0149 
ISN 0150 
ISN 0151 
ISN 0152 
ISN 0153 
ISN 0154 
ISN 0156 
ISN 0157 
ISN 0158 
ISN 0160 
ISN 0162 
ISN 0163 
ISN 0164 
ISN 0165 
ISN 0166 
I SN 0167 
ISN 0168 
ISN 0169 
I SN 0170 
ISN 0172 
I SN 0173 
I SN 0114 
ISN 0175 
ISN 0176 
I SN 0177 
ISN 0178 
I SN 0179 
ISN 0180 
ISN 0181 
ISN 0183 
ISN 0185 
ISN 0186 

IKEY=l 
NOPTI~)=INDXIJI/10COOOCO 
l = IINDXIJI-NCPTIKI.IOOOOOOOl/lOOOO 
JREC=INDXIJI-INDXIJI/10000·10000 
WRITE 117,411 NCPTIKI,l,JARG,IREC 

41 FORMATI' FOLLOWING JARG INDEX COMPUTATION',41101 
IFIJREC.EQ.IREC) GO TO 45 
JARG=JREC 
WRITE f17,42) NOPTIK),l,JARG,IREC 

42 FORMATI' PRECEDIN€ DISK READ USING JARG',4Il01 
43 IREC=JARG 

READ 115'JARG) STORE 
GO TO f45,60,70),I~EY 

45 YDISTI IB,K)=STOREILI/IOOOOO 
IDIST=YOISTIIB,~1 
IElV=STORElll-IDIST*100000 
ZElVIIB,K)=IElV/I0. 
WRITE 117,481 YOISTIIS.KI.ZElVIIS,K) 

48 fORMA111X.2F15.41 
IS=IS+l 
l=l+l 
IFfIB.GT.NOPTIKII GO TO 55 
IFIl.lE.MAXI GO TO 45 

50 lool 
GO TO 43 

55 IFIL.lE.MAXI GO 10 60 
IKEY=2 

. GO TO !:O 
60 NOCNIKI=STOREIll 

WRITE 117.631 NOCNIK) 
63 FORMATI1X,151 

IFINOCNIKJ.EQ.OI GO TO 15 
IS=l 

65 l=l+l 
IFIIB.GT.NOCNIKI) GO TO 75 
IFIL.LE.MAXI GO TO 70 
IKEY=3 
GO TO 50 

70 CONECTIIS,1,KI=STOREILI/I000 
CONECTIIS,2.KI~STOREIll-CONECTIIB.1.KI.1000 
WRITE 117.73t ICCNECTIIB,NNN,K).NNN=l.2) 

73 FORMA111X,2I5) 
IS=IS+l 
GO TO 65 

75 IFIK.GT.1.0R.IQFLG.EQ.1) GO TO 125 
78 J=I 

WRITE 16.1~) J,XSTAIJI 
79 FORMATI' J=',13,'STATICN=',II01 

K=2 
GO TO 40 

80 I SGN=-l 
IFIND=O 
WRITE 117.81) STRXlll,XSTAII-21,XSTAll-ll.XSTAIII.XSTAlI+ll 

81 FORMATI'~HERE DOES ',Fll.4,' FAll BETWEEN,I,41121 
IFIDABSlSTRX(1)-XSTAlI-lI/1.0D21.lT.EPS) GO TO 9.8 
IfISTRXIl).lT.XS1A(I-l)/l.002) GO TO 102 
ISGN=l 
IFIDABSISTRXIl'-XSTAIII/1.OD21.lT.EPSI GO TO 86 

DW30CT74 

DW30CT74 

OW30CT74 

DW30CT74 

OW30CT14 

DW30CT14 
DW30CT74 
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ISN 0188 
ISN 0190 
ISN 0191 
ISN Oi92 
ISN 0194 
I SN 0195 
ISN 0197 
ISN 0198 
ISN 0199 
ISN 0200 
I SN 0201 
ISN 0203 
ISN 0205 
I SN 0206 
ISN 0208 
ISN 0210 
ISN 0211 
ISN 0212 
ISN 0213 
ISN 0215 
ISN 0216 
ISN 0218 
ISN 021.9 
ISN 0221 
ISN 0222 
ISN 0223 
ISN 0224 
ISN 0225 
ISN 0226 
I SN 0227 
ISN 0229 
ISN 0231 
ISN 0233 
rSN 0235 
ISN 0236 
ISN 0237 
ISN 0238 
I SN 0239 
ISN 0240 
ISN 0241 
ISN 0242 
ISN 0244 
ISN 0245 
ISN 0246 
ISN 0247 
ISN 0248 
ISN 0249 
ISN 0250 
I SN 0251 
ISN 0252 
ISN 0253 
ISN 0254 
'<:~.I 025<; 
I SN 02% 
ISN 0257 
ISN 0258 
ISN 0259 
ISN 0261 

IFISTRX(II.LT.XSTA(I)/l.OD21 GO TO 125 
GO TO <;2 

86 NGIFL=2 
IF(STRXC1'.GT.STRX(31.0R.DABS(STRXI1'-STRXI31'.LT.EPSI GO TO 125 
NGI FL= 1 

90 IFII.GE.NI GC Te 33 
1=1+1 
Ll=1 
L2=2 
GO TO 105 

92 IF( l.GE.N) GO TO 33 
IFIOABSISTRX(I'-XSTA(I+11/1.0D21.GE.EPS) GO TO 97 
NGI FL=2 
IFISTRXIII.GT.STRXI;I.OR.OABS(STRXIII-STRXI3)I.LT.EPSI GO TO 90 

96 IFII+l.GE.N) GO TO 33 
1=1+1 
ILAST:'" 
GO TO 28 

97 IF(STRXll'.LT.XSTAII+II/I.OD21 GO TO 90 
GO TO <;6 

98 IFISTRX(IJ.LT.STRXI31.0R.OABS(STRX(1'-STRXI31).LT.EPS) GO Te 99 
NGIFL=2 

95 IFII.LE.2) GO TO 33 
1= I-I 
L 1= 2 
L 2= 1 
GO TO 105 

99 NGIFL=l 
GO TO 125 

102 IF(I.LE.21 GO TO 33 
IFIDABSISTRXIII-XSTAII-21/1.0D21.GE.EPSI GO TO 104 
IFISTRXI1'.LT.STRX(31.0R.DABSISTRXI11-STRXI31'.LT.EPS) GO TO 103 

101 IFII-I.LE.2) GO TO 33 
WRITE 117.1061 X5TAIII,XSTAII-I).XSTAII-21,I.J,K.STRX(11 DW30CT74 

106 FORMAT!' XSTAII-I-2)=',3I10.' I-J-K='.313,· STRXll'=',F15.4) 
1=1-2 
ILAST,.l 
GO TO 28 

103 NGIFL= 1 
GO TO <;5 

104 IFISTRX(1).LT.XSTAII-2)/1.0D21 GO TO 101 
GO TO <;5 

105 IQFLG= 1 
WRITE 117.107) Ll.L2 DW30CT74 

107 FORMATI' Ll=',13,' L2=',I3) 
NOPTILl)=NOPTIL21 
M=NOPTIZ) 
DO 110 L=l,M 
YDISTIL,Ll)=YDISTIL,L2) 

110 lELVIL,Ll)=ZELV(L,L21 
NOCNILll=NOCNILZI 
M=NGCN(2) 
DO 120 L:l,r-l 
CONECTIL,1,Ll)=CCNECTIL,1,L2) 

120 CONECT(L.2,Ll1=CCNECTIL.2,L2) 
GO TO 13S.181.L2 

125 IF( IFIt-D.EQ.l) GC TO 128 
IF(NGIFL.EC.OI GO TO 126 
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[SN 0263 
[SN 0264 
I SN 0266 
[SN 0261 
I SN 0268 
[SN 0269 
I SN 0210 
I SN 0211 

I SN 0212 
ISN 0213 
I SN 0215 
ISN 0216 
[SN 0211 
[SN 0219 

ISN 0281 
[SN 0282 
[SN 0283 
IS"! 0284 
[SN 0286 
ISN 0281 
ISN 0288 
ISN 0289 
ISN 0290 
ISN 0291 
[SN 0292 
ISN 0293 
I SN 0294 
[SN 0296 
[SN 0291 
[SN 0298 
ISN 0300 
I SN 0302 
I SN 0304 
ISN 0305 
ISN 0306 
ISN 0301 
ISN 0308 
ISN 0310 
[SN 0312 
ISN 0313 
ISN 0314 
I SN 0316 
ISN 0311 
I SN 0318 
ISN 0319 
I SN 0320 
ISN 0321 
ISN 0322 
I SN 0323 
I SN 0324 
ISN 0326 
ISN 0321 
ISN 0328 

I SN 0329 
ISN 0330 

XFRAC=C.OCO 
IF(NGIFL.EQ.2t XfRAC=I.CDO 
GO TO 127 

126 XFRAC=(STRX(I'-~STA(I-ll/l.OD21/(XSTAlII/1.002-XSTAII-11/1.0021 
121 YMAX=YCIST(1,11+IYOISTll,21-YDIST(1,111*XfRAC 

YMIN=YCISIINOPTI11,11+(YOIST(NOPT(21,21-YCIST(NOPT(11.111*XFRAC 
WRITE (11,131) XfR~C,YMAX,Y~IN,NOPT,STRYl11 OW30CT74 

131 FORMAT(' XfRAC=',F6.4,' YMAX.',F10.4,' Y~IN=',FI0.4,· NOPT=',2I3, 
* 'STRYll'=',F10.41 

IFIND-l 
IF(STRYIl'.GT.YMA~.OR.STRY(ll.LT.YMINI GO TO 33 

128 WRITE (6,1291 
129 FORMAT(' CATA ARRAYS NOk CCNTAIN PROPER NGI XSECTS.'I 

IF(DABS(STRX(11-STRX(311.GE.EPSI GO TO 210 
IFINGIFL.EQ.OI GC TO 110 

c**** XSECT IS ON NGI XSECT, DO SPECIAL XSECT CALCULATIONS 
M=NGIFL 
K=l 
11=1 
IF(STRY(lt.LT.STRYI311 GO TO 130 
L=l 
[LAST=NOPT(11 
ISGN=1 
GO TO 135 

130 L=NOPTll) 
ILAST-l 
I~N-l 

135 DIFF=YCIS1(L,MI-STRYIKI 
IF(CABS(OIFfl.GE.EPSI GO TO 140 
K=K+l 
GO TO 145 

140 IF(DSIGN{I.0DO,D[Ffl.NE.ISGNI GO TO 165 
[F(l.EG.ILASTI GO TO 155 
If(K.EQ.1) GO TO 150 

145 XSECXI[11=XSTA(I-ll/l.0D2 
XSECYlIl,=YDISTIL,MI 
XSECZIIl'=IELV(L,M) 
[1=11+1 
Ifll.NE.ILASTt G( TO 150 
IF(K.LE.31 GO TC 155 
GO TO 325 

150 L=L+ISGN 
153 IFIK.LE.31 GO TO 135 

GO TO 325 
155 WR1TE (SY5ER,1601 
160 FORMAT(' ERROR - NGI UNABLE TO FIND LT. & RT. PTS. ON NGI XSECT') 

GO TO 12 
165 FRAC=fSTRY(K)-YO[ST(L,MII/(YOISTIL-ISGN.MI-YDISTIL,MII 

XSECXlI11=XSTAII-lI/1.OD2 
XSECY([l)~STRYIKI 

XSECZ(Il,=ZELVIL,M)+FRAC*tZELVIL-ISGN.M)-ZELVIL,MII 
IF(K.EQ.21 ICLFL=Il 
K=K+l 
11:11+1 
GO TO 153 

C**** VERTIC~L LINE ~CT eN NGI XSECT 
170 DEL TX~XSTA(I)/l.COZ-XSTAII-11/1.0D2 

YJ=-l 
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ISN 0331 
ISN 0332 
ISN 0333 
ISN 0335 
I SN 0336 
ISN 0337 
ISN 0338 
ISN 0339 
I SN 0340 
ISN 0341 
ISN 0342 
ISN 0343 
ISN 0344 
ISN 0345 
I SN 0346 
t SN 0347 
ISN 0348 
ISN 0350 
ISN 0352 
ISN 0353 
ISN 0355 
I SN 0356 
ISN 0357 
ISN 0358 
ISN 0359 
ISN 0361 
ISN 0363 
ISN 0365 
ISN 0367 
ISN 0368 
ISN 0369 
I SN 0370 
ISN 0372 
I SN 0373 
ISN 0374 
ISN 0375 
ISN 0376 
ISN 0377 
I Sill 0378 
ISN 0380 
I Sill 0382 
ISN 0383 
ISN 0384 
ISN 0386 
ISN 0387 
ISN 0389 
ISIII 0390 
ISN 0391 
ISN 0392 
ISIII 0394 
ISN 0395 
ISN 0396 
I SN 0397 
I SN 0398 
ISN 0399 
ISN 0401 
I SN 0402 
ISN 0403 

K=l 
tl=1 

I-

IFISTRYCll.lT.STPY(3») CO TO 175 
l=l 
IlAST:NOCN(2) 
ISGN:l 
GO TO 180 

175 l=NOCNC21 
IlAST=l 
I SGN=-1 

180 IFWO=CtNECTCl,l.2) 
IBAC=CCNECTCl,2,21 
YOl=YOISTCIBAC.11 
OElTY=YOISTIIFWO,21-YOI 
YI=VOl+OElTY/OElTX*ISTRXIKI-XSTAII-l)/I.0021 
OIFF=YI-STRYIKI 
IF(OABSIOlfFI.GE.EPSI CC TO 185 
IFIK.EC.21 IClFl=Il 
K:K+1 
IFIOElTY.NE.O.OOOI GO Tt 184 
ZI= ZEl V (I BAC ,U 
GO TO 19ft 

184 Z[=ZElVIIBAC,ll+(YI-YDII/0ElTY*IZElVIIFWD.21-IElVIIBAC,III 
·60 TO 194 

185 IFIDSIGNt1.000,DIFF).NE.ISGNI GO TO 200 
IF(l.EC.IlAST) GC TO 155 
IFIK.E~.I) GO TO 1~5 

IFIOElTY.NE.O.OOOI GO TO 192 
II=ZElVIIBAC,lI 
GO TO 193 

192 ZI=ZElVIIBAC,ll+IVI-YOII/OElTV*tZElVIIFWD.21-ZElVCIBAC,III 
193 IFIK.GT.31 GO TO 325 
194 XSECXIIll=STRXCI1 

XSECYIIlI=YI 
XSECZIIlI = II 
YJ=YI 
ZJ=II 
11=11+1 
IFIl.NE.IlASTI GC TO 195 
IFIK.lE.31 GO TO 155 
GO TO 325 

195 l=l+ISGN 
IFIK.lE.31 GO TO leo 
GO TO 325 

200 IFIDElTY.NE.O.ODOI GO TC 205 
LI=IElVIIBAC,ll 
GO TO 207 

205 II=ZElVIIBAC,II+IYI-YD11/DElTY*IZElVCIFWD,21-IElVCtBAC,III 
207 IFCYJ.GE.O.ODO) GO TC 209 

IFO=CO~EC'Cl-ISGN.l.21 
I BC=CCNEC Tll- I SGN, 2, 21 
Y02: YOtSTIIBC.ll 
YOElT:YOISTIIFD.21-Y02 
YJ=Y02+YDElT/DElTX*CSTRXCK)-XSTACI-lI/1.0021 
IF(YOElT.NE.O.OCOI GO TO 208 
ZJ=ZElI/CIBC.ll 
GO TO 20~ 

208 ZJ=ZElVlIBC,II+lVJ-Y021/YOElT*CZElVCIFD,21-IElVCIBC,11I 

~ 
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ISH 0404 
ISH 0405 
ISH 0406 
ISN 0401 
ISH 0409 
ISH 0410 
I SN 0411 

ISH 0412 

I SN 0413 

ISH 0414 
ISN 0415 
ISN 0416 
ISN 0418 
ISN 0419 
ISH 0421 
ISH 0422 
ISN 0423 
ISH 0424 
ISH 0425 
ISH 0426 
ISH 0428 
ISH 0429 
ISN 0431 
ISH 0433 
ISN 0434 
ISN 0436 
ISH 0431 
ISN 0438 
ISN 0439 
ISN 0440 
ISN 0442 
ISN 0443 
ISN 0444 
ISN 0445 
ISH 0446 
I SN 0441 
I SN 0449 
I SN 0451 
ISN 0452 
ISN 0453 
I SN 0454 
ISN 0455 

ISN 0456 
ISN 0457 
ISN 0458 
I SN 0459 
ISN 0460 
ISN 0462 
I SN 0463 
ISN 0464 
ISN 0465 
ISN 0461 
ISH 0469 
ISN 0470 

- ~ 

209 XSECXIll' = STR~IKI 
XSECY(Ill" SlRYIK, 
XSECZ(lll" lJ+(STRYIK'-YJI/IYI-YJI*ClI-lJI 
IFIK.EQ.21 ICLFL=Il 
11=11+1 
K"'K+l 
GO TO. 193 

C**** NON-VERTICAL XSECT 
210 YYIl'=STRVll)+ISTRYI31-STRYCI11/CSTRXI3,-STRX(111*CXSTAII-lI/1.002 

* -STRXIlll 
YYI2'=STRY(II+CSTRVt31-STRYIIII/CSTRXI3)-STRXIl,,*(XSTAIII/1.002-

* STRXll11 
WRITE 111,2131 (VY(LI.L=I,21,NGIFL OW30CT14 

213 FORMAT I' NCNVERTIC_L XSECT',2FI5.4,' NGI FLAG='413) 
IFINGIFL.NE.O) GO TO 211 
K=2 
IFISTRXII'.LT.STRXI311 K=1 
GO TO 212 

211 K=NGIFL 
212 LINE=l 

IONFL=O 
KI=l 
IFIK.EC.U KI=2 
IlAST=NOPTtKI 
IF(VVIKI.GT.YOIST(I,K)) GO TO 214 
IFIVYIKI.LT.YOISltNOPTCK),K)) GO TO 215 
GO TO 211 

214 IFIYYIKI).GT.YOISTII,Klll GO TO 288 
M=I 
Ll=1 
141= 1 
GO TO 255 

215 IFIYYIKl'.lT.YOISTtNOPTtKll,Kl" GO TO 288 
M=NOCNt2'+1 
l2=NOPTIK) 
M2=NOPT( KII 
GO TO 265 

211 00 218 l=2.IlAST 
IFIOABSIYYIKI-YOISIIL,K)I.LT.EPS) GO TO 220 
IFIYY(KI.GT.YOISTCL,KI' GU TO 225 

218 CONTINUE 
220 IONFl=1 

ll=ZELldl,KI 
GO TO 230 

225 ZI=lElVIl,K,+(YY(KI-YOISTIL,KII/IYOISTIL-l,KI-YOISTIL,KII* 
* (ZELVIL-I.KI-lELVIL,K)) 

230 XI=XSTAII-2+K)/l.002 
YI='tY(KI 
WRI\E (11,2311 XI,YI,ll,IONFL,IXCNT,ICLFL 

231 FORMAT(' XI-YI-ll',3FI5.4,' IONFL=',I2,' IXCNT=',12,' ICLFL=',121 
IFINGIFL.EQ.OI GC TO 233 
XSECX( IlI"'XI 
XSECYIIl)=YI 
XSECz( III=ZI 
IFIIXCNT.EQ.2' ICLfl=ll 
IFIOA8S(STRXCIXC~TI-XII.LT.EPSI IXCNT=IXCNT+l 
11= 11+ 1 

233 ILAST=NCC~121 

OW30CT14 

" 
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.. 

I SN 0411 
ISN 0412 
ISN 0414 
ISN 0415 
ISN 0416 
ISN 0471 
ISN 0418 
ISN 0419 
ISN 0480 
ISN 0481 
I SN 0482 
ISN 0484 
ISN 0486 
ISN 0488 
I SN 0490 
I SN 0492 
ISN 0494 
ISN 0495 
I SN 0496 
ISN 0491 
ISN 0499 
ISN 0500 
ISN 0501 
ISN 0502 
I SN 0504 
ISN 0506 
fSN 0501 
ISN 0508 
ISN 0509 
ISN 0510 
ISN OS 11 
ISN 0512 
ISN 0513 
ISN 0515 
ISN 0517 
tSN 0518 
tSN 0519 
ISN 0520 
ISN 0521 
ISN 0522 
ISN 0523 

ISN 0524 

ISN 0525 

I SN 0526 
ISN 0527 
I SN 0528 
ISN 0529 
ISN 0530 
ISN 0532 
ISN 0533 
I SN 0534 
ISN 0536 
T SN 0538 
ISN 0539 
I SN 0540 

.. 

DO 235 M=2.IlAST 
IFICONECTIM.KI.2).EQ.l.ANO.CONECTIM-I,KI.2).EQ.l-1) GO TO 240 

235 CONTINUE 
240 Ml~CONECT(M.K.2) 

M2=CONECTIM-l.K.~) 
ll=CONECTIM.Kl.2t 
l2-CONECTIM-l,Kl,2) 
WRITE 111.243) Ml.I'2,lltl2 DW30CT14 

243 FORMAT(' fll-M2-1IIl1-l2' .414) 
GO TO 1245,250.2tO),lINE 

245 IFIDABSIYYIK1)-YCISTIMl.Kl)).lT.EPS) GO TO 295 
IFIYYIKl'.lT.YOISTIMl.Kl'.ANO.IONFl.NE.ll GO TO 255 
IFCDA8SIYYIKII-YOISTIM2.Kll'.lT.EPSI GO TO 295 
IFIYYIK1I.GT.YOISTIM2.K111 GO TO 265 
tFIIONFl.EQ.Ot GC TO 295 
tF(IONFl.EQ.21 GO TO 241 
tONFl=2 
MsM+l 
GO TO 240 

241 IFIYVIKII.GT.YOISTIMI.KI'.ANO.YYIKll.lT.YOtSTIM2.Kll1 GO TO 295 
tONFL=O 
M=M-l 
GO TO 240 

250 tFIOABSIYYIK1,-YOtSTIM1.KIII.lT.EPSI GO TO 295 
tFIYYIKII.LT.YOtSTIMl.KIII GO TO 251 
GO TO 295 

255 LINEa2 
NCR=1 
LAST=NCCt\IZI 

251 LX=ll 
MX=Ml 
GO TO 210 

26n IFIOABSIYYIKII-YOISTIM2.KII'.lT.EPSI GO TO 295 
IFIYY(KII.GT.YOIST(M2.Klll GO TO 261 
GO TO 295 

265 lINE=3 
NCR=-l 
lAST-2 

261 lX=l2 
MX=M2 

210 XJ=XSTA( 1-2+K 111.002+ I YY I K I-YO 1ST( lX. K I) /(YYUO-YOI Sf( lX. K l-YYI KIl 
* +YOISTIMX.Klll*IXSTAII+1-KI/1.002-XSTAII-2+KI/1.0021 

YJ=YOtSTILX.KI+IXJ-XSTA(I-2+KI/I.0021/IXSTAIJ+1-KI/1.002-
* XSTAII-2+KI/1.0021*IYOISTIMX.Kl'-YOISTllX,KII 

ZJ=lElVIlX,KI+IXJ-XSTAIJ-2+KI/1.0021/IXSTAIJ+1-KIJl.OO2 
*-XSTACI-2+KI/1.OC21*IZElVIMX,Kl'-lElVILX,KII 

WRITE 111.2131 XJ.YJ.lJ OW30CT14 
213 FORMATC' XJ-YJ-lJ',3F15.4) 
215 OIFF=STRXIIXCNTI-XJ 

IOFLG-O 
IFICABSIDIFFI.GE.EPSI GO TO 280 
10FtG-l 
GO TO 290 

280 IFIDSIGNll.OOO.DIFFI.NE.Kl-KI GO TO 290 
IFINGIFL.EQ.OI GC TO 28S 
XSECXI IU=XJ 
XSECVIIll=YJ 
XSEClIIU=ZJ 
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ISN 0541 
I SN 0542 
ISN 0543 
ISN 0544 
ISN 0545 
ISN 0547 
I SN 0548 
ISN 0549 
ISN 0550 
ISN 0551 
I SN 0552 
ISN 0553 
ISN 0554 
ISN 0555 
ISN 0557 
ISN 0558 
ISN 0559 
ISN 0561 
ISN 0563 
ISN 0564 
ISN 0566 
rSN 0568 
ISN 0569 
ISN 0570 
ISN 0571 

ISN 0572 
ISN 0573 
ISN 0514 
ISN 0516 
ISN 0518 
ISN 0519 
I SN 0580 
ISN 0581 
ISN 0583 
ISN 0584 
I SN 0585 
I SN 0587 
ISN 0588 
ISN 0590 
I SN 0591 
ISN 0592 
[SN 0593 
ISN 0594 
ISN 0595 

ISN 0596 
ISN 059.7 
ISN 0598 
ISN 0599 
ISN 0600 
ISN 0601 
I SN 0602 
I SN 0604 
lSN 0605 
UN 0606 
TSN 0607 
I SN 0608 

" ,-

11=11+1 
285 XI=XJ 

Y[=YJ 
lI=lJ 
[FIM.EQ.LASTI GO TO 288 
M=M+NC!< 
GO TO 240 

288 WRITE ISYSER,28~l 
289 FORMATI' ERROR - X5fCT IS OFF ONE SIDE OF THE STRIP'l 

GO TO ~3 
290 XSECXllll=STRXIIXC~TI 

XSECYllll=STRYIIXCNTl 
XSEClIIll=ZI+(STRXIIXCNTI-XIl/IXJ-XII·IZJ-ZII 
IFIIXC~T.EQ.21 ICLFL=Il 
11=11+1 
IXCNT=IXCNT+l 
IFIIXCNT.GT.31 GC TO 325 
IFINGIFL.NE.OI GO TO 293 
NGIFL=l 
IFIK.EQ.21 NGIFL=2 

293 1Ft IOFLG.EQ.ll GC TO 285 
GO TO 275 

295 XJ=XSTAII+I-KI/1.002 
YJ=YYIKll 
ZJ=ZELVIMl,Kll+IYYCKl'-YOISTIMl,KlII/IYOISTfM2,KII-YOISTIMl,Klll. 

• IZELVIM2,Kl'-lfLV(Ml,Klll 
GO TO ~12 

300 OIFF=STRXIIXCNTI-XJ 
IFIOABSIDIFFI.LT.EPSI GC TO 315 
IF{DSIGN(l.OOO,OIFFI.EQ.KI-KI GO TO 315 
XSECXIll'=STRXIIXCNTI 
XSECYIIll=STRYIIXCNTI 
XSECZIIl,=lI+ISTRXIIXCNTI-XII/IXJ-XII·llJ-ZII 
IFIIXC~T.EQ.21 ICLFL=Il 
11=11+1 
IXCNT=IXCH+l 

312 IFIIXCNT.GT.31 GC TO 325 
GO TO 300 

315 IFIK.EC.21 GO TO 320 
NGIFL=l 
I SGN=l 
GO TO 90 

320 NGIFL=2 
ISGN=-l 
GO TO ~5 

C •••• COMPUTE DISTANCES FOR FINAL XSECT 
325 MM"Il-l 

STF 11I7971"MM 
ISGN=-l 
WRITE 117,3281 MM,ICLFL,IXSECXILI,XSECYILI,XSECltLl,L=l,MMI OW30CT74 

328 FORMATIIX,2I5,'XSECXYZ',13F15.511 
00 340 L=l,MM 
IFIL.NE.ICLFLI GC TO 330 
I SGN: 1 
OIST=O.ODO 
GO TO 335 

330 DIST=OSQRT(XDISIXSECXll',XSECVILI,XSECXIICLFLI,XSECYIICLFLIII 
WRITE 117,3331 OIST DW30CT74 
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C-72 

NGI/RDS Run Procedure 

II REGION=120K,ClASS=C,TIME=1 
IINGI EXEC FORTGlG,PARM.lKEo='lIST,lET,MAP' 
IllKEO.SYSIN 00 * 

OBJECT VECKS GO HERE 

1* 

NGI II UNIT=(TAPE9"DEFER),lA8El=(1,Sl),DC8=(RECFM=FB.lRECl=B0,8lKSIZE=800) 

-{

'/GO.FT02FOOl 00 OSNAME=NGICAROS,VOl=SER=ROS200,OISP=(NEW,KEEP), 

tape IIGO.FT02F002 DO OSNAME=NGIFIlEl,VOlUME=SER=ROS200,DISP=(NEW,KEEPJ, 
file II UNIT={TAPE9"DEFER',lA8El=(2,Sl), 

II OC8=(RECFM=VS,8lKSIIE=40B,lRECl=404,8UFNO=lJ 
NGI -{'./GO.FT15FOOl 00 OSN=&&'NGIFllE,UNIT=SYSOA,SPACE=(CYl,UB,l)), 
disk 110ISP=(NEW,PASS),OC8=(8UFNO=l' 
file IIGO.FT16FOOl 00 SYSOUT=A,OC8=(RECFM=UA,8lKSIZE=133) 

IIGO.SYSIN DO * 

1* 

NGI HEAVER CARD GOES HERE 
NGI STRIP HEAVER CARV GOES HERE 
REMAINVER OF NGI VATA GOES HERE 

IIOATA EXEC PGM=ROS400,REGION=190K 
IISTEPll8 DO DSN=019.ROS3lINK,0ISP=SHR 
IIFT02FOOl 00 VOlUME=SER=ROS201 t OSNAME=0IV045. T0013088, 
IIOISP=(OlO,KEEP},UNIT=CTAPE9"OEFER',lABEl=(1,Sl), 
II OCB=tRECFM=VS,lRECl=3404,BlKSIIE=3408,8UFNO=lJ 
IIFT02F002 00 OSNAME=OATA3,VOlUME=REF=*.FT02F001,OISP=(OlO,KEEP), 
II UNIT=(TAPE9"OEFER),lABEl=(2,Sl), 
II OC8=(RECFM=VS,lRECl=3404,8lKSIZE=3408,BUFNO=l) 
IIFT02F003 00 OSNAME=OATA4,VOlUME=REF=*.FT02FOOl,OISP=(OLO,KEEP), 
II UNIT=(TAPE9"DEFER),LABEL=(3,SL), 
II OC8=(RECFM=VS,BlKSIZE=l096.lRECl~l092,8UFNO=l) 
IIFT03FOOl 00 OSNAME=PERSPlOT,VOlUME=SER=ROS202,0ISP=(NEW,KEEPJ, 
II UNIT=(TAPE9 •• 0EFER),lA8EL=(1,Sl', 
II DC 8= (RECFM=VS,8lKS IlE=3408, lRECl=3404,8UFNO= l) 
IIPT05FOOl 00 OONAME=CAROS 
IIFT06FOOl 00 SYSOUT=A 
IIFT01FOOl DO SYSOUT=8 
IIFT08FOOl DO OSN=&&PAGES,UNIT=SYSOA,SPACE=(TRK,(21,llJ, 
II 01SP=(NEW,OELETE),OC8=(8UFNO=l) 
IIFT09FOOl DO OSN=&'&8PAGES,UNIT=SYSOA,SPACE=(TRK,(36,l), 
II 01SP=(NEW,OELETE),OC8=(8UFNO=l) 

" 



NGI 
disk 
file 

NGI 
tape 
file 

NGI/RDS Run Procedure (continued) 

IIFTIOFOOl DO SYSOUT~A,DCB=(RECFM=UA,BlKSIlE=133J 
IIFTIIFOOI DO SYSOUT=A,DCB=(RECFM=UA,BlKSIZE=133) 
IIFT12FOOl DO SYSOUT=A,DCB=(RECFM=UA,BlKSIZE=133' 
IIFT13FOOl DO SYSOUT=A,DCB=(RECFM=UA,BlKSIlE=133) 
IIFT14FOOl DO SYSOUT=A,DCB=(RECFM=UA,BlKSIZE=133' 
IIFT71FOOl DO UNIT=(TAPE9"DEFER),DISP=(NEW,KEEP),LABEl=(1,Sl', 
II DCB=(l~ECl:484,BlKSIlE=488.RECFM=VS) 
IISTACFILE DO DSNAME=D59.PlTSTAC,DISP=SHR 
IISTAF DO DSNAME=&&STAF,UNIf=SYSDA,SPACE=(CYl,27"CONTIG), 

C-73 

II DISP=(NEW,DElETEJ,DCB=(BlKSIZE=3400,RECFM=F,DSORG=IS,lRECl=3400, 
II KEYlEN=8,RKP=O,BUFNO=1) 

--fIIFT15FOOl DO DSN=&&NGIFILE,UNIT=SYSDA,SPACE=(CYl,(18,1'), 
l!1 DISP=(OlD,DElETEJ,OCB=(BUFNO=l' 

l
-IIFT16FOOl DO DSNAME=NGIFILEl,VOlUME=SER=RDS200,OISP=COLD,KEEP', 

-- II UNIT=(TAPE9"DEFER),lABEl:(2,SlJ, 
II DCB=(RECFM=VS,BLKSIZE=408,LRECL=404,BUFNO=lJ 
IIFT17FOOl DO SYSOUT=A,DCB=(RECFM=UA,BLKSIlE=133' 
IICARDS DO * 

RVS SYSTEM CARD GOES HERE 
REMAINVER Of RVS VATACARVS GO HERE 

1* 



C-74 

NGI Run Procedure 

II REGION=120K~CLASS=C,TIME=l 
IINGI EXEC FORTGLG,PARM.LKED='LIST,LET,MAP' 
IILKED.SYSIN DO * 

OBJECT VECKS GO HERE 

1* 

NGI II UNI T=( fA PE9, ,DEFER' ,LABEL= U .SL), OCB=( RECFM=FB, lRECL=BO, BLKSIZE=800J 

{

/GOOFT02FOOl 00 DSNAME=NGICAROS,VOl=SER=ROS200,DlSP=(NEW,KEEP', 

tape !IGO .FT02F002 DO OS NAME=NGI F I LEh VOLUME=S ER=RDS200, Dt SP= (NEW,KEEP.), 
fi 1 e II UNI T=CT APE9, ,DEFER) ,LABEl= (2, SL J, 

I DC B= ( RECFM=VS, BLKS I Z.E=408, LRECL=404, BU FNO:l , 
NGI -{'IGO.FT15FOOl DO DSN=&&NGIFllE,UNIT=SYSDA,SPACE=(CYL,( 18,1) h 
disk IIDISP=(NEW,DELETEJ,DCB=(BUFNO=l) 
file IIGD.FT16FOOl DO SYSDUT=A,DCB=(RECFM:UA,BlKSIZE=l33) 

IIGO.SYSIN DO * 

1* 

NGI HEAVER CARV GOES HERE 
NGI STRIP HEAVER CARV GOES HERE 
REMAINVER OF NGI VATA GOES. HERE 



• 

RDS Run Procedure for Accessing NGI Tape File 

II REGION~190K.ClASS=C,TIME=1 

IIOATA EXEC PGM=ROS400,REGION=190K 
IISlEPllB DO DSN=D19.RDS3lINK,DISP=SHR 
IIFT02FOOl DO VOlUME=SER=RDS201,DSNAME=DIV045.T007308B. 
II 0 t S P= CO l 0 , K E E P ) ,UN IT = ( rAP E 9. , DE FER) ,LA BEl.:: ( 1. S 1 J , 
II DCB=(RECFM=VS,lRECl=3404,BlKSIZE=3408,BUFNO=l) 

C-75 

IIFT02F002 DO DSNAME=DATA3,VOlUME=REF=*.FT02FOOl,0ISP=(OLO,KEEPJ. 
II UNIT:(TAPE9"DEFER"lABEl=(Z,Sl), 
II DCB=(RECFM=VS,lRECl=3404,BlKSIZE=3408,BUFNO=lJ 
IIFT02F003 DO DSNAME=DATA4,VOlUME=REF=*.Ff02FOOl,DtSP=(OlO,KEEP), 
II UNIT=(TAPE9"OEFER),lABEl=(3,Sl), 
II DCB=(RECFM=VS, BlKSIlE=1096,LRECL=1092,BUFNO=1) 
IIFT03FOOl DO DSNAME=PERSPLOT,VOlUME=SF.R=RDS202,DISP=(NEW.KEEP', 
II UNIT=(TAPE9"DEFER),LABEL=(1,Sl), 
II DCB=(RECFM=VS,BLKSIlE=3408,LRECL=3404,BUFNO=1) 
IIFT05FOOl DO ODNAME=CAROS 
IIFT06FOOl DO SYSOUT=A 
IIFl01FOOl DO SYSOUT=B 
11FT 08FOO 1 DO DSN=f.f.PAGES, UN(T=S YSOA, S PAC E= (TRK, ( 21,1) ) , 
II OISP=(NEW,DELETE),DCB=IBUFNO=l) 
IIFT09FOOl DO DSN=f.f.BPAGES,UNIT=SYSDA,SPAOE=(TRK,(36,1)), 
II DtSP=(NEW,DELETE),DCB=(BUFNO=l) 
IIFTIOFOOl DO SYSOUT=A,DCB=(RECFM=.UA,BLKSIZE=133) 
IIFTIIFOOI DO SYSOUT=A,DCB=(RECFM=UA,BLKSIZE=133) 
IIFT12FOOl DO SYSOUT=A,OCB=(RECFM=UA,BLKSIZE=133) 
IIFT13FOOl DO SYSOUT=A,OCB=(RECFM=UA,BlKSIZE=133) 
IIFT14FOOl DO SYSOUT=A,OCB=(RECFM=UA,BlKSIZE=133) 
IIFT11FOOl DO UNIT=(TAPE9"DEFER),DISP=(NEW,KEEP),lABEl=(1,SLJ, 
II DCB=(LRECL=484,BLKSIZE=488,RECFM=VSJ 
IISTACFILE DO OSNAME=059.PLTSTAC,DtSP=SHR 
IISTAF DO DSNAME=&f.STAF,UNIT=SYSOA,SPACE=(CYL,21"CONTIG), 
II DISP=INEW,DElETE),DCB=(BlKSIZE=3400,RECFM=F,DSORG=IS,LRECl=3400. 

NGI II KEYLEN=8,RKP=O,BUFNO=1) 
disk ~! IFT15FOOl DO OSN=&f.NGI FILE ,UNI T=SYSDA, SPACE=( CYL, (18,1) " 
file LII DISP=(NEW,OELETE),OCB=(BUFNO=l) 

-f/FT16FOOl DO OSNAME=NGI F Il El, VOLUME=SER=R DS200, ot S P= (OLD, KEEP) , 
NGI II UN! T= IT APE9" DEF ER" LA BEL=« 2 ,SLJ , 
tape I OCB=(RECFM-VS,BLKSIlE=408,LRECl=404,BUFNO=1) 
file IIFT17FOOl DO SYSOUT=A,DCB=(RECFM=UA,BlKSIZE=133) 

!ICARDS DO * 

RVS SYSTEM CARD GOES HERE 
REMAINVER Of RVS VATA CARVS GO HERE 

1* 
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GLOSSARY 

Algorithm - A mathematical process. The NGI algorithm is used to determine which 

points are to be connected on adjacent scan profiles. 

Core - Internal computer storage. 

Discontinuity - Significant break in the terrain surface. 

Discontinuity Boundary -. Line connecting two discontinuity pOints on adjacent scan 

profiles. It divides the terrain into discrete areas. 

Di scontinuity Poi nt - A pOint orl a scan profi 1 e whi chlocates it 'discontinui ty 

boundary. 

Discrete Area ~ The area between two discontinuity boundaries. 

Faceted Model - Terrain surface represented by a series of adjacent three and four 

sided figures which cover the entire surface. 

NGI - Numerical Ground Image. 

Numerical Ground Image - Approximation of the terrain surface with a digital terrain 

model. 

Scan Profile - A series of X, Z coordinate pO'ints which describe the surface of the 

ground and which are perpendicular to an arbitrary baseline Y • 
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