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SHIPDS-SHIPLO: A TWO-PHASE PROGRAMMING SYSTEM
FOR THE DESIGN OF SURFACES IN SHIPBUILDING
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for Computer Aided, Interactive Design of General Arrangements and Simulation
of Assembly Sequences (GENASS)", at the University of Utah"s Computer Science
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ment of Naval Architecture and Marine Engineering, where he conducted re-
search on "The Development of a General Purpose Software System for Optimiza-
tion of Ship Design™. Mr. Weichbrodt has also had significant practical
training for shipbuilding and marine engineering in Japan and South Africa,
and as a member of the German Navy.
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SHI PDS - SHI PLO

A TWO PHASE PROGRAMM NG SYSTEM FOR
SURFACE REPRESENTATION I'N
SHI PBU LDI NG AND ENG NEERI NG

Andr eas Wi chbr odt

Conput er Science Departnent, University of UWah
Salt Lake city, Uah 84 112

ABSTRACT

Several types of surface interpolation techniques exist which are
defined over triangular or rectangular surface patches. They all have
proven their usefulness in Conputer Aided Design. .

This paper describes a first approach to a programmng system that
conbines triangular and rectangul ar interpolation nethods and applies
themto a typical design problemin shipbuilding, the representation
o a ship hull.

The system is designed such that it requires only those data which are
avail able from a conmon shiplines graph and produces the output in the
most general form i.e. as a set of points (X,Y,Z(X,Y)g for the
single pat ches. Thi s out put will then be processed in a
gos;-processor fashion by some particular graphical or production
evi ce.
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| NTRODUCTI ON

Conputer Al ded CGeonetric Design (CAGD) is a specialized field in
Conput er Al ded Desi gn (CAD) and focuses on the mathematical
representation of arbitrily shaped wunivariate curves and bivariate
surf aces. It provides several interpolation nmethods which already
have been incorporated in the design process in many conpanies.

Interpol ation over rectangular and triangular surface patches are
two inportant schenes used for surface representation. They have been
used mainly to provide the surface data of arbitrarily shaped objects
for the purpose of stress analyses and aerodynam c conputations.
However, the two schemes have not been applied in conjunction with one
another yet to solve design problens. Therefore optinmal design
features for general purpose applications have not been achieved yet,
because previous design systens were strongly affected by the
advant ages and di sadvantages of the single nethods.

One of the objectives of the project to be described in this
paper was to conbine the advantages of these two nethods and to
elimnate or at |east reduce the disadvantages to a mninum Thus the
efficiency of the rectangular interpolation schenes is exploited in
parts of the surface (e.qg. m d-section of a ships hull) where
rectangul ar patches can gt)e used wi thout any problem For the nore
conpl ex shaped parts of the surface (e.g bow and stern of a ship) the
more elaborate but therefore nore adaptable triangular schemes are

enpl oyed (see Fig. 1).
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Fig. 1: Areas of rectangular and triangular interpolation
on a ship hull surface

153

SIASII0 ANV SINIT



The programm ng system for the surface representation is not
intended to be used for interactive ship hull design or fairing. It
is meant for the nmore production oriented phase of the entire design
Process, at which stage a fairly accurate lines graph (e.g. ship
ines graph) is expected to be avail able.

1.  PROGRAM DESCRI PTI ON

1.1 Input Data for the Program SH PDS

C° - and Cl-data which can be obtained from the ship Iines graﬂh
are the only input to the progranmng system These are the
posi ti onal (Xi, Yi, Z(Xi,Yi)) and t he sl ope (DZ( Xi, Yi)/ DX,

DZ(Xi,Yi)/ DY) data at each of the vertices of the single patch i (see
Fig. 2).
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Fig. 22 C- and C - data obtained fromthe ship lines graph

The patches can be defined easily on the grid that is wused to
draw the ship Ilines. But it does not need to be the sane grid if

bi gger patches are sufficient for the required interpolation accuracy.
The principal input sequence in formof data cards is shown in

Fig. 3. Fig. 4 illustrates this sequence in the formof records in a
data file for the particular case of harbor tug Huntington /7/.
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end of file
— 0 0 0

X Y Z DZ/DX  DZ/DY

X Y Z DZ/bX DZ/DY

/
NDTRIA ,
/
/

r/, X Y Z Dpz/DX  DZ/DY

r/ IPTYPE NDTRIA NINT

NDREC X , Y JA DZ/DX DZ/DY
S

/

/
’

r// X Y Z DZ/DX DZ/DY

r/ IPTYPE NDREC  NINT

XMIN XMAX YMIN YMAX ZMIN ZMAX

NDREC = number of rectangular patches In a set

NDTRIA = number of triangular patches in a set

IPTYPE = patch type, 3: triangular patch, 4: rectangular patch
NINT = number of intervals on the interpolated patch

X,Y,Z = position at each vertex of the patch

%i, %i = gradient at each vertex of the patch

lower limits for the X, Y, Z data
upper limits for the X, Y, Z data

XMIN, YMIN, ZMIN
XMAX, YMAX, ZMAX

Fig. 3: Principle sequence of input data for the program SHIPDS
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There is no restriction inposed on the order of patch definition
nor on the nunber of patches in a set. The variable NINT controls the
grid size on which the interpolation values are conputed or, in other
words, controls the density of interpolation points on a surface
patch. The values zero for the patch type |IPTYPE, nunber of patches
NPATCH and nunber of intervals on a patch NINT, signal the end of the
i nput stream and termnate the execution of the program SH PDS.

1.2 Qutput Data fromthe Program SH PDS and
I nput Data for the Program SH PLO

Al patches are processed independently and sequentially as they
are defined in the input stream(see Fig. 3 and Fig. 4). Therefore
the sequence of output data fromthe program SH PDS is of sinlar

form Each interpolated patch is described accordingly by a set of
triples, the coordinates of the interpolated points X Y, Z(XY).
Fig. S5 illustrates the principal arrangement of the output data in

form of data cards. Fig. 6, however, denonstrates this arrangenent
for the particular case of harbor tug Huntington in the form of
records in the output file.

Here also the values zero for the patch type IPTYPE and the nunber of
interpolated points on the patch NDRES indicate the end of the output
file fromthe program SH PDS.

The output data from thewﬁ_rogram SH PDS are also treated as input
data to the program SH PLO ich represents any kind of graphical or
production device.

It should be mentioned that the interpolation points are conputed
on a grid of lines with constant values of the free variables. This
property nornally can be exploited by the interface program for the

plotting device. In case of rectangular patches the grid of the
Interpolation points coincides with the X = const. and Y = const.
lines (see Fig. 7). In the case of triangular patches, however, the

points are conputed on lines with constant barycentric coordinates.
Those lines are parallel to the edges of a triangular patch (see
Fig. 7).

1.3 Structure of the Progranmm ng System SH PDS - SHI PLO

The systemis called a "two phase" progranm ng system since it
is separated into two distinct, and to sone extent independent, parts.

SHI PDS represents the "first phase" of the system and perforns
the interpolation conputations over the rectangular or triangular
pat ches. he main objectives for the design of this part of the
system were portability and flexibility. This could be acconplished
by using standard FORTRAN IV as the nost wadely used programming
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end of file

NDRES /

IPTYPE NDRES

NDRES )
MDRES

r/ IPTYPE NDRES

(/'XMIN XMAX YMIN VYMAX ZMIN ZMAX

IPTYPE

patch type;

NDRES "= number of data for single patch

X,Y,Z

3:triangular patch;

4: rectangular patch

coordinates of the interpolated points on the patch

XMIN, YMIN, ZMIN = 1lower limits for the X,Y,Z data

XMAX, YMAX, ZMAX

(from input-Ffile)

upper limits for the X,Y,Z data

Fig. 5: Principle sequence of output data from the program SHIPDS

and sequence of 1iInput data for the program SHIPLO
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+000000E+00
4 3
+v000000E+00
.0000D00E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+0Q0
1.60000
1.60000
1.60000

1 ANNNN
e OUVVVY

1.60000
1.60000

JeEVVVY

4.80000
6.40000
. 6.40000
6.40000
6.40000
6.40000
6.40000
8.00000
8.00000
8.00000
8.00000
8.00000
8.00000

3 2

PR

99.4800
00.4800
99.4800
99.4800
100,320
100.320
100.320
101.160
101.160
102.000
0

Fig. 6:

6

1

0

108.000

10.0000
10.4000
10.8000
11.2000
11.6000
12.0000
10.0000
10.4000
10.8000

11 20NN
Tlelvuv

11.6000
12.0000

PvevvUY

12.0000
10.0000

10.4000
10.8000
11.2000
11.6000
12.0000
10.0000
10.4000
10.8000
11.2000
11.6000
12.0000

14,0000
13.6000
13.2000
12.8000
12.4000
12.0000
14.0000
13.6000
13.2000

12.8000

UVvuwv

12.4000

14.0000
13.6000

sUVUY

13.2000
12.8000

13.6000
14.0000

-54,0000

.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+0QQ
701920
.732037
.763048

TQUNED
e { JRUCC

.823938
.851520

1.480096

s VUV U

CL AP B

7.65952
6.27456
4.49984

2.39008
.000000E+00

7 OnNncNA
i «OUDVUDU

6.62360
5.01034

2,700
S i 30

-.319996E-02
6.81869
5.19569
3.08825
. 1455 19E-08
5.36979
3.13621
.4T9994E-02
3.18726
.639985E-02
.000000E+00
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Fig. 7: Interpolation grid of a rectangular and triangular
surface patch

Ian%fa%f in engineering and by following strictly the rules of the
st andar d.

Expl oiting the FUNCTION- and SUBROUTI NE-features the program SH PDS
could be designed in a very nodular structure (see Fig.8), such that
the rectangular and triangular interrpolation schemes as a whole could
be replaced by other techniques easily. This also permts the use of
t hose i nterpol ation pr ogr ans in ot her t han j ust t he
SHI PDS- envi r onnent .

The prograns RPINT for rectangular patch and TPINT for triangular
patch interpolation thenselves are of very nodular structure. Thus
different techniques for interpolating the edge functions of a patch
or approximating tangential and cross boundary derivatives along the
edges could be substituted by better and/or nore appropriate ones.

The freedom of choice for the different interpolation nethods,
however, is restricted by the type of data they need. Since nost
techni ques do not require nore than the C- and C - data asdescribed
in chapter 1.1 at the vertices of a patch and since those data all can
be obtained fromthe ship lines graph (see Fig. 2), the system
del i berately was confined exclusively to those data.

The output data from SH PDS and al so input data for SHI PLO had to
be provided in a nost general form because the type of graphical or
production device is not known in advance and wll var from
application to application. The essential information each kind of
graphical or production device will need is the coordinates of the
interpolation points on a patch together with the nunmber of points
thereo; and the code for the type o the patch (see Fig. 5 and
Fig. 6).
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first phase

Fig.
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OUTPUT

8: Structure of the programming system
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The "second phase" of the programm ng system represented by the
program SHI PLO is highly device dependent. It is an interface
program that needs be nodified or conpletely rewitten new
application of the system It, therefore, was witten as a single
program and very closely adjusted to the output device.

2. THEORY

2.1 Interpolation Schemes over Rectangul ar Patches

The paranetric interpolation nmet hod over rectangl es was
intrﬁduced by S A Coons /I/. Therefore they are also called "Coons"
pat ches.

This method uses the boolean sum (91@92)1? that interpolates to
the values of the corners and edges of a rectangular patch. It is
defined as foll ows:

(P1(¥) P2)F = P1F + P2F - P1P2F _ (1)
with the projectors

P1F = [pO(u) h1(u) B0 (u) Hi(ui} F(0,v)

F(1l,v) (2)
F10(0,v)
[F10(1,v)

P2F = [%(u,O) F(u,1l) FOl(u,0) FOl(u,li] ho (v)
hl(v) (3)

* |h0(v)

|h1(v)_

[ "]

P1P2F = [ho(u) hl(u) hO(u) hil(u) B ho (v)
[: 1 [ hl (v) (4)

h0 (v)

hi (v)

and with .

F (0,0) F (0,1) F01(0,0) F01(0,1)

F (1,0) F (1,1) FO01(1,0) FO1(1,1)
B = (5)

F10(0,0) Fl0(0,1) F11(0,0) F11(0,1)

Fl0(1,0) F10(1,1) F11(1,0) F11(1,1)

and the cubic Hermite functions

ho (t) = (1-t):'( 2t+1) ho(t) = (1—t)22' t
hl(t) = e (-2t+3) 1(t) = t< (t-1), teln,1]1. (6)
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. F(u,0), F(u,l), F(O,v), F(1,v) (7)

denote the edge functions of the natch (see Fia. 2) and
F0l(u,0) DF(u,0)/Du Fl0(0,v) DF(0,v)/Du
= and = (8)
F0Ol(u,l) DF(u,l)/Dv F10(1,v) DF(1,v)/Dv

denote the cross boundary derivatives alona the edqes.

F(l.v 'F(u,O) ’

Fig 9: Bicubically blended Coons patch

The edge functions are also interpolated by cubic Hermite
functions (see (6)) wusing the C - and C -data provided as input for
each patch (see chap. 1.1):

Em(u) hl(u) ho(uw) hi(w)] [F (0,1)
F (1,1) (9)
F1l0(0,1)
FlO(l,lL

Em(v) hl(v) ho(v) hl(vﬂ E: &,g? 109
FO1(1,0)
FO1(1,1)]

F(u,l)

F(l,v)

The cross boundary derivatives are linearly blended together:
F0l(u,1l) = (1-u) F01(0,1) + u F01(1l,1) (11)

F10(1,v)

(l1-v) F10(1,0) + v F10(1,1) (12)

The use of the cubically blended Coons patch generally suffers from
the approximation of the twist partition in the matrix B:
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FI1(O O FIT(O 1))

T B (13)
I_FII(I,O) F11(1,1) .

In order to keep the problem siinPIe, the twist partition T is
approxi mated by zero. But it normally does not result in a sufficient
surface interpolation. One of several different techniques for
\%ﬁproxi mating the twist terns is the so called "Gegory's Square"

Ich is a 12-Paraneter scheme (see /2/ for nore details).

Since adjacent patches have the sane positions and gradients at
the patch vertices as obtained fromthe ship lines graph and since
their common edge functions are interpolated by the sane cubic Hermte
functions and the cross boundary derivatives by the sanme |inear
l(:_)JIends],t the surface represented by rectangular patches nust be a

-surf ace.

2.2 Interpolation Schemes over Triangular Patches

Barnhill, Birkhoff and Gordon QBBG) initiated in 1973 /9/ the
"triangular” Coons patch by applying the boolean sumto the three
projectors of the standard triangle (see Fig. 10):

(Pi ® PJ)F = PiF + PjF - PiPjF i,j=1,2,3 (14)
i #
Wi th

Pl F = |no(r) hi(r) ho(r) hl(r) F (0 ,aq)
F (l-q,q) (15)
F10(0 ,q)
Fl0(l-q,q) and

[ = PI(1-P) . (15)

P2F and P3F are defined anal ogously. This interpolant interpolates to
the values at the corners and edges of the standard triangle.

In order to apply the BBGinterpolant to an arbitrary triangle
affine transformations on the standard triangle need to be perforned.
Positions and directions of the tangential derivatives are preserved
under affine transformation but not the directions of the cross
boundary derivatj ves. Therefore they need special treatnment as
described in noretdetails in /2/ and /4.

The "Brown - Little" triangle, however, is a Cd'-interpolation
scheme for arbitrary triangles that interpolates to the values at the
corners and edges of the triangular patch:

(BL)F = A*Pl + B*P2 + C*P3 (17)
with the weight functions

A = b2*Db3’, D B = bl*b3’ n c = bl *b2 /D and
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D = b12*b22 + blz *b32 + b22*b32 (13)
The bi, i=1,2,3 are the barycentric coordinates at the point V
with the property:

bl + b2 + b3 =1 (19)
The physical coordinates X, Y can be conputed by:

X =2, bi*xi, Y =Zbi*Yi : (20)
The projéctors PiF are defingg as follows:

PiF(X,Y) = [(F(pi) + bi*2AR)/[Vi+l - Vi+211 * DF(pi)/Dni (21)

where AR denotes the area of the projection of the triangular patch .
onto the XY-plane and DF(pi)/Dni the cross boundary derivative al ong
edge i. The Vi's are the patch vertices and the pi's are the
paraneters which vary between the values of the vertex coordinates |,
whi ch encl ose the sanme edge. They are the projections of an arbitrary
chosen interpolation point V within the patch onto the single edges
(see Fig. 11).

. In the case of the triangular patches the edge functions are al so
interpolated by cubic Hermite functions using the C° and Cc*-data from
the graph. Since adjacent patches need to have at least one edge in

conmon, the tw corresponding vertices need to have the same
positional and slope data at those points, which are conputed from the
gradi ents. Therefore the edge functions of adjacent triangular but

also adjacent triangular and rectangul ar patches wll be identical and
the surface constructed from the trianqular patches will be C=.

3. RESULTS

3.1 Conput ati onal Probl ens

In the first stage of designing t he pr ogr anmi ng system
SHI PDS-SHIPLO, nost of the concern was dedicated to the program
organi sation (see chap. 1.3) rather than to the perfection of the
interpolation progranms. Therefore those.interpolation prograns, which
were already available, have been adopted accordingly to the
requi rements of the program organisation. Thus the bicubically
bl ended Coons patch with the zero twist partition (see (1) and (5
for the rectangular patches and the Brown-Little triangle (see (16)}

for triangular patches have been inplenented. ‘
The results are shown in Fig. 12. hey are surely not satifactory yet
for most  "real world" applications. The poor quality of the

interpolation is partly caused by the inaccuracy of the input data,
whi ch have been manually read off the graph shown in Fig. 1 and
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Fig. 2.

The cubic Hermte functions for interpolating the edge curves o
the surface patches have been used in nonparanetric formso far. This
al so creates problens, since their interpolation accuracy decreases
very fast with the increase of the slopes of the tangents at the patch
corners.

* The tangential and cross boundary derivatives needed for both the
triangular and rectangul ar patches are conputed from the gradients at
the vertices. In case of the rectangular patches, in fact, they are
identical with the gradient conmponents and this part of the ships hul
surface indeed is a C- surface and interpolates correctly overits
entire region.

The triangular interpolation schene also interpolates a C
surface as expected. But the local, ( i.e. inthe interior of the
atch) interpolation accuracy, especiallv in parts of the surface of
igh curvature as the stern of the ship, is very low. Noncollinear
edges of triangular patches along the surface boundaries, on the other
hand, create an inconsistency for the local interpolation along the
boundaries.  This problem has not yet been solved theoratically and
results ininaccurate interpolation along the surface boundaries. It
wi |l depend on the type of the surface as well as on the- particular
application wether the final interpolation will be sufficient or if
other correction steps have to be taken (see Fig. 12 and Fig.13).

Discontinuities in a smoth surface as they mght be intended and
occur in the case of the harbor tug Huntington (see Fig. 1 and
Fig. 2), can successfully be treated. But they have to be restricted
to follow exactly the edges of just the rectangul ar patches.

3.2 G aphi cal Probl ens

As exanple for the output device for the “second phase” of the
system a TEKTRONI X - storage tube has been chosen, that was equi pped
wth a transformation package to create 3-D inages.

In order to obtain a reasonable inpression of a 3-D inage on a
2-D TEKTRONI X - screen a regular texture on the surface patches is
needed. This can be acconplished easily for rect angul ar and
triangul ar patches separately. But since the interpolation points of
the triangular and rectangul ar patches are conputed on different grids
(see chap. 1.2 and Fig. 7) it is not easy to achieve a conpletely
honogeneous texture on this kind of graphical device and thus avoid
the considerable distortion of the principally correct results.
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Fig. 12: First results from the programming system SHIPDS - SHIPLO
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4. NECESSARY AND POSSIBLE IMPROVEMENTS

In order to obtain results that are acceptable for ’real world”
applications of the system some improvements have to be achieved.
Thus the rectangular interpolation scheme with the “twist approximation
equal to zero has to be replaced by a better method.

The triangular interpolant, the Brown-Little triangle, is known for
its poor approximation of the interior of the patch. It also will be
substituted by an acknowledged better method; Because of the modular
structure of the program SHIPDS those changes can be performed easily.

The nonparametric interpolation used for the edges of the
triangular and rectangular patches will be sufficient for many
problems. It is desirable, however, to implement a parametric version
in order to be more general and to avoid problems with extrem slope
values as they occur at the bottom and the stern of a ships hull.

As Fig. 13 can prove those “better” interpolation schemes are
avilable as part of the surface editor SURFED /8/ of the CAGD group
at the University of Utah. The triangular and rectangular methods can
be combined 1in order to represent a complex surface efficiently like
the one of a ships hull,

For the particular instance of the harbor tug Huntington (see Fig. 13)

the more advanced methods, which have been applied, are a modified

version of the “Gregory’s Square” - method that can even interpolate
uadrilateral patches as a superset of rectangular patches and the
G - method for arbitrary triangles.

CONCLUSION

The current version of the +two phase programming system has
proven that the program organisation can meet the expectations for a
production oriented application. The objectives of portability,
generality, flexibility and efficiency can be achieved.

The quality of  the interpolation or, better, of the
representation of a complex shaPed surface depends very much on the
methods chosen. There are several methods available that can be
incorporated into the system and that allow to combine triangular and
rectangular patches and thus exploit the efficiency of the rectangular
interpolation schemes with the accuracy of global shape approximation
of the triangular patches.

The second phase of the current version of the programming system
was designed and performed for the purpose of illustration rather than
for final application. It will have to he changed for a particular
application of graphical or production device.
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Fig. 13: Results from improved interpolation methods illustrated on
harbor tug Huntington
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Since the output data of the first phase are provided in the nost
general form and since the interpolation points are conputed on a
regular grid, the second phase of the programming system i s not
limted only to the pure interfacing task. It also could include
sinple numerical integration nethods in order to provide additional
features, such as the conputation of volunes, centers of gravity etc.
of various parts of the ship.

The system needs only very little core size (10K words), so that

it can be installed even on snaller conputers and thus offer its
benefits also to the small shipbuilding and engi neering conpanies.
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