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Research Focus

Unmanned Air Vehicles. Developing autonomous control technologies for real-time navigation, guidance, and
control of unmanned air vehicles (UAVs). Developed path planning, trajectory generation, and trajectory tracking
algorithms that require minimal computational resources. Directed the development of a light-weight, low-power
autopilot for small (1-6 foot wingspan) UAVs. Developed an experimental testbed for small UAVs that has logged
thousands of hours of successful flight tests.

Multiple Vehicle Coordination and Control. Developing coordination strategies for heterogeneous collections
of autonomous vehicles. Platforms include uninhabited aerial vehicles, mobile robots, and spacecraft, with a
particular emphasis on UAVs. Applications include coordinated formation maneuvers, coordinated rendezvous,
coordinated timing, trajectory generation and autonomous landing. Developed a multiple UAV testbed capable of
deploying five UAVs simultaneously. Also developed a multiple vehicle testbed including five differential drive
mobile robots and ten omni-directional mobile robots.

Nonlinear Control. Developed practical algorithms to generate and improve the performance of feedback control
laws for general classes of nonlinear systems. The Galerkin spectral method has been used to successively
approximate the Hamilton-Jacobi-Bellman equation, which is at the foundation of nonlinear optimal control. The
results also generate practical algorithms for solving nonlinear H-infinity (robust) control problems. Numerous
application of the method have been explored including hydraulic actuators, underwater vehicles, power systems,
and robotics.
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[1] Wei Ren, Randal W. Beard, Distributed Consensus in Multi-Vehicle Cooperative Control, Communication and
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e Over 21,000 chapter downloads.
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Journal Publications and Book Chapters
- Google Scholar h-index is 59, with 30,274 total citations.

[91] Mark Petersen, Chad Samuelson, Randal W. Beard, “Target Tracking and Following from a Multirotor UAV,”
Current Robotics Reports, Springer, (in review).
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Range for Detect and Avoid of Unmanned Aircraft Systems,” AIAA Journal of Aerospace Information Systems
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[79] Joshua Y. Sakamaki, Randal W. Beard, Michael Rice, “Tracking Multiple Ground Objects Using a Team of
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February, 2017.
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on Aerospace and Electronic Systems, vol. 52, no. 4, p. 1618-1630, 2016.
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“Relative Navigation in GPS-Degraded Environments,” Encyclopedia of Aerospace Engineering: UAS, Wiley,
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[74] Eric Quist and Randal W. Beard, “Radar Odometry on Small Unmanned Aircraft,” IEEE Transactions on
Aerospace and Electronic Systems, vol. 52, no. 1, p. 396-410, February, 2016.

[73] Peter C. Niedfeldt, Randal W. Beard, “Convergence and Complexity Analysis of Recursive-RANSAC: A New
Multiple Target Tracking Algorithm,” IEEE Transactions on Automatic Control, vol. 61, no. 2, p. 456-461,
February, 2016.

[72] Laith R. Sahawneh, Matthew O. Duffield, Randal W. Beard, Timothy W. McLain, “Detect and Avoid for Small
Unmanned Aircraft Systems using ADS-B,” Air Traffic Control Quarterly, vol. 23, no. 2-3, p. 203-240, 2015.

[71] Laith R. Sahawneh, James Mackie, Jonathan Spencer, Randal W. Beard, Karl F. Warnick, “Airborne Radar-
Based Collision Detection and Risk Estimation for Small Unmanned Aircraft Systems,” AIAA Journal of
Aerospace Information Systems, Vol 12, No 12, pg. 756-766, 2015.

[70] Huili Yu, Randal W. Beard, “A Vision-based Three-tiered Path Planning and Collision Avoidance Scheme for
Miniature Air Vehicles,” International Journal of Robotics and Automation, vol. 30, no. 5, doi:
10.2316/Journal.206.2015.5.206-4182, 2015

[69] Liang Sun, Jeremy Castagno, John Hedengren, Randal W. Beard, “Real-Time Parameter Estimation for Towed
Cable Systems Using Moving Horizon Estimation,” IEEE Transactions on Aerospace and Electronic Systems,
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[68] Huili Yu, Keven Meier, Matt Argyle, Randal W Beard, Probabilistic Path Planning for Cooperative Target
Tracking Using Aerial and Ground Vehicles, IEEE/ASME Transactions on Mechatronics, vol. 20, no. 2, p. 541-
552, April, 2015.
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level Frame Mapping and Path Planning,” Autonomous Robots, Vol 34, Issue 1-2, p. 93-109, 2013.
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Bearing-only Cooperative Localization,” IEEE Transactions on Robotics, Vol. 28, No. 2, p. 522-529, April, 2012.

[51] Rajnikant Sharma, Jeffery B. Saunders, Randal W. Beard, “Reactive Path Planning for Micro Air Vehicles Using
Bearing-Only Measurements,” Journal of Intelligent and Robotic Systems, vol. 65, no. 1-4, p 409-416, 2012.

[50] Jeffery Saunders, Randal W. Beard, “Visual Tracking in Wind with Field of View Constraints,” International
Journal of Micro Air Vehicles, vol. 3, no. 3, September, p. 169-182, 2011.

[49] Joel G. Manathara, P. B. Sujit, Randal W. Beard, “Multiple UAV Coalitions for a Search and Prosecute Mission,”
Journal of Intelligent and Robotic Systems, Vol. 62, No. 1, p. 125-158, 2011.
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107,2011.
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Vehicles” Mechatronics (Special Issue on Development of Autonomous Unmanned Aerial Vehicles), vol 21, no. 5,
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[46] Huili Yu, Randal Beard, Jeffry Byrne, “Vision-based Body Frame Mapping and Path Planning for Miniature Air
Vehicles,” Control Engineering Practice, February, 2010.

[45] Randal W. Beard, “Embedded UAS Autopilot and Sensor Systems,” Encyclopedia of Aerospace Engineering, R.
Blockley and W. Shyy (eds). John Wiley & Sons Ltd, Chichester, UK, p. 4799-4814, 2010.

[44] Ryan S. Holt, Randal W. Beard, “Vision-Based Road-Following Using Proportional Navigation” Journal of
Intelligent Robotic Systems, Vol. 57, No. 1, p.193-216, December, 2009.
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[43] Jeff Saunders, Randal W. Beard, “UAV Flight Simulation with Hardware-in-the-loop Testing and Vision
Generation” Journal of Intelligent Robotic Systems, Vol. 57, No. 1, p.407-415, December 2009.

[42] P. B. Sujit, Derek B. Kingston, Randal W. Beard, “Autonomous Forest Fire Monitoring System Using Multiple
UAVs” Autonomous Robots Research, Nova Publishers, (to appear).

[41] Derek B. Kingston, Randal W. Beard, Ryan Holt, “Decentralized Perimeter Surveillance Using a Team of UAVs”
IEEE Transactions on Robotics, vol. 24, no. 6, December, 2008, p. 1394-1404.

[40] David L. Johansen, James K. Hall, Clark N. Taylor, Randal W. Beard, “Stabilization of Video from Miniature Air
Vehicles for Target Localization,” AIAA Journal of Aerospace Computing, Information, and Communication, vol.
5,no. 8, p. 251-273, August, 2008.

[39] Derek B. Kingston, Randal W. Beard, “UAV Splay State Configuration for Moving Targets in Wind,” Advances in
Cooperative Control and Optimization, edited by Michael ]. Hirsch, Lecture Notes in Computer Science,
Springer Verlag, 2008.

[38] Wei Ren, Ji-Sang Sun, Randal Beard, Timothy McLain, “Experimental Validation of an Autonomous Control
System on a Mobile Robot Platform,” IET Control Theory & Applications, vol. 1, no. 6, 2007, p. 1621-1629.

[37] Randal W. Beard, “State Estimation for Micro Air Vehicles,” Innovations in Intelligent Machines I, edited by
Jovaan S. Chahl, Lakhmi C. Jain, Akiki Mizutani, Mika Sato-Ilic, Studies in Computational Intelligence (SCI),
vol. 70, Springer Verlag, Berlin Heidelberg, 2007, p. 173-199.

[36] Derek Nelson, Timothy W. McLain, Randal W. Beard, “Experiments in Cooperative Timing for Miniature Air
Vehicles,” AIAA Journal of Aerospace Computing, Information, and Communication, vol. 4, no. 8, 2007, p. 956-
967.

[35] Derek R. Nelson, Blake Barber, Timothy W. McLain, Randal W. Beard, “Vector Field Path Following for
Miniature Air Vehicles,” IEEE Transactions on Robotics, vol. 23, no. 3, June, 2007, p 519-529.

[34] Stephen Griffiths, Jeff Saunders, Andrew Curtis, Blake Barber, Tim McLain, Randy Beard, “Obstacle and
Terrain Avoidance for Miniature Aerial Vehicles,” Chapter 7 in Advances in Unmanned Aerial Vehicles: State of
the art and the road to autonomy, edited by Kimon P. Valavanis, Springer Verlag, 2007.

[33] D. Blake Barber, Stephen Griffiths, Timothy W. McLain, Randal W. Beard, “Autonomous Landing of Miniature
Aerial Vehicles,” AIAA Journal of Aerospace Computing, Information, and Communication, vol. 4, no. 5 May,
2007, p. 770-784.

[32] Wei Ren, Randal W. Beard, Ella Atkins, “Information Consensus and its Applications in Multi-Vehicle
Cooperative Control,” IEEE Control Systems Magazine, vol. 27, no. 2, April, 2007, p.71-82.

[31] D.Blake Barber, Joshua D. Redding, Timothy W. McLain, Randal W. Beard, Clark N. Taylor, “Vision-based
Target Geo-location using a Fixed-wing Miniature Air Vehicle,” Journal of Intelligent and Robotic Systems, vol.
47, no. 4, December, 2006, p. 361-382.

[30] Randal Beard, Timothy McLain, Derek Nelson, Derek Kingston, “Decentralized Cooperative Aerial
Surveillance using Fixed-Wing Miniature UAVs,” IEEE Proceedings: Special Issue on Multi-Robot Systems, vol.
94, no. 7, July, 2006, p. 1306-1324.

[29] Stephen Griffths, Jeff Saunders, Andrew Curtis, D. Blake Barber, Timothy W. McLain, Randal W. Beard,
“Maximizing miniature aerial vehicles,” IEEE Robotics and Automation Magazine, vol. 13, no. 3, 2006 p. 34-43.

[28] David W. Casbeer, Derek B. Kingston, Randal W. Beard, Timothy W. McLain, Sai-Ming Li, Raman Mehra,
“Cooperative Forest Fire Surveillance Using a Team of Small Unmanned Air Vehicles,” International Journal of
Systems Science, vol. 37, no. 6, May, 2006, p. 351-360.

[27] Randal W. Beard, D.]. Lee, Morgan Quigley, Sarita Thakoor, Steve Zornetzer, “A New Approach to Observation
of Descent and Landing of Future Mars Mission Using Bioinspired Technology Innovations,” AIAA Journal of
Aerospace Computing, Information, and Communication, vol. 2, no. 1, January, 2005, p. 65-91.

[26] Randal Beard, Derek Kingston, Morgan Quigley, Deryl Snyder, Reed Christiansen, Walt Johnson, Timothy
McLain, Mike Goodrich, “Autonomous Vehicle Technologies for Small Fixed Wing UAVs,” AIAA Journal of
Aerospace Computing, Information, and Communication, vol. 2, no. 1, January, 2005, p. 92-108.

[25] Wei Ren, Randal W. Beard, “Consensus Seeking in Multi-Agent Systems Using Dynamically Changing
Interaction Topologies,” IEEE Transactions on Automatic Control, vol. 50, no. 5, May, 2005, p. 655-661.

[24] Erik P. Anderson, Randal W. Beard, Timothy W. McLain, “Real Time Dynamic Trajectory Smoothing for
Uninhabited Aerial Vehicles,” IEEE Transactions on Control Systems Technology, vol. 13, no. 3, May, 2005, p.
471-477.

[23] Timothy W. McLain, Randal W. Beard, “Coordination Variables, Coordination Functions, and Cooperative
Timing Missions,” AIAA Journal of Guidance, Control, & Dynamics, vol. 28, no. 1., January, 2005, p. 150-161.

[22] ]. Willard Curtis, Randal W. Beard, “A Complete Parameterization of CLF-Based Input-to-State Stabilizing
Control Laws,” International Journal of Robust and Nonlinear Control, vol 14, 2004, p. 1393-1420.

[21] Wei Ren, Randal W. Beard, “Trajectory Tracking for Unmanned Air Vehicles with Velocity and Heading Rate
Constraints,” IEEE Transactions on Control Systems Technology, vol. 12, no. 5, September, 2004, p. 706-716.

[20] J. Willard Curtis, Randal W. Beard, “Satisficing: A New Approach to Constructive Nonlinear Control,” IEEE
Transactions on Automatic Control, vol. 49, no. 7, July, 2004, p. 1090-1102.

[19] Wei Ren, Randal W. Beard, “Formation Feedback Control for Multiple Spacecraft via Virtual Structures,” IEE
Proceedings-Control Theory and Applications, vol. 151, no. 3, May, 2004, p. 357-368.
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[18] James K. Archibald, Randal W. Beard, “Robot Soccer for Undergraduate Students,” IEEE Robotics and
Automation Magazine, vol. 11, no. 1, March, 2004, p. 70-75.

[17] Wei Ren, Randal W. Beard, “A Decentralized Scheme for Spacecraft Formation Flying via the Virtual Structure
Approach,” AIAA Journal of Guidance, Control, and Dynamics, vol. 27, no. 1, January, 2004, p. 73-82.

[16] Wei Ren, Randal W. Beard, Timothy W. McLain, “Coordination Variables and Consensus Building in Multiple
Vehicle Systems,” Block Island Workshop on Cooperative Control, Editors Vijay Kumar, Naomi Leonard, A.
Stephen Morse, Lecture Notes in Control and Information Systems, vol. 309, Springer-Verlag, p. 171-188,
2004.

[15] Jonathan Lawton, Randal Beard, Brett Young, “A Decentralized Approach To Formation Maneuvers,” [EEE
Transactions on Robotics and Automation, vol. 19, no. 6, December, 2003, p. 933-941.

[14] Jonathan Lawton, Randal W. Beard, “Attitude Regulation About a Fixed Rotation Axis,” AIAA Journal of
Guidance, Control, and Dynamics, vol. 26, no. 2, March, 2003, p. 253-258.

[13] Randal W. Beard, Timothy W. McLain, Michael Goodrich, Erik P. Anderson, “Coordinated Target Assignment
and Intercept for Unmanned Air Vehicles,” IEEE Transactions on Robotics and Automation, vol. 18, no. 6,
December, 2002, p. 911-922.

[12] Jonathan Lawton, Randal W. Beard, “Synchronized Multiple Spacecraft Rotations,” Automatica, vol. 38, no. 8,
August 2002, p. 1359-1364.

[11] Randal W. Beard, “Linear Operators with Application in Control and Signal Processing,” IEEE Control Systems
Magazine, vol. 22, no. 2, April 2002, p. 69-79.

[10] Randal W. Beard, Jonathan Lawton, Fred Y. Hadaegh, “A Coordination Architecture for Spacecraft Formation
Control,” IEEE Transactions on Control Systems Technology, vol. 9, no. 6, November 2001, p. 777-790.

[9] Christopher A. Bailey, Timothy W. McLain, Randal W. Beard, “Fuel Saving Strategies for Dual Spacecraft
Interferometry Missions,” Journal of the Astronautical Sciences, vol. 49, no. 3, July-September, 2001, p. 469-
488.

[8] Richard D. Abbott, Timothy W. McLain, Randal W. Beard, “Validation of a Synthesis Technique for the Optimal
Control of an Electro-Hydraulic Positioning System,” ASME Journal of Dynamic Systems, Measurement, and
Control, vol. 123, September2001, p. 377-384.

[7] Randal W. Beard, Fred Y. Hadaegh, “Fuel Optimization for Unconstrained Rotation of Spacecraft Formations,”
Journal of the Astronautical Sciences, vol. 47, no. 3, p. 259-273, July-December, 1999.

[6] Randal W. Beard, Timothy W. McLain, Fred Y. Hadaegh, “Fuel Optimization for Constrained Rotation of
Spacecraft Formations,” AIAA Journal of Guidance, Control, and Dynamics, vol. 23, no. 2, p. 339-0346, March-
April, 2000.

[5] Randal Beard, Jacob Gunther, Jonathan Lawton, Wynn Stirling, “Nonlinear Projection Filter based on Galerkin
Approximation,” AIAA Journal of Guidance, Control and Dynamics, vol. 22, no. 2, March-April, p. 258-266,
1999.

[4] Randal W. Beard, Timothy W. McLain, “Successive Galerkin Approximation Algorithms for Nonlinear Optimal
and Robust Control,”, International Journal of Control: Special Issue on Breakthroughs in the Control of
Nonlinear Systems, vol. 71, no. 5, p. 717-743, 1998.

[3] Randal Beard, George Saridis, John Wen, “Approximate Solutions to the Time-Invariant Hamilton-]Jacobi-
Bellman Equation,” Journal of Optimization Theory and Applications, vol. 96, no. 3, March, p. 589-626, 1998.

[2] Randal Beard, George Saridis, John Wen, “Suffcient Conditions for the Convergence of Galerkin Approximations
to the Hamilton-Jacobi Equation,” Automatica, vol. 33, no. 12, p. 2159-2177, December, 1997.

[1] Randal Beard, George Saridis, John Wen, “Improving the Performance of Stabilizing Controls for Nonlinear
Systems,” IEEE Control Systems Magazine, vol. 16, no. 5, p. 27-35, October 1996.

Peer-Reviewed Conference Articles

[171] Jacob Willis, Randal W. Beard, “Agile Nonlinear Trajectory Tracking of a Transitioning UAV,” Proceedings of
the American Control Conference, 2021 (in review).

[170] Hayden Mogan, Randal W. Beard, “Flatness-based Control of a Gimballed Fixed-Wing UAS for Constrainted
Visual Target Tracking,” Proceedings of the American Control Conference, 2021 (in review).

[169] Ryan Anderson, Jacob Willis, Jacob C. Johnson, Andrew Ning, Randal W. Beard, “A Comparison oof
Aerodynamics Models for Optimizing the Takeoff and Transition of a Bi-wing Tailsitter,” AIAA SciTech
Forum, Paper no. 3456339, 2021

[168] Jacob Willis, Jacob C. Johnson, Randal W. Beard, “State-Dependent LQR Control for a Tilt-Rotor UAV,”
Proceedings of the American Control Conference, 2020.

[167] Brady Anderson, Jeron Ellingson, Michael Eyler, David Buck, Cameron Peterson, Timothy McLain, Karl
Warnick, Randal W. Beard, “Networked Radar Systems for Cooperative Tracking of UAVs,” Proceedings of
the International Conference on Unmanned Aircraft Systems (ICUAS), 2019.

[166] Craig Bidstrup, Jared More, Cameron Peterson, Randal W. Beard, “Tracking Multiple Vehicles Constrained to
a Road Network from a UAV with Sparse Visual Measurements,” American Control Conference (ACC), 2019.

[165] Jerel Nielsen, Randal W. Beard, “Relative Moving Target Tracking and Circumnavigation,” American Control
Conference (ACC), 2019.
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[164] James Jackson, Jerel Nielsen, Timothy W. McLain, Randal W. Beard, “Improving the Robustness of Visual-
Inertial Extended Kalman Filtering,” International Conference on Robotics and Automation (ICRA), 2019.

[163] Jerel Nielsen, Randal W. Beard, “Ground Target Tracking Using a Monocular Camera and IMU in a Nonlinear
Observer SLAM Framework,” Proceedings of the American Control Conference, Milwaukee, WI, p. 6457-6462,
June 2018.

[162] Jacob H. White, Karl T. Salva, Randal W. Beard, “Extending Motion Detection to Track Stopped Objects in
Visual Multi-Target Tracking,” Proceedings of the American Control Conference, Milwaukee, WI, p. 5825-
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[161] Parker C. Lusk, Randal W. Beard, “Visual Multiple Target Tracking From a Descending Aerial Platform,”
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[160] Jeffrey Millard, Randal W. Beard, “Improved Track Continuity in Multi-Target Tracking by Fusing Multiple
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