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Abstract : In this paper, we propose a single-based steering and a pulse-signal-based driving control using a single-layer
laser scanner for object tracking. An in-wheel motor was used for driving, and a step motor was used for steering. After
deriving the point cloud of the object tracking using a single laser scanner, the representative points were derived from
clustering. The desired steering angle was derived by using the LQR optimal control theory. The desired steering angle was
reached by using the pulse-based proportional control signal. Pulse signals were applied to the in-wheel motor to control the
driving by using the driving threshold, and constant pulse width modulation(PWM) was applied to control the speed.
Performance evaluation was carried out with an actual object tracking truck in two scenarios: J-turning path tracking and
S-curve path tracking.

Key words : Single-layer laser scanner('tH5 @ ©] %] 2=7 1), Steering and driving(Z 3 2 7--5), Object tracking( /- 5
<), Pulse signal(Z 2~ 41 %), In-wheel motor($1 € -5 E]), Step motor(Z= 5] = E])

Nomenclature
0, : object angle, degree e, : yaw angle error, degree
6527 : steering angle, degree L + wheel base, m
0, : point cloud angle, degree fu + wheel tread, m
0,, :clustered point angle, degree V/ +yaw angle, rad
0o field of view, degree v, : desired yaw rate, rad/s
N,  :the number of point in region of interest, - Oes : deSiréd Whéel angle, degree
7; : point cloud distance, m Oratip  * Steering rafio, _-
7.y - distance between laser scanner and clustered point, m Vavg : a-verage velocity, 'm/s
.., - angleerror of desired and current steering, degree Ti + time headway, microsecond
v, - driving of threshold, m ty : time delay, microsecond
e, : angle error of threshold, degree “ + gain for time delay adjusting, -
e : lateral error, m
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Fig. 1 Object tracking truck algorithm schematic
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Table 1 Single laser scanner specification

Division Value
Detection range 200~8,000 [mm]
Resolution 0.75°
FOV 120°
Scanning frequency 15 [Hz]
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Fig. 5 Object point clustering in ROI and divided region
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Division Condition Decision
Favg < 0.7 [m] Stop
Driving decision
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Table 3 Step motor specification

Division Value
Holding torque 16.7 [kgf-cm]
Rotor inertia moment 470 [g-cm?]
Rated current 2.0 [A/Phase]
Step angle 1.8°

Wire wound resistance

2.5[Q]+10%
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(c) Hardware concept of the developed steering and driving module

(d) J-turn Scenario

(e) S-curve Scenario

Fig. 10 System specifications and experiment environment
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Table 4 Actual tracking truck system specification

Symbol Description Value
m Mass 38.6 [kg]
h Height 0.45 [m]
d Depth 0.55 [m]
w Width 0.45 [m]
T Height of laser scanner 0.30 [m]
L Wheel base 0.50 [m]
t, Wheel tread 0.375 [m]
O, atio Steering ratio 1:30
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Table 5 Control parameters

Symbol Value
ky 0.5774
ky 0.8284
Q diag[100 50]
R 300
v, 0.56 [m/s]
Ctn +3.0 [deg]
i 0.7 [m]
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Fig. 11 J-turning path tracking scenario
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