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DEVELOPMENT OF FLEXIBLE WING AUTONOMOUS MAV Micro Air Vehicle Laboratory Department of Mechanical and Aerospace Engineering University of Florida, Gainesville, FL 32611-6250 The University of Florida has extensive experience in developing reliable and durable mission capable micro air vehicles (MAVs). Applying the design philosophies which have proven both efficient and successful in the past, UF has developed a 30 cm autonomous MAV which is capable of completing the mission objectives required at the 3rd USEuropean MAV Competition. In order to best employ the limited volume available in a MAV of this size, the Florida Gators MAV utilizes multifunctional airframe components. A Kevlar/carbon fiber construction was developed to maximize the structural robustness and signal strength of airborne transmitters and receivers. The MAV is capable of fully autonomous or stability augmented flight control, GPS waypoint navigation, return to home functionality, autonomous sensor deployment, and autonomous launching/landing. In addition, the MAV has a forward looking and side looking camera in order to increase the surveillance capability. Introduction In recent years, micro air vehicles (MAVs) have received significant attention for practical applications such as reconnaissance and sensor deployment. MAVs are ideally suited for such missions due to their low observability and quiet electric operation. The team at the University of Florida has specialized in small mission capable UAV and MAV design and development through multiple contracts. The UF team has also competed in multiple MAV competitions on the international level, including the 1st USEuropean MAV Competition. In addition, the UF team has competed in the International MAV Competition (IMAVC) for the past ten years, winning first place overall the last eight consecutive years. Figure 1 shows the Team GATORS MAV developed for the 3nd US-European MAV Competition. Through experience, the UF MAV team has developed a successful design methodology for mission capable MAVs. This methodology is based largely on the



reliability and durability of the airframe, subsystems, and components. In addition, consistent success with low Reynolds number (Re) MAVs has been achieved through an extensive testing and modification process. Figure 2 shows an example of a successful 10 cm vehicle developed at UF for the International MAV Competition.



Figure 1 Team GATORS MAV. The 3nd US-European MAV Competition consists of a single mission with multiple objectives, each with unique challenges. The mission profile consists of launching, and then navigating to three surveillance targets. The first two are of known location and must be positively identified. The third
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target must be located and its position reported with a high degree of accuracy (within 12 meters) The fourth target requires accurate sensor deployment, followed by a landing within a specified region. Finally, the MAV must navigate through two successive arches each 6m by 6m. Greater degrees of autonomy increase the score of each flight, as do smaller vehicle dimensions.



of low-Re flow, this approach has proven more reliable and less time consuming than iterative computational methods. Similar to previous designs, the GATOR MAV design is based around thorough utilization of a sphere, wherein the diameter is chosen as the maximum linear dimension of the aircraft. Due to the propeller protrusion, a circular planform is not permissible without exceeding the maximum dimension. The design approach then leads to an elliptical wing planform. A maximum linear dimension of 31cm was chosen, and the design is shown in Fig. 3.



Figure 2. 10 cm MAV for the IMAVC. In order to successfully compete at the 2nd US-European MAV Competition, the UF team has developed an autonomous 31 cm MAV which has proven to be mission capable, reliable, and durable. Autonomous systems and maximized signal strength were focal points in the design of the Gator A MAV. I.



Aircraft Design



The University of Florida team has had success with previous MAV designs, both for competitions, as well as grants and contracts. Therefore, complete ground-up designs are unnecessary and inefficient. New designs for unique mission profiles are based heavily on previous successful designs, and iterative modifications are performed to meet their respective objectives. Due to the unpredictable nature



Figure 3. Planform design sketch. The utilized airfoil is also based upon previous designs. The primary constraint on the airfoil design is a zero pitching moment, negating the need for a horizontal stabilizer. The GATORS MAV utilizes the airfoil designed for the 2004 IMAVC, which was based on both panel method and thin airfoil theory1. Wings with airfoil camber values of 4, 6, and 8% were tested. The component selection for the MAV was focused around reliability and durability2, a proven design philosophy. The criteria for selection of components were ranked and are listed below. A table of the components are given in Table 1:
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1. 2. 3. 4.



Reliability / Durability Size / Form Factor Weight Power Efficiency



Table 1. UF Gator A MAV components. Item



Description



Qty.



Mass(g)



Motor



Hacker A10



1



13.0



ESC Autopilot Modem GPS Servos Battery Camera Video Tx Misc.



JETI-11 Procerus 2.2 Aerocomm AC4790 Furuno D 4.5 TP 910mAh Color CCD 2.4GHz 200mW Paintball Mechanism



1 1 1 1 2 2 1 1 1



12.0 17.0 9.6 19.2 10.0 46.0 35.1 12.5 5.0



The design of the fuselage is a direct function of the components’ size, shape, and mass, as well as CG location (for static stability). A depiction of the fuselage design with housed components is shown in Fig. 4.



purpose components were implemented to minimize weight and fuselage volume. To increase the GPS receiver sensitivity, the aircraft’s hatch was embedded with a thin copper plate. This plate acts as a ground plane for the GPS receiver (located at the center of the hatch). The multifunctional hatch can be seen in Fig. 5. Figure 6 shows another multifunctional aspect of the MAV. The 2.4 GHz video transmitter antenna was embedded within the vertical stabilizer of the airplane. The stabilizer, which is constructed of a balsa core and fiberglass covering, is nonconductive in nature. This allows the antenna to operate unobstructed outside of the fuselage. Placing the antenna inside the stabilizer provided the added benefit of decreasing the required fuselage volume.



Figure 5. Embedded GPS receiver under the Kevlar fuselage at nose section Figure 4. MAV fuselage design.



In order to provide the functionality required for the mission profile, multi-



Figure 6. Embedded video antenna.
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II.



Subsystems



A. Autopilot The autopilot of choice for this competition is the Procerus Kestrel model 2.2. The scope of the US-European Competition requires that an autonomous control system be capable of managing the altitude, airspeed, and attitude, as well as the bearing of the MAV. The Kestrel 2.2, shown in Fig. 7, was chosen due to its small size, weight, and its capability of meeting the mission requirements. Furthermore, the University of Florida has many years of experience with this autopilot and has used it in several other applications.



extra hardware for separate paintball dropper or camera switching hardware. Lithium-Poly Battery 11.1 V



+



+ -



To Video System
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+ -
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Figure 8. Kestrel 2.2 wiring diagram.



Figure 7. Procerus Kestrel 2.2 autopilot. The Kestrel 2.2 (35 x 52 x 15mm, 17 grams) uses an inertial measurement unit (IMU) that features a three axis accelerometer and three axis gyro. Static and dynamic pressure sensors are embedded to measure airspeed and altitude. A separate GPS receiver determines the position of the aircraft for navigation purposes. The Kestrel 2.2 provides 4 servo ports, as well as an extra configurable serial output. A wiring diagram for the Kestrel 2.2 is shown in Fig. 7. This year, the camera switching unit and the paintball dropper are slaved to the rudder channel. This allows for the autonomous function of both units, while eliminating



The Kestrel 2.2 has several different adjustable fail-safe functions that will trigger in the event of a malfunction. If a loss of communication exceeds 5 seconds, the MAV will auto-level. If the communication link is out for an additional 2 seconds, the MAV will enter a “Fly Home” mode and through limited internal navigation system capabilities, attempt to fly itself toward home. If the MAV loses GPS reception for more then 5 seconds, the MAV will execute a 30 degree bank and loiter for 5 minutes. In the event that the GPS link is never re-established, the MAV will land itself. A drops in battery voltage below 5.8 V, prompts the MAV to automatically return home and land. The autopilot uses a series of PID control loops to adjust the roll, pitch, altitude, and trajectory tracking. The MAV is tuned using traditional PID techniques while airborne. Figure 9 shows an example altitude hold control loop.
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S



Figure 9. Autopilot Control Loop The Kestrel 2.2 autopilot uses a 850-930 MHz transceiver to communicate with the ground station. This digital link allows for real-time data logging, as well as on-the-fly mission changes. Typically, the Kestrel 2.2 uses a 1000mW Aerocomm 4490 modem, which has a large form factor and consumes excessive current. To this end, the University of Florida has designed a communication board featuring the Aerocomm 4490 1in x1in 1W modem The antennas for video reception and vehicle control are mounted to the top of the case. The large antenna is a 850-930MHz patch antenna linked to the autopilot ground station box with a 10 mile download and upload radius. A manual Futaba remote controller is attached to allow for piloted controls in the event of an autopilot failure. The other two antennas mounted to the top of the case are 2.4 GHz patch antennas used for the video receiver. This combination allows for a greater reception angle, with a 3 mile range. Both the video receiver box and the autopilot ground station are networked to the laptop for one simple interface. The housing meets military standard C-4150J for durability and reliability, and is well suited for field use.



Figure 10. Ground station schematic. The ground station for the Kestrel 2.2 includes specialized hardware with a 1000mW Aerocomm 4490, for serial communication with a laptop computer and Procereus’ Virtual Cockpit software3. This setup is shown in Fig. 11.



Figure 11 . Ground station PID constants, mission attributes, and fail safes can be modified in the software, which displays real time information about airplane location, mission parameters, and control mode status. A map overlay corresponds to GPS coordinates to aid in mission planning and navigation. A screen shot of the Virtual Cockpit software is shown in Fig. 12.
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semi-circular carbon fiber channel. A BMS303 servo was used in the sensor deployment assembly. The servo arm moves 90° in the horizontal plane, allowing the paintball to be loaded or dropped. Flight testing has shown that mounting the servo within the channel increases durability during landing. The sensor deployment assembly weighs 5 g.



Figure 12. Screen shot of Virtual Cockpit. B. Camera Switching



Figure 14. Paintball dropping device.



Figure 13. Cameras and Switching Device A modified MICROCAMERAS CCD cameras were mounted left side fuselage (side view) and vertical stabilizer (front view). The cameras were chosen for its high resolution, and low light handling ability. While smaller CMOS cameras were readily available, the need for high quality video more than justified the camera’s weight of 4g.of each. The camera switching device manages broadcasting signal between two cameras which is synchronized to the paintball dropping servo which weighs only 3g. Commands are also sent serially from the autopilot to the Switching device to obtain its desired positions in order to track target. C. Sensor Deployment Assembly The paintball dropping device (Fig. 14) consists of a servo fixed to the inside of a



The servo is connected to the rudder channel on the Kestrel. Prior to launch, a GPS waypoint and time-delay is programmed into the mission parameters. As the MAV flies over the pre-programmed waypoint, the servo is actuated and the paintball is released. The time delay allows for wind conditions and airplane velocity to be taken into account. D. Antenna Design The volume the fuselage is limited in micro air vehicles. In previous designs, a lack of space has caused problems with close-proximity RF devices; therefore, to overcome the design challenges both airborne antennas were traditionally designed at the optimum value to get the highest performance for a limited space with multi-functional features. Two RF frequencies are used on the MAV which are a bidirectional digital autopilot link at 850-930 MHz and a unidirectional 2.45 GHz video downlink.
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a) Video Antenna Design The 200 mW Microcamera transmitter operates on a fixed channel at 2.452 GHz. A dipole microstrip PCB antenna was chosen to be embedded into the vertical stabilizer of the MAV. The antenna was tested in the Ansoft Design program and simulated on a 40 mil PCB copper board. The absence of a ground plane ensures an omni-directional radiation pattern as shown in Fig. 15; also the fabricated antenna is shown in Fig16. Ansoft Designer has the ability to plot many different performance characteristics of the antenna. A plot of input impedance versus frequency was used to iterate the length of the design until a desired match of 50 Ω is achieved. At 2.452 GHz, the impedance of the antenna is 49.65 + j102.10 Ω. The 2.4 GHz dipole antenna is linearly polarized. Therefore, a polarized patch antenna was selected in order to reduce unexpected signal degradation due to polarization losses. The radiation pattern of the antenna in the azimuth is nearly 360 degrees, which allows video reception regardless of MAV orientation. This arrangement produces two significant dead spots on the antenna both along the vertical axis of the antenna, parallel to the face of the PCB, as shown in Fig. 15.



The physical antenna was laid out using Altium DPX and manufactured by Advanced Circuits on a 40 mil, one layer printed circuit board. AppCad6 was used to calculate the dimensions and clearances of the coplanar waveguide used to feed the antenna. For placement of the stabilizer, the antenna was first cut out of the fiberglass board. A 6.8 ηF capacitor and shielded coaxial were soldered into their respective pads. The 2.4 GHz monopole antenna was verified with a network analyzer (used to measure the performance of a two-port network). For best power transfer and antenna radiation efficiency, the input impedance of the antenna should match the output impedance of the video transmitter (50 Ω). The 50 Ω network analyzer’s output could then be directly connected to simulate the video transmitter. The frequency was swept between 2.52 to 2.55 GHz to confirm the antenna’s resonant frequency. The 2.4 GHz antenna showed a resonant frequency at 2.452 GHz as its impedance was closest to 50 Ω.



Figure 16. Dipole Antenna tuning with the Network analyzer.



Figure 15. Ansoft simulated radiation pattern.



A network analyzer was used to monitor the input impedance to the antenna at the feed point of the transmission line as the length changed. The transmission line length was reduced until a 50 Ω impedance



7 University of Florida Micro Air Vehicle Laboratory



was achieved. Gain, dB (used in describing high frequency networks) was collected throughout the process. Fig.17 shows the performance of Gain of the 2.45 MHz video antenna.



Figure 18 Modem Aetenna is located at the tail to minimize RF interfering



Figure 17 Video Antenna dB at 2.45Ghz b) Modem Antenna Design The Aerocomm modem is a spread spectrum transceiver, which can operate in a given range. Therefore, the antenna must have a reasonable bandwidth in order to operate efficiently between 850–930 MHz. Furthermore, the size of the antenna is dictated by the limited size of the fuselage. A flexible monopole antenna was selected based on these requirements. The Modem antenna, shown in Fig. 18, is a custom fabricated dipole antenna constructed from shielded coaxial wire and small metal circular ground plane. The antenna is stripped back to leave the signal line exposed. A 5.5 mm circular ground plane was soldered to the shielding of the remaining wire. The remainder of the coaxial wire was used as a variable length transmission line. A network analyzer was also used to match impedance close 50 Ω. At this frequency, the antenna has an input impedance of 51.43 – j3.71 Ω. Fig. 19 shows custom made 3g, dipole antenna which is specially designed to minimize front section area obtaining an aerodynamic advantage. .



Figure 19. Modem Antenna dB at 2.45 GHz I.



Airframe Construction



A. Custom CAD/CAM Software The migration of a design concept to a working model can be a complicated and time consuming procedure. In an attempt to increase productivity and reduce workload, the UF MAV team has developed a MATLAB8-based program (MAVLAB), This program is specifically designed to turn simple planform shapes and basic parameters into a complex freeform wing model. Fig. 20 depicts the graphical user interface of MAVLAB.
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Figure 20. MAVLAB design software and wing mold manufacturing. B. CNC Machining MAVLAB has the capability to export tool path files a CNC milling machine. The advantage of this feature is the ability to mill wing molds that are exact representations of the CAD designs created in MAVLAB, reducing the likelihood of geometrical asymmetries in the airframe. Fig. 21 shows a wing mold being machined on a CNC milling machine.



C. Fuselage Mold The fuselage mold was manufactured using standard female mold techniques. First, a parting plane was placed onto the polished male plug and Frekote release spray was applied. An initial surface coat of epoxy resin was sprayed on to minimize microbubbles that occur from manual application. Following this, multiple layers of bidirectional S-glass/epoxy were applied until sufficient mold thickness and strength were achieved. Once the first side cured, the parting plane was removed, and Frekote was applied to the other side of the plug. Again, a surface coat was sprayed on and Sglass/epoxy applied, with special care taken to eliminate voids around the complex curves of the motor mount. Before removing the plug from the cured mold halves, index holes were drilled around the perimeter to ensure symmetry in production parts. The finished mold halves were then polished to improve surface finish.



Figure 22. Parting plane applied to plug. Figure 21. CNC milling of MAV wing. The molds were machined from high density tooling board, whose main advantage is an increased material removal rate, thus reducing production time. This advantage allowed the UF MAV team to produce wing molds in as little as 30 minutes. 9 University of Florida Micro Air Vehicle Laboratory



Figure 25. Transmission strength through carbon fiber (left) and hybrid (right) airframes. Figure 23. Polished mold halves. C. Composite Layup UF's MAV construction has consistently implemented composite materials within the airframe structure. The main advantages are: 1) High strength 2) Low weight 3) Easy formability of complex surfaces The choice of composite materials was influenced by the desire to maximize transmission and reception signal strength of airborne RF devices. To determine the maximum reception of the signal strength with a tuned antenna, a spectrum analyzer was used to test the reception strength within an entirely carbon fiber airframe, as well as a hybrid aramid/carbon fiber airframe. The results, seen in Fig. 25, were measured from a distance of 100 ft using the Aerocomm modem. The hybrid airframe provided significantly improved signal strength and was therefore selected for the UF MAV design.



No viable process was available to automate construction of the airframe, so the UF MAV team developed a standard procedure. The following steps document the process. Fabrication Process 1. After machining, the wing mold was not perfectly smooth due to the scalloping of the ball end-mill, and was lightly sanded to a smooth finish. Accuracy was achieved by first applying a light trace coat of black spray paint to the mold surface and then sanding until all painted regions were gone. The completed wing mold is shown in Fig. 29.



Figure 26. Completed CNC wing mold. 2. Teflon® release film was applied to the surface of the mold to prevent the resin from bonding to the mold. Figure 24. Carbon fiber Vs Hybrid Airframes



A single layer of pre-impregnated carbon fiber weave was placed on the release film, biased at a ±45º
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3. orientation, along the leading edge of the wing. Unidirectional preimpregnated carbon fiber strips were cut and applied to construct the center section of the wing, and as reinforcement along the perimeter. Nylon peel-ply was also sandwiched between unidirectional reinforcements to serve as live hinges for the hatch and elevator. A final layer of carbon fiber weave was placed along the leading edge, sandwiching the unidirectional reinforcements. 4. The entire wing was covered with Teflon® release film, and placed in a vacuum bag. The bag was sealed and a vacuum was drawn to a pressure of 0.01 atm absolute, as shown in Fig. 27. The vacuum bag was then cured in an oven at 260° F for 4 hours.



Figure 28. Fine Trimming 6. The fuselage was constructed by first applying a light coat of clear paint to produce good surface finish and aid in tacking down the fabric for the wet layup. A single layer of aramid fiber/epoxy was applied to each mold half, with a second layer applied to the front of the fuselage to improve impact resistance. The two halves were then joined and allowed to cure at room temperature. 7. The vertical stabilizer was constructed by sandwiching a tuned dipole video antenna into a slot cut between two balsa fin blanks and gluing this assembly together. This was then sanded to an airfoiled profile and vacuum bagged with microsilk/epoxy and prepainted mylars as shown in Fig29.



Figure 27. Vacuum bagged wing. 5. Once cured, excess material was trimmed away as shown in Fig. 28, and edges were sanded to remove splinters. The compliant regions were removed with a rotary tool and the wing was then skinned with pretensioned nitrile material, with care taken to eliminate asymmetrical tension.



Figure 29. Vertical stabilizer



11 University of Florida Micro Air Vehicle Laboratory



D. Assembly 1. The motor was installed in the nose with care taken to ensure proper thrust lines and prop clearance. 2. The live hinged elevator was then cut free from the wing. 3. The rudder was created by cutting a section out of the vertical stabilizer and then replacing it with a prefabbed rudder constructed with a Tyvek® hinge sandwiched by layers aramid fiber. 4. Servos were attached to the fuselage by double sided tape (Fig. 30), and lashed into place with aramid thread. Control rods were then installed, connecting the servos to the control surfaces. Special care was taken to ensure proper clearance and minimize slop in these linkages.



a unique, thin, under-cambered, flexible wing design (Figure B). These wings are constructed using a carbon fiber skeleton and a thin flexible membrane made of nitrile, much like the wings of a bat. Wind tunnel investigations and flow diagnostic tests have been performed using UF’s high speed, low turbulence wind tunnel to document the behavior of the flexible membrane wings. Attempts were made to model the flexible wing characteristics with computational fluid dynamics and finite element analysis. However, there was only limited experimental validation of the wing deformation. A better knowledge of the aeroelastic properties and deformation of flying structures, either in vehicles or biological systems, was necessary.



Figure 30. Installed servos Wind Tunnel Performance There are numerous technical challenges associated with creating very small flying machines including: the scale dependent reduction in aerodynamic efficiency (Fig. 31), increased challenges in dynamics and control, miniaturization of components, reliable propulsion systems, and management of environmental disturbances (such as wind gusts). To address these challenges, the University of Florida has developed a series of MAVs that incorporate



Figure 31. Re effects lift/ drag ratio and flexibility of MAV wing.
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Figure 32. Three different wing configurations, with the shaded part as carbon fiber. The University of Florida constructed three different wings in order to compare the liftto-drag (L/D) ratio of each wing configuration for a given shape: rigid (all carbon fiber), baton-reinforced (BR), and perimeter-reinforced (PR). Fig. 33 shows that a perimeter-reinforced membrane gives a superior L/D ratio. Based on this, we chose the perimeter-reinforced configuration for our MAV.



Figure 33. L/D for 3 wing configurations. It was then necessary to find the ideal amount of tension for our membrane. Low tension provides superior lift coefficient at all angles of attack and a higher lift-to-drag ratio near moderate angles of attack, compared to high tension (Fig. 33). Based on these findings, a low tension membrane was chosen for our MAV.



Figure 33. Wind tunnel data for rigid, high tension, and low tension wings. Three wing cambers were tested in the wind tunnel, all of which containing identical planform areas, dihedrals, and root chord lengths. The wings were given varying cambers (4, 6, and 8% of the chord) to determine its affect upon performance. Aerodynamic forces and moments were measured using a 6 degree of freedom strain gauge sting balance, capable of resolving forces down to 0.01 N. A standard run consisted of testing each wing at three admissible MAV flight speeds (8, 10, and 13 m/s) and a range of pre-stall angles of attack (only the longitudinal force coefficients at 13 m/s are shown). The normalized lift can be seen in Fig 34. Since planform area is consistent, any variation at a given angle of attack is a direct result of camber differences. The maximum camber (8%) provides the maximum lift. Large camber speeds the flow over the upper surface, increasing the maximum suction pressure and corresponding lift. The 4% camber wing shows signs of stall at 16º, whereas the data from the higher camber wings remain linear. The 6% camber wing
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has significantly lower drag at low angles. This is a result of offsetting factors: the exaggerated shape of the 8% cambered wing is not streamlined enough to provide low drag, whereas the flat shape of the lower cambered wing (4%) is more susceptible to flow separation over the upper surface (as demonstrated by the decrease in lift slope at 15º). Fig. 34 shows that the L/D is highest for the 6% cambered wing, predominantly due to its superior drag performance. Based on these findings, the 6% cambered wing was chosen for our MAV.



Fig. 36 shows out-of-plane displacements measured at varying angles of attack (α = 3º and 15º). Billowing of the skin is very evident in the low tension membrane at a high α.



Figure 35. Wind tunnel test setup.



Figure 34. Lift & L/D at cruising speed for 3 cambers.



Figure 36. Chord-normalized out-ofplane displacements (w/c). III.



Video Image Correlation (VIC) test The VIC data analysis was performed for every test run, consisting of the reference picture and the related deformed image.



Subsystem Verification



Flight tests of the GATORS MAV took place all throughout September. During this time, a sample mission profile was flown at Archer Field in Gainesville, Fl. The practice mission has three waypoints. The first two



14 University of Florida Micro Air Vehicle Laboratory



30



Pitch Desired Pitch



20 PITCH (deg) .



waypoints represented loiter camera targets. The third waypoint represented a paintball target for sensor deployment. The mission was flown from an altitude of 30 m with a speed of 17 m/s. Fig. 37 shows the mission profile, which is followed by a sample comparison of actual roll vs. desired roll in Fig. 38. and actual pitch vs. desired pitch in Fig. 39.



10 0 -10 -20 -30 1



301



601



901



1201



TIME (0.5 sec)



Figure 39. Desired and actual pitch.



Figure 37. Simulated mission profile.



The simulated mission was a success. The MAV flew around both targets, clearly identified each, and deployed the sensor at the desired waypoint. This successful trial validated the design philosophies employed and verified Team GATORS MAV’s mission capability.



IV.



Figure 38. Desired and actual roll.



Conclusion



The UF MAV Team has successfully developed an autonomous Micro Air Vehicle capable of completing the mission objectives for the 3rd US-European MAV Competition. The GATORS MAV has a maximum linear dimension of 30 cm and is constructed of aramid and carbon fiber to improve transmission and reception signal strength. In addition, multifunctional airframe components were developed in order to efficiently utilize the available volume. Features of the Gator A MAV include an autopilot with 850-930 MHz up/down link, GPS receiver, two-axis gimbaled CCD camera with 2.4 GHz downlink, autonomous sensor deployment, and autonomous landing
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capability. In addition, a MAV launcher and supporting software was developed, which permits reliable autonomous launching of the Gator A MAV.
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Sep 1, 2004 - Electrical, Electronic and Computer Engineering ... to recognise that the copyright rests with its author and that no quotation from ... My thanks also go to Mr. Alistair Houstin for his prompt help even outside normal working.










 








Autonomous Development Of Social Referencing Skills 

Oct 1, 2010 - interaction, the robot produces a random facial expression during 2s (among the ... ing 2s to avoid human misinterpretations of the robot facial ...










 








Development of an Autonomous Aerial Reconnaissance System 

The U of A team has developed a network of aerial vehicles to attempt ... This gave our UAV a total of 1300 mL (44 floz) of fuel allowing a total flight time of 1 hour and .... The final communication system for mission 2 of the IARC consists of an.










 








Brigham Young University MAV Team - ero-mav.......all informations 

Sep 1, 2007 - autopilot with navigation sensors, a GPS unit, computer vision hardware, and .... sending navigation commands and tuning PID controller gains.










 








Development and Navigation of an Autonomous UAV 

Vision system for recognition of the marker and house entrances. For this purpose ...... indicates that it is serving at the IP address 192.168.1.101. Then the. 88 ...










 








INFORMATIONS ABOUT THE TOURNAMENT 

Élite. 160. 120. 160. 120. 2x80. 2x60. 2x80. 2x60. 2x80. 2x60. A. 140. 100. 140. 100. 2x70. 2x50. 2x70. 2x50. 2x70. 2x50. B1/B2. 120. 80. 120. 80. 2x60. 2x40.










 








Presentation of the MAVDEM project - ero-mav.......all informations 

Sep 21, 2007 - Endurance requirement: 15 minutes of stationary flight and 30 minutes of .... second selection round was performed (based on these enhanced ...










 








Development of a MAV ------ Modelling, Control and Guidance 

function of angle of attack, side-slip angle and control surfaces and can be obtained ... three-dimensional position in earth frame, three velocities in body frame ...










 








Drone Cigogne - ero-mav.......all informations about MAV's for all users 

Sep 21, 2007 - 3rd US-European Competition and Workshop on Micro Air Vehicle ... Master fabrication in MDF (numerical machining of the MDF, primer ...










 








Reactive MPC for Autonomous MAV Navigation in ... - Julien Marzat 

Jul 14, 2017 - rithms have then been proposed in the literature (Scara- muzza and ...... grid-based spatial representations for robot navigation in dynamic ...










 








Safety Memo - ero-mav.......all informations about MAV's for all users 

the years the group has matured the capability to design, manufacture, maintain .... to Competition Rules a worse case scenario of â€œwind gusting up to 10 m/sâ€� is.
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