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Mean Shift B &9 21 HFiE0H1TH

TEREFRCAANERE, 81 750021

1 OE: BGSTIE RPERE AT ALY — > TN AR, AR A B (1 I [ 52 2% B8 R S P R SR SRR ek
PR AUBE B AR RO TAL B 57 . Mean Shift 532 R4 B GUR— A L& My B3 TE MRy Bl R v
ANTFBARATCIG AR, R —Fh T B 1 43 A2, 7 EUR 3 B BARSE I b B T2 . KIS TBB (threading building
block ) T H.F1 CUDA ( compute unified device architecture) %} Mean Shift 375847 224 #1 GPU ( graphic processing unit)
FEATA sk . e Mean Shift 73 3 B2 B FERS 8 3 Mean Shift 228 48 5 1 ] TBB FIl CUDA Xf Mean Shift
RAEHAT T IATAEGE  FFXT R T IEE AT T X L 3 A o SEOR 2 SRR W], W R AT 5 1 ERIUAT T 30 (v 5k
BRI AR BE A RS KR 58 28 G TG O, 22T TBB (i in 3 e AR e i T8k

FK$217 : Mean Shift; JFA7i1H5; TBB; CUDA ; K4 73 %1

Parallelization of Mean Shift image segmentation algorithm

Li Hongyi, Wu Suping
School of Mathematics and Computer Science, Ningxia University, Yinchuan 750021, China

Abstract: Image segmentation is a main field of application in parallel computing. To achieve the high performance nee-
ded, the algorithm needs to make use of the improved computer hardware and parallel computing algorithms. Mean Shift al-
gorithm is a relative classic algorithm in image segmentation field, which needs no prior knowledge and is an unsupervised
segmentation process, attracting widespread attention for its good applicability. In this paper, we give two parallel improve-
ment methods of Mean Shift using TBB ( threading building block) and CUDA ( compute unified device architecture )
based on Multi-core and GPU ( graphic processing unit) processing. First, the most time-consuming part the Mean Shift it-
eration in the process of Mean Shift image segmentation, is analyzed, then two parallel improvement methods of the Mean
Shift iteration using TBB and CUDA are given, Two parallel methods are compared and analyzed. The experimental results
show that, two kinds of parallel methods have achieved preferable acceleration effect, with the increase of the image and
bandwidth parameter the speedup of two parallel methods is on the increases, and the speedup based on TBB tends to be
equal to the number of CPUs.

Key words: Mean Shift; parallel computing; threading building block (TBB); CUDA; image segmentation
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Fig. 1 Segmentation result of Mean Shift algorithm
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() (hs,hr,M)=(5,7,70)

(b) (hs,hr,M)=(5,7,100)
&2  Mean Shift 4345

Fig. 2 Segmentation result of Mean Shift algorithm

(c) (hs,hr,M)=(7,12,70) (d) (hs,hr,M)=(7,12,100)

%1 4 —IEH/N K 256 x256 (1) Lena L, 75
Intel FEBEXAZ 1.73 G £51) CPU L, 43 EIZ% (hs,
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Table 1 256 x256 time of the portion in image segmentation process
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(5,7,100) 47 1. 653 2766 97.26 31 1.09
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=

LI

5 TBB 472800, H AP} 2. 1 35 Mean Shift [&]
1353 ERATSEL S 9 25 38 2) Mean Shift %
HEATHET CUDA R4 Tk .
4.1 CUDA FHITHEX

HEATIET CUDA WA AT BT, 8% 1
WEWE, EZA WM T I FE ™

1) i FH OB I A7

{E3ET CUDA FOJFA7 4R BE =, WL P 77
53 R PFI: 1) 43 BUAT | R — BB A P At
HIRIERGERY APLEAT 43I FUBBCHRAE  malloc () f1
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TTHIF AT, free () TATTREIUNAT;2) TUBIE WA,
TIEA L1 s B AN A b, —BUFTE T 3N
ferp AT LLE 2 DMA i 58 45 9 ( GPU ) #4738
{5, i cudaHostAlloc () 1 cudaFreeHost () 2 il B i
R

TERLLE A bk i) DR B85 DUEUR B AL
P WLt 248 (GPU) py bt 25 [0] , fff GPU B 15[
WAE, 58 T FAE A Z RV BCHE ¥ DLy s ] . 7
H 35 N AR N E#R & cudaHostAllocPortable 7] fifi 2
A~ CPU AR —He i g N A7, LS &y CPU £k
FREZ AL AR AR, 18 T N AE I B cudaHost-
AllocWriteCombined #57%, CPU AN FRACHZ HiF HL N
PR RAT— B, XFEBURE &4t PCl-e G2 tL ki
WM 29 CPU Waall bbb, J5E 00 b mT DU AR 8 1%
RRCR . BARDUHUE WA B — 2L 4p ik (B 2R
RERC RS, PRI A G SR S A A AT, 3K 26
fE Higdefityy GPU (], FH T 7T 73 5N A7 1 M 3N
FEMBCR NG 25 W00, SRR R G B PR R

2) CPU #l GPU [ 5 Pharisiat;

CPU F1 GPU {5 B PATHIAIE 1 GPU N A%
A e o BOE e A7 M B AF 2 1) 58 e il A
CPU A— A5 X L5 A 1 3R (], T 2 4k 22 A T
CARHS, Em CPU RFIHSR, WA S WAE Z ) 1%L
P A4 ] LUGE ao 5 20 s B 52 B, CUDA 1Y 57 28 pRi 4R
— L Asyne 5 2 AT DA Sl ok SC 8L CPU
(i GPU NA%IE B Z R S 20 A T, i 7 2
FH—A35 R 5 2D BT 98 U R BOR A A sk 26 S 248
(ST IRRZE Y A

3) fd A=A A e

L AEAHAE GPU I Ny B s At A, T LAk
— > block NI T A LA FATIEES Uiln) . Hysh) #
JE 55 AFAEAR U5 ) — AR, 2 S LR R (] {5
FEIR B AF I

s 2R

CUDA FREA5 1) 3 5 fdf ] SA0KG B2 07 B 0
TENRG FEBERAS i (017 100 T Ny S AT e bl T Pk i 7
SEGHATIZS, HAMNE AT R A ] CUDA $2 4t ry 53R
BT RRE; — BE4R T 4 4 1 For, While 45 /S 1] g 1
FIRJRITRS , 535 38 2 i #pragma unroll 5 JEFF
VEER LA e TURE 5 U7 [0) A7-Aeff e I 2 A g S AR
I71) (4 57 50 0 138 5 2 A7 i 7 800 — 3, TSR R )
HATHR VI, WA N T 3T 5 5 U5

4.2 HiER CUDA H174L

M Mean Shift R 73-#1 B¢ 8 4753032 19 52 B A n]
0 G Y B B T LA AT 5, T AR
CUDA ¥l 3147 0 75 Nt A T AT Al o

TE AT T 1 S B fE v, % P45 b g — M
s BIHEAT Mean Shift iU, fifi ] CUDA #EA7I
At 2 3 — MR R AT R R e ) GPU
AR — 2R LT IO, ARG GPU A 1 9 5 ik
P, GPU X5 8 M BEE A2 73— (block) , 9 T B2t
LR ,—> block | 2 /D217 64 4~LL F Y2 4R
LAt (H RO REMT 512 4>, AR LR R B 2
SROE 32 BRI, — D EHAREME GPU M
AR RSEBR R AT I B BT, AR SO R R
—MER AR, —IER/N R 1024 x 1024
IS, B —> block HYEHEESCh 3 E S 256 , Kid
A[5320 4096 B,

Mean Shift S35 #E47 5 70 51 59T 50 2
B RARE U B2 d e B
ST BB 4 CUDA thy— AR, 1k —
CUDA £ F2 1 5¢ B b i — D sl e S0 5 72,
BT

1) 0 AR TR 23 6] A0 A 326 Kt 3 A, iad e
#E CPU |52 %

// JEREAJA]

CUDA_SAFE_CALL( cudaMalloc ( ( void * * ) &device_ LUV
_data, sizeof (float) * L* bandcount) ) ;

/ARG B AT

CUDA_SAFE _ CALL ( cudaMemcpy ( device _ LUV _ data,
LUV_data, sizeof (float) * L* bandcount, cudaMemcpyHostTo-
Device) ) ;

2) BrE LR ECH MEREH

int threadnum =256

int blocknum = L/threadnum + (L% threadnum? 1:0) ;
3) I FH N AZ R %L meanShiftCUDAKernel , 5K %%
JRALGN T

__global__ static void meanShiftCUDAKernel

(float™ msRawData, float”™ LUV _data, float sigmaS, float
sigmaR , int imagewidth, int imageheight, float minEPSILON, int
maxLIMIT, float minDELTA )

4) ¥ R ERYZERBIE S D Il N7
/A GE R AL 13 A
CUDA_SAFE _CALL ( cudaMemcpy ( msRawData, device _
msRawData, sizeof (float) © L* bandcount, cudaMemcpyDevice-

ToHost) ) ;
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5) BTk A7 25 ]

7/ RETHAT

CUDA_SAFE_CALL( cudaFree( device_LUV_data) ) ;
CUDA_SAFE_CALL( cudaFree( device_msRawData) ) ;

5 ZERMOH

5.1 SRBER
Mean Shift {45 #] 04T ALFFE A 468 1) fif

TBB

CUDA

(a) (hs,hr,M) = (5,7,70)

(b) (hs,hr,M) = (5,7,100)

{ 4
{ y
{ {
¢/
|/ |
v %4

{3155/ CPU Q9400 2. 66 GHZ (4 CPU) ,GPU ND-
VIDA Geforce GTX 260 (24 <~ Multi-Stream Proces-
sors, 192 4~ Stream Processors) , NAF 4 G ; HAF3RES .
Windows XP; 431355 : Microsoft Visual Studio 2008,
tbb30_201009150ss , devdriver_3. 2, {3z K]~ Le-
na 256 x 256 ) =P Be MR KGR, £ HS
¥ (hshr M) 4853IE(5.,7.70) .(5.,7.100) (7,12,
70) (7,12,100) i TBB Fl CUDA {43325 54 &
3 s (AT R AR AN 2 s )

(c) (hs,hr,M) = (7,12,70) (d) (hs,hr,M) = (7,12,100)

B3 3&F TBB Al CUDA 1) Mean Shift /3% 45 5
Fig. 3 Segmentation result of Mean Shift based on TBB and CUDA

M3 () SR B8OR AT LA 3 M EHR
SIHE D BRI  MOEBOR, RS G
— P MEBR . BT TBB IR AT 0K 253 HI Y
U 11— &R AR g7 TR R I
FTRE AL BRER B, 5 BB AT TSR R R S AR ]
Mean Shift 52319 TBB JFA7T0 70 #4555 HiA 745
Hogae—5, T CUDA i rib B4 R 57
CPU E/r®IZ5 A A —E 1Y 1R 2%, CUDA 145
AR A 3 A BB AN — R 2 i 22, 0 HLiR 22 Bl
EH UL SR iy i, fdH JS(Jaccard similar-
ity) Ir R B A5 R AT E B o . IS {HTEO 5 1
Z I8, FOARBR LT 1, U0 A 3 ) 45 SR 842 3 s v 45
R ERG R . BE T TBB AT #1451 1 IS
B 1, 5T CUDA (3147 73 B 45 RAE AR UCE
/N 100, PRUCEARZE(H/NT 0.01 I JS fE M 1,

ARRBOR T 100 1, IS fE2f# (K, #£T CUDA /Y
w22 T GPU M AR T CPU, & 5E T4
JEAR, THAT B0 45 RRT B fIK, LAk GPU RS IR 5
B ERIERBN A EZHER S (S CPU
M) BEA A 2R E M.

SVE I L UNER 2 P o

T FIZ RO (5,7,100) i, K/l g 64 %
64 256 x256 .1 024 x 1 024 [#J[&1%7E TBB fil CUDA
AOPRIE T A LE AN AT 4 F7R

4 v TBB Il R AR, S 5 T 4
B ARS8 L TBB i He e A [ 23 %0 2 80T Bl 15k
IR ZE o

SLHLEIE 1) Mean Shift 5095 B ST 18] (FFAT
MERTT) 5 M AERK/INIGSE 52) Mean Shift FHEHIHH
Ay FAT A A7) BEE hs  hr B 38 T 1000 38 05
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x2

E &Ry hnEE L

Table 2 Images speedup

&R EISHL AT E]/ ms TBB i [a]/ms TBB Jilli kb CUDA Hf[al/ms ~ CUDA Jiisk Lt
(5,7,70) 282 110 2.56 109 2.59
(5,7,100) 282 94 3. 00 94 3.00
64 x 64
(7,12,70) 656 235 2. 80 125 5.25
(7,12,100) 672 188 3.57 125 5.38
(5,7,70) 3562 937 3.80 187 19. 06
(5,7,100) 3563 937 3.80 187 19. 06
256 x 256
(7,12,70) 9031 2281 3.96 250 36. 12
(7,12,100) 9032 2343 3.85 234 38. 60
(5,7,70) 55 969 12984 4. 31 1516 36.92
(5,7,100) 55984 13 812 4,05 1578 35. 48
1024 x1024
(7,12,70) 141 484 34 069 4.15 2562 55.22
(7,12,100) 141 500 34 625 4.09 2562 55.23
40 5
—=— TBB
35
—A— CUDA 4 b
30
ﬂ%— st
g 20 i§ —— (5,7,70)
15+ ot
—a— (5,7,100)
10
sk 1F —A— (7,12,70)
0 . . —&— (7,12,100)
64x64 256256 1024x1 024 0 : :
64x64 256x256 10241 024

4 TBB F1 CUDA fi ik He
Fig. 4 Speedup of TBB and CUDA

3) Mean Shift 53k AT 8] (FFAT MR AT) Bl 4]
RHGR MG /154 ) Mean Shift 3353 T CUDA 47
Pt Lo e P MG s 5 ) Mean: Shift 532
LT TBB JF47 40 s LU Bl 25 141 45 08 KT 48 i 6)
Mean Shift 5156 CUDA J-47 40 BN L B 5
V2B T T R RE M 5 7)) Mean Shift 5532 Bk
T TBB FFAT A T 2 L B 2 217 5 2 500 1 T iy 22
&, R TR 2 8) — et 0L T, CUDA 1
TBB (% (3 51 3 T [7] 4 #% 79 GPU F1 CPU) it &
Hew
5.2 RS

FEAE S T ARSI AN 1) M1 2) B IR Mean
Shift PG FISL S AU R 5 M JE56, R hs

KI5 TBB T EURAIFATINE
Fig. 5 Speedup of TBB

hr 4556 hs BRE T IRAUE AR/, he B8 T AR
HNZ5TH Mean Shift [a] i 19 (R R 914, 2
IR S THEE I DB s 7 AR SR 2598 3)
A8 S PR PR P 8 g — A iR AT R AR R AN
ARSI CERAE ) T, ek PR 07 38 5 7 2 52 5
L5 4) B SRR AE G B/ N INAi , AN e R 1k
A GPU By R R A Tia SR B IR 1 1
R, ZHiaR LRI, BT LU R H Y
FEINE) —E R HE R, T FE AN S ARSI T 5 77 A= S0
458 5) WERE M T 4 £ CPU BB pL7E R AL
NI A T AR B AT 05 3, R KA, 45—
CPU 3z 53 1 I () o J, AN BE A 280 3t U E 3R 5 7 A=
SLEGAGIE 6) B N B A S 0, AU R

© v [H R I AR RBUT A1

1617



1618

PEEREFF IR

JOURNAL OF IMAGE AND GRAPHICS

Vol.18,No. 12,Dec. 2013

SRESE N, th T CUDA (% &5 M g, Hohn ekt e 25318
i, Sy AMERR SEXE AT, R UGEART S 5 R IR R
M Z AR B AR SR A 18 T) (R
DRI B S35 N AR UGEARR 2 51T R B R
B2 W AT IR EE S S, BT U LG 4G B4, {0
EHENAIRE 5 CUDA M LA R gt , — 2 h T
CPU %o, —J& i+ TBB 7 A —JF ihh
KB T —E WA TR, i H B AR 38 in 31— a2
FREER, AN FE3E I 7= AR S0 4518 8) IR A2 GPU
BETEBE, 2008 H FEdES 342, m
CPU iR 2 1 o Hoh () 4 il 2 AR 45 1 .

AR, AR 2 19 1 024 x 1024 E{GR/aT LA
B F|HT TBB 19 7 210 i Eb g T Ak B 25 19 4%
OB A AT RSt CPU 3B 9 3% 2 LA &% 94T
X153 2 I B T SR T S R s 2D A ok 1) i

6 % it

45 TBB A1 CUDA 528 T X} Mean Shift 22
R B R AL e s T W) | B w11 B I
Ro TE4 1% CPU Byt EALLEBUS T 4 A5 L,
FET CUDA f i AT A5 2 55 4% 09 ik L, 326 214
TBB #1 CUDA #4173 474k 2 KA B AT AT LA 343 )
A RO RE SRR, { ] CUDA A] LLEAEAR = 69 hn
B HSA —E R ZEH TBB i T CPU .0 4%
A BRI LA R AR g BRI, 5 A
B L5 SR —B, BT LALE R T, SRR SR A
T e Ao RISCR 1 FR A, O T RE S R R I A
AR e 03 B ST AR G 1 o B AR, e Bk — 2D bf
GER RN A TIR A, DRAIESR A BB ARG L
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