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Computer Drawn Isarithmic Maps
By Ole Hebin

Abstract
Description of a FORTRAN IV program which draws isarithmic maps in 

a matrix. All points on the isarithms are calculated by means of linear 
interpolation. If required, the maps can be provided with the values from 
the original matrix and with suitable headings.

Introduction
In the following a description is given of a FORTRAN IV program 

which draws isarithmic maps in a matrix with constant, but not 
necessarily the same distances between rows and columns.

All points on the isarithms are calculated by means of linear inter
polation in triangles, the size of which depends on the inpul matrix 
and the chosen subprogram for plotting.
The values, or some of them, from the original matrix can he 

transferred to the isarithmic map. Furthermore, the user can freely 
choose a headline; this done, the equidistance will be drawn auto

matically.
The program is written for use on a Calcomp 563 Digital Plotter 

and has been tested al the Northern Europe University Computing 
Center (NEUCC), the Technical University of Denmark, Lundtofte, 
from where other computing centres are welcome to get a descrip
tion of the applied plotter routines.

Description of the program
The plotter program is composed of a main program GRIDO and 

three subprograms GRID1, GRID2, and PLTTRI, all of them written 
in FORTRAN IV.

In order to facilitate the understanding, a schematic outline of 
the working process is given in fig. 1:
The main program GRIDO reads-in the parametres, the heading 

cards, the variable format cards, and the data matrix.
GRIDO draws map frames and heading and, dependent on the 

parametre GITT, it will call either GRID1 or GRID2 which again 
cals PLTTRI, where the actual drawing of the map will be carried
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out. This completed, the program returns to GRIDO where the map 
may be provided with values from the original matrix A, the input 
parametres are printed out, and the program will stop.

PLTTRI
The central element in the map drawing program is the sub

routine PLTTRI that draws isarithms in a triangle by connecting 
points of equal function value on the sides of the triangle according 
to the interpolation principle described below.
On fig 2 A and fig 2 R (x, y) indicates the coordinates of the 

point P and f the function value in (x, y).

If f, < f2 <■ f3; 

and h is the equidistance and

( f3
m = integer

\ h 
/ fx

n = integer |

then m-n isarithms will intersect the line PXP3.

These m-n isarithms will have the function values: 

ft- = s X h; for s = n, n + 1, n + 2,. .., m 4- n;

and the coordinates:

x3(fi 4- s x h) — x1(f3 4- s X h)

Vgf^ 4- s X h) 4- y^fg — s X h)

(1)

(2)

(3)

(4)

for s = n, n — 1, n + 2, . . ., m 4-2
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Pl(xt,yi.fi) (Xj.Ypf,) P2(x2,y2,f2) (x1lYl) (Xpy.) (x3,y3)

Fig. 2A. Triangle in which all interpolations are carried out.

Fig. 2B. Cross-section along P1P3 in figure 2A to show the positions of
Xj, yj and f;.

If f2 ft the isarithm intersects the line Px P2, if f2 ft the isarithm inter

sects the line P2P3.

The coordinates on either P}P2 or P2P3 are computed analog with (xt, yt, ft), 

as (x;, y;, f;).

When the points (xt, yt, ft) and (x;, yj, f;) have been computed, the line 

connecting them is drawn, and thus it continues till all m 4- n isarithms have 

been drawn; this implies that according to condition (1) no isarithms will be 

missing.

If

fi f3 < f2 (1)’

(xt, yt, ft) will be placed on P1P2 and

if

f2 < fi f3 (ir

(xt, yt, ft) will be placed on P2P3, etc.

This process is carried through for each call of the subroutine PLTTRI.

GRID1

The subroutine GRID1 computes on the basis of (xo, yo), Dx and Dy the 

position on the map of each At;. Furthermore, the mid-point ym) of 

each rectangle (Dx 1 Dy) is computed. (Fig. 3 A).

_  xl + X<-1 _ y< + y<-i .  At-19 j-T + At,; —! + At-T,; + At,; 
xm — „ Ym — 7, >________________________ , ",2 2 4

where i — 2, 3, 4, . . ., N and j = 2, 3, 4, . . ., M.

The subroutine PLTTRI is then called for each of the triangles 1, 2, 3, and 4. 

This process will be repeated until the total matrix has been plotted out.

In order to speed up the plotting, decreasing and increasing i’s are treated 

alternately. (Fig. 3 B).
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K---------------------- 0X------------------------tH

Fig. 3A. Detail of grid-net when using GRID1.

Fig. 3B. Sequence of plotting in the grid to speed up the process.

GRID2

In principle, GRID2 works as GRID1 except that it makes a more detailed 

division of the rectangle (Dx * Dy) prior to the plotting.

K---------------------Dx--------------------- >

Fig. 4. Detail of grid-net when using GRID2 showing the partition of each cell 
into 4 rectangles and each rectangle into 4 triangles.
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First, Pa’s coordinates are calculated as:

Y - Yj-1 + Y;- X - X and f - A<-id-i + Ai'~W
*a — „ - , ana ia —

second, Pb’s coordinates as:

x7 xr xz 4" Nf , r 4~ A(,f-1
\b = Xj_1;Xb = - Lt) and f6 =

third, Pc’s coordinates as:

v \ . \ v f ^i-ld-1 4 A/_1,j 4" A/,;
Yc= i«> Xc = Xb and fc =

4

finally, Pin’s coordinates as:

v _ X<-T 4- v __ Y<-i + Na ___A< — vj-i 4" f« 4- fs 4" fc
> * m — 2 ancl 'm — 4

In the resulting rectangle ihe plotting will be made as described for 
GRID1.
Next step will be a replacement of Pa by Pd and compulation of a 

new Pm, whereafter the process will be repeated.
Then Pb is replaced by Pc and a new Pm computed. Finally, Pd 

will be replaced by Pa, and a last Pm is computed, which completes 
the plotting in the rectangle. In this way plotting continues until the 
whole matrix is drawn.

GRIDO
In GRIDO, parametres, heading, variable input-format, and data 

matrix must be read in before the scaling to desired size of map and 
drawing of map frames and heading can be carried out.

After call of either GRID1 or GRID2 all, or some, of the values 
from the original matrix may be transferred to the map.

The parametres are:

N -- number of columns in the matrix A 125)
M - number of rows in the matrix A 125)
Xo - the X-coordinate to the lower left corner of the map
Yo - the Y-coordinate to the lower left corner of the map
Dx - the distance between the columns in A
Dy - the distance between the rows in A
H - the equidistance 
CM -• the size of the map (north-south) in cm.

In case the read in map size should be less than 1 cm, 
the program will use 10 cm, and if the size should 
exceed 65 cm the program will use 65 cm as map size.
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GITT - is GITT = 1, subroutine GRIDl will be used,
is GITT = 2, subroutine GRID2 will be used.

P - If P = 0, no plotting of the original matrix values will
follow. For all other values of P, plotting will be effected.

RP - every RPth row of A will be plotted
GP - every CPth column of A will be plotted

If the total matrix A is requested, RP and CP must both 
of them be equal to 1.

INT - if INT = 4-1, the values of A will be plotted as integers, 
if INT > 0 the parametre INT indicates number of deci
mals in the plotted values.

The parametres are printed out as the last process in the program.

DECK SET-UP
Parametre cards.

Heading card

Col. Variable Format FZxamplcs True value

1- 3 N 13 021 21
4- 6 M 13 018 18
7-11 Xo F5.1 00000 0.0

12-16 Yo F5.1 00000 0.0
17-21 DX F5.1 00010 1.0
22-26 DY F5.1 00010 1.0

27-31 II F5.1 00500 50.0

32-34 CM F3.1 250 25.0

35 GITT II 1 1
36 P II 1 1

37-38 RP 12 02 2

39-40 CP 12 02 2
41-42 INT 12 4-1 • i

Column text
1-25 heading

26-31 blank (here the program inserts the equidistance)
32-33 unit of the equidistance e.g. AL, F., or Y.

Variable format card (only one card)

Column text
1-80 format specification, F-lype.
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Fig. 5. Deck set-up.

Data

These are to be punched in accordance with the F-specification.

Running time

With GRID1, a 21X18 matrix with plotting of the total original 
matrix as integers runs for 2.26 min., and the plotting will take 
32.8 min. When GRID2 is used, the running time will be 2.42 and 
35.3 min. respectively. In both cases 506 lines are printed out by the 
line-printer.
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Examples:
The printed out parametres for the plotting process may look 

like this:

On the hack cover 3 maps (pl. 1, 2, and 3) drawn hy the computer 

are inserted.

RESUMÉ
Nærværende artikel beskriver et FORTRAN IV program, der tegner 

isoliniekort i en matrice, hvor afstandene mellem rækker og søjler er 
konstante, men ikke nødvendigvis de samme for rækker og søjler.

Alle punkter på isolinierne beregnes ved lineær interpolation i trekan
ter, hvis størrelse afhænger af input-matricen og valg af subprogram for 
plotning.

Det udtegnede isoliniekort kan forsynes med originalmatriccns talvær
dier eller dele heraf. Desuden kan kortet forsynes med en valgbar over
skrift efter hvilken ækvidistancen automatisk udtegncs.
Programmet er skrevet for brug på en Calcomp 563 Digital Plotter og er 

afprøvet på Northern Europe University Computing Center [NEUCC], 
Danmarks Tekniske Højskole, Lundtofte, der vil kunne forsyne eventuelle 
brugere ved andre regneccntre med en beskrivelse af de anvendte plotter
rutiner.


