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A Review of Robot Design Towards 
Collaboration

A Historical Note on Collaborative 
Robots

Examples of Engineering Specifications
Today’s Agenda
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Factory Robot 
vs. 
Collaborative Robot
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From engineering need to design specifications



Factory Robot vs. Collaborative Robot
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From engineering need to design specifications
• Factory robots perform automated 

programmable movements in manufacturing.

• Cobots work side by side with humans to 
improve work quality.

c
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Factory Robot vs. Collaborative Robot
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From engineering need to design specifications
• Factory robots perform automated 

programmable movements in manufacturing.

• Mechanical or sensor technologies can help 
keep factory robots from interfering with 
human activity. 

• Cobots work side by side with humans to 
improve work quality.

• A cobot can sense and stop movement, 
helping create a safer working environment. 

c

c
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Towards a Safer Working Environment
Mechanical or sensor technologies can help keep robots from interfering with human activity



Common Designs of 
Robot @ Work
Task-specific Structure
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Common Designs of Robot @ Work
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Different robot types have different advantages depending on the application 

• Articulated

• Cartesian

• Selective 

Compliance 

Assembly Robot 

Arm (SCARA)

• Delta

• Cylindrical

• Polar and more …



Articulated Robot
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Features a rotary axis and can range from simple three-axis structures to 10 or more joints

• The manipulator connects to the base with a twisting joint. 
• A rotary axis connects the links in the manipulator. 
• Each axis provides an additional degree of freedom, or 

range of motion. 



Cartesian Robot
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Also called rectilinear or gantry robots

• Cartesian robots have three linear axes that use the Cartesian 
coordinate system (x, y and z). 

• They may have an attached axis that enables rotational 
movement. 

• Three prismatic joints facilitate linear motion along the axis. 



SCARA
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Selective Compliance Assembly Robot Arm 

• This selectively compliant manipulator for robotic assembly is 
primarily cylindrical in design. 

• It features two parallel axes that provide compliance in one 
selected plane. 



Delta Robot
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Jointed parallelograms connected to a common base

• 3 axes for the parallelograms; 1~3 axes for the end effector
• Delicate, precise movements in a dome-shaped work area
• Heavily used in food, pharmaceutical and electronic industries



What are the 
Building Blocks of 
a Robotic System?
From the Industrial Perspective
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Payload (weight) vs. Reach

• This force is generated 
with electric energy and is 
provided to the motor 
from the power stage. 

• This power requirement is 
part of deciding whether 
the robot will be a high- or 
low-voltage system. 

• A high-voltage robot 
system will require 
defined isolation 
architecture for safe 
operation. 

BionicDL@SUSTech ME336 Collaborative Robot Learning Song Chaoyang

If heavier the object to move, then the motor needs to generate more force



Centralized Robotic System Example
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• In a centralized 
system, the robot 
controller cabinet 
includes most of the 
electronic modules 
that control the robot 
manipulator

• Usually leading to a 
larger size of the 
controller box



Decentralized Robotic System Example
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Some modules move to the robot manipulator to support form factor of the cabinet, cabling and more

• The environments where 
the electronics are now 
used are not the same as 
the environments of a 
centralized system. 

• This environment change 
necessitates a re-
specification of the 
electronics and typically 
requires redevelopment of 
part of the system. 



How will the different subsystems of the robot communicate 
with each other? 

What are the interface requirements? 

How does the programming interface work?

Will the robot operate from the user interface or through task 
programming? 

Will you need an extra interface to connect the teaching 
pendant or joystick in order to enable operator functionality? 
Other design questions …
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Real-time Communication Timing 
Needs for Robot Control 



Is the Robot 
Nonadaptive or 
Adaptive?
Design question …
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Nonadaptive or Adaptive

• A nonadaptive robot does not receive feedback from the 
environment and will execute its task as programmed. 

• Adaptive robots use input and output data to generate 
environment data. With this data, the robot can react to 
environmental changes and stop its task if necessary. 
• It is important to define the environment data to which the robot is 

reacting. The data might be pre-defined parameters, like material 
amounts or sizes or shapes for quality definitions. 

• Or it might be uncontrolled parameters, like having people move 
around the robot or malfunctions that when detected put the robot in 
a safe state. 
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Any feedback received from the environment, or ways to react



Collaborative Robots
A Historical Note 
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Early Concept of CoBot

BionicDL@SUSTech ME336 Collaborative Robot Learning Song Chaoyang

From 1994 to 2003
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From 1994 to 2003



Early Concept of CoBot
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From 1994 to 2003



DLR/KUKA

• Integrated force/torque 
sensing at joint level

BionicDL@SUSTech ME336 Collaborative Robot Learning Song Chaoyang

From 2003 to 2013

10.1108/01439910710774386

LWR-I LWR-II

LWR-III KUKA LWR

10.1109/ARSO.2011.6301962 



Soft-tissue injury in robotics
10.1109/ROBOT.2010.5509854



Universal Robots
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From 2003 to 2013

• Cheaper to buy, and
• Easier to use
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Modular Design of Robotic Joint
What’s so special about the Universal Robots?

Patented design by UR

A similar design from
10.1109/TMAG.2017.2752080
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Rethink Robotics

• Video, dual arm, UX with a cute 
face

• Series Elastic Actuator with 
Integrated sensing
• Patented by MIT in 1993
• Inexpensive way to get good 

force control 
• Make robots that are compliant, good 

at tasks, safer around humans, good 
in unstructured environments etc. 

• Spring in series with gearbox 
• Turn force control problem into 

position control 
• Spring filters gearbox 

nonlinearities, gives smooth 
output torque 

• Gain in compliance, sacrifice 
bandwidth 
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From 2003 to 2013
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More and more designs …
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Since 2013 …

Source: Rokae



Examples of 
Engineering 
Specifications
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Reading the Technical Data Sheet
TDS
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Reading the Technical Data Sheet
TDS



Reading the Technical Data Sheet

• https://support.franka.de/

• https://github.com/bionicd
l-sustech/DeepClaw

• https://de3-rob1-
chess.readthedocs.io/en/lat
est/franka.html

• https://visp-
doc.inria.fr/doxygen/visp-
daily/tutorial-franka-
pbvs.html

• https://github.com/ARISE-
Initiative/robosuite

• https://github.com/stepjam
/RLBench
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TDS

https://support.franka.de/
https://github.com/bionicdl-sustech/DeepClaw
https://github.com/bionicdl-sustech/DeepClaw
https://de3-rob1-chess.readthedocs.io/en/latest/franka.html
https://de3-rob1-chess.readthedocs.io/en/latest/franka.html
https://de3-rob1-chess.readthedocs.io/en/latest/franka.html
https://visp-doc.inria.fr/doxygen/visp-daily/tutorial-franka-pbvs.html
https://visp-doc.inria.fr/doxygen/visp-daily/tutorial-franka-pbvs.html
https://visp-doc.inria.fr/doxygen/visp-daily/tutorial-franka-pbvs.html
https://visp-doc.inria.fr/doxygen/visp-daily/tutorial-franka-pbvs.html
https://github.com/ARISE-Initiative/robosuite
https://github.com/ARISE-Initiative/robosuite
https://github.com/stepjam/RLBench
https://github.com/stepjam/RLBench
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Reading the Technical Data Sheet
Another robot …
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Reading the Technical Data Sheet
Another robot …

• https://aubo-robotics.com/products/aubo-i5/
• https://github.com/lg609/aubo_robot
• https://github.com/bionicdl-sustech/DeepClaw

https://aubo-robotics.com/products/aubo-i5/
https://github.com/lg609/aubo_robot
https://github.com/bionicdl-sustech/DeepClaw


Tell us about yourself
Have you worked with a Collaborative Robot before?
What do you expect to take away from the class?
Do you perfer to work alone or as a team?
Tell us about your coding experience …
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Thank you ~
Song Chaoyang
Southern University of Science and Technology
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