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1
 Exceptional Proposal to the Qatar Foundation Program
 NPRP X - 084 - 2 – 020 UAS-Based Risk Model for Traffic Near-Misses, Road Conditions and Maintenance and Traffic
 Management
 Khalifa N.M. Al-Khalifa Lead PI, Qatar UniversityAbdelmagid S. Hammuda PI, Qatar UniversityElsayed A. Elsayed Co-Lead PI, Rutgers UniversityKang Li PI, Rutgers UniversityMohsen Jafari PI, Rutgers UniversityDavid Yoel PI, American Aerospace Advisors, Inc.
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2
 Research Vision and Intellectual Merit
 VisionEstablish ground breaking research for the use of Unmanned Aircraft Systems (UAS) and advanced sensors to monitor, control, and model the near misses in traffic , model degradation of road conditions and develop effective methodology for traffic management for special events and emergency and rescue squads.
 Intellectual Merit– Integrate state-of-the-art high resolution imagery and sensor
 systems carried on UAS for data acquisition for the development of a unique model using near misses to predict traffic system that will potentially cause crashes. This is the first of its kind.
 – Investigate and develop mathematical models for risk of collision (crash) and road system degradation, network flow optimization using observations and data acquired by UAS.
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3
 Research Vision and Intellectual Merit
 Intellectual Continued– Investigate the integration of new sensors to monitor and
 measure a wide range of road degradation indicators such as cracks in pavements, growth of potholes and others.
 – Investigate methods for data de-noising, compression and fusion to determine the “true“ degradation of the traffic system. This is the first research that integrates a wide range of data including 3-D images which we uniquely equipped to perform (our UAS are capable of having 2 cm spatial resolution, 2 cm horizontal geospatial accuracy and 7 cm vertical accuracy).
 – Provide state-of-the-art training for control and operation of UAS systems in preparation for the 2022 World Cup event. Qatar should be able to have several UAS in full operation by that time.
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 Novelty of the Concept
 The expected increase in road kilometers and influx of workers needed for the construction and other services associated with the planned world soccer cup event occurring in Doha, Qatar in 2022 will impact the road traffic accidents significantly. One of the effective approaches for the minimization of accidents and potential accidents (we refer to the latter as near-misses) is the use of Unmanned Aerial Systems (UAS) for traffic monitoring, management and control.
 The wide range of sensing equipment, ability to provide continuous stream of bird’s eye images of all traffic intersections, traffic flow and road conditions (degradation) will result in significant improvements of the entire traffic system.
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 Novelty of the Concept
 There are four objectives of this proposal:1. The first objective of this proposal is to integrate and
 implement the use of a wide array of sensors and data acquisition systems, data communications to investigate unique mathematical models for the risk of near-misses that can be utilized for potential crash predictions using UAS.
 The capability of our UAS systems (2 cm spatial resolution, 2 cm horizontal geospatial accuracy and 7 cm vertical accuracy) and unique 3-D image analysis will enable us to “automatically” identify near-misses which will then be used in a unique model to predict the probability of crash for a given traffic environment. An example of near misses is shown next.
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 Novelty of the Concept
 Near misses identified by a user. Click to play the video
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Research PlanRisk Modeling of Near Misses
 We use our imagery and sensors data of near misses and conduct analysis and fusion of data to determine the “true” risk of collision (crash) for given environment as shown below. We can develop an analytical model that relates the risk (in terms of near misses intensity) to traffic conditions (intersection, type of vehicles, time of day, …)
 7
 Time of Day
 Rush Hour Rush Hour
 Risk
 (nea
 r miss
 es p
 er
 unit
 time)
 Decreasing risk Constant risk Increasing risk
 Typical Risk Model to be Developed
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8
 Novelty of the Concept
 Risk Models using Near Misses Data
 The risk (probability of collision) will be estimated as a function of the following
 T Type of intersection (circle, Y shapes, perpendicular,…) D Day of the week S Special eventst Time of day V Vehicle type (car, truck)Sp Speeds of roads meeting at intersectionsR Road condition (wet, dry,…)I Traffic intensity at intersection
 0 1 2 3 4 5exp( ...)Risk A T D S t Vb b b b b= + + + + +Sensors and imaging systems will be used to collect input data for the model Thus we can recommend design changes, law enforcements and others
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 Novelty of the Concept
 2. The second objective is to investigate the use of UAS in effective daily traffic management and emergency
 mapping of traffic flow after a natural disaster or prior to major public events such as Qatar’s National Day and the looming World Soccer Cup in 2022.
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Traffic Management
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capacityflow
 Network Flow Optimization: Blocking of one link needs rerouting to other links with capacity flow constrains
 A
 BC
 D
 EF
 A is blockedTraffic from B is directed to C and DTraffic leading to A is redirected to E and F
 Detailed map of Doha will be used with live traffic feeds
 Traffic Management Network Flow Optimization
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Intersection 1
 Intersection 2
 Intersection 4
 Intersection 3
 Uncontrolled intersection 5
 component 1
 Intersection 1 Intersection 2
 Intersection 3
 Intersection 4
 component 2
 Network Flow Optimization
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 Novelty of the Concept
 3. The third objective is to investigate the applications of UAS in road safety which includes roadway conditions and maintenance mapping, detection of cracks and potholes in pavements using imagery and others sensors in order to develop road degradation models
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Research PlanRoad Degradation Modeling
 Time to failure distribution Time
 Deg
 rada
 tion
 Indi
 cato
 rs Thresholds
 We are interested inpredicting the time to reach unacceptable degradation level of the road
 14
 Degradation data of the road such as cracks in pavements, potholes will be continuously monitored and plotted to estimate time to maintenance
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 Novelty of the Concept
 4. The fourth objective is the technology transfer and know-how of the operation and use of UAS. Pilot in control will be trained on the operations and control of UAS. This will provide Qatar with trained personnel who can operate such UAS in preparation for the 2022 World Soccer Cup when several UAS can be effectively used to achieve the above objectives.

Page 16
                        

16
 Research Plan
 • Use of UAS in Traffic monitoring, management and control.
 • Operate without risking the life of flight crew• Higher precision flight profiles• Endurance: Far greater endurance than manned aircraft• Cost: Less expensive to operate, acquire data and has
 many applications
 Novelty of the Concept Cont’d
 Fixed wing UAS and Rotary UAS
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Data Acquisition of Near Misses Noise Reduction and Outlier DetectionData and Sensor Fusion from Multiple SensorsHigh-Dimensional Data Analysis and Group Activity AnalysisRisk Model for Crash Prediction and System Improvements
 Data Acquisition, Modeling & Analysis of Near Misses
 Thrust 1
 Collaborative UAS Research Plan For Traffic and Road Monitoring
 Daily Traffic Management and Emergency Mapping Traffic flow, Conflict, and Queue Surveillance Accident Scene MappingScheduling and Network Routing of Emergency
 Thrust 2
 Road Condition Degradation ModelingThrust 3 Image-based Degradation Modeling
 Multi-source Degradation ModelingNoise filtering and Degradation Modeling
 UAS Development and EvaluationPilot in Control on Operation and Control of UASTraining Personnel in Qatar for UAS Operations
 Technology TransferThrust 4
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Research PlanUAS, Sensors and Data Acquisition
 The team has three groups:
 Qatar University (Road Safety Center)
 Rutgers (Image analysis, theoretical modeling and network optimization, sensors and data acquisition)
 AAA (owns and operates different types of UAS including fixed wing and rotary type, wide rang of imagery equipment and sensors ).
 18
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Research PlanUnique Qualifications and ResourcesAAA has several UAS models with different capabilities in terms of payload and sensors technology. It is only company that demonstrated its ability to capture and analyze images with 2 cm spatial resolution, 2 cm horizontal geospatial accuracy and 7 cm vertical accuracy. It owns and operates fixed wing and rotary UAS. AAA will provide the UAS platforms for data acquisition, imaging, data compression and communication. It has extensive experience in pilot training
 Rutgers has a team with established research record in risk modeling, degradation modeling, image analysis algorithms and has a commercially available software for the transportation area (Plan4Safety) …..Rutgers has been approved as one of the six sites in USA that can conduct testing and modeling of UAS in restricted areas.
 Qatar University has the only road safety center in Qatar and has strong collaboration with different Government agencies that will work closely with the team. 19
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Research PlanResources
 Current Sensor Suite
 IMP-3™ Real-Time Multispectral HD Quick Mapping Payload
 • Used in the unmanned Aircraft• RS-16 UAS™• RS-20 UAS™• Yamaha RMAXTM Helicopter
 • Sensors included
 20
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Research PlanResources: High Resolution Image in Large Area
 21Enlarged on Next Slide
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Research PlanResources: High Resolution Image in Large Area
 22
 Pavement Cracks
 Cars
 Human
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Research Plan
 • American Aerospace Advisors (AAA) builds complete, medium altitude, long endurance UAS mission systems capable of performing safe and successful civilian missions at low capital and operating cost
 • AAA also provides flight services (manned & unmanned), helping customers cost-effectively accelerate their research, development, test, engineering and training programs
 Feasibility-UAS Deployment, Operation and Control
 Safe, Affordable, Driven.
 23
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The RS-16 UAS™
 It is a professional grade, medium altitude long endurance UAS mission system
 24
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RS-16 UAS in the National Airspace System (NAS) March 2013The largest, most complex UAS mission ever conducted in the NAS (Outside DOD, NASA and DHS)
 25
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Research Plan
 • Each AAAI RS-16 UAS Mission Package – Three (3) RS-16 Unmanned Aircraft– Three (3) Multi-Mission Payloads– One (1) Ground Support System
 including:• Mobile Operations Center with long range
 RF Systems• Aircraft Ground Control System• Payload Control System• Aircraft Support Systems• Portable Service/Maintenance Shelter with
 self-contained HVAC, power and lighting• Tools, spares, documentation…• Vehicles (optional)
 – Training & Startup
 Feasibility-UAS Deployment, Operation and Control
 26
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Expected Benefit and Impact for Qatar
 Annual injuries and deaths from road accidents in Qatar.
 27
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Expected Benefit and Impact for Qatar
 • It is the first such a system in the world and Qatar will set a new standard for the development of unique systems for monitoring, control, management of traffic and risk modeling of near misses. It will also develop degradation modeling of roads in order to determine the optimum repair and maintenance conditions
 • Continuous monitoring of traffic throughout Qatar at all times will enable accurate modeling and management of traffic for special events and emergency and rescue vehicles.
 • It will develop new mathematical models that utilizes data, measurements and information obtained by a wide range of sensors and imaging. This might lead to new sensors (patentable) and methodologies that might be commercialized.
 • Training of pilots for operation and control of UAS for use in traffic systems and others. Technology transfer and know-how.
 • It is aligned with QNRS. 28
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 Research Plan
 • Novel approaches for analyzing the sensor data, filtering the data for noise and identifying outliers
 • New data fusion (data from different sensors and imaging systems) algorithms for maximizing the performance of multiple sensor sources
 • Novel mathematical models for integrating the data streams into the risk prediction and the degradation path of roads and determining the optimum time to maintain or replace the road sections (or other elements of the road safety issues) being monitored.
 Research Challenges-Methods and Tools
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 Research Plan
 • New optimization algorithms for the UAS network scheduling to optimize inspection rates and minimize the dead-zones
 • A system capable of operating successfully over long distances in the face of degraded communications, and capable of re-establishing communications when required
 • Simulation of the performance of the UAS at the vehicle and network levels to discover limitations
 Research Challenges-Methods and Tools
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Data Acquisition of Near Misses Noise Reduction and Outlier DetectionData and Sensor Fusion from Multiple SensorsHigh-Dimensional Data Analysis and Group Activity AnalysisRisk Model for Crash Prediction and System Improvements
 Data Acquisition, Modeling & Analysis of Near Misses
 Thrust 1
 Collaborative UAS Research Plan For Traffic and Road Monitoring
 Daily Traffic Management and Emergency Mapping Traffic flow, Conflict, and Queue Surveillance Accident Scene MappingScheduling and Network Routing of Emergency
 Thrust 2
 Road Condition Degradation ModelingThrust 3 Image-based Degradation Modeling
 Multi-source Degradation ModelingNoise filtering and Degradation Modeling
 UAS Development and EvaluationPilot in Control on Operation and Control of UASTraining Personnel in Qatar for UAS Operations
 Technology TransferThrust 4
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 Multi-Institution, Multi-Disciplinary TeamLead PI Outreach & Education
 Thrust Leaders
 Data ProcessingUAS R&D Risk and Degradation Repository Manager
 PI’s, co-PI’s , Students, Engineers
 Collaboration with Ministry of Interior and Other Government Agencies
 Hamouda
 ElsayedYoel Li
 Al-Khalifa
 Hamouda
 Jafari
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 Collaboration and Management Plan
 • How to coordinate research activities?– Biweekly meetings of thrust sub-teams– Shared supervision of students– Use of common protocols/activities/data
 • How to assess progress and find new opportunities?– Monthly management team conferences – Regular (annual and quarterly) interaction with External Advisory Board– Organized workshops at relevant UAS and Risk and Reliability domain
 conferences– Organize annual workshop of leaders at Qatar University and Rutgers– Additional collaborations through the extended support-letter
 collaborators• How to ensure all PIs have resources needed?
 – Data: QU-managed repository with protocols and technology to distribute– Research outputs: QU-managed plan and personnel to extend
 technologies across sites
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 Potential Applications and Sustainability
 • Machinery threat detection• Leak detection
 – Liquids– Natural Gas
 • Permanent record of conditions
 • Potential for higher revisit rates at comparable cost
 • Security
 • Increased safety (eliminate risk to pilots)
 • Simultaneous payload operations
 • Far greater endurance• Higher precision flight profiles• Smaller signature• Cost competitive in routine
 operations
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 Potential Applications and Sustainability
 • Energy Infrastructure Mapping and Surveillance– Pipelines
 • Onshore and offshore
 – Power Lines• Border & Coastal Patrol and Monitoring• Fire Detection & Firefighting Management• Homeland Security• Law Enforcement & Disaster Operations• Digital Mapping & Planning / Land Management• Search & Rescue• Precision Agriculture & Fisheries
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 Questions?
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