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• (4 pts) Explain the control strategy for a flexible-macro rigid-
micro-structure robot?

• A macro-micro robot manipulator can be controlled for 
optimizing the manipulability of micro-structure. 

• (3 pts ) Describe one control strategy that can maintain the 
manipulability above a threshold

• (3 pts ) Describe one control strategy that can increase the 
manipulability of micro-structure

3/30/2018RBE 550 – Motion Planning – Instructor: Jane Li, Mechanical Engineering Department & Robotic Engineering Program - WPI 2



• Macro-structure

• Flexible arm of wide motion range

• Neither fast nor precise due to 
flexibility

• Micro-structure

• Limited motion range

• Fast and precise motion
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• Macro-structure 

• Roughly realize the desired trajectory, 
and suppress vibration

• Micro-structure

• Compensate for the position and force 
errors due to the elasticity in the macro-
structure
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• Choose a reference finger manipulability 

• If                           , the finger will keep moving and tracing the desired 
trajectory, while the arm maintains its previous position

• If                            , moving the arm becomes necessary
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• When it is necessary to move the arm

• Finger remains motion less

• Finger manipulability unchanged

3/30/2018RBE 550 – Motion Planning – Instructor: Jane Li, Mechanical Engineering Department & Robotic Engineering Program - WPI 6

• Moving the arm instead of moving the finger can 
theoretically prevent any further decrease

• However, switching control between the arm results in 
a sudden change in velocity



• When the finger manipulability is under the defined threshold,

• Computer the finger joint angles needed for increase manipulability

• Computer desired frame transform of finger w.r.t. to the EE of arm

• Given the desired finger EE position, compute the desired the EE of 
arm  
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• Mass production

• Efficiency

• Manual production

• Flexibility

3/30/2018RBE 550 – Motion Planning – Instructor: Jane Li, Mechanical Engineering Department & Robotic Engineering Program - WPI 12



3/30/2018RBE 550 – Motion Planning – Instructor: Jane Li, Mechanical Engineering Department & Robotic Engineering Program - WPI 13



3/30/2018RBE 550 – Motion Planning – Instructor: Jane Li, Mechanical Engineering Department & Robotic Engineering Program - WPI 14



• Planning and control of redundant DOFs to achieve

• Coordination of locomotion and manipulation

• Configuration Optimization

• Control stability 

• Obstacle avoidance

• Robot-robot / human-robot cooperation

• Outdoor applications
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• ZMP = zero moment point
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Isotropy = 1/ condition number
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• How to minimized the internal forces?
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• Loco-manipulation

• Affordance

• Loco-manipulation motion planning 

• Motion Primitives

• Motion skill transferring from humans to humanoid robots

• Inverse optimal control   
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• Number of contacts

• Each support point creates a new closed kinematic loop

• Motion planning complexity increases with number of supports

• Type of contact

• 5 types = Hold, palm, arm, feet, and knee support

• Selecting 36 out of 51 total combination  the more commonly used
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• Stability

• Power grasps vs. resting poses

• In addition to the standing and kneeling poses, there are 10 extra 
classes where there is contact with the torso (i.e., resting poses)

• Transitions to and from resting poses are more complex (future 
work) 
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• Similarity

• Contact  affordance matters

• Difference

• Hand grasping can start with no contact with environment

• Whole-body poses always start with at least one contact with 
environment (due to gravity)
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• Efficiently identify actions in unknown environment

• Detect environment elements that allow interaction (e.g., doors, 
handles, handrails, stairs, etc.)

• Utilize fixed environment structure for stable loco-manipulation
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• Loco-manipulation affordance

• Actions that involve the whole body for stabilization, locomotion or 
manipulation

• Affordance validation

• Assign whole-body affordance to environmental primitives, based on 
their shape, orientation and extent

• Use perception feedback to validate the affordance hypotheses

• Execute the task
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e.g., 3D cameras

Object Action Complexes
A framework that represents 
the sensorimotor experience 
and behaviors based on the 

coupling of objects and actions

Affordance Validation
Depending on the measured haptic 
feedback and the resulting level of 

confidence, the affordance 
hypotheses become actual 

affordances and can be instantiated 
as Object Action Complexes (OACs)
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Registered point cloud

Segmentation

Geometric primitives

Affordance hypothesis
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Match segment s against geometric 
models, e.g., plane, cylinder, sphere

Before adding to the set of discovered 
primitives, the underlying point cloud is further 

partitioned in a clustering process based on 
Euclidean distances between points Why?
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• Compute possible grasp points

• Computer robot location 
through inverted reachability

• Additional information that 
helps with affordance validation
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• Touch
• Touch the primitive and exert forces along the primitive’s normal 

direction. Compare the resistance force against threshold

• Grasp
• Grasp the primitive and exert forces along the expected direction of 

utilization. Compare the resistance force against threshold

• Push
• Push the primitive and perceive the caused effect
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• Pipe

• Grasp + lift

• Chair

• Push

• Box 1

• Can be pushed

• Box 2

• Cannot be pushed
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