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1. Funding Awarded

2011 is a good year for CSOIS’s external funding. We were awarded the following

1.1 $50K. NSF RAPID (2011-2012) “Low Cost Personal Remote Sensing for Cognitive
Disaster Assessment with Enhanced Human-Machine Interface” Award# NSF-11S
1138632
Abstract: The project studies the use of advanced Human-Machine Interface kits such as helmet displays
and Virtual Reality goggles with low-cost autonomous Umanned Aerial Vehicles (UAV) and assesses their
impact on the ground operator's cognitive load, and explores the addition of the capability to enable the
UAV with a certain amount of cognitive ability so that it can suggest places in the scene to make
observations.

This project impacts search and rescue, disaster mitigation, mapping and assessment, and

broadens the perspectives of faculty and students through an international collaborative effort.

1.2 $300K. NASA UAS2NAS (2011-2014) - Grant Number NNX11AO77A
Project Title: Cognitive autopilot techniques and flight evaluation for integrating low cost personal
remote sensing UAVSs in the national airspace system
Background: Recently, there has been a rapidly increasing interest in small unmanned aerial vehicles
(UAVs). With the emergence of high power density batteries, long range and low-power micro radio
devices, cheap airframes, and powerful micro-processors and motors, small/micro UAVs have become
applicable in civilian circumstances like remote sensing, mapping, traffic monitoring, search and rescue,
etc. Using multi-UAV based remote sensing platform to achieve multi-spectrum images with high temporal
and spatial resolutions is now possible based on COTS modules. Using an analogy to "personal computer"
in the 1950s, we are now at the era of "personal remote sensing." How to integrate these low cost
"personal remote sensing” UAS into the national air space systems (NAS) calls for focused efforts in
various aspects.
Key objectives: Focusing on small personal remote sensing UAS platform matured at the PI's center with
two successfully approved FAA CoAs, we propose to assess, evaluate and report on UAS autopilot test
technologies for robotic CONOPS that include decision making strategiesfor nominal and off nominal
operations under both single and multi-UAV settings.
Proposed methods/techniques: Based on our award-winning UAS platforms and extensive experience on
autopilots and IMUs, we propose to quantify the capabilities and reliabilities of the autopilots/IMUs in the
framework of "cognitive UAS flight." That is, on top of autopilot, a cognitive layer is added to monitor,
quantify and adapt the autopilot for more reliable flight under various off normal situations such as link
loss, GPS anomaly, gusts etc. These off-normal scenarios will be formalized into flight tests or pre-flight
simulation on GCS (ground control system) for quantification for specific UAS type/size. Then, cognitive
safe-flight procedures will be summarized and suggested to FAA for SFAR development. Specifically, we
propose to investigate ADS-B's potential integration in single and multiple UAV in our chosen open-source
Paparazzi Autopilot to make autopilot "cognitive”. We will also look into the benefits from 1) using
forward-looking video camera for airworthiness enhancement, 2) novel HMI interface and joystick-via-
datalink, and 3) interoperability based on the frameworks of JAUS and STANAG-4586 for "autopilot
virtualization."
Significance of the proposed work: Integrating small low cost UAS as a personal remote sensing system
into NAS has a significant implication to future UAS commercial flight and new services enabled. The
proposed work paves the path towards regular regulated small UAS flights for personal remote sensing
missions, which aligns well to the objectives of the solicitation and to NASA interests and programs in
general.
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We continue to have UWRL MLF support in 2011-2012 financial year for three projects:

2.

Utah Water Research Laboratory (UWRL) MLF Seed Grant: “Ultra light, High Grain UAV
Fish Tracking Antennas” (year-2) $37,085

Utah Water Research Laboratory (UWRL) MLF Seed Grant: “Low Cost Vertical Take Off and
Landing Personal Remote Sensing Systems for Water Engineering: AggieVTOL” (year-2)
$49,154

Utah Water Research Laboratory (UWRL) MLF Seed Grant: “Multispectral UAV
Collaborative Remote Sensing System for Irrigation Water Management and Ecological
Assessment” (year-5) $79,963

Funding Proposals

In 2011, we had some UAV-related declined funding proposal efforts. We briefly document them as

follows:

NSF CPS - “Optimal Cyber-Physical Measurement and Control of Spread of Phragmites
Australis” $1,464,225

NSF DNDO - ARI-MA: Cognitive self-disposable UAV swarm mapping of nuclear pollution.
$1,591,891

We also tried to team for NSF SEP (Logan Lagoon — not fully started, will try later)

(pending) ARL DURIP. $100,000.00 “Towards A Low-Cost UAV-Based Collaborative Multi-
Spectral Personal Remote Sensing System: From RBG+NIR to TIR and SWIR Bands”

Service

In 2011, Dr. Chen was named as TC Chair for the Technical Committee of “Aerial Robotics and
Unmanned Aerial Vehicles” for IEEE RAS (Robotics and Automation Society) for the term
2012-2015. Web: http://www.flyingrobots.org/ or http://tab.ieee-
ras.org/committeeinfo.php?tcid=1

Dr. Chen co-organized the ASME DED MESA TC symposium on SUAVTA (Small UAV
Technologies and Applications” hold in Washington DC in August 2011. It is in its third time
“The Third Symposium on Small Unmanned Aerial Vehicle Technologies and Applications
(SUAVTA;’11)” Papers are put here: http://mechatronics.ece.usu.edu/uav+water/MESA11-
SUAVTA/

Dr. Chen served as Advisory Committee for ICUAS2011 in Denver. http://uasconferences.com/
and he was named Workshop Chair for ICUAS2012.

We offered a full day workshop at ICUAS11 on May 24, 2011 on “Multi-UAV based multi-
spectrum collaborative personal remote sensing - concept, platform, and applications”. Around 20
participants attended.

Dr. Chen was invited to serve on the editorial board of “International Journal of Advanced
Robotic Systems” as AE (Associate Editor).
http://www.intechopen.com/journals/show/international_journal of advanced_robotic_systems/e
ditorial-board

Mentored USU URCO project of Christopher Michael Coffin. “Prognostic Health Management
System for Improving Airworthiness for Personal Remote Sensing UAVs” 2011
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e Hosted UAV researchers from Germany for 6 months stay each. Tobias Fromm, Johannes
Kaplanek

o Hosted AUVSI Mountain West Chapter Meeting June 2011 at CSOIS.

o Hosted visits from other community visitors;

e Dr. Chen was named Vice President of NTUAA US West (Nanyang Tech Univ Alumni
Association USA West)

4. Honors and Distinctions

e We won AUVSI SUAS 2011 First Place Overall again in summer 2011. Story at
http://www.usu.edu/ust/index.cfm?article=50035 and http://www.auvsi.org/news/#SUAS2011

o “UAYV remote sensing” we are among top 10 in the world in ScienceDirect.com

e We offered a full day workshop at ICUAS11 on May 24, 2011 on “Multi-UAV based multi-
spectrum collaborative personal remote sensing - concept, platform, and applications”. Around 20
participants attended.

e Calvin Coopmans was featured at USM (Unmanned Systems Magazine) Issue 10/10. Page-43, as
in column “Ones to watch”

e USM (AUVSI Unmanned Systems Magazine) 2011 issue 11 page-13, "UAS2NAS" funded
project information — USU is part of it among some big players.

e Dr. Chen was invited to give a seminar at “Center for Self-Organizing and Intelligent Systems
(CSOIS) and Autonomous Ground Vehicle Research Programs” http://www.csir.co.za/ The
Council for Scientific and Industrial Research (CSIR) in South Africa. March 2011. Pretoria,
South Africa.

5. Publications

e Theses

0 2011. Dee Long Di. “Cognitive Formation Flight in Multi-Unmanned Aerial
Vehicle-Based Personal Remote Sensing Systems.” Master of Science Thesis.
http://digitalcommons.usu.edu/etd/985/

0 2011. Tobias Fromm. “Visual Flight Support for Low-Cost Personal Remote
Sensing Systems” Master Thesis in Computer Science, Hochschule Ravensburg-
Weingarten. Thesis done at CSOIS USU under supervision of Dr. Chen. (09/10-02/11)

e Books/Monographs
0 Ying Luo+ and YangQuan Chen*. “Fractional Order Motion Controls” John-Wiley
and Sons, Inc., 2012 (Under initial copyediting, to appear summer 2012, 410 pages)
0 Haiyang Chao+ and YangQuan Chen*. “Remote Sensing and Actuation Using
Unmanned Autonomous Vehicles” John-Wiley and Sons, Inc., 2012 (Final copyediting,

to appear summer 2012, 210 pages)
http://www.wiley.com/WileyCDA/WileyTitle/productCd-1118122763,subjectCd-
EE79.html

0 Christophe Tricaud+ and YangQuan Chen*. “Optimal Mobile Sensing and Actuation
Policies in Cyber-physical Systems”. Springer. ISBN 978-1-4471-2261-6. 2012. (170
pages) http://www.springer.com/engineering/robotics/book/978-1-4471-2261-6
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(0]

Brandon Stark, YangQuan Chen and Mac KcKee (2012). “AggieVTOL: A Vertical Take
Off and Landing Unmanned Aerial Vehicle Platform for Personal Remote Sensing”. 1GI
Global Press. A chapter in “Prototyping of Robotic Systems: Applications of Design and
Implementation.” Editors: Dr. Tarek Sobh & Dr. Xingguo Xiong, Univ. of Bridgeport,
Connecticut, USA, 2012. 35 pages. http://www.igi-global.com/book/prototyping-robotic-

systems/58292

e Journal Papers (accepted/published, + student author, * corresponding author)

(0]

Long Di+, Tobias Fromm+, and YangQuan Chen*. “A Data Fusion System for Attitude
Estimation of Low-cost Miniature UAVs.” Journal of Intelligent and Robotic Systems.
2011. DOI: 10.1007/s10846-011-9569-1

Ying Luo*, Haiyang Chao+, Di Long+ and YangQuan Chen. “Lateral Channel Fractional
Order [PI1]Malpha Control of A Small Flying-Wing UAV: Controller Design and Flight
Tests.” IET Control Theory and Applications. (accepted on 6/2/2011) doi:
10.1049/iet-cta.2010.0314

e Conference papers (accepted/published, + student author, * corresponding author)

(0]

Tobias Fromm+, Long Di+, YangQuan Chen* and Holger Voos. Visual Attitude
Estimation For Low-Cost Personal Remote Sensing Systems. Third International
Workshop on Small UAV Technologies and Applications (SUAVTA), 7th
ASME/IEEE International Conference on Mechatronics and Embedded Systems
and Applications (MESA1l), part of the 2011 ASME DETC/CIE.
https://www.asmeconferences.org/IDETC2011/

Yaojin Xu+, Di Long+ and YangQuan Chen*. Consensus Based Multiple Small Fixed-
Wing UAV Formation. Ibid.

Di Long+, Haiyang Chao+, Jinlu Han+ and YangQuan Chen*. Cognitive Multi-UAV
Formation Flight: Principle, Low-Cost UAV Testbed, Controller Tuning And
Experiments. Ibid.

Di Long+ and YangQuan Chen*. Autonomous Flying Under 500 USD Based on RC
Aircraft. Ibid.

Calvin Coopmans+, Di Long+, Austin Jensen+, Aaron Dennis+, and YangQuan Chen*.
Improved Architecture Designs For A Low Cost Personal Remote Sensing Platform:
Flight Control And Safety. Ibid.

Pooja Kavathekar+ and YangQuan Chen*. Vehicle Platooning: A Brief Survey and
Categorization. ibid

Long Di+, Tobias Fromm+, and YangQuan Chen*. A Data Fusion System for Attitude
Estimation of Low-cost Miniature UAVs. Proc. of the 2011 International Conference
on Unmanned Aerial Systems (ICUAS 2011), Denver, CO. May 2011

Jensen, A.M.+*, Hardy, T., Mckee, M. & Chen, Y.Q. Using a Multispectral Autonomous
Unmanned Aerial Remote Sensing Platform (AggieAir) for Riparian and Wetland
Applications. 2011 Proc. IEEE Int. Geoscience and Remote Sensing Symp.
(IGARSS11)

Hadi Malek+, Ying Luo+, and YangQuan Chen*. Tuning Fractional Order Proportional
Integral Controllers for Time Delayed Systems With a Fractional Pole DETC2011-
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47872 Proc. of the ASME DETC/CIE 2011 Conferences, Washington DC, August
29-31, 2011. The Fifth International Symposium on Fractional Derivatives and
Their Applications, part of The 7th ASME/IEEE MESA (Mechatronics and
Embedded Systems and Applications) Conference.

Dali Chen, YangQuan Chen*, and Dingyu Xue. Digital Fractional Order Savitzky-Golay
Differentiator and its Application, DETC2011-47864 ibid

Xiaona Song+*; Tejado, |.+; YangQuan Chen; Stabilization for fractional-order
networked control systems with input time-varying delays Advanced Mechatronic
Systems (ICAMechS), 2011 International Conference on Publication Year: 2011 ,
Page(s): 39 - 42

Hyo-Sung Ahn*; YangQuan Chen; Moore, K.L.; Multi-agent coordination by iterative
learning control: Centralized and decentralized strategies Intelligent Control (ISIC),
2011 IEEE International Symposium on Digital Object Identifier:
10.1109/1S1C.2011.6045400 Publication Year: 2011 , Page(s): 394 - 399

Xiaona Song+; Tejado, I.+; YangQuan Chen*; Remote output feedback stabilization for
fractional-order systems via communication networks; Resilient Control Systems
(ISRCS), 2011 4th International Symposium on Digital Object Identifier:
10.1109/ISRCS.2011.6016088 Publication Year: 2011 , Page(s): 49 - 54

Tejado, Inés+; Vinagre, B. M.*; Chen, YangQuan. Fractional Gain Scheduled Controller
for a Networked Smart Wheel: Experimental Results. Proc. of the 2011 IFAC World
Congress, Volume # 18 | Part# 1, Milano, Italy. 10.3182/20110828-6-1T-1002.01094

6. Ph.D. students (Annual Progress Reports and 2012-2013 Research Plans)

Calvin Coopmans (passed Ph.D. Comprehensive Exams in Feb. 2012)
Brandon Stark

Jinlu Han (passed Ph.D. Comprehensive Exams in Feb. 2011)

Austin Jensen (AAFC Manager http://aggieair.usu.edu )
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Austin Jensen (2011 Annual Summary and Vsion for 2012-2013)

Media coverage:

e http://www.futureoftech.msnbc.msn.com/technology/technolog/slingshot-drone-blast-big-
kids-715180
e http://www.suasnews.com/2012/04/14577 /the-aggie-air-flying-circus/

e http://diydrones.com/profiles/blogs/announcing-t-3-round-3-the-reliability-round

e  http://battleland.blogs.time.com/2012/04/11/the-drones-are-coming-oops-theyre-already-
overhead/#ixzz1lrkJeYLIK
e http://www.fastcompany.com/1830538/aggieair-flying-circus-utah-state-university
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Natural resource managers, water engineering professionals,
Precision agriculture professionals

Remote sensing professionals

Environmental quality professional; Ecological field researchers

Tutorial outline (can be customized to 4 hours or 8 hours)

1.

2.
3.

o

Introduction to UAV-based Personal Remote Sensing (PRS): concepts, history, motivations, goals
(Dr. Chen)

Cyber-physical systems enabled by UAV-based PRS (Dr. Chen/Coopmans)

AggieAir UAV platform and sample applications (electronic systems, payload design, fail-safe
features, and flight test protocol) (Austin Jensen)

Physics of TIR remote sensing for temperature mapping (Gary Strahan)

TIR payload development: integration and payload management architecture (Cal Coopmans)
Application scenarios (examples and participant mind storming session) (All: moderated by Austin
Jensen)

Tutorial Materials:

To be delivered to participants via Dropbox invitation.

Tutorial References:

White paper (free access):

“AggieAir: Towards Low-cost Cooperative Multispectral Remote Sensing Using Small Unmanned
Aircraft Systems,” Haiyang Chao, Austin Jensen, Yiding Han, YangQuan Chen, and Mac McKee,
Advances in Geoscience and Remote Sensing, Gary Jedlovec, Ed. Vukovar, Croatia: ISBN: 978-
953-307-005-6, IN-TECH, pp. 463-490, 2009.

Pdf link http://www.intechopen.com/articles/show/title/aggieair-towards-low-cost-cooperative-
multispectral-remote-sensing-using-small-unmanned-aircraft-sys

Monograph (to appear in late Summer 2012):

Haiyang Chao and YangQuan Chen. “Remote Sensing and Actuation Using Unmanned Vehicles”
Wiley-1EEE Press (To appear in market in mid-2012). ~210 pages.
http://www.wiley.com/WileyCDA/WileyTitle/productCd-1118122763.html
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