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Abstract This report details the design and development involved in making a model helicopter autonomous. This includes the building of a model helicopter, development of an embedded system, navigation (state estimation) and control of the helicopter. The embedded system consists of sensors connected via a CAN bus to a mainboard running a Real Time Operating System. It carries out a wireless connection with a base station.
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1.



Introduction



The idea of an autonomous helicopter is not new. Many universities and research organisations are investigating into unmanned aerial vehicles. The applications are many: Two such examples being Traffic monitoring and examination of places which otherwise could be difficult to access. “It could inspect and report on the condition of infrastructure such as powerlines, where currently manned, full-scale helicopters are used to look for faults and assist bushfire prevention by looking for close growing trees” [1]. In sea rescuing, a fleet of small helicopters could search big areas much faster than a single manned aircraft would be able to. Autonomous helicopter could also do many risky jobs that are now being done by humans. The reason why we do not see them in our daily life so far is that the embedded systems used are still very expensive (about ten times the cost of the helicopter itself). Thanks to new MEMS1 technology very precise GPS guidance, requiring both an expensive onboard system as well as an expensive unit on ground, is not a necessity any more. Low-cost accelerometers and gyroscopes can be used instead. This is the approach taken for this project. The primary aim of the project was to set up a standard model helicopter system equiped with an embedded system that provides flight stability enabling the helicopter to autonomously hover over ground. The embedded system developed involved the design of sensorboards (accelerometers and gyroscopes) that communicate with the mainboard via CAN bus. This modular approach allows the easy exchange of modules. An expensive rebuild of the whole system is thus avoided. The mainboard, incorporating a powerful 32-bit embedded ColdFire processor capable of 60+MIPS2, is used for three major tasks: -



Wireless communication with the ground system for logging of data, errors and status information as well as for the upload of software and parameters.
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At 66MHz external clock more than 60 Million Instructions Per Seconds (MIPS) are achieved.



1



Introduction



-



State Estimation, i.e. the state3 of the helicopter is continuously calculated based on the information provided by the accelerometers and gyroscopes.



-



Control, i.e. the calculation of actuator- (servo and motor-controller) outputs based on the current state of the helicopter and a reference input.



A Real-Time Operating System is used to coordinate all tasks in a reliable and constrained manner. As the helicopter represents a very complex system, the first target of getting it to hover could not be achieved at the time of this report. This report though, not only details all that was achieved, but also gives an outlook on what is going to be worked on in the near as well as far future. The report will, at the appropriate place, clearly state what was actually implemented and what is still in the designing stage.
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The state of the helicopter describes it position and orientation in space.
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2.



System Specification



A helicopter system equiped with an embedded system is to be developed that is capable of autonomously flying to given destination at given speed waiting there for further commands. In the first stage the helicopter should be able to autonomously hover over ground without drifting away. This has certain implications on: Hardware: -



the helicopter is required to carry at least 1 kg extra for the embedded system,



-



the helicopter needs to be big enough to be able to host the electronics,



-



the main processor needs to be powerful enough to perform the control algorithm in a timely constraint manner,



-



a inertial navigation unit is required consisting of three accelerometer and three gyroscopes,



-



a serial radio-link with sufficient range to maintain a communication between helicopter and ground throughout the flight,



and Safety: -



the safety of humans and the equipment (helicopter and electronics) is crutial



-



regulations have to be met for the control of airborne models.
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3.



State Estimation



In order to be able to control the dynamics of a helicopter it is necessary to always know its current state. The state of the helicopter includes its position and attitude4 in space with respect to ground as well as its linear and angular velocity, i.e. the derivatives of position and attitude with respect to time. The reason why this information is required is that we would eventually like to be able to tell the helicopter to go to a specific position at some given speed.



3.1. Description of position and orientation A right-hand cartesian coordinate system with three mutually orthogonal unit vectors is used. Position and orientation of the helicopter is then described with respect to a reference coordinate system, the ground frame. To define the position of the aircraft with respect to ground, a vector GpH is used. Similarily, the attitutde can be described by the orthogonal unit vectors GexH, GeyH, GezH with respect to ground (see Figure 1). These vectors are then combined to a orientation or rotation matrix (1). The indices G and H indicate the coordinate system of Ground and Helicopter respectively.



G



RH =



(



G



G



e xH



e yH



G



e zH



)



ux  = u y u  z



vx vy vz



wx   wy  wz 



(1)



ezH H eyH exH ezG eyG



G exG



Figure 1 The position of a body in space is defined by the vector GpH and its attitude can be described by the unit vectors of its coordinate system H.
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In aeronautics, the attitude of an aircraft is defined as its orientation.
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State Estimation



To transform a vector from one coordinate system into the other, the orientation matrix can be used. In equation (2), for example, the vector p in the coordinate system H is transformed into its equivalent in the system G. G



p = G RH ⋅ H p



(2)



In 3D space the orientation can naturally be described by 3 independent variables rather than by the rotation matrix which is over-determined. There exist two common descriptions: The Euler angles and the Roll-Pitch-Yaw angles. The latter are most common in aviation and are hence used to describe the attitude of the helicopter. The Roll, Pitch and Yaw angles represent a rotation about the X-, Y- and Z axes (of the Helicopter coordinate system, see Figure 2) respectively and in that fixed order. The order of rotation is of importance, i.e. it is not commutative.



z α Yaw



β Pitch y x



γ Roll



Figure 2 The state of the helicopter is described by its position x,y and z with respect to a universal frame, its attitude which is defined by the Roll-, Pitch- and Yaw- angles γ, β and α as well as their derivatives with respect to time.



A rotation about the x axis can be described by the following rotation matrix (3): 0 1  R ( x, γ )= RH =  0 cos γ  0 sin γ  G



  − sin γ  cos γ  0



(3)
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State Estimation



The matrices for rotations about y and z can be obtained similarly. A combination of rotations as first about x, then y and finally z can then be written as in equation (5). Please note that the rotation matrices are included from the left, i.e. the last rotation is described by the left-most matrix in the product (see equation(4)). RRPY = R( z , α ) R( y, β ) R( x, γ )



R RPY



 cos α cos β  =  sin α cos β  − sin α 



(4)



cos α sin β sin γ − sin α cos γ sin α sin β sin γ + cos α cos γ cos β sin γ



cos α sin β cos γ + sin α sin γ   sin α sin β cos γ − cos α sin γ   cos α cos γ 



(5)



Now back to the state estimation. There are several possibilities to estimate the current state of the helicopter. The following Table 1 gives an overview of available sensors and the information they can provide. Sensor



Output



Accuracy



Price



GPS5



position (º latitude / º longitude)



4-20m



from £30



DGPS6



altitude (x10m)



1-3m



from £70



heading (x10º) speed (x10km/h) compass



heading



5º – 0.5º



£20 - £390



accelerometer



linear acceleration



resol. >0.4mg7



< £10



gyroscope



angular velocity



resol. 0.1º/s



< £15



(@ 12-bit ADC) Table 1 shows a selection of different sensors that can be used for determining the state of the helicopter.
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Global Positioning System. An accuracy of about 15m is only available since May 2000 when the US



military removed „selective availability“ (SA) from the GPS signals. Before the signals were artificially degraded for civil use, remaining an accuracy of about 100m. 6



Differential Global Positioning System. To increase the accuracy of GPS additional correction data is



used to reduce errors such as clock errors and atmospheric propagation errors. 7



The resolution of the acceleration varies widely with the sampling frequency from about 0.4 – 16mg.
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State Estimation



3.2. Position estimation A GPS sensor can directly provide the absolute position in degrees latitude, longitude and height in meters, as well as the velocity in m/s. Accordingly, as shown in Figure 3, we can transform this position information into a cartesian coordinate system with its origin as the centre of the earth. For control purposes an accuracy of about 2 meters would not give good results and more accurate systems (systems with 10cm accuracy are available) are too expensive to be considered within this project. The 2m accuracy is though enough for directing the helicopter to a given location.



Figure 3 Internationally two types of coordinate systems are used to describe a points on the earth surface. For ease of illustration a circle is used though the shape of earth can be better described as an ellipsoid. This figure is taken from [2].



The alternative to GPS for determining the position of the helicopter is the use of accelerometers. This though leads to an estimation problem because: -



the desired information (position and velocity) is not directly available but must be calculated from the acceleration.



-



the measured variable is noisy and biased



-



the sensors have a limited bandwidth
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State Estimation



Integrating the acceleration twice with respect to time gives speed and traversed distance. Adapting the representation from [3] we can see that, asuming a constant bias, a drift grows linear and quadratic with time (Figure 4).



abia ak+



+



dT delay



∑dT



dT delay



vk+1+



sk+1+



∑dT



2



Figure 4 Estimating position and velocity by measuring acceleration.



For computation, the estimation can be conveniently described in a linear, discrete, time-invariant state-space form. The vectors x and u are the state vector and input vector respectively; A,B,C and D are the system, input distribution, output distribution and input feed forward matrix respectively where D = 0. x k +1 = A ⋅ x k + B ⋅ u k



(6)



y k = C ⋅ xk + D ⋅ u k



(7)



 sx   1 0 0 dT     sy  0 1 0 0 s  0 0 1 0  z =  vx  0 0 0 1 v  0 0 0 0  y   v   z  k +1  0 0 0 0



 sx     sy  s   z k



0 dT 0 0 1 0



0   sx   0     0   sy   0 dT   s z   0 ⋅  +  0   v x   dT   0   v y   0 1   v z  k  0



 sx     sy   1 0 0 0 0 0     s =  0 1 0 0 0 0 ⋅  z   0 0 1 0 0 0  vx    v   y v   z k



0 0 0 0 dT 0



0   0   ax  0     ⋅ ay  0    az 0    k dT 



(6b)



(7b)



As we have seen, calculating the position using the measured acceleration is quite straight forward. Errors might accumulate quickly though, especially when moving slowly (or not at all, e.g. when hovering). As demonstrated in [4], let us consider the heli flying for five minutes at 5km/h (1.39 m/s) which corresponds to an average 8



State Estimation



acceleration of 0.944mg over 416metres. Now let us consider that the ADXL202, for example, has a temperature coefficient of approximately 2mg/ºC. A temperature change of only 0.5ºC over the given five minutes would give an error of 1mg – more than the desired signal itself. The result of this is that using accelerometers alone is equally good (or bad) as using GPS alone. Hence a GPS is used to periodically provide a reference position to increase the accuracy of the position estimation. Also the velocity information from the GPS can be used to update the calculated velocity.



3.3. Attitude estimation The same applies to the attitude estimation. Redundancy is used to obtain the maximum possible accuracy. While the roll and pitch angles cannot be measured directly the yaw angle can be measured directly by a compass. The heading output of a GPS sensor is useful to a certain extent only and cannot replace a compass. While moving, the GPS delivers a heading output comparable to that of a compass but is erratic when the receiver is stationary (e.g. when the helicopter is hovering), as the slightest process noise will result in a different heading. Reasonable magnetic compasses give an accuracy of about 3-5 degrees only, which doesn’t meet the requirements for the smooth control of a helicopter. Additionally the information from gyroscopes can be used to increase the accuracy. Similar to the position estimation, where the measured acceleration is integrated twice with respect to time to obtain the position, the angular velocity is integrated once, resulting in an angle. Having three gyroscopes arranged orthogonally (see Figure 5) all three Roll, Pitch and Yaw angles can be estimated. Putting this into state-space form, the angles can be formulated according to Formula (8). The compass measurement is then used to increase the accuracy for the Yaw angle which is exactly what high accurate compasses do: combining a magnetic compass with a gyroscope. α   1 0 0   α   dT         β  =  0 1 0 ⋅  β  +  0 γ         k +1  0 0 1   γ  k  0



0 dT 0



0  ω z     0  ⋅ ω y  dT   ω x 



9



(8)



State Estimation



Another way of estimating the Roll and Pitch angles is by using the accelerometer as a ‘tilt-sensor’. The accelerometer ADXL202 from Analog Devices, used for this project, can measure both dynamic acceleration (e.g. vibration) as well as static acceleration (e.g. gravity). When tilted the earth’s gravitation splits into x,y and z components. These components can be measured by measuring the acceleration on the three orthogonal axes of the coordinate system. Applying some simple trigonometry, the Roll and Pitch angles can be calculated. Figure 6 illustrates this for the simpler two dimensional case. The heading information from the compass can then be used to provide the missing Yaw angle. The advantage of this method is that while the attitude estimation from the gyroscopes accumulates errors, this method does not drift. Calculating the attitude from the gravity though gives valid results only when the helicopter is not accelerated, i.e. stationary.



ey



z



α Yaw



gx ex β Pitch



x



γ Roll



gy



y



g Figure 5 Three orthogonally arranged gyroscopes are used to estimate the Roll Pitch and Yaw angles.



Figure 6 Knowing the x and y components of the gravity, the tilt angle can be calculated.



There exist several ways to combine afore two beforehand mentioned methods. One simple way of doing that is described in [3] where the two results are mixed:
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ω x    ω y  ω   z  k +1



 ax     ay  a   Cz  α    k +1



γ    β  α   k



delay: dT



α



integration



0 2000



1040 >2700



90° and 120°



>2700



>3300



1000



120° CCPM 120° CCPM



ball- bearings



20



34



17



39



3D



yes



yes ?



yes



yes



remarks



2500



90°



yes



alternative covers carbon



upgrades



carbon



available



available



chassis



chassis



(carbon chassis



carbon chassis little info on web +1kg no prob



available)



available



385 € price



(549€)



other cover



299€ 649 €



(normal 410€)



599 €



389 €



from 219€



200 €



279 €



www.ikaruswww.mikado-heli.de



www.quickworldwide.de



modellbau.de



Table 3 A comparison between selected mid-sized helicopter.



Mikado Modellhubschrauber is a well established manufacturer in the electric helicopter market and known for its high quality helicopter. The smallest in its family, the Logo10, seemed most appropriate but a special offer on the Logo16 for 300€ made it a good alternative. Compared to the Logo10, the Logo16 is not cheaper because whatever is saved on the frame needs to be invested more into a stronger motor and more cells. Because of the earlier mentioned reasons towards a larger sized helicopter, the Logo16 was purchased.
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5.2. Sensors As described in Chapter 3 several approaches exist to estimate the state of the helicopter and a combination of those is the optimal solution. Accelerometers, gyroscopes, GPS and compass are used for this purpose. At the time of this report, sensorboards carrying accelerometers and gyroscopes and a CAN bus interface were developed and produced as well as an investigation into available GPS receiver and compasses was conducted but neither of the latter two components have been purchased as yet. The last sensor mentioned in this chapter will give an outlook on how cameras can be used additionally.



5.2.1. Accelerometer A board (Figure 13) was designed that interfaces an accelerometer with the main processor via CAN bus. The parts required for that were -



an accelerometer



-



a microcontroller with CAN interface



-



a CAN transceiver



-



power supply and reset circuitry



connector



CAN transceiver



microcontroller accelerometer



status LEDs Figure 13 Accelerometer Sensor Board
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The accelerometer ADXL202 from Analog Devices was chosen. Analog Devices is the leading manufacturer of MEMS sensors and has sold more than 100 million of its MEMS accelerometers (September 2002) – mainly used for automotive airbag systems. The ADXL2xx series are two-axis accelerometer with a digital output that conveniently interfaces with a small microcontroller. The accelerometer comes in two versions, the ADXL202 with a ±2g sensitivity and the ADXL210 with a ±10g sensitivity but lower resolution compared to the ADXL202. With regard to the z axis, a sensitivity of ±2g enables us to measure accelerations of +1g upwards and –3g downwards, as the accelerometer will measure the earth’s gravity (+1g) when not accelerated. This is expected to be sufficient but if at a later stage higher accelerations would like to be sampled, the two chips are interchangeable, only requiring an update of some constants in the software. There are two things that need to be set up: the analog bandwidth and the PWM frequency. It is very difficult to estimate the vibrations of the helicopter in the air which could help setting the analog bandwidth. From statements on the web of other Logo16 users, the main rotor rotates at around 1600rpm (27Hz) and the motor, a Plettenberg Orbit 25-14, runs between 5000 and 16000rpm (83Hz - 270Hz). With a gear of 16:96 and the rotor speed being 1600rpm, the motor would run at 9600rpm. Ideally the bandwidth should now be set lower than the ‘slowest’ vibration, hence below 27Hz. In general: the lower the analog bandwidth, the lesser noise and better resolution. But we need to be aware that with a bandwidth of 10Hz, we cannot acquire any changes faster than 10Hz. As a helicopter can be considered to be changing slowly, the bandwidth is set to 10Hz. Analog Devices recommend to keep the analog bandwidth lesser than 1/10 of the PWM output frequency to minimize PWM errors (the nyquist criteria demands 1/2 as the minimum.). For a 10Hz bandwidth the PWM frequency should hence be greater than 100Hz, i.e. the period smaller than 10ms. The chosen PWM frequency is determined by the desired sampling frequency, which is up to 200Hz or 5ms. As described later in chapter 6, two PWM cycles are required to acquire both accelerations x and y as well as the temperature. Reserving some time for calculations, the PWM period should be set lower than 2.5ms. The PWM frequency is chosen to be 500Hz or 2ms. The resulting resolution is now determined by the counter frequency used to acquire the PWM output. This is described in the software section in chapter 6.
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The choice of a suitable microcontroller (see Table 4) was influenced by the following requirements: -



Flash-ROM with ISP13 capability



-



CAN, UART



-



GPIO, CCPM, ADC



-



Low power consumption



-



Small package, light weight



With these requirements in mind, the 8051 microcontroller was chosen, as it not only fulfills all the requirements, but the development environment for it was already available. Dallas Controller MIPS clk / instr CAN



Infineon C505 DS80C390



RAM



watchdog



Atmel



P8xC591



P8xCE598



AT89C51CC03



T89C51CC01 T89C51CC02 Laboratories



2MIPS



@ 20MHz



@ 40MHz



@ 12MHz



6



4



6



2.0B



2x 2.0B



2.0B



16MHz yes



15



Atmel



Silicon



5MIPS



3.3MIPS



3.3MIPS



@ 30MHz



@ 20MHz



@ 20MHz



6



6



6



2.0A / 2.0B



2.0A / 2.0B



2.0A / 2.0B



15



15



4



25MIPS



2.0B



32k OTP



none



64k OTP



32k ROM



64k Flash



32k Flash



16k Flash



64k Flash



1.25k XRAM



256B



512B



512B



2.25k ERAM



1.25k XRAM



512B XRAM



4.25k RAM



2x 8-bit



2x 8-bit



2x 8-bit



2x 8-bit



2x 8-bit



34



4x8



4x8



5x8



5x8



5x8



3x8/4x8



24-64



na



10-bit



10-bit



10-bit



10-bit



8x10-bit



12-16bit



yes



2 + IrDA clk



yes + I2C



yes



yes



yes



yes



2



osc wdt



yes



yes



yes



21-bit



21-bit



21-bit



3 - 5.5V



3 - 5.5V



A/D UART



Atmel



10MIPS



PWM O/P I/O



Philips



3.3MIPS



msg obj. ROM (int)



Philips



Vdd



5V



3 - 5.5V SOIC24,



package availability



QFP64,



QFP44,



VQFP44,



VQFP44,



VQFP32,



TQFP64,



QFP44



PLCC68



PLCC44



QFP80



PLCC44,…



PLCC44,…



PLCC28, …



TQFP100



?



yes



?



?



yes



yes



yes



?



Table 4 Selection of 8051 microcontroller with CAN interface.



The T89C51CC02 was chosen because it meets the above mentioned criteria and has a comparably small footprint (SOIC24). Comparing the T89C51CC02 to the other Atmel chips, a trade-off between available RAM/ROM capacity and package size was made. Another feature is that the microcontroller is available with either a UART or a CAN bootloader on the chip. With the CAN bootloader it would be possible to program the controller within the whole system from the main processor.



13



With In-System-Programmin the microcontroller can be programmed / rep
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The CAN transceiver used is a MAX3053, which is a low-power, ±80V fault-protected, 2Mbps transceiver. An additional feature is its automatic shutdown on an inactive bus and automatic wakeup from shutdown. The MAX6327 is used as a microcontroller supervisory circuit. It is very low-power and comes in a small 3-pin SOT23 package. Apart from the afore mentioned components there is nothing else on the board except two LEDs that were used for debugging and now act as status LEDs. A yellow LED is turned on after the initialisation process to indicate that the module is up and running and the blue LED toggles each time a conversion takes place. To save space the sensor boards do not have their own power regulator but are supplied with +5V from the mainboard. This has a positive affect on the efficiency as well, because the switch-down regulator on the mainboard is much more efficient than a linear regulator which would have been used on the board. The power is supplied via the one and only connector on the board. This connector is also used by the CAN bus as well as the UART for service purposes. Please refer to the Apendix for the complete circuit diagram of the board.



5.2.2. Gyroscope In October 2002 Analog Devices announced their first commercially available device that integrates both angular rate sensor and signal processing electronics onto a single piece of silicon. This makes their gyroscopes smaller (7x7x3mm BGA14), more accurate, more reliable, and more economical than other angular rate sensor in its class. A sensor board (Figure 14) similarl to the accelerometer sensor board was designed that carries a microcontroller to interface to the CAN bus, the accelerometer being replaced by the gyroscope. As the gyroscope does not provide a digital output but an analogue one, an ADC is used. Originally the microcontroller’s internal 8-bit ADC was considered with the 2.5V output from the gyroscope used as reference. This idea was dropped because the ADC is not a particularly good one and the CPU needs to be stopped during conversion to achieve a resolution of 10-bits. The used AD7887 is a low-power, 2-channel, 12-bit, 125kSPS successive approximation analog-to-digital converter that comes in a very small 8-lead SOIC package. To use the internal 2.5V



14



Ball Grid Array: BGA devices differ from normally-packed devices in that all of their external



connections are made through balls of solder between the bottom side of the device and the circuit board rather than through pins protruding from the side of the device. [6]
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reference, one of the two channels need to be disabled, leaving one channel for the



RateOut signal from the gyro. Only later it was found, that the temperature output from the gyro is needed to compensate for the errors in the RateOut signal. In order to use both channels (one for RateOut, the other for the temperature) an external reference needed to be added. A 4.096V reference was chosen as this gives a convenient resolution of 1mV with the 12-bit ADC. There is no possibility for a 5V reference as the board is fed with +5V only. Analog Devices offer two different versions of its MEMS gyroscopes: the ADXRS150 and the ADXRS300 with a dynamic range of ±150º/s and ±300º/s, and a sensitivity of 12.5mV/º/s and 5mV/º/s respectively. The 150º/s can be illustrated as a complete rotation (360º) in 2.4 seconds while the ADXRS300 allows a 360º rotation no quicker than in 1.2s. Changes in Roll and Pitch directions were expected and desired to be slow so the ADXRS150 was chosen whereas we would like to be able to do quick turns about z (Yaw) and hence the ADXRS300 was chosen for z alone. As with the accelerometer, the gyroscope’s analog bandwidth is set to 10Hz. All the other components on the board, i.e. microcontroller, reset circuitry, etc. are the same as on the accelerometer sensor board. The complete circuit diagram can be found in the Appendix.



connector



CAN transceiver



microcontroller



gyroscope



ADC



status LEDs Figure 14 Gyroscope Sensor Board
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5.2.3. PCB15 design The focus when layouting the PCB of sensor boards was the size. The chosen components are available in small packages but two problems were encountered. First, the microcontroller wasn’t available in its smallest package (SOIC24) but only as PLCC28 chip. PLCC devices in general have the advantage that they can be put into sockets that enable easy exchange of the chips which could be of great benefit for example when the In Circuit Programming doesn’t work. The controller could then be programmed / reprogrammed in a programmer and put back onto the board. Also could the comparatively expensive chip (approx. $10) could be reused in new or different boards. These sockets though require some space and hence they were not used. On hindsight though this decision is regretted. The second problem encountered was the BGA package of the gyroscope which cannot be soldered by hand. A bulky adapter board (20-lead DIL package) had to be used. Another feature of the boards is that, apart from the gyroscope, only SMD components were used and the components were placed on only one side of the board. There are two advantages of doing that. First, the bottom side of the board is flat so that the board can be easily mounted flat onto any surface and second, the bottom layer could be used as a ground plane to shield the signals from EMI16. The SMD components and a small board outline also help to reduce errors due to mechanical resonance by increasing the resonance frequencies above the frequency band of interest [5]. With a bandwidth of 10Hz resonance is not expected to cause any problems. Mechanically the two board have the same width, with the same position and diameter of mounting holes. With the gyroscope adapter board on the side, a pair of accelerometer and gyroscope can be nicely stacked onto each other. Figure 15 shows the Intertial Navigation Unit consisting of three gyroscope sensor boards and two accelerometer sensor boards (each senses two axes).



15



Printed Circuit Board



16



Electro Magnetic Interference
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Figure 15 The three gyroscopes and two two-axis accelerometer arranged orthogonally build the Inertial Navigation Unit, here shown mounted on the helicopter tail.



5.2.4. Further scope for improvements of sensor boards -



Optimisation of the filter characteristics of accelerometer and gyroscope. Only tests can show the optimum setting of the noise / analog bandwidth trade-off.



-



Power reduction by optimising the microcontroller clock speed. Currently both boards operate at 4MHz but a higher frequency might be necessary for the accelerometer, to increase the accuracy (see software section, chapter 6). 4MHz is the bare minimum to obtain a CAN speed of 500kbaud so that there is not much scope for improvements unless a slower CAN speed is chosen.



-



To decrease the mechanical outline of the boards a microcontroller with smaller package would be preferrable and if possible the use of a BGA gyroscope would help enormously. Both boards could then have the same mechanical outlines.



-



When it came to mounting the board onto the helicopter, it turned out that a slightly wider board could be more easily fitted onto the frame. The added space might be used by components now on the side, resulting in a squared board outline. With all boards squared the Inertial Navigation Unit could be made more compact and solid.
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5.2.5. GPS As described in Chapter 3 a high accuracy GPS receiver is not a requirement. A less accurate one could be satisfactorily used to get rid of drifts in the estimated position from the Inertial Navigation Unit and could also be used for directing the helicopter to some absolute coordinates. There are a wide variety of GPS receivers on the market: some with integrated antenna, some allowing differential correction, some with programmable on-board microcontroller, etc. Table 5 gives an overview of some of the most suitable modules considered. The main issues for selecting one are: -



power consumption



-



size



-



easy to mount package (e.g. no SMD devices)



-



accuracy



-



support for differential GPS (DGPS) for increased accuracy



-



price



The SAM-LS (see Figure 16) from u-blox has very good characteristics for most of the criteria.The number of channels indicate the ability to receive that many signals from different satellites in parallel. The more the channels, the quicker the startup, and the better the reception even in difficult conditions such as dense foliage or urban settings with tall buildings. With 16 channels and a accuracy of up to 2m in differential mode, the SAM-LS is among the better. Together with its commendable small size and weight and integrated antenna it seems the best module among other modules in that price range. At the time of this report the GPS module was not purchased as yet.



Figure 16 The SAM-LS GPS receiver from u-blox.
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Module



Lassen SQ



no of channels 8 ch



GH-79L4-N
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SAM-LS



GPS 15L



12 ch
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startup time: - cold,
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