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3231 AL : Yang J H,Cheng C Q,Zhang J X, Huang G M. GPU supported massively parallel processing for geometric correction of SAR imagery[ J].
Journal of Image and Graphics,2015,20(3) :0374-0385. [ #%5c i, #4551 , iR AR ST, 2 EWE. GPU SCHF1 SAR AR LM AL IE KA IFAT A0 # [T ].
o [ [ [ B 2247, 2015 ,20 (3 ) :0374-0385. ][ DOI 10. 11834/jig. 20150309 ]

GPU X ##J SAR SR JLAIKRIE XK AR FH 1T 4038

wEE, BRAR, KaR'”, HEH

L BRSBTS IR 2B, I 430079 ; 2. PSRBT ke, dbat 100830

B OE: R JLAEIE (IR ) J2 & B AL TR 1K (SAR) SEARAL B Fh 3 22— 2 3R, BT —E Wit
AP T MBI U E AR, ASCE N B 2 SAR 1%, R A B2 T R EU(RPC) & MR 4241 T BB AL
AR (GPU) SR A UATAE R MBI B vk . F7ik %07k AT GPU 35 BT a8 R S LA e s g b
FAMG R FLERE—FE S HRFARRBRRE GPU, N MR RN — &, A LR AT A B R B0 T
B B AR AR RS B i ) 2L B i L AR L B dimGrid 1 dimBlock 24§, 4271 GPU I 47 1ERE
PSSy A B S SAR SEAGOR IR TIAL BE, H TG T2 AR IIN . FR SCRE R BoR Rk
Ly 38 ~ 44y AT g W 73 GPU FFATAR BRI AR AL, iB THE8 1 BRI LU , 38 5k 221 S 36 70 A7 82 e 4 1 ik
REAYIAER , Pt RIS B /O PERERIIL AL DT 1% . SR8 %05 IRIE SIS il PR AT ol il T L B A A A2 3
SAR SR A [ A5 hed 5 EL AN P RE W 12

KGR MALARER I JUTRE; AT BURAL R s A B2 i

GPU supported massively parallel processing for geometric
correction of SAR imagery

Yang Jinghui'®, Cheng Chunquan’, Zhang Jixian'”, Huang Guoman’
1. School of Resource and Environmental Sciences, Wuhan University, Wuhan 430079, China;

2. Chinese Academy of Surveying and Mapping , Beijing 100830, China

Abstract: Objective The geometric correction of SAR imagery is an important step in SAR image processing. This
process has a certain degree of computational complexity and requires a certain geometric positioning model. A GPU-sup-
ported massively parallel processing method is presented for the geometric correction of space-borne SAR imagery. Meth-
od This method exploits the RPC model. The method takes full advantage of two facts. A GPU has large computational
resources, and the processing steps are the same for each pixel in geometric correction. In the course of massively paral-
lel processing, a large amount of pixels are imported into the GPU at each time, and one thread is allocated for one pixel.
Each thread performs the steps, which include the calculation of rational function, transformation for projection, resam-
pling, and so on, with high computational complexity. The optimal configuration of two parameters, i. e. , dimGrid and
dimBlock, improves parallel performance. Large SAR image frames with different sizes can be processed by block parti-

tion. Result Experimental results show that the proposed method can achieve computational speedups ranging from 38 to

17 H #7:2014-06-17 ; 1& [B] H #7:2014-11-19

EEWE : MK R BRI (863 ) FE4 T H (2011AA120401 ) 5 [€ 5 F AAFRL = B4 T H (40901229)
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SEHR( ZRIAT SRR R GPU JH474F) o E-mail: jhyang@ vip. 163. com
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44. Meanwhile, the speedup for the whole procedure is recorded to analyze the features of the GPU-based parallel compu-

ting objectively and thoroughly. The factors affecting the speedup for the whole procedure are discussed according to the

results of several experiments, and an optimal approach that reads and writes a large block to promote /O performance is

proposed. Conclusion The straightforward method has broad applicability and can be used for most space-borne SAR sen-

sors and for different image frame sizes. The method also achieves obvious acceleration.

Key words: synthetic aperture radar (SAR) ; geometric correction; parallel computing; graphics processing unit (GPU) ;

rational polynomial coefficients (RPC)
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The flowchart of geometric correction of SAR imagery supported by GPU
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6 144 x 6 144, AN[F) 53 PR /NKE Y Grid FiE & #R N
dimGrid (B /16 , Bl /16) |, PR e B 58 P AR
AL N AR RN

i A SC GPU B AR () L, 2678 98 BEFRA T2
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6/MBlock, 7/ Block
RIl53 184 Warp /
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/

SM HA WA~ Warp 8 B2 25 PT84 KX BT, fo
VRIS Warp I & 3047, AT B 44~ Warp X 17 16
A~ CUDA #% 0> 7E SM 1, Warp 2 J# B 21, HL
Warp Sl 22, 3547 P g s, A S0y 24 SM
AL IR Warp $0(48 4) 1 BFRE R GPU £
Al T AP fE

1
1
1
1

'Warpl 'Warpl IWarp] [Warpl
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E 3  Quadro 5000 GPU 4k B B S5 3T
Fig. 3 Thread scheduling and execution in Quadro 5000 GPU card

PRI, 43007 CUDA 3385 i AN 819 5
7 Grid A1 Block B W1 : dimBlock (16,16) , dim-
Grid(Hf/16, H K /16) | UL & 2 5 GPU 1153
VAR, HE I PESR . AL CPU ER A7 A B 7 3
J5F GPU 1) SAR AR K IHUBIFAT AL 3 )5 et 24
BRSBTS T GPU T4, GPU F| I H:
AR FRAZ O Z SR TR R sh R 26 e, F A2 itk
PR R, 2 LRRRI A, 3w TR AR,
T s, A SR FH A 2 15 28 Ak B35 2% A 550 4 b A F A
IEJESAAG RO

2 XWERSAH
2.1 HHFESRBHE
FHEEF £ BTG L EHLR G GPU ik
o EHLRL N DELL EDE T AE 0, Bk 1.
GPU ity 0L 114719 2, T U5MAL 47 19
Ik, FORRE AN 2. 1% GPU - H R b % 23
PERERGLoll A, B HE o, BT I 2 ST
HEAT HHPIGEE  PEG H T, S ISR o

*1 INRFERE

Table 1 Configurations of the host computer

Dell Precision

T7500 T {Euk g
CPU Intel Xeon X5675, F4i 3. 06 GHz
HAE 48 GB
% SAS 15000 % ,500 G
PAYEZRS  Windows 7 Professional , Service Pack 1, 64-bit
¥ EE  Visual Studio C + + 2010, NVIDIA CUDA 4.0

®2 GPUmMEFEE
Table 2 Configurations of the GPU card
[
NVIDIA Fermi 2244

NVIDIA Quadro 5000

GPU 2244

CUDA #.04 352

BOKG BEVR sTTIALRE ) 718. 08 Gigaflops
XU BE T s TR ) 359. 04 Gigaflops
R EEAEERD 2.5 GB GDDRS5
Fedirzpanl 320-bit

FEffHT 58 120 GB/s
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ARG O, R W S8 34 5% SAR 52 & T
89, — 5 RADARSAT-2 SLC 1%, %A% A 4
RPC 40, 7 S0 5 BUR AR B 4 U B AR 215
Jy—5c ) TerraSAR-X WS4, 1584 [ RPC
S A SO 4T RPC Z803U4

RADARSAT-2 $414% . A 47 RPC &%k, SLC B4k
AR N 2 AEIE , S 6 N SEER AR AR K
/N3 13042 x 11 812 R BB A 155 16 fiL
B SR/ 589 MBS A5 X W R MK, 3 E
JUAATREE AL BRI e e B A X P 2 i . 4 E
J A8 S A8t S 5 AR 57 50 Xof oy b TR A 43
3.0 m AR KN N 9 244 x 8 T62 R, i th £ s
KRR AFEAR, SCIER/N 311 MB,,

TerraSAR-X FEA48 : SE AR I A 4y RPC 244, fift
AT #: 3647 RPC S804, fi Al S8 8, %
IO AR FEARL , 52 AR K /IN A 17 088 x 32 637, % i FS 7l
RITCFF T 8 (R, SR/ 532 MB, SEARG I L
DX, B B M T A 3T 5 e A A % X T e
LN IE S5 52 AG AT Ry W B AL, X 1 b TG SR AR 43 R Ry
3.0 m, 52 R/ R 14 337 x 21 719 18 &, i B3R
KA R AR, XA R/IN 299 MB,

2.2 RGHER

JUAI A% 1E AT J§ RADARSAT-2 5244 B s WIE 4,
B 4(a) KR HSCHGHE, B 4 (b) H 7R iR
B JUA A IE AT G TerraSAR-X 52 4% /s WA 5,
Fermi 4244 FURS B2 77 SIS 858 2475 IEEE 7542008
TR, A SB35 T BORS B2 % s s 5, IRt CPU A

(a) JUTRZ IE T (2 S8 43)

GPU bFRZE R TG 22 0] R A ZAR R )7 i A
AR ERCR
2.2.1 RPCE¥3E

TerraSAR-X FEAR M A SC7 #8471 RPC 24K
PG, HOGH I ) 35 BEYE A 0 ~ 5000 m, 1. 1 54 3|
Wym,n, k BUES N m=66,n=164 k=11, H 5™
FEALIRARR (R-D A7) (LGS BE a3k 3,

2.2.2 AN[FEGHR/ANT BRI

ARSI 5 FANER /N 12 048 X2 048, 3 072 x
3072, 4096 x4 096, 5120 x5 120, 6 144 x 6 144,
WA PR L T R B, 2 R ik T GPU R 1 B AF
AR (AL GPU RSN 2.5 GB) 4Rk GPU A
AT RA AL, P SEI T RH, l 4r EAT 3 A
S A — Tl S PR SR Y 1, AR E R i Y
GPU R BT & nl 58] 6 GB H: 28 & (HiF b
PR3 SRR/ INE AN 2 1), B AT 32 B
SRR, SR F] 2 GB DL L, I A ] BE
WRETEA FIb, F 4 TR S BLIREE LR 0
PR ATFEA R GPU G HRACR , AR 4 B & Hat
M RE AR —

ALy I R T A (6] 43 B e A 00 T B B
CPU HRATALIAN GPU JEATALFEET FHIS ], Horr CPU
ERAT AL R A A B A O A R R AR
CPU SE%, BVIEL 1 A5 ) i 26 AE N 45 20 3R =3 5C
CPU JEATALFE . A4 CPU BRATAL BN GPU JfA74k
PR AT ], 3T GPU B4 735k e SN

S(g) =1t/1, (6)

(b) JUFTRIE 5 (ks i B2 78 23)

K4 RADARSAT-2 1%
Fig. 4 The RADARSAT-2 images
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(a) JLITHZ IE A

(b) JUFTI IS5

K5 TerraSAR-X 524%
Fig.5 The TerraSAR-X images

&3 TerraSAR-X 1% RPC S#H I ESRE

Table 3 Fitting accuracy of RPC parameters for the TerraSAR-X image /G E

PUBRIREZ  SEBUARERE PTG BE PugioRiRzg EPRERKRRE T e KR ZE
AT 5 0. 000 322 0. 000 125 0. 000 381 0. 000 784 0. 000 396 0. 000 791
P A 0. 000 315 0.000 117 0. 000 345 0. 000 777 0. 000 381 0. 000 783

A, e, & CPU B A7 A3 By B [H] 52, /& GPU 47
AL TR T P E] 30 57 09 GPU 4 B 7] S 5504 M = 4L
AR S A S GPU Fffa] .GPU Ab B a] Filh BHZE S M
GPU F:i 2= EHLNAE 3 #R5T I RS

F4MES R4 H T RADARSAT-2 Fil Ter-
raSAR-X 4 A R/ NECE B BT CPU ST
GPU {47 4b 3 . e gb 31 Fiy T B[], 3 33 BE 43 5]
TEW ARG — 1745 o Z0dli R W], RADAR-
SAT-2 i A [a] 43 B e & 3 in 3 L 7E 39 ~ 41 1%
ity TerraSAR-X B4 AN [A] 43 e iC 2 HC i K e 78
44 ~ 46 {5/ AR S0 SRR I [R) OS2 /N ER R
J5 2 £, GPU 52 %, 2 048 x 2 048 B /NF H B
(] A 2, T 3 Bof ) R 23 A7 7R — 58 B IR 25 o B X [

— s AN [ 43 He R INBE B BT S B i B 3 AR
— 3, Ul W B e KB — e B S, WA SO
2048 x2 048 K /N, A F54) & % GPU & fg
GPU A BRI A—F(

%4 RADARSAT-2 BEARRHRA /NS B BRI E P A Bt i)
Table 4 Computational times to finish a single block of

different sizes for the RADARSAT-2 image

5 GNUN
2048 3072 4096 5120 6144
CPU Hifj/s  3.48  7.79 14.48 21.84  32.90
GPU/s 0.09 0.20 0.35 0.56  0.83
Jinde Lo £ 39 39 41 39 40
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RS TerraSAR-X G REHRA/N BRI EFT AR 1E
Table 5 Computational times to finish a single block

of different sizes for the TerraSAR-X image
PR

2048 3072 409 5120 6 144
CPU H17/s  2.85 6.71 11.84 19.49  26.35
GPU/s 0. 06 0.15 0.27 0.42 0.59
Sk b/ 48 45 44 46 45

2.2.3  R[FEGFER/INT BRI [

AT AT % WAL 4y B GPU I 47 Ak 3N H
SAR SR U A IE B 45 A, 18 43 30 5% T 1E 2 048
F15 120 WA/ HECE R 50 U S 8 LA GE i
FHA BRI I], G045  HE T E] i At (1/70) Bsffa]
TR b Ak B 45 J S el 55 i P B[]

F6 FIFET LA T 2048 F15 120 Bifhsy

e E T 56 i RADARSAT-2 %% 5% 52 4% iy F 5[] o
TR P49 3 A0 R S ) s 5 o R ) () i Bl i T
FEAR 3 AHE 6 ~ T s RIS SR T A
e Ehnesa], PAh s e & S B R s R A — 2k, n
TR LA — 35, O b 2R 4 e E s — 3
170 B[] B& A AN[R] 5 120 Bt B 4 2 048 it & i)
[, 24970 2 s iy, LI R 5 () M e o
[l i) LA G J % GPU Al CPU H: 170 16
S8, FON R IL T R — RS R B SR RS
(I ESE AR 3 0 A Hsf ) 31330 17 AR 0L 1 i s B (A
DO F I b, BRI L) , B CPU 5345
ARFRAT GPU F47 4 BB B 550 At [i] 4 L Ath 795 355 43 i
(] A — B, B R AR [R) R/, HEsE Aokt Eb
W R B bk R 4 5 A, | 170 B
(i) 7 W e A B 235 2R S B S ) 7 o Ak AR =
A — B AR SO A T AN L

&R 6 5EA{ RADARSAT-2 = 2/& BT B E ( 5r3RA /N :2 048 x2 048)
Table 6 Times to finish the whole RADARSAT-2 image (Block size: 2 048 x2 048 )

SR WA A THE ] 1/0 fiif i) psYingii|
CPU H:47/s 5.57 66. 83 15.6 88
GPU/s 7.04 1.70 14.26 23
s A 39.3 3.8

&7 S5TH RADARSAT-2 EZ KA ARTIE ( 535K/ ;5120 x5 120)
Table 7 Times to finish the whole RADARSAT-2 image (Block size: 5120 x5 120)

SR W) b A 5 FIE ] 1/0 ] pSUNJ ]
CPU H47/s 6.5 67.35 13. 15 87
GPU/s 6.85 1.76 12.39 21
i /A 38.3 4.1

SE i TR AN [ SR 7 O P B o) — 35, o b th— 3,
JigE HEm = T RADARSAT-2 {500, iA 3] 44 15 4240
CPU ER A7 A B 6F ]y LA ] G893 (3331 Oy
232 H1213. 46,228 H1213.99) , & (A i LA T W]
AP, 2 048 ) HUAF AL ik 10,5 120 23 ey
LT IR 13 1.

8RR 9 /A I T 2 048 Al 5 120 Wik 4y
Bt & R 58 i TerraSAR-X % 55242 BT HI B[], I
Y RADARSAT-2 5248 5L 50 45 BHA — 5, S0t
B B W) 4G AL SF kAL A 170 1 E] CPU HiAT 5
GPU Ff47 4 17 F i Ml — 3 170 I [|] 77 18, 5 120
HlC B4 2 048 Wit B A [H] H 4, Jk /> T 6 s 251

F8 SEAX TerraSAR-X E = RETARTE (58K :2 048 x2 048)
Table 8 Times to finish the whole TerraSAR-X image ( Block size: 2 048 x 2 048)

SO R LS THEL I i) /0 HfA) S i)
CPU H:17/s 5.76 213. 46 12.78 232
GPU/s 5.47 4.89 13. 64 24
I b/ 43.7 9.7
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%9 B TerraSAR-X B 25

& P F B 1] ( 3 3R K /125 120 x 5.120)

Table 9 Times to finish the whole TerraSAR-X image ( Block size: 5120 x5 120)

SOOI B h S AR | 1/0 I ] ]
CPU #47/s 6.33 213.99 7.68 228
GPU/s 5.03 4.95 7.02 17
s e/ 135 43.2 13.4
VI b s os 25 Ui B i 2 32 S B KUINRE L JE BRI O 2R A S ] A ARG ) o

1 170 PERE, R/ 170 AR T T4 #E 1 i 18], 42
HARPERE. UL, 7E GPU {7 M R B LT,
Sy YU R R B B AT GPU SR AT
Ab B
2.3 GRS
HRAE DA 1 SEge 25 5 3647 T IR AR 534
1) fdi F /3 He S A GPU HEAT 18 B A b 0 2 —
Pl s P A AR TF B, 4 He i, B8 B ok 31— R
J& , 4N 2 048 x2 048 K/, £ XA SR I GPU il
A, AT 784 & 4% GPU 5 6E 1, GPU Ak Bk %
FEA— S0, WA BCH e TSR0 L 430 58 2 39 A% R
43 £ MR ERARSCN 5 R B A AR LA
R GPU ZeF A 5, B MG R I — 14 A,
BB T & RN BUE B F GPU T f SM
K IE R R B B, T4 R IE T GPU it &
PERE

2) R A GPU 47 R AR H330 Bt a] , HoAth 4
S 517 NV 95 - 1 e 2 N oS B
X RS [t BEAR fr 4R R i, SO R
WG AL St 6] © AR MEWE /D, 170 325 e i it — E
(752 T DALl KBRS 325 T 170 AR, bk
T 10 B B TR MERE . BT LR R, SAR
FAAGIA T K B 3% 22 B 5 i, Bk, Hp B A vk Bk
A S E AR T AR

3)XF LR 4 A S KB, S8 BT i B
], RADARSAT-2 ${% %k F TerraSAR-X 12, Jid
A& RADARSAT-2 se Q5% 2 il iE ,2 1>
WA ELHEAT 2 AR E (A R % — WA B R B0 5
P A ), HiRdE4T T 5 BOAR 5 8 B2 A 22 (8]
4, o3 i SR F TerraSAR-X AR B .
H BB RADARSAT-2 S48 N0 H 51 /N T Ter-
raSAR-X $214 , 5 A /& RADARSAT-2 5214 504 B
T ETE GPU M ML A7 Z 1R 17 3 2 1 H 0 58
e, HASH (B 12 TerraSAR-X AR 1) 4 4% (Gl

4)LL 5120 x5 120 438, L3R 7 F13k 9
PR S 0 A5 48 IS 9 B (A 1L, T LU Y Terra-
SAR-X 515 4% (& fin 34 b B 2 =5 T RADARSAT-2 3%
%, FEJREJE CPU H3 17 4b # A TerraSAR-X 5214
1/O 1 [] (7 g A B (] B AR /N , T 50 B T o )
BRI AE & & B GPU J:A7 &b B 3 A Be 2>
/O B[R], 068 K i 9 20 11550 65 ], R bk & % CPU
ERA TR BTSN ) 7 L e A R A s sk SR
U o HORPAAS SO0 B | B AR PR A S0 56 B304l i
T /0 5 Chig A TR /N ) B4R — 3, {H RA-
DARSAT-2 FEARFAAMGR TR i i A A4t 25 ] J2& Terra-
SAR-X 11 4 £, RADARSAT-2 #& 55218 H A 9 244 x
8762 MER R EIHE (BMME R A BN SAE
T8 (0 R T— KA R BT BRI A e, YR
FEMEIT, e TerraSAR-X 24544 2 5 £ 1 1038 2 &
FE RIS, 3R 4 T3R5 G5 ORI
i RADARSAT-2 iz E 254 TerraSAR-X [ 1.3 ~
1.4 £%), 1M TerraSAR-X %% & 52 14 14 337 x
21719 MER R ZHE, TerraSAR-X 52 AR i #7 1f
B E KT RADARSAT-2 5214, H TerraSAR-X £
G EA E S ERE (R 9 BoRy /0 B
B/NFERT)

3 & it

T GPU Sz SAR AR LA AL IF KR
FATAL BT %, R R RPC BERIE (it , HooR AT
AEBRT5 5 T B, il PR AT N T LT B i
SR SAR AR . SR 0 B A AL BT i 58 A
9, AN AT W6 SR R T SAR SR AL BT SR, R AT 5
O A% GPU SRR REN , 1l id S5 R H o
INiE He ] ik 38 ~ 44 4% JE i TRA T B A B
[F1) e S ER TR] L 9] g ) 0 P o o o AR A
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