e* S EEF IR B Ny R 0T

The study and application of level set method on
gesture control system

T
W
g
=
|
-
¥
Iy
JFH
'



Bd FREFEZEIRFL APy R T

The study and application of level set method on
gesture control system

N S N Stcges Student : Han-Yu Yu
I ERRIEY #4 Advisor : Dr. Pi-Ying Cheng

A Thesis
Submitted to Department of Mechanical Engineering
College of Engineering
National Chiao Tung University
in partial Fulfillment of the Requirements
for the Degree of
Master
In

Mechanical Engineering
July 2013

Hsinchu, Taiwan, Republic of China

PEAR-F R &



R R B
2

AmhrE > - BV UFEREL IR T E- B R

FREG G 2MERT A S BNERCFY 2 E fgy

BB L Fag I > L ARG ARD RS D

B2 L WA £ gt

ey

Ui 4T A & % 33 (ROI, Region of

interest) & F Y TP E L 2T Fus ) U F

Zer0)# 0 15 B~ (T |\ h BlenF AT LB G T 0 LI A b ey op

#2 ;7% (Euler-Lagrange equation)# #- & * "% ;# (Gradient descent
method )i = *& S BF 1 5% > B A~ dodh e acd| £ % > 22 24

2

Gz Behp e SO BE S ERDRT TS BEAIY 2 E

g’
)i

Il PR )7 B A RS I Mg B e B 45 T4

P nd S Y RS o (S5 T ARG LR R £ 1Y

£ % A7 se 3

7



EEVY AR > AmeREFEERT AR 300 kS
FR o T ERIREF D0 S48k B 2 F A4 360 &
Fp- RPFET B T P BB R NI L RPHIFERLEST
BEFGF R ELfE B 503 & & onddjic ) & iRFHETEL
(projection matrix) -~ FEFESFHcE 2 4p3k o
B (on-line) 7 pF » @ ifos 3 118 > B RS
FAIE AR AT NP AR K FAR P F IS8 2 ARt en R
rI"J“i t,Jeqev _\‘mg m °
Bfe e BR LR A RAAERLA Y T EAE R

FRTFEORPIREETEEZ PR RE —‘g:::z:a Ve

Mgz MR SR EFE2E B2ERHEF ~H B EA

ERNE R



The study and application of level set method on
gesture control system

Student:Han-Yu Yu Advisor:Dr.Pi-Ying Cheng

ABSTRACT

This study establishes a system that can recognize ten different
gestures. The total process can be separated into three steps: getting
gesture, learning and recognizing.

In getting gesture step, we first use frame differencing method to
find the region with pixel data changed, the area is called ROI(region of
interest) for applying level set:méethod to segment gesture in image. In
order to segment more complete shape of gesture, this study establishes a
new model of level set algorithm for image segmentation. This method
use an implicit function as a variable of a defined energy model, and
according to the movement of zero level set to get interior and exterior
information and determine the edge position. This study use
Euler-Lagrange equation and gradient descent method to get evolution of
implicit function. We accomplish this step as soon.as the zero level set
converges on the edge of hand shape with specified gesture.

In order to avoid theinfluence from.the hand angle, this study get
inertia matrix of hand and use eigenvalue/eigenvector decomposition to
get direction of principle axis, then rotating hand on the vertical plane.
Finally, for the purpose of eliminating unimportant features, we use
Fourier descriptor to afford a more smooth hand shape.

In learning step, this study collect about sample 300 frames for each
gesture, and define the distance between centroid and each
edge point as features, then use singular value decomposition and
retain projective matrix to increase the recognition efficiency.

When the system works on-line, it uses principle value analyze to
reduce dimension of feature matrix, the most similar image is defined as
the least average distance one, to reach for the result of pattern
recognition.

Finally, this study applies this system to control cursor,
and combines this system with CIDM robot arm. Users can
only use hand gestures to control the action of the arm.

The result of some typical experimental cases show that
the proposed method and hand gesture recognition based
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control system is successful in the application of remote
control system.

Keywords: gesture recognition ,level set, Fourier descriptor,
singular value decomposition(SVD) , principle value analyze(PCA)
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1.2.2 Chan-Vese *» &]#-3)

Tony Chan # Luminita Vese[6]4% ! e # 3% 5 Brfic)

Chan-Vese Model - & 3] 74 kT & (Level set zero)i® & %#k >

TEIRGS RBOTRALELL G WP R H B TR G
BT A ¥l &N i Er e £ A -

TEFGZFL Qv RCE QI Z2F 0l (wc Q- C
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¥ (Q\ow ° Chan-Vese #-7] Z_ fe B BT 2B Yoo R
g d @ B RBHS > AFEL FEREF 0 & upfrul 2 T3S B
TR N IEE o 50 RP 2B Y Fitting term it £ 07 7 0 &
¥ 8
F, (O+F, (O = (1.1)
finside(c) | up(x,¥) — 1] dxdy + foutside(c) | uo(x,¥) — Co|* dxdy

B CBECLVRCP N ERNTOAGE S Be A~ (B 1.2)
A B
C D

Bl 1.2% ¢ B RZC> P35+ FFFFitting = 0

Bgm b A o &R 127 0A~B~C=fafm? - F (OfF, (O
g+ » 7§ & DBFF (O)+F, (C) = Fitting = 0« ¥t 2 i
] it Fitting termenic & > 7 @ 5 e F # %0 C

Inf{F;, (CO)+F, ()} = 0 =F, (Cy )+ F, (Cy ) (1.2)
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F(C,C,,C) =1 + Length(C)+ v + Area(inside(C)) (1.3)

+ A1 inside(C) | uO(x' y) - Cll2 dXdy

+ }\2 foutside(C) | Up (x' y) - C2|2 dXdy
B 200 v200 A 0 A0 i L -
Fl* Epp g &2 457 (1.3)1 » i &t 1% Euler-Lagrange equation
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1.2.4 & # » & # (Support Vector Machine , SVM)
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R BIR%KEG 3
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A R MRIE T AR A B R £
YC,C, ¢ 452 B 1 o

YC,Cp 5 ¢ H 3 Mehfl s BV LS chR & 0 Cpin 7
B Cudpled 4 B YC,Co 8 REMET B2 E > A L- B RCB %
B enda®= 2 > “ru 8 @5 d ReBehiEs B am % » 4o (2.1) ~ R

(2.2) ~37(2.3)%717:

Y = (0.257xR) + (0.504xG) + (0.098 xB) + 16 (2.1)
Cp = —(0.148xR) - (0.291xG) + (0.439xB) + 128 (2.2)
Cr = (0.439xR) - (0.368xG) - (0.071xB) + 128 (2.3)

PRGN AR )Y Y CpCrt RGB LR P i

Feaosh o g wR LR * ARGB 2 & > YCOCr %2 R = 4k
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2.2 8 § 8 %4p @ % (Frame differencing)
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2.3 1 # i As(Active contour)

AR EHREEREL S G RIHAARR T E AR R
A— W M(NATF A @ H BT AWML L Glde T E - A4
BRIRYE- PR iEY MERI F R o A BN 3 S
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Snakes % i #%3t
e [1]: 2 & Q &R2
C(s):[0,1] —=%2
IO = af, |C'(s)[2ds + B[] 1C"(s)| ds (2.4)
- A, IVuo(C(s))IPds

B Bo A E B dee ¥ - 2 % Y MnT g 0~ ALIF
p 2% £ (Internal energy) > % = S5 R Ay 48 337 » * fL1F
‘b 3% ;€ (External energy) - d (2.7 #FHRIGd B

JIO) » 7o R Cisg AVugd = ek > > o R C s idp3
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218 &2 (Level set method)

Am A ARG IR P NERFREEZSRT R
0(Level Set zero) & %#cdn it dhir » frlie @ B-L AL XA R &2

(Level set method)  EFF & &2 342 % (T4 B % (- 2 # & o0

EoH RIS o endy AR S nfl MG B dhm BRI v

KT BT (R 2.5) -

B 2.5 Epr8 &2

HFAARLEIF R & 24 E N Sl & @ A (Interface)

2L RpHESEGR A D RS R R KT BB
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2.4.1 :# % (Interface)

F R ERE > AL ERE R (Points) 5 6+ ¢ K
Kha-az Y > APr gy =] x=-1%-RNEK»ra=2BF 3
B (=00, -1) (1,-1) - (1, 0) e £ PALQ =(1,-D 3 25 - Q7 =
(moo,-DU(l,c0) 5 ¢ d »a2dBoQ={-1, 1} 38R - a—- Az &

v a?%ﬁ‘l&iiﬁhﬁfié—ﬁﬁ’ﬁi}%?ﬁﬁﬁzoi?’i Fn 7z B¢ >

F_‘~

FERFinak g snlak
b g it A ek SRS (Explicit) 2 A P e BT if

B b enghoQ={-1, 1} v @ g5\ (Implicit)iz B 41 * 2 & &

St

KT B EER Bt P LA - S 0 (0= 2% 1 E B 9(0)=0
SR L BTFEINx=12%2x=-1>FEENERIQ= {-1, 1}(R

2.6)
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QF O
$>0 >0 )
outside / \ outside '
dQ Q
G.t’ =0 Gj‘ =)
interface interface

B 2.6 117 &l p (0= %= 10 (0=0 ik & THER

CRERER Nt R U NS 21 D iR A S e e e AR R
HRECEF I ETEN I A PR R YR ) 2L 2B 0 AES

\

\l‘“
T
AP
=
=1

M- Bend 2 B @B AP RS REFY R S8
B e - HPE EFx?+ yi=l (FE - Th R v S

ErRAER AT E AP S EHP Y R G g b
0Q ={X||X|=1};m F* & AP L& Sl (X)) = x*+ y2-1

B p(R) <0 kT g @F- g (W 2.7)
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Q"
@=0

outside

Q
¢<0

inside

00
p=x"+y"—1=0

interface

B 2.7 ENBRFm S + y2=]

i3
4 =

B AR R R FER [ RS TG gk i

F_*
/\\_
\4
=
&

SRR T B AT] o R A Slicit O S F o A AP R R A T

R P ST SRR ESTIVE T 3 N S TR TR VR

2.4. 2 pedg S $c(Distance function)

ERAEIR @ KT R ER DR KL @2 S 1 fEE
#r 2 fc(Signed distance function) » %1% oS & L4FFF
lrErg s R ELERLE - §FAERIELE XD 4T
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d(¥) = min(|X-%;|) for all X; € 6Q (2.5)
HEPXe0QmF > d(@)=0° @ > E v X > d(X)iE 50Q F &X54p
1T eNBEX, BT X EEESE| XX |
¥ bR S BT B S 10T A5 50
d(%) = |%-%] = ((ax)? + (Ay)H)'/? (2.6)
HeAXE Ays: @ B KT 2 L8 AR agedE L > a d(X) R S
ad ad

vd =(5., —)

_ Ax Ay
_(((Ax)2+(Ay)2)1/2’ ((AX)2+(AY)2)1/2) (2. 7)

e & E(2.6(2.6) & (2.7 73]
|vd|=1 (2.8)
B 5 FEHE S BoehE R E 2 o

7 It f FE#E S #(Signed distance function) ¢ (X) 5 — #8'& &
oo 1 A 30 ()] =d(X) o F]Xe0QrF 5 ¢ (X) =d(X)
—0: ZE€Q B (@) = -d@) 1 aeQ B @) = -d@)
RIS SRR N TeA Y
Vo (X) |=1 (2.9

s sl o (0= 22— 1 RANERQ= (-1, 1} A m

She

Ae TUM ARSI ERTEAD RS o ()=x| -1 =&
Faug R (B 2.8 9777 ) o
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o=x|-1

Q+

=0 B> ( i
outside / \ outside )
0L 9Q
(.}j =0 6’5 =0
interface interface

B 2.8 1 * i f FEH S #ic R QT feQ” 2 0Q)
X = 0 o (naEdics & @& R FAPER- o (DR F t N
B o Tt gt PR B ST A ST @ (0) i & E

4 b

2.4.3 &KL &

A et e iy itk T & (level set zero)e## » T ¢ (X)

FARAAPEEAN ARG R EFTLRTERBETNF 0 A B RS
g’kk "ﬁ ¥ o d }\‘I%B £ L;;;"“'TI}*\IFB.F- o ._.?‘ T/Ff-a ¥ = fﬁ;/l}lj:i-

A RAHY Y o AP NG PR T NERE RS

27



APV ET L (X)) & BEXE R 2R ERAFV = (u,
v, W) o AP EF o(X)F B ERFHE o A HE RS B
57 2 4 f24 11T #90DE
dz _ 7(#) (2.10)
AETRAPE IR E o(X)aFrkT Eaid o £ T4
@ (xX(t)) =0 (2.11)
Hoe ot Sficd om BEXNERF R 0L > % 484 2 Bl (chain rule)¥ 4

(2. 11)HE t s fv &

de (X(t)) _ 0@ 0x dpdy | 09 oz, 0@
dt  9x ot  dy ot = i at (2.12)
He

acpax + dpdy ., 0@ 0z

oxot T ayar T oz ar AR VL EWD RV Ve (2.13)

d(2.13)% » (2.12)17 3
@, =V Vo (2.14)
(2. 1)+ it @ (D)avk T Fefbd > x fLi 88 & 2 4258 (Level

set equation) °

2.5 & X3

R ‘lkaél P\»"T‘/;\'msb& 57  BF R H eh LB
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PRPPESEFRT EE

2.5.1 ¥ R ™ *% ;% (Gradient descent method)

HRETREELIERENHITZ -V HEEL S EED RBEE AR

JE e BB f(X) R x=aT iAo JIr HERVI(a)E ¥ f Ax=a
RitF IS w7 7 Fan-Vi(a)T FE P Flptdek

b =a - sVf(a) (2.15)
#e szHhsa] o gl f(b=f(a) o

Fpt 2 f jExg M o B

Xpe1 = Xp — S,VI(%,) (2.16)
¥ {85
f(xpe1) = f(xp) (2.17)

THEFH BEF > B IO E §ARRAR] » FIP ¥ X TE - JaawiE
BB R eR S B Sl f g B oo

PR TR R L R e B ARG ik ARG BT
R NEYE B e AR R AR o B Sl s Y 3 Bi(Convex

function)FF P ¥ &34 5l 0% 32 5] & (Local minimum) e PF~ %

B # 5] @ (Global minimum) °
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Bl 2.9 BB Tk it N B AT

2.5.2 -9 p 3 ;% (Euler Lagrange equation)

+ - i B4 S¥c(functional )E

= [ L(x, £(x), F () dx (2.18)

F1* first variation > ZS#EEELS T BTN HP o %

= [ G- =) dx (2.19)

oL d 0L
ot axar - U (2.20)

= EjEae &igi > x f5 Euler - Lagrange equation ¥ ¢

i

AR I SET B AP AN
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6E=f(fg.ndx= g, > (2.21)

245 Cauchy Schwarz # % 3¢
g’ £ <g g . < (2.92)

Flia gad o MTun=gm ¢ R<gmi B Flpt gvHRE B2

*9;)% s AP

_ oL _adoL
VE = of  dx of' (2.29)
2.6 + ¥@gn

LWL YRR HIRROB s kv et E AR L AR RE

T4 R e (inertiamatrix) 325 £ 3 phend &

Wt Y E g g RS o IE DS

2. 6.1 # t}+&(Moment )

BioEd Bt ARG AR 3 L EHE LT

:‘ﬁ

g KT A A ke ke 51 AR e

-~

Z % 7|42 (Raw moments) °
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p~q =012 #qamEiglxys 3 » 5EM;
M;; = ZnyXiyj 1(x,y) (2.24)
FI* BT MAHFEREDTEBSPPEE > Slded g ff 5 My &

¥oos(x, YR & (Myg/Myg , Myy/Myg) ©
2.6.2 FE1f 2 Moment of inertia)

Bt - WA B LS 2 - A BT AN B YL dhen

FERMEES

I, = [ r?dm (2.25)
He r 55 BFE~4% dn 3| L #hsenL s jE4- B 2.10 2 R B35
ﬁd—,o

0

B 2.10 5 £ 47 12oe

2.6.3 &1 1M (Product of inertia)
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f
&
3
I
Jrml.
B
[y

e

ek S HAF T EREM ALy EHEFRTE

e
&
[t
E:

=3

g

'FFT "iﬁc I xy

Iy = Iy =[, xydA (2.26)
Y A
X ‘I ’}_JdA
,’ f'//
A L
y
O' X

21125 B4t b

v

i Pl A R Rk S P S AR TS

.Q?}
)

FEREEL] (inertia matrix) » &= HHF BT L LE

@_]0
Ixx _Ixy _Ixz (2 27)
Ip = [~Lx Ly -~y '

_sz _Izy Izz

2.6.4 #& 31 #(Principal axes)

w(2.21)7 oL 5 4 B ~F e > R E g hER R

G RT R ARG 2 BARH AR TR phep 2
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Aghi KM LR A d FRB MR € HRHE
Wl B AN A 25 F ot T Bl 5 G0t BRI 6 $HL -

”"‘i',l'llxy S, Iyx ~py = 0 ex's 1 ph2 - -

W 2.12 A
fo- HRHFRT SRR E R AR RERL Y 5

EEh e o R 2.13 50
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Bl 2.13 =7 B+ hidh
APREFR- AL ix -y z0 P2 chidE AW AW

Wx~wy~WZ’/a\‘%*Ji’i‘%ravifhﬂlﬁ"“'V

HGx wa

e e
HGz Iwz

F O Rk 0 R A bR R o Bl G

Hox ll"" Ty T [Wx] (2.29)
Hey| = |=hax Ly —hz||Wy

HGz _sz Izy Izz Wz

Fl* Pika N> TR AT ANF Ry 20w

Ly =1 —lyy
Che Dyt [ ] H (2.30)
_sz _Izy zz B I

BI4S & L fhen B BT 5 i3 3 A SR AL iR N cha e T L =

B RIBIE  Bee B 5 A B % o

2.6.5 ¥4 s&*L (Rotation matrix)

B BmTe b ERgEaEL RV B ST AR
cosf —siné
_ 2.31
R(CO) [sinH cos @ (2.3D)

BT e B R RELLE  EHAEEAEZ RO EE (R
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[x:] _ [C?SQ —Sin9] [;‘]] (2.32)

y sinf@ cos@

B 2.14 % B Ht REL o ¢ HRIAS & RO

F AL B £ SERE (X0, Vo) R 0 BLFLR AT SBT3
x"— xg] _ [cos@ " —sin O] [X ~ Xo
[Y' - yo] B [Sinﬁ cos 8 ] pla= yo] (2.33)

2.7T#% = ¥4 3% F (Fourier descriptors)

B X Bt B ehdh S 5 o7 P chr BB A A (Y A
RITF T AHrHBG UGk ERE  ER o £
B MoE Gl R HE 0 2R 0FR N R E PRIk

F iRt R (L)

F_&
1y
;ﬁ:

=
=N

o FE LA G (x,Y) 0 TR
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(x1,71) > (x2,y2) » (x3,¥3) 0 Bl &7 2 i - wenid =
Fii > Apv ot ifkaEisz o T

s(k) = x(k) + jy(k) (2.34)
Hd k= 0,1,2K-1%7 #Acsdic: x 2 y 5 R+ 8k
X,y &t e

Ko BR R S - AT H) N 8  s(k) it id 2 E @S
a(u) = sz:; s(k)e izmuk/K (2.35)
HPu=10,1,2-K-1 caQufEs s B r R & = F 4y i +
a(Wh® > ¥ rgEanigt ez hma stk »

s(k) = a(u)ejz““k/K (2.36)

1

K u=0
#¢ k=0,1,2-K-1-

- FRT O APEA GBI 2 F e F LR P

w PR il BF EH o 73T s(k)

v 7Y a(u)eizmuk/p (2.37)

1
P u=0

$(k) =
2 k=0,1,2K-1> 278 2 B% P thdc > F i
BrEkfciv §_K 8k o

d ARG 2 TR > FH S AT OIS > MRS
Pl & 7 %08 A5k 38 a o st l PAR L B A R A R E
IR o o @] 2,10 2R R K = 1174 i i id = £ 4
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a b C d
€ f 9 h

B 2.15 (a)Fl(g) 5 B3 5~35 7 i (h) 5 R * i o
T A e 10 F g T 0 E IR & g etk o

IR RSP S Y

2.8 % B & 4 #2(Singular value decomposition)
® A 5w B e > rank(A)=r > PIA T A 25
A=U0XV" (2.38)
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[0'1 0 0 O 0‘| (2. 39)
o =~ 0 : 0
>=[o 0 g o0 0]

[0 0 O OJ

ifdno>00i=1,2-.,rf£ 5+ 2 E(singular values) - & ¥
'}\‘ﬂaagﬁ J‘EL’J#—'E}?P ’ E‘,PO'120-220-3>0’ m X "‘%‘Wﬂ\ﬁ"‘)‘a"' ’ ’l"%[g’l”\
2

RS T R R N s TN LA S S

ml A |= U 2|l v |n
n
n m n
® 2.16

T2 T AT U BfRe s o Viagm Bile £ 01% Yz b orxr

IR AR F ot m A n o T SIDE e ks R

m{ A |=m|U[[zIl Vi IT
n
n r
B 2. 17

2.9 4 = i» %47 (Principal component analysis)
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AR Y o d N ERBLIFHEARE AR S Y 2 EE
Bt le F £ &> 2L L& R A P P E & M engi el
Ve o TRE R o I A A AT NP R AR T
MR D SRR g B E P e
A AP (R FHFPCAE- it ~ B it sy fbn 2 0 1 AR
o R RS OHIT B PRE O T Y RPIRILG SR ik

Voo TG AR A o IR 2185 65 -

B 2.18 11— adhplip gk

\.,Fat?._%_iﬁ-”}wﬁu%(npu- a_ukm g_) F] "g&;%gﬂ—]

AXAEd g EIIApE R R B (F] R By HELAOHRL ) R

<
™

PR P signaldh o BIF (B RS+ 0% R B S DInoisedh € 7 3
PR e - A T FR S P LB o B R A

R N oo AP E R iR P B EhiT i > T E 0 % PCA AN T
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& Ber B iy i (r=N) o
XKW E FInBpaatk A #icdy (0, 0y, 03000,) jﬁ»a‘r“ﬁ%ﬁ B Py 2 eh
Tion f y o @PELEL0

(0p —m)" (2. 40)

(00 —m)T

S
5
t
Ar)
51
)
N

|- B & - 75 - Bl Bt

(01 —m) )=

1
0 = : 0
' 0

(2.41)

S e N

(0n_m)T

n ALV - 4 2 ' 2 g AAL, 2 [

Ao 52 = =% (o0 —m)P AR AR B o my E jHacen
FATo8 XDEHEFL HER XA LS 58, 0 BIOT

- v

T &
0 = oD (2.42)

T &+ %8 #sr (covariance matrix) &

S =—0T0 (2.43)

n-1

v

ST MR LHE L
S = WHWT (2.44)

BPW = {wy, wy, ~-wy} 5 2% 5 2 (orthonormal ) = > (5 # ik
B4 dpxpent REL > TWIW = WWT = 1> H ke
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oo £z BB T E A A Pwiehd S5 Gl o 3 A RBE
ij = (Ok - IJ.)TW] (2 45)
_;E': \':l k = 1....n’ j :1.oop

Mgl Rfcd S n X pIF A S i e

N

(0, —m)’ (2. 46)
7 = : Wi o Wp] = OW

(On - m)T

L¥ RaEtomd B EA 2

0=UxVT (2.47)
He Uzt ez 3L Yo Her R BEL Vit 42
s KA B B R (2. 43)8F F )

s = 2070 = VR VT ANEHE VT (2. 48)

$(2ADH R > T P E A

H=()s (2.49)
4%
W=V (2.50)

ERERAN Y Tt

Z =0V =UXVTV =UY (2.51)
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PR FEsES L RRY

3.1 =¥ & g

~ 2

RN At RIRR SR ST F L
Nk GAE ER AR AT L HFA L LT

PgAp R 2. F ¢ JhF 3.1 B S R B S A

3.1.1 @ % # B B hdp

SO PH TR IREE AR A 2Rk
WED AT PRES e F L ER AT FS FRE
£ 24"”5‘%“,4;? R OB B AT A e Ay - RGB #2 g & YCbCr
ZRCZ TR YHEE AL (TPRE D) & B Crid o
(AN Pl =5

PR GET R GA R RE D

=
o
[
M
A
ks

/\\_

MLHEPRGEF BB G FRBh 0 M- AR T
FOR R AR e f 2LE J A 0 A 2k F TT<KCh<150 »
135<Cr<177 »

brEHFRIGERT RSN MR E PR



~EH G oo B R X E ROI(region of interest) » #

~ HEES o e 312 B 324w

Bl 3.2 & SRAp R s & - B Y > JRk 18 B0 ROI

3.1.2 Ad AR EE

SRR E NS R AR BT RIS L2
Y e P T e T e i Rk -2 =g

Bl € B a R gkt 0 PR XA TR 0 o] 3.3 7T e
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d R IV F B A B R A S ST L

G B S

Eeqge = - %(u—v)2 (3.1)
HY u it TR TFE v 5 AR - BT E o

M E et har > ¢35 5 ) B> ERG(H 3.4)

L6) HE b @&

inf(Eeqge) = - 5(0— 255)? (3.2)

R hkiey Ak BlE B 8 €255 B
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B 3.4 (=1 )E=0(+2)E=0(=7)E=[0,inf(E)] (" ))E=inf(E)
S ARERMBR L (FR AR MARE) o A Y B R L

L B gl o 1 0S) 4 7 R S0 g £

C = ow={(y)€ Q9(xy) =0}
inside(C) =w = {(x,y) € Q,¢(x,y) > 0}
outside(C) = Q\w = {(x,y) € Q, 0(x,y) < 0}

LB EER - BeF A GRS e —

(E%] 3.5) a;gid(pn:o 733~E]"5‘;’¢4T‘7T§K’(pn+1=0 %}i"’}* %]m%@g

n+1 0

)

Bl 3.5 ote 2t
20 P E - Bl s o It iR T R A b Level set

47



equation

d

She

h

F_*

(3.3)

(3.4)

(3.5)

(EAE SSRGS SURO U V- RN O

(3.6)

BWET TP Lo AR B AP R (regularized)h

v e S, 0 B o0 LR ch- PR E b 1R Solicios R F

H,(2) = %( 1 +%arctan(§))

0.81

0.6

0.4

-12.5 -2.5

(3.7)

-Ln

10 125

Bl 3.6 % it H = FF e e=0.5
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Fpt ¥ M #-Epq.. 14 Level set method # 7

Eedge (U, v, QD): _%(u_v)z (38)

HY uzvi

u(g) = Jo wo(xy) 8r(¢(xy)) dxdy (3.9)
Jo 8r(@(xy)) dxdy
v(g) - Jo o(x.y) 8r(@(xy)+ Vo)dxdy (3.10)
Jo 8r(@(xy)+ Vo) dxdy
EAHG 8B Rl EFEE @ 2§ BE P FL (38R
4B EROT R AT ZRNEDICET - Ao A w AT

T B [T]8 1 ens Hli # g Rig o s ol A2l 2
1
Eseparation (u, v, (P): _'Z'(U_V)Z (3.11)

HP us 020 %I BRI E v 2 L0 ® T2 fEE >

% B TL’Eseparation" Wk =0 B ATFE R B S BRI o
N ‘:}:‘%gEseparation rﬁﬁ"l RN i“‘ﬁ%gVEseparation‘F“ * o~ *9,}2'1:

z
i /é"t °

£ Su=J, uo(x,y) Hy(@(xy)) dxdy* A, = [, H.(@(xy))dxdy > #
P up(x,y) & ® i RI+34% Euler-lagrange equation % 3|VS, =

ug(x,y) 2 VA,=1>Vu = V(S,/A)) &

_ LuVSu=SuVly 37 _ Lul=Sy o _ I-uz
Vu = ez N = A2 N = AuN (3.12)

IR ATE oA
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I
I
|
=

Vv ™ (3.13)

H¢ Lvéﬁ-ﬁ@gc F — ]_%]p;ﬁ{}io«flj’i’r Vi P;\Z.S-?J‘j,’gj’ a4

VEseparation 7:"*
I-u | I-u, =

VEseparation = _(U_V)(A_:+A_:) N (3.14)
£ 41 VEseparationﬁ”ﬁ G MFRR TR TR Deang it 5t
20 _ oy 12y b

ot = (V=4 77) (3.15)
A TR ETEETH AP (392 (3. 10)E Mu kv A A
(3.15) » BIT 417 (3.15)% M| 1* Euqge » 145 £ 5 > =0 7 i

3
i

)T A T
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Bl 3.7 1} =2 5 A7 e i ER
LR ﬁ:ilj @:;; 7 %"‘J & P\ N ?}6%?\3i§ L SV J'}‘Fé ¢ 7:1 a

R BT AR ARG ApF ST AP ALy

FH QNI Cr i £ & ROIPN 9 Cr i@ﬁi#ﬁ/ﬁk’ﬂé

T RED R R PR o Ao B 3.8 4T

bR Crend BAREMG > %0 M2 e hid ~ 1k
S E (3.9 hthifeacts o EIrAEEE B

WAL o 2 ML B fF 0 @I s BB E
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® 3.9 a:ﬂi%l/\ WFEB brEIE B & 7 3¢
18 AE I  R s
3.2 +¥@n

SOWALELE AR PR E AR nE B

I

B o A1 BifE s @IS EE Gy 0 FPE LY

Ly Ixy L, (3.16)
Ip = Ly Iy, L, )
Ly —ly Iy

d 3R BERIE - R ST e

i
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Ixx _Ixy 0 (3 17)
Ip = |=hx Iy 0 .
0 0 Lg+l,

$Hp B A 137 W s BV Vi B BV 2V, 55 B IR

B o & A fheS e

0 = tan_l(Vz/Vl) (3. 18)
B Qs i TEE AES Pt A pEA - BET b
Br/28 0t FrEzELER O rotated
o =w/2 -0 (3.19)
# 3 Qrotated%é * { Q7 e dh 2 R
R = [COS Qrotated el Qrotated] (3.20)
sin & rotated rotated

-+ 1 },;{’ A~ E’JLJ—/!: g\!:.fi_ag «’f_E-‘E_xO Sk "’L’R #nglg IE ¥ fpﬁ'J‘ﬁT
6 8 X orared ~ Yrotated CBI-3.10):

xrotated] _

Yrotated sin 6
rotated rotated

cos 9 rotated rotated] [ <3 21)
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Bl 3. 10ras a2 H > BRI e {7 &2

=L

£ ® 4 b

S T R - S S
Wend R AL B Ay s S TR - A
T Rde B s RS > BE o 400 Gk E gy
k o B3Il =B ArBhE T Fhtradhd b
Hhe ~cHRBI fI*E2ERHdERZFEDGRIM,RL

AT o A ER R L L AR s
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B 3.11 J#ﬁéifﬁﬁ%]/\i%‘“’f#%é%&%ﬁﬂi :
W {5 %
3.4 W H PP IK
A PR HELAEER S AR E T 25T
o ELVRATRE BB i g Y o s
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Bl 3.12 GestureO~ Gesture9
P VLR RIFRTFEREEDLE T pELALER

- H o~ FHRE > 4R 313

B 3.13 pBA% 26k R

3.5 1 SVD #& # " B kA

BB R TG R s i B F RET G R i AP
Mk R B ERR RSO oo BBk W E RV R
AL 2 & 2 FHE PO ERZE AP
A v PoE R RP feehAj o B G d s B ] 5] 360 & -

I R eniEdE > o B 314577 > Bl B (B I E B
(27w ) e dp > ¥ ox s 360 BEEH Y ko< o AR R A

% £ f )R
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B 3.14 P~ & B eI E)

R

T & 301 x 360 ehiF fcie 4 » & Distance; (s

(1 = 1~3000) > w & 3" REYLO

- Distance; 1
Distance,
Distances
Distancey

(3.22)

| Distancesggyg-

—\

Fr80 thaE - FHETHE R B0 HE - Fe iy

EX S RN Sach Rt E S ol

Distance; — (3.23)
Distance, — u
oT - | Distances — u

Distance, — [

| Distancezggo — U

HOTH 3 B EAfET @
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or = Uxv* (3.24)
AP U & 360x360 shx 248 > V 4 3000x3000 ch w422 > ¥ 4

360x3000 eri T4 4B o % W BIA A AR FR T T EE
Ame Y r BHRE > XA HURVH B E

0" = Useoxr 2V rx3000 (3.25)
Edrg BFR&sfryr s g @ &7 %360 BB AR
CIrBeO0TFBEARE ETVRY G R TR D
B Coef frik 8448 "L Uggour » = FFaFF i~ B o e T 3K 5
Itz R 2 R

Coef =XV* (3.26)

_l— ;\] Coef =P ;‘% OTK§ "’a‘_)i f; E’J/”l"é." 5 o

3.6 1% A3 i>A 4w E

¥EBFr T oL SRR D X 2 ER
i R B R 3R A Hih AR ' Distancexzgo 0 X Y * 3
PFE B 3] P B AR Usgoyy > #0t B T MR

Coef_l”ead ZDiStanC61X36OU360xT (3 27)

H ¥ Coef read 5 FHFHcAE L "8 i e % o B gl L g 2
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‘E
\TI‘
%‘,‘:

W RS RaEE Coef BT E AR
(Euclidean distance) > » W= F & B (& B £ 3
JOB 300 ) E R 0 BEAE AT e F T & A B sl

el o TF e BB e B e Ao T

kS
o=
T
iy
-
]

=

3000

coef read

coef

B-3. 15 & 35 FEAE BT T RF 1

BRI
l 2t R

S FA R Q1D

Ak
'
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J R B+ 40 (3.1.3)

60



A AT R R Y F I B et B 5.3, 6)
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Yr i FRAWER?

*#% < 1 * MatLab 2 # 8 @ 1 £ 4 (Image
processing toolbox) » 4 % 4] * (C++:7 Opencv Library B
= rmex function § F4& % 4 » ¥ % MatLab ™ * visual
studio 2010 % ¥ mex functione. A% < B * # % Rk B

) v

= Intel Core 15-2410M «CPU: 2:30GHz » 3% » & ik~ | &

640x480x24 bits» Y F H & F c BREF T LA 2 7 H

d AR % F R -HRE R ERZE & F{* Solidworks

Motion #2358 & I o

v

AR AL Ah e Bk A3 E 2z P S E L E

Bl 4dlzzR@Fdh 2 dm>E 28 @rmlP ik(E$



EHRAGZ2 D EIRP o B2 Ko E DKo
PAHHE LS FLAY B P clic s BRE 3T A
e g B R

7 Feas > T
e dr 0 ROl A K B

SFETREE S

4.1 m» 2%

R ML PR T L AL LR

B 4.2/ =+ 3+ 7 &~ % 5 Gesture0~ Gesture9 » £ -+ f& =+
#
FERERE U~ FPR LT RES
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4.2 7% E R

AG R R AT 50 RAIRFERE GG Y DL B K
ST T e > el T, 100 5B 15 e BPeT 3o fiedr o d
WA R L matlab #ic R A G T P B A

PR 2 BT Sk gd o

L] REBE L

T 7R (ns)

BT o

0.7

80

Matlab

60

Matlab
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g 20 Matlab
P 3 B~ 50 Matlab
BN A S 2 C
AR AT (- ) 220

4.3 %40 R %

A PRI FNPPHLL D FhE T D E G

da

= ¥ Regionl » Tk % fEge BAE IR fr Region2 > T2

Foor 3 R B e I8 Rl 4o R2 0 %

SO I A

Bag 1o A0S BB AR 008 45 R SRR

Y]]l 1%

R RegioninRegion2
1= Regionl

Regionl [ R2 = RegioninRegion2
- Region2

Region2

B
W44 EEdes

LA pIE 10 % > 40T B
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B 4528 i fEeam L gs

B 4.6 Gesture(l~ Gestured & I %

2

B R e S

v =

%1 4.2 Gesture0~ Gestured =F >4 FH %%

AT

AT

i

Gesture0

Gesturel

Gesture?

Gesture3

Gestured

0.956977

0.960756

0.933509

0.883736

0.938445

0.915992

0.932259

0.936525

0.95107

0.930126

0.921623

0.964721

0.886009

0.927498

0.947728

0.910617

0.94508

0.918229

0.952986

0.90137

0.887476

0.958874

0.91427

0.913908

0.912591

0.926035

0.958273

0.90879

0.928908

0.943179

0.916859

0.971879

0.934648

0.960511

0.942588

0.78022

0.955317

0.92318

0.939999

0.941194

O |0 | |||~ |lwid|—

0.82999

0.97207
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