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GPU L SERT &N B ERMES

1 2 1
BRAY, BRARSET, FE

L RIFHIOR A BFRE 5T RERE, RIL 4300815

2. RIUVRHE R BURR S S HOR B, Bl 430074

B OE: BE TAERXUH L AU TS B A T DG L SR SRS A BT ST, T Sz AR AR SR 2 0L H
B ik B 2% B FERT PR, O B — AR BT GPU 3@ FHIHSE (GPGPU) AR (3 55 B A H ST RN R A5
o AR VR —FhUCEORS BT T 42 R DT B3k A9 Jey B0 i —— 2R ML R DE BE 3332 (linear stereo matching) £
ARBTG5 45 A AU SR A I S, o T B R (AR (R e S R MOR AR AE ) W3S R AT A
XHEMIFATIEAL . SR X TR B SESREA , HARSCOr 45 NVIDA GTX780 S2860-F- & - AEE 5 A A i ] 153 Hh
fCHT RS, 54 ) CPU SEBU M L AU R G IR TR H IR T &g SEmbOUH SLIR U R &
T, RAEA NI HT PC -6 b S BRI it A H e TR B 5 SR L T — D ol e At

SRSRA XU H AL AU SR 5 GPU @ A3 AR

Near real time linear stereo cost aggregation on GPU

Chen Bin', Chen Heping®, Li Xiaohui'
1. School of Information Science and Engineering, Wuhan University of Science and Technology, Wuhan 430081, China. ;
2. School of Computer Science and Technology, Wuhan University of Science and Technology, Wuhan 430074, China.

Abstract: Objective Stereo vision depends on feasible approaches for real-time/hardware implementation. Cost aggrega-
tion, the most complex part of the stereo matching algorithm, substantially affects the overall running time. Therefore, this
study proposes a novel parallelization strategy to map the stereo cost aggregation of graphics processing units ( GPUs) using
compute unified device architecture (CUDA). Method The linear stereo matching algorithm is selected as the stereo cost
aggregation strategy in the proposed approach. Linear stereo matching with constant complexity can achieve more accurate
disparity maps than global disparity optimization methods. Although its computation complexity is considerably less than
that of most global approaches, linear stereo matching, even when optimized by some effective strategies, remains to dem-
onstrate a performance that exceeds real-time or near real-time requirements for practical applications. The parallelization
strategy introduced in this study is based on a separable filter with linear complexity in the filter window size and with prov-
en efficiency on GPU platforms. The computation for each step ( cost computation, mean filter, and coefficients computa-
tion) of the cost aggregation is reformulated, and the rational use of different types of GPU memory is ensured. This study
proposes several parallelization optimizations to increase parallelism degree and data throughput. After being optimized by
these parallelization optimizations, our approach ensures that the computation of each CUDA thread is independent of other

threads and maximizes parallelism degree. These parallelization optimizations also reduce the complexity of each thread from

s HEA:2014-01-13 ; f&[E] H#A:2014-06-05
EEWA : [K A APEELIH (61105070)
FE—EFE A HM(1981— )5, TR, BUOMEDURHE R 2 Be 5 Pl TR L b W P e, BB T5 1 i S AL E

E-mail ; chenbin@ wust. edu. cn
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the exponential relationship to the linear relationship with window radius and further improve the efficiency. The efficiency

of the memory access and the data throughput are also dramatically improved in our final implementation, cached by texture

or shared memories in certain circumstances. These experimental results show that the proposed strategy is effective and ef-

ficient. Result We dramatically accelerate the stereo cost aggregation on GPUs under the assistance of the outstanding par-

allel computation performance of GPUs. Compared with the original CPU implementation accelerated by the integral image

technology, our CUDA implementation on a specific NVIDIA GTX780 GPU provides, on the same stereo image pairs, ac-

curate cost matrix within a significantly shorter running time (less than 80 ms) and improves the average efficiency by ten-

fold. Our approach also outperforms other real-time or near real-time stereo cost aggregation implementations on GPUs.

Conclusion The proposed approach outperforms the previous constant time stereo solutions and produces accurate results

comparable with those of adaptive weight aggregation on GPUs with CUDA. It also provides an efficient and feasible method

to obtain an accurate disparity map on general PC platforms in real time.

Key words: stereo vision; cost aggregation; general purpose GPU; parallel computing
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B RR R UOR X B O E E  R
TR 4 SR A G5 28 1 7 1) 050 2%, b G st
PEAT R
Bo (i) =X(0) - X, &, (i) =0y (D oy ()"
JIIEE
al, = COV})EWI‘,IIQ(paq) +oFE =

I{ZaﬁmammT ZGAmm¢wj
—~ | peW, pe Wy +
N

Za'lz(q>(rll(P)T Zalz(q)‘rlz(q>T

peW; pe W

L(NéE’ 0)

N\ 0  NSE'
1 (fll,,l(p,p)+8E’ é,,(P.q) )
N\ &L, (a.p)  €n.(q,9) +OE

(6)
KA E' 1 x 1 83 x3 BEANIHERE, a2, W RR N
a2, = %ZLJ(P,Q)e(P,q) -Ue, =

reW;

I (pe(p,q) - I,(k)e,
1%( ] (7)

NS\ L(p)elp.g) - T(he,

e PEHUR 3 (6) (7) WA M al, 5
AT R A ELAT 4 ARSI it A7 14
R T a2, IR AT R XA~ ELAT 2 A9
SR (0 SRR % 2. 3 0y
M al, HOIF T R R T ph Bk 5 FIBERE 6 L4
i RO A 1 2 20 4l T 5 1 72
7% RHRAR WA X 2 (I R AR 0 ESE) .
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al, FAuh, 1E BERE R 53 A6
$L4kS  Coeffs_Mul X 77 ih3tH5%
WG AU L SERE W, 1 AR
FERUGIHE T, AR T,
WEE d, 2 BH S,
it : IS5 S Coef

y=32xb, +1,;

4, =p, =73

& (pp) +OET £, (Pag)
G\ E,.(ap) £,1(q.9) +OE)

for each x in[ 1,W]do

Coef(x,y,d) =K/ (2 xr+1)
p,=x+l+r,q, =p, —d;

fI],II(P,P) +0E’
éna,(q.p)

& A (r,q)
K+= A
glz,lz(qaq> +6E

p.=x-r,q,=p, —d;
& (p,p) +OE’

glz,ll (g.p)

§11,12 (r,q)

K= s
glz,lz(qaq> +6E

end for

return  Coef,

X it pg a4k Coef J2— 1R/ Wx H x
D% 3 HEFE R, i Coef HYEEITHR N JE—4> 2 x 2
B 6 x 6 FYXTHRHAE R, PR AT LR b = MR MR T
“HHEELAE Coef , I AT K A7 it 225 [A] RN 53 5 [+
IR —F

956 Coeffs_Mul Y #7717 1155

HA A SR Coef

I H B R, W d,

i : RBE @b

x=32xb, +1t,;

r+l
K = Zl Coef(x,i,d);

for each y in[ 1,H ] do
a(x,y) =Inf(K/(2xr+1)) xa2(x,y);

[ T
blxy) =e(ry) —ale) x| 7,
I(x-d.y)

K+ =Coef(x,y+1+r,d);
K- :C"ef(x,y_r’d>;
end for

return a,b,

A TRk 4 AL 5 X R S [ Y
Vil AR X 55 0, (H R T 2 AR R 1 KN FE SR
2 5 R AL s A i s A A7 i #1710 20538 1) SR s
BEARFAIAT . SRAKIH AT LR SRt — e
FE MRS 5 B AR A U IR 0% B e B Ak
o R TR E A IRE R R a F1 b, 535S
FIEL 6 1) CUDA sl 2105 XN 1 44544
(32) P e 2 He4fity (32 x 8) , Ri4b F-AH IR 51 1) 32
LTI — AR, TS [F] 41 A 2 7 Ah A []
BERTER . ik, Bk 5 MR 6 AN KBRS
it D/32 AEIA 5 g RE 5 th B A R BEAR 00 T 1Y &
afb,

2.5 HITHRONERFITE

TEIFE R B a F b YO AR (2) 3
SR RE B () S AR B R AR P F Aot
FRIEH—1> CUDA Lt italirh 32 x8 PRt
B 2 AEZ5H T DRI T B C 1 —
A~ 32 x 8 KIS THE AL 55, AR B TAE R 40
Bk,

BT AR TR

A ERUR L IR L, RBO0IE a Fib,

v AR C

x=32xb, +t,,y=8xb, +1;

for each d in[ 1,D]do

C(x,y,d) =a(x,y)" x [I,(x,y) L, (x,y) ] +
b(x,y);
end for

return C,

3 KBERSHN

F Ut GPU AN A 5L A AkohE B s 2%
PR, 3 YRS I AN R AR B DL B . 3 RS g
()37 & ¥ NVIDIA GTX780 &£, & HA 2 304
A~ CUDA ZhFRER#%0 , Bl 36 863 MHz, 7f H HAY
3 G DDR5/384 fii i 7. SLHAEAK A T84
%2V () Tsukuba (384 x 288, f K IR 16)
Teddy (450 x 375, fx KR A 64) W5 A H L5 K]
5%, 3 K L5 A 2 HC A XL H DG e B3 iz Al
A

TS, N T W HE B A ST A (1 GPU AR
B & B LR B Tsukuba 5 Teddy 40 B i
A3 A B B s8] DA K B A 38 7 B J) 5] 26 7E 2 1
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BEMZ, BRAOSE, ZEBRFT / GPU EERIEMNBZFENES

o IR B RCR | AR YR S 5 AR i 25 0 3k 1
BHOERr=5,28%2%6=10"", 5 CPU I
AR RN B A EM ™, X Teddy &4 4}
(4L H CPU 75 2L Fb, 1 A% SC 3 1 AL 75 22
78.56 ms, R A T AMGETA. 5HAL GPU
AL, FBS B4 H ¥ GPU SLHY 5 Semi-
Global ¢ & % 1 #0 % # K T 40 ms 3 4b 78
Tsukuba, fij 4% 3C 26 GPU A4 5B A 04 4 1B 17
WFEIRE] 16 ms,  py b AT WL, 7 SC T A 9 28
GPU RN R & F kgt & F It 1T sk ms ik )5 , 6
BESLEHEAM R A BN CPU SLHLIE & 5 HAl
GPU UM R & Bk A0t , 12 17 B[R] &R A K 2 3t

®1 GPURMEARE
Table 1 Running time of GPU cost aggregation

EG 2R I WffE]/ms A E]/ms
I I, {8 1.79
a,b 1R 9.34

Tsukuba 15.86
a,b YIEIE 3.80
AN FE R K A 0.93
I I, {8 2.15
PRAGER 55.95

Teddy 78.56
a.b HIHUED 15.87
RN R K A 4.59

B Rk, 0 T Ul A SCH AR 1 GPU R R &
B PERE , T T R b 3 R (45 R TR A
B SBATi A e ) 58 1R AR R R R 2
YOG (B 1 AL 2 430 50 3R 1 3 58 vk 10 B4l
AFR R R 5 5 2 AR R A KR YRR =22 1A B o8
)

e 2 TR, PR R AR E ST
GPU IFATHEE& , MO & A B G i 2 4
FE R 5 8 1P B OF 5 R A& E Sk [ 14 ]
HHE 2 BRI BOCR BE 1 BR AR SCR AR
(A A PR R I B A 0 38 i 22 12 B AR, B
BHWRRIERITFLME R, R LN 2 I
THRACALBERIFH GPU JR4T11H5F & 5 35 £ 5 XL
H A AN R A%, R 2.3 55 F0 2. 4 5 i
WA RN E RN S E DR R LR

——D=64

1.2

AR AL B /108
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Fig. 1 Relationship between cost processing

speeds and window radii
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Fig.2 Relationship between cost processing

speeds and disparity ranges
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(a) Tsukuba /- [& 1%

(b) @HFA2r=3

(c) WHEAtr=5

K 3 Tsukuba & K
Fig.3 Disparity map of Tsukuba
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