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Air pollution and air quality greatly influence our health.  They consequently are the subjects of a number of current research projects.  It has been identified that the inhalation of fine aerosols is related to a number of pulmonary health risks.  However, data on the concentration and flow of these aerosols in the environment has thus far been limited to computational modeling and ground-based monitoring.  This is restricted in its ability to take measurements at a variety of altitudes and thus track the three-dimensional flow of these particles.  It is critical to the creation of an accurate model of ultra-fine aerosol transport that data is collected throughout the area of effect of these aerosols through the use of airborne sampling and particle analysis.   

In order to track and model the flow of aerosols we will be assembling an airborne aerosol sampling platform.  This platform will be capable of either following a preprogrammed course or direct flight control, sampling airborne aerosols and analyzing these samples, and storing the sampled data as well as relaying this data to the ground for real-time interpretation.  The vehicle will have a modular payload, allowing us to fly either individual instruments or up to 6 instruments simultaneously with a sufficient fuel load for a minimum of 1 hour flight time.  The flight control package will be capable of GPS as well as inertial guidance, have a range of up to 50km, and have the availability of direct operator control at its range limit and even autonomous take-off and landing.
The airborne platform we will be a Vector-P Unmanned Aerial Vehicle (UAV), as shown in figure 1.  This UAV has a wingspan of 101 inches, a cruising speed of 129 kph, a maximum altitude of 10,000 ft, a maximum endurance of 4+ hours, a maximum takeoff weight of 75 lbs, and a payload capacity of 31.5lbs including a fuel load of up to 3.0 gallons or 20 lbs.  The aircraft is designed as a pusher propeller aircraft, which reduces the aerodynamic disturbance at the front of the aircraft and simplifies the design of our sampling probes.  The landing gear of the Vector-P is fixed and quite strong, enabling grass field takeoff and landings.




Figure 1.  Vector-P UAV in anechoic chamber

The Instrumentation payload for the aerosol UAV (aUAV) consists of 5 aerosol measurement instruments: an on-board camera, global positioning system, ultrasonic altimeter, atmospheric temperature and pressure sensors, airspeed and attitude sensors, and aircraft system monitoring sensors.  The aerosol instruments are the heart of the package, and consist of the PAS-2000CE PAH sensor, DC2000CE surface area sensor, TSI 3007 particle counter, GRIMM 1.109 spectrometer, and the mEAS Miniature Electrical Aerosol Spectrometer.  The PAS-2000CE detects polycyclic aromatic hydrocarbons in concentrations as small as 10ng/m3.  The DC2000CE measures the total surface area of aerosol particles.  The GRIMM 1.109 is a portable aerosol spectrometer capable of measuring particle count as a function of particle size.  The TSI 3007 is a condensation particle counter capable of counting particles from 0.01um to 1.0um in size.  The mEAS is an ultra-fine aerosol particle counter.
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Figure 2.  aUAV Instrumentation Package
The packaging of these instruments will be crucial to the operation of the aUAV.  Weight must be minimized, and properly metered flow of unperturbed ambient airflow must be ensured.  In order to minimize the mass of the instrument package, methods of repackaging the individual instruments in an airborne configuration were investigated.  However, it was determined that the packaging of these particular instruments were optimal in their current configuration.  It was also determined that a significant weight savings could be realized if the individual battery packs powering each sensor were eliminated, up to a total of 3.78 lbs, leaving only the radio control system’s battery as a backup power source for the flight control..  Elimination of the battery systems requires the installation of a generator system to the engine, with a mass penalty of 1.4 lbs, creating a net gain of 2.38 lbs of available payload capacity, and a slight reduction in cruising range as a result of the increased load on the engine.
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Figure 3.  Sullivan Products DC generator mounted in prop spinner

In addition to the instrumentation package will be the flight control and communications system.  The Micropilot 2028LRC consists of an autopilot, navigation system, and communication system.  The autopilot is a waypoint-based GPS and inertial navigation system with remote piloting capability as well as the capability for autonomous takeoff and landing.  The navigation system includes a GPS receiver, inertial navigation sensors, barometric pressure sensors, and an ultrasonic altimeter.  The communication system consists of 2 2.4ghz modems operating at 1watt of power each, with a 50km range.  One modem is capable of 56.6 kbps, and the second is capable of 9.6 kbps.  These modems provide for data forwarding, navigational updates, and remote flight control through the autopilot.  The system also has a second redundancy in its ability to automatically switch over to conventional 72 mhz radio control in the event of an autopilot or ground station failure.  Integrated with this autopilot will be a trackable 2.4ghz video camera system for pilot control beyond visual range.  The camera system will consist of a pan and tilt capable video camera, a head-tracking camera control system, and a video playback visor for first-person video aircraft control.

Managing these systems is Diamond Systems’ Poseidon, a single-board PC based on the PC-104 systems architecture.  The Poseidon provides for instrument control, data storage and streaming, as well as data acquisition for the mEAS, environmental sensors, and aircraft system monitoring.  The system has all of the functionality of a standard PC computer, including input and output and graphics capability, for ground-based programming and operation.  It is also hardened to withstand the high vibration environment of aircraft operations, including hard soldered memory components.  It also includes a full function data acquisition system, with 32 16-bit analog inputs, a 250 kHz sampling rate, and 24 programmable digital I/O lines.
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    Figure 4.  Diamond Systems Poseidon (left) and Micropilot’s 2028 LRC (right)

The Poseidon and the Micropilot will be permanently mounted on vibration isolators within the fuselage of the Vector-P.  The instruments will be mounted in a removable and reconfigurable payload tray, vibration isolated from the fuselage.  The instruments will be tested under the same oscillatory loads as they will see in flight to ensure they do not stray off their calibration, and to ensure the effectiveness of the vibration isolation system.  The power system, consisting of a 250 watt generator and a proprietary power regulator circuit board, will provide the 18v, 12v, 10v, 9v, 6v, 5v, and 4.6v power required for all the various systems.  The power system will be tested under load to ensure sufficient power available to meet all instruments’ demand as well as maintaining charge on the reserve battery.  It will also be tested for fuel consumption at both cruise and max performance to determine the impact the additional engine load will have on takeoff, cruise speed, and maximum aircraft endurance.  
Once the autopilot has been successfully installed and tested in the Vector-P, the first-person video piloting system will be tested to ensure positive pilot control under controlled condition within visual flight and RC transmitter range.  Then the entire system must be tested for RF signal interference as well as RFI/EMI interference with the instruments and flight controls.  Pilots and ground crew will then be trained on the Cessna UAV trainer and prepared for test flights in an environmentally controlled area, such as Potsdam airport, and instrument readings will be compared to ground-based data as well as data taken from the Potsdam Tower to compare measurements at altitude for the system’s final calibration and test flights.  Once the system is flight tested and calibrated, it will be ready to perform aerosol particulate sampling in any area not restricted by current FAA regulations.
Questions:  Is there any citations required for graphics taken from commercial websites and/or the CARTI proposal?  

Are there any citations at all?
� 2010 Aeronautical Engineering, Honors Program, Advised by Professor Pier Marzocca


� 2010 Mechanical and Aeronautical Engineering, Honors Program, Advised by Professor Pier Marzocca


� Assistant Professor, Clarkson University
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