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Movement Direction Estimation Based on Extraction of Passage Areas Using
Deep Learning

Hiroshi KONO*!

Abstract

In autonomous driving in indoor and outdoor spaces, a moving vehicle coexists with various objects and users.
Object recognition in the movement path must detect unknown objects and requires complicated judgments. In object
recognition using deep learning, the accuracy of recognizing various moving objects and obstacles depends on the
learning data. Alternatively, if we can determine whether a movable passage is accessible, we can recognize the
movement path of an unknown object without improving the accuracy of object recognition.

In this study, we investigated a method for estimating the moving route from the passage extracted using the
image conversion tool pixZ2pix, a derivative technology of generative adversarial networks. By obtaining perceptually
valid passage-extraction results, the proposed method resolved the problem of image conversion.
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ENDEINIISTA=F HHHH L CTHFET LT L6 L, Discriminator 1428 & W7z 0{% 2 (A O WML TH 5 & HE
95 &) IZHF (Generator) D/3T7 A= ZHEF L 2 WIKETHFE T L0 THL. ZOWHIZL > TEL D FVWFEEE
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MWNEL B E)IFET L. 9F D, logDk) & log(1-D(G(2))) i KILT 5. Generator T, 1 & D#EHEE
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T TRy TR 2 & THEREHROETHE % S T 5. Discriminator Tld, H{EEEZARKY B L <
AERTHEINTA2DOTIE R, MSWHEEE (=8 F) IZ5F L Oy FHEATHRY LHEOBELZM EEE5 Lwvo
72 BE DTNz PatchGAN & L IENATFEZFEHAL TCWE, ZLT, AXPYOXR7 (X LY) ZorERIhizT
(X & GCX, 2) %0zl 5.
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BRI Z O, CycleGAN"2SZIF 5 A, pixlpix & ¥4, TRV 2OOBGEHEM OB G % L4 5T
BCH D, HEEEROEARL T 7 AF ¥ OEHIIHLL T D0, BIROREL S A4 Y HOBEHUIRISSHE L, 72
2L, ZOMEEEERS oM CIHFICHEICZ S anwEEZS5N5.

CZETVWKOPOETNVEBEN L LCHIZELCTE 2 MEBRMOFETIE, BERN L SELSER SN TWD
B, FERT—F EORMEL V) BREVPIRARW LT /7= a YRR TUEND 5720, RIEOBMIZBW
TILRADOWIENDOXIS &) BIZEEMDAE U S, —7, pix2pix X CycleGAN O {2 CIIAE R ml b & v ) i
I b [ROLMDEGEOEHOEE | RSV ERoTwh. RANOWERLEHTICTh - T L MBEORF Mz 2 T#Y
ENTwUE, BEEOHE &) HTIIREB X OV IRFTE 5.

3. HEDEM

BENCBIT 2 BEA#TIE, /AT —varbd 7Yy MR EWRHRIHV SN LA, REOEEY )
SR D L BEEE#M T EZT2GE, AL L) RNy — il hii RS % #85k LTI 3 4 35412 Image-to-Image
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AHFFE TILIE D 12 Google i)“ﬁﬂ%“ﬁf%ﬁ L CTwa Web 77 7 8 O 58 B $5 Google Colaboratory % Fll i L 7.
Za—=F)Vhy b =7 ETINVOREEEIZIL Google BFFEL A — T 2V —ATRHAIN TV LHEWMFEEH T4 771 Th
% Tensor Flow2. 4. 1% v T '*%TTO 7o FETIEREAT VT XA J: L C Generator & Discriminator ® &%
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7= a il LT, @A RET A0 BB PN OIS EFEITY AT L 7 LB ERIBIER L. Th
LOEBEF— &y boBlEFEL mT.gﬂ%wlﬁﬁ%kﬂt 2B BWBHGEOMAE N TEEE 24T . 2124 C
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BLHOIEET—% 2y b OWR] Tﬁi"o%’i’%X_T SREPIRT AT LYy FAMAERY AN BlziE, A
TF=NWT I TIED N == ey N OPERPSEE OS2 ) S E 5 HEA) & LT Simonyan 5 12 & A1
FRPTHLMIEN TS, KIFETIRFEE 7T — 5 OWEY A A2 AN A XL ) KERE S LiF (286 x 286pixel)
WCUHA XL, Z20)H A X LWEE AT A X (256 % 256pixel) 12T ¥ F A2 b I 7L, W{gExKFHIANIC
S UF MRS AN EEA L, AT E0oFRT—5 vy hOEETo72 (M4).
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5.3 ZHETIVEE
AWFFETH Wz pix2pix D3 v M7 — 7 iEE R 2 B LUK I ITRT. (HHELREE ReLU @ alpha fitild4:7C0.2& L 7.

72 : Generator D&

Layers Kernel Stride Channels gé?gt}}ll ¢ %a(l)trcéll Activation
Input: Image 3 256
Convolution: Layer 1 4x4 2 64 128 LeakyReLU
Convolution: Layer 2 4x4 2 128 64 Yes LeakyReLU
Convolution: Layer 3 4x4 2 256 32 Yes LeakyReLU
Convolution: Layer 4 4x4 2 512 16 Yes LeakyReLU
Convolution: Layer 5 4x4 2 512 8 Yes LeakyReLU
Convolution: Layer 6 4x4 2 512 4 Yes LeakyReLU
Convolution: Layer 7 4x4 2 512 2 Yes LeakyReLU
Convolution: Layer 8 4x4 2 512 1 LeakyReLU
Deconvolution: Layer 9 4x4 2 1024 2 Yes ReLU
Concatenate (Layer 9, Layer 6)
Deconvolution: Layer 10 4x4 2 1024 4 Yes ReLU
Concatenate (Layer 10, Layer 5)
Deconvolution: Layer 11 4x4 2 1024 8 Yes ReLU
Concatenate (Layer 11, Layer 4)
Deconvolution: Layer 12 4x4 2 1024 16 Yes ReLU
Concatenate (Layer 12, Layer 3)
Deconvolution: Layer 13 4x4 2 512 32 Yes ReLU
Concatenate (Layer 13, Layer 2)
Deconvolution: Layer 14 4x4 2 256 64 Yes ReLU
Concatenate (Layer 14, Layer 1)
Deconvolution: Layer 15 4x4 2 128 128 Tanh
Output: Generated Image 3 256
#: 3 : Discriminator O %
Layers Kernel Stride Channels gel?gt}}ll ¢ %agrci Activation
Input: Input and Target Image 3 256 Yes LeakyReLU
Concatenate (Input, Target) 6 256
Convolution: Layer 1 4x4 2 64 128 Yes LeakyReLU
Convolution: Layer 2 4x4 2 128 64 Yes LeakyReLU
Convolution: Layer 3 4x4 2 256 32 Yes LeakyReLU
Zero Padding 256 34
Convolution: Layer 4 4x4 1 512 31 Yes LeakyReLU
Zero Padding 512 33
Convolution: Layer 6 4x4 1 1 30

Output: Real or Generated pair
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4 EEZAROK
FEATT LI ZNZNO ANERIC T A2 EBWBEREELTCBY, A5 ANEE (Input), Z5H5EH 5
(Generated), 1Ef#EM{% (Ground Truth), ZEHau{% & [EfEME{ROZE5 Mm% (Difference) /R LTV 5.

Input Generated Ground Truth Difference
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ROBRRHFOETRWIIHIETE TSI LT AL L, @EREERH L TV L0 H 5 L HEEOER L LT
Teo TOBWEEMDNH A, £72, MSATIE, WMTOBEZKL THEERINLEBINH -7z FIZIEAFHTHNL,
VAR OB KM OREEEZ T ) £ §5. pix2pix TOREOZLLFEHL TWE EZXHNEH, Z2HEEK
DORHBE TIIAT AL VEITURLZ S SHETH L. Lo L, TNOHOWFEZI0RERERS S &, AT BZLHHE Vwo
72T ) AT AUSREERI LIS 5 Z EATE R 2D, By Zd@ig s LT o) TiedErH 5. Wiko
M LA ED D2 LT, NHOREBRIZEANE DT TERTE LI ENERZOND.
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THHN, EE)TAOBHIIOWTEEEL 2L, BERTIOVTIE, RUHDPES 2L ) 28] %17 ) LT
Bdhb, Tz, MeLETDL) RBIBOMEEDICOWTIE, WA LT L0 0B EBIFEE L 2w E LT
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B 7 (LB O BE 2SR T H RIS H o 72 0BT A, HIT ST K OZEEERL AN ORH3H 5 & @R Tl
BVIRWGIZ 2 D EGEI I N TW A, FEH T — 7 O@BBEIEE L XD 8y — U SERT AL VD, IO
LIV %T 7 AF ¥ OZALIZEH N EHER L TV 5.

T D EEEEIT DT 7 AT v OB AL D ZE A

s =D L - AT BT B AR DA

SUTAEIICFIESED AR T, WEERORFHRIECDE D - 726 Th 5. ERIEEGEEEIELR SN TN D
25, ARTIXEE FEOBER T SEREN TS, AEIRIZB T 55 OIS E L TWb DO ThIUL,
Discriminator ¥ Td 2 /%y FH A4 X TOHENHEL TV AWREENH L. FET—F AT —NVI vy ) 7
WL TIRTIUED )P LBEDX LY S Z ENMFEEND. 7272, TOATBED /85 — 1%, EBIZELEY) 7112
AT HEFE LG EOEMARLATr — VEE RS ERLZEDEETIUL, 20 L) R ATNIMAERKEL TH B,

B8 - BN L 72 AT > 2 oD 7 5

INSD4DDNY — 5 3DFH 5, pix2pix 12 & Z@EHITIEE, MRS ZYLERPHELNTWE S,
FED Iy VEROMBEDOREAEE L\ &, ERER S &l L 22 BER RIEAEEk & L CiRb A a D e b Z L,
WERICARAN PO H HREDORE SOBEMAIFAET 2 LM TIIRWERLREINDL Z LAy o7z. 72, ATERKIC
I AREEE LTORE S SEROHEIZEL TS RREND 5.
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FEBRIZEEY) T4 - FESF—2aryE LCHHAT AR, MEE ) 7VE A LT 2 0E S H L. 2T,
B Y- 7 12X A% HE LT, pix2pix DANEEZ web W AT HPHA M) =3IV FANLO=A )< v
TYTNVIA LB EIT 72, F72, EBOFEXr—2 a3 VY ATFATIEN A TOBRBERFTICE > TUT L b @Ko H
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DE IR Z ZEREZFIATE LD TE LRV L2 BRBICANLIVLEDNH L. TOL) LHECH ) TIVI A AT
HIHI Y 2 MR E AT ) S ENTELDONE V) BHIZOWTHEE L7z, BEEER, BEIT 20 2 505 OWYE
T8 R EREME T NN TV Y A L AT LER G OMERE 1T 72,

ZORER, H—W{E250MTORE L FRE, MEMISEWE CHEEEZ M) TETWRHTd H 5205, H—H{Er 5
DT TIERZ T SN b o 7AFE OB O WG L 72 B 21, B2 LRRHOEETHRTLTCLE->
TWAHEIGERZEIARIZE B EORN, B A TONNEE (HEE) | iéW%W®ﬁ%ﬁm®ﬁ%&XWM [ R
DOREEIMEL o Tz, F/2, BAWEZBREFHLTCLE > TWLLERH D, Eim A3 2 Mok 5
LHFEOMBELH o7, COBERE LT, HIEEEOFHE T — 7{@%wa*#otH#L&t@ﬂM% FARNE LS
BRDGER Web I AT OBINZE > TT I —Dhh o 72REOEGS AT ENL Lo lihlBFons. Zoft
FRCBHE M E LC, WMAOBEGOEHHEEDS10%EE T TR 7L — 2 LT 218 (£6) dbo7. FEMH=—2—I
WAy bI—=2ETNEZOFEFEFMTE2OTIEZRL, 2y M7 — 7 ZFHER LA ORELALETHS D .

F6 YTV A LD T L — AL — b

CPU GPU Webcam Frame Rate  Generated Frame Rate
Intel Core i7-8700K CPU@3.70 GHz NVIDIA GeForce GTX 1080 Ti 30 fps 3 1ps

6. BEHRIHERICEDS(ETHEOEY

WO L LT, VT VE A LB @EEERRER D CHEITHROBER - FRIZOWTHT 5. FHakmigs 5
HEATHAZE L MHEOFIEEZKIODT 7 T 1 €7 4 KTRT. 215 DEE T OpenCV (Open Source Computer Vision
Library) 94 750 ZHv7z. 3 U2, BEEHRLE I NEEE 7L — A7 — VEERKZIZ 2L, MrRRe
W/ A X&WET 5. WIS, WML EIT, WIEERT 2 E 7 LIVOREME (v, v) 2P LY A MET 2 (K
10(b)). &iZ, VAMIHBHEZ LV LELEHIOEREMBEy 2FOE7 LV EXTY Y7L, &XT OHLLEEH
DHEBEE S 5. wirlZ, TORBEOHR D SRR - /Ml y 22 S 2k A TR 2 hRpEii e &, JmN
7 MVEERT S, m&iZIC, K10(c) D L) kR A 1572

L LAaAss, FEEIZ) 78 4 AR ﬂbfﬁm%ﬁ%iﬁbtt 2, MEEAME IR URIG T & 2 WIGTH A ® -
7. ZORRE LT, BEBHOANE) TUF A DG ATN L HHGEEE L72& 25, pix2pix OHEEZAIRETIEK110
£ BRI HAIFEAE L 725 A AT M OE AT E W EHEI L 72, 2D 7-%, Inpainting T % FV THiE A K %
AT 2 JEER TR E EN L HRAIAE LRETIICIT CE 2w & b & ) R E L CORTHEFHIIET
ol ZOMOMHRTFEL LT, web ANATOELY) T4 ’\0)§”‘ & AT AN E £ h Zf ATTWAR A & 38 B S AFAE
TLEMESNDLHZ/N—ARY T4 TIZH->TCYAZWECER L TCBE, BEICLIEGOHEZEHT L2 L

WEDEY
. 7 4 R b 2R JVEERRAE(x, y)
DEE
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EveLEE o BNTOFD L g g, 0 b LicESEhs
ERTIZT B RERDHD £ 5 2L % RR HEREH
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(b) A5 4 (c) D&

B10 © A E T ot



% 3l B AE I 2 20 CEATTT M OHEE —31—

¥
]
i
:Pj

THElBR I DALY A AT 9 }J“??%%W%f: ([12). AUz X Y HlaE s e
r%&f}‘o 72, SEELITT —EO729121%, pix2pix @ ) {5 o 5HIE - H
R B RN LETH 5.

R DML 72AY, =T —fiEIZI
L7z—DDMEII A L) BRET VD

(a) AJJmi 15 (b) ~ A 7 Wi (c) TS OWI 5

K11 IROCHDZEE DB P12 © 5 s AEIE D A 1E 5]

7. &9

BENCBT MR E LT, v/ A v Fr—Ya vt 7Y o7 MaRBEEOFEDLRSH 5. K32 Tld, Image-to-Image
Translation @ pix2pix Z VTV 7V % A AW L 2@ EHEIBOMB 21T > 72, £72, ZOmEED 5 #ET HI % E
WTB2e%2 7704 X2 "X 754 VN TRAZZ. ZORE, HIEEEICBU 5 BEERIZOW T, MRENICE
LLREREBLIENTELLEEZEZTVDN, VTNVIALANTIE, BATOBENIZL > TANBEBEOT A F3Iv s
L Y OEALDE U2 USHHIE T & 2 Wi 2 EATFRRBRICEE L RITTHES, WH7L—AL— PO TORER
BRIk o7z, 72, EE ) T4 OETHROEIZOWTE, ROWOMEIZ 5B TE 2o 7.

SHOMIETIE, TEY T AICHKBENLZ I XA T ANCL2ERBZ LBLT, m%%7/r—va/u@®@m%
W LB AR T 2 2 LML v — L OEBE L BIFICAN, SO R EEEZED THRMEZIRIET 5.

B
T T ar T OERR 70 7T ABSIZH ) LT iz 2w e AR KRS T EEOAE R K, T ER—IK,
BI O A Y b7 — 7 TR EEEOHPIEMRICESN 2 LT3, ARBFZE I3 P304 1 SO A2 4 AL R gE 7 5
VT v TR (HELY EEE) T A N TE R N A DR B R TE A, Societyb. 012D [ & & Ml
DK D)) O EZTE L. BRUKRFOYNEZITTCBY, #EtRLET.

X #

(1) HS, "ATHREZBE L AR HEEE S— =) 7 1 OFEKRY 27 A", AEKTZERFEM5EHS No. 43,
pp. 2-12, 2021.

(2) Ian J. Goodfellow, Jean Pouget-Abadie, Mehdi Mirza, Bing Xu, David Warde-Farley, Sherjil Ozair, Aaron Courville, Yoshua
Bengio, Generative Adversarial Networks, /n Advances in Neural Information Processing Systems (NIPS), 2014.

(3) Phillip Isola, Jun-Yan Zhu, Tinghui Zhou, Alexei A. Efros, Image-to-Image Translation with Conditional Adversarial Networks,
Proceedings of the IEEE Conference on Computer Vision and Pattern Recognition (CVPR), 2017, pp.1125-1134.

(4) Shaoqing Ren, Kaiming He, Ross Girshick, Jian Sun, Faster R-CNN: Towards Real-Time Object Detection with Region
Proposal Networks, a»Xiv preprint arXiv: 1506.01497, 2015.

(5) Joseph Redmon, Santosh Divvala, Ross Girshick, Ali Farhadi, You Only Look Once: Unified, Real-Time Object Detection, arXiv
preprint arXiv: 1506.02640, 2015.

(6) Wei Liu, Dragomir Anguelov, Dumitru Erhan, Christian Szegedy, Scott Reed, Cheng-Yang Fu, Alexander C. Berg, SSD: Single
Shot MultiBox Detector, CoRR abs/1512.02325, 2015.

(7) Tsung-Yi Lin, Priva Goyal, Ross Girshick, Kaiming He, Piotr Dollar, Focal Loss for Dense Object Detection, CoRR abs/
1708.02002, 2017.

(8) Xingyi Zhou, Dequan Wang, Philipp Krihenbiihl, Objects as Points, CoRR abs/1904.07850, 2019.

(9)  Avinash Hindupur, The GAN Zoo, [URL] https://github.com/hindupuravinash/the-gan-zoo, 7 7 t Z20214E10H 26 H .

(100 M. Mirza and S. Osindero, Conditional Generative Adversarial Nets, arXiv preprint arXiv: 1411.1784, 2014.

(1) O. Ronneberger, P. Fischer and T. Brox, U-Net: Convolutional Networks for Biomedical Image Segmentation, arXiv preprint
arXi.: 1505.04597, 2015.

(120 Jun-Yan Zhu, Taesung Park, Phillip Isola, Alexei A. Efros, Unpaired Image-To-Image Translation Using Cycle-Consistent
Adversarial Networks, Proceedings of the IEEE International Conference on Computer Vision (ICCV), 2017, pp.2223-2232.

(13) Karen Simonyan and Andrew Zisserman, Very deep convolutional networks for large-scale image recognition, CoORR abs/
1409.1556, 2014.



