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Lecturer
Postdoctoral Research Associate
Princeton University
MAE EQUAD, Olden st.
Princeton, NJ 08544, USA
Phone: (240)505-8163
fzhang@princeton.com
www.princeton.edu/~fzhang/

Education
Ph.D. in Electrical Engineering, Major in Control and Minor in Communication, University
of Maryland, College Park, 11/04.
Thesis: Geometric cooperative control of formations.
M.Sc. in Electrical Engineering, Tsinghua University, Beijing, China, 07/98.
Thesis: Computer aided engineering of flexible AC power transmission controllers.
B.Sc. in Electrical Engineering, Tsinghua University, Beijing, China, 07/95.
Thesis: Designing a wireless communication network for coal-transporting mobile robots in
Yuanbaoshan power plant.

Research Interests
1. Sustainable robotic motion and sensing for medical applications.
2. Body sensor networks and cooperative systems.
3. Adaptive biomotion. Swarming behavior.
4. Long endurance robotic sensor platforms.

Research Experience
Department of Mechanical Engineering Postdoctoral Research Associate
Princeton University Nov. 2004 – present
∗ Adaptive sampling and prediction for ocean (MURI). Designing sensing algorithms
and control laws as fundamental building blocks for autonomous underwater mobile sensor
networks, an enabling technology for future ocean sciences. Demonstrated and proved how
to use formations of multiple moving sensor platforms, with shape optimized for minimum
error in estimates to explore the structures of scalar or vector fields in ocean. Invented the
method to use super-elliptic tracks for coverage and developed novel cooperative control
laws to coordinate motion of underwater gliders on the tracks. Tested the control laws and
sensing algorithms in field experiments in Buzzards Bay, MA and Great South Channel,
MA. In summer 2006, applied the control and sensing methods to sample a region of 800
square kilometers in Monterey Bay, CA.
3D Navigation for robot teams. Developing control laws and navigation algorithms
for a team of robots moving in 3D space to achieve desired formations and avoid collision
between team members and collision with obstacles. Designed 2D control laws with provable
convergence.
Underwater glider dynamics and control. Developing control laws for underwater
gliders to perform 3D motion such as helical motion. Such motion is very energy efficient

∗Collaborators: Prof. Naomi Leonard, Dr. Francois Lekien, Dr. Eddie Fiorelli, Mr. Pradeep Bhatta,
Mr. Derek Paley
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but has not been used in applications due to lack of theoretical justification. Developing
sensing algorithms to utilize the helical motion for adaptive sampling.
Hybrid motion control of legged Locomotion. Developed a hybrid feedback control
law based on legged locomotion model for walking robots.
Test-bed for underwater vehicles. Developing a test-bed including a water tank (21
feet in diameter and 8 feet deep) and several propeller-driven Grouper underwater vehicles.
Developing embedded systems on the vehicles for control, communication and sensing.

Institute for System Research Graduate Research Assistant
University of Maryland at College Park Aug. 1998 – Nov. 2004
†Cooperative shape control. Extended the shape theory ‡ so that shape changes can be
cooperatively controlled. Established a class of general controllers to achieve arbitrary non-
singular shapes. Such controllers share gauge covariant properties which allow each team
member more freedom to incorporate sensor information. Compared to existing controllers,
it reduces dependency on GPS and communication links.
Curvature based guidance and obstacle avoidance for unmanned aerial vehicles
(UAVs) and high speed mobile robots. Discovered gyroscopic feedback laws which
guide a robot to target while avoiding obstacles by encoding sensory data into local geomet-
ric information for the boundary curve or boundary surface of an obstacle. Demonstrated
wall following behavior using an iRobot Atrv-mini mobile robot. Combined the navigation
control laws with shape controllers to obtain a coherent navigation algorithm for robot for-
mations. This mathematically well-founded algorithm is appreciated as a novel approach
other than algorithms based on navigation functions and online path planning.
Coordinated orbital transfer of satellite clusters. Developed a coordinated orbital
transfer algorithm with its convergence rigorously proved utilizing the geometric structure
of the shape space § . The algorithm has also been verified by a NASA research team on
FreeFlyer, a simulation tool for satellite mission design.
Motion Description Language (MDLe) to implement formation controllers. Im-
plemented the first version of MDLe software platform. This platform is applied to control a
variety of mobile robots. Developed and demonstrated cooperative behaviors of multi-robot
teams on this platform.

Department of Electrical and Power
Engineering

Graduate Research Assistant

Tsinghua University, Beijing, China Aug. 1996 – Jun. 1998
Designed a neuro-fuzzy controller for the first high capacity (20MVA) power electronic VAR
compensator in China. Developed a computer aided engineering platform for designing
fuzzy logic controllers. Implemented a controller over wireless network in a dusty under-
ground tunnel for coal-transporting vehicles. Such a system released workers from operating
on the vehicles and inhaling coal dust.

†Collaborators: Dr. Eric Justh, Mr. Michael Goldgeier, Alan O’Connor, Derek Luebke and Salman Haq.
Advisor: Prof. P. S. Krishnaprasad.

‡Shape theory has been developed by statisticians and physicists to measure and analyze shapes and shape
changes. Shape quantities are rigid motion invariants which can be studied on a geometrically interesting
shape space.

§After a nonlinear transformation, the shape of a satellite cluster can be described on the space of
momentum maps, which serves as the shape space in this application.
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Teaching Experience
Department of Mechanical and Aerospace
Engineering

Lecturer

Princeton University Sep. 2006 – present
Teaching MAE501/APC501, Mathematical Methods of Engineering Analysis at graduate
level.

Department of Mechanical and Aerospace
Engineering

Guest Lecturer and Research Supervisor

Princeton University Nov. 2004 – Sep. 2006
Gave lectures for ELE 523/MAE 548, Nonlinear Systems Theory, a graduate level course
in Spring 2005. Gave lectures for MAE 430, Control Systems Design, an undergradu-
ate course in Spring 2006. Finished teaching program devised by the McGraw center for
enhancing teaching and learning in Princeton University. Supervised three undergraduate
students to perform independent research work in the Autonomous Underwater Vehicle
Lab. Their tasks include building the Grouper underwater vehicles and developing software
for ASAP project.

Department of Electrical and Computer
Engineering

Guest Lecturer and Research Supervisor

University of Maryland at College Park Aug. 1998 – Aug. 2004
Gave invited lectures for ENEE302: Digital Electronics and ENEE460: Control Systems.
Appointed by ECE department as a supervisor for MERIT and REU program which offer
undergraduate students opportunities to gain research experience.

Department of Electrical and Computer
Engineering

Graduate Teaching Assistant

University of Maryland at College Park Aug. 1998 – Aug. 1999
Taught the problem solving sessions and lab sessions of ENEE 302, a junior level cir-
cuit course of 60 students. Designed and graded problems for exams. Graded homework
regularly.

Microsoft Training Center Certified Trainer and Systems Engineer
Beijing, China May 1995 – Aug. 1996
Taught intensive technical courses to software engineers all across China. Selected by Mi-
crosoft from among several hundred applicants onto a team to establish the first Microsoft
training facility in China. Received many hours of training on how to teach effectively and
efficiently. Promoted to be a trainer for Microsoft trainers.

Professional Experience
Intelligent Servosystems Lab Lab Co-manager
University of Maryland at College Park Jun. 2000 – Oct. 2004
Supervised and executed projects involving one iRobot Atrv-mini robot, two Pioneer II
robots and four Nomadic Superscout robots connected by wireless communication links.
Maintained video camera systems, GPS systems, and computer networks. Supervised a
group of five undergraduate students for three years in projects including GPS based nav-
igation, vision based control of an inverted pendulum, stochastic landmark recognition,
sound localization and sound separation, etc.
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Invited Seminars
“A Class of Curve Tracking Methods for Robotic Sensor Platforms,” Applied Mathematics
Seminar, Naval Postgraduate School, Aug. 2006, sponsored by Professor Wei Kang.

“Collaborative Exploration Using Robotic Sensor Platforms,” Mechanical Engineering Sem-
inar, University of Maryland at College Park, Mar. 2006, hosted by Professor Avis
Bar-Cohen.

“Curve Tracking for Legged and Wheeled Robots,” Dynamical Systems and Nonlinear Sci-
ence Seminar, Program in Applied and Computational Mathematics, Princeton Univer-
sity, Oct. 2005, sponsored by Professor Philip Holmes.

“Tracking Level Curves,” CDS seminar, California Institute for Technology, June,
2005, sponsored by Professor Jerrold Marsden.

“Cooperative Control of Periodic Motion: Satellite Formations,” Dynamical Systems and
Nonlinear Science Seminar, Program in Applied and Computational Mathematics, Prince-
ton University, Feb 2005, sponsored by Professor Philip Holmes.

“Shape Theory, Formation Control and Obstacle Avoidance,” Seminar in Department of
Mechanical Engineering, Princeton University, May 2004, sponsored by Professor Naomi
Leonard.

“Cooperative Shape Control of Robot Teams,” ECE Graduate Student Seminar, Univer-
sity of Maryland, College Park, Oct. 17, 2003, sponsored by ECEGSA.

“Coordinated patterns of moving particles on simple orbits,” at Workshop on Swarming
in Natural and Engineered Systems, Napa Valley, California, August 3-4, 2005.(Poster co-
authored with N. Leonard, D. Paley and R. Sepulchre.)

Publications
Fumin Zhang, “Geometric Cooperative Control of Formations”, PHD thesis, University of
Maryland, 2004. http://techreports.isr.umd.edu/reports/2004/PhD 2004-4.pdf

Journal Articles:

Fumin Zhang and P. S. Krishnaprasad, “Co-ordinated orbit transfer of satellite clusters,”
Astrodynamics, Space Missions, and Chaos, Annals of the New York Academy of Sciences,
Vol.1017, 112-137, May 2004.

Fumin Zhang and Naomi Leonard, “Coordinated Patterns of Unit Speed Particles on a
Closed Curve,” to appear in Systems and Control Letters, 2006.

Fumin Zhang, David Fratantoni, Derek Paley, John Lund and Naomi Leonard, “Control of
Coordinated Patterns for Ocean Sampling,” accepted by International Journal of Control,
2006.
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Derek Paley, Fumin Zhang and Naomi Leonard “Cooperative Control for Ocean Sampling:
The Glider Coordinated Control System,” submitted to IEEE Transactions on Control
System Technology, 2006.

Peer Reviewed Conference Papers:

Fumin Zhang and Naomi Leonard, “Coordinated Patterns on Smooth Curves,” in Proc.
2006 IEEE International Conference on Networking, Sensing and Control, 434-440, Ft.
Lauderdale, Florida, U.S.A. April 23-25, 2006.

P. Bhatta, E. Fiorelli, F. Lekien, N. E. Leonard, D. A. Paley, F. Zhang, R. Bachmayer, R. E.
Davis, D. M. Fratantoni and R. Sepulchre, “Coordination of an Underwater Glider Fleet,”
in Proc. International Workshop on Underwater Robotics for Sustainable Management of
Marine Ecosystems and Environmental Monitoring,61-69, 2005.

Fumin Zhang and Naomi Leonard, “Generating Contour Plots using Multiple sensor plat-
forms,” in Proc. of 2005 IEEE Swarm Intelligence Symposium, 309-314, Pasadena, CA,
June 8-10, 2005. http://www.princeton.edu/~fzhang/ZhangLeonardSIS05.pdf

Fumin Zhang, Eric Justh and P. S. Krishnaprasad, “Boundary Following using Gyroscopic
Control,” in Proc. of 43rd IEEE Conference on Decision and Control, 5204-5209, Atlantis,
Paradise Island, Bahamas, December 12-14, 2004.
http://www.princeton.edu/~fzhang/cdc041661.pdf

Fumin Zhang, Alan O’Connor, Derek Luebke and P.S. Krishnaprasad, “Experimental Study
of Curvature-based Control Laws for Obstacle Avoidance,” in Proc. of 2004 IEEE Interna-
tional Conference on Robotics and Automation, 3849-3854, New Orleans, LA, April 26-May
1, 2004. http://www.princeton.edu/~fzhang/878.pdf

Fumin Zhang, Michael Goldgeier and P. S. Krishnaprasad, “Control of Small Formations
Using Shape Coordinates,” Proc. of 2003 IEEE International Conference on Robotics and
Automation, 2510-2515, Taipei, Taiwan, September 14-19, 2003.
http://techreports.isr.umd.edu/reports/2003/TR 2003-49.pdf

Fumin Zhang and P. S. Krishnaprasad, “Co-ordinated Orbit Transfer of Satellite Clusters,”
Proc. of 41st IEEE Conference on Decision and Control, 4095-4100, Las Vegas, Nevada,
Dec 10-13, 2002. http://techreports.isr.umd.edu/reports/2002/TR 2002-35.pdf

Fumin Zhang and P. S. Krishnaprasad, “Formation Dynamics Under a Class of Control
Laws,” Proc. of 2002 American Control Conference, 1678-1685, Anchorage, Alaska, May
8-10, 2002.
http://techreports.isr.umd.edu/reports/2002/TR 2002-25.pdf

Zhang Fumin, Chen Jianye, Wang Zhonghong, and Han Yingduo, “Fault Recognition of
A 20 MVAR Statcom Main Circuit Using Artificial Neural Network,” Proc. of 33rd In-
tersociety Energy Conversion Engineering Conference, IECEC-98-I164, Colorado Springs,
Aug.2-6, 1998
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Technical Reports:

D. Hristu, P. S. Krishnaprasad, F. Zhang, S.Andersson, L. D’Anna, P. Sodre, “The MDLe
Engine: A Software Tool for Hybrid Motion Control,” ISR Technical Report TR2000-54,
University of Maryland, 2000.
http://techreports.isr.umd.edu/reports/2000/TR 2000-54.pdf

Preprints
Fumin Zhang, Eric Justh and P. S. Krishnaprasad, “Steering Control, Curvature and Lya-
punov Navigation,” in preparation for journal publication.

Fumin Zhang and P. S. Krishnaprasad, “Cooperative Shape Control of Robot Teams,” in
preparation for journal publication.

Fumin Zhang, P. S. Krishnaprasad and Salman Haq, “Boundary Tracking by a Robot
Team,” in preparation for journal publication.

Academic Activities
• NSF proposal review panelist.
• Session organizer of “Collective Motion for Sensing” for 2005 SIAM Conference on

Control and its Applications.
• Reviewer for: IEEE transactions on automatic control; IEEE transactions on robotics;

IEEE transactions on systems, man and cybernetics; SIAM Journal on Control and
Optimization; Systems and Control Letters; AIAA Journal on guidance and control;
Journal of nonlinear dynamics.

• Undergraduate research supervisors for: NSF Research Experience for Undergradu-
ates(REU) program and Maryland Engineering Research Internship Teams (MERIT)
program. Supervised the research work of 20+ undergraduate students. Among them,
five undergraduate students published research papers in proceedings of IEEE confer-
ences.

• Presented research posters and demos to companies and sponsors on Research Review
Days and Maryland Days from 1999 to 2004. Helped the Intelligent Servo-system Lab
become an attraction of the A. James Clark School of Engineering at Maryland for
visitors and prospective students.

• Invited by the US Department of Transportation to a research meeting on air traffic
management and airport safety.

• Collaborated with research scientists of NASA on formation flying of satellites. Col-
laborated with scientists of Naval Research Lab (NRL) on formation flying of UAVs.

• Member of the New York Academy of Science. Member of IEEE, AIAA and SIAM.
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Research Statement
Fumin Zhang
Department of Mechanical
and Aerospace Engineering
Princeton University
fzhang@princeton.edu

We are in an era when human beings have set foot on almost every corner on earth and its
surrounding space. In the future, one goal is to continue expanding our range of activities by
missions like manned flight to Mars. Another goal, perhaps more relevant to the everyday life of
an average person, is to better understand the places we already occupy so that improvements
and predictions can be made. This will greatly reduce damage caused by natural disasters
as well as pollutions. From a broader view, we can generalize this second goal to include the
inside of the human body. It is often necessary to persistently gather health information to
improve treatment for chronical conditions such as the cardiovascular disease. In all these
missions, we find ourselves facing a great challenge: how to deploy our very limited assets to
gather accurate information in large and complex territory over a long period of time.

Through evolution, Nature has created animals–fully autonomous systems that prevail even in
the most challenging environments. My dream is to create self-sustaining robots that
can be employed by human beings. Most of time, they work on their own or collaborate
as a sensor network to harvest energy and data from the environment. When necessary, they
report to mainframe computing systems and receive mission commands. The collected data
will be automatically processed by many analytical and modeling tools to discover connections
and patterns. They should be able to avoid hazards and respond to changes in the environment
just as animals do. They may even be able to interact with the natural animals. To realize
this dream, I will build an academic research program to address both the scientific
and the engineering aspects.

The motion of animals is amazingly abundant and complex. Even after more than twenty years
of education, with many sophisticated mathematical tools gathered in my hands, I have only
started to understand some of the simplest ones. Animal motion is often described as a dynami-
cal system. It is well recognized that even the most naive-looking systems can have surprisingly
intricate dynamics. The scientific branch of my research program will investigate the
interactions between biomotion and its surrounding environment. Behavioral biolo-
gists have been studying mechanisms of animal motion for many years. Recently, biomotion
under influences from the environment has attracted much research attention. The goal is to
understand how animals adapt their motion to a changing environment. Dynamical systems
and control theory provide powerful tools to explain such adaptation. Many biologists have
started to collaborate with experts in dynamics and control systems. I will seek opportunities
to collaborate with the biologists to find out new ways to create adaptive motion for man-made
analogs to animals.

The engineering branch of my research program will be in the fields of robotics
and sensor networks. I plan to solve both theoretical and practical problems
arising from the design, implementation and operation of self-sustaining robotic
sensor networks. Driven by rapid developments in IC technology, micro-machinery and
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material science, robots nowadays are significantly different from a decade ago. Besides the
more conventional wheeled robots, some robots move like birds, fish, insects or human beings,
and some are “hybrid” since they combine different ways to generate locomotion. Most of
these robots are packed with various types of sensors to gather and process data from the
environment. These new trends have provided a broad array of new research topics. For
example, one problem I have been working on is to find out how to use many mobile sensor
platforms to form a cooperating, self-organized sensor network that is able to move to the most
important spot and gather the most accurate data. This problem is central in applications
such as ocean sampling networks and body sensor networks.

A successful research program requires many resources. One important component is to attract
external funding. I have made a significant contribution to one ONR proposal on underwater
adaptive sampling and one NSF proposal on cooperative control from Princeton University∗.
Both of them have been funded. Based on my past experience, I plan to apply for the NSF
CAREER Award and the ONR Young Investigator Award. If successful, these research grants
will support my program for five years. During that time, I plan to concentrate my research
effort to achieve several milestones toward the ultimate dream of self-sustaining robots.

Sustainable Motion and Sensing in a Changing Environment
Automobiles, airplanes and ships are great inventions that helped mankind conquer the globe.
Recently, autonomous vehicles such as unmanned airplanes and ground robots have been suc-
cessfully deployed in missions such as search and rescue or battlefield surveillance. One key
factor for them to be so successful is high speed. Traveling at high speed, they are able to
overcome most perturbations from the environment. However, higher speed consumes more
energy, which is less sustainable. The cost is too high if we want to deploy a large number
of high speed robots for long-duration missions. Existing low-cost methods to harvest energy,
e.g. solar battery or thermocline engine, can only produce low power density. To achieve long
endurance, we need to reduce the speed of the robots.

Lower speed creates great challenges, especially when the speed of vehicle is less than the
strength of perturbations. Just like animals, the robots have to be able to react to the changing
environment to avoid consuming excess power. This requires intelligent ways to integrate
sensing, control and environment modeling.

One class of robots I am currently working with are the underwater gliders. These gliders are
deployed in the ocean to gather information about ocean flow, which has a substantial impact
on the global weather system and marine life. Since ocean phenomena are large scale and
slowly varying, these gliders are meant to keep moving in the water for months with as little
human intervention as possible. In stead of using propellers, a glider changes its buoyancy
and uses the force exerted upon it to move forward in a series of up and down gliding cycles.
Therefore, the gliders are very energy efficient because they cleverly utilize the environment to
generate forward motion. The horizontal speed of a glider is below 30cm/s while average ocean
flow is in the range of 10cm/s−1m/s. Because of the lower speed of a glider, it is not practical
to study the dynamics of a glider while omitting the dynamics of ocean flow. However, until
recently, few details were known about the dynamics of the ocean other than large scale, coarse
and oversimplified models. I will continue my research on how to utilize the sensor data

∗The PI for both proposals is Prof. Naomi Leonard
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gathered by one or many gliders, combined with the ocean models, to control the
motion of the gliders in the most efficient way.

During the last three years. I have played significant roles in various ocean experiments using
underwater gliders. During these experiments, I have established collaboration with physi-
cal oceanographers and ocean modelers. In March 2006, I spent two weeks in Woods Hole
Oceanographic Institute (WHOI). Together with Prof. D. Fratantoni and his research team,
we successfully deployed four underwater gliders in Buzzards Bay, MA. The experiment col-
lected data about controller performance under tidal force. As part of a continuing effort, we
deployed five gliders in May 2006 to study feeding behavior of North Atlantic Right Whales†.
In August 2006, I spent one month in Monterey Bay, California where ten underwater gliders
are deployed to study upwelling and mixing in the coastal ocean. During this experiment, I
used the three major ocean models funded by ONR to predict glider motion and also to eval-
uate the accuracy of the models. I have collaborated with Dr. Igor Shulman from the NRL,
Dr. Yi Chao from JPL and Dr. Pierre Lermusiaux from Harvard University who are leading
PIs for the modeling teams. My work has been well accepted by them. I plan to continue
these collaborations and take part in other collaborative research effort supported
by ONR.

The challenges we were facing in ocean sampling applications are not unique. Mobile robots
on the ground have to figure out how to avoid obstacles and get through hazardous terrain.
There exists many “ad-hoc” algorithms that perform reasonably well in certain contexts. The
relatively more successful ones are often a combination of map based navigation algorithms and
“online” obstacle avoidance and motion planning algorithms. In my Ph.D. research work, I have
successfully developed an obstacle avoidance control law that utilizes the measured curvature
of the boundary curves of the obstacles ‡. The central idea is to design control laws by studying
the combined dynamics of the motion and the sensor readings. Recently, I have also started
investigating interactions between motion and sensing in biological systems. One problem I am
working on is how to model the interaction between the leg movements of a cockroach and a
curved wall. I have developed a feedback control model which produces path following behavior
that resembles some of the observations made by behavioral biologists. This model can be
applied to legged robots. It may also have great potentials in medical applications. Imagine a
fleet of very small mobile robots that reside in the body of a patient and periodically reconfigure
and re-deploy themselves to gather information or even cure malfunctioning organs. We all
know that the inside of a human body is a very complicated and constrained environment.
One interesting question is how parasites can survive and what can we learn from them. I plan
to collaborate with biologists and medical researchers to further study how our knowledge
about insect locomotion can help us develop a new generation of medical robots.

Mobile Sensor Network and Cooperative Systems
Formations and teaming behaviors are common phenomena in nature. They have attracted
the attention of physicists, biologists, and mathematicians for many years. With the advent of
a variety of low-cost, versatile unmanned vehicles or airplanes, and stimulated by the recent

†Other collaborators: D. Paley and Prof. N. Leonard
‡Two videos demonstrating the control laws are available at

http://www.princeton.edu/~fzhang/FountainTracking.mpg and
http://www.princeton.edu/~fzhang/WheelChair.mpg

Collaborators: Dr. E. Justh, S. Haq, M. Goldgeier, A. O’conor, D. Luebke, and Prof. P. S. Krishnaprasad.
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proliferation of fast and reliable communication networks, an emerging area of engineering
research is the deployment of multiple moving sensor platforms to cooperatively explore areas
of interest. The sensor platforms are driven by control laws incorporating real-time measure-
ments and estimates of the environment. These control laws often serve multiple purposes;
for example, they can be designed to provide suitable coverage of an area and/or to improve
estimates of features and their boundaries.

Complicated motion can arise from a large number of simple systems interacting with each
other. One major part of my current research is on coordinated or cooperative control and
information processing in mobile sensor networks. The project I am currently working on is
the ocean adaptive sampling and prediction (ASAP) project§. We use a number of underwater
gliders as well as propeller driven underwater vehicles as moving sensor platforms. Some of
our recent results show that coordination between the platforms influences the accuracy of
the overall measurements taken by the network. I am very interested in finding out how
to design efficient coordinated motion of sensor platforms to achieve the best
estimates. Although a number of optimization packages exist, without a deeper understanding
of the coordinated motion dynamics, these optimization packages are either cursed by the
large system dimension or render trajectories that are almost impossible to be followed by the
platforms. My approach toward solving this problem is to design simple, efficient coordinated
motion patterns as the first step; then use these patterns as building blocks for optimization.
As a research team, we have achieved some promising results in producing the coordinated
motion patterns. In Spring and Summer 2006, these results were tested in Buzzards Bay,
MA and Monterey Bay, CA using a dozen underwater gliders and propeller driven vehicles
to sample an area as large as 800 square kilometers, as illustrated by Figure 1. In my future
research, I am interested in further developing these results so that they can be
applied to moving sensor networks on the ground, in the sky and in outer space.

Figure 1: Field experiment in Monterey Bay in Summer 2006. Underwater gliders, propeller
driven AUVs, BUOYs, surface ships and airplanes formed a three dimensional mobile sensor
networks to gather data for ocean science.

A new direction of research is to develop mobile sensor networks that are able to
track small scale features in three dimensional space. A simple example is a cooperative
control law which is able to track level sets of a scalar field using four moving sensor platforms

§See http://www.princeton.edu/˜dcsl/asap/
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as illustrated in Figure 2. I have developed and tested this control law in simulated ocean
fields. It can be extended to detect ocean features such as cold fronts, biological patches or oil
spills. For body sensor networks, similar algorithms can be developed to find infected tissue
or to track chemical concentration.

Figure 2: Using four sensor platforms to track a level curve of a planar scalar field with noise. The
vehicles are controlled to form a cross formation. The center of the cross moves along a detected level
curve. Two vehicle trajectories are plotted.

The interplay between sensing algorithms, control laws and communication protocols is critical
to successfully operate a moving sensor network. In the ASAP project, all the moving sensor
platforms have considerably limited ability to communicate. For an underwater glider, in the
best situation, communication only happens every two hours. Therefore, the control commands
that keep the gliders in coordination can only be updated every two hours. To add more
difficulty, each glider will surface at a different time to communicate. This problem also exists
in other sensor networks. For example, in the body sensor networks, the communication
between sensors inside a human body and a base station is limited by battery power. This
is because recharging batteries are often very difficult, especially if the sensors are implanted
through an operation. The infrequent communication makes accurate positioning of the sensor
platforms a difficult mission. Under such constraint, a well behaved controller designed for short
communication intervals can lose its stability. I will address these challenges associated
with long and asynchronous sensing intervals. The results will have broad impact on
low speed, long endurance applications for sensor networks.

In my research, geometric methods and principles of classical mechanics also play essential
roles. For instance, I have applied shape theory to study the formation control problem. By
viewing a formation as a deformable body, I have found that the shape control, orientation
control and motion control of the center can be designed in a joint way. This insight allowed
me to design an obstacle avoidance algorithm for a team of robots ¶. Conversely, cooperative
motion control also provides inspiration for further developments in geometry and mechanics.
For example, the changing communication topology provides a great challenge for shape theory
by causing discontinuities in the system equations. Further investigation of such problems are
necessary and will provide the fundamental theoretical basis for engineering design.

¶See http://www.princeton.edu/~fzhang/FormationNearEllipse.avi for a demo.
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Software and Hardware
As an important part of my research program, I will develop software and hardware
that are crucial to demonstrate enabling concepts and theoretical developments. At
first, the software and hardware will be a small-scale effort. I will focus on the key components
and also seek collaboration with other researchers. After the program is established, I will
bring in more resources to support a larger scale development effort.

In order to operate an autonomous mobile sensor network for a long period of time, a software
system is needed. Such system automatically communicates with the sensor network. It sends
mission commands to the platforms, gathers data from the platforms and analyzes the data
automatically. This system operates continuously around the clock so that human operators
can be released from watching the network. As a team effort‖, we have developed one such
system–the glider coordinate control system (GCCS). This software system successfully oper-
ated in Monterey Bay for one month during August 2006. My experience with this system can
be extended to develop other systems that operate other robotic sensor networks.

I am interested in building testbeds and robots that provide enabling results for real
world sensor networks. I am developing one such test-bed for studying underwater robotics
in the autonomous underwater vehicle lab in Princeton University. By improving previous
designs made by R. Bachmayer, I am building one class of propeller driven underwater vehicles
called the Groupers as shown in Figure 3. The vehicles will be tested in a water tank 21 feet
in diameter.

Figure 3: The Grouper underwater vehicle in a 21 feet diameter tank at Princeton University.

Another kind of vehicle I would like to build are very small underwater gliders that are
deployable in shallow water and small tanks. Almost all existing gliders are meant for
ocean deployment. The gliding motion is consecutively upward and downward, generating
a sawtooth-like trajectory. However, it has long been observed, and recently confirmed by
analytical results and simulations performed by our research group, that gliders can perform
complicated motion that is also energy efficient. Experiments using the small gliders will be

‖Collaborators: D. Paley, Dr. F. Lekien, D. Gurkins, Prof. N. Leonard
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easily performed in a typical lab environment, enabling us to understand these more compli-
cated motions. In fact, the vision of H. Stommel, the father of ocean gliders, is to deploy tens
of thousands of ocean gliders to form a global ocean sampling network. Right now, there are
not more than a hundred ocean gliders across the world. However, during the past two years,
the need for ocean gliders from the Navy and other oceanographic institutes has tripled. Based
on these trends, there will soon be interest in deploying smaller gliders in rivers, lakes or even
city plumbing systems to monitor pollution or address other problems.

Alternative Plans
Recently, I helped my research team develop two proposals addressing cooperative control and
adaptive sampling. One proposal is funded by ONR and the other is funded by NSF. ONR
has continuous support for long endurance underwater surveillance programs. I have also seen
several other funding opportunities from NSF addressing the research related to agile sensor
networks.

In the unlikely event that support from these sources might vanish. Here are alternative paths
I can take to build my research program toward self-sustaining robots. Most theoretical results
I have obtained in cooperative motion control may also be applied in multi-agent numerical
algorithms to sensor information processing such as image analysis, computer vision or database
searching. Generating and controlling cooperative behaviors have become a focus of engineers
across all disciplines, and will remain an intellectually fruitful research domain for years to
come.

Another emerging topic with great potential is artificial life. Researchers in this area seek to
establish computer programs that behave like real animals or human beings in realistic virtual
environment. Besides the entertainment industry, applications may include anti-terrorism
training, medical research and education. I can apply my expertise in biomotion, environmental
dynamics and collaborative behaviors to this area.
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In this information age, any piece of knowledge seems to be just a few clicks away. Students are
more and more skillful in searching and browsing the Internet and are engulfed by multimedia
streams. As an instructor in engineering program, my role is to help them develop abstract
thinking ability based on scientific engineering principles. I will guide them to navigate through
the ocean of information and apply their knowledge and skills to serve the society. Therefore,
every course I teach will contain a well organized subset of information illustrating the most
important principles and key points of that field. On the other hand, I will play the role of
a coach. I will try my best to let the students participate in engineering practice. I seek to
foster in students their own taste of science and engineering and their own ways to make new
contributions. I will provide personalized feedback to students because it has been proved to
be an effective way of education.

Teaching has always been a pleasure for me. I have found each teaching experience exciting
because I always learn new skills through teaching. I am serving as an instructor for MAE501:
Mathematical Methods for Engineering Analysis for about 40 first year graduate students in
Princeton University. I share lectures with Prof. Naomi Leonard, design homeworks and exams
and run regular discussion sessions. I have also served as guest lecturer in both undergraduate
and graduate courses offered by the Mechanical and Aerospace Engineering department.

Experience
I am constantly refining my teaching techniques and studying new teaching methods from
different disciplines. Other than science and engineering courses, I have taught technology
training courses and even ballroom dancing classes. After I graduated from Tsinghua Uni-
versity, I was among the first group in China to get a trainer certificate from Microsoft to
teach intensive technical courses for software engineers. I taught professionally in a Microsoft
training center for one year and was promoted to train the trainers before I went to grad-
uate school. After I came to University of Maryland, I passed the English proficiency test
held by the university with high scores and was immediately assigned as a teaching assistant
for a junior level analog circuits course. During two semesters, I led the discussion sessions
twice a week and graded homeworks regularly for 60 students. In my spare time as a graduate
student, I taught regular ballroom dance classes (in English) at community centers and univer-
sity clubs to people of all ages and various cultural backgrounds. These teaching experiences
have greatly broaden my view and sharpened my communication skills to face the challenge of
modern academic teaching.

Besides teaching courses, I have spent five years supervising projects involving both graduate
and undergraduate students in the Intelligent Servosystems Lab in University of Maryland and
in the Autonomous Underwater Vehicle Lab in Princeton University. I enjoy interacting with
the students not only on their projects, but also on the broader aspects of engineering science.
Some of them have since been admitted into graduate programs, others have become engineers
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in well-known companies such as Northrop-Grumman, General Dynamics and Boeing.

One important way for me to develop teaching skills is by learning from well-known instructors.
In addition to those courses that are listed on my transcripts, I sat in courses where the
instructors are recognized good teachers. I also went to courses I had already taken before
but taught by a different professor just to see how the same topics are approached from
a different perspective. By their influences, I have formed a clear sense on what is good
teaching. Successful teachers always have the attention of their students, always organize their
presentation with clear logic and always know what difficulties the students may have.

Methods
The more experience I have, the more I realize how difficult it is to find out the best way to
teach. A big challenge for achieving the best teaching result is to teach adaptively. Students are
often in different stages of intellectual development. The technique for teaching undergraduates
versus graduates, large group versus small group, regular courses versus seminars are vastly
different. For example, for the undergraduate students, my goal is to give them broad range
of knowledge to enable them to become future leading experts in the industry. For graduate
students, the emphasis is on the depth and rigor of the knowledge to show them how to
develop novel results. The different goals and emphasis on teaching require me, the instructor,
to have concrete understandings of the knowledge I want to convey. Whenever there is new
requirement, I should be able to freely reorganize bits and pieces to cater the needs. To achieve
such high level understandings of the material requires many years of experience. Comparing
to the best teachers I admire in University of Maryland and Princeton University, I still have
things to learn. But I am confident on the subjects that are closely related to my research
work. Recently, I have given three lectures in the graduate level course on nonlinear systems
in MAE department of Princeton University. I prepared my own lecture notes based on my
experience in trying to solve open problems. The students in class give me satisfying remarks.

Another challenge is to develop new courses and high quality course materials. Students come
to universities expecting to study the latest developments in both science and technology so
that they can be well prepared for life-long careers. However, the time interval between new
updates of engineering technology is becoming shorter. New courses or new course materials
are constantly needed to give students an edge in the job market. I would like to develop new
courses from research projects which reflects the direction for future technology. I have taught
many undergraduate students at different level the necessary skills so that they can take part
in research projects. From both encouraging results and learned lessons, I am convinced that
this is a good way to equip the students with the most up-to-date skills. Currently, I am
preparing course materials for a sophomore or junior level lab course on mobile robots based
on my work on the Grouper underwater vehicles.

I am very confident with my communication skills. Students I have worked with in both the
University of Maryland and the Princeton University are very diverse. Trying to understand
their ways of thinking helped me to gather experience on how to communicate with students
from different culture and backgrounds. I can clearly communicate any ideas with anyone hav-
ing reasonable English skills. For example, during the past summer, I supervised a sophomore
on building the Grouper underwater vehicles. I taught her how to develop software using C
and MATLAB, how to build circuits for micro-controllers, how to use differential equations
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to model system dynamics and how to establish RS233/RS485 communication links between
different circuit modules. By the end of the summer, she was able to test and debug the motor
controllers of the vehicles. She told me that this was the most productive summer she ever
had. She also sought for opportunities to carry on her work during the fall semester.

Course Development
I am interested in teaching a broad selection of courses that give every student a firm base and
abilities to adapt to a wide range of career goals. Currently, I am well prepared for courses in
dynamics and control, engineering mathematics, communication and mechanics. These areas
are the foundations of my current research where my knowledge and skills are refined everyday.
I know how to organize the material so that beginners in those fields can be brought up to the
frontier.

I would be particularly well-suited to teach the following courses:
Design of control systems: I would like to combine the classical and the modern controller
design approach and present it to undergraduate engineering students who lack profound math-
ematical knowledge. Instead of going over every method in detail, I would prefer to teach a
few methods in depth while spending less time on the others. Then I would give the students
hands-on exercises so that they can develop self-learning skills to understand the important
principles of control.
Engineering Mathematics: I will be very comfortable teaching a series of undergraduate
courses on numerical analysis, probability theory, ordinary differential equations, abstract al-
gebra, topology and differential geometry. I will present a few fundamental theoretical ideas
in each field, show how they lead to solutions of a few model problems, and train the students
to think and write in a scientific manner.
Lab on mobile robotics: In this undergraduate level course, I plan to introduce students to
the latest technology that are being used in building mobile robots. I will lead them through
a simplified process in building an underwater autonomous vehicle driven by propellers. I will
also teach them the basic concept of feedback control using the motor controller as a practical
example.
Cooperative Systems in Nature and Engineering: I will organize this course as a senior
level special topic course where the novel research as well as the foundation of the subject
will be addressed. A set of selected research papers will be assigned to the students who will
be asked to make presentations. I will encourage group discussions and also term projects
pursuing original ideas. This course will prepare students to make research contributions to
current research in cooperative systems.
Other Courses: Depends on the need of the department, I am also well prepared to teach
the following courses: Robotics, Dynamics, Linear and Nonlinear systems, Signal Processing,
Adaptive Control, Optimal Control.
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November 21, 2006

Chair, Search Committee
Department of Electrical Engineering
California State University, Long Beach

Dear members of the search committee,

Please consider my application for the position of assistant professor in the Department of Electrical En-
gineering. I received my Ph.D. degree in Electrical Engineering in November 2004 from the University of
Maryland at College Park. I am currently a lecturer and postdoctoral research associate in the Department
of Mechanical and Aerospace Engineering of Princeton University.

In collaboration with my colleagues, my main research contributions are in the area of cooperative motion
control and mobile sensor networks. With the control of a team of mobile robots and aerial vehicles as a
prototype problem, I have extended shape theory, a powerful tool to analyze shapes assumed by a collection
of point particles, so that shape changes can be cooperatively controlled. I devised a mathematically sound
algorithm, which utilizes geometric information gathered cooperatively by the on-board sensors, for guidance
and obstacle avoidance for mobile robots and unmanned aerial vehicles. In Princeton, I am working on a
MURI project which utilizes underwater sensor networks for ocean sampling. I have designed control laws
and motion patterns for unmanned underwater vehicles to detect and track ocean features.

I am well prepared to teach a broad range of courses in engineering, especially courses related to engineering
mathematics, control systems, signal processing and robotics. I intend to establish a research program
on self-sustainable robots and long endurance mobile sensor networks because of many current and future
applications such as the ocean sampling networks and the body sensor networks. There is also a strong
connection between motion of robotic systems and motion of biological systems. My research and teaching
statements will give you detailed descriptions on topics, projects and courses I am prepared to establish in
the future.

I want to join the Department of Electrical Engineering because of its excellent reputation and unique
program. The department has great potential for new growth. I expect to find strong support for career
development. I am looking forward to an interview of this position.

Sincerely,

Fumin Zhang

encl: curriculum vita, references, research and teaching plan.
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