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This paper reports the methods and procedures currently used 
by the Pennsylvania Department of Highways in the collection 
of map data for engineering computer programs as required 
by the highway planning staff. The extraction and correlation 
of the necessary map and textual data and the recording of this 
information on IBM cards through the use of an Electronic Co
ordinatograph and Recording System attached to an IBM 526 
Summary Punch, the processing of this information on the IBM 
7040 computer, and the plotting of the resultant data by the 
3500 Dataplotter are detailed. 

•THE DEPARTMENT of Highways in Pennsylvania is presently responsible for 43,000 
miles of existing state highways as well as planning for the highway needs of the future . 
In determining future highway needs, many factors must be considered. One of the 
more important factors is the current and proposed future use of the roads in any given 
area. This factor, known as traffic count information, is obtained by portable and 
permanent counting devices and also through visual observation by department person
nel. other factors include type of surface, roadway width, structure capacity, and 
related data on the existing network. 

In years past, the efficiency of the highway planning staff has been hampered be
cause of the lag between the time the traffic count was recorded and the time it finally 
was correlated with all other associated information and the result portrayed in map 
and tabular format. The reason for the delay was the volume of the information in
volved and the manual tabulating, recording and map tracing that was required. As a 
result, much basic information was becoming obsolete before it was in the hands of the 
highway planning staff in usable form. To correct this situation, the department pur
chased an Electronic Coordinatograph and Recording System (ECARS) and a Dataplotter 
which, with the IBM 7040 computer, would provide the department with a system which 
would greatly improve its efficiency in map data collection. 

TECHNIQUES AND PROCEDURES 

Digitizing Legislative Route Information 

Selection and Use of Source Materials. -The initial step in the project was to select 
the type of base map best suited for job r equirements. The map series selected was 
the General Highway maps which are prepared on each of the 67 counties in the state. 
These maps are 36 by 49 in. in size, at a scale of 5, 208 ft to the inch, prepared on the 
polyconic projection. They are planimetric maps showing the complete road and rail
road network, hydrographic features, county, city, township and borough boundary 
lines, and other minor cultural features. Each road segment, either a state or town-
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ship road, is identified by number on these maps. In Pennsylvania, all highways 
under the jurisdiction of the Commonwealth are known as Legislative Routes. These 
legislative route numbers are commonly referred to as LR numbers. They are not 
the same number and should not be confused with the traffic route numbers, such as 
U.S. Route 30, Interstate Route 83, or Pennsylvania State Route 137. 

Preparation of Materials for Measurement. -The Pennsylvania State Plane Coordi
nate System was selected to be used as the X-Y coordinate system, the primary reason 
being that coordinates of points measured in this system would have a true geographic 
location relationship. Thus the possibility was eliminated of any two points in the state 
having the same coordinates, which might have occurred had an arbitrary grid system 
been selected. Also, easy-to-use tables were available for converting the geographic 
coordinates appearing on the maps to their equivalent north and east grid coordinates 
based on the Pennsylvania State Plane Coordinate System. 

A master grid sheet was prepared with grid lines at a 3. 84-in. interval. This 
master grid sheet together with the State Plane Coordinate tables was used to construct 
and draft the State Plane Coordinate System on these maps with grid lines at a 20, 000-
ft interval in both the north and east direction. 

· The textual information which was required to be correlated with the map data was 
in the Straight Line Diagram Books. A straight line diagram of a highway is a drawing 
which shows only the lineal character of the road as opposed to horizontal and vertical 
curvature. It documents important characteristics of the road such as original date of 
construction; type of surface; width of surface; intersection of road with other roads, 
railroads, and boundary lines; and locations of bridges, culverts, and so forth. 

Each of these features is located in the straight line drawing with a stationing value. 
Each legislative route has a point of beginning which is assigned a 0+00 station value, 
with the stationing continuing to the end of that partic.ular route. 

All of the state legislative routes within a county are numbered in sequence, and 
the LR diagrams are bound in books in this numerical order. 

A tabular listing was prepared prior to the actual measuring operation as an aid in 
monitoring the digitizing of each legislative route as it was completed. This listing 
contained all the legislative routes in the county in the same order as in the straight 
line diagram book. The mileage of each route and the measurement zone were also re
corded. Measurement zones, outlined on the map, were required because of the 30 x 
30-in. limitation of the coordinatograph. In most cases, the dimensions of the map 
area being measured were greater than 30 in. The beginning and ending location of 
each legislative route determined whether the route was entirely within one zone or ex
tended into more than one zone. 

IBM Card Format Used 

Card Columns 

1 through 6 
7 through 10 

11 through 12 
13 through 18 
19 through 24 
2 5 through 26 
27 
28 

29 
30 through 36 
37 through 42 
43 
44 
4 5 through 80 

Data Assigned 

Blank 
Card number 
County code number 
Leg,i~la.ti v c J. uutc uu.lubtJ. 
Station value 
Type of point 
Blank 
Normal or abnormal spur 

coding on LR 
Blank 
East coordinate value 
North coordinate value 
Blank 
End of record punch 
Blank 



Because of the requirement for 44 card columns to record each coordinate point 
together with its identifying information, more than one point per card was not pos
sible or desirable. 
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Coding of Points Recorded. -For the requirements of this project, coordinates were 
desired on numerous points along each legislative route. Following is a listing of the 
types of points recorded and how they were coded in columns 25 and 26 of the IBM 
card. 

High Order of Type (first column) 

Code Description 

1 Intersection with legislative route 
2 Intersection with township road 
3 Intersection with railroad crossing 
4 Intersection with bridge 
5 Intersection with municipality line 
6 Point on a line ( deviation from path) 
7 Discontinuance of the LR to be continued separately 

after traveling jointly with another LR 
Note: Code 7 implies presence of Code 1 conditions. 

Low Order of Type (second column) 

Code Description 

1 Intersection with legislative route 
2 Intersection with township road 
3 Intersection with railroad crossing 
4 Intersection with bridge 
5 Intersection with municipality line 
6 Point on a line (deviation from path) 
7 (Back station of an equation point) or (Back station 

of a discontinuance) 
8 (Ahead station of an equation point) or (Ahead sta-

tion of a discontinuance) 

A zero was used in the second column to indicate a null condition. A null condition 
for the first column was not allowed. Briefly the rules used in determining the code 
of each point were as follows: 

The priority of importance of the codes was the same as their numerical value; for 
example, an intersection with a legislative route takes precedence over an intersection 
with a township road, and so forth. 

The code with the highest priority was assigned to the first column of type. If a 
second condition existed, it was given its respective code and placed in the second 
column of type. In situations where a third condition existed, it was ignored: 

In the case of a normal equation point, the code of the place at which it appeared 
was put in the first column and the "back" and "ahead" designations were placed in the 
second column. In the case where this equation point occurred at an otherwise un
designated point, a code for a point on a line was given in the first column and the 
''back" and "ahead" designations were given in the second column. 

A code 7 in the first column has a higher priority than a code 1 by the nature of the 
meaning of the code 7 (a code 7 is a code 1 with an expanded definition). In the second 
column, codes 7 and 8 were the most privileged codes and, also, were the only codes 
allowed with a code 7 in the first column. Thus, the order of priority of the numerical 
codes for type of points is: First: 7, 1, 2, 3, 4, 5, and 6. Second: 7 or 8, 1, 2, 3, 
4, 5, and 6. 

Th~ numeric coding used in card column 19 to designate legislative route spurs 
was as follows: 
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Code 

1 
2 
3 
4 
5 
6 
7 
8 
9 

99 

Description 

Spur E 
Ramp or Wye ''W" 
Parallel 
Spur A 
Spur B 
Not used 
Spur with no letter designation 
Spur C 
Spur D 
Card columns 19 & 20, application route 

Operation of the Coordinatograph and Recording System. -The initial operation posi
tio11ed the map on the tilted surface of the drafting table under the arm and cursor of 
the coordinatograph. The map was positioned in such a way that the X and Y travel of 
the cursor was coincident with the east and north grid lines on the map 1:,0 U1al an tm
tire zone could be measured without shifting the map. 

The next operation was to adjust the X and Y measurement scale factors on the 
digitizing console. The console was set up for 50 counts per inch on variable measur
ing scale. The measuring was adjusted slightly from the 50 counts per inch to com
pensate for the instability in the paper on which the map was printed. After the meas
uring was completed satisfactorily, the X and Y digital volts meters were indexed to 
read the east and north State Plane Coordinate grid values as indicated on the gridded 
map. Upon completion of this phase, the basic setting up of the system was complete. 

The actual operation was performed with two operators. One man moved the cursor 
over the path of the route on the map and changed the data switches to reflect the type 
of point being recorded. The other man, seated at a table, was required to scan the 
straight line diagram, extract the necessary information, and set it on the data switches 
on the digitizing console. 

Prior to the start of tracking each route, the man at the console would tell the cur
sor operator the legislative route to be tracked and where the point of beginning or 
0+00 station was located. During the time the cursor operator was locating the start
ing point, the man at the console would verify that all data switches and the card coun
ter were properly set. 

As the cursor operator would move the cursor from one point to another along the 
route on the map and change the type of point code, the man following his progress 
alullg l.111--! r11ul.e i11 I.he slraighl li11e lliagl'am would set the proper station value on the 
digitizing console for each point as indicated by the straight line diagram. 

To show proper character in the routes, the coordinates of points on curves were 
recorded at varying intervals. These "points on line," as they were called, did not 
appear in the straight line diagram book. To determine station values for these points, 
a circular scale prepared on mylar was superimposed under the reticle in the cursor. 
This allowed the operator to make rapid measurement approximations of distances on 
tl1c map. He v:ould use this measurement to determine distances tc paints on line ar1d 
call them out to the man at the console. This distance would then be added mentally 
to the station value of the last known point and the new station value placed on the con
sole. 

The two would continue the tracking of each route from beginning to end. A very 
close coordination and communication between the two operators was necessary to as
sure that, for each and every point recorded, the location of the measuring cursor was 
the same point on the map as the station value indicated in the straight line diagram, 
and that the point was receiving the proper coding. 

As previously mentioned, the 30 >e 30-in. measuring range of the coordinatograph 
made it necessary to l::lubdivide the maps into measunnuenl :L.unes. Ou Lhe maps which 
contained more than one measuring zone, there were many routes which could not be 
completed with one setting of the map. As these routes were done, the partially com
pleted deck of cards was removed from the stacker of the 526 and set aside with a note 
attached as to the zone in which tlle measuring of the route would continue. After 
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digitizing all the complete and partial routes in a measul'ement zone, the map was 
shifted and reset for the next zone. As the digitizing progressed in this zone, the 
partial card decks would be placed back in the card stacker and the remaining portion 
of the route digitized. Because each card on each route was automatically numbered 
sequentially with card no. 1 at the beginning or 0+00 station and the last card number 
being determined by the length of the route and how many points were recorded, it was 
always necessary to digitize the beginning portion of the route first in cases where the 
route traversed more than one measurement zone. The maximum number of measure
ment zones ever required was four. Even with only four such zones, however, 'the 
order of digitizing them most efficiently with a minimum number of resets was not 
always easy to determine. 

To produce a complete map, the perimeter of each county was also digitized. This 
was accomplished concurrently with the LR digitizing of each county. However,. the 
card decks containing the county perimeters were kept separate from the legislative 
route decks. 

At the end of each day's operation, the cards were edited on an IBM 101 for double 
punches, blank columns, and coordinate transfer failures. Error cards found were 
corrected immediately. 

Computer Processing 

The second phase of the complete operation was the computer processing of the in
formation ob~ined from the ECARS. A series of four separate computer program 
operations were performed, followed by a manual edit of the results prior to writing 
the instruction tape for the Dataplotter. 

The complete original card deck as it came from the ECARS was sorted on an IBM 
083 or 084. This sort was performed on card columns 30-36 inclusive. In this field, 
the 7-digit east coordinate of each point is recorded. The purpose of this sort was to 
put the complete card deck in ascending order by east coordinates with the first card 
having the lowest east coordinate value and the last card having the highest east co
ordinate value. 

This card deck was read by an IBM 1402 into an IBM 7040 computer. The computer 
routine performed a selective matcb of coordinates. Because the resultant map was 
to show only tl1e legislative 1·oute pattern, the computer was instructed at this point to 
look for coordinate matches only between points with either a digit 1 or a digit 7 code 
in the high order type card column 25; that is, intersections of one legislative route 
with any other legislative route. hl scanning the deck, if the coordinate points of two 
cards were within 200 ft of each other, they were considered a match. All informa
tion from these two cards was then written on magnetic tape as one record. Each of 
these records contained the images of the two matched cards. No magnetic tape recorr' 
contained more than two card images. The cards that had no match were written into 
single card image magnetic tape records. The output of these matched and unmatched 
points was in binary-coded decimal and fixed-point mode on themagnetictape. The rec
ord formats for the matched and the unmatched points were similar but not identical. 

The records on this tape were then sorted first by LR number, then by spur designa
tion, which is a prefix to the LR number, and last by card number. This placed them 
in numerical order with all the main legislative routes together, the primary routes 
first and the secondary routes following. Legislative routes having spur prefixes were 
in place directly following the legislative l'Oute. All application-type legislative routes 
were at the end. 

This tape was then read into the computer again and a coordinate averaging routine 
performed. In matching the coordinate points originally, a difference of 200 ft in either 
the norU1 or east coordinate was allowed. Due to mi.avoidable inherent errors in the 
coordinate measuring process, this amount of variance was necessary to effect a prop
er match. Although in some cases the matched coordinates differed by as much as 
200 feet, they did in reality represent a single position on the map. 

The averaging routine read in the records having the matched coordinate points, and 
computed a mean north coordinate and a mean east coordinate. This mean coordinate 
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was written into the tape to replace each of the coordinate values used in the averaging 
process. 

This computer routine also checked all coordinate points that were coded as equal
ities to verify that they were in proper sequence with every "X7" or back-station value 
point, followed directly by a "XB" or ahead-station value point. If the equalities were 
in proper order, a two-letter code was written into the tape to indicate this. 

The number of equalities for each legislative route were counted by the program 
and written under a separate name on the magnetic tape for future use. 

The concluding computer ope1·ation prior to the edit was the production of a printed 
tabular listing and two identical tapes containing the same information that was being 
printed on the tabular listing. The generation of two tapes rather than one was for 
safety reasons in case one was accidentally erased. 

The tabular listing contained all the legislative routes of the county and all of the 
stations where the traced legislative route intersected other legislative routes. At 
any station along the LR where a matching coordinate should have been found but was 
not, a "None Found" message was printed together with the station value. Messages 
which indicated bad equality sequencing were also printed out when the condition was 
present. The highest and lowest east and north coordinate value were printed at the 
end of the tabular listing. 

This listing was reviewed and wherever an error condition was noted, the original 
card deck was checked and the necessary corrections made. The deck was then rerun 
through the preceding computer processes until the final set of coordinate information 
was error free. 

After the edit was performed and the necessary corrections to the cards made, an 
instl'uction tape for the Dataplotter was prepared. The input source for this was the 
complete card deck of all le~l lative routes ,lus the card deck containing the county 
perimeter. 

The scale of the finished plot was the same as the original map from which the co
ordinates were measured . Although the commonly accepted sCJtle of these maps was 
5, 208 ft to one inch, it was found that a factor of 5, 204 ft to the inch was necessary in 
the compulei· 1;alculalions to have the plot properly fit the map. This discr p::\.ncy was 
due to the instability of the paper it was printed on. The coordinates were recorded 
to the units position; however, the units and the tens positions of all coordinate values, 
both north and east, were dummy zeroes wired in from the patch panel on the IBM 526. 
Th(:H•eiore, in any 6-digit coordinate value such as 432,600, only the rliflits 4, 3, 2, and 
6 were significant. Because the last two digits were always zero, they were dropped 
in all computer calculationR. 

The coordinates of the points making up the county perimeter were tested to deter
mine whether the difference in the high and low east coordinate or high and low north 
coordinate was greater. This was necessary, because the usable plotting surface 
area on the Dataplotter was 38 in. in the Y direction and 58 in. in the X direction. If 
this test result indicated the coordinate spread in the north r.oordinates exceeded the 
spread in the east coordinates, then the north coordinates of all points were multiplied 
by a minus one. This. in effect, rotated the resultant plot by 90° clockwise so it would 
be positioned properly on the plotting surface. 

The mean p.orth and mean east coordinates were computed, and this point was desig
nated as the center of the usable plotting surface . The mean value was then subtracted 
from the coordinates of every point making up the complete set of data. The resultant 
values, now having negative and positive signs, were still in units of feet. These dis 
tances in feet were divided by 5,204 Lu determine the length in inches. 

To utilize the m.aximum. plotting accuracy potential of the Dataplotter, the full 20, 000 
counts were used over the full dimensions of the plotting su1•face. In the X direction, 
it was 20,000 divided by 60 inches resulting in a scale factor of 3,333 counts per incl1; 
and in the Y direction, it was 20,000 divided QY 45 inches resulting in a scale factor 
of 4,444 counts per inch. This factor multiplied by the distance in inches determined 
the board count values necessary for the Dataplotter to travel the required distance. 

Each tape record for the Dataplotter contained the signs of both X and Y, the count 
values of the coordinates, and the command such as lower pen or raise pen. This input 
tape for the Dataplotter was prepared in binary-coded decimal form. 
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Legislative Route Network Plot Preparation 

The plotter which the Department is using to prepare the final plot of the legislative 
route network with each county is a Dataplotter, Model 3500, manufactured by Elec
tronic Associates, Incorporated. This plotter has a nominal plotting surface of 45 in. 
in the Y axis and 60 in. in the X axis. However, the usable area is only 38 x 58 in. be
·cause of the requirement of two printing heads -one for symbols and one for line plots. 
These two heads are mounted adjacent to each other on the X rail. 

The plotter can be directed manually from the keyboard, from IBM cards read in by 
a 514 summary punch or from magnetic tape. The plotter operates from digital infor
mation in binary-coded decimal form which is obtained from the magnetic tape pre
pared by the IBM 7040 computer. The data are converted to direct current analog volt
ages and stored. The stored data are used by the plotter to make a graphical repre
sentation of the digital input information. The plotter has the. capability of line plotting 
or point plotting. 

For line drawing, the plotter is equipped with a plotting head containing eight pen 
wells in a revolving cylinder. Leroy-type reservoir pens containing various colors of 
ink and different size pens are inserted in these pen wells. These pen wells are num
bered so that the computer programmer can write the appropriate instruction to the 
computer to select the desired pen. The programmer also instructs the computer to 
write into the tape additional commands to the Dataplotter to raise and lower the pen 
at the proper time and to activate the automatic paper advance mechanism prior to 
the start of each plot. 

The additional head is for point plotting using selected symbols, numbers and let
ters, up to a maximum of 48 characters. 

Prior to loading the magnetic tape unit, the plotter operator was required to manu
ally set the proper scale factors in counts per inch for both X and Y. The offset value 
for the origin of the plot was included on the input tape if it was different from the 
board origin. 

The plots were prepared on drafting paper in roll form 42 inches wide. It was of 
sufficient transparency to allow a visual check when overlaid on the original map. 

CONCLUSIONS 

As of the writing of this paper, approximately 5, 700 man-hours have been spent in 
measuring the coordinates with the ECARS. Fifty-eight of the 67 counties in the state 
are now completed, which consists of about 36,000 miles of legislative routes now in 
digital form on IBM cards. 

The most significant problem encountered in digitizing the legislative routes was 
the one of incompatability of the straight line diagrams and the maps. Some of the 
straight line drawings were dated back in the 1920's and some of the maps were dated 
back to 1941. The agreement between them varied considerably from excellent to poor 
and in a few cases unusable. There were certain legislative routes in some counties 
which could not be digitized. New maps and updated straight line diagrams, however, 
are continually being produced and published. After the initial completion of the 67 
counties, an updating program will be started to insure that the most recent road net
work additions, deletions, and changes are reflected in the master deck. It is esti
mated that the time requirements for maintaining these card decks will be less than 
2 percent of the time originally required to digitize the complete legislative route net-
work within each county. · 

All of the computer programs for the system were developed and written by the 
programming personnel of the department. The average computer time required per 
county was 45 min, with an additional 45 min for the Dataplotter to delineate the legis
lative route network. 

A total of 51 counties have had the initial computer run completed. Of these 51 
counties, 20 have been edited, corrections made, plotter input tape written, and test 
plots made with the Dataplotter. Of the 20 plots prepared, 17 will require additional 
refinement and elimination of errors not previously detected. 
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A major problem encountered and not solved was the annotating of place names, 
legislative route numbers, stationing of traffic count figures, and the figures them
selves. The placement of these annotations on the plot was not possible at the scale of 
the original map. Overprinting of the lettering was common even in moderately dense 
areas. Enlargement of the plotting scale was considered but found not feasible due to 
the numerous additional problems it created. Another alternative considered was 
line drawing the annotations rather than printing each character with the symbol print
er. Each and every letter would require a series of coordinates to describe it. This 
also proved unfeasible because of the excessive computer and plotting time required. 

At the present time, the final product is a complete network of all legislative routes 
enclosed in a county perimeter. 

In forthcoming operations, data relating to the existing routes to include surface 
type, widths, and structure capacities will be added to the card decks and thus make a 
relatively complete inventory. 




