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View Independent Vehicle Make and Model Recognition with Virtual Frontal View

Yukiko Shinozuka*®, Non-member, Takuya Minagawa®*, Non-member, Hideo Saito*, Member

(201347 A 1 H=24F+, 20134F 10 A 8 H -2 1+4)

This paper proposes a novel view independent vehicle make and model recognition method (VMMR). Our system
identifies the make and model from the variety of viewpoints while the conventional methods for VMMR work only
for the fixed frontal or rear images. In addition, it needs only the 2D images not CAD data for database. To solve the
alignment issue, our method uses SIFT, that has scale and rotation invariance. For the view independent recognition,
it creates less distorted frontal view images by view morphing or homography matrix calculated by the position of the
license plate and extracts the keypoints from them. Our method enables to recognize up to 60-degree angle with high

accuracy due to the less distorted virtual frontal images.

F—7— R HEAMG, SIFT fifa, HHEHL, View Morphing, PRS2 0475)
Keywords: Vehicle Make and Model Recognition, SIFT, View Independent, View Morphing, Homography matrix

1. @FU®Ic

W, A= 74 YOERIZED T o TGRS D A
T ANDOFEENE T > T b, T—FIIRENFOWEZE
BE I L, Google Goggles®=° AQ @7 & DGR+
AT A HOCTHREZPITAZEICLY, Foik ez
H{§%FICAN, TOWEEZBHHICHNTESL L)Xk
7oo T OPANIE [FEMM G ] & IFT 2 R & mig
AR T HEMTH Do WD S RITFEE 2 & O
EHWC, WEFALEEETLZ L2k ), Bk 2
GEFELITZEDTE D, 20X ) RIHEMRBERAM A X
DR SNIUE, 2—FOFOREY Db OFTTEEEHRIC
LDMBOXNRET LI ENTELENIIRDLEEZON
b0 COFEMMPILNENE, BEAHRE LIRET L7215 T,
ZOWEOMERE, itE, T — VIR R & OTER
WCHHHEICT 7B ATED L)X b T2, Htish A
T=NTFIRTFVINARXTD LD BT E L
X% o722 8T, —FERNEWELEZEOHED S
TEDLEHeolze ZDI28, HEZEAIZ T ZRHEST

a) Correspondence to: Yukiko Shinozuka. E-mail: shinozuka
@hvrl.ics.keio.ac.jp

* BIEFAR SR I TR e
T 223-8522 #iEhi#EILIX HE 3-14-1
Keio Graduate School of Science and Technology

3-14-1, Hiyoshi, Kohoku-ku, Yokohama 223-8522, Japan

(© 2014 The Institute of Electrical Engineers of Japan.

233

BETH D, TOL) it RIZET T, X )EMAWY
BRFEHMATRO SNTW D, AllE, W{EAE I X 55
L ERNRET S,

EEERASE Y A7 A (ITS) & LT, oM, A
A, FoN=TL— M, EO T v XTIk EOMIR
WLERSA & AW 7228 AL AT T Wb, T,
LN T AHEIIAET 2 D OO F 2l D%,
HEAIHEDNTVLET—=7 2y PLHFEL R\ D720,

Wert L2 FEOMIEE I - BT 372012, 7= 54y
N EEI L 720
—AEIS, BRI & B BRI, T o35

DREE Z ATV D,

(1) &JEBEHem ) A7 & OGRS 2§ 2 fE

(2) TI2RAFvOLVYETHL I LIZL DL
12< &

(3) ZRTWETHrZ LICL B R2DOEL

MG, BB OMRICBWT, B, FoHRE
WZOWTIHEMMAEPEA TS 0D, ZOFEL Wk
FTRSADEGOMAZREE L T D720, H=0FEIC

A&, 2nd International Workshop on Intelligent Mobile Vision
(2013-7) 12 THEF S 17z “Vehicle make and model recognition by key-
point matching with pseudo frontal view”, 5 16 [FI[E[{% D8k - BEfFE S >~
AT 4 (2013-7) 12 THFE S 17z [View Morphing 12 & ) A S 7z
BEALET G % W2 A X S 2 WEAH ] o RE MG 21T
Do



SEUE T 5 % 72 B (AT, )

DVTOWFEITEA TV, F72, TXRTCOFREL Wk
TREHEDCAD T—F 2 HWAZ ENEZLNLD, &
A LCCAD 77— * AFT52DIEWEETH D, L
L, 5HOA~Y— N7+ Y2 X 2HMEHMOm EOFHEZ
EET L L, HEZAUTEER VAT AORENEIN D,
KL T, H, E=0ORBEICHD A, migEosE
A 7oA T A R A B T SR 5T 5o
HLH BN BT B IRE S % IR 5 7201247 - 72 i
FERIC LY, HAHBNIEY) R i A RO, ISR A
FRRRR AR 2 MRS L 72 $RE T T, Scale-Invariant
Feature Transformation (SIFT) $#& @ % v, * Rk
ONEAL (TI74 AN MEERHBILZ, E0E
RS B 72012, BARO 7T Y N7 ) LIRS T REE
HWThsbILal L, R REH L ED, HEZ0R
A RIS D201, FHoh S5 SN2 H{EH 5 View
Morphing® b L < 1ZF ¥ /N=TF L — k% v 72 1 g2
BA7H % FHAC, SERLERIER 2 £ T 5 2 & TF— ¥ N—
AWOIETHE G & BT E 5 )12 L7,

AL, B A L CRRRT R I A IR R B S
5 ETHRT A LoFMMEZRL, CAD 77— % & v
FTWEDORE FHCTHEOR L 2 Mo 7 1) miff %
HFAHHTE L 2 L 2Rd, EFHETIE, View Morphing
FoEFoN=T L= OMBEEHVZTFHEICLY, 7T
V)RR L, EARO/N S EEBIIE T {5 & R
%o BRI G % A K5 5 F:, View Morphing % fiv
TFFEE FUN=T L= b TFEORERE 21T o
View Morphing I2 £ 2 FETIZ40EE T, =T L —
kDA F VS FETIE 60 EDOME T TOME Y A%t
IR

2. BEEMTR

ARETIE, BEWTIECH 2 MR E & A4 H BT
W5,

R E T d 5 SIFT Kl 1%, A7 — V2L, |alix
T 57280, BIFIRERY AT JIBWTHE (RS
NT 5o 207, FRETONEMEOMEIL (77
A AN FEE RIS HZ LD TE D, 72, Maximally-
Stable Extremal Region Detector (MSER)®, Harris-Affine
©  Hessian-Affine 1%, 7 7 4 Y ARV BRTZRE LT
HHENTWED, MIBZEROADPREIN, TR T
BT T A YIRS B RN & A R 7R TSR L
Vo BT Y T T ERAT) 72OIIE, T 7 4 AR TR
FBGLR 12DV TRllEMRES 3 % %H % % . Randomized
Tree x AW~y F 2 7 0% 77 4 VAR WTF
FE LTHOENT WS, F— RS TEDRFT /Y —
NI LT, BEBAEEOT 7 4 VAW I L THER L 728
Y — R RN BT HLEDD Lo ASIFT @D [k IZ[F
—HISK L ThkA 7 7 4 Y EMRELT) ZLI2E D), 1A
ZACI R 2 R T 2 EBL L T b 2 S ORERNT
FEICRT L, ARREFETIIHEHEO LG & PIRICE

234

B A ek, HEOZIZH L THHIZ—EDOBL
POOWEEDPHEMTEDL LIITL TV A,

% 1 B CTHBRARZZHALH R OFED— > TdH 2 WFETR D
REICHL ) LA ZZF & LT, Psyllos 5 @DOFENH 5,
MBEICHW S 7 ) WG RSO A E v, 23—
TL—MEBRELT, FRIEECHESRHEGEEZ T 2,
ZOW%k, BER Ay b, 70y M), Bk EO/NER
T A I L THAEADOM AT 22 L, e hBEO
SR e Fai k& LGl 21T o T b, 72, B4
HHNOMED 2 OH, 77 AF ¥V hwvinw)EIZD
W, Psyllos H5IXIENT 7 AF v DL VHEOT Tk
AR R E A ETHIEL TS, LA L, &
DFFEORFE LT ) HGEOHURDEETH LD L)
BT 5N 5, Han & ©OOFETIE, FEE SN2ERY
A7 OW§%E b LIZEWIIRIRETC 27V, CAD 7—% &
"2 2 ETHEMHNZIT>TWwWh, LA L, =RITHEHT
ZATH R A MR CAD 77— % OIUER EORELD 5 o
WD A% 72 ZRTe R ORI ZE & LT, Bl
DR LWGEE T — I N—AER/RLTHBET2E 0T
FH3d% %75, Yabushita & WSR2 & 5 1 FRHERKEEA T —
I NR—ADER S N BHEORBUEKAFLTLE D,

Shinozuka % (Z 8L O ZALIZxF L T 7 40 Bl 1
L LT, FyN—=71L— B XU View Morphing = v %
FHEEREL TE 72, WWEIHFIE, SN —7L— &Ik
12T 5 L9012, FyN—=TL— bDA4DOHDONEDSFH
YRR HATH & SR O SEALE T R O AL 2 ATV T — & R—
AL RELTWh, &L, View Morphing % > THEL
IETHH g 2 R L, EAAHB 2T T b,

RFEFHETIE, INOHMERWIZEO WIZTEHTE 2h o
TR RWEDOMESTIUC L BT 4 X M 93584§ 5 RE
gL, oS, HiEZR EOFEFHEMEE B3,
BEDUETH (R ZED 2 12X ) 7 — & N— A ZIEH % L
PEBL TRV Y Yy THHAICL S vwELY
WIDFTZ 5B &) 2otz 72, SEBUERE A RETH 5,
FN=T L — FOMEIZ L BT L View Morphing 12
£ 5 F O OIBERET 21T o 720

3. BERYFICH T HHRBE FirEER

KRETIE, ELHHNIBITLHEIIOWTERT 5, (3-1)
EiClx, BEANINHEY ZIFEE G L2, (32T
1, HEALHHNI BT 2 R SR A ARG L 72,

(3-1) 2HEHELRREHE  HERHHIIEY L
FE 2 RT3 2 2O P ER Y T 720 7—% & v b
&, FIFW® <y Ky HEDOY -7 3D
Va—UnbilfiLiz, 7—%ty MABRRIUTO®EY T
Hbo

TF—ANXN—=X  ZETIIZOE L BOIEHEH, 4 30 1,
30 EF I,
JIVUER: &9 FEF NV, £EFNV 3 M, EHEHR. =0

IEEJ Trans. EIS, Vol.134, No.2, 2014



SEUE T 5 % 72 B (AT, )

Table 1. Average of the Ranking in SIFT and HOG

Modes SIFT | HOG Models SIFT | HOG ‘
AQUA 1.0 21.0 AURIS 1.0 3.1
Corolla Fielder 1.0 19.9 MarkX 1.0 10.8
PORTE 1.0 18.8 PRIUS 1.0 8.4
PRIUSALPHA | 21 13.6 SPADE 1.0 27.1
WISH 1.0 17.3 TOTAL 11 15.6

(a) SIFT (AQUA) (b) SIFT (SPADE)

(c) HOG (AQUA)

(d) HOG (SPADE)

Fig.1. Visualization of SIFT Matching and Difference
of HOG

L& JDVEBOEMIIT I R=RAHEETDLHD L
B2l L7z 20720, F—F XN—RAIZHERET S
ETVD) L 4B EoN) - araFEoasEy
7 T)WEOETFTNVE LTRHAL 2.

FLH P OGERTHETIE, Ty V% &TH T m§erk
PO LR e LTS 2 FEPERTH 500, 2
T, APFERTIE, SFREE LRI E L oK
21790

WGz 5 e U745 & ¢, Histogram Oriented
Gradient(HOG) 4¥#i W% /-, 2L C, % e 3
% R & L C SIFT = % F 272, Table 1 1214,
FHRHEICBU D EBOMBRERITRT. ZORFRIL, 7T
VTR T, SIFT FeEid a1 CHUE, HOG
FEiz -2 v FEEEEZ HWC, HUELFEL 7 >~
FUUMT Lze 30 ET NV TOIEMEEOFE T %~
TERLIZDDTH D, A7—)ig, [1,30] 0EHOHEZ
HY, 125 b FMEAYE <, 30 2% b FME DR & §
%o Tablel X 0, RAT#ETH 5 SIFT f¥kmns, &k
FmTh b HOG Ffm L V), 7 F 708k CHAY
MICBWTEMNTHLZ D05,

Fig.1(a), Fig.1(b) |2, 2 =) Wif§x 7 — & ~— AT {EE
O SIFT HE 2 X 245t~ v F > 7, Fig.1(c), Fig.1(d)
12, HOG %= D725 Biff % 7R3

HOG Hf i 23 W% Tld, BRI Bo T
o T, WEMEONEDAVIZEEZTIA AL IO
ROBEASTEE L, M TE TRV STH S, —7f, SIFT
BHEICL s~y F 7 TiE, AQUAIZBWTIE, B

235

(a) The Image from Left Front
Fig. 2.

(b) The Image from Right Rear

Keypoints on the Surface of the Vehicle
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Fig.3. Framework of Our Proposed Method
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Fig.4. View Morphing
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Fig.5. Query Image Transformation by the Position of
the License Plate
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Table 2. The Average Pixel Size of Database and Query

Images
Modes Width | Width | Height | Height
Average| s.d |Average| s.d
DB 366.0 | 344 | 286.6 | 34.2
10 degrees | 357.6 13.9 2725 26.2
20 degrees | 433.6 12.9 274.0 26.8
30 degrees | 503.3 110 | 2749 | 27.0
40 degrees | 560.1 8.8 2744 | 27.0
50 degrees | 607.3 8.0 272.2 26.1
60 degrees | 637.3 8.0 268.9 | 274
=8s = =
= U= (=
A & A
- ﬁ g L N
Tl 4 - ; L
a M % N
-
(a) Database (b) Query Images

Fig.6. Dataset
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