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A High-Precision Integrated Calibration Method for Position and
Attitude of Visual-Inertial System
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State Key Laboratory of Precision Measuring Technology and Instruments,Tianjin University,
Tiangin 300072, China

Abstract In the visual-inertial positioning system, the calibration of the sensor pose relationship plays a crucial role in
realizing accurate spatial positioning. Existing calibration methods lack integration for multi-sensor systems, and the
calibration accuracy is limited. In this paper, a high-precision integrated calibration method for the position and attitude of
the visual-inertial system is proposed. A precision three-axis turntable is used to provide the angle reference. The extrinsic
parameters between the inertial measurement unit (IMU) and turntable are solved based on the invariance of the gravity
vector and the consistency of centripetal acceleration values. The control field is constructed by the turntable to provide
spatial angle constraints for camera calibration, and the intrinsic and extrinsic parameters of non-overlapping cameras are
jointly optimized. Simulation and experimental results show that this method has high calibration accuracy and stability. In
the combined positioning test of the multi-camera IMU system, compared with the classical calibration method Kalibr,
using the calibration results of this method, the angle deviation of the system motion trajectory fitting axis is decreased by
40.32% and the distance deviation is decreased by 18.93% , which can meet the calibration requirements of high-precision
visual-inertial positioning systems.
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Table 1 Simulation results and deviations from the true values

Parameter  True value Simulation result Deviation
a /(%) —170.719 —170.742 0.023
B/C) 84.901 84.899 0.002
y /(%) 101. 325 101. 302 0.023
T, /mm 14. 607 13.654 0.953
T, /mm —144.036 —142. 963 —1.073
T./mm —183. 533 —179. 668 —3.865
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Fig. 6 Multi-camera IMU system calibration experiment scene
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Table 2 Sensor parameters of multi-camera IMU system

Device Main parameter Value
Standard full range /(m-+s ) 200
IMU . ..
In-run bias stability /pg 15
Focal length /mm 8
Camera Resolution /(pixel X pixel) 1600 X 1200
Pixel size /(pm X pm) 4.5X4.5
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Table 3  Calibration results of intrinsic parameters of multi-camera

Intrinsic

parameter Camera 1 Camera 2 Camera 3
f/mm 7.8131 7.8031 7.8115
u, /pixel 796. 1786 794. 6990 793. 3861
v, /pixel 592. 8249 588.0393 602. 7344

I3 —0. 0024 —0.0021 —0.0020

ky 7.3610X107° 4.6434 X 1077 3.7234 X107
ks —6.6751 X107 5.8504 X 10°* 2.9718 X 1077
ya 1.2328X107* 1.1121 X 10°* 7.6300 X 10°°
P —6.4214X10 ° 6.4872 X< 10°° 2.9047 X 10°°

F4 ZMPLIMU RGNS 5 E 450
Table 4 Calibration results of extrinsic parameters of multi-

camera IMU system

Extrinsic IMU to Camera 2 to Camera 2 to
parameter camera 2 camera 1 camera 3
a /(%) —116. 264 —18.319 —18.959
B/C) 83.839 —42.240 41. 549
y /(%) 157.411 —11.919 7.684
T, /mm 0.929 —83.565 84.975
T, /mm —138.920 47.372 43.953
T./mm —193.072 —46. 396 —48.929
i@ 2 R 0SB ), DL K A% AL AR bR 2R 22 18] B0 TE 4% £
A2 [ 2

K — B br 2 P BRHEAT 10 R 2 b 2 SE 5, JF
T IMU 5 A LA 47 2 45 S M bR i 22 (SD) L 43k 5
FIE 7 LAAR e 22 i kA g O 2 o S VRS R, ih 45 2R ]
HMOMEEZERENTO. 2, MEEEEEE/NT
5 mm, Kk 1 $E bR E J7 ik RS E T .

RS ISR G HRUE I 22
Table 5 Standard deviations of extrinsic parameters

calibration results

Extrinsic /(") ﬂ/(° ) },/(" ) T,/mmT,/mmT./mm

parameter
Standard deviation 0.156 0.015 0.156 1.961 1.035 4.679
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T AR AL B A RR R P A IMU RSF i BR ), 4k LA
HERR AR AHHLFN IMU Z Bl LSS R . ABIRES Z (0]
ANE % 23 B0 T T L R W R A A R L RS
UL BT T 5 H A e it Hos e v fE R i B Zbn e
T H Kalibr Bt H 5256, {f F Kalibr XPARBLA IMU #£17
SN ShRAE B B R 5 bR o 2o B A ) 6 57 T A
B o SR JE 53 0 R FH W b 2 1k 22 Wb a2 &5 SR 11 7 1
EAE N HRE S8, % 2L IMU £ 88 981741 & % A7
R, 3 a0 Eb R A B SRV bR TR PR RE

i ZHPLIMU RS @ R & LA T HER 3)
RGLL1(°)/s B Ak B 7 8l 207, e B ok 7 v R UE S 1T
HARAE TAHMLI S N, R G I8 sl — B gk &
AE 278 By 1) R0 SR 43 0 ok D V88 ey 2 s ) A0 S 5
L3 T R ORK 2 R U Al A A AL IMU B | R A 3]
P2 A ML A B R DS AR THE AL A b R T 1933 sh Bl . A
] BE 10 5% s 95 B A AE K 0. 176 sl b A, B35 3 — ik
i 1E SR A AR AL 47 1 R AR 0 B R, TS A BL AR BR R
FEHE T AR BR R T PN, AT AR A — AL #f S AHHLEILIE .

TERE B 5 N R G828 Sh B0l 8 b ofE B9, R $
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TECRES TR F48 7 R AR 5 e T R R s U Y 52
Wi, A HLOFE 24 E A% A5 22 R 0. 063 pixel , B 45 A Al
5B UE A B S AR A 1 E sh Bl 5 R iz sh (i &
SR A —
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Table 6 Fitting error and fitting radius of static camera trajectory

Parameter Arc trajectory
Fitting error /mm 0.2122
Fitting radius /mm 179.61

DL S AL AR o Sl & 5 &
il £ 7 Dy ECSLAEL , 0T L 9 R Rl I 9 32 S I S B
B 18] A i 22 o i A AL AP 2 3 25 AR BIL L I
AU BN 7 B, T LA Y SR A SCRR E J5 1k 4R

7 i 2SR B0 R Bl 25 AR B3 85 [

Fig. 7 Fitting circles of static camera trajectory and dynamic camera trajectories
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Table 7 Fitting radii of camera trajectories and deviations

between fitting trajectories and real trajectory

Parameter Proposed method ~ Kailbr

Fitting radius /mm 176.42 175.65

Axis angle deviation /(°) 0.3309 0.5545
Axis distance deviation /mm 3.47 4.28

22 7 AT A0 SR AR SO 2 2 8005 10 48 sh il
55 LS 2 (8] 2R AR R i 25 R 4R PR B i 25 1
P F R A Kalibr A5 2 TH 0 25 5, F il 28 A B e 2=
FEAIK 40. 32% , il £ HE 25 0w 22 FE IS 18. 93% , HLiUL & 2
BEAESRE T, LB R RN, 752 ML
IMU Z Ge 4l A 5 or M i A SO 2 O sk A5 11
Hh S ] LLRAS A R RS I WA IR S 5 A% 1
T TR DT R AN S AR e A5 R O L AR SCRR T
PR = G SR 9 A B R EAE N R, LA R
o B b R R R, T LA A O B R A
S bR E K
5 4 1w

A SCHR T — R BB P R G A R R B — A
bR Tk o %G ARG =l S s ik
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