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Real-time stereo matching network for vehicle binocular
vision based on dynamic cascade correction

HE Guohaol, ZHAI Yongl, GONGJ ianweil’z, WANG Yuchunl, ZHANG Xi’

(1. School of Mechanical Engineering, Beijing Institute of Technology, Beijing 100081, China; 2. Chongqing Innovation Center,
Beijing Institute of Technology, Chongqing 401120, China)

Abstract: Given the shortcoming of high-precision stereo matching networks based on binocular vision, such as high
computing resource consumption, long operating time, and inability to be used in real-time navigation by intelligent
driving systems, this study proposes a dynamic fusion stereo matching deep learning network that can meet real-time
and accuracy requirements in vehicles. The network includes a global deep convolution-based attention module to com-
plete feature extraction while reducing the number of network layers and parameters and optimizing 3D convolution cal-
culations through dynamic cost cascade fusion, multi-scale fusion, and dynamic disparity change to accelerate the com-
monly used 3D feature fusion process. The trained model is tested on KITTI Stereo 2015 dataset using onboard hard-
ware such as the NVIDIA Jetson TX2. Experiments show that the method can achieve the same operating accuracy as
the state-of-the-art method currently in the leaderboard, 3 pixels error is less than 6.58%, and the operating duration is
less than 0.1 seconds per frame, meeting real-time performance requirements.

Keywords: binocular vision; deep learning; stereo matching; disparity estimation; dynamic computation; feature fusion;
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AL AT H B L2 R, A ¥
. FERT 100 B, SR 0.001 1y2E ) % 7E
101~200 4 J& A, SR 0.000 5 B2 > & 78
201~300 ™ J& 4177, SR 0.00005 f)2: 20 K, 45531
w2 frmw.

*2 FIER

Table 2 Learning rate test %
Tk KR
BRINfY Adam 94.67
Folif 2 2] R Adam 91.58
F-ah ] R AYSGD 92.44

AT LAE H, X Adam AL 2% TF 30 ik B 5 ) R
AR X A e 2 235 SR ok 1) B ARLRSOAR , AR AS G R PR Y
SGD F5.32:, T Adam [ 3 B & B ) 48 14 ] LA TEASE
T VR S 53 R TR S
3.3 WEZERREMEEN XSS

WH SR, A SCHE S — By B R R A rh fi
TRJ A ] A3 A 4 AR P, JF B AE 5 SChY 3D
FRIERL G WA T 2 20 s 8RS L . Xk
B2 51 ACHH Y B0 11 H 5 S 40, AT RE 25 52 1 )
KRR, izt SR EE . A
TE A — B T X T AR AR SO R 2%, DA
KA T R SO B 2%, PEAL T I 2% 12 55 45 IR
3R R MR, SRR 3 MK 5 R,

7 3 Ours-1 AAFRAN H— R AT 22 2] 4 3kt
1, Ours-3 R 3 BrBenl 242 > & F g ik .
MR 3 AT LAFEE R, 255 — B B R R A T 1]
] S Al P AR B 2 5, % B RE Bk
JEAS BRI BT, PR BB, PN AAR SCiR

SEORE LT R
#3 TRMGNHEESSHENR

Table 3 Accuracy and parameter quantity of different net-

works
i Mg AR BEURI0°
AART-Stereo 10.65 2.31
AART-Stereo+SPP 6.91 40
Ours-1 3.45 46
Ours-3 8.99 130
3.4 HHEXTEE

TE 3.3 5 H, X X 4% 1 B A s RS B R AT T
B, A BUAS SCHR HE 04 IO 4% A KR 5 ARG R 4R T
B2 TEIATHINYIZE S, 170 R ] 58
BLEG TN . AT LR T AR SCHR th 2% 5 — LB A
1B A i 3] 3 <7 A4 DT BC I 2% 1) i B, BN L
TAERAIE SR IR, A0 25 [ 05 DA B ) 4% 3 1R Jir T FE 1)
BFIE] o A e 3R LU ] i I 2 30 55 5 S 50k
18 4T7F Nvidia RTX 2060 GPU I, 45 B 5% 4
FIi7R o

x4 FEEAK

Table4 Time consumption test
/=i,
B FENT/s .
e AT
CI:TJWE 3Dﬁ®'l‘?K/£ﬁ’Jﬁ‘ ETJ‘/S 1R /0
PR H53DRHERS
PSM-Net 0.03 0.70 0.73 1.86
AART-Stereo  0.01 0.02 0.03 6.91
AA-Net 0.01 0.05 0.06 3.74
Ours 0.01 0.05 0.06 345

CIRVY % sy iy R AN E AN £41P
3D AR sk R A S 3D BRAE RS, N i ERAE
W& 3D B ML T . PSM-Net i T —1>
42 3D 5 TR 25 119 B 32 00 T 445 ) 5 LA ok 1Y)
A S HRAE @A, BT DLz B ) 5K, (R AE Rl
GotR, BHEAGEE R . ASSCER I 2k H 2h 2
P25 A MEHLTR L S 22 53 3% 230 RUOFE R B 0 A HIL T
AT DAE AN 2R K a4 B i 1 00 B AR 43 3D B
U 4, K /> Tiz WS 50E, Ik 1715



<1152 » O R

4t

S

17T

3.5 KITTIHIBELERHT
A SCHE KITTI Stereo 2015 BHE 4 [ X Z 5 e

A5 3R AL T I8 19 200 40 RGB BIE 47 T
MR IEAE, 25 Rk 5 fiR .

£S5 AEMEKAE KITTI #HEE LMK
Table 5 KITTI stereo 2015 benchmark results

I D1-bg/% D1-fg/% D1-all/% S |M B4 ] /ms
AA-Net 1.39 5.39 2.55 4.00 1500
DeepPruner-Fast 2.32 3.91 2.59 7.47 1180
DispNetC 432 4.41 434 38.14 127
GC-Net 221 6.16 2.87 — —
GANet-deep 1.485 3.46 1.81 — —
GA-Net-15 1.55 3.76 1.95 — —
AART-Stereo 6.37 13.95 7.54 0.023 75
BN rRS 5.09 14.02 6.58 0.46 100
WSS SR R, A IR R IO B, W B3 3k

BN EBE 52 RESRMEGE, AR
W 2% 8 3R KSR 22N 6.58%, X MHREE S ST
BRI AR Y, (AR s B s /N, R
P23 %) AA-Net 5 DeepPruner-Fast™” . #5 7 L4
JE B AT WY S AP SR (<0.1 /), {HAR #iE Chang 25
e, S e I 4% f Sz I R T L s R e T
B {7 9 PRI, JC 3532 177 40 NVIDIA Jetson TX2 %5
s Fw e b, MELLH R EEET R . AR SC R
W UL R 285 3058 3] TX2 e & BT IiE, 2174
RAnER 5 WAl —A2 PR . 5 RGBT
(1 7 1 TR A 6 0L Y 484 T IR AE TX2 THR A B
HizafT. WS AT, A SCEE 2 i T
/DS EL, 7T LA B 7E NVIDIA Jetson TX2 |-
17 HT HBIE AT S

4 #HHKiE

ARSCAR I T — A Bl 2 GBAE 1E 1 SEF Sz R T
BC 2% o M8 RS T — B BERE SRR fIE 4 BUHE
0T 2R EE IR & 3D 3
ARG 5B IERH, AT LUTE S (R] Py 42 43 & BT
2 ROZHFAE AL, I X 7045 JORE B 24k, [] i € Bl
S AR RS 5 i D 8 TE D g R B S AR DT
Beai R o 5 A RUAR L, AR SCRYBE A B /D i
SRR DL R iR R, o DUE R R B
5 RS N S L A A I B EOR . R
K, TR R R NI I0 R AR AR SCHR Y R 2%
w7 AR 1) 28 353 52 2 B 1 [ s ot ml L
5i A 19 265 AR, O R R B A TR AR A HOR
FE
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