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A FORTRAN 1V 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 genmeral 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 Tektroniz 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
¢ in the horizontal plane (x,z plane) and then tipped forward by an angle, 6.
The projection in the plot coordinates is then obtained. The angle ¢ 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
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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 2 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 comstant x or
constant z cuts are used alone, the presentation obtained by not updating for
intermediate surface may be preferred [1] (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,
listings are not included, but functional equivalents must be supplied by
the user. MOVE (IX, IY) is equivalent to a '"pen up" command while DRAW (IX,

IY) is equivalent to "pen down", both with plotter motion to the point (IX,
. -

DESCRIPTION OF PARAMETERS
The call to the routine is:
CALL P3D (IXPA, IYPA, IYMA, MDIM, NDIM, NPTS, MLOW, IPL)
Arrays are dimensioned:
IXPA (O:NDIM), IYPA (O:NDIM), IYMA (MDIM:NDIM)

Definitions of parameters:

IXPA 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 IYMA

1 plot and update IYMA

The relationship of the various indices is diagrammed in figure 5. This
figure 18 a view looking down on the original coordinate system. Note that
¢=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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SUMMARY

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] "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 YMAX array is updated between plotting cuts to obtain an accurate
representation of e,
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Fig. 3 - Plot of surface using constant x cuts alone.
array is updated between plotted cuts.
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i Appendix A ~— Listing of the plot routine

; TVAE P3D.FR
f TING nmm TYPA, TYNA, NDIN NDIN NPTS, NLOW, IPL)
g ¢ ﬁﬁ?ﬂ: 'rg T FROA MARAYS AR kG R boEn LTreS’
4, 74
: f ¢ &x;ﬁn.:o INTERPOLATE PARTIALLY HIDDEN VECTORS
;! IRENSION IXPALOINDIN), IVBA(SINDIN), IVma(RDININDI)
> ! 'x’mnf:o.o ) GO TO 41 ~sDON’T PLOT, SUT LUPDATE MAX ARRAY
s | 0o 31 {nn-t.ms
g - RERLOUS (INDEX OF HAX ARRAY
: ESL'T'oma; (IXPA(S), IYPALO) );POINT IS BEGINNING POINT
B 7 I¥i=IvPA(I-1)
it 1¥2sTYPALT)
} IVALeIYMA(N=-1)
; TYR2e IYMACH)
IX{eIXPACI=1)
IX2s IXPA(])
5 C ARE BOTH PTS AROUE (OR BELOW) ¥
<3 TF(.NOT. (I¥2 . LE, IVAL. nun.xva LE.Iva2)) G0 TO §1
. csL#onggacxxa.xva) 3B0TH PTS BELOU
S st IF(.NOT. (1¥1.GT. IvM1.AND.IV2,GT.IVA2)) GO TO S2
- CALL DM (X2, Iv2) sBOTH PTS ABOVE
4 ¢ ONE END OF VECTOR 1S MIDDEN, SET UP T0 xumpowrs
7 s2 SNeFLOAT(IYN2-1VM1)/(IX2~IX1) ;SLOPE OF YMAX
i SPeFLOAT(IVA-IV1)/(1Xa-1X1) ;SLORE OF PLOT
. XsIXI+ELOATUIVL- Ty1 )e (SH-SP) " X & OF INTERSECTION
& YeSPL(X=-FLOAT( IX1 )-NIVl 4 ﬁ'l’ T W IN?ERSEC'"ON
; D-IFIXCX) NTEGER €00 aoiNaTE
. IV IFIX(Y 1
T ¢ DETERAINE o énp VECTOR 1S MIDDEN AND PLOT
f IFC M1, (11,67, xm AND. 1¥3.LE. Ivn2)) &3 10 53
A CM.L DRAWCIX,IY) LE
. anLonouEuxa.xvanmn RIGHT BELOU
> 53 CALL MOVE(IX,I¥) ;LEFT BELOV
' CALL DRAM (1X3, IY2);AND RIGHT ABOVE
3 CONTINUE
i e} goxag INDe 1, NPTS;UPDATE MAX ARRAY
ReNLOV
s mxvmn.ct.xvmnn IYPACN)STYPACT)
RETURN
A . END




Appendix B — List of coordinate transformation routines useful in generating piots

i TYPE 1S0PR.FR
f w‘x o Subka INE ISOPR(X,Y,2,XP,vP,18)
C 9/
- E Psﬁ%sonstzg&mm CTION OF INPUT SVSTEM (X,¥.2)
: i ¢ 15-1 IF 2P 18 POSITIVE, Rt NEGATIVE '
Ge | XPe(%-2)20.86603 :
1y YPaY=(X+2)20.5 ;
181 :
3 : RETURN i
END !
., 1
'- }
;o TYPE ROTC.FR )
. SUBROUTINE ROTC(X,Y,2,XP,YP,ZP)
M. C HPC 9-9/81
; S ROTATION OF COORDINATE SYSTEN (X,v,Z) 10 NEW
e ¢ COORDINATE SVSTER (XP. ¥P
€ ROTATION BBOUE % CTOGARD' ) B THETA
’ ¢ ;usg“?o ATE ADOUT NEU ¥ (TOUARD ORIGINAL 2} 1
q C CTH.STH ARE SINE,COSINE % mu
4 C CHP.SPH ARE SINE,COSINE OF
) ¢ rues: MUST BE SET IN COMMON
i g OR EXAMPLE,BY CALL TO SROTC
. COMMON/CROTC/CPH,SPH, CTH, STH
; XP=XSCPH-28SPH
YPeY3CTH-ZECPHES TH-XSSPHESTH
. zp-zxcmxc'ruox:smacmwxsm
A‘ END
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Appendix C — Listing of program used to generate plots shown in the figures

¢ Mo nomn FOR_HIDDEN LINE PLOTTING, HPC G/9/81
xmxm l'l':(.ﬂ‘.).!M(.l!“l.!ﬂ(-ﬂ.n“)

) AL INTTY
A n-:.a:xss?

2 %  ACCEPTI'1as 1,1XC jCENTER OF SCREEN COGRDIWTES

) Scccepz e N2 $ nm:u; LENGTH OF AXES IN SCREEN POINTS

1A NDIU-158 1"""&.2; msm‘: LE DIVISION ALONG AXES

. 4 ,

; ¢ * eyt OFWUHBER OF DIVISIONS O AXES BETUEEN PLOTTED GR1Ds

:cccm- UPDATE AAX ARRAY BETUEEN GRIDS? (TVPE 1 FOR VES) *,NS

ADIReo156  THSET LOWER DIMENSIoN OF ¥ X ARRAY

b NDINe15® ,SET UBPER DIPENSIONS OF AR

Y o TY? E

. TYPE® AT BREAKS WITH SOUND OF BELL®
- TYPE® RESUI!E OPERM’IG! BY INPUTTING NUMBER AND CR®
b i TYPE® (INPUT OF 1 RESTARTS PROGRAM AT BEGINNING)®

L TYPE
g ACCEPT® INPUT t FOR PLOTTER OUTPUT *,NP ;SELECT SCREEN OR PLOTTER
I, IF(NP.NE.1) GO TO

1 g . ;v“ssé SUITCH TO AUX OUTPUT, BACK TO TTV AT END OF PLOT®
p caLL P

c.'-zs IF(NP. ns.u CALL CLEAR ;CLEAR SCREEN FOR GRAPNICS
, g GO TO PLOTS
o NLIN<2ENDIU+L
: DO 29 Ne=i, nun SCLEAR MAX ARRAY
x-u-«oxu

I’ 29 IYRa(l
o CALL cnmcse) $SET CRAPN MODE AND VECTOR TVPE

c
g DO Z=CONST CUTS
DO 37 Ne1,NPTS LOOP OVER 2

. n-1
p z-rmx-.mrmmnw) CoomDINATE oF cuT
MLou=ADTfe] _{SET DEFY mbar Ry AAK ARRAY
. IF (Ao0CJ, Neurd. Ea. 85 0010 240 DETERMIAE SIeTAER T0 PLOT
' v ET0%
3 IF(NS.0.0.AND.IPL.EQ.0) GO T0 37 ;DO NOT UPDATE FOR INTERMEDIATES
‘ D0 33 Ne1,WPTS ;PUT TRANSFORNED X,V 1N ARRAYS AND PLOT
Xe 1ECFNMAX/NDIV)
TXoX~-FNIAX/2. 5 TRANSLATE
1Z22-FHRAX/2,
ano-som'rxnaorzna)
ARG (RHO/ (FNMAX/ 8. ) )8, 3P
N<PNRAXSABSCCOB (ARG ) ncosmoznzrumm
1F(AHO.QT, (FNMAX/R. )} ¥

11




Appendix C (Cont’d) — Listing of program used to generate plots shown in the figures

$8

SOPRON,Y, 2,008 180 |IGORCTRIC PAGIECTION (FLOATING)
ot tte s TRAGLATE TATSCREEN CooRDIMN

4‘:351.‘&3‘)5&.:#. xvna.nnxn.mm.uns.m.ou.m.) ;PLOT ARRAY
CALL ROVECO,10) AOUE NEWR JOTTON LEFT
ShLE Aonatsl® adfoms T AODE
TN ead.
caLL peLL
ACCEPT TGOM
BECICoN.Ea 1) 00 TO 99 JRESTART
IF(NP.EQ.1) CALL PLOM
CALL GRAPH(9G) sRESET GRAPH NODE AND VECTOR TYPE

c
g DO X=CONST CUTS

39
¢

43
4?7

DO 39 Nei,NLIM ;RECLEAR MAX ARRAY
I=N-NDIV-{

IYMALT)=0

no 47 Re1,NPTS  ;LOOP OVER X

XOFM-JI(FNHM/NDIU) 3X_COORDINATE OF Cut

ALOUe-J MOST POINT OF MAX ARRAY

IF CRODCJ, G g eh o aa™ BToT or UPDATE?

1

IF(S.£0.0.AND.IPL.Q.8) GO T0 47 DO NOT UPDATE FOR INTERMEDIATES
D0 43'Ne1.FPTS " ;PT TRANSFORRED cObRDINATES IN ARRAYS AND
2PN T3 (FHMAANOLY)

T2:2- 2,

RMOSQRT (TXR324T2533)

ARG (RHO/ (FNWAR/3. ))

15.3P1/2,

YoFNRAXIADS (COS(ARG ) )IOOSC RHOZPTI/FNMAX)
IF(RWO.GT. (FNRAX/2,)) Y+,
CALL ISOPR(X,Y Z.X’,VP. IS)
IXPALL )-)0' IXC
IYPA(L JevPelYC
CALL PID(IXPA,1YPA,IYNA,MDIN,NDIN,NPTS,MLOW,IPL)
CONTINUE

CALL MOVE(OQ, 0) sHOUE TO LOUER LEFT
IF(NP, EG.U LL PLOFF

CALL ALPHA RETURN T0 aLPHA RODE
CALL BELL .sxdw. no

é;lt'xcon.so.n GO TO 99 ;RESTART




