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Mechatronics Project 2
 1. Introduction.
 In case of remotely controlled robot applications without any direct visual contact of
 the robot operator, a control strategy seems to be applicable which is based on
 images from the working environment provided by a stereo camera system. The
 visual input is monitored through a HMD (Head-Mounted Displays) and stimulates
 3D vision with spatial depth provided by depth cues from two-dimensional images
 with a certain disparity (offset between images taken by the two cameras). Guided
 by the stereo vision approach, the operator will be able to control the actions of
 robot through a joystick. Important for any operation is the quality of the depth
 information in case of handling operations, i.e. grasping parts with a robot remotely
 controlled from a far distance and try to place them in certain positions (for
 instance on stacks).
 Therefore, in the current project, an essential task work is to be focused on
 experimental work to create optimal depth information in stereo vision with two
 cameras. Furthermore strategies will be necessary to control the robot motion
 remotely with a joystick and how to use force feedback to assist the operator
 during the control task.
 2. Objectives
 • Introduction into imaging with two cameras and image processing to enable
 stereo vision.
 • Introduction into the technology of HMD and the required interfaces to
 connect the cameras.
 • Introduction into mechanisms to control existing robots remotely via a
 joystick (movement and gripper functionality).
 • Development of a strategy to guarantee high quality depth information
 (camera parameter, binocular overlap, disparity level, illumination, etc.).
 • Development of a control module to enable robot motion, grasping and drop
 down via joystick including force feedback.
 • Integration of the system components in a demonstrator.
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Mechatronics Project 3
 3. Main Description. To develop the project described, the equipment used is presented in Figure 1 and
 described below.
 Figure 1. Main devices and equipment used.
 1. KUKA Lightweight Robot. This robot is used taking the advantage that this
 type of robots are in principle less dangerous for tasks which requires closer
 human-robot interaction without fences and are much more portable, and
 thus suitable for mobile robot applications.
 2. Chess board and wood cubes for test operations. The chess board was
 used, taking advantage of the graph, to operate the robot, moving the cubes
 from one position to another position previously determined and verify the
 information of the stereo vision and the spatial depth provided. 3. Head Mounted Display (HMD). It is connected to the pair of cameras so
 the operator can visualize the robot and its operation space from a remote
 location.
 1
 2 3
 4
 5
 6
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Mechatronics Project 4
 4. Joystick. Used for remote operation. A brief description of the movement
 setup will be described below.
 5. Cameras. A pair of cameras is required to achieve the stereo vision. Stereo
 vision is important to get the spatial depth. This effect is obtained by
 installing the cameras with a certain disparity. The camera installation can
 be seen below.
 6. Cameras power source and transmission to HMD. This equipment is
 required for the cameras, but it is also the connection with the HMD.
 4. Robot Programming. Source code used in the robot’s software.
 The code is divided into sections, as follows.
 Initial conditions definition.
 In this section all the initial parameters as well as the initial variables are defined
 here, for the correct operation of this code, configuration files also must be
 modified as follows.
 Figure 5. Initial conditions.
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 On the ProConOS.xml-Router application has to be created a communication
 channel which will be used on the communication between the Robot and the PC,
 in this application must be defined the IP-Address of the PC acting as target on the
 communication, also the port of communication from the source (Robot) and the
 target (PC), the name of this channel that must be the channel defined on the code
 in this case "JoyStick", the protocol of communication in this case TCP.
 Figure 6. Robot and PC communication configuration.
 On the path where the configuration files are, one can find the main configuration
 file with the name XmlApiConfig.xml, in this file has to be declared the channel
 previously created on the ProConOS.xml-Router application, defining also the
 name of the channel, Protocol of Communication, IP-Address, Port.
 Figure 7. XmlApiConfig.xml code.
 After this two configuration files must be created on the same path as
 XmlApiConfig.xml, one file with the name of the channel where must be defined the
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 data the Robot will receive from the PC, the second file with the name of the
 channel with a "+" at the end where must be defined the data the Robot will send to
 the PC.
 Figure 8.JoyStick.xml
 Figure 9. JoyStick+.xml
 Sending current position to PC.
 Figure 10. Send position to PC.
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 In this part of the code, the current position of the Robot's axes is saved on a buffer, then is sent via TCP to the PC.
 Receiving next position from the PC.
 Figure 11. Code for next position.
 In this part of the code, the next position is received from PC, saved in a buffer and then executed.
 Closing communication.
 Figure 12. Close communication.
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 In this part of the code, the communication channel is closed, and the Robot is positioned at HOME position.
 5. Joystick user interface.
 Server-Robot Labview interface The server for the communication with the robot is a visual interface (VI) built using
 Labview. Through this program the user is able to move de robot using a Joystick
 as well as monitor the position of the robot at any given time of the robot operation.
 The movements that can be controlled are: movement in world coordinate system
 (X, Y, and Z), the angles of rotation (A, B and C) and the opening/closing of the
 gripper.
 Communication with the robot. In the first block (Figure 13) The TCP server is created. For this, the current IP
 address for the computer is defined (in this case 192.168.1.29) as well as the
 communication port (6009) where the server will listen for client connections. If a
 different IP or port is being used it must be specified in this part of the program,
 always keep in mind that the ones defined in the server must match the ones on
 the client PC.
 If no error is detected, the program waits for 20 seconds after which the connection
 server-robot is fully established.
 Figure 13. Creation of the TCP server

Page 10
                        

Mechatronics Project 9
 If the program succeeds to connect with the robot, the program will set the starting
 state of the robot defined in the constants shown in the next picture, which
 represents the home for the machine coordinates.
 Figure 14. Starting robot coordinates
 XLM structure. As the communication with the robot is made using the “Ethernet KRL XML”
 software, the data exchange must be performed in XML format.
 The creation of a string containing the format of the XML to be sent is the first step
 in order to achieve data exchange.
 Figure 15. Format string
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 The root element of the XML document has the name “External Data”. Inside this
 element there are 7 elements containing the data required to set the state of the
 robot:
 • “PosX”. Sets the position of the robot in the X axis coordinate.
 • “PosY”. Sets the position of the robot in the Y axis coordinate.
 • “PosZ”. Sets the position of the robot in the Z axis coordinate.
 • “PosA”. Sets the orientation of the robot around the Z axis.
 • “PosB”. Sets the orientation of the robot around the Y axis.
 • “PosC”. Sets the orientation of the robot around the X axis.
 • “Gripper”. Sets the state of the gripper, “FALSE” for closing of the gripper
 and “TRUE” for opening of the gripper.
 The values for this elements are inserted in the string following a structure shown
 in Figure 16 and can only be modified in one of the following ways at a time:
 • Movements in X, Y and Z axis,
 • Or movement of the orientation angles for the robot (A, B and C).
 The gripper state is independent of any other movement alteration and can be
 modified at any given time.
 Figure 16. XML String Structure
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 The next step is to send the built XML string to the robot. Once this action has
 been completed, a new loop is started to create the next data package that will be
 sent to the robot.
 It is important to notice that, as the robot is the client connected to the server, the
 execution of a new loop depends on a request of new data from the robot. The
 server waits up to 25 seconds for a new request from the robot. If this time is
 reached without response, then the program is terminated indicating that an error
 has occurred.
 Figure 17. Server reading data from client
 Acquisition and interpretation of Joystick data. The program initializes the Joystick and acquires new data from it each time that
 the main loop of the program starts. There are eight values that can be read
 incoming from the joystick and that are of importance for the control of the robot
 and gripper (shown in Figure 18), these are:
 • X axis.
 • Y axis.
 • Z axis.
 • Z axis rotation.
 • Button 1.
 • Button 2.
 • Button 3.
 • Button 4.
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 Figure 18. Information incoming from the joystick
 The values from X axis, Y axis and Z axis rotation (Joystick data) correspond with
 the increments of the values PosX, PosY and PosZ (or PosA, PosB and PosC)
 respectively. Z axis is implemented to increase or decrease the size of the
 increments in every direction; this feature allows a control over the velocity in which
 the robot executes the movements.
 Button function description:
 Button 1. This trigger allows the user to switch between two different moves: while
 pressed, the user can change the orientation of the gripper; otherwise, the user will
 be able to change the position of the robot in world coordinate system.
 Button 2. With this button the user can set the orientation of the gripper to its
 original state.
 Button 3. Trigger this button to open the gripper.
 Button 4. Trigger this button to close the gripper.
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 To avoid reaching a position error due to the robot reaching a limit of its movement
 and to keep it inside the field of vision from the stereovision cameras, a restriction
 of movement has been defined inside de program. This software limitation allows
 the robot to move only inside of a rectangular prism; nevertheless, there are some
 regions inside this volume that could cause a software limit error on the robot,
 occasionally.
 Visual Interface Front Panel The front panel for the VI of the program on the server is shown in the Figure 19
 and can be described as follows:
 Figure 19. Front Panel
 1. Stop button. - Press to resume the connection between the server and the
 client (robot).
 1
 2 3
 4 6
 5
 7
 8
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 2. Error in window. – In case an input error occurs during execution this
 window will show it by switching the status to a red cross and will display the
 source of such error in the window in the lower part.
 3. Error out window. – In case an output error occurs during execution this
 window will show it by switching the status to a red cross and will display the
 source of such error in the window in the lower part.
 4. Loop window. – Displays the number of times the main loop of the program
 has been executed.
 5. Connection Window. – Displays the number of times the server successfully
 established a connection with the robot.
 6. Bytes Written Window. – Displays the number of bytes the server has
 received from the robot. It’s a sum of the bytes from all the strings received
 during the server-robot communication.
 7. Resulting String. – Display the String to describe the position of the robot in
 real time.
 8. Data out. – Display the data that is being sent to the robot from the
 interaction between the server and the joystick.
 6. Results.
 Movement guide.
 To operate the robot, a joystick was used, following the movements as follows in
 the next Figures:
 • For the basic movement of the robot in X- and Y-axis, the same movement
 can be followed in the joystick.
 • The Z-axis movement is performed by rotating the joystick, as Figure 20b
 shows.
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 • The speed of the movement can be adjusted by the small handle at the
 base of the joystick.
 • Rotation movement in each axis is also possible by pressing the trigger at
 the same time the joystick is moved. For rotation in X-, Y- and Z-axis, the
 movement of the joystick can be done as Figures 20a and 20b show. If the
 trigger is released, the movement of the robot will be linear.
 • Button X makes the grip return to its original position.
 • The grip can be opened and closed by the button 20 of the joystick. Buttons
 1 and 2 are specified in Figure 3.
 20a. 20b.
 Figure 20. Joystick guide for linear/rotational movement.
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 Figure 21. Buttons used.
 Camera Setup.
 S
 Figure 22. Camera installation.
 To get stereo vision, a pair of cameras was used as seen in Figure 22. These
 cameras were installed with a certain disparity. This feature was obtained doing
 visual tests through the HMD, selecting a proper operational field for the robot and
 verifying that the spatial depth could be appreciated.
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