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WA Gt (Server Weather Automatic Nowcasting, SWAN)  (EE=EFIVRfHE, 2018) N, &E
1 km BRI B BRI 2 I i PR S TP RE I R K R R, B IR P I R 28 R )
FLE B (Thunderstorm Identification, Tracking, Analysis and Nowcasting, TITAN) . #hfE%E
FoAh 2775 o By AR THE 1k D P i S0 B2 mT AW SR 42 T SWAN Il 3 F34R 7 it 1 21 ) I 2%
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AR I H A /). AR (2009) M3 3L A7 66 AT T2 (open Multiple
Processing, OpenMP) FATHIARFI BALi#E 10 (Message Passing Interface, MR ZwfE it
0, SRR RGN RIFAT . RAET (2012) ffFH 2 2R RO Bt 24 (5 2R s it )
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H A A A — 2 ] GPU I SRR TT R . Vu et al (2013) | Mielikainen
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Process Systemo, MIGARSA (=%, 2017) i JFMNEITE1ES (Open Graphics Language,
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1) GPU FFAT S — i i — Lo bRtk A ) FFAT g A 42 Vg7 Sl . W R IR T iF e A T
iz H 1% 5 (Open Computing Language, OpenCL) 1 F%%% (2015) , OpenACC(Open
Acceleration, JFUEINIEHET), U1 Govettetal (2017) . Scharetal (2020) . Hifi%% (2019) ,
RS — 45228 (Compute Unified Device Architecture, CUDA) , U1 Wang et al (2021) %5,
AL THSEIAE T CUDA [T R M B B Sy, FRidid 20 4fr CUDA BRI AT 4 A4 I
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BOEPERE T, FRHIFSEIL T R IE T GPU NAREFAIEIE MR T R . bR G %
B, T CUDA HIFATHIEREIRS L 3.5 LL RN L .

1. 5T CUDA ¥J GPU FHAT 11 B AR Y

1.1 CUDA ¢mizi&RE!

CUDA & NIVIDA 22 ) & AR I IR ATTHE P S Mgnie iy, B3Rt 17 GPU iR 5
O, e GPU S 1E], FHLA GPU B [l I AL i %5 - 25T CUDA 4 fE ] LAH 2 GPU
THEI R RAR T, Wi 58 2 1 B APL.

CUDA J&— NSt gmfe iy, mrCAYpFEEE cPu F1 GPU, F:FIZERR—MITHEATS. 15
CUDA Ziffifieh, {H5R M NENLG (host) ¥4 (device) , HrhEHUGRR
CPU K NTE, &R GPU N fF. CUDA FEFFHER AL & B ML umibbh, ol & % 5% b
FEH, e HI{E cPU il GPU Lig4T .

1.2 CUDA FH{TE LRI
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B AR A CPU W AFHE LR GPU A, B PR THEESE R PBDL P CPU A7, 3 1 45 )
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Table 1 Comparison of execution flow between CUDA algorithm and CPU algorithm
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Fig. 1 Process design of radar mosaic algorithm based on CUDA
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SYESEHAT S . FTUAEE TR ) RAE GPU NI4T HERE, 7R BB ST T %
2.2.2 CUDA FH47#Hf B H k40 % ikt
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o i cPU BT B IR SEEGE AT A B PR S, GPU ST AP A S
%%ﬁﬁﬁ AR AN, BRuh ) = 4k BB IR R 2 vk PE . 7 Bk = 4
BUHUCAEME RS, B cPU PN EEMIHEREY, ST NI AR GE, A GPU
(1) =R AR, SCILHAT U B o AN () E A 22 ] 1) B8 8 30 20 SR R AT 1007 =X AR e T
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2.2.3 EMT
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BFENAAEE, BRI ERIR AN . £ 2 45 T Al =248 B SEh (1 km
o) MZ P (213 k) SIS TR A 346 . KA AT DUETH SR — 4888 et A
THFERT 0.483s, 5 [EF 2 5 B il = 4E B HUb 2 R AT 78k, DA 2 TR S, &b
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Fig. 2 Parallel module of radar archives discretization based on CUDA
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Table 2 Time consuming in each step of radar mosaic algorithm based on CUDA (unit:s)

S e I A .
E - s N 53 N " F T ol
e AR IR IR
FAEEEL 0.269 0.003 <0.001 0.117 0.092 0.483
EQE L] 0.115 3.403 <0.001 1.203 0.193 4.914
2.2.4 Bt mE
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ok 1. DO EAARE AR . R E] GPU THEFERT R B> T AR
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I3/ Bt A7 RIS 2% T RO Rt 4 DL, kT oD AR BT i 36 2 T RAR Y, Rl B K
A 7 TR A 3 T SN = 4E B B A (T S T FH IS A 3 0.001s o I T-AAAf AT 4R 3 7R 2EAE
GPU "I A R A, H A BRI (RIS e T ST ) o b, K2 (R A R SR T AN
S YERTHUAE (A S T E R AN ATV SRR, M R AR LR R EHAAETE GPU TP, T8
IS, RSO 1S, RS R RFER B 0.269 s R %% 0.202s.

O 2: SEINBARAE R, B EE R AR GPU AR, FREF] cPU LT
177 N GPU BEAT AN A1 () =4 BB T B, TEAS RIS A B, 3508 43 50 25 44 ] LA B 42
BHATE, WD GPU WAFEEIFAY . TERIEITMART, FTRA—IR M i A AR 8], HFAE
GG AT AR, > WA E BB E 8 @, A0 2 5, 200 kT
WAEFRIEAEIS 0.428s, WAFRRIBFERS 0.192s, RURFETHEF 5.

ook 3. DIAFAE A B AL . 2H B PR S92 RO B o b sl 0 A 2 i 1 IO i 5
FIBHEIPIRS I, 750 Bl B Ah S RS B 12 31 22 v B R L A P S F T
AN FATRIRHARLE GPU 58, 1T UK Sl B HUAG 285 SR I I A 7 GPU e, PP E
F GPU WAETLHUMH R BE 2 AT P . AT ik 3 5, T LAAE et = 4 sHU b B 2
3R (R FE IS R 22 i 4 PR A P B R AL SRR E I

F 344 T HGERTE I GPU FHAT A XTEL . ZEPUASG HeIVH Y, BRI CPU-GPU R4 %L
PR L EIF A4, HoR =3 A5 2] 7 0 AL, AT BT e A 2 T W3 R

* 3 AT & GPU M Sy FEAT RS X LE (BRfir: s)
Table 3 Comparison of parallel overhead of GPU networking algorithms before and after optimization

based on CUDA (unit:s)

CPU-GPU  GPU-CPU

(B T Vel 1] ‘ LNy Remesa) it
giIEACT ESEIEe T

A 53.221 0.604 25621  17.991  97.437

ot e 0.766 0,622 1.988 0.489 3.865

2.2.5 3T CUDA Iy IAT A I Sk it

Zx b, B3 45T CUDA JREHHE BE R A& v tt, Bl n R A, S 1 2.2.2
FIAHEL, BRI T AT GPU TR R BT CPU-GPU B Ak, BRI _ESCHR S
3 MRALTT %8 \GPU SE Rl = ERS B THR S, AURIERIRE E, A CPU JFAA T — AN
R HHE H A B, DREIB B GPU AR Sz, st B, St ik [El
25 CPU . B EHRMA N AEE A, AMEE LG n IR CPU-GPU HdiE#E DL, 1
X GPU-CPU FIEE# UL, 1 IRHIEZS AN 1 ORI ] o
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Fig. 3 Flow chart of of radar mosaic algorithm based on CUDA
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Table 4 Comparison experiments of algorithm efficiency
WIS A FR AR S N ) 5 2% iE Sl EI =R/
‘ o CUDA 47 5 5
R — A=[H 1 km FHEPEHE o £ 0(4X10°) #] 0(2X10°)
CPU 147
\ e CUDA AT . .
= 4 s00m A . £10(16X10°) £ 0(8X10%)
P 1T




3.2 BITHEDHT
AR A R 1 BT RIRIB AT R

ttotal = tdecode +tstation +tmosaic (D

A tior RARFIERSIBATINA],  tyecode 2 AT 2 HE B IS FEHAE IAFERT s ttarion 7
2 B 8 = A B EU BB, tosaic 287 2 Wi I FRIFERS
i HIIELE Sq %€ 2 PPl CUDA FHAT S IERBCR

t

Se = (2)

&S

At FRIR CPU IATENEMIIZATING,  ts F7R CUDA JFATRIEHIZATINE . Sk,
Wi B CUDA VRIS R R LT -

K54G T EVERCRIR A R . X tow PTELE i, CUDA FHAT B K AR 24 W 5
Se o HlikE] 3.52 F 6.82. XLUARLE—. I = TLAE H, MEPHE S Pmde s, CuDA &
E AR AN B X 2Rt TAE YR AT & D, GUDA BVEINFERT 22
WA BRS04 R PR IERET, GPU 77 T PHE S0 (LT a2 K, 3F
AT VB A HRE R IE A2 AN 5 /N 2 10% 03X 35 B CUDA F47 SRR 8 R X6 TSk MBS Fr0 98 7 o
B tyecoder EEALHE CPU i AT R IA B HE AN 18], EZBRAE DU G50 R B AR — 3
M. MIRIREE R PTLLE H,  TOANREG 7 RIRER 2R, FFE T WRHERR trecoder 1%
FETH SR IINE L, Se 7> BIIAF] 11.8 Fild2 Ao b (1iR56 K W], T CUDA MIFFATHE
KISLVE ] LATE 40s N 58 Az 1E 500m 73 ARt B e, AR GPU IHTHORZ )5, i
Sr PRI TR IE LR — 0 HLSA] 17 e

®5 HIEARERRER (Ph: s

Table 5 The result of algorithm efficiency experiments (unit:s)

ﬁ’t% ;g % ;K % ﬁi SG ttotal tdecode tstation tmosaic
X CUDA J#1F 24.067 18.452 3.544 2.071
e — 4 3.52
CPU H#1T 84.786 18.501 52.877 13.408
i CUDA 47 37.176 18.263 12.584 6.329
s — o 6.82
CPU F#1T 253.712 18.372 194.331 41.009
4. #Eip

AR LHET CUDA Wit —Fh CPU+GPU FRAT 1 4x [H T IA 4L M Bf I 509, Hor cpu £ 5 S04
AT AR, GPU SR ST KB AR (E AT T . 7RSI, 2] GPU FeiEFIPE
BRI AL, Ed il GPU A ERANEAE AR, 982D CUDA BEIHAT A, A CPU JF
ITHE (30 Z672) AL, 3RA8 T 3.5 MinikLt.

RIS R B, CUDA JFATHFEISERT LAE 40s A 58 4= [E 500m 43 2 4f P (14 STz b
THE, s PR Tk BORHE N S5 o 1 B R B T — i) 7 e AT B AL M P
Bk, WURERE TR ESE., R m B R NIX SR EEN CUDA AT T £ . MRE L
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Abstract: Radar networking method is one of the most important methods in Severe Weather
Automatic Nowcasting (SWAN) radar applications. Improving the efficiency of the radar
networking method, not only can improve the timeliness of the short-term algorithm sequence,
and also can make good use of high-resolution radar data, which has important practical
significance. With the development of GPU(Graphics Processing Unit) general computing interface,
GPU has also been regarded as a powerful computing resource rather than display device for
rendering and images. Therefore, this study proposes a new GPU parallel radar networking
method based on CUDA (Compute Unified Device Architecture). The method is designed in a hybrid
architecture of CPU(Central Processing Unit) and GPU, in which the CPU is for the decoding of
radar data and scheduling the GPU parallel modules, and the GPU is for the parallel computing of
large-scale data. By analyzing the parallel overhead of the CUDA and the characteristics of the
radar networking method, a scheme of GPU memory management optimization.and dataiexchange
process simplification is proposed and implemented, which effectively impraves the efficieney of
the method. The comparative test results show that, compared with the CPU parallel algorithmin
SWAN, the GPU parallel networking method based on CUDA achieves a speed-up ratio of 3.52
and 6.82, respectively, on the national puzzle tasks of 1km and 500'm resolution. To sum up, the
parallel networking method based on CUDA can not only improve thé timeliness of the short-term
nowcasting methods sequence, but also provide technical support for.the-puzzle of higher
resolution radar data.
Key Words: Graphics Processing Unit parallel; Compute Unified Device Architecture (CUDA); radar
network method; severe weather automatic noweasting (SWAN )
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