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Abstract—The objective of this work is first to present the 

kinematics modelling of an aerobridge for the application of 

automated aerobridge docking process to the aircraft, which 

will solve the manpower shortage issues as well as prevent the 

damage to aircraft due to human error in manual operation. 

As the aerobridge is a complex system which involves five 

active DOFs and four free DOFs, we have proposed an 

alternative solution of kinematics modelling for this higher 

order systems. And then the numerical solutions for the inverse 

kinematics equations are obtained using MATLAB and the 

kinematic modelling of the aerobridge is validated successfully 

through the motion simulation using ADAMS. The control 

schemes of the aerobridge docking process are proposed based 

on (1) Home position to Pre-set position, and (2) Pre-set 

position to Target position, which are developed in 

MATLAB/Simulink. Co-simulation model is established based 

on ADAMS/Control and MATLAB/ Simulink, which is used 

for modelling & design of the control systems, and also for 

visualizing and validating the aerobridge docking process.  

Keywords- robotics; kinematics modelling; co-simulation; 

control; industrial automation 

I. INTRODUCTION 

For the past 50 years more and more industrial robots 
have been used to handle the dirty and dangerous tasks in 
manufacturing plants, such as welding, painting, assembly, 
pick and place for printed circuit boards, packaging and 
labeling, palletizing, and product inspection etc [1].  

Industrial automation deals primarily with the automation 
of manufacturing, quality control and material handling 
processes. Industrial automation is to replace the decision 
making of humans and replace human operators in tasks that 
involve hard physical or monotonous work [2], and it’s being 
deployed in many new application areas. 

Thanks to the availability of increased computing power, 
and advances in sensor systems, the development of robotic 
systems and the precise control of motion, has progressed 
with a renewed vigor in recent years [3]. There are also great 
promise for Virtual Reality (VR) used as a tool for CAD, 
robot programming, plant process simulation for robotics 
applications [4].  

Now robots with sensors, vision, and computer control 
are doing tasks that required human skills in the past [5]. In 
the coming decade, significant progress can be expected in 

manufacturing robotics and automation, automotive, service, 
and health care robotics, demonstrating the utility of robotic 
systems and, as a result, helping their societal acceptance [3]. 
They can be programmed to carry out a great number of 
different movements and operate with the speed and 
efficiency of automatic special purpose machines [6]. 

Currently, the docking of aerobridges to aircraft is 
manually performed by qualified licensed operators. With 
the manpower crunch and expansion of airport, there will be 
further strain on existing manpower resources to meet 
operational demands especially during peak arrival and 
departure hours.  

Incidents have occurred due to human error, where the 
aerobridge structure came into contact with the aircraft body, 
resulting in damage to the aircraft, which is very costly and 
causing flight delays. 

The aim of this project is to develop a robust solution, an 
automated passenger boarding bridge (Aerobridge) to 
address the following challenges: (1) Manpower shortage to 
operate aerobridges, and (2) Injury to personnel or damage to 
aircraft or equipment due to human error in manual 
operation. 

In the following sections, the forward and inverse 
kinematics modeling of the aerobridge and validation using 
motion simulation is presented in Section II. The control 
system of the aerobridge docking process is designed in 
MATLAB/Simulink and is described in Section III. In 
Section IV, ADMAS MATLAB/Simulink co-simulation is 
presented followed by the conclusion and future works of 
this paper. 

II. KINEMATIC MODELLING OF AEROBRIDGE 

In order to fully automate the aerobridge docking 
process, we have to build up an accurate model of the 
aerobridge system according to the mechanical structure and 
dimensions. The kinematic model is used to calculate the 
position of the aerobridge related to its input changes (e.g., 
drive column and driving wheels). The design of aerobridge 
is complex. It has five degrees of freedom (DOFs) in order to 
provide the motion of the cabin end effector (see Fig. 1).  

The aerobridge has one vertical linear motion at drive 
column, two active rotational motions at cabin and cabin 
floor, and one differential drive of two driving wheels. There 
are one free linear motion between two tunnels, and two free 



rotational motions at rotunda, and one free rotational motion 
at differential drive of two driving wheels. 

It is well known that a general transformation between 
two joints requires four parameters by Denavit & Hartenberg 
[7]. These parameters known as the Denavit-Hartenberg 
(DH) parameters have become the standard for describing 
robot kinematics. The DH method that uses four parameters 
is the most common method for describing robot kinematics. 
However, for complex systems like aerobridge with higher 
order DOFs, the DH method cannot be used. In order to 
compute the position of the cabin end-effector from specified 
values for the joint parameters, the kinematic equations of 
aerobridge has to be derived. 

 

Figure 1. Kinematic Modelling of Aerobridge 

A. Forward Kinematic Modelling 

Currently, the existing aerobridge is designed for manual 
operation by qualified licensed operators. The aerobridge 
operates from Home position to Pre-set position, which is 0.5 
meter away from the aircraft door, followed by the final 0.5 
meter alignment to reach the Target position, which is 
manually operated by an aerobridge operator. 

The origin of the coordinate system XYZ is at the rotunda 
base. The coordinate systems are illustrated in Figure 1. The 
correct docking means the cabin floor that makes contact 
with the aircraft floor and the cabin floor must be paralleled 
to the aircraft floor, this allows passengers to slowly 
transition from level aircraft floor to sloping aerobridge 
floor. So we consider the Target position of the end-effector 
is at the center of cabin floor (Xc, Yc, Zc positions and 
direction angle of cabin floor θcd). The joint variables of the 
aerobridge are height of drive column Hdc, wheel rotation 
angle ϕw, wheel moving distance dw and cabin rotation angle 
θc. The additional rotation at the cabin floor can be obtained 
as the rotation center is the same as the center of cabin floor.  

Figure 2. Forward kinematics modelling of aerobridge docking 

As shown in Fig. 2, the differential drive of the two 
driving wheels are assumed move in a straight path, which is 
the shortest distance for docking process. And path planning 
will be considered based on aerobridge layouts and locations 
when multiple aerobridges are working together at the same 
time. 

The kinematic equations are derived between the 
intermediate joint variables (including the free joint 
variables) and four control joint variables (Hdc, ϕw, dw, θc), 
and the cabin position parameters (Xc, Yc, Zc, θcd) can then be 
derived in terms of the four control joint variables (Hdc, ϕw, 
dw, θc).  

The Maple software [8] can be used to solve all the 
equations and find the relationship between joint variables 
and cabin positions. For aerobridge moving from Home 
position to Pre-set position, the forward kinematic equations 
of aerobridge are derived to describe the motion of cabin end 
effector from the joint parameters as follows.  
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For fixed aerobridge dimensions, we can calculate the 
positions of cabin end effector for the given joint variables. 

B. Inverse Kinematic Modelling  

Control variables can be obtained based on the inverse 
kinematic model to determine the joint parameters that 
achieve the desired aerobridge motion from Home position 
to Pre-set position. 
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Due to the nonlinearity of the forward kinematic 
equations in (1), closed form solution may be difficult to 
attain (e.g., using Maple or MATLAB to get symbolic 
inverse solutions like in (2)), so numerical method has been 
considered for calculating the control joint variables. In order 
to find the numerical solutions for the inverse kinematics 
equations, the initial position parameters of the aerobridge 
are substituted into the forward kinematic equations, and 
MATLAB is used to calculate the joint variables that provide 
the desired position of the aerobridge. 

 

 
Figure 3. An example of numerical solutions for inverse kinematics  



For example, given the Pre-set position at X=13000mm, 
Y=-500mm, Z=22500mm, θcd =0.1rad, by solving the four 
forward kinematic equations in (1), the four control variables 
Hdc, ϕw, dw, θc can be found, and the numerical solutions are 
shown in Fig. 3. 

C. Validation of Kinematic Results by Motion Simulation 

To validate our forward kinematic equations and inverse 
kinematic solution, the motion simulation is created in 
ADAMS/View with the aerobridge model/structure. The 
coordinate of the simulation model is consistent with that of 
the actual aerobridge model. 

 

Figure 4. Snapshot of motion simulation of aerobridge using ADAMS 

Given a Pre-set position of aircraft door, the joint 
variables can be calculated based on the inverse kinematic 
equations in MATLAB. Then all the joint parameters are 
input into the ADAMS to provide the motion of the 
aerobridge. Fig. 4 shows the snapshot of the motion 
simulation at the final position with four different views, 
while the white color path indicates the wheel motion 
trajectory.  

 

Figure 5. Plot of cabin positions during motion simulation in ADAMS 

Fig. 5 shows the cabin position during the ADAMS 
simulation, at the time t=5 sec, the cabin reaches the Pre-set 
position X=13000mm, Y=-500mm, Z=22500mm, θcd 
=0.1rad=5.7°, which is the same as the input data for the 
inverse kinematic equation as mentioned in Section II B. 
Therefore, it validates the solution to the inverse kinematics 
as well as the kinematic modelling of the aerobridge. 

III. CONTROL SYSTEM OF AEROBRIDGE DOCKING 

PROCESS IN MATLAB/SIMULINK 

The aerobridge will be operated from Home position to 
Pre-set position first (which is 0.5 meter away from the 

aircraft door) in a straight path. Additional sensors (e.g., 
vision and distance sensors) will be used to determine the 
relative distance between the current position of aerobridge 
and the closed aircraft door. Then through the inverse 
kinematic model and closed-loop control algorithm, the 
aerobridge will be operated to perform the final 0.5 meter 
alignment to the aircraft door (from Pre-set position to 
Target position). As the aerobridge is moving slowly during 
the docking process, we assume the dynamic properties of 
aerobridge is negligible. 

A. Home Position to Pre-set Position 

The control system for aerobridge operation from Home 
position to Pre-set position is based on the inverse 
kinematics model. As it is an open loop system, no feedback 
is involved as shown in Fig. 6. Optimal path planning will be 
obtained based on aerobridge locations and even for multiple 
aerobridges working together. 

 

 
Figure 6. Control block diagram from home position to pre-set position 

Given the aircraft door position, the Pre-set position for 
the aerobridge docking can be obtained, and the control 
variables for each joint are calculated based on the inverse 
kinematics model, which is programmed as an m-file 
(Inverse_Kinematics_1) of MATLAB function in Simulink 
(as shown in Fig. 7).  

 
Figure 7. Inverse kinematics model in Simulink 

B. Pre-set Position to Target Position 

As it is an open loop system from Home position to Pre-

set position, the aerobridge will reach at the Pre-set position 



with certain position errors. Furthermore, for an arrival 

aircraft reaching the Target position, there will be some 

position error due to its big size. So we have no exact 

position information for both aerobridge at Pre-set position 

and the aircraft at Target position.  

However, we can measure the relative distance between 

the aerobridge and the aircraft door using sensors, e.g., 

lateral distance, longitudinal distance, vertical distance and 

cabin alignment. With the error measurement, we can use 

the inverse Jacobian matrix for the Cartesian space to joint 

space mapping, as the control scheme may still require the 

inverse Jacobian for calculating the joint velocity from the 

operational space velocity input within the control block [9].  

The closed-loop control of the aerobridge from Pre-set 

position to Target position is shown in Fig. 8. The inverse 

Jacobian model [10] is used for the final 0.5 meter 

alignment based on real-time feedback of distance sensor 

measurement data (lateral distance in X axis, vertical 

distance in Y axis, longitude distance in Z axis and cabin 

alignment). Aircraft door detection will be done using vision 

approach, which is currently under development by our 

team [11], and distance sensors will be used to determine 

the relative distances between the aircraft door and the 

aerobridge. 




Figure 8. Control block diagram from pre-set position to target position 

Based on the forward kinematic equations in (1), we take 
first-order partial derivatives, and get (3) using the Jacobian 
matrix. We can then find the inverse Jacobian matrix in (4) 
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The inverse Jacobian matrix is calculated from the 
kinematic model which is programmed as an m-file of 
MATLAB function in Simulink (as shown in Fig. 9). As the 

aerobridge is moving slowly with the maximum speed of 
0.4-0.5 meter per second, we assume that the aerobridge is 
first order system, and the time constant τ can be obtained 
through experiments. A PID controller is designed for the 
aerobridge docking process from Pre-set position to Target 
position. 

 
Figure 9. Inverse Jacobian model in Simulink  

IV. ADAMS-MATLAB CO-SIMULATION 

In order to develop robust control algorithms which 
enable precise and reliable aerobridge docking to aircraft, 
ADAMS-MATLAB/Simulink Co-simulation is used for 
modelling and design of the control systems. The co-
simulation technique based on ADAMS and SIMULINK 
cooperation can be a useful tool for improving of the 
development cycle [12], e.g., the development of 
mechatronic systems [13], Hardware-in-the-loop simulation 
based on MATLAB and ADAMS [14], and dynamic 
modeling and kinematic simulation of industrial robot [15].  

The ADAMS tool allows virtual prototyping and virtual 
testing -- the ability to build and test our complex system in 
the computer before committing to physical prototyping and 
testing at airport. The mechanical system of the aerobridge is 
produced in ADAMS, the ADAMS inputs and outputs are 
identified, and then ADAMS and MATLAB are integrated in 
a co-simulation system.  

 
Figure 10. Steps of ADAMS-MATLAB Co-simulation  

As shown in Fig. 10, the outputs describe the variables 
that go to the controls application, the inputs describe the 



variables that come back into ADAMS and therefore 
complete a closed-loop between ADAMS and the control 
applications.  

First, the 3D model of the aerobridge is built in 
ADAMS/View, the fixed joint is located at rotunda base, and 
all the rotational joints and linear joints are assigned 
accordingly. The input and output of the aerobridge model in 
ADAMS/View is determined as state variables. The 
information exchange between the ADAMS/Controls toolkit 
and the control system in MATLAB/Simulink is passed by 
the state variables of the virtual prototype of the aerobridge. 

A. Home Position to Pre-set Position 

The control system for the aerobridge operation from 
Home position to Pre-set position is based on the inverse 
kinematics model. As it is an open loop system, no feedback 
is involved. 

 

  
Figure 11. Mechanical subsystem structure and Simulink block diagram 

(from Home Position to Pre-set Position) 

 

Figure 12. Co-simulation results in Simulink (from Home Position to Pre-

set Position) 

Given the aircraft door position, the Pre-set position for 
the aerobridge docking can be obtained, and the control 
variables for each joint are calculated based on the inverse 
kinematics model, which is programmed as an m-file with 

MATLAB function in Simulink (as shown in Fig. 11). 
However, it is not be included in the main functions of our 
Simulink blocks due to processing time issue. So the inverse 
kinematics model has a separate Simulink block and it will 
call the main Simulink block using the “sim” function when 
the inverse kinematics results have been obtained. 

The Pre-set position of the aerobridge and the measured 
data of cabin end effector position from ADAMS are 
displayed in Fig. 11 with the cabin end effector moving from 
Home position to Pre-set position based on the control of 
joint variables of the aerobridge. Fig. 12 shows the co-
simulation results of cabin position (Xc, Yc, Zc positions and 
angle of cabin floor θcd) for the aerobridge moving from 
Home position to Pre-set position. 

B. Pre-set Position to Target Position 

The control system for the aerobridge operation from 

Pre-set position to Target position is based on the inverse 

Jacobian model and the closed-loop control system (blue 

box: Pre-set to Target Position as shown in Fig. 13) is 

developed based on the sensor feedback from the 

measurement data in ADAMS/View. The relative distance 

between cabin to aircraft door is measured in 

ADAMS/View, and is feedback to MATLAB/Simulink (see 

Fig. 13).  

 


Figure 13. Mechanical subsystem structure and Simulink block diagram 

(from Home Position to Target Position) 

 

Figure 14. Co-simulation results in ADAMS/postprocessor (from Pre-set 

Position to Target Position) 
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The co-simulation results can also be obtained from 
ADAMS/Postprocessor as shown in Fig. 14, where the cabin 
position in Z axis is increased from 24500mm to 25000mm 
and the direction angle of cabin floor is also adjusted to 0 
degree (parallel to aircraft door) while the aerobridge 
performs the final 0.5 meter alignment for the docking 
process based on the inverse Jacobian model and closed-loop 
feedback from sensors. 

V. CONCLUSION AND FUTURE WORKS 

A. Summary 

In this paper, the kinematics modelling of the aerobridge 
docking process is presented. As the aerobridge is a complex 
system which involves five active DOFs and four free DOFs 
and the DH method cannot be used. So we have proposed the 
alternative solution for higher order systems where the 
forward kinematic equations of the aerobridge has to be 
derived instead. And then the numerical solutions for the 
inverse kinematics equations are obtained using MATLAB 
and the kinematic modelling of the aerobridge is validated 
successfully through the motion simulation using ADAMS, 
while the mechanical structure is created and used for 
validation in ADAMS/View. 

The control schemes of the aerobridge docking process 

are proposed based on (1) Home position to Pre-set position, 

and (2) Pre-set position to Target position. The control 

system for the aerobridge operation from Home position to 

Pre-set position is based on the inverse kinematics model. 

The closed-loop control of the aerobridge from Pre-set 

position to Target position is presented in Section III. The 

inverse Jacobian model is used for the final 0.5 meter 

alignment based on real-time feedback of distance sensor 

measurement data. 
Because we are not able to access the actual aerobridge at 

the development stage of the project, ADAMS- 
MATLAB/Simulink Co-simulation is a good tool to be used 
for modelling & design of the control systems, and also for 
visualizing and validating the aerobridge docking process. 

B. Future Works 

As the induction motors are widely used in industrials 
because they are rugged, reliable and economical, and their 
speed control may be required in many applications. 
However, the induction motor control is complex due to its 
nonlinear characteristics. We will study and incorporate the 
induction motor control into our control system in the near 
future.  

And path planning will also be considered and studied 
based on the aerobridge layouts and locations when multiple 
aerobridges are working together at the same time. 

Integration between the door detection using vision 
approach as well as real-time distance sensors feedback and 

proposed control schemes of the aerobridge docking process 
will be carried out and demonstrated on a mobile platform 
before implementing on the actual aerobridge. 
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