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Estimation of Vertical Load Variation on a Tire Using Unscented Kalman Filter
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Abstract : In this study, we present an estimator of vertical tire forces based on Unscented Kalman Filter(UKF) to improve the
performance of the chassis control. When the vehicle is maneuvered to change lanes, the vertical load transfer caused by the
centrifugal force can affect cornering stability and rollover. In the previous study, a Kalman Filter with a fixed gain, obtained from
infinite horizon, has been conventionally used. However, this estimator does not fully compensate for the model’s uncertainty on
slippery road conditions. To reflect the model’s uncertainty effectively, this paper is proposing a new estimator of vertical tire
forces with UKF. Moreover, to reflect roll behavior on the low road friction coefficient accurlately, we used roll rate information.
The effectiveness and the performance of the proposed method were validated by using CarSim for vehicle dynamics.

Key words : Roll dynamis(Z <} 38}), Chassis control(AFA] A7), Unscented kalman filter(F-3F Z-7F B E]), Vertical tire forces
(E}olo] =212, Lateral load transfer(3 WaF 3}%-©]%5), Road friction coefficient(:== 7F2 A7)

Nomenclature a, : longitudinal acceleration, m/s

C,; : cornering stiffness of front tires, N/rad a, : lateral acceleration, m/s
C,. :cornering stiffness of rear tires, N/rad I, : yaw moment of inertia, Kg-m’
y : lateral velocity at c.g of vehicle, m/s S, . front steering wheel angle, rad
v : yaw rate, rad/s m : total mass of vehicle, kg
lf : distance from c.g to front tires, m m, : sprung mass, kg
L, : distance from c.g to rear tires, m 1/ - roll angle, rad
V. :longitudinal velocity at c.g of vehicle, m/s ¢ - roll rate, rad/s
W : track width, m Kion 1ol stiffness, Nm/rad
F / : static vertical force of front tire, N Cronr - 10ll damping coefficient, Nms/rad

! : static vertical force of rear tire, N he . height of the roll center from the c.g, m
F, ;. lateral force of the rear tire, N I,  inertia moment about its x-axis, Kg—m2
F, s lateral force of the front tire, N
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Parameter Description Value | Unit
Cy Cornering stiffness of front tires 129487 | N/rad
Cur Cornering stiffness of rear tires 129487 | N/rad
Iy Distance from c.g to front tires 1.18 m
A Distance from c.g to rear tires 1.77 m
I Yaw moment of inertia of vehicle 2488 kg-m2
m Total mass of vehicle 1862 kg
Koon Roll stiffness 135206 | Nm/rad
Coon Roll damping coefficient 20651 | Nms/rad
my Sprung mass 1592 kg
hye Height of the roll center from the c.g| 0.385 m
I, Moment of inertia about its roll axis | 614 kg—m2
w Track width 1.575 m
h, Height of the roll center 0.334 m
h Height of the c.g 0.719 m




Fig. 8 Steering wheel angle (a) Single lane change, (b) Double lane
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4.2.2 Single Lane Change (Mu=0.2)
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Table 2 RMSE of vertical tire forces : Lane change (Mu=1.0)
Force FR FL RR RL
Filter KF | UKF | KF | UKF | KF | UKF | KF | UKF

RMSE | 48 | 24 | 48 23 4.8 1.9 | 49 1.9

Table 3 RMSE of vertical tire forces : Lane change (Mu=0.2)
Force FR FL RR RL
Filter KF | UKF | KF | UKF | KF | UKF | KF | UKF
RMSE | 3.8 2.5 3.8 24 | 45 26 | 44 | 25

Table 4 RMSE of vertical tire forces : Double lane change (Mu=1.0)
Force FR FL RR RL
Filter KF | UKF | KF | UKF | KF | UKF | KF | UKF

RMSE 5.4 1.7 | 54 1.5 54 | 22 | 54| 22

Table 5 RMSE of Vertical tire forces :
Mu=0.2)

Force FR FL RR RL

Filter KF | UKF| KF | UKF | KF |UKF | KF | UKF

RMSE 37 |1 22 | 37 | 21 48 | 29 | 48 | 28

Double lane change

n
uy
rhu

B QAo M UKFE o] &8 Efolo] 5242 F47)
AL AL el o} F49 £2371%

a1, 217k ol ~WE w2} Pu
2 EFS }04 AlEEo]d S APtk Al E
T2 a2 A5 e AFsto| A = v A A
Q1 A 3] Aeto] WAISEe] CovarianceS A|&52 0.2 A
ol Eshokat W a o] vk EF ANE FHLIYF

& Mu#to] 0.2~1.0 Atolol A F&E3F A7 Kl
HAE QT S v 118 =24 Elolo] 34

Loy 1

A] CovarianceZ ¢ H|0]| E &)= UKF &118]&S 483}
o FATS =d ZaVt A ol & T3l &3 o]
o] 28 AR 7} I Q3 of P ARA] Ao A =Hlof] A&

P 1A wo] FdE Ao w 7| dE .

=z 7

& A= 2019 A ARSI A A=
7He] A(KEIT) 0] #]21(20000293, 278 A ¢ A}

SPURAA S/ g A% 714 ) 3t 2
FAAY 9 FaAATGRe A A9

(82367759, 55 o] EA ek A28 o] §8 L4144
AN A o fste] AT EIA S,

References

1) W. Cho, J. Choi, C. Kim, S. Choi and K. Yi,
“Unified Chassis Control for the Improvement of
Agility, Maneuverability, and Lateral Stability,”
IEEE Transactions on Vehicular Technology, Vol.61,
No.3, pp.1008-1020, 2012.

2) H. B. Pacejka, Tyre and Vehicle Dynamics, Butter-
worth-Heinemann, Oxford, 2002.

3) S. Song, M. C. K. Chun, J. Huissoon and S. L.
Waslander, “Pneumatic Trail Based Slip Angle
Observer with Dugoff Tire Model,” IEEE Intelligent
Vehicles Symposium Proceedings, pp.1127-1132,
2014.

4) A. Rezacian, R. Zarringhalam, S. Fallah, W. Melek,
A. Khajepour, S. -Ken Chen, N. Moshchuck and B.
Litkouhi, “Novel Tire Force Estimation Strategy for
Real-time Implementation on Vehicle Applications,”
IEEE Transactions on Vehicular Technology,
Vol.64, No.6, pp.2231-2241, 2015.

5) J. Daknlallah, S. Glaser, S. Mammar and Y. Sebsadji,
“Tire-road Forces Estimation Using Extended
Kalman Filter and Sideslip Angle Evaluation,”
American Control Conference, pp.4597-4602, 2008.

6) J. Yoon, D. Kim and K. Yi, “Design of a Rollover
Index based Vehicle Stability Control Scheme,”
Vehicle System Dynamics, Vol.45, No.5, pp.459-
475,2007.

7) W. Cho, J. Yoon, S. Yim, B. Koo and K. Yi,
“Estimation of Tire Forces for Application to
Vehicle Stability Control,” IEEE Transactions on
Vehicular Technology, Vol.59, No.2, pp.638-649,
2010.

8) S.H. Yun, J. G. Yang, C. S. Kim and K. S. Huh, “A
Study of Vertical Load Estimation for 4-wheel

Transactions of the Korean Society of Automotive Engineers, Vol. 28, No. 1, 2020 51



oy
i
rie
0X
%

0

Torque Vectoring Control,” KSAE Fall Confenrence
Proceedings, pp.211-213, 2016.

9) S. W. Kim, Y. W. Jeong, J. S. Kim, S. -H. Lee and
C. C. Chung, “Vehicular Vertical Tire Foces Esti-
mation Using Unscented Kalman Filter,” Asian
Control Conference, pp.325-330, 2019.

10) R. Rajamani, Vehicle Dynamics and Control, Springer,
New York, 2012.

11) T. D. Gillespie, Fundamentals of Vehicle Dynamics,
Society of Automotive Engineers, Warrendale, 1992.

12) R. N. Jazar, Vehicle Dynamics: Theory and Appli-
cations, Springer, New York, 2008.

13) A. Hac, T. Brown and J. Martens, “Detection of
Vehicle Rollover,” SAE 2004-01-1757, 2004.

14) M. Doumiati, A. Charara, A. Victorino and D.
Lechner, Vehicle Dynamics Estimation Using
Kalman Filtering: Experimental Validation, Wiley,
Hoboken, 2013.

15) S. Bae, J. R. Yun, J. M. Lee and T. O. Tak, “An
Effect of the Complexity in Vehicle Dynamics
Models on the Analysis of Vehicle Dynamics
Behaviors: Model Comparison and Validation,”
Transactions of KSAE, Vol.8, No.6, pp.267-278,
2000.

52 BRNEATEB=SY HosH ALE, 2020

16) D. C. Barton and J. D. Fieldhouse, Automotive
Chassis Engineering, Springer, New York, 2018.

17) J. Reimpell, H. Stoll and J. W. Betzler, The
Automotive Chassis: Engineering Principles, SAE
International, Woburn, 2001.

18) M. Meywerk, Vehicle Dynamics, Wiley, West Sussex,
2015.

19) GMC Terrain SLE/SLT, https://www.gmc.com/suvs
/terrain- small suv, 2019.

20) Auto-Tech-Review, Technology, https://autotechrevi
ew.com/technology/tech-update/sensors-ecus-actuat
ors-to-boost-suspension-performance, 2019.

21) J. L. Crassidis and J. L. Junkins, Optimal Estimation
of Dynamic Systems, Chapman and Hall, Florida,
2004.

22) V. Kordic, Kalman Filter, InTech, Vukovar, 2010.

23) S. W. Kim, Vertical Tire Forces Estimation and
Active Steering Control Considering Roll Dynamics
of Vehicle, M. S. Thesis, Hanyang University,
Seoul, 2019.

24) S. W. Kim, Y. W. Jeong, J. S. Kim, S. -H. Lee and
C. C. Chung, “Design of Roll Angle Estimator for
Vehicles Using Unscented Kalman Filter,” KSAE
Fall Conference Proceedings, pp.495-500, 2018.



	무향 칼만 필터를 이용한 타이어 수직하중 변화 추정
	Abstract
	1. 서론
	2. 차량의 수직역학 모델링
	3. 타이어 수직력 추정기 설계
	4. 시뮬레이션 및 결과
	5. 결론
	References


