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%
*

W AA e o2 4k ONe] TS AE OWN =9k A" 0N P22 27k 25

2L

|2t
LA AZE N FZ27F 1 o yEhY k. AlZ N2 w2 52to] 3 X 3 327]9 AEFA A< (convolution

kernel )i TAEHE 4719 AEFA 7 ]°1(convolut10n layer)(convl ~ convd)E ﬁi?}éﬂ-lﬂr. g3 3709 A

EZF4 #olo](convl ~ conv3)ollE A h4=(activation function)®@A] ReLU(Rectifier Linear Unit)7} 2

Hrk. RelUE 7 AEFA #olof(convl ~ conv3d)®] A3Y ZAFeA &5 HFET of 3 dojoz2 AgHE

=

a2l vpx R AEFA go)o](convd) ol ReLU thAl L2 A t3l #lolo] (lonorm) & F71sle] S409 <=

Bt FAHES g,

%1 oA Correlatione =1 2 W& #]& ALEEF-(130)2 FASZ, wA B AFNY-(130)= W H-& EF

Jfu Okor

in)

(O)& 537 A4 98s= 2982 olvx9 A717F h x widwl, Y232lE] $H(d={1, ..., du )l 3l
hxw X d 579 A4S 282 A,
# 1
Layer Kernel  Channels In  Out Input
convl 3% 3 3/64 1 1 Stereo images
conv?2 3% 3 64/64 1 | convl
conv3 3 x 3 64/64 1 1 conv2
conv4 Ix 3 64/64 ] 1 conv3
L2 norm g | 64/64 | | conv4
Correlation Ix1 64/dmax 1 1 Lo norm

o AE ONOEE 44 57 ol A% ekl 4 gloh, 2 ARFA Folo](convl ~ conv)el A F
A )1

oG ~AY(single scale) T2 A= (discriminative power )}

®2 o YEht A C ?ioﬂ/ﬂ% B WMEY golojet 23] ANAE £ U-net 25 o] &3tt}. o]
= JE e 2225 B3 uUF 2AL(multi scale) ARE Z7HAIZIH.

AW (NN FxoME 49 4dZ(contracting path)9} 24 7 & (expansive path)7} X3E™, =8 HZ M=
dabdQl CNNZF w7k = 2709 3 x 3 ZAEFM AYE dAEste] AH&sta, 47 diA Xé?f‘@r(batch
normalization) @ ReLlUZ 33 3 v AMEHS 9 W2 E3(max pooling) S 3 4 Art.  o]uf
A~EZO|E(stride)+ 22 HAHE 4 Q). Al A Ade] = 2ujE F7HET.

W 2 ARoAE 2 dAMEE 54 o]  AEREY f AEFA H A & o= Fola, 2719 3
x 3 AEFA AdH i Aqtst © ReLU7} A&Hvh.  28]al mpxet Holojol A mix] A 13} B ReLU thAl
L2 Aats}t dolo] (Ly-norm) & F7hate] &9 129 AR7E FAHES g},

) oz
i
Ho
o
e
o,

A%t

o

%2 ol = Correlations =1 ¢ w1 H]E AAF(130)9] Aoz, mfA v EF(C)
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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 (=,



[0098]
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[0100]

[0101]

[0102]

[0103]

[0104]

[0105]

[0106]

[0107]

[0108]

[0109]

[0110]

L ded) F IR NS BEC, ol HasEE OasdHE()E 3k 36 wet G530 s vy
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
Fste Wy SAdsicl. uhg A bkl o] 3k AldlE o1z (120)2] AF (NNo] 3y ghEEx] g
Al ~gde W S2ha Abo|sitt.

153)E 48 e 942 sl o) gstel 3a Y AE(THE a4 Haz Ase
[e]

BZE 716l wet ®B3E HA(pi)e 5o, B Wip)S BAATH(S25).

s Aol A590, naden @ 95R0AA 258 dadey B@% 858 gw ) Aol
o) oxbE MMFORA, AF NS AFA()7h Bl E HES FTHS2W). F A OWE AT

AL AARE A1 24 oz e WA Aoz £90 4 gov, nael Y 4
el 217 g s Sawr,

oA &5 B FFshd, oF=T (12009 4F CNNoll 3l Shso] k5% o|F XH|dQ mAS
ol ~eHlH L J4 Y4EF(110)Z gy,

4
Og(:lg
i)
[>
o,
=
to
off

a3 9= (12004 BHrol ShEl 2719 4F OWNol B WA, ADS FZATHS40). W wE ARG
(130)E 229 =4 9, ADozE o3 ue 25, (e A23THS50).

tagE ¥ A5R(140)E WF 1S BFC, o] Fasde dad () 434 30 wel 858k
O g W(d)e gstoH, 2Hd WAL FAHTHS60).

Sk B odwol Aajdo] mpE sky W AR (150)E e dBAHE ol gt EUX AL AAZY At
SR Aol xFHo N EHdol WAE 4 Q). o EE JIed txdgE $HEC g 74 g
AZTE WA B2 (softmax loss)S 3] -&3hch

7]}\1 s Sx = {lx - 11 e iX - dmax}i nE iﬂﬂaoﬂ EH_8H Xé_g]ﬂ—“_:—- %}”0]‘31, Pl(Svl)}\_:% }ﬁ%% % -6;}-

°f
& A%l tal 1], olsleliz 002 Helu deloli, P(s;i)i F3H4 9sh gol HouE AzE ux
3}
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T4 9
Py = P IFWT@) — Fw " )]],)

0 Y exp(— |Fw (i) — Fw (I (v)]lh)
A7 vE s&F BFRAAXNE, v, = {i, - 1, ..., i, - dptE BE gaggEe] e golHs grolth. 28k
9ol 2o BEE Aoz, FA AFoS viH vl gow W),
‘o‘]./\ﬂ CNN ]%—6‘}-1:1 *, LRz UH%} H]%— %%_Q_i.“_} Xéi]_;?l— ];]_/}_ﬂﬂa q}j]o *37‘4—5']—7]01] i\ja_}_zl %}_g 5’\_
7b ok, 53] Az e G99 A4 ddelM 2FfsF BT 5 k. olo 7€) 2HEe WA W

TR FA4 el o 7k 4 9

FAY AQe A st o F vy PA, A A Fx, FNG 2 PPY 2HY A4o] £

sk,

Wb A9 w3 (Semi-Global Matching)S TlAujz]lg] wo] ths] & A 2F(smoothness constraint) FHE %8
sto] i v)8-& A3F Al

dzgf e W(d)e oA F(E(d))E 584 103} Ze] Fojd 4= gl

F8p4] 10

=) {CG.d@)+ > Pi[ld(i)—d@)| = 1]

i JEN (i)
+ Z Py [|d(i) —d(j)| > 1]},
JEN(7)
> {C.d(i) > PifldG) - d(j)| = 1]

A 1004 = od wgo] e fadeEd wYEE Rrpea, VO )
S Pyfjd(i) — d(j)] > 1]
S = 27 BolaAe tadE s P < P 270 s AYEE Hola
WA W AWM ole] Wil mel B4 ey ~edR 129 8E Juo|ES Fadle]l 2AMgt
o =S, Aubdo R Fofo] 3 Wk o/)e] 424 whakel] whel H A8 Tl olo] WE rojale] 42844
109 oldx F5EWA)HE Azser] d& g e mE o weLe(i,di)e 84 13 2ol

Aelgi,
S84 11

Le(iyd) = C(i,d) + min{L¢ (¢ —r,d), L-(t —r,d £ 1) + P,
ming (L, (i —r, k) + P2)}.

oA 119 ol gale] asle] Wael UF vge BEF T, AZ U 95 W] gi 27] Paseld P
A & Qe

oF Wik, An 4 gz U #ush ge FANS B 27 o W AN v wue #5
Gy A A A AN o CAdelE W Aele] FEES oadH, AN T FEE o3
5 AT Aol A gate] An Aol FxE vy e H5a
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Aol w2 e v FA 2o Ao Al

VLFeat MatConNet ToolboxE Al&3te] AlEd oA 3 &
KITTI, Middlebury, HCI 2 Yonsei #1x| w}= ~H#H S Gl o
stFom | Ao tasel el W (de) S 228, 116, 140, 8002 AAFH ).

KITTI 20129} KITTI 2015904 Z}Z} 194¢} 200 o] ~H#E L

o]l 2P JAEs HAE WAow FFsiglon, 53 xwo wald g AAHS Hrrelr] A,
Middleburyoll Al 3714 2 ZA< 2= 2o AL o439y, T3k, st ofe] &4 AL Hrst
71 91, 10e] = AldE] et EshE HCT WA wha sk AIRE 8 Al el o] Aol 53709 Yonsei WA
uta 2" H L FdE o833l

/&7 200597 20061 Alo]o] Middlebury®] 27

B oo

2

a3 JAR)S 1, WHAE G (A 20, B9 S E(o)E 0.0162 AAGHATt. E3 g5 435

93] %7] &5 (initial learning rate)® E9E (momentum) % 715X 7Hl (weight decay)®= 27 0.001,
0.9 2 0.005% 2=},

ERRCRE AP MIOH aet e o ude e aw o wae de
¥} 2 MIDDLEBURY, KITTI 2012, % KITTI 2015 shs5 dlo]Efof thdk H]XA]
Ang tepit,

>,
i
&
o
£ed
rob,
i
S

k1
o

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 1551
Ours 28.53 13.92 13.88

®3 dAE B AA A el d3d 2 A AE A9E FdstE 499 S5 &5 49-(w/o PP =
st wlaste] AlE#EelAsR o™, AE NS o]&3skiitt. I #HF: vy v]E EZFoNA spatial
transformer network(STN)2] 4 MZFH 3} soft-argming &30, AMAF AAA](Col. consistency) F+
A g vz E] A4 (Col. Disp. Consistency) & ©]-&3t i WS AA3I= A9-5 Wi,

E3 o vhehd mish gol, ¥ AAele] mE AR % WHS olgsHs A%, tE AR §% P
M, ded ARA 9 G4 AE ARE FASA 2= A9 o UL A5 dehiAw, Fase 49

=
9 #4845 dehie 4 5 9

s

¥4 = 2 AAG] A=Y (120)0]4 NN FZxo] W& A5 vl A34E Yeldth. ¥4 o4 Census®F MC-
CNN fast, Content—CNN, MC-CNN-WSe} ¥1 % %2 o A= (N 2 A NS Hwdt A23= ek, F3 9
e w}zl7b4 = MIDDLEBURY, KITTI 2012, 2 KITTI 2015 84 dlolelo] tiat nA% 84 whel Aol o2&
A vu 235 YERd

_16_
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s==4

X 4

Error rates(%)
KITTI 2012  KITTI 2015

Middlebury

Method

sy
[an)

L

(o
Ly

er

64.53

Census [0]

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

MC-CNN-WS [+

(ng]
i

15.44
9.67
13.90
13.92
8.34

29.94

8.71

14.08
13.88
8.23

29.60

]

Ours_S

24.92

Ours_P

[0133]
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=
—

CWN-& o] &sleet= v

=
=

Al
, o

[e]
-

ONe] T2E ol gal 4

4 off vehd vpep o] 2 AAjeel] whE

-~
It
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ol A AN YAEE W dE Yepd,
T8 oA ()= HEL 94 48F110)d ¢
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Uhebu L,
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B9 AAGE(163)04 Bitd B33 W(p)S

pi
L
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(He AS A8 d=9E
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el
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s

epuie
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s
a
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e F
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=
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Al el el A

2 A

(d) WA (h)

[0140]

epiey

[e]
LR

a, (e As A= "H=dgE

[0141]

o O
= T

ir

Ajm
Tor

ol

H

¢

el

o

AJn
o

ol

A

el

Ajm

CNN9] Fzxo] e 38

Alefe] wh&

A)
=

el
Z¥Z}y Middlebury, KITTI 2012 % KITTI 2015 Ho]&

sEo

10 WA =12

ju
a

[0142]

~

ur

o s txsfey fie 4

4%

10 WH 212 &

A2 vhepiig,

s
a

[0143]

—
22

10 WA T12 Zrzho|A] oA

[0144]

~N
22
o))

‘mvo
N

o

=g sy ge e,

, B2 AZ W FZEth AY ONW FZA4

st

=

XH

=
=

F10 ¥ %12

[0145]

_17_



[0146]

[0147]

[0148]

[0149]

[0150]

[0151]

[0152]

[0153]

[0154]

[0155]

[0156]

[0157]

SES0d 10-2219561

By
ﬁ
ﬂiﬂ“ﬂwﬂﬂ “é‘% veta, 5 9 ‘—8— F2 ¢ 42 W ?é

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‘
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ol
o
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k1

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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