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Vehicle Longitudinal Velocity Estimation on Inclined Road

Sangyeob Lee" - Inkeun Kim" - Donghun Lee" + Kunsoo Huh™

')Department of Automotive Engineering, Graduate School, Hanyang University, Seoul 133-791, Korea
ISchool of Mechanical Engineering, Hanyang University, Seoul 133-791, Korea
(Received 4 August 2010 / Revised 28 July 2011 / Accepted 8 August 2011)

Abstract : On-line and real-time information of the longitudinal velocity is the essential factor for the Advanced
Vehicle Control Systems such as ABS(Anti-lock Brake System), TCS(Traction Control System), ESC(Electronic
Stability Control) etc. However, the longitudinal velocity cannot be easily measured or calculated during braking
maneuvering. A new algorithm is presented for the estimation of the longitudinal velocity with the measurements of the
vehicle longitudinal/lateral acceleration, steering angle and yaw rate. The algorithm is designed utilizing the Extended
Kalman Filter based on the 3 degree of freedom vehicle model. In order to compensate for the biased sensor signal on
the inclined road, the inclined angle is also estimated. The performance of the proposed estimation algorithm is
evaluated in field tests.

Key words : Longitudinal velocity(& 4X), Inclined angle estimation(ZdAF2} 574), Longitudinal acceleration
compensation(¥ 74 %= R 4]), Extended kalman filter(2H°g-¥ 272 )

Nomenclature Py : Covariance matrix of state estimation uncertainty

. . Longitudinal acceleration, m/s’ Or  :Covariance matrix of process noise

x :
a . Lateral acceleration. m /sz’ Ry : covariance matrix of measurement uncertainty
y . )

o . . . : Yaw rate, rad/s
Fxi  :Longitudianal tire force from i-th tire, N v ] ] )
Fy . System jacobian matrix Tw : Rolling radius of the tire, m
. . D t : Y-distance from c.g. to front tire, m
Fyi  :Lateral tire force from i-th tire, N ! ] g 7
. . Gravitational acceleration. m/s> tr : Y-distance from c.g. to rear tire, m
. . . . % : Longitudinal velocity, m/s
Hy : Measurement jacobian matrix ¥ & Lveloci /y
. . . . \% : Lateral velocity, m/s

L : Vehicle moment of inertia about z-axis, kg-m’ Y y
K . gain matrix ¢ : steer angle of the front wheel, rad

k .

. S : Inclined angle, de
l¢ : Distance from c.g. to fromt axle, m g s o
| : Distance from c.g. to rear axle, m o : Wheel rotational speed from i-th tire, rad/s
T . B s
m : Vehicle mass, k
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Fig. 4 Laboratory experimental vehicle
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Fig. 5 Estimated longitudinal velocity
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Fig. 6 Error of estimated longitudinal velocities
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Fig. 7 Estimated inclined angle
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