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SUMMARY

A FORTRAN subroutine is described which provides the capability to plot
three-dimensional data on an interactive cathode-ray-tube computer terminal or
conventional plotter. The plotted data, which must be described in terms of
a series of two-dimensional curves, appears to form a surface in three-
dimens fonal space. Features of the subroutine include a capability for hiaden-

line computations, User instructions and sample programs are described.

INTRODUCTION

The subroutine DEPTHVW was developed in connection with a nced for plotting
wind-shear profiles, in which the magnitude and direction of the wind varied
with both altitude and distance from the runway. Conventiomil two-dimensional
plots, which only display functio~s of one independent variable, were not
adequate for presenting the spatial distribution of the wind velocities., The
DEPTHVW three-dimensional plots are intended primarily for obtaining a qual-
itative appratsal of the data rather than quantitative values. Axes and scale
are thus omitted from the riots in favor of picture clarity

The general-purpose design of the subroutine makes it suitable for plotting
any data which can be expressed as a function of two independent variables,
DEPTHVW is written in FORTRAN and ur~s the set of plot subroutines contained in
the TEKTRONIX Termina) Control System software package (ref. 1/, The user must

therefere have access to the TEKTRONIX package, although no familiarity with its




contents is reces:iry. The user need only specify in his program a set of

parameters which determines various plotting format options and identifie: the

data to be plotted.

SYMBOLS AND ABBREVIATIONS

CRT cathode-ray tube

HEPTHVW name of the three-dimensional plotting subroutine
FORTRAN a scientific programming lanquage

LRC Langley Research Center

NOS Network Operating System

PROGRAM THEORY AND DESCRIPTION

A function of twc variables can be represented by a surface in
three-dimensional space. The two independent variables define a point on a
base plane, and the value of the function is the height of the surface above
‘or below the plane at that point. If one of the independent variables is fixed,
and the other is permitted to assume a range of values, the function will
represent a "slice" of the three-dimensional surface. We are then restricted
to a curve on the surface, and the curve is in a plane, i.e., two-dimensional.
If the process is repeated by incrementing the value of the fixed variable, the
entire surface may be reduced to a set of curves that can be plotted.

The subroutine DEPTHVW depicts three-dimensional infarmation which is

described in terms of these surface slices. The slices are plotted slightly
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offset from each other to give the appearance of a surface (fig. 1). Using
a greater number of slices, which brings the surface lines closer together,
generally improves the surface-like appearance. A representation of the base
plane and a zero-reference line are plotted to aid the viewer in visualizing
the date surface (fig. 2).

The user must provide his own data slices (in the form of a FORTRAN
data array) one at a time to the subroutine DEPTHVW, along with several plot-
control parameters. The subroutine then plots the data at the user's cathode-
ray-tube (CRT) terminal, or alternatively generates a vector file which may be

used for off-line plotting. User specification of the control parameters

determines the disposition of hidden lines, endpoint connections, and various
other options, each of which is explained in the next section.

CRT terminals which are compatible for use with the subroutine include
the TEKTRONIX 4010, 4012/13, and 4014/15 Computer Display Terminals. NASA
Langley Research Center (LRC) users may also convert the subroutine output to
a format suitable for off-line plotting by following the procedures outlined

in appendix A,
PROGRAM USE

Prospective users must have access to the DEPTHVW subroutine and the
TEKTRONIX Terminal Control System software package. For Lanaley Research

Center users, the following job control statements are required (ref. 2 and 2):
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GET (DVWLIB/UN = 474795N)

ATTACH (LIBFTEK/UN = LIBRARY, NA)
LDSET (LIB = DVWLIB)

LDSET (LI1B = LIBFTEK)

DEPTHVW and two supplementary subroutines (a hidden-line routine and an
endpoint-connection routine) are contained in th- library file DVWLIB, while
the TEKTRONIX routines are contained in the library file LIBFTEK., The core
storage requirement for DEPTHVW and the necessary TEKTRONIX modules is
approximately 65K octal words,

For users who do not have access to DVWLIB, a FORTRAN source listing of
the DEPTHVW routines is provided in appendix B. Langley Research Center users

may also access tne DEPTHVW source statements by using the following command:
GET (DVSORCE/UN = 474795N)

The user's FORTRAN main program must assign values to several plot

‘control parameters, create or access the data arrays, and perform a

subroutine call to DEPTHVW. The syntax of the subroutine call fis:

CALL DEPTHVW (VLF,MODE,X,Y,M,N,XMIN,XMAX,YMIN,YMAX, IHIDE, IBAUD)

Each of the subroutine arguments has a specified type, purpose, values
and limitations. For all arguments except X and Y, values must be specified
prior to the first call to DEPTHVW and should not be altered on subsequent

calls.
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The use of each argument is explained below. Also appendix C contains sample

programs which were used to plot figures 1-10 on a TEKTRONIX 4014 Computer
Display Terminal.

VLF. - Viewpoint Location Factor is a real variable which may take on
values between 0.0 and 1.0. The purpose of this parameter is to vary the
amount of overlap of slices in the vertical direction, thus altering the
apparent viewpoint. Low values for VLF cause large overlap and the viewing
direction appears to be almost parallel to the base plane (fig. 2). Values
near 1.0 cause lictle overlap and the viewer appears to be looking down on top
of the data surface (fig. 3). The valve of VLF required to get the best
viewpoint will vury with the number of curves, the smoothness of the data, and
user preference. In general, the greater the number of curves, the smaller
VLF must be to achieve the same viewpoint.

MODE. - This is an integer variable with possible values 0, 1, 2 and 3.
This parameter specifies the method of handling endpoints for each data slice.
A value of 0 specifies no endpoint connection (fig. 4), 1 specifies connection
to the base plane (fig. 5), 2 causes endpoints to be connected to each other
and to the base plane (fig. 6), and 3 causes endpoints to be connected only to
each other (fig.7).

X,Y.- These are real arrays containing the data for one slice. Data must
be sent to the subroutine one slice at a time in order to reduce subroutine

storage requirements. Thus if twenty curves are to be plotted, the subroutine
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must be called twenty times with the X and Y arrays containing data for a new
slice each time. The x-coordinates are in the X array and the corresponding
y-coordinates in the Y array., Thus X and Y are of equal length. The values
in the X array should be in strictly increasing order if the user intends to
use the hidden-1ine capability. Also, the values in the Y array should be
within the minimum and maximum values specified in YMIN, YMAX or clipping will
result (especially on the first and last curves), The values in the X array
must be within the 1imits specified in XMIN, XMAX, On the terminal screen,
XMAX is in the horizontal direction and YMAX fs vertical.

M. - This is an integer variable which specifies the length of X and Y
arrays, i.e,, number of data points,

N. - This is an integer variable which specifies the number of curves
(slices) to be plotted,

XMIN, XMAX. - These are real variables describing the minimum and maximum
values of the x~coordinate scale. Data in the X array should be within these
limitg. values of XMIN or XMAX may be negative, zero, or positive, but XMAX
must be greater than XMIN. The values for XMIN and XMAX should be chosen as
close to the actual data limits as possible, If the data exceeds these values
the curve will extend off the base plane, and other unpredictable results may
occur. On the other hand, if the range of XMIN and XMAX far exceeds the range
of data values, the screen area is not utilized efficiently.

YMIN, YMAX, - These are real variables describing the minimum and maximum

values of the y-coordinate scale. Values may be any real number within
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hardware limitations, but YMAX must be greater than YMIN, Clipping will
result, especially in the first and last curves due to screen height limita-
tions, 1f the data in the Y array exceeds these limits,

IHIDE, -~ This is an integer variable which specifies the method of
handling hidden lines. Possible values of this variable are 0, 1 or 2, A
value of 0 specifies no hidden-line computation is desired, i.e., lines which
would normally be hidden will be plotted as solid lines (fig, 8). A value of
1 causes hidden lines to be plotted as dashed lines (fig. 9). A value of 2
causes hidden lines to be invisible (fig, 10).

If the hidden-1ine capability is used (that is, IHIDE nonzero) the user
should have at least 100 data points per curve. Fewer points than this will
reduce the effectiveness of the hidden-line checking algorithm. For example,
a supposedly invisible line will remain visible for some distance even after
going behind a surface. Also, the X array should be arranged in strictly
increasing order, Finally, the hidden-1ine routine checks only the previous
10 curves; if a line is hidden only by a slice 11 or more curves back, it will
be visible, Despite these limitations, the hidden-line capability is useful
in reducing the confusion of several curves close together on the screen.

IBAUD. - This integer variable specifies the computer terminal trans-

mission rate in characters per second.
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CONCLUDING REMARKS

DEPTHVW 1s a subroutine which plots a series of data points so that they
appear as a surface in three-dimensional space. It does not draw a continuous
surface, but instead pleis a series of two-dimensional curves spaced properly
so as to give the appearance of a surface.

The subroutine permits a qualitative, easily interpreted visualization
of data that depends on two independent variables. It has several limitations,
however, It was not designed to depict complex three-dimensional objects such
as structures. Also, to make full use of its features, the data must be in
strict order and within specified limits,

The subroutine 's sti1l in a developmental stage, and may contain
deficiencies that wiil show up with the use of different data. The authors
solicit user comments on the subroutine in order that further improvements
can be made.

Langley Research Center
National Aercnautics and Space Administration

Hampton, VA 23665
August 1, 1978
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APPENDIX A
USING DEPTHVW WITH LRC GRAPHICS POSTPROCESSOR

DEPTHVW may be used to create three-dimensional plots without an
interactive CRT terminal, utilizing the LRC graphics postprocessor to creatn

Varian or CalComp plots, The following steps are necessary:
A. Changes to Main Program

Access to the LIBFTEK co.mon block /JTB/ is required, The user must

include the following statements in his main program:

COMMON/JTB/ NFR, JREQ, DUMMY(8)

JREQ = 1

The first is a non-executable statement and must occur before any executable
statements in the program,

Setting the value JREQ = 1 in /JTB/ causes the plot vector file to be
written to file TTPE16 instead of file OUTPUT (the CRT screen) in order that
the data may be plotted off-line. In this case, the plot will not appear on
the screen, if the program is being run at a CRT, The user may also obtain a

plot on the screen by using the following batch control statements:

ASCII,
LNH,F = TTPE16,




B, Plot Vector File Conversion

The plot vector file must be converted from TEKTRONIx CRT format to a
format acceptable to the LRC graphics postprocessor, This is done with
procedure file MCOMP, and can be done interactively or in batch, Control

statements necessary are (TTPE16 is a local file):

GET, MCOMP/UN = 075768N
REWIND, TTPE16, MCOMP,
CALL (MCOMP)

REWIND, SAVPLT,

MCOMP converts TTPE16 to a LRC graphics vector file which is stored in SAVPLT.

C. Postprocessing

NOS does not allow postprocessing to be done interactively. The vector
file conversion described above can be done interactively and postprocessing
in a separate batch job, or the two steps can be combined in a single batch
Job.

Note that if conversion and postprocessing are done »s a single batch job,
the last two control statements in procedure file *.uMP should be deleted

before it is called. That is, the statements,

EXIT,
REDUCE.
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should be deleted from the user's copy of MCOMP hefore it is used in the
combined job described above.

Postprocessing requires the following batch control statements (SAVPLT is
a local file):

ATTACH (PLOT/UN = LIBRARY)
PLOT. "Device Name". . .

Reference 4 gives details on the LRC plotting devices and how to control them
with the PLOT control card.
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APPENDIX B
SOURCE LISTING OF DEPTHVW SUBROUTINES

SUBROUTINE DEPTHVWI(VILF1oNMODE]L o XPyYP M) N1,
SXMINL o XMAX ] o YMINT o YMAX] o IHIDEL o IBAUD)
DIMENSION XP(M]1)sYP(M])

COMMON/PARAM/ VLF o NMODE L IHINDE s

S IBLNK s TESToHFACNELX+DELYsMeNs I J1

S IBLNK2s IFLGy XMAX

DATA IBLNK/O/+IFIRST/1/

IF(IFIRST.NE,1) GO TO 100

LOAD THE COMMON BLOCK

VLF=VIF)

NMODE =NMODE §

IMIDF=IHIDFE]

M=M]

N=N1

XMAX=xMAYX]

XMIN=XMIN]

YMIN=YMIN]

YMAX=YMAX]

INITIALIZE AND CALCULATE WINDOW SIZE
Coy INITT(1RAUD)

IWDTH=102482/3

VHGHT= (YMAX«YMIN)SNSYLFe (YMAX=YMIN)
VWDTH=] ,5@ (XMAX<XMIN)

VBOT=YMIN

VLFT=XMIN

CALL VWINDO(VLFToVWDTHVBOT o VHGHT)
DRAW BASF PLANF

IHGHT= (VHGHT = (YMAX=YMIN) ) /VHGHT®TRN
CALL MOVABS(0+0)

CALL DRWARS(IWDTH4D)

CALL DRWABS (10244 1HGHT)

IFIRST=0

IF(l1.GT.N) GN TN 999
HFAC=(XP(M)=XP(1))/100,

TEST=XP(])

CALL MOVEA(VLFT,.VROT)

DETERMINE OFFSET FOR THIS CURVE
DELX=VWDTH/3,8(1=1)/(N=1)
DELY=(VHGHT = (YMAX=YMIN) i #(T=1)/(N=1)
IFLG=0

DO 200 J=]4M

DETERMINE COORPDINATES AND GRAPH POINT
XCRD=XP(J) «DELX

YCRD=YP(J) «DELY

IF(JEQqel) XCD2=XMIN+DELX
IF(J.EQ.1) YCD2=YCRD

ORIGINAL ‘_\,“,“‘5.
OF POOR QUAL“Y
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IF(J.EQ,1) CALL MOVEA(XCRD,YCRD)

Jl1=J

IF(IHINE JNF 0, A XP (L) «GELTEST) CALL HIDDEN(XCRDyYCRD)
CALL D~SHA(XCRD+YCRDsISLNK)

CONTINUE

ENDPOINT HANDL ING

DOWN1=YP(J]1)=YMIN

CALL MOVEA (XMAX+DELX,YCRD)

IF(1.EQel) DOWNP=YP(1)=YMIN

CALL ENDPT(XCDleYCD1oNOWNL ¢DOWNZ2XCD24YCD2)
XCDl=xMAX+DFLX

YCD1=YCRD

I=1+1

RETURN

END ;

SUBROUTINE ENDPT(XCD1osYCD]1oDOWN]L ¢DOWN?,
*xCD2oYCD2)

COMMON/PARAM/ VLFoNMODE o THINE s IBLNK o TESToHFACDFL Xy
SDELY o MaNe T o Joe IBLNKZ2o IFLGe XMAX

DATA IBLNK3/0/

MODE 0 IS DO NOTHING

IFLG=]

IF (NMODE .FQ,0) GO TO 99

MODE 3 1S CONNECT ONLY FIRST AND LAST CURVES
TO BASES$ CONNECT ENDS TO EACH OTHER

IF(NMONE FN,3, 8, T.NE:sl A, I.NE_N) GO TN 20

MODE 1 1S CONNECT FNDS TO RASE ONLY

CALLL DRAWR(0,9s=DOWN])

CALL MOVER(NDeeDOWN])

IF(NMOTF . F0Q,1}) GO TO 99

IF(1.EQ.,1) GO TO 30

CONNECT FENDS 70 EACH OTHER

CALL DRAWA(XCD1+YCD1)

CALL MOVEA(DELX«XMAXDELY)

CALL DRAWA (XCD4sYCD4&)

CALL MOVEA(XCD2.YCD2)

CALL HIDDEN(XCD2sYCD2)

IBLNK2=1BLNK

IF(1.EQ.1) GO TO S50

CHECK FOR HIDDEN END=LINES ON LEFT SIDF

IF(IBLNK2NE-0,0.,IBLNK3,NF,0) GO TO 70

GO TO BO

DRAW CONNECT TO RASE ON LEFT SIDE IF FIRST CURVE

CALL DRAWR(0.9=DOWN2)

CALL MOVER(0.9+DOWNZ)

PUT PRESENT ENDPT COORD, IN OLD COORD, LOCATIONS

XCD3=xCD2

YCD3=YCD?2

13
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T0

T4
5
16
79
RO

99

IBLNK Y= THLNK?

XCOa=DEL XexMAX

YCDa=DELY

G0 YO 99

DETERMINE HOW MUCH OF LEFT END=LINE IS MIDDEN
AND DRAW END=LINE CORRECTLY
IF(IBLNKZ NELOLALTBUNKINE,0) GO TO AD
XRT=XCD2

XLT=XCDA

YTOP=YCD?

YROY=YCDA

IFLG=1

DO 79 [TST=1410

XMID= (XRT&XLTY /2,
YMID=(YTOPeYROTY /2,

CALL HIDDEN(XMIDoYMID)
IF(IRLNK ., FQ.,0) GO TO 75
IF(IRLNK2,EQL0) GO TO 76
XRTaxMID

YTOPayYMID

GO YO0 79

IF(IBLNKZ2.,EQ.0) GO TO Ta

XLT=xXMID

YBOT=YMID

CONT INUE

CALL DASHA(XMID YMIDs IHLNKD)

CALL DASHA(XCDI+YCDASIBLNKY)

GO TO &0

RETURN

END

SUBRROUTINI. HIDDEN(XCRDeYCRD)
DIMENSION XCD(104110)eYCN(106110)
COMMON/PARAM/ VLFoNMODE o THIDE o IHLNK o TEST ¢MFACDFL X
ODELYoMeNe T o Jo IBLNK2 o TFLGe XMAX

INITIALIZE IF FIRST C'URVE+FIRST POINT
IFCCTANELYL ORGUGNF ]l ) d AL, THIDELNELD) GO TO §
DO & JUBLA=1,10

DO & KBLA=1,110
XCO(UBLASKALA)==]1000000,
YCO(JBLAKALA)==]1000000,

CONTINUE

IF(J.EQs1) GOTOID

DETERMINE IF POINT IS MIDDEN
IF(1.EQ.,1) GO TO 20

DO 16 L=2e10

IFIXCRDLGTLXCN(LLST)Y) GO TO 16
IF(XCRDLYLXCDI(L«Y)) GO TO 16

DO 10 K=1,LST
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15
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30
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99
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IF(YCRDLLTXCD(LeX)) GO TO 15
CONTINUE

IF(YCRDLY.YCD(LeK)) GO TO 21
CONT INUE

SET HIDDEN FLAG

IBLNK=0

GO0 TO 22

IBLNK==1

IF(IHIDELFQ.]1) TRLNK=34
IF(IFLG.NE,D) GO TO 99

XCD(19 ICNT)=XCRD
YCD()e«ICNT)=YCRD

IF(JeNE 1) TEST=TESTeHIAC
ICNT=ICNT e+

G0 TO 99

IF(IFLLG.NE,0) GO TO &
IF(T.NE&1) LST=ICNT=1

ICNT=1

IF(IFLG.NE,0) GO TO 6

LOAD PRESENT COORD, INTO OLD COORD, LOCATIONS

DO 35 KO=1,110

DO 35 L=1+9

LO=11=L

XCO(LO#KO) =XCD(LO=1¢KD)
YCO(LO+KO)=YCD(LO=1+K0)
GO TO 6

RETURN

END
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APPENDIX C
SOURCE LISTING OF SAMPLE PROGRAMS

Program CHECK] was used to generate figures 1, 8, 9 and 10,
Program HYPLOID was used to generate figures 2-7.

10

20

10

PROGRAM CHECK] (INPUTOUTPUT)

THIS PROGRAM PLNOTS A SPIKE

DIMENSION X(1001)sY(1001)

PRINT® g "NMONE ¢ VLF s IHIDEM

READ® ¢NMODE o VLF o IHIDE

CREATE DATA ARRAYS

DO 20 1=1,21

Z=EXP(FLOAT((1=1)®(2]1=1))=100.)

DO 10 J=141001

X(J)=FLOAT (J=1)/7100,

Y(J)EZREXP (X(J)®(10,00=X(J)))®TS ,/EXP(5,0882)
CONTINUE [

TRANSFER T0O DFPTHVW WITH DATA ARRAYS AND CONTROL
PARAMETERS = = 21 TIMES

CALL DEPTHVWI(VLF oNMODE ¢ XoY91001921
'0.010. o-lO.-SO..IHIDE-IEO)

CONTINUE

WAIT UNTIL USER PRESSES WRETURN"
CALL TPAUSE

END

.

PROGRAM HYPLOIDIINPUTOUTPUT)

THIS PROGRAM PLOTS A HYPERBOLIC SURFACF
DIMENSION X(1000)sY(1000)

DATA XMINXMAX g YMINg YMAXgMeN/=100,9100.0=1000040
#10000.91000420/

PRINT#"MODEsVLFe IHIDE 7%

READ® s MONE 4 VLF s IHIDE

DATA CREATION AND CALL TO DEPTHVW = = N CURVES,

M DATA POINTS PER CURVEsN CALLS TO PLOTTER

DO 20 I=1eN

FIX=100,=(1=1)2200./19.

DO 10 J=leM

X(J)==100-+()=112200,/999,
Y(J)=(X(J)esz=FT1882)

CONTINUE

CALL DEPTHVWI(VLF yMODE o XaYoMeNy XMINy XHMAX,
SYMINg YMAX s THIDE4120)

20 CONTINUE

WAIT UNTIL USER PRESSES "RETURN" KEY
CALL TPAUSE
END

of ¥
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Figure 1.- Three-dimensional surface shown as a series of two-dimensicnal slices. i
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