
New Trends in Robotics 

• Collaborative robots (Co-bots)
– Safe human-robot-interaction (HRI) 
– Light-weight robots (force controlled) 
– Examples are WAM, KUKA iiwa, Franka, and many more 

https://cobotsguide.com/cobots/

https://cobotsguide.com/cobots/


Robots are going to be everywhere!

• Self-Driving Cars
– ELA, Edmonton’s electric autonomous vehicle 

• Old Strathcona from October 22 to November 4

– Autonomous trucks 
– Autonomous mining trucks
– UAVs, military UAVs 



Search and Rescue Robots
DARPA Robotics Challenge 2015 

Goal: develop semi-autonomous ground robots that 
could do ”complex tasks in dangerous, degraded, 
human-engineered environments”.

https://www.youtube.com/watch?v=FRkYOFR7yPA

A Compilation of Robots Falling Down at the DARPA Robotics Challenge

https://www.youtube.com/watch?v=FRkYOFR7yPA
https://www.youtube.com/watch?time_continue=70&v=g0TaYhjpOfo


Medical Robotics

• Robotic Hair Restoration can improve millions 
of Lives 

video

https://www.youtube.com/watch?v=ZOoLvFtR4AA&feature=youtu.be


Assistive Robotics 

• Assistive Arm and Hand Manipulation: How 
does current research intersect with actual 
healthcare needs?

video

http://handbookofrobotics.org/view-chapter/videodetails/64

https://drive.google.com/file/d/1jE1yPNVsLY0po7zQaLoen-Gd2hyNmmZO/view
http://handbookofrobotics.org/view-chapter/videodetails/64


Learning from Demonstrations (LfD)

• Teaching a Robot to Roll Pizza Dough: A 
Learning from Demonstration Approach

https://www.youtube.com/watch?v=br5PM9r91Fg


Reinforcement Learning Based Control 

• Policy refinement after demonstration with RL

https://vimeo.com/103778067


Deep Reinforcement Learning

• AI-driven robot hand spent a hundred years 
teaching itself to rotate a cube

https://www.youtube.com/watch?time_continue=29&v=jwSbzNHGflM


Service & Social Robotics 



Soft Actuators 

• Even if you have active torque control (closed-loop), 
we have to handle impact (open-loop)

• Variable Stiffness Actuators (VSA) -> 
• Inherent (passive) compliance -> optimal control



Compliance Control



Compliance Control
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Applications

• Contact with environment 

Introduction to Robotics, H. Harry Asada 1

 
Chapter 9 

Force and Compliance Controls 
 

A class of simple tasks may need only trajectory control where the robot end-effecter is 
moved merely along a prescribed time trajectory. However, a number of complex tasks, including 
assembly of parts, manipulation of tools, and walking on a terrain, entail the control of physical 
interactions and mechanical contacts with the environment. Achieving a task goal often requires 
the robot to comply with the environment, react to the force acting on the end-effecter, or adapt 
its motion to uncertainties of the environment. Strategies are needed for performing those tasks.  

Force and compliance controls are fundamental task strategies for performing a class of 
tasks entailing the accommodation of mechanical interactions in the face of environmental 
uncertainties. In this chapter we will first present hybrid position/force control: a basic principle 
of strategic task planning for dealing with geometric constraints imposed by the task environment. 
An alternative approach to accommodating interactions will also be presented based on 
compliance or stiffness control. Characteristics of task compliances and force feedback laws will 
be analyzed and applied to various tasks.  

 
  

9.1 Hybrid Position/Force Control 
   
9.1.1 Principle 

To begin with let us consider a daily task. Figure 9.1.1 illustrates a robot drawing a line 
with a pencil on a sheet of paper. Although we humans can perform this type of task without 
considering any detail of hand control, the robot needs specific control commands and an 
effective control strategy. To draw a letter, “A”, for example, we first conceive a trajectory of the 
pencil tip, and command the hand to follow the conceived trajectory. At the same time we 
accommodate the pressure with which the pencil is contacting the sheet of paper. Let o-xyz be a 
coordinate system with the z-axis perpendicular to the sheet of paper. Along the x and y axes, we 
provide positional commands to the hand control system. Along the z-axis, on the other hand, we 
specify a force to apply. In other words, controlled variables are different between the horizontal 
and vertical directions. The controlled variable of the former is x and y coordinates, i.e. a position, 
while the latter controlled variable is a force in the z direction. Namely, two types of control loops 
are combined in the hand control system, as illustrated in Figure 9.1.2. 
 
 

Fz 

O
y 

z

x

 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 9.1.1 Robot drawing a line with a pencil on a sheet of paper 
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IROS demo

https://drive.google.com/file/d/0BwDbsWx22TKyV3kzSHJ6cEY4ZmM/view?usp=sharing

