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Parallel face contour extraction algorithm based on
Chan-Vese model on multi-core CPU and GPU

WANG Lina“, SHI Xiaohua
(School of Compuier Science and Engineering, Beihang University, Beijing 100191, China)

Abstract: Aiming at the problem that Chan-Vese model of face contour extraction has a large amount of calculation and
slow segmentation, an parallel algorithm was proposed based on Graphic Processing Unit ( GPU) and multi-core CPU with
Open Computing Language (OpenCL) parallel programming model. Firstly, by reconstructing the computing architecture, the
algorithm could eliminate data dependence of the model; secondly, using OpenCL to parallel and optimize the algorithm. The

result shows that, compared with the single-thread method, the proposed algorithm gets a higher average acceleration ratios

under NVIDIA GTX660 and AMD FX-8530.
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HIX T H A BRI UK /3 B AL, Chan-Vese ##1% — B
PERIGE R L) B sl Fr o B R 1 I ER R IR , I 2k T 4R 1L
SRAEE A EERTC, RSB LT LU E T3, [R] A 18
BT 2 A EEN BN BT Chan-Vese HiH]
FIAR SR, BAR T LB Hb R B EE R & T A
Jre B , LS I S B U 8 B 5, (B AR T R R R )
REZEFARR, SCHR[3 -4 ]3] Chan-Vese BIAIFFT T ik,
HE—ERE LRE TERNEOR, BN S E AR R
FERITmiT, MR 2B BEs 1 & R, IR LR TE b
F 25 ( Graphic Processing Unit, GPU) QR i 4h B 28 (1) T
&, CPU-GPU It R B 2B T RN ERZ —, XN
BRSO AR T RIFHIF T TS,

A SCF A Chan-Vese (WBGHAR R ——F T 24853 G-Norm
[ Chan-Vese 4344 #117-%1 ( Chan-Vese segmentation Model

W fa B #E:2014-06-05 ; 1% 2] H 7 :2014-08-28

with total variation G-norm, CVG Model ) #1%:F OpenCL 9 3
ATHmBEBEAL, J2 B T Chan-Vese HERI A G %8 B 82 B F-47 4k
Tk, O IR R B EN, AR B E
B b R 3 B A ]

1 CVG#A

ASSC A B 2 2 F R B IR 4 B8 B (Primal Dual
Hybrid Gradient, PDHG) [fJ CVG &%), %A #I By Bresson 25"
B, mENE LR, 1%, solve( ) \solvel () Fl solve2 ()
XF R EI L RN T

solve(): v[i] = u[i] -0.0042 + 0.012 = fr[i]

7/ fr RN, AR AR
solvel () : RHS_pl = pl1[i] + A=ux[i] /A BRDHE
RHS p2 = p2[i] + A=uy[i]
NRHS = sqrt( RHS_pl = RHS_pl + RHS_p2 « RHS_p2)

plli] = RHS_pl/(max(NRHS,1))

p2[i] = RHS_p2/(max( NRHS,1))

solve2():uli] = Bxu[i] + Cx (v[i] =D =* (ux[i] +uy[i]))
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YCBCR %= [HE 4 E 1/6 R/NFIHBRKKEERE,
p1 1 p2 RHIIRIE R O BRI AL R WA H BB 7 A AUR A5
Je B AP 48R 1) 98 BE AT R JBE o e SN TR IR ORI b AU T Rtz
HEEAUE AT — LU A0 E— A0 R
HBEVE ARG R AR , Bl ., pl A0 p2,

ux=forwardx(u)
uy=forwardy(u)

solvel(pllil,p2[il,ux[il,uylil),
i++

ux=backwardx(pl)
uy=backwardy(p2)

ulil=solve2(ulil.v[il,ux[il.uyli]),
i++

k=k+1

B1 CVGE®EHRE
HE R wx I wy 2 FARARTE w A X 7R R Y 7 [l 7 AL R i
I} 2543, ux Fl uy W9 J5 0 2253 0 R SRSk p1 Filp2 , St BB —IK
B3 E, HMERSUEH 25, B8 pl Mp2 £ X Y Jih

M=H-4
N=W-4

MR ES, IS ES P ux M wy BoBR, HE ey,
ux F uy MEEH .

Sorwardx( ) F backwardx( ) 73 FRITE u £ X 5K
B0 2535 225, forwardy () F backwardy () 535 R
VR w AR Y J5 18 BT ] 2553 R 8] 2553 4 A R B AL n &
2 B, BB R AT, B 2(a) 2K forwardx ()
HISE— TR, B 2(b) b4 P RESE BRI,
YT 2(a) forwards( ) WIS, BiRE 2(c) .(d)
(e) BT, W4 B3R K forwardy( ) \backwardx( ) F
backwardy () 5—2 HH PR

XFF forwardx (), Feit B MATHRE NS EES (X Fa)
TARBE B R Z 8] 254y, SR 5 TR (8] B £ B8 I 25 (B
WA LR A2 4 T F  HoAh ) BB forwardy () \backwardsx ()
N backwardy () B T 22EMTEFEARZA, K&
5 forwardx () 2

2 H-F OpenCL r#E By CVG & 3%

TR H BT AT — R R IR ERak A e 4 B P AT 1
RS ARG -5 e AR 8 a5 =2 1] B AR BE Wl AT PR B
TR AR P35 BRI o R AR TR ATy
o B, ELHBRF IR, 3R BRI K R
BT AR B AR P B 40 0 B 43 A S ) R

MAE 1 FIE H CVG MBI SRR 558, A5
SEPRR T AT

B 98, 7K A 1 225015 A1 22 43 forwardx () Jforwardy () |
backwardx( ) I backwardy () W', G- MEHE ST EL FEK
T HAMEE 0T,

HIK,CVG MR A JE % B 4L, 88—
B ANEEA(2500 W) R T AT — RSB ES R, i
1 o 38 T B AT TR A 4 2 TC 3k TH BRI B3 AR 1) B 48 I 3L
PEAHSEER

R RN E S, FAEERE N RERR, &
B Z A BB ZE AN M R EIFR Z 8], pl. p2 1)
THEARE T ux M uy SITETERG, pl.p2 XET ux Fuy,
KRR 2 IR BRI R B X LSS HAT .

2.1 HIEESNMGEEHHHE
R T CVG REHRTE RS HAT, N HER CVC B

M=H-4
N=W-4

ul[2~M+1,0] =ul[2~M~+1,3]
ul[2~M+1,1] =u1[2~M+1,2]

+ ul[2+i,247]1=u[3+1,2+]]1-u[2+i, 2+/],
j=j+1
Wl [2-M+ T N+2]=ul [2~M+ T N+1] B
wl[2~M+1,N+3]=u1[2~M+1,N] (c) forwardy Qs —2
wliog il enl 2y Sbili gl 24 24 ul1[0,0~N+3] =ul[3,0~N+3] o e L
. [jz::;-;l o - ul[1,0~N+3]=ul[2,0~N+3] ul[2+z,2+1]=u[]2_+jz_;21+/]—u[2+z, 141,

(d) backwardx()F—HF

ul[M+2,0~N+3] =ul [M+1,0~N+3]
ul[M+3,0~N+3] =u1[M,0~N+3]

(a) forwardxOE—#

ul[2+i,247]=ul2+1,2+j]-u[1+i,24f],
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PRIETR . B S5 2 T BT 18 2250 RS 1) 2243 B9 B o6

Bl 3 S B E S ARG 1) 22 43 RIS 1) 22 43 B0 AR, @ 5 LA
— RS B A R R R 5 1 R, AT I B T AR Z T
BB UL, o TR AR, S ) S 03 AR R ) R 5
REFHE SN A BB R, NTTEER T A Z BN
MBIl B 3(a) HEARE M forwardx() , ¥ 3(a) BB
WA B LA 3(b) | B 3(c) ME 3(d), M hEE G
Jorwardy () \backwardx( ) F backwardy( ) T+ E B, B 3(e)
HR/ANA 110 x 84 BRI AR T | A0S .

BHEG B forwards( ) forwardy( ) Jbackwardx( ) Fl
backwardy () LI IR R 51 Kbk indirect_idx( 411 3 Fit
), IR ER S B 480 x 640, F UG W A BB KN A
(480/6 +4) x (640/6 +4) = 84 x 110, [A] RS 4EFERTTE
REEABBGR/NE R, 3 b, X F 84 x 110 it A EI&,
56 )5 —ME indirect_idx[ 0,0] = 255, indirect_idx[3,
3] =255 =3 x84 +3 WEH—B(E3(e) Firn) , KR %R
ERRGMER AR T E BB WA HERENERS
(HBEAUASR), Wi indirect _idx[4,3] =4 x84 +3 =399, HAfth
B8 BB forwardy () \backwardx( ) F backwardy() ,Bx T Z(E 1
HEIEARFZS, BB A forwardx () FHZEML.

Index | =indirect jdxlitl]
index r=Indirect yix|l|
ullittl=ulinger Houlindey |

(a) EEJFH forwardx()
index_l =indirect_idx_y[i]
index_r =indirect_idx[i]
ul[i++] =ulindex_Il1-ulindex_r]
(b) ERIGM forwardy()
index_I =indirect_idx|i]
index_r = indirect_idx[i]-1
ull[i++] =ulindex_I1-ulindex_r]
(o) B EMbackwardx()
index_Il = indirect_idx_y[i]-W
index_r = indirect_idx[i]-W
ulli++] =ulindex_I1-ulindex_r]

(d) BERIGHI backwardy()
255 254 254 | 255 - 332| 333| 333| 332
171 170 170 | 171| --- 248 | 249 | 249 | 248
171 170 | 170| 171| - 248 | 249 | 249 | 248
255 254 | 254 | 255| - 332 333 333 332
339 338| 338| 339 - 416 | 417 | 417 416
8823 | 8822 | 8822 | 8823 | - 8900 | 8901 | 8901 | 8900
8907 | 8906 | 8906 | 8907 | -+ 8984 | 8985 | 8985 | 8984
8991 | 8990 | 8990 | 8991 | - 9068 | 9069 | 9069 | 9068
8991 | 8990 | 8990 | 8991 | --- 9068 | 9069 | 9069 | 9068
8907 | 8906 | 8906 | 8907 | -- 8984 | 8985 | 8985 | 8984

(e) 84 x 110EME M R 5156
E3 SERENRRES KBRS EE

B 4 o E R 3 Brs BYRT IR A I 2250 T HE R R CVG

BEnE, NE4ATER, 5REBEELRRER 1 #H,CV6

B AR R B i , S K PG P14 2 18] 7 P e B
W, HILE R ARBRERTN S EA ST,

v[i]=solve(u[i])

index_Il = indirect_idx[i+1]
index_r =indirect_idx[i]
uxlil=ulindex_I1-ulindex_r]
index_I = indirect_idx_yli]
uylil = ulindex_I1-ulindex_r]

[solvel (pl[il p21il,uxiluyliD),i++]

index_I =indirect_idx[i]
index_r =indirect_idx[i]-1
ux[i] =pllindex_I]-pllindex_r]
index_I = indirect_idx_y[il-W
index_r =indirect_idx[i]-W
uyli]l = p2lindex_l1-p2[index_r]

Hulil=solve2(u[[i],v[i],ux[iluylil),i++|

4 CVG MR mRE

2.2 CVGCHIHE

— MR R AFFAETEER AR BRI P i, 4 T LA
PO HIFATHAT . AT CVC RS2 IR R ZAR
BT L RAEI H EORAR w, O TRRRIFAT AR AR YT R N
3, B BAE SN2 B IR G AN X BrA AR AT R 25

MAEEMATT LA TR R 58 2T HH R R T A AR
PEER AT B AR AP A A T A R B PE IR L 0] B9 PRATIOUF
HEME 4 TTE H, CVC NFEIPMEER T BT AT, 56 2
AMEEMAR) pl F1 p2 T ZELF VI RSE — MBI R
o BT ALK CVG 347, Las e MG ER A 18] £ 17 [] 4
BAE, X, SARBLRE D HIVIR pL Fp2 B, HAT IR
WETFE— B

Bl 5 ZH OpenCL SLBLHY CVG BIFHATLTIRRE . XF T4
A BB — MR A, 2 B 3t P — DR AT 3
FH AN OpenCL f P4 B IR T4 F ¥ atomic_inc() 1£ CVG
BRI R, 5 — A BB lock 122058, HSRic
ABRZEFAL LRI E . H—DERBERIEF L s, H
AT B IR B R 2 R R R WHE 1T, HE AR
A LA RERBIA WL A, B A SRS AR N 3
R
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[ i= get_curr_thread_id() |

| v[i] = solve(u[i]) |

index_l = indirect_idx[i+1]
index_r = indirect_idx[i]
ux[i] =ulindex_Il1-ulindex_r]
index_I =indirect_idx_yli]
uylil =ulindex_l1-ulindex_r]

[ solvelpllilp2liluxlil.uylil) |

[ Global_Synchronization() |

index_I =indirect_idx[i]
index_r = indirect_idx[i]-1
ux[il=pllindex_I1-pllindex_r]
index_I =indirect_idx_y[i]1-W
index_r =indirect_idx[i]-W
uylil = p2lindex_{1-p2[index_r]

[#lil=solve2(ulil,vlil,uxil,uy[il) |

| Global_Synchronization() |

B 5 CVG ) OpenCL E ¥R

2.3 GPU b2R#iMtH

&R lock MI{E LR KR LSBT EH 0, B,
MR F—w 2 SRR B AR 2 G, MR BETE S
THEH SR, NETRE, £RUNEEE—SREE E
e TEER MG, 78 NVIDIA GTX660 #1 AMD FX8530 |,
SER N WA ik B 4. 81 4. 47, (H 2 40 SR AT LLAE B
4 JRy i lock FRAEHYERAR R A AR 98 P LAPRIE SR 38 — S B9 335
B ERER XA S R,

BT ERMITIS, % B3 GPU FEHAT OpenCL B, J2 ]
BAFEA 24k T ( Single Tnstruction Multiple Thread, SIMT) 447
BB, Bl —A warp(RF23R) AT A LB LA R —ER S, B
I, BT LAE T B — 43 B I SRR 2 Ry TEH
(workgroup) 1) 4= &) 8, I ] — 1~ workgroup Py £& 72 M|
OpenCL B MBOE AT L. Y4 OpenCL PY1% AT Y
g s NN 0% A I P e b T K =Rl 1 2 b =
A REL TR —A> warp VR S Bk BIA R Y 43 32, B &
SEPTA LB BITHATHIEGL, e S ki,

SCHRL8 8Tt T4 32 AN 43 3 S 384T, R B (H
Hrgid KRR TLRIRS)

if(gid = =0) {repeatl28(tl/ = 12; 2% = t1;)}

else if(gid = =1) {repeatl28(il/ = 22; 2% =tl;)}

else if(gid = =31) {repeat128(¢1/ = 12; 2% = t1;)}

MHATHE R K, ERBERMITE T A 32 N s
I LP R A BT Y 32 A%, X R H A —A> warp
i 32 PR A BRI R B 53 52 B FEAT AR B (R warp (4
WLBPAT IR SRR I AR AL E) , W GPU R £ 40

F % ( Stream Multiprocessor, SM) gL e i — My 384
R EIbR B IALBEER (Stream Processor,SP) b iy SP iR #la2k
BEHRICEFTATEIAT, U7 i R B AT 244 2
FHR R ZH0,

BARAE SIMT R BEFE T h R X2 SRR T
et (ARSI, T —A workgroup HA — MR
PSSR B & Rt lock WA, BT AT & 5 BB AE W i
)t R R ER AR PATIZ S SO F BT TR . R Z BT A R AR
HOXT 22 SR BB, A FAAE SN S, (B B T IRl — B 2 H gk —
MERBRE2 R, T AR BRI HATE . B, XF
workgroup AT I BlHR1E , AT A R) Bk M BT S R AR 0 B B %
{3 workgroup 4% 5 b, [X 1 workgroup [F] 25 8 1) 1% & {15
CVG BFFFTILtEsEs T B & . CPU LA workgroup 4=
JRBIR AL G MBI BT

index = get_local id() ;

if(it_is_the_first_thread_in_the_workgroup(index) )
lock( )

barrier( CLK_LOCAL_MEM_FENCE) ;

XFF IR A~ workgroup FYFTA LR, NG MERRBBE
RPGE BIP ) , MR B T 4 R 8 lock 5, 714 8
barrier( CLK_LOCAL_MEM_FENCE) 3R E 1% workgroup ) Bf
A RRERR B BIIA R 2P

3 %% 5k

S VE B GPU #1 CPU 4 ¥4 . NVIDIA GTX660 Fi
AMD FX8530 4 GHz & #% CPU, N #£-% DDR3 1866 MHz 4 GB,
BN 2 GB DDRS, OpenCL g 4< 5 AMD APP SDK V2.7
OpenCL1.2 #1 CUDA 4.2.9 OpenCL1.2,

SZE R GTAVY A e 1 Bt BRI 42 , LA B R
AR MEIEE R, GTAV AR BERE FEILA 1188 IR # RN
240 x 320 W ARG, i 44 ATEAR LI R IE T 53, %
B BB AR IR A A3 I — AL BE B Ky 480 x 640 14T 4b 3, %ot
GTAV A i )R 22 B B 15t 346 I 3 3R B T e e PO e s i
2

B 6 B A% IDO1 f 9 3K P& 5 B8 B B9 A 38 IR 4R B
AR B AR IR 53524 : D01 _001. jpg ~ IDO1_009. jpg, FHHr,
RIS AR AR B S A T BT A5 2 B0 58 B AR, 106 13 S AR 2 AR
72 B R AR TE— 2 2 R Ay R e L A R

K6 ARimrEr
mE 6 WA, T FIEE AR E N EAR, CVG
BkARBES IE AT A S, B A B R BR T I, 9 2
BRI IR B AR B AR
&7 % IDO1_001. jpg ~ IDO1_003. jpg [¥) CV B L3 & Fn
OpenCL T BB M GER B, E 7 A1 F H: £ NVIDIA
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GTX660 F1 AMD FX-8530 I, 34474L/5 18 CVG & e AMD
FX-8530 LiafT i BERREN) CVG Iy ZR 10. 95 4. 47 15,
7£ NVIDIA GTX660 I, 41X T Xt CVG WA 4 BikE LR
BRI LY 4. 81, K XF workgroup 35 B 4 JRy 8 iy I LE AT LA
K 10.95, R F CPU MR RZH S GPU RTH, T AKX
AHEfLER X CPU B TRRL o

[ sp 2272
[F] OpenCL(AMD FX8530)

l OpenCL(GTX660,% i 121X B 2 B8
[ OpenCL(GTX660,%t TfE20 1% 8 4 R4
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T

0 TD01_001.jpg TDO1_002.jpg TDO1_003.jpg
B 7 CVG nfjE ke
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960 IR AL SR, N x M MEELSEW S K, WX T AMD
FX8530 %t 4 ] T/E4H BE & A — 4Ry, K/NK 32, [F GPU —
AT HIF CPU 8 BRI R LIEHKREN 4,5 —
AR I Z MR E
B 8(a) M A E & IDO1_001. jpg ¥ AMD FX8530 /\#%
B IR R R] VR A B v , 24 workgroup ST i i), 7E B ARR
ST HA AR — R LR, 7 AMD TX8530 |,
R AT, BT 7 B ) J2: 870. 40 ms, FEE T 120 iy 3
o, B 4 B TAEH/JR 3 T4 = NumofGroup 1) i% ¥4, ¢
NumofGroup 155 8 Z /i, B % B+ 8] b7 &y 870. 40/ NumaofGroup,
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Mo
1000
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E8 CVG Ry mikiae

MIE 8(a) FHEMF ), 75 AMD FX8530 I ;4 workgroup
WAECH 2 B, CVG B4 B[] 5 BRIE 16 — 3 2 workgroup
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MANE 8(b) iR, #HH, AMD FX8530,NVIDIA GTX660 & 5
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AL FEE AT T . BEE workgroup 3N, CVG 144,
FrhF AT e, B, X% GPU MR A F B B 2 i1 &
BInaT, CVG MPEREBR 2 H R,

4 i

b=

ZARSCHEH T F Chan-Vese A HE ) CVG AR B K 3+
TIRLE S, BEITHE T AL # CPU A1 GPU T RPERE. Bl
F I RITA B, BN LB R, SRR
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