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High-Precision Depth Map Estimation Technology for Stereo Images Applying Deep Neural Networks
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Technologies capable of precisely understanding three-dimensional (3D) environments are essential for self-driving cars and autonomous
mobile robots and drones. In 3D measurement using a stereo camera system equipped with two cameras to generate binocular disparity,
accurate correspondence of the identical points in the left- and right-hand images using a disparity map is important to estimate the dis-
tance to objects, providing a so-called depth map.

Toshiba Corporation has developed a deep neural network called SGM-Net that can achieve accurate dense correspondence of stereo
images based on the semi-global matching (SGM) method, which is widely used as a regularization method. SGM-Net can automatically esti-
mate the optimal parameters by more effectively removing noise, textureless areas, and occluded parts compared with conventional man-
ual tuning methods. From the results of quantitative evaluation using an open dataset, we have confirmed that SGM-Net offers higher per-

formance for depth map estimation than other reported methods.
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Flow of processes for disparity estimation from stereo images
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Global matching procedures using SGM method
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Ideas for loss functions of SGM-Net and estimated disparity maps trained by several combinations of loss functions

24 RZLEa—Vol.73No.3(20185F58)



Y72
6.62%

el
r '
8.29 %)

ESECY

RERDAF

Ic&s

HEERBR =
BEREE: 3.95 % . 3.42%
SGM-Net ]

5. RERICHVTHHEEMEEZROLEER

TRALDTAH T, HEEFRODRHCKREL, 1 RICHEE T —RZR_L T
%o PEROITEICIN, FFELIIEHEERRD MBI TE T %,
Comparison of disparity maps using real image datasets estimated
by conventional manual tuning method and SGM-Net

®1. K72ty b ERHALESFHEER

Results of quantitative evaluation using open dataset

&S HEESE HETS—%
1 SGM-Net 229%
2 PBCP? 236%
3 Displets v2'© 237%
4 MC-CNN-acrt” 243%

PBCP : Patch Based Confidence Prediction
MC-CNN-acrt : Matching Cost - Convolutional Neural Network - Accurate architecture

BIurdL, chrz—DoHOu X A% 1) &9 5%,
BHE IR B HAETOLIE, 2=y heT2HETOLEDE
INSLIRBREN DD, £oT, P;(x) d/INELIRD, Py (xy)
EP(x) BAELZBEICTNIER, ZOR, SN
BEICIIEROREE N D BT, FOMEGS2—2bixblE
DRFIT 4= LTHEZTTI, DFD, SGM-Net Tid,
HHEFENETEHONDIIEE R EOEHRZ AL LT, HHED
EN UGBTI T =72 HEET B
ETOMBENMBICBVTELWHEEDNHEE SN ST,
X COEDYGEIET B LIE, SHEENMBEICBVTIELL
RAZEBREN DD, X 4@QDIREFROREED, 2T
WZEAMEICB WV TIEUWEEZ @ - 255 O LOFHEEFE
Thb, FiRLIA LY VRROBRKE BR2H2EZE->T
WBTEN D, DED, ALVIVRRORRICIh>T LT
T, BTLEELIRNFIVTr—NEEEINS DI TR
BNTEWND D, M4 (c-2) ik, TOmABEK1ZHWT
SGM-Net Z£H L, 156N RXFIVT 0 —7=2 HOTH AR
BEENLIZEDTHD, 2L LTIHELHETETYL
20, FRRAITRTEIIC, MIHPWIBIRMENATLE>T
%, ZTT, RCHATZ - DHOUABZEAT S,
TOHOu AR (0 AR 2) TIE, v ARSI AT

REFEETIVERBWCAT LA AATERICK 5EMEE 3D AR

¥r & SPECIAL REPORTS

DHEFENEICENET 2 720I0H > o 22 T DM RN E 5
L7zDEIdFaD, BiET2 —DiOmBENER T %ZE X
%, M4BT, x TOELWHEE, % TOELWH
7ed, BB RN, FDIFMOREEKDE/NET BTN
575\ ZTTT, Pylo)d/hEL, Pilx) ik kELRB LIS
FTHEE, X4 (c-3)ZToaABE2ZHOTHEEEN
TR TH D, AR IR THD W IRDHEE
INTVD HEHIOES ) LL IS, NI T
GREHIDED) BHEEEN TV S, Thid, TAB2T
BT 2WEBLLEBELTVENCEE, OXEK2%
T EZM BN E x, FIELHEDNHEE SN TWATE,
DZDDHIRIC K> T %,

ZTT, MABE AR 2 Z [FRFICH H LT SCM-
Net D ¥ 2175, ZTORER, K4 (c-4) DEIIIERERRMH
ZEEIMFON S,

5. REER

SGM-Net D3£I, A U5 120 Y & i {549 200
KO% MWz, BifgICiE, EOHENBCREN TS, SCM-
NetiZ, KM A7iEO 5 Mz X 5HEOm G/ Sy F L,
ZFONEZ AN LIeXFIVT 10— P R U P, 72 B /5L
UMY %, SHOEETIE, EEAIME HERo4
JimE Uiz, SGM-Net DEFERFIE, L GPU (Graphics
Processing Unit) Z AWV T0.02MTH -7z, EEHRICHL
THEALA Rz, B5IORT, RO ANTFICKBHERE T
N, RS TRT BN OHETE =5 — DD in T e hVE
RTED, BNET—2Ey N BRI LRy F— 7558
MRI1TH5, £DO117HIE, BIFELIZSCGM-Net, 217HIE
DURMCBAFE LIRS OS2 V5 75152, 31THI,
Hili 2 EDIBREF IV E VS HEY, 417HI3, AFick
DISTG A=A —Te i LI F " TH %, TOEMD, SCM-
Net iZIEFDDTEICHRTHEERHE T 0BT EN T
A

6. HEHE

Wk, HHEEEETIVERNASTET, AT LAHE
MO EHEC R D BEAM 2T Ule, MRy o—
PNV AT BNT, FEEAEET IV THELRS
A—=R2—T2 W, HEZERED DREICHEE Uz,

HENE O H##HlE, Ry P Ra—2REOHEEBE O
e DA R, HROBIICRST, ®EPmRA
DR IR FTHLEICHET ST EMRDENS,

25



-5

=

26

%3, MREMGREIC DOV TEMEZHED TV,

(73
Seki, A; Pollefeys, M. “SGM-Nets: Semi-Global Matching with Neural
Networks”. Proc. 2017 IEEE Conference on Computer Vision and
Pattern Recognition (CVPR 2017). Honolulu, HI, USA, 2017-07,
IEEE. 2017, p.6640-6649.
Seki, A;; Pollefeys, M. “Patch based confidence prediction for dense
disparity map”. Proc. British Machine Vision Conference 2016
(BMVC). York, UK, 2016-09, BMVA. 2016, p.98.
Hirschmuller, H. Stereo Processing by Semi-Global Matching and
Mutual Information. IEEE Transactions on Pattern Analysis and Ma-
chine Intelligence. 2008, 30, 2, p.328-341.
Mayer, N. et al. "A large dataset to train convolutional networks for
disparity, optical flow, and scene flow estimation". Proc. of 2016
IEEE Conference on Computer Vision and Pattern Recognition
(CVPR 2016). Las Vegas, NV, USA, 2016-07, IEEE. 2016, p.4040-
4048.
Geiger, A. et al. "Are we ready for autonomous driving? the KITTI
vision benchmark suite". Proc. 2012 IEEE Conference on Computer
Vision and Pattern Recognition (CVPR 2012). Providence, RI, USA,
2012-07, IEEE. 2012, p.3354-3361.
Guney, F.;Geiger, A. "Displets. Resolving stereo ambiguities using
object knowledge". Proc. 2015 IEEE Conference on Computer Vision
and Pattern Recognition (CVPR 2015). Boston, MA, USA, 2015-06,
IEEE. 2015, p.4165-4175.
Zbontar, J.; Y.LeCun, Y. Stereo matching by training a convolutional
neural network to compare image patches. Journal of Machine
Learning Research, 2016, 17, 1, p.2287-2318.

B  R®{Z SEKIAkihito, D.Eng.
BFFEBRREAHS BFFERsEE > 2 —

AT 4T AIZRT R —

il (T28) RS R A
Media Al Lab.

<—% RUTxTA Marc POLLEFEYS, D.Eng.
AA AHFB TR Fa—V L

IV a— R 1 T R B

{1 (T%) IEEERA

Institute of Visual Computing Department of Computer Science,
ETH Zurich

RZLEa—Vol.73No.3(20185F58)



