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Abstract. Body dip angle is important for Vehicle Stability Control. Due to using sensors to
measure body dlip angle is very expensive, it is necessary to estimate it from other variables
measured easily. A novel method based on non-linear robust observer is proposed for estimation
body dlip angle. Firstly, full-dimension observer designed based on yaw rate and lateral acceleration
to estimate lateral velocity. And then, the body dlip angle is estimated by using lateral velocity and
longitudinal velocity. The proposed method is verified by offline simulation. The results
demonstrate that this method has a better adaptability to different driving conditions and accuracy.

I ntroduction

In order to achieve the vehicle stability control, the yaw rate ¥ and body slip angle B are
generally used as the control reference variables!™. Yaw rate can be measured directly, but the body
dip angle is estimated through the other vehicle motion state parameters, such as steering wheel
angle, lateral acceleration, yaw-rate, etc'?, because it is difficult to measure directly with low cost
(31 Therefore, looking for akind of body slip angle estimation method with high precision and good
real -time has become a key research problem of stability control.

Body dlip angle estimation methods can be briefly summarized into two categories. 1) estimated
by combinations of the different types of inertial sensors; 2) dip angle estimated by using the
inertial sensor combined with vehicle dynamics model. According to previous research results and
the second category, based on tire cornering stiffness online identification, a robust full-dimension
observer for estimating vehicle lateral velocity is designed. The lateral velocity and longitudinal
velocity are combined to estimate the body slip angle, and its schematic diagram is shown as Figure
1. It can be seen from Figure 1, the body dlip angle estimation strategy is described as three parts:
lateral velocity estimation, tire cornering stiffness estimation and body dlip angle estimation.
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Fig 1 body dlip angle estimates diagram
Lateral velocity estimation. In this paper, a robust full-order observer ! is used to design the
car lateral velocity observer and the robustness of the observer gain.
Lateral velocity Observer design. Lateral velocity observer design adopts a simplified
two-degree-of-freedom vehicle model:
m-v, =-m-v, -y +2F,  +2F (1)

‘]Z'WZZ'Ia'Fy,f_2'|b'Fy.r+Mz (2)
Published by Atlantis Press, Paris, France.

© the authors
2357



2nd International Conference on Electronic & Mechanical Engineering and Information Technology (EMEIT-2012)

Wherein the |lateral forceis expressed as:
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By formula (1) to (5), the equation of state of the systemis as shown:
X = Ax+ Bu (6)
Where:
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By the formula (6), the system in the vehicle driving process (

WhenVx = 0 , the vehicle stops and the system is not observable, then the lateral velocity estimation
valueis set to zero directly.

In the model, tire cornering stiffness is extremely an important parameter. The changes of the
road surface friction coefficient and tire load will make it change and when the tire entering the

) is dways considerable;

nonlinear of #~ A curve, cornering stiffness will change greatly. This change will make the model
do not match the actual state of motion, which is unfavorable for the robustness and convergence of
the designed observer. It must be online identification for the tire cornering stiffness, the
identification method use |east-squares estimation, estimation methods are as equation (7) to (10):

y=x6 7
Where:y =v,
0=C,;
x{ (0, +1) 8, (41" }
prem-($1,=1) m(C =)y,
Tire cornering stiffness can be estimated using recursive least-squares method by taking equation
(7) into the equation (8) to (10). Where: Arus is forgetting factor.
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When constructing lateral velocity observer output equation, signals of ESP sensors for lateral
acceleration and yaw rate are needed. These two signals have the following rel ationship:

Published by Atlantis Press, Paris, France.
© the authors
2358



2nd International Conference on Electronic & Mechanical Engineering and Information Technology (EMEIT-2012)

a, =V, +V, ¥ (12)
Using the equation (6) and (11):

ay:a11'Vy+(aiz+Vx)'l/7+b11'5f (12)
The system output equations can be formulated as:

y=Cx+Du (13)

Where’ y= |:ay:| C= {all (a12 +Vx):| D= |:q_1 O:|
4 0 1 00

The full-dimension state equation and its output equation of the system observer are as
following:

X= AR+ Bu—K(y-y)

A (14)
y=CX+ Du
Where, K -observer gain matrix; X-the estimation of x ; Estimation error of v, ise=V, —v, .
It should meet the equation:
é=(A-KC)e (15)
Vehicle

Fig 2 Schematlc diagram of lateral speed full- order observer
The robust of the lateral velocity observer design. The value of the observer gain matrix Kis
key to the robustness and stability of the observer. There are two aspects which need to be
considered about:
Reduce the impact of the model error as much as possible to the lowest level;

Ensure that the characteristic values of the matrix (A~ KC) arelocated in the stable region.
Comparlson of formula (12) and (13) the estimated value of "
V=2,V e,y 6 -k, (p—¥) -k, (&, - a,) (16)
The actual value of *¥ with no error:
V, =8y, Vv, ta, y+b, o a7
Where, Bt , Biar , By, represent the real values of the model parameters excluding any error.
Using the equation (16) and (17):
U=V, = ay - (1= ky) - (0, =V, ) + (LK) - (B — 3y, )V,
+(1-kp) (b, —by ) -6+ (1-ky) (8, —ay,,) - ¥ (18)
+[a, - (1K) —ky -V, —ky |- (7 —9)

As for equation (18), in order to increase the robustness of the lateral velocity observer,

M, =%) =20 grouid be ensured. Considering @ ~¥) =0 the following equation must be
fulfilled:
1-k,=0ek,=1 (19)

So,based on pole placement and robustness, the value of gain matrix K is shown as®:
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Where, Prand Pz are poles of the observer, its values are restricted by:
1) P P ot be negative real number, otherwise observer is unstable;

2) when P P2 apsolute values are large, the response of the observer isfast but anti-jamming
IS weaker;

3) when Po P apsolute values are small, the response of the observer is slow but
anti-jamming is stronger.

Based on the above conditions, it meets the requirements of response speed and has a good
anti-jamming capability by adjusting the values of P P i the different operating conditions.

A

Final estimation of body dlip angle. The longitudina velocity Vxand the lateral velocity Yy
are got through the longitudinal and lateral velocity observer. body dlip angle is formulated as the
following equation:

A Y
= arctan| ——~X—— 21
p [max(ﬁx,vc)j D)

Where, Ve represents a constant greater than zero to prevent zero divided in the calculation
process. Finally body dslip angleis got after filtering and compensation.

Simulation

The control agorithm is established in the MATLAB/Simulink, and verified by simulation.
Figure 3, 4, and 5 show most simulation results under different working conditions. The actual
value represents the measured value of the sensor in real vehicle smulation. The measured value is
used as an accurate value for the estimation. The estimated value is the result of this algorithm’s
estimated value. As shown in figure 3, 4, and 5, estimated value and actual value have a good
consistent tendency with little error. It can be seen that the designed estimation method can
effectively estimate body dlip anglein different conditions.
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Fig3 The simulation results of double lane on high adhesion road
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Fig4 The simulation results of double lane on low-high adhesion road
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Fig 5 The simulation results of the snake-like conditions

Results

This paper is in the light of the problem that vehicle body dlip angle is difficult to measure
directly with low cost; A nonlinear robust observer for body slip angle was designed by using
inertial sensors and vehicle dynamics model. Through MATLAB/Simulink modeling and
simulating, the design of the algorithm was tested and verified. The results show that the observer
has a high level precision, and has a better adaptability to different working conditions as well.
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