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1981/23. FORTRAN programs for 3-dimensional gravity modelling

R.G. Richardson

Abstract

By using a digitiser in conjunction with programs for
calculating and contouring the gravitational attraction of a

three dimensiocnal body gravity modelling is readily performed
for a specific project.

INTRODUCTION

The programs were written for use on Interdata 7/16 and Burroughs
B6700 computers at the University of Tasmania. With minor changes, the
programs could be transferred to other systems provided the necessary
tablet digitiser, bulk storage, and plotter are available.

THE PROGRAMS

{a) CONTDIG (Appendix 1)

The hardware required for this program is a tablet digitiser with
sampling switch and two status sensing switches, a graphics output unit
with X and Y co-ordinate ranges from -2048 to +2048, a 9-track tape drive,
and a conscle device. The program is intended for digitising and display-
‘ing co-ordinates near Tasmania, but the area may be changed simply by
changing the plotting scale and origin., If desired the map may be
divided into four separate panels to allow digitising at a larger scale
or of a larger area. Aany rotation of the map relative to the digitising
tablet is removed when the map scale is determined. The program output
is used as input for program U2588/20.

Machine code routines called are:

PRIVLG used to put the program in privileged state
to allow I/0 without supervisor intervention.

SYSCOM(I,7HAS GEB*) assign a pseudo-device to allow EBCDIC output
in 80 character records on magnetic tape.

PLOTOM (3HTVS) direct plotted output to the C.R.T. display.
SCREEN {0) clear the C.R.T. screen.
CALL PLOTCQ(7) gather the colour guns together.

PLOT (IX, IY, IPEN, ICOL) move to IX, IY with the pen up (IPEN=1)
or down (IPEN=0) and draw a line of
colour ICOL. (ICOL=0 is erase).

EOF (6) write a single tape mark.

ISENSE (249) gets the status of the two switches on the
digitiser.

I=KDIGIT(IX, IY) returns the digitiser co-ordinates of the

current cursor position and the status switch
settings when the digitise switch is operated.
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Input is similar to the control input for program U2588 (Richardson,
1981) and is:

NCO, DENSITY NCO=0 end of run
NCO=1 only acceptable value other than O
DENSITY the body density

TITLE a title of B0 or less characters.

Y or N answer Yes or No in reply to a prompt about data

in that panel.

X, Y@ the map co-ordinates of a point near the left-hand
side of the map.

XC, ¥YC the map co-ordinates of a point near the right-hand
side of the map.

N.B. YC=Y@

NBCDY the number of bodies in the panel.

NCONT for each body the number of contours.

DEPTH the depth of each contour (depth negative below datum}.
Y or N answer Yes if the contour as displayed is correct.

(b) U2588/20 (Appendix 2)

This program calculateg the gravitational attraction of three-
dimensional models digitised using CONTDIG. The attractions are calculated
at points on a rectangular grid and output is in a form sultable for contour-
ing. The co-ordinates of the observation points are determined between lines
10300 and 11800. The data maximum and minimum are output to the printer.

On a Burroughs B6700 the processor time for a program run is approx-
imately 2.5 seconds for each line of the input file. In the current
program version, the total number of vertices for a model ({set by the
DIMENSION of XA, YA) must be less than 2500.

(c} CONTOUR/20 (Appendix 3)
This program plots a map of Tasmania and contours of calculated

gravitational attraction at a scale of 1:1 000 000. BAs the plotter width
is only 10.5 inches (267 mm) the final map is formed by joining two plots.

Input is:

File 7 the A.M.G. co-ordinates specifying Tasmania.
A negative value for the X co-ordinate causes the
plotter pen to be raised, the pen moved to the
co-ordinate pair and the pen lowered. This allows
iglands and lakes to be drawn.

File 4 the ocutput of U2588/20.
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Subroutines without listings are:

SETCORNER(IX, IY, LENGTH) initialise the plotter with the bottom
left-hand corner of the paper having
co-ordinates (IX, IY) and allow a paper
length of LENGTH.

N.B. all plotter commands are given in
co-ordinates consistent with (IX, IY) and
are in units of 0.0l inches. The plotter
axes are contrary to normal practice and
have the X-axis across the paper and the
Y-axis along the paper.
SETCHA (IHT, IDIRN) set the character size and direction for
labelling contours. If IDIRN=0 text is
written from left to right parallel to the
X-axis.

CONTUR (VALUE, AMAP, NX, NY, NX*NY, IX1, IX2, IYl, I¥2, X, Y}
draws a contour at a given level (VALUE)
through data (AMAP) on a rectangular grid
using the method of Bengtsson and
Nordbeck (1967). The grid is NX by NY
but only the range IX1 to IX2 and IY¥1l to
IY2 is contoured. Arrays X and Y are used
for workspace. The subroutine makes use
of calls to XFORM to convert from array
element units to plotter co-ordinates.

MOVETO (IX, IY) the pen is moved to co-ordinates IX, IY
without being raised or lowered.

PLTEND terminate the plot and move the pen up the
Y-axis until it is beyond the furthest
limit previcusly plotted.
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_*PRDGRRM CONTDIG

L TO DIGITISE CONTOURS FROM A MAP OF TAS - SCALE 1:1000000
C MAY USE UP TO FOUR PANELS WITH SCALE. TO USE MORE OR LESS

PANELS CHANGE SCALE AND PANEL UPPER LIMIT.

DIMENSION X(S00)Y(S00)yTITLECLS)
INTEGER*2 IXI(S00),IYI(S800)
EQUIVALENCE (TITLEC1)9XC1))

DATA AOK/&HY  /

USED FOR OK CHECKS

‘CALL PRIVLG
CAaLL SYSCDHfIv7HAS LEB#)
CatL PLDTGHfEHTUS)

PLOT ON TV .

CALL SCREEN (0Q)
CALL PLOTOO(7)
SCALE=4000./475.
WANT 475KM TO BE 4000 PLOTTING STEPS

- IX=235.0%SCALE
IY=237.5%8CALE

CCALL PLOTE-IXs~IYsls7)
CALL PLOTC(-IXsIY+04+7)
CALL PLOTCIXsIY027)
CALL PLOTCIXs~IY047)
CALL PLOTC(-IXs~IYs0s7)

DRAW BOUNDARY

NOW DRAW MAP OF TAS IF WANTED

- I=IBITACXOLYO)
FORCE CALIBRATION
197 WRITE(S5,103) i
103 FORMAT (" NCO'DENSITYCI2F&.2")

- READ(S,104) NCO+DENSTY
104 FORMATC(I2+F4.0)
© WRITE(&+200) NCO
200 FORMATCI2y70X)

IF (NCO .LE. 0O) GOTOD 874

END OF RUN

 WRITE(4+201) DENSTY

201 FORMAT(FS.Iy64X)

WRITE(Sy122)

122 FORMATC'TITLE?

READ(S+129) TITLE
129 FORMATC(12a4)
WRITE(&s129) TITLE
TITLE FOR EACH BODY .
IBCONT=1
USED TO CONTROL PARAMETERS PASSED TO MAIN PROGRAM
DO 9990 III=1+4
LOOP TO ALLOW PANELLING - SET FDR 4 ABOVE
WRITE(S5+118) :
112 FORMATC' ANY DATA?' >
READ(S5+119) YES
119 FORMATCA4)
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IF (YES .NE. AOK} GOTO 9990
DONT HAVE ANY DATA IN THIS PANEL

WRITE(5+50)

50 FORMAT C” TOUCH DﬂIBIN!CORNER!TYPE o §

T XOWYOIXCIYE (2F&6./2F6.)7)
I=IGITACXO YO

ORIGIN "y
I=IGITACXCYYC)

CORNER WITH SAME Y. COORD RS’EORNER - ALLOWS PANELLING

XD=XC~X0

- YD=YC-YO

DISTANCEE ALONG AXES
 DDIGIT=S@RT(XD*XD+YD*YD)

DISTANCE AS MEASURED ON DIGITISER

THETA=ATANCYD/ XD}

ANGLE BETWEEN DIGITISER GRID AND MAP GRID

CTHETA=COS(THETA}
STHETA=SIN(THETA)

NEEDED FOR COORDINATE TRANSFORMATION
READ (54102} XONAP!YOHQP;XCMAPyYCMAP '

102 FORMAT(2F&.0/2F&.0)
XMAPﬂXBMAP—XOHﬁP
YMAP=YCMAP-YOMAP

DMAP=SERT ( XMAP* XMAP+YMAP*YMAP )

XSCALE=DMAP/DDIGIT

ASSUME SCALE OF MAP IS THE SAME IN BOTH DIRECTIONS
MAY NOW USE COORDINATE ROTATIONS FOR A GRID WITH A

COMMON ORIGIN

XMAP=XD*COS(THETA)+YD*SIN(THETA)
YMAP=-XD*SIN(THETA)+YD*COS (THETA)

WRITE(S164) ,
&& FORMATC'NO. BODIES (I2)7)
READ (5,47 NBODY
47 FORMATC(I2)
DO 48 IBODY=1,NBODY

LOOP FOR NUMBER OF BODIES IN EACH FANEL

CALL CONTRL (~IBCONT)

IF ALREADY HAVE A BODY WITH THESE CONSTANTS WRITE A SET

OF O CONTROL PARAMETERS
IBCONT=1
37 WRITE(S+2)
2 FORMATC('NO. CONTRSCI3Z)")
READC(S+3) NCONT
T FORMATCIZ)

IF ¢NCONT .LE. 0O) GOTO 99920

NO CONTOURS IN THIS PANEL

IF (MODCNCONT.2) JER. O) GOTO 37

NEED 0ODD NUMBER OF CONTOURS
WRITE(4+3) NCONT
ICON=1 :
10 WRITE(S.11) ICON
i1 FORMAT (' DEPTH OF CONTOUR®
‘READCS,12) DEPTH
12 FORMAT(F2.0)

1 I3y

k)

21
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NVERT O

30 NVERT=NVERT+1

¥ IF ¢(NVERT .GT. 200) GOTO 10
¢ TOD MANY VERTICES
K=IBITACX CNVERT) s Y (NVERT))
IF (LANDCK+44)) 33430433

C TERMINATE BY RAISING LEFT-HAND SWITCH
I3 NVERT=NVERT-1
C MAIN COMPUTATIONAL PROGRAM CLOSES BODY

337

I8

&

(A
o~

C LAST TIME THROUGH WAIT AND SEE IF HAVE MORE BODIES WITH THE
'C SAME CONSTANTS

49
C END
2990

C END

43

DO 337 I=
XD=(X(I)-

lvNVERT :
XD)*XSCQLE

YD=(Y(I)~- YO)*XSCALE
XC(I)=(XD*CTHETA+YD*STHETA) +XOMAP
Y(I3s= (YD*CTHETA—XD*STHETA)+YOMAP

CONT INUE

CALL PLOT
DO I8 I=2

CIIXsIIY91472
1NVERT

IX=(X(I>~430.0)*SCALE
IY=(Y(I)-342.5)%8CALE

CIXICI)=IX

IVICI)=IY
CALL PLOT
CONTINUE
CALL PLOT

CIXaIYrO92)

CIIXHsIIVa022

WRITE(S:35)
FORMATC™ OK?'3

CALL 'PLOT
DO 3% I=2

‘REQB€55119) YES
IF (YES .NE. ADK) GOTO 53

CIIXvIIY9laék)
yNVERT

IX=IXICI) -
- IY=IYICI)

CaLL PLOT
CONT INUE
CALL PLOT

WRITE(&+34) DEPTHINVERT
FORMAT (F2.

CIXaIY1094)
CIIX!IIY!O!é)

IvI16£+58X)

HEp CONVERT FROM BIGITISER COORDS TO MAP COORDS
IIX=¢X(1)-430.0)*8CALE
IIY=(Y(1)-342.5)%8CALE

WRITE(&:34) C(XCK) 1 Y(K) 1 K=13sNVERT)

"FORMAT (4 C

ICON=ICON

IF CICON .LE. NCONT)> GOTO 10

IF <IBODY

CALL CONT
CONT INUE
OF BODY L
CONT INUE
OF PANEL

WRITE(&43

FORMAT (”

Fi0.2:F2.2))
b

.EG. NBEODY) IBCONT=~1

RL ¢ IBCONT)
0op
LOOP

)

G O 0O 17+44X)
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C WRITE OUT CONTROL PARAMETERS
6O0TO 197
874 CONTINUE
CALL EOF (&)
CALL EDF (&)
sToeP
B3 CALL PLOTCIIX»IIY214+0)
‘DO 84 I=2+NVERT
84 CALL PLOTCIXICIDvIYICI»20420)
CALL PLOTCIIX»IIV0+0)
\ GOTO 10
C ERASE UNWANTED CONTOUR
END :
SUBROUTINE CONTRLCID
, IF (I .E@. =1) RETURN
'C DONT WRITE '
WRITE(&y100)
100 FORMATC® O O O 07 +44X)
RETURN
END
FUNCTION IGITACXyY)
DIGITIZE X.Y COORDS WHEN FOOT SWITCH PRESSED.
UNITS ARE CMS. WITH AN ARBITRARY ORIGIN
CALIBRATION FACILITIES ARE INCLUDED
ALLOWS SENSING OF THE TWO STATUS SWITCHES:
LEFT HAND SWITCH VALUES &4
BOTH LEFT AND RIGHT HAND SWITCHES - CHECK FOR BOTH 32 AND &4
'TO INVOKE A CALIBRATION BEFORE THE NEXT POINT IS DIGITISED
SET. ONLY THE RIGHT HAND SWITCH(32) UP.
CALIBRATION CONSISTS OF DIGITISING THE COORDINATES OF A POINT
IN THE FRONT LEFT HAND CORMER AND THE BACK RIGHT-HAND BACK CORNER
DATA IFIR/-1/+XFACT/0.0/+YFACT/0.0/ |
IF (IFIR) 14242
2 J=ISENSE(249) ‘
IF. (LAND(J+32) .NE. O .AND. LAND(Jy£4) .EQ. 0) GOTO 1
GOTO 100
' C FORCED CALIBRATION
1 WRITE(S,5)
'S FORMAT (" CALIBRATION")
I=KDIGITCIXOsIYO)
I=KDIGITCIX1sIY1)
SLENGF=70.0
C 70.0 CM. CALIBRATION BASE
' XFACT=ABS (SLENGF /FLOAT (IX1-IX0))
YFACT=ABS (SLENGF /FLOATCIY1-IY0))
| C DOESNT MATTER WHAT THE ORDER IS
1 IFIR=0
J  WRITE(S5+9) _
9 FORMAT("SET CAL SWITCH®)
| PAUSE
| GOTO 2
| 100 IGITA=KDIGIT(IX1+IY1)
| X=FLOATC(IX1)*XFACT
Y=FLOATCIY1)*YFACT

oogooooonoon
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RETURN
END
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Y2583 /20 (12/06/79)
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0 NE B=sTRUE «
: 0 NEWCP=sTRUE &
8500 NUCNST=.TRUE.
4600 FIRST=,TRUE,
8?88 999 CONTINUE
8800 C OLD REPEA LABﬁk
'e'"\lv P SR | e - d
9000 C READ COMPUTING POINTS
_g_LQO YH1=4
<UU TvVi=%
9390 C SET FOR ny{oﬂmass
9400 UH1=UUH1+1
9500 UVi=UVi+1
2600 AH=ATC(UH1)
9—?—06——'——84#-.:; TOTL)
9800 CAV=ALCOVD)
99 g0 By=B1(uvl)
DOU0 UH=SCALECUHTI)
0100 Uy=SCALE(UV1)
g?nn 11~ﬂ
0300 XNORTH=125.0
0400 € GO FROM 125 KM N TO 585 KM N
0600 XEAST=195.0
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25 00 0
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2800 C READ CONSTANTS
800 107 FORMATCIZ). o
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3 RF STOP
3300 D0 15 Ni=1,NCO
A D = N1
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1' vy
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5 90—=
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=INT(1/2)
5100 IF (2*ND «EQe I) GOTO 17
5200 uRITE{s,1 5) i ' e
| 5400 STOP T st i i

E%%%‘ 17 CONTINUE
: 7= ‘ " e
3700 IF2TEM=AV+BV+2 a 7 L
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APPENDIX 3

Programme CONTOUR/20



'QUR/20 (04/23/30) ' 329

— 66— SET 4
e - 1 -

200 $SET LINEIEFD

=~
=)

el e e
AUNE (N
SOPOQOO
(g (plgl: o1
-
- COx=muz
o =
= . |
T )
iz
wE- >
o~
3.
v
>
~
~n
cCpoWw
mpo
nE=TUN
e (=]
-S| =
Oz 2
=
o ©
nMH<
=t~
AR YW
T W -vl
L=
—
V
l—l
=]

[y
o
SoPpodoogoo

SE

NG VA
READC7) Ma P X
1769 ﬁhk£34e—agrn
1800 D0 10 I=1»24
1900 READ(4»100) L INF
2000 I00 FORMATUIZ)
2100 READC4»200) (AMAPCJSLINE),J=1,24)
2200 200 FORMAT(9FB .1)
2300 10 CONTINUE '
2400 C READ DATA INTD_ARAY WITH X VALUE IN LEFT HAND SUBSCRIPT
2600 00 11 J=1,24
2700 AMAPJI==AMAP(Jr 1)
r4 44 =
2704 c cona:cr FOR UPSIDE DBHN ANGMAL Y VAL UES :
ZRAOND - AMAP JT+0 .03
2900 £ E i U
3000 c OFFSET VALUES ON CONTOURS SLIGHTLY
3200 ¢ INIT, PLUTE ﬁ ROUTINES <l
3300 550)
21 C ARY
500 ABGT==530., B ) _

3501 r4%E&EuBER_10_l&1ERI_BEQAMSE_OE_U£$LD£_QS¥N DATA
3600 ATOP==10.0
3601  C REMEMBER TO INVERT BECAUSE OF UPSIDE DOowN DATA
%é%ﬁ ¢ LDHEST LEV§86¥IGHEST LEVEL,INTERVAL (IN THIS CASE uNIrS ARE MILLIGALS

' VALUZ
4100 NUMCON=C (A TOP =ABQ )IAINT)+1-0
4300 ACT= 00.0;(10 5 5000)
4400 C WANT SCALE CM=10 KM)
4600 C SQUARE GRID
4700 JX233=235. 02 XEALT
Tnog' 1 = YFACT

! 5889 C NE-DEﬁZ En§63 gggg RBHTTN'
. 4

& 6

5100 XFACT=XFACT=20.0

5200 - YFACT=YFACT*20s0

5400 XBASE=XFAZT*1.0

5500 ngsE=vFRﬁr~1.o

5600 — C ®MOVE ODOWN AND TO LCFIT BT_UNf_UﬂIY

5700 xuaAg£=195.o

5800 [ MAP XBASE=195 KM F
| 5900 YMBASE=125.0

6000 - C MAP YBASE=i2§ ﬁﬂuﬂnn
) 2200 CALL CUMI R( ALUE’AMAPpZA,za’S?G,l-1&»1:24-x.¥)
‘ 300 WRITE(6»101) VALU 2

: ‘ 3y

6500 C LEFT HAND SIDE gF MAP

6600 - 290 1ACuE=!ALuE+&IﬂT

6700 C ODRAWN FIRST HALF - '

6800 % CA}% IQSMAP(HAPK’MAPY,XMBASErYHBASE)
| £900 - - L JRAW—MAP DTS
| 700Q - CALL BORDERCIX235»1Y475»,IX260)
{ 7100 C DRAW BORDER WITH REFERENCEZ POINTS

7200 CALL PENDP : ;

7300 CALL MOVETO0(0,1990) ,

23-A3/1
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(ABSC(MAPX(I))=XBASE)*FACT

CALL PENUP

CALL PENOWN

1X
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