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ABSTRACT

A system for the interactive design of free form

surfaces is presented. The system is best suited for Creative

design based on aesthetlcs

experlence, or a number of

empirical rules. The system provides the designer w1th a

carefully 1ntegrated set of tools which permit a rapid and

convenient creation of a curved 3-D surface of any type.

In addition to the unlqueness of the overall concept

there are several innovative features. These 1nc1ude defini-

tion of a patch by 16 surface points only; surface modification

by dragging nodes to any desired location with the light pen;

]

and a powerful technique for defining patches using plane

curves. on sections,
! .
A new method for determining NC cutter path location

is suggested osing the developed system.
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CHAPTER 1

INTRODUCTION

.

1.1 The Role of Computer Graphics in
Computer Aided Design

Design is regarded as the set of activities leading
from the establishnfent of a product requirement to the genera-
~tion of the information necessary for making the product.

The design process itself differs widély from industr§ to

industry. What fundamentally distinguishes CAD as a discipline

from the ad hoc use of computers 1n the design. process 15

that it 1nv01ves the bu11d1ng og'systems rather than dlsorderly

collections of programs. This leads us to the more rigorous
definition of CAD asf CAD is /the integratio of appropriate
computer'hardware and software modules to ¢reate design
sfstems for parti;ular rquiremgnts.
- The role of computer'gfggiics in this definition of

CAD .is a controversial topic. On the one hand there are
those who consider the terms computer graphics and CAD-almost
_synonymous, and on the other pand, those who see no use for .
comguter‘graphics in CAD. To resolve some of this coﬂtrovgrsy
we should concentrate on two issues: ‘ | -
. What use is computer graphics:in design?

How are desigﬁer's needs for compptef graphics

best provided?
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Almost all engineering industries rely very heavily
on drawings both for communication and as a means for
information storage. Tﬁe cost of preparing, codifying
and storing dréwings is high and is increasing rapidly.
Computer g;aphicslhas helped some brgnches of industry to

cut their costs significantly. otters and computer;output

£
on microfilm (COM) devices are

oday heavily used in place of

manual drafting. This application is 'sometimes called passive

or non-interactive graphics. Input of the data from which

drawings are plotted may, however, involve the use of inter-

active graphics.

Applications of intgractive graphics fall into two *\_’/////

categories:

1. Visual Scanning of Data

By presentiﬁg data graphically, CAD systems have made

gqod use of designer's skills in'pattern recognition, and ih
detecting special features in a design, such as podr fairing
or a lack of clearance. This skill is particularly useful
in defecting.erroré-in large input data files, such as files
répresenting'input data for a three-dimensional finite
element program. )

2. Jnput of Design Data

Computer graphic techniques can heip in defining

" aﬁd edi;ing'QOmplex geometrical or topological relationships

~in the. input data for CAD programs. Examples include the

specifications of car body and aircraft component shapes for’

- .
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control) programs, and the definition of electronic circuits
for simulation purposes. Input of design data is generally
facilitated by the use of graphic input devices. These are

of three main types: 1light pens; tablets, which are a

_stylus wdrking on a flat surface; and other devices,bsuch as
joysticks, tracker-ball and mouse, which do not attempt to
simul a peﬁ or a pencil [1]. .
.This thesis is heavily concerned with the second
application of interactive graphics, which is the input of
design data, -although the developed system could be used also
in visual scanhing of data. The light pen is the main input
devicg used, since ‘it was proved to be in uée longest and
has the strongest following [2]. It has been ﬁrB%gp in this
thesis that‘the light pen is very easy!to use especially when
we use a menu og‘light‘button commands. | ;
We come now to the second topic which has received
. particular attention in this thesis - the way designers
communicate with;jcomputer graphics systgh, or man-machine
interaction. We:consider this to be an important topic
becaﬁ;e, without ggod communicaﬁion,'thebdésigne; will have
difficulty using the system, and the system will be léss
_ effective. ‘A truly effective communicaéion cgnnot.be establishea
without considering flow of data in both directions (man-
machine and machine-mah), and it‘seqms likely that improving

the man's undetstanding.of the picture will aid him in o

communication his ideas back to the computer. The light pen




ljgﬁén per conscious action can be higher, implying that more

information can be

was chosen as an input device as it' can be used to alter a

picture dynamically. The operation of the programs through-

out this thesis is based on the use of light buttons, word

or symbols dlsplayed on the scréen which when selected with

the light pen cause some appropriate program to be ékecuted,

or option to be chosen. No effort was made to design a special

text command language to aid in man-machine communication

‘through the use of the kéyboard; This was due to the following

TEasons:

1. At the lowest level, the data rate from a graphical
device is often much higher than from a keyboard. ,A light pen
tracking cross can be sampled automatical}y on eac ref;esh
cycle.’ |

2, The directness of graphics allows selection 6f either
control items or names to be made from a set ¥estricted to
the valid po$sibilities. This makes graphic commands iess
error-prone.. |

3. With the use of graphic input, the number of optioms

<

d to the program. This in turn means

that commands can be concite without losing intelligibiIity.

From the previous\general discussion, one can ¢ h

the value of computer grap engineering design.

1.2 Literature Survey on Three-Dimensional
Interactive Surface Design

In three-dimensional interactive graphics, three

particular issues have been the primary fields for. research,




those are, 3-D maéhemaéics, 3-D graphic systems and 3-D
hardware.
1. Three-Dimensional Mathematics:

By 3-D mathematics we mean the mathematical form
selected to represent the shapes required by the design,
either exactly or to a suff{ciehtly close approximation.

- The first useful description of a technique to
represeﬁt free-form (3-D) surfaces [5] was based on the work
of Professqr Cpons [6]. Coons divided the surface into
smaller ségments, called payches. In designing the patch

three difflerent entities have to be considered - points,

slop

d ‘twists, and the user typically has to supply numbers
of three different orde;s.(*). Apart from-ﬁhe initial
inconvenience,.the effects of mo&ifying~slope and twist vectors
is cénfusing (the surface bulges in an’unexpecte& way). During
this period (196?) Gordon [7] and Forrest [8] extended and ‘
refined the general approéch to 3-D curves and surfaces

using one'gnd'two-dimpnsional-parametric cubics [9] which received
consideraﬁle attention after cubiclcurves evolved as the most
popular form. . While many advantages were evident, the
_parametric methods were not without problems. A network of
fout:sided surface patches had to be formed into design surfaces.

Position definitions of each corner was simple enough to achieve,

. L4

(*) See Appendix (I)
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‘but the definition and manipulation of parametric derivatives

were another problem. It seemed that potential users of the
algorithms simply had to be in command 5f too much mathematics
to be éffective. ' . |

The early 1970's saw a ngw-approach to .surface ﬁatch
models by Bezier. [10], which offered more intuitive and more
localized control of shape. Bezier's method in more general
form [11] is the B-spline curve, which allows parametric
derivatives or shape control through the use of sd-cailed
'design points'. To control shape ﬁhe designer manipulates a
network of 3-D design points. Unfortunﬁtéiy, the design points
are not on the surface and, therefore, the network only
remotely resembles the intended design surface (Figu}e (1.1)).
Moreover, in order to specify a Bezier patch, sixteen spaEial
points must be specifiéd together with eight tangent vectors,
which appears to be rather cumbersope. _

Since 197dﬁup til now, the Cooqslgatch proved .to be
the dominant technique for creating a 3-D surface.’ Almost

all the publications on 3-D modeiing [r1z, 13, 14, 15, ...etc.]

'were mdre or less based on the Coons patch. With virtually all

of the established- algorithms for free-form curve and surface

design, the user (designer) is forced.to contend in som¢ manner

" with parametric tangéhts as boundary'conditions. Unfortunately

no special attempt was made to tackle this problem

ks e e
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Figure' (1.1) Bezier's patch defined by 16
points and 8 tangent vectors.




2. Three-bimensional Interactive Graphic Systems:
Interactive compuger'éraphics is usually thought to

have been born with Ivan‘éutherland‘s sketchpad in 1999)[3].

At that time, systems used very elaborate hardware, and the

software was very hardware dependent [16, 17]. The system

due to MacCalum {181 is noteworthy. The surfaces used were :

bicubic Coons patches. Design starts 5y causing the machine

" to read a tape o% very approxXximate patch data. Thereafter

design proceeds mainly by pointing with theulight'peﬁ and

'dragging' part of the surface. Much work of the system is

in the routines to decide whﬁt patch paramefe? is to be changed

during dragging - e.g., a corner moved, a slope changed, etc. -

following a pen hit on pa;t-of the displayed patch. The system

lackslvisuaiization aids and suffers from the readiness with

which work ishdestroyed when errors are made.
Another/&nteresting system is due to Armit (19, 20,

21}. .By ﬁsing E?pﬁgncommands the user creates a patch which

appears on the screeén with its corners labelled A, B, C, ﬁ

and with its name shown. Patch modification commands are

‘ given in terms of the corner labels. There are over three

. yhundred possible commands to alléw patch modificatién, view

modifica;ion and input/output. The sigﬁifichnce of a language

processo; in 3-D design work was also demonstrafed by Cordes

and Brewer [22], who developed an interactive, uéer-oriented

language called ICES/GETAM for 3-D data generation and manipﬁla-

‘tion using storage tube displays [1].




J

(

V-
A different and more fundamental approath to language

designs which can be used in 3-D work was reported by Kestner.

[23]. His language allows the user to deal directly with

the mathematical constructs of curves and suffaces in aﬁalytical

Jorm. A user with a good and appropriate mathematical back-

grou;d would certainly find this systgﬁ of.utility.

b S
a keyboard command interpreter as the primary

«Us}
input techpi ue, Braid [24, 25] merged primitive objects
(paralle épipéds, wedges, cylindexr, etc.) to form more
ccmplicated—objects. Volumes are added and/or :éubtractéd until
§he desired shape is achieved. The method is not very effect-

ive 4dn designing sculptured. surfaces.

In 1975, Armit and Lemake [26] developed the ICON -

system for the interactive creation of-data for the NASTRAN [27]

suite of structured analysis programs. NASTRAN programs are
used within Lloyd's Register of shipping to-perform many kinds
of static, elastic and dynamic analysis. The ICON system was
designed to help in checking and modifyiné descriptions of
finite element.i&eg}izations of ship Ihulis for input to the
NASTRAN suite of Eqructural analysis programs.
In lgiﬁ—tdéoste and Rothenberg [28] developed what they
called 'Dialpgue Programming', which uses interactive graphics

and keyboa as input. Their objects were made from standard

‘shapés or form elements, which were restricted to planes and
. *

cylinders.

The system was coupled to EXAPT 2 for NC maching.

Pikler and Simon [29] designed a somewhat similar

'}

i Al e e ¢ 1t
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system to Lacoste's system, called 'Interactive Geometrical
System Using GD'71'. They used interactive drawing on the
screen to input geometr1ca1 deflnltlons (p01nts slopes and
tw1sts). Thelr program was restricted to plane geometry
only. The system is currently used in interactive die deéign
and interactive lathe programming has. also been implemented.
Seifert'sr[SO] system 'PROREN, said to be i# use in
eight mechanical engineering[firms/sites in West(Germany,
uses input from a keyboard, arbitrary views and arbitfary'
interSections.can be plotted, and part description is done by
adding/sub§racting primitive solids which could intersect

and overlap.

v

The DUCT system designed by Welbourne, Mathews, Gossllng,

et al. [31, 32] is now in use in small firms for the
design of patterns, moulds and dies. The program is semi-

1nteract1ve and uses Bezier [11] polynomial 1nterp01at10n to

define surfaces and curves of intersections. A goo&tfeature of

the system is that cutter paths (for ball-end cutters) are
Tgenerated directly from the design.

. A system to aid interactive modeling (in 3-D) of a
rhysical object Qas designed by England [33]. The system
allows a user to fit a bi-cubic parametric spline surface to
an object by superimposing stéreoscopic views of the computer

surface with stereoscopic television views of the object.

»

]

Voelcker, Requicha, et al.([34] designed the PADL

system. PADL (part and assembly description language) is a
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language for defining solid objects via constructive solid géd-
metry, in which complex solids'ma} be defined as combinations
of primitive solid Building blocks. Unfofpunately the syﬁtem_‘
cannot handle sculptured surfaces.
3. Three-Dimensional Hardware:

lThere'is now in existence an extensive familyfof
devices to facilitate input of inégfgétion to a computer.
Attempts have been made to overcome the limiting features of
2-D displays and input devices by designing new 3-D hardware.
These include the spark pen; marketed-by Science Accessories
Corporation, 3-wire wand, and the Twinklebox." |

The.spark pen consists of a hand‘held'st;ius which
- produces small electrical sparks. These.generate acoustic wave
fronts which are detected by three drfhogonally mounted strip
microphones. Strip microphones are mounted on long tubes and
- are sensitive to sound along their entire length; At the time’
each spark is generated, a counter is stapted. The counter
is read as the wave front is detected at each microphone,
theredy determining the time taken for the wave front to reach
each microphone.  Knowing the speed of sound, the position of

the spark can be determined. ' g

The 3-wiref/wand [35] employs three shaft encoders

mounted at the vertices of a triangle on the ceiling. Each =

T

shaft encoder is fitted with a spring loaded pulley, around

which a wire is wrapped. The three wires are,joined together

»

on a hand gfip; By_maintaining a measure of the lengths. of

the three wires, the computer can determine the position of the

|
|

e e b BN
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hand grip.

The spark pen agd 3-wire wand both have severe
1imitations..-Care must be taken to avoid obstrucfing the
signals, either the sound waves or the wires. With these
thoughts in mind the Twinklebox was developed by Robert Burton
[36]. '

The Twinklebox is a device for sensing ths positions
of one or more small 11ght sources. This is done using four
scanners, one at each corner of the ceiling. Each scanner
consists of a\ropating disc around the edge of -which radial
slots have been cut. The axis of each disc points towards .
the center.of the room. Consider positioning your eye behind
a disc. As a slsl passes your eye youfsee a planar slice
through the toom. " If you were looking for a small 1ight
_source, you would only see it when your'eye;.the slot, and
the light sdurce ﬁefe all in the same plane. In the Twinkle-
box your eye is replased by a photomul;ipliér which outputs
a pulse when it sees a light. Two photomultipliers are used
with each disc, subtendiﬂg a tight angle.at the center of the
. disc, thereby'giving two planes on which.the light must lie.

The <four scanners therefore give eight planes to which a best

fit point.is found. Since only three planes are needed to

-

define the position of d point, the system is highly redundant,

thereby allowing up to five scanners to be obscured without
i11 effect. The/Twinklebox is not entirely satisfactory due
to the significent mechanica; content of the device, which.

has caused accuragy problems. "Also, four 17" discs'with

e’
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-slots around the perlphery, rotating at 3600 r.p.m., make

a fa1r1y eff1c1ent siren. _ . *

»

Using a 3-wire wand Clark [37] developed a system

for real-time 3-D.surface design based on B-splines. Clark

reported that the. 3-D head-mounted display was "“somewhat

cumbersome!'. Position sensing mechanisms for the wand head

mounted display.were reported to have unacceptable accuracy

and resolutlon problems From a system software point of

v1en< Clark expressed hlS dlssat1sfact10n with the B- sp11ne

N

algoflthm since contrpl of surfaces is managed by design.

p01nts gff the design surface.

1.3

r"

Motlvat1ons and Alm of the
Present The51s

N
Frpm the discussion of the last two sections, it is

f

apparent that there are three major problems facing the
. . . Y . - .

ekisting 3-D free'fdrm (sculptured) surface design systems,

these -are: - -

1.

"The. def1n1t10n of a free form surface is not easy

for de51gners, 1t usually involves the def1n1t10n of slopes

=

and twists.

J2.
error prone. -
r

3.

-systems is lost.

Input of 3-D'data is a rather cqpberseme.task'and
[t - o

The dynamic interaction between the design®r and the

-

A software system for the interactive design of free

form Surﬁpces, that tackles these problems, has been developed

o

.-

— e ————

i
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in this thesis.  The first problem was solved by the defini-

tion of a patdh'(parametric bi-cubic) by 16 su:face points B

only; slopes ;Ld twists were hidden completely from the user,.

The second problem_wes solved using a powerful technique for
defining patches osing plane curves on sections via the light

pen. The third problem was solved by a dynamic surface
modification which uses dragglng of nodes (any of the 16 i

p01nts defining the patch) to any desired location with the f/
_ light pen. These solutions were integrated into a carefully ’
designed software system, engioeered to be conveniently.and
creatively ihteractiveﬂ In addition. to the uniqueness of

the overall concept,ps fully developed, ship hull design

program was de51gned as a powerful application of the developed
system. A new technique for the calculation of the cutter

path for NC end milling-(ball-end) machine, for manufacturing
free form. surfaces, using-an optlmlzatlon technique, 1is
proposed. A proposal is also made for achieving the complete
integration of CAD-CAM using 1ntersect10n curves; these are

used as an output of the CAD system and as input to the CAM

system.

e




CHAPTER 2
A NEW APPROAéH TO 3-D
SURFACE DESIGN

In Chapter I it was demonstrated thgt in almost all
of the mathematical representation algorithms for 3-D curves
and surfaces, slopes and twists: (second dé;ivatives) were
involved. In this chapter, hSwever, welwill mqinly be con-
cerned with the mathematical‘techniques_employed in thg para-
metric bi-cubic surface patch [38, 39, 40, 13], and its
definition by 16 surface %oints only, rather than its dgfini-
tion by points, slopes and twists [6], or by points not

lying on the surface [11].

2.1 Three Dimensional Parametric
Cubic Curves

In-%he parametric representation of 3-D curves the
X, ¥y and z coordinates of any.point'lying on the curve can be
expressed as _ |

x = f(w, y=g, z=hw .
where £, g and h are different functions in the parameter u.

If we _cqnsider these,fﬁnctions to be polynomials. of the third

degree in the parameter u, we can express X, y and z as

- - -~
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3 2

x(u) = Al u- + Az u” o+ A3 u + A4
3 2 o
y(u) = B, u™ + B, u” + By u + B, ’(1)
_ 3 2
z(u) = C1 u +,C2 u” o+ C3 u + C4

In matrix notation, Equation (1) could be rewritten

as:

T : T
[ x(uﬂ ' : ‘ jAl Az.As.A;-
vy = @ uiuy B, B, By B, (2)
Lz{u{ : _C1 C, Cq 4 i

The parameter u could take any value, but for con-

-

venience we will consider 0.0 <u < 1.0, where the first
point on the curve will have u = 0.0 and the last point on the
curve will have u = 1, Figure (2.1). Hence, setting u = 0

and u =1 in Equation (2) will yiel&

[x(0) ¥(0)- z(0)]la = [A, B, C,] = Ww(0) (3)
and . - -
[ x(1)] D A
z .
* jap 1t
e . 4 T~ .
ly@l = .z Bijl = w(l) (4)
i=1
(1) :
1 I C,
L T i=1

Taking the parametric derivatives of Equation (2)

at. u =0 and u =-1, we get

-

-xi(Oﬂ FA3T o ‘ §
y (@ = |Bg| = W' | (5)
IEROIE Cs

PR

Sk x




and

/,/)

-

X' (1))

y'(1)

z' (1)

w(0)
w(l)
w!(0)

w'(1)

If we only consider the x coordinate we get:

x(0) ]
x(lj

x' (0)
x'(1)

—
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Equations (3), (4), (5] and (6) could be combined as:

(n

(8)

Solving the linear system (8) for the coefficients

Ags AZ and A4 produces

_where M is the inverse of the matrix presented in Equation (8).

‘I

'}

(A; Ay A, AT = H [x(0) x(1) x' (0) x'(1)]7T

!

-2 1
3 -2
0 1.'
0 0

(9)

(10)

fie

S
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Substituting Equation (9) into Equation (2) for the

coefficients Al, Az; A3, A4 and Bl’ BZ’ BS’ B4 and Cl’ CZ’

C3, C4, we can totally represent the curve by

[ x(0) y(0) 2(0) |

. 1 1 1
[x(u) y() z(u]= (u° u? u 1N x(1) y(1) z(1)
N x'(0) ytco) z' (0)

LX'(I) y'(1) z2' (1)

Thus the curve can be defined if we know the coordinates

- (1D

of the end points x{0), y(0), z(0) and x(1}, y(1), z(3), and

the parametric slopes at the same end pants x'(0), y'(0),

z'(0) and x'(l),-y'(l),.z'jl).

2.2 - TheIParametric Bi-Cubic
. Surface Patch

Differential geometry [13] rests on Gauss’ concept

of a surface as a continuous function of two parameters u,

1i‘ v such .that
X = Fl.(u,v), Yy = FZ(U,V), z= Fs(u:V)

Following the same argument of representing the

parametric cubic curve, one can define the parametric bi-cubic

surface patch as: o F g

<
)

v
w(u,v) = (u3 u? u )M B M T v
L : v

1

-

(12)

where M was defined in Equation (104 and B will be called

——_ Lt -
.
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the geometry matrix, since its elements control the shape
of the surface patch, as will be shown later. The notation

for elements of the ¥ matrix is as follows:

V4
Yoo Yor'  Woov  Wouv
T - W0 Wi Wiow o Yoy
¥oou Yoru  Woour Mo1uv
Yiou "itw  Yioww  Mituv

Figure {2.2) depicts the relation between 3-D space
» and the u, v parametric pfane. The elements of the geometry

matrix B are explained as:

o
Wog = [W(u,v)]at u=0 = point data, -
v=0 - -
= rSw(u,v) =0 = <1
wOOu [ 0 ] at 338 slope data,
W = [EELEi!l] at .u=0 = twist data

00uv susv

v=0 .

~

Thus the patch is now fully described by three diffef-
ent entities - points, slopes and twigzs, all related to the

corner points of the patchl

ka Definiﬁﬁ“a Parametric Bi-Cubic Patch

Many ways have been used to define aﬂd create a
parametric bi-cubic patch; and each approach must provide
sufficient data to determine the 48 coefficients implies by

" Equation (1;), i.e., 16 coefficients for eéch, x, y and z.

Position definition of each patch corner is simple enough for
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the designer to achieve,‘but thg definition and manipulation
of the parametric derivatives, contained in Equation (12), is
much moré difficult. From the interactive computer-aided
graphics poiﬁt of view, it would seem that users of such
algorithms would have to be in command of too much mathematics
for them to be effective. A'more serious problem arises when,
the désigner tries to modify his surface. Altering one or
more pér@metric slope or twist will giv? unpredi;table effects
on the shape of the surface, i.e., the direct intuitive
relationship between the designer and the surface design pro-
gram is lost. One possible methodlof tackling these problems
is to define the surface'by only spatial poinfs; Peté?§~f%g]
" used a grid of 16 points (planar or twisféd) wiih'the corres-

pondihg "u,v'" values specified in advance to di ine %’Ei;zubic

surface patch. The definition of these "u,v'" yalues in advance

might cause problems for the designer becguse"t is difficult
for him to do the transformation from the 3-D 3pace to the
~"u,v'" plane. It is preferable if the designeerpecifies only
-the spatia; ﬁoints and the program calculates the corresponding
"u,v'" values. In this thesis a method is suggested for defin-
ing the pat;h by only 16 points, and estimatiﬁg the "u,v"
values of these points. J/”V”\ﬂ |

Using a more compact| form for Equation (12}, w(u,v)

!
I .
\

can be expressed as:

w(u,v) = (u3 ul u 1) § v. | : - (14)
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where S =m BN

Expanding Eqﬁation.(14) will yield
(u3v3)811 +'(u3v2)512 + (ﬁsv)sl3 + (us)S14 +
(u2v3)821 + (u2v2)522 + (u?v)S}3 + (uZ)S24 +
(wr¥)s5; + (D)5, + NS5y + S5, +
(VS)S41 + (vz)S42 +* (V)85 *+ Sy = W(u,v}
or ' - N
RT=20G _ ' (15)

whefe R is a 16 x 16 matrix of uv products (which
are still unknown), T is a 16 x 1 vector of the unknown 5
elements, and G is a 16 x 1 vector of the given 16 data
points. Hence the result is a linear simultaneous system
of equations.whose unknowns are the eleménts of the T vector \\_
and the elements of the R matrix.

In some systems the u, v values are.assumed [33], say
u=20, 0.25, 0.5, .75 and v = 0, 0.25 0.5, .75, and the u,v
products are precdmputed. This méthod could be useful only if
thezﬁhta points are not scattered and the patch itself is very
" small, or if the data points are equally spaced. If the pre-
vious spécifications are not satisfied, which is a more general
case, ‘a more rigorous approach should be followed. |
- Consider for example, Flgure (2.3) in which the patéh
-is presented with 16 spatial points . lying on the surface of

the patch. The points are first attached by straight lines
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(dotted); then by Ccalculating the length of these line seg-
ments, an estimate for the corresponding "u,#" values can be
obtained, as shown in .Table (2.1}.

From the values calculated in Table2l, ;L can go
back and calculate the élements of 16 x 16 (R) matrix of
Equation (15). Note that  the solution to Equation (15} pro-
%ides three S matrices, one fér each of the coor&inates X, v
.and z. The Gauss-Jordan elimination technique with maximum
pivet strategy [41] handles this problem. After solving the
linear system for the 48 unknown values of S, we can then go
back and get the coordinates (x, y and z} for any arbitrary
point lying on the.patch, using the expanded form of Equation
(15). Thi§ can be -done by fixing the "u" value and increment-
ing "v'" and thus obtaining lines of constan€ "u". Similarly
we fix "v" and increment "p" to get lines of constant '"v'*.
These lines are used to draw the patch on a g;aphi;s terminal
CRT. A

Throughout this thesis the g;e;cfibed method for
creating a bi-cubic surface patch’ using a grid of 16 points
as the only data, has been used. It has been proven fhat this
algorithm can handle very complicated shapes. Some typical
output photograph; are shown on Figures (5.25) and (5.3]),
showing.the 16 data points lying om the patch surface. It has
been also proven (as will be demonstfated.in'the next chapters)
that the model can fit 1arge_regions-o£ a surface, so a smaller.

number of patches céuld be used to define the whole surface.
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That makes the algorithm a Rpwerful, realistic, efficient and

interactive graphics.

. -
acgurate device for

géﬁgéi\___ u value v vaiuek

1 0.0 0.0

2 L)/ (Ly+L,*Ly) 0.0

3' (L1+L2)/CBTiL;*L3) 0.0

4 1.07 0.0

5 0.0 L4/(L4+L11+L18)

6 Lg/(Lg*Lg*Lyg) L/ (Lg*Ly+Llyg)

7 (Lg+Lg)/(Lg*Lg+Lyg) .| Lg/(Lg*L)z+L,q)

8 1-.0 L7/(L7+L14+L21) .

9 0.0 @ /@ )
- 10 Lys/(Lys*lyg*lyy) | (Lyp*bg)/(Lg*Ly,*Llyg)
11 (Lys*hye)/(hygtlygtlyg) | (Ly3*Lg)/ (Lg+Ly5+Lyg)
12 d.0 (L14+L7+L14+pzd)

13 0.0 1.0" ///

14 Lya/ (Lpp*lyztlag) 1.0 /'

15 (Lyg*Ly3)/(Lyytlys*lyy) 1'0( -

16 1.0 1.OE><:‘;___

_ Table (2.1)

=

Estimate of the "u,v" tal
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Figure (2.1)

The correspondence between real
X, ¥Y» z space and parametric space
for parametric cubic space curve,
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Figure (2.2). The correspondence between real X, ¥, 2 -

space and parametric space for parametric
bi-cubic surface patch.
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Figure (2.3) Parametric bi-cubic surface patch
presented with 16 control points
lying on the patch's surface.
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- CHAPTER 3 T _
A SOFTWARE SYSTEM FOR INTERACTIVELY
CREATING 3-D CURVED SURFACE DESIGNS

.o - .

3.1 The Ideal System

‘The design of curved surfaces has always created
difficultles for the englﬁeer‘ Some types of curved surfaces,
such As spheres, cones, cylinders, etc., can be represented
féry asily. However this isonot possable for free form
shapes hat are often. used by des1gners

In the last chapter we have 1nvestigated the mathe-~

matical modeling Sf’such surfaees~in a computer-amenable form.’

In this chapter we will conflne our attention to the de51gn*
and manlpulatlon of these free form surfaces frbm the CAD
-‘graphlcs point of yiew.

Experience in CAD has 1nd1cated that the following
software system speC1£1cat10n5 ill ensure an 1deal system
for 1nteract1ve1y creat1ng 3-D curped surface de51gns°
“ (L Initial input need only be a very rough approx;matlon
of the desired surface, and can be defined viaPnymerical co-
- ordinate data, digitized data from a sketch/ or data generated
'dlrectly by an 1nput dev1ce, using an pssembly of patches

(2)- To ‘define the surface, the de51gner need only define
spatidl points lying on the surfdce (nodesf‘animno.slopes oT

twists~of patches need be prescr1bed, i.e., no\mathematical

-~

.
-
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knowledge of surface gedmetry ls required.

(Sj " The initial input is displayed immediately.

(4) The assembly of patches can be displayed in any scale
and orientation,gwith or without hidden lines, so that it can
be reedily visualized. ‘

.(5) _Any surface can be created, including fully or partially
" closed surfaces, and fully smoothed or with d15cont1nu1t1es

ﬁﬁ) ‘AdJolnlng patches can have their junction smoothed by
the computer, u51né a simple command, .
(7) Transition\Br faifinglpatches between any adjacent but
7 nen-touching putcheé can be defined by a simple command.

(8) One or more nodes on any uatch can be relocated using .

-

an input device (e. g., light pen). The surface'is immediately
redefined and displayed Wlth the néw points fully refaired.

(9) Any secthon through the surface can be efined and a
true view obtained. ' .

(10) The surface is defined numerically'by the comﬁuter in
a manner sultable for phy51cal dupllcatlon, or interfacing with
- metalworking processors, finite element processors, modelling

-

proceSSOrs, and the like.
[

‘ -
3.2 Objectlves of Software Development

ective of this thesis was to de51gn a system .

tively creating S-B curved (sculptured) surface

: deeiggs¥ ich will fu1f111 the preV1ously ment1oned ten
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A method suitable for the interactive design of free
) form surfaces is presented. The method is best suited for
creative d351gn based on aesthetlcs, experience, or a number
of empirical rules. The method provides the designer w1th a
carefully integrated set of tools ﬁhjch permit a rapid_aﬁd

convenient creation of aicurved‘S-D surface of any type.

3.3 | General Algorithm for Surface Design

The gene}al objective is to provide-a facility_onla
typical minicomputer graphics system (Figure 3.1) which enables
the user to do the subjective design of S—D'curved surfaces and
make the definition'and modification of sucﬁ surfaces as direcfl;
and simple as posé&b%e. The basic tool is a surface patch
defined bf space coordinates. A "patch" is simply a relatively
small segment (Figure 3.2} of a curved 3-D surface. Any supface
is to be built up from a collectiﬁn of such patches. /7
_ The bas1c tool of this software system is the definition
of a patch by 16 space points lylng on its surface as indicated
in Figure 3.2. The patch was developed in Chapter 2.

The second primary tool is the facility to select any
node.and relocate it interactively. The system will then '
resmooth the surface to fitAthis‘new point. The patch to be
distorted is first identified;.end'it may be a sub-patch or a
multiple patch. ‘Mulfiple nodes may be relocated before recon-

structing the surface.

The third primary tool is the facility to create a patch

//,a\;

3
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between parallel or orthogonal sections., The user is asked

to define four planes (parallel to x-y, y-z or z-x planes)

and in each plane he is asked to define four points, i.e.,
define 16 points; and %PAQefine a patch. The program will

then generate the surface patch which pass through these points.
This facility is well.illustrated in section 3.3.2.

This leads to the fourth primary tool, which is the
facility to create a sub-patch as shown in Figure 3.3. A sub-
patch is a patch created by splitting an already defined patch.

A final primary tool in building up the patch work
surface is the facility to smooth two patches along the common
borders. ﬁach_patch is independently smoothed as shown in Figure
3.4. At the junction point "A" there can be an undesirable
second order discontinuity. A facility is providéd for designét-
. ing such a point a "smooth junction", if this is desired, and one
of the two patches will be 56 modified.

Other impdrtant facilities are also provided by the
system;‘like rotation, scaling and obtaining surfaces of
-revolutions, | |

.

3.3.1 Free Form Surface Design Program

A necessary element in any,CAD or CAM system is to design
an efficiént and economicél method for ﬁescribing a 3-D part
geometry in a form understandable by a computer. _

There are several ways to provide‘¢his description.
'For example, a part can be described as an-.enormous number of

coordinate points. This type of description, however, is

- ‘ 1
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inefficient.

Another technique is to use the so-called Juser—

oriented" NC programming language such as APT [42]. Such
languages can describe geometric entities, including planes, -
cones, conic section and other comblex surfaces, through
simple English-likg statements. We will not elaborate on such
NC programming languages, but it should be noted that modeling
of sculptured surfaces is difficult using such languages. In
fact, the difficulty of modeling is one of the reasons that
relatively few digéHTTGr‘metal forming) are now cut by NC.
Most of them are still ﬁade by tracer mills, where a stylus or
tracér meéhanism moves along a plastervor wooden model to guide
é'cutting tool that duplicates the shape in metal. The models,
in turn, are made by hand in a laborlous procedure that is |
'anythlng but automated [43]

In this thesis, a completely aifférent technique is
used. Describing o¥ actually designing 3-D'gepmetry is done
by defining‘selected coordinates (16 points per patch) and then
-having the computer blend them mathematically to generafe the '
‘rest of the part configuration. Ih the following sections we

will describe the vario

capabilities of the developed .software

system apvlying the ntioned technique.

3.3.2 Input of In tlal Surface Data

0f all the 1nput data needed for computer- a1ded de51gn,
'the most difficult and time-consuming to produce is a descrlptlon
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of part geometry. For this reason, the system provides the
designer with three input options.

The design process begins as soon as the designer
arrives at the computer with approximate patch coordinates and
a layout of patches on a piece of papér. The design process
can also begin with no prior surface des"gn at all, i.e,, -it'
can be completely generated at the computer. As soon as the i
designer runs the program, a menu having the three input oﬁtions
will be displayed on the CRT as shown in Figure 3.5,

If we Eonsider only one patch, the designer is required

é define hiébsurface patch through the use of'any of the
three options of Figure 3.5. As mentioned before, a patch is
fined only by 16 x, y, z coordinate points.

If the designer hits the light button command "INPUT

VIA KEYBOARD" with the light pen, the program asks him to enter.
16 x, y, z coordinate points defining the patch via the keybo
The patch is then displayed immediately. ._

' The procedure is the same with the "INPUT VIA DATA FILES"

. com@hnd; the program asks for the data file name containing

T

coordinate data describing -the patch, the designer enters the

name, thé)prd§?§E7ﬁisplays the patch. . ,
’ ' Flnally if the user hits the "INPUT VIA LIGHT PEN" command
with the- Ilght pen, the program will use the following steps:

(1) Tie Y, Z axis will be displyyed on the CRT together
with tdL/T;;::\Bﬁfibns on the menu areg, "bEFINE WORKING PLANE"

and - "DONE" as shown in Figure 3.6, J _ !
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DEFINE WORKING PLANE

Figure (3.6) "DEFINE WORKING PLANGY
and "DOME" opticns
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(2) To define a working plane, the designer hits the "DEFINE
WORKING PLANE" option with the light-pen;.and the program types
the following message: "POSITION THE TRACKING CROSS AT ANY
POINT gf ANY ONE OF THE DISPLAYED X,.OR Y, OR Z AXIS TO DE#INE
THE LOCATION OF PLANE NUMBER 1".
(3) The user has positioned the tracking cross at point "A"
of the X akis as shown in Figure 3.7.
(4) As soon as the first plane is displayed from point "A"b‘
another two menu light buttons will be'aisplayed "POSITION" and
‘"DONE" options. (Note that as the hit was on the X axis the

working plane is parallel to the Y-Z plane). ' ] ' :

(5) To define nodes of the patch, the user hits "POSITION"

option with the light pen, the program types the following

it

message: "POSITION TRACKING CROSS IN PLANE NUMBER 1, TO DEFINE

i e s b LA

PATCH OR PATCHES DATA POINTS, TO DO SO: I

TRACK THE TRACKING CROSS WITH THE LP AND POSITION IT AT ANY
POINT ON THE PLANE. HIT "RETURN" KEY ON THE DECWRITER.
REPEAT THE PREVIOUS PROCEDURE.

NOTE: TO DEFINE A PATCH YOU NEED TO POSITION TRACKING CROSS

o A i e Pl LB 1 Sy s - ¢ et kWA,

FOUR TIMES IN JFOUR PLANES.

P e e s T

(6) Figure 3.8 shows the four defined points (nodes) in
plane number 1.
A

(7)  After defining the first four points of thg patch the

user can hit the JDONE" option. The program will erase "POSI-

RASTRESI R FE - WEIE TECpa

TION", "DONE" options and return to "DEFINE WORKING PLANE",

"DONE" options. Again, the user could follow steps 2 to 7 to
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Figure (3.7)

POSITION

Figure (3.8)

Tracking cross on the x-axis

Four defined points in working
plane number one
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define the second four points of the patch in a second plane

parallel to the plani through point A, and so on until the

user is finished wifﬁgentering the 16 points- defining the patch.
Figure 3.9 shdws the 16 points defining the patch

(four points per plaﬁe). Note that the intensity level increases

from the first to last so that the user can easily decide on the:

working plane. Note also that the working planes do not have

to be parallel, it could also fe orthogonal . “

(8) The user is ready now to hit the "DONE" option; the

optioné "DEFINE", "DONE" will appear. Once more he could hit

the "DONE" option, after which the patch surface will be dynamically

drawn on the CRT. Figure 3.10- shows the typical patch surface.

(9) A surface manipulation menu will then automatically appear

on the CRT, e.g., '"SMOOTH", "BLEND", "ROTATE", "ERASE"...etc.

3.3.3 Patch Modification

If the usef wants to modify the shape of the patch, all -
he needs to do is to point at the "MOD" option (in the menu
are shown in Figure ;3.10) and then track the tr;cking CTOSS wiph
the light pen and position it at the new desired position |
(Figure 3.11); the program then asks the user to pOlnt w1th
the light pen at the point to be rep051t10ned (p01nt B). The
program\thén_dynamically erases the original patch and draws
the new modified patch, (Figng 3.12). The patch to be modifiéd
can be identified by only poigting with the light pen at any
part of it, and also mulfiple design points may be relocated

before reconstructing the patch surface.




FOSITION

. . tgl ’

~E¥ BORRD
SHOOTH

INTRACT DESIGN
RO/OLUTION

RECALL

Figure (3.10) The gencrate:d patcﬁ



Fiqure (3.11)

KEY BOARD
SMOOTH

INTRACT DESIGN
REVOLUTION
RECALL

SAVYE

oD

DONE

Figure (3.12)

-

Tracking cross positioned
at new designed location

Patch after modification'
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3.3.4 Smoothing Two Patches at the
Common Borders

Each patch-is independently smoothed as shown in Figure

3.13. At the junction t undesirable second order

discontinuity. A f 11jéy is p}ovided for designaqing such a
border a "smooth junctioh" if this is desired, and any one of
the two patches cbuld.hs so modified to ensure "f;rst and

" second ogﬁsr continuity" along the conmon bordsrs*. fhe user
first hits the ."IDENTIFY" option, then hits the first patch

(to be fixed), thén.hits the second patch (to be smoothed with =

the first patch). Execution is initiated by hitting the‘VSMOOTH"‘

_ optiomn, then the program smooths the’ “two patches. F1gure 3,14,

shows the two patches after smoothing along the common borders.

.

3.3.5 Creating Transition'Pgtghes
The program can genera;;\anAi

which ensures first and second order cont u1ty across the.

trgnsition patch

adjoining edges of the surrounding patches**. The designer
defines his first and secon& non touching patches, hits the
"BLEND" menu option, and the progfsm generates the transition
patch immediatsly' Figure 3.15 shows the two non touchlng
‘patches before blending and Figure 3.16 shows the two patches

after blendlng with a transition patch

- * Appendix II
** Appendix III -

b

FRLTTpe e




wE+ BOARD
DATA FILL
INTRACT DESIGN

SMOOTH

DRAH
DONE

\//\ Figure (3.13)

Two patches with discontinuity

~across the common border
-
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INTRACT DESIGM

SMOOTH

REVOLUTION

SPLIT

INTRSECT

Figure (3.15) Two non-touching patches before "blending"
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SMOOTH

REVOLUTION

SPLIT

INTRSECT

HOD1FY

BLEND

SAVYE

RECALL

ERASE

bonL

Figure (3.16) The two patches after blending
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3.3.6 Creating Surfaces of Revolutions

Surfaces of revolutions can be created in a very
simple #ay. As shown in Figure‘3;17, the design®x defines 6
points, the first two define the axis of revo&ution, the -
third, fourth, fifth and sixth define the surface as shown in
Figure 3.18. The program uses points 3, 4, 5 and 6 to define

the remaining 12 points defining the patch.

3.3.7 Creating Curves of Intersections
with Planes

Curves of intersections between a patch and a plane

can bd(EEE;;hed graphically. The designer, after defining his

patch on CRT, hits the "INTRSC" menu option with the light pen.

The program displays a representation of the patgg;ﬁh the u-v
parigétric plane (shown as a square on the upper left corner
of the CRT in Figure 3.19, also the tracking cross will be

displayed on the center of the CRT. The user is then asked to

define the plane he wants to intersect with the patch; and, since

we are working on the U-V parametric plane, the plané will be,
-represented by a line. To define that line the user is asked
to position the tracking oﬁject:ét two points on the boréers.of
.the U-V parametric plane, Figure 3.19. The program, then, -
dynamically éraws the Tesulting continuous curvé on the patch's
surface, Figure 3.19. This way the user is only‘asked to
‘define his plane graphically, rather than mathematically.

Appendix IV illusfrates the intermal mathematics involved

(o]
in generating these curves of intersection. . \___\5;//))//




Figure (3.17) 8ix ihputrpoints definding

SHOOTH

REVOLUTION

Figure (3.18)

a surface of revolution
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The generated surface of revolution

47



\\\___—"—‘\ | 4 8 '

INTRRCT DESIGN
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REVQLUTIO

INTRSECT

[ )

MODIFY

BLEND

SHYE

RECALL

ERASE
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Figure (3.19) 1Intersection of a patch with a
plane defined by a line in the
U-W parametric plane '
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3.3.8 Patch Splitting

In engineering design of curved surfaces local
refinements are necessary. A facility is provided to allow
;he designer to accomplish this task. The designer can split
(subdivide) his patch teo & smaller patch at the location he

wants to do local refinements, then he cah do whatever modi-

fications he wants on the smaller patch. Using this technique-

the rest of t@e original patcﬁ surface would not be affected.
Considering Figure 3.2Q, if the designer wants to create patch
.Pz, by subdividing patch Pl’ all that he is asked to do is

to define values for the u, parameters corresponding to the
four corner points of patch P2, i.e., ul, %1, Uy, Vs The
user first hits the ""SPLIT'" option on the CRT menu area, then
‘the program responds: DEFINE THE.PATCH TO BE SPLIT; the user
hits the patch to be'5plit with the light pen; the program
responds: "ENTER UL, U2, V1, ¥2 VALUES"; the user enters

(e.g.) 0.1, 0.4, 0.1, 0.4; the program dynamically generates.

the new patch (PZ) which has'geometric properties similar t?
the'given‘%;téh. Figure 3.21 shows a typical splitting opera-
tion with .1, .5, .1, 5 for Ul, UZ, V1, V2 respectively.

" The mathematics involved in creating the boundary (B) matrix

- of the patch generated by subdividing a given patch is illustrated

-

in Appendix IV,

.3.3.9 Hidden Line Removal

The algorithms available for elimination of hiddeﬁ

lines in 3-D are among the most interesting in graphits work.

A}




_Figure 3.20 Geometry fror‘ Creating Patch P
: by Splitting Patch Py

2

50

<)




INTRACT DESIGN

Figure (3.21) » vatch before and after “splitting”
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The resulting displayswgfewxery attractive views of the scene
which aid the designer visuai?iing his design on a CRT graphics
terminal. The single disadvantage of hidden-line elimination
is that considerable computation is required to decide which
lines are hidden. A greétrdealef effort has been applied to
solving the hidden line problem and the result is a sizeable
collection of algorithﬁs [44, 45, 46}].

In this thesis no special attempt has been madevto
design a special hidden line removal program, instead a program
called "HIDE" designed by H. Williamson and modified by M:
Vannier and M. Oliff [47] has been adaptéd to our 3-D surface
design program. "HIDE" is a FORTRAN-callable subroutine used
to generate a 2-dimensional representation of a 3-D figure or
surface. Subroutine HIDE is called once for each line to be
plotted. .The first line is plotted in its entirety. Only
that_portioﬁ of subsequent lines that 1s visually above
(optionally below) all previous lines will be plotted. The
bresult is an orthographic projection with hidden lines
eiiminated. + A typical design for a designed surface after

hidden line removal is shown in Figure 3.22.

P
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CHAPTER 4

. SOFTWARE TECHNICAL .
INFORMATION

e

4.1 Introduction

Programs are designs, and.goftware engineers begén
to realize that designltechniques are very important in
software design. Advanced programming tecﬁnigues (751,
have been used to develop the software of this thesis. Top-
down and strué%ured [76]) programming techniques.were used.
The software system is composed of an executive or main-
line progrém which acts as the control-reahing in data,
making major logicél decisions, and calling subprograms which
do vErious jobs in the free form surface design package.J
The software is also "modularized" to ensure the independency
of modules. The structure of the program modules’ is described
in hierarchical input-processing-output [75] Eﬁgrts, as
shown in Appendix A. The functidn of each modﬁle is briefly
described as well as the input and outpuf-of each. )

‘Three main programs ﬁere designed to perform the °
de§ ; ma?ipulatioﬁ of curved surfaces. Each progtaﬁ is
capable of ﬁé?forming the deéign and manipulation of curved
surfaces; the oniy distinction is the kind/of input devices
used. Program JOLIA was designed to &CCépt.l put from the
LP& program KEY to accept input from the kéybqard; and program

DATAFL to accept input from data points stored on data files.

.
T S P




A two-dimensional curve design program CURDES

is also included in Appendix A; The program can be used

for the interactive design of two-dimensional curves ‘of

any type.

4.2 ° Program Specifications

The specification is the document which fully defines
the requiremehts of. _the ‘design of the software. The progranm

design was bdsed on the follow1ng speC1f1cat10J?

“l.. The: General Objectlves of the Software Package
| A CAD package is required for the interactive graphits

design of a free form surface . o I

2. . Technical Level of Users Related to Programmlng ' [/
and Modeling Skills RRpCy

"User should not require any famiwnty with pro- :
grammlng skills or mathematical surface modeling techniques.

3. - Input .and OQutput Software Conflguratlon Needed for -
Use ot the Package _

The only 1nput data permitte& is x, vy, z'coordinates
of spat1a1 p01nts lying on. the .surface. ~The output should
1nc1ude data flles deflnrng the de51gned surface

4. Input and O_E!ut Hardware to_be Used

A PDP 11/34 mini- computer with a refresh type

(GT4G) graphlcs ‘terminal CRT Input ‘media is floppy discs g
or, DEC packs (RKOS). - ) . o '
o Input - DEC WRITER II, Light pen. ‘
- ' - - ' ST e 4
Output 'CRT - . . T on ] i ..‘%: L 5 “
7N

g o T B
" g T . o . ! R .
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5. Core Memory Available for the .Package

32 X words. B ) -
- .
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CHAPTER 5

-

™ 5.1  Ship Hull Desigm

The prelimihary design of.e ship, is common ﬁith
that of most other en 1neer1ng objects, 1nv01ves careful
compromise between a numper of factors in order to produce
the most economical resul satisfying the functional require-
ments of the design n the design of large commercial

ships the ba51c functional requ1remgnts are usually stated

as the. ab111ty to take a glven load a certain distance. Thus,

in the initial specification of the required ship, usually

‘the.parameters available to the  ship builder are speed, length,

beam, draught, deadweight, tOgether_with the class of ship,
whéther it be a tanker or cargo shiﬁl From such sparse data,
the hull surface definition has to be builthup. The only
geometrical information that is given for the surface specifi-
cation is the length, beam aﬁd drauéht.‘ Making use of the
pre#ious data, the traditional methed of huli"design was to
def1ne the form approximately‘By a series of p01nts through
which the, surface would pass [48]. In1t1a11y these might |
define a set of smooth curves representlng vertical plane -

sections across the hull. If these curves were 1nee;E@tged

4]

by horizontal plane sections one could plot sets of_points

y .-representing the shape of the hull at various waterplanes.

-

'
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1

In géneral, cu}ves through these points would not be smooth.
The procesé of fairing then begins and consists of reconciling
the two sets of curves until both are smooth and both
represent intersections with the same surfa;e. Usually this
was a tedious and time consﬁming task., Most of this recent
effort has been devoted to the 'hull fairing' problem in which
a given lines plan. is to Be approximated mathematically, often
being improved in fairness at the same time. .D. Taylor [49]
mathematically generated the hull forms in his‘st;ﬁdard series,
defining seqtional area curve and design watérline b} fifth
order polynomialé fnraccordance with form paraméters* he pre-
scribed. Weinblum [50, 51, 52] extended the principleé of
parametric lines creation in connection with the systematic
variation and hydrodynamic optimization of hull forms. i
~More recently two distinct goals have been.pursued
by numerous inve;tigators:- Lines creation by 'distortion
of a parent hull form' versus lines creatién from 'given huill
form barameters' In the former category 51gn1f1cant contribu-
tions were made by Lackenby [53], Schneekluth [54], and
:Puchsteln [55]. With ‘the latter:problem, good progress was
also made over the last two decades OW1ng to research eff?rts

by Thieme [56], Miller -and Kuo [57], Williams [S58P~Kwik
[59, 60], Kuiper [61], and Reed and Nowacki [62] and others.

Following these traditional efforts for ship hull

* See Appendix B
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design, MacCallum [63, 18] developed an excellent system for

the preliminary design of ship hulls using interactive

graphics. H

1. The 'épign consisted of an arrangement of surface
patché;hjoiﬁia along common boundaries and made”continuoué
only to theAfirst degree.l In some cases a'second-degrée :
continuity is ﬁecessary.

2. burves of intersections (body ,plan) could not‘be
obtained dynamically,

3. Design could not start from-scratch; however it could
be started using a library of topologies, i.e., standard
types of bow forms, types of sterns, etc. The program can be
left to construct an initial form by piecing together items
from its library of standard forms. If the need arises to
define a new topology the program is handicaped.

4, Shape modification was achieved tﬁrough 'dragging'
one of the corner points of a patch using a light pen, But
any other control point on the patch's'surface could not

be so dragged. If this was required, the original patch

was splitat the required control point and then the regenerated

' patch was changed.

Anothef intere%ting‘systém was designed»by‘Yﬁille
[64]. The user has to deal with parametric derivatives and
cross derivatives, which makes the system difficult to use.
The -program is not suitable for making larée changes to the

Shape of a patch in one step because it is not practical to

téver, MacCallum's system had some disadvantages
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move points on a pat&h very far in a2 given coordinate dir-
ectidn by altering values of the cross-derivatives {10].
One can, however, bbtain good results by making a series ' 5
of sﬁall changes in different direétions. .

Walker [65] argued that the best Qaf to define a
ship's hull is through the use of a close mesh of points
rather than analytic surfaces. |

droot [66] presented a design.mefpod together with
~practical results of designed hull surfaces composed of simple
analytical functions. Still;.the methodsis not capable of
designing any desired curved surface;

It‘gf\worthwhile'here to discuss the CAD.system for
."shipbuilding at the Japanese 'Chita!' shipyard, the most
que;n shipyarq in the world [68]. 1In %978, the shipbuilding
division of Nippon Kbkan KK, one of the major shipbuilders
in Japan, completed a comprehensive CAD system for shipbuilding
.operations from designing to buildéng [67]1. The NK-ASD system
features are a database system, improved usage graphic display
equipmenﬁ and direct control of NC equipment. In the NK-ASD
system the common data, such as hull éonfiguration and
structure, are filed in a databgse and can be extracted at —
will, Figure 5.1,sth§ a functional outline of the system,
The major programs are as follows: . ‘w.

1. Fairing program for calculating the outer hull con-

5 i1 A ok il B

figuration. 5

2. A filing program that files the déiailed structure

of the vessel into the database.

¥}
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;i

3.  LOFTRAN for producing the control tape for NC ;
parts gener tion.. ' r
ﬁ G-LOFT/ for parts generation by interactive graphics. |

hell development program.

7. A pkogram providing a checklist. The graphic display
unit allows designers to extract information from the files.
The G-LOFT program helps preparing dfawings of desién and
parts generation. The graphic monitor program helps the user

to study the contents of the database in numerical or graphic

form. ‘One of the,great strengths of the NK-ASD system is

S
.

that the information concérning the design is directly -connected

to the manufacturing processes. . - E

A new method is.introduced in this thesis for ship

hull design. The method makes use of the freé form §urfa€& '

* .

design program explained in Chaptef 3. When using the program |

one is concerned with direct manipulation of a surface from
the start; and not with curves. The naval architect interacts

with the computer, which stores the information and then

SRS SRR PR

calculates ‘and draws curves in the current designed surface.

The procedure, when using this program to design a new hull,

o i e

is first to sketch the vessel and the outlines of the patches
that wil} form a preliminary representation.df its hull. A
ney surface is computed aﬁd stored with its patch éorners

at positions corresponding to those in the sketch. Actually,
the designer can start designing his hull from scratch or

by modif&ing a previous}y stored surface. The designer can
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easily obtain true views of pPlane cross sections across and
along the new surface representiﬁg the hull. He can also )

commence an iterative procedure during Wthh he repeatedly

.modlfles the surface by dragglng control points; and he then

examines the shape of the Plane cross sections; repeating
this until he®btains the shape he requires.

In addition to the fairness of the hull form the
program could be very easily extended to accommodate some
ana1y51s routlnes which will aid the naval architect in the
design process, e.g., !

1. Subroutines to calculate the resistance of the under- |
water ‘body to motion through the water.

2. Subroutines to caleulate the flow (pattern) of water
around the vessel and into the propellers.

3. Subrout;nes to calculate the displacement and center

of buoyancy of the underwater form. N

4. Subroutines to measure the static and dynamic stability

of the ship.

~ In the next section we will describe \the general

algorithm of the ship hull design program from a user's ‘point

- -

of viewa

1.1 Ship Hull Design Algorithm

. The general approach of the program will be as

ollows:
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O

calculated.
Service Speed (Knots)
Deadweight (tons) ' |

Deadweight coefficient (deadﬁeight/light weight

+ deadweight) )
2. Program Calculates L, B, H, D as shown in Figure

5.2,

sy

/"

L

Load waterline

mT »\ | A

’—U L

Figure 5.2 Box shaped vessel |
- \"\.4

(Note: User would be able to change any of these parameters).

.

3. Program displays the box shaped vessel showing the
load waterline.

4, User is asked to divide the box into four major

r
F
k
k
F

divisioﬁs, using the light pen and tracking object, as shown

in Figure 5.3.

F - Forward ‘ . {
, . | M
M - Middile T —
- . ____4§~___ {
A - Aft : S l
S - 'Spern )
v Figure 5.3 Divided vessel .

(
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The program returns.the length of each division. If the
user wanté to change any length he é&ould go back and repeat
the previous step (Figure 5.3).

’5. The user is asked to define curves (including the
midsHip section curve) resgatingfrom 'slicing' the ship

with vertical planes through the two-edges and the dotted

lines of Figure 5.3.

5.1.2 Designing the Middle Body

1. As the shape of the midsection is characteristic
of ;size and form as well as function, the design process
should begin by designing the middle body (M).

The user is asked to define the shape of the midship'

. section (using the light pen and tracking object the

designer enters points defining the midship section curve,
using the samé algorithm'for'the free form surface désign
program described in Chpater 3, section 3.3.2). The
boundary of the curve is the rectangle shown in Figuré 5.4.
Due to the symmetrf of tﬁe ship along the cénterline,'only
half of the curve need be defined, see Figure 5.S5.

2. After the user defines the shape of the midship
section the program returns the value of the "midship section
coeffi;ient" (Cm) |

Cp =%

*-  If the value of Cm is different than what the user
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Figure 5.4 Middle body of a ship
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Midship section

After section

of the middle
My . : x "\_
. . L
Figure 5.5 Middle bo
-~ )

§>\Boundary curves
\
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has in mind, he could go back and redesign the curve.
3. The user is -then asked tondefine the curve of the

‘ forward section of the middle body using the same procedure

as the previous step, see Figure 5.6.

A(/-CRT
~ |- i )
.
! .
¥
\{,
: . \
"Figure 5.6 Curve of the forward section of v

the middle body d

. L]
4. The two previously created_curves are then plotted

on the 3-D space on the Y-Z planes (Figure 5.7).

Figure 5.7 Forward part of middle body sectional curves
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5. The user is. asked to define (using the LP and track-
ing object) two additional curves in two parallel planes

so that curves 1, 2, 3 and 4 (four defined points/plane)

»

will now define the patch. K\
6. The resultlng pat is® then dynamically plotted on

the, CRT (see Flgure 5. Bz:"
w -

The resulting patch

fj’ Forwﬁrd section of
_——e the middle body
v * £
L ‘
s . ' . ’

) 7 t}f. Midship section

F1gure 5.8 Resulting patch of the forward part '
- of m1dd1e body - 4

7. 1f the user is“not satisfied with the shape of the
gatth,.he could go back and change 'the position of any of BN
the poémts defining the patch‘pntil he is convinced with
the shape of the paich.

-~ B. "The same algorithp could be used to develop the
surface of the afterpart of the middle body, mak1ng sure
that cont1nu1ty exists .along the common border between the. - ~°

forward and afterparts (patches) of the m1dd1e body. The
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o -
resplting middle body will 1ooixlike Figure 5.9.

'

3

S 1
/

_Figuré 5.9 'Middle body surface =~ -

5.1, 3 De__gnlqg_;he Porward Part [F]

"‘/¢\~ ' The user 15 asked now to def1ne only three sectlons

of the forward part (the after sectlon of the’ ﬁorward body

) 5.9. ) « ] -’ - “ . .. i . ‘ ’ . o
| . 1 iy o
Notc1e that the forward sectlon of the forward

: ( Itas been define§,1n des1gn1ng the m1d@1e body), seg;F1gure

body has a bulbous bow. q_;ctually the user would: be able .
_to: deflne Any shape fo: the forward part.l ' : .’.J(;J
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l.; design using the prescribed algorithm is shoWn in Figure

A

70

Figurg_SJlO "The Forward surface -

- s . s

5.1.4 Designing the; Aft Part and Stern [A], [S]
-7 The same procedure developed in the previous 'sections

could be used.to define tHe. 'Aft', and 'Stern™ parts of a

—
] . . ~

Y. .
" - ! -

ship.
'FigUre 5.11 shows a coﬁplété 'top-down' program

‘A

-design.for ship hull surface deésign. A complete ship hull

'$.29:  True views of the curves of ‘intersections, i.e., body
"W * il . i . . . . . L.
plans are also shown in Figures 5.23 to 5.27.
) 1,

-

- L]

o
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5.2 Chair Design

The mqin steps taken to design a chair are as
follows. |

1. The industrial designer has some new idea for
~designing a chair.- He sketches the new shape on a piece
of paper as fhoﬁn in Figure 5.12.

2. Th; éesigner begins by subdividing hié surface into
patches whenever he feels the need to define a certain part
of the surface by a patch

3. The divided chair would look like Figure §.13,

(note that'the designer is still working on a piece of paper).

4, The designer is now ready to defineotb the computer
each pgtth using'the light pen input command.

5. To défine patch number one, the user would define
16 points (four per ﬁorkiﬁg plane) as shown in Figure'5.14..
The program will" then display the surface fitting these points.,

6. Using the same four working planes (parallel to X-Z
plane), the user wouldrcontinue defining patch numfer two.

Note "that point number one of patch 2 should be at the same
pésltlon as p01nt 4 of patch number 1, and 51m11ar1y for ~—/
points .5 and 8, 9 and 12, and 13 and 16 respectlvely

7.  After the user is finished with defining his five
patches; using the. prescrlbed four working planes, he can now
o alter the p051t10n of any point (node) and see the effect on ’
the cha1r s shape unt11 he 1s satisfied. He .can then "SAVE'®
Athe.dlsplay-and c;eate ajdapa‘flle containing the X, Y, 2Z

-,
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Figure (5.12) 3-D view of & chair as
sketched by a designer
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Ll

|
/).‘. . . .
;\ - Figure (5.13) Chair divided into 5 patches,
T : 3 ~ as sketched by the designer
- i .
1.
- 7
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working plane
number 1

/
z

N\

Figure (5.14)} 16 points defining patch number
one, 4 points per working plane

-

+
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coordinates of the points defining the chair's surface.

A typical chair design as designed on the CRT
graphics terminal using the prescribed algorithm is shown

in Figure 5.15.

o]
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. Figure 5.15 Three-dimegsional view of
i chair design
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5.3 Duct Design

A typigal-procedure for a duct design using d}git-
ized X, Y, Z coordinates'qs input data ié exﬁlained in detail
in the following sectiéna

< 1. The designér_dfaws, elévapion and plan for the duct as
shown in Figures 5.16 and 5.17.

2. From both figures the designer can easily obtain

. X, Y, Z coordinates of 16 control points of each patch as

shown in Figure 5.16.,

3. Using input via' keyboard command, the user can now
enter the 16 X, Y, Z coordlnates of each of the four patches.
4, The program will dynamlcally generate the surface

of the -duct as shown in Figure 5. 18,

5. The user can 'SAVE' the display and create a corres-

ponding data file. The user can also obtain curves of inter-'

getions and get the X, Y, Z coord?nates of the p01nts defln-

i P

ing the intersection curves.



Figure 5.16 .Elevation of the duct
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Figure 5.17

»

+ Plan of the duct
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DATA FILE

SMOOTH

SPLIT

INTRSECT

RECALL

ERASE

Figure (518 )l Duct surface as shown on CRT
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5.4 Glass Container Designs ,
| Simple round containers, iuch as bottles and wine
glasses, can be completely specified with a single section
.line defining the profile of the container. The surface
design program enables ‘the desigﬁer to 'draw' the profile
with a light pen (in reality, he is defining 4-points which
construct a parametric cubic curve).. This prdfile can be
modified until the designer is satisfied and he can observe
a pictorial view of ;he complete tghtainer, whilst he is
working. -The real power of this developed technigue is in
designing non-round containers from a predesigned roﬁnd
container (using control points dragging).

.Designing round contéiners is very easy using the
defeloped free form‘surface design program as will be proved
in the following practicdl aesing of a bottle:

1. The designer hits thé_'REVOL TION' option on tﬁe
meanu area. The'program responds b typlng the f0110w1ng
meSSage:.'PLEASE ENTER NUMBER' OF PATCHES®. Let us say that
‘the user dec1ded to use two patches to deflne h15 surface
(neck and main body of the bottle). The user enters: 2..

C 2. The program responds ' DEFINE WORKING PLANE,’ YOU .
‘ SHOULD'DEFINE 10 POINTS ON THAT PLANE. THE FIRST TWO DEFINE
AXIS OF REVOLULTION THE'REST ARE USED TO DEFINE SURFACE'

. 3. The user defines a worklng plane tggether with 10 - 5
poihts‘on that plane (as described in detail in Chapter 3, -3

~ section 3,3.6).

=




B2 *

4, The program dynamically generates the two patches .
definingrthe bottle's sur{gce as shown in Figure §.19. _ |
Figure 5.20 shows a design for a non-round container,
desiéned from a predesigned'round.container by dragging some
of the eontrol points defining the original surface.

]



1WTRe T DESTGMN

SMOUTH

REVCLUTION

INTRSECT

Figure (5.50)

&

7

Design of a nontround container

'
.



5.5 Other Designs

ics terminal, for a "nozzel" designed using only one

patch. _ .
ti\ Figure 5.22 shows a’ "smoking pipe”, that was de-

- .
N ———.

‘?51gné§~u51ng enly two patches. C,

Flgureg 5.23-5.29 show the different stages of
a ship'hull Aesign. 

The m§§t interesting feature- of the prescribed
_soffware free form surface design'system is the short
elapsed design time. The nozzel shown in Flgure 5. 21 was
designed in less than one mlnute._ The smoking plpe of
'Figure 5.22.was desigred in less than 4 minutes. The ship

ﬁuLL of Fiéure 5.29 was designed in less than 10 minutes.

»

Figure 5.21 shows a photo takeh of the CRT graph-
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INTRACT DESIGM

SMOOTH

REVOLUTION

SPLIT

INTRSECT

MODITY

—

Figure (5.21) A nozzel design using only one patch



86

INTRACT DESIGN

SMOOTH

REVOLUTION

SPLIT

INTRSECT

MODIFY

BLEMD

SAWE

RECALL

3

Y .
Figure (522 ) A smoking pipe design
' using only two patches



DESIGN MIDDLE BODY

DESIGN TFORWARD BODY

DESIGN AFT BODY

DESIGN STERN

SAVE
RECALL
RETLECT

maDiry
ERASE
INTRSC
SPLIT

DoN

Figure (523 ) Design of the forward
body of a ship
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DESIGN MIDDLE BODY

DESIGN TORMARD BODY

DESIGN ArT poDY

DESIGN STIRN

Figure

(5.24)

Design of the middle
body of a ship

B8




DESIGN MIDDLE BODY

DESIGN FORWARD BobY

DESIGN AFT BODY

DESIGN STIRN

SMOOTH

Figure (5.25) Design of the aft
body of a ship
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DESIGN MIDDLE BODY

DESIGN FORWARD BODY

DESIGN ArT BODY

DESIGN STERN

Figure (5.26) Design of the stern-of a ship




-

K

DESIGM M!DDLE BODY

DESIGH FORWARD BODY

DESIGN AFT BODY

DESIGN STLRN

SHOOTH

SAUL

Figure

(5.27) The forwafSLand middle

-

- bodies combined together

91
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DEFINE WORKING PLANL

Figure {5.28) Designing the aft body as
: combined to middle and
forward bodies of the ship

©
y




A complete ship hull design

(5.25)

Figure
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S CHAPTER 6
7 D
- %?ﬁMFACTURING SCULPTURED
URFACES USING NC SYSTEMS

,\ . - i ~™
6.1 What is NC? o
Mhat 1s NC?

Before we discuss the possible ways of manufactur-

-

ing sculptured surfaces de51gned using the CAD graphics

system descrlbed ‘in-the prev1ous chapters, we will, hﬂ::; .
4

- a quick look at NC [42]. Numerlcal control is not a

of machine tool but a technlque for controlllng a w1de
variety of machines. It is system that can interpret
a set of prerec07qxd ingfructions in some symbolic format;
it can cause the controlled machine to execute the instrpc-
tions, and then can monitor the results so that the required
précision and funétion are'maintaine The numerjcal control
system forms a communication link as shown in Fig;re (6-1).
Symbolic instructions are input to an electronic control
unit which decodes them, pifforms any logical operations
required, and outputs preclse instructions that control the
operaiion of the machine. The feedback enables the controller
to verify that the machine operation conforms to qhe
symbolic input‘instructions. .

in 1957, the first successful NC installations were
being used in pfoduction; however, many users were experienc-

ing diff}gulty in generating part programs for input to the
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Input > Machine ' ad
Media Control
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Tool .

~

Figure (6-1) A simplified schematic of an NC system :
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' Figur? (6-2) Cobmparison of control system paths
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machine controller. To remedy this situation' M.I.T. began

\
the development of a computer based part programging language

called APT - automatically programmed tools The obgective
,wés to deV1se a symbollc language which would enable the
- part programmer to spec1¥y mathemat1ca1 relationshlps in a
stralghtforward manner. nAPT provides the programmer with
three tools. ‘ _
1. A geometry description capgbility that enables him
| to describe necessary calculations without having
to-enecute them. '
2. A methoo of aescribing tool motion.’

. 3. A means for specifying inactive tool information

. L - such as feeds, speeds, and miscellaneous functions.

Although modern'NC;sYstems perform .many functions,
the most important controlled operation is dynamic posi-
tioning of the cutting tool with the “use of system co-

ordinates that are general engugh to define‘any;geometfic'

B . = . . U .
-motion. Points along the part profile* are defined by x, vy,

z coordinates and fed in sequence to the NC controllér which

generates the appropriate positioning commands. Positioning

can be accomplished u51ng two distinct methods, absolute

p051t10n1ng or 1ncrementa1 ‘movemernit. - The incremental system

L3
4 ES

o uses the change in X, ¥, 2 dlmenSIons to spec1fy p051t10n

' whereas the absolute ‘system: uses coordinate values.

-,

;o * In many cases offset points -(cutter path} are required.
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. The pash which the cutting tool fo%lows as it | ' \m)z{ﬂﬁ

trave:sés from point to point depends on the type. of control
system used. Figurg (6-2) describes the different control

system paths. The Céntouripg controllef, the one that we ' L.
are interested in,generates a path betweenlpoints by inter-
polating intermediate coo:dinafes. All coﬁtouring‘s&stems

have a linear interpolation capability (i.e., the ability

to genefate a straight line between two J s).
A numerically controlled machine 1 functioh;only
if the proper instructions are developgd assed on the ,___;,,f’éf ]

machine - i lic NC

the communication Eyclé is the physical trpnsfer of the
part program to-thé machine contfoller.- he "communication
medium" (usually a tape) transports a symbolically coded
part ﬁrdéram to the contr-‘ ugit. Even a relatively short
sef of NC instructioﬂs_may contain ﬁundféds,_and possib;y“ _ ;
thpqsaﬁds, of alphanumeric characters and special symbols. |
For this reason a communication medium ﬁhst :epreéegt a |
symbolic code in a compact form which can be easily deciphered
by the machine control. Usualiy this communication medium

(NC tape) is created using a special ﬁomputer program [69]

(post processor) called by the processor and used to convert .

.-g't
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a

cutter location (CL) into that medium that is understandable
by an MCU (m;éﬁine co;trol un}x)u A typical post ﬁ;ocess?r
coﬁta;ns five éleménts: inpui,.mgtion analysis, au%iiii;f

f&ﬁctions,‘output.and coﬁtrol and diagnostics. '

The "input'" element reads the cutter location data

and miscellaneous information that is output from the pro-

cessor. It verifies the format of the daté and transfers
;ppropriate values tg other elements of the post processor,

'Thes"motion analysis" eleménp.contains the dynamics
and geometry Sections. The geometry section perfdrms co-
ordinate transformations to convert the general CL data
into sﬁééific machine tool coordinates. The geometry section
inéures Fﬁaf the machine's physicél limits, are not aexceeded
and that the tool does not cut into any part of the machine.
Finally, iP is’the job of the geometry ‘section® to select
proper linear and rptary motions and to insure that the
resultant path is within tolerance.

The "dynamics” section of the motion analysis element
calculates'the‘appfopriate tool velocity based on servo
type, and the acceleration/deceleration characteristics
of the machine tool. -

| - The "auxiliary funcfion" element -provides fof the

output of miscellanebus and, preparatory commana ches,
i.e., franslates the machine control commﬁnds,'eug.,
COOLANT/ON, SPINDLE/ON, COOLANT/OFF, etc. |

The -"output" element of the.post processor generates
two typés of output: (1) the actual numerical control blocks

et b 7 e ey a

MR PL A R
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in a media form that can be either directly input
MCU or easily converted into a form for direct in

MCU and (2) computer printout of each NC block in

format. »

The-control and diagnostic element of the post.
processor is necessary to insure that a propér flow of
information occurs in the program and that analysis errorﬁﬂ‘
are diagnosed and brought to the attention of the NC
programmer.

The totgi picture from engineering drawing to
finished product is shown in Figufe (6-3) using an APT

PTOCESSOT.

6.2 | A Proposal for an Integrated
-CAD/CAM System

Our aim is to build a semiautoméiic programming
system that can handl€ both the design and maﬁufacturing
of'sculptured‘surfaces. |

In Sectién 6.3 of this thesis, we introduced a new
technique for determining the CL. This method could be
very easiiy ﬁncorporated in oﬁr interactive free form
surfacé design program in the following fashion:A

| 1. After the designer has designed his surface and
'he is satisfied with his design he can interactively create
curves pfﬁjﬁtersections with the surface using the 'INTBRSECT'
light button command.

2. Depending upon the complexity of the designed surface,



Figure (6.3)
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the desired accufacy and the designer's experience, the

_designer can decide upon the number of points to be inter-

polated on a curve of intersection (one complete cutter

v
pass or whéﬁﬁﬁs referred to as master dimension information
MDI) and the number of these MDI's (Figure 6-4). Automatic
selection of the numbef of points on an MDI and separation
between successive MDI's requires a knowledge of the radius
of curvature at various positions in the surface. A method
for the evaluation of minimum curvature for a parametric
cruve has been developed by Helpert [70] and involves an
optimum search technique for determining the minimum value
of a funcfion. The consequent knowledge of minimum radius

of curvature enables the maximum cutter size (diameter)

to be use& [71)]. - _ .

3. Using these data points, the CL's could be calculated

as described in section 6.3 using an NC processor,

e.g., NELAPT, APT [72] (an NC processor déveloped by the

National Engineering Laboratory (NEL}). )
As the engineering drawing is }he major interfaig

betweén design and manufacture it was logical.to consider

curves of intersections (MDI's or contours) as a possible

digital interface between CAD and CAM {73].  The whole idea ~

of using MDI's as an interface between CAD and CAM is
shown in Figure (6-5).

Calculation of éﬁtting conditions and determining

-technplogical data (optimized machining sequence, tool radius,

feed, rotational spindle speeds, etc.) as a patt of an

%
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Separation between MDI
points

True surface

Linear
approximation
to surface

Separation between
cutter passes

o

1 Jo

- ' 1 '

Surface

Cusp height

Separation between
MDI's

'Figure (6.4) Separation between points and
between cutter -passes
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Figure (6.5) The MDI as an interface .
between CAD and CAM s
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integrated information processing system could be achieved '
using an especially designed preprocessor [74].° The
practical application of this technidue using a minicomputer
could be performed as follows. The PTreprocessor control
program calls a predesigned milling optimization pProgram
which in turn will scan the geometrical data files. During
the execution of the optimization program, the cutting
conditions are computed via 1nteract10n with the machlnablllty
“data, operation requirements, toollng available, etc., stored
~on the technologicél data files. The optimized cutting
~parameters should not be imposed on the user. The part
programmer should make use of his experience and commonsense
to sf@lect the cutting parameters and tool specifications from
a di! layed table containing the opﬁimum values. A very
go:j{Zxample of the preprocessor technique is given in

Re nce [74] in Chapter 4.

.

6.2.1 'Advantages of the Propdsed System

-In contrast with proce551ng in a batch env1ronment
(F1gure 6-3), the proposed system will prOV1de the user w1th
the capability of generating the control tape 1nteract1vely
In an interactive graphlc environment, the'on-line computer
graphics will facilitate the part“programmer's job and
reduce the number of ‘trial runs before produc1ng a good
part Part- geometry input verification, via an interactive

graphlcs terminal, can shorten and refine the procedure

SUS T e e e e e . Tt
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used to produce, a part. Errors are detected before the
actual processing begins. In the event of an error
prediction the user can easily and dynamically modify and
correct the errors via the refreshed CRT gfaphics terminal.
To this can be added the ability to generate a graphical
simulation of the’cutting operation (trajectories of
center of béll-end cutter) on a graphics terminal CRT.

-

6.3 A Proposed Method for Obtaining an NC S
Cutter Path for Milling a Three- Dlm-
ensional Curved Surface

" We have developed an 1nteract1ve graphlcs program
which can generate any three- dlmen51ona1 lﬁrface. One
product of this system is the availability of any 'section
through the surface. It further provides the coorﬁinates
of any point on the section where it transects the surface.

Thejalgorithm uéqd for our graphics system has
special. features_which make it uniquely adaptab;e to this

problem. Two. possible modes could be used.

6.3.1 Mode 1 - Tangent Point Follows.the Section Line

In this approach the nominal positidn of the cutter
is offset so ag;io hold the tangent point on the section .
line. It is proﬁbséd that the cutter path be defined so
as to cut along tangent lines corresponding to any convenient
set of sections - usually a closely spaced set parallel to ~

one coordinate plane.
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L J

Figure (6:6) illustrated such a transection, and
Figure (6-7) shows a cross-section at point P. parallel
to the y-z plane. In order to establish tangency a£ Pt
the cutter must be offset from the nominal pesition along
the section an amount Ay. A similar offset Ax must occur
in the ' x-z plane, .

The two offsets, and the vertical location of the

cutter centre point C, can be treated as optimization

~ variables, and a nonlinear programming technique used to

minimize the difference between the vector CPt, R and

v’
{‘
the cutter radius, R. At the correct location this criterion

quality should reduce to nearly zero.

6.3.2 Mode 2 - Cutter Path Follows the~Section Line

In this approach the cutteér is maintainedrin the
section, and the tangent path is allowed to wamder as
necessary. Only the height of the cutter need be determ1ned

This can be done by u51ng our patch sp11tt1ng
fac111ty to generate a new micro patch with 16 points in the
quadrant containing the tangent point. This quadrant can

be determined from the tangent lines T, and T,, shown in

_ Figure'(ﬁ—s).

We designate the ith

point in the patch as Pi’ and
the distance from C to Pi as Li' An optimizdtion strategy
is now used with two stages. For a given AR we identify

the P, which gives minimum L;-R. We then use a second
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Figure (6.6) Three-dimensional surface
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Cutter

L a— Cutter

Section

1Y

Figure (6.7) Section through surface
parallel to y-3 plane
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qﬁé;dimensionél search startegy to adjust AR so that
(Li—R) is nearly zero. The mesh must be fine for adequate
accuracy, and the tangent pbint may be off the pétch.

This will be observéd if (Li-R) does not reduce to zero,

and then a second adjacent patch can be used.

. ]
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" NMicro patch

-

Micro patch used
to determine AR
v.
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CHAPTER 7
CONCLUSION

Shape is one of the the most important variables

in engineering design, and the computer aided design of
3-D shapes is an active field. In any computer-based shape
handling system there must be two aspects: the definition
of sﬂape,‘and the interrogation‘of shape. These two
aspects, although Sdistinct, are completei& interdependent
and neither should be ;%resséd to the exclusion of the
other. S : . .

‘ In Chapter 1 of this thesis we have investigated
the already existing computer aided design.graphics systems ‘

for interactively creating three dimensional curved surfaces.

- In almost all of these systems surface definition algorithms

were: developed from the Coon's patch * algorithm where, as
was described earlier in this thesis, 48 coefficients are
required to define a patch [A7] ° . To define a patch,

- LS

slope vectors and twist vectors are involved in the design
! 14

process. The user has to define or give values to these

vectors in order to generate the patch surface. Designers

usually have'great,difficulty dealing with such slope and

~* Appendix D
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twist entities. On the other hand, surface modification
requires redefinition of these entltles The effect of
changlng -one elément of the slope or twist vectors is

unpredictable‘and consequently the interac¢tion between the

-designer and the computer model was troublesome.

The first aim of this thesis was td»tackle the
ﬁreviqus problem. Surface patch definition was achieved

using only a grid of 16 spatial points lying on the patch

surface. Surface modification is done dynamically by

reldocating the'position of any of the predefined mesh points‘
(or what we called control points) using a refresh type
graphics terminal CRT, £18] .

One of the more difficult problems associated with
the design of.an ;pteractive sfstem is to.make it easy to

use - the more facilities the system has, the more difflicult

it is to make them available to the user. The free form

surface design program developed in this thesis ﬁéoved to
be fery easy and simple to use in creating %hrge-dimensional
surfaces.. The mathematics involved in creéting such éurfaces
is completely hidden from the user so that he can direct
his ;ttention only to ‘the design process.\ The system pro-

vides the designer with a powerful and integrated set of

" desigh tools (smoothing, blending,...) which aids in the

desigﬁhand refinement of any curved surface. It is worth
reviewing the traditional drawing board method of design-
ing surfaces, in order to highlight the difficulties that

have to be overcome byudesigners. As a special application,
’ : E : ' . < :
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let's examine how a ship's hull might be tackled on a
drawing board. The first stage would be to lay down the
principal profiles and sections in a three-view drawing.

.. . - - In many cases these would be laid down within
specified constraints - length, breadth, depth, etc. - but
the designer would be exercising considerable freedom of
choice within these. The next-stage is to add more Sections-
to the .drawing in order to specify the surface in more detail.
This is done by using a graphical fairing techniqﬁe that 1is
essentially iterative. The designer constructs some
diagonal planes which intexsect‘the sections that he drew
in the first stage and are so arréhged that the section line
is approximately normal to the .diagonal plsﬁe.

The fairing procedure consists of-fitting a sp}ine curve
through the known pointg of this diagonal line which is then
used to interpolate the shape of intermediate sectioms. The
final stage ['19'] is to construct these iﬁtermediate
sections and then to construct the s@gpes of waterlines-and
buttocks. Very often these constructed sections show hollow
and humps that should not be there. To remove them requires
another cycle of the fairing process étarting at Figufe 7-2.
There are obvious disadvantages associated with the tradi-
tional method of designing surfaées, especially ship hulls,
Based on the following reason#: ‘
- »Designing_surfaces by hand requires design draughting.
skills of a high order. Given these skills it is
sfill a long job to specify the surface in sufficient
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detail to manufacture the design.

- This type of procedure does not design the surface,

it merely designs lines on surface. Very often
"further constructions are ssa in order to

) obtain manufacturing information. This of course ;

is time-consuming and could lead to inaccuracies.

- Complete freedom of choice is only being exercised

at the first stage [1']1 . The design becomes

‘more and more constrained as the design proceeds
until the final stage is merely a graphical construc-

tion, with no scope for applying design talent.

The systeﬁ developed in this thesis overcomes all .
the above objections. a special ship hull design program
was designed and proved to be an efficient and easy to

use design program. Aesthetic, geometric designs (bottles,

furniture, pipes, nqizles, etc.) also proved to be a rich
field for the applications of the system. ] l
2 A new technique for generating the cutter path for - -
v :
NC manufacturing of free form surface was proposed in this
thesis. A literature surveyrindicgtes that this technique °

could solve many problems in manufacturing sculptured

i) e S

surfaces. Chapter 6, which contains a description of this

technique) could be a basis for further research. Chapter 6

of this thesis also suggests an interface between the CAD
system developed in this thesis and any ex;sting CAM system,

in order to achieve an integrated CAD/CAM syétem, [801 .
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.

Program JOLIA

Function W%

surface using input data only from the 1light pen.

This program aids in the design of any curved

User's Manudl

smoking pipe 'ing two patches. The main steps required
us , P

to design the bipe are as follows: .

1.
2.

* H.A, ElMaraghy, "Operating Procedure of éDP 11/34
“Minicomputer And GT-46 Graphic Terminal, McMaster .Univ., 1977.

\

*. We will consider here a practical design of a

¢ .
User hits the 'INTACT DESIGN' command with the light
. [

"PLEASE ENTER NUMBER OF PATCHES PER WORKING PLANE.

-

User sf@rts up the-PDP-11/34 minicomputer.* .
User rugs the program, by typing.’
i ~
.R&I'N RK2: JOLTA < CRNS
-{ . L]

Program responds by typing a mepu: of design

commands on the CRT gfaphic ter; inal, Figure (5.25).

pen. -
Program responds by typing the following message;
'PLEASE ENTER THE NUMBER OF PATCHES',

User enters* ' : : .

‘29¢R> /\’ | ’ .

Progrdh responds B&'typing the fbllowing message:

- - ‘ I
Al I

.
»
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11.

12,

13, .

14,
15.

16.
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User enters ' ﬂ

2 <CR> (i.e. the points defining the first

and second patch lie on tife same working planesf.
Program rgsponds:by showing the X-Y-Z axis and

a menu having two commands, 'DEFINE WORKING PLANE'
and 'DONE'. | \ ' g
User hits“'DEFINE WORKING PLANE'option with the
light pén. _ |
Program responds by typing:

'DEFINE PATCH IN PLANE NUMBER 1!
'POSITION,TRAtKING OBJECT ON ANY POINT OF .THE
THREE AXIS TO DEFINE WORKING PLANE NUMBER 1'.
User positions the tracking cross on the & axis
and hits 'RETURN' key on the TT.

>

Program respond by showing a working plane

parallel to the x-y plane and passing with the = -

point the user has positioned the trﬁcking -

cross at, on the z axis, as shown in Figure (3.7).

User hits 'DONE' option with the LP.

. Program erases the 'DEFINE WORKING PLANE' and

'DONE' options and shows another two options
"POSITION' and 'DONE'. ° .
User tracks the tracking cross with the LP and
position it (the tracking cross) at any point:on
the wo;king plaﬁe, the? hits Eﬁg "POSITION' option

with LP. . o

//;n\5
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18.

19,

20.

21.

22.

23,

24.
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Program responds by plotting a dot at the
predefined position. \\

User repeats the 16 and 17 steps, seven more times
(4 points per patch per plane); user should

make sure that point number eight should lie

exactly over point number one since the surface

is to be closed as shown in Figure (5,259,
User hits the.'DONE' optiomn.
Program respond by typing:
'"DEFINE PATCH IN PLANE NUMBER 2' and sﬁows the
'DEFINE WORKING PLANE' replacin; the 'POSITION?
option. '
User continues defining the points defining the
two patches at different working planes until he
finishes definiﬁg 32 pointg (16 per patch), as
illustrated in steps 1 to 20, as shown in
Figure: (5,25). -

User hits the 'DONE' option two times.

" Program respondsby plotting the surface passing

with the pre&efined 32 points as shown in

Figure k5.25).__ - L

If the user is satisfied with his design he can
hif the 'SAVE' option, the program will ask for

a file name, and the user can enter any name, elg.
PIPE. -

%




25.

C26.
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User can now hit the 'EXIT' option since he is
finished with the design.

If the user wants to have the data describing
his surfgce, he should enter the following

command on the TT:
.TYPE <CR> .
computer will respond by typing

FILE NAME?
user enters PIPE.<CR>
program types the x, y, z coordinates of the

points defining the ‘surface.

oy
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HIERARCHICAL CHART AND LISTING FOR PROGRAM
\

dJOLIA

A hierarchical input-processing-output HIPOQ
chart for the progfam JOLIA is shown in Figure (a.1).
The function of each module is briefly.described
as well as the input and output of each one. ‘Figure
(A.2) shows the three overlay regions of the program,
A lisfing for the prograﬁ is also included. The
prdgram modules were 'linked" to the DEC-graphics
librafy'"GLIB", the linking procedure is.included in
‘the file “JOLIA.COM". A listing fd; that command
file is shown in Figﬂ%é (A.3). In case of.any extension
oT motificat?on of any of -the program mbdules, the
programmer should edit the modified module, qompiieit

and then type: .

€JOLIA.COM <CR>

to perform the linking operation.
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BIR U
TYPE
Files? JOLIA.COM
R LINK
RK2:JOLIAy JOLIA=RK2: JULIAyRKO‘GLIBrFURLIB//
RK $GENJOL/0%12
+INTACT/021
RKZ!RDTATE/DSI'
RK2:SMOOTH/B:1 : :
RK2:BLEND/O:1 : LT
RK2:0BSAVEsGETSHP/021 :
RK2:INTJOL/0312
RK2:TEST1/0%1
RK2:DRWJOL/021
RK2:GETB/0:2
RK2!GETBX/0¢2

RK2:IDNTFY»INFILE/O$2

RK2ICMATRX/0:¢2
RK2:LENGTH/0:2
RK2:SOLVE/D:2
RK2IPOINTS/0:2
RK2IMENUHyMU/D 23
s/

6T OFF - | -

RU JoL1A

Figﬁre (A.3) Listing of JoL

-

;

.COM
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Program KEY - Y

Function
This program aids in the pPreliminary design of
any curved surface using input data only‘from'the key-

" board.

User's Menual

-
The program main flow from the user's point of

view is as follows:

= User starts up the mini-computer. .

2 - User runs the program, heé types:

’ - BRUN RK2: KEY- ¥

3 - .Prograﬁ responds by typing a menu of design commands
on the CRT graphic termihal.

¢ - User hits the 'KEY BOARD' light button with Lo,

5 « "Program responds by typing the follow1ng message.
'PLEASE ENTER THE NUMBER OF PATCHES' ,

6 - User enters the number of patches requlred to define
the- surface, e. g.

_l_ <CR{
7 - Progrem respon&s by typing: ) _ )
'ENTE# 16 x,y,z COORDINATES OF éATCH NUMBER_I'

8 -~ Enter the coordinates e:g.
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3Qn’ 40. <CR>
© 501., 20., 60. <CR>'
200., 300., 121.

.
'

9 - Program:respoods by displaying the patch of CRT,
Rassing by the predifined points, together with the -
" menu of design commands.
10 - User is ready now to make use of the design light
| button commands till he is satisfied wirh his design.’

3

T HIERARCHICAL CHART AND LISTING FOR
- PROGRAM KEY

A [HIPO] .chart of program KEY is shown in Flgure
}A.4). Flgure (A.5) shows the three overlay rpg;ons of
the. program The modular concept has been preserved dur-
.1ng the design stage of the programs presented in this
thesis and that's why we:made use of. some of the modules
“already designed for«program EOLIA, in program KEY,

~

L4
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Program DATAFL

Function
’ 3

This program aids in the preliminary design of
any curved surface using input data only from x,y,x co-

. _ \
ordinates stored on dataffiles. . !

User's Manual . ' C?‘?

*\4/ The program main flow from the user's point of
Vieiifi:fi follows:
1l - User starts the mini~computer.
2 - User runs the program, type: ) -
* RUN DATAFL <CR>l
3 - Program responds by showing a menu. of design commands.

ﬁ - User-hit the 'DATA FILE' light button with the LP.
5 -  Program responds by typ the following message:
'PLEASE ENTER THE NUMBER PATCHES (DATA FILES)'
6 « User enter the number o dafa fiies e.g.
1l <CR> | . ;
7 - Program responds by typing:
'ENTER THE NAME OF FILE NUMBER 1'
8 - User enters ﬁhe file name /{c taining'the data points
défining the patch) e.qg.
PATCH 1 <CR> %
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-~

9 - Proérah responds by displaying the patch surface
and the design commands menu.
10 - User is now ready to modify the suffaqg;,using the
light button commands; till he is satisfied with the

design.

§-3-6 HIERARCHICAL CHART AND LISTING
FOR PROGRAM DATAFL o
A [HIPO) chart for programﬁQBTfL.is shown in Fig—.
ure (A.6). Figure (A;7) shows . the ‘three overlay regions
of the program. 'Listing for program DATAFL, together with

‘1listing of the command file DATAFL.COM are also included.

\
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PROGRAM SEC1

FUNGTION

This program allows the user to perform shape
modifieation of a certain patch.“ It alsoc allows him
to interactively translate his patch and to obtain the
resultant cogtiﬁuous curve from the intersection of a

plane with his ‘patch.

USER'S MANUAL

1l - create your own data file containing the X, Y,
coordinates of 16 points defining the patch,
to do so
‘a - start up the computer:

b - . R EDIT

— * EWDXL: NAME. DAT $3$
*+ T X1, Y1, Z1

X2, Y2, 22

X16, Y16, Z16

L ]
o

m
s
L
-

N
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NAME is the name of your data g;le

Thé underlined commands are cghﬁands entered
by the user through the DECWRITER,

DX1 is a user floppy disk, if the user wants to
load his data file on any other device he
should replace DX1 by the device name (e.g.

RK2 for a magnetic disk).

e

Run program SECl, write

. RUN RK2: SEC1

The prograﬁ will respond by writing

THIS PROGRAM ALLOWS PATCH MODIFICATIONS
ENTER THE DATA FILE NAME

*DX1: NAME.DAT

-

The program ﬁill respond by drawing the sixteen
points with straight lines joining each

successive point. A menu arewill be seen

. on the left hand side of the CRT containing

four options, move point, intersect, translate.

and done (see Figure A.8). e

145
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MOV PT
INTRSC
TRNSLT
DONE

Figure (A.8) A typical plotting of a patch
on the CRT showing the menu area

The user is free now to choose anyone of
the options on the menu area by just pointing

- at itiwith the light pen.

‘To aid in understanding the optibn tMOV PT!
see SUBROUTINE MODPAT, ' INTRSC' see SUBROUTINE
INTRSC, 'TRNSLT' see SUBROUTINE DRAWP and D3TRNS.

At any time the'ﬁgig%iin exit by pointing at

'DONE' option.




PATCH 1

I MODPAT1

INTRSC lTEST1| MENUH DRAWPL l
cMATRX | | soLve | | LENGTH POINTSl

¢ Figure (A.9) FLOW CHART FOR PROGRAM 'SEC1'

147
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PROGRAM GENRAT

FUNCTION °

. This program allows the user to generate a patch

from a given patch.

~5

1
2.

USER'S MANUAL C :
. . Start up the computer. . jﬁ\i//fl ~

Run ﬁrogram GENRAT type

.RUN RK2: GENRAT

_&he program will respond by asking the user tof

-enter X,’%w z. coordinates of the original patch //\
. i, . . :
(i.e. define patch). . ' {/

'ENTER X, Y, Z COORDINATES

The user should réspoé! by typing the x, y, z
coordinates of a 16 points defining his patch. .

The program will then display the pdtch on the

CRT in the 3-D space.

The program will ask the usér‘ﬁo def%ne the borders'

ofs the ﬁa!th to Q?igeneratéd‘from the given patch..

‘ c. | NS
"ENTER U9L), U(2), W(1), 'W(2)'

' The user should respond by sgppiying tetii'values

[

e.g-

e N . 7 p
0.2, 0.6, 0.2, 0.6 ®  <CR> -
w e . R T e N
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8. The pregram will generate the néw patch on the
original patch (see Figufes A9 and A,10). b X
Figure (A.10) Geometry for o Figure (A.1l1) PC patch
Creating a patch by ~ subdivision '
subdividing a given .
e patch : X i
_ )
. ’
. v )
7~ L
\-"7» © ” B ’ }
] “ . % ?
=
) \U - . S
\ 2 " R :
| ~
3 - N = ""G- - e




PATCH

GEN

FDREV

SDREV

-

POINT |
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PROGRAM "HIDDN.SAV"

FUNCTION : ‘¢
This program performs a hidden line removal

operation. User enters the patch file name, program

- 3 ' - \Q_’—\
displays the patch with hidden lines removed.
USER'S MANUAL
1. Create your own data file containing the X, Y, Z

coordinates of 16 points defining the patch’
surface. | .

2. Run program HIDDN, type

.RUN RK2: HIDDN <CR>
. ’ ) \ ‘
The program will respond by typing,

- 'THIS PROGRAM SHOWS THE PATCH WITHVHIDDEN
REMOVED' . |

VENTER THE DATA FILE NAME'.
3. User enters the dgta file name, e.g.
FILNAM <CR>

4. ‘Progran immediately displays the patch with

‘hidden 1ines removed._

Qo
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CURVE DESIGN PROGRAM
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INTRODUCTION
An interactive computer program was designed
to aid in the use of computer graphics in the design of

curves (two-dimension).

(/ The main purposs is to simplify the desig
process so that the designer is not required to know
things not particﬁlarly relevant to his role in the
design process. The requirements of the formulation

were that it must automatically maintain curve continuity

- and yet allow changes in shape information to be specified

by moving control points (using LP) that affect the curve

in an intuitive .way.
CURVE DESIGN

To satisfy the real time constraint, the curves-

must be computable by a very fast algorithm,. This

‘requirement was satisfied by using the parametric basis -

splines [B .- spline] , [78]..

A B-spline'curve "intuitively" mimics the shape

of contrdl polygon,-which is an ordered sequence of

points (1;-2, 3,..., N) as shown in Figure (B.3). The

curve that follows the shape of this coﬂtroi polygon is.

composed of a sequence of spline segments. The designer

>
b
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enters the control points on the CRT (using LP), the
program generates the piecewise curve using a continuous

first derivative B-spline curve as 'shown in Figure (B.3),

A menu area on the CRT is assigned to give the

user the abiiity'to interact with the program as shown

in Figure (B.1l).

POTT R I T T e Tt s




EXAMPLE ON HOW TO USE PROGRAM. CURDES

154 -

D

START UP THE CCMPUTER

Type

.RUN RKZ2: CURDES

A menu containing different options will then

be drawn on the CRT (Fig.(B.l).

Ja

DRAW
ERASE
MODIFY

Eigure (B.1) Henu Area

The user can now point at 'DRAW' with the ligﬁt pen.

Another menu will be drawn on the CRT (Fig. B.2) -

and also a tracking object will be seen on the

~center of the CRT.

o




X TR

iy

TP TR VL M A PR A e

\’

;o

POSITION
DONE

@

Figure (B.Z)' Menu area

after the user has pointed at.'DRAW!

The user can position the tracking object at

any point on the CRT and then press < CR >

(RETURN KEY) .to enter the control points that

control the shape of 2-D curve, after he is

. done, he can point at 'DONE'.

155

The program then generates the curve automatically

(Fig. (B.3)).

Draw
Erase

Lt Modify

1 Save
Recall
Exit

3

Figure (B.3) . The control points (1, 2, 3, 4)
and the resulting curve
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<

The user can then choose any other option.

(including 'DRAW'); he can erase, modify, save

and recall his ‘curve.. It is worth mentioning
here that the"MODIFY' option will allow the‘ :
user to erase any part of his curve. Suppose
that the user has designed the following

curve (Figure B.4).

and he wants to modify that curve to the

following (Figure B.S5). ) .

2 : :
He can.do that by splitting the lines at

points 1 and 2 and then erasing the curve in
between, then using the draw option to gnter

the new control points 1', 2' and 3'.,

. —— e A T
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ﬁPPLICATIONS’ - *

-

. The program can be used in an interactive way

to design value curves { *] relating to consumer
— t
products. It can be also used to draw contour lines
N
of any figure. See Figure (B.6).

Figure (B.6) Demonstration of the possibilities
' of B-spline approximations

*J N. Siddall, 'Value Theory and User Part1c1pat10n,

Archltectural Design, Vol 42, No. (May 1972),
pp. 319-322.

e o AL

157



PROG. MAIN
CURDES -

l MENUH |

OBDRAW OBERAS

MODIFY

OBSAVE ]l OBGET i

158 -

|MAK63J l

1
SENSAL

D e ——

Figure (B.7) FLOW CHART FOR PROGRAM CURDES



PROGRAM CURDES .

FUNCTION

USAGE

LANGUAGE

© 159

- This program can be used
-to design curves in 2-D.
The program sets a menu
area on the screen showing
the options of
DRAW
ERASE
MODIFY
SAVE

RECALL 3
EXIT N

\ .
If the user points (witﬁ.the
light penj'a; DRAW, a . .

_;;acking (diamond shape)
objéct will. appear on the
scfeeni and a message will be

written.on the Decwriter:

POSITION THE TRACKING OBJECT,
TYPE < CR> WHEN DONE,

so the user can enter his

control pointé,(see Figu;e 3.

- RUN RK2: CURDES < CR>

- FORTRAN
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SUBROUTINE MENUH (IT, M1, M2)

L4
FUNCTION - This SUBROUTINE detects
) a light pen hit on one of the

options in the menu area.

™
USAGE : - CALL MENUH (IT, M1, M2) .
PARAMETERS T - Tag of the hidden subpicture
a | M1 - Tag of the first option in the
menu area. B
M2. - Tag of the last option in the
_— ‘ S menu area, -
LANGUAGE -' FORTRAN ‘
-
»
» .
| - .
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‘ SUBROUTINE QBDRAW .
FUNCTION ' ' - This sub'routiQe draws a
' | } curve on the CRT, by .
. . positioning the control
= s bin'ts.' ‘. ‘ 'L
. | <§£% - Q;
g USAGE - . .~ CALL OBDRAW.
LANGUAGE - FORTRAN o
. . :_ N oA .
M A%GORITEM e Thls subrouxlne uses the ‘
{f . cublc sp11;\\a1gor1th to
R ‘ ‘ ) " draw a curvh. . For more
. '.7 T ' L : . 1nformat10n about cubic
o (f\ o -_9 T . splines see ‘reference: [ =], ’
i; : . . _ N
b - :
.
o : : M

' 'George J: Peters,"Interactive computer graphics appfigjllons
o of the ‘parametric BI-CUVIC SURFACE'; McDonnell Doﬂglas '
},' . Automation Company,, St.vLouis, Missourl._ :

. . ¢ . . ' .
RN T B . N H ' . . * . 4
4 h
-
' -
- -~ . a .
- - L
- - :
d ' . N i
. LA :
. .
A - . — - f
) e . N - -
“ ' S » . .
Y RS R ! - X ) i e
. B cp Y9 - o P4 o ¥ - - .-
S .. PR




oM e wen

"FUNCTION

USAGE

. LANGUAGE

“m
. .
7 )
'
.
b
\
. -
b
‘-
e
. .
.
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SUBROUTINE OBERAS - :
- This subroutine erases an
_ object out of the CRT.
' - CALL OBERAS ‘ -
. . - FORTRAN o
. ';“_&"-“"
. T o
1 ' ' . \
. . ~ -n - . ‘.‘ . __» i
- - . ‘ :
- N ’- ! . ) - ' ) _ ;
- . L4 . . . - :
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SUBROUTINE MODIFY

FUNCTION - This subroutine modifies

‘ | A an object on.the CRT.
The user gets two options -
if a call is made to MODIFY,
erasing any line and or,
split;ing a line, when he is
done,fhe.can point with the
light pen on the-option ‘

‘. 'DONE', then a RETURN is
made to the main program

' Co  CURDES.

USAGE  ° " -"CALL MODIFY -

LANGUAGE: - .- .- FORTRAN




FUNCTION

USAGE

- LANGUAGE

le4

‘J

3.
4
.

SUBROUTINE OBSAVE

- This subroutine saves the
display in a file named
by the user. When a call
is made to OBSAVE, the
program asks for a name
to assign to the.file to

be saved;
- CALL OBSAVE

> = FORTRAN

[




FUNCTION

USAGE

LANGUAGE

. SUBROUTINE OBGET

This subroutine recalls

165

the file saved by OBSAVE, "

i.e., restores the display.

CALL OBGET
FORTRAN
ARY
N
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&
SUBRQUTINE SENSAL
FUNCTION : - This subroutine turns the
light pen semsitivity on
P and off for all the objeéts.
" USACGE . - CALL SENSAL
’ -
‘LANGUAGE ~ + - FORTRAN -
Y : s
¢ ',&
®
'
/: ‘
y . £ s
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APPENDIX (C)

]

SHIP HULL FORM COEFFICIENTS
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FORM COEFFICIENTS

In order to refer to cer%ain’proportions of
ships; to compare them in form with regard to their
actual dimensions or difference in dimensions; to be

able’ to descrlbe their shapes more prec1se1y than

 "fat" or "thln" "full" or “flne", there are certain

geometric qualities that can be related as ratios or,
dimensionless coefficients. These coeff1c1ents of form
aré‘exceptionally useful in comparing certain performaﬁ%e

characteristiés_associated with hydrodynamic phenomena.

In the following relationships, .the symbols

N

used are defined as follows:

Lpp - length bsfween perpendiculars or
N designed waterline length

T - draft to the waterline, or draft ~
B - beam or breadth molded ‘

- displacement volume at draft T
- area of midsection at draft T
- area of waterpfane at draft T
_The: coeff1c1ents most commonly used‘by naval'
archltects are as. follows.
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Midship‘sectiom coefficient

Am

c = 2B

m BT .

‘Block coefficient

.”/ Cb = _A =
L__BT
. - pp
Prismatic coefficient
B N . /
CP = é = - = Cb/CM
C. BTL
Mbpp M “pp | ‘

Waterline coefficient

Cp = ——— N
WP
BL
PP

2 There are also certain commonly used ratios

of dimensions, and these with their approximate range

of values are: -

¥
N Length - beam ratio
i v10 _ ‘
- : " /"_
Lpp/B o - range, 3 to 12 |
Length - draft ratio _ - :>'
Lpp/T- ] range, 7 to 30.

LY

> Beam - draft ratio

B/T ~ range, 1.8 to 4

TR FERTERRT IR S




A

]

Displacement-length ratio

'_3
A/L
/% pp

o 3
‘§/(Lpp/100)

-

»

Displacement - length coefficient:

range, 50

169

to 500
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COON'S PATCHES
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APPENDIX (D)
COON'S PATCHES

In Coon's notation points on the surface of a bi-

cubic patch sq{isfy

UW =UMB ML WP

"= wfu1fz -2 1) {o0" o1 oow oW |
-2 10 11 1W LW

00U 01U OOUW OlUW

o
o

L=I (L] b=t
[=}

10 0| [tou 11U 100W  LIUW |
r . 3]

2 -3 0 1 W . .

.27 3 0 o we

1 -2 1 0 W

1 -1 00 1

The so- called "boundary cond1t1ons matr1x" is in fact
a tensor - each entry above (e.g., 00 01W, etc.) is a vector.
The coroere (points A, B, C and )) of the patch.(oo 01 11 10)

" are vectors reletive to the origin (and exes) of the design,. . _
lk'the _lggg vectors (ODW 01W 01U 11U), etc. aré vectors re1at1ve
L to thezr respectlve patch corners. Further, the twist vectors -
| “are (best thought of) relat1ve to the point on the parallelogrdﬁ
\\)completed from respective slope vectors. . o -_

'S’\\‘. .. A qualltatlve descrlptlon of Coon s patches may be

. ‘useful.. A patch has foqur: boundary curve segments (edges) whlch

R - . -
@ . g . . . . ) -
. . . . . ) .
o L B - . . .
.7 = . . o » . -
. . . - . N . . v , - , .
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meet at four points (patch corners) in the fashion suggested

by Figure D.1.

Ld

x = £ (u,w)
Point P is at y =g (u,w)

- M z = h (u,w)

Figure D.1 Parameters onfCoon's Patch
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APPENDIX (E)
THE MATHEMATICAL FORMULA'\I'ION OF SMOOTHING
TWO PATCHES AT ' THE COMMON BORDERS
Consider Figure E.1 in which patcheé'Pl‘and P,

have a common border and we wish to smooth the two.patches

"such that first order C(O) and second order C(l) contingity

exist ac:ros-s‘;b that common boundary. We know (from Chapter 2)

that the PC bi-cubic surface patch is defined as
.3
2| SN

s

2u1) M (B T

viu,w) = (u3 u

= £ £ ¥

L

rd

where (M) is a constant matrix defined in the equation and

(B) is the boundary matrix -

. . | ,
Voo Vor | Voow Vo
- Vio M1 : Viow V1w
B)= |-~ ——
' {
Voou Yo | Voouw Voiuw :
&
Viou Vi ' Viouw® Viauw |
L ‘ : )
From Figure E.1, . to ensure the C(O) continuity between Pl and
Pz; . 1]
[i!§%*31] - . of P, should be equal to

u=1

2°

-o.eu u=_J--
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That is
(u=1, row 2); = (u'= 0, row 1) .
. Py =0 P,

To ensure C(l)‘continuity betﬁeen P. and P

. 1 27,

L

2 oL
[35ﬁ}E;El] - of.P should be equal to
4o W u=1 . 1 »

) v!u,w! o
[auaw ] of P

so that (u=1, row 4)p = (u =0, row S)P

1 2

)

Therefore, adjacgnt patches haye position and slope continuity
if common position rows (or columns) are identical and if:
common slope rows (or Eolumns)’are multlpies of each dther
Graphically, -the elements of interest in the (B) matrices for

both patches of Figure "E.l\are as shown in Figure E 2

o 0 taGa  v=°

Flgure LE. Geometry for Smoothing Between Two
Patches at a Common Border

o .
Beadii=yf T S




P21 | P2z | P23 | Py

b21 | P2z | P23 | by
bg1 [ P4z | basz | byg

Ba1| Paz | Paz|byy
Figure E.Z Graphical Representation of the

Boundary (B) Matrices Elements of .

Interest of the Two Patches of
Figure E.1 ° .

Py

¢

174
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APPENDIX (F)

}

THE MATHEMATICAL FORMULATION OF BLENDING
BETWEEN TWO NON-ADJACENT PATCHES

!

RS

Bkl dir i v b
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‘ APPENDIX (P). )
THE MATHEMATICAL FORMULATION OF BLENDING
BETWEEN TWO NON-ADJACENT PATCHES
Figure F.l1 shows patches P, and P, to be blended
by patcH P.‘S _such that it énsures C(O)and Ccl) continuity at
the respédtive commoy borders. The method applied here is
the same as that used\in Appendix E on smoothing between
two patches at a’ common“border, i.e., to ensure C'?) con-
tinuity the foliowing relationship between the (B) matrices

- of P, P, and P3 should be preserved. ' -
(u=1, row 2)Pl = (us®, row ljps ,
(u=0, rOW'l)P = fu=1, TOW 2)P -

. 2 3

~and to ensure C(I) continuity

(u=1l,.row 4)5; = (u=0, row 3) and
S Py 'Pg

(u=0, row S)P = (u=1, row 4)P ~
2 -3

Graphically, the previous relatiopships are shown in -Figure

F-2l y -“

. »

| S LR N
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'_quti-- Wel
w‘l
u=0 'g Wl
U=0 .
W =0 - -";1—30——"' w‘zo
Figure F.l1 Geometry for Blending Between Two
Non-adjacent Patches °
Py P30 P2
' F ¥
Bi1 | Baz| B13 | B1a
by1 1 P22 | P23 (P2sa | Byy | B1z |-Biz| Bis .
v ba1 | Paz | Paz| Pasa] B31 | B3z | B33 | Bay
by [ Paz| Paz [Pas | Bs1| B3z | B33| Bay
F.2 Boundary (B) Matrices Elements of Interest

Figure

for Blending Between Two Non-adjacent Patches
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THE MATHEMATICAL FORMULATION OF
INTERSECTING A PATCH WITH A PLANE
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APPENDIX  (G)

THE MATHEMATICAL FORMULATION OF
"INTERSECTING A PATCH WITH A PLANE

A

Consider Figure G .1 in which a patch is represented

in the u-w parametric plane. In order to generate cut points

.to be fitted later by a pérametric cubic curve, we must cal- \w\

culate the corresponding u,w values of the cut plane, which is

represented by a line on Figure G.l1. We have

bW = W, - W s Wy > Wp

where w; and W, arg obtained by intersecting the patch's

boundary with the plane. For any point on the curve of inter-

section, let .

W-WI

DELTAW =
' W2 1

hence, w =W * DELTAW . AW

for W o= wk
w¥ .= W, o* DELTAW . AW b

and u* is produced-by cutting w =‘ﬁj7by the plaﬁe. Hence,
the point on the patch surface v(u*,w*) is easiiy computed
sinée we already know the patchf; boundary matrix. The points
roduced in this fashion‘are then fitted with a parametfic

cubic curve to give the-actual continuous }urve of intersection.

dra.
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o 4,1) Do
e , e i:w* -.
Us0 ) u.—.i ' .

(,u;&w‘)

U

—

(0,8)

-

Figure G.1 - Representation of a Patch and a Cut
Plane in U-W Parametric Plane

Wao

Q _



APPENDIX (H)

CREATING BOUNDARY MATRIX (B) OF A PATCH
GENERATED BY SPLITTING. A GIVEN PATCH

Y.



APPENDIX (H)

. CREATING BOUNDARY MATRIX (B) 'OF A PATCH -
' GENERATED BY SPLITTING A GIVEN PATCH

Referring to Figure 3.22 of Chapter 3, section

3.3.8, our task is to obtain the boundary (B) matrix of

patch PZ’ knowing the boundarx (B) matrix of pgdch Pl' Béfore,
we do-that, let us first consider'éblitting a parametric cubic’
curve. Asume we wish to define a new curve from uy to uz‘on

the original curve v(u) as shown on Figure H.1. Using the

-~

linear transformation _ T
. ’ ~

= + - ’ . N

u UL+t (u2 ul) . . o .

where t is eduivalent to u, but‘forvthe new curve segment,

» =,
tﬁin
, du

de - Y2 %

then at t=0, u=u, ; and at t=1, u=u
\

dV _ dV du -
T Tk . - (8.1)

2

Using Equation (H.1) and denoting the new curve by d(t), the
geometric coefficients of the split curve in terms of the

original curve are:

c(0) V(u;)
cQ1 v ‘

(1) e (uz) | ’ (R2)
c'(0) (uz-ul)V'(ul) .

c' (1) (u,-u)V" (u,)
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a0

Note that C(0) and C(1l) represent position dafa
pertaining-to end points of the split curve, and C'(0), C'(i)
Tepresent a parametiMc slope'data at the corresponding end
points. ‘ K 1 . .

Now, following the same ;;gumeﬁt with respec to the
PC bi-cubic surface patch éplittigg, and referring to Figure .

3.22 we have

[V(O ? 0) ] Pz = [V'(ul ’wl') ]Pl e . o e . Q ’
f / i -

and

[V(0,0),Jp, = (up7uy) Veawy)ylp

The corner cros;j;;ggi;::ves (twists) for PZ are obtained

by evaluating the cross-derivatives of P1 at the given u, w

L]
values, e.g., ‘ , ‘ :
-. 2 ’ : : \, . ’-
- 3 V(u,w o .
a [v(lsl)uw]p [auawl_l]p . .
52 1 =
u=u,
<
. AT
: -
- 3" V{u,w)
[V(O’D)uw].P2 [ dulw ]P1
u=u
= 1 b
.w=w1
. 2 - .
3 “V{u,w g
IAZCRS NS PR O
/ -1
_ u=u
WaW,, |
and 2
- . 2 .
- 3"V (u,w) :
[“(l’o)uw]P ' [ 3udw ]P ,
. -T2 2 u=u,
\ ) ‘f’-wl



-

Therefore, the boundary matrix (B) of the split

patch can be eaSilyfobtained.

Figure H.1 Geometry for Sp11tt1ng a Parametrlc
Cubic Curve
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'LISTINGS FOR THE
GENERAL ' SUBROUTINES
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APPEN

: ‘ ™

GENRAL SUBROUTINES

SUBROUTINE
SUBROUTINE

'SUBROUTINE

SUBROUTINE
SUBROUTINE
SUBROUTINE

SUBRCUTINE

SUBROUTINE
SUBROUTINE
SUBROUTINE
SUBROUTINE
sUﬁROUTINE
SUBROUTINE
§UBROUTINE
SUBROUTINE
SUBROUTINE
SUBROUTINE
SUBROUTINE
SUBROUTINE
SUBROUTINE
SUBROUTINE

SUBROUTINE
SUBROUTINE -

TEST 1
CMATRX
SOLVE |
LENGTH
POINTS

- DRAWP
D3TRNS
MENUH
MINV
MU
HIDE
LOOKUP
PDATAX

GEN
FDREV
SDREV
DRAWP1
DRAWPZ
'BLEND
MODPAT
INTRS§;
MODPAT
BETA

S

182
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25
26

- SUBROUTINE

SUBROUTINE

SUBROUTINE | -

AN

L
BETAl

" BXBYBZ

TQTA

\/"\

183



SUBROUTINE BLEND (BX, BBX, BY, BBY, BZ,

FUNCTION
"USAGE -

PARAMETERS

- LANGUAGE®

BX

BBX

BY

BBY

BZ
BRZ

© FBX

FBY

FBZ

184

BBZ, FBX, FBY, FBZ}) .

This SUBROUTINE blends two non-adjacent

patches.

FBX, FBY, FBZ).

Input (B) matrix
for

Input tB) matrix

x-coordinates.

Input (B) matrix

y-coordinates.

ipput (B) matrix
y-toordina;es.
Input (B) matrix’
z-coordinafe;.
Inpﬁ; (B) matrix

Z-coordinates,

-

-

of patch PI1.
the x-coordinates. -

of patch -P2 for the

of patch P1 for the

of_patch P2 for the

o
4

of patch P1 for the

of patch P2 for.the

'CALﬂ'BLEND (BX, BBX, BY, BBY, BZ, BBZ, - A

Output (B) matrix for patch P3 for the .

X-coordinates.

Oiitput (B) matriNege patch P3 for the

y-coordinates.

Output (B) matrix for patch P3 for the

z-coordinates.

FORTRA%))




FUNCTION

185
SUBROUTINE TEST1 (X, Y, Z, BX, BY, BZ)
This SUBROUTINE calculates the
BX, BY and BZ vectors of a patch.
" . defined by 16 x, y and z triplets.
. CALL TEST1 (X, Y, Z, BX, BY, BZ) .

USAGE

PARAMETERS

LANGUAGE

BX

BY

BZ

Input vector of length 16 of thé daﬁa
point5 defining the patch (x-coor@inates)
same as X, but (Y-coordinates)

same as.X and Y (Z-coordinates)
Output.BX vector“of length 16

Output BY vector of length 16

Qutput BZ vector of length 16

-+ FORTRAN

N

. J—

]

-
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SUBROUTINE CMATRX (U, W, C, N)

FUNCTION

USAGE

PARAMETERS u

LANGUAGE

This SUBROUTINE calculates the C matrix

. of a patch. ‘ ao

CALL CMATRX (U, W, C, N)

Input vector of U values of the
transformation U-W plane (see Fig.2.2) of

length N.

Input vector of W values of the

transformation U-W plane (see Fig.2.2)
of length N. .

Output C matrix dimensioned N .by N.

FORTRAN




SUBROUTINE

FUNCTION

USAGE

PARAMETERS R
A
M .

- EPS
METHOD

187

SOLVE (R, A, M, N, EPS, IER)

- This SUBROUTINE solves a general
system of simultaneous linear

equations.q -
- CALL SOLVE (R, AM, M, N, EPS, IER)

- The M by N matfix of right hand
sides (destroyed), on return R
contains the solution of the
equations. ‘

- The M by M coefficient matrix
(destroyed). “

- The number of equation in the system.

- The number of right hand side
vectors.

- An iﬁput constant which is used

as relative tolerance for test

on loss of significance.

- Solution is done by means of
Gauss-Elimination with complete

‘pivoting.
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SUBROUTINE LENGTH (L, X, Y, Z)

 FUNCTION _ - This SUBROUTINE calculates the

length between each successive

points.
USAGE .. CALL LENGTH (L, X, Y, 2).
PARAMETERS L - Output vector of the lengths

'between the points.’ Lf the
K number of points defining the
patch is 16, L should be
dimensioned b; L{24) in the

calling program,

- X - Input vector of the X-coordinates

of the points defiming: the patch.

Y - Input. vector of the Y-coordinates
6£ the points defining the patch.

Z - Input vector of the Z-coordinates .-
of the poinﬁs'defiﬁing the patch.

LANGUAGE - FORTRAN



EXAMPLE
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)

If the points defining a patch were entered with the

following 6rdering

15

13 .14 16
9 10 11 12

5] 6 7 8
| 3 3

L(21) |

L(17)

o~

L(lS)

?) 7 2

the'otiiZt lengths will have the

following ordering.

10) L(11) L(12)
L(22) L(23) :
L(7) L(8) L(9)
L(18) L(19)

L(4) 'L(5) L(6)
L(14) L(15)

L{1) L{Z) L(3)

L(24)

L(20)

L(16)
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FUNCTION

USAGE

PARAMETERS

LANGUAGE

190

N

SUBROUTINE POINTS (U, W, B, X, N)

This SUBROUTINE calculates the
coordinate (X or Y or Z) of N

points lying on the surface of

a patch; defined by the corresponding
B Ezétor (BX or BY or BZ); at

a corresponding U and W values.

' CALL POINTS (U, W, BY, Y, 16)

vector of V values of length N
vector of W values of length N

BX or BY or BZ vector defining

the patch.-
dutpuf'vector‘containing the

X (ole or Z depending oﬁ the call)
coordinate vaiues of the points

]

lying on the surface.

FORTRAN
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SUBROUTINE DRAWP (BX, BY, BZ, IFLAG)

" FUNCTION - This SUBROUTINE drawsrthe patch
on the CRT.
USAGE ‘- CALL,DRAWP (BX, BY, BZ, IFLAG).
PARAMETERS BX - Iﬁbut boundary vector of a gatch

defined by 16 points.

BY - Input boundary vector of & patch
defined by 16 points.

BZ - Input boundary vector of a

‘patch defined by 16 points.

IFLAG 0 only DRAWP draws the patch.

IFLAG 1 DRAWP calls subroutine D3TRNS

u

v
~to perform translation of the
patch to another location on

the CRT.

LANGUAGE - FORTRAN

(9]




N
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SUBROUTINE D3TRNS (N, X, Y; Z, L, M, NN)

FUNCTION

USAGE

PARAMETERS

LANGUAGE

=

t

This SUBROUTINE performs a 3-D

translation.
CALL D3TRNS (N, X, Y, Z, L, M, NN)

" Number of X, Y, Z triplets.

- Array containing X—cqordinatés,
dimensioned with N.
A;ray‘cohtaining Y-coordinates
dimensioned with N.

Array containﬁ?g i-coordinates
dimensioned with N,
X-translation factor (real)
Y-translation factor (real)

Z-translation factor, (real)

FORTRAN N o

)



FUNCTION

PARAMETERS

USAGE

LANGUAGE

. 193

SUBROUTINE MENUH (IT, M1, M2)

IT

ML .

M2

<y
'

This SUBROUTINE delays executionof
the program till a light pen hit is
detected on the menu area, and
then returns the order of the

hit subpicture.

Order of the hit subpicture, e.g.
if there are three éptions on
the menu area and the user
points at the second optiomn, -

MENUH will return IT = 2.

Taé of the first subpicture.‘
Tag oflthe last subpicture._
CALL MENUH (IT, M1, M2)

FORTRAN
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o

- SUBROUTINE DRAWP1 (BX, BY, BZ, X, Y, Z)

FUNCTION

-&.Same aS“QEbro t1ne DRAWP, the '

only difference is that DRAWP1
puts the points of the patch on
a set 6f Subpictures*beginning
with a tag.of‘1000-and end}ng
with a tag of 1032 énd the
é:nés jbining‘ gsé points on
another set of.subpictures
beginning with a tag of 102
| and ending with a tég-oﬁ 1034,
So, the usér can OFF any of
these subpictures fromlhis'calling

program.

e —— e

K
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SUBROUTINE MODPAT "(X0X, YOY, 20z, X1, Y1, z1)
~ FUNCTION a - This SUBROUTINE modifies é- )
-, . vpatch, by means of a tracking
. ‘ object which can be used to
b drag one of the original points
\;/ T lying on the pétch surface to
another position.'
USAGE . - CcaLL MODPAT (XOX, YOY, z0Z, X1,
k | Y1, z1).
PARAMETERS X1 - Artay of the original X coordinates.
LT YL - Array. of the driginal Y coordinates.

;(T\*i Z1--. Array of the original. Z coordinates.
“~ xox - Array of the modified X coordinates,
'_ ' iOi'-”-Array of tﬁe‘modified Z coordinates.

LANGUAGE - . FORTRAN

S

o
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SUBROUTINE INTRSC (BX, BY, BZ)

N

FUNCTION

- This SUBROUTINE draws the
resultant continuous curve from
‘ the interseﬁtion of a plane and
"a patch defined by BX, BY, BZ
vectors, on the CRT.
USAGE - CALL INTRSC (BX, BY, BZ).
‘ ]
PARAMETERS BX -° I/P BX vector of the patch.
‘ BY - Input BY vector of the patch.
. =, .
.BZ - Input BZ vector of the patch.
LANGUAGE - FORTRAN
EXAMPLE

If a call is made to subroutine INTRSC, a
representation of the patch on the U-W plane will be
drawn on the CRT tSee Figure I.1l), also a tracking object-

will appear on the center of the CRT..

. vt |
ot - 1,1 -
0,0 — 1,0 U
Figure (I.]l) Representation of the patch on the

U-W plane ‘ ’
% .




The user is then'asked to define the plane he wants
to intersect the patch, since we are working on the
U-W plane, the plane will be represented by .a line.
To define that line the user is asked to position
the tracking object at two points on the borders of
the patchr(see Figure ITZ).

‘ lfh .

‘ ' Tracking.object

Line representing the
plane

—» U

>

"-Figuré}(I:zi Patch and the interacting plane

The subroutine, then, draws automatically the resulting

" continuous curve.

This way the user is not asked to define his plane
mathematically, ohly»graphically.

-
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SUBROUTINE BXBYBZ (BXI, BYI, BZI, BX, BY, BZ)

FUNCTION

USAGE

PARAMETERS

LANGUAGE

BXI-
BYI-
BZI-

BZ -

This SUBROUTINE calculates the
BX, BY; BZ vectors from the B
matrices- BXI, BYI, BZI of a
patch. (refer fo-eduatianIS,
S would be either one of BX. BY
or BZ and B would be either one
of BXI, BYI or'BZI, e.g.

BX =  [M]CBXI] (] |
definition of [M:] matrix is

given in equation (5}.

CALL BXBYBZ (BXI, BYI, BZI, BX,
BY, BZ) '

Input B matrix of the X coordinates.
Input.B matrix‘of the Y coordinates.
Inﬁut B matrix of the Z coordinates.
Outpﬁf BX vector. ,

Output BY vector.

Qutput BZ vector.:

FORTRAN

P
J——
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~ SUBROUTINE BETA1 (BX2, BX1, BY2, BY1, BZ2, BZ1,

BX14, BY14, BZ14, J, K, L, M, Rl, R2, R3, R4)

~ FUNCTION

USAGE

PARAMETERS

BX2

BX1

BX2

BY1

BZ2

BZ1

This SUBROUTINE blends two
patches in the Y direction (refer
to the theory of blending patches

in this report).

CALL BETAl (BX2, BX1, BY2, BYI,
BZ2, BZ1, BX14, BY14, J, K, L, M,
R1, RZ, R3, R4).

QOutput 'B' matrix of the blended
patch of the X coordinates.
Input 'B' matrix of the original
patch, of the X coordinates, to

the right of the blended patch.

* Output B matrix of the blended

patch of the Y coordinates.
Input 'B' matrix of” the origiﬁal
patch, of the Y coordinates, to
the.right of the b;endgd patch.
Output 'B' matrix of the blended
patch of the Z coordinates.
Input 'B' matrix of the ofiginal
patch, of the Z coordinates, to

the right of the blended patch.

o



BX14

BY14

BX14

=2 =" 4y

R2

R3-
R4-

-equal to

Input 'B' matrix of the original
patch, of the X coordskates, to
the left of the blended patch.
Input 'B' matrix of the original
patch, of the Y coordinates, to
the left of the blended patch.
Input 'B' matrix of the original

patch, of'thgﬁ% coordinates, to

"the"left of the blended patch.

set equal to 1.

set equal to 2.
set equal to 3.
set equal to 4.

a ratio value; input by the user
Wi (See Figure )

W2-W1 « , S

or eqﬁal to 1.-;

a ratio valﬁe, input by the user
equal to (1-W2)/(W2-W1) or

equal to 1.

V1/(V2-V1l) or 1. /

(1-V2)/(V2-V1) or 1.

200

2
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SUBROUTINE BETA (BXB, BX1B, BYB, BY1B, BZB, BZ1B,

BXXB, BYYB, BZZB, R1l, R2, R3, R4)

FUNCTION
USAGE

PARAMETERS

ﬁiNGUAGE

same as SUBROUTINE BETA 1,
except BETA blends two patches

in the X direction.

CALL BETA (BXB, BX1B, BYB, BY1B,
BZB, BZ1B, BXXB, BYYB, BZZB, R1,

R2, R3, R4). -

" same as BETA 1.

FORTRAN.

.

i




FUNCTION

USAGE

PARAMETERS

LANGUAGE

202

SUBROUTINE TOTA (BBM, BBMT)'

BBM
BBMT

This subroutine calculates the

inverse of the.matrix M and MT.

CALL TOTA (BBM, BBMT).

output matrix = M1,

output matrix = (MT)_I.

FORTRAN
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SUBROUTINE MU (A, B, R, N, M, L)

FUNCTION - This SUBROUTINE multiplies two
general matrices.
USAGE - CALL MU (A, B, R, N, M, L)

PARAMETERS - Name of the first input matrix.
- Name of the second input matrix.

- Name of the resultant matrix.

A
B
R
N - 'Number of rows in A and columns of B.
M - Number of rows in B. .

L

- Number of rows in R.

LANGUAGE ) -  FORTRAN

¥




FUNCTION

USAGE

PARAMETERS

LANGUAGE

-

204

SUBROUTINE MINV (A, N, D, L, M)

- This SUBROUTINE inverts a

general non-singular matrix.
_‘v -

- CALL MINV (A, N, D, L, M).

A - Name of input matrix (destroyed)

when return A is the inverted

. matrix.
N, - Number of rows of A.
D - =0 inversion correct

)
= 1 1inversion incorrect

L - Working array dimensioned with N.
M - VWorking array dimensioned with N.

- FORTRAN.

ol
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N

FUNCTION

USAGE

]

PARAMETERS

LANGUAGE

BX

BY

BZ

BGX

BGY

BGZ

205

SUBROUTINE GEN'(BX,.BY, BZ, BGX, BGY, BGZ)

This SUBROUTINE constructs
the 'B' matrix of a patch
generated by subdivision of

another given patch.

CALL GEN (BX, BY, BZ, BGX,
BGY, BGZ).

‘Input BX vector of the given

patch dimensioned with 16.
Input BY vector of the given
patch dimensioned with 16.
Input§BZ vector of the given
patch dimensibnedlwith 16.
Output BX vettdr of the
generated patcﬁ.

Output'BY vector 6f the
generated patch.

Output BZ vector of the

generated patch.

FORTRAN

I

(e



FUNCTION

USAGE

PARAMETERS

206

SUBROUTINE SDREV—(U, W, B, D)

This SUBROUTINE calculates

the second drevative of V(U,w).
CALL SQ}EV (U, W, B, D).

Input ﬁ value to define a
certa%gﬁggjnt on the patch at
which SDREV calculates the
second drevati?g.

Igpﬁt W value to define a .

(

certain point on the patch at

. which SDREV calculates the

second drevative.
The 'B' matrix of the patch.
The output value of the

drevative.

FORTRAN

e




SUBROUTINE FDREV (U, W, B, D, KOK)

. , & _
EHNCTION - This SUBROUTINE calculates
' the first drevatives of

V(U, W) (refer to equation 10).

USAGE ' - CALL FDREV (U, W, B, D, KOK).
PARAMETERS -~ U - Input U value to define a
ey

certain point on the patch.

W - Input W value to define a
“ certain point on the patch.
B - The input 'B' matrix of the
patch. '
’ D - The output value of the
dreative.
| : U,w
' KOK - A flag if = 1,p = 2 V(W)
| - ?V
if = 2,D = V(W)
o dW
LANGUAGE - FORTRAN .
- -J/ ”




FUNCTION

USAGE

PARAMETERS

LANGUAGE

BG

- FORTRAN.

208

L

- SUBROUTINE POINT (U, W, B, BG)

- This SUBROUTINE calculates

_the X or Y or Z coordinate
of a point lying on a given
patch at a corrésponding

U and W values.

- CALL POINT (U, W, B, BG).

- Input U value.
- Input W valué.

- Input 'B' vector defining

the patch. (BX or BY or BZ).

- Output coordinates,

if B = BX, BG = X
, B =BY, BG = Y

-

,,B=DBZ, BG = Z &

coordinate. I N

i

B mie fa e
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SUIRTOTINE GENJAL(AY 92 Y2290 sYs2)
L.I’E\E.C'\ R IO PNEL SED RIS FRIGBFLIS D 1I€¢7)
IENSTICON UCZ2Yak(2)subLCle)aNnl15)

CMMON/SFILE/ZISUF (1) : ‘ .
COMMUIN/ELPER/GRDSIPsIPS
IRCLTINE GENJTL

FUNCTION: .
fEJ Xa2Y Z COCRDe OF TnZ ePATCn SENERATEC EBY Tre
S;u“IVI ION 0F ThE GIVTN FATCE
CALL 1T XaYo2
&
RRITLZ(53) )
FORMATCTALZ2ZHENTER U{T20LC(2),wCT)3W(Z) VALUES)
REAGIS»»)UC1)sUC2Y2lHCT) snt 2D

CLELU=(UC2Y=UC1)I/3,

CELW=(W(2)~ u(1)>/3.
UL =)
LUC2)=UC1)+CELU
UU(’)-JC1)¢2.~JELL S '

uLCs) = u<1;+2.u"=LL ' ' -
cC 1 =144 \
ww(l)= u;g)

Wulf+4)= h(1)+DELh

Ww(I+3)=W{T)+2«nDELW

W CT+12)2WC1)+3 0% DE Leg

S0 12 1=%,3

CLC1+4x 1) =UUCT)

VLL2+4# 1) =yUCE) ,

LLEZ+L¥ ) =UU(T) A ' e

LUCG+L%T)=ULCL) .
CALL POINTSCLUSWW22L2%315)
CALL PCINTSCULsWW23YsYs1&)
CALL POINTSCUUIWKSBZ2Z316)
RETURN

"END

Ao

RFA:
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vi2ed-1 PASE (21

sLnacbrrns INTACTCXaYaZsNBATLRSNALSIFL) .
IMENSION x(L),v(1>,L(1),xxx<42>,xoc4>,vcc2>,tocz> i
CCH”GNIDFLLE/IBJF(1) : ;
CCMMON/RECALL/IRECL , :
COMMCGN/SUFER/GRSSIP s IF T
SUBROUTINE INTACT
FUNCTIONS
Th1S SUBRCUTINE RETURNES THE X»Y,Z CCORDINATES OF ¢ PATCE
TC TREWMAIN PROGRAM USINu INFUT FRCM LIGHT PEN
NPATCH=NUM2ER OF PATCHES (1/F)
NFL=NUM3ER OF 2ATCHES PER PLANE  (I/F)
IFL=1 SEFINITION OF CURVEC SURFACES C(1/%)
IFL=2 CEFINITICN 0OF SURFACES CF PEVCLbTIONS (1/°)
SRITECS, 2)
rCQ“AT(' FLEASE ENTER THE NUFSER OF PATCRES')
EAD(533INPATCH
uRIT:(:J551)
FORMATC! PLEASE ENTER NUM3ER OF PATCRES PER PLANE!)

« READ(5:3)NPL

rOQHAT('Z)

K=23 i : !

¢LOT FRAME OF WORKING PLANES ‘ S i
’ - e

AX=S 12 ) .

CALL SUBP(IR). <

CALL APNT(XXsXXs32=4) ~

CALL VECT(XXsPe0) .

CALL APNT(P7(ws46Less=4)
CALL TEXTC(! y1) _
CALL ESue : : i
CALL SUBP(IP+1) ‘ : a

CALL APNT(XXsXXs2=4)

CALL VECT(24Z5%X)

CAEL APNT(SBSOJ1a@Z-:J-6) .
CALL TEXT(Y z1v)

CrLL ESUB ’

CALL SUSP(IP+2)

CALL APNT(XX3XXss-4)

CALL VECT(=-XXs-Xx)
CALL- APNT(52433Sess=4)

CALL TEXT(! xt)e

CALL £SusB .
11=2¢ :
KK-HJ» | ’ /X
KKK=L o |

: . -
CALL SUSPCIP+L)
CALL CFF (IP+¢L)

EALL NFNL(a-:532-1*1@3-:292“+391'POclTION'":QNE'
ALL ESyE

CaLL suapftp+3)
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[
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S
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Ce31
ces3
LS5
Lo37

59

r
L4

~
)

e S

Gedl
2552
2T53
CEEAA
2255
Zgés
8L 57

oo
Coey

ZUT?T
ce?1
Le?72
73
cC?s
74
2273
475
282
2¢ 41
ce 82
©Z34
te 55
wEdd
Geg?
céad
£V 39

Py
T 7]

2291

ca32

ce932

2e94

365S -
2296

4i97
c2%3
BE96
2122

L~ ws w e

I

v

(1>}

AL/
ViZel-1 : ' PAGE L322
Call CF(IP+2) | 2 ,
CALL MENU(ZaC342009-1874 2020+ 1F, 1 0EF [YE KCEKING FLANES,
" IDUNES) :
CALL E3UE

CC &4 J=1sNPATCH/NFL

WRITECS 5)4

FCRMAT(' DEFINE PATCHES IN PLANF NUMZER 1,12,
hﬁITEIS:é)‘

FORMAT (e e V971

IF(KKK-EQ.S-URDKKKOECOQQGROKKKQE£113-CR0KKVQEC-17)VKK=VKK'1
IF(KKKIEc.21DGR'KKK.ECO2SICRCKKK.EC!£9IORIKKKIEOOSZJKKK=KKK-ﬂ
IF(KKK.EG-37rUR-KKKIECoL1oﬂquKKK-EUlAS|CR|KKK05Q¢L95KKK=WKK-T
IF(KKlEClhuOﬁuKK.EC:EqOﬁ-KK|E£01ZoUPoKKoECc15)33 TO 7.1
IF(KKoEﬂoEﬂ.CRlKK-EQ-ZL)GU T8 721 .

6C TO 722 ;

CC 16 ¥EpE=1,KkK

CALL CFF(IP+4L+MEME) i

CALL CNCIP+3) . : )
CALL MENUH(ITJEZEE*IP:Z@J1+IP) :

CALL EFFCIP+3)

GC TO (2Zs1220,1T :

CaLL TRAK{X Y, XX) !

IF(IItEQ-A)II=G_ »

KK =KK+1

iI=I1+1 ) 2

WRITE(S»11)11° . :
FORHAT(1KJ'PUSITICN TRAKs 0%Js TO CEFINE SEC. NUMZER Ts11)
IF(IFL.EO.Z)HRITE(SJ12) '

FCRMAT(' you SHOULD DEFINE 54 POINTS IN THIS SECTION THE FIRST
IF(IFL-ECOZ)ERITE(SJ14) ‘ .

FORMATI' TwWO WILL DEFINE THE AXIS €F REVULUTIUN')

READ(S,21)M P . "
FORMATC(AZ) -

CALL LPINCIHSITY)

IF(IH!ECn@uUR:IT1.LT.151-UQOIT1.GT0133)G0 70 3 .

CALL "GRIC(GRDJGRE) : :

CALL TRAKXY(XGs»YS) ‘ s

IM=i11-1¢a . i

GC T0.£1ﬁ21225132£)JIT1

CALL APNT(XQ2sY2) *

CALL 3SUBPCIP+4+KK) : !
CALL UFFCIP+4+KK) - . |
CALL VECT(=XXs=Xxss1) !
CALL VECT(Q.ZJX!JJIIl ) _ . )
CAaLL VE T(XXsXXss11) . |
CALL VE T(@e2s-Xx1011)
CALL &5 @

GO0 TC 422

CALL AFNT(!::YE)

CALL SUSPCIP+4+KK)
CALL CFF{IP+4+KK) .
CALL VECTC=XXs~XXss1]D)

D}

)




FLRTRAN

11
I
C1272
P Y A
128
o A
w127
l41|JLl
Lics
2118
2111
112
L1112
114
118
<114
Lel113
122

o R Y Qi Sy T N S Y
LE NV RV RV N VI SV VI NIV
Sl TR - RN C NV YNV

IR R C. PSS PP -

JEE Y
NN
&~ W

P o

L135‘
4136
2137
2135
€139
142
2141
2142
~142
<144
2145
Z146-
2147
2148
w1437
s1c52
£151
‘2152
21532
2154

42188 7

2155

v

s

O On

[ an I
[y

e~

VezZel-1

CALL VECT(LX22e3,511)

CALL VECTUXXsXXsasI1)

CALL VECT(=Xxs2e¢2ss211)
CALL ZSuE

¢C TO Lag

CALL APNT(XZ,»Y3)

CALL SUSF(IP+4+K¥K)

CALL CFF(IP+4+KK

CALL VECT(XXsZaZss11)

CALL VECT(3e221Xs511)

CALL VECTC(-XXsdelaslD)
CALL YECT(Zeda=XXss11)
CALL ESuB :

CALL CNCIP+L+KK)

I=1+KkaNPL
IF(IIlEQ02)1=1*ﬂ*N°L+K*VFL
IFCI1eECaZ)I=1+8uNPL+KANFL
TFCITeEGeddI=1+12%NPL+H uNPL

¢ KKK KKK+

CALL ON CIP+4)

CALL ME LUH (1T2,2932+12,2%21+1P) '

CALL 2F  (IP+4)
GO TO (524272205172

CALL CRICC(GRD,GRD)

CALL TRAKXYC(X(IDaYCID)
CALL SUSP(IPC+KKK+IRECLN14)
CALL CFFCIPO+KKK+IRECL*1¢)
CALL APNTC(XCI)»YCIDs1s4)
LALL ES B

CALL CN{IPO+KKK+IRECL%15)
GG TO (82¢s938:10288),171
LCD)=YCID) -Y.3+X2-XC 1)
XCI)=(XZ=X(I)INSORT(24)
YCI)=Xx2 512 r
G0 TO 1120

XXX(CI)=2C1)
XCI)=CY2=YCI)INSORTC24) -
YCI)=XXX(CI)-Xa+YQ- -Yen
LC1)=YR 512,

GC TC 1122

¢ =YC(I)~-Y2

YCI)=x(])=-x2

L{1l)= (S1c.-Xw)*SONT(2.
I=I+1 . .

GO0 TO 1228 -

0C 1 [CI=1sKK

- CALL EASCIP+4+101)°

CALL CMPRS

II=0

K=16&x) . .
LONT INUE

RETURN_

END

-y

s

u
™
wy
m .
c
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cL?27
Lo
v e
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Ce1
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cute

12

[N e

R N/

PR L
214
717
.18
221%
ce2d
2221
222
2o2z
iadA
“E25
i
Se27
wed3
228
2.32
£33
ze 32
333
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Valael-1

SUSRCOLTINE RCTATE(N A Y s ZsTNI,TNZsTNI»TT)

CIMENST N ULl Y svChsld s 01)YC1) 220 02TCLsL)
SL3RACCTINE ROGTATE

FUNCTION: :

TAREE OIMENSICNAL ROTATICN 9 ANY APRITRARY AAiS
ThA1yTh2sTN3 ARE TRE DIRECTION COSINES OF THE rXTS
of RCTATICN. (1/°)

Y
* W -
= Z &

—_ N N ma
-
co
»

1N '
UCIs1)=xC1) *IN=NUMSER OF XsYsZ TRIPLETS
LCIsZd=YC(1) ‘

LeIsZd= C1)

c(ls4)=14¢

CC I I= 4

JC 2 Js1s4

TCIsJdI)=242 !T IS The TRAMSFCRMATIC: MATRIZ
Te=T1/5 42957735 !T1 IS RGTe ANGEL IN DEGREESS
TCarl)=1e2

TC173= NIRTNI+{1=-TNTRTN1)IXCOSCT2)

TCTsE23=TNI®RTN2#(1=COS(T22)+TNI*SIN(TZ)
TC122)=TNIHTNZ#(1-COSCT2))-TA2HSINCT2}
TC257)= NI#TN24C1-COSCT2))-TN3INSINCTZ)
TC222)=TNZRTN2+CT1=-TN2ATNZINLOS(T2)

TC2s3)=TN2HTNIR(1-COS(T2))+TNI#SINCTZ)
TC321)=TNT#TNI#(1-COSCT2))+ThRZ*SIN(TZ)
TC322)=TNZHTN34(1-COSCT2))-TNIRSINCTZ)

TCIYB)=TNINTNI+(1-TN3HTNZIXCOSCT2)

CALL MUCULITOVibabsd):
30 4 I= N

XCI)=v (1,1

YCId=v( [s2)
LCD)=Vlis®

CONT INUE

RETURN

END

rﬂ,f:jf__mﬁA
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Veldel=1

SUORAUTINE SMOOTH(RXX»OYYsBEZ ZaNUMsTETsEXZ22Y < NYEY
CIMENSIAON BXT1C1A)sRY1C14),821( 1A ENZ{148)32Y2(T15)s
SZZC16)53XXCT1)2EYY (1) 2 BLZ U1 s TETC2)2F3X1(L52)

SFEYTCL L) sFRZT1CL LY »FER2{L LY SFEYL (bl )P Z2(40h) .
COMMON/CFILE/ZIBUFCD
COTMCN/ERS/IERAS

. SM0CThe EUS

PLRP0SE :
ThHIS SUEROUTINE
CCMMON 2CRIERS

SMOOTHES TwO ADJACENT PATCHES ALﬁNG THE

ARGUMENTS:

ZxX=ARRAY CONTAINING ELE¥EZNTS OF 8% YECTCR S&7NRE
ZYY= s Iy I y cY ) 13 1
2Zl= a9 S P ’ 2z 'y +3 1

MUM=NUMBER OF DEFINED PATCHES,

IeT=ARR Y CONTAINING THE TAGS OF
EXZ=ARR Y CONTAINING ELEMENTS OF
3Y2=

¥ Iy Iy » 3Y Iy Iy '
£EI2= a9 »2 2 » 32 i) ) Iy {
iFOL =1 SMOOTHING ALONS LOGNGITUDINAL BORSERS (OIP)f
. =2 Iy 2 TRANSYERSE BDPROERS - (G/P) I
5O 1 1= 22 .- .
CALL IDNTFY(NUMSITO?
IETCID=ITC :
2C 12 1=1,16

EXTCII=RAXCI+CIETCI)=1)n16)
EY1CII=3YYCI+CIETCI) -1 n18)
EZ1CIY="Z2CI+(IZT(1)=1)#16)

3C 25 I1=1316

EX2C1)= AX(I+CIET(2}-1)2%16)
BY2CII=BYYCI+CIETC(2)Y-1)%18)
£Z2C1)=5ZZCI+CIETC(2¥-12%18)

CALL GETEB{BX123Y1,8Z12F3X15F3Y1sFBZT)
CALL GE S(BXZs3Y2sBZ2sF3X2sFBY2:FBZ2)
WRITE(S5,6352)

FGXMATCIXs'IF YOU WANT TO SMCOTH ALONG LOINGS
KRITECS 7B

FORMATCIXs"ALONG TRANS. EGRIER TYPE 21)

"READ(5s 22)IFOL

FORMAT(I2)
IFCIFOLSEQ+1360 TO 92%
00 5¢ I=1s4
FBEX2C151)=FBA1C¢1,2)
FEY2(I,1)=FBY1(1s2)
FBZ2C(1s1)=FBZ1(112)
CO 3 1=1s4
FEX2(Is3)=FOX1CIs4)
FSY2¢I133)=FEY1CIsL)
F522(122)=FRB21CTs4)
50 TO 1 2@

THE TWC PATCHES TC BE SFGO'
5% VECTOR 2FTER a“UOTHING

50RGER TYPE 1':

snooralhsi'




vo2 1-1

cG 55 I 1s4

FEX2(CTs J)=FBX1(2s1)
FEY2(1,1)=F3Y1(2,1)
FEZ2C1s1)=F8Z1C251)
CO 45 1 1184 ’
FEX2(3s1)=FBX1(4s 1)
FEY2(2s1)=FEY1(4s])
F2Z2(32:0=FBZ1(4»])

¢ CALL GETBXCFBX2sFS5Y2,FBI2s2X2s2Y2,E22)

RETURN [ .
END i
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~
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=

Tyd? 1= FAGE
SURRCUTINE PLEND(tX:‘EX:-Y19*Y1~Z:ﬂBh:F=x;r5Y:F‘Z)
CIMENSION 8X(b4s4)283%¢(L) LYs3YCL L) aBEY ALY s RI(L L)
SIMENST M B8Z{4sL)sFB8X(LsL)sFs2 YCaslYaFBZCLL)
‘LBRCUTINE’BLEN"

FUNCTION:

THIS SUSRCUTINE BLENDS TwC NCN ADJAC NT BATCHES

INPFUT VARIABLES: _ _

Ex»3Y»3Z ARE ELEMENTS OF THE BCUNDARY MATRIC=S CF THE
FIRST PATCH TO BE BLENJED WITH THE SECOND PATCH.
SEXEBYs582 ARE ELEMENTS OF THE BUUNCARY VA’nIC:S OF THE
SECOIND PATCH. ‘

CUTPUT VARIABLES:

F2X)FBYsFEZ ARE ZLEMENTS OF THE INBETHEENCGENRATEDIPATCH

WRITE(S5533)

oo

1

[ n.

FORMATCIX'IF YOU WANT ILENDING ALOhb LONG TISRECTION ENTER

2 JTRANS DIRECTION ENTER 1)
READ(S»42)18
FCRMAT(IZ) L _ .
IFCIEeEQe1230 T0 132 ; .
200 1 1=124
FEtCtsId)=EXCcul)
FEY(1s1)=8YC2s1)
FEZC1s21d=22C2,1)

CO 2 I=1s4

FEX(2,1)=EBXC1s D)
FEY(Z2sI =BBY(1s1)
FEZC221)=88ZC15 1)

Lo 2 Iz »sd

FEXC3sT =5%X(LsI)
FEY(Z,I)=8YCLs 1)
FEZ(3:1=8Z(4s 1)

GO &4 I=%1s4
FEXC4sI)=BBXC(3s1)
FEYCLsI)=BBY(3s])
FRZ(41)=887(351)

GO TO &2 ' N
CO 11 1 1s4 ' .
FBXC1a1) =BX(1s22

FEY(IJ1) =8Y(1s2)

CFBZC121)=82(1,2)

5C 21 1154

FEXC1,2)=B2XC1s1)
FSYC1,2)=23YC1s1)
F2Z(152)=B3ZC1s1)

58 31 1=1s4 . .o

T
.|
i
|

1

3




FORTRAN 1V

(¥
-

(]

&

VieZzei=1

FESL(1s2)=EX( st
FEY(Is2)=2Y(1,L)
FZZCIs%)=32C1s4)

20 4% 1=1st
FEXCIstd)=E3ACLs )
FEY(Isld)=E3Y(1sT)
F32C1s4)=e82¢I,3)
RETURN
END

L
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.22
LL(‘S
RENT
2céds

[0 B

Y m.r.0v 000,
X PTR RS PR
-l el e o e o Sy
DU B TG = B N e e

rE

v 1-1

chRLUTINE CHSAVE(YsYs2)
CIMENSION XC1)sY(1)s2C )
COMMOUN/CFILE/IRUF (D)

_COCMMCN/SLUPER/GRD

\ghve THe DISPLAY

CALL STOF

CALL CLOSEC12)
CALL SAVE(FILET)
CALL CONT

CALL LPENCIHLIT)
KRETURN

END

4

CALL ASSIGN(1Z2,FILE2s2)
L0 1 I=1,NPATCHYN1S
FRITECTIZ®IXCII oY CI)ZCI)

i

T OCGTICAL 1 FILETCAS)SFILEZ(1S5)

CALL INVILE(FIL:1:FILE’!NPATCH)

INRITE XsYsZ CLCRD.
'FILE (FILEZ.DAT)

IN JATA




FORATnEN ¥

- 1
[y P
cw de
]
dea
Leih

W8

ub-—-

cb 28

e o?

cudd

ccn9
celd
.11
ccle
13
cc14
P
<16
2E17
Ze18
2219

Ze22

2z21 |

OO0

vo2e1-1

SURRCGUTINE GETSHP(X2Ys1)
JIMENSICN XC1)sYC1)22( 1D
CCMMON/DFILE/IBUF ()
CCMMON/RECALL/IRECL

LCGITCAL*T FILETC1S)sFILELC1S)

SUBRCUTINE GETSHP
FUNCTIC*:
rECALL A FREVIOUSLY SAVED CISPLAY.

CALL
CALL
CALL
cC 1

INFILECFILET1sFILEZsNPATCH)
STOP

ASSIGNC12sFILEZ2,E)
I=1)NPATCHR16

READCIZ2»wINCI) ¥ (ID) s 2(1)D

CALL
CaLL
CALL
CaLL
CALL

CL SECT)
INIT
RSTR(FILET)
CONT
LFENCIHLTIT)

JRECL=TIRECL+NPATCH

DO 1Z 121,12

CALL ERASCIBE+ID.
CALL CMPRE
RETURN
ENO
-

ael

rRn
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OO0

A0

Vve2e1-1 PACE 071
SUIRCUTINE INTJUNLC(BYRYSSZsXsYr2Z) .
DIMENSION UC18)aNCT1A) 3£ CT2sYC1) 0 T) ~

> 33XC1)EYC1)9RZC1) sLELACIS)SCELYCIE) 7
COMMCN/OFILE/ISUF(T)
COMMON/SULFER/GRDSIPSIPS

CCMMON/SEC/ISEC '

BROUTINE INTJOL . L
FYNCTION! )

IS SUZROUTINE DRAWS THE RESULTANT CONTINUA .S CuRVE
FROM THE INTERSECTION NF A D_ANE ANC A PATCH

INPUT VARIABLES:
EY1BY,82 ARE XsYsZ BOLNDAQY VECTORS CEFINING THE PATCH
CUTPUT VARIABLES: ;

XsYsZ C ORDINATES OF THE CURYE OF INTERSECTICN

C=1224 '

'CALL AP T(C/%2<§.*C/8.,,-a)

CALL SUBF ({51 SEO)

CALL GrFFCOT1LE2+18ED)

LALL LVECTCe25%C 1)

SALD LVECT(Z2i,e254C)
CALLNLVECTC(~e250CaE0)

CALL QVECTLBas=ec5nC)

CALL PNT o1 %CrhaSnC/20ess=4) .
CaLL TEXT('E:@!) )
CALL APNT(e3%Cr4eSHC/Bupr=4)

CALL TEXT("1.,28")

CALL APNTCeZnCsaSuCas=4)

CALL TEXT("1,1")

CALL APNT(o15CaeSuCyrir=-4)

CALL TEXT('3,1%)

CALL E3uR

CALL ON £143+ISEC)

POSITIGN TRACKING OSJECT CN ThE POINTE OF INTRSECTION

CALL TRAK(S512¢2512s)
KEMO =¢
WRITECS211) L~
-FGRMATCIX,"POSITION TRACs 03JesTYPECCRY WREN CONE')
READ(5,22)1
FCRMATCAZ) '
IFCKEMD«GT+2)50 TC 32 '
CALL TRAKXY(XC2YGC) <: :

KEMO=KEMC+1
GC TO0 A4
CALL TRAKXYCX01,Y01)

CALCULATECUTISNTY s (U, 416D

CALL SUEP(ST1L1+ISED)
CALL APNT(X0.,YO0)




2

FORTxEN |V . ¥i2e1=1 . . PAGSE seé

Up 12 CALL LVECTC(XC1-X0)sCY1-YN))

T3y CALL £5 5 .

PRI L) =(E2=CC/Ead)/¢a25%C)

St n(1)2(Y ~(S5enC/Re))/(a252C)

Jub? GOTE)=(XC1=¢C/24))3 /(2540

A wW(1A3=(YCT=(5enC/20))/Cez5%C)

Liha CaLTAL=CUCT15)=U(1))/15.

AN CELTAL=CKCT1A)=WE1))/715,

Cihé 0C 4S 1=2415

ciu? SUCIY=UCE-9)+CELTAU ) i

CZ43 42 WD) =uCI-1)+DELTHN : . |
C . : ‘ |
C CRAW THE INTERSECTION CURVE '
c . .

JELG CALL POINTSC(UIWIBXsX31%)

2452 CALL FOINTSCUIWIEYsY514)

251 CALL POINTSCUsWIEZ3Z315%) )

7052 3C 31 1=1,184

2553 KCI)=ACIINSORTCeS) -

i Sh YOI =YCI)=XCI)+512a L

2255 ZCI)=ZCI)=XCI) 4512

2256 31  CONTINUE N

ZuS7 06 32 1=1,15 . ~

7253 CELLCI)=Y(T+1)-Y (D) : ~N

859 33 DELYC(D)=2(I+1)-Z2(D) .

- C

PR CALL SUBP(5142+1SEC)

261 5C 34 I1=1,15

Y : CALL APNT(YCID2Z(I)s3-86)

A¢ 53 34 CALL VECT(OELXCIYsDELYC(IYssD) . , 3

1264 - CALL ESUB 5

2.65 RETURN '

RZ55 END
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SUBROUTINE TEST1(XsY1Z+3455Ys37

CIMENSION LC2405XC1)aY (1) 2ZC1d3UCT14) s 15)3CCiA214)
sIXCIIIBYCUTIISPEZC1)2C1t 145180 cZ(-,,16>,c1c15,16)

RcAL L

SUBRGUTINE TEST1 .

FUNCTION: :

Ja

FAGE 21

THIS ROUTINE CALCULATES B8XsS5YsBZ SOUNCARY VECTORS OF-

A PATCH DEFINED BY 16 XsYsZ COCRDIMATESS
INPUT VARIABLES:

X3YsZ CCORDINATES DEFINING TAE PATCHa

OLTPUT VARIABLES: ,

5X29Ys8 . BOUNCARY VECTORS DEFINING TrE PATCH

LET ThE LENGTH 2ETWEEN EACH SuCCESSIVE POINTS
N=16 - I

CALL LENGTHC(LIX2Y»2Z)
GET THE RATIO OF THE LENGTHES WeReTs L VELUZS
TLI=LC12+LC2)Y+LC3)
TL2=L(L)+L(5)+L (&)
TL3=LC7)+L(8)+L(9)
TLA=LCTZX+L (110 +C12) .
CALCULA E THE U VALUES
UCT1)=Z.D '
U(5) =3 - ’

L(9)=Led - ‘ 8

LE13)=P.2

L(ll)=1|

L(B)Y=1s .

JC123=1. - .
U(16)=10 . A

SLC2Y=LC1y/TLA

LC3Y=CLC1)+L(2)) 2L Lo \
LCEY=L(LY/TL2 ' '
LCT)=CLCLI+L(5)I/TL2

LC12)=LC7)/TLS -

LCI1)=CLCTI+L(8I)/TLS

UC14)=LC10) /TLL _
UC15)=C(LC1@)+LC113) ATLA

KeReTe W VALUES

TLS=LC133+LC14)+LC15)
TLA=LC16+L (1T +LC18)
TL7=LC19)4L(22)+LC21)
TL8=L(22)+L°(23)+L(C24)

CALCULATE THE W VALUES
wW(1)=0,0

Ww(2)= 60_' : . 1
K(3) =g,

WCA)=Ce2 \;EJ//
K¥C13)=1. A



FCRThAN

Iy

Videt=1

l\
_ /
i I3 NC153=T+ | .- T : .
077 W (14)=1, :
¢33 W(5)=L(13)/TLS . : : .-
SE39 9 ELCIZIAL (14D /TLS .
Slbd ‘WCAY=L(16)/TLG
bt © R C123=CLL1A)YHLCT1TII/TLE
Y . WC7) LIS/ TLY "
iud3 W(11)=CLC19I+LC22))/TL7 o’
- 2uhé w(8)=L(22)/TL8
TLLS  ~ o w(12)=C (22)+L(22))/TLR
7. . .
c CONSTRUCT THE C MATRIX
GuLe CALL CMATRYC(UsHsCo\) (
co kT o0 3z I=1a2N
A CC 22 J=1sN
G249 3z C1CI»d)=CCIs )
£ : )
c CONSTRUCT THE B VECTORS
¢
052 DC 9 I= N
251 BXCI)=XCI)
Jese2 3Y(I)=Y(D) .
2852 9 BZCI>=Z(1) S
c .
27254 - DC 14 J=1sN . : .
o535 SG 18 I=1sN . )
su56 C2C¢1s=CICIs )
JES7 C3(I:J)=C1(I:J) _ : _ s
‘658 1€ CONTINUE
c’ SOLVE THE SYSTEM OF SIMULTANEOUS LINEAR EQUATIONS
“ c - - X
2¢5% . CALL SCLVE(BX3C1sN»154222221,5KS)
- . IF(KSWNE.E)STOP : .
cube CALL SOLVYEUSY»C2sNs15e230821sKS)
2063 ~ IF(KSeNE«D)STOP .
2865 . CALL soLvscez:c1,~,1,.3a;E@1,rSJ
“ubs - . IF(K&-NE-E)STOP D e
c ' )
: 2L63 RETURN
&wmuaq ; OEND
A . | . .
b
: ¥ J




Add
FURTRAN 1V vZ2e1-1 FAGE 02
PR} SUBROCTINE DRWJGLC3XsEY23ZsITCTOIMONIRPL sXsY 22D
zuiz DIMENSION BXC1IEYC1)237¢1)saC1)5YC1)52CT)
PP CIMENSION DELTAXCIS)sDRELTAY (IS s TOTCLIIMCTL) 2 (18D
v sUl(1‘);HH(16):IDFLK(15):IDELY(1°) »
Zclb COMMCN/DFILE/ISUFCT)
L2565 COMMCN/SUPER/GRISI®» 1P .
: E W
c DRNJCLeSLE
C N
¢ PURPCSE: ~ -
¢ THIS SUSROUTINE DRAWS THE PATCH
[of - .
c ARGUMENTS:
c
/ c 84  =ARRAY CCNTAINING 23X VECTOR OF THE PATCY
C oY = 1 3> 2y ’y- ’ ’ Iy
c éf'. = 3 32 2z Iy » ) 2 .
c {TOTC=TAG CF THE SUBPICTURE CONTAINING PATCH (1/7)
c MON =<1 _DRSHP CRAKS .LINES CF COMSTe Usw EARAMETERS ONLY
C =>2 asy - Iy 13- Iy 2 13- AND pLO,BS
¢ NEW CONTROL POINTS o . (1/P) 5
c NPL =NURER OF PATCHES PER PLANE ‘ (1/P) |
c i : : : ‘
(246 ¢ © ICN=
w7 k=0
c . -
€623 . TOTC1)=240
2235 - T0TC2) =42 .
ce12 TCT(3) = ' - ’ .
2011 .. TOTC4L)=eb : ) : : '
2212 - T0T(5)= 8 . . : .
2313 TCT(6)I=142 _— C{\;;;, L S
c : . ]
2c14 * MEM=D ' ¥
6215 .VMEM1=0
616 CO 99 KOK=1:6
2217, T T=342
AT DO 40 I=1,16 ‘ :
A W(I)=TOTCKOK) C . C ' ¢
6E 22 UL =T ' - : \
2621 4L T=Te1e/15
£@22 152 CALL POINTSCUsNs5XsX21%)
2523 CALL FOINTSCUsUsBY»Y,16) , L
Xodk CALL PCINTS(UsWIEZ2Zs15) - + R
2E25 00 93 I=1,14 =
0626 XCI)=X¢1)/SQRT(2e)
2c27 YCI)=YCID=XC1)+512,
L28 9T . ICI)=ZCI)=X(I)+512s T o
ga29 0C 91 I=®15 ' o
2032 DELTAXCI)=YCI+1)-YCD) - :
2231 DELTAYC(I)=Z(I®M)I-2C1) . ;
2832 91 CONTINUE : S - !
8233 CALL APNTC(Y(1)2ZC1)ss=8) &
2434 DO 92 Ia1,15

- v
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FCRTREN TV

¢35
v -6

ve 37

223
35

I—a.-—
29£1 92z
okl
WA
vedhS

. ewhb

SBd47

PP S R I |
AT A .
o652 959
<51~ 3¢9
u042 ,

Lusl,

w55

L2546

57

AT

LEES9

webd
2161
de 62
GLb3
PEIA
2065
L2 &b 14
Up‘?
65 ) -
0369
P gy

Lo 71

w272

¢73 20
ZE74
375
277

Zu78

0L 7%

$283  Si
Ci51

gcaz 1221
2283

2634

ceas '
2i36 24
2e87

2588 © 25,

G0 3 10T

ze9e

VoZel-1

ELTAXCI)=CELTAYCII+DIFX
DELTAY(I) =SELTAYC([)+DIFY
TOQELXCI)=INT(DELTAXCID))
ICELYLI)=INTC(OCLTAYC(I))
CALL-YECTCOELTAXCIDsDELTAYC(ID )
EIFX=CELTAXCI)~FLQAT(INELXCI))
CIFY=2ELTAYCI)-FLCATCIDELYLI )
IF(MEMeaGT1)60 TC 999
0 121 1=1,1¢
MEM={EM+1
MEMT =pgMT+1 .
hCIdD=UCTI). . \
UCI)=TQT(KOK) )

GO TC 17¢ ‘

VEM=¢

CONTINUE

IF(MONONE«2)GD TE 1?%@

VW1)=2,2
Wh(2)=e33232
Ww{3)=45665
hu(ll)=1!3 o
00 12 I=1,4

UUCTI)=NY(l)

UUCT+4)=wu(I)
LUCT+8)=Wh(l),
ULCTI+12)=aW(C1)

hw(ld)=2ed

HMCI+4)-04333

KW (I+8)=ebh66

Ww(l+12)=1.3

CALL POINTSCUUNWIBX2X218)
CALL POINTSCLUIYWS3YaYs15)
CALL: POINTSCULUSNWIBZs2216)
£C-2C I=1,16 .
LCI)=XCI)/SORTC(2)
YCId=Y(T)=-XCI)+512
ZCIX=ZCIX~-XC1)+512. ‘
IPOPO=CITGTO~13n16+426.
IF(NPL«GT«1)G60 TC 1?01
CC 52 I=1,14 o /
CALL SUBPC(IPOPC+I) .

CALL APNTCYCIdS»ZC(I)s1)

CALL t£SUEB

'60 T0 19c2

CO 25 J=1s4

‘BC 24 I=1s4

CALL SUBP(A28+I+ION4(ITOTO-1#4)
CALL APNTLY(I+K)»Z2(1+K)31) ‘
CALL ESUB

K=K+4

ION=I0ON+3

RE-TURN

END

Ao
; b %
m \_’.
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FCATARAN IV Vizel1-1 ' PAGE 2
Joet SURROUTINE GETO(SX2sBY2s5222F5XsFBYsF32)

‘o2z DIMENSICN BXZ2C1)38Y2¢1)3822C1)sFEX ALY sFSYCLIL) sFSZChad)

w0 BMCL L) BMTCLSL) SFF RN CLIL) SFFYCL L) »FF L LD

¢
ol SUBROUTINE GETE
¢ FUNCTION:
o THIS SURROUTINE CALCULATES ThE 'B' MATRIX FRCM THE 15!
c T
C VECTOR S=(BMI(B)CEM) (EQUATION OF ThHE DARAFET?IC o¢
b s INPUT VARIABLES: ' , 1
c BX2s2Y2sBZ2 ARE ELEMENTS CF THE BOUNDARY VECTCRS !'S!
¢ GUTPUT VARIABLES: : f
C FSXsFSYs»FSZ ARE" :LENENTS CF TAE BCUNDARY MATRICES & {bl
c ‘
¢ SM IS A CGSTANT MATRIXs BMT IS THE TRANSPQS: CF EM MATRIX
C } -
CBEE K=1 - . b |
Cedd CC 1¢ I=1s4 - :
202 00 12 J=1s4 :
ciib FEXCI5J)=6¢2(K) N\
227 FEYCISJI=EY2(K)
423 FBZC(LsJ)=BZ2(K)
ZE29 16  KsK+1
. c -
IC : '..-1
c DEFINE THE 8M AND BM MATRICIES
C . .
€512 BMC1s4) =T,
2£11 ' ’ EM{2:1) =T -
2312 EMC2s2) =10
2213 aM(253)=14
G214 EM(2s4) =1
ZE15 EMC3,3) =1, - _ : L
o216 3MCL21)=3. : |
GC17 - 8M(4s2) =2,
2813 EMCL23) =10 , '
219 - BMT(1s2) =14 : )
2c2@ BMT(154)=32, o -
u21 3MT¢2s2)=10
Ze2z2 o BMTC204) =2,
8523 ENT(3,2)=1s
tuzd BMT(3,7)=1. _
£e2s EMTC354) =7 .
B 26 BMTC4s1)=10 ;
227 EMTCLs2)=1, N
o . i
¢ GET ThE 8 MATRICESCTENSOR) s CALL IT FSXsF2Y,F3Z ;
c ‘ ’ '
Zoeld CALL MUCBMIFBXIFFX24242L) o
2ea9 CALL PUCFFXsBVTIFEYsL3bsd)
~C
2432 ~ CALL MUCEMsFBYsFFYsbsbsth) , , o
32 ' CALL MUCFFYsB8MTIFBYs2habsl)
o
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FCRTawuN v

S §
e &
T

Do -

Vo2el=1

CeLL MUCEMIFCZIFFZsbalsd)
CALL MUCFFZsBMTIFSZsLabal)

1

TURN

nt Al
Z m
I

i

PALTE &

[
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s

LEROUTING POINTE(UswaZsxah)
[MENSION UCNI2WINDISECTAY »X (1)

: APk
. SUBROLTINE PCINTS

Caen

C
C
C FUNCTION: :
c CALCULATES THE XsO0R YsCR 2 CLCROINATES OF N -CINT3 LYINE.TN
C THE PATCr SURFACE., -
c LaW ARE INPUT ARRAYS DEFINING THE PARAMETRIC WALUES OF ,
c THE FOINTS. |
c 8 IS THE.-IN®UT 30UNDARY FKATRIX DEFIMING ThE FETCHa - I
c N=INPUT NUMZER. OF POINTS. |
c A=0UTPLT ARRAY COCNTAINING COCXDINATES OF PCINTSs ' E
. .

e S0 1 I=14N

52 ol XCI)=(UCTIIMn2) e (uCI) wuTImEC ) +CUCI)¥RII NN 1D ox2)

KBCZ)HCUCTID wu3)wCWCTINECRIIHCUCTI)wnEdw3CL)+CUCT)
nnz)*(w(I)y~3316(5)+(u<I)nuZ)n(H(I)n*5;é§(£)+(u(I

I eI (IIuBCTI+CUCTII*RZINE(B)+CL (] )nby e 3y ul(
FI+CUCTIIRWCTI) %2 n3C12)+LCTI MW (1D #BC11)
+UCII®BC12) e (NCId# oIS (TI3)+CWCIdunmzZ) N3 (14)
+HCI)=BC15)+0 (18D
CONT INUE
RETURN '
END

(

Ca ) D
-4
X ¥ ¥ X ¥ »

~ O w

NI X
5 Gt




« 3

Cddh
AR
e¢cdo
ced’
ceds
ev3%
12
I B
1?2
A I
PACN FA
P
£e1é
2217
ze13

2wl

22l

vuel
cezz

22232
426

_ Z025
- 2726

2227

2u28

€229
Zeiz
ge31
o¢32
£33
2534
€35

2336

2037

COOO0O0OOO0O000n

-

BMTC231)==20

'l't:201"1 = ) / PAGE ":

SLUERGUTINE GETOX(FIXsF3YsF2Zs3Xs3Y202)

CIMENSTION ?P‘(LJGJJ?“.T(LJL):FER(L!A)JF‘EY(&‘J&) JFRICL L)
JEA(1§)JEY(1A):SZ(16):FFX(LJL):FFY(L:&)JFFZ(LJA)

SUBRGUTINE GET2X
FUNCTION: ‘ :
Th1S SURROUTINE CALCULATES TrE '8X! s'BYP,r27!

BOUNOARY VECTORS FROM THE FO2X,F3YsF2Z (2 MATRICIES)

@ IS A CONSTANT PATRIX2MT IS ITS TRANSPOSE
‘ <
-1
CEFINE THE &M ANC 3M MATRICIES

CEMC151) =2

EMC122)=-2»

EMC153) =10

BV(136) =10

EM{221)==3%

amM(2s2) =3

AM(23s3)==20 : _
EM(2:L)==10 . _ o
BK(3:3)=1. k\“’)
EMCLa1Y=1s -

SMTC131) =2

EMT(Es2)=3u - ' ' )
BNT(3s3)=10 : //“"'
EMT(1s2)=-3s

EMTC25,1)=1s

EMTC126)=10 _ . .
5MT(421) =10 :
EMT(429)==1»

SKTC323)==20

CALL MUCBMsFBXsFFXsbabstbd . .
CALL MUCFFXsBMTsFB3Xsbsbsd)d

CALL MUCBMsFBYsFFYobsbsl)
CALL PUCFFYJBMTsFBYsbhsdsl)

CALL MUCBMIFBZIFFZabsbsl)
CALL MUCFFZsBMTSFEZrbs404)

K=1

00 12 1=1s4
GO 12 J=1sd )
SXC(KI=F3x(IsJ) . : o
BY(K)=F2Y(IsJD
BLC(K)=FBZC(Isd)
K=K+ 1 7
RETURN = : -
END ‘




FOXTreN 1V

Jeel
Lech
océ?
pANEY.

el

s 1
€M
012
2213
P A
WZe15
ol )
€C17
c218
219
ga2dd
zZ21

£222
2¢23
ewih
dees

velb

2 ¥e Xz XaRaXalka

YOO

To

OO0 0

DC 13 I=TaNUM
. CALL FPOINTR(9,D)

 RETURN . . ' A '

VoZe1-1 ‘ FAZE 321

SLEROUTINE ICNTFY(NUMLITG)
COMMON/CFILE/ZIBUFCY)
COMMIN/SUFER/GRD
CCMMON/ERE/TERAS

SUEROUTINE IDNTFY

FUNCTION:

THIS SU3RCUTINE IDENTIFY THE PATCH

NUM=NUMBER OF OEFINED PATCHES(SUB-PICTURES) (I/P)
ITO=TAG OF THE IDENTIFIED PATCH - (e/P)

CALL ERASCIERAS)

CALL CMPRS

CALL SUBPCIERAS)

CALL APNT(ZeBs2elsr-4)
CALL ESUB ‘

TURN L® SENSETIVTY ON FOR ALL DEFINEC SUBPICTURES

CALL SENSE(9,1)

CALL TRAK(S512esS124)

TYPE »,!' IDPENTIFY THE PATCH!

WRITE(S»1) .
FORMATC(Y TO DC SO HPOSITION THE TRACKING O3

WRITE(S,40)

. FORMATC'OF THE PATCH AND TYFE <CR> wHEN

AEADCSs20M

FORMAT(AZ)

CALL MENUHCITC»15NUM)

]

T AT ANY PAR®

TURN LP SENSETIVTY OFF FOR ALL DEFINED SUBPICTURES
08 32 I=1sNUM T

CALL POINTR(9s1)

CALL SENSE(Ss-1)

END'

/

. .
,a.‘.m'.-d*"""-"—""__ o
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5

OO0 0N

A3/

Vi2e1-1 ' FAGE 721

SLARCLTINE INFILECFILETSFILECINPATCH)
LCGICALXT FILETC15)sFILE2(15),0SPCE)sDAT(S)
CATA ESP/'o':'D'J'S':'P':C/, CATI'-':'D':'A':'T':?/

SUSROUTINE INFILE

FUNCTION:

INPUT FILE NAME

NPATCH=NUMBER OF PATCHES TO BE SAVECL OR RECALLEC
FILET1 IS THE DISPLAY FILE NAME

FlLcZ IS THE DATA FILE NAME

KRITE(S5,32)

FCRMAT(Y ENTER NUMBZR OF PATCRES 30R SECTIQONS:?)
READ (52 3022)INPATCH ' '

FORMATC(I )

WRITE(3211) ' : '
FORMATC! TYPE FILENAME:')
READ(S22EINS(FILEICTI)»I=TN)
IF(NSES«LIGD TO 1

FORMAT(OsE A1)

CO 1Tud I1=1sN
FILEZ2(ID=FILETIC(D)

0O 2¢€ I=1s5
FILETICI+N)=DSP(I)
FILEZCI+NY=DATC(I)

RETUARN

. END - ) C




raxTaaN 1V

o
'32

T
e -

Caa&

a5
u,ab
T

Ty A
o b LY

Gl a9
c212
o1l
2212
cZ13
deth
£21%
2016
217
2613
519
Ce
2021
222

OO OO0

y

',,f

CCIs2)=CUCIIwu3)wp Iy nnw2
CCTI23)=(UCIdnuTynk(])

veze1-1 SAGE 221

SUBROUTINE CHATRX(UswaCaND
CIMENSION UC1)sW (1) CININ)

SUBROUTINE CMATRX

FUNCTION: .

THIS SUSRCUTINE CALCULATES TnE C MATRIXCCOMTAINES Uy

PARAMETRIC PROUDUCTSIUSING ThE PARAMETRIC FC EXPANCEL ECUATI
¢ Usw PARAMETRIC VALUES  (I/P) ‘
N=NUFEZER OF DATA PINTS (USUALLY 16&) (I/P)

36 8 I=1aN
L(lr,tD= (L(I)In’)nh(])uui

CCeIsb)=UCTIINN3

CCTs5)=(LCIY¥u2) AT nul
CCls€)=CUCIINRZI MW (T un2
C(L1s7)=CUCTIIwn2)HNCID

CCIsB)=UCIdwn2

CCls9)=UCII#W( ) %n3
CCTe1)=UCTI) *WC ) mu2 "

CCI11)=UCTdI "N (D)

C(Is12)=UCD) §

CCIs13)=W(1)an?

CCIsta)=N(IInu2 :
C(1515)=wC]) .

CCis1e)=10 : 4

CONT INUE . ‘
RETURN \:{K

END
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=14

*

T L(JI=SORT((X(]+12)~ X(I*B)J!Hc+(Y(I*1c) YCI+8)Inn2e

SUBRCUTINE LENGTHh(L3XsYsZ)
AReal L
JIMENSION LED) 2 1)y (132241

SULIRCUTINE LENGTH

FUNCTION:

TKIS SUSROUTINE CALCULATES Tak L:NGTH eg ThEEh

EACH SUCCESSIVE PGINTS

JNPUT VARIABLES:!

K:Y:Z CCCrOINATES OF INEUT PCINTS .

JuTPUT VARIAEBLES: :
L IS AN ARRAY CONTAINING LENGTH BETWEEN EACH SUCCESSIVE FOIN

Lo 1 I 1!.« .

LCIY=SORTC(X(I+T) - X(I)JN*n+(Y(I+1) Y(I))uuZe
CCZCI+1)=2C1) ) un2)) .

CONT INUE

“C 2 I=1,2

LCI+T)=SORTC(XCTI+S)Y-XCI+4))nnmi+(Y(I+5)~ Y(I+A))**2
+(ZCI*S)=Z(I+4)ImwuZ)

CONTINUE ' Y

5C 3 I=1,3

LCI+5)=S0RTC(X(I+9)~ X(I*o))n:&*(Y(I+9)-Y(I+3))nlc
+(IC1+9)=-2C[+8)Inng)

CCNT INUE

DO &4 1=1,3 )

LCI+9)=SCRTCIXCTI+13)~ x(I+1?))*u2+(Y(I+1‘) Y(I+1c))*i2
+C2CI+13)=2CTI+12))%x2) -

CONTINUE

J=13

CC- 5 i=t1.4

LCII=SORTCCXCIHA)I=XCLY I unZeCY(I+4)=Y(1)Inn2 : :
+(Z2CI+4)- Z(I))*IZ) . 2 ‘ 7/

J=Je3 : . ’ ' , !

CONTINUE . ot v : . i

7

uc 4% 1I= 1:}

LE{JY=SORTE(X(I+3)~ xt1+L)>uu2+(Y(x+R> ~Y(I+L))un2
+{ZCI+8)~ZCI+4))nug)

J=J+3

CONTINUE . : .

J=13 - '

LG 7 I=114

(ZCI+12)-2C1+8))uu2)

J=Je3 ,

CCNTINUE - : .
RETURN - '
END

-
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SUBROLTINE SGLVECRsAsFsNSEPS,JERD

CIMENSION AC1)sR(1)

SUBROUTINE SOLVE
FLNCTION:

IER=C
iER=-7 OR N

METHOD:
CCMPLETE PIVCTING.

IF(M)YZ3,52351
1 1ER=L :
' PlV=¢ed
MiH=MaM
NM=NaM
OG 3 L=tsK¥
TE=A2SCACLID
IFCTe=-PIVv)YZs3,s2
2 PlVv=TE ’
I=L
z CCNTINUE
TOL=EFS»PIV
LST=1
CC 17 K=1sM
CIF(PIV)23,23,4
FCIER)T25:7
IR(PIV=TCLY 44657
IER=K-1 "~
PIVI=1e/aCD)
J=(I=1)/¥
I=l=Juv=K
J=J+i-¥
CG 8 L=KiNMsM -
LL=L+1
TE=PIVI®R(LL)
RCLLI=RC(L)
3 RC(L)Y)=TR
COIFtK=#)9,18,18
9 LEND=LST+M-K
IFCJX12,12512
10 I1=JeM
0G 11 L=LSTsLEND

~N o

FCR TEST GN LGSS COF
IZR IS THE RESULTING
NO ERRGR

N3 RESLULT

Tn1$ SU3IRKQUTINE SCLVES # SYSTEM OF LINE
LSING GAUSS ELIMINATION.
R IS ThE M 3Y N MATRIX OF THE RIGHT niND SIDE(DISTOYED)
ON RETURN R CONTAINS THE SOLUTICN OF THE ECUATIONS.

A IS THE M 8Y M COEFFICIENT “ATRIX(E:STGY:D)

¥ 1S THE NUMBER OF EQUATICNS "IN THE SYST

N IS THE NUMBER OF RIGHT HAND SIDE VECTORS.

EPS IS AN INPUT CONSTANT WHICH IS USES AS RELATIVE TCLERANCE
SIGNIFICANCE . ,
ERROR PARAMETER cousc AS:

SOLUTION IS DONE zY MEANS OF GAUSS ELIMINAT IDL WITHE

2
-~

PAGE -221

ECLATIONS

e




FORTAAN 1V

Cu3S
2L35
w37
233
Le 39
Se bl
PR
ekd2
]
ccbhé
vids
vedd
2¢4T
co bl
A
cedd
cLs1

«e 32

<253
2854
6255
4556
2cs7
2554
2459
2e6d
2261
FLY.
8263
L 64
6L85
Zubs
2247
2¢63
CC69

2272

27t
wd72
ee 73
cd74
. 2Z75
vi7b

ZETT

2673
5279
CL832
e
zcae
2233
cada

0o

— -l
Nt =3

14

<15

27
21

2e
23

S Pivl

TE=A (L)

LL=L+I1

ALY =ACLL)

ACLL)=T5

50 13 L=LETsMM,¥

LL=L+1

TE=PIVI®A(LL)

ACLL)=ACL)

ACL)=T3

ACLSTY=J

FIV=cied

LST=LST+

J=a

EC 16 TI1=LSTsLEND
==ACI1) :

[ST=]]+M

J=Jd+1 - ‘

GC 15 L=ISTalkM¥

LL=L-J

ACL)=ACL)+PIVI*ACLL)

TR=AESCA(L))

IFCTa-PIVI15215:14

PIV=T3

I=L

-

LCONTINUE

00 16 L=KsNM3M . 7
LL=L+J

RCLLI=RCLLI+PIVI*RCL)
CLST=LST+M

1IF(M=-1)23322,16
ISTaMr+M
LST=8+1

GO 21 I=ZsM | Y
i1=L5T-1 . o

IST=IST=-LST
L=IST-M
LEACLY+aS "

a0 21 J3=I1sNMM
TS=R(J) ‘

LL=Jd

CC 2 K=ISTaMMsM
LLsLL+1
TE=T2-AC(K)*R(LL)
K=J+L

R{J) =R(K)

" R(K) =TS

RETUAN

IeR=-1 ' -

RETURN
END

e ¢
x=
[rp]
m
[
s
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NP |
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C
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c
o
N c ]
e l2 1e
UTRVIC I :
vodab
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C
C
C
vt
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PO 2u
' C
Ji 1
Z2¢11
cald
Le12
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ViZael=1 . PAC
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SUSROULTINE MENUH(ITsMI1sv:)

SUBRCUTINE MENUH

FUNCTION: : . .

THIS SU3IROUTINE RETURNZS THE TAG COF A HITTEN SU3SICTURECIT)
M1=TAG OF THE FIRST CGEFINED ZULSPICTURE '

MZ=TA> CF ThE LAST OEFINeD SUSPICTURE

CALL LPENCIH2LITI. - ] ‘
IFCIHeEQedoeORsITalToaMT19R«ITWGTeM2)GE TQ 1.
CALL POINTRC13,1T)

LALL INTENS(1ua8)

wAIT FOR A MENU HIT

A=2s i ‘ 7' .
CC 2¢ I=1,15¢€2 '
X=X/7Xn2

CALL L2ENCIHLIX)

CALL INTENSC1224)

IT=1T7T+1-M1 ‘ ,

RETURN - +
END ‘ to
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SUBRCUTINE CATFIL(N®ATCH K 2Y 52Z)

CIMENSION XCT2Y (1) Z D) -

SUBRCTINE DATFFIL | ' h

CFUNCTION:

TrIS SUSRCUTINE RETURNES xsYeZ COORDINATES CF A PATCH

CR A GRIUF OF PATCHES. TP THE MAIN PROGRAM USING CATA
x4 |

TLm=NULMBER OFcPATCHES (1/9)
:Eﬁl E NULMBER CF CATA FILESC=NUMBER OF PATCHZS)

EYTE FILEC14)

WRITE(5,1)

FCR¥ATCY  PLEASE ENTER ThE “LMBER CF DATA FILESY)
XEAD (55 2)NPATCH - N

FORMET(IZ) _ -

“TYPE 4sl

: »~
FORMAT(!' ENTER THE NAME OF FILE NUVRER 1512)
ACCERT 3sFILE
FORMATCI4AT)
J=I+9 ", _
CALL ASSIGNCJUsFILELD) ]
READCIo #dXCXCTII+K) s YCIL+KI2ZCI[+K)sTI=1518)
K=16#] ' :

“CALL _CLGSECJ) o

cag;)nus
RETURN

END

Fas

FILES

|




FORTRAN 1V vide1-1 ' SAGE L
A SUESQUTINE KEY3RD(NPATCHIX»Y»Z)
Ll2¢€ s CIMENEION XC1)sY(1)2ZC1) _

¢
o
c
c
C
c
C

SLBROLTINE KEYBRD

"FUNCTIO @ ‘ ‘

THIS SUSACUTINE RETURNS Tht YsYs2 COCRDINATES OF 4 FATCH ‘
on A CRCLP OF PATCHES TC THE YAIN PRUGGRAM VIA THEZ KEY ROARD
NPATCH IS THE NU!EER OF PATCHES (I/P)

wRITECES ) _ >

FCRMAT(! PLEASE ENTER THE NUMBER OF FATCHES ')
READ(S5,2)NPATCH z

FCIMAT(I2D

DEFINE X2YsZ COORDINATES GF EACH PATCH .

K= ’

GO T J=1,NPATCH

WRITECS 4 J -

£1d 4 " FOGRMAT(!' ENTER 16 XsYsZ CODICINATES CF FATCH,NUMBER 's512)
211 REAG(SSI(XCI+KIYCI+KI»2(T+KD»1=121€)

vel? ) FORMATC(IF1d44) .

ce13 - K=1éxy /

A 3 CONTINUE :

4215 RETURN . .

2ele END -




FLRTRAN
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v
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Vie2e1-1 ‘ CAGE

SUBRULTINE INTREV(XsYs2Z)

CIMENSION X(1J;Y(1);2(1):xvx(’Z):xPcL),YO(Z): 0¢ed
COMMON/CFILE/ZISUFCT)

COMMON/RECALL/IRECL

COVMMON/SUFER/GRD»IPsIPD

SUIRGLTINE INTREY TN
FUNCTION: _
ThIS SU3RCUTINE RETURNES THE XsYs2 CCORDINATES GF A PATCH

TG THe MAIN PROGRAM USING LIGAT PEN

K=2

XX=512

CaALL SU3SFLIP)

CALL -APNT(XXsXX35s=4)
CALL VECT(XX3s243)

CALL APNT(Q?Desb420r2=4) .
CALL TEXTC! Y'Y | g
CALL ESUB :

CALL SUBP(IP+1D

CALL APNT(XXsxXX2as=4)

CALL VECT(Z2+422XX)

CALL APNT(S53S5e¢21EZ83035-4)

CALL TEXT(' Z%)

CALL- ESUE N
CALL SUSFCIP+2) - . :

CALL APNT(XXsXX3s=4) ]
CALL VECT(=XX»=Xx)

CALL APNT(52es35055-4)

CALL TE TC(! Xx1)

CALL ESUB -
1i= '

KK =@

KKK=g

"

CALL SU3SP(IP+4)
CALL OFF C(IP+4) '
CALL Mt b(Eo:SSEo:~1BZ-:298“+IP:'PCSITIUh':'CGNc')

(CALL ESUE

CALL SUBPLISA3)

CALL OFF(1P+3) ‘

CALL MENLCZo0s123205-1220528C3+1Ps1OEFINE WCRKING PLANEY,
* 1JGNEY) '

CALL ES'B : s

CALL €N [P+3)

CALL MENUHCIT32222+1P32721+1F)
CALL OFF(IP+3)

GO TC (2251323517

CALL TRAKCXXsXX)
IFCI1sEQe4) 122



FEATRAN [V

cobhd
AT
Cihé
NP AY S 11
vedbz
kG 12
.82
Ld 31 14
2¥S2
Ce8T 021
54 le
vedS

2~,7

VeZel-1 : PLEE 222

. | : p
KK=KK+1 . S
11=11+1 |

WRITE(SS11211]

FOCRMATCIX»'20SITi0ON TRAKe O8Js TG DEFINE SECs NUMESI 1,411)
WRITE(S:12) :
FURMATC! YOU SHOULD CEFINE 2 FCINTS IN THIS SECTION ThHEYY)
WRITEC(S14) _ . 1
FLRMAT(! wILL CEFINE THE AXIS OF REVCLUTICN')
READ(S,»21)M .

FCRMAT(AZ) '@

CALL LPENCIHSITI). )
IFCIReEQsCo0RsIT1aLToIPeCReIT1aGTeIP+2)E0 TO 30
CALL GRIC(GRLCIGRD)

CALL TRAEKXY(KLsYE) .
ITI=IT1-1pP+1

60 TG (1EC»282s320)s1IT1

CALL APKT(XZ,YZ)

CatL
CaLL
CAaLL
CALL
GALL

CaLL

CALL

SUEPCIP+4+KK)
CFE(IP+4+KK)
VECT(=XXsp=XXxs211)
VECTC2aaXXssI1)
VE TOXXaXX2211D
VECT(2egs-XXos1lD
ES LB

GO TG 422

CALL
CALL
CALL
ChLL
CALL

CCALL

CaLL
CALL

APNT(X3sY2Z)
SUBFCIP+4+KK)
CFFUIP+L+KK)

VECTC~XX2=XXs>sI1ID

VECTC(XX 203011
VECTCXXsXXss1E)
VECTC(=XX23edss1])
ESUB

GO TO 422

CALL
CALL
CALL
CALL
CALL
CALL
CALL
CALL
CALL

=1#K

APNT(XD,Y2)
SUBF(IP+4L+KK)
CFFLIP+4+KK)
VECT(XXsCadasIl)
VECTC(ZelatLss11)
VE TC(=~XXs8edss1])

YECT(2eZs=XXss11)

ESUE
ONCIP+4+KK)

IF(II Eﬂoﬁ)l =54+¥
IFCI1eETe2)1=94+K
IFCITaECoL)I=124K

CALL

CALL MENUR (IT?129°Z+1912931+IP)

CALL

;o KKK =KKK+1

CN (IP+4)

QFF (IP+4)

60 TG (522270225172

CALL

GRID(GRDLGRD)




FCRTAAN

—_
[ )
LY LW . Y

124
1?5
<105
127
4128
2139
c11¢&
2111
c112
21132
114
113
£119
c117
c113-
$119
€122
o121
c122
€122
2124
212¢
8125
6127
=128

v

Tice

1192

-y
(Y]
(%)

V¢.201‘1

CALL TRAKXYCXCT)XsY(I))

CALL SL3F(IPG+KKK+IRECL*12)

CaLL CFF(IPC+KKK+IRECL®*1€&)
CALL APNT(XCIdf(I)a1s4)
CALL ESue '
CALL ONCIFO+KKK+IRECL%14)
cC0 TC (3224922512220 1T1
ZCI)=Y(I) =Y 2+XC=X(])
CCIY=(X2=XCI)INSCRT(2)
Y(I)=x2-512,

6o TG 11¢2

AXXCId)=( (1)
LCIY=CY2-YCIDIINSCRTC24)
YCI) =X CI)=Xii+Y2=-Y(1)
I(I1)=Y2-512,

GC T2 112¢C

LCIY=y(1)-Yd

Y(IdX=x(l)-x2

KACIX=(512e=-XD)%SQRT(24)

I=1+1

GC TO 1222

o0 1 I01=1sKK

CALL ERASCIP+L+ICD)
CALL C PRS

1i=0 )

K=16

"RETURN

END




K LINK
RKZ:SRHIPz=R
RK2:3MG5nP/

o
0
RK2:C3SAVE/T
RK2ILRWSHP/Q
RR2:TEST1/0:1
RK2:5niP51/C:1
RK2:G6ETSHP/0:1
RK2:INTRSC/C:1

RK2:GEN/0:1

RK2:GETBA/C:2
RK2:IONSKP/Q: 2
RK2:GETB/022
RK2tINFILE/O:2
RK2:LENGTh/C:2
RK2:CMATRX/(: 2 f”\)
kk2:35GLVE/C:2 T
RK2:PCINTS/0:2 -

RK2:MENUW/O:3
S RK23hU/D:3
/0 ¥
GT COFF
RU ShIP2
. [ - 4 .
)
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Lol

o222

c
~
t~
L]

[ oL S0 ]
O o €y B Cd
LPTRLN e SV, Y

t Cagy e

[

2223
5412

Ze1
dp12

di13
8214
Je15
216
L2117

MOOO0O0N0O0OaOO0O000

128

VvE241-1 - FAGE ©il

CIMENSICN X(32)sY(32)2ZC22)p5R¢14)55 10163532 (14)
DIMENSION TEX(T1£)sTEY(T4),TE2(T “XC(éh)::YC(ﬁ&)

*  2BZCCEE)PBX2(T16)28Y2C15)92722¢CT1B)2IETCL) 28X XX (15D

W 23Z2ZCTE)TEXTC(E2)aTEYT(22),4TE2 1(’:):5YYY(1‘):XUV(-4)

A aYCY(Z2)sBATNCTo)sBYDYCTAISEITZCTAYSNUMBE (L)
JIMENSION XREALC128)sYREALG122)»2ZREALC(T123 J28XSPLTCTIS)
® aBYSPLTC(14),8ZSPLT(14)

HEAL LsMsaLLTsLLZ

COMMON/CFILE/IBUF(X32L)

COMMON/RECALL/IRECL

COMMCON/SUPER/GRDI® s IPO
CCMMCN/SEC/ISEC

PROGRAM SHIPZ24FGR

PURPOSE: _ :
THIS PROGRAM AIDS IN THE PRELIMINARY CESIGN™OF SHIPS HULLS

UTILIZATION: .
START UP THE COMPUTER
TYPE RUISHIP2 <CR>

ALY A+ BADAWY
UNIV OF MCMASTER
MECH-« ENGGo

11 JUNE 1979

GRD=1,
NDEF =2
 NUM=E
1P=1¢1
IP0=425
1Y0A=1
KEVO =i
IRECL =2
. ISEC=Z

*

GET THE HAJOR DIMENSIONS CF ThZ SHIP

e D S e D P S TR N W S A e S S e g S wm Y an P wr =

WRITE(S2345) : . . .
FORMATC'! PROGRAM SHIP2 WILL AID IN TwE DESIGN OF SHIP HULLS':
WRITE(5,33)

FORMATCIX,'ENTER 'LENGTH» EREADTHJDRAFTJF:PJAJS')
READCS»44)LsBsD2FsMsAsS

FORMATC?F7+2) >

< .
BEGIN DESIGNING THE SHIP HULL

- s R D R G S AR WD ek S am WD am W g e e an e A a W

WRITE(5,128) = , ,
FORMATC X273 NGW YOU ARE®EADY TC CESIGN ShIP HKULL!)
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T T

€30

238

wo 43
Boae

TN

2a46

Ze4L8

- 4452

3ES52

6454
2656

2258

ec6d
ce62
i 64
€vh6
ceo6s

¢ 73
2e71
2272
eav3

OO0 o000 e NaNe]

OO0

OO0

ViZel=1 ‘ PAGE 22

CALL INIT(3202)

CALL SCAL(Pe2» 3oL:L+9:L+c)
CALL 3UBP(112e®) ’
CALL GFFc¢11722)

CALL MENUCZ el sl +2a~L /8091221 "JESIGN VIDLL'-BCJY':'D:SIGA
#  FQOI¥ARD 30CY','DESIGN AFT S0DY',)DESIGN STEANV s'SMOGTHYS'SA

¥ 9'RECALL'SIREFLECT")

CALL " HENU(@-L:B:—EISo:1cu18:'“ODIFY':'ERASE':'INTQSC':
# YSPLITY,'DONE!)

CALL ES E ,

CALL ONC118R2) St

'WAIT FOR A MENU HIT AND 3RANCh TO QFRVE IT

CALL MENUH(IT,12212,12222) U
CaLL OFF(1129%) \\\//

HIDDFE 3GoY
IFCITEEQe1dLLT=M )
IFCIT«EQe1dLLZ=F , ’ .

FCRWARD BODY ™
IFCITeEQe2)LLY=F
IFCITOE 02)LL2=242

AFT B80DY
IFCITeETa3)LL1=A
IFCITeE "e2)LL2=F+M

STERN BS00Y

IFCITEQeLILLY =S
IFCITOETDAILL2=F +MaA _J/’—\f“\\

IFCITAEQSSIGO TO 44k . ISMOOTH Tx0 PATCHES
IFCITEGs6)60 TO S4k | ISAVE DISFLAY
IFCITeEQs7)G0 TO 554 IRECALL DISPLAY
IFCITSERWS)IGO0 TO 655 IREFLCT GISPLAY
IFCIT¢EQe$)G0 TC 755 [ 'VODIFY A PATCH

IFCITWEQ.1)G0 TO 855 : 1ERAS A FATCH
IFCITeEC.11)60 TO 555 . LINTERSECT
IFCITeECs12)60 TO 955 . 1SPLIT
IFCIT+EQe13)60 TO 999 - LEXIT

BEGIN DESIGNING THE SHIP

e - '

CALL SHIPSTC(X,YsZaNPATCHsNPL JLLTsLL2sLsBD24CX2YOY)
IP=IP+43 |
IPO=IF0 40 ' . :

5282 NOEF=NDEF+1



FORTALN ]V ViZed-1 ‘ PA

TR A T T L TR LRI SR ORR T TR SN Y 0

NUM3AR(NDEF)Y=NPATCH

c

C - .
- CRAK THE SURFACE _ -
c ¢

CC 221 NN=1,NPATCH
- ot o2:2: K=1g4, ‘ .
KI=CK=T)n,WNPATCH+4 % (NN=1) o
KKTI=K1+N{Mu16 : . .
B0 222 J=114
(REALIKKTI+I)=X(K1+)
TREAL(KKI+U) =y (K1+))
IREAL(MKT+0)=Z(K1+J)
TEXCI+(K=13u4)=xCKT1+ )
JEYCJ+C =1)wa)=Y(KT1+J)
2¢2  TEZ(J+CK=1)%4)=2(K1+ 1)
CALL TEST1(TEX:TEY:TEZ:EX:BY:BZ)
DO 77 IEND=1,51% '
SXOCIENC+KEMO)=8XC(IEND)
SYOCIEND+KEMB) =3Y(IEND)
77 SZOCTENDO+KEMD)=3ZCIEND)
KEMO=KEMD+14A
CALL SU3F({IYOA+IRECL)
CALL CRWSHP(EXsBYsBZ 4L ITCTCs220)
CALL ESys : ’ ,
IYOA=IYOA+T. . ©

241 CONTINUE
NEM=NUM+NUMBR(NDEF)

G0 TO 132 .

Sud  J=NUFr14 - ‘ .
20 11 I=1514 , o
AREAL(I+J)=xX(])

YIEALCI+J)=Y(]1)
ZREALCI+JI=2¢])
TEXC1)=x(1)
CTEYCD)=YL(D)
11 TEZCIY=Z(1)

CC 83 IENO=1516 v
-8XOCIENO+KEVO) =R X (IEND)
EYCCIENQ+KEMG) =3Y{ TEND) _ -
33 . 8Z0CIENC+KEMG) =3Z(IENG)
KEMO=KEMC+14
CALL SUBPCIYOA+IRECL) o
CALL CRWSHP(BXs8Y,8Z,4L,1T0T0,2,2) ”
CALL ESUB .
IYOA=IY A+l '
222 CONTINUE _
NUMsNUM NUM3R(NDEF) B
GG TG 132 ° .

5c5 CALL TEST1(IEX:TEYJTEZ:?&JBY:3Z)

.

¢

!
. _"!
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c132
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-
b~

2141

£y
-
B~
(9]

21472
2144
2145
2146
6147
E143

2145

2152

2151

Va

i un
[PV

[ S I ]
-t

c154
8185

21556
3157
155
2153
2151

3182
5163
2164
;145

OO0

144

25
22

OO0 IzEnlnlyl

o000

544

554

L V)]

V2411 N PAGE

SKOCTn TWC PATCHES AT -A COFP N 30RCER

. CALL SMGShP(SXO:EYOJBZ?:NFATCH:IET:EXEJSYZJBZZJL:I’OL)

IFCIFCLAEDs1INPL=C
IFCIFOLeECe2)NPL =1

NPOD=120-42

NPO=4y¥

NELA=C(IETC(2)-1)%16

DG 164 I=1s1¢

EXMCI+NCLA)=BX2C]) —
BYOCI+NPLAY=BY2(T)
EZ0CI+NPLAY=2Z2C1) !

CALL ERASCIET(2)+IRECL)

CALL CMPRS

IF(NPLeGT+1360 T0 13

DC 22 I=1:16

CALL SRAS(NPOC+I)

CALL CMPRS

6L TO 22

DO 25 1=1s4 ,
CALL ERASCIPO-NPO+I+(IET(2)=1)w4)
CALL ERASCIPO0-NPO+I+8+CIET(2)-1)%4)
CALL ERASCIPO-NPO#I+16+CIET(2)=1)%4)
CALL ERAS(IPO-NPO+I+24+CIETC2)=1)x4)
CALL CMPRS

CCALL SUBP(IET(2)+IRECL)

CALL uRHShP(EXZJBYZ:EZZJL:IET(Z):2:NFL)
CALL csue

G0 T0 132

SAVE THE JISPLAY AND CREATE A DATA FILE

—— o e g o S e e RS W e e e DG

CALL CBSAVECXREALSYREALsZREAL) .
6C TG 132 | : .

RECALL THE DISPLAY

- T T D

CALL GETSHP(XREALsYREALSZREAL) \
GO TO 138 .

REFLECT THE DISPLAY AZCUT x-Y Q? Y-Z OR Z-X PLANE

ROL‘LLZ

1s0=4 <

IF(NFLeEG.2)150=8 :

FACO=10 - !

TEXT1CISO)=X0XCIST)

2C 1263 I=1,150

FAz2ex((B/2e)~ CIOX(I)-((L*SﬂnT(ZoJ-ROL)*SOQT(cS))))

T XCXCI)=XOXC(1)+FA

SEKA=-TEX1(IS0)+Xx0YC1S0)

25

=
o~

A
":‘.’f’.al:llt‘tE‘%‘mmﬁ&uwm'mc:mﬁ;‘kﬂf s e kB

.
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FeaTaah 1V

Y

3139
2152
2131
2192
£153
2165
Z156
2137
£195
£199
5222
2231
zze2
2223

204
7225
g26
c2a7
2225
2212
2211
6212
2213
c214
2215
7216

nd
[ ]
=
d

(]

Lig?

785

792

V52-1-1

AOL1T=R0L+(LL1/ Ta)XSCRT(20)

50 2207 1=13150

AGKCI)=X0X(1)-SEKA

=2 X CE/2eT-CYOXCTI+ISD) ~CCLNSQRT(24)=RCLTI #SERT (o 5))))
yCX(I+150)=X0X (I+I1SD)I+FE-SEKA
AOL2=R0L+C2¢5LL1/3¢)%S0RT(20)

5C 3,22 1=1s180

Fam2en((E/2e)=(X0K(T+2#ISCI-C(L*¥SART(2+) -RILLINSIRT (4533
40X 142 1S0)=A0XCI+2n1SP)+FA=SEKA

< OLZ=ACL+LLI*SORT(24)

CC 4uif? 1=151S0
FaA=2en((E/2¢)-(XOXCT+3%ISCI-C(L¥SORT(Ze) ~ROLZ INSORTC5)I D)
KOXC(I+3#1S0) =X0XCI+Z#ISII+FA-SEKA
5C 520 I=1516%NPL

CALL APNT(XOXCIDsYOYC(I)

CTEZACI)=YCYCI)=L+LL2#SCRT(e5)

TEYTCI)=XCXCI)-L+LL2REORT(45)
TEK1(L)=(LL2HSCRT(-5))*SGRT(Z-)
XCI)=TEX1CID

YCI)=TEY1CD)

2¢I)=TEZ1CI)

50 TC 5 L@

MCDIFY °ATCH

- . e oe A e e en WA

FIRST IDENTIFY THE PATCH TC &E MODIFIED

hRITE(SJ?bZ) .
FU?PAT(11J'DOSITICN TRACK
YWRITE(S2765)
FORMATC ' T0 BE MGDIFIEDs TYP
CALL LPENCIHsITOTO)
IF(IHOEQnElURlTTUTOILTl1QORO
READ(S»775)1Y

FORMATC(AZ)

054 AT ANY PTe OF THE PATCH')
CCRY> WHEN DONE1)

TOTOeGT4 163G TC 776

_ WRITE(S 777)170T0

s
FORMAT(1Xs* YOU HAVE JUST POINTED AT PATCH Nb%Bf%':IZ)
CALL TRAK(LsL)
KRITE(S 782)

FORMATC1X,'POSITION TRAK. 02J. AT NEW PTsTYPE <CR> WHEN BONE;

READ(52775310

CALL TRAKXY(X0Q0:Y0O0)

IPOG=1P0-4T

IPOPD=IPOC+12E

CALL LPENCIX:ITT) ‘

IF(IK.:O ZoOR-ITToLT-IPDD DRoITT-GToIPOPO)GQ ¢ 755
MX=ITT=1FCD

WRITE(S,792)MX :

FORMAT(1Xs'YOU HAVE PO'NTED AT PTes NUMBER '3512)
X0X(FX)=xCO

YOY{MX)=Y0O .

YOMX)=XCC+(X(MXI/SORT(242)-L
YREALC(MX+(ITOTO=-NUMBR(NDE F))*1‘) XOCf(X(PX)/=CRT(2-)) L

Z(“K)—YOO*(X(PX)/SQRT(’.))-L

u
>
@)
m
r
r‘-—

45

.
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FLRTRAN TV Tova2.e1-1 B PAGE (75
217 . CREAL(MX+CITCTI-NUMBR(NDEFIIn1E) =YOC+(XCMX)/SORT(Za)) -1 ;
Lets IFCNPLeGT41)G0 TC 795 ¥
c22¢ . FCNA=14%(ITOTO=-1) . i
2221 OC 322 1=1216 y '3
wz2d MONAT=MONA+] T h :
wiz3 TEXCI)=XREAL (MONAT) i
2224 TEYCI)=YREAL (MONAT) :
0225 3.8 TEZCI)=ZREAL(MONAT) !
5226 GO TO 825 : i
Ce27 795 U0 812 x=1,4 | i
de2d ' K1=(K=1)uLuNPATCH+4X¥ CITOTC-NUN+NUMBR(NDEF)=1) 1
2226 0CG 812 J=1,4 i
£z3: TEXCJI+(K=1)94) =X (K1+J) ' . .
Se ™ TEYCJ+ (=TI ma )Y (K1+J) i
cecl2 B TeZlJ+(K=1)%4)=Z(K1+)) - ;
Ce33 345 CALL TESTICTEXSTEYNTEZs3XCXsEYOYSRZOZ) ' S
Cezs IGK=(¢ITITO=-10x15 - 4 o
6235 36 8¢ 1" K=1,16 ' .
2235 . BXOCIYK+ICK)=BXCXCIYK) !
£237 SYOCIYK [0X)=BYOYC(IYK) ;
2234 g.a@ BZOCIYK+1CK)=B20ZCIYK)
229 CALL ERASCITOTO)

Zz42 IFCNPLOGT1)60 TC 9428 J
2242 LO 932 I=1,1¢ i
2243 93¢ CALL ER:SCIPOD+I) :
2244 G0 TC 9522 : ~ 2
G245  962¢ DO 9322 I=1s4 " ]
224 _ CALL ERASCIPOD+T+CITOTO-1>%4) y
caLy CALL ERASCIPCD+I+B+(ITOTO-1)%4) , ]
Z243 CALL ERASCIPCO+I+16+(ITOTC-1)%4) T s
2249  9.23 CALL ERAS(IPCO+I+24+C1TATO=1)%4) . . }
2252 9582 CALL CMPRS . - ;
22¢1 CALL SU3BCITOTO) - :
$e52 CALL 2R SHP(EXUXJEYOY:BZCZ:L:ITOTO:Z;NPL)
2253 - CALL ESue
254 GO TO 139 s

-

c ERASE A PREDEFINED PATCH

{ mevrcmcwcceccnrcoccmccnen-

c
w255 855 WRITE(S.,763) _
2255, " WRITE(S,»E860) .
2¢57 360 FORMAT(' TO BE ERASED »TYPE <CR> WKEN DONE!) N

6258 87¢ CALL LPENCIHLIERAS) ‘
225% IFCIHeENZeORCIERASeLT+140Re IERKS6T416)60 TC 372
ceb1 iF0D=IPO~-LY

g242 READ(S5»775)1E

2263 WRITE(S »777) IERAS

2264 <CALL ERASCIERAS).

8255 IFCNPLGTe13GC TO 9615

2247 D0 852 I=1516

2282 88T CALL ERAS(IPOD+I7CIERAS=1)xT£)
7Z55 5C TD 951&

2276 - %617 DC 9122 1=1:4




2e77
€c?3
€279
2230
L2332
283
2234
0e3S
w2é3b
cel?
cc83
w239
Z29¢

291

c292
€2%3

2294

- €295

c2946
6297
2239
¢332
cl21
€232
$3¢3
€324
2225

c

re.

YUu2e1

CALL
CALL
.CALL

CALL
CALL CMPR
GG TC 132

-1

S

ERASCIPO~LZ+I+(IERAS=1) #4)

ER SCIPC-42+1+8+(IERAS~1)¥4)

ERASCIPC~42+1+1&6+CIERAS~-1)n4)
ERASCIPO-42+1+24+(1ERAS~1)Iu4)

-»

GET INTRSECTION OF A PATCh WITH .A PLAMNE

——-——--—---—--—--—-----—-—--—-—--q-—--——_-

hRITE(555
FCRMAT(
CALL LPEN

5)
POSITION
(IHOLIKE)

TRACKs CBJe AT PATCHITYPECCR> WhEN DONE!)

IFCIHO0WEC2¢ORe IHE oG Toa 144030 IHEWLTo 1360 0 S5

READ(Ss77

. WRITE(S,7

WRITE(5,5

5)18
77) IHE.
552)

FORMAT(1Xs'ENTER NUMBER CF SECTIONS ")

‘®EADC(5,55

- FORMATC(12

D0 5662 1

¢ZINSEC
))
=1sNSEC

¥

»

CALL INTRSCCBXO0sBY0s82Z0,sL 58 IHE)
CALL ERAS(2142+1S8EC)

CALL CMPR
ISEC=ISEC
GO TC 1322

SPLIT OPT

WRITE(S 9
FORMATCS

s -
+7

-

ION

31)

POINT WITH THE LePe
CALL LPENCIHLITOTO)
IFCIHeEQeEwOReITOTOL T

REAL(52775)18
hRITE(S,777)1T0TO

JSPLT=CITOTO-1)%16

20 132 1=1516

BXSPLTCI)=BXOCJSPLT+I)
BYSPLTCI)=8YOCJSPLT+])

- .

OOROITOTOOGT

N33 |WIZSPLTCID=BZ0CJISPLT+1)

C.

C

»

»CALL SPLITTING ROPUTINE

CALL GENC(SXSPLTsBYSPLT,5ZSPL TsXs

GO ‘TG 6 2

DONE OPT]

" PAUSE

CALL FREE

CEND

ON

AT THE PATCH -TO ZE SPLITTED!)

« 16260 TC 132

YsZoLslL2)

=

E:
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FORTXAN IV ve2o1-1 : S PAGE £2°
e 21 SUZROUTINE snoswpcsxx,évv,szz,ngxﬁgp,xer,exv,nvz,czv,L,IFCL,
X2(16),2Y2(15)

T ODIMENSTON SYTC14)0BY1¢15)3871¢14)
o s * BZ2C14)5BXX(1228YY(1),E ZZCIISTETC2) 2F23X1Ch L)

) " :F5Y1(L:L):FQZ1(L)L) FcXZ(LJL) FEY2CAaL))FRI2C4L L) :
el . KEAL L

+

SMOSHP-SUB

PURPOSE' ' . -

THIS SU. ROUTINE SMOOTHES TkO ADJACENT PATCHES ALONG THE

COMMON, BDRD‘RS- : - i .

ARGUMENTS: .

EXX-ARQAY CONTAINING ELEHENTS CF5x VECTOR B2EFQORE SMCOTHMING |

EYY= 2 s, 10 ] s BY Fl ‘23 Iy :

Bilz g Y 3y s B2 ’s 3 s ;
= NPATCH=NUKBER OF PATCHES¢ <!

IET=ARR-Y CONTAINING THE TAGS CF THE TWQ PATCAHES T9 BE cP‘OOTi
BA2=ARRAY -CONTAINING ELEMENTS -OF 8x VECTOR AFTER SYOGTHING

4

COOOOO0OX 3000000000000

2834 ¢ §Y2="s1, ) s s BY . aas o s y) 5

[ ERER] . . : - : . ' ¥
BZ2= 1, T . 2y 3 EZ ) © a2 > 3

L=LENGTH OF THE ShwIP ° ' -

IFOL =1 SMOOTHING ALONG LONGITUDINAL BORCERS © (0/P) 1§

=2 - »»  TRANSVERSE BORDERS (0/P) j

T e . . :
Zéd5 06 1 I=tse = - . A o g
P626 CALL IONSHPC(NPATCH»ITOsL) . ; e ‘
2237 1 . IETC(I)=ITO - i ;
0L28 BC 1¢ I=1s16 S :\\\; :
ey IX1CD =" XXCTPCIET(N =116 Coe ;
221¢ PEYACIIABYYCI+CIET(1)-1)016) : :
J2211: 42 BZ1¢1)=8ZZCT+(IETCTI=1IN16) y : ¢ i
S €212 .. DO 2% I=1,1% - - . ;
© 2213 a|5x2<1)-3xxc1+(157(2) ~1)#18) . ;
ecfe BY2CI)=BYY (I+(TET(2)~1)n16) ' ) y
€215 2 BZRCIIARZZC(I+CIET(2)-1)%16) ) :
2C16 © 0 CALL:GETB(BX1s8Y3s321,F3x1sFaY1,FBZ1) - ¥
21t - - CoaLL GETE(B;Z:BYZ:EZZJFBXZ:FnYZ:FBZE) ' ;

2213 WRITE(S,608) 3
819 622 FORMATCIXsVIF, YOU WANT TU SMOOTH ALONG LONGe EQRDER. TYPE 1')-
eca2z - . WRITE(S 73 ’
ae21 732 FORMATCIX2'ALONG TRANSs BCRDER TYPE 2"

. egz2 READ(52228)IFOL o S
TE2%+ "3TL FORMAT(I) ‘ ’
. E22s IFCIFOLOEQe1IG0 TC 922 -~ = . - :
T gees - DO 5@ I=Vy4 - o .' ,;’Ty B
ec27? Fax2(Is1)sk3x1¢1,2)° -+, : A : 4
De2s : FEY2CIsT)=aFRY1C],2)
2229 .S¢  FEZ2(1s1I=FEZ1(¢Is2) -
ec3a - . 00 62 I=1,4 ; ' .
33 © FEX2(C1s3)=FBX1C1,4) ° : o

gg32 . FRY2(1s3)aFBY1CI54) - IR

4
f
L3
'
1
-
'
-
. .
-\) |
.
L2 R WIS P S



1 A

FCRTIAN IV L NL2411 oo \L\“

2222 H¢ FBI2CIT)=F2Z1(1s4) - .

634 3C TC 1822 o ‘ ‘
cu35 92 DC . .
viils FEXZ2(1s 2:1) ‘

A F =F8Y1(2, 1> = _ '
sels 55 Fe 3 PI=FBZ1(2,1) ) ) i
TE39 26 6 154 - . '

242 FEX2(3s )=FBX1C4s1)

A FEY2(3s1)=F8Y1(4s1)

clL? 5% FEZ2C3210=FRZ1C4s 1)
SL43 10d¢ CALL GETRBACFBAZ2sFEY24F3Z2sBX2sBY2sFZ2)

vebd RETURN
2L45 END _ ‘
. -
1 A
i
v - o ]
: X
N .. ;
X L
n R -
2 .
» hY o
N ~ b L -
\-
“
A 1
B L]
N -
. .
- .
- . t .
.- . \
b * o .
1
.
- . -
. N
¢ . -
, N &
" -
. “ ’




W

te27
£2233-
22209
Bele

€211’
£e12

2e13

2214
2i15
€316

-2¢17

2613

L 4B19

2u2d
zé21
ze22
2823
2524

nnnnnnnnnnnnnnnnﬂ_nnnnnnﬁﬂnn

(]

' READ(S5353)INPATCH ~
‘551

CNRITECS,2) o ‘ ;

.K"z

Xx=L -
"CALL SUBPC(IP+IRECL)

: ,,21';-.“
Y r‘ N rd
ve2el=1 - . FAGE [Z1
SUBRGUTINE SHIPST(XsYs2ZsNE PATCHONPLOLToL2sL 23555 KCKY0Y)
REAL LsL1sL2

LOMMON/RECALLZ IRECL
CIMENEICNK XC1Ya Y1) ZCT) 5 x X CE2Y s40C2)5YDBCT) 228C2) sXCA (1) s

* 2Y3YC(C1)

COMMON/OFILE/[3UF (1)
CCMMON/ LUPER/GROSI®,IFD

SHI®S1.5u8
PURFCSE:

THIS SUBRCUTINE AIOS IN THE SESIGN OF, SHIF HULL
IT SETS THE WCRKING PLANES WITHAIN THE PRESCRIPES LENGTRE

_CF ENCH SECTION CF & SHIF

IT RETURNES THE XsY»Z COCRDINATES OF A PATCH :
TO ThE MAIN PROSRAM USING- LIGHT PEN 1

ARGUMENTS:
X=ARRAY CONTAINING THE x Cf0°Do OF THE 1% POINTS DEFIVIG i
THEE PATCH (0/F) -

Y=03/P ¥ COORODs OF PATCH €0/P) : oo
Z=0/P Z CGORCe OF PATCH (C/P) :
NPATCH=NUMBER OF PATCHES : g
NPL=NLM ER OF PATCHES PER PLANE ; _ ;

L=LENGTH GF A SHIP

L1=LENGTH OF THE SECTIOM .7C & DESIGNED
LZ=LENGTH FRCM THE ORIGIN NF THE AXIS TO THC SECTION
B=BREADTH OF THE SHIF o

D=DEFTH OF THE SHID
XGX=ARRAY %DNTAINIG THE CGRRESPONDING X CO0R0. COF THE PATCH

ON: RT X~Y PLANE -  (C/?) .
YOGY=ARRAY CONTAINIS THE CCRRESPONDING Y CO0RDs CF THE SATCH 4
ON THE CRT X-Y PLANE (0vp)

85 Cb/z. S

D2=D _ .
FACTOR=Ca0 - . .
IRECLéIRECL+IRECL~LE T

-

FCRMAT(' PLEASE ENTER THE NUPE‘R oF PATCHES'

WEITE(54551) ’ “

FORMATC' PLEASE ENTER NUHEER CF PATChES PER PLA\:'J
READCS23INPL .

FORMATC(IZ)

VR DT TR AP

CALL SCAL(@s2i20EsL+BsL48)

CALL APNT(XXsXX)ys=4)
CALL vscrcxx,z.@) , )
CALL ESUB 7

i
[
ey
s
M
ol
b A
v
r‘ﬁ
!
]
g
i




FCRTREN [V

244
2E4LS
Q146
ZeL7
a4 é

¢k 49

2651
ZE532
6855
Z857
PR
2¢59
2u63
26
£z62
iC63

2oL

2é65

2247

xS
EeoY
L 72
B 71
272
.L373

Zi76 . -

2576
G277
2273
Le79

“Tid

761

16
732

22

11

21
32

1¢l

2z |

CALL SUBP(flP+1+IRECL)

‘CALL SUBP(IP+2+IRECL) %

TFCKKKoEQu2 1o CReKKKIEGCs2540R ¢ KKK 0 EC e 2P DR e KKK sEQ s ZTIKKK =KKK =

REARCS5s2713M . .. . .

b

X

-
R

Vi2el-1 PAGE 2%

P PR T |

CALL APMTUXXsXXss=4) g

"CALL VECT(ZedaXX) ~ é
CALL ES.BE h i
CALL SUBP(IP+g+IRECL? -
CALL APNTCAX»XX2s=4) %
CALL VECT(-XX,y=-XX2> !
CALL ESUZ ¥
II=Z ;
kk=2 ] . . 4
KKK=2 ) . ~

CALL- SUBSF{IP+4+IRECL)

CALL 9FF (JP+4+IRECL)

CLLL ME-™ U(ﬂ-:Ls-12ﬂo:29ﬂn+l°+I?ECLs'PCSITx’h':'DCVC')
CALL ESUs ~

CALL OFF(IP+Z+IRECL) - p

CALL MENUCZe2sLs=-12280522 Zu+IF+IR=CL:'uEFIN’ wORKING PLANE s
FOGNE ) .

CALL ES B

e

06 4 J=1sNPATCH/NFL - -
WRITEC(S 534 '

FORMAT(' DEFINE PATCHES IN PLANE NUMBER '»12)
KRITE(5,6) |
FCRMAT( 1 ==-==c m—————— - ————— 15//)

IF(UKKsECeSeOReKKKeEQsFoOReKKKaEQoTTaOReKKK» ELT17IKKK=KKK-1

muggh,nﬁﬁu._

=
.

IFCKKeER ol oOROKKeEDOBe TRk eZhe12sCRaKKsEQa18)G0 TO 701
IF(KKsEDe2Ze0R«KKeEQe24)G0 TC 721

GG TG 722

OC 16 MEME=1,KK

CaLlL 0FF(I°*4+F=HE+IRECL)

CALL ONCIP+3+1RECL)

CALL MENUH(IT»222 d+lP*IRECLJ7521*1F*1RECL)

CALL CFFCIP+3+IRECL) .

G0 TC (222432017 . \\_\J
CALL' TRAK(X®sX XD
IF(II.:Q-L)II'Q L. ’-
KK=KK+1: .
11=11+1 « L .

WRITE(S11011 ' . o
FORMATCTX»'PCSITLON TRQK- UBJ. TO DEFINE SEC.NUMBER " ¢,17)

B S N

bl

S

£ . .
ST AL i LB DA

FCRMATC(A2) - .

CALL LP:NCIHsET1) R

IFCIHEDeZ+s0RsLT1eLTo101CROTIT106To 122260, 70 32
ITi=1T1-122 :
GO TO (12Ds2e€s388)»ITY :
60.7C 328 ° . X
0 TO 322 - : - . ¢ 4

Fhod

e,




FORTRAN 1V

PN

el
Eedd
ve3d
_Eﬁb&
"'...35
cedb
ce37
Cel5

SL3%

N s
el
£e92
6932
CL94
2495
€94
2297
Zu93
. e 99
2102
2131

S €1e2

133
2134
©195
w146
-2147
2138
21289
2119
2111
2112
¢113
2114
2115

CZ116 -

2117
z118
2119
€122
£121
2122
2123
2124
2125
2126
2127
128
2122

2132

Z134

©135

3éc

4k

122

CALL
CALL
CALL
CatLL

ALL
CaLL
CaLL
CrLL
CALL
CaLL
CALL
CALL
CALL

. CeLL

CALL
CALL
CaLL
CALL
CALL
CaLL
CatL
CALL
CALL
CALL
CALL
CALL
CaLL

caLl

CALL
CALL

CAaLL.

CAaLL
CALL
CALL
CALL
CALL
CALL
CALL
CALL
CALL
CALL

CALL

CALL
Call
CALL

CALL

Vedel=1

AP T(L=Lc=FACTORIL=Lc=FLLTCRI2=G)
SUSFCIB+4+KK+IRECL)
OFF(12+4+KK+]IRECL)
VvECT(2% eI ])
VECT(Z24220803s1I1)
VECT(=2832+002s11)
VECT(Jels~-0Dssll)

VE T(B3/72esCess-4)
VECT(QeEsD0Da,0I1)
VECT(38/12e22e252=4)
VECT(2sZs-D0ss11)
VECT(38/12e3203ss=4)
YECT(eBaDd0ysII)
VECT(32/12¢324253=4)
YECT (L« -0Dss511)
VECT(3E/1Res2e¢Dss~0)
VECT(AeZsDD»s11)
VECT(E3/12e3Eisdss-4)
VECT(24Z,-D0ss1])
VECT(BR/12esCeZ32~4)
VECTC(2e2s003511)
VECT(28/12es8eBss-4)
VECTCTel@s-D0ss11)
VECT(BB/13esBe2ss-4)
VECT(Z+2s00ss11)
VECT(B89/1%esZe0ss=4)
VECT 2.2}'00/1@-::‘&) .
VECT(*2Bs2edss11) T
VECT(E2e2,=-DD0/120s55-4)
VECT(BB2eZss11)
VECT(2e25-00/1B0ss-4)
VECT(~BBs3eBasll)
VECT(BeCs=00/130ss-4Y
VECT(E9,%+24511)
VECT(Z4Bs-DD/ 124354
VECT(=8Bs@ens2I1)
VECT(@-@:'UD/1QIJ1'£)
VECT(BRsZedssl1)
VECT(ZeZs=-DD/1Pass-4)
VECT(=-8853e2s911)
VECT(2425-00/12023-4)
VECT(3BsZ425,s11)
YECT(Z+25-0D/12033=4)
VECT(=3B,eLss11)

ESUB

OGN IP+6+KK+1R=CL) -

FACTOR=FACTOR+L1/3,
I=1+KxNPL .

IFCI

IFCI

1.51-2)I=1+4uhPL+KﬂNPL

CIFCITWENe2)I=1+8nNPL+K#NPL

1eZGe4) I21+128NPLAKENPL . -

KKK=KKK +1

CALL

ON (IP+4+I1RECL)




A

FORTRAN IV ve2e1-1 PAGE L7
<135 CCALL ME'UH (IT2,2820+1P+IREC_12921+1F+IRECL) ’ N
c137 CALL CFF (IP+L+IRECL) i
2138 GC TG (422572234172 - g
2135 Thlw CALL TREKAYCACIDsYC1))
2162 X0XCI)=«¢1)
2141 YOYCId=YCID)
s142 CALL SUBPC(IPG+RKK+IRECL)
2163 GALL CFF(IPO+KKRNIRECL)
2144 CALL AONTO(XCI)aYCR 134D
2145 CALL t£sue !
2145 CALL GN(IPO+KKK+1RE[L)
£147 651 GG TC (RZCs900»128B)51T1
2143 3ve GG TG 1 4E :
Z14% 9o GO 0 1432
¢158¢ 1322 ZCIX=YCI)-L+L2#SERTC5) !
2151 YOI)=XCID-L+LZNSCRTCWS) ! .
£152 XCIY=(L2%SQRT(e5))I%SCRT(24) :
2153 1122 I=1+1 :
2154 CO TC 1200 & ‘ ) ;
2155 1232 0GC 1 i01=1sKK - ;
c156 . 1 CALL FRASCIP+L+IQI+IRECL) e ' ;
3157 CALL CMPRS . ;
£158 11=3 : 0 ) : P
£159 COK=16xy ' o
5182 4 CONTINUE , : . _ T
24 £1 RETURN . o ' - : :
¢162 END ‘ : - :
¥
E J
1
i
r \/\ .é
¥} N ) ¢ 'i
1 i
z 4
i
. . ﬂ
{
E




. I by
N 247
FCRTRAN Iy vez 1-1 PAGE (27
felt SUBRCUTINE GSETSHP(X,Y22Z)
Teud DIMENSION XC1)2YC1)s2C1)
vis3 CCMMON/CFILE/ZIBUFCTY _ ' _
PR CCMMCN/ ECALL/IRECL f
A LCSICAL T FILE1CI1S)SsFILEZC15) :
c
o SULBRCOUTINE GETSHP . .
C FUNCTION: : !
C RECALL A PREVINYSLY SAVED,DISFLAY. ) o
. C * ‘
vLok CALL INFILECFILETSFILE2sNPATCH) :
27 CALL STOP -t
23 CALL ASSIGNC(T12.FILEZ2,T) :
v &9 CC 1 I=1sNPATCH®1E ‘ :
cel1Z 1 SEADCIGaMdCIdsY (D) s2ZCTD) ;
Le1 CALL CLOSEC12) :}
vzt CaLL INIT 1
2013 CALL RSTRCFILE1) i
2214 CALL CONT . - ;
2215 CALL LPENCIMSIT) - 3
214 IRECL=IRECL+NPATCH: 1
617 ~ 20 10 I=1,12 j
Z€13  1¢  _CALL ERAS(1RZ+I) _ g
LE16 © CALL CHMPRS ;
2e20 - RETURN o i
2L 21 "END j
i
}
- ¢
. . . 1
. 1
. ; g
e 7 ) . }
f‘l‘ ‘ i
. pr - ¥ 'ﬁ
i . _\_/ (f;
. i
. e ]
L -_ ,:“ . i
. = [
4
L ;i
9 . - Jé
k!
{ r .
3‘




U By —

AN

FORTRAN TV vedel=1 ‘ BAGE &2
P | SUBRCLUTINE INTRSCC(QX»2Ys27sL 2Es31HED
ce32 DIMENSION UCZ2)sN(22)sXINTRCZL) s YINTRC22) 321 HTRC2E)
" JSX(T)J‘-Y(‘I):QZ('I):U::LX(19)13‘:LY(19)J°EX(1t YsEEY(16)
¥ 5822¢16) :
AR : COMMON/DFILE/IBUFC(T)
N IA COMMCN/SUPER/ZGROSIPSIPC
cv25 CCMMON/SEC/ISEC
Celde REAL L ,
c ’ ' , , . )
C ThIS SUSROUTINE ORAWS "HE RESULTANT CCNTINUOLS CURVE 1
c FRGM THE INTERSECTION OF A PLANE ANE A PATCH i
. c 1
S 2 C=L+2
tl23 CALL APMT(C/EvsS5e2C/8esrs=u)
Ce36 CALL SUSPCA1LL+ISEC)
Le12 " CALL OFF(2143+1SEC)
cot1. CALL LVECT(Ce258C,24)
212 CALL LVECT(Zese25%C) ]
£213 CALL LVECT(=e25%CsB4) r ]
JET4 CALL LVECT(Qas-+25%C)
2é15 CALL AP T(e4nCs5enC/Bess-4)
2e16 CALL TE T(' yt)
=217 Y CALL APYT(C/9e5095%C,52-4) ‘
"2é13 CALL TEXTCY -w1) ) - o
2819 CALL APNT(eT1%Cs4eSRC/Basrs=4) : |
gged CALL TEXTC'@s80) - :
BE 21 CALL APNT(aZwCshoSHC/Z0sa=4) : ;
2u22 CALL TEXTC'1s01) . 3
Zg23 * CALL APNT(a3MCsa9HCys=4) 3
2C 24 CCALL TEATC('1311) ;
2&25 "CALL APNTCo1%Cse9nCaa=4) :
2226 CALL TEXTC(12s11) ‘ :
gzav CALL ES B8 ' \\\
223 CALL CN(514Z+ISEC) 4
- ' : ;
c POSITIOM TRACKING OBJECT GN THE PGINTS OF INTRSECTION
o -
£2.29 "~ CALL TRAKCLsL) . -
£¢32 KEMO=2 .

231 1. WRITEC(5:11) '

2232 11 FCRMATCIXs'POSITION TRACe 33JesT-YPECCR> WHEN LCNE!)
J233 . .. READCS»28)1 _ '
2034 2% FCRMAT(A2) ' : '

2135 “IFCKEMD«GTe2260 TO 32 :
_aB37 . CaLL TRAKXY(XO:YO) 4
2233 KEMO=KE “0+1 S %
L2239 . 60.TO 12 . , . §
AR I3 CALL TRAKXY(XO0T,YD1) ﬂ) _ ‘g
H c - . N 13
. C CALGULATE(UTsW1)(U23s428) -
C . - N
L N
Bkt - CALE SUBF(S141+1ISEC) °
2zh2 " CALL APNT(XO,Y0d"

43 w§ CALL LVECT((X01-xX0)5(Y01-Y0))

*
’

[ S O R TR e



FCRTIAN Iy Y VeZel-1 ‘ * ' PAGE [72
‘ ‘ |
A CALL ESUE - : , j
i4S LLT) =CE0-CC/E0))/Ca25%C) . ‘
L6 L W1 =LY =(54%C/80))/Ca25%C) J
Cel? . . LG22 =CXC1-(L/Re))/Ca25%C) |
4R 0 W(22)=(YC1-(5s#C/EaIN /(4 25%C)
WA DELTAL=(L(22)=-UC1))/15.
{050 JELTAW=C(W(22)=R(1))/15,
WS OC 4o I=Z24190
Zes2 LCIY=LCI=1)+DELTAV _
€e¢53. 4i W(IDI=L(I-1)+CELTAW - ‘ Co
c a h ‘
c CRAW THE INTERSECTION CURVE , J
¢ : :
¢S4 . DL 55 I=1s14 . - :
£i355 QEX(1)=BACI+(IHE-1)I#16) : i
2:56 EEYCI)=RY(I+(IHE=-1I%16) i
£€&57  S3 ERZCIX=3ZCI+(IHE-1)%1¢)
.c 1
258 . CALL POYNTSCUsWIEBXsXINTRS23) - |
sC59 CALL POANTS(UIWsESYSYINTRS22) . 4
Qa3 CALL POPNTSCUsWsBBZsZINTR,22) :
2261 50 3% .1=1,22 j
Y XINTHCI) =X INTRCID*SARTCe5) ) .
2043 YINTHCID=YINTRCID=XINTRCI)+L S
2864 ZINTRCI)=ZINTRCI)- “XINTRCID 9L L A
©c65 31 CONT INUE ]
286 GG 32 I=1,19 : 1
267 DELXCI)=YINTRCI+1)-YINTRCI) ) -
c3&E 33 . DELYCID=ZINTR(I+1)-ZINTR(ID) . .
o -
2069 CALL SUBP(L142+ISEC) .
273 © CALL APNTCYINTRCIISZINTRC1)s,-4)
a7 DG 34 1=1:16
SS72 34  CALL LVECT(DELXCIDsDELYCI)s53)
£273 -+ CALL ESUEB
€274 CRETURN -
75 END

2 et B i Rt B LKAk S e 1 1

.
RISE PR JTTINE S, PYVS SO

£2 YPURELIERE P SE P VT

{
T R E T S CTSNROT IO S
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CFCRTAAN IV vize1-1
g ol SULBRCLTINE GEN(SXs0YsSZ9x3Ys sl 2)
Z.2? CIMENSION FXC14)5YC(16),82C o)X 16)5¥(Te)sZC15)
cedd DIMENSION UC2)sW(2)aLUC15)hn(16)
¥ A REAL LasL2 e
L2 35 COMMCN/SFILE/ZIRUFCT)Y - f »
TE o€ CGMMON/SUFER/GRDIIPSIPD -

c , .

¢ GET XsYsZ COORDe OF THE PATCH GENERATED 2Y TwE

o SUSDIVISION OF THE GIVIN .PATCH
C CALL IT XasYsl
p S c .

leo? | wRITE(S,53) '
Todd 3 UFORIMATCIXs T2HENTER U(1):U(2):.(1):h(4) VALUZS)
CLi§ - READCS»#dUCTIaUC2) s M 1) N (2)

o
2,12 DELU=(UCZ)=1(1))/3
¢211 SELW=CWC2)=N(13)/3.

w212 ‘ eLC1d=u(t)
£u13 Lu2)=U(1)+DELU
vi1d CUCI)=U{T)Y+24%DELL
ua15 CuCad)=1(1)+2s%CELY
2215 : 50 1 i=1,4
c217., O owkCI) =W
ze18. W (T+4)=N(T)+0ELW
2ev1% CWHCI+S)=h{T1)r2emwDELW
Bedd 1 WWw{T+12)=W{1)+3+nCELW -
cocel CC 12 1=122
cl22 LU CTH+An T =UUCT)
223 ULC2+4x ) =UUC2)
DLk UUC3elnid)=UC3) .
2225 14 LUCL+4= I =UUCR)
2626 CALL POINTS(UU:HH:BX:X:1 )
ge2? CALL POINTSCUUsSWH2BY Y s1£)
2e28 ~ CALL POINTSCUUsWNW2BZsZs1¢€)
e 29 - DC 24 1=1:14
Z2.32 COXCII=XCI)/SORT( 2 )
ze31 . CYCII=YCI)-XC D) L
632 2¢ ZC13=2C I=X(I)+L )
233 IPCPC=IP0-43 ' SR
034 00 2€ 1=1:154
¢ 35 ‘ CALL ER SCIPCPD+I)
2236 - CALL SU F(I?0P0+12
ec37 © CALL APNTLY(I)sZ(1):1:2%)
@33 3¢ CALL ES'B .
£Z3%, CALL CMFRS
ozaa 0C 4 I1=1,16 '
ZELY ZCI)=2CI)=L+LEnSGRT(a5) _
6242 C YCII=Y(I)=L+L2nSQRT(+5)
2o43 Lz ACId)=(L nSORT(«S)I*SCRT(24)
A - RETURN
2E4S END
\
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FCRTAAN IV Vize1-1 ‘ _ . PAGE
gLl SUBROUTINE ICNSHP(NOATCHS1TO L)
il2 REAL 'L
Lu32 "COMMIN/DFILE/ZIBUF ()
A : CCMMON/ UFER/GRE
c IIONSEP. LB ,
c
c PLIPCSE : .
e ThIS SU ROUTINE ILENTIFY THE FATCH
C " \‘ ' -
¢ ARGUMENTS
c NPATCH=NUMBER OF PATCHFS ‘
c iT9  =TAG GF THE SUBPICTURE CF THE RITTEN PATCH  (0/P)
iy ¢ L =LENGTH CF THE SHI®
i 7325 06 12 1 1,2
- £L2% CALL POINTR(9sI) , .
: €287 1< CALL SENSE(G,1)
‘ cLl3 TYPE w3 IDENTIFY THE FATCH!
W 2239 CALL TR K(LsL)D T *
! 713 WRITE(S:1) Co -
P 2ol 1 FOARMA €1 TC DO SO »PQSITION THE TRACKING CEJUECT AT V)
5 1212 MRITEC(S 42) : .
i 2212 Al ‘FORMATCVANY. PART OF THE PATCH AND TYPE <CR> WHEN -DONET)
H 214 READ(S,2)M :
? 2815 2 » FORMAT(A2)
! 2516 CALL ME UH(ITO»1,22)
617 3¢ 3¢ I=1,2 -
2213 CALL POINTR(S,I) :
ZE19 32  CALL SENSE(9,-1) .
29228 RETURN :
2221 END '
1
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SUSRCUTINE FOREV(UsNsZsCaKNK)
SIMENSI "N B(C18) *ﬁ%

THIS SU3RCUTINE CALCULATES THE FIRST GREVATIVES OF V(yLasV)

[IFCKCKeEQa2)GC TO 1
CET Jv/oL
J= (S-nu~nc)n(;nu3)n3(1)+(3-~L!n2)n(ur-2)n9(2)+
(3.nb 2)u(uu8(7}1+(‘-ubuuc)uata)+
ok (WxnZ) A (S)+zeuUn(Wun?)REC(E)+
c-runh*=(7)+2ouu 8(8)+(H'*’)“o(9)+(“**2)lu(1u)
+WRSCT11)+3(12)

sC T3 3

"
»*

"

u =T Dv/0k
C=0C13) c.uulB(1L)+(3-*UNh2)!“(1‘)+brﬁ(11)+2- Uxwnd(1a)
CHUNT ¥k**2)*-(9)+(U**2)NEC7)+(2-Nh)!(b**7)*9(6)+(j.*hu!2
Al Unn )n3(5)+(bwi3)uﬂ(’)+2.nun(un*-)-9(2) :
+(;.i”il2)!(UNN1)NB(1)

RETURN

END
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SLEROULTINE SOREVI(LIWIE2D) .
CIMENSION 2(16)

-

ThIS SUZe CALCULATES Cw»zy/CLLCH

SECTanUNn2) (T o mnnu2I N (1) ETanUNRZI (2o nndN=(2)"
(ZanlUnnzg)nB(I)eonUn{Foninnz)nNs (=)+(c-uL)n(¢-u.}-4(c)
+2-nun8(?)+(3.nkNNZ)u=(v)+2.anE(1 Y+B(T1)

RETURN

"END
-
/
]
. Fad
S .
A
L ]
A
”
4
. . -
.t > -
- . "
- - ' » N ' .'u
-l : ' - ) ’
- .. .
. /\ | |
N .o a
.oy 5 " L
- R b H
: - [} T ;
. i
. i
. - ¥
- .
‘ ' . )
w = . ™y '
\. -

ctwlabia . o L

LA



FLCRTAAN

A |
LUI—Z
ol
Le ol
Ce3
Leah
g
208
Lol
2v1d
vl
in212
vei?
KT A
ANiis
14

L¢-17_
ce1d

v

g

e -

vi2 11

FUIRCLTINE CRIVFITCX2YsNaXCIVYCRVINCRY) .
JIMENMSICN YCN) s W(N) s XCRVCNCR VI s YCRVINCRY)
NCRVI=INT(NCRV/N )

K=2 '

CC 1< J=1)N.

JC 23 JJ=RsNCRV1

K=K+1

T=FLCATCJIJY/FLOAT(NCRV)I+FLOATC(I)

FIsFLCATCY)
WIMI=S(TRRZ=( 2o WFInT)=2anT424nF T+ nn2+14) /2
Wizs(=2s THu2+(LanFIuT) 4 canT)=ZanFInnz=2e8F]+1a2/24
WIPT=(Tun2=(2anuFInT)eJunz)/2, X
YCRVIK) XCJI®WIMI+X( +T1)nalex(Je2)®U]F1
YCIVOKI =Y (Y IMT YO U+ 1) leyY(Je2)wn]E]
CONTINLE

CCNTINUE
RETURN
END
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SULIRTUTINE "'RVPT(U:uszid :X;\)
33" RCICh U(\)rh(h)::(1ﬁsi):K(K) '

EunnuuTIh: CLRVPT
FLNCTI NT.., ' .
CALCULATES TRE X2GR Y»"R% 7 CLORDINATES OF N FQINTS LYING UN

‘THE PATCH SURFACE.

*F X X X X X

LsW ARE INCUT ARRAYS CEFINING THE PARAMETRIC vALUES CF

ThE PCINTS. _

E IS THE INPUT SCUNCARY MATRIX DEFINING THE CCzFFICIchTS OF
N=INPLT NUMSER OF POINTS

{= DUTPJT LRRAY CONTAINING C"C1DINAT:S OF FOINTS.

ALY 2AJAKY

Tz?»(at1>nu’)ue<1:dp)¢cut1>uu3)~<u(1)u»7)
(2 JFIHCUCTII R R CNCIIRE (ISP I+CLCTI I RnTONBCLY JRI+CUCT)
*#ZINCHCTINNZIRECS, I+ (UCII R 2INCu I #n2InECS, IP) +(UCT
JHRZIMUCIINEC 7P +CUCTIHN ZINECZIJPI+CUCTI *N(I) w3 n
ACHd2I4CUCTIwWCTInN2)uEC T3 P)+UCIInWCIIn3(112JP)
+UCIIRECTI2500) + (NI wu3)%B (1T UPI+ (Wl Idan2)aB(14sJF) -
+WCIIRECTIS5JPI+ECT165JP)

CONTINUE

RETURN
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LTINE JREWSCEYSZYNDI) : »
En‘th s (15)s58vef2),5.¢1 ),xc1f),v(1-),:<1h>
ENSTON JELTAXCISY SOl TAYCI5) s TOT( I n 130U ~)
MON/SFILEZISUFCD) :

'I({.l)

OO0

ca

31

4

THIS SUSROUTINE DRAHS THE PATZH

TCTC1)="2
TCTC2) =41
TLT(2)=ez
TOTCAY=42

TCTCL)
TOTCH)

£

. 0x 0 B
S
] o
~ k3
]
-—
-
-—
-

!

W (I =TCTCKDK)
C(I) =T -
T=T+14/15,

'CALL POINTS(UsWs32sX2i5)

CALL POINTSCUsWIEYsY 15
TALL POINTSCUsWaEZ2Z51%)
38 52 I=1215
XCI)=XCI)/STRT(24)
YCIX=YCI)=-X( 1)

FASSEYIGRES QP

£C 91 1=1,15
DELTAXC(II=YC(I=13-YCD)
SELTAY(I)=ZCi+1)-1C1)
CGNTINUE
YC1)=YC(1)+512.
Z¢1)=2¢1)+512,

~

CALL APhT(Y(1)3Z(1):;-£)

£C 92 [=1,15

" CALL &E"T(JELTAX(I)JCELTAY(I))

IFCMEMBT1)5C TC §59
CC 121 =1ste
FEP=VEM+]
MEMTI=KEMT4T |
wCId=LC D)

LCI =TOT(KIK)

sC TG 1¢0

PEM=L

CGNTINVUE .
RETURN
END
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