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Lappeenranta University of Technology
Lappeenranta University of Technology (LUT) is an international university established in 1969 in Lappeenranta on the
shore of Saimaa Lake in Finland. In 2015, the university counts 894 staff members and around 4900 undergraduate
and postgraduate students. As all Finnish universities, it is state funded – it received 48.9 million euros from the
Ministry of Education in 2015. The university provides numerous areas of study and research such as business
management, mechanical engineering and energy.



LUT Sustainable Development Policy
Lappeenranta University of Technology is committed to recognizing its environmental responsibility in all its actions.
LUT is the only Finnish university to meet the ISO 14001 standard and environmental is part of the way of thinking
and operating of the university. LUT has an environment policy since September 4th, 2013, meaning that the
environment responsibility is taken into account in every university's activities such as scientific research, academic
education, societal interaction or support services. The environmental policy sets goals for the university and
commits it to maintain and develop its management of environmental issues and to educate its staff about it.



Laboratory of Intelligent Machines



How it all 
started . . .



HERO 50
Fukushima Daiichi nuclear disaster - 11 March 2011



Hazardous Environment



Statistics



Statistics
Fatal accidents at work, 2011 and 2012 (1) (standardized incidence rates per 100 000 persons employed)



What Market Needs . . . 

A reliable product

• A reliable product to replace Humans in
places that humans can not perform

To Replace Humans

In Hazardous Environments



Our Motivation & Market Need

Our motivation:
• To practice the cutting edge technology available in the field
• To provide a proper base to transfer our knowledge and experience
• To develop a powerful marketing tool which shows our power in the field

Our First target:
• A mobile robot which is capable of applying 

assembly and repair



Telepresence concept.



Primary Potential Applications
• Repair and Assembly



Other Potential Applications

• Inspection and maintenance
• Cleaning
• Security & Defense
• Logistic system
• Agriculture
• Urban transport
• Entertainment
• Oil and Gas



Major Competitors

KUKA MOBILE ROBOTICS QUANTEC



The robot main application: performing
assembly and repair tasks in different
workspaces; special hazardous environments.

•Teleoperated mobile robot (Up to 2 Km distance from control station)
•Two UR10 robotic hands equipped with force feedback 3 finger grippers
•Full HD camera system: 3D, on hands
•Sound recognition via human ear models recovers with voice direction capacity
•Voice command capabilities
•Quadcopter station on the back of the robot, HD real-time video for extra vision access
•LiDAR, Gyro, GPS
•Haptic capabilities

Systems



Design



Design



Design



Design



State-of-the-art



State-of-the-art



Chassis



Chassis

Reference frame, force and moment 
in dynamic study of the vehicles

(a) Wheel base of four-wheel (b) longitudinal 
balance plane (c) lateral balance plane



Chassis

Ladder frame chassis
Corgi lotus elan back bone chassis

Space frame chassisJaguar XE monocoque chassis frame



Categories for design consideration



Chassis
Part and other parameter specifications 

defined in the project plan

Part and other parameter specifications 
defined in the project plan



Weight Calculation
Weight and dimension of robot arm, 

controller and DC/DC converter.Weight from drive traction system



Chassis

Ladder chassis frame for robot

Battery place in chassis frame

3D-CAD model of (a) tubular joint (b) UR 10 robot mounting point 
(c) Assembly of T-joint with UR 10mounting part

Chassis frame extended with landing 
space for quadcopter and T-joint



Chassis

General result for 
chassis frame design

Complete robot structure 
with respective components



ANALYSIS OF A CHASSIS FRAME

Flow chart for analysis process.

Material property define in FEMAP

Loading on the chassis frame.



ANALYSIS OF A CHASSIS FRAME

Linear tetrahedral (solid) element 
meshing in chassis frame.

Deflection on chassis frame

Von misses stress result from FEMAP.(a) Reaction force range in Newton (b) Bolt reaction force range 
in front hole (c) Rear bolt reaction force in rear hole.



ANALYSIS OF A CHASSIS FRAME
Robot weight table for analytical analysis.

Numerical representation with free body diagram for robot
Comparison of analytical result and FEMAP.

Combining bending and torsion load.



ANALYSIS OF A CHASSIS FRAME

Applied force and constrain in torsional stiffness.Deflection from simulating result



ANALYSIS OF A CHASSIS FRAME

Analysis result for T-joint with 6mm plate 
(a) Deflection result (b) Maximum principle stress.

Analysis result for T-joint with 8 mm plate (a) 
Deflection result (b) Maximum principle stress.



Summary of the result.



Chassis



Chassis



Traction



OMNI Traction



Items in the traction system



Items in the traction system



Motor and Drive



Structure of the Traction Control



Driving system layout



Traction Calculation
𝑉𝑉𝑖𝑖𝑖𝑖 = 𝜔𝜔𝑖𝑖𝑖𝑖 × 𝑅𝑅𝑖𝑖𝑖𝑖



Robot’s tracking parameters



Traction Programming
𝑉𝑉𝑖𝑖𝑖𝑖 = 𝜔𝜔𝑖𝑖𝑖𝑖 × 𝑅𝑅𝑖𝑖𝑖𝑖Kinematics code

ROS

Joystick basic code



Moving Algorithm



Simulation in ROS



Robot Simulation –
Balance test



Resulting 3D model in Gazebo.

Nodes and topics of the simulation

Nodes and topics of the simulation 
using a planner node



Rviz planning: first arm.



Gazebo Simulation: moving first arm. 



Rviz planning: collision detection.



PID controller and Simulation results



Arms



Teleoperation method

Teleoperation method

Joints.: 
A: Base
B: Shoulder
C: Elbow
D: Wrist1
E: Wrist2
F: Wrist3

UR10



Stability Margin Index



Which angels?



Which angels? Which height? How fast?

Effect of the first angles

Effect of the arm’s height

Effect of the arm’s acceleration



Arms



Arms



Arms Anti Collision 
System



COLLISION AWARE TELEOPERATION OF ROBOTIC ARM

Planar serial link robotic arm 
with three revolute joints

Frame assignment for UR10 based on D-H Convention



COLLISION AWARE TELEOPERATION OF ROBOTIC ARM

Overhead head view of UR10 in X-Y plane for finding theta θ_1



COLLISION AWARE TELEOPERATION OF ROBOTIC ARM

Overhead head view of UR10 in X-Y plane 
for finding theta θ_5

Overhead head view of UR10.



Workspace of dual UR10 with fixed torso

. 



ANFIS procedure and model



Reachable workspace of UR10



Reachable workspace of Geomagic Touch

Geomagic touch haptic device
Reachable workspace of Geomagic Touch



Reachable workspace of Geomagic Touch

Geomagic touch haptic device

Joint values from Geomagic touch device.



Robot model for collision detection using joint torque or motor current

Robot in collision (a) and joint angle (b)



Collision detection in neighboring link



Grippers



COLLISION AVOIDANCE IN END-EFFECTOR
Grasping

Contact model: point contact without friction 
(left) and point contact with friction. 

Robotiq 3-finger adaptive gripper with three different grab modes

Active nodes for teleoperation of gripperActive nodes for teleoperation of gripper using joystick.



COLLISION AVOIDANCE IN END-EFFECTOR

Hardware for haptic wrist band.

Sonar Sensor array on end-effector.

Sonar Sensor array



Robot grippers’ layout.



Collision detection in end-effector.

Distance measurement from the S_S1 sensor 
and collision detection

Alert type



Main Control System



Control and Communication



ROS 

Seven layers of the ISO OSI model

Simplified block diagram of connection state analysis algorithm



ROS Control for Arms

Rqt_graph of the right arm. Graphic representation of the robot’s URDF file.

Robot arms layout



ROS concept for Image transffer

Steps of establishing peer-to-peer communication over a topic 
between two nodes

Adding ROS environment variables to the .bashrc script.Simple test with Connectivity with ping



ROS node-topic structure (ROS, 2015b).

Graph representing dependencies of nodes and topics of turtlesim package



ROS graph work of both UR10 arms



Arms, Grippers and Joysticks



Delay and Latency

Delay, expectation, variance and trend for variance before the 
first connection drop based on experiment № 2 dataDynamic of frequency histogram change over time



TIERA network



Robot Control Sections



Movegroup conceptual diagram



Movegroup conceptual diagram



Diagram of virtual private network for the LUT Mobile Assembly Robot



Low level Control 
System



National Instruments cRIO industrial controller + ROS

Communication diagram of the lower level subsystem

Implementation of publishing mechanism 
in ROS for LabVIEW tool

ROS for LabView Layout 



Temp Control

Thermometer with a platinum wire

SUNON PMD2412PMB1-A fan



Logic of the transceiver operation

Ultrasonic distance sensor SRF06



Inertial Sensor

Communication data flow between the inertial sensor and the computer 

Sequence of inertial sensor section work



Packet generator for inertial sensor

Packet generator for inertial sensor

Packet parser for the inertial sensor Part 1

Packet parser for the inertial sensor Part 2



Data stream analysis.



Developed platform interface in LabVIEW.



Haptics & Joystick



Geomagic Touch Joysticks and 

Geomagic Touch base frame and joints

Robotiq Force Torque 
Sensor FT 150



Forward Kinematics and Inverse kinematics

Rotation matrix of the end-effectorPosition vector.



Forward Kinematics
Change of orientation around Z.

Local system vs global system



Outline of Haptic Communication



Geomagic Touch controller that is utilized for control of UR10 robotic arms

Global coordinate system 
for the Geomagic Touch

Degrees of freedom of each joint

Local coordinate axis for the 
first three joints

Local coordinate axis for 
the last three joints.



Rotation matrixes



UR10 Coordinates

System of coordinates of the right industrial arm {R}, in 
comparison with the final system of coordinates.Limits of the workspace



Movement by increments

Initial position of the right UR10. Inkwell, white and grey buttons of Geomagic Touch device



rqt Graph of the system with al connections.



Control of movement .

Component X of the movement

Component Y of the movement

Component Z of the movement



Force and Movement Test in ROS.



Vision



Vision

Marshall CV500 cameraMarshall CV200 MB

video switcher Software in operation (Blackmagic) Scheme of frame grabber’s operation



Vision



Different signal standards and connectors. .
Different signal standards and connectors. 

HDMI (left) and BNC Connectors (right)



WiFi Communication

Basic parts of wireless communication link



WiFi Communication

Scheme of transmitting and receiving radio signal with multiple 
antennas

a) Basic principle of MIMO-OFDM system (OMOD is a OFDM 
modulator, while ODEMOD means demodulator); b) single-
antenna OFDM modulator and demodulator; c) adding the CP



WiFi Communication

Principle scheme of video switcher

Various examples of anaglyph glasses

Passive (left) and active (right) shutter glasses.



System Integration

General scheme of the machine vision system



3D Vision

Appearance of AJA Hi5-3D converter

General block scheme of 3D converter

Design of platform for cameras



Pattern Recognition & Machine Vision

Basic algorithm

Gaussian pyramid



LabVIEW Interface

Creation of grayscale image in LabVIEW

Match pattern block in LabVIEW

DLL example in LabVIEW



Pattern Recognition.

CMOS imager sensor general scheme

Color wheel with warm and cold colors Directional lightning

Grayscale (8-bit depth) image representationDefining region and edge pixels RGB model (a – color coordinate system; 
b – color, which is got by values)



Pattern Recognition

RGB model (left part) and HSV model (right part)



Pattern Recognition

Image after finding the exact color range in H, S, V 

Main steps of HOG 



Pattern Recognition & Machine Vision

Left – source grayscale image; Right – image with detected edges



Toxic Hazard



Danger!



Human Recognition



High Voltage!



Neck



Neck



Pan and tilt layout



Connections



RQT Graph - ROS code



Lidar



Lidar



Ears and Voice 
recognition



Ears - Audio stream layout.

Ears - RQT Graph.



Voice Command RQT Graph.



Control Station



Control Station



Team



Contacts:
Lappeenranta University of Technology,
Laboratory of Intelligent Machines, 
Hamid Roozbahani,
hamid.roozbahani@lut.fi

mailto:hamid.roozbahani@lut.fi
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