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SAMMANFATTNING 

 

Nuförtiden utvecklar många forskare flera användbara prototyper för att kontrollera 

robotar med AR / VR-enheter. De robotar som används är alla ROS-stödda och 

prototyperna har ingen feedbackmekanism för att uppnå felkompensering. För 

industrirobotar finns det många typer av robotar som inte stödjer ROS men används 

flitigt i produktionslinjen sedan många tillbaka. Det är idag en utmaning att kunna 

koppla de äldre robotarna till AR / VR-teknik för att kunna uppnå ett sammarbete 

mellan människa och robot men även att kunna hålla en låg kostnadsbesparing. 

 

Denna avhandling beskriver en serie arbeten som är utvecklade för att styra en icke 

ROS-stödd industrirobot, KUKA KR6 R700 Sixx, med hjälp av Unity (ett grafiskt 

gränssnitt). Huvudmålet med denna avhandling är att etablera en backend-

systemstruktur för att stödja kontrollkommandon från Unity som i sin tur kan utföras 

av roboten. Vidare så utvecklas en kompensationsmekanism med en sluten 

slingfunktion, som i sin tur kan justeras om återkopplingsdatan för det slutliga 

robotläget är utanför toleransomfånget. För att kunna uppnå detta tillämpades vissa 

tillgängliga kodpaket och Unity tillgångar, dvs. rosbridge_suite, ROS# och 

KukaRosOpenCommunication. Dessutom utvecklades också några användbara 

funktioner för att kunna plocka och placera.  

 

För att kunna förstå systemets tillgänglighet genomfördes två st test: 

kompensationsmekanismtest och systemfördröjningstest. Testresultatet av 

kompensationsmekanismen visar att mer än 98% positionsfel kan kompenseras. 

Resultatet av systemets tidsfördröjning visar att systemet behöver ytterligare utveckling 

för att kunna uppnå realtidskontroll. 
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ABSTRACT 

 

Nowadays, many researchers are developing several useful prototypes to control robots 

by AR/VR devices. However, the robots they used are all ROS supported and the 

prototypes do not have a feedback mechanism to achieve error compensation. For 

industrial robots, there have lots of type robots do not support ROS and serve 

production line from many years ago. It is a challenge that how to connect these legacy 

robots with new AR/VR technology to achieve both human-robot collaboration and 

cost-saving. 

 

This thesis describes a series of works developed in order to control a non-ROS-

supported industrial robot, KUKA KR6 R700 Sixx, by Unity graphic interface. The 

main goal of this thesis work is to establish a backend system structure to support 

control commands from Unity that can be executed by the robot. Furthermore, a 

compensation mechanism with closed-loop function is developed, which can adjust if 

the feedback data of the final robot pose is out of the tolerance scope. In order to achieve 

this, some available code packages and Unity assets are applied i.e. rosbridge_suite, 

ROS# and KukaRosCommunication. Moreover, some useful functions are also 

developed to achieve i.e. pick and place.  

 

To understand the availability of the system, two tests have been completed: 

compensation mechanism test and system delay test. The compensation mechanism test 

result shows that more than 98% position error can be compensated. The system time 

delay test result shows that the system needs further development to achieve real-time 

control.   
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ABBREVIATIONS 

_____________________________________________________________________ 

 

AR       Augmented Reality 

VR       Virtual Reality 

Unity      UNITY3D 

ROS      Robot Operating System 

HMD      Head Mounted Display 

HRC      Human-Robot Collaboration 

PTP       Point-to-Point 

ROS-I      ROS-Industrial 

RSI       KUKA.RobotSensorInterface 

KCT      KUKA Control Toolbox 

EKI       KUKA.Ethernet KRL 

PLC      Programmable Logic Controller 

IK       inverse kinematics 

CCDIK      Cyclic Coordinate Descent Inverse Kinematics 

_____________________________________________________________________ 
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INTRODUCTION 

 

This report presented the result of a Master of Science thesis project at Royal Institute 

of Technology (KTH). The objective with this master thesis is to develop a close loop 

structure solution to support soft real-time interaction with legacy industrial robots by 

graphic control. 

 

Background 

 

In the recent years, Augmented Reality (AR), Virtual Reality (VR) and Cloud have 

become popular technologies which gains huge market success globally. Meanwhile, 

combining with open platform, broad bandwidth and other developed technologies, it 

is possible to monitor and control robots in the virtual environment with the help of 

devices like Microsoft HoloLens. 

 

Nowadays, most industrial robot companies are offered their own software to achieve 

remote monitoring, data collecting and analyzing. The disadvantage is that, it still needs 

offline or online programming by operators to reach desired action. Even some of new 

industrial robot types are supporting third party open platforms, but considering 

lifespan and purchase cost, old types of industrial robot are still the main force in the 

manufacturing companies, and they will still service in many years.  

 

Research Scopes 

 

1. Use visual/graphic-based method to drive a legacy robot remotely 

 

The objective of this thesis work is to generate a structure solution to control a 

legacy industrial robot remotely, which the type is KUKA KR6 R700 Sixx. Besides, 

to connecting with AR/VR technologies, a virtual robot application with the same 

important parameters will be built by AR/VR supported software, so that the 

solution can be further developed and then running in AR/VR devices in the future.  

Also, a pneumatic gripper controller will be developed to achieve pick and place 

function, as well as robot speed controlling. 

 

2. Establish a closed-loop control to achieve accurate control, pose tracking and robot 

movement compensation 

 

Close loop is another important part for this project. With close loop, the frontend 

can not only send commands to the robot but also can receive current statue to 

achieve more functions e.g. presenting current movement and setting start pose. 

 

 



 6 

Method 

 

Figure. 1 is showing the main structure of the project, which including 5 main steps. 

 

 

Fig. 1 Main Project Structure 

 

Firstly, conference and journal papers which related to AR/VR controlling and data 

transmission methods have been searched and checked to understand what the solutions 

are and how they are working. Secondly, documents and open sources which related to 

KUKA industrial robots controlling remotely have been searched. Combining with the 

result from the first step, the suitable developing path has been generated. 

 

The next three steps are developing, implementing and testing. The frontend developing 

platform is UNITY3D (Unity) and the programming language used is C#. The backend 

developing platform for axis-based controlling is Robot Operating System (ROS) 

which running on LINUX and the programming language used is C++. To establish 

data transmission, WebSocket from ROSBridge_Suite has been chosen as data bridge 

at LINUX and ROS# has been chosen as data receiving and sending asset in Unity. In 

the meanwhile, Eclipse and JAVA have been chosen for function operating e.g. gripper 

controlling. 

 

Delimitation 

 

The scope of this thesis work is limited to develop with open source and the specific 

robot type: KUKA KR6 R700 Sixx with C4 controller. The results and conclusion from 

the study are pertinent to only this robot. Technically, the generated method is suitable 

for other robot types which included by the same series, but it should be tested in the 

future. 

 

The thesis work is more focusing on backend design and data transmission. Necessary 

frontend parts and functions are built for testing only. Meanwhile, the chosen inverse 
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kinematics component may not suitable for control situation in AR/VR devices. For 

further frontend development, the design of this work can be used as a reference. 

 

For safety concern, all graphic control moving tests have been done with Unity in Scene 

tab, the function operating control has been tested by one-way JAVA program and the 

control mode of the robot is setting to T1. 
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LITERATURE REVIEW 

Previous Studies and Research 

 

Through the development of technology, AR/VR has been a popular research topic in 

Industry 4.0. Comparing with VR devices, such as HTC VIVE and Oculus VR products, 

AR not only has Head-Mounted Display (HMD) e.g. Microsoft HoloLens, but also has 

another technology path. 

 

In the study of [1], an AR interactive assembly guide framework has been created for 

short-lived assembly tasks with multi projectors. Workers can follow the instruction 

which projected on the desktop and tap a virtual button to confirm to go to the next step. 

At the same time, the electrical cabinet (the main work piece) location can be tracked 

by both a camera in a zenith position and an edge tracker, then the system will re-

manage the AR interface to a suitable position.  

 

However, HMD device is more concerned by researchers because its flexibility and 

scalability. Combining defined graph and object tracking, users can see and understand 

what they need to do on each specific object with what tools they need through 

HoloLens’s display [2]. With assembly visualization by HoloLens, operators can 

understand the next process and work in an intuitive environment [3]. Also, connecting 

HMD with other technology, AR can be more practical. With Digital Twin and Virtual 

Twin, users can oversee the whole factory data with HoloLens and turn stations on and 

off remotely using digital switch [4]. With manufacturing modeling and simulation, it 

can be much easier to analyze manufacturing performance by tagging interested devices 

in AR interface e.g. cycle time and throughout put [5]. Telecommunication technology 

can help operators to receive real-time data, e.g. camera view and battery information, 

to know and control devices better. At the same time, the same information flow can be 

shown in other HMD users to understand the situation and help the main operator if 

necessary [6].  

 

According to the characters of AR technology, researchers from Human-Robot 

Collaboration (HRC) area are proving how it can help to reduce learning cost. The 

experiment result from study [7] has shown that the workload throughout robot control 

can be decreased by helpful AR information. Furthermore, AR can affect the human 

trust in robot positively [8]. The AR application from study [9] can display the planned 

moving paths and gripper actions so that users can understand what the programming 

result and learning robot program easier and faster with visual information.  

 

On this basis, intuitive robot programming has been developing and many 

achievements have been demonstrated. The basic idea of intuitive robot programming 

is that change the virtual robot pose in AR interface and then the real robot can move 

to the same pose. In 1993, AR has been proved that it can be used to virtual measure, 
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landmark and overlay for human-robot communication [10]. These features are the 

cornerstones for AR controlling development. The study of [11] is a good example. The 

virtual UR robot can be overlaid on the real robot through recognizing a QR code by 

HoloLens. After selecting one of three pre-settled landmarks, the user can see the pre-

pick/pre-place pose in AR interface and the real robot will go to the same pose to 

pick/place the real object when confirmed. In [12], the target object becomes to the 

main role. The target object can be recognized by HoloLens and highlighted in AR 

interface. Users can drag and drop the highlighted virtual object and confirm the final 

location. The robot will automatically pick the real object and place it to the final 

location as shown in AR interface. 

 

The above two works can be classified as Point-to-Point (PTP) operation. In real life, 

trajectories like arc, line and customized path should be achieved [13]. Therefore, 

trajectory planning is one of the most important topics in intuitive robot programming 

area. The arc trajectory solution of study [14] is: set 3 circle points first, then generate 

a considerable amount of points between the first point and the last one through 

calculating a circle center and its radius, and manipulate the robot to go through. For 

free space trajectory planning, B-splines has been used to path calculation due to 

flexibility [15]. Even the methods of generating path are different, but the theory is the 

same: to generate points on the path and the robots should arrive them one by one. 

 

In trajectory planning, there has another problem should be considered, collision 

avoidance. In study [16], a robot program which can achieve collision-free path 

planning has been developed in AR environment. This HoloLens application can detect 

obstacles from the real world and then generate a useable path for the virtual robot.  

 

Supporting Methods for Robots Controlling by AR/VR 

 

Frontend development platforms 

 

For current HMD devices, two frontend software platforms are popular for developers 

and researchers, UNREAL (UE) [17] and Unity [18]. With these game engines, 

developers can create graphic control panels easily. Furthermore, due to well supported 

by HMD enterprises, special control methods (e.g. drag and tap) can be achieved by 

loading assets e.g. MixedRealityToolKit for Unity from Microsoft [19]. 

 

Robot manipulator backend 

 

For simulation and real robot control, ROS is the most popular platform to developing 

robots. Nowadays, lots of robot companies support ROS to be user/developer friendly. 

Moreover, some industrial robot companies are current members of ROS-Industrial 

(ROS-I) [20] to support ROS on industrial robots e.g. ABB [21] and Universal Robots 

[22].  
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Besides, lots of control methods and connection frameworks have been developed 

based on ROS. In study [23], a keyboard-based control method for 6-DOF robotic arm 

has been developed with forward kinematics and inverse kinematics algorithms. For 

legacy robots, ROSlink project discussed how ROS can connect with legacy control 

systems and use ROS methods to drive them [24]. MATLAB [25] is a powerful develop 

and simulate tool, it can help to convert income information and send it to robot 

manipulator through ROS input and output (e.g. from Quaternion to a Yaw Angle) [26] 

[27].  

 

 

Fig. 2 Concept Structure of Remote Control 

 

Except controlling directly, remote control is more concerned due to flexibility and 

safety. Fig. 2 shows the concept of remote-control structure. For local server (usually a 

PC), user devices can connect directly from Wi-Fi without any other technologies [28] 

[29]. It is usually to control single robot. Another server type is based on online and it 

is usually to control multiple robots. In study [30], a server, which including web server 

technology, has been used to connect robot manipulator and user interface as an 

information bridge. Combining cloud technology in server section, different authority 

level users can control machines within the scope of responsibility by admin system 

[31]. 

 

Connecting AR/VR Application with ROS 

 

 

Fig. 3 Order Flow for Directly Control 
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Fig. 3 shows the typical order flow to control a robot through server directly in ROS. 

Orders from operators will be published and subscribed in server and then the robot 

manipulator will receive orders and execute them. To control robots from AR/VR 

applications, the function of “Publish Message” should be separate from server and put 

in AR/VR applications. Fig. 4 shows the information flow to control a robot through 

AR/VR applications. 

 

Fig. 4 Order Flow for AR/VR Applications Control 

 

In study [32], a general information transmission method between AR/VR 

applications and server has been described. A websocket can be opened at server and 

the function “Subscribe Message” can read JSON type message from the websocket. 

AR/VR applications can convert “Publish Message” to JSON message through 

specific plugin which depends on frontend develop platform. The JSON message 

from AR/VR applications can be sent to the specific websocket port under specific IP 

address. 

 

External Control Methods for KUKA Industrial Robot 

 

Official Software Related 

 

KUKA.RobotSensorInterface (RSI) is an add-on technology package [33]. It allows 

real-time data exchange between the robot controller and an external system via 

Ethernet. For example, RoBO2L and OpenKC are toolboxes based on RSI, which can 

control KUKA industrial robots with a remote PC [27] [34]. Also, a MATLAB toolbox, 

named KUKA Control Toolbox (KCT), has been developed for KUKA robot control in 

real-time [35] [36]. In intuitive robot programming, an AR application has been 

developed and RSI is the chosen data transmission method [37].  

 

KUKA.Ethernet KRL (EKI) is another add-on technology package and allows data 

exchange via Ethernet [38]. However, EKI does not support real-time. For example, 

ROS-I has developed an experimental package to allow ROS to control KUKA robots 

via EKI [39]. 

 

Programmable Logic Controller (PLC) 

 

To achieve automation, PLC is a good choice to control industrial robots. KUKA.PLC 

mxAutomation is a software to support PLC controlling [40]. It is possible for external 

controllers with an embedded PLC to command KUKA robots on the basis of 
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elementary motion instructions. 

 

JOpenShowVar 

 

JOpenShowVar is a JAVA open-source interface to allow cross-platform 

communication to KUKA robots [41]. It can read and write variables and data structures 

of the controlled manipulators [42]. To achieve desired execution, orders should be 

structured and sent through JOpenShowvar and then received to specific positions of 

config.dat in KUKA Controller by KUKAVARPROXY. The running program in KUKA 

controller will read and process them to drive the robot motion. Fig. 5 shows a client-

server model under JOpenShowVar structure. 

 

 

Fig. 5 The Proposed Architecture for JOpenShwvar with a client-server model [42] 
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PROPOSED SYSTEM ARCHITECTURE 

System Architecture 

 

Fig. 6 shows the architecture of the application. Due to ROS does not support running 

axis control and C-space control together and customized robot topics, they are 

separated to two parts. ROS in LINUX virtual machine is focusing on axis control and 

a txt file in Windows is a container to store other orders from Unity graphic interface.  

 

 
Fig. 6 Application Architecture  

 

Before Graphic Interface running, LINUX and Robot Controller have been connected 

and ROS in LINUX can record the robot 6-axis data from Robot Controller. After 

Graphic Interface starting, the recorded 6-axis data in ROS can be transferred to 

Graphic Interface and then change the virtual robot pose, so that the virtual robot can 

have the same pose as the real robot. If the virtual robot pose is changed by robot 6-

axis control, the data will be transferred to LINUX and then written into Robot 

Controller to drive the real robot. Robot C-space control and gripper & speed control 

are going to another way. The data from these commands will be written into a txt file 

in Windows as the same as Graphic Interface. Then they will be transferred to Robot 

Controller to execute. 

 

Robot 6-Axis Control 

 

In Unity graphic interface, robot 6-axis data can be collected from a virtual robot. In 

this way, the final pose of the real robot can have the same pose as the virtual robot 
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shown. Then the data is going to ROS and doing trajectory plan. After that, the robot 

controller receives the data from ROS and manipulate the robot to achieve desired 

pose.  

 

The connection between LINUX and the robot controller is bidirectional. ROS can 

also monitor real-time 6-axis data from the real robot. With the closed loop structure, 

the 6-axis data from the real robot can go back to Unity graphic interface. Through 

command from users, the received data will compare with the send data. If the 

difference is out of tolerance, the send data will be corrected to drive the real robot to 

ensure the final pose is the same as the virtual robot shown. 

 

 

Robot C-Space Control 

 

Due to unifying world coordinate systems of Unity and the real robot is not included 

in this thesis work, the data of C-space control is inputting directly from the Unity 

graphic interface rather than detecting the location of the end-effector of the virtual 

robot.  

After the C-space data confirming, it will be written into a txt file. As a data container, 

the file will be read and then, the related data will be transferred to the controller. in 

this function, an additional identifier number will be with the C-space data. This 

identifier is a mark to change module from 6-axis control to C-space control or from 

C-space control to 6-axis control in the robot controller. 

 

Gripper & Speed Control 

 

This function has a same workflow as the C-space control. No identifier is the only 

difference between them. After orders transferred from Unity graphic interface to the 

robot controller through the txt file, the robot will change gripper’s situation and axis 

moving speed. 

 

Hardware Structure 

 

According to the previous studies [27] [34] [36] [42], even the software structures are 

different, the basic structure concept is the same. As Fig. 7 shown, the interaction device 

is connecting the robot through a broker. With two-way transmission, orders from the 

interaction device can be send to the robot and required data can be transferred to the 

interaction device.  

 

 

Fig. 7 Basic Structure for Hardware 
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METHODOLOGY 

Hardware & Software  

 

1. Hardware 

 

The research robot type is KUKA KR6 R700 Sixx. It is a compact 6-axis robot from 

KR AGILUS series. Its energy supply system and controller are integrated, and the 

name is KR C4 controller. Another hardware is a Windows PC. it is a platform to 

design and simulate a graphic interface and at the same time, it is also a broker to 

connect the graphic interface and the robot. To connect this two hardware, a network 

cable is used to establish TCP/IP connection through Ethernet ports. 

 

2. Software & Package 

 

2.1 Preparing 

 

Unfortunately, KUKA official website does not support completed 3D models 

downloading. To achieve graphic control, the virtual robot arm has been created by 

SolidWorks based on the parameters from KUKA technical file as Fig. 8 shown. Due 

to Unity only support FBX format file importing, the assembly SolidWorks file need 

to import to 3D MAX to transfer to FBX format file first, and then it can be import to 

Unity. 

 

 

 

Fig. 8 Key Parameters of KUKA KR6 R700 Sixx [43] 

 

2.2 Graphic Interface – Unity & Assets 

 

Unity is a cross-platform game engine developed by Unity Technologies. It also 
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supports AR/VR application developing. Through literature review, lots of researchers 

are using Unity to develop their projects with AR/VR devices to control robots. To 

convenient further developing, Unity is a good choice to use in this thesis work. 

 

In graphic environment, the most direct operation to interact with a virtual robot arm 

is dragging the end of it. Due to inverse kinematics (IK) problem is not included in 

the project, an asset called FinalIK [44] has been purchased. In this package, an IK 

solver called Cyclic Coordinate Descent Inverse Kinematics (CCDIK) can be used to 

drive a chain of bones. It is suitable for interacting with the robot arm. 

 

When a virtual robot pose is settled, how to send 6-axis data to ROS is a problem. 

Another asset in Unity named ROS# can be used to solve it. With a suitable data 

container, data from Unity can be transferred to JSON format file to a specific 

WebSocket port with a unique topic. Also, it can receive specific topic message and 

recover to Unity-understand type message. 

 

2.3 Communication – JopenShowVar 

 

To achieve communication between the PC and the controller, there have lots of open 

sources can be chosen. However, the controller did not install any KUKA official 

software, JOpenShowVar is the only way to establish the information bridge. 

 

2.4 Middleware – LINUX & ROS 

 

Because ROS needs LINUX environment, a LINUX virtual machine is installed in the 

Windows PC by VMware Workstation. After comparing reliability, richness of 

resources and supports, UBUNTU 16.04 and ROS Kinetic Kame are the chosen 

developing sets. With network bridging, the virtual machine can share the PC’s 

network and has its own IP address. 

 

To open WebSocket and receive messages from Unity, LINUX needs to open its 

WebSocket port. A LINUX suite called rosbridge_suite is installed, and it can 

complete this mission. ROS provides a tool named MoveIt, which can not only have a 

visualized moving simulation but also can drive real ROS-supported robots. Besides, 

all settings can be achieved by C++/Python programming, which means MoveIt can 

receive outside orders and execute automatically. Through introductions of building a 

new MoveIt package [45] with ROS-I source, a KUKA KR6 R700 Sixx control 

package has been made. 

 

Unfortunately, KUKA robots are not supporting ROS control natively. In research 

checking process, a project called kukaRosOpenCommunication at GitHub has been 

found [46]. JOpenShowVar has been rebuild from JAVA to C++ and at the same time, 

an ROS-based control package can achieve real KUKA robot trajectory plan and 

execute. After interviewing with the author by emails, I have been authorized to use 
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and edit this package to develop my project.  

 

Communication Structure Based on ROS 

 

 

Fig. 9 Message Flow from Unity to the Robot Controller via ROS 

 

When a valid 6-axis data is generated by the virtual robot in Unity graphic interface, it 

will be sent to ROS through ROS#-WebSocket bridge. Then MoveIt will process 

received data and generate a trajectory plan. With TCP/IP and 

KukaRosOpenCommunicaiton connection, the plan can be transferred to the robot 

controller. When the running KRL program detects received data, it will drive the real 

robot to execute the trajectory plan. 

 

When the whole system is working, ROS can monitor several data from the real robot 

including real-time 6-axis data and it is stored in the topic named “/joint_state”. When 

a compensation requirement checked in Unity graphic interface, the request can be 

sent to the ROS. Then, the real-time 6-axis data from the real robot can be sent back 

to the Unity graphic interface. After comparing, Unity will send checked data to 

achieve the real robot has the same pose as the virtual robot does. 
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Communication Structure Based on TXT file 

 

 

Fig. 10 Message Flow from Unity to the Robot Controller via TXT File 

 

Due to C# is the default programming language of Unity, it is convenient to use C# to 

write data from Unity to a txt file. When orders about C-space control, gripper control 

or speed control are confirmed, they can be written into the txt file immediately. Then 

a Java program with JOpenShowVar can read data and write them to the defined 

places in the robot controller. When the running KRL program detects the variables 

changed, the confirm identify variable can ensure the robot can jump to the requested 

function module and execute orders. 
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IMPLEMENTATION  

Control Structure and Workflow 

 

 

Fig. 11 Flow Chart for Application Working Procedure 
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Fig. 11 shows the procedure of the application working. When the application start, 

the virtual robot pose will be settled as the same as the real robot. The application has 

five main functions: 6-axis control, set C-space position, speed control, gripper 

control and compensation request. For safety concern, every function needs to be 

confirmed by users and then the real robot will execute commands. For example, 

when the real robot is under 6-axis control, the user needs to confirm the new virtual 

robot pose and then the data can be sent to execute. After the real robot moving to the 

confirmed pose, then the user can set the next pose or choose other functions. The 

exception is Compensation Request. Because the data is detected and compared 

automatically, plus the move is in a limited range, users can liberate in this function 

without safety considerations.  

 

Based on Architecture and Methodology, the following sections are showing how 

these functions are working with programs together to achieve goals. Particularly, 

Unity graphic interface has 2 same size virtual robots in the same position. In order to 

better understand, they are named Virtual Robot 1 and Virtual Robot 2.  

 

Setting Virtual Robot Pose  

 

In this stage, Virtual Robot 1 and Virtual Robot 2 are both controlled by the real robot 

data.  

 
Fig. 12 Data Workflow After Application Starting 

 

Fig. 12 shows the workflow after application starting. In ROS, “/joint_state” is 

monitoring the real robot’s 6-axis data in real time. “axiscall” is a C++ program to 

extract data from “/joint_state” and then re-struct and send data to WebSocket. After 

that, “posechange” will receive this data and change each virtual robot part to the 

target rotation angle. Fig. 13 is an example shows before and after the application 

starting the different virtual robot poses.  
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Fig. 13 Virtual Robot Statues Before (Left) and After (Right) Application Starting 

 

6-Axis Control & Compensation Request 

 

In this stage, Virtual Robot 1 is for controlling and Virtual Robot 2 is for monitoring.  

 

 

Fig. 14 Frontend UI interface 

 

It has four buttons in Unity graphic interface as Fig. 14 shown. STATIC is to lock 

current statue to avoid mis-activity. It is default selected when the application start. 

ACTIVATE is to unlock and the virtual robot pose is ready to be changed by dragging 

its end-effector with “CCDIK”. When the virtual robot pose is ready, as Fig.15 shown 

(the lower robot arm is the target pose), click MOVE to send the pose 6-axis data to 

WebSocket with a C# program named “compensationmove_part1”. “jointtest” in ROS 

can receive this data and send to MoveIt to plan trajectory. Then the data can be 

written into “MYAXIS” array in config.dat in the robot controller. Through KRL 

program driving, the desired pose can be achieved. 
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Fig. 15 Setting Target Pose 

 

In “compensationmove_part1”, to test compensation move, some deviations are added 

in the code originally. In Unity graphic interface shown on the left of Fig. 16, poses of 

Virtual Robot 1 and Virtual Robot 2 have a significant gap. 

“compensationmove_part2” is used to calculate 6-axis data difference between the 

virtual robot and the real one. The results are transferred to 

“compensationmove_part3”. Normally, “compensationmove_part3” is de-activated. 

When click ACCURACY button in Unity graphic interface, it is activated in short 

time and the data can be transferred to “compensationmove_part1” to judge the 

differences are out of tolerance or not. If yes, after clicking MOVE button, the new 6-

axis data is sending, and the real robot is going to the new pose to ensure the real 

robot has the same pose as the Virtual Robot 1 does. 

 

  

Fig. 16 Before (left) and After (right) Compensation Mechanism 
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Set C-Space Location, Speed & Gripper Control 

 

Due to C-space location setting needs specific data, in un-unifying both Unity 

coordinate system and real robot coordinate system situation, it is better that input 

verified data in Unity and then transfer to the robot controller. The txt file is also 

containing speed and gripper control identifiers, so all of these functions are input by 

manual. 

 

As Fig. 17 shown, the left side is a C# program “writetxt” in Unity and the 

cooresponding txt file named “abb” in Windows is on the right. From top, the first six 

numbers are C-space location for the end of the gripper and the seventh is an 

identifier to change control mode between 6-axis and C-space. The eighth number is 

to control the gripper opening and closing and the ninth is to change the speed of 

joints. The last two numbers are no meaning and prepared only for testing. 

 

  

Fig. 17 C# Script “writetxt” in Unity (left) and the TXT File Content 

 

When the setting is finished, these data is written into “abb” file automatically. To 

transfer to the controller, another JAVA program with JOpenShowVar should be run 

by Eclipse. The JAVA program is reading “abb” txt file at first. Then with help by 

JOpenShowVar, the data can be transferred to the right position in the controller. 

Through the KRL program reading, the required movement and orders can be 

achieved. 

 

Performance Evaluation 

 

1. Compensation Test 

 

The compensation mechanism is the most important contribution in this thesis work. 

Because the original 6-axis data between the input and the output is too close, 

additional degree is added to the original input from the virtual robot. The chosen 
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joints are from A2 (according to the KUKA definition, the second joint close to the 

base) to A5 (the second joint close to the end effector) and added value is 2 degrees. 

In addition, to do a control experiment, the added value on A5 is changed to 4 degrees 

and others are on the same setting to observe how it behaves under different 

situations. The default trigger difference is bigger than 1 degree. 

 

 

Table. 1 Compensation Results 

 

As Table. 1 shown, from A2 to A5 with added 2 degrees, the average deviation input 

is approximately 2 to 3 degrees. After compensation, the position errors have 

decreased significantly. For A2 to A4, the errors after compensation is close to the 

maximum accuracy (0.01 degree) of the robot. For A5, even if the results are not 

satisfactory for both two situations, more than 98% of the position error decreasing 

proves the feasibility of the mechanism. 

 

2. System Response Time Test 

 

The response time for every system is one of the most important parameters. 

Considering Windows and LINUX virtual machine share unified hardware, it is better 

to test how much time the data transferring cost from the robot controller to Unity 

graphic interface via ROS. Other functions response times cost via txt file are also 

tested. 

 

2.1 Time Cost from the Robot Controller to Unity via ROS 

 

This test is divided to two parts. The first part is to detect how much time the transferred 

data from the robot controller can be read in ROS. To ensure the accuracy of the data, 

it is collected through the robot smooth moving with data readable process. Table. 2 

shows this test result. After six rounds testing, the average time is 69.57 ms.  
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Table. 2 Time Results for Data from the Robot Controller to ROS 

 

Another part is to detect how much time the received data in ROS can be read in Unity. 

Because sending and receiving frequency can influent the final result, the test is 

repeated 5 times under different frequency situations. As Table. 3 shown, in 10 Hz 

situation, the average receiving time is 156.7 ms. At 200 Hz, the average time decreases 

to 85.8 ms. However, higher frequency cannot get less receiving time. At 500 Hz, the 

average receiving time has 16.3 ms more than at 200 Hz.  

 

 

Table. 3 Time Results for Data from ROS to Unity in Different Frequencies 

 

2.2 Time Cost form Unity to the Robot Controller via txt file 

 

This test is also divided to two parts: writing data to txt file from Unity and transferring 

data from txt file to the robot controller. 

 

Table. 4 shows the first test result. In each round, same data with 10 numbers is writing 

in the txt file 301 times. Normally, the first-time writing is the most time cost. After 

that, even if the data fluctuates, most of them are landing on 1 ms.  
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Table. 4 Time Results for Data Writing from Unity to TXT File 

 

Table. 5 shows the second test result. The data structure is the same as the first part. 

The time is including connection time, read and write data time. The result time is 

between 54 ms and 99 ms. The average test time is 64.8 ms. 

 

 

Table. 5 Time Result for Data Transferring from TXT File to the Robot Controller 
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CONCLUSTIONS & FURTHER WORK 

The general conclusion from this research performed is that, it is possible to connect 

legacy industrial robots with new graphic technology to improve human-robot 

collaboration. Also, the working in two research scopes are completed successfully and 

the conclusions are shown below. 

 

Research Scope 1: Use visual/graphic-based method to drive a legacy robot remotely 

 

In this thesis work, a backend system for graphic control is developed to control an 

industrial robot. It relies on open-sources and limited purchase for assets. The idea 

is establishing a data communication and identification mechanism for both 

frontend and backend. Users can drag the end effector of the virtual robot arm and 

place to the desired location. Then the real robot will move to the same location 

with same pose. Users can also control the pneumatic gripper statue and axis speed. 

Furthermore, if a specific C-space position is known, the system can change to C-

space control to achieve desired position. 

 

Research Scope 2: Establish a closed-loop control to achieve accurate control, pose 

tracking and robot movement compensation 

 

The main contribution in the system is to create a compensation mechanism based 

on closed-loop design. The compensation mechanism can help to check and revise 

data to correct the real robot pose in a reasonable tolerance. As an added benefit, 

Virtual Robot 2 in Unity graphic interface can reproduce the working situation of 

the real robot. It gives an opportunity to users to monitor the robot situation in a 

virtual environment. At the same time, Virtual Robot 1 and Virtual Robot 2 can 

have the same pose as the real robot after the application starting. It is convenient 

and more intuitive for users. 

 

The response time test result shows that the system does not have fast response. For 

industrial robots without related sensors, double-check mechanism (preview desired 

pose and click MOVE) is better for safety and the response can be not fast as the real-

time control system.  

 

For further work, it is better to unify 6-axis control and other functions in one platform. 

It is not only simplifying the whole system, but also can decrease the response time. In 

graphic interface, it is better to have a trajectory preview to help users to understand 

how the real robot will move. Besides, Unity can develop software for multiple operate 

systems and devices. After completing frontend, it is possible to drive the robot in 

AR/VR devices or, monitor the robot working statue in virtual environment as digital 

twins. 

 



 28 

However, there still have some aspects need to be improved and solved: 

 

1. The system is relying on stored data in config.dat, but the real robot pose can be 

changed by KUKA smartPAD and the new data will not be updated. It is 

dangerous that the system will automatically change the robot pose when the 

system starting.  

 

2. Due to lack of judgment mechanism and program limits, when starting system, it 

will be warned if the last use is ending with C-space control.  

 

3. Sometimes the robot will warn overload and stop the running process. After 

confirming in smartPAD, the stopped process can continue. This problem weakens 

the reliability of the whole system. 

 

4. The speed control can only effect in 6-axis control and cannot change speed in 

system level. For example, if the current speed in system is 30% of the fastest 

speed, the speed control can only adjust in the range of 0.03% (1 in speed control) 

to 30% (100 in speed control). 

 

5. CCDIK component from FinalIK is a temporary solution for robot dragging in 

Unity graphic interface. It still needs further development to find a perfect solution 

for virtual robot control. 

 

1 and 2 can be solved by improving current programs to establish starting and ending 

self-check mechanism. However, 3 and 4 are system level problems which cannot be 

solved by programming because KUKA controller permissions are not open. In my 

opinion, PLC is a good way to solve system level problems like 3 and 4. It can be 

developed and tested in the future. 
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APPENDIX 

C# Programs in Unity  

 

1. Receive 6-Axis Data From ROS 

 

using UnityEngine; 

using UnityEngine.UI; 

using System.Collections; 

namespace RosSharp.RosBridgeClient 

{ 

    public class posechange : Subscriber<Messages.Geometry.Pose> 

    { 

        public float a, b, c, d, e, f, g; 

        private Vector3 position; 

        private Quaternion rotation; 

        private bool isMessageReceived; 

 

        protected override void Start() 

        { base.Start(); } 

        private void Update() 

        { 

            if (isMessageReceived)  

                ProcessMessage(); 

        } 

        protected override void ReceiveMessage(Messages.Geometry.Pose message) 

        { 

            position = GetPosition(message).Ros2Unity(); 

            rotation = GetRotation(message).Ros2Unity(); 

            isMessageReceived = true; 

        } 

        public void ProcessMessage() 

        { 

             a = position.x; 

             b = position.y; 

             c = position.z; 

             d = rotation.x; 

             e = rotation.y; 

             f = rotation.z; 

            g = rotation.w; 

        } 

        private Vector3 GetPosition(Messages.Geometry.Pose message) 

        { 
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            return new Vector3( 

                message.position.x, 

                message.position.y, 

                message.position.z); 

        } 

        private Quaternion GetRotation(Messages.Geometry.Pose message) 

        { 

            return new Quaternion( 

                message.orientation.x, 

                message.orientation.y, 

                message.orientation.z, 

                message.orientation.w); 

        } 

    } 

} 

 

 

2. Change the virtual robot pose to the same as the real robot —— posesendorginal 

 

using System.Collections; 

using System.Collections.Generic; 

using UnityEngine; 

using UnityEngine.UI; 

using RootMotion.FinalIK; 

public class posesendorginal : MonoBehaviour 

{ 

    public GameObject one; 

    public GameObject two; 

    public GameObject three; 

    public GameObject four; 

    public GameObject five; 

    public GameObject six; 

    Vector3 pos1; 

    Vector3 pos2; 

    Vector3 pos3; 

    Vector3 pos4; 

    Vector3 pos5; 

    Vector3 pos6; 

    public RosSharp.RosBridgeClient.posechange other; 

    void Start() {} 

    void Update() 

    { 

        pos1 = one.transform.localEulerAngles; 

        pos2 = two.transform.localEulerAngles; 
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        pos3 = three.transform.localEulerAngles; 

        pos4 = four.transform.localEulerAngles; 

        pos5 = five.transform.localEulerAngles; 

        pos6 = six.transform.localEulerAngles; 

            if (other.c > 0) 

            { 

                pos1.y = other.c; 

                one.transform.localEulerAngles = pos1; 

            } 

            else 

            { 

                pos1.y = other.c + 360; 

                one.transform.localEulerAngles = pos1; 

            } 

            if(-180 <= other.a & other.a <= -90) 

            { 

                pos2.x = -90 - other.a; 

                two.transform.localEulerAngles = pos2; 

            } 

            else 

            { 

                pos2.x = 270 - other.a; 

                two.transform.localEulerAngles = pos2; 

            } 

            if(0 <= other.b & other.b <= 156) 

            { 

                pos3.x = 90 - other.b; 

                three.transform.localEulerAngles = pos3; 

            } 

            else 

            { 

                pos3.x = 90 + System.Math.Abs(other.b); 

                pos3.y = 0; 

                pos3.z = 0; 

                three.transform.localEulerAngles = pos3; 

            } 

                pos4.z = other.f; 

                four.transform.localEulerAngles = pos4; 

                pos5.x = -other.d; 

                five.transform.localEulerAngles = pos5; 

                pos6.z = other.e; 

                six.transform.localEulerAngles = pos6; 

    } 

} 
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3. Send 6-Axis Data from Unity to ROS with Compensation Mechanism —— 

compensationmove_part1 

 

using UnityEngine; 

using System.Collections; 

namespace RosSharp.RosBridgeClient 

{ 

    public class compensationmove_part1 : Publisher<Messages.Geometry.Pose> 

    { 

        public GameObject one; 

        public GameObject two; 

        public GameObject three; 

        public GameObject four; 

        public GameObject five; 

        public GameObject six; 

        public compensationmove_part3 data; 

        private Messages.Geometry.Pose message; 

        public float h; 

        protected override void Start() 

        { 

            base.Start(); 

            InitializeMessage(); 

        } 

        private void FixedUpdate() 

        { 

            UpdateMessage(); 

        } 

        private void InitializeMessage() 

        { 

            message = new Messages.Geometry.Pose 

            {}; 

        } 

        private void UpdateMessage() 

        { 

            float bb, cc, dd, ee; 

            if (System.Math.Abs(data.b) > 1) 

            { bb = data.b;} 

            else 

            { bb = 0; } 

            if (System.Math.Abs(data.c) > 1) 

            { cc = data.c; } 

            else 

            { cc = 0;} 

            if (System.Math.Abs(data.d) > 1) 
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            { dd = data.d; } 

            else { dd = 0; } 

            if (System.Math.Abs(data.e) > 1) 

            { ee = data.e; } 

            else { ee = 0; } 

            float a, b, c, d, e, f; 

            if (one.transform.localEulerAngles.y < 180) 

            { a = (one.transform.localEulerAngles.y); } 

            else 

            { a = (one.transform.localEulerAngles.y - 360 ); } 

            if (two.transform.localEulerAngles.x <= 90) 

            { b = (-88 - two.transform.localEulerAngles.x+bb); }//+2 

            else 

            { b = (272 - two.transform.localEulerAngles.x+bb); }//+2 

            if (three.transform.localEulerAngles.x > 180) 

            { c = (452 - three.transform.localEulerAngles.x+cc); }//+2 

            else 

            { c = (92 - three.transform.localEulerAngles.x+cc); }//+2 

            if (four.transform.localEulerAngles.z <= 90) 

            { d = (four.transform.localEulerAngles.z+2+dd); } 

            else 

            { d = (four.transform.localEulerAngles.z - 358+dd); }//+2 

            if (five.transform.localEulerAngles.x <= 90) 

            { e = -five.transform.localEulerAngles.x+4+ee; } 

            else 

            {e = (-five.transform.localEulerAngles.x + 362+ee);}//+2 or +4 

            if (six.transform.localEulerAngles.z <= 90) 

            {f = six.transform.localEulerAngles.z; } 

            else 

            { f = (six.transform.localEulerAngles.z);} 

            message.position.x = a;  

            message.position.y = b; 

            message.position.z = c; 

            message.orientation.x = d; 

            message.orientation.y = e; 

            message.orientation.z = f; 

            message.orientation.w = h; 

            Publish(message); 

        } 

    } 

} 
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4. Process received 6-Data to Unity-based robot Data —— compensationmove_part2 

 

using System.Collections; 

using System.Collections.Generic; 

using UnityEngine; 

using UnityEngine.UI; 

using RootMotion.FinalIK; 

public class compensationmove_part2 : MonoBehaviour 

{ 

    public GameObject one,two,three,four,five,six; 

    public float a,b,c,d,e,f; 

    public RosSharp.RosBridgeClient.posechange other; 

    void Start(){   } 

    void Update() 

    { 

        if (other.c >= 0 & one.transform.localEulerAngles.y<180) 

        { 

            a = one.transform.localEulerAngles.y - other.c; 

            int z = (int)(a * 1000); 

            a = (float)(z * 1.0 / 1000); 

        } 

        else 

        { 

            a = one.transform.localEulerAngles.y - other.c-360; 

            int z = (int)(a * 1000); 

            a = (float)(z * 1.0 / 1000); 

        } 

        if (two.transform.localEulerAngles.x<=90) 

        { 

            b = -two.transform.localEulerAngles.x -90 - other.a; 

            int y = (int)(b * 1000); 

            b = (float)(y * 1.0 / 1000); 

        } 

        else 

        { 

            b = 270-two.transform.localEulerAngles.x  - other.a; 

            int y = (int)(b * 1000); 

            b = (float)(y * 1.0 / 1000); 

        } 

        if (three.transform.localEulerAngles.x > 180) 

        { 

            c = 450 - three.transform.localEulerAngles.x - other.b; 

            int x = (int)(c * 1000); 

            c = (float)(x * 1.0 / 1000); 
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        } 

        else  

        { 

            c = 90 - three.transform.localEulerAngles.x - System.Math.Abs(other.b); 

            int x = (int)(c * 1000); 

            c = (float)(x * 1.0 / 1000);      

        } 

        if (four.transform.localEulerAngles.z <= 90) 

        { 

            d = four.transform.localEulerAngles.z - other.f; 

            int w = (int)(d * 1000); 

            d = (float)(w * 1.0 / 1000); 

        } 

        else 

        { 

            d = four.transform.localEulerAngles.z - 360 - other.f; 

            int w = (int)(d * 1000); 

            d = (float)(w * 1.0 / 1000); 

        }   

        if (five.transform.localEulerAngles.x <= 90) 

        { 

            e = -five.transform.localEulerAngles.x - other.d; 

            int v = (int)(e * 1000); 

            e = (float)(v * 1.0 / 1000); 

        } 

        else 

        { 

            e=-five.transform.localEulerAngles.x + 360 - other.d; 

            int v = (int)(e * 1000); 

            e = (float)(v * 1.0 / 1000); 

        } 

        if (six.transform.localEulerAngles.z <= 90) 

        { 

            f = six.transform.localEulerAngles.z - other.e; 

            int u = (int)(f * 1000); 

            f = (float)(u * 1.0 / 1000); 

        } 

        else 

        { 

            f= six.transform.localEulerAngles.z - 360 - other.e; 

            int u = (int)(f * 1000); 

            f = (float)(u * 1.0 / 1000);} 

    } 

} 
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5. Store Processed Data and Transfer to compensationmove_part1 when activate — 

compensationmove_part3 

 

using System.Collections; 

using System.Collections.Generic; 

using UnityEngine; 

 

public class compensationmove_part3 : MonoBehaviour 

{ 

    public float a; 

    public float b; 

    public float c; 

    public float d; 

    public float e; 

    public float f; 

    public compensationmove_part2 other; 

    void Start(){ } 

    void Update() 

    { 

        a = other.a; 

        b = other.b; 

        c = other.c; 

        d = other.d; 

        e = other.e; 

        f = other.f; 

    } 

} 

 

 

6. Write Other Functions to TXT File with Test code—— writetxt 

 

using System.Collections; 

using System.Collections.Generic; 

using System.IO; 

using System.Text; 

using System; 

using UnityEngine; 

public class writetxt : MonoBehaviour 

{ 

    public double x, y, z, a, b, c; 

    public double g = 0; 

    public float gripper=0, speed=100, float h = 0, control = 0; 

    void Start(){} 

    void Update() 
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    { 

StreamWriter sw = new StreamWriter(@"C:\Users\root\Desktop\abb.txt"); 

sw.Write(x + "\r\n" + y + "\r\n" + z + "\r\n" + a + "\r\n" + b + "\r\n" + c + "\r\n" + g + "\r\n" + 

gripper + "\r\n" +speed+"\r\n" + h + "\r\n" +control); 

sw.Close(); 

} 

} 
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Java Program in Windows  

 

1. Read and Write Functions Data To The Robot Controller —— abb 

 

package no.hials; 

 

import java.io.*; 

import java.io.IOException; 

import no.hials.crosscom.CrossComClient; 

import no.hials.crosscom.KRL.structs.KRLPos; 

 

public class abb 

{ 

 public static void main(String args[])throws IOException   

 { 

  File file= new File("C:\\Users\\root\\Desktop\\abb.txt"); 

  FileReader fr=new FileReader(file); 

  LineNumberReader reader=new LineNumberReader(fr); 

  Int first=1, second=2, third=3, fourth=4, fifth=5, sixth=6, seventh=7, eighth=8, ninth=9, 

 tenth=10;  

  double a=0,b=0,c=0,d=0,e=0,f=0,g=0,h=0,i=0,j=0; 

  String txt=""; 

  int lines=0; 

  while(txt!=null) { 

   lines++; 

   txt=reader.readLine(); 

   if(lines==first) { 

    System.out.println(txt); 

    a=Double.valueOf(txt.trim()).doubleValue(); 

   } 

   if(lines==second) { 

    System.out.println(txt); 

    b=Double.valueOf(txt.trim()).doubleValue(); 

   } 

   if(lines==third) { 

    System.out.println(txt); 

    c=Double.valueOf(txt.trim()).doubleValue(); 

   } 

   if(lines==fourth) { 

    System.out.println(txt); 

    d=Double.valueOf(txt.trim()).doubleValue(); 

   } 

   if(lines==fifth) { 

    System.out.println(txt); 
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    e=Double.valueOf(txt.trim()).doubleValue(); 

   } 

   if(lines==sixth) { 

    System.out.println(txt); 

    f=Double.valueOf(txt.trim()).doubleValue(); 

   } 

   if(lines==seventh) { 

    System.out.println(txt); 

    g=Float.valueOf(txt.trim()).floatValue(); 

   } 

   if(lines==eighth) { 

    System.out.println(txt); 

    h=Double.valueOf(txt.trim()).doubleValue(); 

   } 

   if(lines==ninth) { 

    System.out.println(txt); 

    i=Double.valueOf(txt.trim()).doubleValue(); 

   } 

   if(lines==tenth) { 

    System.out.println(txt); 

    j=Double.valueOf(txt.trim()).doubleValue(); 

   } 

  } 

  reader.close(); 

  fr.close(); 

 

  try (CrossComClient client = new CrossComClient("172.31.1.147", 7000))  

  { 

        KRLPos pos = new KRLPos("MYPOS"); 

        KRLPos pos2= new KRLPos("YOURPOS"); 

         

  pos2.setXToZ(h,i,j); 

  pos2.setA(g); 

  client.writeVariable(pos2); 

         

        pos.setXToZ(a, b, c); 

        pos.setAToC(d,e,f); 

        client.writeVariable(pos); 

 

        } 

 

} 
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C++ Programs in LINUX 

 

1. Receive 6-Axis Data from Unity, Plan Trajectory and Execute The Real Robot —— talker 

 

#include "ros/ros.h" 

#include <sstream> 

#include "geometry_msgs/Pose.h" 

#include <math.h> 

#include <iostream> 

#include <moveit/move_group_interface/move_group_interface.h> 

#include <moveit/planning_scene_interface/planning_scene_interface.h> 

#include <moveit_msgs/DisplayRobotState.h>  

#include <moveit_msgs/DisplayTrajectory.h>  

#include <moveit_msgs/AttachedCollisionObject.h>  

#include <moveit_msgs/CollisionObject.h>  

#include <chrono> 

#include <thread> 

#include <fstream> 

 

class Listener 

{ public: 

 double a; 

 double b; 

 double c; 

 double d; 

 double e; 

 double f; 

 double g; 

 void chatterCallback(const geometry_msgs::Pose::ConstPtr& msg); 

}; 

void Listener::chatterCallback(const geometry_msgs::Pose::ConstPtr& msg) 

{ 

 a=msg->position.x; 

 b=msg->position.y; 

 c=msg->position.z; 

 d=msg->orientation.x; 

 e=msg->orientation.y; 

 f=msg->orientation.z; 

 g=msg->orientation.w; 

} 

 

int main(int argc, char **argv) 

{ 

  ros::init(argc, argv, "talker"); 
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  ros::NodeHandle n;  

  ros::Rate rate(30); 

  ros::AsyncSpinner spinner(1); 

  spinner.start(); 

  Listener listener; 

  moveit::planning_interface::MoveGroupInterface group("arm"); 

  moveit::core::RobotStatePtr current_state=group.getCurrentState(); 

const robot_state::JointModelGroup* joint_model_group= 

group.getCurrentState()->getJointModelGroup("arm"); 

  std::vector<double> joint_group_positions; 

  current_state->copyJointGroupPositions(joint_model_group, joint_group_positions); 

  ros::Subscriber 

sub=n.subscribe<geometry_msgs::Pose>("chatter",10,&Listener::chatterCallback,&listener); 

while (ros::ok()) 

{ 

  if (listener.g == 1){ 

joint_group_positions[0]=floor(((listener.a)/180*3.1415926)*1000.000f+0.5)/1000.000f; 

joint_group_positions[1]=floor(((listener.b)/180*3.1415926)*1000.000f+0.5)/1000.000f; 

  joint_group_positions[2]=floor(((listener.c)/180*3.1415926)*1000.000f+0.5)/1000.000f; 

joint_group_positions[3]=floor(((listener.d)/180*3.1415926)*1000.000f+0.5)/1000.000f; 

joint_group_positions[4]=floor(((listener.e)/180*3.1415926)*1000.000f+0.5)/1000.000f; 

joint_group_positions[5]=floor(((listener.f)/180*3.1415926)*1000.000f+0.5)/1000.000f; 

    group.setJointValueTarget(joint_group_positions); 

  moveit::planning_interface::MoveGroupInterface::Plan my_plan; 

  bool success=(group.plan(my_plan)==moveit::planning_interface::MoveItErrorCode::SUCCESS); 

  ROS_INFO_NAMED("Visualizing plan 1 (pose goal) %s",success?"":"FAILED"); 

  if(success) 

{ 

      group.execute(my_plan); 

} 

} 

  rate.sleep(); 

} 

ros::spin(); 

  return 0; 

} 

 

 

2. Send 6-Axis Data to Unity from ROS topic “/joint_state” —— axiscall 

 

#include "ros/ros.h" 

#include "std_msgs/String.h" 

#include "sensor_msgs/JointState.h" 

#include "geometry_msgs/Pose.h" 
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#include <math.h> 

#include <unistd.h> 

 

class Joints 

{public: 

 double a,b,c,d,e,f; 

 void jointstatesCallback(const sensor_msgs::JointStateConstPtr& jointmsg); 

}; 

void Joints::jointstatesCallback(const sensor_msgs::JointStateConstPtr& jointmsg) 

{ 

 a=jointmsg->position[0]; 

 b=jointmsg->position[1]; 

 c=jointmsg->position[2]; 

 d=jointmsg->position[3]; 

 e=jointmsg->position[4]; 

 f=jointmsg->position[5]; 

 ROS_INFO("I heard: [%lf] [%lf] [%lf] [%lf] [%lf] [%lf]",a,b,c,d,e,f); 

} 

 

int main(int argc, char **argv) 

{ 

 ros::init(argc, argv,"axiscall"); 

 ros::NodeHandle n; 

 Joints joints; 

ros::Subscriber. sub1=n.subscribe("/joint_states",1000,&Joints::jointstatesCallback,&joints); 

 ros::Publisher pub=n.advertise<geometry_msgs::Pose>("axiscall",10); 

 ros::Rate rate(10); 

 geometry_msgs::Pose pose; 

 double h,i,j,k,l,m; 

 while (ros::ok()) 

{ 

 pose.position.x=floor(((joints.a)*180/3.1415926)*10000.000f+0.5)/10000.000f; 

 pose.position.y=floor(((-joints.b)*180/3.1415926)*10000.000f+0.5)/10000.000f; 

 pose.position.z=floor(((joints.c)*180/3.1415926)*10000.000f+0.5)/10000.000f; 

 pose.orientation.x=floor(((-joints.d)*180/3.1415926)*10000.000f+0.5)/10000.000f; 

 pose.orientation.y=floor(((joints.e)*180/3.1415926)*10000.000f+0.5)/10000.000f; 

 pose.orientation.z=floor(((-joints.f)*180/3.1415926)*10000.000f+0.5)/10000.000f; 

 pose.orientation.w=2; 

 pub.publish(pose); 

 ros::spinOnce(); 

 rate.sleep(); 

} 

 return 0; 

} 
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KRL Programs in The Robot Controller 

 

1. Main control program 

 

INI 

LOOP 

$VEL_AXIS[1]=YOURPOS.Y; 

$VEL_AXIS[2]=YOURPOS.Y; 

$VEL_AXIS[3]=YOURPOS.Y; 

$VEL_AXIS[4]=YOURPOS.Y; 

$VEL_AXIS[5]=YOURPOS.Y; 

$VEL_AXIS[6]=YOURPOS.Y; 

IF YOURPOS.A==0 THEN 

PTP MYAXIS C_PTP 

ENDIF 

IF YOURPOS.A==1 THEN 

LIN MYPOS 

ENDIF 

IF YOURPOS.X==1 THEN 

$OUT[10]=TRUE 

$OUT[7]=FLASE 

ENDIF 

IF UPIR[PS.X==2 THEN 

$OUT[7]=TRUE 

$OUT[10]=FALSE 

ENDIF 

ENDLOOP 

 

2. Setting end effector position with a pneumatic gripper 

 

INI 

PTP HOME Vel= 100% DEFAULT 

TOOL_DATA[1]={X 0,Y 0,Z 156,A 0,B 0,C 0} 

$TOOL=TOOL_DATA[1] 

PTP HOME Vel= 100% DEFAULT 
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