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Theoretical Themes Biorobotics Lab

Dimension Reduction Run the Pipeline

Geometry Force / Compliance



Disaster Response

Is someone 

trapped 

here?

Are there 

acoustic signs 

of life in here?

Where do we 

tell people in 

this area to go?

Person spotted in 

the water here. 

Keep track of them

Scan this area for 

people in the water
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Text 
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Multi-agent Heterogeneous Ergodic Search

Robot1
Robot2

Robot3
𝒙

𝑥1

𝑥2

Desired distribution of trajectories: 

𝜉 𝒙

Spatial time-average statistics 

distribution: Γ𝑡 𝒙

𝜙 𝑡 = ෍

𝑘=0

𝐾

Λ𝑘 Γ𝑘(𝑡) − 𝜉𝑘
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Fourier coefficients

𝐷𝐾𝐿 Γ𝑡 , 𝜉 = න
𝑋

Γ𝑡 𝒙 𝒍𝒐𝒈
Γ𝑡 𝒙

𝜉(𝒙)
𝑑𝒙

Agents should spend time in regions in 

proportion to their expected amount of 

information.

Map is updated, say via a 

Gaussian Process,  as 

information is acquired

Spectral coefficients 

for heterogeneous 

search



Multi-Agent Systems: Bypass the Curse of Dimensionality 
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Multi-objective 

Search

Pareto Optimal Front



Decentralized Multi-agent Start-goal Planning

Distributed imitation/reinforcement learning approach

70% of  episodes solved via RL. Goal: maximize cumulative 

rewards
Result: agents get to their goal as fast as possible and rest on it.

30% of episodes solved using centralized planner (ODrM*)
Behavior cloning to mimic demonstrations.

Limited Field of View around agents

(partially-observable).

80 agents, obstacle density 

20%

Movement, r = - 0.02

Stay idle, r = - 0.5

Collision, r = - 2

Stay on goal,  r = + 0

Finish episode (all agents on goal), r = + 

20

Result: agents get to their goal as fast 

as possible and rest on it.

Completely Centralized 

Learning

Completely Decentralized 

Execution

Globally “good” thing 

happens – hurray!!

Secret Sauce?

1024 agents, obstacle 

density 5%



Mexico City Earthquake

Travers, Whitman, Zavallos

Hundreds Missing in Mexico City Days After 
Earthquake, WSJ, Sept 21, 2017

All photos taken by us, © Howie Choset, 2017



Science and Engineering of Modularity



Modularity Gradients / Stair Climbing

Rapidly load, transport and 

unload a heavy payload up N 

flights of stairs in a single trip

Predicted increase

Predicted decrease

TBD 

+

Mechanism Design



Decentralized Construction: Reinforcement Learning



Decrease costsReduce post-operative discomfort Disseminate care

Minimally Invasive Surgery



First medical robot to be 

cleared by the FDA that has 

the word “robot” in its 

indication. 

FDA Clearances

Transoral

(July 2015)

Laryngeal

(July 2015)
Transanal

(May 2017)

Transabdominal

(Est. 4Q 2018)

4 continents, cleared 

in 17 countries
Selected Awards and Recognition

“2014 One of Top 

100 Annual Best of 

What’s New Awards: 

An Innovation That 

Will Shape The 

Future”

“2015 New England 

Innovation Awards: 

Small Business 

Association of New 

England (SBANE) 

Recognizes Medrobotics 

as a Rising Star” 

“2015 Innovative 

Company Award 

Winner” in the 

Biotechnology and 

Life Sciences 

Category 

“2016 Global 

New Product 

Innovation 

Award”

“2016 Top 100 Winner, 

North America – Most 

Likely to Change the 

Way People Live and 

Work”

“2016 Gold Medal 

Winner in Surgical 

Equipment, 

Instruments and 

Supplies Category” 

“2016 Best-in-

Show Award 

Winner”

“2017 Best 

New Product 

Award”

CEO Catches Stranger After Hours, Prompting Espionage Charges, 
WSJ, Sept 19 2017

Not a 

surgeon

Operate on Humans
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Ultrasound Guided Medical Robots:  Advancing AI and Saving Lives

Nerve-Block

Needle Placement

Tension Pneumothorax 
Decompression

Elevated ICP

Airway 
Management

New AI that:

• Trains with limited, noisy data

• Generalizes to the unexpected

• Explains Itself

Ultrasound-AI guides 

robot scanning and 

needle insertion



Deep Learning Architectures

Domain Generalization:

- Transfer Learning

- Data Augmentation

- Bayesian Modelling

Mathai T.S., Gorantla V., Galeotti J., "Segmentation of Vessels in Ultra High Frequency Ultrasound Sequences using 

Contextual Memory". Medical Image Computing and Computer Assisted Intervention. MICCAI 2019.
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E-waste is a tremendous problem

E-waste recycling

Travers Vision

Daisy
Monotonous



E-waste is a tremendous problem

E-waste recycling

Monotonous

Generate different 

2-D images under 

different 

conditions



MRV

MEP

CV

MRV – Mission Robotic Vehicle

MEP – Mission Extension 
Payload

CV – Client Vehicle

Recycling in Space



Challenges

MRV

MEP

CV

MRV – Mission Robotic 

Vehicle

MEP – Mission Extension 

Payload

CV – Client Vehicle

Camera

(Tracking 

with 

occlusions)

Multimodal Control 

(Visual/Force 

feedback)

Force 

Sensor



Geometric Mechanics +Gaits

Body 

Velocity

Shape

Velocity

Connection

Cyclic path in 

shape space



Basis Functions / Shape Template



Contact (Dan Goldman)

Walk Run



Adaptable

With position control only, must rely on

- difficult computational models

- lots of sensed data, high resolution

- High bandwidth information

- Limitations on size and speed of robot

Animals 

- Reactive control / decentralized

- Low resolution sensors

- Low bandwidth information

- Highly dynamic at a variety of scales 



Shape-Based Admittance Control



Shape-Based Admittance Control



Capabilities of Biorobotics Lab

Snake Robots 
(Land and Sea)

Novel 
Mechanisms

Modular 
Robots

Confined 
Space 

Robotics

Multi-Agent 
Planning

Force-based 
Control

Reinforcement 
Learning

Imitation 
Learning

Mapping Registration Miniaturization
Medical 
Robotics


