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Fusion cost volume and cost aggregation method for deep stereo
matching network

Z0U Zheng-yang, WU Yun-xia', XU Qian
(School of Artificial Intelligence, China University of Mining and Technology-Beijing, Beijing 100083, China)

Abstract: Stereo matching networks encode 3D scene structure into binocular feature correspondences through cost
volumes, which has important application in robotic localization and obstacle avoidance. However, the existing cost
volume methods fail to establish comprehensive yet non-redundant correlations between binocular features, leading to
low disparity accuracy. To address this issue, this research introduces epipolar geometric constraints into the cost
volume computation and proposes a plug-and-play fusion cost volume and cost aggregation method by leveraging the
complementary advantages of multiple cost volume types. First, the proposed fusion cost volume calculates global dot-
product correlations and local grouped dot-product correlations of feature vectors within the epipolar co-projection
region simultaneously, which ensures the comprehensiveness of feature correlations information and effectively avoids
information redundancy. Then, during information aggregation, this research combines traditional aggregation methods
with the characteristics of the fusion cost volume to propose an adaptive weighted dimensionality reduction method
based on depthwise separable convolution, which addresses the dimensionality imbalance and computational efficiency
issues in the feature aggregation process of the fusion cost volume. The stereo matching framework integrating the
proposed method is named FusionStereo, and experimental verification is carried out on the benchmark data sets.
Results show that the BAD3 of FusionStereo is 1.55% after training on KITTI 2015, and the BAD1 of Middlebury

cross-domain evaluation is 17.1%, which is significantly better than other cost volume methods.
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Selective-RAFT™ 336 19.9 1.54 926 0.61s
GWCNet"? 25.5 11.2 236 121 0.19s
CFNet™ 23.1 11.8 26.1 588 0.18s
4D BGNet+"” 40.1 15.9 146  8.19 0.04s
MS2D!"" 58.6 34.7 263 197 0.10s
HAfh  NMRF-Stereo™ 19.9 75 114 5.14 023s
IGEV-Stereo™” 18.1 8.55 145 6.63 0.36s
3D&AD Selective-IGEV™  50.7 34.6 1.94 134 0.40s
IGEV++ 46.8 30.9 208 161 0.72s
FusionStereo 17.1 7.24 1.14 522 0.18s

T AR AR

TE: AR R, AR
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DL C % 25 40 X B 55 54 R 558 K (R R AGE 2R 78 BE T 1T
R UE H 1k RE. SR, 38237 5 BT BE LAE HE DA
FREX, PR w78 N DRl E R A0L G OO BTk,
FEAE B S 5 R AT S IR 12 A RE 77 R, 1
A, HHE IX B IR BE ST AR VU IC W 25 25 5 4 2 B A A
2 EWA AR e ), SRS SRR
R, T 5 IR W2 A e ) S L HE P 0 RS 2 1
IR B SR 0 B892 6 75 16 A2 S I FH 75 3K 110 G et
PP R, AR SEIK BT 5 VETE SceneFlow
AT IR, AR E N E S SN 3 3 B 5t
HEAT IR, &5 w5k 5 BT 7~ . FusionStereo & KITTI
2015 P53 A 1 %% R A 3 A B AR . [RI,
52 AL RE 71 2 HERE Y 5 FusionStereo 7F H. 553 5 1)
AP 20 SR % Ll 18] 4 B . 3L RAFT-Stereo' s
CFNet™ 73 5| 35 T = 4k . VU 4 AR A 4% 10 32 o 7 1%,
IGEV-Stereo” Ffd FH AR 14, (H 3545 3L
R Z TR 5% &2 45 5 B 7K, FusionStereo 7£ & N I
BERE SCILTE T AR, 7E 2 /I 5 R T 4 b Ak 3
EiREYEES

FusionStereo R % 7 5 45 K 4 I X o 2 ILAR 75
F: EAF a T AT A A A SR ) . A
PRI 5, R BE A7 AR UL FE 199 265 1 O B8 7E T )8 & UL AT
[ 42 #5385 90 4% F) i KT SCBE A g 7
DAl b A ST 6 Y B i S AR A AR TR B T B
TE 0 B R AR B 8 3 A i H R TR A B B,
2 TH] I i 22 S I B O v FLARRAIE [ 2 75 DU G HE A,
FEREHE N 5 B2 2= A A I AR . B R s
A,

MiddleBurry J ™. MiddleBurry £ 3 — 4~ &
SEE N B, LA 15 TRA R HRER K EAE B LA
K. % e fd A MiddleBurry Y125 0] fE H Bt #L &

RAFT-Stereo

IGEV-Stereo

FusionStereo

i L, ARSI (A A4 G R T I I 1 vz Ak e 7 DU
. SRS R 5 Fs, DA E AR & S OLAR R
& J7 ¥ % U] FusionStereo, [ElFE RELE = N B 4&
1ZAGRE ST B 25 IO EE AR AR R e i At 2 2
AN/ LSRR R

Tartan Air 3% ", Tartan Air & — A A&
B 4R, 15400 22 P R St S ) PR s M IR B 2
e EZ AR SLAM 4 £, (H 2 fft T 480 x
640 737 28 1) S AR IR S A 22 LB FH T 3L AR UL S
T3 ARSI R A T 2 PPk SR A B 1 B i
PRI, 25 R WL 6 Fros. WSO B S 1) = N B
5% (office) A1EE 5T PR % #MNALE (abandoned factory)
VERBRERPEIR B MR . 25 R BoR, 1928 T4
B4 i 7772, FusionStereo 1K #A GE#% {E Tartan Air [
PRGBS LA SOTA PEfE, X — B F 2 =
TRbA AN A B8 X - 2 B IR BT B ARFAIE g 7 4T HL
HERA A A5 B, AT A S5 2 0 PR 22 T 5 4 AL 32
ft 7 o dE HeA.

%6  Tartan Air XtEESEIE

Office Abandoned Factory 1H& Vjli&

Methods BADI BAD3 EPE BAD3 FLOPS BYTE
RAFT-Stereo™ 462  21.1 2.71 21.2 822G 11.1IM
Selective-RAFT' 998  86.4 37.8 83.6 1.61T 11.7M
CFNet™ 455  29.1 14.6 29.1 371G 222M

IGEV-Stereo”” 537 325 3.62 325 146 T 12.5M
FusionStereo 147  9.10 1.33 6.88 482G 831M

FE: R AR AR
4.3 FusionStereo [ L2
it — BRI B ) A A A S A SR
TIEAEAR D PR AL JZ B0 R . AR SCHE SE 36 v 4
B AR 1/8 JR I 7 M AR AE IR, RORBEAR 1 5
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ERIT RS R E D E TR R S el 4.
5% R FF FusionStereo LAttt Z F A AL, I 44 N 100 —
N N — train loss
FusionStereo-Realtime. S 14 H A [ B 45 7 F 52 8ol | test loss
— 2 v | — Kl12loss
Yy s I SEBRER B RE 71, TR L 5 5 R 2 Rl s iz 2 6ol K15 loss
N . . |
fRE ) S HHEFR RS, Wk 7 Fros. 25 R B, SEt — sl I :
. q ., \ i
PERR A e 76 KITTI 2045 45 (1248 x 384 43 HE %) LA LA N LA
10FPS bl I [ %0z 17 i v Pl AT ' Sy
0 5 10 15 20
37 FusionStereo-Realtime Fi5N)izK SL16 iteration / 10*7%
B EPE BADI BAD3 time/ms 0.5 E——
KITTI2012 0.93 17.0 458 90 04t test BAD3
— KI2BAD3
KITTI2015 1.22 25.8 547 90 2 sl K15 bAD
TarTanAir-Night 1.03 13.4 5.09 60 < |
m | |
0.2t : ;
N . Ny WA | 0N
FREL 2% 5 I bh s ge, TN RS B B AR TR A 0.1} l’ LRI T PRAN T
B B ML A AR AN forde
R ULACHEFF BAD3 H IR $F SOTA, {HAE L RIEIR : : TEEETEET

LT /D VR R R 3K DR O SIS RRA $E BRI RUE
Ji B 53 2 R AR A T, RIS i S A A R A% D ReAIE
Vel s 7 B Y A P A G T, RSl PR AR RUFE R R A0 2 )
HEAT L2 FoRAEAE AL A B R T 08 15 BRI,
T ASE A 2R AN ey A0 22 T E — A VRS P i 22 Y
It FusionStereo-Realtime f % /& BAD3 ' ££ £F
SOTA, TifE BAD1 A I BUDVF K1ERE T B£.

I Ah, a7 Fras, FusionStereo-Realtime 7E 1
J6 4% 4 TarTanAir-Night [¥) 3 £01% 2 (EPE) LA
1.03. At Bl A AN A B 56 T ik RS AE AR R
FRAEJZ A, 15 REAE 2 Bl st b SC AR E ) SLAK T
fic.
4.4 FusionStereo FIHER B 2B

AT S X B FusionStereo 548 3 14 3 v 45 Y
IR S 2R BEAN A [ A FE, S5 R N3R 6 B, 45 5R
% B, FusionStereo 7t ¥ 2 $& F FUIIR B2 1 [5) s, 1
B A L SOTA #5 B! RAFT-Stereo 41k £ 40%,
25 (8] 52 24 FRAR ) 28%. X —MEREIR T EEIH T
Rl AR BT SEELE BA R AL 5 28, 2T A R
A 7 VSRR, IV BR A T O 2 A EE L
FRAE I SEHOS L, 78 CRUFREBDRS B 1 () B I 25 PR AR
TR TR AR T R R, A AR A RE S AR
22 ARAL T B B A1 B0 B e XA OG5 I, AT 4% Jik
R B 7 (R EARA B, 3 — B 3R T AR
4.5 FusionStereo V| &t E4Hr

K 5 &7 T FusionStereo #5 B 7E Il Zx 1 F2 A 19
01 5% PR B A it 22 RN IS UE BR MG BE AR i 2. Horp AT
YT LR (train) A48 H B G 58 1) SceneFlow #EAT il
SR8 ; SR PT R (test) N SceneFlow Y J5 4l i
B ih 2k ; K12(15) S KITTI 2012(2015) IS8z AL

iteration/ 10*%

&5 FusionStereo i)llZxH%k

RN FE N GRBY BUE 1 5 B A F A6 L i A
e (1) BG5S m, BT LAY SR HE s n 1 K33,
T 5 35T I R BOH 2 (0 0 S K. T AR BT
A AT BB 3 5 00 I i HE AT S e K 2 4
FusionStereo 1SN BT Az E.

Wb 30 B I 25 e B A R 3, AR 4k
P R BRI 25 OO E TP A2 8, AR H LEE 2
(it LG I G, BB 32 A DR B R A8 IR R
K-

5 W #

ASCHE Rl A A A S HARN B G TR AE R
H S ARUCECAT 55 o 0 6 25 ) PR R g2 o, (R HE
FH P08 7 20k 23 TR AN PR T X H 35t DLt
WIZJTVETE % B SARUTHED . A8 A0S AR DT D 45 5 R 44
Yyse B B M, R A Sk ot Iy ).

% B r ARG E S 5 AN 2 MM B, setg it —
SOPRTFIR Al v RS FE NSt AR, SRR 2
() PR LART — BSOPE 20 SROX ) 48 i VSR HE 1 B s 1
BUR. AR R R A AR AR S AR R R & DT
VRSN —Ff B4 B A, e ot B ) FH AR A0E 1) £
4R fE B ULEC S R/ EE B, et v 2 H LKL
(5 AR R AH DG SRR A G, T4 T+ 2 H 324k
VLHC I PERE.

FRARSTAZR VU FC AN 5 22 18 B AR 1 R A
T, 3 75 EEA FR M5 it 1) RIS (R — 2t 5 Ah, AR
ik & P FusionStereo B 44 6 % S L vH A 19 BRL i T
B, {H7E 30 SEASE O A m A A 7 B PR i ) AN e 1,
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TEHAE 5F IR BT S ARGUER X 35k, [K Uk, J5 S 2 15 Bl
TR 2 I8 I, AN LR A 7 P SI BB Mo 179 400 22 of 5%
PASCREAEXT 55, DASR BB AR I 1] .
6 & #©

IR R R 7 VA B N S A AR BEUREAE 32
PRasii, TETLAR M AT B [ B, A SCEs AR PR 20 3R
XEARM PR R A S P T 5 X S AT PR S, $H T —Fol
B4 B P ) 5 AR A B AR SR T 1. R ERIE
B H 7 2 0 ROCPE, K B4t v 5 AR 3R M 5 v I
Z AR R, JF4R Y FusionStereo K St i 4. Szt o
K 2 AN AT 5 SO 2 AT R AN, 45 R BoR
FusionStereo 7E [H 2/ 25 3 ##5 42 KITTI 2015 3 4 |
5 AP 330 7 1) % DT BC 8 7 BAD3 FAXA 1.55%
F1 5.22%, 7€ % N B 55 MiddleBurry 25385003 (1) 48
RULECFE A7 BAD1 AXAH 17.1%, T HAth 3 F 48
IARTTIE IR FESLARVEFL S5, HAEHERLH S B Lk
FRFMEFEHER R RAFT-Stereo $2 51 1 200%, LB B
F14) FHE FEE S 5 S AL B v () M A . AR ST B HH SIE I i
7% FusionStereo-Realtime 7F KITTI (4545 UL 10 FPS
DL b B S AT, HAE R4 6 bs 1R B AT AR B o
BEPERE. £5 LRTIR, ANSCATHE Rl A A i 2 2R
G T EN B E, A B AR 5 R R A TR Y 4%
(AR R B Ak T H AR = 4 RS I R ATk i 355 .

FusionStereo Hi T3 A& 2 24 455 1) 5 i 5 42 57
PR IC T, H A2 W55 il 2 [ FF) RR 22 45 SRAFAE T AR
FoE A0, R AR 2 SR 1 0F 78 A K 25 R A Bh iR
B2 6T, MRFAE A R 4 57 15 ot 1) 40 22 % 5% DA
P2 v ol ) s
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