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VI-SLAM algorithm with camera-IMU extrinsic
automatic calibration and online estimation

Pan Linhao, Tian Fuqing, Ying Wenjian, Liang Weige, She Bo
(Naval University of Engineering, Wuhan 430033, China)

Abstract: The visual-inertial simultaneous location and mapping ( VI-SLAM ) is mainly based on visual and inertial navigation
information fusion. It is a tedious work to calibrate the camera-IMU exirinsic parameter offline. The tracking accuracy is affected when the
mechanical configuration of the sensor suite changes slightly due to the impact or equipment adjustment. To solve this problem, one kind
of VI-SLAM algorithm with automatic calibration and online estimation of the camera-IMU extrinsic parameters is proposed. In the
algorithm, the first step is to estimate the camera-IMU extrinsic rotation with the hand-eye calibration and the gyroscope bias. Secondly,
the scale factor, gravity and camera-IMU extrinsic translation are estimated without considering the accelerometer bias. Thirdly, these
parameters are updated with the gravitational magnitude and accelerometer bias. Finally, the camera-IMU extrinsic parameters are put
into the state vectors for online estimation. Experimental results using the EuRoC datasets show that the algorithm can automatically
calibrate and estimate the camera-IMU exirinsic parameters. The errors of extrinsic orientation and the translation are within 0. 5 degree
and 0. 02 meter, respectively. This can help improve the rapid utilization and accuracy of the VI-SLAM system.
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Fig.6  Diagram of singular value-time
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Fig.7 Process of extrinsic rotation calibration

WK 6 Fr7i , b S i i R I A A 1 & 4L 1a 3l i i
il 3T ) g ok IO B 5 A AEL BB IS AL HERS T AR R 2K/
FAIEAH o, IKBIBOE MR oy, = 0. 25 W, AP S EFE AR
Mepr g i R4S . SR AR A 3k B B0 E 1Y B A I, e 7%
NS BRATLA (yaw) R0 £ ( pitch) RS M (roll) n]
DAHE A o Afy st S S5 T i 2 9 S S A ELAE, e 7
JIr7s

FFENR HAL-IMU S 2 e b Epr e 45 R 2 e 18

Je i A P R X P IR Al L H A AL-IMU 402 7%
] R TR R A AR R R ) DL R R
AT HIThrE . G5 RNE 8~ 12 iR, HFRERIEBIT
ZIEH) 5~10 s ZIRIFFARIS. IR Rl %0, ) 4h fk it 7
W SRR RE AN SRS [ 0T DA R e (U BT P
28 T HL kalibr 7 2 B9 B3 42 BU{E[ —0. 021 640 , —0. 064
677 ,0.009 811 Jm, ZHHFAFLEILA em IR, HXOR
S RGN B B A IR I R I

K8 SFRgAhShnEid

Fig.8 Process of extrinsic translation calibration
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Fig.9 Process of accelerometer bias calibration
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Fig.10  Process of gyroscope bias (,ahbrdtlon
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Fig.12  Process of scale factor cahblatlon
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Fig.13  Calibration and estimation performance of extrinsics

ML 13 F SRS RT I, PR R AR SC ) TE G A S LA
VINS-Mono (&AL TR %5 5 b 12 AL AR Y52 0 , G



64 B A x %

F40E

BIRERIHERE SN S A LT BAE B R AR LUK BAE
RIS AR R T, A LT VINS Mono (£ ALAG T, 4
SCIEASR A AT B S0 A AR I T AR EA T T HR%E , ik
PRERFRANS R R S — B s . TEA AN STEL
bR VINS_Mono HYARAEALAAG T, e 55 R o
SHI TR ORI S — Bk . AU R ERe A 2
FETHRZETE 0. 5° Z N ERANSAGTTHRZETE 0. 02 m Z N,

K 14 FE 15 7R T A SO 9 5 B A HL-IMU
SNSIE LA T R . AR AN T R, R M R
HIBERESNSTE 3 A Sl L AR 2578 0. 5O 22 IN T 3,
MANS R i AE 3 AN B R 2578 0.02 m i [l 2
DI BN o 3K U B AR SCHR 1 B H A HIL-IMU 4h S 7E 2 Al
THEEA BE 1 A S A AR 47 S IR R A T, 3 Bl
TFARTHEA RGO T S a8

F14 FRASIEL AR

Fig.14  Process of extrinsic rotation online estimation
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Fig.15 Process of extrinsic translation online estimation
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Fig.16  Estimated trajectory and error analysis of V1_01_easy
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