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On Methods for Estimating the Friction between the Tire and 
Tread 

The influence of the tire-road friction coefficient is studied in the work 
for the avoidance of collisions of traffic taking part vehicles. The part of 
the road surface state is made evident.  
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1. Introduction 

The active security on the public roads is very important and it benefits of a 
high attention from the part of the vehicle manufacturers and vehicle users. One of 
the most important systems of active security is the control system that assures 
the warning and avoidance of the collision between vehicles and, especially, the 
chain collision of more vehicles. These control-systems for the road traffic security 
are dependent of a very important factor, the tire-road friction coefficient. The val-
ues of this coefficient can be obtained only by experimental researches, where a 
lot of factors intervene as the tire construction, internal tire pressure, traffic 
speeds, braking times, wet or dray road state, motor power etc. 

 
2. Method elaborated on a vehicle model, completely 

equipped, with a non linear main transmission in the regime of 
light running 

 In [1], simulation methods are presented, to estimate the tire-road friction by 
measuring the number of rotations of the motor, the going out speeds of the main 
transmissions and wheels. In this way, it is possible to obtain very useful informa-
tion concerning the tire-road friction, in order to avoid the collisions between the 
traffic part vehicles. 
 Recently were effected high accuracy researches, using estimation methods 
for the variation of rolling surface through variable measurable parameters of vehi-
cle wheels. Other methods are using acceleration sensors and need a detailed 
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knowing of the dynamic loads what are applied to the wheels, during the process 
of braking.  
 We are proposing a method elaborated on a vehicle model, completely 
equipped, with a non linear main transmission and considering that the braking is 
made without the motor decoupling and with the admission in the regime of light 
running. 
 From [2] it is known that the differential equation for the velocity of the 
transmission driving element is 
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where icrt
i

i JJ ,=∑  is the sum of moments of inertia of the organs in rotary mo-

tion, in the i  step of the gearbox; tT  is the motor torque at the wheel, in the 

braking period; sT  is the reduced at the wheel resistant torque from the part of 

the motor and transmission; iR  and dR  are the transmission ratios of the gear-

box in the i  step, and respectively, of the vehicle differential. 
 For some vehicles, [3], with the corresponding simplifications, for a driving 
wheel it can be written: 
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Where rω  is the angular velocity of a wheel; ∑ rJ  is the sum of inertia moments 

of the wheel composing elements; rr  is the rolling radius of the vehicle wheel; 

xF is the longitudinal force, applied to the wheel, from the part of the road. 

 As in [1] it is used the longitudinal force applied to the wheel, having the ex-
pression: 
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Where 
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Where the coefficient λ  is the relative slipping between the tire and road, and 

vxhxxxxx SSEDCB ,,,,,  are the tire coefficients what are established on the basis 

of experimental data [4]. Some of these coefficients, like xxx DCB ,, , are depend-

ent of the gravity force on the wheel, that is to say, of the tire pressing on the 
road. 
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 The expression of the longitudinal force xF  dependence of the tire-road fric-

tion coefficient is: 

( ) ( )αµλµµλ ,,,,, 00 zxzxx FFFFF == , 0
0 α

µ
µα =    (5) 

where α  is a shape factor of tire. 

 It is considered that the shaft of the driving wheel is modeled as a non linear 
spring, solicited to torsion, so that the differential equation of this shaft is: 
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where k is the torsion elastic constant. 
 In this way, the vehicle motion state can be defined by the vector 
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and, taking account of the equations (1)…(6), it results 
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and µθ = , which is a unknown parameter. 

 
3 The estimation of the unknown parameters 

 The differential equation is similar to the one in the general case [4] 
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where 
gpmn RyRRuRx ∈∈∈∈ ,,, θ , and f and g are smooth vectorial 

non-linear functions on 
nR  and θ  is a certain unknown parameter. In a first ap-

proximation it can presume that the vectorial functions f and g linearly depend of 
the parameterθ , so they have the aspect: 
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where 
n

i Rxtf ∈),(  and ),,( xutgi are a non-linear functions and 
n

i Rb ∈  

are constant vectors. 
 The identification method, base don the filtered regressor [4] is applicable 

and it is formulated as follows. It is considered: 
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where 
nxpnxpnxp RGRBRF ∈∈∈ ,,  are defined by: 
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Then, the system (11) becomes: 
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For the estimation of the unknown parameters it is proposed an identifier, 
based on a filtered regressor, so that 
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Where x  and 
T

p ],...,,[ 21 θθθθ =  are the vectors of the estimated states, re-

spectively the vector of the unknown parameters and 
nxqRL ∈  is a matrix, chosen 
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so that the matrix LCA −  to be a Harwitz matrix. So, the system state can be 

reconstructed from H  and 0H , by  

)]0()0()0([)()()( 0
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 If it is noted by xxe −=  and by θθθ −=e , respectively the error of 

the examined state and the estimation error of the parameter θ , it results: 

)]0()0()0([)()( 0
))(( HHxeetHte tLCA −−+= − θθ    (17) 

 The dynamics of estimation of the state errors and of the parameters is 
obtained from: 
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 The stability study of this system is made by applying the Lyapunov’s 

method [4]. So, it is chosen a Lyapunov function θθ PeeeV T

2
1

)( 0 =  where P is a 

matrix positively defined. 
 In this way, the conclusions of the stability study are similar to the results 

from [4]. 
 
4. The study of control estimation of the necessary for the 

valuation of the essential parameter in vehicle dynamics 

 In the study of control estimation of the necessary for the valuation of the 
essential parameter in vehicle dynamics, represented by the tire-road friction coef-
ficient, the recursive identification method based on the recursive least square al-
gorithm can be used, as well as the method, based on the filtered recursor. 

 This thing is possible if the following parameters are supposed as meas-

ured: the velocity of the driving element of transmission, 11 xy crt == ω , the veloc-

ity of the vehicle wheel, 22 xy w == ω  and the angular velocity of the motor 

33 xy e == ω . 

 From the state equation, the reduced observer is defined, based on the 
measurement of the mechanical elements, as follows: 
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where 
2
12311

2
3)( yCyyCyCy iii ++ ++=ξ , and 211,kk  are chosen amplification 

constants [1]. 
 The stability analyses of the identification is made by Lyapunov’s method 

[4]. The system state is reconstituted from the filtered condition given by: 
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where 0H  is given by  
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If xxe −= , then error dynamics is 
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where 10 HHew −= . 

 The amplifications 1k  and 2k  are chosen so that the errors for 1e&  and 2e&  

to be stable, and the error for 3e  is given by  
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 In accordance with [4] it is chosen a Lyapunov function having the ex-
pression 
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1e  and 2e  also 1k  and 2k  are corresponding chosen and they exponentially 

tend to zero. 

 From the choosing of the Lyapunov function, the derivative of )0,0(V  

lengthways of the equation trajectory is: 
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As it is known, )( 2LCA −  is a Hurwitz matrix and we  asymptotically con-

verges to zero when ∞→t ; it results that for any Tt ≥ , V&  is negative. So, then 
chosen Lyapunov function is monotonously decreasing and from (26) it results that 

the positive constants 1α  and 2α  , so that  

teekCV τα −+−≤ 1
2
322&             (27) 

From which taking account of the Gronwall inequality we have 23 Le ∈ , so it 

results that the convergence is asymptotic and so, the parameter θ  tends to the 

real measured value. 

5. Conclusions 

From the multiple of algorithms of collision warning, , the only ones what 
were selected, use the measurements concerning the estimation of the tire-road 
friction coefficient. 

In [1], the critical distance, used for a warning algorithm, is defined by: 
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Where 1v  is the vehicle speed; relv  is the relative speed between vehicles; η  

is the braking efficiency, experimentally determined, µ  is the tire-road friction 

coefficient; g  is the intensity of gravitation field, and ht  is the reaction time of the 

vehicle driver. It is known [2] that in the study of braking process, it is presumed 
that the brakes act instantaneously, with the entire force, beginning with the con-
sidered origin of time. 

 In reality, there is a time interval necessary for the braking force to get 
the maximum value and this time interval must be added to the reaction time of 
the driver. So, the total braking time is influenced by many factors, one of them 
being the reaction time of the driver; other facrtors are the inertia of the braking-
system and the road surface state. 
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 Thus, the critical distance that we propose is 
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Where λ  is a coefficient that takes account of the road surface state (if this 

one is wet or dry) and 1h  is a braking distance, determined as in [2] 
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