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A FORTRAN IV PLOT ROUTINE WITH HIDDEN

LINE SUPPRESSION FOR USE WITH SMALL COMPUTER SYSTEMS

INTRODUCTION

A frequently encountered problem in computer graphics is the presenta-
tion of plots representing the value of a single dependent variable as a
function of two independent variables. A commonly used solution to this
problem consists of a depiction of a grid located on the surface represent-
ing the function. The curves comprising this grid are obtained by letting
the remaining independent variable vary. The viewpoint is then established
by coordinate rotation, with respect to the plane of the graphics medium,
and the projection of the curves comprising the grid are plotted on this
plane. In order to avoid a confused or ambiguous plot, some method must be
used to suppress portions of the curves which would be hidden from the view-
ers position.

This report presents a routine which has been found useful in solving
this hidden line problem. Simplification of the general problem has been
used to provide a method which is suitable for use with small computer
systems. The routine was developed for use with a Data General Corporation
NOVA 800 with associated Tektronix Incorporated graphics terminal equipment.
The coding, however, is Fortran IV and is easily adapted for use with other
computer systems.

DESCRIPTION OF THE ROUTINE

Plots made using the routine are shown in figures 1 through 4. A list-
ing of the Fortran IV source code is included as Appendix A. The comments
included in the source listing should allow the program flow to be followed
once the parameters and general method are explained.

Consider the function to be represented to be of the form: y - F(x,z).
We wish to depict curves of y - F(x - const., z) and y - F (x,z - const.).
Taking one of these curves, the coordinates are transformed by a rotation of
0 in the horizontal plane (x,z plane) and then tipped forward by an angle, 9.
The projection in the plot coordinates is then obtained. The angle 0 is
required to be 45 degrees. This allows the entire problem to be handled in
terms of indices of arrays, which simplifies the program and economizes on
storage requirements. The coordinate transformations are the responsibility
of the calling program. Listings of two routines, useful in this regard,
are included in Appendix B.

The transformed data is stored in two arrays (IXPA and IYPA) giving the
projected coordinates of the data. Hidden line suppression is accomplished
by comparison with an array (IYMA) which stores the maximum Y encountered

Manuscript submitted January 25, 1982.
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as a function of index. IYMA must be properly initialized in the calling

program but is subsequently maintained by the plot routine. Plots should
be accomplished from front to back. That is, constant z cuts must start
with maximum z while constant x cuts must start with maximum x. Furthermore,
at the completion of one set of variable equals a constant cut, IYMA must be
properly reinitialized to the projected view of the front of the surface
before proceeding to plot the other set.

Provision is made for updating of the IYMA array for values of the
independent variable between plotted constant cuts. This gives a truer
picture of the surface as a two dimensional solid (see figures 1 and 3) but
may not be desired in some instances. For example, if either constant x or
constant z cuts are used alone, the presentation obtained by not updating for
intermediate surface may be preferred [11 (also see figure 4). For experi-
mental data, intermediate values for the "surface" are frequently unknown
and consequently demand the use of this option. The routine calculates the
intersection of the line segment joining adjacent data points and the line
segment joining the pertinent stored maximum y points and only plots the
appropriate section of the functional curves. Two plot routines, MOVE and
DRAW, are referenced in the routine. Since these are hardware dependent,

• ilistings are not included, but functional equivalents must be supplied by
the user. MOVE (IX, IY) is equivalent to a "pen up" comand while DRAW (IX,
IY) is equivalent to "pen down", both with plotter motion to the point (IX,
IM.

DESCRIPTION OF PARAMETERS

The call to the routine is:

CALL P3D (IXPA, IYPA, IYMA, MDIM, NDIM, NPTS, MLOW, IPL)

Arrays are dimensioned:

XPA (O:NDIM), IYPA (O:NDIM), IYMA (MDIM:NDIM)

Definitions of parameters:

IX4A is the x plot array.
IYPA is the y plot array.

IYMA is the array storing maximum value of y encountered for a
particular index.

MDIM should be set - -NDIM in the calling program
MLOW must be set equal to the lowest value of index for IYMA

(i.e., the left most point) in the calling program.
NPTS is number of points to be plotted.
IPL = 0 don't plot, but update ITMA

1 plot and update IYMA

The relationship of the various indices is diagrammed in figure 5. This
figure is a view looking down on the original coordinate system. Note that
0-45*, variation in 6 does not effect these relationships. This is the key
to the simplicity of the hidden line routine.
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SUIHARY

A routine useful for plotting "three-dimensional" representations of
single valued functions of two independent variables, or the equivalent in
experimentally obtained data, has been described. The method used limits
the rotation of point of view in order to economize on required computer
resources, thus making the method applicable to small computer systems.
Hidden line suppression is implemented, including the optional suppression
of those portions of plotted cuts which would be hidden by the surface
between cuts, in the event these intermediate values for the functions are
known.

REFERENCE
.1 [I] "A CDC 3800 Computer Subroutine for Producing Isometric Plots on the

565 Cal Comp Plotter", H.A. Brown, NRL Computer Note 31, 1 Aug 1969.
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Fig. 1 - Plot of a surface using both constant x and constant z cuts.
The YMDX array is updated between plotting cuts to obtain an accurate
representation of the surface.
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* - Fig. 2 - Plot of surface, as in figure 1, except the YMAX array is not
updated between the plotted cuts. The deficiencies in the representation
of the surface are apparent.
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Fig. 4 - Plot of surface, as in figure 3, except the ThAX array is not
updated between plotted cuts.
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Appendix A - Listing of the plot routine

U 3RMFTRN P33(IW* type ZYRA MOR NORM NFTS NLOU.RPL)
C O T o PLOT Vwh@ ARAY BELANCA Miztv LINES

C wc sols/it
C MODIFIED To INTERPOLATE PARTIALLY HIDDEN VECTORS
C 9K M0421

DIFMANUON INPA(O.DR IYPm mo8ND), IymmuNlmS"DIN I
IF(IPL.E~o.) GO TO 41 SDOWT PLOT. BUT UPDATE FM~ ARRAY
DO 31 IND*..PT

N*N"LOV~IINDEX OF MAX AWRAY
IF(I. NE.0) 00 TO 33
CALL MOV(IxPA(O),IYPACO)3,POINT IS BEGINNING POINT
GO TO 31

33 IYIOIYPA(R-1)
IYR*KVPAQ )
IYN'IMA(N-I)KY~la. IYA(M)
XXI. I)CAC 1-1)
IX8I)IPA(I)

C ARE BOTH PrS ABOVE (OR BE LOW) YNAX?
IF(.NOT.CIYI.LE.YMI.AD.Ya.LE.YND3) G0 TO SI

*CALL MOVE(IXa.IYa) $BOTH PTS BELOU
GOTO 31 G OS

CALL DRAUiZXa.IYa) jlOTH PYS ABOVE
GO TO 31

C ONE END OF VECTOR IS HIDDEN, SET UIP TO INTERPOLATE
52 SMFLOAT(IV~a-IY1)/(IXa-INI) sSLOPE OF YMAX

SP*FLOAT~tye-Yl)/cIca-I(1) ISLOPE OF PLOT
X*ZXI.FLOAT(IYt-IYM1)/f(SM-SP) IX AT PT OF INTERSECTION
YSP*UX-FLaAr(zwXI)4IYI ly AT PT OF INTERSECTION
IX*IFIX(X) jINTEGER COORDINATES
IY'IFIXCYI 0!F INTERSECTION

C DETERMINE 1&4ICH END OF VECTOR 1S 14IDDEN AND PLOT
IF(.NOT.(IYI.GT.IYMI.AND.IYa.LE.IYNa)) 40 TO S3
CALL DRAII(X.),L6EFT ABOVIE
CALL MOUECIX II3)AD RIGHT SELOU
GO TO 31

53 CALL ROVECIX,!Y) sLEFT BELOW
CALL DRAWdIX .IMI~AND RIGHT ABOVE

31 CONTINUE
41 DO 36 INDaI.NPTSjUPDATE NAX ARRAV

I *IND-I
MaMLOU.I

3S IF(IYPA(R).GT.IVMA(M)) IYNMA(N)-IYPA(R)
RETURN
END

R



Appendix B - List of coordinate transformation routines useful in generating plots

TYPE ISOPR.Fft
S4LIROUTIME ISOPRXMY.2,XPlVP IS )C HP(: 9 19/81CPERORM ISOMEYTIC PSOJECl';0 OFr INPUT SYSTEM (X,V.Z)

C ON TO SCREEN COORDINATES (XP YI
C IS-1 IF ZP IS POSITIoE. -1 If NEGATIVE
C (P- (N-Z )zS.U~fl

YPuY-(X.Z )U.S

-' IF((X-Z).LT.@) 1S0-I

RETURN
END

TYPE ROTC.FR
SUIROUTINE ROTC(X,,Z.XP.VP,.ZP)

C HPC 9/9/81
C ROTATION OF COORDINATE SYSTEM (X.VZ) TO NEU
C COORDINATE SYSTEM CXPVPZP)
C ROTATION ABOUT X (TOuRD Z) IV THETA
C THE" ROTATE ABOUT NEU V (TOUARD ORIGINAL Z)
C By PHI
C CTHSTH ARE SZNECOSINE OF THETA
C CHPSPH ARE SINE COSIME OF PHI
C THESE MUST BE 4f1 IN CORMON
C FOR E)MPLE.DY CALL TO SROTCC

COMMO'CROTC/CPHSPH, CTH.STH
XP-X*CPH-ZSSPH
YP-Y$CTN-Zs*CPHST-XS% PSTH

•z2PmCH$CTH+X*SPH$CTH+YSTh
RETURN
END.
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Appendix C - Listing of program used to generate plots shown in the figures

C MR tORA P HIFO DDEN LINE PeOIJG IW I I,9,1
DIMENSION IYPA( II XPIS6J.IYNAC-15etI-SJ
CALL INTT
IS..
PI.3.1441598
RADO6I0. sPI

99 ACCEPT' IXC? ".IXC jCENER OF SCAEE COORDINATESI ACCEPT* IYC? * %TO a
ACCEPTO "MX aNX * LENGTH OF AXES IN SCREEN POINTS

FNMAX. NAX aFL&AT AXIS LEN1GH
NDIV-: 1,, 4  RER OF POSSIBLE DIVISION ALONG AXES
-4oS- D[U4, j;NUNSER OF PLOT POINTS
ACCEPT' NCUTI 'NUT jNUMKEN OF DIVISIONS ON AXES lETUEEN PLOTTED GRIDS
ACCEPT* UPDATE MX DEbW B[TUIEN GRIDS9 (TYPE I FOR YES) -,%N
MDIR-ISO zSET LONER DIMIENSION OF YVAX ARRAY
NDIR-S6 jSET UPPER DINENSIONS OF ARAYS
TVP
TYPE* AT IRNEACS UITH SOUND OF SELL'
TYPE6 RESUMIE OPERATION DY INPUTTING NUMBER AND CR9
TYPE* (INPUT OF I RESTARTS PROGRM AT BEGINNING)$
TYPE
ACCEPT* INPUT 1 FOR PLOTTER OUTPUT *,NP *SELECT SCREEN OR PLOTTER
IF(IW.NE.1) GO TO 8S
TYPEG SUITC14 TO AUX OUTPUT, ACK TO TTY AT END OF PLOTO
PAUSE
CALL PLON

5s IF(NP.NE.1).CALL CLEAR ;CLEAR SCREEN FOR GRAPHICSC
C GO TO PLOTS
C

NLIN.ISNDZU*S
00 a9 Nu-.NLIN CLEAR MAX ARRAY
l-t-NDIU-1

29 IYMA(I)-G
CALL QRAPH(56) iSET GRAPH OE AND VECTOR TYPIE

C
C DO Z-CONST CUTSC

DO 37 R*IIPTS SLOOP OVER Z
JeN-2
Z-FNNAX-JS(FNMXM/vDIV) Z COORDINATE OF CUT

LOU'-MDIM+J SET LEFT 1OST POINT OF ANX ARRAY
IF(MOD(JNCUT). E.3) GO TO 34 ;DETERMINE UNETHER TO PLOT
IPL-@
GO TO 36

34 IPL'1
36 IF(NS.EG.S.AND.IPL.EG.6) GO TO 3? IDO NOT UPDATE FOR INTERMEDIATESC

DO 33 Hel,1P4iTS SPUT TRANSFORMED N,Y IN ARRAYS ND PLOT

X*IICFrAX/MDIU)
TX'X-FHMAX4. S TRMSLATE
7Z'Z-FHN AXI.
RHO'SGRT(TXS1I+TZRsE)
AGg (RHO/(FMNAXs.I ))*S. vP4.
V*FNAS-NIAS(COS(ARG) )ICOS(NUIWPI.'FMRAX )2Fr(RNO.OT. (FNNAx4J. YeSo.
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Appendix C (Cont'd) - Listing of program used to generate plots shown in the figures

k ISMC Y Z*X VP10 SOMM R OM.P OETION (FLUATING)

CALL IPc3(1MM. ZYJA. 2YN.N0NDIORNPTS.NMM, IPL) sPLOT AMOAY
37 CONT aU

CALL NOUCCO 10) OKN BOTTOM LEFT
ALHAI.~dUTMf TO ALPHA N001

CALL ELL
ACCEPT ICON
IM(COII.1O.1) GO TO GO SAMART
IF(NP.EQ.1) CALL PLON
CALL GRAMM) SMISET GRAP NOD ANO UECCIC TYPE

DO 39 N-L NLIN SRECLEAR MAX ARRAY

39 IYRAI V-9
DO 4? N.I.IPTS SLOOP OUER X
J.-1
X*FNMAX-JS(FHMAN-ND!U) SX COORDINATE OF CUT
MLU- LFMS ON OF MAX ARRA
IP(ODJ.CuG906 G0 TO 44 SPLOT OR UPDATE?
GO TO 48

44 IPL-I
46 IFNS.EG.O.AND.IPL.EG.) 40 TO 4? jDO NOT UPDATE FOR INTERMEDIATES

DO 43 Ne.RS .9 PUTl TRANSFORMED COORDINATES IN ARRAYS AMD PLOT
I-"-I
ZOMAeX-IS(FHKAXNDZU)
TXOX-FFRWV.2

ARCO(R-OWW.4

Y*FNNAXZADS(COS(AEG) )RCOS(RHOP?"FNNAX I
IF(HO.GT. £FHMXN.4.) Yes.
CALL ISOFR(X.Y.ZXPYP.ISi
IXPAI I)sxp+Ixc

43 IYPA(Z).VP+Ivc
CALL P3D( IXMMIYPAIYANDIN.NDZ.NPSI LOUIPL)

47 CONTINUE
CALL MOE(G.0) SNOUK TO LOUER LEFT
IF(NP.E3.1) CALL PLOFF

4 CALL ALPHAM3 jEETUMN TO ALPHA NOOK
CALL DELL ISIGNAL 0HO OF PLOT
ACCEPT teON
MFICON.EQ.1) GO TO U9 lRESTART

END
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