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ABSTRACT

Real-time localization is essential for autonomous driving of robots. This paper presents the implementation and a performance
analysis of a localization algorithm. To estimate the position and attitude of a robot, a visual inertial odometry (VIO) algorithm
based on a multi-state constraint Kalman filter is used. The sensors employed in this study are a stereo camera and an inertial
measurement unit (IMU). The performance is analyzed through experiments using three different camera view directions:
floor-view, front-view, and ceiling-view. The number of detected features also affects navigation performance. Even if the
number of recognized feature points is large, performance degrades if the correspondence between feature points is not
accurately identified. The results show that VIO improves navigation performance even with low-cost sensors, thus facilitating
map building as well as autonomous navigation.
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Fig. 1. Checker board pattern.

Fig. 2. April grid pattern.
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Table 1. Intrinsic and extrinsic parameters of stereo camera.

o} 33} Z=o =

AR (x, y, D ZHA (g, 6, y)7} LT

Cameras Intrinsic and extrinsic parameter Values
camo Distortion coefficients [-0.4206 0.1731 -1.5014x10° -0.0017]
Intrinsics vector [483.45 484.82 31556  247366]
0.9999 -0.0004 -0.0152 -0.1202
. . 0.0006 0.9999 0.0098 -1.9093
T fi ti trix
ransiormation ma 00152 -0.0098 09998  -0.0014
caml 0 0 0 1
Distortion coefficients [-0.425 0.1725  -0.0005  -0.0019]
Intrinsics vector [485.32 486.22 32698 235.87]
Fig. 3. Calibration block diagram of stereo camera and IMU.
Table 2. Transformation matrix between cameras and IMU.
Cameras Transformation matrix
0.0058 -0.9999 0.0068 -0.0037
cam0  Intrinsics vector - 0.0037  -0.0068 -0.9999 0.0001
b imi= 19,9999 0.0058 0.0036 -0.0004
0 0 0 1
-0.0095 -0.9999 0.0072  -0.1165
o _|00135 -00073 -09999  0.0001
«mbimT 09999  -0.0094 01357  -0.0018
1 T fi ti trix 0 0 0 !
cams - Hransiormationma 09999 -0.0004 -0.0152  -0.1202
T _ 0.0055 0.9999 0.0098 -0.0001
ambeam™ 10,0152 -0.0098 09998  -0.0015
0 0 0 1
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Tt camos CAMO | Y-S caml ZH|YJ 0 2 W3k filter, MSCKF)& A}&35} VIOE Eslo] 331y ZXE =3
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Fig.4. VIO block diagram.
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Fig. 5. Coordinate of camera and IMU.

Fig.6. Experiment environment.
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Fig. 7. Estimated position through VIO for the floor-view.

Fig. 8. Estimated attitude through VIO for the floor-view.
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Fig. 9. Estimated position through VIO for the front-view.

Fig. 10. Estimated attitude through VIO for the front-view.

2752 7 Aol A AWSISICE Figs. 99 102 VIOS S5) 24
£ 9179} AAIE Lepich 258 A2 ok 43m x 45mE 1}
R, AL oF 20°0] 9315 §AIFH. o) Flulte] Al

1 Az At PEch golel2 48s o s 271§
o Qla| HTEs} Hol x| Bk, Eak, oluo] ve] £
o 2257 oFe B9 FollE EemEs} siel atest g
o4 4 Slck. sk Zpale) e e 2t Sgtel A1) 2
Aok 72 2 4 9lck

4.3 7|27 M-S T B2

7HE} g e AL FhlEte] Hol Ao s Soi7t
A A 5171 ffell EERIES WEla 28-S AR st
At o] 73¢- TSk pltchﬂ 0°7} o] Fd=t Aol WAk
Figs. 117} 12+ VIOE E38ll 235 X<} 21 S ehdch 24
HAREok4m x4 mE E‘“—li 3719} Ao} A3k, ZpA] 23
ZHe o 15°9] @21 HelT) oaprh HhSH o] gk o 7%
2 A3} Pk,
4445t

7} slelie} whapo] die Aol %2 Hla}] 18 247k 9
o A18e WaysloTt. Fig 13L& Fule}7) uiehe ke A4S 7
of Aol tiet z5 ghe] $AE vEhdth e g of 7t



Fig. 11. Estimated position through VIO toward for the ceiling-view.

Fig. 12. Estimated attitude through VIO for the ceiling-view.

Fig. 13. Z-axis statistics for the floor-view.
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Fig. 14. Z-axis statistics for the front-view.

Fig. 15. Z-axis statistics for the ceiling-view.
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