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Abstract

This document outlines the design and implementation of a laest, lowpower acceleration data
recorder for utilitycategorygliders. Working from literature and experience, have builta recorder
that can accurately measure the fosand angle experienced by a glider in flight. The recoislable
to record and display acceleration force aadgular rates of turras well as display and analygest
flight data utilizing software created for a personal digital assistant and persongbuter.
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1 Introduction

All aircraft in the United States are required by Federal Aviation Administration (FAA) regulations to
have three instruments; an altimeter, an airspeed indicator, and a magnetic direction ind{&tor
However, pilots often use more than the required instruments to help them fly. One of these
instruments is an artificial horizon, shownRigurel.

Figurel: An Artificial Horizon16]

A pilot uses an atrtificial horizon to assess the pitch and roll of the aircraft. As sEguiel, the
instrument is designed to look similar to a natural horizon. The middle indicator indicates the attitude
of the airplane and the markings indicate specific increments of pitch. Tdr&kimy on the outside
indicate increments of roll. As showxigure2, the roll specifies to what extent the airplane is banked
left or right. In other terms, roll idefined as the extent an aircraft is rotated around the longitudinal
axis (from the nose to the tail of the aircraft).

The pitch of the aircraft specifies the degree which the nose of the aircraft is directed up or down. Pitch
can also be described #% degree which the aircraft is rotated around the lateral axis (extends for one
wingtip to the other, sed-igure2). If the roll and pitch angles are zero then thimgs and nose of the
aircraft are both parallel to the horizon and the pilot experiences straight and level flight.



Vertical axis

Z

Figure2: The three axes of an aircrafi4]

CNRY | LAf20§Qa LISNELISOUA G SA infadhalion Kecadusé BreyNeh thepilof y 2 6 f S
the aircraft attitude relative to straight and level flight. Although not a required instrument on all

aircraft, artificial horizons are most useful when the natural horizon is not visible. This situation can

ocaur, for example, when a pilot is in a cloud. In the United States, unpowered aircraft pilots are
prohibited from flying inside clouds but such situations can of@uiWhen Visual Flight Rules (VFR) no
longerapplies such asn aircraft inside a cloud, the pilot is in Instrument Flight Rules (IFR) conditions.

Pitch and roll data is critically important in such a situation since, for example, if a pilot banks the
aircraft, the airspeed of the aircraft will decrease because thagdon the aircraft increaseld6].

Similarly, pitch has an impact on the rate of change of altitude.

When flying through a cloud, a pilot would also need to refer to a magnetic direction indicator
(compass) to assess the direction of the aircraft. A compass is an instrument used to measure heading
0FaSR 2y GKS RS@OAO0SQa RSmrhlpdlet 2y FTNRY GKS 9 NI KQa

The Federal Aviation Administration categorizes all aircraft that fly in the United States. These
categories are determined by many factors. One of the most important factors is the amount of loading
expected. The load factor is the ratd total lift generated by an aircraft to the total weight of the
aircraft. Other factorsnclude use type of construction, propulsion system (if any), electrical system,
and aerobatic capabilities (if any) that the aircraft can withstand before stratfaiure. For example,

the most common categories for light aircraft structural loading are Normal, Utility, and Aerobatic.

' FfARSNI AA |y | tAIKGSSAIKEG F ANONI Fiandétégs aloft A & Ay O
primarily by gaiing altitude using columns of rising air. Glider pilots, like powered aircraft pilots, are
concerned about thdevel ofstress placed on the gilder. There are many ways that a pilot can create
excessive stress on a glider. One of the most common seusaxtreme maneuvering. By combining



extreme pitch, roll and yaw changes a pilot can rapidly alter the orientation of the glidepassibly
over stress the aircraft.

If a glider is stressed beyond the designed tolerance range for the glider, thengijotvish to have the

glider inspected. There are many different types of instruments that a pilot can buy that can record the
stresses experienced by an aircraft during flight. However, these instruments, such as #2e ARS
Attitude Reference System froMGL Avionics shown iRigure3X G bPycdpdnn YI & &GNB:
wallet and often require more power than is availaflé].

Figure3: AHRS Display of AR Attitude Reference System from MGL Avionics (Not shown:22AWniversal Display
Indicator)

How can a pilot have access to this crucial infoioratvithout spending an excessive amount of money
YR ljdaOl1té SEKIdzadAy3a GKS It ARSND& L2 oSN &dzLILI &K
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1.1 Project Statement

The purpose of thiprojectwasto use electrical and computer engineering concepts to design and build

a Flight Attitude and Acceleration Data Recorder, referred to hereafter as FAADR. The FAADR will record
the three-dimensional acceleration vector of a utility category glider andldispverage, current and
maximum data points on a graphical Liquid Crystal Display (LCD). The FAADR will use a Secure Data (SD)
card to record data on in order to make the results portable and easily accessed. The FAADR will include
software todisplay ad procesghe data on a Personal Digital Assistant (PDA) and Personal Computer
(PC).

The FAADR will be able to:
e Make triaxial measurements of upwards of £5 g with an accuracy of +0.1 g

o displayaccelerationaxis values, both peak, average and instantaiseou
¢ reset functionality of average and maximum values
e attitude indicator (artificial horizon) with at least 2 degrees accuracy

1.2 Report Organization

The Section2 Backgrounaf this reportwill illustrate details of the FAADR by describing what exactly is
being measured and how it is quantified. This section will also provide information on basic concepts of
flight and explain how specific portions of the FAADR work.

Section3 Problem Statementvill demonstrate details of the FAADR including:

e specific goals
e requirements
¢ functional specifications

Section4 System Desigoutlines key components within the FAADRw they willinteract with other
componentsin software and hardware and why the particular component was choSsttion

11



5 Results will explain how each component was physically implemented, the code that makes each
component work and how well the FAADR met the requirements and goals define8ection3
Problem Statement

Other information about the project including schematics, PCB board desigdshe code for the
analysis software and the microcaatler operation can be found in the appendices.

1.3 Summary

The FAADR will give glider pilots the ability to monitor the stress their glider endures during flight
without consuming undue power and money. By illustrating the details of a flight, thesmnestit will

0S Iy FTTF2NRIFI0ofS YSGK2R 2F AYLNRGAYy3I FEAIKG al FSi
condition.
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2 Background

2.0 Introduction

The purpose of this chapter is pyovide a detailed description afie background=AADRnaterial that

is required to understand the concepts ofir Accelerometer Data Recorder projecthischapter will
introduce ideas including a brief synopsis of how a glider operates, the forces a glider encounters during
flight and instruments used by pilots which are relevant to the project. This information should
demonstrate to the reader how the datrecorder will operate and why it is a feasible and important
undertaking.

2.1 Basic Operation of a Glider

A glider is an aircraft which flies through the air without any formmefchanicalpropulsion. A glider
uses vertically moving air currents afatward flightin order to reach a sufficient flying altitude and to
generate enough lift in order to sustain flight. Vertically moving currents are utilized by glider aircraft
because the aircraft are lightweight enough for the air current to exert enoagtefo that the glider
gains altitude[7]. Although a glider gains altitude using these air currents, it is always moving
downward with respect to the local air.

A glider musimaintain an air speed which is fast enough for the wings to generate enough lift so that
the craft doesnot stall[7]. The speed of the glider irelation to the air that is moving past it is called
airspeed which is essential for a glider to stay al#s seen irFigure4, the airspeedand the angle of
attack are the primary factos in how mud lift a glider will generate.When a glider stalls, it is not
generating enough lift to stay aloft and will begin falling toward the ground.

Lift acts further forward if air
more from below *,

@
Angle /&
of attack /'

e\a"“‘e

Figure4: Demonstration of Air Flow Generating L{ft7]

Since a glider has no form of propulsion, the pilot of a glider needs to use pitch in order to maintain,
reduce or increase airsped8]. Shown inFigure2, pitch, which is defined as the rotation around the
lateral axiscan be identifiedoy the nose of the plane in relation to therizon When the nose of the
aircraft is directedabove the horizornt will begin tolose airspeedind when the nose is pointelelow

13



the horizonit will gain speed. This is because when the craft is moypmaurd it is resisting gravity and
when it is moving downward it is aligning with the pull of graviys shown irFigure5, aplane can
either pitchup or pitch dowrby using elevators which can be found on the tail of the ¢Bift

Glenn
Horizontal Stabilizer - Elevator Research

Horizontal Stabilizer

&

Distance (L)

’ ﬂ Elevator
“~

Center of
Gravity

Down Force (F)

Resulting Motion

Figure5: Resulting Motion from Elevators [10]

Another axis thagives the pilot control of the aircrashown inFigure2) is called the roll or bank of the
glider. A pilot can turn an aircraft by slightly rolling to one side and then increasing the lift by pulling
backon the yoke[3]. This will make the glider turn onto a new heading becdnssking a plane causes

a change in the lift vector since the wings are no longer level with the ground. The altered lift vector
causes the glider to turn because the force exerted on the wings is no longer acting in only an upward
direction, but also in the direction in which the wings are banked.

A glider is capable of these banking maneuvers due to ailerons, which are fl#ps wings of the craft

that are controllable by the yokE]. To initiate a roll, the aileron on one wing will move up and the
aileron on the other wing will me@sdown thus creating more lift in théownwardmoving aileron and

less in the upward moving aileron. The difference in lift will cause the plane to roll toward the side of
lower lift.

Shown inFigure2, the final axioof a glideris called the yavaxisof the craft. Yaw is the side to side
movement of the aircrii which is primarily controlledby the rudderd3]. The rudder is a vertical flap
on the tail of the plane which cdorcethe nose of the aircrafto yawin either direction. The force that
is generated by the rudder moving from side to side translates to the directi the nose of the plane.

2.2 GForce
Gforce6 NEFSNNBR (2 lexertet updnaicraf®idaf pagidulBRrimpatance to this project

since one of the main functions of th@oposeddata recorder is to display and record thefagces
exertedupon a glider.

14



A Gcan be understood as the apparent weight of an objd¢t To understand what is meant by the
GSN)Y &b LI NBy G ¢ SA 3K idte ideg & weigtza The WelgiNBf Gn obigtRvBidhESh | Y
completely still on earth, is determined by both its mass and gravity. Gravity is the acceleration which
everything free falls to the earth. The force which is exerted on any still object (ondbedjris oneG.

An aircraft can experience more than or less than @since it can accelerate into any direction in
three dimensional space. This leads to the fact that an aircraft can hforeegexerted on it from any
direction. When a G is exerted upon an aircraft, it is known as loading and excessive loading can
potential destroy an aircraft.

For example, an aircraft which is accelerating straight up into the air away from the ground at $,81m/s
equivalent to gravity, wouldxperience 25s This is because the craft is having both gravity and its own
acceleration act on it in the same direction. Since the acceleration is equal to gravity, which itGelf is 1
the addition of the acceleration and gravity yield&8

Gforce s important to this project and especially to pilots becaasgforce of too great a magnitude
(positive or negative) can cause an aircraft tetructurally fail[4]. Of course, this of monumental
concern to pilots because damaging a glider in-fligiht by over stressing the craft can be dangerous or
even lethal. TheFAADR will display the current tBat the craft is experiencing iorder to alert pilots of

A N w oA A o~

thecurrentloadingi 2 G KI G GKS& R2 y2G SEOSSR GKSANI ON} FiQa
2.3 Accelerometers

Accelerometers arsensorghat are used to measure the amount of@ce that is being exerted upon
them. This relates to a glider because tbadingthat is behg exerted upon the craft is also being
exerted upon ag accelerometer that is contained inside the crafAccelerometer data ipriceless
becausea pilotcan see a measurement of how much stréss aircraft is undein particular situations
and maneuves[4].

Accelerometers can vary widely between models in the following basic ways:

¢ The maximum level of constagiforce that the accelerometer can handle
¢ Themaximum (impact)g-force that the accelerometer can handle
¢ The number of axesneaccelerometer can measure (between one and three)

2.3.1 Types of Accelerometers

Accelerometers can vary in the aforementioned ways because accelerometers can be constructed in a
many ways which fall under different categories including:

e Piezoelectric

e Potentiometric
e Reluctive

e Servo

15



e Strain Gauge
e Capacitive
e Vibrating Elemenf18]

This document will not detail all of the previously listed accelerometers, but will only thoroughly detail
the capacitive accelerometer because that is the type used in the FAADR. For more information on the
listed accelerometers visifittp://bits.me.berkeley.edu/beam/acc_2b.html

As shown irFigure6, capacitive accelerometers use a capacitive divider with a common center plate in
order to measure the acceleration fog under gone by the sensor. The setup is created by using two
separate outer plates which form a capacitor with a free moving center plate. When the sensor is at
rest, the capacitances negate each other since the distances between the center plateecaodtéh

plates areequal.

Beam

[ | Cerlt;rPlaie [ |
pyeppep— |, pp———
i i Fixed
: Chater
L | | AT 1 Plates ||
=y ! , L
1 1
i | v Unit Cell
| o) oo
: El‘ 52 :
: ! B Denctes Anchor

Figure6: A capacitive accelerometer with no forces acting upon the center pl§i®]

Since the center plat of a capacitive accelerometer is free moving, applying Gs to the accelerometer
(shown inFigure7) will cause the center plate to move toward one of the outer plaied away from

the other plate. This will cause the capacitances to become uneven causing a signal voltage to be
applied to the center plate. The magnitude of this signal voltage changes depending on the distance the
center plate moves and therefore, thmagnitude of the signal voltage can be used as an accurate
measure of how many Gs were applied to the sensor.
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Figure7: A capacitive accelerometer with a force being applied to the center pldi®]

The capacitive accelerometer that has been described can only measure the Gs applied to the sensor
along a single axis. A-tkial accelerometer (required by the FAADR) can be construgtedolinting

three capacitive accelerometers orthogonally and would therefore allow three signal voltages to
represent the Gs applied to each axis.

2.3.2 FAADR Accelerometer Properties

¢CKS | OOSt SNRYS(GSNI LINRLISNI A Sa U Klcdessiul Nferatidraasiedisted A I €
in Section2.3 Accelerometers The listed properties are important because they detail how much force
the FAADR can handle and also the amount of axes the FAADR can measure.

An accelerometer can be rated to sustain matifferent ranges of force. The amount of sustained g
force that the accelerometers need handle without breaking down for this project is approximately
between positive and negative tenfgrces. This means that if a pilot has an aircraft that camsua

five gforce bank or climb then the accelerometer should be able to adequatelgsure this dorce
without risk of being damaged.

Theimpactg-force an accelerometer can experience without being damaged is not as pertinent to this
project becausefian aircraft experiences sudden jolts that are over the rating of the accelerometer the
pilot would be much moreconcernedabout the damage to his craft than to the FAAD®nNe of the only
ways that thigmpactg-force rating could be exceeded is if thecalerometer is dropped an experiences

a nearly instant deceleration when it hits the ground.

Another important difference between accelerometer models is that the number of axes that are
measured can vary from one to three. This is pertinent to flyigider because a pilot would not only

want to see the gorce that is being exerted on his aircraft in only one direction. A pilot would want to
see the force that is being exerted on the aircraft on each of its axes. An accelerometer that is housed in
an aircraft would certainly need to measure all three axes, but three separate accelerometers have the
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ability to measure all directions just as adxial accelerometer. Despite the way that accelerometers
can be setup in order to accurately measure th®rce exerted on a plane, it is paramount that all axes
are considered.

The accelerometer data recorder project hopes to improve on existing flight accelerometer instruments
is by allowing a pilot to purchase a relativetgxpensivedevice that can bdt display, record and play
back the giorces that were exerted during the flight of the craft.

2.4 Electric Compass

An electriccompass is a device that can measure deviations fiokS 91 NI KQa YI 3IySiaAro
Electric compasses that are manufactutsdPNI use a principle known as magngtductance, in order
G2 YSIadaNBE OKFy3aSa NBtFGIAGS (2 GKS 9FNIKQa YI3IySi

A magneteinductive sensor uses a single solenoid winding which serves as an inductor that oscillates at
a predetermined frequency. #agnetic field element that is parallel to the solenoid axis can influence
the inductance of the coil and therefore, the frequency of oscillation when the field ch&$j2g]. By
measuring the changes in oscillation an electric compass can effectively measure the angle which the
coil or field was rotated.

A single magnetanductive sensor can only measure one axis since it can only detect angular changes in
the field element that is parallel to the coil axis. This fact shows that two coils will need to be used in
the biaxial electric compass that is needed for the FAADdect. By using the two coils in one
instrument, two angles can be measured both independently and simultaneously.

This technology is ingutant to pilots because a twaxis electric compass has the capability of
measurirg the angle of bank and pitchWhen a pilot rolls or pitches his craft up or down it will deviate
from its original course and the electric compass will be able to show the angular change from straight
and level flight.

The display of the attitude of the aircraft, the angle of both Ipitand roll, is accomplished by
instruments known as attitude indicators. These devices are important for all pilots who need to know
their pitch and roll, as will be explained in detaiSaction2.5 Attitude Indicators

2.5 Attitude Indicators

An attitude indicator is a crucial instrument for any pilot because it provides invaluable information
about both the pitch and roll of the airaft [1]. Figurel shows a typical attitude indicator that could be
found in rearly all modern aircratt.

The most prominent portion of the attitude indicator is the mock aircraft that is found at the center of

the instrument. It is the frame of reference with which a pilot can read the angle at which the craft is
banking, climbingor descending[1l]. This is essential because a pilot always needs to know the

orientation of the aircraft so that he can maintain control of the flight.
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Anothercomponent of the attitude indicator ihe roll and pitch degree mark%]. The pitch marks on

an attitude indicator are often labeled in ten degree incrementshvah additional marking between

each label so that the pilot is aware of every five degree change. The roll indicators also show that the
plane is banking in five degree increments. This gives the pilot congeteeness as to the attitude of

the aircrdt and allows them to know information such as how much more bank is needed in order to
reach a fifteen degree turning angle.

There are two types of attitude indicator that can be used to display the attitude of the aircraft. They
work on inherently diffeent principles as one type is purely mechanical in nature and the second type is
electronic in nature. The different types include:

e Gyroscopic Attitude Indicator
e Electronic Attitude Indicator

The gyroscopic attitude indicator operates on a simple premisere the gyro stays in a fixed position

and the glider moves around that position. This can be achieved by mounting the gyro on two gimbals
(pitch and roll gimbals allow the gyro to rotate around an axis) so that the gyro can rotate freely while
the glder is in flight[21]. As shown irFigurel, a stationary artificial airaft and angle indicator are
usually mounted in front of the gyro so that the pilot can reference the stationary portions with respect
to the gyro. Markings indicating pitch and roll angles are used by the pilot so that the pitch and roll are
always known

An electronic attitude indicatowill be replicated in theFAADRoy using an electric compassAs
described inSection2.4 Electric Compas®n electric compass can measure deviations from true
magnetic north which allows for a measure, in degrees, of both pitch and roll of an aircraft. The attitude
indicator can retrieve the reessary information about pitch can roll from the electric compass and
project an artificial horizon on a graphic display.

The display will generate an image similaiFigurel, by recreating a plane against a horizon with pitch
and roll angular markings. When a change in angle is received from the electric compass the display will
be refreshed so the plane reflects the change in angle against the artificial horizon.

The FAADR will perfectly simulate a gyroscopic attitude indicator, but will have certain advantages over
the gyroscopic indicator which will include:

e Recording of the angular values
e FAADR horizon will not tumble and become essentially unusable at lagigsant pitch and roll
[22]

The only disadvantage the FAADR will have over the gyro horizon is that the gyro horizon is nearly
perfectly accurate since it is a cpietely analog mechanical device. There is very little error in the
gyroscopic horizon because, as long as it does not tumble, it will stay completely stationary while the
plane moves giving the gyro near perfect accuracy. The accuracy of the eleatpassoused to
measure the angles of pitch and roll is simply not as accurate because it has a maximum error of 2
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degrees. This error, however, is acceptable because a 2 degree error is not large enough to cause pilot
disorientation.

The FAADRwiIll be invaliable to pilots because it will provide a cost effective alternative to other
commercially available attitude indicators. TRAADRuwill also have the ability to record pitch and roll
which will allow the user to view statistics and a recreated flightagoersonal computer or personal
digital assistant after landing the plane.

2.6 Rate Sensors

Rate sensardetect rotational acceleration around a vertical axis using two diffepgazoelectric or
micromechanical elements. Both of these sensors operatéherCoriolis force, which is named after

the French mathematician Gaspard Gustave Cofipls2 RSAONA O SR Al Ay (GKS LI LX
Y2dz@SYSy(d NBflFGAT RSa aeadsyvySa RS O2Nlaé¢ o6ahy GKS
[10]. The Coriolis force is experienced by moving objects in a rotating frame of reference and is
mathematicaly dependent on the centrifugal force and theelocity of themoving object. Coriolis
Acceleration can be derived from the expression shown in Equation 1. The expanded expression that
shows the useful mathematical dependencies is smaw Equation 2where @ is the absolute
accelerationa, A & (G KS 20 aS NI&SNMAT) ib tDeCcSritrifiddl adckl@afich arliv X v,

is the Coriolis Acceleration

L :d—B +0XxB

dr ), \dri )

Equationl: Base Equation for th®erivation of the CoriolisAcceleration[10]

a=a +20Xv + OX(@OXr)

Equation2: ExpandedExpression of Coriolis Acceleratidi O]

Rate sensors exploit the Coriolis force in order to determine rotational rkt&romechanical sensors
contain a capacitive acceleration sensor on an electronieadiytrolled oscillatingstructure. The
acceleration can then be measured as the product of the yaw rate and the velocity of the oscillating
structure. The figure belowshows a capacitive element and oscillating structure of the Melexis
MLX9060%ngular rate sensowhich isa micromechanical yaw rate sensor
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Figure8: Melexis MLX9060@ngularrate sensor.(Right) Single capacitive elemen(Left) Internal structure[12]

2.7 Serial Communication

In embedded systes) serial communication is the method of sending one bit at tiseguentially over

a bus or interconnection network. Serial communication contrasts to parallel communication where
multiple bits are communicated in one clock cycle over two or more paths. Hnemmany different
types of serial communication protocolbut some ofthe common ones include Serial Peripheral
Interface (SPI), Universal Asynchronous Receiver/Transmitter (UART)-282. RS

SPI communication is common in integrated circuits (ICs) because it requires fewer pitiesafdre,

less moneyto manufacture Only three pins are needed to create a complete SPI port, MasiSlake

out (MISO), Master @-Slave In (MOSI), and clo¢kgure9 shows a master and slave devioed-wire
modewhich is identical to three wire mode with the addition of a chip select (CS) bit which is an enable
signal for the slave device. The master SPI device is responsible for generating the clock signals that
correspond with input and outputat the slave device. A typical commaras$ponse procedure for SPI
communication:

Master is requested to seralcommand

The chip select pin goes low for the appropriate device

Master generates the input and clock signals

Slave activates with the chip seleitjnal going low

Slave buffers the input using the clock signals generated by the master

Master writes a query command asking the slave if it is done processing the first command by
LISNF 2 NY A Y 35 NA 0BRdzWYKES NB (0 KS Ay LJdzi t tieZlock HgBalsa f || @ S
for the clocking output from the slave to the master as generated.

7.2 KSy GKS atl @S Aa NBIRe (26 NIBudldekyinRtEe iniald G S NJ
requested data.

A o
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SCLK » SCLK

SPI MOSI » MOSI SPI
Master MISO |« MISO Slave
SS p SS

Figure9: SPI Master and SPI Séadevice in 4wire mode

SPI devices can lhermed into an independent busy adding an additional chip select (CS) pin for each
device in the chain.This allows many different SPI devices to be operated on the same SPImtire
independent bus cordjuration, all SPI slave devices output pins are connected directly to the master.

Ly I -GKRIAAYaEE 2 NJ Odz 8hbod NiFgirald) e iopdedf the first SPI device is the output

of the master, the output of that SPI device is the input to the next slave in the chain, and the last slave
is the input to the masterWith the addition of a multiplexeto either bus configurationthe chip select

pin count can be reduced.

SCLK » SCLK
SPI MOSI » MOSI SPI
Master MISO |« MISO Slave
SS » SS
+—» SCIK
p MOSI SPI
MISO Slave
P SS
—» SCLK
L p» MOSI SPI
MISO Slave
L »| SS

FigurelQ: SPI Cooperative Bus or Daisy Chained Configuration
2.8 Summary

In this chapter we have described all necessary background material in order to understand the scope of
the Acceleromter Data Recorder project and the flight mechanics the instrument will need to measure,
display and record. The chapter conveyed that a glider has three axes, yaw, pitch and roll, on which the
recorder will need to measure-fgrce. Gforce is importantto a pilot and his craft because over
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stressing an aircraft with-fprce can damage it. The concept of the Coriolis force éssentialto
measuring the pitch and roll of the aircraft. Serial communication is the main form of communication
used in embeddeé systems in order to reduce the overall packégmprint. Alsoshown in this chapter,

was how the data recorder will function as an attitude indicator and display both the pitch and roll
attitude to the pilot. Overall, this project is significant beaaitcombines two crucial flight instruments
and allows the user to record and then playback the data gathered during a flight.
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3 Problem Statement

3.1 Introduction

The purpose of this section is to clearly define the requirements of the FAADRwillThibw a distinct
measurement of the success of the FAADR.

3.2 Project Statement

The purpose of this project is to design and build a Flight Attitude and Acceleration Data Recorder,
referred to hereafter as FAADR. The FAADR will record the-tlmeensonal acceleration vector of a

Utility category glider and display average, current and maximum data points on a graphical Liquid
Crystal Display (LCD). The FAADR will use a Secure Data (SD) card to record data on in order to make the
results portable an@asily accessed. The FAADR will include software to display and process the data on

a Personal Digital Assistant (PDA) and Personal Computer (PC).

3.3 Requirements

The FAADR will be designed to meet specified requirements. Each will be listed belgwvitifiothe
justification for that requirement.

1. Require less than 2 W. The FAADR will be operated in a limited power environment where the
main power supply is the 12V battery wiim8 Ahcapacityon the glider.
2. Draw power from accessory power sockdtis will allow the FAADR to be easily powered from
an existing power connections found on most gliders.
3. Recordtri-axialg-force measurements
a. Range#/-5G Utility category gliders are rated to +4.4 ad76G.
b. Accuracy0.1G. This is a reasonable @stion for Gforce measurements.
4. Record heading
a. Range: 360°. The FAADR will report and record heading in any direction.
b. Accuracy: 2°. This is a reasonable resolution for heading measurements
5. Recordup to 12 hours of data This is the length of a verynig flight in a glider. The following
data points are considered necessary for reconstructing and analgfight.
a. Heading
Triaxial acceleration data
Time
Pitch
Roll

® oo o
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6. Display data omraphical LCD. The FAADR is required to show the followingpdates on a
LCD to provide useful data to the pilot because it is relevant information for the pilot.
a. Maximum G

b. Current G
c. Pitch
d. Roll

7. Display an artificial horizon. Using pitch and roll data the FAADR will display an artificial horizon
in order for the dah to be easily interpreted.

8. Display current heading. Considered to be relevant information for the pilot.

9. Reset display valuesThe FAADR will give the pilot the ability to reset data points computed and
displayed during the flight.

a. Maximum G

10. Include aalysis software that runs a PDA aR@. This will allow the pilot to view and analyze

data from the flight on different platforms.

3.4 Desirements

1. Force on glider display software for PDA and PC

a. Recreate image of glider

b. Recreate orientation of glider

c. Diglay gforces via vector representation on glider in Cartesian space
2. Flight reconstruction software for PDA and PC

a. Record pitch, roll and acceleration data

b. Use data to recreate flight path in three dimensional space

c. Overlay on a map of the area

3.5 Summary

With these requirements we can easily measure the completion of the project. We can compare the
final results of the FAADR to the requirements in this section to analyze how well the objectives of this
project were completed.
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4 System Design

4.1 Introd uction

The overall system design of the Flight Attitude and Acceleration Data Recordesénted in this
chapter. The individual input and output of each componer® well as the justification of
implementationis addressed within the context of th&ystem design block diagram provided in the
Overall System Design sectioffhe reason forchoosingparticular components implementedn this
project is discussed in.3 Component Selectian The microprocessor software and analysis software
design is provided in the Software section.

4.2 Overall System Design

Based on the Problem Statement, we identified sevdiffiérent types ofcomponentsthat are required
to meet the goals of this system. These modules aredibere, shown below ifrigurell as an overall
system diagram for the FAAD&hd are discussed in greater detail ie flollowing sections.

e Electric Compass

e Accelerometer

e LCD Module

e Microprocessor Unit

¢ Removable Media Storage ModyeD Card Module)

LCD Display
A

A 4 | Accelerometer

Power Source User Interface € Microcontroller €
(Batteries or Accessory Power [€— Unit

Socket Supply) 'y »| Electric Compass

A

Removable Storage
Media Sensor Board

Main Board

Figurell: FAADR System Block Diagram
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4.2.1 Enclosure

Due to the inherent sensitivity of the ei@dNA O O2Y LI} aa (2 YI3IySGAO FTASE R:
provided by the other instruments in the cockpit, the FAADR is contained within two different
enclosures.t KS 3283aGSYQa YIAYy SyOf 2adaNB ABhe fBGrenkiBB R (2 F
houses the accelerometer and the electric compass. It is designed to be placed in the back of the
aircraft, away from the noise of the cockpit, and be connected to the main enclosune Btharnet (RJ

45) cable. Bth enclosures are designed to havelcro straps attached to the back of the module and

their placement inside the cockpis 1 KS LIAf 23 Qa LINBFSNBYyOS® t NEFSa4az
insight into his preference and felt that this methodsefcuring the enclosuresas adequate.

Main Enclosure

Sensor Enclosure

Accelerometer

< ». LoD Display
Electric Compass : :

Microprocessor Unit
Removable Media Storage

Back of the Aircraft Cockpit

Figurel2: Enclosure Location and Inventory

4.2.2 Electric Compass

The electric compass consisiBa tilt and temperature compensated compass and magnetometer that

outputs data using a true seriRIS232 protocol. As seen in thégurel3, the compassequires a 5 Volt

power input andcommunicates through thdcthernetcable to theMicroprocessor Unit in the main

enclosure The R&32 is convded to TTL logic in order for the microprocessor unit to process the
information. Including the compass in the system provides us with heading, roll, pitch and temperature

data which fulfillpart2 ¥ G KS aeadsSyQa RIEGE OljdAaaAaidAzy NBI dzai NB

3.3 Volt Regulator [« Main Power
Main Power Supply

A

5Volt Regulator [+

v v
Ethernet cable
Accelerometer [« £ » Rg(;ﬁggnfz} «—F > C?rﬂr;igtor <« P Csﬁjﬁigtor «——/—>] Wicroprocessor Unit
2 2 2

Figurel3: Electric Compass System Block Diagram
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4.2.3 Accelerometer

The accelerometer measures acceleration on three au@$ providesthe systemwith data that is

critical to determining stress on the aircraffhe componentnust sit on a flat surface in the glider in
order to accurately measure individual axis acceleration. For this reason, this component is placed in
the sensor enclosure with the electric compass. The accelerometer communicates *Gsiagd| SPI
protocols The SPI interfacg4 wires) was chosebecauseits speed, simplicity, and because other
components also communicate usi8§l For more information about SPI communication, 8é€Serial
Communication The accelerometer communicates directly with the Microprocessor Unit through the
Etherret cable between enclosures. The Ethernet cable also carries the 12V supply from the main board
which is regulated ta 3.3 Vot supply on the sensor board as showrFigurel4.

Main Power
_ Main Power Supply
3.3 Volt Regulator [«
A
v \ 4 ¥
RJ-45 L, Ethernet cable RJ-45 ] ]
Accelerometer (—2’—) Connector € > Cotbactor (—f—)4 Microprocessor Unit

Figurel4: Accelerometer System Block Diagram

4.2.4 L.CD Module

The LCD modulevhose system is shown iRigure 15, is a graphical liquid crystal display that
communicates usig a 22pin parallel interfacelt requires a 5 Volt, 3.3 Volt andl6 Volt supply. Thel6

Volt supply is internal generated by the LCD module atmlasljust theR A & kJXofir@stQThis contrast
ddzLJLX & NY¥zya OGKNRdAzZAK F QGFENRF6ES LRISYGA2YSGHISNI a2
preference. The 5 Volsupply isused by thebacklight of LCD Display and the 3.3 Volt supphgésl to

L322 6 SNJ (G KS [ /b&ard Rikréchdirdller Thé Migrgprocessor Unit communicates directly with

this moduleon the main system boardsing 11 pins TheLCD module wikllow the user to see active
readouts of the data acquisition components as well the graphical representation of the systems
orientation.
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Potentiometer

5 Volt Regulator -16v 4 Contrast Voltage

Main Power

Supply —» LCD Display

3.3 Volt Regulator

Microprocessor Unit [+ #
11

Figurel5: LCD Module System Block Diagram

4.2.5 Removable Media Storage Module

TheRemowable Media Storage Module, whose system is showFignirel6, communicates using UART
and SPI protocols over a -phh interface and an additional two pins as jumpees select which
communication protocol.lt requires asingle5 Volt supply. We use the SPI protocol and connect to the
same communicatiomort on the Microprocessor Unit as the accelerometéihis device is not a true
SPI device because it introduces an additional two pins to the standpid ihterface. This module
allows us to store data that we have collected on a-wofatile medium that can be used in the PDAs
and PCso that our analgis software can access it.

Main Power
Supply

!

5 Volt Regulator f——» Rsetr:r(;\éaebll\ﬁg\g?‘?;a 4—-/—) Microprocessor Unit
6

Figurel6: Removable Storage Media Module System Block Diagram
4.2.6 Microprocessor Unit
The Microprocessor Unis 56pin board that connects all the components and processes data. As
shown in Figure 17, it connects to two SPI devicelkemovable Storage Media Module and

Accelerometerpn the samecommunication portone UART devig&lectric Compassising a sepate
bus and the LCD module using two 10 pottgsequires asingle3.3 Volt supply
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Main Power
Supply

Y
3.3 Volt Regulator

Accelerometer [«

Y
«€—» Microprocessor Unit [«—» LCD Display
A
Y

Removable Media
Storage Module

RJ-45 Ethernet cable RJ-45

Connector Connector

Electric Compass [+

Figurel7: MicroprocessotUnit System Block Diagram
4.3 Component Selection

After identifying what components are needed in the system,assessed what components we had
availabé locally and then analyzed which components were availabi®r each component we
identified a set of minimum requirements that must be fulfilled in order to make the component an
option for purchase. We proceeddd perform a costbenefit analysis on the remaining component
options by analyzing the differences between the component, assigning each data point a weight and
score, and then calculating a weight averag@everal components were chosen becauswofs readily
available to us through the department.

4.3.1 Electric Compass
aAyAYdzy NBIdZANBYSyda FT2NJ 0KS aeadsSyQa St SOGNRO 02

¢ Maximum2 degree margin of error

e Low power consumption

e Adequate sample rate

e Acceptable price

e Capabilityof producing X amh Y data for pitch and roll computation
e SPIl interface is preferable

The table below is the raw component data gathered from their respective datasheets and the price is
guoted from Sparkfun.comWe compared 4 different electric compass units theneywellHMC6352
PNIVector V2XE PNI Micromag2 and PNI Micronfag All of the devices reported error percemge

when determining heading. In order to relate percentage in terms of degrees of, @eoappliedthe

follow equation:
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Error Percentage
100 = 380

Degrees of Error =

Equation3: Calculating Degrees of Error from Reported Error Percentage

With this formula the components are found to have the following degrees of error: the Honeywell
HMCG6352 has 2.52°, the PNI Vector V2XE has a@8thePNI Micromag2 and Micromag3 both have
12.96°.

Component Power Error Interface Sample Rate Price
HMCG635210] 1mA @ 3V 0.70% [2C 20Hz $59.95
VECTORV2XE 2mA @ 3V 0.55% SPI 175KHz $84.95

PNIMICROMAG2 | 500pA @ 3V 3.60% SPI 2kHz $52.95
PNIMICROMAG3 | 500pA @3V 3.60% SPI 2kHz $59.95

Tablel: Raw Data for Considered Electric Compass Units

Based on the raw dati Tablel, we rated devices with the scoresd produced the data iffable2.

Table 2 is shown graphichf in Figure18. The errorpercentage for both the PNI Micromag2 and
Micromag3 ad not meet the minimum requirements and therefore received a minimum score but were
still considered.Thecomponents were all found to have comparable power consumptibine sample

rate for the PNI Vector V2XE was found to exceed our requirements however the price was the most
significant. The Honeywell HMC635%2asdevaluedby a norSPI interface and the lowest sample rate.

Component Power Error Interface | Sample Rate Price Score
HMC6352 8 7 3 4 6 28
VECTORV2XE 8 8 9 10 5 40
PNIMICROMAG] 9 0.1 9 9 6 33.1
PNIMICROMAG{ 9 0.1 9 9 5 32.1
Average 8.50 3.80 7.50 8.00 5.50 33.30

Table2: Raw Scores for Considered Electric Compass Units

Since error is requirement and low power consumption is goal, both of these data points received a
heavy weight. Sample rate is also a minimum requirenaet therefore weighted heavily Interface
and price were both important but not necessary.

After scoring the eletric compass units we appligtie weights as shown ithe first row of Table3
based o the criteria shown inrable4 and came up with the weighted scores shownTizble3 and
Figure19. The results coclude that the PNI Vector V2XE, showrFigure20, was the best choice
despite having the highest price. This unitwas also the only compass to fully meet the minimum
requirementsfori KS aeaidsSyQa St SOGNARO O2YLI aaod
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Weight 0.7 1 0.6 0.8 0.5
Component Power Error Interface | Sample Rate Price Score
HMC6352 5.6 7 1.8 3.2 3 20.6
VECTORV2XE 5.6 8 54 8 2.5 29.5
PNIMICROMAGA 6.3 0.1 54 7.2 3 22
PNIMICROMAG{ 6.3 0.1 5.4 7.2 2.5 215
Average 5.95 3.80 4.50 6.40 2.75 23.40
Table3: Weighted Score for Considered Electric Compass Units
0-2 35 6-8 8-10
Power (mW) > 30 20-30 10-20 <10
Error (%) >15 1-15 0.5-1 0-0.5
Interface None 12C SPI
Sample Rate (Hz) <2 2-10 10-100 > 100
Price ($) > 100 75-100 50-75 <50

Table4: Scoring Chart for Electric Compass Units

Q = N W BB U O N 0 W

M HMC6352 M VECTORV2XE & PNIMICROMAG2 ®PNIMICROMAG3 M Average

Error

Interface

Sample Rate

Figurel8: Chart of Electric Compass Unit Scores
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HMC6352 VECTORV2XE PNIMICROMAG2 PNIMICROMAG3 Average

Figurel9: Chart of Weighted Scores of Electric Compass Units

Figure20: The V2Xe 2 Axis Digital Compab#://www.pnicorp.com )

4.3.2 Accelerometer

TheYAY A YdzY NBIldZANBYSyida F2NJ aeaidsSyqQa | OO0OSt SNRYSGSNI

TK S

+5 G range

+0.1 G error margin
Adequate sample rate
Low power consumption
Acceptable price

O2YLX SEAGE 2F (KS 02YLRY Sy ua faked idtdac®0atAtwg- NB I NF

axis accelameterwould require at leastwo unitsto be capable of making measurementsatifthree
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axes. Thisvould also involveprecise orthogonal mounting of the two units to ensure the accuracy of
the data. We compared three different accelerometers

e Analog [Bvices ADXL320
e Analog Devices ADIS16006
e VTI Technologies SCA3dDd4.

Thenumber of axesneasured factois reflected in theTable5 and showrnin terms of adjustegrice and
complexity. The accuracy in terms of Gs can be determined by multiplying the range of measurement
by the accuracy. This shows that the ADXL320 has a margin of error & th8JADIS16006 has a 0.25

G margin of error and the SCA306B04 has10.03 G margin of error.

Name Range| Accuracy| Base Pricd Complex | Adj. Price| Sample Ratg Current| VDC| Power
ADXL320 | +5G +0.26 $3.75 2 $7.50 2.5kHz 0.5mA | 3V | 1.5mW
ADIS16006| +5G +0.3% $17.75 2 $35.50 2.3kHz 1.2mA | 3.3V | 5mwW
SCA300804| +6G +0.3% $27.00 3 $27.00 100Hz 0.12mA | 2.5V | 0.3mW

Table5: Raw Data for Considered Accelerometers

Component | Range| Accuracy | Adj. Price| Sample Ratg Power (mW)| Complexity| Score
ADXL320 8 9 9 9 10 6 51
ADIS16006 8 8 3 9 10 6 44

SCA300®&04| 9 8 5 8 9 9 48
Average 8.33 8.33 5.67 8.67 9.67 7.00 47.67

Table6: Raw Score for Considered Accelerometer

Table6 andFigure21 show that highest unranked score belongs to the ADXL320 due to its high accuracy
and low power consumption. However both the ADXL320 and ADIS16006 asxismaccelerometers

and are penaliad for their increased complexity. The SCA3B0@ is the only three axis accelerometer
and has a slightly higher G range than required but is significantly more expensive than the other units.

Table7 shows that ange and accuracy are rated highly because they are both minimum requirements
for the unit. Complexity is also weighted heavily because of the costs in teraddibional workand

the area consumed by &wunit. Power is a goal and considered important. Sample rate is important but
all of the units met the minimum rate.
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Weight 1 0.9 0.5 0.6 0.6 1
Name Range| Accuracy | Adj. Price| Sample Ratgd Power | Complexity | Weighted Score
ADXL320 8 8.1 4.5 54 6 6 38
ADIS16006 8 7.2 15 54 6 6 34.1
SCA300@E04| 9 7.2 2.5 4.8 5.4 10 38.9
Average 8.33 7.50 2.83 5.20 5.80 7.33 37.00
Table7: Weighted Scores of Considered Accelerometers
12
10
8
6
4
2
0]
Range Non-Linearity Adj. Price Sample Rate Power (mW) Complexity
M ADXL320 M ADIS16006 W SCA3000-E04 M Average

Figure21: Chart ofConsidered Accelerometerdnit Scores
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ADXL320 ADIS16006 SCA3000-E04 Average

Figure22: Chart of Considered Accelerometers Total Scores

Figure22 clearly shows that théighest scoring accelerometeafter applying the weightdjelongs ©
+¢L ¢SOKy2ft B4 $héwn in Figureo2Bespite the price. This was extremely desirabl
because of its ability measure all three axesme unit and the lowest power consumption of the units
considered.

Figure23: SCA300{E04 3Axis Accelerometer
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4.3.3 LCD Module

The LCD module that we choose for this project WagstalFontCFAG128128ATiTZgraphicalliquid

crystal display This manufacturer was recommended to us by Professor Looft because of the success
his student have hadvith these displays in previous projects. When we began to determine the
requirements for this module we realized that most of these should be determined bgus®mer
Therefore, Professor Looft is primarily responsible for choosing this unit.

R

f =Crystalfoniz

L “w CFAG128128A Series

Built-in TE963 Controller
Built-in negative woltage
Built in 5x7 CGROM Font

Figure 24: CFAG128128ATiTZfrom CrystalFontz America Inc.

We compileda set of displays by this manufacturer that i@nd to beacceptable based on size,
resolution and powerconsumption. All of the displays had a similar hardwaine software interface.

We presented this set to Professor Looft and asked him to determine the display that he preferred out
of that set.

4.3.4 Microprocessor Unit

The Microprocessor Unthat we choose was the MSP430F1491 on SoftB&igtd1breakout boad.

We choose the MSP430 because of the design tools available to us already on campus such as the IAR
Embedded Workbench software development packageK S &8 aiSyYyQa YAONRO2y (NPT |
have atleast two SPI/UART porésd a substantial amourdf memory. The MSP430F1491 was the only

chip that satisfied these requirements with 60KB of flash memory and 2 SPI/UART ports.
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Figure25: B1491 Breakout Board for the MSP430F1491

After we decided what chip to purchase, we fauthe manufacturer SoftBaugh that made breakout

boards for the MSP430 chips and had a USB programmer available. IAR Embedded Workbench had
NEOSyidfe NBfSFaSR RNAGSNAR TF2NJ { 27T00 [Btia9iiach hadINE 3 NI Y
the external ositlator and JTAG connection already configured on the board itself.

4.3.5 Removable Media Storage Module

The Removable Media Storage Module that we choose was the SparkFun.com Breakout Board for the
DOSonCHIP FAT16/FAT32. We had decided that the stoestiemmustbe an SD Card so that it could

be easily usecby a PC and a PDA. Sparkfun.com offered three different types @a®&i breakout
boards. The DOSonCHIP offered the CB1710 chip which prode€ssitte command using a SPI
protocol and boasted low power consumption.

Figure26: Breakout Board for the DOSonCHIP FAT16/FAT32 Module
4.4 Summary

In this section we described each component required to fulfill the requirembstesd in SectiorB

Problem Statemer 9+ OK AYRAGARdzrE O2YLRySyiQa aeadasSy ia
system shown. This chapter also shows eawhponent that was purchased for the FAADR and why

that component was chosen.
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5 Results

5.1 Introduction

This section describes hardware and software implementation for each module warettombined to
create the data recorder. After presenting how the modules were implemerttesl results of the
individual components and the data recorder will be given.

5.2 Hardware Implementation

Designing a system that worked completely as intended ireguthat each component described in the
system design section must work exactly as intended and interface correctly with the system as a whole.
The componentsequiredto create theFAADRheededto be implemented and tested individualty

ensure that hey functioned as standalone unitstach component then needs to be integrated to
ensure that can cooperate with the rest of the systeffihe components that were implemented and
testedfollow:

e MSP430E491Microcontroller

e Crystalfontz Graphic LCD

e DOSonCISD Module

¢ Angular Rate SensdviLX90609

e SCA3004E04 3AXIS ACCELEROMETER

5.2.1 MSP430F1491 Microcontroller

We first needed to have a functioning microcontroller so that we could successfully interface with the
other components. Testing of the microcoalier required that we ensure operation of the following
items:

e SofthaughUSBP Programmer/Debugger
e Software Implementation

e Logical Output

e Logical Input

While the testing of these items seemed at first to be a large task, it was simplified by the faal thfat

these tests could be performed with a small program uploaded to the MSP430. We had chosen to write
our first program for the module using IAR Embedded Workbench since it could interface directly with
the processor via th&oftbaughUSBP ProgrammetJsing IAR, we wrote a program in C++ which would
enable a pin which was connected to an LED (internally on the module) and disable the pin via an infinite
loop. The C++ code for this test algorithm can be foundppendk A.Since the pin was enablecha@
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disabled repeatedly, we would be able to see the LED flashing which would validate that our processor
board could be programmed and output data.

Validating that the MSP430 could accept inputs was equally as simple. To ensure that inputs functioned
adequately we wrote a small program which utilized the same LED pin described previously. The code
would simply enable the LED whiagichigh was generated on the pin and disable the LED when a logic
low was applied to the pin. The C++ code for thi s#gorithm can be founth Appendix A Once the

code was uploaded to the MSP430 we could test the input functionality of the board simpighkby
applying a logic high (3\olts) or a logic low (0 Volts) and ensuring that the LED responded accprdingl

Since both the input and output algorithms generated the correct LED outputs we could be sure that the
MSP430 could:

e Successfully be programmed via the Softbaugh programmer
e The software would behave as would be expected

e The processor correctly handl@gputs to its pins

e The processor correctly handled output to its pins

Knowing that our MSP430 board could adequately perform these functions we could move on to testing
our other modules with this boardSince the MSP430 has been validated could bereasonable sure
other modules are the source of any errors encountered during testing

5.2.2 Crystalfontz Graphic LCD

Testing the graphic LCD from a strictly hardware standpoint would redureability to power the

device to an ON state and theatisplayan intended character othe screen. Powering the device to a

state where we could be sure the screen was ON required that we connect pins VDD and LED+ to a 5
Volt supply while grounding the required pin©nce these pins were connecttdfte LCD backlightas
illuminated and the screen output could be read

Displaying a character on the screen of the LCD would be much more challenging since we needed to
interface our MSP430 controller to the T6963C controller that resided on the LCD bdadnterface

we needed to useniorder to communicate with the displawas parallel which meant that we needed

to put a character on the bus, enable the display and then signal the read pin to read our clsirdoter
memory. The schematic for this interface betwaba MSP430 and the T6963C can be viewdednre

27.
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Figure27: Schematic Diagram of MSP430 to LCD Display Interface

Figure27 showsthe data buswhich hold the character for the LCD displaymprises pins 11 through

18, whereas the control logic for loading the character into the LCD b&@ndemorycomprises pins 5
through 10. The control logic for the LCD module will be discussed in greater detail in the software
implementation section.

Using the connections shown kigure27, we wrote co@ that can be found in Appendixthat simply
writes a character to the screen of the display. At this point, the team reached the first problem with
testing of a component since the character was not being displayed orsditeen. Analyzing the
command and dataignals that wez being sent to the LCD revealed that the correct data was being
sent to the T6963

At this point we logged onto the Crystalfontz forums to see if any other users of this particular display
were having similar problems. Luckily, we found a solution to the problem quickly since many other
people seemed to be having similar problems. The problem was found in the contrast of the screen. In
order to control the contrast of the screea 10K Ohm potdiometer needed to be placed between

pins 4 and 20 (LCD power supply driver ahf Volt output) of the LCD display. By tuning the
potentiometer so that the contrast was at a viewable lewed, could now view the character which was
written by the previos command.
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This test confirmed thiathe LCD display was working atfét we could successfully send signals to the
display driver without having to worry that the display was functioning incorrectly. Since we could write
to the screen, this would give asperfect tool in order tdest and debug other components

5.2.3 DOSonCHIRSD Module

The DOSonCHIP module was rather simple to test since all commands that could be sent to the chip
mirror DOS commands for opening, closing and writing to files. To eriatethis module was
functioning correctlywe needed to be able to accomplish the following:

e \Write code to initialize the SPI interface of the MSP430

¢ Validate signals sent from the MSP430

e Connect the SPI bus of the MSP430 correctly to the SD module
e Senda command to the SD module

¢ Verify that the command was received by the module

¢2 OFNNE 2dzi GKA& (GSaidx 6S TFTANRG YSSRSR G2 AyAdl
consuming task since there were many different registers that needed toobéiguredin order to
ensure correct operationThe initialization of the SPI interfatedescribed in&ttion 5.3.

Once properly initializing the SPI pore couldconnectthe SD caragnoduleto the MSP430.Figure28
showshow the MSP430 is connected to the SD caatiule

42



6.7

Mo Mo

SoftBaugh B162
WH DO NED WA ID—~ O —TWwh UG

prrprpruOOOOUDOXXORROOOD

c
B

yRPrroppwLLLbbbLBLLD -~
TR, NANA LN~ B NN IL ~BNGTRWLL ~®
[TTTTTTTTITTTITTTITTTITTITTITTITTTT

=

ola
ol11
o014
09
o8
o?
06
T—o5S
T—o04

—+—o3
~+—o2
T—ol

Figure28: Schematic diagramf DOSnChipand MSP430 Microcontrollemterconnection

Once the SPI bus wasitialized we needed to send a series @@l characters which would be the
intalO2YYlyR aSyd G2 GKS {5 Y2RdzZ So ¢tKS O02YYl YR
send the characters to the modyleve needed to simply put the command into the&nsfer buffer of
GKS a{tnon 2yS o6&8dG4S Ftd F+ GAYSO® P FGSNI GKS aGa20¢
put a final carriage return character into the transfer buffer to signal the module that the command was
complete.

If the module receied the command and could successfully open the file to wiifite module would
send back a file handléypically 1 if no other files are open) which would allow us to verify that the
module was functioning. At first we did not receive any signals Ifiamk the module. Since
documentation for this particular module wagoefully inadequate we needed to email support with
our configuration and problem.

After a series of emails clarifying the situatiove were informed that we needed to check tHgusyQ
and theW5 pimgIdf the module so that we knew when to check for input and when to send output,
respectively. Although thignformation was no doubt helpful for both speed and stabiliby the
software, it did not solve the problem of the SD moduletsending back a file handle.
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After another series of emails to supppnte were asked in what mode the module was set. We did not

set a mode for the module because there were no indications that this needed to be done in the
documentation. We were infoned that there was a mode contact on the top of the board which could

be grounded or pulled high to specify if we were going to use the SPI or UART mode of the device. After
setting the mode of the device to SPI we successfully retrieved a file haodigtie SD module.

This test showed that we had verified a large portion of the functionality of the SD module and ensured
that the module was in working condition. We had successfully demonstrated that we could initialize an
SPI port correctly, send ctaters, and receive input via the SPI receive bufféfe hadnow verified

that all outputs from our system (LCD and SD) were functioning. Now we needed to verify that the
inputsto our systemcompass and accelerometer) waakso functioning.

5.2.4 SCA3000-E04 3-Axis Accelerometer

The accelerometershown inFigure23, which would read the forces which were acting on the glider
needed to be tested to make sutbat it was successfully operating. This module also used an SPI
interface so it would be rather simple t®use theSPI code from the SD Card for the accelerometer.
One difference between the SPI initialization between the accelerometer and the SDemisdtlock
polarity that needed to be usefibr the accelerometer was the inverse of the SD Card polarity. Changing
of the clock polarity will be discussed $action 5.3 Software Implementatian The connection of our
MSP430 to our accelerometer via an Etherpett is shown irFigure29 and Figure30.
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Figure29: MSP430 connections to Ethernet port which correspond to accelerometer connections
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Figure30: Accelerometerconnections to Biernet port which correspond taMSP43Qonnections

The steps that needed to be taken to verify the accelerometer functionality included

e Successfully send SPI message to the accelerometer requesting thatatis acceleration be
sent back

e Retrieve theX-axis acceleration frame from the accelerometer

e Parse the frame so that the axis data can be retrieved

e Convert the data into a valid integer to check the result

Sending an SPI message to the accelerometer was rather simple since we already had pratitige se
SPI messages to the SD module. In order to request information from the accelerometer, we needed to
send the address of the information which we wanted to have sent back. Sinceatkie xalue was
stored at location 05h, we sent 05h to the acceleeter and retrieved back the value of theaxis

acceleration.

After checking the receive buffer for the acceleration value, we needed to convert the number from the

form it was given in, torainteger value. Since the value form waglearand not wel documented we
Sy3alr3aISR GKS O2YLIlyeQa 6+¢L0O adzZlR2 NI |yR NBOSAOSR
the number. This equation was implemented ode as can be seen Bppendix ASource Codand

allowed us to view seemingly correct acceleration values being sent back from the accelerometer.

Being able to request, retrieve and convert acceleratoata from the module provedhat the
accelerometer was furtioning correctly and could provide us with the data that we would need to

display for the end user.
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5.2.4 Angular Rate Sensor MLX90609

The component that would sample the angle of the unit allowing it to create an artificial horizon went
through the most change in this projectWe attempted to implementthree separate components
throughout the course of the project which include

o V2Xe 2Axis Digital Compass
e EZCompass3
e Angular Rate SensMLX90609

Shown below irFigure31, thefirst component that was implemented in an attempt to sample pitch and

roll vectors was the V2Xe 2 axis digital compass. Testing this compass was quite similar to the testing
that the accelerometer unit went through. As with the accelerometer, we had already setup the SPI
port on our microcontroller so we could easily beginc@ammunicate with the compass and read in
heading After several readings of the 2 axis compass, we were confident that we could retrieve
accurate pitch and roll from this unit.

Figure31: The V2Xe 2 Axis Digital Comp#lstp:/ /www.pnicorp.com)

The compass however was not tilt compensated, which means that when the compass is tilted, both the
pitch and the roll values become in correct. The lack of tilt compensation was apparent when the
compass was tilted to its sideWhen onits side, the unit would return widely varying values for pitch

and roll, so the team abandoned the idea of using this compass and asked Professor Looft if he could
suggest any alternatives.
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Figure32: AOS EXompass 3v(ww.aositilt.com)

Professor Looft happened to have anG&ampass3 (shown inFigure32) which we could use to gather

pitch and roll data since it was a 2 axis tiltqmensated compass. This was a large improvement over
the V2Xe compass since it would not skew values when it was tilted on the third axis. This compass
would need to be tested to make sure that we could properly interface with the unit.

From readingil KNR dzZAK GKS LINRPRdzOGQa RIFGFaKSSGz Al o1 a
communicate with our MSP430 via a UART port. The MSP430 still had one open UART port that could
be used for the compass. Tiegj the compass with the UART rpavas rather simplesince the
initialization was quite similar to SPI initialization. The code for this initialization can be found in
AppendixA. The major differences between using UART and SPI for communication were that we could
simply transmit and receive to the comgmwithout having to enable a chip select on the compass. The
UART communication proved that the compass would be able to return the correct values for pitch and
roll which the project required. However, in the latter portion of the project schedule,ctitapass

began sending no data when it was queried.

The compass was tested extensively after it began returning no data by both communicating with our
MSP430 and via a HyperTerminal connection with a PC. According to the support foictirafgass3

the HyperTerminal connection to the compass should immediately show if the compass is working
because every time that the compass is powered on it will send a header at 19200 baud. We found that
the header was no longer being sent from the compass which lédet@onclusion that somehow the
compass was damaged over the course of its testing and we would need to seek an alternative
component. We could not simply buy another compass because 2 axis tilt compensated compasses are
too expensive to fit the budgetigen to this project.

The final component that was tested for use with our project wasNieexisMLX90609Angular Rate
SensorMLX90609which is shown irFigure33. This module was far different from the modules we
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were previously using since it wagither a compass andor strictly a serialdevice. The rate sensor
simply detected the rate of angular change that it experienced along one axis and reported thag¢ chang
via a voltage on one of it pins. This would be simple to interface with and test since our MSP430 had
several analog to digital converters (ADC). To test this new component, we needed to connect the rate
sensor to an M converterand then sample theata received.

»
-
-~

Y rrrr R\

OMLX90609 (@

Figure33: The angular rate sensdviLX90609http://robosavvy.com)

In order toaccurately retrieve th@rientation of the aircraft the rate of changelata transmitted by the
sensor needs to be manipulatedlo do this we needed to offset the value that was being returned by
the unit, divide the value by a constant to ensure degrees per second and then integrate the value over
time to obtain change in angle which are all described in det&kirtions.3 Software Implementatian

After putting a large amount of effort into testing and verifying the units which could have been
acceptable for our project, we found thatetrate sensor was the only viable component that could be
used to gather accurate data for both pitch and roll since it was not affected by tilting on the third axis.
Atfter finding that the rate sensor would be used for the task we needed to write thevad which

would allow the MSP430 to interrupt and sample the sensor enough so that large changes in angle
would not be missed. The description of the software implementation can be foulgkdtion5.3
Software Implementation

5.3 Software Implementation

This section describes the implementation and detailed design of the source code of the microcontroller
and analysis software.The following sections describe éaof the components, the source code
associated with thatomponent and the program flow of that source code.

5.3.1 Accelerometer

The accelerometer constructor performs the initialization of the SPI port that communicates with the
acceleometer. This cde, which is shown iRigure34, is extremely important for the interface between
the microcontrollerand the accelerometeto work properly.
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Accelerocmeter: tAccelerometer () {

B35EL |= BITO + BIT1 + BITZ2 + BIT3: // Setup P3 for 5PI mode
UOCTL = CHAR + SYNWNC + MM + SWRST: // &-bkit, 5PI, HMaster
UOTCTL = CEPH + 55ELO + 5TC: // Polarity, SMCLE, 3-wire
UOBRO = 0x03; // SPICLE = ACLE/3Z = Z2E/9600 = 3

TOBR1 = 0x00;
TUOMCTL = 0x00;

ME1 = USPIEQ; // Module enable
Uo0CTL &= ~5WRST: // 5FI enable
IE1l |= URXIEQ + UTXIEQ; // EX and TX interrupt enable

Figure34: Accelerometer Initialization Code

The first line involves activating the three pins that correspond to the necessary SPI signals needed for
communication. The following line sets up the SPI controller to operate wiiih ¢haracters, as the

master device and to use the software reset. The UOTCTL register is setup so the output signal will rest
at a high logic level, use the external oscillator as the source for its clock divider, and operate in three
wire mode. UOBRO sets theock divider to divide its source signal by 3, which gives the SPI port a baud
rate of about 9600ME1 enables the entire SPI module and by clearing the software reset bit in the
UOCTL register, the SPI port is effectively powered on. The final linesimitidlization enables an
interrupt to occur when the transmit buffer is cleared and the receive buffer is full.

The accelerometer primary function is the read function. The read function takes in the data structure
daccelerometerDaté& as describd in the Accelerometer Headefile and fills in the X, Y, and Z
acceleration data fields by calling the read register function. The function then callaritbatoa to
translate the number that was received from acceleronméi#o a character array thatan be displayed

on the LCD and written to the SD card. This flow is alinwigure35.
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Figure35: Accelerometer Software Diagram

The read register sends a command to read a register on the accelerometer that is specific to the
desired axis. The accelerometer contains several registerctimdin data and status information and

each register is assigned a byte address that is documented in the datasheet. This read register function
is taken directly from the VTI Technologies support websample code This codes used to
translate tre 16-bit data packetwhose structureis shown inFigure 36 that is stored in two &it

registasasthe most significant and least significant byte of the data.

Byte MSB byte LSB byte

Bit number BY | B6 | B5 | B4 B3 B2 |B1|B0O|BY | B6 | B5 B4 | B3 BZ2BO
Acceleration [mg] | Sign 4096|2048 1024 | 512 | 256 126 | 64 | 32 | 16 | & 4 2 | xoxx
&Eig%m;_ﬂﬁsﬂ] s d11 d10 d9 d8 d7 d6 df d4 d3 d2 d1 dD  xxx
SCA3000-E04

Ring bufferin 11-bit s d9 d8 d7 dB6 db dd4 d3 d2 d1 dO0 «x X HHX
mode [BUF_DATA]

SCA3000-E04

Ring buffer in 8-bit s d6 db d4 d3 d2 d1 do x X X X X WHX
mode [BUF_DATA]

5 = sign hit
¥ = not used bit

Figure36: Bit Structure of the SCA30€B04 16bit Registers

Figure37 shows the signal generated on the SPI by this functiésmyou the MSBegister contents are
requested first and then contents of the LSB. In order to @a&l byteof data,two writes occur. The
register code is written by the master and then a dummy write of a logic low. This allows the clock to be
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generated so that they 4 G SNJ Ol y NB OS A grie SCK360B0# frelgished Codles aArelz(l LIdz( ®
organized so that the value of the code for the LSB is exactly one less than the value for the code for the

MSB which makes readirgpth very simple For more information on SPI conunication, refer to

Section2.7 Serial Communication
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Figure37: 16-bit Register Read from the SCA30804

The one very important modification we performéalthe original read register function is the wait that
occurs between reading the MSB and LSB register. We found thBfRK&FGDBit on the MSP430F1491
which is supposed to be an interrupt generated wteam entire character is received on the SPI bus
activated before the character was fully received which caused us to receive incorrect data. Despite a
long dialogue that we generated with VTI support to correct this problem it turned out to be an issue for
the microcontroller that was unofficially fairly well known but officially very poorly documented. The
solution that we used is very simple volatile variaiddzator that causes the microcontrolldo wait a

small period of time before accessing the &Reive buffer. While we consider this to be a very
inelegant way of bypassing this issue, it does work and we could not find a better way to do it.

5.3.2 Rate Sensor

The rate sensor source code deals with the two anahlig sensors that are located ahe sensor

02 NR® ¢tKSasS (62 &aSyaz2NhE | NBo-dyitaii(Aoyiconieger. (TKeS a { t n
digital readings are then manipulated and integrated in order to transform rate into position. For
accuracy, an interrupt is used that is genefdte 6 8 G KS a{tnmnonCwmndmQahe Ay i SNy
frequency at which the timer interrupts is the sampling frequency of the rate sensor analog signal. The
initialization code fothe A/D converter and the interrugs located irRate Sensor Souread shown in

Figure38.
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rateSensor: i rateSen=sor() {

P&5EL = 0x0F; // Enable A/D channel input

ADCI1Z2CTLO = ADCI1ZON+MSC+5HTO 2; /) Turn on ADC1Z, set sampling time
ADCI12CTL1 = SHP+CONSEQ 1; /) Use sampling timer, =ingle seguence
ADCIZMCTLO = INCH 0: // ref+=AVcc, channel = A0

ADC12MCTL1 = INCH 1; // ref+=AVcc, channel = Al

ADCI12CTLO |= EHC; // Enable conversions

ratePitch = 0;
rickRoll = 0;
rateQffzet = 0;

rateCounter = 250;

rateTotal=0;

ADCI12CTLO |= ADCLZ253C;

PI1DIE |= 0x01; // Fl.0 output

CCTLO = CCIE; // CCRO interrupt enabled

CCRO = 2000;

TACTL. = TASSEL 2 + MC 2; // SMCLE, contmode
ratelfffset = checkPitch():

_BI5 SR(LPFMO bits + GIE): // Enter LPMO w/ interrupt

Figure38: Rate Sensolnitialization Code

The first six lines of thisode are taken directly from sample code provided by Texas Instruments for the
MSP430 microcontroller family. They effectively enable the pins, power on the A/D converter, set an
internal sampling time, enable two analog channels and enable the entireulmodThe variables
rickRol] ratePitch rateCount,and rateOffsetare global variableghat interrupt uses to integrate the
signals

Setting the CCIE bit of CCTLO enabletwer A andCCRO is the number of clock ticks till the interrupt is
generated. Thenternal clock frequency of our MSP430F1491 is 1 MHz which means that an interrupt
will be generated at a ratékHz. We tried several different rates and found that SkHz produces a low
amount of error but significantly lowers the performance of the micnatrollers other functions.

¢CKS NBYFAYAYy3 tAySa AYyAGAFIEATS GKS AyGSNNUzLIia g2
signal. The last line of this code tells the MSP430 to effectively shut off the CPU when the timer
interrupt is generated Users of the A/D converters on MSP430 have found that by shutting the CPU

down before sampling the analog signal it reduces the noise and results in a more accurate digital value.
LPMO is a particular sleep mode available on the MSP430 that stilsahtsvrupts to be generated and

processed. The last operation performed by the interrupt is to reactivate the CPU by clearing the LPMO

bit.

The software diagram iRigure39 showshow the Rate Sensor Souraperates. After the constructor
initializes the A/D converter and timer, the rate sensor object that is created operatés own. The

get functions are used by the main class to acquire the current pitch and roll data. All of the processing
in this class is done inside the interrupt.
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Rate Sensor

Calculate Pitch/Roll

Figure39: Rate Sensor Software Diagram

The interrupt reads theegisters of the A/D converter that are associated with the pitch and roll signals.
These signals are then converted to degrees through a formula provided by the MLX90609 data sheet
shownin Equationd. The bias is the DC offset of the analog signal and the gain is specific to the type of
MLX9060%urchased.The determined angular rate is then added to 250 sample inghaverage which

can be accessed through the geéthods.

V,ur = Bias + Gain * AngularRat e

Equation4: Formula for Relating Angular Rate to Measured Voltage

5.3.3 LCD Display

The LCD display source code is the most complex in this project because it requires the usage of a many
data and control signals as well as poorly documented initialization procedure. We very briefly
attempted to write the base procedures for this componeourselves before realizing the level of
complexity. We turned to online groups and forums to searchCetlibrariesor source codehat

provided the command interface with the Toshiba T6963C microcontroller featured on the Crystalfontz
CFAG1281288T-TZLCD display. After several days of searching we found a very well written source
file that illustrated the command structure and attempted to describe the initialization procedure.
These files are th&6963 (LCD Processor) headad T6963 (LCD Processor) Souiaend in Appendix

A: Source Code
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Draw Pitch And
Roll

Write
Command

Figure40: LCD Display Software Diagram

Figure40 shows the software diagram for the LCD Display. Wi data word andwrite command
functions are both functions that are provided in tlherrowed source code which use in the more
abstract functions. Set pixel is a function that was also borrowed hstmodified so that a pixel as is
drawn with exclusiver logic. This means that if a drawing a blank pixel over a pixel that is already
blank will fill the pixel, and drawing a filled pixel over a filled pixel will result in a blank pixel. Any other
sanario will result in a filled pixel. This was modified to prevent the draw pitch and roll function from
having the redraw any lost pixels when clearing the previous line and results in less complicated drawing
routine. The display contains 6 fieldX, Y, and Z correspond to the acceleration force feltheir
respective directionse is the total amount of force beinggerienced by the accelerometePand R

are pitch and roll respectivelyThe layout of the field can be shownhkigure41.

The set functions update these values by calling the write field function that displays the values in
defined locations with defined length$he easy method of writing a field to clear the previous value

and then write the new one. We implemented this method in our initial program and found that it
made the updating of the fields look choppy and transparent when the update frequency was high. By
writing the new value dirdty over the old value and filling the remaining field with blank characters the
algorithm was quicker and became much more readable.
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t100 R: 297

Figure41l: FAADR Active LCD Display

The two orthogonal axes in the middle of the disptapresentthe iron sights ofan attitude indicator

and the line drawn over thaxesrepresents thehorizon Thedrawn horizon is sprite or a prendered
two-dimensional figure thatve computed externally using the programAppendixD ¢ Horizon Sprite

and Logic Generator Source Codehe program writes the C++ code that we use inlti® Sourctor

the sprites, which are stored as two ocdéanensional integer arrays of a fixed length, and the logic for
determining which line to draw based on the roll angle which is the write horizon function. The write
horizon function also storethe necessary variables for determining which ling@rsviously drawn in
order for that line to be cleared on the next update. This gives the appearance of a rotating line when
the roll sensor is manipulated.

We only generate sprites for one quadranttbé coordinate system. The draw pitch and roll function is
responsible for translating the sprites over the x and/or y aid mirroring them in the opposite
quadrant in order to draw afull horizon that canrepresent 360 degrees. The x and y axis are
represented by the CENTER_X and CENTER_Y variables défGRdbource

5.3.4 SD Card

There are two additional pins that need to be accounted for when communicatitigthe SD Card.

The Busy and Dir pin dictate what state the SD Cardaisdmeed to be checked before performing any
transfer of information through SPI bus. While this component is advertised as communicating using
SPI, it is not a true SPI devibecause of the addition of two status pins that bring the total
communication pins to 6. These two status pins are checked using the Read Dir and Read Busy
functions. The Ready Dir and Ready Busy functions, as shdviguime42, use the read functions to
determine that status of the SD Card modulehe enable and disable functions are used to toggle to CS

bit for this module.
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The first operation that is required t6 NA 4GS G2 | FAf{S 2y GKS {5 /I NR
FTFAESYlIYSHeE 6KSYy FAESYyFYS Aa GKS yIFYS 2F (GKS TAft.
Open function sends this character string via the SPI bus to the module after checking the status p

The busy and dir pins must be checked before every single character write to ensure that the module is

ready to receive additional character$Vhen the entire character string is writterhe carriage return

OK I NIWWOA SN& Wi KSy & &nows thie 2omindadis coppietizt Ater sending the carriage

return, the CS bit must also be togglsal the module knows again that the command is complete.

Once this dance is completed, a series of dummy writes are made to clock in input from the module.
The module input is either a file handle that is required to perform a write to file or one of many error
codes. These error codes are in the Handle SD Errors function.

SD Card

Disable

SendOpen Send Write Command} { send String To Write Handle SD Errors ) { Recieve

Ready Send Ready Receive

Figure42: SD Card Software Diagram

The Send Write Comand functiondi  { S& Ay | FAES gNAGS O2YYFyR GKI G
<number of bytes to be written>. In writes this command to the SPI bus and if the command accepted
4dz00SaaFfdzZ te AG NBlUdNya sAGK GKS W a W OKIF NI OGSNW

After the Send Write @nmand is successfully sent, the character string to be written is sent. Again,
before every single character write the status signals have to be chedkegte is no close function or
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handling é multiple file handles because the FAADR will not reqtliesneed to release file handles or
write to more than one file at a timeHowever, all file handles are closed when the FAADR initializes as
a precausion.

We found the support from other users through forums was far more informational then the support we
received from SparkFun.com or DOSonCHIP. One person had struggled with this module for so long that
he had in effect rewritten the CD17B10 user guide to incorporate the poorly documented bugs and
features. We found this particular post to be extremebigdiul because it included a step by step
procedure on how to successfully communicate with this device. Also included in the post was a long
serious of sample code functions. These functions were very hard to follow and we found them to
unusable but thg did outline the procedure that we followed in our functions.

5.3.5 Main

The main function is the program that is directly run by the MSP48®asically just initializes each
component by constructing the object or the calling the initialize functibrthen gathers data from the
accelerometerand rate sensors, sends that data to LCD and thetesvthe data to the SD Card as
shown inFigure43. The SD Card writenly occurs twice a second so the LCD is always updateithe
write to the SD Card may be skipped if it is not necessary.

Acquire Accelerometer Acquire Rate

Intialize System [—» Data Sensor Data

Record Data
to Storage Medium «— Update LCD

Figure43: Internal Software System Block Diagram

5.3.6 Analysis Software

The analysis software writtefor the FAADR output files (source code can be found in Appendix F) is a
combination of open source tools utilized to create a GUI which will retrieve a FAADR file and display
graphs of the data including:

e X axis acceleration over time
e Y axis acceleratioover time

e Z axis acceleration over time
e Total acceleration over time
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e Total times acceleration exceeded 6 Gs

The GUI for the software utilized an open source tool known as Thinlet (ww.thinlet.com) which uses an

XML file to generate an appropriate GUI basedhe parameters that are given in the document. Using

the Thinlet Java API the software creates an initial screen which asks the user to input a directory in

which to search for relevant text files (shownFigure44).

M FAADR Analysis Start Page

EBX]

Enter A Directory To View Flight Data FileMames

|Enter Directory Here §| Go |
Enter Ahsolute Path Of File To Yiew
Enter Path Here || Go |

Figure44: The initial screen of the analysis software

When the user enters a directory into the text box and clicks go the software calls on the Java Standard
Library to §  NOK GKS 3IAGSYy RANBOUG2Z2NE
match the criteria are then displayed in the second text box so that the user can view the files he can

choose from.

Once a file is chosen, the user then entrs absolute path of the file in the final text box and clicks the
second go button. The information a user must enter before clicing the final go button is shown in
Figure45. At this point the bulk of the code for this software package is required to run. When the go

T2 NJ

Ftf

FTAESa

GAGF

button is clicked the program immediately begins parsing the comma delimited file and creating large

arrays of the values for the x, y and z axitesk values are then used to create datasets for another

Java based API from JfreeChart. The software creates a dataset for each of the graph types listed above
and then instructs the JfreeChart to create five bitmap images for each chart.
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[™H FAADR Analysis Start Page ._ E|[X|
Enter A Directory To VMiew Flight Data FileMames

i | Go|

ExampleData.bd

Enter Absolute Path Of File To Yiew
C:\ExampleData.tx‘ ;| Go |

Figure45: Software Analysis initial screen with populated values

Once the bitmap images are saved, the program passes a new xml file to Thinlet which allows the GUI to
change from the initial screen, to the final results screen shoviignre46.

FAADR Chart Analysis =13
| Total: Line Chart || Total: Bar Chart |
| Pitch: Line Chart || Roll: Line Chart |

| Yaw: Line Chart |

Total Acceleration

B3 W = h @™ =~ @

Total Acceleration

Figure46: The final screen displayed by the analysis software which allows the user to view 5 different graphs generated
from the gven data
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At this point the user can view all of the results of the analysis software by clicking through the different
types of graphs that were created for easy and intuitive viewing. The final graphs for the
ExampleData.txt are shown kigure46, Figure47, Figure48, Figure49 and Figure50.

[ FAADR Chart Analysis 9(=1E3
| Total: Line Chart || Total: Bar Chart |
Pitch: Line Chart || Roll: Line Chart |

Yaw: Line Chart

Pitch Acceleration

Pitch Acceleration
0O = KN Wk O @~ 0 o

[ FAADR Chart fnalysis
| Total; Line Chart| | Total; Bar Chart |
| Pitch: Line Chart || Roll: Line Chart |

‘Yaw: Line Chart

Total Acceleration

200
175 N4

15.0
1261
100 |
75

Total Acceleration

5.0

25

0.0
o

5 10 15 20 25 30
Time

Figure48: Graph from analysis software showing total acceleration over time
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[ FAADR Ghart &nalysis

|
| Total: Line Chart | | Total: Bar Chart |
| Pitch: Line Chart || Roll: Line Chart |

g
7
=
=]
=
54
S al,f
<
=3
(1
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[ FAADR Chart Analysis
| Total: Line Chart || Total: Bar Chart ]
| Piteh: Line Chart || Roll: Line Chart |

Acceleration Over Rating

A

Times Over Rating
@ 8

o

(=T}

Total Pitch Raoll “aw

Time

Figure50: Graph showing the total times over 6Gs for total, pitch, roll and yaw acceleration
5.4 Analysis

The following list reiterates the requirements in Sect®Problem Statementnd statesthe extent
which the FAADR méhose requirements. Section 5.4.2 Issues, will list the issithsthe final version
of the FAADR

5.4.1 Requirements

Require less than 2 WThe FAADR requires only 240mA/h during normal operation. The largest
consumer of power is the LCD display which uses 150m#tis allows the FAADR to be run not only
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voltage is greater than 5 Volts.

Record triaxial gforce measurements The FAADR can make measurements of +6G with a 0.05G
margin of error. This range exceeds the maximum loading limit for utiissajyliders which makes this
instrument very robusand more accurat¢han required

Record heading While we did attempt to use an electric compassretrieve headingduring this
project we failed to succedly implement one for the final product. Fanore information on this
particularfailure, see Sectiob.2.4Angular Rate SensLX90609

Record up to 12 hours of dataThe result of this requirement dependstirely on the size of the SD
Card provided.The FAADR records acceleration datdtde. Each individual data recordingatsmost
20characters which is 20 bytes, so accordingtmation5 the FAADR writes 40 bytes per second.

L 20 bytes = 20>
5 }rtES— 5

Equation5: Number of bytes per second written to SD Card

Zﬂbxﬁﬂsxﬁﬂmx 1 kb—?ikb
5 m R 10245 T h

Equation6: Number of kilobytes per hour written to SD Card

1{]24E #1024 mb
m

b
kb
?1F

= 14872 h

Equation7: Hours of data recorded on 1 GED Card

Equation 6 and Equation 7 expand the units of time and memory and show that the number of hours we

can recod on a 1 GB SD Card is almost @§,0ours. This far surpasses our requiremerithe

stipulation is that we do not suppoN dzf G ALX S FAf Sao ¢tKS C!!5w 2yfeg ¢!
SD Card must be formatted to permanently delete that data in the file or the FAADR will append the
LOG.TXT file the next time the recording begiRor information about the SD Card, s8ecion 5.3.4

SD Card

20 bytes is the longest string that we would ever write which would mean that every acceleration
vedi 2 NRA YI3IyAddzRS gFa ANBFAIGSNI GKFyYy 2N Sljdz- £ G2 wmn
characters a piece which brings to total to 15 characters. With the additieapafration charactershe

total characters to be written to the SD Card atz2kteabout 20 characters.

Display data on graphical LCOD’he FAADR does not display maximum G experienced during flight, but it
does display all the vectors from the accelerometer, the current G force, pitch and roll. The artificial
horizon is also dispyed on the screen.
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Display current heading Heading is not displayed on the FAADR because afehes of debacles we
experienced with electric compasses. For information see SegtibdaAngular Rate SensttLX90609

Reset display valuesWe have implemented two push button switches to control the user interface.
During operation, by activating one of the push buttons the angular rate sensor integratioreidoes

pitch and roll. This is useful because if the rate sensors drift at all during flight, the pilot can reset the
values we he experiences straight and level flight. This will effectively zero the rate sensors and allow
them to resume normal operatin

Include analysis software that runs a PDA and. PThe analysis software is a Windows executable
written in Java, so any PDA with a Windows operating system and Java installed should be able to run it.
The Ul for the software is designed to run on fBA but we never tested this. It does work on a PC
with a Windows operating systenkor more information, see Secti®3.6 AnalysiSoftware

5.4.2 Issues

When tying allof the components together in software, we found thiéte FAADR was operating a
noticeably slow rate. The SD Card was being writteat the correct frequency but the LCD display
drawing routine was experiencing noticeable lalye attempted many software tweaks including using
the auto writeup function offered by the T6963C, increasing the baud rate for the SD Card and the
accelerometer, and decreasing the sampling frequency of the rate sensors.

The auto writeup function canot be used for norsequential memoryaddresseswhich makesit
useless fol.CD drawing routineThe baud rate for the SD Card could not be increased because of the
mandatory wait times needed in order for the unit to work. Since the accelerometer ang8bh€ard

are on the same SPI port, we could not increase the speed of transfer from the accelerometer.
However, the communication with the accelerometer was not a huge contributor to the
microprocessors load.

In order to obtain a decent rate sensor reagj we required a high sampling frequency. In order to
make a correct interpretation of the signal we required some sort of average. We used a block average
and found that this made the signal more accurate but still very prone to eNde. averaged alhe

signals that we received in a second and added them to a running total. This increased the accuracy but
we still experienced some error. We then used double values instead of imlefig¥swhich again
increased the accuraciut we stll experience noticeable error. ®en the available processing power

we assumed that this was the best we could do in terms of precision.

Using the enclosure as a make shift compass we preceded to modify the measurement weights to adjust
the signal to be about 90,80, 270 or 0 degrees by rotating the box accordingly. We adjusted for pitch
only and found then when we added roll it no longer was correct. Then we adjusted one axis at a time
but left both in to be calculated. While pitch seemed to be within 3 degEdts expected value, roll

was not. These weighted constants are dependent on temperature which makes assigning static
constants relatively pointless.
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In truth, the attitude indicator does not work well. We have adjusted it to perform as well asilpes

but there are many sources of error that we cannot control such as the analog/digital conversion,
perfect orthogonalmounting, andmathematical precision during calculation. The other truth is that if
the EZCompass 3 had not malfunctioned then weuld not have had this issue. However, if we had
included the EXompass 3 as part of the final product then the cost of the FAADR would have more
than doubled. In this case, we have traded precision and accuracy for cost.

To make the attitude indicatamore usable, the SD Card write frequency needed to be adjusteddrom
more optimum frequency 02Hz to 1Hz The change was necessary to preserve the accuracy and speed
of the attitude indicator display When attempting to write at 2Hz the interrupts begahrashing and

the system entered a state from which it could not recover.

5.5 Summary

This section showed how we implemented each component of the FAADR physically and how we used
software to get all the components working according to the requiremeirsthe Results section we
showed how well the final product met the requirements set at the beginning of the project.
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6 Conclusion

6.1 Project Summary

The purpose of this project was to create an inexpensive and low power attitude indicator and
acceleration data recorder.At the conclusion of this projecthe FAADR was able to display its
orientation on an LCD screen and record the acceleration expmrtbon an SD Card. The software that
we created allows the pilot to interpret the pefitght data.

Figure51: FAADR Maitenclosurewith Accessory Power Socket Adaptend Ethernet cable

While the attitude indicator is not agsable, the acceleration recording is on par with the commercial
instruments. The final product cost for the FAADR is about $300. This makes cost about a third as much
Fa AGaQ O2YYSNOALFE 0O2dzy i SNLI NIia o
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Figure52: FAADR SensonEosure with Ethernet cable

Figure53: FAADR Final Product

6.2 Future Work

In order to make the attitude indicator functionally usabige recommendthat an MSP430 with a
greater clock frequency, such as 5 or 10 MHz, be u$hi would allow the system to sample the
angular rate sensors more often and would reduce the amount of lag observed when drawing to the LCD
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screen. With this simple change the FAADR could then accurately sample and display attitude data of a
glider andoecome a commercially viable alternative to current products.
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Appendix A: Source Code

Accelerometer Header

#ifndef = ACCELEROMETER _H_
#define ACCELEROMETER H_
#include  "io430x14x1.h"
#include "LCD.h"

#include  "Compass.h"

struct  accelData  {

char x [4];

char y [4];

char z [4];

int  xNum

int  yNum

int  zNum

unsigned long gNum

char g [6];

3

class Accelerometer

{

public
Accelerometer  ();
unsigned int read_register (unsigned
unsigned int read_8bit_register
void enable_buffer  ();
void read (struct accelData * data);
void demo( Compass comp, LCD lcd);
int format (unsigned int i, char
char * itoa (int wval, char
void xtoa (unsigned long val,

negative);

h

#endif /*ACCELEROMETER_H_*/

Accelerometer Source

#include "Accelerometer.h"
#include <math.h>

Accelerometer::Accelerometer 0
{
/I enable_buffer();

P3SEL |= BITO + BIT1 + BIT2 + BIT3;
for SPI mode

(‘unsigned

70

* n)'
int

radix, int

/I Setup P3



UOCTL = CHAR + SYNC + MM + SWRST; /18 - bit, SPI, Master

UOTCTL = CKPH + SSELO + STC; /I Polarity, SMCLK, 3 - wire, remov
ssell!l put it back later changed also changed ckph ckpl

UOBRO = 0x03; /I SPICLK = ACLK/3 = 32K/9600 = 3

UOBR1 = 0x00;

UOMCTL = 0x00;

ME1 = USPIEQ; / Module enable

UOCTL &= ~SWRST; /I SPI enable

IE1 |= URXIEO + UTXIEO; /I RX and TX interrupt enable

}
/* This example reads SCA3000 X acceleration registers MSB and LSB.

* The register address of X channel is 0x05 (MSB).
*NOTE: The command byte of SPI bus is :
*(MSB)AAAAAAARWO (LSB)

*]]* - always zero
*|]* ---  Read / Write Bit
£\ e * o Register address, 0x05 at this example

*

* Because of the real byte sent to SPI bus must be calculated:
*BYTE = (Address *4) + RW*2;

* For Read operation RW = 0 and for Write operation RW = 1
*'Address *4' shifts the bit pattern to left by 2 and 'RW*2' by 1.
*BYTE = 0x05*4 + 0O;

*BYTE = 0x14;

* This calculation is done inside the function.

*

* Usage of the following func tion

*

* int Xacc;

*

* Xacc = SCA3000_read_16bit(0x05);

*/
/I Function takes in the 8 - bit register address and returns 16 - bit register
value.
unsigned int Accelerometer::read_register (unsigned int Address) {
int result=0;
int x=0;
Address = Address << 2; /I RW bit is set to zero by shifting the bit
pattern to left by 2
P2DIR |= BITS;
P20UT &= ~BIT5; /I Turn Accelerometer CS bit to ON
UOTXBUF = Address; /I Write command to SPI bus
while ((IFG1 & UTXIFGO)) ; /I Wait till command byte is written
for (volatile int  i=0;i<50; i++);
UOTXBUF = 0x00; /I Write dummy byte to line in order to generate

SPI clocks for data read
while (I(IFG1 & UTXIFGO0));

for (volatile int 1=0;i<50; i++);
while (I(IFG1 & URXIFGO0)); /I wait for response
result = UORXBUF; /I Get MSB of the result
result = result << 8; /I Shift the MSB of the result to left by 8
for (volatile int i=0;i<50; i++);
UOTXBUF = 0x00; /I Write dummy byte to line in order to generate
SPI clocks for data read
for (volatile int i=0;i<50; i++);
while (I(IFG1 & UTXIFGO0));
while (I(IFG1 & URXIFGO0)); /I wait for response
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x = UORXBUF,; /l Get LSB of the

result |= x; /I Place LSB of register into LSB of result
P20UT |=BIT5; /I Set CSB to one
return  result;
}
unsigned int  Accelerometer::read_8bit_register (unsigned int Address) {
char result = 0;
Address = Address << 2; /I RW bit is set to zero by shifting the bit
pattern  to left by 2
P2DIR |= BIT5;
P20UT &= ~BIT5; /I Turn Accelerometer CS bit to ON
UOTXBUF = Address; /l Write command to SPI bus
while (1(IFG1 & UTXIFGO)); /I Wait till command byte is written
for (volatile int 1=0;i<100; i++);
UOTXBUF = 0x00; /I Write dummy byte to line in order to generate

SPI clocks for data read
while (/(IFG1 & UTXIFGO));

while ((IFG1 & URXIFGO)); /I wait for response

result = UORXBUF; /I Get MSB of the result
/I Place LS B of register into LSB of result

P20OUT |=BITS; /I Set CSB to one

return  result;

}

/* This example reads SCA3000 MODE register content.
* The MODE register address is 0x14.
* NOTE: The command byte of SPI bus is :

*(MSB)AAAAAAARWDO (LSB)

*1]* - allways zero

| * --- Read / Write Bit

R e Register address, 0x14 at this example

*

* Because of that the real byte send to SPI bus must be calculated:

* BYTE = (Address * 4) + RW*2;

* For Read operation RW = 0 and for Write operation RW =1
* 'Address *4' shifts the bit pattern to left by 2 and 'RW*2' by 1.

*BYTE = 0x14*4 + 0O;

* BYTE = 0x50;

* This calculation is done inside the function.

*

* Use of the following function:

*

* SCA3000_read_mode();
*
* This example has been written for an Atmel ATmegal68 processor in a GCC
environment.
* Other processors or environments might need different names ports or SPI
device names.
* SPDR - is the read/ write data to/ from SPI bus register
* (see ATmegal68 document (doc2545.pdf) pages 159 - 167 for more information
*/
/I Read SCA3000 MODE register and return its value.
void Accelerometer::enable_buffer 0{
unsigned int reg_write = 0x14*4 + 2*1;
int  mode;
mode = 0x80;
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P2DIR |= BIT5;

P20UT &= ~BIT5;

while (1(IFG1 & UTXIFGO));
UOTXBUF = reg_write;
while (I(IFG1 & UTXIFGO0));
UOTXBUF = mode;

while (I(IFG1 & UTXIFGO0));

/I Turn Accelerometer CS bit to ON
/I wait for tx buffer empty

/l Write command to SPI bus
/I wait for tx buffer empty

/I Write command to SPI b

/I wait for tx buffer empty

us

P20OUT |= BIT5; /I Set CSB to one, Accelerometer off
}
int  Accelerometer::format (unsigned int i, char *n){
signed int I=1i;
if (i >=0x8000) { /[Test if number is negative
= -(0x10000 - Ij; /[Apply sign and convert from two's complement
}
[=1/8; /IRemove the three low DNC bits
l=1%*2 /[Equivalent to dividing by counts and
multiplying by 1000
itoa(l,n,10); /IConvert number to character
return |,
}
void Accelerometer::read (struct  accelData * data) {
data - >xNum = read_register(0x05);
format(data - >xNum data - >x);
data - >yNum = read_register(0x07);
format(data - >yNum data - >y);
data - >zNum = read_register(0x09);
format(data ->zNum data ->z);
data - >gNum = sqgrt (pow(( double ) data ->xNum 2) + pow(( double ) data ->yNum
2)+ pow(( double )data ->zNum 2));
format(data - >gNum data - >Q);
}
void  Accelerometer::xtoa (unsigned long val, char  *buf, unsigned  radix, int
negative) {
char *p;
char *firstdig;
char temp;
unsigned digval;
p = buf;
if (negative) {
/I Negative, so output ' - "and negate
*pr+= -
val=( unsigned long )( - (long ) val);
}
/I Save pointer to first digit
firstdig = p;
do {
digval = ( unsigned ) (val % radix);
val /= radix;
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/I Convert to ascii and store

if  (digval >9)

*p++ =( char ) (digval - 10+ ‘'a' ),
else

*p++ = (  char ) (digval + 0" ),

} while (val > 0);

/I We now have the digit of the number in the buffer, but in reverse

/I order. Thus we reverse them now.

char *buf, int radix) {

xtoa(( unsigned long )( unsigned int ) val, buf, radix, 0);

*n-- ="'\0";
do {
temp = *p;
*p = *firstdig;
*firstdig = temp;
p-- 3
firstdig++;
} while (firstdig < p);
}
char * Accelerometer::itoa (int val,
if (radix == 10 && val < 0)
xtoa(( unsigned long ) val, buf, radix, 1);
else
return  buf;
}

Rate Sensor Header

#ifndef ~ RATESENSOR_H_
#define  RATESENSOR H_

struct  orientationData {
int  pitch ;
int roll ;

char pitchChar  [5];
char rollChar [5];

¥
class rateSensor  {
public

rateSensor ();
the initial

void reset ();
new offset

int getPitch ();
value

int getRoll ();
values

int  checkPitch ();

/linits the rateSensors and gets
/[Clears pitch and roll and gets
/IReturns  the calculated Pitch
/IReturns  the  calculated  Roll

/IGets the Pitch Value from the sensor
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int  checkRoll ();

void calculatePitch 0;
checkPitch();
void calculateRoll 0;
checkRoll();
void Timer_A ();
2
#endif /*RATESENSOR_H */

Rate Sensor Source

#include "rateSensor.h"
#include <msp430x14x.h>
#include <math.h>

static int  pitch;
static int  roll;

static int  offset;
rateSensor::rateSensor 0f
P6SEL = Ox0F;

ADC12CTLO = ADC120N+MSC+SHTO_2;

sampling time
ADC12CTL1 = SHP+CONSEQ_1;
sequence
ADC12MCTLO = INCH_O0;
ADC12MCTL1 = INCH_1;
ADC12CTLO |= ENC;

pitch = 0;
roll = O;
offset = 0O;
ADC12CTLO |= ADC12SC;
P1DIR |= 0x01;
CCTLO = CCIE;
CCRO = 50000;

TACTL = TASSEL_2 + MC_2;
offset = checkPitch();
_BIS_SR(CPUOFF + GIE);

}

int rateSensor::getPitch 0f
return  pitch;

}

int rateSensor::getRoll 0f
return  roll;

}

/IGets the Roll value from the sensor
/lcalculates the real Pitch  using

/[Calculates  the real Roll using

/I Enable A/D channel inputs

/I Use sampling timer, single
/I ref+=AVcc, channel = AO

/I ref+=AVcc, channel = Al
/I Enable conversions

// P1.0 output
/I CCRO interrupt enabl

/I SMCLK, contmode

/[ Enter LPMO w/ interrupt
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rateSensor::checkPitch
return ADC12MEMO;

int
}
int
}

void

0

rateSensor::checkRoll
return ADC12MEM1,;

O

O

rateSensor::calculatePitch
int  result = checkPitch();
if (result>offset){
if ((result
pitch += (result

- offset)>300)

- offset)/100;
else if (result<offset){

if ((offset - result)>300)

pitch - =(offset - result)/100;

}

void 0f

rateSensor::calculateRoll
int  result = checkRoll();
if (result>offset)

pitch  += (result
if (result<offset)
pitch - = (offset

- offset)/100;
else
- result)/100;

}

/I Timer AO interrupt service routine
#pragma vector=TIMERAO_VECTOR
__interrupt void Timer_A (void )
{
P10OUT ~= 0x01;
CCRO +=10000;
int  result = ADC12MEMO;
if (result>offset){
if ((result
pitch += (result

- offset)>300)
- offset)/100;

else if (result<offset){

if ((offset - result)>300)
pitch - = (offset - result)/100;

}
_BIC_SR_IRQ(CPUOFF);
}

SD Card Header

#ifndef
#define

SDCARD_H_
SDCARD_H_
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#include "t6963c.h"

class SDCard
{
public :
SDCard();
/IUsed to signify if a file is open at the current time
int  handle ;
[*PRE: This method takes in an error code in the form of
an int
*POST: This method returns the corresponding error string
* from the entered error code
*/
char *handleSDErrors (int errorCode);
[*PRE: This method takes in a string to be written to
* a file that is opened
*POST: This method will write the given string to the end of
* the file that must be previously opened. Will return an
* errorCode int if no file was previously o pened.
*/
int  write (char *writeString);
/*PRE: This method takes in a path fo a file to be open
* in string format
*POST: The method opens the file specified by the path
* for reading
*NOTE Only one file may be open at a time. The handle for
the file connection is stored in the instance variable
* handle
*/
int openFile (char *pathToFile);
[*PRE: This method will close the file that has been previously
* opened
*POST: This method closes the file and returns an error code
* upon error including if no file is open.
*/
int close ();
int  read_dir ();
int  read_busy ();
int readySend ();
char send_open (char *command);
void record (char handle, struct compassData * cData, struct
* aData);
char send_writeCommand (char *command);
char send_StringToWrite (char * command);
void wait ();
char receive ();
void enable ();
void disable ();
void reset ();
int readyReceive ();
void waitBusy ();
%
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#endif /*SDCARD_H_*/

SD Card Source

#include  "SDCard.h"
#include  "Accelerometer.h"
#include  "Compass.h"
#include  <i0430x14x1.h>
#include  <string.h>

SDCard::SDCard () {
P2DIR &= ~BIT3;
P2DIR &= ~BIT1;
P2DIR |= (BIT2+BIT4);
P20OUT |= BITZ;

}

/*
* Get the status of the dir pin
* 1 = busy
* 0 = ready
*/
int SDCard::read_dir 0{
int i=P2IN & BIT3;

if (i>0){
return  1;
} else
return  0;
}
/**
* Get the status of the busy pin
*/

int SDCard::read_busy () {
int i=P2IN & BIT1;

if (i>0){
return  1;
} else
return  0;
}
/*
* Returns 1 if ready, 0 is not ready
*/

int SDCard::;readySend () {
if ((read_dir()==0) && (read_busy()==0)) {
while  (true ){
wait();
enable();
while  (I(IFG1 & UTXIFGO0))
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; I/ walit for tx buffer empty
UOTXBUF = 0x00;
while  (/(IFG1 & URXIFGOQ))

char ¢ = UORXBUF:

if (c== ">"){
break ;
} else {
disable();
}
}
return  1;
} else
return  0;
}
int SDCard::readyReceive () {
if ((read_dir()==1) && (read_busy()==0))
return  1;
else
return  0;
}

void SDCard::waitBusy () {
while  (read_busy()==1)

return ;
}
/**
* Send a string to the card
*/
char SDCard::send_open (char *command) {
reset();
wait();
enable();
while  (freadySend());
for (unsigned int i=0; command[i] != "\NO ;i) {
waitBusy();
while  (I(IFG1 & UTXIFGO));
wait();
UOTXBUF = command[i];
while  (I(IFG1 & UTXIFGO));
wait();
enable();
wait();
while  (I(IFG1 & UTXIFGO));
UOTXBUF = 0x0D;
while  (/(IFG1 & UTXIFGO));
return  receive();
}
char SDCard::send_StringToWrite (char * command) {
wait();
for (unsigned int i=0; command]i] != "\NO i) {
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waitBusy();

while  (I(IFG1 & UTXIFGO));
wait();

UOTXBUF = command[i];
while  (I(IFG1 & UTXIFGO));

wait();
}
wait();
return  receive();
}
void SDCard::record (char handle, struct compassData * cData, struct  accelData
* aData) {
int bytes= sizeof (aData ->x)+ sizeof (aData ->y)+ sizeof (aData ->z);
}
char SDCard::send_writeCommand (char * command) {
wait();
while  (freadySend());
for (unsigned int i=0; command][i] != "NO' ;i) {
waitBusy();
while  (/(IFG1 & UTXIFGO));
wait();
UOTXBUF = command]i;
while  (I(IFG1 & UTXIFGO));
wait();
}
wait();
while  (I(IFG1 & UTXIFGO));
UOTXBUF = 0x0D;
while  (I(IFG1 & UTXIFGO));
return  receive();
}
/*
* Wait for the prescribed time between commands
*/
void SDCard::wait () {
for (volatile int  i=0;i<300; i++);
}
/~k
* Gets something from SD card
*/
char SDCard::receive () {
wait();
int ¢ =0x00;
while (c==0x0D || c==0x00) {
UOTXBUF = 0x00;
wait();
¢ = UORXBUF;
}
return  UORXBUF;
}

void SDCard::reset () {
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P20UT &= ~BIT2;
wait();

wait();

disable();

wait();

P20OUT |=BIT2;
wait();

enable();

}

void SDCard::enable () {
wait();
P20OUT &= ~BIT4;
wait();

}

void SDCard::disable () {
wait();
P20UT |=BIT4;
wait();

/*PRE: This method takes in an error code in the form of
* an int
*POST: This method returns the corresponding error string
* from the entered error code
*/
char * SDCard::handleSDErrors (int errorCode) {
if  (errorCode>0)
return  "SD Card Ready" ;

else if (errorCode<= -43)
return  "FFD5 to FFOO card physical read/write error” ;
else {
switch  (errorCode) {
case -1:
return  "reserved"
case -2:
return  "card not detected" ;
case -3:
return  "could not be initialized" ;
case -4
return  "could not have block length set" ;
case -5:
return  "card voltage not in range: 2.7V - 3.6V";
case -6:
return  "card current draw above: 80mA" ;
case -7:
return  "card read error" ;
case -8:
return  "reserved"
case -9:
return  "input buffer overrun error" ;
case -10:
return  “invalid command" ;
case -11:
return  "syntax error" ;
case -12:

return  “"parameter out of range" ;
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case
case
case
case
case
case

error"
case

specified dir" ;
case

label, subdir)" ;
case

case
case
case
case
case
case
case
case
case
case
case
case
case
case
case

case

-13:
return
- 14:
return
- 15:
return
- 16:
return
-17:
return
-18:
return

-19:
return

- 20:
return

-21:
return
-22:
return
- 23:
return
- 24
return
- 25:
retu rn
- 26:
return
- 27:
return
- 28:
return
- 29:
return
- 30:
return
- 31:
return
- 32:
return
- 33:
return
- 34:
return
- 35:
return
- 36:
return
- 37:
return

malformed file structure"

case

case

- 38:
return
- 39:

"end - of - file error” ;

"long filenames not supported" ;

"FAT12 file system not supported, please reformat"
"incompatible file system" ;

"drive does not exist/invalid drive" ;

"invalid directory name/not a directory/filename

"file/directory not found; entry does not exist in

"type cannot be opened error (no hidden, system, vol

"file already opened” ;

"card changed with files open error" ;
"reserved"

"reserved"

"invalid handle/handle out of range" ;
"no handles available/no more files can be opened"
"handle previously assigned" ;

"handle not assigned|not open for this operation”
"not opened for read operation error" ;
"reserved"

"reserved"

"reserved"

"sector out of range write error" ;

"disk full error" ;

"root directory full error (FAT16 only)" ;
"lost cluster(s) error" ;

"corrupt filesystem error (write error caused

"read - only error/access is denied" ;
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return  "not opened for write operation error"

case -40:
return  "duplicate name error" ;
case -41:
return  "directory not empty" ;
case -42:
return  "open file cannot be deleted error"
}
}
return  “fail" ;
}
[*PRE: This method takes in a string to be written to
* a file that is opened
*POST: This method will write the given string to the end of
* the file that must be previously opened. Will return an
* errorCode int if no file was previously opened.
*/
int  SDCard::write  (char *writeString) {
if (handle ==-1)
return  -19;
/I TODOQinsert code to write a string
return -1;
}
[*PRE: This method will close the file that has been previously
* opened
*POST: This method closes the file and returns an error code
* upon error including if no file is open.
*/

int SDCard::close () {
if (handle ==-1){

return  -19;
} else {
/I TODO close file using command
return -1,
}
}
LCD Header

#ifndef LCD_H_

#define LCD_H_

#include  "t6963c.h"

#include  "Compass.h"

#define CROSSHAIR_LENGTH 30
#define CENTER_X 64

#define CENTER_Y 64

class LCD {

public :
LCD);
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int p
int p

reviousSign  ;
reviousPitch ;

int previousRoll ;

int * previousYLine ;

int * previousXLine ;

void  writeNum ();

void writeText ();

void writeLine  ();

void drawHorizon (int angle);

void writeBaseTemplate  ();

void resetScreen ();

void writeSDMessage (char *message);

bool isReady ();

int  busy ();

void read _command ();

void end();

void init ();

void write_command (char a);

void command_write ();

void data _read ();

void data write ();

void write_dataword (int a);

void write_data (char a);

void clear_text (int x, int vy, int w)

void write_text (int X, int 'y, char *g);

void write_field (int x, int 'y, char *Qg);

void clear_display (void );

void fill_display (void );

void reset (void );

void clear_all_text 0;

void clear (int x, int 'y, int h, int w)

int clear_line (int x1, int yl, int x2, int y2);
int lcd_line (int X1, int Y1, int X2, int Y2);
void write_horizontal_line (int x1, int yl, int x2);
unsigned char lIcd_read _data (void );

unsigned char lIcd_bit_to_byte (unsigned char bit);
void lcd_set_pixel (unsigned char X, unsigned char v);
void lcd_clear_pixel (unsigned char X, unsigned char v);
void setHeading (char *g);

void clearHeading ();

void setX (char *Q);

void setY (char *Q);

void setZ (char *g);

void setRoll (char *g);

void setPitch (char *g);

void setG (char *g);

void clearz ();

void clearY ();

void clearX ();

void  write_horizon (struct  orientationData * data);
void write_vertical_line (int x1, int y1, int y2);
void write_iron_sights 0;

int getOffset (int deg);

void drawPitchAndRoll  (int *xline, int *yline, int  offset,
void draw_right_vertical (int offset);

void draw_left_vertical (int offset);

void clear_right_vertical (int offset);
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void clear _left vertical (int offset);

h
#endif /*LCD_H_*/

LCD Source

#include "LCD.h"
#include "i0430x14x1.h"
#include "t6963c.h"
#include "in430.h"
#include "math.h"
#include "rateSensor.h"
#include <stdlib.h>
#define  FIELD_LENGTH 6

/**

* Break up sprites into x and y componets and apply to instance variables
for current and previous values
*/

int  a0Ox [CROSSHAIR_LENGTH] = {1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14,
15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30};

int aly [CROSSHAIR_LENGTH] ={0, 0,0, 0, 0,0, 0,0, 0, 0,0, 0,0, 0,0, 0,
0,0,0,0,0,0,0,0,0,0,0,0,0, 0};

int  alOx [CROSSHAIR_LENGTH] = {0, 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13,
14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29};
int  al0y [CROSSHAIR_LENGTH] ={0,0,0,0,0,1,1,1,1, 1, 1, 2, 2, 2, 2,
2,2,3,3,3,3,3,3,4,4,4,4,4,5,5);

int  a20x [CROSSHAIR_LENGTH] = {0, 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13,
14, 15, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28};
int  a20y [CROSSHAIR_LENGTH] ={0, 0, 1, 1, 1, 2, 2, 2, 3, 3, 3, 4, 4, 4, 5,
5,5,666,7,7,7,8,8,8,9,9,9, 10}

int  a30x [CROSSHAIR_LENGTH] = {0, 1, 2, 3, 4, 5, 6, 6, 7, 8, 9, 10, 11, 12,
12, 13, 14, 15, 16, 17, 18, 19, 19, 20, 21, 22, 23, 24, 25, 25};

int  a30y [CROSSHAIR_LENGTH] ={0, 0, 1, 1, 2, 2, 3, 3, 4, 4, 5, 5, 6, 6, 7,
7,8,8,9,9 10, 10, 11, 11, 12, 12, 13, 13, 14, 14};

int  a40x [CROSSHAIR_LENGTH] ={0, 1, 2, 3, 3, 4,5, 6, 6, 7, 8, 9, 9, 10, 11,

12, 13, 13, 14, 15, 16, 16, 17, 18, 19, 19, 20, 21, 22, 22};

int  a40y [CROSSHAIR_LENGTH] ={0, 1, 1, 2, 3, 3,4, 5, 5, 6, 7, 7, 8, 8, 9,

10, 10, 11, 12, 12, 13, 14, 14, 15, 16, 16, 17, 17, 18, 19};

int  a50x [CROSSHAIR_LENGTH] ={0, 1, 1, 2, 3, 3,4, 5, 5, 6, 7, 7, 8, 8, 9,

10, 10, 11, 12, 12, 13, 14, 14, 15, 16, 16, 17, 17, 18, 19};

int  a50y [CROSSHAIR_LENGTH] ={0, 1, 2, 3, 3, 4,5, 6, 6, 7, 8, 9, 9, 10, 11,
12,13, 13,14, 15, 16, 16, 17, 18, 19, 19, 20, 21, 22, 22};

int  a60x [CROSSHAIR_LENGTH] = {0, 1, 1, 2, 2, 3, 3, 4, 4, 5, 5, 6, 6, 7, 7,
8,8,9,09, 10, 10, 11, 11, 12, 12, 13, 13, 14, 14, 15};
int a0y [CROSSHAIR_LENGTH] = {0, 1, 2, 3, 4, 5, 6,
12, 13, 14, 15, 16, 17, 18, 19, 19, 20, 21, 22, 23, 24, 25, 2
int  a70x [CROSSHAIR_LENGTH] = {0, 0, 1, 1, 1, 2, 2
5,5,6,66,7,7,7,8,8,8,9,9,9, 10}

6,7,8,09, 10, 1
I
1 2! 31 31 31 4! 41 4! 51
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int  a70y [CROSSHAIR_LENGTH] = {0, 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13,
14, 15, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28};

int  a80x [CROSSHAIR_LENGTH] ={0,0,0,0,0,1,1,1, 1,1, 1, 2, 2, 2, 2,
2,2,3,3,3,3,3,3,4,4,4,4,4,5,5);

int a80y [CROSSHAIR_LENGTH] = {0, 1, 2, 3, 4, 5, 6, 7 .8, 9, 10, 11, 12, 13,

14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29};

int a90x [CROSSHAIR_LENGTH] = {0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, O,
0,0,0,0,0,0,0,0,0,0,0,0,0,0, 0};

int  a90y [CROSSHAIR_LENGTH] = {1, 2, 3, 4, 5, 6,7,8,09, 10, 11, 12, 13, 14,
15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30},
int  al00x [CROSSHAIR_LENGTH] = {0, 0, 0, 0, O, -1, -1, -1, -1, -1, -1, -2,

2, -2, -2, -2, -2, -3, -3, -3, -3, -3, -3, -4, -4, -4, -4, -4, -5 -5k
int  al00y [CROSSHAIR_LENGTH] ={0, 1, 2, 3,4, 5,6, 7, 8, 9, 10, 11, 12, 13,
14,15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29};

int  allOx [CROSSHAIR_LENGTH] = {0, 0, -1, -1, -1, -2, -2, -2, -3, -3, -3, -4

-4, -4, -5 -5 -5 -6, -6, -6 -7, -7, -7, -8, -8, -8, -9, -9, -9, -10}
int  al10y [CROSSHAIR_LENGTH] ={0, 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13,
14, 15, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28};

int  al20x [CROSSHAIR_LENGTH] = {0, O, -1, -1, -2, -2, -3, -3, -4, -4, -5, -5
-6, -6, -7, -7, -8 -8, -9, -9, -10, -10, -11, -11, -12, -12, -13, -13, -14,

- 14},

int  al20y [CROSSHAIR_LENGTH] ={0, 1, 2, 3, 4,5, 6, 6, 7, 8, 9, 10, 11, 12,

12,13, 14, 15, 16, 17, 18, 19, 19, 20, 21, 22, 23, 24, 25, 25};

int  al30x [CROSSHAIR_LENGTH] = {0, -1, -1, -2, -3, -3, -4, -5 -5 -6, -7,
7, -8, -8, -9, -10, -10, -11, -12, -12, -13, -14, -14, -15, -16, -16, -17,
17, -18, -19}

int  al30y [CROSSHAIR_LENGTH] =1{0, 1, 2, 3, 3, 4,5, 6,6, 7,8,9,9, 10,

11, 12, 13, 13, 14, 15, 16, 16, 17, 18, 19, 19, 20, 21, 22, 22};

int  al40x [CROSSHAIR_LENGTH] = {0, -1, -2, -3, -3, -4, -5 -6, -6, -7, -8,

9 -9, -10, -11, -12, -13, -13, -14, -15, -16, -16, -17, -18, -19, -19, -20,

-21, -22, -22%

int  al40y [CROSSHAIR_LENGTH] ={0, 1,1, 2, 3,3,4,5,5,6,7, 7 , 8,8, 09,
10, 10, 11, 12, 12, 13, 14, 14, 15, 16, 16, 17, 17, 18, 19};
int al50x [CROSSHAIR_LENGTH] ={0, -1, -2, -3, -4, -5 -6, -6, -7, -8, -0,

10, -11, -12, -12, -13, -14, -15 -16, -17, -18, -19, -19, -20, -21, -22,
23, -24, -25, -25k

int  al50y [CR OSSHAIR_LENGTH] ={0, 0,1, 1, 2, 2, 3, 3,4, 4,5, 5, 6, 6, 7,

7,8,8,9,9 10, 10, 11, 11, 12, 12, 13, 13, 14, 14};

int  al60x [CROSSHAIR_LENGTH]={0, -1, -2, -3, -4, -5 -6, -7, -8 -9, -10,
11, -12, -13, -14, -15, -15 -16, -17, -18, -19, -20, -21, -22, -23, -24,
25, -26, -27, -28k

int  a160y [CROSSHAIR_LENGTH] ={0,0, 1,1, 1, 2,2, 2, 3,3, 3, 4, 4, 4, 5,
5,5,6,6,6,7,7,7,8,8,8,9,9,9, 10}

int  al70x [CROSSHAIR_LENGTH]={0, -1, -2, -3, -4, -5 -6, -7, -8 -9, -10,
11, -12, -13, -14, -15, -16, -17, -18, -19, -20, -21, -22, -23, -24, -25,
26, -27, -28, -29%

int  al70y [CROSSHAIR_LENGTH] ={0,0,0,0,0, 1,1, 1,1, 1,1, 2, 2, 2, 2,

2,2,3,3  ,3,3,3,3,4,4,4,4,4,5,5}

LCD:LCD () {
}

int  LCD:busy (){
int status = 0;
read_command();
status = 0x03 & ~LCDIN;
end();
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return status;

}

void LCD::read_command () {
LCDDIR = 0;
LCDCTRLOUT |= (LCDCOMMAND + LCDWRITE);
LCDCTRLOUT &=~LCDREAD;
LCDCTRLOUT &= ~LCDENABLE;

}

void LCD:end (){
LCDCTRLOUT |= LCDENABLE;
LCDCTRLOUT |= (LCDCOMMAND+LCDREAD+LCDWRITE);
LCDDIR=0;

}

void LCD:init () {

LCDSEL = 0;
LCDDIR = 0;
LCDCTRLSEL &= ~LCDMASK;
LCDCTRLDIR |= LCDMASK;
LCDCTRLOUT |= LCDMASK;
write_command(CGROM_EXOR_MODE);
write_dataword(GRAPHICS_HOME_ADDRESS);
write_command(GRAPHICS_HOME_ADDRESS_SET);
write_dataword(GRAPHICS_AREA);
write_command(GRAPHICS_AREA_SET);
write_dataword(GRAPHICS_HOME_ADDRESS);
write_dataword(TEXT_HOM E_ADDRESS);
write_command(TEXT_HOME_ADDRESS_SET);
write_dataword(TEXT_AREA);
write_command(TEXT_AREA_SET);
I write_command(DISPLAY_MODE+TEXT);
write_command(DISPLAY_MODE+GRAPHICS+TEXT);
clear_all_text();
clear_display();
//[Draw data slots

write_text(8, 1, "G:" ),
write_text(0, O, "X
write_text(8, 0, "),

write_text(0, 1, "Z:" ),

write_text(8, 15, "R ),

write_text(0, 15, "P:" ),
write_iron_sights();
previousXLine = alx;
previousYLine = aly;
previousXSign = -1;

previousYSign = 0O;

previousPitch =0;
previousRoll =0;

}

void LCD:write_command (char a){
while  (busy())

command_write();
LCDOUT = a;
end();

87



return

void LCD::command_write () {
LCDCTRLOUT |= (LCDCOMMAND+LCDREAD);
LCDCTRLOUT&=~LCDWRITE;
LCDDIR|=0xFF;
LCDCTRLOUT&=~LCDENABLE;
return ;

void LCD::data_write 01
LCDCTRLOUT|=LCDREAD;
LCDCTRLOUT&=~(LCDCOMMAND+LCDWRITE);

LCDDIR|=0xFF;
LCDCTRLOUT&=~LCDENABLE;
return ;

}

void LCD::data read (){
LCDDIR=0x00;
LCDCTRLOUT|=LCDWRITE;
LCDCTRLOUT&=~(LCDCOMMAND+LCDREAD);
LCDCTRLOUT&=~LCDENABLE;
return ;

}

void LCD::write_dataword (int a){
write_data(a);
write_data( _SWAP_BYTE®));
return ;

void LCD::write_data (char a){
while  (busy())

data _write();
LCDOUT = g;
end();

return

void LCD::write_text (int x, int vy, char *g){
write_dataword(TEXT_HOME_ADDRESS + (y * TEXT_AREA) + x);
write_command(ADDRESS_POINTER_SET);

int  z=0;

if  (g[0]==0x00)
return ;

while  (*g || z==0) {
write_data((*g++) - 0x20);
write_command(DATA_WRITE_UP);
Z++;

}

return ;

}

void LCD::write_field (int x, int vy, char *g){
write_dataword(TEXT_HOME_ADDRESS + (y * TEXT_AREA) + x);
write_command(ADDRESS_POINTER_SET);
int  z=0;
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if  (g[0]==0x00)
return

while  (*g && z<FIELD_LENGTH) {
write_data((*g++) - 0x20);
write_command(DATA_WRITE_UP);
Z++;

}
while  (z < FIELD_LENGTH) {

write_data( '' - 0x20);
write_command(DATA_WRITE_UP);
Z++;

}

return

}

void LCD::clear_text (int x, int vy, int w){

unsigned volatile int i
write_dataword(TEXT_HOME_ADDRESS + (y * TEXT_AREA) + x);
write_command(ADDRESS_POINTER_SET);
for  (i=0; i<w; i++) {

write_data(0);

write_command(DATA_WRITE_UP);

}

}

void LCD::clear_all_text 0{
unsigned  volatile int s;
int 1=18;
for (s=0;s<lI; s++){

clear_text(0, s, 18);

}

}

void LCD::clear_display (void ) {
unsigned volatile int i
write_dataword(GRAPHICS _HOME_ADDRESS);
1 write_dataword(0);

write_command(ADDRESS_POINTER_SET);

for (i=0;i< 0x2000; i++) { /lused to be 144
write_data(0);
write_command(DATA_WRITE_UP);

}
}
void LCD:fill_display (void ) {
int i
/Iwrite_dataword(GRAPHICS_HOME_ADDRESS);
write_dataword(0);
write_command(ADDRESS_POINTER_SET);
for (i=0; i<0x0028; i++) {
write_data(1);
write_command(DATA_WRITE_UP);
}
}
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void LCD:rreset (void ){
unsigned volatile int i
LCDCTRLDIR |= LCD_RESET;
LCDCTRLOUT &= ~LCD_RESET;
for (i=0; i<200; i++)

LCDCTéLOUT |= LCD_RESET;
}

void LCD:cclear (int x, int 'y, int h, int w){

unsigned  volatile int adres, i, j;
adres=GRAPHICS_HOME_ADDRESS + (y * GRAPHICS_AREA) + x;
for (i=0; i<h; i++) {
write_dataword(adres);
write_command(ADDRESS_POINTER_SET);
for  (j=0; j<w; j++) {
write_data(0);
write_command(DATA_WRITE_UP);

}
adres+=GRAPHICS_AREA,;

}
}
void LCD::write_horizontal_line (int x1, int y1, int x2){
int i
for (i=x1;i<=x2;i++){
lcd_set_pixel(i, y1);
}
return ;
}
void LCD::write_vertical_line (int x1, int yl, int y2){
int i;
for (i=yl;i<=y2;i++){
lcd_set_pixel(x1, i);
}
return ;
}
void LCD::drawPitchAndRoll (int * xline, int * yline, int  offsetl, int
int  ySign) {
write_command(DISPLAY_MODE+GRAPHICS+TEXT);
Icd_set_pixel(0, offsetl);
for (int c¢=0; c<CROSSHAIR_LENGTH; c++) {
int  xr_dot = CENTER_X + xline|[c];
int yr_dot =yline[c] + CENTER_Y + offsetl;
int  xl_dot=CENTER_X - xline[c];
int yl dot=CENTER_Y - vyline[c] + offsetl;
lcd _set pixel(xr_dot, yr_dot);
lcd_set_pixel(xl_dot, yl_dot);
write_command(DISPLAY_MODE+GRAPHICS+TEXT);
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/**

* Change the write mode to be xor

* Assess the line

* Flip the line over the vertical axis

* Store the line in an insta nce variable
* Draw the line using the auto write up command
* Be done

*/

void LCD::write_horizon (struct  orientationData

int
int

int
int

roll = data ->roll
pitch = data -> pitch ;

roll = roll % 360;
roll = abs (roll);

int

if

}

ySign, xSign;
(roll >= 180 && roll < 270) {
roll = roll - 180;
xSign = 1;
else if (roll >=90 && roll < 180) {
xSign= -1;
else if (roll >=270) {
roll = roll - 180;
xSign= -1;
else {
xSign = 1;

*xLine, *yLine;
evenRoll = roll - (roll % 10);

switch  (evenRoll) {

case 170:
xLine = al70x; yLine = al70y;
break ;

case 160:
xLine = al60x; yLine = al160y;
break ;

case 150:
xLine = al50x; yLine = al150y;
break ;

case 140:
xLine = al40x; yLine = al140y;
break ;

case 130:
xLine = al30x; yLine = al30y;
break ;

case 120:
xLine = al20x; yLine = al20y;
break ;

case 110:
xLine = al10x; yLine = al110y;
break ;

case 100:
xLine = a100x; yLine = a100y;
break ;

case 90:
xLine = a90x; yLine = a90y;
break ;

case 80:
xLine = a80x; yLine = a80y;
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case 70:
xLine = a70x; yLine = a70y;
break ;
case 60:
xLine = a60x; yLine = a60y;
break ;
case 50:
xLine = a50x; yLine = a50y;
break ;
case 40:
xLine = a40x; yLine = a40y;
break ;
case 30:
xLine = a30x; yLine = a30y;
break ;
case 20:
xLine = a20x; yLine = a20y;
break ;
case 10:
xLine = al0x; yLine = al0Oy;
break ;
default
xLine = a0x;
yLine = a0y;
break ;
}
if  (previousXSign != xSign || previousXLine I= xLine) {
drawPitchAndRoll( previousXLine , previousYLine ,
previousXsSign, previousY Sign);
previousXSign = xSign;
previousPitch = pitch;
previousRoll =roll;
previousXLine = xLine;
previousYLine =vyLine;
drawPitchAndRoll( previousXLine , previousYLine
previousXSign, previousYSign);
}
}
void LCD:wr ite_iron_sights 0{
Il write_horizontal_line(4, 67, 122);
1 write_vertical_line(63, 17, 122);
I /[Draw tick marks
I //10 and -10
I write_horizontal _line(58, 47, 68);
I write_horizontal_line(58, 87, 68);
1 //20 and -20
Il write_horizontal_line(58, 27, 68);
I write_horizontal_line(58, 107, 68);
return ;
}

break ;

void LCD:setX (char *g){
write_field(2, 0, g);

}
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void LCD:setY (char *g){
write_field(10, 0, g);

void LCD:setZ (char *g){
write_field(2, 1, g);

void LCD:setG (char *g){
write_field(10, 1, g);

void LCD::setRoll (char *g){
write_field(2, 15, g);

void LCD::setPitch  (char *g){
write_field(10, 15, g);
}

unsigned char LCD::lcd_read_data (void ){
unsigned char data;
while  (busy())

data_read();
data = LCDIN;
end();

return  data;

}

/********************************************

* Function name: Icd_set_pixel *

* Description: Set a single Pixelon  *

* 0 <= X <= LCD Width *

* 0<=Y< = LCD Height *

*******************************************/

void LCD::lcd_set_pixel (unsigned char x, unsigned char y){

unsigned char data;
unsigned int address;

address = (y * GRAPHICS_AREA) + (x / 8) + GRAPHICS_HOME_ADDRESS;
data = lcd_bit_to _byte(7 - (X% 8));

write_data(address & 0xff);
write_data(address >> 0x08);
write_command(ADDRESS_POINTER_SET);

/* Read existing display */
write_command(LCD_DATA_READ_NO_INCREMENT);
data *=Ilcd_read_data();

[* Write modified data */
write_data(data);
write_command(DATA_WRITE_UP);
return ;

}

void LCD::lcd_clear_pixel (unsigned char x, unsigned char vy){
unsigned char data;
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unsigned int address;
address = (y * GRAPHICS_AREA) + (x / 8) + GRAPHICS _HOME_ADDRESS;
data = Icd_bit_to_by te(7 - (X% 8));

write_data(address & 0xff);
write_data(address >> 0x08);
write_command(ADDRESS_POINTER_SET);

/* Read existing display */
write_command(LCD_DATA_READ_NO_INCREMENT);
data = data " lcd_read_data();

/* Write modified data */
write_data(data);
write_command(DATA_WRITE_UP);

return ;
}
unsigned char LCD::lcd_bit to_byte (unsigned char bit) {
switch  (bit) {
case O:
return 1;
case 1:
return  2;
case 2:
return 4;
case 3:
return  8;
case 4.
return  16;
case 5:
return  32;
case 6:
return 64,
case 7.
return  128;
default
return  0;
}
}
void LCD::draw_right_vertical (int offsetl) {
Icd_line(60, 22 + offsetl, 66, 112 + offsetl);
return ;
}
void LCD::draw_left_vertical (int offsetl) {
lcd_line(60, 112 + offset1, 66, 22 + offsetl);
return ;
}
void LCD::clear_right_vertical (int offsetl) {
clear_line(60, 22 + offsetl, 66, 112 + offsetl);
return ;
}
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