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Abstract: In this paper, a method of accurate dead-reckoning in urban area through the integration of
mono-camera, IMU, and GPS is proposed. Recently, the robust and accurate vehicle position information
has become an essential task for the driver’s assistant systems. Especially the dead-reckoning plays an im-
portant role for the continuous positioning in the areas GPS positioning is limited such as urban canyons.
Visual-Odometry (VO) using mono-camera is a method of dead-reckoning which has a potential to achieve
low cost and high performance, but has an accumulated heading error along the traveled distance. This
study presents a method of heading estimation using the Doppler shift of GPS which corrects the accumu-
lated heading error of VO. Moreover, in the proposed method, the time-series data of Doppler shift of GPS
and IMU are tightly integrated and that contributes to the improvement of availability of heading correction
in the satellite signal blocked area such as urban canyons. As a result of evaluation in the urban city, the error
of dead-reckoning is reduced by about 30% owing to the improvement of availability of heading correction in
the urban environment.

Keywords: dead-reckoning, visual odometry, mono-camera, multi-sensor integration, heading estimation,
urban environment
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Fig. 1 Role of Dead-reckoning.
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Fig. 2 Overview of the proposed method.
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Fig. 4 Concept of the proposed method.
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Fig. 5 Estimated heading under the poor satellite condition.
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7 RETHORKEE (VO+GPS/IMU #4A 1), LTV
Tr LU ARRY. KEENGENED) 77 LY AL b
729 ZTHWT WS, R ERA RO T, KiERF
HEITEEDIC) 77 Ly A D ALk L Tw(
DI L, REFETIZY 77 LY AD A LG a— A%k
IZBWTHDHIDNTHL. REHEIIBWTHIRETED
WEROFE D) 77 L Y AEROIT NI L5050,

M9 CKEFHEOHNEEE ZNENEERIITRT.
VO+GPS AL Tlda— A&filbh 7z ) I HEATE %
Wiz, B TPEREIEOBELR LI o ThT RIS
U B HREAEDEITE LB ICERLTWD., — T, /%
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Fig. 8 Result of trajectory estimation.
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Fig. 9 Error of heading estimation.
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72, 100m EATH 720 1A L 5 HAREE S RO HE i
HL7z.
RETFHEOHMEREE, VO+GPS FIZHRTH 3 4
K, IMU+GPS/IMU #t& HA TR 5 Hl L %> T
W5, F7, REFLEOWRGEAEIEL VO+GPS FALIZ A~
Ty 3 E, IMU+GPS/IMU #t65 /A0S R TH 6 FI9
EoTBY, MEFETRHMBEOSLFEIC LY HERKE
ERmELZZ e ghn. UEXD, #OEICBIT AR
FFEOMEIRE NI,

5. f&am

lits

HBOFN BT B HERALERE R E2 By & L, Visual
Odometry (VO) &L ¥ (IMU, GPS) OFAIC L
IR EFERE L 7o, RETFETIE IMU & GPS DR
7= 4 % HaT 52 LT, MEEMET LT WIRLE
2B HAEEOBEAM L, S51CHEzE L AMIC
O E VO OFNMIEEFT) Z & THOERT b it 2 E R
LI WHERIRLE 2 EBL L 72, @B V257 b i 5855 12
TRHM 2 47 - 745 5, RO TRIC B % gD
MR AR L7z, 72, VO O fAiE D SEEERE NI
L0 HEPIHLE R I PE R AR 3 EIDL AR L 72, DLE
L DI BT AREET O FE I 2 A1) & Al L 7-.
HOEROHERMA R E L 12 X b, RTK-GPS %2 &2 &
B HRHLE 25 S N WX I BV LB S 2 AR T X
5 BRI RS O % 7280, Wk WAL E G 7%
TETERASC IR S A 7 A O R ENOF 53R SN 5.
—7, SHRFERICEL 72O E 5 % 5 OEENHE
W) ESLEARTRTH L, H—I2, ELFICBITLLH%
BB ICH A O N A MR R & LT, KRB D EIIZ
By, FLGAEmMOB S, R-HOREAL BN AV
EIZBIT 5 VO ORsESLRR, £72, GPS & V7251
HEE IR Tl B0 72 W R Y 7 — & B OB 7 3 2 R0 5 A
WESHEDBALZ: EAGREE 2 b, T 72, WK RO
DOREE % PR T 2 -0 D EHEEE= 571 » 7Hii b
FERAT7T TV r—2a VBB EELREERE 2 5.
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