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Abstract

Due to the quick evolution of manufacturing processes, the 
demand for more flexible automation systems is on the rise. 
To answer these requirements, distributed motion control 
architecture based on intelligent drives tends more and more 
to replace the traditional solutions.
This paper presents the control of an articulated arm robot 
with two local intelligent servo drives connected on a CAN 
network to a motion controller. The control structure has a 
pyramidal topology where in the front of the pyramid is a 
host computer, in the middle is the motion controller and on 
the base of pyramid, close to the arm robot actuators, are 
the local intelligent servo drives. 

1. Introduction 
 
Today, the decreasing product and technology life cycles 

have made fixed automation systems cost prohibitive. This trend 
has driven automation users to require flexible automation 
systems that can be easily modified or upgraded in order to 
sustain a long term competitive position.  

In response to these demands, distributed motion control 
architecture tends more and more to replace the traditional 
centralized control architecture based around a single host 
controller such as a computerized numerical control or a 
computer motion control board.  

Rather than including all control tasks in the central 
controller, the distributed control architecture is based on 
fieldbus communication and Digital Signal Processing 
technology so that decentralized control tasks can reside in the 
intelligent servo drives. The general structure of distributed 
control architecture is presented in figure 1 [5, 6, 7]. 

Different communication levels are used according to the 
control hierarchy. At the higher control level, the factory floor 
network is connecting the different factory processes to the host 
computer [6].  

At a given process control level, the control fieldbus is 
connecting the different control components used in the same 
process to the host programmable logic controller (PLC). At the 
motion control level, fieldbus communication has also been 
introduced recently [3, 4].  

For interpolated axes control a servo fieldbus is connecting 
the different servo drives to the motion coordinator, while in 
simple positioning applications the complete motion control task 
is performed inside a positioner servo drive. Thus the positioner 
servo drives are directly connected at the control fieldbus level 
[6].  

This distributed control architecture allows easy building of 
complex applications in a modular manner with a high degree of 
reusability. Because of the fieldbus communication facilities 

and the digital drive technology, the parameters of the complete 
control system can be easily re set for a new product without 
any hardware modifications. The process can also be easily 
modified by adding or removing control components without 
major modifications to the control system [4, 6]. 

This paper presents the distributed control system for an 
articulated arm robot with four degrees of freedom.  

The robot has five servos, four used for actuating the axis 
and one to open and close the gripper of the robot.  

The servos are connected to two local intelligent drives 
which are commanded and synchronized by a motion controller. 
The synchronization of the two drives is important because the 
robot has to achieve a certain trajectory.  

The motion controller receives the trajectory of the robot via 
RS232, generates the appropriate command for each servo and 
then sends the data to the local intelligent drive. Subsequently, it 
sends a synchronization message to the local intelligent drives 
that carry out the commands.  

The user can view on the interface of the computer program 
the position of the robot while it is moving. 

2. Control architectures 

In a distributed control structure, the application program-
ming and the process control are still performed inside the host 
PLC or motion controller.  

However, the servo drives assume more responsibility for 
motion control, like hardware and software position limit 
supervision, motor braking modes control and safe low speed 
operation for the machine commissioning. In regard of this 
point, it is important to distinguish between interpolated and 
independent axes applications, respectively [5, 7]. 

Many robots and machine-tools require interpolated motion 
control (several axes trajectories must be continuously 
coordinated). In this case, the axes trajectory must be calculated 
by the same processor at a high frequency rate in order to 
maintain the axes coordination [1, 2]. 

As shown in figure 2, the distributed motion control architec-
ture suitable for multi-axes interpolation is based on intelligent 
servo drives which perform the complete servo control task 
including position, speed and current loops plus power 
conversion.  

The host motion controller performs the multi-axes trajectory 
calculation and sends the digital position set point values to each 
servo drive via a serial bus communication [4].  

Most of the motion control applications in the automation 
area do not require interpolation between axes (the axes 
trajectories are independent). In this case a centralized trajectory 
calculation is no longer necessary and the trajectory calculation 
can be distributed inside the servo drives [3]. 
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Fig. 1. Distributed control architecture based on fieldbus communications [5, 6, 7]. 

 
A host PLC is well suited for providing the application 

sequences control. This solution based on intelligent servo 
drives provides a high performance motion control fully 
integrated in the PLC environment [3, 5]. 

For a distributed motion architecture, where the axes trajec-
tories are independent, the motion control tasks are distributed 
inside each stand-alone intelligent servo drive, which can be 
programmed independently in order to perform a given axis 
motion control task. The motion control sequences, the 
trajectory calculation and all the servo loops plus the power 
conversion are fully integrated in the local servo drive.  

The fieldbus communication between the host PLC and the 
servo drives is only used for the parameter setting and the global 
process control and monitoring [5, 7]. 

These solutions are much more effective than the centralized 
ones in terms of wiring cost reduction, setup and diagnostic 
facilities, due to the serial bus communication. The servo 
performances are also greatly improved because the current, 
speed and position digital servo loops are all inside the servo 
drive. The complete servo loop gain values are automatically 
calculated inside the servo drive when the auto-tuning command 
is executed. Feedforward terms are also implemented in order to 
follow complex motion profile at high speed with a minimum 
tracking error value [5, 6, 7, 8]. 

3. The geometric model of the articulated arm robot 

Figure 3 presents the model of the robot, which is actuated 
by five servos. Because the servos have their own control loops 

 
Fig. 2. Interpolated axes motion control structure [6]. 
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including the position control loop, the distributed control 
structure has only to generate the appropriate position trajectory 
for each servo One servo controls the rotation of the articulated 
arm in the X-Y plane, which is the same as the plane where the 
robot is placed. Three servos move the arm of the robot in the Z-
W plane and the last servo is used to control the position of the 
gripper. The W axis represents the axis in the X-Y plane where 
the first servo positions the articulated arm. 

To simplify the model it will be considered that the gripper 
of the articulated arm is always perpendicular on the X-Y plane. 

The direct geometric model of the articulated arm can be 
easily deducted from figure 3(a) and figure 3(b): 
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where: x, y, and z represent the position of the gripper; a, b, c, 
and d are the dimensions of the robot arms; �, �, and � are the 
angles between the robot arms; � is the angle of the robot arm in 
the X-Y plane; w is the distance between the base of the robot 
and the projection of the gripper in the X-Y plane, which can be 
determined from figure 3a, yielding the following equation: 

 � �90sincos ������� cbw . (2) 
By solving the system consisting of equations (1), (2) and: 

 22 yxw ��  (3) 

the inverse geometric model results:

 

� � � �
� �

� �

� ������


�
�
�



�
�
�

� �����
��

�
�
�



�
�
�

�

���

������
��

180

2
arccos

sincosarccos

2222

22

bc
dazwcb

wdaz
dazccbw

 (4a, b, c) 

 .arctan �
�



�
�
��	

x
y  (4d) 

It can be observed that � depends upon �. It is preferred to use 
this equation because it is simpler, else the second equation 
should be inserted in the first one yielding a very complex 
relationship [9, 10]. 

4. The control structure of the robot 

The intelligence of the control structure, which is distributed 
in the system consists of three Dice-Kit microcontroller 
developing boards, from Fujitsu. The boards have their own 
CAN and serial controllers.  

The structure of the system is presented in figure 4. The 
computer, which is the host computer from figure 1, creates the 
link between the user and the system, because here the user can 
insert the trajectory of the robotic arm. It transforms the 
trajectory in an array of segments of lines and sends it to the 
Dice-Kit 1 board (see fig. 4).  

The Dice-Kit 1 board has the role of the motion coordinator 
from figure 1 and after it receives the array of segments of lines, 
it sends the appropriate commands to the Dice-Kit 2 and 3 
boards which control the five servos of the robot. The last two 
boards represent the local intelligent drives. 

A requirement for a complete distributed control system is 
using five local intelligent drives, one for each servo of the 
robot; however, the discussed case concerning a prototype with 
a small robotic arm, only two will be used. The Dice-Kit 2 
board will control angles � and � of the robot, while the Dice-
Kit 3 board will control angles � and �, plus the position of the 
gripper. 

4.1. The motion coordinator 

Based on the information received from the host computer, 
the motion coordinator will generate the appropriate command 
for each local intelligent drive. 

If the motion coordinator needs to move the robot gripper to a 
certain (x, y, z) point in space, it has to calculate, using the 
system of equations 4, the angles (�, �, �, �) and send these to 
the local intelligent drives.  

In order to modify the speed of the gripper, the motion 
coordinator sends at the end of the command messages the time 
in which the gripper should move from the current point to the 
destination point.  

The variation of this time determines the variation of the 
speed of the motors. Because of the speed limitation of the 
articulated arm robot, it is useful for the motion coordinator to 
know, after it determines the angles for each axis, how to 
calculate the minimum time necessary for the move. 

This time can be calculated with the following equation: 
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where: tmin represents the minimum time; k is an index for each 
servo motor; ukl  is the initial angle of the servo motor k; ukf is 
the destination angle of the servo motor k; �k is the time that 
servo motor k needs to change its position by 90 degrees, at full 
speed. 

 

Fig. 3.  Robot model: (a) view of  the arm plane; (b) view of 
the rotation base plane. 
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4.2. The local intelligent servo drives 

The five servos, that actuate the robot, have their own control 
loops, including the positioning loop, and can position their ro 
tor under an angle of 180o. The position of the rotor varies 
linearly with the duty cycle of a PWM signal that has a 
frequency of 50 Hz.- 

When a local intelligent drive receives a new set of angles 
for the axis that it controls and the time in which the transition 
should take place, it will gradually change the reference of each 
servo in order to generate a linear move for each axis. 

As the frequency of the PWM signal for each motor is 50 Hz, 
the local intelligent drive should update the position of the servo 
every 20 ms. Once the driver has received a new command and 
the robot is in transition from the initial to the destination point 
it will calculate the current command for the servo with the 
following equation: 

 
c
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where: �  is the time passed from the beginning of the tran-
sition; c�  is the time in which the robot should complete the 
transition; ku  is the angle of the servo at moment � .  

Once the driver has finished the transition and does not 
receive a new one, it will maintain the commands for each servo 
at the same value. 

 
4.3. The synchronization of the intelligent servo drives 

When the motion coordinator needs to move the robot 
gripper to a specific point in space it has to calculate the 
positions for each axis and send the data to the local intelligent 
drives. After that, it calculates the time of the transition and 
sends a broadcast message including this time. In this way all 
the local intelligent drives receive the time of the transition at 
the same time. After that, local intelligent drives have a break of 
10ms, time in which they prepare for the transition and initiate 

it. As the local intelligent drives have the same type of 
microcontrollers, the same type of quartz oscillator and their 
programmes are optimized in order to start the 10 ms timer 
when they receive the broadcast message, the moment when the  
two local drives initiate the transition is the same. 

Further more, as the local intelligent drive respects the time 
received from the motion coordinator for the transition, the 
movement of the four axes of the articulated arm robot is a 
synchronised one. 

5. Application software 

The software of the local intelligent drives contains the 
command strategy, the synchronisation algorithm and the 
communication protocol. It was designed and simulated in 
Softune, using a C compiler. The motion coordinator has an 
ANSI C library, useful for the programmer, because it contains 
functions for creating the commands and manages the message 
from/to the local intelligent drives. 

The most important functions of the library are those 
transforming direct to inverse cinematic, and reverse, using 
equations (1) and (4). Other functions calculate the message that 
should be sent to the local intelligent drives in order to move the 
robot arm gripper to a specific point in space. 

In order to test the application a programme for the host 
computer was developed with the interface shown in figure 5. 

The programme allows the user to create an array of points 
from the space in which the robotic gripper arm should pass. 
The application sends via RS232 the array of points to the 
motion coordinator that executes them. 

The interface includes two canvas objects where the 
approximate position of the articulated arm robot (see fig. 6) can 
be observed from planes X-Y and Z-W. The position is 
approximate because the application estimates it.  

6. Conclusions 

The design of the project and the practical tests proved the 
effectiveness of distributed architecture. It allows the designer 
to create and test the project by small parts and subsequently  

 

Fig. 4. The distributed control system for the articulated arm robot. 
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Fig. 5. The interface of the control program.

 
Fig. 6. The articulated arm robot

assemble these. Further more the complexity of the programmes 
from the microcontrollers is smaller because each member of 
the control structure receives a certain task, rather than in 
centralised control systems where the central processing unit 
should do all the tasks.  

The practical experiments proved the benefits of the 
synchronization method, because the robot axes move in an 
interpolated way.  

An inconvenient of the selected distributed control 
architecture is the fact that it has two different communication 
networks, making it difficult for the host computer to 
communicate with the local intelligent drive. For this reason it 
was decided to estimate the position of the articulated arm robot 
in the interface of the host computer. To allow direct 
communication between the host computer and the drives the 
motion coordinator needs a new task, hence the complexity of 
its programme increases. 

The solution for this problem is to use a control architecture 
with the intelligent systems distributed on the same network. In 
this way, while the traffic on the network increases, every 
member of the discussion can take all the information it needs 
from the network. 

The further development of the project includes changing of 
the distributed control architecture with a same network 
distributed intelligence one. 
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