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Ego-localization by Searching in a Streetview Database using
a Sequence of Image Distance based on the Positional Relation between In-vehicle Cameras

Haruya Kyutoku*a), Non-member, Daisuke Deguchi**, Non-member, Tomokazu Takahashi***, Non-member,
Yoshito Mekada***, Non-member, Ichiro Ide*, Non-member, Hiroshi Murase*, Non-member

(201349 A 25 H5AF, 20144E2 H 7 HFES)

We propose an accurate ego-localization method by searching a streetview database composed of single front-view
in-vehicle camera images. Previously, we proposed an image distance metric reflecting the positional relation of two
cameras based on epipolar geometry analysis, and used it for ego-localization. However, since the method employed
a dynamic time warping strategy to avoid the effect from outliers, both input and database images needed to be image
sequences. To overcome this problem, the method proposed in this paper reformulates the previous image distance
metric to a novel image distance that requires only a single in-vehicle camera image as an input, which is realized
by considering the sequential property of the images in the database. We conducted experiments using multiple im-
age sequences captured under various conditions by using an in-vehicle camera mounted on the windshield of a car.
The experimental results showed that the proposed method could achieve an accuracy of 89%, and we confirmed its
effectiveness.
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Fig. 1. Relation between the positions of two cameras and epipoles.
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A (left column) and its closest frame B’ = B; and adjacent
frames in the database (right column).
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R AL, AR AR TH AL T, e
Y g B OB & 7 % o

PLbzrs, 14 1 GRS % ) B L T A
NOBEHEOBEL e & 2 7 A T HOMEFHIANNT 5
BRI || O BRI,

1 1

—ql
fla.d' ™

L, WHIBRICH S Z EDVbh b,

—7%, Fig.4 137 2 7 OREM Fig.3 &L 2% 556 0H
Thbo Fig.d 0o, ANET—FR=AD N X FHEED
At L72& LT, ETHIIG- 72 2 T B OHEED |q.|
DA G L E TER—VOFEED ey TH D Z LS

lex|

705

<] .
> _l,"‘ Corresponding frame B’
S Wy
=
S
iz \ .
RS | A
° VN Frame of interest Bi AT
ER ~— AL ‘\_" !
=) N A
=N \ Lm~-
— Voo o=
Q 4 S -
: “\h\‘ "a’ \)a
..................... CMFLA . #* N R
> 1
w w
Database B

Fig.5. Calculating the distance of images from a se-
quence of frame distances.

bhbe SHIZ, NATREDPHRDOELL THo728 L
Th, ETHAZH- 727 A T OHEED 2lg.| O¥s, W
BPOE T ER— VORI e /2 £ 5. DF D, 1hH 1
BHRFEHHEL, ROMHEROZ LA DD 2,
1o 1 R FE A O R
1 1 TR 1/led] 12, 1/lex ~0 & 225 A T
BOB G FLE LTIRRERE %250

R CTlE, EFTFFIESNS | BOHERKS X TG e,
HE S L - 7 — & N— 2 & W CHBE
WEXITR ) 22T, MEBMET — % X— A0 5
MR CHs SN2 EERYICTH A 2 L2 s, ATIHEIE 1
ML 7= % X—AOWHERHIT [1%F 1 W5 o ®
Bl # M L-HE 2 ERTHIEDTE S, BN,
F— I N—ZDWEGRIN BT B, ETHMOH A F{E
WEMBCRUEFESIN TV DL EALRT LK, bbb A
T HEEREALER) L T\ 5 SARE T X 2 R O X I 3E
HY 2, 2oL E, ANEBRA LT —FX—RMERY
B =1{B;} O 1 &1 WGEHERE 4 E, AJTERA L OHEST
KN Tl - 728D 0 & 72 B 57— & N— A% B %
ol s L CEE RIS R R B E 2 b 22T, T—%4
N=2AD0HLHWIE B; L, TOHikR w T OOMmE%E &

72 [Bicws---»Biy...,Bisw] ZHV, A & B; 1 XL W&
D, RO X HIEET b,
D, = Z‘dj_a,ij_i” .......................... 4)
Jj=i—w

CIT, 3T R—AhOFEHEE B; bk A%
MAEMOEETH Y, HlERNNITHMHEET D, Fig.5
I OBAMERT. R @) OB ERNE LD a2
SNBEE @) ITADEEA &7 — 5 X—AW{E B;
(1% 1 WRE R OME | % SOz L T»Whrrk
ODIRIEL L, L TB =B OLE, ThbbAIIH
65T = N—AHOEE B *Hbe LizeE, L @4)
RN R & 5o

UED LT =7 R=2DWERGIERZFIH L7215t
LSRR D, # REE LTHWAZ & T, fH4 Omi{%H
FHE72 1 CIRHIE T & WAV O 28 % ) 2 73R AsuT
BEE 2B,

IEEJ Trans. EIS, Vol.134, No.5, 2014



HHRMLS% DB M 12 X » AHEfLEHEE (AGER, fib)

3. 1M ZEIREER & A -ERERIC S B BE
BHfE

RETIE, B—Wl§Ex A& L7 w2 g 7 —
& N— AN & B HHEMEHEE T O BAARN 2 5T A FIH
IZOWTHRD, 9, EFRM S g — 5 <x—
AEHOLPLOMELTB L WIS, 1 HOFEEH AT H
GHEANENIZL &, UTFOFMETT — & RX— ZANORTIG
T LMEERFET 5o
- Step 1: MSEDEH

ANBELOT = RXR=Z2DMWEH» 5, SIFT W% T

F—RA L MBLUOZORHELY KDL, ZLT, Th

SOWRED S ¥ —RA v FNEIORMIEZ KD 5o T,

xS HED S RANSAC 7V T X 2 &% v CEfE M

DENIFIRHHEEZ KD B o
- Step 2 : 1 3¢ 1 BEMEEEEBEDE L

Step 1 TRDO72XFIG L HEAD S EBEITH % K, TER—

NORMEZRD D, LT, HESINIZZER— VO

BEEFMALCT NG o151 EGHEgEEEHT 2,

- Step 3: 13t 1 ERERE#MRIIOES

AN G E 7= N=2AFOEEFIZBWT, X E3)D

1A 1 BRI SR L, Z2oR5% 15t 1 E{RRHE

HERTN & T 5,

- Step 4 : 1 W ZEIREEBHOE L

1R 1 BRI EEEER A S, K@) 12X ) FERAE

ol L7z 1 S g e 2 sk %

- Step 5 : FHICEHRDRE

1 R LR RN R DA EOW R E, ATIWm%

WZXIET AR E L CGERT %,
wEIZ, RBEENZT — & N— AN ORI 5 7 E
THxE M3 %,

4, £ B2

RETIE, 3ETHRRLREFED Step 1 225 5D, K

(a) Sequence 1

(d) Sequence 4

TR FAGEE (B9 2 BRSOV Tk "%, 375
BRICHW 7= 23 L, RICEARN R L LT,
IR TE & 3 2 0B ER O PE i, EFFIC O TR
Do Wfrll, FEBRHERIZOVWTRRS,

@41 EBRF—2% FEBTIE, B AT LELT
CANON iVIS HF G10 # vy, COH AT % HilfO 71
YIHTACEEL, &R 480m Ok , EELRD
HERE D &5 MBS LT L7z e L 7omgig,
1,920 x 1,080 2, 2398 7L —L4 /B Thb, EEIZH
W T =¥ oSt ORI, ioekil), BXU' 7L —
L% Table 1 (2”9 F72, BUE L 72425 O W56 %
Fig. 6 27”9

@4-2) EBHE EBAT-55R0IH, b
1 DOFRFNNOE WG A ANTI, ) 0 4 K5 1 75 %
T—=FRX=2 L LTHW, &2TORVOMAEHLEIIHT L
TEBRZ1T o720 BARNNZIZ, &ANEGEEZ 7 ) L L
T = NR= AP B ZNENORICE G % KD 7o T3
ELT, WHLA3) THHLTWS, ERuSoxhs S %
RELTLITFERZRETEL 28THEZRXB) D 141
R EE DS RN & 7 BB % KD 5 Pk ik 2 &
LTHW, 2B, EFE, HKFEL, WEFE20
WITNOFEIIBWT S, 3FD Step 1 THRD 7S mikE
RV, 72, BETFHEOR @) Tlrw=3 2HW

REBRTIX, IELWHERAE 2 #IRTE7-5E % Effg
ELTRTEOFEITR o720 22T, ISMIFEEED
1 7V —bDNDObDRIEME L7z, UL, B RICB
J% +35cm BEOTIUIMHYET 5, 1FE L VEEEOR G

Table 1. Conditions of the experimental data.

Sequence Condition Number of frames
1 Light rain, daytime 1,413
2 Light rain, daytime 1,205
3 Fine, early morning 1,498
4 Cloudy, daytime 1,348
5 Fine, daytime 1,173

(c) Sequence 3

(e) Sequence 5

Fig.6. Example of the experimental data.
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Fig.7. Search result of Sequence 1 from Sequence 2. The value in the bottom right of each image shows the
difference (number of frames) from the correct corresponding image.
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Table 2. Accuracy rates of corresponding image search.

Input DB | Proposed Comparative 1 ~Comparative 2
1 2 96% 28% 93%
3 83% 25% 73%
4 87% 40% 66%
5 97% 50% 95%
2 1 94% 21% 91%
3 85% 73% 80%
4 88% 33% 75%
5 95% 53% 83%
3 1 82% 28% 73%
2 89% 85% 83%
4 98% 56% 95%
5 84% 56% 64%
4 1 84% 36% 67%
2 97% 37% 93%
3 99% 53% 97%
5 86% 66% 83%
5 1 97% 43% 94%
2 98% 55% 93%
3 71% 41% 43%
4 77% 60% 74%
All 89% 47% 81%
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Fig.8. Search result of Sequence 5 from Sequence 3. The value in the bottom right of each image shows the
difference (number of frames) from the correct corresponding image.
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(b) Sequence 4

Fig.9. Example of blurs caused by the vibration of the
vehicle.
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