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Abstract

In the ever growing sport of model aircraft, pilots ahallenged with many obstacles. In the
division of gliders, one of the biggest problems is tss lof model aircraft. Pilots launch their
aircraft off mountain tops and if the aircraft crashetow, the pilot must make use of his best
estimates in order to locate the aircraft. This eitakes several hours, or the aircraft is never
recovered. Pilots are also at a loss with regard @b tmme data, such as, but not limited to,
battery levels, fuel levels, altitude and speed. Modetafir competitions are also limited to the

best estimate of officials.

In this work, an attempt has been made to design andbgesveemote tracking device for model
aircraft. This device will retrieve Global Positioningstem (GPS) co-ordinates from the aircraft
and relay them to the pilot on the ground. In the ewéiat crash, the pilot will retrieve the last
GPS co-ordinates and then proceed to the location lectdthe aircraft. An attempt will also be
made to design add-on telemetry components that willvdtto measurement and transmission
of battery levels, fuel levels, altitude, G-Force, ot@tion, acceleration, wind and ground speed.

Some of the data retrieved from the Flight Data Re#®o(FDR) in trial 1 are; maximum altitude
above sea level of 2139.20 m, maximum speed over ground wlash5W34 m/s, and the
average battery voltage for transceiver and servosd &&sV.
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Chapter 1 I ntroduction

1.1  Background

‘The Black Box: An Australian Contribution to Air SagetWarren et al. 2010) was an article
detailing the birth of the common day Flight Data Reco(8®R). A Melbourne honors’ thesis
entitled, “The ARL ‘Black Box' Flight Recorder’ (Sea001), also outlined in-depth the
development of the first FDR by David Warren. Accordingthe article, the British were
experiencing several crashes with their then famouseGowhich was the first jet-powered
airliner. Aircraft engineers and scientists were pewmaleby the matter and several meetings were
held to determine the possible causes. The article iagdlahow Dr David Warren of
Aeronautical Research Laboratories in Melbourne cameitiythe idea of creating some sort of
protected device that could record the crew’s conversationtorthe accident. This could then
be used to aid in crash investigations. In 1954 a report wdterwcalled "A Device for
Assisting Investigation into Aircraft Accidents”, andl58 Dr Warren went on to manufacture
the device in a project called the “ARL Flight Memorgit). It could record four hours of pilot

voice and instrument readings. The original device isctiegin Figure 1

Figure 1: Dr David Warren’s 1958 ARL Flight Memory Recorder

The history of the first attempt to control an unmanwmedicle by radio waves can be traced
back to Nikola Tesla in 1898 (Newcome 2004). Tesla obtainedeatpfr his remote control



which he used on a small boat exhibited at Madison Sdbargen. This patent served to be the
basis for contemporary robotics. Thomas J MuellethefUniversity of Notre Dame, wrote a
paper “On the Birth of Micro Air Vehicles” (Mueller 20Q9\uller documents the history of
unmanned aerial vehicles (UAV) from early history throughntodern micro air vehicles,
indicating that the first successful UAV appeared to ke “tRettering Bug” developed by
Charles Kettering and demonstrated by Lawrence Sperry. \Howewas not remote controlled.
The first successful radio control (RC) drone was detrated in 1934 by the Air Ministry in
Britain, called the “Larynx”. Most of the interestWAV’s came from a military perspective and
large amounts of funding was generated for this purposesdime paper references the first
successful RC model aircraft flight on June 10, 1936. Tke RC model aircraft contest was
held in the US in 1937, with the first British RC modietiaft competition in 1949.

Research and development of these RC model aircrafirbas rapidly over the past few years,
developing into a fulltime hobby for many enthusiastsg{&2008:22-23; Ehlers 2008:17-18;
Moolman 2008:25-26; Renecle 2008:11-13; Swart 2008:5-6). These modk|-sixzaft
resemble their real life counterparts in almost edatyil, including avionics and aerodynamics.
Sophisticated RC model aircraft, including the body andladitronics, may cost upwards of $17
500 and prove time consuming in manufacturing (Parker 2008; Snyman 2868)ilot controls
the aircraft via a remote control panel while the aftogoes through its maneuvers below 3000
m above the ground. Sporting contests began to be stagedese RC model aircraft which
raised various issues and problems that needed to be $8lmitage 2009).

1.2 Problem statement

One of the most commonly experienced problems by RCspitotd more specifically by RC
glider pilots, is the loss of their model aircraft the slopes of mountains or in dense forests,
often requiring hours of painstaking searching (May 2007:28-341dé&ph 2007:86-94).
Successfully recovering this expensive piece of equippm@ves cumbersome. This is often due
to the loss of radio-frequency (RF) communication (ti@del aircraft is pushed beyond the
range of communication) or the depletion of fuel abdbedmodel aircraft (RC Airplane World



2010). Low battery voltage may also cause a loss ofdkhwinication, leading to disaster and
financial loss (Miller 2010:1-12).

1.3  Research Objective

The purpose of this research project is to design and geaeekDR to monitor the flight path

and performance of a RC model aircraft. This will hedpkeep the pilot informed of the

electromechanical status of all components in order meake informed decisions during flight
time. This process is highlighted in Figure 2. The recorbdeuld have the properties of being
light weight, cost-effective and easily marketable aghdRC model aircraft enthusiasts. Its
power consumption must be relatively low to prevent nassary drain on the power supply
aboard the model aircraft.

Device on aircraft
Flight data recorder for collection of information
Transmitting device to transmit data to the pilot

RF Communicati
Between
Pilot and
Aircraft

Device with pilot
Receiving device to receive data from the transmittdroard the aircraft
Storage and visual device to store and view the vetlienformation

Figure 2: FDR for radio-controlled model aircraft



This FDR is designed to retrieve GPS co-ordinates fitemtodel aircraft and relay them to the
pilot on the ground. In the event of a crash, the pilay review the last GPS co-ordinates and
then proceed to the specified location to retrieve tloelahaircraft. The recorder transmits

performance data to the pilot regarding battery voltagel, levels and speed. The aim of the
research project is to identify components and techredadpat are already available and then
utilize these in conjunction with each other in orideachieve the research objective.

1.4  Important Definitions

Flight Data Recorder: An electronic device fitted to a@oraft for collecting and storing
information concerning its performance in flight. Ioiftien used to

determine the cause of a crash (Collins 1982).

Tracking: Tracking involves using the information obtained frandata
recorder or telemetry device to follow any moving targetjadeor
living thing (Pratt et al. 2003).

UAV/UAS.: A UAS is an unmanned aircraft (UA) with alf the associated
support equipment, control station, data links, telemetry,
communications and navigation equipment, etc., necessary
operate the unmanned aircraft (Federal Aviation Admiristra
20009).

15 Value of theresearch

This FDR for RC model aircraft will enable pilots tohance the monitoring of the flight path,
thereby detecting specific warning signs which could leadlisastrous implications. For
example, the pilot could lose control of the modetrait, if it exceeds the maximum distance of
communication, which in turn will crash and subsequentlyrinmnecessary repair costs. These
costs may be adverted if the pilot has been warnetléb¥DR that it is reaching the maximum
distance of communication. This also holds true for leretls and battery voltages. Substantial



financial losses may therefore be averted through uski©oFDR. One other area of potential
use would be in the accurate measurement of speed, altiddéght path of model aircraft at

sporting contests. This recorder has the possibilityeofgpatented and manufactured locally at

Vaal University of Technology (VUT) for use on other RGrides such as robots, rockets,
model boats and gliders.

1.6  Outline of thethesisand the research methodology

Chapter 2 provides a theoretical analysis of current tétgraad tracking devices with regard to
their cost, weight and power consumption. A comprekengerature review was undertaken to
determine which devices were light-weight and cost-affecfor this research. Theoretical
analysis of electronic components that are availableéhie research was also done. This helped
determine which devices could be used to decrease the abstedght while increasing the
efficiency of the FDR. Chapter 3 presents the circugigie by means of computer aided
software, which was used to combine the FDR onto aesimghted circuit board (PCB). The
manufacturing of the prototype PCB is also discussed alotly faultfinding procedures.
Software development, for the collection of data oafll the model aircraft for processing
purposes, is further discussed in this chapter. Chapter etscield testing of the FDR on a
model aircraft which is used in RC sporting contest® rHsults (cost, weight, efficiency, flight
paths and performance data) of the field tests are dmiech in this chapter. Based on the

findings from the field tests, recommendations are nmadhapter 5.

1.7 Delimitations

No attempt has been made to design a new GPS receiviief purpose of tracking the RC
model aircraft. The research project makes use of Bgi&PS receivers that are commercially
available and that can be readily incorporated into the.ADwas also not viable to design and
build the transceiver from scratch. There are manyneermial transceivers available for
implementation into the FDR. Accelerometers, 3D omsensors, orientation sensors and fuel

sensors were commercially available, and were nogdedi



1.8 Summary

The inability of RC model aircraft pilots to monitovdi telemetry during flight time often leads
to unintentional accidents or financial loss. The dgwalent of a cost effective FDR that
captures telemetry and GPS information, relaying it imatety to the pilot on the ground,
enables the pilot to exercise more control ovemtelel aircraft, avoiding possible disaster and
subsequent financial loss. The FDR may provide the piliit veiluable information to utilize for
post-flight diagnostic purposes.

Chapter two will review the various parts of a model aiftcwith regard to their functionality
and operation. An investigation into current devices abilan the market will also be done
and a comparison of these products will be conducted. @gxeatieal analysis of the components
required for the FDR to work correctly will further beepented.



Chapter 2 Theoretic analysisand literature survey of the

Flight Data Recor der

2.1 Introduction

The main parts that make up a RC model aircraft will iseussed so as to understand their
functionality. An analysis of commercially availab® model aircraft FDR devices is presented
with regard to cost, application and disadvantages. Focubers directed to electronic
components and modules which are currently availablederdo design and build the FDR.

2.2 Various parts of model aircraft

Figure 3 shows the various parts of a RC model aircf&. main parts controlling a model
aircraft are the ailerons, flaps, elevators and rudd@ee ailerons control roll which is the
movement by which an aircraft makes a rotation aksubngitudinal axis without altering its
height or direction. The flaps increase lift and dragsistieag in the takeoff and landing
procedures by enabling the model aircraft to use shorteways than normally required. The
elevators control the pitch of the aircraft, whishtlhe deviation from a stable flight attitude by
movement of the longitudinal axis about the lateral.akie rudder, also known as the vertical
stabilizer, controls the yaw of the aircraft, whishithe movement of an aircraft about its vertical
axis (Benson 2010). Figure 4 illustrates the roll, yaw amchpof a model aircraft (Benson
2010). The engine drives a propeller which is responsibléhfast on the model aircraft, which
will increase or decrease speed. Housed within the bodyeamhbdel aircraft are servos which
are operated on different channels and are connectéé tlérons, flaps, elevators, rudder and
throttle. These servos are crucial to flight and ogenath power from the battery. The operation
of these servos, as well as the battery power leeeld to be monitored in order to avoid power
loss. Consistent monitoring of the servos as wellthees battery power level needs to be
maintained in order to ensure sustained flight and cootitble model aircraft.
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Figure 3: Parts of a RC Model Aircraft (NASA 2009)
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Figure 4: Aircraft axes of rotation

Sufficient fuel is required to keep the engine running andudblkelevel needs to be monitored.
The flight path taken by the model aircraft will determine GPS co-ordinates and altitude. The



maximum distance of the radio link between the pifat the model aircraft will determine if the
pilot will continue to have control over the modeteaft.

2.3 Literature of current devices

The following commercially available devices, some whseussed in Du Plooy (2012), make it
possible to monitor the servo current and battery poweey Bllow for tracking of GPS co-
ordinates and altitude, which can be used to calculateeifmaximum radio link distance
between pilot and model aircraft has been exceeded:

» Eagle Tree Telemetry System

« RCT2000

* TeKnol UAV Flight Control System (FCS)

2.3.1 TheEagle Tree Telemetry System
The Eagle Tree Telemetry System is manufactured inrkmdy Eagle Tree Systems (2012).

The device consists of an Eagle Tree Seagull Dashbé&agdr¢ 5) and a RC-LOG Pro Data
Logger (Figure 6).

Rl ff-.i;_i:i‘ RPM B
Srd @ Twe BB

Amal Time Dats Dashboard

Figure 5: Eagle Tree Seagull Dashboard

The Seagull Dashboard consists of an LCD for telendisylay and programming buttons for
alarm alerts. The RC-LOG Pro Data Logger has multigbeit connecters for various sensory



inputs. It stores all telemetry data and has a trarsmmtthich sends data to the Seagull
Dashboard. The range of the standard 900 MHz transmiteekns, and the 2.4 GHz allows for
up to 3 km. There is also a 1 W transceiver available i8@eMHz spectrum which has a range
of 22 km which can be doubled through the use of an extemmgitYda antenna. The device,
although limited to one way communication, does allow @65636 unique transmission ID’s
which are manually programmable allowing for multiple usdrthe same device type. Scherre
(2007:10-23) discusses the implementation of the Eagle Tieglenetry System and comments
on the difficulty encountered when importing the devicenf the USA. The Eagle Tree
Telemetry System allows for several add-on sensorgefemetry monitoring. These include
exhaust gas temperature, G-force input, servo inputs, altgdedsor, airspeed sensor, battery
voltage, RPM sensor and temperature sensor. It alsssaltr a GPS module. Several technical
reviews have been written regarding the Eagle Treenlatty System (RCGroups.com 2009a;
RC-LOG 2010)and it seems to be the most recommended RC FDR omm#nket. The
components and accessories required for the Eagle Hleendtry System to conform to the
requirements of this research project would be; the mstdbthe RC-LOG pro data logger,
GPS module, motor sensor, electric expander, servo tUoggger and G-force expander. Table
1 shows the specifications for the Seagull Telemetsgedy.

RC-LOG Pro Data Logger Unit...

G-Force inpuf port
EGT Exhaust Gas Temp input Port (Add-on Sold Separately)
(Add-on Sold Separafely)

G-Force input port

Electric Expander input port
fAdd-on Sold Separateiy)

(Add-on Sold Separately)

REC/Pause
Button
Ext. Hook-up

Servo Inputs

Temp Input 2
(Add-on Sold
Separately)

Temp lnput 7

(Up to 220° G} Status LED

—d—
EACL) TREE
Compact Size
RPN\ Sensor (56 % 35 x 18mm)
Input

Alfitude Sensor *

{internal Press Sensor]
RX Battery Voltage  Alrspeed input port L Internal Memory

J{Internal) {via Fitot Tubea)
Airspeed inpuf part
[ Statich * = Alrborne System Only

Figure 6: Eagle Tree RC Log Pro Data logger
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Table 1: Eagle Tree Telemetry System Specifications

Operating Voltage 435V-7VDC
Power Consumption <35 mAat4.8V
Frequency Range 900 MHz
2.4 GHz
Operating Range (Line of Site) 900 MHz +2 km
2.4 GHz 3 km
Altitude Measurement 0—-9600m
Speed Measurement 6 km/h to 467 km/h
Dimensions 50 mm x 35 mm x 17 mm
Weight 43 g
GPS Module Type n/a
GPS Co-ordinates n/a
Average System Cost $394.98 for the 900 MHz
$544.98 for the 2.4 GHz

The Seagull Tree Telemetry system has been usecei@dlorado University Design-Build-Fly
team and has been documented in their report (CUDBF 200A8Bhugh the Eagle Tree
Telemetry System has many features and is widely uséds some disadvantages that have
been identified especially for the South African marKédie main disadvantage would be the
cost of the system, which is above the average SoutteAfmodel aircraft enthusiast’s budget,
not to mention import costs and duties. The one waynwamcation is also a severe limitation.

2.3.2 RC T2000

RC Electronics (2009) provides another real time FDR beadrth T2000 (Figure 7), which is

used in conjunction with the RC Altimeter #3 PRO (Figure B)e RC T2000 allows the
connection of the RC GPS (Figure 9). The RC T2000 operatea 433 MHz two way

11



communication link. The range is stated as being morelhan. The specifications of the RC
T2000 are shown in Table 2.

hion 2

antenna

LCD Display

connector for
PC interface ——

@ ¥ buttons

/ \3.5 jack connector

charging connector for earphone

Figure 7: RC Electronics RC T2000

Table 2: RC T2000 Specifications

Operating Voltage 4Vto20VDC

Power Consumption 76 mA

Frequency Range 433 MHz

Operating Range (Line of Site) +1 km

Altitude Measurement -3100 m - 3100 m

Speed Measurement n/a

Dimensions Logger =33 mm x 20 mm x 9 mm

GPS =19 mMm x 19 mm x 7 mm

Weight 179
GPS Module Type Unknown
GPS Co-ordinates n/a
Average System Cost $556.25

12



Servo Pass-through
connector (behind)

’ R _1_K minus

Antenna 4 7 Blectronics — plus
RC Altimeter #3 PRO signal
s.n.: 049001 To receiver
www rc-alectronics org \ 0 receivel
MicroSD card
Connector for PC interface 433MHz transceiver

Figure 8: RC Electronics RC Altimeter #3 PRO

This side up

.

Figure 9: RC Electronics RC GPS

The RC T2000 has a very high cost and caters more fdrigheend model aircraft enthusiast. It
also has the logistical problems and financial coste@ated with importation, similar to the
Seagull Telemetry System.

2.3.3 TheTeKnol UAC Flight Control System

The TeKnolUAV Flight Control System with INS/GPS (Figure 10) diff from the previous
two systems in one specific point, being that it wasifpalty designed as an autopilot module.
In order to operate as an autopilot, it would requireheltelemetry data in order to make the
correct calculations. It consists of an autopilot boarkich houses the microprocessor
responsible for calculations and decisions. In its defautfiguration, it uses five channels to
control the ailerons, rudder, elevator, throttle and midautamatic flight control switch. The

TeKnol specifications are shown in Table 3.

13



Autopilot board
GPS receiver

Flight Data Recorder
(optional)

Figure 10: FCS - UAV Flight Control System with INHE (TeKnol 2009a)

Table 3: The TeKnol UAC Flight Control System Speaeifions

Operating Voltage 12V to 27V DC

Power Consumption 185 mA

Frequency Range n/a

Operating Range (Line of Site) +1 km

Altitude Measurement 0—-6000 m

Speed Measurement n/a

Dimensions 153 mm x 73 mm x 56 mm
Weight 3209

GPS Module Type Trimble Lassen 1Q GPS receiver
GPS Co-ordinates WGS-84

Average System Cost $827.32

14



The TeKnol system is targeted more specifically atUie/ market and is not suited to the
average model aircraft enthusiast. The main purpose délnarcraft is to control it manually,
determining the flight path aerial manoeuvres by choite TeKnol system caters more for
autopilot scenarios associated with UAV flight. The devgcalso more costly as it focuses more
on military and research applications. An advantagthefsystem is that, if desired, it can be
implemented as a failover autopilot system that couldiplysassist in crash prevention. It has
been tested successfully in five different aircrafisiKnol 2009b).

2.3.4 Comparison of three current systems

The advantages and disadvantages of each system caseb@&en Table 4.

Table 4: Comparison of current devices

FDR Device Advantages Disadvantages
Seagull Telemetry | Multiple Telemetry Interfaces Cost
System Long Range (2 — 3 km) One way communication

Must be imported

RC Electronics RC | Light Weight Cost
T2000 Must be imported
The TeKnol UAC Flight| Auto Pilot Function UAV Specific Applications
Control System Cost

Must be imported

The main disadvantages of the three devices are tsteaon the fact that they need to be
imported into South Africa. This places them out odcte of the average model aircraft
enthusiast. Based on these factors, it was decided gndmsd build a new package that can be
locally produced at a low-cost making it available forlatial model aircraft enthusiasts. This
will allow for customized development and additionalripieerals after production and
implementation. The prototype package will be sufficientater for the most basic FDR, but
will provide a platform on which many more features caméveloped.

15



Having evaluated the three different devices and featurefiwi@ce listed in Tables 1, 2 and 3,
focus now shifts to devices that can be housed on-boantddel aircraft as the size, weight and

power consumption is critical.

2.4  Theoretical analysis of components

Figure 11 shows the basic layout of the proposed FDRh@atrcraft and Figure 12 highlights

the pilot device on the ground. Each of these sectiolhbaevdiscussed consecutively.

POWER
SUPPLY
A/D PORTS ]
TRANCEIVER ]_‘
DIGITAL PORTS]
CPU

RS232
GPS

EXTERNAL
RAM

Figure 11: Basic FDR model aircraft layout
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POWER
SUPPLY
LCD
TRANCHVER}_L_
CPU
RS232
BUZZER
EXTERNAL
RAM

Figure 12: Basic FDR pilot control layout

2.4.1 GPS module

GPS modules have become very small and compact andpihweer consumption has been
reduced drastically. Current advances in Global NavigatioellBa Systems (GNSS) allow for
very small GNSS receivers with high sensitivity. There audrrently three GNSS systems
available; the GPS system (USA), the Global Navigatatellte System (GLONASS) from
Russia and the GALILEO from the European Union (Zogg 2006).GM8S system has three
segments. Firstly, there is the space segment wlochpigses all satellites in the system;
secondly, there is the control segment which cansi$tall ground stations involved in the
monitoring of the system; thirdly, the user segmentchvituonsists of all military and civilian
users. The GNSS module forms part of the user segrenbverview of the three available
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systems is depicted in Table 5. A basic block diagraen®NSS module is shown in Figure 13,
courtesy of U-Blox’s Essentials of Satellite Navigat{@ogg 2006).

Table 5: Overview of three GNSS systems (Zogg 2006)

GPS Glonass GALILEO
Start of development 1973 1972 2001
1" Satellite Launch Feb. 22, 1978 October 12, 1982 December 28, 2005

Number Satellites

Minimum; 24 / Maximum; 32

Planned: 24 + 3 passive reserves

Planned: 27 + 3 active reserves

Orbitals 6 3 3

Inclination 55° 64.8° 56°

Altitude 20,180 km 19,100 km 23,616 km

Orbital Period 11 hours 58 min 11 hours 15.8 min 14 hours 5 min

Geodetic Data World Geodetic System 1984 Parametry Zemli 1990 (PZ-90) Galileo Terrestrial Reference Frame
(WGS 84) (GTRF)

Time System GPS-Time Glonass-Time GST (GALILEO System Time)

Signal Characteristic CDMA" FDMA® CDMA

Frequencies 2 frequencies, with with a 3" 24 2 frequencies, with with a 3°
frequency planned frequency planned

Encryption Military Signal Military Signal CS and PRS services

Services 2 (civilian + military) / 4 2 (civilian + military) 5

Responsibility US Department of Defense Russian Defense Ministry Civilian Governments of the EU

Integrity Signal Currently none but planned none Planned

Power supphy DGPS Input
(3.3V__5V) RTCM
Actve  Fassive l
antenna antenna
N/
A/ Signal| | RF amplifier Correlators _ Time mark
k=t nee - Mixer Signal processor = 1PPS
Supply AJD comverter FPRMN generator I |
RAM
RE'E'EMJ Processor
Dﬁcn'latm'| ROM
NMEA Propretary
interface

Figure 13: Block Diagram of a GNSS module (Zogg 2006)
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GNSS modules attempt to capture the weak signals frarmianum of four satellites and then

use this to determine 3D (three dimensional) positioninglstt eaptures the time signal sent.
From this data, other variables, such as speed and atioelezan be calculated. The GNSS
module plays the most crucial role in the FDR, asthésprimary means by which the GPS co-
ordinates of the model aircraft will be obtained. Tokofving GNSS models available from U-

blox: LEA-5, NEO-5, TIM-5H have been chosen as they Ha@n successfully used in GPS
navigation (Coopmans et al. 2008:3).

2.4.2 Central Processing Unit (CPU)

The microprocessor is the heart of the design. prirmarily responsible for the operation of all
modules and sensors connected to the FDR. It is alsthébébrain” of the device. It is
responsible for the setup and initialization of all carteé components. It also retrieves all
necessary information required to determine GPS codatelnand sensory levels. It runs pre-
calculated programs and then translates this informatimndata that can be displayed on a
Liquid Crystal Display (LCD), and also stores data irenmory for later use. Most
microprocessors are available with high computationdbpaance, low economical pricing and
low power consumption. Recent advances in technology dlagepaved the way for very small
size microprocessors. PIC16C5X, PIC16F877, PIC18F1220/1320, PIC18F2X1X/&X1X
PIC18FXX20 are ranges of microprocessors available fromaddnp. The PIC 18F (Yu-zhuang
et al. 2009:1) series and PIC16F877 (Qian et al. 2007:1584-1587)smrgeproven reliable by
other researchers.

2.4.3 External memory

The flash memory required for external data storageban the easiest component to integrate
into the FDR. The high demand for memory storage dewcesss a wide range of industries
has led to compact and low cost flash memory chips.pfingary function of the flash memory
is the storage of all data obtained and processed hyittteprocessor. Details of flash memory
devices can be obtained from Spansion (2009), Intel (2009), risfitmrage Technology (2009),
Macronix (2009), ST Microelectronics (2009) and Atmel (2009).
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2.4.4 Transceiver

The transceiver forms the vital part of communicatidransmitting data between the
microprocessor on-board the model aircraft and theoproicessor on the ground with the pilot.
The high demand for wireless communication in secuinfgrmation technology, programmed
logic controllers, production lines and many other indessthas led to compact and low cost
transmitters, receivers and transceivers. A basic b@gkam of a typical transceiver is shown
in Figure 14. Most transceivers available on the market haself-contained module with a

Serial Peripheral Interface (SPI) for programming atdsrequirements.
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Figure 14: Block Diagram of a Micrel MICRF620 Transceiverdidi 2009)
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The SPI port is connected to a SPI port on the mioeessor. There is also & lport which is
connected to the microprocessor and carries all datiaighto be sent or received via the
transceiver. Although most transceivers have built mibass filters, additional external filters
can be implemented to help reduce unwanted noise. The IMB@RF620 transceiver was
suggested by the engineers of Sabertek due to their sugpeserced using this module in RF
applications (Petkovski 2008).

245 Power supply

The power consumption of the FDR must be kept at an addeplevel in order to drive all
components efficiently and to ensure that power consampan be sustained for the duration
of a planned flight. Currently, there are many typebBatferies available on the market that may
be used for the power supply. The type to be used willndkfz@gely on the application. There
is the standard primary cell or dry batteries, suchias-Zarbon or the longer lasting Alkaline
types. The latter types are used extensively in houselippliance due to their availability and
low cost. These are not suitable for the FDR, ag taa only be used once and then must be
discarded. Furthermore, they only have a limited yieldrargy. Then there are the secondary
cells or rechargeable batteries which include the Lead;Adickel-Cadmium (Ni-Cd), Nickel-
Metal Hydride (Ni-MH) and Lithium-Polymer (Lipo). The denthfor highly stable and efficient
power supplies has led to the availability of small sizelandcost semiconductor devices and
integrated circuits required for power supply design. Ni#&@d Ni-MH batteries can be
recharged 600 — 800 times (Practical Action 1994). While th€dbatteries can stand up to
more abuse, the Ni-MH batteries have a higher capaeight and are more environment
friendly. Lipo batteries have a better charge retentéischarging when not in use at 5% per
year. However, overcharging can cause explosions amt @fcuits will cause fires. Taking into
account the features of the rechargeable batteriesablailit was decided to use Ni-MH
batteries for the FDR. The Ni-MH has led to an ewentily, high capacity and long life battery
which aids in the design of reliable portable digital desi¢Windarko et al. 2010:181-186).
Sensory devices are readily available for all typespplications in the electronics industry. The
sensory devices required for the FDR can easily betedleut of the vast pool of resources

from many current manufacturers.
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25  Summary

The fundamental components of RC model aircraft haen lanalyzed. The operation of these
parts and their relation to flight has been clarifi€de basic functionality of the FDR has been
established and the reason for its emergence identiffexlclirent availability of model aircraft
FDR has been investigated and was reviewed according toajaplicpricing and complexity.
The components that make up the basic FDR have bearsskstso as to understand what is
required to enable the design of a FDR for RC modelaircThe next chapter covers the actual
design of the FDR in full detail.
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Chapter 3 Design of the Flight Data Recor der

3.1 Introduction

Commercially available data recorders and the critiagispof a model aircraft were presented in
chapter 2. The functionality and disadvantages of theseneocrally available data recorders
were mentioned along with the need for a stable, lighty, efficient and cost effective FDR
for this research project. In this chapter, the desigogoiare for each component required for
the complete FDR is discussed in detail with regardinationality and purpose. The schematic
diagram of the physical layout will be shown from conmapto final Printed Circuit Board
(PCB).

3.2 Dedgn analysis

The three crucial components of the FDR are the mioogssor, the GPS module and the
transceiver (see Figure 15). The microprocessor is thigatgoint of the system connected to
the GPS module, memory storage, transceiver and othesrgetesvices. The microprocessor
must handle all the programming code while the GPS moduldidwmall the GPS co-ordinates,
speed and altitude calculations. The transceiver relagathlered information to the ground unit
for storage on the external memory device. Other sgrdevices aid with acceleration, fuel

level and battery level indications.
3.3 Thepreferred design

It was decided to first produce a development board fouestilarger than the final PCB that
would to be installed into the model aircraft. This decisvas taken so that it would make it
easier to troubleshoot design flaws on the PCB and alew for future alternative product
development. The PCB for both the transmitter (@ ritodel aircraft) and receiver (with the
pilot) were made identical, in order to simplify the idasand initial troubleshooting. The

development board further served as a platform for fulerelopment and allowed for quick

23



and easy modification of the design as required. Theeldpment board contains a
microprocessor, power supply, GPS module, external Ré&istiorage purposes, general input
and output ports, RS232 connector for computer programmingy b6 (see Figure 15).

Figure 15: FDR model aircraft layout

34  Laboratory design

The microprocessor chosen was the PIC18F6720 from Microchip (2008) as it caregsot0
Millions of Instructions per Second (MIPS) which is méhen sufficient for the programming
instructions required. The microprocessor also offecs Wniversal Synchronous/Asynchronous
Receiver/Transmitter (USART) ports and a Master Symbus Serial Port (MSSP) module
which supports both SPI and 12C. The microprocessor hagyeimeral Input/Output (1/0O) ports
and 12 analogue-to-digital ports. The PIC18F6720 was used sudigelsgfDobre and Bajic in
their wireless Smart Object (Dobre et al. 2007:4).

Engineers from SS Telecom have done a lot of devedopmsing the PIC18F6720, and have
had great success with the microprocessor on their S3réét Air Interface ISDN to GSM
multiplexer (SS Telecom 2009) devices which require higbilgétaand reliability (Cronje
2009). The SS Telecom engineers were consulted in thal iésign phase of the FDR. The
GPS module which was chosen is the U-Blox 5 receiver , and mspegifically the LEA-5S (U-
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Blox 2008). The LEA-5S was chosen out of all the LEA-5 mesluds it supports all the
applications required for the FDR and it offers the lhesttionality of all the LEA-5 modules.

The basic features of this module are shown in Table 6.

Table 6: Basic features of LEA5 GPS modules
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The initial transceiver which was chosen was the MICRF620 from Micrel (2009) which
incorporates a 434 MHz ISM band transceiver module. The mdasebeen successfully
implemented in the RF applications (Nadler 2009:17). & bhafully programmable PLL
frequency synthesiser, consisting of a voltage cdattascillator (VCO), a crystal oscillator, a
dual modulus prescaler, programmable frequency dividers, phdsg detector. By the time the
prototype PCB had been developed and the implementatite dfansceiver completed, one of
the MICRF620 modules had been damaged. It was not possitéglace them as the item was
no longer in production. It was therefore decided to gbahe transceiver. It was then decided
to use the AX5051 from Axsem (2008). It can be succesdhitbgrated into RF applications
such as one channel audio walkie-talkies (RF Design 2008.is an advanced multi-channel
single chip Ultra High Frequency (UHF) transceiver &t be configured to be used in both the
400-465 MHz and 800-930 MHz bands. It offers several modulatiobsth Transmission (TX)
and Reception (RX) mode such as Amplitude Shift Keying (A$gase Shift Keying (PSK),
Minimum Shift Keying (MSK) and Frequency Shift Keying (FSK)slipports data rates from
9.6 kbps (FSK, MSK) up to 600 kbps (ASK, PSK). It has a recesgasitivity of -108 dBm
which results in a 5 km line of site operation. Overtéié AX5051 offers more flexibility and
features than the MICRF620.
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3.5 Detailed design
3.5.1 Development platform

The microprocessor development platform was laid awt @0 cm x 10 cm dual layer PCB. The
computer software used to do the design layout was DEsiglorer 99, used under Colubritec’s
license as the purchase of an original license wasiable for this research project. Colubritec
are the manufacturers of Tracker (2009) vehicle trackingcdsvDesign Explorer 99 has also
been used successfully by other researchers (Guzik 20Q@1:2). The first section which was
designed was the power supply shown in Figure 16 below. Therpmguirements for the

microprocessor, external RAM, GPS Module and OP-AMRS3a83 V DC. The LCD and RS232
chip require 5V DC. A MAX1626 (Maxim Integrated 2007) step downcking controller
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Figure 16: 5V Power supply layout
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allows for a 3 — 16.5 V input with a 5 V (VCC) output. Thev (VCC) is then fed into a
MCP1700 3.3 V (Maxim Integrated 2007) low dropout (LDO) voltagguleor to provide a
reliable 3.3 V (Vdd) supply. This 3.3 V (Vdd) supply is then useéeeal a MCP1700 2.5 V
LDO voltage regulator which provides a 2.5 V (Vdrf) supply. The V supply required to
power the MICRF620 module later became redundant. Tlwtkeake shown in Figure 17.

MCPL700-30T23 2.5% . 2.5V
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- e .- 1nn
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Figure 17: 3.3V and 2.5 V power supply layouts

The next logical step, having addressed the power requiremess the layout of the
microprocessor and peripherals required to program thepmocessor for further development.
This required a J-TAG (see Figure 18) or programming port wines used to upload
programming code to the microprocessor. The software gaaksed for the programming code
was MPLAB IDE v8.00, together with the MPLAB ICD 2 programg module. The MPLAB
ICD 2 is synonymous with PIC programming and used by many exgif€Eerrari et al. 2007:4;
Rodamporn et al. 2007). All programming has been done int@ijsais the default programming
language used in PIC microprocessors. A MAX232ACPE (Maxteghated 2007) module was
added in order to provide the interface between the pricogssor and an external PC RS232

port. This is connected to the microprocessor on the U2ARIt (see Figure 19).
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The LCD chosen was a standard MC1602X (Wayton Technolagyp@ny 2009) for the
purpose of displaying the required data. The MC1602X is a widedylable off-the-shelf
product, being cost-effective and simple to implemenhak a 16 bit 2 line character display
housed in 59.0 mm x 29.3 mm x 10 mm frame. Microprocessor pofs RG3, RG4 and RDO-
RD7 were dedicated for connection to the LCD (see FigQ)e
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Figure 20: MC1602X LCD layout

Microprocessor ports REO-RE7 were dedicated to digitapti@s on a 10 pin male header while
ports ANO-AN7 were dedicated to the OP-AMPS for analagdéigital conversations. The OP-
AMPS chosen were the TL082 (National Semiconductor 2009) whiehniide bandwidth dual
junction field-effect transistor input operational amt. It is a low-cost high-speed device that
has been used reliably in many electronic application&/{C0994:3). The initial layout allows
for four TLO82 devices providing eight OP-AMPS. Figure 21 shtweslayout of one of the
OP-AMP’s on a TL082 which is duplicated on all OP-AMP’s.
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Figure 21: Layout of single OP-AMP on TL082

The external RAM is a SST25VF016B (Silicon Storage Teldyyo2009) 16 Mbit serial flash
connected to the microprocessor via the SPI port on RC3,and RC5. It provides for 100 000
read/write cycles with expected data retention of 100syddre U-Blox GPS is connected to the
processor on the USART1 port while the AX5051 transces&/epnnect to the same SPI port as
the external RAM. Utilization of the SPI port by aththe external RAM or the AX5051
transceiver is done by using their relative chip select pinstection for accidental selection of
both devices is provided by logical gates using 74HCO00 and 74F125ewodul

3.5.2 Integration of GPS

Once the development board had been finalized, the Giei8lenwas added along with an active
patch antenna incorporating a Low Noise Amplifier (LNggeamplifier in order to provide
better satellite tracking and receiver sensitivity. éding to antenna manufacturer Taoglas
(2008), “It is the highest performing solution of all antetypes”. The U-blox GPS is a drop in
device that is connected via its RS232 port to the micropocedSARTL port which
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immediately starts to track satellites and provide G&8rdinates when powered. C code was
then written to display all the data received on adef@en while only displaying GPS co-

ordinates on the LCD as can be seen in Figure 22. Tl geked satellite data every second.
Figure 23 shows the layout of the U-blox GPS module oiP@B.

Figure 22: LCD displaying GPS co-ordinates
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Figure 23: U-blox GPS Module Layout
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3.5.3 External RAM

The next step was to add the External RAM (Figure 24heodevelopment board for storage
purposes. Communication was established via the micropoyc8B3 port and test verification
read and write codes were written in order to testopperation of the RAM module. Auto
storage code was then written in order to be able te wanstant batches of GPS data to the
external RAM. The initial code would poll the GPS datarfrthe GPS module and then write
all data collected directly to the external RAM. Théadaas also transmitted over the RF link to
the ground receiver where it was also stored on eXt&®&Ad. This data could later then be
downloaded for analysis purposes. A larger data storage demaserequired as all the
transmitted data was also stored onboard the air€@atbde was therefore written that would
filter all the data received from the GPS module anly store and transmit the desired data.
Filtering of the GPS data would then reduce the amouspade utilized on the external RAM

and therefore increase the amount of GPS co-ordinatesdhld be stored.
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Figure 24: Layout of external RAM
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Additional code was implemented to track the locatibmemory written on the external RAM,
so that if the microprocessor was reset it would eoalile to overwrite existing data. Code was
also written to display the last line of GPS co-ordisah the event of a power failure.

3.5.4 The speed sensor

Due to budget and time constraints it was decided not to adektarnal independent speed
sensor. It was rather decided to use the GPS data edcieoym the GPS module in order to
calculate the speed. The velocity measurement on tA®XJGPS is accurate to 0.1 m/s which
is sufficient for this research project (U-Blox 2008).

3.5.5 Fud level sensor

The fuel level sensor proves to be one of the moStulif sensors to implement. Traditional fuel
level/pressure sensors are available for use in latgem@abile and aircraft tanks, but the small
scale of the RC model aircraft tank provides a challeRdets have suggested drilling a hole in
the tank and using a probe to measure a continuous ¢RO&Groups.com 2009b). When the
fuel drops below the probe, the circuit is broken and ithissed as an indication of low fuel.
However, this will only work in non-inverted flights. Arr alternative is to place two thin
copper plates on the inside of a fuel tank on opposing sithestu€l between the plates will act
as a dielectric and the capacitance can be measuredcaplacitance will be higher when the
tank is full and lower when it approaches empty. Thisthan be used to calculate a capacitance
to fuel ratio. It was decided to keep the low fuel sessaple and universally adaptable to many
model aircraft types. A simple test tube type cylindasattached to the fuel tank. Attached to
the bottom of the tube is a 5 V contact. A simple gplraded contact is also attached near the
bottom of the cylinder which is connected to a digital inutput port on the microprocessor. A
magnet attached to a floating cork is placed in thendgh. This is shown in Figure 25. As the
fuel level in the fuel tank drops so the level in the cylingdéralso drop. When the fuel level
drops to a level determined to be low, the magnetaailise the spring loaded contact to close
and the place 5 V on the digital port. This will flag gh@cessor that the fuel level is low and
this can be transmitted to the pilot on the ground.
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Figure 25: Low fuel level indicator

3.5.6 Battery level sensor

One of the ports on the existing TLO82 Op-Amps was reseechdnitoring the battery level

of the model aircraft. Programming code written to rda& A/D input displays the relevant
voltage level on the LCD and also stores it to memdhg TLO82 allows for a differential input
voltage of £30 V and an input voltage range of £15 V. Mostiehaircraft power supplies range
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between 7 — 12 V. The TL082 provides an internally trimmed ioftset voltage and JFET
input devices have large reverse breakdown voltages fronmiagateirce and drain removing the
need for clamps across the inputs.

3.5.7 Orientation sensor

The orientation can be obtained from the GPS modulehadlininates the need for additional
sensors for compass bearing readings. This will alsistathe pilot in the event of a distant
crash, giving the pilot an idea of the last known seuand direction of the model aircratft.
Programming code was written for the manipulation and gsmeg of this GPS data which is
also written to memory and displayed on the LCD.

3.5.8 Warning buzzer

A simple buzzer was employed to warn the pilot abowt eritical parameters, such as low
battery, approaching the maximum altitude or approaching the&inmmm distance of

communication. The programming code activates the burzgthe critical parameter has been
neutralized. This warning buzzer is located on the ground eléwiallow the pilot to respond to

any critical alarms.

3.5.9 Servofailure

The servos are usually connected to the ailerons, ruddevsitors, flaps and throttle on the RC
model aircraft. When in flight all servos, with eptien of the throttle, are activated at least once
every two seconds. This is because the pilot is cotigtadjusting flight path and speed. In
order to determine server failure, programming code is writieead the current measurements
on the servers constantly; if no current can be feachore the two seconds the microprocessor
will activate the alarm buzzer and display a warningrenLCD. The microprocessor will clear
the alarm if current is measured again within two secomfdbeoinitial alarm. This helps to
eliminate false alarms where pilots may chose dltflgath of level flight for longer than two
seconds which does not require adjustment via the servos.
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3.5.10 Integration of GPSfailure

This is again controlled by programming code within the npioessor. If no GPS co-ordinates
are received from the GPS module for longer than theeends, the warning buzzer will sound
and a warning message is displayed on the LCD informingitbethat GPS readings are no
longer available. The GPS module polls satellite da¢ayesecond and if three consecutive polls
have not provide GPS data then the module is deemed t@haareor. The pilot can then make

an informed decision to land the aircraft and rectifygrablem.

3.5.11 Implementation of the transceiver

The transceiver (Figure 26) is the final communication bekwveen the RC model aircraft and

the pilot. All data collected by the microprocessor @mtddhe aircraft is saved to memory and
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Figure 26: Transceiver layout
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transmitted over the RF link to the receiver held byphet on the ground. The PIC18F6720
microprocessor on the receiver side will retrievedatia and process it.

3.6  Optimization of maximum distance of operation

In order to increase the standard distance of operati®nto 15 dBi Yagi-Uda antenna can be
fitted to the SMA adapter on the AX5042 transceiver orgtbhend station receiver side. Figure
27 shows a simple dual band 824 - 1000 MHz and 1700 - 2170 MHz 11 dBi ggituda
antenna. The Azimuth Gain can be seen in Figure 28. speisific model is the LPDA-A0021
available from Poynting Antennas (2009). The Yagi-Uda asmtdras been proved to be very
helpful and reliable in RF Electronics (Radio-Electosreom 2009).

Figure 27: Poynting LPDA-A0021

Figure 28: Azimuth gain of LPDA-A0021
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3.7  Preliminary final design

The complete development board is shown in Figure 29.nide sections of the Development
Board are the PIC18F6720 microprocessor, the RF segmergxtérnal RAM and the U-blox
GPS. The schematic for the full layout of the Depedent board, the power supply and A/D
OP-AMPS have been placed in Annexures A, B & C respéytive

Digital Ports

QT I miIcRF620
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FPIC18F&720

LCD

External
RAM

Ato D
Ports

U-Blox GPS
Module

Power Supply

Figure 29: Complete development board

3.8 Conclusion

In chapter 3, the specific parts required for the FDRevaigscussed along with specific modules
that were selected for the development board. The agéwalopment board was manufactured
and the required programming code for the microprocessor swesessfully written and
implemented. In chapter 4, the test results of the ki3Rle a laboratory will first be given
followed by actual field tests to determine if the inlit@perating requirements have been

attained.

38



Chapter 4 | mplementing and Testing the Flight Data Recor der

4.1 Introduction

Chapter 3 covered an in-depth discussion on the physioatraction of the FDR consisting of
the microprocessor, GPS module, power supply, transcensmory storage and other sensory
devices. Chapter 4 presents the implementation of the @k in the field, and documents all
test results obtained from the different flight plans.

4.2  Congraintsof experimental testing

The experimental testing has proved that GPS co-ordinames telemetry data can be
successfully transmitted from the model aircraft toghet on the ground. Optimization of the
development board was not done, as it has alreadydsssgned within acceptable parameters
for on-board model aircraft testing. Actual crash bestif the model aircraft was also not done.

4.3 M ethods of evaluation
4.3.1 Technical evaluation methods

The actual testing of the FDR was conducted in three ph&&se one involved testing the
FDR in a laboratory. Phase two involved testing the EIbFboard a model aircraft without the
transceiver present. Phase three involved testing B¢ én-board a model aircraft with the

transceiver functioning.

The laboratory testing phase was actually an initiakphehich was conducted every time a new
component was added. The basic functionality of the Bpecomponent was tested and
adjustments to the design made as required. In the riiesh laboratory test, the basic
development board was manufactured and the power supp$/,nt@dule, PIC, external RAM,
LCD and all I/O ports were tested for basic functigpand operation. Figure 30 and 31 shows

the oscilloscope measurements of the 5 V and 3.3 V paupy outputs respectively.
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Figure 30: 5 V oscilloscope output
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Figure 31: 3.3 V oscilloscope output
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GPS data was retrieved and stored in the external RAN Wweing displayed on the LCD and
also on the RS-232 port connected to a laptop. The datéaheassuccessfully retrieved out of
memory. The next step in this phase was to placebfit development board into a car and take
a 20 minute drive down the highway and back while logging dakes data was then
successfully retrieved from the FDR. The planned pasihasvn in Figure32a. The drive path of

the car plotted in Google Earth is shown in Figure 32lesé& figures prove the accuracy of data.

B s c{“‘

Figure 32b: Car Google drive path

In phase two, the FDR development board was placedainmtodel aircraft shown in Figure 34
allowing the FDR to log live data on two consecutive tggiThese flight trials took place at the
TEKSA RC Model Club in Trichardt on the 2®ecember 2009 (see Figure 33). This data was
then successfully retrieved from the external menaowy is presented in Table 7. This data was
then plotted using Google Earth and can be seen in Figurad3bigure 36 for the two flight
trials. At this point the transceiver had not been cotatk
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Figure 33: TEKSA RC Model Club

DFl Dev Board
Protected by
Sponge

Figure 34: FDR on board model aircraft
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Figure 35: Google Earth flight path one
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Table 7: Prototype trial flights one and two

Téamary anons | T e
Minimum altitude above sea level (m) 1637.80 1426
Maximum altitude above sea level (m) 2139.20 1692,
Maximum speed over ground (m/s) 57.34 46
Minimum signal to noise ratio (dBHz) 24.41 24.7
Maximum signal to noise ratio (dBHz) 42.50 44

Fuel used for the duration of the flight (ml) 150 165
,Sé\grevrssg?vt))attery voltage for transceiver and 15.2 15.1

The third

overall system. Once these components had been add#tedmakic laboratory testing had been

test phase involved incorporating the transceiue sensor and buzzer into the

completed, then the actual flight trials could be starThe flight trials were done at the TEKSA
RC Model Club on the 7May 2012. On these flight trials, the FDR was testedmelectric
glider where it was strapped to the glider and protected butible wrap (see Figure 37). The
FDR development board with the transceiver is showigare 38.

g - o . G — 1 o

Electric glider with FDR

Figure 37:
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Figure 38: Development board with transceiver

Two successful flight trials of three minutes eachevdone. The flight data from the glider
(shown in Figure 39) was stored on board the RAM in the BB®Rtransmitted simultaneously
to the pilot on the ground. The Google Earth flight pathtials three and four are shown in
Figures 40 and 41. The flight data for trials three and feenre then successfully retrieved and
are plotted in Table 8.

Figure 39: Electric glider in flight
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Figure 40: Google Earth flight path three

OTrichardt

Figure 41: Google Earth flight path four
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Table 8: Prototype trial flights three and four

Trial three | Trial four
Telemetry @ min) | (1 min)
Minimum altitude above sea level (m) 1529.4p 1548.00
Maximum altitude above sea level (m) 1639.90 1616.20
Maximum speed over ground (m/s) 25.68 16.44
Minimum signal to noise ratio (dBHz) 13 29.09
Maximum signal to noise ratio (dBHz) 44 40.00
Fuel used for the duration of the flight n/a n/a
() *electric glider therefore n
Average battery voltage for transceiver 11.2 11.0
and servos (\ ' )

4.3.2 Economical evaluation methods

Three commercially available data collection devicesewednsidered in Chapter 2 based on
their pricing and availability to the average modetraift enthusiast. A decision was made to
design and build a new development board on which the ¢edikRl be based that would meet all
the technical requirements, be economically affordaloleé eeliable. The cost of all three
commercially available devices and the newly developed &@2Rshown in Table 9. From this it
can be seen that the cost of the newly developed ED&pproximately half that of other
commercially available products. This costing is based mingle prototype which is more
expensive than in the case of mass production.

Table 9: Cost comparison of devices
Device

Cost
$394.98 - $544.98

Seagull Telemetry System

RC Electronics RC T2000 $556.25
The TeKnol UAC Flight Control System $827.32
Newly developed FDR $225.50
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Table 10: Breakdown cost of newly developed FDR

Component Cost
Transmitter (model aircraft) PCB $75.25
Receiver (pilot) PCB $75.25
U-Blox GPS Module $20

2 x Axsem 5051 transceivers $15
PIC18F6720 $5
Remaining components $35
Total FDR Cost $225.50

4.4 Conclusion

The technical evaluation of the FDR development boardohagen that technical data can be
successfully captured and stored while being relayed inirealftom the model aircraft to the
ground receiver. The economical evaluation has shoamitthvould be more cost effective to
produce the FDR locally, making it more accessible toatlerage model aircraft enthusiast in
South Africa. The costing would be further reduced wheretalling mass production. The cost
of local production further outweighs the cost of impduties associated with the Seagull
Telemetry System, RC Electronics RC T2000 and The Teki#a Flight Control System.
Chapter 5 presents conclusions and recommendations wétdre the design and development

of the FDR and other possibilities for research.
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Chapter 5 Conclusions and recommendations

51 Introduction

Chapter one considered current difficulties that modetafir enthusiasts experience when their
model aircraft crashes afar off, leading to time cameg searches and high repair costs. The
history of the FDR was documented and the basic operdiscassed. The need for a FDR for
model aircraft in order to assist the pilot to prevematshes was established. The synonymous
relationship between UAV and model aircraft was highéghin order to better understand the
development and operation of both platforms. In chapter the various parts of the model
aircraft which assist in flight and control were dissed. A survey was done on three different
commercially available FDR’s which were compared witlgard to their advantages,
disadvantages and cost. The main components of theW® identified and their operation

discussed. The reason for designing a new FDR was higédight

The detailed design of the new FDR was documented in chthpée. The component selection
process and design of the FDR development board was @iy with the software
programming features. Actual field tests of the FDR wdweumented in chapter four. Actual
flight trials were recorded with telemetry data suclG&S co-ordinates, speed, altitude, battery
level and servo operation. This data was successfullyrded and transmitted over the radio
link to the pilot’s receiver module on the ground.

5.2 Conclusion

The transceiver section of the FDR has proven to bemtbst difficult to implement. As
mentioned in section 3.4 the hardware failure of the RHG20 module resulted in a change of
the FDR design to accommodate the new AX5051 module. TBef&®&print had already been
done for the MICRF620, in order to integrate the AX5051 posts was made of spare digital
ports and c-code was written to create the virtual $iRl nequired to work with the AX5051.

The fuel level indicator proved difficult to implemead many different setups are available for
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fuel level measurement and low level indication. It wiagided to implement a simple early
warning system utilizing a floating magnet that will sate a contact when the fuel level is at a

predetermined low level.

The main objective of the research was to design avelajea FDR to monitor the flight path
and performance of a RC model aircraft. This FDR ne¢ddx light weight, cost effective and
also be able to provide early warning of high risk situestisuch as low fuel and low battery
power. It also needed to aid in the recovery of lastait. In chapter four these issues have been
addressed. Four successful trial runs were made and thelaltspeed, GPS co-ordinates and
battery voltages were retrieved from the ground unit. Tuezdx for early warning had been
implemented for high risk situations. The cost pricetfe product for the FDR was $225.50
which proved to be $169.48 less that the cheapest alterpatidacts researched. The product
with battery only weighs in at 190 g and has proven tometfere with either of the trial model
aircraft performances. With all GPS data received iretfent of a crash it would make recovery
of the model aircraft simple.

5.3 Recommendations

The time period for this research spanned three years diume@onstraints and other external
responsibilities. During this time, research and devatg on many of the components used in
the FDR have progressed and enhanced components are adablay These enhanced
components could further reduce the size and weighteottirent FDR which could then be

used on even smaller RC model aircraft, such as toyIsyxaded by small children.

Another recommendation would be to market this FDR a@amateur glider pilots who have
the habit of losing their model aircraft on mountaopsis. This would further assist the amateur
glider pilots to monitor and record their individual prograssthe telemetry data can be stored

for future analysis.

In order to increase the ease of operation, voicegratton commands can be implemented. The
ground receiver unit could also include an earpiece timateday telemetry data via audio speech
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to the pilot, removing the need to monitor a LCD displagrnission to use the model aircraft
FDR in sporting contests for accurate data recording ghbel obtained from the relevant
aviation authorities as the data could be used by contigts.

The development board for the FDR has proved to be wabigl tool in understanding the
operation of the GPS system as well as RF trangmnis3ihis FDR development board could
further be used as a teaching tool for students to enhagiceitidlerstanding of all the concepts
associated with flight data telemetry.

The FDR can be further developed by including an auto péctivery mode of operation. If a
pilot feels that control of the model aircraft hagdost, then they can switch to this mode
which will place the aircraft in a circular flight fpaabove the pilot. Once the aircraft has

stabilized, then the pilot can resume control and faadaircraft successfully.

All the requirements specified in the research objedtave been met by the FDR.
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ANNEXURE A Full layout of development board
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ANNEXURE B Development board power supply
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ANNEXURE C

A/D converter with OP-AMPS
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