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Abstract: The thunderstorms recognition and tracking based on weather radar is one of the important methods in weather
nowcasting. In order to solve the problem that the traditional algorithm is poor real-time ,this paper discusses the hetero-
geneous computing model based on GPU,and presents that parallel the algorithm with OpenCL to achieve high perform-
ance. By the methods of branching structure optimization, OpenCL device memory optimization, and optimized for VLIW ,
this paper expounds the optimization of the algorithm step by step. These methods not only boost the speed of optical flow
computation, but also provide a reference for other optimization based on OpenCL heterogeneous computing. We use
AMD’s two generations of different architecture of GPU and Intel XEON CPU as a test platform. The tests results show
that the computing performance improve 10-18 times under the circumstance of same power consumption.
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ik MR A () — 57 K B (B AN R AR, FEAE SR B IR ) Bl SR 45 v () — AR AR Y AR S S 2R (B AR
A AT A
I(x,y,t)=I(x+u,y+v,t+1). (2)
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ZRW R, Z W B TC 55 /N, TR F

I(x,y,t)ZI(x,y,t)+uji+v§}1/+(:, (3)
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PRI AHXT RIS AL AT S 1 22 MG, & RS R A BRI 22, W TR R R RS,
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I(x,y,t)L=I(x+df_l+uL,y+df_l+vL,t+l) (10)
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B, B8 (18]) J2 22 43 R e 2L s A (AR B AR A B, W] G (S A IR 2, QAR A 1 | o ST A (.
SR P B AEARE . 55T CUDA 5 OpenCL V-5 1 GPU BB FLAE (R | 246 (6 1H3E 7 i #0A7 JE % i ok
MPEREIEE. LR B ACE AR (E R 9], 5T OpenCL 1Y kenel AR U0 7 .

int id_x = get_global_id(0) ;

int id_y = get_global_id(1);

int width = get_global_size(0) ;

int height = get_global_size(1) ;

for (inty = =2;y <= 2;y++)
for (int x = =2;x <= 2;x++) |

float t1 = Data[ (id_x+x) + (id_y+y) * width];

float 12 = sqrt(x * x * 1.0f+y * y) +0.1f;
10 sum += tl/ 12/ 12;
11 weight += 1/ 12/ 12; |
12 ReturnData[ id_x+id_y * width] = sum/weight;
Horp id_x.id_y £ kernel TAEII( Work-Item ) F4=J&y 1D, B4 1D X —> N AZ S2 401 kernel B2 7 $RATHT ) HF
P frontwave ( AMD ) 3% Warp ( Nvida) U g LA BN I & AT, HH id_x.id_y BEIIH)Z for FEFR. width
Il height 42 J5) TAEZL( Global Work Size ) IR/, B widthxheight 1451115528 i GPU 5 £ #% CPU Jf
RINAT. i [F)— B 209 A AR EOR e T 4% 45 LA S OpenCL F2 /37 19111, AR, LRSI
G TRE T SR A R T

2 JLF OpenCL WYS:L4L

21 HSXEmMRL
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— ZR AT REPATINAE 4 (A U RAD BT RAE” D RS AT REITAT. T2 A IO S A 48 iR
S48 NG AR5 TCR, ANGE WA FRAE A G2 IR YR 2%, i T5 B2 FEAE T T s J) S0 J 0 B

I EAEXTF GPU PERERISZI L A2 . DL AMD ZEA5 1 GPU SR fiil , 2 A2 0 B i FEAS B FRAE front-
wave , BEA™ frontwave K /NE: 6412l FAEAS frontwave AL RE WA AR [A) A PAT A A 936 4, BIF L — 2% if
HE W BRI T , RIE BT — AR B 55 F0 False, HABA AR H AEZS 205515, HIL, kernel PRI%R
i 2 AR T R 2 B R A AR Y T .

SR, ARG DL T STV 5532 B b SORAN Tkt S 1, — A 2080 %) ik e T 2 IO mT s 25 441 Wi
WEA S W =J0#R AR, i“x=x<0? 0.x;” BIER. a0, “if(a>=b) return a;else return b;” B] 25 A “return
at+((b-a)&=(b>a)) ;" AR5 3B

BEXT LR kernel B )7 AR AEAT T4 T IR A 08 S5 RN A 1153 ) 45 2R 1 2 S g HL oy
GIE R Ak | BIA] 4K Processing Element ( PE) #0425 2R ALK | BEUSHE T2 2% AT E L RE.

2.2 £RNFHEELL

Al AMD GPU 11284, HD7970 . HD6850 HJINFF53 | i 12 ANH1 8 /NidiiH ( channel ) 4 A, 4511 18
X5y A TAS bank. AR R —JEIHA 24 Ui e K48 ] 7] — 3818 IR 4454 SR AR AT, I 2
FRAEE 8 2 (channel conflict) "™, Xt F KA I & B9 TAETOR U, i 22 A3 18 o 58 068K ™ B FE IR PE 355
B TR

HENT G A kernel B SC R AT U R E w8 FUHLA. T HD7970 (/HD6850) 1 A £ Sl 2y
Vi N 384(/256) bits , Bl —UCUTAFIE R PT A4 21 48 (/32) 7719 B , i AR L AH Q8 B AR 30T 352 5 AH <8 Y PN 77
BATT, MR VTG R 2 T A 12 A TAESUR (A , AMD $4 HFRAES IF 15 18] ( coalescing ) . A, 72 7
VeI R AT B4 54 [R] TAE4H ( Workgroup ) PN ZE£E A T AR S B N A7 315 1)

1
2
3
4
5 float sum = 0,weight = 0;
6
7
8
9
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2.3 RBEBATFERA

i TEHETE CPU B GPU Hpi 58 i3 i o LU FE N A AR s e B b 1 2 2 Mg, Rt %1
AR AL H 7 MR F G L ARE AMD HR SCR HD7970 428 WAE \ BT — R AT R
17 I L BGE 35001k 265 GB/s 710 GB/s 1 894 GB/s 13 789 GB/s. AL HE TR 43I I J= i N A7 R ZE A, Uik
/D GPU 54 Ry WAF AR 22 B, SR BERE NP RR P AT A9 . {H5 channel conflict 2810, 52 A {1 (1) 2
H R AEXT channel HR[A] bank #9088 AT A& V5101, i F] banke £ 4508 DU 06 200 B A5 5 ) 1o 70
I, BB 7% S B S 5D bank conflict B & Az, A BT AS 24 A AT DL — A JEHH I % 56 U=y 8 A
FEVT IR TAEIR A bank conflict MiA8 A HRAT Bl fir i 2 512 A0 444 T R ZEAR , 32 177 ™ B 5 e 2
FF AT YRR,
2.4 $t3F VLIW B4

K Evergreen Z244 1) HD6850 , ifi {435 2 42 FR1E Very Long Instruction Word (VLIW) , % GPU 17 12
A~ CU, %4> CU 16 4> PE 48, 51> PE il 5 DRIEZEFST(ALUY) BMESE M —1 VLIW $5§4. AMD
OpenCL %4523 F 2% 2 28 5 ANRAT MMM 1946 S 8BS B0 14 VLIW #5405 st F BB EER 1
AbPE BOHEIE A O RGBA A& Ei (0l iE A9 118, VLIW BT REEE B ALU B9 R B Frontwave ) BT
RBNER A 174, AT E Fe e iy 115 3

% RGBA AUECHA% 2, B FR R PP b i i A K830 o8] 1) i 548 2 A floatd | wintd, 58 53 1) ] 44>
PE H1 4 4> ALU B 5ERE, $E i CU ITATRCR.

m5 Evergreen ey AW N ,%ﬁﬁ GCN ZEF4 1y HD7970, 6% 32 A~ CU " N CU XNAE 44 SIMD, B~
SIMD F 2 16 4~ ALU 41, X R 2R 4 153454~ CU REIPAAT 4 259 4. B FHUH T VLIW (i
T, Bk 33 Rh R 1) i i 2R B A DA 75 0T HD7970 Jevkqs 2B 1 i v RE kit .

3 KGR

3.1 FITRAL RS T

B8, ML S HS FIAFEFAE CPU LT T B B) R AR SR SO e X A . AR 5 03
1 OpenCL Jit 4~ & OpenCL 1.2 AMD-APP, fifi {4: 35 5% 7 . Intel XEON E5-2620 CPU, AMD GCN 4244 ity
HD7970 Fl Evergreen 4444 () HD6850 . [ GPU 2244 1% 22 5%, e MERE AL AL 09 5 ik 5 8CR H WA rR
[6]. HF AMD %79 OpenCL 34 32 £ Intel CPU, KL, IKET L XS Intel XEON E5-2620 CPU 347 RE
TGS, N AE 58 HS SRE R P B PAT I R] Oy 133.61 s. dl ik A7 frik i 3 A AT i I
3 FhAECF AR SE RN 1 iR,

H T AENAER T (5 B IR 48 5L, T A 45 SR8 R BEMITULAE SR
m:@gi 5 {ﬁ(lﬁléﬁ{ﬂﬂ ftt EI/‘J %ﬂj {E % 1 ':F' E]/‘J « VI‘%: Table 1 Time consuming of basic parallel improvements
PHEE 40475954 SC LIRS SR th T i o OvenClL e RURIHEAN IR
L TR SR R SRR T 10 . s 45
FEBLIERE 1, B OpenCL MIEHE RSN AT 1 xEon 5. 2620 os o
RN FRRR AR, OB %R R <00
HEREMO TS 1, B AL B OB O RS,

OpenCL NDRange & X0 2, 38 & 8% TAEZ4L 1 R 300
oF BB PR R P 1R, 0
B 1R TAEH KN N {128, 11 Bf kernel 04T 100
BRI, o (1,256 BT LR, ik oL S0 T 8 a
HHZIT 32 4%, X FEH A OpenCL kernel H - 4E%2H Q;\;}q‘f::\b‘o\g(;’%}%:\,;\b\{gos A @‘@\@1&”3@%;{@9

VP VP &
RAATLSER U5 J5 i, 24 TARAL RN 11,256 &
i, BT 1 TAES ) R R 5 | bk, (455 08 1 RETEEK N b b
[ sk B B . O TR A B Y BR , —A Fig. 1 Relationship between work group size and

I{’E?E_EF'EI/\J I’VEIﬁZ—\“ﬁ‘E nﬁ 256 , ?'—fﬁlﬂjﬁ%%}ﬁﬁ‘ memory access performance
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B NI, B {1,256 | 10 TARGR/INE SRR, HA T AR BN 8O NULL S B4R T T 28 1.

TR TAELL (1,256 ) BYIERI I, % kernel £2 BEAEHDRANIELER
ﬁ‘%: H{l‘ JEH ﬂ:‘ﬁ 1% EF' I‘ETJ é,i;f % E/‘J % /I\ é EJ' /E%Eﬁ FH Table 2 Performance comparison of local memory access optimization
Compute Unit( CU) F )RR N AE AT 4266, X T i) /ms GAT R % AT i 1 O e/ %
A 100 YhY HS THFOKGE, CU e mpenyse il 110 6214 8559
YR 100 YO 1. ik, SER Iy T 98 oL Gad

P R 17.23% 13.59% 13.38%

AT e ERERYXT L, an e 2 FR.
A% 2 W R AR AR b A v () 2 SRR B R R N A L R R B S 4R AR i A L kernel $HATH (1]
WD T 17% , HGAF B TR RN A R R B 13% 2247 32Tt
25 FRIATA MG FIEAL T |3 B OpenCL BEAGHUATHR T BY IR ] 40 2% 3 s,
%3 ET OpenCL MIE MG MiRLE R

Table 3 Performance comparison of OpenCL-based parallelized algorithm optimization

OpenCL 4 4 Fi EE'ijCIJJ . R s ﬁfjh)ﬁﬁﬁ% 5 BT
ForW AT MM 2RI RIS iR RTF ] R A
AMD HD7970 358 4.58 4.44 3.61 3.40 3.39 26% 10 £i%
AMD HD6850 108 12.95 12.54 8.58 7.53 6.40 51% 18 fi%
Intel XEON E5-2620 CPU 95 9.59 9.58 9.31 8.89 8.87 8% 15 1%

3 TTLIE N, &R NS AMD GPU AT B T+ 20% , 76 BT A Ak 3w v s R B
Wi R FH ) S B 2B A AL S, HD6850 A THF sk BE 4 /&5 1 9%, 1 HD7970 MEI AT ARl 42 7. T LA
F i B — A A9 HD7970 % L —1R %) HD6850 MAE {4 )2 T AE T A ele it , i F A Ak R iy B iR M g 4R
FHA U HD6850 2. 55— i, X S fb H AR HEH Intel CPU 7K 9% M PERESE T, 4 B2 X T Jey i
FERAAL , BT IX 9T WA A E 424 | ISR T CPU 2847 (cache ) fRALE A, i CPU X F43 S 54448
AU AR T CPU 718 AL By 1 () 48 XL .

SR R R B EAN TS B 134 s S8 A AA S 4 2 e/ 3.39 s SERL, B EHR T T T
40 5. A EAT M S I3 3 IR AR KU LIS A SR DRG0 THR s B 4 B4R & T 10
£ (HD7970) .18 5 ( HD6850) il 15 15 ( XEON E5-2620).

3.2 SMETINE RS

DHRE R 2014 4E 3 H 12 H 0618 106 .24 [ E A DFEIEE , 75 ik LR B A& 2 (a) L (b) Pk,

it EARRFIE R SR N E 3 PR,

R
e A,
Zt) A
s B =
R ot A I;-u S i
el TR
- : B 0 B ﬁ?%f_’;’//// i * i?z
@ | ¥ (b) e
2 BEEIRERRHELR B3 TxERERRSEHLRS
Fig.2 Radar echoes of weather real-time monitoring Fig. 3 Optical flow of radar echoes base reflectivity
HAECTI w v 3 I TR OC AR I HY 2 R
06:30 FY 1 o3 A FIsR AN 4 (a) , BLK[R]— I a] Y , :
. - () TR i PR _aifee
SEOLPFE 6(b). T e o = e

G
g

B P 4(a) ((b) YT AL B 53 A5 R A i
PR B, o TP R R, R R | e o
(FAR) (i thi 5 (POD) U D8 7 (CST) 1 3 31
WIS SR P S B0 SR AT A | G5SR4 TR

B4 StmsMERRS KRR

Fig. 4 Radar echoes through above extrapolating forecast
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FH% 4 AT, 36T HS Bk M4 74y )2 1 F4 EFEROMETIRER SRS
ﬁl_] E/‘J %E i IEI{BZ iﬁ E/% ﬂqﬁﬁ{zﬂ: +H \{ET]@ ,@ ﬁ% @Z ﬁ @J Table 4 Accuracy check on optical flow-based extrapolating forecast
SOOI I TR ) B AR SR (H T HS Bk ik K )y ik frgti
ABIER ORG99 A 010
il PRI, 7 A1 4 B 1 B o o ot M Dy TS A B csl 0.676
FH RN ) 23 ).
4 HRE

AICHHA GPU KeZ 4% CPU FEFFATIHHE T I BRI PLH, X 26 THOL 7 1) 7 2000 5 18 B AMIE R L 2047
AT, SRIGET X OpenCL - 5 SBEPFRRIE, X 5k e P AT AL, SRR I7 ik A 7 SCE A i
AN FR TN, LR AT XS VLIW B9PRA. 3 2675 125 5 0 FHANOGE JH T i H B sl , to ]
HHABIET OpenCL AT P ILALIR S

A TG F5 b SE PR IR, 5 R W T2 5 I AN Y B0 75 3 [ 9 E R 7 B 73 A, HCHE AR

PERERS I AL SR X LI 3T AR Ml 55 20K, 3 i — R AL, AT RLE AMD GPU 133 10 1% LA L #Y
PERESE T, A REA A W 2 4% CPU BEUR , AEASE R LR RS 00T BT SREs [R 46 4 10 A% L L.

[ &% #fk | (References)

(1] Bhdk. EALIGRS IR BN D]. 28 = f R AT BABE,2013.

Lu Ling. Research of the construction ability for public meteorological service in China [ D]. Yun Nan: School of Public
Administration,, Yunnan University ,2013.(in Chinese)

(2] BRBIEF, EA a1/l A5, SO RAMRES: it K HAE R il e B s BT[] BT 2742, 2007,18(5)
690-700.

Chen Mingxuan, Wang Yingchun, Yu Xiaoding. Improvement and application test of TREC algorithm for convective storm now-
cast [ J]. Journal of Applied Meteorological Science,2007,18(5) :690-700.

[3] Johnson J T,MacKeen P L,Witt A, et al. The storm cell identification and tracking algorithm:an enhanced WSR—88D algo-
rithm[ J]. Weather and Forecasting,1998,13:263-276.

(4] B, EULR ARESHES. SCREER A R UL B h BRI [T ] AEROR2 224 A SRR, 2008 ,44(5) : 751-755.
Han Lei, Wang Hongqing, Lin Yinjing. Application of optical flow method to nowcasting convective weather[ J]. Acta Scientia-
rum Naturalium Universitatis Pekinensis, 2008 ,44(5) :751-755.(in Chinese)

[5] Owens J D, Luebke D, Govindaraju N,et al. A survey of general-purpose computation on graphics hardware[ J]. Computer
Graphics Forum,2007,26(1) :80-113.

[6] Strecha C, Fransens R, Gool L. V, A probabilistic approach to large displacement optical flow and occlusion detection,
statistical methods in video processing[ J|. Lecture Notes in Computer Science,2004,3 247 .1-82.

[7] Xiao J, Cheng H, Sawhney H, et al. Bilateral filtering-based optical flow estimation with occlusion detection[ J]. ECCV,
Lecture Notes in Computer Science ,2006,3951:1-224.

[8] kfl. HETBOHMDLIRA LN Z 3 AR AN 5 BRERHORDFFE [ D], MR I /R I TR R 2R B S il MR TR
B, 2006.

Zhu Qian. Moving objects detection and tracking based on revised optical flow [ D]. Harbin: College of Information and
Communication Engineering, Harbin Engineering University ,2006. (in Chinese)

(9] XUB. T REXHA RG24 o B ERER AN [ D], Fe At . i 5t TR AU 5 B RE R 5¢,2013.

Liu Min. Tracking and prediction of multiple-clouds in the mesoscale convective system[ D ]. Nanjing; Pattern Recognition and
Intelligent Systems, Nanjing University of Science and Technology,2013.(in Chinese)

[10] VL%, G, —MIE TR ST RO IERER 7L [ )] QBR324 5 BRI, 2007,32(8) :680-683.
Jiang Zhijun, Yi Huarong. An image pyramid-based feature detection and tracking algorithm[ J]. Geomatics and Information
Science of Wuhan University,2007.(in Chines)

[11] SRR, SRRk, Je P, 45, OpenCL SR [ M. dbat. iR A, 2012 1-148.

Zhang Yunquan, Zhang Xianyi, Long Guoping, et al. Heterogeneous Computing with OpenCL [ M ]. Beijing: Tsinghua
— 41 —



B MG R 2E AR (TR AR M) 5515 FH 1 (2015 4E)

[12]

[13]

[14]

[15]

University Press,2012:1-148.(in Chinese)

Advanced Micro Devices, Inc. AMD Accelerated Parallel Processing OpenCL Programming Guide[ M]. [ S.1.]. [s.n.].
November 2013.

Aaftab Munshi, Benedict Gaster, Timothy G Mattson, et al. OpenCL Programming Guide[ M ]. Boston: Addison-Wesley Profes-
sional ,2011.

M. BB M SRRV IM]. i AMD EIBHEZ G, 2010.

Li Yuejiong. Cross-platform and Multi-core Programming Notes[ M]. Shanghai: AMD Shanghai r&d Center,2010.(in Chinese)
k4. AMD B9 K249 5 OpenCL PEBEZ 18] () — & B2 [ EB/OL]. [2014-03-27]. http://pengx17.me/opencl/2013/
09/25/amd—architect/.

Anon. Thinking about AMD Graphics between architecture and OpenCL Performance [ EB/OL]. [ 2014-03-27]. http://
pengx17. me/opencl/2013/09/25/amd~architect/. (in Chinese)

fLf5E. M GLSL . CUDA %] OpenCL[ M. Jt5T HLME Tl HH Bt , 2011.

Qiu Deyuan. From the GLSL,CUDA to OpenCL[ M ]. Beijing: China Machine Press,2011.(in Chinese)

Guo Yidong, Liu Bozhong, Qiu Weidong. General-purpose oriented GPU optimization techniques on AMD platforms[ C ] //Pro-
ceedings of 2013 IEEE International Conference on Computer Science and Automation Engineering. Guangzhou : [EEE Beijing
Section,2013 .1 284—1 288.

R R 2T 7R IR DA R UL A 2 Pt R KK 7 SR [ D] i Pl R TR R 2 R AU 222 B, 2012,

Shao Chen. Classification of short-time heavy rain using radar and lightning observations| D |. Nanjing:School of Meteorology

Science , Nanjing University of Information Science and Technology,2012.(in Chinese)

[ ARS8 BBE K |



