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Bancha Upanan 2012: The Study of Mathematical Modeling and Computational
Formation Flight Simulation of UAVs. Master of Engineering (Aerospace
Engineering), Major Field: Aerospace Engineering, Department of Aerospace

Engineering. Thesis Advisor: Squadron Leader Sukon Puntunan, Ph.D. 70 pages.

The objectives of this research are to study UAVs formation flight including controlling
of UAVs and mathematical theories related to the formation flight, to design the mathematical
model of UAVs formation flight and to develop the automatic control system for UAVs
formation flight using PID controllers, developed in C# programming language. Then simulate
controlling of UAVs formation flight by Microsoft Flight Simulator X. The UAVs models used
in the simulation are 3 General Atomic MQ-1 Predator UAVs which fly in a Leader-Follower
formation with many shapes including V formation, Spread formation, Edge formation, Trail

formation and Spread formation with different height.

The result shows that the automatic control system for UAVs formation flight created
from the designed mathematic model can manipulate all UAVs while keeping the required

formation flight.
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Role Remote controlled, UAV
Manufacturer General Atomics Aeronautical Systems
First flight July 1994

Introduction July 1995



(86 kW)

Status

Primary user

Active

United States Air Force

Produced 1995—Present

Number built 360 (285 RQ-1, 75 MQ-1)
Unit cost ~ $4.5 million

Developed from General Atomics GNAT
Variants MQ-1C Grey Eagle
Developed into MQ-9 Reaper

2.1.1 Specifications

a) General characteristics

b)

Crew: none on-board

Length: 27 ft (8.22 m)

Wingspan: 48.7 ft (14.8 m); MQ-1B Block 10/15: 55.25 ft (16.84 m)
Height: 6.9 ft (2.1 m)

Wing area: 123.3 sq ft (11.5 m?)

Empty weight: 1,130 Ib (512 kg)

Loaded weight: 2,250 Ib (1,020 kg)

Max takeoff weight: 2,250 1b (1,020 kg)

Powerplant: 1 x Rotax 914F turbocharged four-cylinder engine, 115 hp

Performance

Maximum speed: 135 mph (117 knots, 217 km/h)

Cruise speed: 81-103 mph (70-90 knots, 130-165 km/h)

Stall speed: 62 mph (54 knots, 100 km/h) (dependent on aircraft weight)
Range: >675 nmi (675 mi/1,100 km)

Endurance: 24 hours

Service ceiling: 25,000 ft (7,620 m)

11
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¢) Armament
2 hardpoints
2 x AGM-114 Hellfire (MQ-1B)
4 x AIM-92 Stinger (MQ-1B)

6 x Griffin air-to-surface missiles

d) Avionics
ASIP-1C
AN/AAS-52 Multi-Spectral Targeting System

AN/ZPQ-1 Synthetic Aperture Radar (early airframes only)
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