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Å(5 pts) What is the difference between motion planning and 
obstacle avoidance?

Å(5 pts) Please describe the basic problem statement of motion 
planning ɀyou can draw a graph to illustrate.
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ÅPath planning
ÅLow-frequency, time-intensive search method 

for global finding of a (optimal) path to a goal

ÅObstacle avoidance (aka ñlocal 
navigationò)
ÅFast, reactive method with local time and 

space horizon

ÅDistinction: Global vs. local reasoning
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Robot and Obstacle 
Geometry

Robot Kinematic 
and Dynamics

Start and Goal

A path from 
start to goal

Planning 
Algorithm



ÅPlatform

ÅCourse projects

1/17/2018RBE 550 ɀMotion Planning ɀInstructor: Jane Li, Mechanical Engineering Department & Robotic Engineering Program - WPI 5



ÅMajor components

ÅBaxter robot

ÅMobile base

ÅCompliant grippers

Å3D cameras
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ÅSimulation mode

ÅPhysical mode

ÅGUI

ÅVarious input devices

ÅMulti-perspective 
camera views



ÅHardware
Å10 cameras ɀVero 2.2

ÅMax frame rate = 330 Hz

ÅResolution 2048 x 1088 = 2.2 MP

ÅCovered space = 17 ft X 21 ft

Å8 on railing + 2 on ground (for closer view)

ÅSoftware
ÅNexus ɀhuman motion capture and analysis

ÅTracker ɀmoving object tracking 
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ÅCollaborative projects (5-6 students)

ÅMentored by me, TA and experienced students

ÅUnder-going Human-inspired robotics (HIRo)  lab projects

ÅSmall projects (1-2 students)

ÅOn the motion planning of surgical robots and swarm robots

ÅIn case you prefer working with fewer people
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Å Functional robot platform
ÅDebugging hardware is a pain!
ÅMay be stuck by technical details of a software

Å Experienced members in the team
ÅStarting from sketch takes much longer time

ÅCommitment of every team members
ÅYour project grade may be ruined if the team fall apart

ÅHealthy team dynamics
ÅYour leader is knowledgeable, reasonable, and helpful
ÅYour partners are trustworthy 
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ÅA good project team means

ÅSuccessful project outcome (30% of course grade)

ÅHigh-quality group literature review (10% of course grade, as part of 
the assignment)

ÅHelp you study the course material and prepare for quiz
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ÅFind the team right for you

ÅProject survey form allow you to fill in preferred teammates

ÅTalk to project contact to see whether you like and project and have 
the right skill set

ÅTalk to your classmates and find the ones you like to work with

ÅIt may be a good idea to choose a small project

ÅYou have full control of the project progress

ÅYou can work at your comfortable pace
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ÅStandard projects

ÅPhysical Human-robot interaction

ÅManipulation

ÅNavigation

ÅMotion coordination

ÅSmall projects
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ÅHuman intent

ÅGaze, body posture, motion, verbal communication

ÅObject affordance
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ÅGoal

ÅFluent and natural human-robot object handing-over

ÅHuman-robot object handing-over is not a trivial problem

ÅInfer human intent

ÅIdentify object affordance

ÅPlanning feasible and  natural motion

ÅHandle exception
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ÅRobot observing human manipulation
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ÅCommunicate Intent
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ÅIdentifying and tracking object
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ÅPlanning reaching and grasping



ÅTrajectory control
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Basic Motion
Planning Problems
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ÅProject status

ÅTRINA software allows direct teleoperation of mobile base

ÅNeed to do

ÅSafe navigationof omni-directional mobile base using LIDAR sensor

ÅCombining learning and motion planningto determine when and 
how to move mobile base, to facilitate the manipulation task being 
performed

ÅTeleoperatemobile base motion using mocapsystem (optional)
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ÅSearch for related work on

ÅMobile manipulator motion planning

ÅMicro- and macro-structure coordination

ÅProject Contact

ÅSihuiLi <sli16@wpi.edu>
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ÅProject status

ÅTRINA software allows direct teleoperation of baxterrobot arms and 
Reflex SF hand 

ÅNeed to do

ÅAcquire object affordance by object identification and classification

ÅLearning object affordance by observing human manipulation

ÅPlanning grasping motion based on object affordance
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ÅSearch for related work on

ÅImage processing for feature identification and object classification

ÅLearning affordance from demonstration

ÅGrasping planning for compliant gripper

ÅProject Contact

ÅYudongYu <yyu6@wpi.edu > for using motion capture system

ÅSihuiLi <sli16@wpi.edu> for setting up teleoperation of TRINA from 
mocapto perform bimanual reaching motion
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ÅProject status

ÅTRINA software allows direct teleoperation of Baxter robot and 
Reflex SF hand 

ÅNeed to do

ÅPlan coordinated reaching and grasping motion

ÅCombine motion planning with learning reach-to-grasp motion from 
teleoperation
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ÅSearch for related work on

ÅCoordination of grasping with reaching

ÅGrasping planning and learning for compliant gripper

ÅProject Contact

ÅDuong Nguyen <dnguyen2@wpi.edu> - for ReFlexSF hand motion 
control and CaptoGlove
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ÅProject status

ÅSetting up teleoperation of Baxter robot and Reflex SF hand 

ÅPreliminary work on 

ÅPhase estimation of physical human-robot interaction 

ÅUsing Kinect for human skeleton and object tracking  

ÅNeed to do

ÅInference of human intent from gaze, body posture and etc. 

ÅLearning task and object affordance
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ÅSearch for related work on

ÅHuman intent detection and inference

ÅHuman-robot handing over

ÅProject contact

ÅGunnar Horve(TA) <gchorve@wpi.edu>

ÅHerambNemlekar<hsnemlekar@wpi.edu>

ÅMax Merlin <mtmerlin@wpi.edu>
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ÅProject status

ÅSetting up teleoperation of Baxter robot and Reflex SF hand 

ÅPreliminary work on algorithms on learning motion primitives 

ÅNeed to do

ÅLearning low level motion primitives from demonstration

ÅHigh-level modeling and planning of human-robot handing-over

1/17/2018RBE 550 ɀMotion Planning ɀInstructor: Jane Li, Mechanical Engineering Department & Robotic Engineering Program - WPI 40



ÅSearch for related work on

ÅLearning dynamic movement primitives

ÅLearning motion plan 

ÅProject contact

ÅGunnar Horve(TA) <gchorve@wpi.edu>

ÅHerambNemlekar<hsnemlekar@wpi.edu>

ÅMax Merlin <mtmerlin@wpi.edu>

1/17/2018RBE 550 ɀMotion Planning ɀInstructor: Jane Li, Mechanical Engineering Department & Robotic Engineering Program - WPI 41



1/17/2018RBE 550 ɀMotion Planning ɀInstructor: Jane Li, Mechanical Engineering Department & Robotic Engineering Program - WPI 42



1/17/2018RBE 550 ɀMotion Planning ɀInstructor: Jane Li, Mechanical Engineering Department & Robotic Engineering Program - WPI 43



ÅInter-arm coupling due to cross-hemisphere talk
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Video Game

Motion 
planning/ 

learning AI

Haptic 
Device



ÅProject status

ÅBuild a pair of 3-DOF haptic devices 

ÅInterface with Pong game for bilateral rehabilitation

ÅNeed to do

ÅDevelop AI for motion planning 

ÅUse motion learned from healthy arm to evaluate planned motion

ÅGenerate assistive force to guide the stroke arm
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ÅHow to create an AI that can play interactive video game? 

ÅCan the AI-planned motion match natural human behavior?

ÅCan stroke patients recover faster by playing these games?

1/17/2018RBE 550 ɀMotion Planning ɀInstructor: Jane Li, Mechanical Engineering Department & Robotic Engineering Program - WPI 52



ÅProject Contact

ÅNathaniel Goldfarb < nagoldfarb@wpi.edu >

ÅAlexandra Valiton< arvaliton@wpi.edu >

ÅRishi Khajuriwala< rdkhajuriwala@wpi.edu >

ÅProject presentation

ÅSpeaker: Nathaniel Goldfarb (PhD)

ÅJan 18, at Gatepark1002
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ÅProject description
ÅPlan the coordinated motion of swarm robots that collaboratively move 

an object

ÅQuestion 
ÅHow to coordinate swarm robots to follow a trajectory?
ÅCan robot join and leave?
ÅWhat if the object is deformable?

ÅMentor
ÅProf Carlo Pinciroli< cpinciroli@wpi.edu  >
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Continuum robotic probe inserted into an ear model
Planning the insertion 

into the ear cavity

1 mm


