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Folyton visszatérő és aktuális probléma a járművek aktív biztonságának 
fejlesztése [1]. Haszonjárművek esetén még nehezebb a problémák 
megoldása. A személygépjárművekhez képesti különbségek főként a 
megnövekedett tömegben és inerciában keresendőek. Ugyanakkor az 
alacsonyabb gyártási számok olcsó megoldásokat követelnek. Ebben 
a tekintetben cél az olcsó megoldások keresése a magasabb kinetikus 
energia kezelésére.

It is a timeless and actual problem to develop the active safety of vehicles 
[1]. In case of commercial vehicles problems can be solved even with more 
difficulties. Increased mass and inertia are the fundamental differences 
between a usual passenger car and a truck. At the same time, the low series 
number requests cheap solutions. The aim is to ensure low cost solutions 
in this way to control increased kinetic energies.

Active Steering Strategies 

of Commercial Vehicles

COMMERCIAL VEHICLES

As it was mentioned, increased mass and inertia are the funda-

mental sources of problems. To control these physical quanti-

ties, special braking and steering systems are often needed [2]. 

Another problem is the varying of these masses and inertias. A 

12-ton truck’s empty weight is less than half of the laden weight. 

The measurement of these changes is not solved perfectly; the 

reason is partially the cost of the sensors. There are some estima-

tion methods which are used for example by brake control logics 

– but the accuracy of these estimations is not high enough for an 

active steering system. During braking, a lot of stochastic phe-

nomena are playing an important roll [3]. This inaccuracy requires 

a simple PID controller which is sometimes combined with state 

machines. For active steering control this way is not acceptable. 

The aim is hard to reach: developing a controller which is working 

with significantly inaccurate parameters, but the control signal is 

accurate and “smooth” enough.

DESIGN ENVIRONMENT

To develop the necessary active steering logic, we used simula-

tions. Simple models built in Matlab Simulink and validated vehicle 

models built in SIMPACK [4]. The controller’s environment was 

based on a real EBS (Electronic Braking System). It worked with 

10ms discrete step time and the sensors, noise content was also 

measured. But these noises were not filtered in our controllers. 

The reason is that the simulated sensors contain integrated noise 

filters [5]. Simple Simulink models were used to compare control 

strategies. These models represented several load cases. The 

base truck for these was an Iveco Eurocargo ML120E22P [6] – 

Table 1. In the truck’s used load cases it could be seen that the 

empty and fully laden truck’s axle loads significantly differ. It is also 

the case for masses and inertias. The Simulink model’s basis is 

a bicycle model – (1) and (2) define the necessary phenomena. 

Table 3 contains the used notation meanings.
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In (2), cornering stiffness is a constant. For this simple model a 

linearized tire model was used. In this, 90% of the tire normal force 

was the maximum lateral force, which was reached at 0,08rad 

lateral slip. Over this slip value, no further lateral force increase was 

taken. The developed final controller was also tested with validated 

tractor model. This was based on measurements of an MAN TGA 

tractor. Another investigation option was the tire wear conditions. 

A new set of truck tires costs more than 4000€, so owners use  

tires as long as it possible. But in case of any other happenings 

which cause tire grip loss, it is a requirement to ensure the highest 

safety. We investigated tires with 30% gripping ability.

VEHICLE STATE MASS [KG] COG FROM 1ST AXLE [M] INERTIA IN COG [KGM2]

X Z X Y Z

Empty 4111 -1,085 0,935 2344 14178 13527

Semi-laden 8045 -2,364 1,529 5311 30889 27271

Fully laden 11980 -2,605 1,733 6330 32631 27995

 Table 1. Truck load cases
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THE STRATEGIES

To figure out which control strategy is the best, five techniques 

were investigated:

– PID control, LQ regulation (LQR) and Neuro-Fuzzy approach

– H∞ control

– Adaptive Reference Model (ARM)

With this list, we tried to select simple empirical strategies (PID 

and Neuro-Fuzzy) and some strategies optimized in theoretical 

ways (LQR and H∞). The fifth strategy (ARM) is working with special 

solutions which are only valid for this model. 

The controller’s aim was to ensure the best reference yaw rate 

following property. In case of comparisons the control signal was 

equation (2)’s external control torque – M. This input is acting 

around the vehicle’s vertical axle. Every time the design was based  

on a semi-laden truck’s parameters, which is running with new 

tires. The reference yaw rate was originated from a semi-laden 

truck model, whose steering behaviour was neutral. We present 

only PID, H∞ and ARM results, because LQR and Neuro-Fuzzy 

results are very similar to PID.

PID Control
The control signal was only yaw rate difference from the ideal 

vehicle state. For the tuning of this controller, some physical cal-

culations were made. Redefining (2) to a steady state (yaw rate 

is constant), left side of (3) is given. From this with neglecting the 

steering angles and sideslip angle, the right side of (3) could be 

written. It says that the yaw rate is proportional to the external 

torque in a steady state case where velocity and cornering stiff-

ness parameters are constants.
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So, (3) provided a proportional gain value, but that wasn’t 

accurate enough. To reach a good reference signal following 

property, another integrator part was needed, and we didn’t use a 

derivative part for this control logic. As it was mentioned increased 

mass (relative to passenger cars) results in lower vehicle behav-

iour frequencies, and the steering system has also a relative high 

latency. Both things show in that way, which is not requesting fast 

control behaviour.

H∞ control
With this method, another approach could be used for the 

controller design: the aim is to hold the measured outputs 

below a predefined limit [7]. For this also predefined inputs 

are the excitations, whose amplitudes are defined, but the 

 Table 2: H∞ norms with several tires

GRIPPING COEFFICIENT LOAD CASE

Front Rear Empty Semi laden Fully laden

1,0 1,0 0,6249 0,6050 0,7015

0,3 1,0 0,6099 0,6025 0,6012

1,0 0,3 0,7225 0,6395 0,9912

0,1 0,1 0,6290 0,6132 0,6106

carrying frequencies could be theoretically anything from 0 to 

infinite. The highest singular value of the closed loop system 

(the controlled system with the controller) will be the H∞ norm 

[8]. If it’s less than 1, the system is defined as robust. We inves-

tigated the number of internal states of the resulted controller 

(because this method results in a full state space controller): 

Matlab’s hinfsyn command and HIFOO [9] were used. With 

hinfsyn, a full order controller could be computed. With HIFOO, 

the order of the controller could be given by the user, or the 

software searches the lowest order robust controller. In our 

case (steered wheel angle is the noise input; external torque 

is the control input; lateral acceleration, yaw rate and control 

torque are the measured outputs; lateral acceleration and yaw 

rate are the controller inputs), the HIFOO algorithm found zero 

order controllers as lowest order controllers (the third order is 

the full order for this state space realization). But without inter-

nal state variable, the control signal wasn’t smoother than in 

the previous cases. With 1, 2 or 3 controller states, the control 

signal noise ratio could be decreased. The lowest H∞ norm was 

reached by the 1st order controllers. As it was mentioned, we 

also investigated the worn tire effects with 30% gripping ability. 

Our final H∞ controller performs in every case less than 1 as H∞ 

norm. The conclusion was that the “stronger” controllers were 

not enough robust in case of worn rear tires – Table 2. As it can 

be seen, the mentioned case is the most dangerous.

Adaptive Reference Model
It is common in the previous control techniques that in every 

case the control signal is resulted by some difference between 

the actual and ideal vehicle states, so there is a negative 

feedback from the controlled signal to the control signal. The 

control signal decreases the difference between the ideal and 

actual states, which decreases the control signal’s amplitude. 

This phenomenon results in that good reference signal follow-

ing property could be achieved only with an integrator part. 

Our aim was to separate the controller’s input signals from 

the control signal’s effect – to reach a control loop without a 

feedback from the controlled signals to the control signal. As 

it was mentioned, the cornering stiffness parameters in (2) are 

constants. In the linear zone of the vehicle's behaviour, they are 

in reality also approximately constants (which depend on the 

average road friction only in this case, if the wheel forces are 

summarized in each axle). With the defined bicycle model ((1) 

and (2)) equations, it is easy to estimate the cornering stiffness 

parameters. For this, the bicycle model’s axle sideslip angles 

have to be estimated – it is possible with using a state estimator. 

So there are two vehicle trajectories: the first one is resulted by 
 Figure 1: With PID and H∞ 

strategies and ARM control signal
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the classical reference model. The second one is resulted by 

the adaptive reference model. Both are independent from the 

vehicle’s actual state (controlled or not). With the difference of 

these reference models' resulted outputs (4), the necessary 

control torque could be easily calculated.

( ) ARMideal

x
21

2211

v
ll

2
lclcM ψ−ψ=ψΔ

ψΔ
⋅+⋅

⋅+⋅
= &&&

&
 (4)

Comparison of results
For the representation of the control techniques, a laden simple 

vehicle model is chosen, which is light oversteered. As it was 

mentioned, only the H∞ strategy has an integrated integrator 

part – the controller’s internal state. This property results in much 

smoother control signal, Figure 1 proves this. It could be also seen, 

that the H∞ strategy resulted in weaker reference signal following 

property. LQR and Neuro-Fuzzy results aren’t represented here, 

because they are very similar to PID results. Figure 2 shows the 

comparison of the H∞ and ARM control signal. The ARM control 

results in stronger control signal (and better reference following, 

which is not presented because it is also very similar to the PID 

case), and what is more, the control torque is smoother and has 

smaller phase latency – probably this control strategy lets the 

driver feel more direct reaction.

In Figure 3’s left the mentioned validated MAN TGA, the trac-

tor’s uncontrolled state could be seen. There are three signals: 

ideal, which is resulted by a classical reference model; original, 

which is estimated by the ARM; measured, which is the vehicle’s 

measured state. Our aim is to move the measured state from the 

 Figure 2: Comparison of H∞ and ARM control signal

 Figure 3: MAN TGA’s uncontrolled and ARM active steering 

controlled states

Appendix

MARK MEANING UNIT

δ1 first steered wheel angle rad

β vehicle sideslip angle rad

ψ yaw angle rad

t time s

li axle distance from COG m

if i=1 front axle w/o unit

if i=2 rear axle w/o unit

M external control torque Nm

m vehicle mass kg

aY lateral acceleration m/s2

 Table 3: The used notations

MARK MEANING UNIT

Fi axle lateral force Nm

vX longitudinal vehicle velocity m/s

vY lateral vehicle velocity m/s

J vertical vehicle inertia kgm2

ci axle cornering stiffness N/rad

αi axle sideslip angle rad

�dψ/dt yaw rate difference rad/s

�dψideal/dt ideal yaw rate rad/s

�dψARM/dt ARM's estimated yaw rate rad/s

�δ1 additive active steering angle rad

original to the ideal, and at the same time, the estimated ideal and 

original states should be the same. The result is shown by the right 

of Figure 3 – the control is done with active front wheel steering. As 

it can be seen, the reference models both estimated states stayed 

the same, and the vehicle state moved to the ideal state.

CONCLUSIONS

Our aim was to find the best control logic for an active steering 

control. The logic has to work in case of low frequency excitations 

– in the high-frequency range braking, units start to work, which 

does not allow the steering unit’s accurate control. In theses cases, 

PID controls with state machines are the best choices.
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We compared several techniques with simulation models, but 

real measurements are needed later. PID, LQR and Neuro-Fuzzy 

use direct feedback from the controller signal to the control sig-

nal – often a simple proportional gain is calculated (even if the 

gain’s actual value is a lookup table). These techniques result in 

high control signal noise ratio, which is not allowed in an active 

steering system. The H∞ technique contains internal controller 

states; it is very useful to decrease the control signal’s noise ratio. 

Another method is used in case of ARM. The developed control-

ler’s efficiency was high enough in the investigated cases. Further 

tests and investigations are needed to figure out how useful and 

stable this solution is.

In the future, active steering control will be hopefully available 

also in case of commercial vehicles. Probably, the first series of 

commercial vehicles active steering systems will control only the 

rear steered axle, if it’s integrated – this solution is already in use, 

but the used logics don't control thevehicle stability. The efficiency 

of this control option is high enough to test several solutions. With 

the developed ARM, an active servo engine control could be also 

created, which could teach the driver where the vehicle’s actual 

limits are. 
 Figure 4
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