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olo] TuelE W ASR(140)E A AT (120)0] AF ONelA FE5s =4 WA, AHoRRE 59 Ox

J

Aelel W s wl) Aele extg WA wg ANRE(130)E Ed) Advpete =, 4k CNNe| 7}

) 3 2 %A

N7 &g Aol B(EE 8% dolie] TP & G VMo FHHE ot we guolE HES

Atk F A ONE AEANTG. odF AHe oAt AR NF L oUE Pad W wEgom
]

S 5 gom, B 98 sede G oa 27

w3 oA sk W AAR(150)9 A BAS AuEd, 9M g AZ 221507 g2dgE 9(d)olA

>

s @ pE(lhe 233, oF ug W AAR153)7F B WS AAG] TA Gy AT 2EFR

(1512 dgdt. ol ¢ A& FE7 5D+ B3t “”(D)OETH iae) *”“(p DI AA(Q)E F=35H

5 ofs]sh gol £He] Wash FeAl uehbi 8704 A58 2o Gl daAE Ag QA 2
Ao WA FAFES SGEAD  om, Faelut Al Joo BEgelE BPetu ke sHde )
4 %2 JeES 8g A7 &

o w3 =AW ek o), 27 ey (@ ol wel sz #4 wF w(d)olN He GeraA A

e e ANzA # dedes ad) g 8w a2 acdh 2 3 a9s 9 PHe maas
ou, S W AARI0AAE $ Hades wd), ¢ Ha Py 4% wd) 9 ¢ ga w P =
3 A HEE

W4 = R oagl Aadel et 44F 84 Wel dE veha,

T4 oA (a)e 98 zHIL 99 Z‘Jr
e, (¢)E KITTI ¥A] wkao) A A

OH
U}l o2
ol\
2
it
Qg
19
o
=]
5
a.
oy
o
=
=
il
)
oo M
ol
ol
2
o
X,
)
o
N
B
Ak
o

ShH, E3 oA 2HHL FAe H IdF L §
sk AF ONN| F2& tdsiAl 4412 4 .
B AA el E o2 4F ONS T2E A ON 729 A OWN F22 27H4] F2E Aret),

9 AlZ NN FZ7F #1 9] vEY dtl. AZ NS w2 52o] 3 X 3 3719 AEFA A9 (convolution
kernel )E TAEE 4719 AEFEA ]‘ﬂ(convolutlon layer)(convl ~ convd)E J_?EHZ]'BP. agla 370 A
24 #olo](convl ~ conv3d)olE A sF=(activation function)®A] ReLU(Rectifier Linear Unit)7} #-&
A}, RelUE ZF AEFA #olol(convl ~ convd)e] 13y Ao ¢ BET 018 Folol2 AdHeE
=

a2l vpREE AERA go]o](convd) ol = RelU WAl L2 A t3l #olo] (lynorm) & F71ete] S409 =Y
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F7} §AHES B

#1 oA Correlation =1 o] wj3 W& ALHE(130)¢] +do=, v Bl§ AMH-(130)= wid W& =§
(OF gd53t7] 9 949 2"Hde oA A7|7F h x wdw, =2y $8.(d={1, ..., dub)ol tHal

hxw x dy 3579 A4S Bo2 3.

Z 1
Layer Kernel Channels In  Out Input
conv | 3x3 3/64 1 1 Stereo images
conv2 3% 3 64/64 1 1 convl
conv3 3% 3 64/64 1 1 conv2
conv4 3ix 3 64/64 1 1 conv3
Lo norm 1s% 1 64/64 1 | conv4d
Correlation Lx1 64/dmax 1 1 L2 norm

F1 9 A ONeg2: A 537 ol AeS vekd 5 Jdot, 7t ABFA #olo](convl ~ convd)oll A Z
s B4 Mo A715 2EA % vY 2AY(single scale) 7% & 22 (discriminative power)I}
F& 99 (receptive field)l A7} Uth.

FxoM = B AEY doloje} 2~ ANAS ¥ 38l U-net 7+F2E5 o0&}, 9]
23 = 2AY(multi scale) BERE ZF7MA71t},

CNN Tz e =¥ 7 Z(contracting path)®} & = (expansive path)7} E3HEH, 8 HAZA=
AubEQl CWzF mp7RAR 2719] 3 x 3 AEFA AYS A% AHEsta, 27 wlx A t3k(batch
normalization) ¥ ReLlUE F3qd ¥, o2 MEHS #8) W2 F9(max pooling)S FHT 4 Qlv}. ol
2EZlo|=(stride)w 22 AAE § vk, 4 v AEH dAldA Ade = 2a2 7k
i S ARoAs 2 dAERE B e  MEHT F AEFA E Ade o7 Fola, 2719 3
x 3 AEFA A wx] Aitst @ RelU7F A&HTh.  18]an vpx ek glo]ofol A Hﬂi] A3l 2 ReLU tiAl
L2 A7t3t #olo (l,norm) & F71sk o9 A3 A37F FAHES g,

¥2 A% Correlation =1 2 wfjd w]E AXFE(130)9] +AH=Z, wjH vE EF(C0)S Airtsig.
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¥ 2
Layer Kernel Channels In  Out Input
conv| 3x 3 3/64 1 1 Stereo images
convlb 3Ix3 64/64 1 1 conv]
pooll 2% 2 64/64 1 2 convlb
conv2 33 64/128 2 2 pooll
conv2b 3x3 128/128 2 2 conv?2
pool2 2% 3 128/128 2 4 conv2b
conv3 3x3 128/256 4 4 pool2
conv3b 33 256/256 4 4 conv3
pool3 22 256/256 4 3 conv3b
conv4 3x3 256/512 8 8 pool3
convdh 33 512/512 8 8 convd
poold 2% 2 5127512 8 16 convdb
convs 3x3 5121024 16 16 poold
conv5b 3x3 1024/512 16 16 convs
upconv4 4 x4 512/512 16 8 conv3b
convé 33 1024/512 8 8 upconv4.convdb
conveb 3x3 512/256 8 8 convo
upconv3 4x4 256/256 8 4 convbb
conv’/ 3x3 512/256 4 4 upconv3.conv3b
conv7b 3x3 256/128 4 4 conv/
upconv?2 4x4 128/128 4 2 conv/b
convl 3x3 256/128 2 2 upconv2.conv2b
conv8b 33 128764 2 2 convg
upconvl 4x4 64/64 2 1 convib
conv9 Ix3 128/64 1 1 upconv l.conv b
conv9b 3x3 64/64 1 1 comv9
Lo norm 1:% 1 6d/64 1 1 conv9b
Correlation ¢ 64/dmax 1 1 L2 norm
[0091]
[0092] A7V A= 4F CNNe| Fx9] do2 HAE N F29 Y W F2=2 2714 F2& Agtsigloy, & 4y
ool FAEA F=th
[0093] =5 = 2 T d AAdel wE 2wy Uy B oojo] Sk el did JiEE S dEhlal, =
6 & =5 9 S W A4 9 S WA e dehie, B7 & R4 o S5 W A4 9 S g &
AYFS YEIT
[0094] 5 WA =7 & FEste] 2 AAlde] mE e v Uy g oole] g S Adstd, ¢4 ZHE e
3 AAE s A1717] fJal, gl S A Ge]l 2HES g dEF 102 JHET(S10). o
714 v5=e] gt AHEe A2 9ed] shes fldl o) &He AL dAS dviske lem, S o]
Bol ¥3uA e dwke 2HE e FAtoltt. F B AAddAM s 2HHe A FA 9 kS flH g
golie] 23E EEE AAd s5g 2HHL IS 276 =
[0095] el gl S AHES G Azl dis) e wiY gAd) sdd e s s taseE f(d)
= I5% 5, g59 gy WD EYE s Ws AAskar s eeh(S20)
[0096] 56 9 7 & Fxste], s W A B SE 9AIE e Adstd, st (1200004 Bhgol ¢k
Yo BAT TG FAG AFAME 2= he] AF ONo| 8% 2Hde JPoRNE 8% 59 WA, A
De FE@ths2D). TEa WE g ARR(180)E 53 WA, ADoRRE sy d mg 2EC, O
Axkget(522)
[0097] teslee @ S5R10E 58 i ug BEC, O 2E A gl tavE FRE (=,
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[0105]

[0106]
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[0108]

[0109]

[0110]
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o de)) F R NG EEC, o] HashEe tzsfeE (B #5439 wet H58e] sy o)y
B i (d)S g T(s23).

sty 54 W 5 9A(S2D)FE gy W AAY dA(S23) 7K = 2HE L v FA 7 2HPL S
Geeh BT BT ohut Av@ sk ol st Aloli Q1mE(120)9] 4k (el st @A gk
A= ~g e mH B2y Aol slch

AR folms olg3tel sl 4 AE(THe 9y Faz Asshe
B3F 7)ol mheh W2 A ASFoH, B3 W(p)S WHATH(S5).

H
o1
N
rlr
jincs
o i
i)
v
o
ox
o
N

asd e aPre vaney W asQ0E AuHE, daden 9 45HU0E dasdY B@

IZH-(130) 5 &8l G o=m, 4F ONe 7154 (w)7F ol &

1T (120) 2] AF CNNell gk h5o] ¢had olF ~Hwe &
Aol ~HElQ G4 YER(110)2 YHHT.

+
)

91_,
>
o
=

O

3

23 AFE (120004 Strol ghmE 2709 AF OWNol 54 WA, A)S FEHATHSA0). i WL AR
(130)% 228 =4 9, Aoz 3 ue 25, () A2THS50).

dasiee @ 255 U0E 9F ve 2HC, O AasHe dasu (@ £ 30 w5
sl W) oA, sHU P FRFTHS60).

S B odgo]l Aade] wE sk W AAR(150)E eH daAAHS ol gt Bdx HAS A o)
SR Aol xFHowHN  EHdo] WAE 4 Q). oE EE JMed txdgE $HEC Oid 7 g
AZTE WA B2 (softmax loss)S 3] -&3hch

=214

L T Brte o)
0:17]}\1 s Sx = {lx - 1v e ix - dmax}i nE iﬂﬂaoﬂ EHOH Xq_/]ﬂ‘_ %}‘01131 P(S 1) % % -—}-
G AT oA 102, ol 002 e|R dololx, P(siDi o4 99 o] FelHE AxE
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[0120]

[0121]

[0122]
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sgolt}
74 9
s )= exp(— || Fw (I(i)) — Fw (I (s))]|,)
B >_vexp(— | Fw (IH(i)) — Fw I (v))]l;)
A7 viE s PRIRAR ) v = {i - 1, oL, I - e B EE C2g el gis] gojE= ghelvh. 5
Qo M= & FEE HEFORM, FAY 23Ol vH W GO WA,

S5 ONS ol galdele, A% w3 g BEozt R s P A FRHA e
k. B8 A% Qi 993 A8 Geld 9fst BA® £ dnh. ol /Ee sdde WY sy
A2 FAe A-iel o #7kh 4 gk

dk Ao wf A (Semi-Global Matching)S tlxdelE] #o)] tiel H& A <F(smoothness constraint) FAS A&
ste] ujA v &S A7 A

sy (el uA BRE@)E £ 103 2ol 4o & qnh,

312] 10
=Y {CG,d@) + > Pilld() —d()| =1]

JEN(7)

+ 3 Pofld) —di)| > 1},

JEN()

Z{(_’(;_J(,‘H Z PI HF”'}_“’{”‘:]]
b4 10004 =g ugo] e taded AuEE Frem, N !

FENG) = 717 BA%A UaselElst Py < P, 2] el WYEEE Rk,
WA g PRl A olel el whel B4 mzouem sptelz 13l wE uelEE skl A
2 H5av, Qukow A S wg 2ol A el weh HAsh @ ol W rolAe] Soby

109 oydA F(E)NE HAstelr] s WF r& wE A B&(Lr(,d))S

S o 115 ol

o},

544 11

Le(i,d) = C(i,d) + min{L,(i —r,d), L.(i —r,d £ 1)+ P,

[

ol

2y
rL o

e
b e
ﬂllﬂl oL 1_‘1

ming (L, (i —r, k) + Ps)}.

2 11& o]&sto] 47he) kel thak H§

A
PN
& 4 Adrt.

ol

w3 5, #5 2 5 Ul i@ 27 dadE gs

o

2 eash ge FAUE Bl 27 daslee We AN S odvh. wie &9
oI5 § clesheld @ el 3 3 = ol
o Hgsto] Mu Falo] Fxd trdey B F5u,
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[0123]

[0124]

[0125]

[0126]

[0127]

[0128]

[0129]

[0130]

[0131]

[0132]

ZIHSd 10-2020-0063368
o]F-, A | shA ko H=sefE We F2stslr] f8, 5 x 5 S EE ¥ 4S5 dEHE S

g 59
2 488 F gk,
ot Mt B AAelo] we e Y FH w ge Ae AEdol A

2
VLFeat MatConNet ToolboxE Al&3dle] AlE#old AL FAHsFoH, 35S 93 ~HHL o
KITTI, Middlebury, HCI % Yonsei ¥x] mt3 2H|HL GA oA o9 256 X 512 7|2 Zehd A= o] &
stom, Hdl taulzE W9 (de) T 228, 116, 140, 8022 AA = UL},

23} 200597 20061 Akl €] Middlebury®] 27

o Zeo] Wsl] g NS Hrslv] e,
Middleburyel A 37F4] th2 21& zbe 2H#HQ F74S ol &asith.  meh, thekeh of9] £ xS H7tst
71 A8, 11709 =4 Auvgert 23| HCL WA vRael Az 92 Ade] z7de] Aol 53702 Yonsei HIX]
vt ~EHE e G o] &3kl

KITTI 20129} KITTI 2015914 27+ 1949 200 &< 2L 3
Ao 2HHL JE HXE waom 855k

OO

a3 QAR(D)S 1, MAx AE(A)E 200, WY FEUE (00 001582 AAHYG. EF sty HH5S

rir
M
)
(e}
[e)
(e}
—

#3ll =71 st&&(initial learning rate)® Ew¥ (momentum) 2 7}EXx] 7+ (weight decay)
0.9 2 0.005% AAET}.

53 6w andel me gge e wle dga was ae wee o
AlEdlold 8 ZAzF= MIDDLEBURY, KITTI 2012, % KITTI 2015 &<F
Aol A wla A%E e,

Error rates(%)

Method Middlebury ~ KITTI 2012 KITTI 2015
Col. Consistency 34.47 17.08 17.13
Col. & Disp. Consistency 33.66 16.74 16.35
Ours w/o PP 30.08 15.72 15.51
Ours 28.53 13.92 13.88

E3 dA T 2 AAdCA el 4B 2 P AE A9E FIdste A9 A e Ao PP E
A mlaLste] AlE#eldEtglom, AlE (WS ol &&tqlvt. ¥l HFE wjd vl& EZHIA spatial
transformer network(SIN)] 44 MEH 3 soft-argming A&3tom, AF A (Col. consistency) HFE
A 2 Yo e A3 (Col. Disp. Consistency)E ©ol-&3te] a5 W& A= 495 vlusgivt.

#3 o] et weh gol, B Aol wE WA
HEy, e d3d 2 FH AE ARE FAEA ¢
o $dd A4S JEdS & 4 Q.

4 = B AN d=E (120)014 CWe] 2o wE A ¥ A3E vehdd, 34 oAM= Censust MC-
CNN fast, Content—CNN, MC-CNN-WS<} #1 % %2 9o 4= (N et w3 A3E Jely, %3 9
A9} w}z17}4) 2 MIDDLEBURY, KITTI 2012, 2 KITTI 2015 St ool that X% 4 who] Ao S22
AgA v 2¥E vepd,
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14.08
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KITTI 2015

CNN
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EENER
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e
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¥ 4
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24.92
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C\N¢| x5 o] &3dt= 4
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=

Wel 44 g BHE Wel dE b,

]
T8 oA ()= HEL 94 48F110)d ¢

a, (e As A= "H=dgE

Ours_P

e | (c)E= MC-CNN 2H#l 2

Ours_S

Method
Census [0]
MC-CNN fst [4]
Content-CNN [0/]

MC-CNN-WS [+

Al el el A
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B
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wgo) Axele] me OWe] Fxo we sHde W A%E wad Erey.
13 2 =14 = zbzb KITTI 2012 2 KITTI 2015 dlo]€] @ate] thal 2w wH Anzm 3= o~)ag
= oqge Y 2Hde 9 & 9P vehia, shed 99 B
dasiee 9 vehia, $3 9 B2 o AW ON TEE o83

AE W Fx2EY A W T3
9" (NN T2 BEFoA 25 g5

4 £ i
o>
el

2 AAde] 17T (120)014 CNNO] Fxo] WE 2dHeEe wia 4% nla AH/E Yepdtt. 34 oA
71¥9] Guided Filter, Census + SGM, DLP, MC-CNN fast, MC-CNN acrt, Content-CNN, MC-CNN-WS¢} 31 2
2 9] A N 2 A9 OWS Hwg 23S tpehie], KITTI 2012 2 KITTI 2015 85 dlo]gle] it mx =
T WA A& A vl HiE UEdT

e [ =]

# 5
Error rates(%)
Method KITTI 2012 KITTI 2015
Noc All Noc All

Guided Filter [+] 11.65 13.76 —
Census + SGM [Y] 3716 7.00 562 6.

rJJ
P
-

DLP [17] 528 721 - -
MC-CNN-fst [4]  2.82 465 -
MC-CNN-acrt [1] 243  3.63 333 3.89

Content-CNN [20] 3.07 429 400 454
MC-CNN-WS [11] 3.02 4.45 4.11 497
Ours_S 2.89 4.14 392 447
Ours_P 2.98 4.22 4.06 4381

.
=
A% 29 GHe AYSE 2dde 99 #

aga E£15 oA = Middlebury HlolE FHE o] 3 ,
A 2 $9AE e, o]F $= wkow E3 uke] DASC (Dense Adaptive Self-Correlation)@} AA4F
% t=sfielE] A (Col. Disp. Consistency), & AAlel 2 AS A5 a2y §S vl

st gl wel shpE sHele WE AR

[‘ll‘
)
ol
o

a3 216 o EATE vhsh o] # AAde] mhE mA% S gue wue) skl thal AE ONE o) 83
E APlE T g PAT FAE WA WSS AR, AW ONS o gakt A%, S e oabEs

to
=2
oN,
oX,
olr
o
>
iz
b
o
[
e
Y,

<l

i
=
Buj
EY
i)

E17 2 E18 2 oF9] 4 #AoA Y ~H Y

E17 € HCL dlele] P@ol ha) AEeol e AnE vehia, 18 € Yonsei dlolel F ek AEeol
HE A3t e,
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H7

Algorithm 1: Unsupervised training scheme of CNNs in each epoch

Input: Stereo image pairs 1%, I7.

Output: CNNs parameters W.

Parameters and Notation

A = Fw(I): Convolutional activation through CNNs with W.
T": Total number of stereo image pairs in training sets.

fort=1---T

1:

Encode an stereo image pair I'-t, I™* into convolutional activation
feature map A’, A7, respectively.

2: Construct the matching cost volume C!, C" using Al, A” t[hrough
correlation layer.

3: Estimate initial disparity map d!, d” from C'!, C™ in a WTA strategy.
4: Discard inconsistent pixels from d!, d” through correspondence con-
sistency to make sparse disparity map of positive samples d', dr.

5: Apply a positive sample propagation at d', d” to make propagated

disparity map p!, p™ with I', I" as guidance.
6: Discard inconsistent pixels from p!, p” through correspondence con-
sistency to make sparse disparity map of training samples p!, p”.
7: Update W using cross-entropy loss with p', p” as training labels.
end for
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