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Abstract—Developing control software for a developed robot is
not only difficult, but also considerably time consuming.
Moreover, many modifications to the control software are
required during robot development. There are several
general-purpose robot control software, however applying them to
certain robots that need real-time control performance is almost
impossible. In this paper, we introduce a real-time controllable
framework for a general-purpose controller that can be applied to
any number of articulated robots with minimal effort.
Index Terms—robot operating system, robot software.

I. INTRODUCTION
The control software for articulated manipulators may need
to be reconfigured in the event of certain unforeseen
situations. This is especially true during the development of
robots, when frequent hardware changes are needed to
address development issues. For example, developers may
need to modify the original control software to allow
debugging in the case of a temporarily reconfigured robot as
soon as possible. Further, the development of a robot usually
occurs in a systematic fashion; from a prototype to the final
version, multiple versions might be developed, such as
version 1, version 2, and so on. In such cases, modifying the
control software used for version 1 of the robot such that it can
be used for version 2, is a time consuming process. Such
situations are frequently encountered during the development
of robots. To address the aforementioned problems, flexible
control platform software is necessary; here, the word
“platform” is used to indicate that the control engine,
hardware manager, simulator, and graphical user interface
(GUI) are included in the control software. A considerable
amount of effort is required for the implementation of robot
control. In [1], a general software platform for robot control,
OpROS is described. OpROS contains a module-based
controller configuration function, but lacks a real-time robot
control function, which is a basic aspect in case of an
industrial robot. In [2], an open source robot operating system,
ROS, is described. ROS has a similar tool-set as OpROS, but
it is based on the Linux operating system. We aim to develop
a robot operating system based on Microsoft’s Windows OS
so that their Visual Studio tool can be used to develop our
system in a convenient manner. Microsoft’s Robotic

Developer Studio (MRDS) [3] is one of the general software
frameworks for robot control. Though, MRDS is convenient
to use, it lacks the real-time robot control functions, and lacks
efficient kinematics and dynamics to control the manipulator
in it. Simlab’s Roboticslab [4] is very similar to our proposed
software. Roboticslab contains specialized manipulator
control functions and real-time functions on the windows.
However, its real-time function is incomplete, and is
restricted by many constraints. In general, the implementation
of flexible control software is difficult owing to its hardware
dependent properties, and thus, it cannot be implemented in a
generalized manner. Furthermore, not only does each robot
have different servo-drives, different sizes, different gear
ratios, different motors, etc., but the communication protocol
they use may differ; Some robots use CAN, some use
PROFINET, and others might use some other communication
protocol as there are many options for robot communication
protocols. As explained above, it is not possible to completely
automate control software to account for changes in the robot
hardware configuration. We say that the control module
including kinematics and dynamics for two type of robot,
real-time service module, Ether CAT communication module
and hardware configuration module are given to user with
minimal effort. We selected Ether CAT [5-7] as the main
communication protocol in our proposed system because of
its high speed and easy configuration.
II. DEVELOPMENT OF CONTROL SOFTWARE
FRAMEWORK
A. Data exchange between GUI and control module

Fig. 1 The control software framework consists of GUI and
control module with ‘shared memory’.

Our proposed control software framework is divided into a
graphical user interface (GUI) module and a control module
as shown in Fig. 1. The GUI module is not a real-time
program. It is a normal program that runs on the Windows
environment. On the other hand, control module is a real-time
program that runs on a real-time layer provided by the
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commercial real-time kernel RTX [8]. The exchange of data no considering real-time performance. However, we decided
between the GUI module and the control module is through to have a step for recompilation because it is more suitable for
shared memory. It is important that the control algorithm the purpose of our software. Hardware configuration details
including kinematics and dynamics that is provided by default such as gear ratio, torque limit, control frequency, and motor
should be located at the control module. Monitoring data such constant should be provided via a configuration file. This
as joint position, velocity and torque are transmitted to the configuration file is loaded during the initial execution. The
GUI module from the control module. Command values such most difficult one among the four user configuration settings
as joint command, velocity command, torque command and that the user has to define for our software is the
task space command are transmitted to control module from Denavit-Hartenberg (DH) parameters set. However, we
GUI module. The monitoring data shown on the GUI is not expect users with a little knowledge about kinematics can
the real-time data, but past data, because the data is configure DH parameter easily, using our proposed software.
transmitted through the shared memory, and thus, does not The defined DH notation is used to implement the kinematics
reflect the real-time process.
and dynamics module. The kinematics and dynamics module
needs to be recompiled after setting DH parameters.
B. Reconfiguration automation
C. Real-time process in multi-core CPU

Fig. 3 Timer and module arrangement on the multi-core CPU.

Fig. 2 User must set four categories of configurations such as
ENI file, PDO data structure, hardware configuration, and DH
parameters to operate the developed control software
framework.

We aim to minimize the user effort in modifying the
original control software such that it can be used for the new
robot system. Nonetheless, the user will have to set some
properties related to the hardware configuration. Our
proposed control software consists of four modules namely,
real-time module, kinematics/dynamics module, Ether CAT
communication module and hardware configuration module.
From among the aforementioned modules, the real-time
module does not need the user to set any properties, because
the structure is predefined in case of the hard real-time timers
on the multi-core processors. The details are explained in the
next section. In case of reconfiguring the Ether CAT
communication module, the user should extract the ENI file
of the target robot. An ENI file is a standard file that contains
the slave configuration information that is conveyed to the
master on the Ether CAT communication. The ENI file is
auto-generated with the Ether CAT manager tool. In addition,
the user must define the data configuration in the data train of
the Ether CAT communication. The user is expected to
manually program the method to obtain the input PDO data
based on the servo drives. This process can be automated with

Our software requires three CPUs for operation.
Communication between the GUI and control modules,
functions related to Ether CAT and small functions related to
system are executed on the CPU1 as shown in Fig. 3.
Kinematics and dynamics calculations use another CPU
(CPU2 in Fig. 3) because of the high-level computations
involved and this module is compiled to a dynamic link
library (DLL) or real-time DLL (RTDLL). The user works on
CPU3 shown in Fig. 3. Feedback information such as joint
position, velocity, torque, and servo-drive status are provided
to user. The user can command the robot by specifying the
joint position, velocity, and torque. Further, the user can send
the task space position command using the kinematics
module.
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D. Control module details

Fig. 6 Measured control time at each sampling.

Fig. 4 The proposed control software framework overview.

The detailed configuration of our proposed control
software framework is shown in Fig. 4. It is noteworthy that
the user can run the target robot on the simulation
environment or on the practical robot, using our proposed
software. Our developed control software has many other
useful functions. For example, functions related to cellular
phone packaging, cable connecting and box packaging have
been implemented for use in the practical production line.
III. SIMULATION STUDY AND EXPERIMENT
In this section, the performance of our proposed control
software platform is evaluated. The real-time performance
was checked on the simulation. Further, flexibility of the
software was proven using many robots.
A. Calculation performance

Fig. 5 Kinematic solver configuration for the dual-arm robot.

A dual-arm robot with 16 degrees of freedom (DOF) is
considered as the target robot. There are 7 DOF for the right
arm, 7 DOF for the left arm, and 2 DOF for the waist. Two
kinematic computations are implemented. In reality, the
kinematic computations are automatically generated by our
control software, if the user sets the DH parameters correctly.
One kinematic computation is for “waist + right arm” labeled
(a) in Fig. 5 and the other kinematic computation is for “waist
+ left arm” labeled (b) in Fig. 5. Each kinematic computation
solves 9 DOF serial manipulators’ kinematics. In addition, the
gravity compensation algorithm is implemented. In the
practical control scheme, the gravity compensation and an
additional simple linear position controller are sufficient to
show tough tracking performance. Fig. 6 shows the resultant
graph for the measured control time at each sampling. The
control frequency was set as 1 kHz, i.e., a sampling time of
1㎳. The time consumption during each control frequency
was measured. Unit of the measured time is ㎲. It is
noteworthy that it showed jitters less than 1%. Moreover, the
kinematics solver and gravity compensation solver spend less
than 200㎲ during the test motion.
B. Practical application cases
Our developed control software was applied to four real
robots. Three of them, specifically (a), (b), and (d) shown in
Fig. 7 have a similar structure. In addition, (b) and (d) have
same DOF, though their link length, weight, gear ratio, and
servo-drive properties are different. In reality, (b) is an
advanced version of (d). The detailed information of (d) is
given in [9]. Robot (a) is unique because its waist has 3 DOF.
Robot (c) has both arms, but has only its right arm actuated. In
addition, robot (c) has 6 DOF in the kinematic joint and 12
servo-drives to actuate each joint with the antagonistic
configuration. The technicalities of robot (c) shown in Fig. 7
are explained in [10]. It costs one or two days to apply the
developed control software platform to a certain robot only if
the robot is connected through EtherCAT protocol.
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Fig. 7 Practical examples that the developed control software
framework were applied to.

IV. CONCLUSION
A general control software framework for any articulated
robot was developed. It is flexible and useful, assuming that
robot is connected through the EtherCAT protocol. In our
developed system, configuration of only four categories such
as ENI file, PDO data structure, hardware configuration, and
DH parameters is sufficient to operate any articulated robot.
The developed control software was applied to many practical
robots and it yielded a good real-time control performance.
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