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ABSTRACT

4 graphics application packagé consisting of FORITRAN IV
sybroutines has been developed to drew two and three dimensional
T:pictures on drum plotter attached to the computer system
LfBH 360/44 under the batchuprocessina environment of the
operating system PS_44. In two dimension 1t provides subroutineés
not only for usual point plotting and histogram but also for
number of geometrical shapes with a built~in capabilitly of
rotating them as desired. In three dimension a method of slicing
has béen used to draw 3=D graphs as well as approximate 3-D
vperspective of the solid objects. Finally a true wire-frame
perspectivé could be obtained for the objects defined 5oth in
terms of points and lizes. Various perppective views can be
obtained by changing the view point as well as rotating the

object about any arbitrary axis.

Leywords:

1) Batch—-computer graphics for drum plotier
2) Two-dimensional plotting
3) Three—dimensional plotting

4) Geometric drawing
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INTRODUCTION

Thé’combuﬁermgfaphics is.one of the most joscinating
Mm]ications of modern compuiérs. The ﬁraphical displays

enerated by computer help considerably in solving many problems
in information processing. In JSact it would nét be an exaggeration
to say that the compvter graphics add one more dimension to the
otentialities of the computer rs a problem solving tool. Various
Jnmes of devices can be attached to the computer to obtain the
ﬂwphzcal displays. The chozce of these devices would be maznly
 mmerned by the requirements of computer users. The display
‘devices such as digital plotters, film recorders etc. are gquite
: ﬂow and are therefore used only as output devices to generate

' the pictures. Very often these devices are used as off-line

_independent units. Such a system is quite usejul in its own

“Tright and may be called as 'batch computer graphics’. However,
the appeal and the scope of the term ”computer'graphics" haes been

mneinly through what is described as 'Ihteractive Computer Graphics',

Compared to batch computer graphic system, the interactive
mmputer graphic requires both better hardware support and
Sophisticated software support. 4 fest and versatile graphic
'mﬂ?display unit with a suitable accessory jor feed back such
Us Iignt pen etc., attached to the computer would, 1in general,
form the hardwere requirements of the interactive graphic system. It
May be noted that the display unit in intercctive graphic system

S¢rves poth as znpu and output unit. The complex software system

eel
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s required to support the.inieradtive computer graphics_syst%;
Due to fast response df'%he ﬁeuice, the interactive graphic 3%5
inekes it possible to have a ’dialogue’ beﬁween the user and the
system. In fact the sysiem can respond to the 1:5er @s fdst as
can respond to it. This on-Iine conversation is o great assetv
application3~suchvas computer - agided design (CAD), computerhawe
instruction (C4I), artificial intelli ence, information retriéWI
etc. The Zesign of in .eractipe compiter graphics involves all
,’these.branchesiof computef technology that allows us to interaqe}

with a computer process by means of pictures.

In this note we repoft the development of 2-D ( two--"
dimensional) and 3-D( Three dimensional) graphics application
paékage to be used on the sustem IBK 360/44 with andonmline‘
adrum plotter device uﬁder the batch=~processing environment
of the'operatina system 44 PS, ﬁé in any batch computer grapﬁiw?

the drum plotter has been merely used as output device. The

package consists of sct of subroutines in FORTR.N IV language,

The package displdys_the picture on the »naper in o
rectangular frame defined by the user. This framé nay be colled
¢ screen or a window. Fizing the - window cenire and varying ifsfr
size bhanges the magnification of the.display. further by
changing the centre of window it is possible to move the picture

in eny pert of the window.

7 » . ‘. . . A . . 5 ¢ 5
In 2-D graphic packace the boints in the object coordindlt
space iay undergo various transformnations such as scaling,

ﬂ‘j



bﬂnibn, transkation eic;_The iransformed points are later
legcied to two-dimensional clipping transformalion to ensure

nat +the portion of the picture that goes outside the specified

“mOwgisvauﬁomatically clipped. Besides the gsual 2-D plottiing

ﬁ@_package consists of subroutines for histogram and various

ﬁmﬁwtrical Sigures.

drawinge.

The package cCGn, tus, be used jor ceometrical

In 3-D graphic package the points in the object coordinates

‘@mce are first transformed by 'viewing transfornation' to get
the perspective view of the object. The perspective view thus.
Mﬁained’wauld undergo the three-dimensional clipping transfor-
pmtion; Subsequently the tronsformed points would, in general,
be subjecfed to another transformalion to eliminate the hidéen
lines and hidden surfaces of the objects to‘increase fhe three-
dimensional efrect. Howevers nost of the algorithms to eliminate
the hidden lines and surfaces are quite time=cpnguming besides
‘being too narrow in their applicabiliﬁy, e, therefore, do not
apply the transformation to TI'@move kidden. lines and surfaces,
Q%ys Finally we vet whatl can &€ described as "Fire

o

of the solid obgjects. Fe obtain these drowinss when the ohject

is specified in terms of object—coordinate points as well as

when it is specified in terms of lines on the objccts. Besides

the perspective plotting we give a simple method of plotting
“the 3-D object by dividing the object in

tq any co—ordinate aris.
oed

mrane Drowings”

thin slices pcrpendicular



In section 2 we describe the details of the subroutine

developed for 2-D pictures. In section 3 we describe the SMbrw%%
ut

to plot the 3-D object by method of slicing. In sectiond we i, -
£ i ) Jll)er.

3

the details of perspective plotting of 3-D objects described

™

both in terms of points and lincs. The appendix-~I givcs the

~transformation metrices to be used in two-dimensional space. Tp,

-

cppendix-IIl gives the transiormation matrices ised in threce-

dimensional space. The appendix—IIl oives the complete 1list of
subroutinces developed for this packare. The appendix—-IV rives

the details of the control cards to use these subroutines.

»05
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II _ T0-DILENSIONAL GRAPHICS

To display a two—dimensional object on the output device,

, primerily requires the points on the objcct as obtained in

\

v co~ordinate spacc fized in it. These points are called the
sints in the object co-erdinate space. These points usually

P |
QMGTQO various tronsformations of scaling, rotation and translation
dsdescribcd in appendix I. Before these points are displayed on
the réctangular Frame defined on the device, each one of tThem 1is
»dmcked to see if it lies outside the jrame. If so the point 18

. omitted. In case of objects defincd DY lines with two poin’s, the

“decision is not quite siraight Fforward. If both the points liec

‘MMSide the frame, then of course the line will not he displayed.

Fowever, when only one point Iies ouiside the frame and other

fmm inside the frame, it implies that part of the lin€ can Dbe
‘seen in the frame. The operation to deterinine which portion is
seen’and which is clipped 1is basically reduced to find the point
of intersectién of the line and the sides of the rectangular
frame, This process which is lknown as two—dimensional'clipping
ensures ithat portion that goes outside the defined frame has been
witomatically clipped. 1he points and the lines which are visible

on the frame are subsequently displayed on the output device.

The points in the objéct coordinate space can be obtained
either by direct measurement or they can be generated using
mathematical equations. Ve hove developed the package. of
5ubroutines to display the two-dimensional pictures when the

Object points are available. Besides the display of dencral
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two.dimensional giuen points, the,subioz*ines.kave been deDGJOME
to obtain vaorious ge omef/zcal siapes. e de scrzbc the brief

déscriﬂézon o; verious subroutine aua17a0]c in the package,

7) SUBRCUTINE LINE (X1, Y1, i2, Y2, 1HZT4)
¢ subroutine io drew a Iine joining the points (X7, Y/)QM

(X2, ¥2) when rotaced throuon an angle THET4L in decrees

about the point (I71,771), These subrouiinc takes into

account the clipping iy any. It colls two subroutines

vig. ROTPT and LATEUL,

2) SUBROUTINE EQITRA £y ¥y AL, TEET L, S, INDEX)

It draws enequilateral triangle at a point (Agij with AL

as the length of its &ides after rotating it through an .
ongle THETA in degrees about the point (X,7). Then INDEX

15 non zero, the vertices of the trainole are connected

L

-+
A

0 the central point. The watrig 5(3,3) gives the vertices|

of the triangle in the scqguence starting from the perter
on the left hand side in the clochkwise direction. It calls’

the subroutines ROTET, LATLUL and LIV

3) SUBROUTINE RCTHGL (1,7, 4L, BL, 75T, S, THDEY) ]

o subroutine to drow o recfangle with sides AL (verticell
and BL (horizontal) at é point (X,Y) after roteting it
through an angle THETA abcouyt the point (X,7), Fhen INDEX
is equal to O when diqgonals‘of the rectangle arc not

drawn, 1 when they aore drawn, The array 5(4,35) gives
s & / Ly £

se?
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the vertices of the rectangle in thé& sequence starting

from the lower vertex on the left-hand side in lhe clockwise

direction. It calls the subroutines ROTP@, KATHUL and LINE.

SUBROUTINE PRLGRL (X1,Y1,4V,. H, J¥H, TH.E, Fy INDEX)

a subroutine to draw o parallelogramn with AV as its vertical
side and AH as its horizontal side ond with an angle AVH
in_degreés between them after rotatins through an angle
THETA in degrees about the point (X1,¥Y7). Fhen IFDEX is
equal to zero, the diagonals are not drawn and one when

they are drawn. The array P(4,3) gives the vertices of the
perallelogrem in the sequence starting From the lbwer vertex
on the left hand side in the~ciockwise'diréétion{ It calls

the subroutines ROTPT, KATHUL and LINE,

Continued to next page
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5) SUBROUTINE F'RAFPEN (X;IZ;iV,AEUQJQVH;EY

Q

a subroutine to draw o symietric trapesiunwith Lowep

horizontal side of length LHL and soth the vertical S ide,
equal o iV. The angle betwecen AKL and AV at the Lowen

’Jefi vertex (i,Y) is 4AVE in dearces, The treapesium is
drawn ofter rotating it through an engle THETL in degrws
‘about ihc point (X,Y). INVDEX is equal o zero when the

diagonals are not drawn and one when they are drawn, The-

array F(4,3) oives the vertices of the trepezium in the

- sequence starting from the lower vertex on the left hand

side in thc clockwise direction. It calls the

ROTPT, ATLUL and LTHE,

5) SUBROUTINE CVXPLG (1, Yy NSIDE, il, T

Lo Py THDEX )

¢ subroutine to draw o symmeiric convex polygon of WNSIDE

sidcs, each of Ienath AL aqt a -point (I,7) after rotating

it throuoh an anglc HETA about the same point. IHDIX
o bl A

ot LI

1S equal to zero when the

vertices are not connectaed to

“the central point and one oj they are connccted, The array
P(15,3) gives the vertic

vad

25 0]

[

the polygon in the seguence .

starting From the lowest left vertex in the clocliwise

direction. It calls the subroutines ROTPL, . iTHUL and

LINE,
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9UBROUT113 4ARC (X7 7 X2, YZ H,“,INDEX)

a vbrouitnc to drawn a7 arc connecting the points (X1,71)
and (323Y2) with heioght eq”ﬂl to E at the mzaalc point.

IND 7T is equol to 3efo if tne mid—-point it not connected

to the peak of tlhe arcy one if they are connected and tuwo

: | , :
zf Ihe arc is divided 1in four equal parts (angle wise).

”he arra 7(5,3) gives the point on the ARC 1in the sequence

'sfarﬁing fFrom the point (X1,Y1) in the clockwise direct 10T,

It calls the subroutinés RCTPT, MATLUL and LINE

SUBROUTIN: CAP (X1,Y1,X2; Y2,H, NCAP, A, IVDE EX)

o subroutine 1O draw an anjula/ cap between the points
(X1,Y1) and (X2, ¥Y2) with heicoht equal to H. The cap can

be repeated VOAFP times inthe same direction. IHDEX 1is equal
to sero when the middle point of X1,¥1) and (XQ,IQ) is

not joined to the peak of the cap and one when tﬁey are
connected. The array i(3,3) gives the three vertices in the
cap in the scquence starting from the point (X1,71) in

the clockwise direction. It calls the subroutines ROTFT,

EATNUL and LIFE.

 oUPdOU THE SEHCRCL (X79Y7,X2,Y2,A,INDEX)

o subroutine to drow a semimciréle hetween the points

(X1,¥1) and (x2,72)., INDEX is equal to zero when bare

semi—birdle is drawn, onc i semiucircle is divided 1in

two part s from the centre and two if it 1s divided into

.'70

W




70)

77)

12)

~ 70 ~
Jour equal barts, The a/raJ u( 4,3) oives the first thr%;

i} /.

points on the semi- czrc]e corresponding o the angle 4s0)
]

O ) oD g
90 cz7m77g5'o and the Jourth one is the niddle-point of
point (Z1,¥7 ) and (X2,v2). 1+ calls the‘éubfou%ines 3@#

hﬁQLfL and LIEF.

SUBROUTINE PLUS (&, 7 4L, THETA, P

o o
@ subroutine to draw g sypmetric plus sign with point
(Z,7) as its centre ang 4L as the length o7 its JSoupr 5ideg

after rotating it through an angle TIET/ in degrees, The

array P(4,3) aives the four Points of the plus sign in thl

sequence Starting JSrom the rignt-hand point in the clocky

o

direction. It calls the subroutines ROTEP, [ipyr and LIk

SUBROUTINZ ST4R (1,7, AL, P)

@ subroutine to draw q asterisk a+ the noint (X, 7) with

7

AL as the lencth of its sides, The array P(8,3) aives the |-

o~

Ci¢ht points 0f the asterisk Sign in the seguence st&rtM@;

Jrom the right-nost POIRt in the clockwise direction, It

calls the subroutine S1AR,

SWE%%WE&MWE(LYW,Mﬂ%ﬂbWﬁX)

a subroutine‘éo adraw a circle with centrc gg (X9Y) and
radivs of lenath Sy ajfter rolatinﬁ it through an angle
THETA in degrees. INDEY is cqual to gero forva bare cirel
one when i+ is divided in fou5 eqaw7 p01nzo (anglewise)
and two when it.zs @ivided into cight equa] berts, The

- N s 7, . ‘ L] Ry '
array L(8,3) aipes the points on the circle when dividet.

.77
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in the sequence starting from the right most ppint in théiw
anti-clockwise direction, It calls the subroutines RUTPT,

LETWUL, and LINE.

A

- SUBROUTINZ .EZIPSE(X;Y;A,Byfjﬁiﬁgﬁ,lﬁﬁﬁﬁj o o .

i

a subroutine to draw on ellipse with point (X,¥) as its
centre and 4 and B as its nejor and minor axis respectively,

afier rotatinc it through an angle THETA in degrees. INDEX

[

18 equal %o zero for a bare ellipse, one when. both major and
minor axes are drawn and two when it is divided into eight

equal parts at the Centre (dnglewise). The array ..(8,B)

I

gives the points of the cllipse in the sequence, starting

JSrom the right-most point on the ellipse in the anti--
clochwise direction, It calls the subroutines ROFPT, KITKUL
and LINE.

14) SUBROUTTNE GRJEH‘(ﬂ,fgYsIFSGJL,NFBH;LQBE“,IPO)
the subroutine may be used to nlot N points, Ihe array

/7,

;

4 end ¥ azxes

Iz

1)

o

X(K) and r(w) indicate the poinis on
réspectiuely, L7SCEIL is equal to zero 1f the scale
barameteirs are to be derermined by the pro-ram, one if they
arc provided by the user and two if the scale parameters

are not to be changed for new plotting, In other words if

I~

LFSCLL is equal to 2, one can draw nore than one plot on

the same paper. The inteccr parameter NFPRE is equal to 7

when both ¥ and ¥ axes are arawn 107 when the grid over the
. ) .

A and Y cexes is drawn end 207 when no frame is draown.

ﬂl72
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LABEL is eQunl to sero when no .

- + 07
The integer parametel
Loant ¥ ares is Givén,

L1

one when i

description for the ;
; 7 + - e ':bo_z '/fO _ZJUt E}Ze

. righle IFPC denotes the symb _

[7/77,('-’ var L@b—z

> : 017

775 155 17, 719 and 90 when points

74, 76, 18, 20 and 97 when

GJiven,

point, It can be 17,

nined and 12
need not pe joined an ?
L 7.

. o re connected by line, It ca :
adjacent points are ;

Subroutines FRALE2,PRNT and DIGIT,

» LBLXY, LELHST, LBL)

T7S04T
75) SUBRCUTIE psreRy (H, 4 ¥sDE, IFS04T _
{f'o 7 /‘, -Z:Den [‘f _Z:)O if'ZZLS. T/:,ZB

to draw hisiogram v
and ¥ Gzres,|

Q@ subroutin-

7 (] ive thae
arrays Z(W) and r(¥) give i
the column in

Points on the &

I o 't for I (4(/'23

Di gives the width of wser's unit J
i i

To de anameoer IFSCLL see the description for ME
O [ CZQG l/ZG ” .

i > Parameier. LELLY, sce the |
) 7o decidie the parapeter
subroutzne GBAFH} L0
' e , \ finma 204 FPH,
LABEL in +he subroutine CGA4FH
B A can of i
o e tal to o e whe each colis
The parameter L[BLAST 15 €4 ne when t
seperaie description to be
)i

. - L

description. of paramnet
L

nrovided b

histogrom begrs the _ .

P < o H e - CZ:C—I:S‘ ,/28” 1"

‘ ption 18 Put parallel to ¥ |

the user, The descript107
~ ] . ropided b
no Stch description is provide {

Zer0,
array

LBLEST is equay to 4
notes the worlking

il 0
the user, The array LBL. (#,70)

n ‘f’"dﬁlﬂ ‘
1 Jor each coluymn of the histodi g
L0 store the descri iprion . 1
. RAEZ2, FRET ang DpIcIT.
It cells ¢he subroutines FRALEZ, FRYT ang p

iven GDOVE use parigns sy stei

A11 the Sitbroutines

e hcve
2l are not Jescriped here. .
blotting Wﬂlcl

subroutines'for
. 4 e . 2 2 ’JC7 ﬂOt
SupLrovitines which would g

er
also ot fiven the. oeoacls of Obﬂ

9375




direct7J useful to the nser. In all bhc subrovaznco described
gpe the type of the argumcnt'is decided by the default optzor

FORTRAN IV language. In order to make use of these routincs,

ﬁfthea
meappendix‘IV may be referred. It must be stated here that the

pwkagc contains the subroutines only for the mo st common geometric

sqapes. However, many more shapes can be added to 1t figure one

shows S0ile designs Formed using the subroutines in the poclage.

6074
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HHL 2=D PLOITING BY pprmos OF_SLICING

Hethod
£20000d

This methoq 0f drawing 3—dimcnsiona1 (3-D) piétures ieém
an epprozximation to the perspeétiue J3-D plot, The idea";
behind this nethod woulg be to cut the S0lid ohgject in
thin two- ~dimensionay slices Perpeni zcv7nr to one o/ the
Ares gqng Grrenge them g app Priately alons ithe sane axiai{
0htain nearly the pe““pe,éivc view of the object, To

illustrate the methog clecrly we assume that the solid

object ig defined by a relation

Z = (I y) o .
The slices Perpendicular - to I axis qre ovtained fop varums;
values of‘l With q Suitablie intervas 0F dy. The two |
dimensiongy (X-Z) planes thys Obtained, would be placed
along the y—daﬂuctzon. e 1se the 3-D g ariesian Co ~or7znamg
system in which we assype < {0 be g vertical axris, &, {o bef
¢ 0rizontay axis and ¥ to be the aris 0ing inside the
pbaege. In 2..p Pepresentation, howéver, the Y axis would
Lsuaelly make Gt angle £ witn the X;axis, which is Jcssl
than 90 Zedrees. e First slice would he dp rawn in the I-Z
Plane Witlrout nodification, The subsegrent ones would be
blotted behind the First only after changino thneir

Co-ordinate suiltably., These chandes wonld depend on the

[y

angle [ gnd e incrementtdy, In generay each point 407




is changed as jollows:

X7':_X + (n=1) dy Cos ( & )
s =z (n-1) dy Sin (B )

“

wiere n denotaes the s

]

ice number.

A subroutine DIFLOT based on this procedure would be

o

described later. This subroutine plots all the points of
the objectls, including fhose which are supposed to be hidden,
The appearance of hidden points creates the ambiguity
regarding the true 3-D perspective of the object. The

sinple way to remove the hidden points wo&ld bc possible

in this method. The procedure 1is, howover; quite crude and
it also eliminates certain poinis which are 1Qt really
hidden from the view. In this procedure (hé angle necd not
be specified, instead the increment dx used in the x
direction to obtain the poinis of the X-Z slices is required
to bé known. Then the co—-ordinaitcs of the slicecs are

cnanged as followss

e e

G = N dL/Z w— (_—Zx2
X7 =X + (n-7)dx
7 . ] ;
Z' =5 + (n-1)dz

where n is tne slice number

Kotice that this method requires increment dy to be greater
than dz. 41so note that the chance in co—ordinate X and

the increment dx usce? in X arc made same, thereby the
changed co-ordinate would cxacitly fall on the next value

L. 16
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dejfined as

by the user.

of & vsed in the slice. This property has been wvsed to

eliminate the hiddecn points. “hen plotting the points of

th , , . , Lo .
the n s]zce, each of them is checxed‘aqaznst the point
the (n- 7) slice having seme value for X coordinate,

The point would be ploiied only if it is corcoter than The
previous one. 4 subroutine PLOTDS may be used to obtaintm

type of drawinns,

Subroutine DIFLOT

ds described above the subroutine D3PLOT can be wused to

plot the 3-D graphs and 3--D picture without removing the

hidden poinits. This subroutine, in Fcct, plots only one

an obJjectl cut:

\‘
-
I~
o]
o

slice at a time. In order o

in 7 slices, the zhﬂoutznc nas be caelled I tines. The

subroutine which is written for a single prccision is

SUBRUUTINE D3FLOT (N, FH, FV, PB, IFSCAL)

n

Yhere FI and FV ore the arrays of N clemwents represcnting

the co-ordinates of the slice to be plotted on ihe
horizontel and verticel axcs. The scaler variable B

denotes tie value on the middle axis Jor which the above

slice. has been obtained. IFSCIAL is equel to zero if vou

want to define the new scales. If IFSCLL is equal to one

the new plois can be obitained on +the sanc haper using tne

previous scale., To stert with IFSCAL should be assigned

gero, Cnce called the subroutine chrances the value of
this paramcter to onc. ihen this subroutine is called
L

Firsit time, it asks for the fFollowine data to be provided
P . J , 1z

0077
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td(/ia C.,/L7 ( (J GEAT (81.’70 4))

8= ,
trGadS the varzables
HEIN, H P
rosents tie samlIUSu and the large

KL, HD, ViiIH, Viids Vi, VD
iy ond Hidb X /cp st values On
length (in inwches) of the

L 7

1ile

ﬁorigontal axis, HL dcnotes

s and HD indicatles the ipision on the norigontal

[=]

7L and VD define the corré@sponding

The ‘pariables VEIN, VI AZ,

f@mntiiies for the vertical axis.

(FORELT T (HF10.5, 77/,)

ond doto carc LA
ond,_20te C

‘It reads the variables

AEIN, BiiX, BL, BD, 7wy, IFBXIO, NFRILE, NiCDE,

VLDV, NIiCDB

- The variables BLIN, BiiX, BL and BD represcnt tie same~quantities
for the middle aris as defined in the Ffirst data card. THETA

S

.

is the angle (in degreecs) bhetween the horizonial and middle ax

IFBYIO can he eithci oncé or not equal to onc. If it 18 One, then the

left-handed otherwise it is right-

Cartesian Coordinate system 18

hended one. Ihe paraaeter N72lME can also Dbe cither one or not

If it 18 oney +Ren.the Cartesion Coordinate axes

equal to one.
would not be drawn, otherwise they would he drawn. The
ssent the numcric

parancter NECDH, NECDV, and HiCDB vrepre

codes for the Jabels of the rorigontael, vertical and

middle axes respectively. The 7abel codes arc 1, 2 and

..78
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3 for the L Y and Z axis respccézvcly Fop

3D plolzznn of Me

solid Objects the paromeaer ﬁ'u“uE is usuallj one,

The subroutine D3PLOT cqiis the subroutines F?J[EB"and

iit) Subroutine PLOrDs

This subroutine is used to plot 3.p Pictupre by removing
the hidden boints, Like SubPOUolnG D3PLOT, ¢4 Subroyti
also plots only one slice at a time gng has pe called
repeatedly to @Omﬁleféithgﬁpﬂthne, LE 18 WAT ¢t ey Zn'ahl
pPrecision gnd s defined as
S@MWWMEMM}ﬂmn%ﬁ%ﬂh@m&ﬂ%mgmm
where PH qnd FV are the arrays of Npy elenents represmﬁm
the Coordintes o the slice to be plotieqg on the horizmﬁ@
and vertical ares. The variable jp denotes the total num
0f sliccs to pe pJ&ff&d and KB‘incs the actuay 8lice
number which ig being plotieq, The varigpie DB denotes th
increment along the middle aris in user'g Unit. 7he
parametesr I7PSCAL is Saine qs descriped for\ﬁhe Sudroutine &
D3PLOT, The pParameter yuy whick should be initialized fof
“Cro keeps track oF the numbcr o0f 11 “the subroutine - ;f

FPLOTDS hgs been called, The value of NUE cets vpdated: in

the subroutine and hence “ser need not change 1i¢,

vhen calleg Jor the fir“* time, lis subroutine asks for

. . . . - ZEI
the followzng data to pe provided py the user in two card®

0079



, dato, card (FORNAT(810:4))

It reads the variables

HETN, HEAZ, HL, HD, VEIN, VIiiE, VL, VD

L

These variahles are the same 48 describecd in

-
=
=
@
~.
95}
o~
O
!
\J
(=9

of the subroutine DIPLOT.

i dota card (FORLAT(8710.4))

It rcads the variables
BEIN,B: :X,BL,DD
These variables arc also described in the 2nd caerd of the
subroutine D3PLOT, 7hilc using the program it should be
ensured that ithe increment in DB is greater than
inerement in horizontal axis. It calls thevsubrouzines
FPRANES and NPLCT>. Fhile the éubroutine-DjPLOT can draw

Cartesian Cocordinate system, the subroutline FPLOTD3 would

not do so. Conscquently the subroritine DIFLOIL can also be

1

~qnhs as well.

+
4 )

I
s

used in plot 3

~I

<

In order to make 1:se of these routincs, uscr may refer to
appendixz IV for detcil of control cards and instructions.

Fig.2 gives tne 3-D graph obtained wsing subrovtine

D3PLOT.
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ERATION OF 3D

AP

k! SAECIIVE DISFLAY

[ i

In Section III, we kave secn how to obtain the illusimlb
®
the 3-D perspective view of ti

e solid obgjects in a rather neipe

manner. In this scction we generate the i(rue F-D perspective Vigy
known as "Tire-frame view'. The view is obtained from the

berspective projection of the object as viewed JSrom an a?bihmw

position. Though this view is perfectly perspective, it does not

contain enough depth inyornation to interprete the dcscriptimzq

the object without ambiguity. For proper inverpretation, it is

necessary to eliminate the hidden lincs and hidden surfaces fron

7.

wire—frame view. .i1so there arc other depth cucs such as intens

variations, stercoscopic view, kinetic depth effcct ctec. to coi

the depth information., However, all these methods require speciol

hardware and consumc a good deal of computer time. ile nave,

'therefore cenfined ousclves 4o only "Yire—frame vicm! of ihe
» E o B <

solid objects,
is stated abovce, the wire-frome vicw is the berspective

brojection of the odvject on the screcn as seen Dby the vicwer.

Therefore this view depends on the hosition of the vicwer, his

distance from the screen, tihe size of the sercen, its distanct

the dbject and Sfinally on the direction tn which the viewer I8

looking. “e wvive below very brief procedure to generate ithe

wire-frame view ag deesceribed by Newinon andé Eproull,
7 oL

.027



"The objaect is described by the poinis (i,Y) given in the

the right-honded

A}

e now define what is called the

1

at the view
space) and jts
i pointed in the direction of view. e choose the cyec-—
'Miﬁate system to be a left handed Cartesian Uoordinate System
that its o« and Xo axes will align with the ZS and YS axes of

i

nsform the point from objecf'spacc into the eye coordinate system.
sfransformation called tThe ’viewing’transformation"édﬁ be
Med by concatenaiing several rototion and trans]ationAoperations
J-dimensicn given in eppendixr 2. Thus each point (X,Y.Z) in

-

it object coordincte space becomes (Xe,YG,ZQ) in the eye coordinate

[=3

[+

(€8]

<

)

=
]
N
&)
Lo

.
iie

-

't step is to project each point (XGYCZG) on

reen end find the screen coordinctcs (Zé,ﬁs) of its projected

9¢ as measured in th- cye coordinate system. If a is the distance

ceoas(7)

converged to dimensionless fractions
0000(2)

eell
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Further if we iry to locate the picture in c spccifhm

bart of tne screen (called vicwport) defined by its centre

4 14 and its extent (V vV -7 Y6 P G
(Vs cy) nd its (Voo xy) then one obtains
Cod
L= 7 "7" = ° V
Xs b.ze sx + ch
G, Y
fem ORI o £ 7 >
T8 b.gc 'V{{?L/ ! [Cy coa.,(_),

It may hbe noted thet cach point

13 divided by its Zé
co-ordinate. In fact gencrating o true perspective imagce requip

dividing by denth of each point. urviaer the expressions involy
Y £ i [

only the ratio (a/b) and therefore the units or meacsurenent of

pbarameters o and b are independent

of the coordinate Systemfﬂy

playing with thesc baramcters the imcoge on the screen can be”

nagnified or even Jistored.
Before one obtains the final screen coordingtcs as ¢iven

in (3) it would,-in Sfact, be necessary to see that the point

EG,YG,ZE) lics wintin the viewing pyr

amid defining the portion;
of eye—coordinate space which the viewer con actually sce,
Otherwise it would not he visible. The conditions thaot a point

be visible are

~Z, 5 (a/b) r, <z,

and

R Z .
e X “¢g

-Z, < (a/b) ¥

o2 23
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These gondiﬁioné-excludc the points behind tThe viewpoint.

the lines can not be processed as casily as point

D,

subjected to thrée dimensional clipping beforc heing

Hﬁed For fbbglﬂu. Tike two-dimensional clipping, the rarco-—
. A

.

ensional clipping is performed by fzndznn the pointi of

‘. L,

ilﬁw'may pe rciected as invisinle if no part of it interscis lice

)

anzd Otherwise tlie end points of the visible portion of the

T
e arc calculated in the cye—~coondinatc System.

In this section we describe the subroutine D3PEPFP ond D3FLF.

2

@w suu;owizn D3PPP rives the 5D vicw when object is decscrided
terms of points onJJ while the subroutine D3PLP is uscjul when

t is described boiln i terns of points end 1incSa

broutine D3IFPF

~
i~
Q

e

This subrouting gives the 3-D wire-jramc perspective disp.

y

of the object describcd by the points in the object coordinatc

space. The subroutine is written for sincle precision and 1s

defined as

SUBRCUTINE D3FPFPP(H,d,Y, 2, 1iC1T, IV, lP Kk, YI,ZE)

i . N .
The details oF the craumenis arc as follows:

The argument X, Y ani Z orc one dimenSiOnal arrays of I

v”emenéa, representing the N coordinates (5,Y,5) o/ e object.

A H e e . - - H i
PRGNS v, '

T e B B O S T g
Lhe paraneter in04 18 not cqual to Zero z, “ye object i1s ro be

. o -:24
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reloted before odtaining the perspcctive display. In that cage

the subroutine would demand the third data card to be dcséribmy;

later. Otherwise IROT would he zero. The rarametcer IV should

gero when this subroutine is called First time. Subscquently it

would be made non-2ero in ithe subroutine. However, for a new

display requiring new deta such as new view POint, Screen Size. .
.Z : g Kl PRt

angle of rotation cte. it mey be again made xero by the usor,

The paramcter IPC is the barameter required by the systen]
routine of thne ploticr, It decides both tho symool to display the

point and alsc if the adjoining points arc to be connectad by the

,

straight line. For various velid numbers jfor IPC, refcr to :%

subroutine GAAPH in section 2, ior simple point plotting IFOWW{s
be equal to 90, The afgumcnt ZE, I'LE and ZE arc alsoc the one-

dimensional arrays of N element, representins the points of the
object obtained arter epplying the rotational (if requircd)‘andgE

]

viewing transformations. Thesc arrays are Lepi in the 1ist of
arguments jor the subroutine only jor providing the faci]ity'ofg‘
objeci-time dimension. User may not hove any use of thesc arroysy

in the main progran.

Fhen this subroutine is called with paromcter IV egual 10}

gero, the subroutinc demands three datae cards.

1st data card (FOREAT (7F10.4)) | |
It rcads the variables
«V, Yv, 4v, XP, YF, ZF

(ZV, 7V, 2V) oive the coordinaotc of the viewpoint and

.25
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P, ZP) nzvc tﬁe coordzmatc of the poiﬁt on the object ot

TEs

5 the viewer 1s Iooking.

ata cord (FORKAT (7710.4))

It reads the variables

ey

DISTES, S8Z%, 8%¥, VCX, VCY, VEL, VSY

w2 &) g

The variable DISTHS gives tie distance between vicwpoint

] the screen. SZ¥ and SZY give the length of the screen alonyg
rigontal and vertical axzes respectively., VCX and VCY represent.
¢ coordinates of the centre of the viewport. VEL and VSY give the
tent of the vicwport along & and Y azxes respecfivcly. By suitably
ungine the variables VCL, VCT, 7S8x and VSY the “Zisplay can be

wed anywhere on the screen. By increasing VX and VSY by equal
firoportion, onc can nagnify the display.

i dota card (FORKAT (7710.4))

This date card would be required only if the parancier

ol

0T is non-zero. It reads the wvariabnle

L, YL, ZL, Aii, AN, iFGLE
This dota card defines the axis of rotation given by
irection consines (46,di,dl) passing through the point(iL,YL,ZL)

for rotating the object through angle AUGLE (in deorecs) about

e axis.,

V&DPovizno DIFLF
It ¢gives the perspective display of the object defined

+ 4 ) .2 . 1 . N v > . 1.
0th in tcerms ofF its points and 1incs. Trhe subrouvtinc 1s writien

Qhr sinale precision and 18 defined by

£
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SUBRCTTING PLF ( i [ o ¥y 2, T, s LSFP, LEF s 1207, _ZV,_MUlJ',Zﬂ’)

The details o7 tiie crguments N,X;Y,ZSIBOT,IV,XEgIE muzﬁf

are exactly same s described for the subroutine D3PFP,

The paraneter JI gives the numbper of lines required to
define the Oobject. The arrays LSP and L7P hoving NI elements wmf
thevstartinﬂ and cnding.points of the line. Fop example LSP (5)
and LEP (5) would 7ive the starting and ending noint numbers of
the Fifth line,

5

¥hen called thig subroutine would demand three data cards

1f the parame er IV is equal to 281r0. The third data card would,

lowever, pe reqiired only i7¥ the Perameier IROT ig non-zgecro, Ihe

dcoclzotzoa 0 tlese data cards would be exactly similar to those|

given for subroutine D3PPP,

By way of tllustration the Sigures 3 and 4 have heen
obtained using the subrovtines D3pPpPp and DIPLP respeciively,

oroutincs wused by DIPPP and

I
'
.
[
()
o

1ist of st

[N

dppendix ITT gives

1%

’

D3FLP, ippendix IV gives the Jlist of conirol caprds required

]

L0 fiave accoss o thesc subroutines,

v 27
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APPENDIX ~ I

TBO-DINENSIONAL KATRIX TRANSTORL.TTONS

Two-dimensional trensformctions can be reprcsented in a

miforn waey by (2 x 3) mairices, #or that a point (i,Y) is appended

yith @ third dummy coordinate of unity to become (X,Y,1). The

gddition of tne third dummy coordinate enables us to represent all

“the transformations in two-dimensional space in matriz fori. e
give below the matrix representation of simple transforinotion of

translation, rotation and scaling:

Translation r7 0 df
A !

(X", 7 ,1) = (i,7,1) 0 . Oi

;

IT_T Ty 7:

L J

where I& and Zb indicate the amount of translation used

along x and Yy axes respectively.

o

Rotation [ IS i
oLelton Cos® =Sing O

17 -
A 7Y ,7)_: (a5 ¥,7) SinE CosH 0

| 0 0 7

- =

where @ is the angle through which the coordinate space 1is
rotated aboutl the origin in clockwise direction. For

anti-clockwise dircction the same is -,

scaling o T

i) = ) *

where Sr’ Sy are the scaling factors applied for x and

(e

Yy axes respectively.

.. 28



Fhen more then one
resultant final transjiormat

of corrcsponding matrices

the concatenation of transforn

tion can be described as
concaten
have Deen expressed in the
below the use 0f concatena
s

A transformed by rotat

the point (Rx,ﬁy)o ds rota
the points about

(2

through angle and finally

to rotate

points so that By) bec

three

is restored, Tese

I 0
./.\.3}’,7)

(1)

If the values of R

may be mul }JLGJ to yield

be noted thot the third. co

nienc

Jor

of mathenotical convpe

while using the boints

ation 1s possible only beccause

operations

2
NA

- 28

transformna

tion may be obtained Just by the

in the given sequence, This i

altions., Thus the complex tr

concatenations of simple ones.
all simple transformatuws

matfix Jorm as given above. .e

tion jor o case in which

ing the space throuch the angle

tion transfornation can be appl

the origin,

omes the origin. Then apply the

troanslcte point S0 that the

be

0
0

(2)

2 and €, aprs the

o

known,

one transformation matrixz., It

8

ordinate of unity 1
e anl should,

display purpose

tion nceds to be applicd,

callegq
OIS o g

e

the point (Z,7

we musit first trans

concatenated ag

three natricd

only for the soke

therefore, he ignored. |

th

Progdy

111 s Z']’(Y f‘

B about
ied onlu
late

rbtatiqﬁ
origin.

Jollowsiy

(3)

should

2

L LR

2~.




"APPENDIX II

THREE-DIHENSIONAL K.ATRIX TRANSFORNATION

The matriz formulation of two-dimensional transformations

given in dppendiz I can be cxicended ensily to three-dimensional

5pace. £s in the case of two-dimension, o point (Z,Y,2) in threc

gimensional spacc is also appended with thc fourth coordinate of

JMity o eLpress all the transformation in matrix form unijormnly.
The point (X,y,Z) then becomes a point (i,Y,Z,1) in which the
?mmmy coordinate of unity is ignored while displaying the point.
_Fe give pelow the matrixz forms of translaetion, rotation and

scaling.

I) Translation
RN . A - - - T
(X' ,7 2 ,1) = (5,Y,2,1) 7 o 0 0
o 7 0 0
o o 1 0
] T, Ty, Ty 1 |

where Txp Tu and Z; arc ithe componcnts of translation

in the i, Y aenl Z direcctions rcspectively.

IIr)  Eototion
In two dimension the rotation has been defined about
the given point. In three-dimension the rotation 18
defincd not about the point but about thec axis passing
through the point. I'herejore in J-dimensional space,
three rotational wmatrices are defined for 4, ¥ and Z
axcs passing through origin (0, O, 0).

s 30 7T
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a) Rotation about I aris through the point (0,0,0) e

(7,7, 1) = 51 f7 o 0o 0 f
: 0  Cos® -Sin€ o ! \
; 0 SinG Cos@ ¢ f

The rotation enole (3 is mecsured clockwise about the
origin when looking oit the origin from a point on the
+4i axis., Hotice that the vransformation ROTriy affcects

only the valucs of the ¥ and 2 coordinates,

b) Rotation abour ¥ Gxils through ithe orinin (0,0,0)¢~

(2,7 ,8,1) = (1, 7,2,1) | Cos @ 0 gin & 0]
J' 0 7 0 ol

j—-&'in - 0 Cos & 0

’L 0 0o 0 7_}_

¢) Rotation abour 2 axis through the ér'igin (0,0,0):~
(257,147,27,7) = "(;f', 75,1 ) ;“OOSC} -Sin® o | om
Sin & Cos© 0 0 I;
0 0 7 0 }
| o 0o 0 7 _J’

ree rotation ::zcz‘ériccs”_givcn czbove are for rioht-
handed Cartesion Coordinate Sustem, If you cre looking
alonc +2 axis mith :g,,./oz/.;“ head along +¥ aris, then e

riciht_haended system will love its +X axis qt your left

and the lefé-handed sysiem i1l hove it at rour right,




scaling

v, = (nr 1) T s, 0 0 0]
. |
0 ) 0 O{
y
0 0 Sg 01 \
o 0 0 1]
whaere Sx, Sy and S are scaling factors for X, ¥ and

Z axes respectively.

Adny complex transformation can be considered as the
- concatenation of meny simpler transformations. 4 transformation

fM“rOLQLZOn about an arbztra/J axis through an arbitrary point

~can be de/zvod using the aboue primitive transformations s
- follows. Suppose (X,7,2) is the abbitraery noint through which

an arbitrary rotetion axis with direction cosines (¢, h,c) PGSSCS.

9

The steps in the rotation through aon angle & aboutl this axis ar

1) 48 all the rotation matrices are defined jfor the axis
passing through origin (0,0,0) we chance the origin

to the point (i,Y,%Z) by translcotion (matriz T).

2) Adgain ¢Il the rotation metrices are defined only for onc
of the axis (X,Y or Z) of the system, we rotate the systemn
so thet the arbitrary axis with dircction cosines (c,Db,c)

would be eligned along the Z axis. This is done in two stepss

i) Rotate about the i-czis so that the given axis would
‘ - - T & -
lic in (X-£) planc. The an- required would be
defined Dy the dircction cosines(a,b,c) and is given as

o F s s - e
Cbs /72 2 and bznu/ rbgfc

and mairix is H7
¥i RVES
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i1i) Then rotate about the ¥ axis so that the azxis would
align cxactly with Z axis, The required. angle of

rotation (* would be
1

Q
<
[¥5)
e
i}
o
o
+
O
N
~
L
]
Xy
o
+
9

2
and  Sinfs = o/ [ a%rpZrc”

This natriz is B

3) Now it is possible to epply rotation transformation to
rotate the object about the Z_axis through an angle
(atriz Ri¢) )

4) ITnverse transformation of step 2 (katrig E;7 3;7 )

st

5) Inversc transformation of step 7 (matrizx T~7)

Thus the complexr trans ormation R, to rotate the object
4 . i

ehout the arbitrary oxis bassing ithrough arbitrary point would be

— "‘7 ~7 m""f
R./i_ Wi 75,’2}2( é )32 H7 i

.33
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APPEFDIX = III

| 7HE LIST OF SUBROUTIVES DEVELOPED FOR _IUE PLCKAGE

2-D graphics c.broutiness

7)
2)
3)
4)
5)

Sub,

:9Uba

Sub.
Sub.
Sub.
Fun.
I'un.

Sub.

ROT2

TRANSZ .

SCLLEZ2
ROTPT
CLPLNZ
Icon2
LAND

LINE

_. 9) Sub.

77) Sub.
" 12) Sub.
13) Sub.
74) Sub.
15) Sub.

76) fs#léb.

10) Sub.

BOITRA

. RCTNGL
FRLGRH
TRz PZH
CVXPLG
LRC
Ci4P

SHCRCL

 3-D plotting by method of slicings:

3) Sub.

7) Sub. D3PLOT

2) Sub.  FRLILE3 4) Sub.
3=D perspective plottiing:

7) Sub.  D3PEP 8) Sub.
g) Sub. D3V 9) Sub.
3) Sub. ROTLAX  10) Sub.
4) Sub.,  MATHUL  711) Sub.
5) Sub.  PLOTPT  12) Gub.
6) Sub. SCREEN 73) Sub.
7) Sub, - VIEF 74) Sub.

DIGIT

PLOTS

CLPHAT -

TRLNS3
ROT3
LEFT
SCULE3
D3PLP

PLOTLN

\

17)
718)
19)
20)
21)
22)

23)

5).
6)

15)
16)

17)

Suba
Sub.
Sub.,.
Subf
Sub.
Sub;

ISUD.

Sub.

/S’L!,bo

Subs
Fun.

un.

PLUS
STLR
CIRCLE
ELIPSE
GRA FL
HSTGRN

MNITHUL

PLOTD3

NPLOTZ

CLIPLN
ICODE

LAND

Besides these routincs the package also usces the following

system routines to drive the plotters=—

74



A7)
2)

4)

Sub.

Sub.

Sub.

Sub.

PLOT

CHAR

SCLTL
PRNT

v
Y

=34
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APPEIDIX IV

THE DETAILS OF CONTROL CARDS T0O USE THE PCXAGE

A

IR S -,

411 the subroutines deﬁéioped.}Sfzégig.ﬁgéﬁﬁgéjﬁavc been
gtored in the compiled form 1in the private library called "OIWNLIB' o
mis library rcsides on the system disk of thce operating system
pS44. 4 FORTRAIN user can éall these subrouvtines in his program

by using following eleven control cards:

7st //WANE JOB user's code, time in mts, no. of poges
ond  //PROG EXEC FORTRAN(EAF)
" FORTRAN DECK

3rd /%

4th  //8YS005 ACCESS OWNLIB

5tn  //EXEC BLNEEDT(SYS005)

6th /¥

7¢th  //SYS005 ACCESS PLOT, 022=
- 8th  //SYS003 ACCESS SCRATCH 260=
oth //EIEC o R

DATA CARDS
710th /*

117th /& (red card)

Note:— 8th control card is recquired only when you are
trying to plot the alphabetic characters on the
vpibtter. They are required mostly in subroutincé
GR.PH, HSTGRH and D3PLOT. Furth@r while using the

.36
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subroutines for two-dimensional drewing, user should
specify the size of .the rectangular window by defining the .

variables XZEIN, ZHZX, YHIN and YKEAX in the main program,

The same vceriaebles arc then dqclarcd.in the C HHON:blbck
in the maein program ¢s follows:
COLLON/BORDER/XHIN, Xl &, YIIH, fu’
Then call a plot subroutine as follows:
CilLlL FZOT(QO7,XHIN,X%JX,X53ZD,YEINQYEAX,YZQYD)
#0 definc the scale. To use subroutines GRAPH and HSTGRH :

J <

some data cards are required. The deteils of those cards

would be available with the author. ' -,

l'j?
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@) 4 perapeetipe view of a teirahedron
obteined using the sub, DIPLP

b} dnoither perspective view of the

- game Jigure

¢) 4 perapective view ¢ when rotated
through ~1209

d) 4 perspectipe view & when rotated
through +60



