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Abstract : Model uncertainty and changes in sensor specifications in autonomous mobility can have a negative impact on
path tracking. Therefore, in this paper, we are proposing a path tracking control algorithm based on multi-particle filtering
and a weighted cost function. This algorithm is designed to ensure path tracking, even when there are changes in camera
specifications. A pixel-based control error was derived by using multiple particle filters for path tracking, instead of image
processing techniques. A simplified error dynamic was designed, based on the derived pixel-based control error. Then, the
desired steering angle was derived after applying weights to the cost function, which was designed by using the sliding
approach and Lyapunov to reduce control errors. Next, the path tracking performance was evaluated by using two different
cameras on an S-curved path based on autonomous mobility. The evaluation led us to confirm reasonable desired path
tracking results, even when using cameras with different specifications.

Key words : Steering control(Z=3F #l|©]), Multi-particle filter(t}% 2}E]Z & E]), Path tracking(7 & 3+%), Sliding mode
approach(&&}o|d 2= A ), Camera(7}7 2}), Autonomous mobility(AH-& 53] &%l 2] E])

Nomenclature 7,  :ratio of pixel to actual lateral error, -
0, :standard derivation of position, - 8 : steering angle, degree
0,; :standard derivation of velocity, - dps  :euclidean norm of RGB error, -
Opep - standard derivation of RGB, - R,; :average and STD of distance between clustered
L,  :preview distance, pixel points and other particles, pixe!
e, :yaw angle error, rad l : wheel base, m
e, : lateral preview error, m t,  :wheeltread, m
e,, :pixel-based yaw angle error, rad v,  :average longitudinal velocity, m/s
e,, :pixel-based lateral preview error, pixel i : control error weighting, -
v, :desired yaw rate, rad/s e AR CMHT TR,
r,  :ratio of pixel to actual yaw angle error, -
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Table 1 Specifications of experimental cameras

Division Camera A Camera B
Pixel 2 [Mega pixels] 3 [Mega pixels]

Frame per second 30 [FPS] 30 [FPS]

Field of view 72.4 [deg] 78 [deg]
Resolution 800 x 600 1,920 = 1,080

(a) Cam A
Fig. 3 Experimental cameras : (a) Cam A, (b) Cam B

(b) Cam B
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Fig. 4 Concept of different camera resolutions
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(b) Front and side view images of actual autonomous mobility

Fig. 5 Actual autonomous mobility with cameras
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Table 2 Specifications of actual autonomous mobility

Symbol Description Value
m Mass About 38.6 [kg]
B Height 0.45 [m]
Dk Depth 0.55 [m]
Wy ek Width 0.45 [m]
[ ‘Wheel base 0.5 [m]
t, Wheel tread 0.375 [m]
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Fig. 6 S-curved path for experiment

Table 3 Multi-particle filter and steering control parameters

Symbol Value
w 118 [-]
Migmoid 10[-]
B 0.25 [my/s]
Hoartictes.tht Cparticlesith 65, 65 [pixel]
R son 100 [-]
7o by 254,252, 164 [-]
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Fig. 13 Values of functional safety for driving : cam B
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