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Abstract : The vehicle attitude and sideslip is critical information to control the vehicle to prevent from unintended
motion. Many of estimation strategy use bicycle model or IMU integration, but both of them have limits on application.
The main purpose of this paper is development of vehicle orientation estimator which is robust to various vehicle state
and road shape. The suggested estimator use 3-axis magnetometer, yaw rate sensor and lateral acceleration sensor to
estimate three Euler angles of vehicle. The estimator is composed of two individual observers: First, comparing the
known magnetic field and gravity with measured value, the TRIAD algorithm calculates optimal rotational matrix when
vehicle is in static or quasi-static condition. Next, merging 3-axis magnetometer with inertial sensors, the extended
Kalman filter is used to estimate vehicle orientation under dynamic condition. A validation through simulation tools,
Carsim and Simulink, is performed and the results show the feasibility of the suggested estimation method.

Key words : Vehicle dynamics(X}-%-5 %] &h), Buler angle estlmatlon( U2 Z+ F4), Sideslip estimation(EH 7t
74), Sensor fusion(AlA] FF3), Attitude estimation(AF+] 5=73)

Nomenclature Subscripts
H : geomagnetic vector m : body fixed frame
B : measured magnet field p : z-rotated frame
r : yaw rate, rad/s R : reference frame
a : acceleration, g g : sensor output
R : rotation matrix .
; v : vehicle angle
0 : pitch angle, rad
r : road angle
10} : roll angle, rad ) headi |
Y : yaw angle, rad ) ea. ne ?ng ¢
1 : moment of inertia, kg -m’ C.S§  :cosine, sine
k : spring constant, Nm/rad : estimated value
b : damping ratio, Nm/rad/s
m,  :sprung mass, kg 1. M 2
h, : height of center of mass, m
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Fig. 4 (a) Solution from 1 vector observation (shaded area),

(b) Solution from 2 vector observation
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Fig. 7 Simulation result : Case 2
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