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BAB YV

KESIMPULAN DAN SARAN

A. Kesimpulan
Berdasarkan pembahasan yang telah dilakukan pada bab sebelumnya,

penulis dapat menarik kesimpulan sebagai berikut:

1. Pemetaan ulang 33 titik fitur pada wajah model 3D berdasar pergerakan
33 titik marker citra wajah 2D membuktikan bahwa metode RBF dapat
diterapkan pada transformasi ruang 2D ke 3D.

2. Penerapan metode RBF menghasilkan posisi titik AU yang sesuai untuk
enam ekspresi dasar yang diujikan pada wajah model 3D yang memiliki

morfologi berbeda dengan citra wajah 2D.

B. Saran

Penelitian ini tidak bisa berhenti hanya pada pemetaan ulang titik fitur
pada wajah karakter animasi, namun dilanjutkan pada membangun permukaan
wajah karakter animasi. Sehingga ekspresi yang diinginkan dapat terlihat dan
diterapkan pada dunia animasi.

Selain pengembangan lebih lanjut dari hasil penelitian ini, sangat
dimungkinkan transformasi ruang 2D ke 3D diterapkan menggunakan metode

yang lain.
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LAMPIRAN




Lampiran 1. Tabel AU tunggal dalam FACS

AU  Descriptor Muscular Basis
1 Inner Brow Raiser Frontalis, Pars Medialis
2 Outer Brow Raiser Frontalis, Pars Lateralis
4  Brow Lowerer Depressor Glabellae,
Depressor Supercilli;
Corrugator
5 Upper Lid Raiser Levator Palpebrae Superioris
6  Cheek Raiser Orbicularis Oculi,
Pars Orbitalis
7 Lid Tightener Orbicularis Oculi,
Pars Palebralis
9  Nose Wrinkler Levator Labii Superioris,
Alaeque Nasi
10  Upper Lip Raiser Levator Labii Superioris,
Caput Infraorbitalis
11 Nasolabial Fold Deepener Zygomatic Minor
12 Lip Corner Puller Zygomatic Major
13 Cheek Puffer Caninus
14  Dimpler Buccinator
15  Lip Corner Depressor Triangularis
16  Lower Lip Depressor Depressor Labii
17  Chin Raiser Mentalis
18  Lip Puckerer Incisivii Labii Superioris;
Incisivii Labii Inferioris
20  Lip Stretcher Risorius
22 Lip Funneler Orbicularis Oris
23 Lip Tightener Orbicularis Oris
24 Lip Pressor Orbicularis Oris
25  Lips Part Depressor Labii, or
Relaxation of Mentalis or
Orbicularis Oris
26 Jaw Drop Masetter; Temporal and
Internal Pterygoid Relaxed
27  Mouth Stretch Pterygoids; Digastric
28  Lip Suck Orbicularis Oris
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Lampiran 2. Tabel AU yang lebih nyata dalam FACS

AU FACS
8  Lips Toward Each Other
19  Tongue Out
21 Neck Tightener
29  Jaw Thrust
30 Jaw Sideways
31  Jaw Clencher
32  Lip Bite
33 Blow
34  Puff
35  Cheek Suck
36  Tongue Bulge
37  Lip Wipe
38  Nostril Dilator
39  Nostril Compressor
43  Eyes Closure
45  Blink
46  Wink
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Lampiran 3. Tabel relasi titik marker dengan titik fitur pada ekspresi netral

Titik X y X y z
1 510 431 -0.013 0.203 0.116
2 688 429 -0.071 0.209 0.094
3 398 436 < 0.013 0.203 0.116
4 233 424 o 0.071 0.209 0.094
5 683 496 -0.061 0.203 0.099
6 620 513 -0.048 0.195 0.097
7 244 485 0.061 0.203 0.099
8 285 529 o 0.048 0.195 0.097
9 618 585 o -0.042 0.175 0.095

10 650 681 -0.051 0.146 0.093
11 296 592 & 0.042 0.175 0.095
12 256 676 < 0.051 0.146 0.093
13 459 517 & 0.000 0.184 0.107
14 454 681 0.000 0.144 0.126
15 550 681 -0.021 0.156 0.101
16 592 744 o -0.031 0.139 0.094
17 363 685 0.021 0.156 0.101
18 326 741 0.031 0.139 0.094
19 541 802 -0.015 0.120 0.094
20 461 795 0.000 0.123 0.107
21 384 814 o 0.015 0.120 0.094
22 587 854 -0.032 0.113 0.088
23 711 737 -0.066 0.136 0.077
24 328 849 0.032 0.113 0.088
25 216 737 0.066 0.136 0.077
26 536 886 -0.022 0.102 0.093
27 464 893 0.000 0.098 0.099
28 382 891 0.022 0.102 0.093
29 569 982 -0.030 0.078 0.071
30 454 1003 < 0.000 0.072 0.082
31 349 979 o 0.030 0.078 0.071
32 769 672 -0.082 0.157 0.065
33 167 669 0.082 0.157 0.065
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Lampiran 4. Tabel pemetaan ulang titik marker pada ekspresi sedih

Titik X y X y z
1 508 438 — -0.012 0.201 0.116
2 685 434 — -0.070 0.208 0.094
3 403 445 — 0.012 0.201 0.116
4 239 434 — 0.069 0.207 0.095
5 683 500 — -0.060 0.202 0.099
6 619 527 — -0.047 0.192 0.097
7 251 498 — 0.058 0.201 0.099
8 287 543 — 0.047 0.191 0.096
9 617 595 - -0.041 0.172 0.095

10 656 689 — -0.053 0.144 0.092
11 301 602 — 0.040 0.172 0.095
12 262 689 — 0.049 0.144 0.094
13 458 523 - 0.000 0.183 0.106
14 456 680 — 0.000 0.144 0.126
15 551 684 — -0.021 0.156 0.101
16 592 748 — -0.031 0.138 0.094
17 364 693 — 0.020 0.154 0.101
18 328 748 — 0.030 0.137 0.094
19 535 800 — -0.013 0.120 0.095
20 458 800 — 0.001 0.122 0.106
21 387 814 — 0.014 0.120 0.095
22 587 859 — -0.033 0.111 0.087
23 713 748 — -0.066 0.135 0.076
24 328 857 — 0.033 0.111 0.087
25 221 748 — 0.064 0.134 0.077
26 537 887 — -0.022 0.101 0.093
27 460 891 — 0.001 0.099 0.099
28 383 896 — 0.022 0.100 0.092
29 567 985 — -0.030 0.077 0.071
30 458 91 — -0.001 0.074 0.083
31 360 980 — 0.028 0.077 0.073
32 779 684 — -0.083 0.155 0.063
33 178 686 — 0.079 0.151 0.067
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Lampiran 5. Tabel pemetaan ulang titik marker pada ekspresi senang

Titik X y X y z
1 514 433 — -0.014 0.202 0.116
2 686 442 — -0.070 0.207 0.095
3 393 435 — 0.014 0.203 0.116
4 227 431 — 0.072 0.208 0.094
5 677 503 — -0.059 0.201 0.099
6 614 531 — -0.045 0.190 0.096
7 241 485 — 0.062 0.203 0.099
8 286 537 — 0.048 0.193 0.097
9 611 574 — -0.041 0.178 0.095

10 657 647 — -0.053 0.155 0.092
11 291 583 — 0.044 0.178 0.094
12 241 644 — 0.057 0.156 0.090
13 457 519 — 0.001 0.184 0.107
14 454 683 — 0.000 0.143 0.126
15 552 660 — -0.022 0.161 0.101
16 600 719 — -0.034 0.145 0.095
17 357 663 — 0.023 0.161 0.101
18 313 719 — 0.034 0.143 0.095
19 559 767 — -0.020 0.131 0.095
20 461 767 — 0.000 0.128 0.111
21 366 779 — 0.019 0.129 0.095
22 609 817 — -0.036 0.121 0.087
23 725 704 — -0.071 0.143 0.074
24 311 817 — 0.036 0.120 0.087
25 193 708 — 0.074 0.144 0.071
26 550 895 — -0.026 0.100 0.090
27 463 906 — 0.000 0.095 0.097
28 372 897 — 0.024 0.100 0.091
29 575 983 — -0.032 0.078 0.071
30 457 1024 — -0.001 0.071 0.079
31 338 979 — 0.033 0.079 0.070
32 759 663 — -0.080 0.157 0.067
33 163 660 — 0.083 0.159 0.065
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Lampiran 6. Tabel pemetaan ulang titik marker pada ekspresi marah

Titik X y X y z
1 506 448 — -0.012 0.199 0.115
2 679 435 — -0.069 0.208 0.095
3 410 455 — 0.010 0.199 0.115
4 253 432 — 0.065 0.207 0.097
5 667 503 — -0.057 0.201 0.099
6 613 533 — -0.045 0.190 0.096
7 259 494 — 0.056 0.202 0.100
8 298 540 — 0.044 0.192 0.097
9 601 574 — -0.038 0.178 0.096

10 645 674 — -0.050 0.148 0.094
11 316 583 — 0.037 0.178 0.096
12 268 672 — 0.047 0.148 0.095
13 462 521 — -0.001 0.183 0.106
14 453 683 — 0.000 0.143 0.126
15 549 679 — -0.021 0.157 0.101
16 585 740 — -0.029 0.140 0.095
17 371 683 — 0.019 0.156 0.103
18 335 740 — 0.028 0.140 0.095
19 526 809 — -0.012 0.118 0.096
20 462 818 — 0.000 0.118 0.104
21 392 822 — 0.014 0.118 0.095
22 581 848 — -0.030 0.113 0.089
23 706 736 — -0.065 0.136 0.078
24 339 848 — 0.029 0.113 0.089
25 230 733 — 0.061 0.136 0.081
26 531 879 — -0.020 0.103 0.094
27 467 882 — -0.001 0.102 0.100
28 394 884 — 0.018 0.103 0.095
29 570 977 — -0.031 0.079 0.072
30 462 99 — -0.002 0.073 0.083
31 360 975 — 0.028 0.078 0.074
32 777 665 — -0.083 0.160 0.064
33 182 665 — 0.078 0.155 0.069
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Titik X y X y z
1 495 441 — -0.009 0.200 0.116
2 667 439 — -0.066 0.207 0.096
3 408 451 — 0.010 0.199 0.115
4 249 435 — 0.066 0.207 0.097
5 665 503 — -0.057 0.201 0.099
6 606 531 — -0.043 0.190 0.097
7 258 496 — 0.056 0.202 0.100
8 293 543 — 0.046 0.191 0.096
9 604 580 — -0.039 0.176 0.095

10 648 663 — -0.051 0.151 0.094
11 307 585 — 0.039 0.178 0.096
12 253 663 — 0.052 0.150 0.093
13 460 522 - 0.000 0.183 0.106
14 453 679 — 0.000 0.144 0.126
15 543 689 — -0.019 0.154 0.103
16 590 736 — -0.030 0.141 0.095
17 364 684 — 0.021 0.156 0.101
18 324 733 — 0.031 0.141 0.094
19 550 794 — -0.017 0.122 0.093
20 460 790 — 0.000 0.124 0.108
21 376 801 — 0.016 0.123 0.094
22 599 837 — -0.034 0.117 0.087
23 714 724 — -0.067 0.139 0.076
24 324 832 — 0.032 0.116 0.088
25 209 724 — 0.068 0.139 0.075
26 538 888 — -0.022 0.101 0.092
27 463 898 — 0.000 0.097 0.098
28 380 891 — 0.022 0.102 0.093
29 571 983 — -0.031 0.078 0.071
30 453 1011 — 0.000 0.071 0.080
31 347 978 — 0.031 0.078 0.071
32 768 667 — -0.082 0.158 0.065
33 176 670 — 0.079 0.155 0.067
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Lampiran 8. Tabel pemetaan ulang titik marker pada ekspresi takut

Titik X y X y z
1 505 446 — -0.012 0.200 0.115
2 671 446 — -0.066 0.207 0.096
3 411 451 — 0.010 0.199 0.115
4 249 444 — 0.065 0.206 0.098
5 671 510 — -0.057 0.200 0.099
6 612 540 — -0.044 0.188 0.096
7 256 499 — 0.057 0.201 0.100
8 295 549 — 0.045 0.189 0.096
9 607 592 - -0.039 0.173 0.095

10 650 681 — -0.051 0.146 0.093
11 313 594 — 0.037 0.175 0.096
12 261 679 — 0.050 0.146 0.094
13 461 526 — 0.000 0.182 0.106
14 454 681 — 0.000 0.144 0.126
15 548 690 — -0.020 0.154 0.101
16 587 747 — -0.029 0.138 0.094
17 368 690 — 0.019 0.155 0.102
18 327 745 — 0.030 0.138 0.094
19 539 802 — -0.014 0.120 0.094
20 463 802 — 0.000 0.121 0.106
21 386 813 — 0.014 0.120 0.095
22 589 847 — -0.032 0.114 0.088
23 707 743 — -0.065 0.135 0.077
24 329 847 — 0.032 0.113 0.088
25 217 743 — 0.065 0.135 0.076
26 534 879 — -0.021 0.103 0.094
27 461 879 — 0.001 0.102 0.100
28 384 884 — 0.021 0.103 0.094
29 566 977 — -0.030 0.078 0.073
30 459 91 — -0.001 0.074 0.083
31 352 975 — 0.030 0.078 0.072
32 767 688 — -0.081 0.153 0.064
33 174 681 — 0.080 0.153 0.066
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Lampiran 9. Tabel pemetaan ulang titik marker pada ekspresi terkejut

Titik X y X y z
1 515 431 — -0.014 0.203 0.116
2 690 431 — -0.072 0.208 0.094
3 398 433 — 0.013 0.203 0.117
4 233 422 — 0.072 0.209 0.094
5 688 494 — -0.062 0.203 0.099
6 625 510 — -0.050 0.196 0.098
7 244 485 — 0.061 0.203 0.099
8 286 527 — 0.048 0.196 0.098
9 622 585 — -0.043 0.175 0.094

10 657 674 — -0.053 0.147 0.092
11 296 592 — 0.042 0.175 0.095
12 254 672 — 0.052 0.147 0.093
13 459 520 — 0.000 0.183 0.107
14 452 681 — 0.000 0.144 0.126
15 552 681 — -0.021 0.156 0.101
16 594 746 — -0.031 0.138 0.094
17 363 681 — 0.021 0.157 0.101
18 324 741 — 0.031 0.139 0.094
19 548 797 — -0.017 0.121 0.093
20 459 788 — 0.000 0.124 0.108
21 375 802 — 0.017 0.123 0.094
22 594 851 — -0.034 0.114 0.087
23 718 734 — -0.068 0.137 0.075
24 328 854 — 0.033 0.111 0.088
25 209 734 — 0.068 0.137 0.075
26 541 919 — -0.024 0.092 0.087
27 464 937 — -0.001 0.086 0.092
28 384 923 — 0.022 0.091 0.088
29 573 1008 — -0.030 0.076 0.068
30 457 1040 — -0.001 0.071 0.077
31 347 1000 — 0.030 0.076 0.069
32 774 674 — -0.083 0.157 0.064
33 174 669 — 0.080 0.155 0.067
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Lampiran 10. Source Code

75

int main(int iArgc, char** cppArgv) {

char buffer[1024] ;
char *record,*line,*csv;
char folder[12];
char address[15];
char temp[15];
int bar=0, indeks=0, koor=0;
FILE *fstream;
ulang:
printf(*'"Marker data folder: ™);
scanf('%s'", folder);
for(file=0; file<(ekspresi+l); File++){
strcpy(address, folder);
strcat(address, "\\'");
strcat(address, folder);
strcpy(temp, folder);
switch(file){
case 0 :strcpy(csv,
"neutral 3D face model\t\t");
strcat(address, " _model.csv');
case 1 :strcpy(csv,
"human neutral expression\t');
strcat(address, " netral.csv');
case 2 :strcpy(csv,
"human sad expression\t\t'");
strcat(address, " sedih.csv');
case 3 :strcpy(csv,
"human happy expression\t\t");
strcat(address, " _senang.csv');
case 4 :strcpy(csv,
"human angry expression\t\t');
strcat(address, " _marah.csv');
case 5 :strcpy(csv,
"human disgust expression\t");
strcat(address, jiji
case 6 :strcpy(csv,
"human fear expression\t\t");
strcat(address, " _takut.csv');
default:strcpy(csv,
"human surprise expression\t');

break;

break;

break;

break;

break;

break;

strcat(address, " terkejut.csv');

break;}

printf(""\nReading %sfile: %s.", csv, address);

fstream=fopen(address, ' r');
if(fstream==NULL){

printf('"\nFailed opening %s\n\n", csv);

system("'pause');
system(‘'cls');
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goto ulang;}
bar=0;
while((line=fgets(buffer,sizeof(buffer),
fstream)) I=NULL){
record=strtok(line,",");
while(record '=NULL){
it (File==0){
iT (indeks==0){
indeks=atoi (record);

} else {
model [O] [indeks-1][koor]=
atof(record);
koor++;}
} else {

iT (indeks==0){
indeks=atoi (record);
} else {
human[file-1]
[indeks-1][koor]=

atof(record);
koor++;}}
record=strtok(NULL,",");}
indeks=0;
koor=0;
++bar;}

strcpy(folder, temp):;}
free(record);
free(csv);
training();
hitungR(Q);
hitungT(Q;
qobj=gluNewQuadric();
glutinit(&iArgc, cppArgv);
glutinitDisplayMode(GLUT_SINGLE |GLUT_RGB|GLUT_DEPTH) ;
glutlnitWindowSize(winSize, winSize);
glutlnitWindowPosition(0, 0);
winHum[O]=glutCreateWindow("'1 Human ~ Neutral');
glutDisplayFunc(markerHumO) ;
inisialisasi();
glutinitWindowSize(winSize, winSize);
glutinitWindowPosition(0, winSize+35);
winMod[O]=glutCreateWindow("'1 Model ~ Neutral');
glutDisplayFunc(markerModO) ;
inisialisasi();
glutlnitWindowSize(winSize, winSize);
glutlnitWindowPosition((winSize*1)+(30*1), 0);
winHum[1]=glutCreateWindow(*'2 Human ~ Sad');
glutDisplayFunc(markerHuml) ;
inisialisasi();
glutinitWindowSize(winSize, winSize);
glutinitWindowPosition((winSize*1)+(30*1)+50, 50);
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winMod[1]=glutCreateWindow('2 Model ~ Sad");
glutDisplayFunc(markerModl);

inisialisasi();

glutlnitWindowSize(winSize, winSize);
glutinitWindowPosition((winSize*2)+(30*2), 0);
winHum[2]=glutCreateWindow(*'3 Human ~ Happy'');
glutDisplayFunc(markerHum?2) ;

inisialisasi();

glutlnitWindowSize(winSize, winSize);
glutlnitWindowPosition((winSize*2)+(30*2)+50, 50);
winMod[2]=glutCreateWindow('3 Model ~ Happy');
glutDisplayFunc(markerMod?2);

inisialisasi();

glutlnitWindowSize(winSize, winSize);
glutlnitWindowPosition((winSize*3)+(30*3), 0);
winHum[3]=glutCreateWindow("'4 Human ~ Angry');
glutDisplayFunc(markerHum3) ;

inisialisasi();

glutinitWindowSize(winSize, winSize);
glutlnitWindowPosition((winSize*3)+(30*3)+50, 50);
winMod[3]=glutCreateWindow('4 Model ~ Angry');
glutDisplayFunc(markerMod3) ;

inisialisasi();

glutinitWindowSize(winSize, winSize);
glutinitWindowPosition(

(winSize*1)+(30*1), winSize+35);
winHum[4]=glutCreateWindow("'5 Human ~ Disgust™);
glutDisplayFunc(markerHum4) ;
inisialisasi();
glutlnitWindowSize(winSize, winSize);
glutlnitWindowPosition(

(winSize*1)+(30*1)+50, winSize+95);
winMod[4]=glutCreateWindow("’'5 Model ~ Disgust™);
glutDisplayFunc(markerMod4) ;
inisialisasi();
glutlnitWindowSize(winSize, winSize);
glutinitWindowPosition(

(winSize*2)+(30*2), winSize+35);
winHum[5]=glutCreateWindow(''6 Human ~ Fear');
glutDisplayFunc(markerHumS) ;
inisialisasi();
glutlnitWindowSize(winSize, winSize);
glutinitWindowPosition(

(winSize*2)+(30*2)+50, winSize+95);
winMod[5]=glutCreateWindow(*'6 Model ~ Fear');
glutDisplayFunc(markerMod5) ;
inisialisasi();
glutinitWindowSize(winSize, winSize);
glutinitWindowPosition(

(winSize*3)+(30*3), winSize+35);
winHum[6]=glutCreateWindow("'7 Human ~ Surprise");
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glutDisplayFunc(markerHuméb) ;
inisialisasi();
glutinitWindowSize(winSize, winSize);
glutinitWindowPosition(

(winSize*3)+(30*3)+50, winSize+95);
winMod[6]=glutCreateWindow(**7 Model ~ Surprise™);
glutDisplayFunc(markerMod6) ;
glutMainLoop();
return 0;}

void inisialisasi() {
glEnable(GL_DEPTH_TEST);
glClearColor(1, 1, 1, 1);
glIMatrixMode(GL_PROJECTION);
glLoadldentity();
glOrtho(0.0, 1.0, 0.0, 1.0, 0.0, 1.0);
glutSpecialFunc(rotasi);}

void training() {
printf(""\nTraining Data: Neutral -> 3D Face Model\n');
int sumber;
for (sumber=0; sumber<titik; sumber++) {
printf(""%11.6F %11.6F\t ->
%11.6F %11.6F %11.6F\n",
human[0] [sumber][0], human[O][sumber][1],
model [O] [sumber][0], model[0][sumber][1],
model [O] [sumber][2]);
it (skalaSumber<fabs(human[O][sumber][0]))
skalaSumber=fabs(human[0] [sumber][0]);
it (skalaSumber<fabs(human[O][sumber][1]))
skalaSumber=fabs(human[0] [sumber][1]):}
skalaSumber-=skalaSumber/3;%}

void hitungR(Q) {
for (baris=0; baris<titik; baris++) {
for (kolom=0; kolom<titik; kolom++) {
J[baris][kolom]=
sqgrt(powChuman[O] [baris][0]-
human[0] [kolom][0].,2)+
pow(Chuman[O] [baris][1]-
human[0] [kolom][1].2));
it (tambah==0) tambah=j[baris][kolom];
it (J[baris][kolom]!=0 &&
J[baris][kolom]<tambah) tambah=
J[baris][kolom]; }}
hitungHQ;}

void hitungHQ) {
for (baris=0; baris<titik; baris++) {
for (kolom=0; kolom<titik; kolom++) {
h[baris][kolom]=
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sgrt(pow(J[baris][kolom],2)+
pow(tambah,2));
glbaris][kolom]=h[baris][kolom];}
wx[baris]=model [0][baris][0];:
wy[baris]=model [O][baris][1];
wz[baris]=model [O][baris][2]:}
hitungGQ;}

void hitungG(Q {
int bawah, atas, lup;
for (bawah=0; bawah<titik-1; bawah++) {
for (atas=bawah+1; atas<titik; atas++) {
m[atas][bawah]=-1*g[atas][bawah]/
g[bawah][bawah] ;
for (lup=bawah; lup<titik; lup++) {
it (lup==bawah)
gl[atas][1up]=0;
else
gl[atas][lup]+=g[bawah][lup]*
m[atas] [bawah];}
wx [atas]+=wx[bawah]*m[atas][bawah];
wy [atas]+=wy[bawah]*m[atas][bawah];
wz[atas]+=wz[bawah]*m[atas][bawah];}}
hitungW(Q:}

void hitungW(Q) {
int lup, sub;
for (lup=titik-1; lup>=0; lup--) {
for (sub=titik-1; sub>=lup; sub--){
it (lup==sub) {
wx[[Tup]=wx[lup]/g[lup][sub];
wy[lup]=wy[lup]/g[lup][sub];
wz[lup]=wz[lup]/g[lup][sub];}
else {
wxX[Tup]=wx[lup]-g[lup][sub]*wx[sub];
wy[lup]=wy[lup]-g[lup][sub]*wy[sub];
wz[lup]=wz[lup]-g[lup][sub]*wz[sub];
333}

void hitungTQ {
int target, lup;
for(file=2; fTile<(ekspresi+l); file++){
switch(file){
case 2 :printf('"\nRetargeting points:
Sad -> 3D Face Model\n"™); break;
case 3 :printf('"\nRetargeting points:
Happy -> 3D Face Model\n'); break;
case 4 :printf('"\nRetargeting points:
Angry -> 3D Face Model\n'); break;
case 5 :printfF('"\nRetargeting points:
Disgust -> 3D Face Model\n'); break;
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}}

case 6 :printf(’"\nRetargeting points:
Fear -> 3D Face Model\n'"); break;
default:printf('"\nRetargeting points:
Surprise -> 3D Face Model\n'); break;}
for (target=0; target<titik; target++) {
for (lup=0; lup<titik; lup++) {
rh[lup]=
sgrt(pow(sqrt(pow(
human[file-1][target][0]-
human[O][Tup][0].,2)+
powChuman[file-1]
[target][1]-
human[O] [lup][1].
2)),2)+pow(tambah,?2));
model[file-1][target][0]+=
rh[lup]*wx[lup];
model[file-1][target][1]+=
rh[tup]*wy[lup];
model [file-1][target][2]+=
rh[lup]*wz[lup]; }
printf("%11.6F %11.6F\t ->
%11.6F %11.6F %11.6F\n",
human[file-1][target][O0],
human[file-1][target][1],
model[file-1][target][0],
model[file-1][target][1],
model [Tile-1][target][2]);
it (skalaTarget<fabs(model[file-1]
[target][0]))
skalaTarget=
fabs(model[file-1][target][0]);
if (skalaTarget<fabs(model[file-1]
[target][11))
skalaTarget=
fabs(model[file-1][target][1]);
it (skalaTarget<fabs(model[file-1]
[target][2]))
skalaTarget=
fabs(model[file-1][target][2]);

skalaTarget-=skalaTarget/3;}

void rotasi(int key, int x, int y) {
iT (key==GLUT_KEY_RIGHT) rotasix+=15;

else
else
else
else
else

if(key==GLUT_KEY_LEFT) rotasix-=15;
if(key==GLUT_KEY_UP) rotasiy+=15;
iT(key==GLUT_KEY_DOWN) rotasiy-=15;
iT(key==GLUT_KEY_PAGE_UP) rotasiz+=15;

i F(key==GLUT_KEY_PAGE_DOWN) rotasiz-=15;

for(File=0; file<ekspresi; file++){

glutSetWindow(winHum[file]);
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glutPostRedisplay(Q);
glutSetWindow(winMod[file]);
glutPostRedisplay();}}

void koordinat() {

glClear(GL_COLOR_BUFFER_BIT|GL_DEPTH_BUFFER_BIT);
glLoadldentity();

glRotatef(rotasix,1,0,0);
glRotatef(rotasiy,0,1,0);
glRotatef(rotasiz,0,0,1);

glColor3f(0, 0, 1);}

void koorHum(int eks){

float xo, yo;
koordinat();
int lup;
for (lup=0; lup<titik; lup++) {
glPushMatrix();
xo=(-1)*(human[eks][1up][0]-
human[eks][13][0])/skalaSumber;
yo=(-1)*Chuman[eks][Tup][1]-
human[eks][13][1])/skalaSumber;
glTranslatef(xo, yo, 0);
glutSolidSphere(0.02, 32, 32);
glPopMatrix();}
glFlush(Q):}

void koorMod(int eks){

void
void
void
void
void
void
void

float xo, yo, zo;
koordinat();
int lup;
for (lup=0; lup<titik; lup++) {
glPushMatrix();
xo=(model [eks][1up][O]-
model[eks][13][0])/skalaTarget;
yo=(model[eks][lup][1]-
model[eks][13][1])/skalaTarget;
zo=(model[eks][lup]l[2]-
model[eks][13][2]/2)/skalaTarget;
glTranslatef(xo, yo, zo0);
glutSolidSphere(0.02, 32, 32);
glPopMatrix();}
glFlush(Q:;}

markerHumO(){koorHum(0) ; }void markerMod0(){koorMod(0)
markerHuml(){koorHum(1);}void markerModl(){koorMod(1)
markerHum2 () {koorHum(2) ;}void markerMod2(){koorMod(2)
markerHum3(){koorHum(3);}void markerMod3(){koorMod(3)
markerHum4 Q) {koorHum(4) ; }void markerMod4(){koorMod(4)
markerHum5(Q{koorHum(5) ; }void markerMod5(){koorMod(5)
markerHumé () {koorHum(6) ; }void markerMod6(){koorMod(6)

i)
o
)
)
)
)
it
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2D to 3D Space Transformation

for Facial Animation Based on Marker Data
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Abstract—Computer facial animation aims to create an
animated character expression as natural as possible as well as
human facial expressions. Using the data marker catches facial
motion capture, will be determined the location of the feature
points of 3D face models to follow the motion of the marker
points of human faces. To overcome the morphological
differences between the face of the source with the character's
face, then applied with radial basis retargeting process mapping
so that the character's face can still display the natural
expression. Using the data marker 2D, Radial Basis Function
(RBF) transformation was applied to determine the position of
the feature points on the 3D face models. RBF space
transformation has good ability in determining the appropriate
facial motion marker points on a human face to the character’s
face. Motion that occurs in 3D face models is scaled according to
the relative scale between the source and the target.

Keywards—facial animation; radial basis function; marker
data

I. INTRODUCTION

Human beings are very easy to recognize the non-neutrality
of other human excretion especially the animated character.
Changes in motion on the face for displaying an expression or
movement of the chin and lips when talking points to consider
in creating realistic animation. Facial expressions have played a
key role in the field of nonverbal communication [1]. To
approach this naturality, the facial motion capture applied to
the human face. Then 3D face models represent the human face
movements.

Motion capture is aimed at capturing the position and
orientation of an object in physical space then record that
information to be used and developed in the virtual world [2]
[3]. The two greatest challenges for the use of motion capture
data is lie in the application of this discrete surface sampling
discontinues to drive a fine mesh, and its retargeting to face
meshes of different shape and scale [4].

General approaches for facial expression synthesis can be
classified into the following three categories: interpolation,
muscle-based expression, and performance-driven animation
and retargeting [1].

The process of retargeting is the process of transformation
of space-based markers, retargeting can be defined as the

Pranowo
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Universitas Atma Jaya Yogyakarta
Sleman, Indonesia
pranf@mail uajy.ac.id

Samuel Gandang Gunanto

Department of Animation
Indonesian Institute of The Arts
Yogyakarta, Indonesia
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process of mapping marker dots on the face to 3D face
animation source models (target face). Retargeting seeks to
create expressions on the characters according to the source
animation expression by correlating the marker points on the
source animation to 3D face models [5] There are three
techniques for performing mapping:

1. Linear mapping

The simplest approach to the retargeting process. The
motion of marker position on the source animation will be
followed in a linear manner by 3D face models. Linear
mapping vulnerable if 3D face models have different size and
shape (morphology) with a source face.

2. Scatter data interpolation

This is a non-linear approach that is capable of handling a
wide range of problems in the process of retargeting. This
interpolation process can estimate the location of a new points
on a 3D face model of if there is a change in the face of the
source by taking into account the weight of the marker points
source between feature points on the face with 3D face models.
The most common techniques applied in this mapping process
1s Radial Basis Function (RBF) interpolation, also known as
radial basis mapping.

3. Artdirection

Unlike the above two techniques, art direction needs a
trigger from animator to determine the points of change in the
3D face models. Correlation between the source animation with
animation targets defined by the animator.

With the condition of the human face and 3D face models
which have different sizes and shapes, RBF space
transformation has a good ability in determining the
appropriate facial motion marker points on a human face to the
character's face. Motion that occurs in 3D face models is scaled
According to the relative scale between the source and the
target [4] [6]. Marker points of the source face define the
source space while the feature points of the targets face
defining the space targets [7] [8].

Radial base mapping has an advantage in the speed for
determining the points of retargeting, especially if the radial
base mapping is done on the data marker or motion capture.
The marker base (feature points) concept is used to relieve
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computing, rather than doing a computing on the surface that
should calculate the whole points to building 3D face models.

This research uses a 2D facial image as input and doing the
retargeting process on 3D face models using space
transformation. The process of retargeting using RBF
interpolation method. By using space transformation from 2D
to 3D. is expected to use a single camera in facial motion
capture at source face while delivering the natural expression
and emotion in the 3D face models.

II. STATE OF THE ART
A. Facial Animation

Facial animation concentrate on the creation of realistic 3D
face models by showing the right emotion [9]. There are two
techniques performed in facial animation. which is based
marker and markerless. Marker-based means of facial
animation is done by automation approach such as retargeting
feature points. Automation should be able to minimize human
intervention in the process [10]. While the markerless can
mean automation facial animation by using the surface as a
comparison, they can be interpreted facial animation is done
manually by the animator. Reference [11] explained that
manual editing is always necessary: 1) the movement is
expected from the 3D model is not necessarily the same/similar
to the movement of people. 2) 3D face model has a proportion
of/morphology that is different from the human face, 3) the
placement of markers in motion capture is not always fixed and
precisely at a points from day to day. Therefore. generating
good facial animation is one of the most important factors in
the creation of appealing. believable. and attractive characters
[6].

B. Feature Points

The motion capture data consists of motions for the sparse
feature points. Feature points aim to simplify the process of
facial animation. The challenges in feature points are creating
an expression as natural as possible with the number of points
less than the surface blending techniques [12]. On the other
hand, the use of marker means lightens computing compared to
a surface algorithm that should calculate the whole points of
the face. If it is deemed necessary to reuse the facial animation
with a different model [13].

C. RBI" Methods

In the 1970s. RBF methods were developed to overcome
the structure requirements of existing numerical methods. RBF
methods have become a well-established tool for reconstructing
functions and for solving partial differential equations based on
data prescribed at scattered locations [14] Four common RBFs
that are globally supported and infinitely differentiable are
Gaussian (1), Inverse Quadratic (2) Inverse Multiquadric (3)
Multiquadric (4). The Multi Quadric is arguably the most
popular RBF that used in application [15].

dre)=e="" (1)
d(re) =1/(1+%r%) )
d@r,e) =1/V1+ %2 (3)

d@r,e) =V1i+ezrz &)

III. EXPERIMENTAL DESIGN

This paper proposes a program of facial animation based on
the marker data using RBF space transformation, from the 2D
image as source face to 3D character model as target face.

Training data

source target

3D model

2D image

N

marker &
feature points
frp /sclcction\ R
h& T, —p|  RBF Space
Transformation
Testing Resulting:
Ux, @y, Oz
sequential 2D marker data +
Tx= H.ox
T_\ . H,!a!_\
T:= H.o:
ri T

v

retargeting points

feature tracking

-

Fig 1. Schematic overview of RBF space transformation
The RBF approach constructs an interpolant as a linear
combination of basis function [4].
The RBF equation is:
F(x) = E ai- ollx — %) )

The value of function ¢ depends on only upon the distance
from its center and thus is called radial (6). This radial is the
distance between marker points on the face of a 2D facial
image.

by~ ol = [y =l 42 ©)

Equation (6) is an RBF multi-quadric. Value xy is a marker
position in 2D coordinates, so use the Pythagoras theorem to
calculate the distance between the marker points. Value r
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determined based on the shortest distance from all marker
points on the source face (7).

= min#_,'("x}’i = xyj") )

Value of ¢(|xy; — xy;||) is used to build the matrix H.
Then the weight value (o) for each coordinate x, y, z on the
face of 3D face model obtained by:

T,=H.a, T,=H.a,T,=Ha, (8)

Let T, = (tf,t5,t5,...t5), Ty =(t],t3itd,.aitn) and
T, = (t%,t5,t%,..,t3), so by applying the Gaussian
elimination with back substitution, from (4) is obtained:

ty=H'Ty, a0, = ST oUr—H ' T3 (9)

Once the matrix H (6) and the weight of each coordinate x,
y, z (9) are obtained, the retargeting feature points can be
calculated quickly for each marker position from the motion of
source face using (10).

F(x) = XL, af . d(llxy — xy;ill),
F) = X af . d(llxy — xyilD),
F(z) = Xz af . d(lxy — xy;lD) (10)

In the testing process, sequential 2D image is extracted to
locate the marker points in the source face. After obtained the
value of the radial distance from the training data, the RBF
space transformation will determine the retargeting points (7)
in the 3D character models to calculate the weight («) and the
matrix H (¢). The estimation results of the feature points still
consider the z coordinates of the 3D face models. So 3D face
models still have depth and maintain its 3D shape.

IV. EVALUATION RESULT

The testing of RBF space transformation for facial
animation based on the markers data from 2D source to 3D
face models will be presented as following.

a b < d
Fig 2. Neutral expression (a) 2D image from motion capture with markers
information as inputs (b) marker points from source face (c) feature points
from a 3D face models viewed from the front of the target face (d) feature
points from the target face that has a depth (z value) viewed from the side.

Fig 2. showing a pair of training data that consists of a
source face (2D facial image), in which the image has a
marker information in coordinates (x, y) and the feature points
of the 3D face model in the coordinates (x, y, z). At the
training data, the source face and the target face shows a blank
or flat expression.

33 12 17 14 1s 10 32
25 18 16 23
21 ¥ 18

Y20 gn 26

3z

1 30 29

Fig 4. Thirty-three feature poinis on 3D face model.

There are 33 markers used to mark the feature points in the
2D facial image (Fig 3). This number 1s adjusted on the camera
setup facial motion capture of OptiTrack [16]. The 33 markers
in source face will correlate with the 33 feature points on the
3D face models (Fig 4). Motion area was able to be adaptively
generated based on 3D face models, it shows the amount of
percentage area formed based on feature points [17].

After performing the weighting of the training data, then
testing against of 3D face models. Testing is done by the
inserting image of faces that have different expressions with a
training data image. Marker tracking applied to the image
source to determine the coordinates of the new marker. Then
RBF space transformation will estimate the 3D coordinates of
the feature points for 3D face model.

A. Result

Results obtained are presented in Table 1 which contains
the value of the coordinates (x, y) of the marker points of
source face and coordinates (x, y, z) of the feature points of 3D
face model for training data, and the result of retargeting of
angry expression (Fig 5). Coordinates on the training data
(source face’s marker and 3D face model’s feature points) are
known, while the retargeting coordinates are calculated results
of RBF space transformation.

TABLE I. FEATURE POINTS RESULT USING RBF SPACE TRANSFORMATION

FOR ANGRY EXPRESSION

Training Data Testing
.E Source Target Source Retargeting
F (xy) (xy,%) (xy) (%,y,2)
1 510,431 -1.30,20.27.,11.64 3506,448 | -1.19.19.92,11.47
2 688,429 -7.14,20.85,9.39 679,435 -6.90,20.76,9.49
3 398,436 1.30,20.27,11.64 410,455 1.00,19.86,11.49
4 233,424 7.14,20.85,9.39 253,432 6.46,20.74,9.73
5 683,496 -6.08,20.29,9.93 667,503 -5.73,20.10,9.93




2016 6th International Annual Engineering Seminar (INAES), Yogyakarta, Indonesia

6 | 620,513 -4.83,19.51,9.75 613,533 | -4.50,18.97.9.64
7 | 244,485 6.08,20.29,9.93 259,494 | 5.61,20.20,10.01
8 | 285,529 4.83,19.51,9.75 298,540 | 4.43,19.17.9.71
9 | 618,585 -4.21,17.52.9.46 601,574 | -3.83,17.80,9.56
10 | 650,681 -5.13,14.62,9.32 645,674 | -4.98,14.83,9.40
11 | 296,592 4.21,17.52,9.46 316,583 | 3.69,17.82,9.64
12 | 256,676 5.13,14.62,9.32 268,672 | 4.73,14.81,9.53
13 | 459,517 | 0.00,18.40,1067 | 462,521 | -0.07,18.31,10.64
14 | 454681 0.00,14.38,12.60 453,683 | 0.02,14.34,12.59
15 | 550681 | -2.08.15.63,10.11 | 549679 | -2.06.15.67,10.14
16 | 592,744 -3.07,13.89.9.39 585,740 | -2.87,14.02,9.47
17 | 363.685 2.08,15.63,10.11 371,683 | 1.88,15.62,10.31
18 | 326,741 3.07,13.89,9.39 335,740 | 2.81,13.98,9.47
19 | 541,802 -1.49,11.98.9.42 526,809 | -1.17,11.77.9.63
20 | 461.795 0.00,12.28,10.68 462,818 | 0.01,11.76,10.41
21 | 384.814 1.49,11.98.9.42 392,822 1.35,11.79,9.51
22 | 587.854 3.22,11.25.8.77 581,848 | -3.01,11.33.8.86
23 | 711737 -6.59,13.63,7.65 706,736 | -6.47,13.61.7.78
24 | 328.849 3.22,11.25,8.77 339,848 | 2.92,11.26,8.90
25 | 216,737 6.59.13.63,7.65 230,733 | 6.13,13.58,8.08
26 | 536.886 2.17,10.15.9.28 531.879 | -1.97,1031.9.40
27 | 464.893 0.00,9.85.9.85 467,882 | -0.08.10.15,9.95
28 | 382,891 2.17,10.15,9.28 394,884 | 1.83,10.32,9.49
29 | 569982 -3.03,7.79,7.15 570,977 | -3.07,7.88,7.20
30 | 454.1003 0.00.7.21,8.16 462,996 | -0.22.7.29.8.26
31 | 349979 3.03,7.79.7.15 360.975 2.78.7.71.7.37
32 | 769.672 -8.19,15.66.6.48 777.665 | -8.33.15.96,6.42
33 | 167.669 8.19.15.66.6.48 182,665 | 7.76.15.52.6.93

The coordinate table above shows that the RBF space
transformation able to handle repositioning the feature points
of the 3D face models even though the source of motion
derived from a marker on the 2D image.

a b c d
Fig 5. RBF transformation is applied to angry expression (a) 2D image from
motion capture which provides information on the new marker (b) marker
points from source face (¢) feature points for 3D face model that obtained
from RBF space transformation (d) feature points seen from the side.

B. Evaluation

Reference [ 18] developed the Facial Action Coding System
(FACS) for describing facial expressions. The FACS is a
human-observer-based system designed to describe subile
changes in facial features. FACS consists of 44 action units
(AU). including those for head and eye positions. AUs are
anatomically related to contraction of specific facial muscles
[19].

There are six basic expressions on a human face: angry,
disgust. happy. sadness, fear. and surprise [20]. Based on [21]
an angry expression has AU criteria: a combination of lip
tightened and lip pressor. In the feature points (Fig 5.b-d) is
shown with a dots in the circle lip (19, 20, 21, 22. 24, 26, 27.
28) which docked/shrink. Disgust expression has AU criteria:
wrinkled nose or upper lip raised. In the feature points (Fig 6.b-
d) indicated by dots on the nose (14. 15, 16. 17. 18) wrinkles
and the upper lip (19, 20. 21) which is raised. The Happy
expression has AU criteria: lip corner puller. In the feature
points (Fig 7.b-d) indicated by dots on the tip of the lips (22,

24) is widened and rose. Sadness expression has AU criteria: a
combination of inner brow raiser + brow lowered + lip
depressor or nasolabial deepener corner. In the feature points
(Fig 8.b-d) indicated by dots on the brow (1, 2, 3, 4, 5, 7) is
lowered and the tip of the lip (22, 24) is depressor. The fear
expression has AU criteria: a combination of inner brow raiser
+ outer brow raiser + brow lowered. In the feature points (Fig
9.b-d) indicated by dots on the inner brow (6, 8) raise up and
eyebrows (1, 2, 3, 4, 5, 7) is lower. The surprise expression has
AU criteria: a combination of inner brow raiser + outer brow
raiser or upper lip raised. In the feature points (Fig 10.b-d)
indicated by dots on the brow (1, 2, 3, 4, 5, 7) and the inner
brow (6, 8) are raised, as well as the upper lip (19, 20, 21, 22,
24).

Five following pictures (Fig 6-Fig 10) are the other result of
the calculation of the RBF space transformation on six basic
expressions, which (a) 2D image from motion capture with
marker information as input (b) marker points from source face
(c) feature points from a 3D face models viewed from the front
of the target face (d) feature points from the target face that has
a depth (z value) viewed from the side.

¢ d

» a disgust expression.

a b C d

Fig 7. RBF transformation is applied to a happy expression.

a b € d

Fig 8. RBF transformation is applied to a sadness expression.

a b C d

Fig 9. RBF transformation is applied to a fear expression.
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a b c d

Fig 10. RBF transformation is applied to a surprise expression,

V. CONCLUSION

Referring to Table 1 and introduction to the RBF
interpolation, RBF space transformation can relocate the
feature points of 3D face model even if the source face is only
captured by one camera which can only provide 2D
information of marker points.

Based on the evaluation results on six basic expressions,
RBF space transformation can reposition feature points on a 3D
face model according to the motion of marker on 2D facial
image and morphology of the target face. Space transformation
Avnarimant aima tn artamata tha nennrnco ratargnting faatiira

nf
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points on the facial animation.
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