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Face Recognition Using 2D/3D Features

Student : Lung-Kai Cheng Advisor : Zen Chen

Institute of Computer Science and Engineering
College of Computer Science

National Chiao Tung University

Abstract

In this thesis a face reconginition-based on 2D/3D facial features is
addressed. A digital camera is sét up to capture a video sequence of a rotating human
face. First of all, a conventional frame difference technique is applied to detect the
face region in each image. Then, the face region is further partitioned into skin and
hair (non-skin) parts based on the color.information. Facial features including corners
of eyes and mouth, and ear contours are automatically extracted. After the
correspondences of facial feature points are determinated, the 3D Euclidean facial
feature points can be computed. Through the alignment of the two sets of the facial
basis points in 3D space, the similarity between the two faces can be calculated

according to the average distance between all the 2D/3D facial feature points.
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p revo  Plrevi Y Pllev Y Plievo Y P 2 p LM *3%@% TR BT R 2
PESIEIE W= s A WPy S A A L I R L A=Y cd S
Prevo ™ Prevt > Plievi > Plievo > Paw 2 Pl ©
32 2+ Bk HHcBEZ Bh R
CAr LR EFAREET Y L F 2 - R AR e~ d
FEBROR R L H 248 24 B o

AT &35 % 0
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P AR RIBAH

A~ F #-z.p 12 Calibrated 2 Uncalibrated & & /w45 5 4 3 38 (7 9% 38 F i
el ift SO SRR FRI R g IR L 0 1R PRk
B R ’} ,g\;{ IE?«F ), (§ ¥ e 27T G 2. Homography H, » & 1335 & 5 8%
GBS T E P OR-5 RAFER M B | Y K BiF 2 (Levenberg-Marquardt
Method / L-M Method) ¥t i | &} % e94~ 4~ Homography H, i& (7 i3 & » 8 3| 8 (& e
Homography H -

Calibrated 2 Uncalibrated = & 17-/% & 1395 % 3845 BrBL 4 B $Hig i BE i 38 7
£ B LR Aoty F AT 4p e (Camera Calibratioin)é"ﬁp AL S :d
(Intrinsic Parameter) K i& 7 fz & » s ¥ &8> &1 A% 3 F""(Euclldean Space)
LA ﬂ Al R-BL > 12 B 5 AR 7 F (Projective Space)? » B 5 e .,%+
o EaE e RAF AR B PSS B A B iR (7§ (Alignment) s i 0 d
*t Calibrated fiwend e b % g 2 REY » FP7 2 #&1‘“%%1@%4&—&«
3D 7 B enT 193 4 REAR ] 2% 384 Aeaypdl B 5 Uncalibrated 1372 e fe 3
BB G BBAREP R B RS SRR T S R T e Lo ey

BT o 1 R A b 2D 3 B TR A BEAR | UG IR erAp R -

4.1 3G INFFHBEE R enig

¢ TG IR P B B S R e BRI e SRR B 0 £ 5
Prevo € P'revo ™ Previ € Plrevt ~ Prient € Plievi ~ Pievo € Plievo ~ Pru € Plru
DLy < Py £ 6 B IRB B 2T AR A Gl
{p, & p,li=12,..,6} » % 3 i il 41 Homography H, i¢ 17
X', hy h, hyfx

P =Hyp; e |y, [=lh, hy hfy | 1=12,..6 (4.1)
1 |h h 1)1

He 24 8B A FRI A LB SEBHAETRE2BES > wef] 4
.,:g,u_b e B ¥ A fc RP~3% Homography H,, -
FI* 6 e IR B R L B T 2 A (Least-Square Error) £B~iz 8 B A v
B o» ﬁfa&u Bl T2 KR o RA o I g 3 N BRI K e
Homography H, ¥ & ¥ 7 £4p § %5z > f FIE G I0F BB~ % € 7 9Tk
£ FRR R 3 G- F R EARPEC] VF RIFE 2 0 B daih
Homography H, i (7% & « 5 L8t A P e Bl (x,y) 2 FiRl 2 1'(x,y)
2 PR PR VR B T B wiﬁé"i R @ F E(X,y) o E'(x,y) » TP PiE B
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WAL HE BT LR R TREMY) P E (X Y) R E () B
Pl R fehif 4 §E# (Edge Distance) E', (x,y) ©

%%%%%émw@é%%wd)"f’ﬁﬁﬂmy%ﬂﬁ’*WE%ﬁﬁ
#§ Homography #3 3 & Rl 8 Bk = % (X, Y,) » 00 e Bk (=4 1 4 Bk
%&ﬁﬁﬁwﬁ’ﬁﬁﬁiéﬁéﬁﬁhﬂ@ﬂnﬁﬁéggwéﬂ&+@’Aﬁ
L4 g G HR R RELEE R LT &

E= Z[I (Xi ' Yi)_ I '(Xli Y )]2 = Zeiz (4.4)

i,E'5(x'},y"; )<EdgeRange i,E'p(x'j,y'; )<EdgeRange
B AP ZTREE BEGIEHRORBEEL Be 2 8B A wHGE T HAA
(Partial Derivative) »
oe, _ol'(x;,y\)-1(x, ) _ al" &x SO 1o g
oh, oh, ox'; oh, oy’ oh,

a3 o

3+ ¥ Homography 1% # £
AH = (A% A1) (4.5)
HY A5 - BREPFR % o 2 % Sli(Time-Varying Stabilization Parameter) o #
fs L #1iz B w & terHomographysit H, = Hiy +AH. > F 25 B v £ chR R L@
EVARHEBFAE ) F2ZPRAE A F R RELEERRFR e
Ji‘z‘ﬁxwmi%ng Ht,; p\iHomography 3 F oo

4.2 Calibrated 1§ e 3R 43 fic vt ¥

& Calibrated = * » "” g | % AR SR R AR o 3R Sl 2 (8
1HM = KHK &) 5 - ,‘g;ja—:‘;ﬁ B E R .gﬁ* W T G 2 e R 2
ﬁﬁ@iTEUd’&@ﬁ#ﬂ%ﬁﬁ%ﬁ@iﬁﬂ ma4WLm@%K$
K[l 0]« K[R oT] 2 sgenisemr = athbP® 1 5 - s fI% dale o= N £
BECA L adp s Sl s Hé%erlg*j‘ﬁ(’;hlﬁﬁ*ﬂ’ﬁx]gl IR ES ) L L
B AR DI E 7R A TE AR T R 2 2y LRSS 3
ADZRFILBHTAKREL ML TIHE o

4.2.1 BRI S e Rl

Bk B AP AL BRINAP BN 5B Ko s T g A F
PIR 2 B3 37T 5 e Homography H » © 4vd 3R foeiig 30T 6 2 g i ap L
M=K'HK » #¢

Tn'
M = {R +T} (4.6)

12



AP F Y GRNA R G2 BRINT G5 g g ELRE 2 ET'=T/d » B
BRI A B B RINT G e BN R HEP ol I 2 EE 2 Aot
4 Bp % w8 2 (Newton-Raphson Method) & 4 f2 M o 314 6 e (25N s @ =

M:a){ n } (4.7)
d
£
R=R,(»)R,(A)R,(a)
[cosy —siny O] cosgp 0O singl1 O 0
=|siny cosy O 0 1 0 |0 cosa -sina >

0 0 1)|-sing 0 cosp|0 sina cosa

[cos fcosy sinasin Bcosy —cosasiny cosasin £cosy +sinasin y
=| cosgsiny sinasin fsiny +Cc0SaCcoSy COSaSin Asiny —sina cosy
| —sing cos gsiny COSa COs 8

T _

T:E:[tl t, t,] ~n"=[n n, 1] (4.8)

—,ﬂ“’ﬁ Brwda ~ oyttt Ly ~nZ2ndFGEaddc &R
30
o3t

13 9Bl 2P & ZESUPA B B2 Rl S RN R
2 _',;153,{4{(&\ » F R FTERBWw & s B g HoiE o

BAMS BRSO RZHENENEFEY > F-FERALENE N, 50
(et En=n=0) L% 2P EAERABHEFEZHa >~ fy
Lot~ s 0B AT iE o £

= B 7y t, t, t, o) AX=(Aa AB Ay A, At, A, Aw):

£ 4
S )
F(x*)=| f,(x“) f(x*) f,(x")|=M -0 R+ 4.9
f?(xk) fS(Xk) f9(xk) ‘

(4.10)

afgixk) afgixk) 8f9:(xk) 8fg:xk) o,
da op dy oty o,

ot
ol
e . . T S
() ot
ot




Bl R fzaerd 3¢ g, AX = —F,

o T E X =X AXF LT - A KHlhR B o
l—’i:rgb'g; Févf)&l 5 j\ma\ﬂ\y\t \tzxts\a)éi;fg‘ra#ﬁlj
?iﬁﬁ—#‘i%% I“J"ﬁ'll‘/ﬁ—n/f}fn;n 1E‘.]”r|‘? 5o, é‘
1k
X :[n1 2] AX—[Anl ]
£ 4

’

)= A0c) ~ ()= £, (%) f's(xlk): f4(X'k) )
£, (x%)= fo(x*) ~ f f f

PR R R U, B BAaEE

f'4(xlk) fls(xlk) fle(xlk)]T X
af'l(x"‘) 6f'1(x'k)_
on on
o, ()t ()
Vsa=| on, on, (4.12)
a0, ot ). oyl
| on, on, )
PR faEE s 3 AX'=—F' 3t B X=X

B AXJrAX F AR R R A N AN, i B ¢

P aeninablE BT REHa Byt
EEBEORT AT PG A RFEGRY ¥ - BRSO AR
t \t \&),ﬂ,’.?lg&& E{@,}PK_{_R\]“%;?‘ETIQ

~Q\w§7%£$

7

422 HNZREY crip i Sdcg g NG B2
I 51 ,g\ﬂfr, BB Gz B G INT G 2 ik aEtE
#E%F\ IMSEBK o F A G I0T G e E 2+ B ki BRI B

DAF NG ap s Sl R INT G B ARERE 24 B L R ARk R o

R i=#m2T'2 4pi%

BB B aE- gkt RY=(X Y 2 O REID R R
w25 p =MP® =K1 0p® R el e 2 50 %
msMP@;KmtﬂPM’ﬂﬂm=&im 1y

) p'iz(xli Y 1)T AR
ol - W E FPIR o 3k o

X7

= <0 XD

IIl

III
l—'_'—| \*-x*



. X, -
X, X, YI X LR+ at,
g =Ky, |=[R oT zi. =R| Y, |+aT' ;TE(Euatz (4.15)
1 1 ! Z, A
1
Bisv @ PE T p 2 plehd el %

{Xizi -X;=0 . {(f('i AR )F~)i(E) +a(Xt,—t,)=0 (4.17)
yiZi =Y =0 (Y' rsT _rzT )ISi(E) + (Y. [ tz):O |
g kfanT et T g derg BEi=12..n2 @
-1 0 % 0 0 0 |
0 -1y, 0’ 0’ 0
R AR A 0' 0' Rt -t
9'1 rsT - r2T 0’ 0" y'l ;-1
0" -1 0 %, 0" 0 P
0" 0 -1 §, of 0 p,(®
0’ )A('z ;T - ET 0' )A('z =t : = 64n><1
GT 9'2 ET - ;T GT ylz ts —tz ISn(E)
: : ’ : : | a |
0 0 4 NED 0 Y @
0' 0" 0=l § 0
0' 0' X -6 X -t
N GT GT 9In raT - rzT 9In t3 _tz_
A 4nx(3n+1)
(4.18)

423 hmN S FY BTGV H
BRK P e ¥ G MBABE e T E&H v £ BB E:
PO &P, =12 n,H
p()

gt S

=[x, v, z 1] P ®=[x, v, z. 1

R ind 9*3.445:%?‘; gg@t«\mﬁlmﬁﬂ}%T%#BPﬁ’ki}n\— Tr - B
Ap i ¥ & (Similarity Transformation) i %S » & ¥

pr &1 [sR T]P®] = ~0)
P2 YR e grp) Lt (4.19)
1|70 1) 1

Ao RE R AR T e blaRs L § & B3 A vl
AL
Q=P®_pE . -pE_pE (4.20)
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Q=[a Q - Q] -Q=[Qy Q, - Q]

PIv bl s 7 d TRk

BTRIES wp N kE b2 Baveed o § AL

C3><3 = B3><3A3><3_l P A A’3><3 = SQQT N ngg :Q'QIT ’
Bl 446 C, , & {7 SVD 17 7]

oo, 0 O
C,s=UDV'=Ul0 o, 0N >
0 0 o

BisA v el B L%
R_UVT » f2PrsRE

(4.21)

ER A AR R TR e 0 | R B e P ® g 3 PO 2

- Rl oy
§<E>_{§R t} e~ = b @
0" 1| <

0 1

PIPE &P 212,05 82 (5 g pE it - B PO e P E o

T SRR £ BE ) R AT AP 1 o
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B $Z BAHI o AT BHIRE D KRR E AP BRI AS 1T

5.1 %MW RIS %

1.

w

AN

BRIV RIS ARG TG SR

PEAERGL Berd e £ 8 D(xy) s WPEET, HD(xy)iei7 - @i @®
51 D(x,y) » £+ 5 D(x,y) e Bax=x, o

B AR e R T E (YA E,(xy) c B R A G 10%4T Aih
BiTs PR e Es B @5 E(xy) B (xy) .

14 D(x y) 2 # ¢ Bax=x, ~ E(x, Y)f““é (% y) B~ d1 s 30 % A o s 2 ST
BA®RR > T BRI ATES DTN o

A SR Gk 3 d D5Ap 1B S2,(% ) 17 S2,(X, y) «
1295 B, (X, Y) T B, (X, y) S35 38 Fudgh L erbbat 4p 02 @ enA 0 0 o] B 0F

A A
LR S2,(X, y) - S2, (% y) s i @ 51 S2i(x, y) 10 S22(x,y) » 1k
A T B T R I8
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4 5.1 iP5 (-)

%4 B4 F(xy)

[®=}

/LKCheng(lronFolder3)/02 j

S 'l i ‘;‘w
ERESER
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&

53

$5 182 $5TR
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UL RN R S
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| IR SRR LR
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HINE TR AR A
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4 5.2 I RpEE(2)
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FRRERRE
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ERIEE R
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TR -
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| 3R G AR R
52,(x,y)
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HCount,(y) > ¥ 1245 HCount,(y) * /% B 2 & @A 45 410 SR A7 47 1R
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5.3 s 044 o $8 %

A & 8- & = F ok (Synthetic Data) - *% 7 4L (Real Data) = i 38 4 /i 5 3 3%
P HenR %o W MSRP A e v AP IR 2 SN2 o s (8 R
ORI A 0GR GR TR I O i TR IV O fank o
531 & % TR a0 H

ER N S gl LTS - S S L PO I A - e LGRS 9 Y3 DE &
- B R IR 0 4ol 5.3 1T

6
2
= 5 6
" 89—
P3 P4
= 48 37
8 36/7
3

Bl 5.3 "IN HCA] 2 e ROB
POEIREA P R HBE g S ARE E S NEFE R S BF A T
FOp S SR I BT o oo eI o g B & 4o 53 9o
7. 53 " INHC A e &

A B g L i 4
H1 (-60,-75,0) E2 (70, - 25, 25)
H2 (60,~75,0) E3 (70, 25, 25)
H3 (60,75,0) E4 (60, 25, 25)
H4 (-60,75,0) E5 (60, - 25,50)
H5 (-60,~75,75) E6 (70, - 25,50)
H6 (60,~75,75) E7 (70, 25,50)
H7 (60,75,75) ES (60, 25,50)
HS (-60,75,75) F1 (-70,-25,25)
P1 (-40,-25,0) F2 (-60, - 25, 25)
%) (-20,-25,0) F3 (-60, 25, 25)
P3 (20,-25,0) F4 (-70, 25, 25)
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P4 (40, -25,0) F5 (-70,-25,50)
P5 (-40, 25,0) F6 (-60, -25,50)
P6 (40, 25,0) F7 (-60, 25,50)
E1 (60, - 25, 25) F8 (-70, 25,50)
BT R TEAPP P ISk
750 0 3201 0 0 O
M=K[l 0]zl 0 750 240[0 1 0 0
0 0 10010
DR Eo AR S 'S
R T
7
Tx
#¢ R=R,(»)R,(BR(a)~T=| T, |>d5%3H3Ta foipthifhs «2heh
T,+d

d=500 - PI®cst e thz AR CiEE b Sl ~ L5 fpd
SEFF IR GT o b ol 0P B

X
’ R T]Y
y|=K[i=0] =k[R T
o 1z
1
1

~ N < X

T BB E AT SR IR Sk - BRHME TR E

a =10° a =20° o =-10° a=-20°
1 I IS N S I I 5.
B=10° B=20° B=—-10° B =—20°

B 5.4 %30 H A B S 5 R e )
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KBl Y EBs BT

Bw kT 2 FpB

lg\ a%/n E—Qr—f .

1. ﬁ%%wﬁMM%%%@wiiﬁ%ﬂ%H%%ﬁ@ﬁ%u—O o = 2 pixels 2
Gaussian Noise) iz & 11 %% B2 % &Fp|# A% 38T & 2. Homography H -

2. % Calibrated fim™ > R FL TR TPV LK Z2 5-H 55 I ko
Homography H > & fdi2 B erggg 2 = 0 0% > i2a £2 0 2 A gt

A B L)
R OF - BAPIE R PR o e & HR R AR
T & 2D L IER T o E L

YA BT
$8 15 3D L BEALE

4 ot op] 2k
% 54 % - PR

o

r 8, % 8/
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B2 AP Sl i F 22

Bt - Rl R

|
&

=
3
i

L Wi

a=5 - f=5°+ y=10°
1 0 0] 0 0.981 -0.165 0.100 0
R={0 1 0[-T.=|0 R/=| 0.172 0.982 -0.070|-~T,=| O
00 1 500 -0.087 0.086 0.992 500
R, ] [R T[R T,
L‘)T 1}_(? 10" 1}
0.981 -0.165 0.100 -50.319 L (REBINT G )
| 0172 0982 -0.070 35377 |R T,
|-0087 0086 0992 3.798 {GT 1}
i 0 1
Homography f & % %
0.942 -0.127 47.245
H=|0146 1005 -49.541
-0.000 0.000 1
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WL g S R REE

A =[0.007 0.006 1]

d =514.406

o =5.096° « B=4.492° + y=0.949°
0981 -0.165 0.092 -47.474
R=| 0172 0982 -0.074| T =| 38.088
-0.078 0.088  0.992 3.846

TR p fr Lg%
0.981 -0.165 0.092 -0.015
M, =K[I 0]+ M,=K| 0172 0982 -0074 0012
-0.078 0088 0992 0.001

TN Rk
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1
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Homography iz & 4 %

1.020 0.144 -39.296
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IR G S iR 5
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a=-5.041° ~ f=-4.490° ~ y =-10.042°
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R=[-0.173 0979 0.100 | ~ T =|-51.171
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0.981 0.180
0]+ M, =K[-0.173 0.979 0.100
0.078 -0.087 0.993

TN chipcEl e E ik RS

-0.061 0.010

-0.016
0.001

B0 IR S B e g R A EE 2 (8 T kg
HoBE 58 (7 58 dhie 1T

% 5.6 Calibrated ;% e 38 #3443 gl bk

¥ — e peeb i 52t 4 peEt i WA PR
(343 % - )

H1 | (-0.02023, -0.02570, 0.17012) | (-0.02019, -0.02563, 0.17017) 0.00009
H2 | (0.02030, -0.02552, 0.17001) | (0.02032, -0.02556, 0.17005) 0.00006
H3 | (0.02061, 0.02532, 0.16970) (0.02064, 0.02538, 0.16972) 0.00006
H4 | (-0.02062, 0.02525, 0.16964) | (-0.02062, 0.02519, 0.16965) 0.00006
H5 | (-0.02063, -0.02544, 0.19662) | (-0.02061, -0.02530, 0.19673) 0.00017
H6 | (0.02106, -0.02561, 0.19722) | (0.02121, -0.02550, 0.19752) 0.00035
H7 | (0.02080, 0.02539, 0.19619) (0.02091, 0.02562, 0.19641) 0.00033
H8 | (-0.02020, 0.02582, 0.19724) | (-0.02016, 0.02596, 0.19745) 0.00025
P1 | (-0.01340, -0.00825, 0.17058) | (-0.01341, -0.00825, 0.17059) 0.00001
P2 | (-0.00698, -0.00883, 0.16944) | (-0.00698, -0.00881, 0.16943) 0.00001
P3| (0.00672,-0.00872,0.16961) | (0.00672,-0.00872, 0.16962) 0.00001
P4 | (0.01339, -0.00879, 0.16944) | (0.01339, -0.00879, 0.16944) 0.00000
P5 | (-0.01370, 0.00838, 0.16981) | (-0.01371, 0.00836, 0.16979) 0.00003
P6 | (0.01363, 0.00819, 0.16957) (0.01365, 0.00821, 0.16958) 0.00003
E1| (0.02062, -0.00866, 0.17878) | (0.02069, -0.00861, 0.17887) 0.00013
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E2 | (0.02368, -0.00839, 0.17875) | (0.02369, -0.00840,0.17877) | 0.00002
E3 | (0.02354,0.00872, 0.17849) | (0.02351,0.00871,0.17846) | 0.00003
E4 | (0.02034, 0.00805,0.17810) | (0.02040,0.00813, 0.17816) | 0.00011
ES | (0.02086, -0.00852, 0.18797) | (0.02096, -0.00843, 0.18814) | 0.00022
E6 | (0.02370, -0.00810, 0.18788) | (0.02370, -0.00809, 0.18791) | 0.00002
E7 | (0.02421,0.00879,0.18797) | (0.02428,0.00889, 0.18809) | 0.00016
E8 | (0.02095, 0.00888, 0.18820) | (0.02102,0.00899, 0.18834) | 0.00018
F1 | (-0.02399, -0.00805, 0.17932) | (-0.02400, -0.00805, 0.17930) | 0.00002
F2 | (-0.02047, -0.00827, 0.17918) | (-0.02047, -0.00824, 0.17919) | 0.00003
F3 | (-0.02045,0.00862, 0.17905) | (-0.02044,0.00863,0.17908) | 0.00002
F4 | (-0.02389, 0.00856,0.17902) | (-0.02387,0.00856,0.17905) | 0.00003
F5 | (-0.02391, -0.00894, 0.18733) | (-0.02384, -0.00882, 0.18744) | 0.00017
F6 | (-0.02046, -0.00881, 0.18747) | (-0.02041, -0.00870, 0.18757) | 0.00016
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