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TRACTION CONTROL SYSTEM
WHAT?
Avoiding excessive slip at each wheel.

WHY?
* Providing better steering control and stability of the vehicle;

* Enhancing performance of the vehicle by allowing maximum
traction.

HOW?
By reducing the provided torque whenever the longitudinal slip
exceeds a suitable upper threshold.
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LONGITUDINAL SLIP: k = V";VC = ©@Re7V% _, jesired working range: k € [—0.1; 0.1]

c VC

Fitting experimental data on Hoosier 18x7.5-10 R25B provided to us by Formula SAE Tire
Test Consortium (FSAE TTC) and Calspan Tire Research Facility (TIRF):
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Ve h i C I e ve I OC i ty masmment Update (“Correct”)

Time Update (‘“Predict”)

(1) Compute the Kalman gain

esti m atio N tro ugh 3 (1) Project the state ahead K, = P;\.HT(HPL,HT+R)_1

(2) Update estimate with measurement 7

kinematic model_ba Sed (2) Project the error covariance ahead %, = %+ Ky (2~ HE,)

P;c = AP;\. _ IAT + Q (3) Update the error covariance

Kalman filter T k_/m— (I-K,H)P,

Initial estimates for %, _, and P, _,
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Kinematic model equation and parameters:
b R SO R P B e I o R P | Pl
v.y —r O O vyk _rk—lT vyk 1 T ayk—l
_[Yx]. A = Te-1T], o _ [T
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Measurement = \

equation and
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(Vr_Vc Vr_(1+kmax )Vc
) v > Kinax Ve >0 et = min(0, wR, — (1 + ky0x)V2)
Toavoid:q ", Ltk iy WV — _ .
Ve <k . = min Ve Vr e~ = min(0, (1 + k;in) Ve — wR,)
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Inputs saturation and Vehicle velocity PID longitudinal
initial computations estimation trough KF slip controller
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Wheels angles [rad]: \/ Normal load F, [N]: \/ Effective rolling radius R, [m]: X

] f [ ‘nlh

Measurement constants tuning: V
|

Zmin VS Zmax [M/S] Zayg VS Z [M/s]
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Measurement z to
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Model properly designed:
1. Wheels angles & F,;
2. Kinematic model design;  — VI-CarRealTime

3. Measurement;

4. Kalman filter loop. > SGe-05 track test data

WIP:

1) .TIR file; "R,

2) VI-CarRealTime loops; -~ KF validation & PID controller tuning

3) Sensor sampling frequency.

?
Combined model-based vehicle velocity estimator
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Thank you for your attention!

12



	Diapositiva 1
	Diapositiva 2: Introduction: traction control system
	Diapositiva 3: Introduction: tire longitudinal slip & force
	Diapositiva 4: The Model: vehicle velocity estimation
	Diapositiva 5: The Model: vehicle velocity estimation
	Diapositiva 6: The Model: PID controller
	Diapositiva 7: The Model: overview
	Diapositiva 8: Validation & Results: VI-CarRealTime
	Diapositiva 9: Validation & Results: VI-CarRealTime
	Diapositiva 10: Validation & Results: SGe-05 track test data
	Diapositiva 11: Conclusion
	Diapositiva 12

