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Abstract 

As the development of highways, it is quite normal for buses running in a speed around 

100km/h. When buses are running in a high speed, they may suffer from the influence of side 

wind disturbances at anytime. Sometimes, it may result in traffic accidents. Therefore, the 

study of bus stability under side wind disturbances becomes more and more important. Due to 

restrictions of real tests, computer simulation can be used to study this subject. The bus side 

wind response character is reflected through the driver’s manoeuvre, so open-loop analysis is 

hard to give a comprehensive evaluation of the side wind stability of the bus. Therefore, 

closed-loop analysis is studied in this thesis. 

An ADAMS bus model and a side wind force model are developed in this thesis, along with 

two driver models, the PID control model and the preview curvature model. The driver 

models are built in Simulink and co-simulation between ADAMS/View and Simulink is 

conducted. 

The results of co-simulation show that the two driver models can both control the bus from 

deviating from the desired course under side wind disturbances. The PID control model is 

simple and shows a very good control effect. The maximum lateral displacement of the bus by 

PID control model is just 0.0205m under maximum side wind load 1000N and 2500Nm when 

preview time is 1.2s, while it is 0.0702m by preview curvature model, however, it is difficult 

to determine the coefficients  ，  and  in the PID controller. The preview curvature 

model also shows a good control effect in terms of the maximum lateral displacement and 

yaw angle of the bus. Comparing these two models, the PID control model is more sensitive 

to deviations, with quicker response and larger steering input. 

The bus model system is stable under side wind disturbances. Through driver’s proper 

steering manoeuvre, the bus is well controlled. The closed-loop analysis is a good method to 

study the bus stability under side wind disturbances. 

Keywords: side wind disturbance, bus stability, driver model, PID control model, preview 

curvature model, co-simulation, closed-loop analysis 
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               Curvature 

R                 Curve radius 
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                  Steering angle 

                 Understeer gradient 

                  Yaw angle 

 ̇                 Yaw rate 

L                 Preview distance 
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1 Introduction 

1.1 Background 

As the development of highways, it is quite normal for buses running in a speed around 

100km/h. When buses are running in a high speed, they may suffer from the influence of side 

wind disturbances at anytime. Side wind disturbances may happen in open highways, tunnel 

exits, bridges, etc, and the effect of these cannot be ignored. Side wind disturbances always 

lead to lateral displacement of buses, no matter how small they are, in some conditions, they 

could result in traffic accidents. From past work [1], it indicates that in all the traffic accidents 

of fast running buses, a large part is under the influences of side wind disturbances. In these 

cases drivers had incorrect reactions and then caused the instability of buses. 

From the experience of new bus research, the stability of high speed buses that are under side 

wind disturbances should be studied in the design stage, otherwise, it will lead to the 

uncertainty of their high speed performance and steering behaviour.  

Real experiments of high speed bus stability will cost a lot of money and take a long time, 

furthermore, it is very dangerous for drivers. As the development of computer technology 

progress, a variety of relevant software is developed. Computer simulation has become an 

important method to study the dynamic performance of buses. Through the computer 

simulation and analysis of high speed bus stability under side wind disturbances, it can be 

predicted that whether the new designed bus meets all the requirements. Although computer 

simulation cannot replace the real tests, compared with normal analysis methods, it has 

advantages of high precision and short time. Computer simulation is a fast way for the 

research of new products and the development of old products. 

There are two ways to analyze vehicle stability. Those are open-loop analysis and closed-loop 

analysis. Open-loop analysis is without drivers and just focuses on the vehicle system itself. 

The bus side wind response character is reflected through the driver’s manoeuvre, so open-

loop analysis is hard to give a comprehensive evaluation of the side wind stability of the bus. 

Therefore, the closed-loop analysis is studied in this thesis, which can better reflect the 

performance of the bus. 
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1.2 Problem description 

When buses are running on highways, they often suffer from side wind disturbances. It may 

result in instability of buses, so it becomes a very important problem to study. Computer 

simulation will be used in this thesis to study the stability of a specific bus. First, an ADAMS 

bus model is assembled. Next, a simplified side wind model is developed and it is applied to 

the bus model. The effects of side wind disturbances are then analyzed by lateral displacement 

and yaw angle. Two driver models are developed, which are a PID control model and a 

preview curvature model, so bus-driver closed-loop simulation becomes available. At last, 

these two driver models are tested by co-simulation between ADAMS/View and Simulink. 

 

1.3 Aim 

 The first objective of the thesis is to develop an ADAMS bus model. An ADAMS bus 

model was given before this thesis started, and some modifications have been made, 

for example, the tire type and road condition. 

 The second objective of the thesis is to develop a side wind model and study the effect 

of side wind disturbances on buses. Lateral displacement and yaw angle are the most 

important variables to study. 

 The third objective of the thesis is to develop two driver models, one is PID control 

model and the other is preview curvature model. Theoretical formulas should be 

derived and two driver models should be constructed in Simulink. 

 The fourth objective of the thesis is to test the driver models by co-simulation between 

ADAMS/View and Simulink and analyze the stability of the bus. 
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2 ADAMS bus model  

This chapter introduces the modelling tool ADAMS and the completed bus 

model, including some important parameters. 

2.1 ADAMS 

ADAMS (Automatic Dynamic Analysis of Mechanical System) is a dynamic simulation and 

analysis software of mechanical system developed by MDI (Mechanical Dynamics Inc.) [2]. 

It uses interactive graphic environment, with library of parts, joints and forces building 

parameterized geometry models of mechanical systems. Its solver uses Lagrangian equation 

to build dynamic equations of the system, and does static, dynamic or kinematic analysis of 

the virtual mechanical system, outputting displacement, speed, acceleration and reacting force 

curves, etc. ADAMS can be used to predict the performance of mechanical systems. 

2.1.1 Working environment settings 

When building models in ADMAS/View, first it is necessary to set the working environment. 

The setting of working grid is to make it more convenient to build models. There is a close 

relation between the units of models and system design. One needs to set the correct units at 

the beginning. For most mechanical systems, they are simulated in gravity field. The direction 

of the gravity field can be set according to different circumstances.  

2.1.2 Creating parts 

After setting the working environment, the parts that make up the model will be created. 

ADMAS/View provides a library of parts, which consists of many kinds of parts in basic 

shapes. In this thesis, the bus model is provided from past work. 

2.1.3 Creating joints 

The parts of the model need to be connected by joints. The joints that ADAMS/View provides 

are: idealized joint, joint primitive, contact, motion generator, etc. Idealized joint is a joint 

which has physical meanings, for example: revolute joint, translational joint and gear joint. 

Joint primitive is used to constrain the relative motion between different parts and contact is 

used to define the contact condition between two parts when they are in motion. Motions 

generator generates the model moving in a defined motion.  
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2.2 Bus model 

Figure 1 and Figure 2 illustrate the front axle suspension and rear axle suspension respectively. 

 

Figure 1. Front axle suspension. 

 

Figure 2. Rear axle suspension. 



 

 

5 

In Table 1, some important parameters of the bus model are listed. 

Table 1. Parameters of the bus model. 

Width 2.55 m 

Height 3.65 m 

Axle distance 5.9 m 

Mass 7500 kg 

The tires are very important for a bus model, and Table 2 lists some parameters of the tire. 

Table 2. Parameters of the tires. 

Unloaded radius 521.75 mm 

Width 295 mm 

Aspect ratio 0.8 

Vertical stiffness 1140 N/mm 

Vertical damping 0.300 Ns/mm 

Lateral stiffness 380 N/mm 
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Figure 3 shows the assembled bus model, which consists of a rigid body and two axles. A flat 

road is also created. Figure 4 shows the assembled bus model from a top view. 

 

Figure 3. Assembled bus model. 

 

Figure 4. Assembled bus model from a top view. 

This bus model has 89 degrees of freedom, 47 moving parts (not including ground), 1 

cylindrical joint, 15 revolute joints, 20 spherical joints, 1 translational joint, 8 fixed joints and 

1 motion. 
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2.3 Open-loop simulation 

After completing the bus modelling, a simulation is conducted to check the bus behaviour. 

The bus is set to be 90km/h and in Figures 5, 6 and 7, the curves of lateral displacement, 

lateral acceleration and yaw rate are shown. 

It can be seen from Figures 5, 6 and 7 that in the beginning, the bus is instable because of an 

initial jerk. After 2.5s, the bus recovers stable, with the lateral acceleration and yaw rate of the 

bus becoming zero, while the lateral displacement of the bus becomes larger and larger, 

because its yaw angle is not zero. 

 

Figure 5. Lateral displacement of the bus. 

 

Figure 6. Lateral acceleration of the bus. 
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Figure 7. Yaw rate of the bus. 
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3 Side wind modelling 

In this chapter, previous research on side wind modelling is introduced briefly. 

Based on previous work by researchers, the side wind model used in this thesis 

will first be introduced, followed by simulation results that show effect of the 

side wind disturbances on the bus. 

3.1 Previous work on side wind modelling 

The research on side wind aerodynamic loads on vehicles started in the 1950s. The 

subject of side wind modelling has been studied during the last 60 years, and in this 

period, much research work has been done. 

In 1966, Bowman [3] did tests on 21 3/8 scale vehicle models in a wind tunnel, and 

from his result of measurements he got empirical equations to estimate the 

aerodynamic coefficients. Also in 1966, Bunning and Beauvais [4] performed tests on 

a vehicle that was exposed to side wind disturbances, and the transient side force and 

yaw moment on the vehicle was studied. 

In 1973, Hucho and Emmelmann [5] presented a model with side force and yaw 

moment taken into account. The model is shown in Figure 8, Cs and CN represents the 

coefficient of side wind force and yaw moment respectively, and Vc represents the 

velocity of crosswind. Their results indicated that just relying on static wind tunnel 

tests was not sufficient when analysing side wind disturbances effects. 
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Figure 8. Hucho and Emmelmann’s model [5]. 

In 1984, Noguchi [6] conducted tests using a side wind generator that produced a 0.5 second 

side wind disturbance. He used a step function model to present the aerodynamic forces and 

moments. The effect of compliance steer and roll steer was studied in his research. 

In 1987, Takada and Kohri [7] proposed a method to estimate the side wind aerodynamic 

loads. They equipped a car with 30 pressure transducers, therefore the side wind forces and 

moments could be estimated through the pressure transducers. At the same year, Van den 

Hemel et al. [8] studied the correlation between subjective and objective evaluation of the side 

wind stability of vehicles with open-loop control. 

In 1992, Tran [9] proposed a new calculation method to estimate the transient side wind 

forces and moments acting on the vehicle. In this method, flat plate theory was used and the 

result showed that the build up of the yaw moment had a larger gradient than the build up of 

the side force. 
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In 1996, Docton and Dominy [10] used CFD to calculate the transient side wind acting on a 

2D vehicle model. The result showed that the build up of the yaw moment is steeper than that 

of the side force. 

In 2006, Demuth and Buck [11] performed time-dependent CFD simulations to compare the 

side wind forces acting on two cars. 

In 2008, Favre et al. [12] studied time-dependent inflow boundary conditions. They used CFD 

to estimate the side wind forces that acted on a simplified vehicle model. 

Since the 21th century, the increase of computer technology made it possible to study more 

complicated conditions by CFD. The use of CFD provides a faster and more convenient way 

to study side wind modelling. 

3.2 The response of bus when exposed to side wind disturbances 

Based on previous study on side wind modelling, the curve of side wind forces is close to a 

step function. In this thesis, a simplified side wind load model that is similar to Magus Juhlin 

and Peter Eriksson’s model [13] is used to represent the side wind force and yaw moment. It 

is applied when the bus becomes stable after an initial jerk. The maximum side wind force is 

set to 1000N, and the maximum yaw moment is set to 2500Nm. Figure 9 shows the wind load 

on the bus. The velocity of the bus is 90km/h and it is along the negative direction of the x 

axis. Figures 10, 11 and 12 show the curves of the lateral displacement, lateral acceleration 

and yaw rate respectively. 

 

Figure 9. Side wind force model. 
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The lateral displacement of the bus in Figure 10 increases all the time in this 30 seconds 

period and at the end of the simulation, the lateral displacement of the bus reached about 5.3 

meters. The slope of the curve is steeper after about 15s than that before 15s due to the side 

wind disturbances. 

 

Figure 10. Lateral displacement of the bus. 

The curve in Figure 11 is the same as that in Figure 6 during 0s to 15s. From 15s, a side wind 

disturbance is acting on the bus, so the acceleration of the bus increases to 0.08 m/s
2
. At 19s, 

the side wind load on the bus disappears and the following lateral acceleration is due to 

vehicle swaying until 21s when the vehicle stabilizes again. 

 

Figure 11. Lateral acceleration of the bus. 
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The curve in Figure 12 is the same as that in Figure 7 during 0s to 15s as they are in the same 

condition in the beginning. From 16s to 21s, the yaw rate of the bus is negative because of the 

side wind disturbances.  

 

Figure 12. Yaw rate of the bus. 
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4 Driver models 

This chapter introduces previous work on driver models and the two driver 

models that are used in this thesis. 

4.1 Previous work on driver models 

Driving a vehicle can be seen as a control task, so control theory is widely used in the 

area of driver model study. Most of the driver models are focused on the control of the 

vehicle lateral dynamics, and the longitudinal dynamics is just kept to follow a 

constant speed. 

In 1959, Iguchi [14] presented a compensation tracking model, as show in Figure 13, 

where H (s) represents the transfer function of the driver compensation and G (s) 

represents the transfer function of the vehicle model. 

 

Figure 13. Basic structure of the compensation tracking model [13]. 

In this model, Iguchi used equation 4.1 to represent H (s) 

                                                                                                    (4.1) 

This model is very simple, however, it is difficult to determine the coefficients ，  and 

. 

In 1968, Kondo [15] presented the first preview tracking model, in which, a preview strategy 

part and feedback function are included. Figure 14 shows the basic structure of the preview 

tracking model. 

2 + +
( )=

d p iK s K s K
H s

s

dK
pK

iK
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Figure 14. Basic structure of the preview tracking model [16]. 

In Figure 14, P (s) represents the preview strategy, H (s) represents the control characteristics 

function and B (s) represents the driver’s prediction function of vehicle motion.  is the 

preview strategy and  is driver’s predicted lateral position [17]. 

In Kondo’s model, 

                                                                                           (4.2) 

                                                                                 (4.3) 

                                                                      (4.4) 

In 1980, MacAdam [18] proposed an optimal preview control model. He considered a lateral 

dynamics model of a freight vehicle which consisted of a rigid car body pinned at either end 

to a truck.  His work took theory to engineering application. 

In 2011, David J. Cole [19] studied driver models with neuromuscular dynamics, his model 

was improved in the fields of cognitive delay, alpha-gamma co-activation and intrinsic muscle 

dynamics. Cole’s driver model is illustrated in Figure 15. 
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Figure 15. Cole’s driver model [19]. 

In Figure 15,  represents the vehicle,  represents the steering system,  and  are 

the muscle dynamics, and  and  are the muscle stretch reflex dynamics. The blocks K, 

 and  represent the brain, and it generates the alpha ( ) and gamma control signals 

( ).  is pinion angle and  is the lateral force acting on the center of mass.  is pinion 

torque, and the muscle torque has two components,  and . 

4.2 PID control model 

Based on Kondo’s driver model, the first driver model developed in this thesis is a PID 

control model. It is assumed that the bus runs on a straight line and it keeps a constant speed. 

The error between the preview point and the sight point will be controlled in this model, as 

illustrated in Figure 16. 

 

Figure 16. Error between the preview point and the sight point. 

The steering strategy is to diminish . When  is small, . 

vH sH aH bH

rH rD

cD
fH 

  dF vT

bT mT

  y+L 
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The control loop is shown in Figure 17. Reference 1 is 0.1252 and the gain block is 

- /180 L  . The negative sign is because the direction setting in Adams bus model is opposite 

to that in Figure 16. Reference 1 is added because when the bus runs straight forward in 

ADAMS/View, the yaw angle is 0.1252 degree, so a corrected value is added here. The 

transport delay block represents driver’s response delay, and it is set to 0.3s. 

 

Figure 17. Control loop of PID control model. 

As the speed of the bus is 90km/h, it is reasonable to assume that the preview distance L is 

30m (the preview time is 1.2s). In Adams, the unit of yaw angle is degree, so the expression 

of error becomes: 

                                                 =y-30 ( 0.1252)
180


                                            (4.5) 

The task left is to determine the coefficients  ，  and  in the PID controller, and this 

will be discussed in Chapter 5. 

  

dK
pK iK
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4.3 Preview curvature model 

The preview curvature model is developed based on Klas Olsson and Carl Sandberg’s [20] 

preview curvature controller. The steering strategy is to turn the bus to the sight point in a 

curvature track, as shown in Figure 18. 

 

Figure 18. The intended track in preview curvature model. 

In Figure 18, the intended curvature track is the thick curve from  to . 

  (4.6) 

In this condition, ,  and , then it is derived that 

  (4.7) 

For a bus driven in a circle, the steer angle is: 

    

2 2

x us x
us

v D K vD
K

R R R


 
                                           (4.8) 

In equation (4.8), D represents the axle distance and  represents the understeer gradient. 
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The axle distance D is 5.9m and the preview distance L is still 30m. To calculate , a 

simulation is performed in ADAMS/View. In the simulation the steering angle is set to -1 

degree, and the bus runs without side wind in a speed of 90 km/h. Figure 19 shows the curve 

of the bus yaw rate in 10 second’s simulation. It can be seen that after 2s, the yaw rate of the 

bus keeps about -2.3 deg/s. 

 

Figure 19. Yaw rate of the bus with steering angle 1 degree. 

 

2

= = =x x
y x

v v
a v R

R



                                          (4.9) 

 Combine equation (4.9) into (4.8), it can be derived that: 

 2
= -us

x x

D
K

v v




                                             (4.10) 

=-
180


 , =25xv ,

2.3
=-

180


  and =5.9D , substitute the values of  , xv ,   and D into 

equation (4.10), it can be found that =0.00795usK . 

From equation (4.7) and (4.8), it can be derived that:  

 

2900- sin cos
= 21.74

900

y y 



                              (4.11) 

The steering angle is a function with variables lateral displacement and yaw angle. 

usK
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The control loop is shown in Figure 20, and the constant zero gives an initial value of the 

simulation. As the same to PID control model, the transport delay block used in preview 

curvature model is also set to 0.3s. 

 

Figure 20. Control loop of preview curvature model. 

The unit of yaw angle as ADAMS/View output is degree, so in equation (4.11),  should be 

substituted by . In Figure 20, the embedded MATLAB function is  

 

2

0 0900- sin cos180
= 21.74 0.00252

900

y y 





              (4.12) 

Where 0 ( 0.1252)
180


    . The reason for this term is explained in Chapter 4.2. 

The corrected value -0.00252 is added in equation (4.12) because when the bus runs with a 

steering angle -0.00252 degree in no lateral force conditions, the lateral acceleration is 0. 

  



180
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5 Co-simulation 

This chapter introduces how to conduct co-simulation between ADAMS/View 

and Simulink and presents the results of the co-simulation. 

5.1 Overview 

Co-simulation is using two or more separate programs simultaneously to run a simulation. In 

this thesis, the bus is modelled in ADAMS/View whereas the driver is modelled in Simulink, 

so the co-simulation between ADAMS/View and Simulink is conducted. 

Figure 21 shows how co-simulation between ADAMS/View and Simulink is realized. The 

outputs from ADAMS bus model are exported to the driver model in Simulink. The steering 

angle is then calculated in Simulink and fed back to ADAMS. 

 

 
Figure 21. Relation between Adams bus model and driver model. 

5.2 Setting up co-simulation 

First of all, ADAMS/Controls and ADAMS/Mechatronics are loaded. ADAMS/Controls is 

used to integrate motion simulation of the bus model and driver model in Simulink. Select 

Tools ⟶ Plugin Manager, and select ADAMS/Controls and ADAMS/Mechatronics, as 

shown in Figure 22, then the Controls and Mechatronics menus appear on the main menu bar. 
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Figure 22. Load ADAMS/Controls and ADAMS/Mechatronics in Plugin Manager. 

Next, input and output variables are defined. For both the PID control model and preview 

curvature model, the input variable is steering angle and the output variables are lateral 

displacement and yaw angle. After the input and output variables are defined, the value of 

input variable from Simulink is referenced in the ADAMS bus model.  

Once the input variable is properly referenced in ADAMS bus model, the ADAMS bus model 

should be exported to Simulink. Select Controls ⟶ Plant Export, as shown in Figure 23. 
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Figure 23. Control plant export to PID control model. 

The target software is MATLAB and the analysis type is non linear. After click OK, three 

files are created, which are Controls_Plant_5.amd, Controls_Plant_5.cmd and 

Controls_Plant_5.m. 

Next step, the ADAMS block is connected to the driver model block in Simulink. Start 

MATLAB and change the working directory of MATLAB to that of ADAMS bus model 

which includes Controls_Plant_5.amd, .cmd, .m. Type Controls_Plant_5 in the command 

window of MATLAB, then the input and output variables in ADAMS bus model are 

initialized as variables in MATLAB. Then type Adams_sys, a window including the ADAMS 

block is opened, as shown in Figure 24. 
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Figure 24. ADAMS block. 

Double click the adams_sub block, the ADAMS subsystem is opened, as shown in Figure 25. 

 

Figure 25. ADAMS subsystem. 

From Figure 25, it can be seen that the steering angle is the input of the ADAMS block, and 

the yaw angle and lateral displacement are the outputs of the ADAMS block. 

Double click the ADAMS Plant block, the Function Block Parameters window is opened, as 

shown in Figure 26. The simulation mode is set to discrete and the communication interval is 

set to 0.005. 
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Figure 26. Function Block Parameters window. 

After the setting, the Adams_sub block is used to connect to the PID control model in 

Simulink. The whole system is shown in Figure 17. 

The connection between Adams_sub block and preview curvature model is similar to the 

above description. The whole system is shown in Figure 20. 
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5.3 Result of co-simulation 

For the PID control model, the coefficients  ，  and  in the PID controller are to be 

determined. 

First,  should be determined. Set  and  to 0, and increase the value of  until the 

system begins to oscillate, then decrease the value of . When the oscillation disappears, 

record the value of  and set the value of  to 65% of the recorded value, then the value 

of   in the PID controller is 0.32. 

After  is determined,  is adjusted in next step. The aim is to keep the system not 

oscillate and minimum error between sight point and preview point. After many trials, the 

value of  in the PID controller is determined to 0.26. 

Finally, the value of  is adjusted to make the control system have a good dynamic 

response and after many trials, the value of  is determined to 0.16. 

The result of co-simulation for PID control model is shown in Figure 27, which indicates the 

influence of different preview time to the PID control model. 

 

Figure 27. PID control model with different preview time for maximum side wind load 1000N 

and 2500Nm. 

From Figure 27, it can be seen that the bus is controlled to the desired course in 10 seconds 

from the starting jerk, so before the side wind disturbance acts, the bus is running straight 

dK
pK iK

pK iK
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along the desired course. From 15s, when the influence of side wind disturbances starts, the 

lateral displacement and yaw angle increase. It can be seen that the bus turns back to the 

desired course more quickly when the preview time is shorter. When preview time is 0.8s, the 

bus has largest maximum yaw angle and smallest maximum lateral displacement among three 

conditions. The reason behind this is to steer the bus back to the desired course in shortest 

time, the driver has severest response to the deviation.  

The result of co-simulation for preview curvature model is shown in Figure 28, which 

indicates the influence of different preview time to the preview curvature model. 

 

Figure 28. Preview curvature model with different preview time for maximum side wind load 

1000N and 2500Nm. 

From Figure 28, it can be seen that the bus is controlled to the desired course in 10 seconds 

from the starting jerk, so before the side wind disturbance acts, the bus is running straight 

along the desired course. Similar to the simulation result of PID control model, when preview 

time is 0.8s, the bus has smallest maximum lateral displacement, while its maximum yaw 

angle is not the largest, actually, the bus turns its yaw angle to positive more quickly than 

other two conditions at the beginning of the side wind disturbance, this is why although its 

maximum yaw angle is not the largest, its maximum lateral displacement keeps the smallest. 

The simulations are repeated under 5000N and 10000N side wind force with yaw moment 

proportionally increased, while the preview time is kept at 1.2s. 
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Figure 29 shows the comparison between two driver models when the maximum side wind 

load is 5000N and 12500Nm with driver’s preview time 1.2s. 

 

Figure 29. Comparison between two driver models. 

It can be easily seen that the simulation results of two driver models have apparent differences. 

The maximum yaw angle and maximum lateral displacement of PID control model are much 

smaller than those of preview curvature model, while the maximum absolute value of steering 

angle of PID control model is much larger than preview curvature model, which means the 

PID control model has much quicker and more sensitive response to the bus deviation. 
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Figure 30 shows the simulation result of PID control model under different side wind loads. 

 

Figure 30. PID control model under different side wind loads. 

From Figure 30, it can be seen that when the maximum side wind load is 1000N and 2500Nm, 

the maximum lateral displacement is 0.0205m. When the maximum side wind load increases 

to 5000N and 12500Nm, the maximum lateral displacement increases to 0.1029m, which is 

about 5 times of 0.0205m. When the maximum side wind load continues increasing to 

10000N and 25000Nm, the maximum lateral displacement becomes 0.206m, which is about 

10 times of 0.0205m. It can be concluded that when the maximum side wind load is within 

10000N and 25000Nm, the maximum lateral displacement is almost proportional to the side 

wind load. It also can be observed that the maximum yaw angle and maximum absolute value 

of steering angle are almost proportional to the side wind load. 
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Figure 31 shows the simulation result of preview curvature model under different side wind 

loads. 

 

Figure 31. Preview curvature model under different side wind loads. 

From Figure 31, it can be seen that when the maximum side wind load is 1000N and 2500Nm, 

the maximum lateral displacement is 0.0702m. Similar to the simulation result of PID control 

model, the maximum yaw angle, maximum lateral displacement and maximum absolute value 

of steering angle are all almost proportional to the side wind load for preview curvature model. 
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Figure 32 shows the simulation result of PID control model under driver’s different reaction 

time when driver’s preview time is 1.2s and the maximum side wind load is 5000N and 

12500Nm. 

 

Figure 32. PID control model under driver’s different reaction time. 

In Figure 32, the influence of driver’s different reaction time to the PID control model is 

shown. When driver’s reaction time is 0s, the steering angle starts to change immediately after 

the side wind load acts on the bus, and its maximum absolute value is much smaller than that 

under driver’s reaction time 0.3s. The maximum lateral displacement is also smaller when 

driver’s reaction time is 0s, accompanied by the bus turning back to the desired course earlier. 
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Figure 33 shows the simulation result of preview curvature control model under driver’s 

different reaction time when driver’s preview time is 1.2s and the maximum side wind load is 

5000N and 12500Nm. 

 

Figure 33. Preview curvature model under driver’s different reaction time. 

In Figure 33, it shows the influence of driver’s different reaction time to the preview 

curvature model. Similar to the PID control model, when driver’s reaction time is 0s, the 

steering angle starts to change immediately after the side wind load acts on the bus, and its 

maximum absolute value is smaller than that under driver’s reaction time 0.3s. The maximum 

lateral displacement is also smaller when driver’s reaction time is 0s, accompanied by the bus 

turning back to the desired course earlier. 
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5.4 Analysis of simulation results 

The PID control model and the preview curvature model can both control the bus from 

deviating from the desired course. However, from the results of co-simulation, the PID 

control model has a better control effect than the preview curvature model from the point of 

the maximum lateral displacement. 

Under the same side wind load and same preview time, the maximum lateral displacement by 

PID control model is smaller than that produced by preview curvature model. For example, 

when the maximum side wind load is 1000N and 2500Nm, driver’s preview time is 1.2s, and 

reaction time is 0.3s, the maximum lateral displacement by PID control model is 0.0205m 

while by preview curvature model is 0.0702m. The maximum lateral displacement differences 

between these two models are similar for other conditions because the maximum lateral 

displacement is almost proportional to the side wind load when the maximum load is within 

10000N and 25000Nm for both two models. When the side wind forces and control model are 

the same, shorter preview time leads to smaller maximum lateral displacement. For instance, 

when using PID control model and the maximum side wind load is 1000N and 2500Nm, the 

maximum lateral displacement is 0.0205 meter with preview time 1.2s, while it is 0.0147 

meter with preview time 0.8s and 0.0256 meter with preview time 1.6s. It can be explained 

that with shorter preview time the driver need to make larger adjustment in the same time, so 

the maximum absolute value of steering angle is larger and maximum lateral displacement is 

smaller. The influence of driver’s reaction time is also evident, take preview control model for 

example, when preview time is 1.2s and the maximum side wind load is 5000N and 12500Nm, 

the maximum lateral displacement of the bus is 0.2632m and 0.3561m for driver’s reaction 

time 0s and 0.3s respectively. 

When studying the steering angle of these two models, it can been seen from the simulation 

results that the response of PID control model is quicker and severer with larger maximum 

absolute value of steering angle. 
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6 Conclusions and Recommendations 

In this chapter, the advantages and disadvantages of two driver models 

developed in this thesis are analyzed and recommendations for future work are 

given. 

6.1 Conclusions 

From the results of co-simulation, the PID control model and the preview curvature model can 

both control the bus from deviating from the desired course under side wind disturbances. 

The PID control model is simple and has a very good control effect, but the coefficients  ，

 and  in the PID controller are difficult to determine. The bus model has 89 degrees of 

freedom, so it is very complex and is hard to derive a mathematical model. Therefore, ，

 and  cannot be calculated and they can just be determined by trials. 

The preview curvature model also has a good control effect. The disadvantage of the preview 

curvature model is when calculating the steering angle, a bicycle model is used and there are 

some differences between this ADAMS bus model and the bicycle model, so the calculated 

steering angle is not very accurate and should be adjusted all the time when the bus is running. 

Therefore, it can be concluded that the bus model is a stable system for this case. With proper 

steering control, the bus can be controlled to run along the desired course under side wind 

disturbances. 

6.2 Recommendations for future work 

In this thesis, a simplified side wind model is used in the simulation. Much literature review 

work is done in the thesis, and from their studies, a more complicated side wind model which 

is closer to reality can be used in future’s study. 

Real tests can be performed, and through comparing driver’s steering reaction from real tests 

and computer simulation, better parameters can be selected and better driver model which is 

closer to reality can be developed. 
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