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I2R Research Overview

[Jiang & Wang, CPHS 2018; Liao et. al., ACC 
2017; Wang, TCST 2016; Wang, ACC 2016]

[Mizanoor & Wang, Mechatronics, 2018; Sadr & 
Wang, TASE 2017; Sadr et. al., CASE 2016]

[Fu et. al., JGCD 2018; Saeidi et. al., T-Ro 2017; 
Saeidi et. al., ACC 2016; Fu et. al., ACC 2016]

[Saeidi et. al., IROS 2017]



I2R Research Overview

[Zheng et. al., DSCC 2018; Wang et. al., TiiS
2018; Spencer et. al., IROS 2016]

[Wang et. al., SAE WCX 2018; Li & Wang, T-ITS 2017; 
Dey et. al., T-ITS 2016; Wang & Wang, DSCC 2016]

[Mahani & Wang, DSCC 2016]
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[Mahani & Wang, DSCC 2018]



Why is Trust Important? & Motivation
• Adversarial, unpredictable, risky situations: Does a human trust autonomy to perform a task or prefer to 

do it by themselves? To what extent does the human trust autonomy? 

• Collaborative tasks: Human’s acceptance and willingness work together with robots to achieve improved 
performance and balanced human experience. 



Computational Trust Models

• Time-series trust model 
[Wang et. al. Springer 2014; Sadrfaridpour et. al. Springer 2015; 
Rahman et. al. DSCC 2015a; Saeidi & Wang, CDC 2015; Saeidi et. 
al. ACC 2016; Sadrfaridpour et. al. CASE 2016; Rahman et. al. 
CASE 2016a; Spencer et. al., IROS 2016; Mahani & Wang, DSCC 
2016; Saeidi et. al. T-Ro, 2017; Sadrfaridpour & Wang, TAES 2017]

• Dynamic Bayesian Network (DBN) 
trust model 

[Wang et. al., ACM TiiS, 2018]

• Robot-to-human trust model 
[Walker et. al. MSCI 2015; Rahman et. al. CASE 2016a]

• Mutual trust model 
[Wang et. al. ACC 2015, CPS 2015; Wang & Zhang ed., Spring 2017; 
Mizanoor & Wang, Mechatronics, 2018]

• RoboTrust for multi-robot systems 
[Saeidi et. al., IROS 2017]

Our Trust Models

Subjective Trust 
Objective Trust

/Trustworthiness 

Human-like, 
Unbiased 
Design

Human-
Centered 
Design



Function of 
human-to-robot trust

Function of 
robot-to-human trust

Mixed-Initiative Bilateral Haptic Teleoperation of Mobile 
Robots based on Mutual Trust Analysis

[Saeidi et. al, T-Ro 2017; Saeidi et. al. ACC 2016; Fu et. al., ACC 2016]

Possible sources of instability!

Passivity theory



Passivity Theory & Port Network Theory

• Passive systems are stable

• Interconnection of passive 

n ports results in a larger 

passive system
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In teleoperation, force and velocity commands 
form the power ports Port-based model for the mixed-initiative bilateral haptic teleoperation

Feedback 
r-passivity

Wave 
Transformation

PO & PCFilter

Mixed-Initiative Bilateral Haptic Teleoperation of Mobile 
Robots based on Mutual Trust Analysis

[Saeidi et. al. ACC 2016; IEEE T-Ro 2017; Fu et. al., ACC 2016]



Mixed-Initiative Bilateral Haptic Teleoperation of Mobile 
Robots based on Mutual Trust Analysis

[Saeidi et. al. ACC 2016; IEEE T-Ro 2017; Fu et. al., ACC 2016]
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Mixed-Initiative Bilateral Haptic Teleoperation of Mobile 
Robots based on Mutual Trust Analysis

[Saeidi et. al. ACC 2016; IEEE T-Ro 2017; Fu et. al., ACC 2016]

Passivity of the Communication Channel with Variable Time-Delay & Variable Scaling
Block diagram for the communication channel with time-varying delays and variable power scaling

Passivity inequality 
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Passivity of the Slave using PO & PC
Local autonomous controller

(high-level controller)

Velocity tracking controller
(low-level controller)

Environmental 
disturbance

Force feedback
algorithm

Total velocity command
to the robot

Passivity of the slave

Mixed-Initiative Bilateral Haptic Teleoperation of Mobile 
Robots based on Mutual Trust Analysis

[Saeidi et. al. ACC 2016; IEEE T-Ro 2017; Fu et. al., ACC 2016]
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Trust-Based Leader Selection for Bilateral Haptic Teleoperation of 
Multi-Robot Systems 

[Saeidi et. al. IROS 2017]

• Multi-robot collective position tracking and synchronization
• RoboTrust: 
 Human-to-robot trust: dynamic criterion to select leader  improved performance
 Robot-to-human trust: dynamically scale the haptic force feedback  reduced workload

• Passivity approaches for switched systems



Trust-Based Leader Selection for Bilateral Haptic Teleoperation of 
Multi-Robot Systems 

[Saeidi et. al. IROS 2017]

Robot Dynamics

Error Dynamics

Performance Improvement Analysis

Passivity Def. for Switched I/Os

velocity synchronization

position synchronization



Port-based model for the bilateral haptic teleoperation of a multi-robot system 

Feedback 
r-passivity

Wave 
transformation Passivity 

proof

Low pass filterPassive

Trust-Based Leader Selection for Bilateral Haptic Teleoperation of 
Multi-Robot Systems 

[Saeidi et. al. IROS 2017]



Passivity Definition & 
Wave Variable Transformation

Proof of Passivity

Trust-Based Leader Selection for Bilateral Haptic Teleoperation of 
Multi-Robot Systems 

[Saeidi et. al. IROS 2017]

…



Passivity of the Slave Side

input
output

The multi-robot system is passive with 

The relative position of the 
leader robot with its neighbors 

as haptic feedback

Passive Filtering

Trust-Based Leader Selection for Bilateral Haptic Teleoperation of 
Multi-Robot Systems 

[Saeidi et. al. IROS 2017]
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