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• The college has graduated 12 Nobel Prize winners, 1 Fields Medalist, 1 Turing Award winner.

• Henry Kissinger, Colin Luther Powell, Michio Kaku (加來道雄), …

• Albert Einstein gave the first of his series of United States lectures at CCNY in 1921.



1. Introduction

Extremum Seeking Control (ESC)

• Extremum seeking (ES)

– Online black-box reward-seeking

– Real-time, model-free optimization algorithm

• ES history

– Sinusoid-based ES was popular in the 1950s

– Stability proved in [Krstic & Wang ‘00]

– Torrent of advances in theory & applications

(12,000+ papers since 2000)
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1. Introduction

Extremum Seeking in Nature
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Sperm seeking an egg Phototropism



1. Introduction: Source Seeking

• Motivation: Locate the Source of a Signal (w/o GPS or INS)

• Electro-magnetic, optical, chemical, etc.

• GPS and INS signals are not available

• Locate and repair the leakage, avalanche victim search, etc.
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Without GPS or INS, Source Seeking algorithms are very useful!



Control/Optimization Objective

• The position-dependent function 

      has a global minimum at :               

• Both                and        are unknown. 

• Vehicle can only measure the value of                         

in real time.

• Without position & velocity measurements

On Vehicle Models

• Single/double-integrators: [Zhang’07]

• Unicycle: [Zhang’07; Ghods; Durr’13,’17]

• Fully-actuated systems: [Suttner’21,’22]

• Underactuated systems

1. Introduction: Source Seeking
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1. Introduction: Underactuated Systems

Keyword: Underactuated Mechanical Systems

▪ Mechanical systems

• configuration variable

• input variable,

• input matrix

• Fully-actuated, if

• Underactuated, if

▪ Simple, power saving, make better robots…

▪ Almost all real vehicles are underactuated!
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Fig: Underactuated systems.



2. Extremum Seeking Algorithms

1. Classical averaging-based (2000-2013)

2. Lie-bracket approximation-based (2013-)

3. Symmetric-product approximation based (2021-)
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3. Source Seeking for Underactuated Vehicles
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3. Source Seeking for Underactuated Vehicles
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Key idea:

3. Source Seeking for Underactuated Vehicles
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Gradient Decent?



3. Source Seeking for Underactuated Vehicles
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• Simulation Results: (Boat)



3. Source Seeking for Underactuated Vehicles

• Experimental Results
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Fig: State trajectories and control input



• Medical Robotics

– Micro/Nano Robotics with Source Seeking ability

(Tumor, cancel cells seeking and treatment)

• Learning-Based Control

– Data-driven, seeking the minimum of a “Lyapunov”

• Safety Critical Control

• Guarantee safety in complex environment (CBF)

• Fixed/prescribed-time control
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4. Future Work



Thank you for the attention!

12/12/2023 SIA Forum 19

▪ Looking for outstanding Ph.D. students interested in Control Theory and Underactuated Systems

▪ Collaboration is welcome!

• Email: bwang1@ccny.cuny.edu   /  bwang.ccny@gmail.com

• Website: https://bwang-ccny.github.io
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