


Goals 
 
In response to the increasing demand for enhanced teleoperation capabilities in robotics, design 
of a one-degree-of-freedom bilateral control system for a master-slave robot arm is proposed. 
This system aims to provide operators with an intuitive and immersive control experience while 
ensuring precise and responsive manipulation of the slave robot.  
 
In bilateral control systems, the incorporation of contact force feedback (haptic feedback), 
contributes to an enhanced sense of virtual presence, subsequently improving task 
performances, including accuracy and maneuverability. This holistic approach ensures a 
versatile and effective system capable of meeting the demands of various real-world scenarios. 
This system holds significant potential for diverse applications, spanning delicate manufacturing 
tasks to teleoperated medical procedures, where the imperatives of fine motor control and force 
sensitivity are paramount. 
 
Approach  
 
The design approach for the bilateral control system is outlined as follows:  
• The master device, equipped with sensors for capturing operator movements, will 

seamlessly transmit real-time commands to the slave robot, ensuring precise guidance of its 
motions. 
 

• To establish a comprehensive bilateral communication loop, force sensors on the slave side 
will diligently detect interaction forces during task execution. This force feedback will be 
promptly relayed back to the operator, enabling them to carefully perceive and respond to 
the physical environment encountered by the slave robot. This proposed design not only 
elevates teleoperation precision but also enriches the user experience through the seamless 
integration of haptic feedback. 

 
• A robust and low-latency communication system, such as an Ethernet-based protocol like 

TCP/IP or Wi-Fi connectivity is presented to facilitate bidirectional communication between 
master and slave robots. This choice ensures efficient data transfer between the master and 
slave devices, contributing to the system's overall responsiveness. 

 
Tasks: 
 
Tasks and relevant approach to be performed include:  
1. System Requirements and Specifications: 
Clearly define the requirements and specifications of the system, including the desired range of 



3. Master Device Design: 
Design the master device that the operator will use to control the robot arm. This could be a 
joystick, haptic device, or any other input device that captures the operator's desired motion. 
4. Control System: 
Implement a control algorithm that translates the operator's input into commands for the robot 
arm. Ensure that the control system incorporates the specified force feedback requirements. 
Additionally, the overall system performance should be compatible with potential delays arising 
from latency in the communication network. 
5. Force Feedback System: 
Integrate force sensors into the slave robot to detect interaction forces with the environment. 
Develop a system to transmit this force information to the master device. 
6. Communication System: 
Choose a communication system to transfer data between the master and slave devices. Given 
the tactile feedback requirement, a bidirectional communication link with low latency is crucial. 
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