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Abstract  Viola-Jones face detection algorithm is one of the most successful and functional face
detection algorithm. However, with the continuous expansion of the processing data, the
performance of existing algorithm has become increasingly unable to meet its growing interactive
and real-time requirements. Improving the algorithm performance through using GPU computing
platform, so as to meet the growing requirements of real-time has become a hot topic. However,
face detection algorithm exposes irregular feature of workload imbalance among threads when
ported to GPUs. It is hard to obtain high performance if only using the conventional optimization
methods. In this paper, we present an OpenCL-implementation of Viola-Jones face detection
algorithm with high performance on GPUs through five main techniques: kernel merge, coarse-
grained parallelism, persistent threads, dynamic mapping between thread and task and global
queues. Furthermore, this paper also achieves performance portability between different GPU
computing platforms by defining, extracting and delivering key performance parameters of hard-

ware. We also demonstrate the high performance of our implementation by comparing it with a
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well-optimized CPU version from OpenCV library. Experiment results show that the performance
speedup reaches up to 11. 24—20. 27 times and 9. 24—17. 62 times on AMD HD7970 and NVIDIA

GTX680 GPU respectively, not only achieves high performance but also achieves performance

portability among different GPU computing platforms.
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A RE A T BOR B 2 2 B0 GPU B B A A
RIREAR; 53— 7 AL GPU L2 08 B R A i
A UH B RS AN HEA TR XS LA To ik A Sh AL R AR
AT Ay o) . TSR R L B 48 GPU 4 B il
DA Ty ¥ I B A W KO B 28AS 240 £y R 4 1 Ak BN A
. PRI B0 48N 349 i B0 5 K 23 i NI ARG ) B35
GPU i+ 8- & b0y s 80, (UL H1 4% 58 GPU
g R AN AL D7 2 CEID R 550 L U5 7 A0 B8 A Ak fE 6D
TGk BE MOZIM AT, 4 7™ F ) 29 B8 1 PR RE. X, AR
SCER X Viola-Jones A M A I 5 3% B 45 L 45 &
GPU Wy ZEMHFAE 42 1 7 — R IR T AL HE SR L DL 58
et THAA Y SRR S B 5 2R 17X
DA 22 1 R (A 22 44

Fi } Ak
|
|
o |
|
RS B &0
| gl
)’i i Uberkernel g
= ! R i 5
‘ g
% 1 A A F) 7
| I &
<§£ﬁ'—ﬁ ﬁﬁﬁ‘:‘%ﬁﬂkﬂf | Write Output
[
- i
‘ L

K5 IR fbiE s
FHATUCACHE S = By 6 A0 0 4l - KR B JF:
47 .Persistent Thread.,Uberkernel ., 28 2 5 0% 19 3))
AW AR KA A B 3X 6 A 21 4 AR L P
[Fi) o 2 ] figf ey 3 67 280 A 45 4 5 S50 12 R PR 5 i) L
(1) Uberkernel. J¢ g4 A A5 0 55 32 = 2315

T 24 kernel & 31— Uberkernel, 5t — 111
TG A I 3 R — T TE AT LAY 2> kernel [ JE 3l Al
4 JRy [) 25 TE40 I — Jy T8 AT il R EAR 9B AN 1
iy 1]

(2) Persistent Thread 5 ¥ K% B 3147, Persistent
Thread ¥ KB BF 317 W & X T Uberkernel [
LA LUz 47 07 3 R R i e 2 R ) B BN 1
iy Pm) L) R it RELOREL R R AT 8 A BT E LR R
U747 GPU AT R : i thread 4828 warp
(wavefront, AMD GPU) , E — E ¥ &M T 1
B 7 X0 1R BE B 52 W)L Persistent Thread 7 &
M7 GPU thread #iz 17 77 20, fifi thread (1) 4= 1y J&
WA OpenCL kernel 4= i J& JA A6 [ , AT 9 25 Ak 24
ZNMES.

(3) B A WG 5 4 J5y BA A, AE 4k 2 AT 55 1 ik
B b A SCAR R AL 5 GPU 4 2 o 0 #5025 B 5 7
2 M8 L TR 54T 55 1 2l S W AL AR A 2 7
AT 55 B 3301 D0 S LR AR AT 55 1 s 2 e it . ] i
A DA A AT 55 9 152 5 W 1 4 Jmg BA A7 figk R work-
group [H] 171 2 A 15 4 1) 0] .

(D) A M BA S #3736 =2 g A7 (LDS, AMD
GPU) Y7 Hu BA 51 » work-group P I BT 47 £k 7 ) [+
TAE - fi# R work-group P 4§70 AN £ 165 ) e

AKX LA E GBI SR AT TE AR
WA 4.

4.3.1 Uberkernel

3.2 PRk A 7RI EHR RO TR RN
JK: o FAT e e B R A A8 PR R R AT A
L3 4k G R A D g 1 oAy [ A R /N b s X R
TR T — A4 i R A R — I A P — iR R
il 7E CPU i il i 2 H 8 GPU kernel 1 35
A0 Bk 2 5 i R A AL 2335 GPU kernel 1Y J5
B R4 Jey [l 20 TE 4 L 24 46 8RR N T AS BE F
3 FIH GPU RIS BTN . 2 20 GPU 115 5T
AR TR % o | I 2 77 A AR 0 0 304N X

ML, F A5 AT Uberkernel #1#1 . H 4% 0> &
W1t kernel &3, — WAL 2 05 L = r 7 B &R X
FEAL I 33 — WK B LK OpenCL kernel 153 3 ik 42 36
A 3 5E Fi A 1) 45 i R Uberkernel B H 44 3 72 4
6 fr7s.

17t GPU 1§ Global Memory 1% 37 — 14— 1
bk (8] K A 1 4 B T LG A9 e A 8 —
o 41k =3 18] v Al OpenCL kernel H %} X 6 45 jif
K 2 B 28— 1 7 sCEAT AL L 41 R KRR 5 — 1Y



1782 it "

Hl

i 2016 4F

AL
-

P

SRS

;
e il / /
[0:0:010.0. 1]~ Po.nll0:00 = Tl o]

G5 —Hh b2 A
Window(z,3,2) x: BT Zl; y: BAAHTE, =0 HAALFR

K6 Gi—bhkas i)

Hiu bk 25 (6] AN BE 42 780 2 40 B A7 4 1 e i 0] 4 R 4
— 3 ik A 8] f AR 8 D U OIS RT R SR 8 —
Sk 25 i) ) 6 5 PR 7 51 9 O 9 4 50 4 4
F LR AT BE 1 AR UE &4 OpenCL kernel T
Y4 2 LA 3e 43 I GPU B A7 1 o 53 B8 L AR 47 b
il R T AR G B A8 K 1 ]
4.3.2 HMF¥EFIH1TYH Persistent Thread

7t Uberkernel (AR A L Jia 17 )7 =0 b A 3
5] A K E 475 Persistent Thread.

1&gt GPU % A5 52 K MR 4006L 2 347, Bl — K
FEREL R, IF DL AL A (thread) /F 20 I
ATRLEE . 3K Fh g 72 5 2 TG B 2 4 R IR A7 AE T 3N 1
MR PR I I ER AF. S, A SCHE Viola-Jones AJK
RS EL ) GPU 523, R A 442 (NVIDIA
GPU 4 warp, & 32 4> thread, AMD GPU 3} wave-
front, & 64 4 thread) {E & 3 47 0L . [A] B, T {F
LBNZ A thread P [F] T AR, It [6] 40 2143 BC (9 4
g O P E) A O U 4. 8.5 AR HLBA A b 2
TEYN WF 6. R BE IF 47 1 392 B0 0 e a7 e —
A~ work-group H fJ &% — 4~ warp By # wavelront,
work-group $4 4 2k 4 Jay BA ST 55 43 FiC 1Y B AL

R HPRURE BE 9147 2 R 07 NI L34 24 3 4>

(D) BGEAH R/, wavefront/warp & GPU
IR B A 1 AT A0 B BT, 2 — > work-group
HAl & — > wavefront/warp B}, 7] £ [i A #h [5] 2
BAE DA LT 7 — E B E B R SR
TERE.

(2) —~ work-group HfJ & — > wavefront/

warp, T ATA] LA work-group & & — 45 H Al
work-group $RATHI EAM 57 1) £ 45 4 2 %48 (Mutiple
Instruction Multiple Data, MIMD) £k #2. B 3F T
SIMD #4777 iy A Rt SRt T MIMD i T

(3) Wz work-group A £ A [] f) 6 4 AN 24 4.
FERURLEE AT B R AT 45 B9 43 B A work-group
L, work-group N 1 BT A 4k & P[] 4k B4 T 43 B 1Y
TFEAT 55 XA TAERE 25 & F AT 18 BR e 1Y
A A B L a] SRR/ work-group PR B T 2 A
B 4.

R KRB g B 7 A AEE N HHe T
GPU 8 4 % W5 iy FR 1, & 4~ CU | [\ B iz 17 /Y
work-group % H & A FR i 19, B, 4 work-group
BE ML B RN, RS S8 CU E[F R iz
AT IR AL, TS BE A 0 B U5 7 18 3R . 58
R T A A I S A R T R XA
Pl LI BR. TR S2 bR b, 45 5 Bl A b Ak O 5
4> CU #8 % 8~12 4> work-group HJV W] 45 Rl 3 6
Viff4ER.

iz R b L5 GPU £ /Y A4 i 8 ) —
R AN I R 8 Bl AR IR AR R Ak B S ]
A FRAG R R L s AT MR By XSS WS B
i GPU (45l 3 Az 47 75 28 28 % T ik the 171
BN Y ) R R RS ARG B A SO AT
Persistent Thread, 2 4 47 J& ] #1 OpenCL kernel
Ao LIRS O AT 6 PR A0 38 2 AT 55 - R AR AE S —
YRR AL BRI 45 R 5 8] 5 A a2 57 RIVIR H i 2 A
ST IR BT 55 T BEAL B, Q2R AT R R Ak S gk
U 55 EAT AR 3, Ay AT IR . )X AEAE Viola-Jones
NS A 00 352 v o T SRy A LR AR A S 2 SR I T 1
AN G R A0 X LU I 7 11, ELEDR o Bl 45 B
7l A 258 KoL [m] i), 2R 5 R O A e g
P ARl R IO AT 55 0 0 D0 R A sh s e i 07 5L
T B K PR B ) DR T 2 78 R) B B 48 1 . b 7
4.3. 3 AR AT 55 19 s A WU BEAT TR A TS
4.3.3 &R GLFRsh B

TEL AR 54 55 n e 5 J5 1 . 12 58 GPU 4 F2 R
S BT GPU kernel Ji 3 Z | & 2
AE 55 B WS 58 © 220 7€ » 2t th GPU B 14 I
PH BEPAAT B 2 R A 3 O AT 55 ROAT: 55 B30T J2 T
4. 3 e g A X R AR AR B ) 2 T R I g B Al O
A7 0 S B T B 2 AR ] B 28048 240 468 AR A 1 N R
L) B3k 0k ik R HAF A 1) B 48N 249 78 ] R A S
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1E Persistent Thread 3L ., 51 A GPU 3h & %
PR Z B HA PUR 3 ANRRAE -

(D) [ & JF 3 R B B H . A H A8 GPU 3HH
FER CU B, i E T 8 i 8 H. 72 AR
MFE AL LI 8 X NCAMD GPU) i # 12 X N
(NVIDIA GPU) 4~ work-group, Ht N i CU %
H. & 1 work-group 2 & 64 (AMD GPU) & 32
(NVIDIA GPU) /2R FE.

(2) AL BEZ NI FAL . 4545 Persistent
Thread 4 77 X, ARG I 40 BE 2 AT 55

(3) FELFE AT 55 43 e J5 1 » 7€ GPU kernel Ji3
25 MR LR 10 S bR AT: 55 T 4R DU E R
1155 W LS G 2R

() R MR AE N 2 R A B (4. 3.4 55 AT 55
I BEBILAR AR i HDRL B 4T 19 € L, BL work-group
H A FEATAL 55 53 .

TR TR SES MY R H
A~ work-group M55 0 5K FEAE APRICLTE , Vi)
LT 2R N B R T2 R G 7RG 5748 & )
WU X A8 5 N (N 2k work-group 4§ ¥ 4b
HE O H .7 AMD GPU | N & 64, 7 NVIDIA
GPU | N 2 32); 85 FIBT G & 15 /) F 4 i 7 1
BB Total -+ N, SR /N T, W3R BUIZ work-group %
AR IR 7 E A5 X R work-group i s B
FRALEER N ARG 1R [8] 25 % 0 i work-group.
work-group LA 4. 3.5 54> 44 1) A 3 BA 5 AL i A B

GPUH &
CU0 CU1 CUN
5 ‘ Work-group ‘ ‘ Work-group ‘ ‘ Work-group ‘
‘ Work-group ‘ ‘ Work-group ‘ ‘ Work-group ‘
. Lid=0 .
Lid=0 Lid=0

A4
4 JR 5 1A% Fratomic_add(G,N)

Total Jg 3l @
[aP=E =
=

=]
TE

[itsrom | |

R [ B 11 3 %3 M work-group

i B Work-group
1B

LR AT

000 0000

[ 7 SRS SR A

SERXSER I BT )G . P E A DL B R R A A
T VAR AL B S B ok T BT A R 1 LA SR
XFETER RN B 2R N g4l 200 Ak
15 4. 3. 4 TR,

8 &5 AL 55 S A WSt i Dy AURY.

G: LT 4R AF Y R 728 1 I SR g Ak B 77 101 4

N: %4 work-group — UK Ak 3 %) % 11 %k

1 __kernel facedection(-++){

2. int lid=get_local_id(0) ;

3. __local int local_index;

4 while(1) {

5 if(lid==0) local_index=atom_add(G,N);
6 Barrier(CLK_LOCAL_MEM_FENCE) ;

7 (G <"Total+N){ //Total kKl i I K%k
8 int index=com_data_add(local_index) ;
9. fetch_data_and_compute(index) ;

10. }

11. }

12. }

K8 s uest O

B 25 Gt P R A 2 R 114 S B AT 55 £ 819 100 s
FHAE S5 53 BE . B 24 work-group &b B 160 & A
117 O3 2 KB L 3% work-group b2 1) % 1 4K
Hit &0 R Z . 2 work-group Ab 3 1) # 1 i1 5
/N % work-group SRS AL ST Z 0 6 1. R
AR TE — B F Pt T work-group [A]
B AS 89 4 1) 1] A

MR L B A g R 2 IR D T AR o 1 ) S B0
SMEYTT . AH—J5 T . B T work-group % 9 B $iAT
AEAE — 5 (R B [0 ) B s F DA AN TR 8 2w /s 55—
5 THTARRT 97 A S8 £l A 350 P R R 3, X S
JUF AT DL Z AN T, BB 3 245 g O X2 KR 42 5
GG 3k GPU B M fE.

4.3.4 2R

LR 5 AT 55 1 Bl 25 WS AL T B A AR LT 1Y fi D
work-group [A] 7 A8 ¥ 47 ] B0 i) i £ 2 < 7 T 42 )
PIUAF D 9 R G 0 18 11 0 200 4 AR 4 1) 21 21, BB % %
i) 1 7 A7 38 oK . BRI AR SCH AT 42 JR) RS,

42 Jry BA A 14 A FH 2 DL BR B 1) T 2 4 20 o A
Tl AE LR 5 2 S A WU AL R . e T Y T
AL AR 55 BOHE 0 2l A i B OC R A5 A e
Uberkernel Fil Persistent Thread. £ J T 45 B\ %1 1
TAE R AW 8 e Uberkernel H1 B 4 i 28
7 HERI A FZ BA S v s Hk BL 32 (NVIDA GPU)
5E 64 (AMD GPU) 2 B0 K 4800 1 1 43 iy +
145 21, I8 AR M AT 45 0 3 B0 s e 0 » AR O 2R 7
S E 55 S AW HLEL L work-group i 43 it BT
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R 4R B 1) 52 B AT 45 B 801 00 58 AT 55 1 3 25
43T,

4 JRy BB B T AT 55 55 9 3K 3h A B G B A %
A S0 52 4% 4 A 45 R R O XL X LA T I 1Y)
JE P . — i 42 R BA AN T 42 R N AE L Hepi A7
JEFERAE R A #R AR B B U B A AT 55 0 B U7 5K
ANACHE DL S, 1 EL AT BB 2 7 AR B 5 R TR L A
PERE MR TE B AEESE. 5y — i . R S s sh &
B O 4 de 8 T 42 Jm AT 55 BB 1 4T 55 R 3
o Hax i 5598 B 5 20 R %8 A Ut work-group [H] 1
MERA B G:.

1.3.5 A HuBAF

LA ST 55 (10 ) A5 ek K 4 Jey BA A AL 1 5 1
A B0 b i Tk T work-group [H] £ 2 AN X 7 1Y (7]
R work-group P 4R A ] 171 28 AN 1 1657 1 [ 850 A7
F R EAM A (LA, NVIDIA GPU) [ 4 b
BA 5] fiff DA

9 R4 ML R T AR i A B K AT 45 Ab B g
Fi. work-group Hf H 61 57 4 B A £5 A DU 7 1141400
P F A H Y AE 0 BRI L 4R T 8 FE 06 43 2 2 i

FTRTIN . A 0 4 JE 250 2 K 0 BA A Hh i) B A 7 T
b A GRS I 1) B R 23 R E N BAB L SRR R — S
Gy A 0 HE— LRI A0 DR s R 3
Ao 0 3= 7R 3 SRy WA B B

(1) B b 3 B R 0~ 2 G4 S 2R R Ak 5K
H A, DRSS BT 5 04 B> AR 5 471 53
Ab P —ANFE HL AR A R Y 1 ~2 a2k
Fe AT R I, 25 R AL F 25 AR AS S R XA B ]
KA AN DL 5] M BE I A0, S i s /D P TR) b B
VAR:R

(2) PrlF Ab BB B BE & 532 s OB 3 KL
R H AT s AR K. [, &0t 0~2 9
SR I o BA S ep i AR A I B A H S,
BF 4 A PR ) Ak 35 B, B — D BB A B MCHE
AMD GPU | M/ 4,Nvidia GPU | M F 2) /%
W% H . work-group N T A £k 4 B [ Ak 34 G 3
G0 A 7 113 [ BA ) o B 0 BA S o A BT A T R
ARG Gy AR Ky 1k s SR )G T — Gy 2 A 4k
SRR 5 I« R Gead B Ja — G040 S A 0 1 A
7l A A .

LS ﬁ/[\%i% R R

WOOOE®E - ®®®E
L
M
PO 0@
51y
B SN T BT A B

DOOD OO®
N T moococoE™ o000
[ . Work-group P4 fii 5 472
ﬁ = Y [ LM i 1
EOIOENOIO) -
B’

L5

A

Final stage

9 ABAFI

HT G AT UL L A B A B JE A i ke T work-group
PR IS 24 AR 1) 0 AN 249 7 1] A
4.3.6  HABYLAL T2

L B4R 7 B2 4b . Viola-Jones A 6 ) 5 vk
W T GPU LGk 7 ik

(D IR ILP. JF R ILP E2AH WF 5 A — 2
06 B J& T 5 o o) % AR T L A A W] 45 4 28 A
(GPU (484 2K BIAT 43y 3 B i N A7 46 4 i 4R

L LLRE AR 2. FE AT B, GPU 28 A
Sz AR TR 2 B ELAR AR (9 15 4 3T R 7E — B IR A7 300 T)
A AR AT (L 7 — S » 4 5 X 2 3 i A L A AU

(2) 482 Ve FE AU M. PR o A A 00 o K30 488 v 1)
THI L L v A R A 0 1 BB A9 4R T i A2
10 0 B TR R R S B ORI T AR 4
DAl : — Rl I iz B 48 S AU RIE MR IE 1 25 —
JE AT mad24 \MUI24 #5015 2.
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(CDRT W7 FX =R ot oy B o8| A E 2 G 2
PRI Sy N A 00 5 12 v A7 A A R 1 4% 7 4 O 3 )
PRI I A P 2 2 38 A 40 i eee else 1 /) 2 0k 20 2l A5 48
4.3.7 PERER ML AL

TR S TR 9k GPU 2249 H 25 Z kb (H
JE 4 — 2 A B P R S A B AL T AT AL
HEESE 0T B A 2 B0 il B, I 4t 37 58 35 1
RS Btk ML, 5k il SE B [/ GPU i 445 4 [A]
(1 RE A A

P~ GPU THEF- G 1 S ERES Bl BN 2 1
JT7R . FE R RS A% 3 AL A4 2 7 1T A OpenCL
TR I 32 AT B S 3% 1 R I 8 0 2 o SO M RE S B
HIEm L A OpenCL kernel, i 4f5 H 7 °F- & . & A M
L PR RE S50 AR DL B vk AR SCHE B AR Y
R B & S2 B T Viola-Jones A A6 44 1 76
AMD Radeon HD7970 #1 NVIDIA GTX680 WA~
[f] GPU i+5°F & FiHaEFS AE.

®1 TEGPUHHETFAENKBEMERESH

GPU AMD Radeon HD7970 NVIDIA GTX 680
work-group K/ 64 32
work-group £t H 28X 8 14X12

2R BT 55 3% H T 64 32

A% 3 A3 A3 [7) Ak BT 4 2

UK W 1 6 6
LRAH

7 B Je FF 1R B 4 2

5 fEREITR

501 MiXTERERE

AR R EL AMD HD7970 #1 NVIDIA GTX680
PSS [F 48 1) GPU AR % g i & 28 H
Intel(R) Xeon(R) X5550 Quad Core CPU(2. 66 GHz
8 MB L3 Cache)fEN CPU & 4. B A [F
THECE B0 H Y 5P B AT B A k. WS GPU
HEAF a0 FEEERS WL 2 Fik.

2 GPUHETEMBESH

GPU Clock Rate/GHz PE CU Peak Per/GFlops Memory/GB Peak BW/(GB/s) Register/CU/K LDS/CU/K
AMD Radeon HD7970 0.925 2048 32 3790 3.0 264 16 64
NVIDIA GTX 680 1. 006 1536 8 3090 6.0 192 16 48

Viola-Jones A R £ I 55 15 19 CPU h 42k A
OpenCV2. 4, Z A CHWE AL, 7 CPU & A
A R PERE. P UL 6 BRI MUAS LRI 4R i Tk B T L
B AT 5 PR (EAS R A & CPU WU FE 4 PRI L 3% T
“-03” 3k Wi, LA 7t 4 A CPU (1 11 5 9% U6, 32 &
CPU AT A v fE. &Il & R ok I8 T CMU A
K50 5 e 0 B0 % B P CMU AR
i 3 B Y PR e SR T T OR = VR AG R
TR PE B R E T B L R R B AR E.

TESE BRI A AT R T 50 sk B3 &
427 A N ok PEAL 3R AT 52 B0 A A 55 75 GPU
A B TE A PE A PERE. 1 10 5126 T Horp 3 lE AR )k
INAFE S AR AR E R . R 1M
KN 256 X337 45 NIECH b ;I 2 RNy
696 X510, 81 AJGECH N 12 F 3 K/ 1280 X
1024, 40 N ECH Wy 56.

5.2 IEFRMIIE

AR IEE OpenCV2. 4 JFE v 52 P Viola-Jones
GG B30 kA R B4 GPU B A8 AN AR AL 1) 35
CPU %, OpenCL &3 ) 4% )7 W S 80 52 Ll
JPARFE— 20 R A IR R, B 4% 48 ] OpenCV 2. 4

K10 kg
A7 ARG A TR DR 0k A S I A R B R R

CPU #3471 A 1918 17 45 R AT WAL (1R EE W
T o T 2o A A A T T R B R A ) o A R
FHATEAR SO Y A7 » AR 3T B 0 10 2 A [ 55
E9:AE GPU IR & L TERES T
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B9 I A S A o O TR A% ) it 7T DLk B % gwoo»
RPN AT SR Tl PPN AN TR RS i =
3k 86 DR A — 5E B b5 AR AL AL E S BT 100l
] LLE H : OpenCL MRAS 31 3% A % 3] 100 % A A G #: 200}

ARS8 B2 {H 38 5 A OpenCV FEH1 iy CPU ER A7 hiL
AS (AT 25 S AH LA FRATT & BN A K B A
SCEE 100 % 5 H8 A7 A vk S B R K A R A e L T
OpenCL SZH TG 4.

%® 3 CPUMAES OpenCL WA ARRME R A4

T SPU &S ()Ei}ncl‘ TR A
group Hij group J& group Hij group J&
1 24 1 24 1
2 621 11 621 11
3 2896 58 2896 58

% 3 WR T CPUHBTIUAS A SCEZ B OpenCL
R AR 36 A ) R i N BRI 45 H . AR RT DL Y
AL OpenCL IR ATE Ak 4 H 1 5
CPU H3 AT RAS 58 45— 550 35X ik B 7 ARG A6 0 5 72
OpenCL Rz A% 52 3 11 15 A M. T 0 A6 00 ) of: 6 26
A T A o B S I S P R ) S A 7R
P AR IR AR A SO R A
5.3 MEEESHT
5.3.1 EEAKRPERE ST

P11 A 12 4350 s T RS 9 Viola-Jones
R 8 : £E AMD HD7970 #1 NVIDIA GTX680
PIAANE GPU 3357 & b fg & H %t F CPU
JRAS (4 1 RE B2 T (E A5 1 B A9 2 OpenCL AR ) P
BN AL & T OpenCL 2 518 17 19 B A B (7], 40 4%
OpenCL ¥l t& 4L} ] . CPU F1 GPU [a] 1) 54 1% i
B 18] LA K kernel (43217 [H].

MR AT LA 1 5 AR K CPU Ji A48
(P BB AH EE AR SCIZE OpenCL A FE W 4> GPU
W& LA B R i B R 4R 3k 2T Rl
£ AMD HD7970 GPU &4 L, 2| T
11. 24~20. 27 [N ; 78 NVIDIA GTX680 it
G LSBT 9. 24~ 17.62 pPERE N, B st AT
LIEF,NVIDIA GTX 680 GPU 5 AMD HD7970
GPU L, 72 BB $2 TH Jy 17 s A 22 . X 2 2 A
SN R A WA A i A0 W (L 5 A7 A X R R
1k e 2 80y 259 T )5 %

BT A 12 AR T AT AL HE SR 1 A 8%

B 11 OpenCL fgA 5 CPU fRAHEREX L

m AMD HD7970
9097 O NVIDIA GTX680

17.62

25

15.63
13.15

2 ‘ 3
=]
12 fEWA GPU L f ¥ RE in

PE A RO AR DR T S B B B A A ) A5 i L 35 P
THEARMA GPU iHH & M A, IR
AYLH VA AR A H 2 3 # R T2 284 L 1R
AEHAR AN T A R AR [F] R R S B AT A
Ol BCRT R L 4. 3.7 A5 A4S work-group —
WAL EEA B 8 N L K work-group PN £k 72 4 #—
WP R A R B 5 MOAE) 2 58 4 T DL SE B A [
GPU HH50F 5 6] PR BE RS A 119

[ s FATTRT LA B 6 T A 6] B 5, GPU g
HACR A E AN R Y. F2G W ey A A
GPU J& KRBT A FL28 B0 b, B RO
TR R OR L BRE 780 LT GPU 3HEF B iR R
TERRE 1, s RCR o Bl i, 25 L R 10 5
NI £ B AN TR B30 i AR T S5 i A (][R B
AR AL FRAS [R] 1 Bsf 1) 671 280 AN 340 A 1) A 32 L AN SR A
[F . N3 — 5 T GPU T8 & X P e 19 3%
TR,
5.3.2 ARG A T5 kP BE Y 52 i

B 13 @7~ T LA Naive iRAS N FEHE, SR R A4
Ik Ja s FE WA GPU TR & b r iy ok 1Y 14 ge
$E Tt

MIEL 13w, AT AR AT 6 ki

(D AEPIA GPU I & A R LR 5 i1
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KA PERE B TH AT 22 57 AH BB R X AL
W1 T WIS GPU I3 G 1B RS 3T L gt —
ML UL T E A GPU B & b &R
BN S AR S e R PR R A X SR B Bk

REFEARH REHE.
1800
1600l o W 4G SZ IR mkernel & 3 =
@ Persistent Thread m 575t &} B
1400 | m A< 4 A 51 o AR TV
\;é 1200}
= 1000}
‘E 800
¥ 600t
400 7
200} f
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KR s
(a) AMD HD 7970 GPU
1800

B W) 4R SEI -

1600y Bkernel & I /
1400} @ Persistent Thread

L LESTIE/

:E 1000 o At At 7 1%

= 800

1 600t

100} ,
200} f

1 2
A rs
(b) NVIDIA GTX680 GPU

13 AFEA TR A GPU HRE & F WM Rg i It

(2) AR 54T 55 14 3l 245 e S5 7 O 19 1 BE 42 T i
KEE X AR 55 b B W 2R A8 19 2 3)
AW + 22 R BB PO P — G — R A
WY I UL N PERE B Al DUE L R AR 5
GPU #7459 2 152 53X, work-group [R] B £ 25 A 24
22 T EUPE BE B R IR AR L 3R TR D B R P 4 R O
DX I A N » K 1 2 ] R o 47 AR S 1) s 1 A
B ARy R AR AR a7, LR AT 55
{14 250 25 R SRS AR e e phe 17 3 A ) AL R Ay R AR
55 2 25 W S 1A % 0 S AR B 2R 1 S B AT 55 B A1
Ot - B A PEAT AL 55 19 23 BE. XA n] LASE $h AT RAE 55
AR AT AT 55 Hid /b — 88 s AT /IMT 55 1 9 46
e PATHIAE 55 %l 2 — 26, 3k gt MR b i Tk T
work-group [A] 7 2 A 42 i 1) (7).

(3) 7 Ml BA Bt A R0 3 0 T B ik PR L X ik
BT 3 mi: 25—, work-group WY [AIAE AT 16 45 26 A2 [H]
TR ARA 41087 TR () R 2 R A R P 1R B 5 58—, work-
group W £& 2 [8] 77 48 A ¥ 7 X 1 B8 19 82w B A

work-group [B] {1 £ 2 A 8 % 1 BE 19 52 0 K, X 2
P —A> work-group 4k # Y [ 45 DI ER 55 A BR L 26
R[] Y 11030 8 25 R JF R 25 ROK 46 = At A S AR 47
Huff e T work-group PR FE [A] 14 41 28 AN 257 5[] 251

(DAL GEARAL Ty Bl R PR REE& T R A ] .
X BT T B AN B e A R AR i AR GPU it
B ERPEREI S 1% g8 X B PEEET R
R AE %5 E RS I AN B . (E (W] s 150 B
1 FUEL g e SR B S A ) R A% A A O TR AR AR
Ja s GPU T15 W8 I A0 A1) 3 [ A ) DL R 1k
RE2 TT.
(5) B HR Persistent Thread fil kernel & 3%} ¥4
REAY SR THA B L (L J2 P 3 J2 8 > 00 AL HE 282 1 ik Ak
X RE 52 Wi e KA £k 5 A 55 1Y 2l 2 B S AL 1) 4
2 Rl k2 Persistent Thread il kernel 4 3f. #
I AT SR TC ¥R T 0 BE A 2R e, AL [R]
FEVE O Ak HE B2 (%) 3 il [A] A< |l BA 51 — &2 . 52 il
work-group PN £& e ] ) G 2AS 1 47 R) R, DA 7 —
JERRE BRI TR RE.

(6) i A, BT T H 2 R O
oAk BA 7 480 18 4 4 AE 1 A B0 55 7k 7E GPU
R G F W RE 9% IS JF & 4 /9 i e N,
GPU A AL LI F) %50 488 28 5T 47 B 98 U5 AR & /) fin
BACR X T AN 4T 55 0T 47 - REEAR A7 215
2 A2 HORSRE 25 R OUR A R 0 SR X TE B K
KY€ GPU R 5 0 5%

5.3.3 HUETAIEM L

BIRATRZ KT Viola-Jones A4S I 55 15 1y
GPU B A TAE AHAR DA K At ok i A5 50 .
T At X6 AS ] TR o TG G 0 53 12 1 P i X LA AR R
i 22 ek B 72 S DU AR X LG b AR S H ik
BT OpenCV2. 4 % 55 3 19 OpenCL 52 8 hit
A AR [ F] OpenCV FE TS AL 5 G180 FH A T
2 XX B AE — s R BAR BT AT AR
A .

14 B TASCSEHS OpenCV2. 4 1 A K6
MEVER OpenCL RUAS B P RE XS Fo. W& Hpal LU
H S HX T OpenCV R RS A S IAE P A GPU
G A=l DO N ERE AR EE N R 2
Ft. B4Ry #E AMD HD7970 8 F & F. WS T
27.1%~37. 9% Wy Pk fE$E Tt 76 NVIDIA GTX 680
HEYG EBIE T 20.6%~31. 7% 1vERER T,

A SCE I g 1R Y E R K2 work-group
[51] £ 28 A £2) £ [m) 8L 1) f@ 2R . OpenCV JE 1) OpenCL



1788 it

Hl

i 2016 4F

AL
-

—a— ARISEH-AMD HD7970

160 —a— ZkiifﬂjNVIDIA GTX680

||—=— OpenCVS2H1-AMD Hd7970
—8— OpenCV3EZH-NVIDIA GTX680

B[] /ms
=
o

2
KR 45
B 14 ARG OpenCV RTERERS H

SEPRUA 42 SRy BRI TH SR FH e 25 81 82 1) 5 X 3%
A ARG Mo A e 42 JR BA B B4 AE: 55 1 R ). work-
group [ 1 5 38AN 45 47 m) RBUAK AR BE AT 153 B 243 T
ARSCLBL T KRG AL 55 19 3h A5 m A LA L 4 S BA S
] IR AR AR ) 52 B AT 55 B0 21 O 2E AT AT 55 0 e
RAF Hufif 2k 1 work-group [A] ) 51 2R A 3 1 ] 1.

B AN SR ) DA HE ZRAR G i figf 2R T Viola-
Jones Al 53514 GPU 52 LA AL - il
T AN 18 S O R BE ML ST, U 1 RDULAY 1 BE N
BE . XHEZR B 6 A4 S s BE A W) ELI, SOA B
PR JE B T TN A B ik GPU MR &
R PERE. R %ME 2N A0S TR R I i
1115 EL X HAt B A 2 RURRAIE 7Y 303 . B B A AR 4 1Y
R EXMSFE M H.

6 LHHRIE

A SCE ML TS T Viola-Jones A 6 I 440
£ GPU 357 & & 52 3R Ak 1) 56 5 07 1k
A i T AR S 9E B GPU 52 A7 78 £ 72 W] 1
BN S8 Ay 1) AR R0 R S BOOUE R AR SR A
ICIE A B P T RE . AR SR T — B 2
B I AT A AL HE 42 38 3 Uberkernel | ML & 3
4T .Persistent Thread .22 51T 5 3h A5 W GF A Hb/
4 Jry BN B S5 AR Ak 5 1 B il SE M Tl T AR R (D
TEARYE SRR S LR R,
OpenCV2. 4 1 %38 & L 9 CPU B A 7E Intel
Xeon X5550 CPU L (¥ REAH L .t AL J5 19 553k 7
AMD HD7970 fil NVIDIA GTX680 Wi 4[5 GPU
HEEEG EAMES T 11.24~20.27 f1 9. 24 ~
17. 62 A5 A b ANLSE T = ge s i HSE B8 T
FEAT GPU 158 & 8] i P R B Al A< SCR H 1)
PRAL 7 125 s o oAt B A 2 A 1] 0 304N 289 465 R 1) B

LA GPU 57 & iy s ULt B A 1R 4 19
55 XM HE 0 fE.

B O B EAIEARAH A A BoH
AMD N8 3 AL TAE6) 3 & B3R AA N E
P R0 F B A 2 )

&

2 £ X M

[1] Viola P, Jones M. Robust real-time object detection//
Proceedings of the 2nd International Workshop on Statistical
and Computation Theories of Vision-Modeling, Learning,
Computing and Sampling. Vancouver, Canada, 2001; 34-47
[2] Jia Hai-Peng, Zhang Yun-Quan. Wang Wei-Yan, Xu Jian-
Liang. Accelerating viola-jones face detection algorithm on
GPUs/ /Proceedings of the 14th IEEE International Conference
on High Performance and Communications
(HPCC-2012). Livepool, UK, 2012. 396-403

David O, Fernandez C, Saeta J] R, et al. Real-time GPU-

Computing

based face detection in HD video sequences//Proceedings of
the 2011 IEEE International Conference on Computer Vision
Workshops. Barcelona, Spain, 2011: 530-537

[4] Kong Jian-Gang, Deng Yang-Dong. GPU accelerated face

detection//Proceedings of the 2010 International Conference

on Intelligent Control and Information Processing. Dalian,

China, 2010: 584-588

Sharma B, Thota R, Vydyanathan N, et al. Towards a

robust, real-time face processing system using CUDA-
enabled GPUs//Proceedings of the 2009 IEEE International
Conference on High Performance Computing. Kochi, India,
2009. 368-377

[6] Ghorayeb H, Steux B, Laurgeau C. Boosted algorithms

for visual object detection on graphics processing units//

Proceedings of the 7th Asian Conference on Computer Vision.

Hyderabad, India, 2006 254-263

Tzeng S, Patney A, Owens ] D. Task management for irregular-

parallel workloads on the GPU//Proceedings of the Conference

on High Performance Graphics. Ville, Switzerland, 2010

29-37

Merrill D, Gariand M, Grimshaw A. Scalable GPU graph

traversal//Proceedings of the 17th ACM SIGPLLAN Symposium

(8]

on Principles and Parallel Pragramming. New York, USA,
2012, 117-128
[9] Aila T, Laine S. Understanding the efficiency of ray traversal
on GPUs//Proceedings of the Conference on High Performance

Graphics. New York, USA, 2009: 145-150

[10] Nasre R, Burtscher M, Pingali K. Data-driven versus topology-
driven irregular computations on GPUs//Proceedings of the
IEEE 27th International Symposium on Parallel &. Distributed
Processing. Boston., USA, 2013: 463-474

[11] Cederman D, Tsigas P. On dynamic load balancing on graphics

processors//Proceedings of the 23rd ACM Symposium on
Graphic Hardware. Ville, Switzerland, 2008; 57-64



9 1 BEVEMS % . 3£ T OpenCL A9 Viola-Jones A G I 50 2 M GE A AL A 52 1789

[12] Chatterjee S, Grossman M, Sbirlea A, Sarkar V. Dynamic
task parallelism with a GPU work-stealing runtime system//
Proceedings of the 24th International Workshop on Languages
and Compilers for Parallel Computing. Fort Collins, USA,
2011, 203-217

[13] Yan Shen-Gen, Long Guo-Ping, Zhang Yun-Quan. Stream-
Scan: Fast scan algorithms for GPUs without global barrier
synchronization//Proceedings of the 18th ACM SIGPLAN
Symposium on Principles and Practice of Parallel Program-
ming. Guangzhou, China, 2013: 229-238

[14] Burtscher M, Nasre R, Pingali K. A quantitative study of
irregular programs on GPUs//Proceedings of the 2012 IEEE
International Symposium on Workload Characterization. lLa
Jolla, USA, 2012. 141-151

[15] Nasre R, Burtscher M, Pingali K. Atomic-free Irregular
Computations on GPUs//Proceedings of the 6th Workshop
on General Purpose Processor Using Graphics Processing

Units. New York, USA, 2013: 96-107

JIA Hai-Peng. born in 1983, Ph. D. .
assistant professor. His research interests
include high performance computing, the
method of programming and optimization

for many-core computing platform.

Background

Viola-Jones face detection algorithm is widely used in
many application domains, such as law enforcement, surveil-
lance, security systems and entertainment. With the develop-
ment of real-time requirement in these applications, it is
necessary to improve the performance of this algorithms, so
that it can meet the real-time constrains. On the other hand,
GPUs are widely used in various domains as standard compu-
ting accelerators because of their increasing computing power
and programmability. In this paper, we leverage the compute
capabilities of modern GPUs to accelerate Viola-Jones face
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task-level parallelism programs with irregular workloads on
GPUs effectively not only have not much material to reference
but also are hard to implement.

This paper addresses these problems by presenting an
optimization framework, which includes six techniques; warp
size work granularity, persistent threads, Uberkernel, the
dynamic mapping between thread and task. local queues and
global queues. Among them, warp size work granularity can
emulate task-level parallelism on GPU without loss in efficiency.
Persistent threads can cycle work multiple times through a
kernel. Uberkernel can eliminate the overheads of switching
kernels and global synchronization. And on these basises, local
queue and global queue alleviate the imbalanced computation.

In this paper, we first explore the parallelization of the
Viola-Jones face detection algorithm. And then use these six
optimization techniques discussed above to implement an
OpenCL version which can achieve high performance on both
NVIDIA and AMD GPU. Furthermore, we also achieve
performance portability among different GUs.
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