
  

 

Abstract—Sensors integration with existing industrial 

robotics control system is a challenge for researchers to develop 

online guiding algorithms for new applications where intelligent 

robot control is required. Different software platforms for 

sensors integration with industrial robot controller over 

Ethernet network have been created and studied in this research. 

The aim of this work is to provide alternative solution for sensor 

integration with the industrial robots controllers that have 

limited interface options in order to extend their performance 

and the applications where they can be used. By doing so, online 

motion control based on external sensors data for collision 

avoidance or online trajectory generator will be possible even 

with low cost industrial robots. Several tests were conducted on 

the communication between the platforms and the controller 

with the focus on data transmission time over different 

scenarios.  

 

Index Terms—Ethernet interface, industrial robots, online 

motion control, sensors integration. 

 

I. INTRODUCTION 

Despite of the advanced developments in the industrial 

robot technologies and the variety of sectors where they have 

been implemented, many applications in the industry are still 

carried by human operators with density of 58 robots per 

10,000 employees that was reported in 2012 [1]. For example, 

a simple assembling application, where a part is needed to be 

assembled on another using peg-in-hole principle, is still not a 

commercially solved problem. On the other hand, many 

applications especially in the small and medium enterprises 

cannot benefit from the industrial robots capabilities due to 

complex trajectories of the given tasks and the variation in the 

configuration of both the processes and the environments [2]. 

This means fully automated processes could not be achieved 

[3]. Thus, there is an increasing demand for industrial robots 

to replace the human operators in order to increase the 

efficiency and performance of the processes. However, to do 

so, an intelligent industrial robot that can sense the 
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surrounding area to interact with human operators or most 

importantly to react to unforeseen events that might occur 

during the process is required. This can be achieved by sensor 

guided industrial robot with sensor based control. The 

keyword in the design of sensor guided robot is the integration 

method of the external sensors with the control system of the 

industrial robots [4]. 

 

II. CONTROL SYSTEMS INTERFACE OPTIONS 

Most of the industrial robots in service today, which are 

around 1,500,000 units, have their own commercial control 

systems [1]. And only the advanced ones give the possibility 

for external sensor integration such as KUKA robot using 

Robot Sensor Interface (RSI) where sensor data can be 

included in the internal control algorithm [5], [6]. 

For the commercial control systems that do not give neither 

such a sensor interface, nor an access to the internal low-level 

control loop for external feedback, the researchers tend to 

replace the control system with their own developed ones and 

have direct access to control the torque of each joint’s motor 

[2]. However, this developed control system should firstly 

build the dynamic model of robot manipulator using one of 

common methods such as Euler-Lagrange method or 

Newton-Euler method in form of motion equation defined as: 

 

)(),()( qGqqCqqM                            (1) 

 

where τ Rn is the torque vector, q is the joint angles, 

M(q)Rnxn is the inertia matrix, C(q, q)Rnxn represent the 

Coriolis and centrifugal force vector, G(q)Rn  is the gravity 

vector, and n is the number of joints . Usually such an 

approach is not desirable in industry, mainly because 

replacing the commercial control system means that the end 

user will waive the warranty provided by the vendor. 

Moreover, it is not always feasible to build an accurate 

dynamic model when all the necessary data on manipulator 

structure is not given from the vendor. Therefore, such an 

approach is rurally found today in the industry [2].  

The other approached to realize sensor integration with 

existing control system are by using the alternative interface 

options. EtherCAT is one of these interfaces where some of 

industrial robot control systems provide and many researchers 

have used it to realize real-time motion control [7], [8]. 

Another interfaces which also have been used to integrates 

sensors with controllers are CAN bus and RS232 [9], [10]. 

However, to use the mentioned interfaces usually requires 

some hardware modification either for the control system or 
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on the network in the work floor. On the other hand, the usage 

of Ethernet TCP/IP interface is increasing in the industry 

where most of devices such as HMIs, PLCs, machines, robots, 

sensors and instruments have made it as standard interface 

option and it is the most common interface type among others 

based on the IMS Research as shown in Fig. 1 [11]. Therefore, 

this research used Ethernet TCP/IP to realize the online 

guiding motion control based on external sensor that 

interfaced through a server (PC) to the commercial robot 

control system without any hardware modifications. Several 

experiments were conducted to study the performance of such 

an approach. 
 

 
Fig. 1. World market for industrial Ethernet 2015 forecast. 

 

III. EXPERIMENTS  

In this research, a Force/Torque sensor is used with the 

industrial robot to carry the tests on the online motion control. 

The F/T sensor, type ATI Gamma F/T Transducer, provides 

Ethernet interface through its NetBox using Row Data 

Transfer (RDT) with high-speed streaming data up to 7000 

Hz using UDP protocol. The industrial robot, type UR5 Robot 

manufactured by the Danish company Universal Robot, is a 

low cost 6-DOF manipulator with 5 kg payload. UR5 control 

system provides couple of standard interface options 

including Ethernet TCP/IP socket. Using this interface 

real-time measurements, ex. Joints’; positions, velocity, 

torques, etc, can be read with frequency of 125 Hz. 

A. Hardware Setup 

The F/T sensor is mounted on the robot TCP and connected 

to its Netbox through a transducer cable. Using Ethernet 

interface in the NetBox, sensor data is transmitted to the 

server (PC) over a network Switch where the robot control 

system is also connected to as shown in Fig. 2.  

 

 
Fig. 2. System hardware topology. 

 

B. Software Logic 

Since there is no direct access to control the joints’ torques 

As shown in Fig. 3 the server (PC) will have the software 

platforms where the online guiding algorithms based on the 

sensor feedback is implemented. Three different platforms 

were created to study and facilitate the implantation of online 

guiding approach. The tests focused on transmission time of 

the commands, i.e. new poses, interrupts signal, etc, and also 

on the response and execution time of the commands by the 

control system. Four test scenarios was conducted, three 

based on the direct communication between PC and robot 

control system and the last test was on interruption of robot 

movement based on F/T sensor feedback.  
 

 
Fig. 3. Software Logic: communication between the server and the clients. 

 

C. Test 1 and 2: Control System Data Transmission Rate  

The first two tests aim to evaluate the real-time data 

transmission rate from the control system to the server during 

robot stationary mode and moving mode on a specified 

trajectory. Fig. 4 and Fig. 5 presents the delta time of the 

packages arrival stationary model and moving mode 

respectively.  
 

 
Fig. 4. Data transmission rate in stationary mode. 

 

The average delta time for the normal packages with size of 

130 Bytes is 1.5 ms. However, because of the Ethernet 

adapter in the server there is a data buffering which lead to a 

delay up to 25 ms in each second package. The data was 

capture using Wireshark and compared with data captured 
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as mentioned before, a small program should be written inside 

the robot control system. This program basically consist of 

four parts; Before Main Program part where the 

communication with server over Ethernet socket is opened, 

Thread 1 part in which the current position of the robot TCP 

(x, y, z, αx, αy, αz) is sent continuously to the server, Main 

Program where movement of robot to the new pose is defined 

based on received information from server, and fourth part is 

Thread 2 that check continuously for a signal from the server 

to interrupt the movement inside the main program. The 

Threads are executed in parallel with main program.



  

also by Capsa software. 

 

 
Fig. 5. Data transmission rate in moving mode. 

 

D. Test 3: Response Time 

The aim of this test is to check the response time of the 

control system to specific request from the three different 

platforms. A signal is sent from the PC to the control system 

requesting for the internal Force on TCP in form of six values. 

While Platform 1 showed the best performance the average 

response for all platforms time is 157 ms as shown below in 

Fig. 6 
 

 
Fig. 6. Control system response time for pc requests. 

 

 
Fig. 7. TCP stop position after impact with an obstacle. 

 

 

Motion control of the industrial robot based on F/T sensor 

data is carried in this test. The robot TCP moves on a defined 

trajectory between two points. In the middle of this trajectory 

there is an obstacle and as soon as a contact is detected by F/T 

sensor, the robot should stop immediately. Fig. 7 shows the 

stop position of the TCP based on sensor data in different 

motion velocities. 

 

IV. CONCLUSION  

Software platforms for external sensor integration with 

commercial robot control system using Ethernet interface was 

evaluated in this research. The experiments results show that 

it is possible to use such approach for online guiding control, 

despite of the relatively slow reaction to sensor feedback. 

During the movement of the robot, real-time measurements 

transmission was effected with 5 ms delay average comparing 

to stationary mode, nevertheless is still in the range of Soft 

Real Time commutation. The control system response time 

for specific request varies depending on the software 

platforms. The fastest response time recorded was 27 ms, the 

slowest was 290 ms, and the average was 157 ms. This can be 

considered as slow response time since it is more than 100 ms, 

i.e. the average communication time for Ethernet network. 

Enhancement in the platform software or in the robot control 

system program can reduce the response time. In test 4 the 

results were not optimistic if compared with previous tests. 

Depending on the speed of TCP the reaction of the system to 

the impact with external obstacles does change with better 

result as the speed decrease. A solution to this can be by 

reducing the speed of TCP before it reaches the obstacle, and 

this can be done using additional sensors, such as a vision 

sensor or a proximate sensor.  
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