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Abstract : Tire force information is an important parameter for improving vehicle driving stability, and various previous
studies have focused on estimating tire forces for this purpose. Recently, the development of sensor-equipped tires,
commonly referred to as smart tires, has enabled the collection of tire-related data, such as tire forces and wear depth. This
study proposes an algorithm to estimate vehicle mass, center of gravity, and yaw moment of inertia using the longitudinal,
lateral, and vertical force information of each tire measured by smart tires. The proposed algorithm estimates vehicle mass by
using the vertical force data obtained from the smart tire sensor and road slope/bank angles estimated through the IMU
sensor, while the vehicle is in a stationary state. The center of gravity is determined by using the estimated mass, IMU sensor
data, and vertical tire force. Finally, the yaw moment of inertia is estimated by applying the Adaptation Law method, using
the estimated mass, center of gravity, and the lateral tire force while the vehicle undergoes lateral motion. To verify that using
smart tires can improve vehicle lateral stability, the accuracy of the bicycle model for a vehicle with extra load was evaluated.
The development and validation of the algorithm were conducted using Carsim and MATLAB/Simulink. The results
confirmed that using smart tires improves the accuracy of the bicycle model.

Key words : Smart tire(A~HFE E}o|o]), Parameter estimation(I2}]E] 3£74]), Mass estimation(2 % 57), C.G estimation
(FA 54 3=4), Yaw moment of inertia estimation( 2. 34 HHIE 3=7]), Lateral stability(¥ F54)

Nomenclature a, : longitudinal vehicle acceleration, m/s?
o . a : lateral vehicle acceleration, m/s’
Fy : longitudinal tire force, N 7 ) . ] . )
F - lateral tire force. N a. : vertical vehicle acceleration, m/s
Fy ' ertical tire forc’e N Cr : cornering stiffness at front tire, N/rad
Y
mz - vehicle mass, ke ’ G : cornering stiffness at rear tire, N/rad

Oraa  : road slope angle, deg

my : sprung mass, kg
Droua - road bank angle, deg
My . unsprung mass, kg . . . .
o 5 ¥ : side slip angle in vehicle body, rad
L. : yaw moment of inertia, kg -m ] .
y : yaw rate in vehicle body, rad/s
/ : wheel base, m P 4 heel ] i q
. : front wheel steering angle mput, ras
Iy : distance from the C.G to front axle, m Vf longitudinal vehicl d r:/ ’
) . x . longitudinal vehicle spee S
I : distance from the C.G to rear axle, m ’
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Fig. 1 Architecture of vehicle parameter estimation logic
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Table 1 Vehicle specification

Parameter Value Unit

Mass 1572.3 kg
Moment inertia about z-axis 23153 kg - m?
Distance from C.G to front axle 1.110 m
Distance from C.G to rear axle 1.756 m
C.G height 0.520 m
Front & rear track width 1.550 m
r"”“"‘.i P AM = 200 [kg]
a“ S : Lpayloaa = 3.0 [m]

Of fset = 0.206 [m]

Lﬂﬂy load

Fig. 2 Schematic for payload

2.1 Road Slope/Bank Estimation
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Fig. 3 Load distribution due to slope and bank angle
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Table 2 Road slope and bank angle estimation results

Scenario | Parameter True (deg) Estimation (deg) Error (%)
w/o Slope 8 7.70 3.75
payload Bank 10 10.35 3.38
w/ Slope 8 8.20 2.50
payload | Bank 10 10.40 4.00
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Fig. 4 Road slope & bank estimation results

2.2 Mass Estimation
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Table 3 Mass estimation results

Scenario True (kg) Estimation (kg)  Error (%)
w/o payload 1572.3 1614.2 2.60
w/ payload 17723 1816.8 2.45
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8
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500 | True 1
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(b) Mass estimation with 200 kg payload

Fig. 5 Mass estimation results
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2.3 Center of Gravity(C.G) Estimation
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Table 4 Center of Gravity (C.G) estimation results

Scenario True (m) Estimation (m)  Error (%)
w/o payload 1.047 1.021 2.48
w/ payload 1.279 1.276 0.23
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Fig. 6 Center of gravity(C.G) estimation results
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Table 6 Yaw moment of inertia estimation results

Scenario True (kg + m?) Estimation (kg * m?) Error (%)

Case | 3,431 3,473 1.22
Case 2 3,431 3,401 0.87
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