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Abstract

This design is one of the sub-projects of the topic Fitting Robot and Virtual
Fitting System. This design achieves parametric 3D human body modelling with an
original method, and also accomplishes three major tasks: The first is to program an
interface that guides the user to enter the size parameters, and shows the user a real-
time 3D human body model as feedback. The second is to pass the key data to the
control module of the fitting robot, and make it deform to fit a specified figure. The
third is to export a manufacturable 3D model file. The basic idea of the parametric 3D
human body modelling in this design, is firstly to generate the key lines through size-
driven deformation of the reference data, secondly to generate other lines using a shape-
keeping interpolation method, and finally to uniformly triangulate the lines to generate
the surfaces, so that the 3D human body model can be acquired.

Keywords Parametric, Human Body Modelling, Fitting Robot, Size-driven,
Shape-keeping Interpolation, Garment CAD
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T3 I R L AEDRAL, HTE PR = S T R T AR,
3-7 flw o ABMEAERIE, JE S8 IFAR )R LR i ml Z (R EEES, 1M R 25 90
2 A M B2 A

19



WL LR A SR A BEARL AL B4R 5 3 & BT
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2R, M s k. el TERE NI A, B S EN, W
3-13 v EAE=ZE AR BRI CR 5D FMABSA T L (EJ7)
I Frek, ExhEE R LML AR .

3.7.3 LT = AL FRER BY

2R ESR B FEUE AR (OB SCERE 0 B L, Bl E %S
fr OBJ 3CAF, (BAEX BANA Y H—FE M 7%

MM Rhino B, FTITHAEMIRS BRSO/ . TP, AR T R
FMHZHEBEL TH, K5 EZ3RBUE ZZ TRl — s PRI 25 BRIX SRk 4
SARFTAX R, TN OBI M HISCAYwAEER4TIT OBJ 3, Hd bl v Ik
(AT B A BT 75 B4 HE T s s, = AN Bl X. Y. Z bRl 1X
FERUPRIH T — a2 T s gds, ik 3-14 s

HEIE b

Rhino

object 1
-14. b7174797ﬂ5b1ﬂb 167.0913848876953 87.8493499
JbbP 06 167.0913848876953 8
167.08913848876953 87.
167.0913848876953 88.
167.0913848876953 89.
167.0913848876953 89.219
.28659057617188 167.0913848876953 88.
5500488281 167.08913848876953 87.
38 836 167.0913848876953 84.
167.0913848876953 80.
b 167.8913848876953 73. 26
167.0913848876953 64. 3786621094
.4bﬂ?ﬂbblglb4l 167.089138488769 2l 71557617
60.5597381591797 167.09138488769
66.5642852783203 167. £
170.3258972167969 167.
1.873291015625 167.0

ZbeJlJleb
5 67941664649414

K 3-14 TEEXE’JESZE%%T JJT%I?E

N T RIEBIE G — 1, 77 EAT A€ . X TRIm, 205 ) AT 1E
TR RO AR, T Bk D ki oA AR — TR . Tk 2k, £ R
o 8 S ) PR3 )
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TE ELAN SRR T 28 I B AN TS ALAR G U R, TR B E REE R SN LA R T
HATAN . REGIFEME 3-15 Fis.

PR AR
JRIE FL b | oy | ESE0T | o | BB 52 | o | DTS
i :
&4 O
R i
I | | BT | | RIS H
2k B2 R

3-15 REHIIN &SR AR

Xt T P RO AR, 2SR 185 1 SE L LU LAt g vt (1 L5
AETo H AR 72— AR A A B REA F I, 56 Y A R e B SR
A5 925K = AR A B G B A AR K S AT B O A Re i 2
RN TR AT A B LART 0 Dy o RO — LUAEREAT A2 s TH 08T A AR
AR, RS B b AR % SRR, B2 %N T — € BE.
A FHIE — T332 m] LURS i SR A A H AR K I 2 3R AT DR i AR TR IR A2
e, EH T L. BLREL.

A DNRRRRIEA T EEE, BN 2. MCN&MvEE, R/l AR
AR BE Y, o R 22 D 1Y, DR TR AR TR IR P A P D 98

XTI B R U, AR 1 B AN = 09 O B 4 AEAR T
I A B K o R IX — D59 mT DAAE DR S AR TR 1 [ B A 7 B3 0 K
B, G TR, RN E)E TR E L.
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3.7.5 EE E LR EE

1330 7 SR L2 5, 3T LARFH R TR0 AR 4R 7 12K A5 31w il oy A
BUMZR . FEARW T, B 2@ E1S B AR T 2032 3 H B R B PR 25AH AR IR DG B
AR 2R (R

N TR NEEER ) RBORAR, R EF e @i a5 5 e ZEAM
IR PR S5 SRR TR e () SR AR A CRIORAR TR A s ), DL S B) 48T 2 1) S a6 2 s
X LA T 2 HS H A A [E TS BORHEr, EATT B I E T A AP AR A
Z 5y AR ER AT — 4% rp AR I 4 A — AN T o X T AN T R, T TS
NP, ES S BRI 28 E AN RITH S Py, 7855 46 SR AR T 2R ) %6F 3 T
BN Pa: SEiFSE P RS PLASIN Z AAKRZ 5 Pry Po BN Z ABFRZ I ELAE, fE
N A Ky,

Zp—Zp,

Kl ==
Zp,—Zp

(3.1)

2 1

PG FITH B 2885 0 Z Abkr, A RS I R DL, B Py sl B i A
FIEE S di A1 P2 s 3 i S A PR S do,

dl = /Xplz + Yplz (32)
d2 = /szz + szz (33)

MR = B LU A Ky AT 2R AR E AR 2 P 25 s A5 THEE S dests
dost =Ky Xd, + (1 —Ky) Xd; (3.4)
F P B 5 B S BRE B drear BR CAMt T EE 2 dest 15 21 1HI BE 25 LUAE Ko,

K, = rea (3.5)

dest

BJa, BIFE P AR Xy Y ALFR S SEFRIE S dreal Y ELE Kxy Ky,

Ky = £ (3.6)

dreal
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K, = £ (3.7)

dreal
X Sk P AR 2R A R — AN TREEAT R b B R, A SO N IY A EEfE L
Y&, REFH T e A ORI TR ) T 2 4 R 45 A
FEEAT RH 2R F BN, 5 2 BN AT A 7 2% S BRE AT 2 (1) ml A A Bt , XL
e i £k nT AR AR LIS /o MU, xR — 2 b el i 2k B — N TR EAT 20
T B TSR o (R RE S, 1C DR TR R P, A 55— 2k SR B AT 2 b X BT A0 Py
FESE 2% AR T 2 LN N TW R g Pa: Je s BEEUAE Ko JOR P Rii) Z 4

B

ZP = Kl X (sz - ZPI) + ZPl (38)

IS TSRS 2 5 iU Z ARdR, B BRI B AOTE O, T P R B R
(RIEE S do A1 Py s B A EE S do, anaX(3.2)H1(3.3), #R4E M1 FE LU B Ko #4741
A2 P B A THEE S dest, A13(3.4), P -0 55 LUAE Ko JeKR P
BN SR IERE S dadjs
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wJa, IR XY PR Kxs Ky &CR P ST XL Y AR AR,

Xp = Ky X dgq; (3.10)

Yp = Ky X dgq; (3.11)
St AR [ A T 2R (R A — T AT BRI RORG 25, AL T RS LR Y
TR P4 7 o ) A T 28

) AT U AN S PR AT 4R (BB A BN R L L 3-16 FTow, BN HE

FEAEE W N ROC &R, il — S s B LU B e AT B R« ZE I R i H
AU R 3-17 foR, Hoh i (st s i 2k, Bk
TR IETE BT H (1 o () B T 22
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3.7.7 AMFEBMERRE

FEATHIIRACI B e NS A ST 26 10 I AR icdie LR P A B0 )
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ZJE BEAT M AR B R AR, THER S A0 P TRI BT £k o 5 X A AR <08 1R PR A AT 2k
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FEAER NIRRT SHOR BN, BRI S B E AR FEAN R %
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Ef k2R, AT RS S T 5 WAL s R KRR X Kl 1 S

30



WL R SEHUREE 5 BOR 2B AR AL B TR 845 JT RS

LRV LR 2 TR T ) — 2% 2k, AL TR IR F IS Rer-H AL B ik EAE
Al JGs 2y AN BB ERRIZ, (5 —REs. AR08 4 B,

BAh, B IR VIR oy B E K S PRV, ARG X 2 AR . N & BRI 2 e an
K 4-2 Fiws .

K 4-2 NGB RIRIZ
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#, BRI AITTTE, B LA “s” iSRS Tiik.

Point Class Polyline Class
Paint{) Polyline()
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| anather()
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Polygoninterpolation() FohyjiinelnterpolstionFront])
interpolate() interpolate()
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Interpolation-
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FobyjineinterpolaionBadd)
interpolate()

B 4-5 =4 NARRR AL BORs e B 2K 1 454
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Facet RALEK =M, EEA=ANTRANERE, B0y Point 88, Eid 1%
AN RHIRE S AT H)IE , Wit s o H Bhia S m) & . 385 Uy i 25 K U7 ) $A4>
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fE draw J7EH,  ESGERBGEEE X &M SIFTHIE, 45228508 RS S
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. RIS ER B LS NGRS AT IRE, B R S50 3
0 5 IMELE B /NI AR HE RS R & i R A R, BRIME N 96
RS AR RS AR RS R WK 4-1,

R 41 HbR T LS NG RISE

ERE L5 aREE: B, BF
Hu\RS 88 02 06 100 104 110
E 38 39 40.3 41.5 42.5 a4
RelE 88 92 06 100 104 110
EE 74 78 82 86 90 04
E=E 90 03 07 100 103 108
b8 =k 43,5 44,7 46 47.2 48.4 50
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o ERARHLER N B SEBRBIES, BaEs. AV SN 5O 5 AP i d Lk
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http://[Arduino ¥//5/ IP]/initial/
[dirl] [stepl] [dir2] [step2]...[dir5] [step5]/
[signl] [1imitl] [sign2] [1imit2]...[sign5] [1imit5]

Hrr, Arduino Vi in] 1P R HZAALR Arduino #2681 1P Hidik; initial &R
WILEAL 4 2284 dir #1 step AR FEALIRSIAR Y J7 [m) AT IIAN D 35 Arduino
FEHIA RS I, 3592 2 fraEhIEL: sign 5 limit AR BALAILA AL 75 13 AN
BRA AL ARG, W88 1462 (0 BR 1), Ja& N 2 ATkl 4 mridEEfr
HARIANAT R o R IEAEBLLHEAT R HIFE T

http://[Arduino /i IP] /write/

[dirl] [stepl] [dir2] [step2]...[dir5] [step5]/
[signl] [numl] [signZ] [numZ2] ... [signb] [numb5]

Hrr, Arduino U517] IP R H1ZER A7 1) Arduino #HIAR K IP Hiudik; write IR
ZIBHIFE A, dir A step AR FENLIRSHH T AT A D 3EEE IS Arduino
PRI IERL S, Y90y 2 A+t % sign 5 num ACR BHLE BN 5 TR A
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AT B R
Point.java

public class Point {
private final float x;
private final float y;
private final float z;

public Point (float x, float y, float z) {
this.x = x;
this.y = y;
this.z = z;

}

public float x() {
return x;

}

public float y () {
return y;

}

public float z () {
return z;

}

Polyline.java

public class Polyline {
protected Point[] vertices = null;
protected int n = 0;
protected boolean closed = false;

protected Polyline() {
}

public Polyline (Point[] vertices) {
this.vertices = vertices;
this.n = vertices.length;

}

public Polyline (Point[] vertices, boolean closed)

this.vertices = vertices;
this.n = vertices.length;
this.closed = closed;

}

public final Point[] vertices () {
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return vertices;

}

// R [E—ANTAT
public Point vertex(int index) {
return vertices[index];

}

// IR [BITH 5
public int vertexNumber () ({
return n;

}

/) REWE
public boolean isClosed() {
return closed;

}

// REIEJEE
public Polyline another () {

Point[] newVertices = new Point[n];

for (int i = 0; i < n; 1i++) {

newVertices[i] = new Point (-vertices[i].x (),
vertices[i].v (),
vertices[i].z());
}

return new Polyline (newVertices);
}

public static Polyline[] another (Polyline[] plys) {
Polyline[] newPlys = new Polyline[plys.length];
for (int 1 = 0; 1 < plys.length; i++)
newPlys[i] = plys[i].another();
return newPlys;

}

PolylineShoulder.java

public class PolylineShoulder extends Polyline {
private Point startVertex;
private float width;

// BN E
public PolylineShoulder (String fileName) {
In in = new In(fileName) ;
n = Integer.parselnt(in.readLine());
vertices = new Point[n];
closed = false;
for (int i = 0; i < n; i++) {
String line = in.readLine();
String[] fields = line.split("™ ");
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float x = Float.parseFloat(fields[0]);
float y = Float.parseFloat (fields[1]);
float z = Float.parseFloat(fields[2]);
vertices[i] = new Point(x, y, 2z);

}

in.close () ;

startVertex = vertices[O0];

width = width(vertices);

}

private static Point[] polylineStretch(Point[] source, Point

startVertex,
float k) {
int n = source.length;
Point[] newVertices = new Point[n];
newVertices[0] = startVertex;
for (int 1 = 1; 1 < n; 1i++) {
float x = (source[i].x() - sourcel[i - 1].x()) * k
+ newVertices[1i - 1].x();
float y = source[i].y() - sourcel[i - 1].y()
+ newVertices[i - 1].y ()7
float z = source[i].z() - sourcel[li - 1]1.z()
+ newVertices[i - 1]1.z();
newVertices[i] = new Point(x, vy, z);

}

return newVertices;

}

/[ WEJREEIE SR B, B N
private void setStartVertextAndWidth (Point newStartVertex,
float distwidth) {
Point[] newVertices = polylineStretch(vertices,
newStartVertex, 1f);
float currentWidth = width(newVertices);
do {
newVertices = polylineStretch(newVertices,

newStartVertex,
distWidth / currentWidth) ;

currentWidth = width (newVertices);
} while (Math.abs(currentWidth - distWidth) > 0.01);
vertices = newVertices;

startVertex = newStartVertex;
width = distWidth;
}

/ /AR 9 4 R R 42
public void adjust (Polygon neck) {
setStartVertextAndWidth (neck.vertex (7), width);

}

// WEJB
public void setWidth (float newWidth) {
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setStartVertextAndWidth (startVertex, newWidth) ;
}
// THEW R
private static float dist (Point ptl, Point pt2) {
return (float) Math.sgrt(Math.pow(ptl.x() - pt2.x(), 2)
+ Math.pow(ptl.y() - pt2.y(), 2)
+ Math.pow(ptl.z () - pt2.z(), 2));:
}
/] VHEAKRE
private static float length (Point[] source) {
float sum = 0;
for (int i = 1; i1 < source.length; i++) {
sum += dist(sourcel[i - 1], sourcel[il]);
}
return sum;
}
// VWEEY, RRh)E
private static float width(Point[] vertices) {
return 2 * (Ilength(vertices) + 1.18f * vertices[0].x());

}

// RIEE %
public float width() {
return width;
}
}

Polygon.java

public class Polygon extends Polyline {

protected Point origin;

public Polygon (Point[] vertices)
this.vertices vertices;
this.n vertices.length;
this.closed true;

}

public Polygon (String fileName)
In in new In(fileName) ;
n
vertices new Point[n];
closed = true;
float zsum = 0;

{

{

Integer.parselInt(in.readLine()) ;

for (int i = 0; i < n; i++) {
String line = in.readLine();
String[] fields = line.split("™ ");
float x = Float.parseFloat(fields[0]);
float y = Float.parseFloat(fields[1l]);
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float z =
vertices[1i
zsum += z;

Float.parseFloat (fields[2]);
] = new Point(x, vy, z);

}
in.close () ;
origin = new Point (0, 0, zsum / n);

}

// VLA A PR
protected static float dist (Point ptl, Point pt2) {

return (float) Math.sgrt(Math.pow(ptl.x() - pt2.x(), 2)
+ Math.pow(ptl.y() - pt2.y(), 2)
+ Math.pow(ptl.z () - pt2.z(), 2));

}

// VR ZE K
protected static float length (Point[] source) {
float sum = 0;
for (int i = 1; i1 < source.length; i++) {
sum += dist(sourcel[i - 1], sourcel[il]);
}
sum += dist(source[source.length - 1], source[0]);
return sum;

}

[/ IHEZLEEK
public float length() {
return Iength(vertices);

}
// R RCLS) — RO A H A%

protected static Point pointOffset (Point source, Point origin,

float k) {
float x = (source.x() - origin.x()) * k + origin.x();
float y = (source.y() - origin.y()) * k + origin.y():;
float z = (source.z() - origin.z()) * k + origin.z();

return new Point(x, vy, z);

}

// ¥ 210 LR SR R S 5 — L
protected static Point[] polygonOffset (Point[] source, Point
origin, float k) {

Point[] result = new Point[source.lengthl];
for (int i = 0; i < source.length; i++) {
result[i] = pointOffset(source[i], origin, k);

}

return result;

}

/] BERZIA K
public void setlLength (float distLength) {
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Point[] newVertices = vertices;
float currentlength = length(newVertices);
do {

newVertices = polygonOffset (newVertices, origin,
distLength

/ currentLength) ;

currentLength = Ilength(newVertices);
} while (Math.abs(currentLength - distLength) > 0.01);
vertices = newVertices;

}

/] BEZINIYEE
public void offsetHeight (float deltaHeight) {
for (int 1 = 0; 1 < n; 1i++) {
vertices[i] = new Point (vertices[i].x (),
vertices[i].y (),
vertices([i].z () - deltaHeight);
}

}

PolygonArmpit.java

public class PolygonArmpit extends Polygon {
public PolygonArmpit (String fileName) {
super (fileName) ;

}

/] IWWHRZINEY5E
private static float halfWidth (Point[] source) {
return source[l5].x();

}

/] LN
private void setHalfWidth (float distHalfWwidth) {

Point[] newVertices = vertices;
float currentHalfWidth = halfWidth (newVertices);
do {

newVertices = polygonOffset (newVertices, origin,
distHalfWidth
/ currentHalfwWidth) ;
currentHalfWidth = halfWidth (newVertices):;
} while (Math.abs(currentHalfWidth - distHalfWwidth) >
0.01);
vertices = newVertices;

}

// REAR 29 6 42 1 82 2k
public void adjust (Polyline shoulder, Polygon chest) {
float k = (this.vertex(15).z() - chest.vertex(1l5).z())
/ (shoulder.vertex(9).z() - chest.vertex(1l5).z());
float halfwidth = k * shoulder.vertex(9).x() + (1 - k)
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* chest.vertex (15) .x();

setHalfWidth (halfwidth) ;

}

PolylinelnterpolationFront.java

public class PolylineInterpolationFront {

protected Polyline neck;

protected Polyline shoulder;

protected Polyline armpit;

protected float[][] kls;

protected float[][] k2s;

protected float[][] kxs;

protected float[][] kys;

protected int n;

protected PolylineInterpolationFront () {

}

public PolylineInterpolationFront (Polyline neck,
shoulder,

Polyline

Polyline armpit,
this.neck = neck;

String fileName) {

this.shoulder = shoulder;
this.armpit = armpit;
// SEBUS 21T
In in = new In(fileName) ;
n = Integer.parselInt(in.readLine());
kls = new float[n][];
k2s = new float[n][];
kxs = new float[n][];
kys = new float[n][];
VA 3 IL OS2 RS SE S ki
for (int 1 = 0; 1 < n; 1i++) {
/) I Z AT S
int vn = Integer.parselnt(in.readlLine());
kls[i] = new float[vn];
k2s[i] = new float[vn];
kxs[1i] = new float[vn];
kys[i] = new float[vn];
/7 Y BIREEAGANTR
for (int j = 0; J < vn; J++) {

// eE z 7 A E Rk LA x Y i R k2

String line = in.readLine();

String[] fields = line.split("™ ");
kls[i][J] = Float.parseFloat(fields[0]);
k2s[i][Jj] = Float.parseFloat(fields[1l]);

// B Y~ b Ay B EE ] R %L
kxs[i][J] = Float.parseFloat(fields[2]);
kys[i][J] = Float.parseFloat(fields[3]);
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}
}

in.close () ;

}

public Polyline[] interpolate() {
Point origin = new Point (0, 0, 0);

Point[] pl = new Point[17];
System.arraycopy (armpit.vertices (), 0, pl,
Point[] p2 = new Point[17];

System.arraycopy (neck.vertices (), O

pzr Or 7);

14
System.arraycopy (shoulder.vertices (), 0, p2, 7, 10);

Polyline[] plys = new Polyline[n];
/7 Rl 210
for (int i = 0; i < n; i++) {

int vn = k2s[i].length;

Point[] pts = new Point[vn];

/ /43 AR BN T A

for (int j = 0; j < vn; Jj++) {

// BEEz 5 R BRI EE B k1 I S 2 AR AR

float z = (p2[J1.z() - pl[Jl.2z()) *
pli3l.z0);

// VFEXYFIH R A  EE

float distl = distXY(pl[j], origin);

float dist2 = distXY(p2[j]l, origin);

float dist = k2s[i][]]

* (kls[i][3j] * dist2 + (1 - k

distl);

/) Ry
float x = kxs[i][j] * dist;
float y = kys[i][]J] * dist;
/] FENRE
pts[j] = new Point(x, y, 2z);

}

/] TENZILTEEA

plys[i] = new Polyline (pts);

}

return plys;

}
// THEP R AEXY VI _E AR AL

kls[i][J]

1s[i][31)

protected static float distXY (Point ptl, Point pt2) {

return (float) Math.sgrt (Math.pow (ptl.x ()
+ Math.pow(ptl.y() - pt2.y(), 2)):
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PolylinelnterpolationBack.java

public class PolylineInterpolationBack extends
PolylineInterpolationFront ({

public PolylineInterpolationBack(Polyline neck,
shoulder,

}

Polyline armpit, String fileName) {
this.neck = neck;
this.shoulder = shoulder;
this.armpit = armpit;
// BEBUS 2T
In in = new In(fileName) ;
n = Integer.parselnt(in.readLine());
kls = new float[n]|[]:;
k2s = new float[n]
kxs = new float[n]
kys = new float[n]
// “”MJEH/I\%J&%/
for (int i = 0; i < n; 1i++) {

JVARE 3 ESUNATYSE i

— —

17
I
]

’

— —

int vn = Integer.parselnt(in.readLine());

kls[i] = new float|[vn]:;
k2s[i] = new float[vn];
kxs[1] = new float|[vn]:;
kys[i] = new float[vn];
/ /G AL AR AT

for (int j = 0; j < vn; Jj++) {

// BEE Lz 5 A b b e L R x y ST B R B k2
String line = in.readLine();
String[] fields = line.split (" ");

Polyline

kls[i][J] = Float.parseFloat(fields[0]);

k2s[1][J] = Float.parseFloat(fields[1l
// BEEXY T s Ay i e 22

1)

kxs[i][J] = Float.parseFloat(fields[2]);
kys[i][J] = Float.parseFloat(fields[3]);

}
}

in.close () ;

public Polyline[] interpolate() {

Point origin = new Point (0, 0, 0);

Point[] pl = new Point[15];
System.arraycopy (armpit.vertices (), 32, pl,
Point[] p2 = new Point[15];
System.arraycopy (neck.vertices (), 12, p2, O,
System.arraycopy (shoulder.vertices (), 0, p2,

Polyline[] plys = new Polyline([n];
/ Gy RN Z T
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for (int 1 = 0; 1 < n; i++) {
int vn = k2s[i].length;
Point[] pts = new Point[vn];
/ /G AL FER AR AN T A
for (int j = 0; j < vn; J++) {
// Lz 5 A B B k1 rE B 2 AR R

float z = (p2[(J1.2z() - pl[Jl.2()) * kls[i][]]
pl(jl.z();

// THEXY PRSI ) R S

float distl = distXY(pl[jl, origin);

float dist2 = distXY(p2[j]l, origin);

float dist = k2s[i][7]

* (kls[i][3] * dist2 + (1 - kls[il[31)

distl) ;

/] THE<FvAL bR
float x = kxs[i][]] * dist;
float y = kys[i][j] * dist;
/] AENSEA
ptsl[j] = new Point(x, vy, z);

}

/] FENZILIREA

plys[i] = new Polyline (pts);

}

return plys;
}

PolygonlInterpolation.java

public class PolygonInterpolation {
private Polygon plyl;
private Polygon ply2;

private float[][] kls;
private float[][] kZ2s;
private float[][] kxs;
private float[][] kys;

private int n;

public PolygonInterpolation (Polygon plyl, Polygon ply2,

ply2z plyl)
this.plyl = plyl;
this.ply2 = ply2;
// SRS Z I TAL
In in = new In(ply2 plyl);
n = Integer.parselnt(in.readlLine());
kls = new float[n][];
k2s = new float[n][];
kxs = new float[n][];
kys = new float[n] []
/7 Rl RS 2 1Y

4
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for (int 1 = 0; 1 < n; i++) {
VAR ESubAP=F
int vn = Integer.parselInt(in.readLine());
kls[i] = new float[vn];
k2s[1] = new float|[vn]:;
kxs[1] = new float[vn];
kys[i] = new float[vn];

}

public Polygon][]

* kls[i

distl) ;

/ /57 AL FREEAN T S
for (int j 0;

J < vn; J++) |

// Bz T7 A B e LAy - E A E Ak 2

String line in.readLine () ;

21);

String[] fields = line.split(™ ");
kls[i][Jj] = Float.parseFloat(fields[0]);
k2s[i][j] = Float.parseFloat(fields[1l]);
// BEHUXY P b s Ay B LU 5] R 5L

kxs[1][J] = Float.parseFloat(fields]|
kys[i][Jj] = Float.parseFloat(fields[3]);

}
}

in.close();

interpolate () {
Point origin new Point (0, 0, 0);
Polygon[] plys new Polygon|[n];
/] B Z Y
for (int 1 = 0; 1 < n; 1i++) {
int vn k2s[i].length;
Point[] pts = new Point[vn];
// 43 AR BN T A
for (int jJ 0; 7 < vn; Jj++) {
// Rz 77 ) B bk L B 2 A AR
float z = (ply2.vertex(j) .z ()

1031
+ plyl.vertex(j) .z ();
// TRV E AP A

float distl = distXY(plyl.vertex(j)
distXY(ply2.vertex(7J)

float dist?2
float dist k2s[i]l[7]
* (kls[i][j] * dist2 +

// TRy ALRR
float x kxs[i][7]
float y = kys[i][]]
AR cIN= ¢

pts[j] new Point (x,

* dist;
* dist;

Y, Z):

}
/] AENZ LT
plys[i] new Polygon (pts);
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return plys;

}

// VHE SAEXY P AR A ) PR B
private static float distXY (Point ptl, Point pt2) {
return (float) Math.sgrt(Math.pow(ptl.x() - pt2.x(),
+ Math.pow(ptl.y() - pt2.v(), 2));

2)

}

Facet.java

import java.util.ArraylList;
import java.util.List;

public class Facet {
private Point[] vertices;
private Point normal;

public Facet (Point a, Point b, Point c) {
vertices = new Point[3];
vertices[0] = a;
vertices[1] b;
vertices[2] = c;
float px = b.x() - a.x();
float py = b.y() - a.yv();
float pz = b.z() - a.z();
float gx = c.x() - a.x();
float gy = c.y() - a.v();
float gz = c.z() - a.z();
float nx = py * gz - pz * qy;
float ny = pz * gx - px * gz;
float nz = px * gy - py * gx;
float nmod = (float) Math.sgrt(nx * nx + ny * ny + nz *
nz);
normal = new Point (nx / nmod, ny / nmod, nz / nmod);

}

public Point vertex(int index) {
return vertices[index];

}

public Point normal () {
return normal;

}

private static List<Facet> triangulateFour (Polygon plyl,
Polygon ply2) {
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int n = plyl.vertexNumber () ;
ArrayList<Facet> tris = new ArraylList<Facet>(n * 2);
for (int i = 0; 1 < n / 4; i++) {
tris.add (new Facet (plyl.vertex(i), plyl.vertex (i + 1),

ply?2
.vertex(1i)));
tris.add (new Facet (ply2.vertex(i), plyl.vertex (i + 1),
ply?2
.vertex (i + 1)));
}
for (int 1 = n / 4; 1 < n / 2; i++) {
tris.add (new Facet (plyl.vertex(i), plyl.vertex(i + 1),
ply?2
.vertex (i + 1)));
tris.add (new Facet (ply2.vertex (i), plyl.vertex (i), ply?2
.vertex (i + 1)));
}
for (int 1 = n / 2; 1 <n * 3 / 4; i++) {
tris.add (new Facet (plyl.vertex(i), plyl.vertex(i + 1),
ply?2
.vertex(1i)));
tris.add (new Facet (ply2.vertex (i), plyl.vertex(i + 1),
ply?2
.vertex (i + 1)));
}
for (int i = n * 3 / 4; i < n - 1; i++) {
tris.add (new Facet (plyl.vertex (i), plyl.vertex(i + 1),
ply?2

.vertex (i + 1)));
tris.add (new Facet (ply2.vertex (i), plyl.vertex (i), ply?2
.vertex (i + 1)));
}
tris.add (new Facet (plyl.vertex(n - 1), plyl.vertex(0),
ply2.vertex(0)));
tris.add (new Facet (ply2.vertex(n - 1), plyl.vertex(n - 1),
ply?2
.vertex (0)));
return tris;

}

public static List<Facet> triangulateFour (Polygon plyl,
Polygon[] plyl ply2, Polygon ply2) {
int n = plyl.vertexNumber () * 2 * (plyl ply2.length + 1);
List<Facet> tris = new ArrayList<Facet> (n);
tris.addAll (triangulateFour (plyl, plyl ply2[0]));
for (int 1 = 0; 1 < plyl ply2.length - 1; i++)
tris.addAll (triangulateFour(plyl ply2[i], plyl ply2[i +
11)) 7
tris.addAll (triangulateFour (plyl ply2[plyl ply2.length -
11, ply2));
return tris;

}
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private static List<Facet> triangulateTwo (Polygon plyl,
Polygon ply2) {
int n = plyl.vertexNumber () ;
ArrayList<Facet> tris = new ArraylList<Facet>(n * 2);
for (int i = 0; 1 < n / 2; i++) {
tris.add (new Facet (plyl.vertex(i), plyl.vertex (i + 1),

ply?2
.vertex (1)));
tris.add (new Facet (ply2.vertex(i), plyl.vertex(i + 1),
ply2
.vertex (i + 1)));
}
for (int i =n / 2; 1 <n - 1; i++) {
tris.add (new Facet (plyl.vertex(i), plyl.vertex(i + 1),
ply2

.vertex (i + 1)));
tris.add (new Facet (ply2.vertex (i), plyl.vertex(i), ply2
.vertex (i + 1)));
}
tris.add (new Facet (plyl.vertex(n - 1), plyl.vertex(0),
ply2.vertex(0)));
tris.add(new Facet (ply2.vertex(n - 1), plyl.vertex(n - 1),
ply?2
.vertex (0)));
return tris;

}

public static List<Facet> triangulateTwo (Polygon plyl,
Polygon[] plyl plyZ,
Polygon ply2) {
int n = plyl.vertexNumber () * 2 * (plyl ply2.length + 1);
List<Facet> tris = new ArrayList<Facet> (n);
tris.addAll (triangulateTwo(plyl, plyl ply2[0]));
for (int i = 0; i < plyl ply2.length - 1; i++)
tris.addAll (triangulateTwo (plyl ply2[i], plyl ply2[i +
11)):
tris.addAll (triangulateTwo(plyl ply2[plyl ply2.length - 1],
ply2));
return tris;

}

private static List<Facet> triangulateRightUpper (Polyline
plyl,
Polyline ply2) {
int n = plyl.vertexNumber () ;
ArrayList<Facet> tris = new ArrayList<Facet>((n - 1) * 2);
for (int i = 0; 1 < n - 1; i++) {
tris.add (new Facet (plyl.vertex(i), plyl.vertex(i + 1),
ply?2
.vertex (i + 1)));
tris.add (new Facet (ply2.vertex (i), plyl.vertex(i), ply2

62



WL R SRR 5 BORZ2BEA R LB TR ft 3%

.vertex (i + 1)));
}
return tris;

}

private static List<Facet> triangulateRightLower (Polyline
plyl,
Polyline ply2) {
int n = plyl.vertexNumber () ;
ArrayList<Facet> tris = new ArrayList<Facet>((n - 1) * 2);
for (int i = 0; 1 < n - 1; i++) {
tris.add (new Facet (plyl.vertex(i), plyl.vertex(i + 1),
ply2
.vertex (1i)));
tris.add (new Facet (ply2.vertex(i), plyl.vertex(i + 1),
ply2
.vertex (i + 1)));
}
return tris;

}

public static List<Facet> triangulateFrontRight (Polygon neck,
Polyline shoulder, Polyline[] plyl ply2, Polygon
armpit) {
Point[] ptsl = new Point[1l7];
System.arraycopy (neck.vertices (), O
System.arraycopy (shoulder.vertices (
Polyline plyl = new Polyline(ptsl);

, ptsl, 0, 7);
), 0, ptsl, 7, 10);

Point[] pts2 = new Point[17];
System.arraycopy (armpit.vertices(), 0, pts2, 0, 17);
Polyline ply2 = new Polyline (pts2);

int n = (plyl.vertexNumber() - 1) * 2 * (plyl ply2.length +

List<Facet> tris = new ArraylList<Facet>(n);
tris.addAll (triangulateRightUpper (plyl, plyl ply2[0]));
for (int i = 0; i < plyl ply2.length / 2; i++)
tris.addAll (triangulateRightUpper (plyl ply2[i],
plyl_ply2[i + 1]))
for (int i
1; i++)

= plyl ply2.length / 2; i < plyl ply2.length -
tris.addAll (triangulateRightLower (plyl ply2[i],
plyl ply2[i + 1]));

tris.addAll (triangulateRightLower (plyl ply2[plyl ply2.length -
11, ply2));
return tris;

}

private static List<Facet> triangulateleftUpper (Polyline plyl,
Polyline ply2) {
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int n = plyl.vertexNumber () ;
ArrayList<Facet> tris = new ArraylList<Facet>((n - 1) * 2);
for (int 1 = 0; 1 < n - 1; i++) {
tris.add (new Facet (plyl.vertex(i + 1), plyl.vertex(i),
ply?2
.vertex (i + 1)));
tris.add (new Facet (ply2.vertex(i + 1), plyl.vertex(i),
ply?2
.vertex (i)));
}
return tris;

}

private static List<Facet> triangulateleftlower (Polyline plyl,
Polyline ply2) {
int n = plyl.vertexNumber () ;
ArrayList<Facet> tris = new ArrayList<Facet>((n - 1) * 2);
for (int i = 0; 1 < n - 1; i++) {
tris.add (new Facet (plyl.vertex(i + 1), plyl.vertex(i),
ply2
.vertex(1i)));
tris.add (new Facet (ply2.vertex(i + 1), plyl.vertex(i +
1), ply2
.vertex (1i)));
}
return tris;

}

public static List<Facet> triangulateFrontLeft (Polygon neck,
Polyline shoulder, Polyline[] plyl ply2, Polygon
armpit) {
Point[] ptsl = new Point[17];
ptsl[0] = neck.vertex(0);
arrayReverseCopy (neck.vertices (), neck.vertexNumber () - 1,
ptsl, 1, 6);
System.arraycopy (shoulder.vertices (), 0, ptsl, 7, 10);
Polyline plyl = new Polyline(ptsl);

Point[] pts2 = new Point[17];
pts2[0] = armpit.vertex(0);
arrayReverseCopy (armpit.vertices (), armpit.vertexNumber () -
1, pts2, 1,
16);
Polyline ply2 = new Polyline (pts2);

int n = (plyl.vertexNumber() - 1) * 2 * (plyl ply2.length +

List<Facet> tris = new ArraylList<Facet>(n);
tris.addAll (triangulateLeftUpper (plyl, plyl ply2[0]));
for (int i = 0; i < plyl ply2.length / 2; i++)
tris.addAll (triangulateLeftUpper(plyl ply2[i],
plyl ply2[i + 1]));
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for (int i = plyl ply2.length / 2; i < plyl ply2.length -
1; i++4)
tris.addAll (triangulateLeftLower(plyl ply2[i],
plyl ply2[i + 11));
tris.addAll (triangulateLeftLower (plyl ply2[plyl ply2.length
- 11, ply2));
return tris;

}

private static void arrayReverseCopy(Object[] src, int srcPos,
Object[] dest, int destPos, int length) {
int m = srcPos;

int n = destPos;
for (int i = 0; i1 < length; i++, m--, n++)
dest[n] = src[m];

}

public static List<Facet> triangulateBackRight (Polygon neck,
Polyline shoulder, Polyline[] plyl ply2, Polygon
armpit) {
Point[] ptsl = new Point[15];
System.arraycopy (neck.vertices (), 12, ptsl, 0, 5);
System.arraycopy (shoulder.vertices (), 0, ptsl, 5, 10);
Polyline plyl = new Polyline (ptsl);

Point[] pts2 = new Point[15];
System.arraycopy (armpit.vertices (), 32, pts2, 0, 15);
Polyline ply2 = new Polyline(pts2);

int n = (plyl.vertexNumber() - 1) * 2 * (plyl ply2.length +

List<Facet> tris = new ArraylList<Facet>(n);
tris.addAll (triangulateRightUpper(plyl, plyl ply2[0]));
for (int i = 0; 1 < plyl ply2.length / 2; i++)
tris.addAll (triangulateRightUpper (plyl ply2[il],
plyl ply2[i + 1]));
for (int 1 =
1; i++)

plyl ply2.length / 2; 1 < plyl ply2.length -

tris.addAll (triangulateRightLower (plyl ply2[i],
plyl ply2[i + 11));

tris.addAll (triangulateRightLower (plyl ply2[plyl ply2.length -
11, ply2));
return tris;

}

public static List<Facet> triangulateBackLeft (Polygon neck,
Polyline shoulder, Polyline[] plyl ply2, Polygon
armpit) {
Point[] ptsl = new Point[15];
arrayReverseCopy (neck.vertices (), 12, ptsl, 0, 5);
System.arraycopy (shoulder.vertices (), 0, ptsl, 5, 10);
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Polyline plyl = new Polyline (ptsl);

Point[] pts2 = new Point[15];
arrayReverseCopy (armpit.vertices (), 32, pts2, 0, 15);
Polyline ply2 = new Polyline (pts2);

int n = (plyl.vertexNumber() - 1) * 2 * (plyl ply2.length +

List<Facet> tris = new ArrayList<Facet> (n);
tris.addAll (triangulateLeftUpper(plyl, plyl ply2[0]));
for (int i = 0; 1 < plyl ply2.length / 2; i++)
tris.addAll (triangulateLeftUpper(plyl ply2[i],
plyl ply2[i + 1]));
for (int i =
1; i++)

plyl ply2.length / 2; i < plyl ply2.length -

tris.addAll (triangulateLeftLower (plyl ply2[i],
plyl ply2([i + 11));
tris.addAll (triangulateLeftLower (plyl ply2[plyl ply2.length

- 11, ply2));
return tris;

}

HumanBody.java

import java.util.ArrayList;
import java.util.Collections;
import java.util.List;

public class HumanBody {
/] FTZ
private Polygon jaw;

// I
private PolygonInterpolation jaw neck interpolation;
private Polygon[] Jjaw neck;

private List<Facet> jaw neck surf;
// B2
private Polygon neck;
private float neck height offset;
private boolean neck changed;
// BRE
private Polyline left shoulder;
private PolylineShoulder right shoulder;
private boolean shoulder changed;
// HIRH
private PolylineInterpolationFront
front neck armpit interpolation;
pfivaté_Polylfﬁe[] right front neck armpit;
private List<Facet> right front neck armpit surf;
private Polyline[] left front neck armpit;
private List<Facet> left front neck armpit surf;
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// JEIRE

private

PolylineInterpolationBack

back neck armpit interpolation;

private
private
private
private
/7 RE
private
// s

private PolygonInterpolation armpit chest interpolation;

private
private
// M 2L
private
private
private
// R

private
private
private
// FEEFEIZR
private
private
private
// R

private
private
private
/] &
private
private
private
//

private
private
private
// BRARER

private

Polyline[] right back neck armpit;
List<Facet> right back neck armpit surf;
Polyline[] left back neck armpit;
List<Facet> left back neck armpit surf;

PolygonArmpit armpit;
Polygon[] armpit chest;
List<Facet> armpit chest surf;

Polygon chest;
float chest height offset;
boolean chest changed;

PolygonInterpolation chest waist interpolation;

Polygon[] chest waist;
List<Facet> chest waist surf;

Polygon waist;
float waist height offset;
boolean waist changed;

PolygonInterpolation waist hip interpolation;
Polygon[] waist hip;
List<Facet> waist hip surf;

Polygon hip;
float hip height offset;
boolean hip changed;

PolygonInterpolation hip leg interpolation;
Polygon[] hip leg;

List<Facet> hip leg surf;

Polygon leg;

public HumanBody () {
jaw = new Polygon ("data/01.3hd");

neck

right shoulder = new PolylineShoulder ("data/03.3hd");

= new Polygon ("data/02.3hd");

left shoulder = right shoulder.another();
armpit = new PolygonArmpit ("data/04.3hd");
chest = new Polygon ("data/05.3hd");
waist = new Polygon ("data/06.3hd");

hip

= new Polygon ("data/07.3hd");

leg = new Polygon ("data/08.3hd");
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neck height offset = 0;
chest height offset
waist height offset =
hip height offset = 0;

0;
0

’

neck changed = false;
shoulder changed = false;
chest changed = false;
waist changed = false;
hip changed = false;

jaw_neck interpolation = new PolygonInterpolation (neck,
jaw,
"data/11l.3hd");
jaw neck = jaw neck interpolation.interpolate();
froHt_neck_armEit_therpolation = new
PolylineInterpolationFront (neck,
right shoulder, armpit, "data/12.3hd");
right front neck armpit =
front neck armpit interpolation.interpolate();
left front neck armpit =
Polyline.another(right front neck armpit);
back neck armpit interpolation = new
PolylineInterpolationBack (neck,
left shoulder, armpit, "data/13.3hd");
right back neck armpit =
back neck armpit interpolation.interpolate();
left back neck armpit =
Polyline.another(right back neck armpit);
armpit chest interpolation = new
PolygonInterpolation (chest, armpit,
"data/14.3hd");
armpit chest = armpit chest interpolation.interpolate();
chest waist interpolation = new PolygonInterpolation(waist,
chest,
"data/15.3hd") ;
chest waist = chest waist interpolation.interpolate();
waist hip interpolation = new PolygonInterpolation (hip,
waist,
"data/16.3hd") ;
waist hip = waist hip interpolation.interpolate();
hip leg interpolation = new PolygonInterpolation(leg, hip,
"data/17.3hd");
hip leg = hip leg interpolation.interpolate();

jaw _neck surf = Facet.triangulateTwo(jaw, jaw neck, neck);
right front neck armpit surf =
Facet.triangulateFrontRight (neck,
right shoulder, right front neck armpit, armpit);
left front neck armpit surf =
Facet.triangulateFrontLeft (neck,
left shoulder, left front neck armpit, armpit);
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right back neck armpit surf =
Facet.triangulateBackRight (neck,
left shoulder, right back neck armpit, armpit);
left back neck armpit surf =
Facet.triangulateBackLeft (neck,
right shoulder, left back neck armpit, armpit);

armpit chest surf = Facet.triangulateFour (armpit,
armpit chest, chest);
chest waist surf = Facet.triangulateFour (chest,
chest waist, waist);
waist hip surf = Facet.triangulateFour(waist, waist hip,

hip);
hip leg surf = Facet.triangulateFour (hip, hip leg, leg);
}

public void update () {
if (neck changed) {
jaw _neck = jaw neck interpolation.interpolate();

jaw_neck surf = Facet.triangulateTwo(jaw, jaw neck,
neck) ;
}
if (neck changed || shoulder changed) {
left shoulder = right shoulder.another();
}
if (neck changed || shoulder changed || chest changed) {

armpit.adjust (right shoulder, chest);
right front neck armpit =
front neck armpit interpolation
.interpolate();
left front neck armpit =
Polyline.another(right front neck armpit);
right front neck armpit surf =
Facet.triangulateFrontRight (neck,
right shoulder, right front neck armpit, armpit);
left front neck armpit surf =
Facet.triangulateFrontLeft (neck,
left shoulder, left front neck armpit, armpit);
right back neck armpit = back neck armpit interpolation
.interpolate();
left back neck armpit =
Polyline.another(right back neck armpit);
right back neck armpit surf =
Facet.triangulateBackRight (neck,
left shoulder, right back neck armpit, armpit);
left back neck armpit surf =
Facet.triangulateBackLeft (neck,
right shoulder, left back neck armpit, armpit);
armpit chest =
armpit chest interpolation.interpolate();
armpit chest surf = Facet.triangulateFour (armpit,
armpit chest,
chest) ;
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}

if (chest changed || waist changed) {
chest waist = chest waist interpolation.interpolate();
chest waist surf = Facet.triangulateFour (chest,

chest waist, waist);
}
if (waist changed || hip changed) {
waist hip = waist hip interpolation.interpolate();
waist hip surf = Facet.triangulateFour (waist,
waist hip, hip);
}
if (hip changed) ({
hip leg = hip leg interpolation.interpolate();
hip leg surf = Facet.triangulateFour(hip, hip leg,

leqg);
}

neck changed = false;
shoulder changed = false;
chest changed = false;
waist changed = false;
hip changed = false;

}

public void setNeckLength (float length) {
neck.setLength (length);
neck changed = true;
right shoulder.adjust (neck);
shoulaer_changed = true;

}

public void offsetNeckHeight (float dHeight) {
neck.offsetHeight (dHeight - neck height offset);
neck height offset = dHeight;
neck changed = true;
right shoulder.adjust (neck);
shoulder changed = true;

}

public float getNeckLength() {
return neck.length();

}

public void setShoulderlLength (float length) {
right shoulder.setWidth (length);
shoulder changed = true;

}

public float getShoulderLength() {
return right shoulder.width();

}
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public void setChestLength (float length) {
chest.setLength (length);
chest changed = true;

}

public void offsetChestHeight (float dHeight) {
chest.offsetHeight (dHeight - chest height offset);
chest height offset = dHeight;
chest changed = true;

}

public float getChestLength() {
return chest.length();

}

public void setWaistLength (float length) {
waist.setLength (length) ;
waist changed = true;

}

public void offsetWaistHeight (float dHeight) {
waist.offsetHeight (dHeight - waist height offset);
waist height offset = dHeight;
waist changed = true;

}

public float getWaistLength() {
return waist.length();

}

public void setHipLength (float length) ({
hip.setLength (length) ;
hip changed = true;

}

public void offsetHipHeight (float dHeight) ({
hip.offsetHeight (dHeight - hip height offset);
hip height offset = dHeight;
hip changed = true;

}

public float getHipLength() {
return hip.length();
}

public List<Polyline> polylines() {
ArrayList<Polyline> plys = new ArrayList<Polyline> (100);
plys.add (jaw) ;
Collections.addAll(plys, Jjaw_neck);
plys.add (neck) ;
plys.add(right shoulder);
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plys.add(left shoulder);
Collections.addAll (plys,
Collections.addAll (plys,
Collections.addAll (plys,
Collections.addAll (plys,
plys.add (armpit) ;

Collections.addAll (plys,

right front neck armpit);
left front neck armpit);
right back neck armpit);
left back neck armpit);

armpit chest);

plys.add (chest);
Collections.addAll (plys,
plys.add (waist) ;
Collections.addAll (plys,
plys.add (hip);
Collections.addAll (plys,
plys.add(leqg);

return plys;

chest waist);
waist hip);

hip leqg);

}

public List<Polyline> importantPolylines () {
ArrayList<Polyline> plys
plys.add (neck) ;
plys.add(right shoulder);
plys.add(left shoulder);
plys.add(chest);
plys.add (waist) ;
plys.add (hip) ;
return plys;

}

public List<Facet> facets() {
ArrayList<Facet> surfs new ArrayList<Facet>(6500);

surfs.addAll (jaw_neck surf);
surfs.addAll (right front neck armpit surf);
surfs.addAll (left front neck armpit surf);
surfs.addAll (right back neck armpit surf);
surfs.addAll (left back neck armpit surf);
surfs.addAll (armpit chest surf);
surfs.addAll (chest waist surf);
surfs.addAll (waist hip surf);
surfs.addAll (hip leg surf);

return surfs;

STLWriter.java

import
import
import
import
import

io.DataOutputStream;
io.BufferedOutputStream;
io.FileOutputStream;
nio.ByteBuffer;
nio.ByteOrder;

Jjava.
Jjava.
java.
Jjava.
java.

public class STLWriter ({
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public static void saveStlFile (HumanBody hb,

try {

DataOutputStream out =

new BufferedOutputStream (new

FileOutputStream (fileName))) ;

String fileName)

new DataOutputStream/(

ByteBuffer buffer = ByteBuffer.allocate(1000000);

buffer.order (ByteOrder.LITTLE ENDIAN) ;

int facetNumber = hb.facets () .size();
int fileSize = facetNumber * 50 + 84;

// XAk 80B

for (int 1 = 0; 1 < 20; 1i++)

buffer.putInt (0);
// =S E 4B

buffer.putlInt (facetNumber) ;

// ZMHF{EE 50B/each
for (Facet f : hb.facets()) {

// EFE 12B
buffer.putFloat (f.
buffer.putFloat (f.
buffer.putFloat (f.
// il 12B
buffer.putFloat (f.
buffer.putFloat (f.
buffer.putFloat (f.
// Tigi2 12B
buffer.putFloat (f.
buffer.putFloat (f.
buffer.putFloat (f.
// Tigi3 12B
buffer.putFloat (f.
buffer.putFloat (f.
buffer.putFloat (f.
// J@tE 2B
buffer.putChar ((ch
}

byte[] bytes = buffer

normal () .
normal () .
normal () .

vertex (0) .
vertex (0) .
vertex (0) .

vertex (1) .
vertex (1) .
vertex (1) .

vertex (2) .
vertex (2) .
vertex (2) .

ar) 0);

.array () ;

for (int i = 0; 1 < fileSize;

out.writeByte (byte
out.close () ;
buffer.clear();
} catch (Exception e) {
e.printStackTrace();

}

s[i]);
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}

Main.java

//import Jjava.net.*;
import processing.core.*;
import controlP5.*;

@SuppressWarnings ("serial")

public class Main extends PApplet {
private HumanBody hb;
private float ry;
private ControlP5 cpb5;

private boolean surfaceMode;

private float neck length;
private float neck height;
private float shoulder length;
private float chest length;
private float chest height;
private float waist length;
private float waist height;
private float hip length;
private float hip height;

public void setup() {
size (800, 600, P3D);
// smooth() ;

hb = new HumanBody () ;
ry 0;

gui () ;

neck length = Float.NaN;
neck height = Float.NaNlj;
shoulder length = Float.NaN;
chest length = Float.NaN;
chest height = Float.Nalj;
waist length Float.NaN;
waist height = Float.Nal;
hip length = Float.NaN;

hip height = Float.NaN;

}

public void draw () {
if (cp5.getController ("Neck Length") .getValue() !=
neck length) {
neck length = cp5.getController ("Neck
Length") .getValue();
hb.setNeckLength (neck length);
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}
if (cp5.getController ("Neck Height") .getValue () !=
neck height) {
neck height = cp5.getController ("Neck
Height") .getValue() ;
hb.offsetNeckHeight (neck height);
}
if (cp5.getController ("Shoulder Length") .getValue() !=
shoulder length) {
shoulder length = cp5.getController ("Shoulder
Length") .getValue();
hb.setShoulderLength (shoulder length);
}
if (cp5.getController ("Chest Length") .getValue() !=
chest length) {
chest length = cp5.getController ("Chest
Length") .getValue();
hb.setChestLength (chest length);
}
if (cp5.getController ("Chest Height") .getValue() !=
chest height) {
chest height = cp5.getController ("Chest
Height") .getValue () ;
hb.offsetChestHeight (chest height);
}
if (cpb.getController ("Waist Length") .getValue() !=
waist length) {
waist length = cpb5.getController ("Waist
Length") .getValue () ;
hb.setWaistLength (waist length);
}
if (cp5.getController ("Waist Height") .getValue() !=
waist height) {
waist height = cp5.getController ("Waist
Height") .getValue () ;
hb.offsetWaistHeight (waist height);
}
if (cp5.getController ("Hip Length") .getValue() !=
hip length) {
hip length = cp5.getController ("Hip
Length™) .getValue() ;
hb.setHipLength (hip length);
}
if (cp5.getController ("Hip Height") .getValue() !=
hip height) ({
hip height = cp5.getController ("Hip
Height") .getValue () ;
hb.offsetHipHeight (hip height);
}
hb.update () ;

background (255) ;
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if (surfaceMode)
lights () ;

pushMatrix () ;

translate (250 + cp5.getController ("H Pos") .getValue (), 280
+ cpS

.getController ("V Pos") .getValue());

rotateY (ry);

rotateX (cp5.getController ("X Rot") .getValue() / 180 * PI);

rotateZ (cp5.getController ("Y Rot") .getValue() / 180 * PI);

scale (cpb5.getController ("Scale") .getValue());

drawHumanBodySurfaces (hb) ;

// drawHumanBodyPolylines (hb) ;

drawHumanBodyImportantPolylines (hb) ;

popMatrix () ;

if (surfaceMode)
noLights () ;

ry += cpb.getController ("Speed") .getValue();
}

@SuppressWarnings ("deprecation")
private void gui () {
surfaceMode = false;

cp5 = new ControlP5 (this);

Group gview =
cp5.addGroup ("View") .setBackgroundColor (color (0, 32))
.setBackgroundHeight (180) ;

cp5.addSlider ("H Pos") .setPosition (20, 20).setSize (70, 20)
.setRange (-100,
100) .setValue (0) .setCotorbkabed (color (64))
.moveTo (gview) ;
cp5.addSlider ("V Pos") .setPosition (130, 20).setSize (70, 20)
.setRange (-200,
200) .setValue (0) .setCotortabet (color (64))
.moveTo (gview) ;
cp5.addSlider ("X Rot") .setPosition (20, 60) .setSize (70, 20)
.setRange (-90,
90) .setValue (0) .setCotortabet (color (64))
.moveTo (gview) ;
cp5.addSlider ("Y Rot") .setPosition (130, 60).setSize (70, 20)
.setRange (-90,
90) .setValue (0) .setCotortabed (color (64))
.moveTo (gview) ;
cp5.addSlider ("Scale") .setPosition (20, 100) .setSize (70, 20)
.setRange (0.2f,
1.0f) .setValue (0.6f) .setCotortabet (color (64))
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.moveTo (gview) ;
cp5.addSlider ("Speed") .setPosition (130, 100) .setSize (70,
20)
.setRange (0,
0.02f) .setValue (0.005f) .setCeotortabet (color (64))
.moveTo (gview) ;
cp5.addButton ("Mode") .setPosition (20, 140) .setSize (60, 20)
.plugTo (this, "switchViewMode") .moveTo (gview);
cp5.addButton ("Save") .setPosition (90, 140) .setSize (60, 20)
.plugTo (this, "saveHumanBody") .moveTo (gview) ;
cp5.addButton ("Robot") .setPosition (160, 140).setSize (60,

20)
.plugTo (this, "controlRobot") .moveTo (gview) ;

Group gneck =
cpb5.addGroup ("Neck") .setBackgroundColor (color (0, 32))
.setBackgroundHeight (100) ;

cp5.addSlider ("Neck Length") .setPosition (20,
20) .setSize (150, 20)
.setRange (380,
440) .setValue (403) .setCoteorbtabel (color (64))
.moveTo (gneck) ;
cp5.addSlider ("Neck Height") .setPosition (20,
60) .setSize (150, 20)
.setRange (-20,
20) .setValue (0) .setCotorbabet (color (64))
.moveTo (gneck) ;

Group gshoulder = cpb5.addGroup ("Shoulder")
.setBackgroundColor (color (0,
32)) .setBackgroundHeight (100) ;

cp5.addSlider ("Shoulder Length") .setPosition (20,
20) .setSize (150, 20)
.setRange (435,
500) .setValue (460) .setCotorbabet (color (64))
.moveTo (gshoulder) ;

Group gchest =
cpb5.addGroup ("Chest") .setBackgroundColor (color (0, 32))
.setBackgroundHeight (100) ;

cp5.addSlider ("Chest Length") .setPosition (20,
20) .setSize (150, 20)
.setRange (880,
1100) .setValue (960) .setCoteortabed (color (64))
.moveTo (gchest) ;
cp5.addSlider ("Chest Height") .setPosition (20,
60) .setSize (150, 20)
.setRange (-20,
20) .setValue (0) .setCetertkabet (color (64))
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.moveTo (gchest) ;

Group gwaist =
cp5.addGroup ("Waist") .setBackgroundColor (color (0, 32))
.setBackgroundHeight (100) ;

cp5.addSlider ("Waist Length") .setPosition (20,
20) .setSize (150, 20)
.setRange (740,
940) .setValue (820) .setcoleortabel (color (64))
.moveTo (gwaist) ;
cpb5.addSlider ("Waist Height") .setPosition (20,
60) .setSize (150, 20)
.setRange (-20,
20) .setValue (0) .setCeotortabet (color (64))
.moveTo (gwaist) ;

Group ghip =
cp5.addGroup ("Hip") .setBackgroundColor (color (0, 32))
.setBackgroundHeight (100) ;

cp5.addSlider ("Hip Length") .setPosition (20,
20) .setSize (150, 20)
.setRange (900,
1080) .setValue (970) .setCotortabed (color (64))
.moveTo (ghip) ;
cp5.addSlider ("Hip Height") .setPosition (20,
60) .setSize (150, 20)
.setRange (-20,
20) .setValue (0) .setcetorbaket (color (64))
.moveTo (ghip) ;

Accordion accordionView = cpb.addAccordion ("View Control")

.setPosition (500, 50).setWidth(250).addItem(gview) ;
accordionView.setCollapseMode (ControlP5.SINGLE) ;
accordionView.open (0) ;

Accordion accordionSize = cpb5.addAccordion ("Size Control")
.setPosition (500, 280).setWidth (250) .addItem (gneck)
.addItem(gshoulder) .addItem (gchest) .addItem(gwaist)
.addItem(ghip) ;

accordionSize.setCollapseMode (ControlP5.SINGLE) ;

accordionSize.open(0) ;

}

public void switchViewMode (int theValue) {
surfaceMode = !surfaceMode;

}

public void saveHumanBody (int theValue) {
STLWriter.saveStlFile(hb, "model/ExportedModel.stl");

}
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public void controlRobot (int theValue) ({
// T FTF RS
// try {
// URI uri = URI.create("http://localhost");
// java.awt.Desktop dp = java.awt.Desktop.getDesktop();
// 1f(dp.isSupported(java.awt.Desktop.Action.BROWSE)) {
// dp.browse (uri) ;

// 0}

// } catch(Exception e) {
// 0}

// TR BHAEVFURL

// try{

// URL url = new URL("http://localhost");

// HttpURLConnection conn =
(HttpURLConnection)url.openConnection () ;

// conn.setRequestMethod ("GET") ;

// conn.connect () ;

// } catch (Exception e) {

// e.printStackTrace () ;

// 0}

}

private void drawPolyline (Polyline p) {
beginShape () ;
for (int i = 0; i < p.vertexNumber(); i++)
vertex (p.vertex (i) .x (), p.vertex(i).z (),
p.vertex (i) .v());
if (p.isClosed())
endShape (CLOSE) ;
else
endShape () ;
}

@SuppressWarnings ("unused")
private void drawHumanBodyPolylines (HumanBody hb) {
noFill () ;
strokeWeight (1) ;
stroke (64);
for (Polyline ply : hb.polylines())
drawPolyline (ply) ;
}

private void drawHumanBodyImportantPolylines (HumanBody hb) {
noFill();
strokeWeight (3);
stroke (255, 0, 0);
for (Polyline ply : hb.importantPolylines{())
drawPolyline (ply) ;
}

private void drawFacet (Facet t) ({
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beginShape () ;

vertex (t.vertex (0)
vertex (t.vertex
endShape (CLOSE) ;

(0) .x
vertex (t.vertex(l) .x
(2) .x

)
}

(), t.vertex(0).z
(), t.vertex(l).z
(), t.vertex(2).z

(
(
(

)
)
)

14

r

14

t.vertex (0).
t.vertex (1) .
t.vertex (2).

private void drawHumanBodySurfaces (HumanBody hb) {

if (surfaceMode) {
£111(224) ;
noStroke () ;

} else {
noFill () ;
strokeWeight (1) ;
stroke (64) ;

}

for (Facet surf : hb.facets())

drawFacet (surf) ;
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Parametric Body Model Generation for Garment Drape Simulation
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Abstract: A parametric body model generation system has been developed. Using various mathematic and geometric algo-
rithms of this system, a three-dimensionally scanned human body can be converted into a resizable body model. Once a para-
metric body model is formed, its size and shape can be modified instantaneously by providing appropriate anthropometric
data. To facilitate the subsequent pattern arrangement process for garment drape simulation, a bounding box generation algo-
rithm has been developed in this study. Also the model can be converted into a set of parametric surfaces that it can also be

used for three-dimensional garment pattern design system.

Keywords: Parametric body model, Parametric surface model, Drape simulation, Automatic pattern arrangement, Three-

dimensional pattern design

Introduction

The applications of computer aided design (CAD) and
manufacturing (CAM) technology has become an obvious
trend in many fields of industry recently [1]. For the garment
manufacturing industry, a significant amount of automation
has been achieved mainly by using two-dimensional CAD
systems [2,3]. However, a radical innovation is taking place
recently that such two-dimensional CAD systems are evolving
steadily into three-dimensional ones [4-7]. Many researchers
have worked on the development of three-dimensional garment
CAD systems including the fabric drape simulation system
based on the mechanical analysis of fabric behavior, and three-
dimensional direct pattern generation from three-dimensional
human body models [8-13]. One of the most important features
needed for the development of an integrated three-dimensional
CAD system is to design a functional human body model.
Usually, a simple three-dimensional object modeling technique
has been applied to generate a human body model. However,
it is possible nowadays to model a human body directly from
the three-dimensional body scan data because whole body
scanners become affordable at an acceptable cost thanks to
the advances in non-contact measurement technology [14-17].
However there are some problems in such a scanned body
model that a new model must be scanned whenever a different
sized human body model is required, although the shape of
each human body does not differ largely. Another problem is
that it is unsuitable for the garment drape simulation where a
large amount of collision treatment is required, because the
data size of such a model is usually very large. The third
problem is that as the scanned body model is composed of a
series of triangular elements, it is impossible to draw arbitrary
shapes including garment patterns on it easily.

In this study, a parametric body model generation system

*Corresponding author: cezar @konkuk.ac.kr
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has been developed to overcome such difficulties. The
parametric body model has many advantages over a static
body model. One is that the shape and size of the model can
be changed easily that no more scanning is necessary as long
as the overall shape of a newly required model does not
differ largely from that of the original one. Another is that
the data size of the model is significantly reduced so that it
became suitable for the use in the garment drape simulation.
The third is that as the surface of body model may be turned
into a set of parametric surfaces, arbitrary shapes can be
drawn easily on it for the generation of three-dimensional
garment patterns. One more advantage is that the optimum
bounding boxes can be defined around the body model that
can be used for the automatic spatial pattern arrangement
function of the garment drape simulation system. The use of
bounding boxes has a striking effect for the garment drape
simulation because the spatial arrangement of the pattern
pieces around the body model is one of the most time
consuming and human dependent procedures. As described
above, the parametric body model developed in this study
can be applied for many fields including the three-dimensional
garment CAD systems.

Preparation of 3D Body Data

As the three-dimensional whole body scanners become
available at an affordable cost, researches based on the three-
dimensional quantitative human body data also have become
more and more popular recently. The three-dimensionally
scanned body models are used in the field of garment drape
simulation. However, there are some problems in using the
scanned raw body model. Firstly it is not so efficient because
of the large data size of the models. Secondly, a new body
model must be scanned whenever a new model is needed.
Therefore, a resizable model is required, which is initially
generated from the three-dimensional body data and further
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Figure 1. Example of three-dimensional body data manipulation: (a) Initial body model and (b) Aligned and cropped body model.

can easily be reshaped and resized. In this study, a parametric
body model was generated based on the three-dimensional
body data obtained using general whole body scanners. The
type of scanner does not matter in this study as long as the
scanner supports the ‘*.iv’ data format which is one of the
most famous data types for three-dimensional objects.

When scanning a mannequin instead of a real human
body, some useless parts like a stand may also be included as
shown in Figure 1(a). Also the scanned model may not be
properly aligned along principle axes for some reasons. In
this study, user can realign the model through axis control
and crop the useless portion of the model easily using an
intuitive interface system as shown in Figure 1(b).

Formation of Parametric Body Model

Extraction of Body Cross Sections

A parametric body model is generated using the shapes of
some specific cross sections of the three-dimensional body
data. With this method, the shape and size of the model can
be changed either by reshaping each cross section or by
changing the vertical location of each cross section. In this

L Necktop

o
" Neck bottom

=
2
&

Bust
Waist
——————o———— Abdomen
+———°>———1 Hip
Crotch

—————o———— Thigh
Figure 2. Definition of body cross section.

study, the cross sections at neck top, neck bottom, shoulder,
armhole, armpit, bust point, waist, abdomen, hip, and thigh
are used for model generation. The location and horizontal
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inclination of each cross section can be defined using a
simple interface system as shown in Figure 2. The initial
location of each cross section is obtained from respective
statistical anthropometric data.

Once all the locations and inclinations of cross sections
are defined, the shape of each section can be extracted from
the body model. The plane equation for target section can be
described as equation (1) when the normal vector and height
of the section is v and A, respectively.

VX+Vvy+v.z=h ey

As the body model is composed of triangular elements,
each section can be defined as the set of intersecting points
between the plane and each side of elements. Assuming that
the two end points of a side of an element to be p,(x;, y;, 7;)
and p,(x,, ¥», 2), the side has an intersecting point on the
plane if the two points satisfy equation (2).

(VX1 +vy 4,2 =) X (VX + vy, +v,2,—h) <0 2)

In this case, the coordinates of the intersecting point / can
be obtained using equation (3).

SN v-p,—h
P=piP2= (X=X, Y= Y. 2 2)), k=
v-p
I.=kp+x,I[,=kp +y,,I,.=kp_+2z,, 3

Some examples of cross sections extracted using this
method are shown in Figure 3.

Circular Fitting of Cross Sections
As shown in Figure 3, each cross section has arbitrarily
dispersed. The shape of each cross section can roughly be

- :__,/*----.,.__,.,.____\
O
N

5/ \"‘e. SRV

Hip Thigh

Neck

- - —— .

-

Figure 3. Examples of the shapes of extracted cross sections.
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considered as a closed loop and the position of each point
can be described with two parameters, one is the distance r
between the point and section center and the other is the
angle O between the x-axis and the line connecting the
section center and the point. Once all the points are sorted
with respect to their 6s, the relationship between 6 and r can
be approximated using Fourier series expansion as shown in
equation (4). With this method, the shape of each section can
be fitted through a single continuous curve rotating in
counterclockwise direction and the position of a point P(6)
can be obtained using equation (4).

1] 2 oam, L&, oam
a, = ;’1—-7—T|:_ ‘Ygljs SlIl'Z‘ er - ;{;t‘ygl.]s COS—E 9{|

11 & . nm L & . .nrw
b,= ’E{Z‘H Jscos™ 0. - 'Zfz‘l Js sin QS}

) o _Jiv1—Jicd
S S UL S g AA S e 4
Ji P s Ji 2 ( )
r(0) =ry+ ) (acosif+Db;sini),

s=1

P(0) = (r(6)cos O, r(6)cosO)

where, n is the number of terms in Fourier series, m is the
number of points, j is the primary jump, and ;' is the secondary
(differential) jump.

There is a variety of cross sectional shapes for a body
model as shown in Figure 3. However, the shapes of most
garments are convex so that the garment may generally
cover the concavities of the body, except for some special
garments where the exact fitting is required. Therefore, the
final shape of desired model depends on the curve fitting
method for each cross section. With this method, convex

o e

Bust (Convex)

— ﬁ_\\

Neck (Concave)

Compensation of \
missing data

—

_____ N/

Armpit (Comvex)

/

Hip (Concave)

Figure 4. Examples of the circular fitting for selected cross sections.
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Table 1. Controllable parameters for a parametric body model

Girth/Length Height Sleeve
Neck Neck Length
Shoulder Shoulder Shoulder Angle
Bust Armpit Elbow Angle
Waist Bust Cuffs Attenuation Ratio
Abdomen Abdomen
Hip Hip
Thigh Crotch
Leg Length Thigh

(a) (b)

Figure 5. An example of parametric body model: (a) Structural
frame and (b) Surfaced model.

curve fitting was performed using the well-known Graham
convex hull generation method and the results of circular
fitting are shown in Figure 4.

Deformation of Body Model

In this study, eight primary cross sections and a number of
auxiliary cross sections were used for the definition of a
body model and the shape and size of the model can be
changed by resizing and relocating each section considering
the final desired geometry. Each body part was generated by
sweeping those cross sections. Also the shape of armhole
curve and several parameters were used to define sleeves of
which the shoulder angle as well as the elbow angle can be
controlled freely. Some major landmarks are automatically
generated on respective cross section. Controllable body
measurement parameters are listed in Table 1 and the
structural frame and surfaced model of a parametric body is
as shown in Figure 5.

Parametric Surface Generation

Recently, the main trend of garment CAD system is migrating
into three-dimensional system from conventional two-dimen-
sional system. To design garment patterns directly from three-
dimensional body, a special feature is required for a body
model having various body informations. Arbitrary shapes

Fibers and Polymers 2004, Vol.5, No.1 15

(@) (b)

Figure 6. An example of parametric surface model: (a) Parametric
surface model and (b) Pattern drawing example for bodice and
slacks.

including garment patterns can be drawn on its surface
easily. As for the model shown in Figure 5, it is impossible
because its surface is composed of mutually independent
triangular elements. Therefore, a parametric surface generation
algorithm was implemented in this study to make a functional
surface model, which can be used for garment drape
simulation as well as three-dimensional pattern design. The
parametric surface used in this study is the Bézier surface on
which any point can be referred easily using two parameters
u and v, each of which ranges from 0 to 1. As each part of
body can be roughly approximated as a cylinder, parameter u
can be defined along its circumferential direction while
parameter v along its axial direction. As each cross section is
fitted with a continuous curve, control points for parametric
surface can be defined easily. An example of the parametric
surface model is shown in Figure 6(a) and an example of
pattern drawing is shown in Figure 6(b). As shown in Figure
6, such a parametric surface body model can be used for
three-dimensional pattern design process, which is another
one of our research topics.

Bounding Box Definition

The primary goal of this study is the development of a
deformable parametric body model for three-dimensional
garment pattern design and garment drape simulation.
Especially, one of the most difficult problems in garment
drape simulation is the appropriate spatial arrangement of
numerous pattern pieces around the body. However, it is a
very difficult and time-consuming job for the user to arrange
those pieces using only two-dimensional input devices.
Therefore, the automation of this process is inevitable for the
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development of an efficient garment drape simulation system.
In this study, an algorithm was developed to generate virtual

/

'I.-.---“"

Bodice

Neck Sleeve

Figure 7. Examples of bounding boxes for various body parts.

Figure 8. Example of originally scanned body and reconstructed
parametric model.

Sungmin Kim and Chang Kyu Park

cylindrical volumes, which tightly cover each body part
called the bounding boxes. Once all the bounding boxes are
defined for each body part, they can be flattened onto two-
dimensional plane as all of them are developable surfaces.
Then the user can easily arrange pattern pieces with respect
to those boxes and the pieces will be arranged spatially
through the inverse mapping of bounding boxes into their
original three-dimensional forms. Using this method, numerous
pattern pieces can be arranged automatically and appropriately
without any interference with the underlying body model
that the overall drape simulation time can be dramatically
reduced. Examples of bounding boxes defined for each body
part are as shown in Figure 7.

Results and Discussion

Examples of three-dimensionally scanned body models
and their corresponding parametric body models are shown
in Figure 8. As the shape and size of a parametric body can
be changed easily while maintaining the overall shape of its
original model, a garment manufacturing company can keep
its own model database obtained from scanning and converting

Figure 9. Deformation of a parametric body model.
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Figure 10. Schematic diagram of spatial pattern arrangement using bounding boxes: (a) Bounding boxes defined around each body part,
(b) Arrangement of pattern piece with respect to flattened bounding boxes, and (c) Inverse mapping of flattened bounding boxes for spatial

pattern arrangement.

as many standard body models as possible.

As shown in Figure 9, a parametric model can have a
variety of shape and the changes can be verified in real time
on a general Pentium 4 1.3 GHz personal computer system
through a fast calculation algorithm. Therefore, the effect of
a certain parameter on the shape and size of the body model
can be analyzed very quickly.

Bounding boxes can be automatically generated as shown
in Figure 10(a). User can arrange numerous pattern pieces
easily with respect to the flattened bounding boxes as shown
in Figure 10(b) and the pattern pieces will be arranged
around the body through the inverse mapping of bounding
boxes as shown in Figure 10(c). The shape and size of bounding
boxes are also changed according to the underlying body
model in real time that changes can be verified instantaneously.

Conclusions

A parametric body model generation system has been
developed. For this, a resizable body model was generated
from the three-dimensional body scan data using various
mathematic and geometric algorithms. The size and shape of
body model can be changed easily and instantaneously using
an intuitive user interface that any kinds of body models can
be generated easily once a parametric body model is formed.

Furthermore the surface of body model can be converted
into a set of parametric surfaces. Arbitrary shapes can be
drawn easily on it and therefore it can be used for three-
dimensional pattern design system. Finally, tight fitting
bounding boxes can be defined for a body model, which will
be used in the automatic spatial arrangement of pattern
pieces in the garment drape simulation system. The parametric
body model has various application fields in the three-
dimensional garment CAD system and it would be helpful to
generate a truly practical system if such a functional body
model could be refined by further researches.
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