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They're on a mission to deliver 40,000 pounds, anywhere in the world, within 48 hours. 
FedEx? UPS? No, the U.S. military. That payload could be a 75-pound resupply kit for forces in the field or a 20-ton tank, dropped from a C-130 aircraft flying at 35,000 feet, above the range of surface-to-air missiles. 

The cargo would glide to a GPS coordinate 20,000 feet directly over its pre-programmed landing spot. It would then dive in a quick spiral, eluding hostile fire, down to 1,000 feet. There it would blossom forth a drag parachute and settle onto its destination. 
The payload actually guides itself through this aerial ballet. Autonomous navigation provides the key to heavy freight delivery from high altitude to remote locations. Special Forces jumpers can also use the flight navigation system to guide themselves to precision landings from high altitude, in darkness and other extreme conditions. 

Why precision airdrop? The proliferation of inexpensive surface-to-air missiles jeopardizes aircraft and personnel flying below 25,000 feet - a significant problem since conventional military airdrop techniques require cargo to be released from altitudes below 1,500 feet to ensure accuracy. As a result, supply and resupply of troops has become increasingly dangerous. Deployed from aircraft flying at up to 35,000 feet to avoid these threats, current airdrop techniques cannot reliably place their important cargo where it is needed. 
Precision Guided Systems [image: image1.png]



Atair Aerospace has developed two methods for precision guided aerial delivery. The ONYX System for autonomously guided supply drops and equipment delivery divides guidance and soft landing between two parachutes. The company has also produced a high altitude/high opening (HAHO, "hey-ho") handheld flight computer and navigation system. Integrating a 12-channel GPS receiver, compass, and inertial sensors, the flight computer supports HAHO insertion of forces by enabling blind navigation in darkness or extreme conditions to target drop zones. 
Parafoil Operation. ONYX consists of two parachutes: a high-efficiency elliptical parafoil for guidance, and a second non-guided decelerator parachute deployed at lowest possible altitude, and used solely for a soft landing. 

A parafoil is a ram air inflated gliding parachute wing. Inlets at the airfoil nose allow air to pressurize the inside of the flexible membrane structure to create the wing shape. This can producing positive lift and higher wingloadings than otherwise achievable. 
Conventional parachutes typically have wingloadings of 1-2 pound per square foot (lb/ft2), so that 20-ton tank would need a 40,000-square foot parachute - nearly an acre of billowing material - to safely float and land, clearly an impractical solution. 
Atair parafoils have achieved parafoil wingloadings of nearly 5 lb/ft2 on wings still capable of generative positive lift in a flare maneuver, and 22 lb/ft2 on wings not required to lift. The company has demonstrated drops of up to 2,200 pounds - the weight of larger munitions or light assault/reconnaissance vehicles the size of dune buggies. At a 500-pound cargo load, ONYX has been demonstrated with a 120-ft2 main parafoil attaining an 80-mile per hour forward speed, glide ratio of 4.5 to 1, and speeds of up to 120 miles per hour in sustained spiral descents. Together, maneuverability and speed mean that the system can deliver payloads to the ground more than 10 times faster than single-parachute systems, and reduce vulnerability to groundfire. Finally, the parafoil's highlyl efficient glide/traverse capability means that aircraft can drop them at significant offset distance from the target - even from across international borders. 
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The ONYX system launches from the drop plane, first releasing a drogue parachute and falling for a pre-programmed period of time, then deploying the main guidance parafoil. The flight computer determines its heading based on GPS and INS, then executes a turn towards the target by using pneumatic actuators that effect a weight shift under the parafoil. 
When the system is within a predetermined distance of a point directly over the target, it can execute a holding pattern, a waypoint pattern, or an altitude dropping maneuver such as a sustained spiral dive until it reaches its minimum pre-programmed altitude, typically 200–1,000 feet. There it transitions from the guidance parafoil to the landing parachute, and falls unguided to touchdown. 
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The flight navigation computer used for both HAHO troop insertion and the ONYX cargo delivery features a high-altitude, cold weather, 320x240 pixel display, a 12-channel GPS receiver supplying reported 2-meter CEP accuracy, a compass, and inertial sensors. A 32-bit processor performs necessary calculations and provides the user interface for entering target coordinates and other mission-related data. Human jumpers wear the computer on a harness around their midsection (see photo), so that a quick inflight glance gives them their location, necessary flight corrections, and other critical data. The system updates these variables at a 1-Hz rate: 
· horizontal range to target 

· altitude (GPS and pressure) 

· bearing to target 

· velocity North 

· velocity east 

· velocity down 

· speed over ground 

· course over ground 

· target overshoot/undershoot 

· glide ratio 

· estimated time of arrival to target. 

While the GPS receiver has a 1-Hz update rate, the inertial system supplies 50Hz updates, so that the computer can interpolate 50 points between each GPS fix making it harder to jam. 

The display's bright colors enable "blind" navigation in darkness or other reduced visibility situations. It can also plot GPS data in three dimensions and overlay maps and 3-D images, inflight or on the ground, to supply the relative position of other jumpers and precision guided systems. Beta units are going into testing with various U.S. military Special Forces branches, with development underway to include wirless linking and tracking of other units for 6-person teams. 
Rated to operate from 250 to 185 degrees Celsius and up to 58,000 feet, the HAHO flight computer uses a 12-volt lithium battery pack with 6-hour capacity, and measures 4.235.032.0 inches. It is contained within a hardened carbon fiber enclosure to allow GPS signal receptivity. 
In autonomous mode for cargo drops, the unit (without the display) rides in a special pack atop the cargo canister, and generates electronic commands to the pneumatic cables that control the system's flightpath. 
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Atair has entered a Phase II Small Business Innovation Research (SBIR) grant to develop a networked GPS-based system for simultaneously launching multiple parafoil-equipped units (whether personnel or autonomously-guided cargo) at a time. The respective flight computers interfaced on a peer-to-peer (P2P) network will use algorithms modeled on flocking bird behavior, sending GPS positions back and forth between them, for clear navigation and guidance to avoid midair collisions. 
This avionics communication network includes an option for an on-the-ground base, communicating via RF transceivers to monitor and allow override control of individual flightpaths. 
Demo. Atair will show its autonomous guided parafoil system at the Precision Airdrop Technology Conference and Demonstration (PATCAD), U.S. Army Yuma Proving Grounds, November 3-7. 
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The Atair Aerospace (Brooklyn, New York, with manufacturing facilities in Brooklyn and Slovenia) HAHO navigation system uses a u-blox GPS chipset, and is designed to be compatible with the Rockwell Collins MPE-S dual-frequency receiver for authorized P-code users. The pressure sensor is a Motorola (Schaumburg, Illinois) MPX4100, and the onboard computer a Motorola 68332. The inertial sensor was custom-developed for Atair by Microstrain (Williston, Vermont). 
Nanker Phelge is a Eugene, Oregon-based writer. 
