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Kurzzusammenfassung

Die Position eines Gegenstandes, zum Beispiel ein Roboter ist zu bestimmen
und in einer Anschaulicherweise darzustellen. Die Laufzeitunterschiede
werden von einem parallelen Proze3 empfangen, das diese
Laufzeitunterschiede durch Korrelation anhand Schalls berechnet. Da es keine
Synchronisierung zwischen Absender und Detektor gibt, sind nur
Zeitunterschiede direkt ermittelbar und nicht die absoluten Laufzeiten. Ein
16x32 LED- Matrix- Anzeigesystem wurde entwickelt. Die Software wird in der
C-Sprache und der Compiler GNU-Eclipse entwickelt. Der Hardware-Entwurf
ist unter Verwendung von Eagle realisiert.
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Abstract

In this project, the position of an object for example a robot indoor is
determined on the basis of time differences received from a parallel process.
This process calculates the time differences through correlation based on
sound. This sound is detected at different time, proportional to their distance to
the source. Since there is no synchronization between sender and detector,
only differences between the elapsed time are directly obtainable. A display is
developed which serves the purpose of demonstrating the location of the
object. The software is developed using the C language and the compiler GNU
Eclipse. The hardware design has been realised using Eagle.
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Chapter 1: - Introduction

Science is a system of accumulating reli&blewledge. Broadly speaking, the process
of sciences begins with observations, which areelbg@ed into hypothesis, tested by proof or
experimentation, yielding results that can be dbedr in a paper (scientific paper for
example) which is published after a thorough neing . Each new contribution mounts on a
bed of existing concepts that are known and trusielv research could be wrong or
misguided, but the process of referring eliminatesk of poor quality. Determining the local
position of an object in the process: Local Posiig System is proceeded from the
principles of General Positioning System GPS. €hesnciples involve sending signals,
receiving these signals, carrying out correlatidatermining the time difference between
sender and receiver and finally processing the alacate the position of the object as well
as the rate of change of position; velocity. A magsk in location-aware programming is the
determination of physical location. Researches hergated numerous location-sensing
systems that differ in accuracy, coverage, frequeat location updates, and cost of
installation and maintenance.

This piece of work involves the determinatiointhe position of an object in a limited
area. The limit is about 10 meters. This limib&sed on the ability of the receivers to clearly
detect the sound emitted. After the sound is detkatorrelation takes place in a parallel
project. The measurement of the time-of-flight (@ a sonic signal propagating from an
emitter to a receiver gives an indication of thalative distance or range. The run time
differences are then calculated by multiplying thaximum correlation position with the
period at which the sound is being emitted. Theitjpos at which maximum correlation
occurs is received through Universal Asynchronowecdrrer and Transmitter (UART)
protocol communication. The MSP430 is the microouldr used here as it has many
advantages related to the ultra- low power abftitystand- alone systems. The received run
time differences are then incorporated into thenggtoy calculation involving the speed of
sound in air.

The most important factor influencing the speedaind in air is temperature. This factor is
considered in order to improve on the results asafathe accuracy is concerned. The
temperature of air at the moment of carrying owd #xperiment is obtained using the
MSP430F169. It has a diode, whose voltage falinealrly related to the temperature of the
environment. The measurement gives an accuracypofoul®°C after calibration. This
accuracy is sufficient to obtain better resultdetermining the position of the object. The
obtained temperature is displayed on the Liquids@iyDisplay (LCD) which is available on
the MSP430F169 Starter Kit. This LCD can allow 3&macters to be displayed at the same
time. Addressing the LCD is possible with a nib@éeits) by nibble or a byte (8 bits) by byte
transfer. The positions of the four sensors (mibomes) are fixed and given in using the
three buttons available on the MSP430. The valuesseen at the Liquid Crystal Display
(LCD) during input. Values beyond the range areauatepted and set to either the maximum
value or the minimum value depending on the extram&hich the user is exceeding. In the
geometry calculation, it is first considered tHa bbject whose position is to be determined,
is positioned somewhere in the limited area. At ¢he of the calculation, the coordinates
obtained are those signifying the difference betwé®e real position and the estimated
position. This means the real position of the abjequestion is then obtained by adding the
estimated position to the calculated differencas Thclearly illustrated ichapter two.

The X and Y coordinates are to be represented bigla Emitting Diode (LED) display
board with 32x16 LEDs matrix. These coordinatesrapresented as a point. The Z-axis is
not represented on the LED matrix board as it i dimensional, though could be displayed
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on the LCD every time new values are obtained. @altle to control the matrix boards, the
chip MAX7221 from the company MAXIM was used. Theships are compact, serial
input/output common-cathode display drivers thaerfiace microprocessors (UPs) to 7-
segment numeric LED displays of up to 8 digits,-twaph displays, or 64 single LEDs.
Included on-chip are a BCD code-B decoder, multipdean circuitry, segment and digit
drivers, and an 8x8 static RAM that stores eacit.dinly one external resistor is required to
set the segment current for all LEDs. It is comgatiwith SPI, Queued Serial Peripheral
Interface (QSPI) and MICROWIRE, and has slew-ratgtéd segment drivers to reduce
Electromagnetic Interference (EMI)

Controlling the LEDs from the MSP4i8Ghrough the Universal Synchronous and
Asynchronous communication (USART) as Serial Penighinterface (SPI) latching the data
out using a clock of the MSP430.

A Printable Circuit Board (PCB) has been desigme&agle to facilitate connection. The
electric circuit board was double sided and compagiit the size of the LED matrix board
and its pins.

1.1- Task Overview

The thesis involves developing software badware for visualization in  an indoor
navigation system using sound as the signal. Pmogiag is in C with the compiler
MSPGCC in Eclipse GNU. The microcontroller MSP436¢ Starter Kit is to be employed
for the numerous communications involved. Soméhese are UART and SPI. The UART
communication serves in the reception of maximunretation positions from a parallel
project. These positions are to be processed wmotime differences which are further
incorporated in  geometry calculation and the fpmsiof the object obtained.

The PCB design is to be realized usingl&&ersion 4.11. This Design is to be used
in the visualization module of the hardware, makiing entire hardware less cumbersome.
This module consisting of 512 LEDs and on 8 LED nraDisplays. The location of the
object is to be represented on this display, and @sint. The 512 LEDs represent the
bounded area of experiment or room and the repiesam is such that the LED surface
could be mapped to the area being covered by sandors.

Some major factors like the temperature, reflectimin sound are to be taken into
consideration since the speed of sound in airflaenced by the temperature and sound is
equally reflected by most objects.

1.2- Organization of the Thesis

Obtaining and processing the run time deifees for four sensors, which have been
obtained through correlation, are most of the thebehind this work, apart from the
behaviour and emission of sound in air. The pasi{©artesian coordinate) of an object could
be determined in a range of about 10 meters. Thoal going about it is that it could be
applied in an open air likewise indoors. This spkecharacteristic assists to complete certain
general positioning systems that mainly work outdddie next and important point is the
methodology to obtain the time differences, prodkesn and finally represent the position of
the object (for example a robot) in question, at giwen time on the display. The low power
mixed signal controller MSP430F169 has been oftgnea as it is the central controller for
the entire project. It is used in obtaining the tume differences, lighting up specific Light
Emitting Diodes (LED) corresponding to the positioh an object/robot and also in
determining the temperature of air at the momemtedérmining the position. This project is a
sub project of a larger project. The run timdetdnces and sound radiation are from other
sub projects.



The first chapter consistshaf general introduction of the project, includthg
structure of the entire project.

Inchapter two, the general theory behind the project; processingime differences
of 4 sensors and displaying the position of theectbpn a 512 LED matrix board will be
explained. A comparison or rather evolution frore theory of GPS to the development of
LPS (Local Positioning System) is step by step @xpeld here. It is as well elaborated, how
the inverse of a 4x4 matrix is obtained. This igpamant to ease the coding in the C
programming language. The entire code for this wemkritten in C using the GNU compiler
in Eclipse. Eclipse version 1.3 was used.

Thehird chapter describes the mixed signal microcontroller MSP&369 Starter
Kit and its peripheries. The general charactessére first examined, followed by the ports
of the board, then the universal synchronous apdchsonous transmission ability (USART).
The asynchronous communication is outlined sindigilowed by the synchronous
communication (SPI: Serial Periphery Interface)isThoard has a USARTO (Universal
Synchronous and Asynchronous Receiver and Traresn®) and a USART1 (Universal
Synchronous and Asynchronous Receiver and Traranii)t These helped very much, as
there was the necessity for a second peripheryrderoto carry out all the necessary
communications. The first communication, being twntinuous reception of run time
differences when the object displaces it self alisplaced and the next is the communication
(SPI1) with the MAX7221 chips incorporated in thelEhodule.
The ability of the analogue-digital converter oé thoard aided in converting values obtained
as voltage difference across a diode into tentperaThere is an analogue-digital converter
with 10 bits resolution (ACD10) as well as a 12shiésolution: ADC12. The ADC12 was
used in order to have a better resolution and &l albetter accuracy.
A liquid crystal display (LCD) is also available @he board and the detail exploitation is
outlined later irchapter three.

The development of the employed erpental board is explained chapter four,
not forgetting the tool employed: Eagle. The genhstaucture and functionality of the LED
matrix board is as well outlined here. MAX7221, walnis the chip used in this project, has a
few properties that make it convenient for coningll the LEDs. These properties are
thoroughly treated in thehird chapter.

The software part of the project xplained inchapter five. The programming is
modular, with every little section separated to entdie layout clear and permit easy detection
and accessibility of errors in case the projeché®rporated into a further project. There are
many modules; one is calculating the inverse ok4 dhatrix. A second module determines
the temperature of air during the experiment. Ardthinodule permits the synchronous
communication of the MSP430169 and the 8 LED mdtaards. A fourth module realises the
asynchronous communication between the board anddbirce of the run time differences.
These and other unlisted modules are discussedugioly inchapter five.

Inchapter six, some special techniques adapted are elaboratedeTechniques assist in
realising and ameliorating on the results. Onlygbsition at which correlation is maximum,
is received. In order to obtain the run time d#feres, the position from maximum
correlation calculation is multiplied with the pmt at which the sound was being sent. The
temperature is a factor which has aided in red@isibbetter result as the speed of sound in air;
the used medium is dependent on the temperatuagr @it the moment of transmission. In
chapter five, it is explained in detail and the relationshipndastrated.



The conclusion of the project is donecimapter seven The project: software and Hardware
for Position determination and display for an indblavigation System has been a success as
the task has been tackled adequately. Some posgipleEation of the project is outlined as
well in chapter seven.

Last but not the least ishapter eight which explains most of the specific technical term
used in the entire project.

1.3 General setup

Figure 1.3 is a block diagram showing theneral setup involving a foreign
MSP430F169 supplying the run time differences thoU#ART. These values are processed
in the main MSP430F169 to obtain the coordinateth@fobject which is further represented
on the matrix display board as a point. The contfolhis board is through SPI as seen in
Figure 1.3.

NSP30F169
MAX MAX MAX MAX

7221

LD Display

LED / MAX7221 module

MAX MAX MAX MAX

7221 7221 7221 7221

Foreign MSP430F169
supplying run time differences

Figure 1.3: Block diagram of the general setup



Chapter 2: Theoretical Background

2.1 - From General Positioning Sgsn (GPS) to Local Positioning
System (LPS

The GPS was created and realised by the Americgareent of Defense (DOD) and was
originally based on and run with 24 satellites §2atellites being required and 3 satellites as
replacement). Nowadays, about 30 active sateltitbg the earth in a distance of 20200 km.
GPS satellites transmit signals which enable thactelocation of a GPS receiver, if it is
positioned on the surface of the earth, in theheatrtnosphere or in a low orbit. GPS is being
used in aviation, nautical navigation and for themation ashore. Further it is used in land
surveying and other applications where the deteaatiin of the exact position is required.
The GPS signal can be used without a fee by arsopan possession of a GPS receiver. The
only prerequisite is an unobstructed view of theelftes (or rather of the sky).
The correct name of the system is NAVSTAR (NavigatSystem for Timing and Ranging),
but commonly, it is referred to as GPS (Global fasing System). [16]
In GPS, there are 4 observables. These are:
I. Pseudo distance from the code measurement. Oslyntigithod is used in this project

II. Pseudo distance from integrated Doppler-Count

lll. Distance from the phase carrier or carrier phaerdnce

IV. Difference in duration of signal from Interferomemeasurements.
The code measurement is based on the correlatame$s; the PRN-Impulse series of a code
finally over mounts the PRN-Impulse series produlbgdhe receiver. The PRN is a binary
signal with random noise-like properties which mngrated by mathematical algorithm or
"code”, and consists of repeated pattern of 1's0&nd
The phase of the reproduced code is shifted in tim# the maximum correlation occurs.
The pseudo range is obtained from the formula;

p =r +C*At (2.1.0)
where r is the distance between receiver and satellites @istance in LPS will be the
distance from object (sound emitter) to the variseissors.

c is the speed of light in GPS and will be the spgfesound in air in LPS

ti is the time difference between that of the saéehind the receiver in GPS meanwhile in
LPS, it is the run time difference obtained fromretation. The geometrical representation of
the setup in GPS could be seen in Figure 2.0.
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Figure 2.0: GPS setup with satellites and an object
P is the object whose position is to be determined.

The S are the locations of the satellitegfiy are the ranges between the corresponding
satellite and the receiver (object), %, and z are the Cartesian coordinates of the receiver.
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Figure 2.1: Mobile object and four sensors in LPS

The geometrical distancefrom Satellite Sin the GPS is represented hyto r4.
This distance is calculated using the formula afngetry below in equation 2.1.1.



(=06 %)+ = %)+ (2= )7 =[x -] (2.1.1)

Xi Vi z are the X,y and z coordinates of the satellitegeometrical system in GPS
meanwhile they are the Cartesian coordinateleofdur receivers in the LPS.

Xp, Yp and z are the Cartesian coordinates of the object toeberahined.

Since there is no synchronisation of the systemsd@ and receivers) the speed of light and
time difference play a vital role. For the LPSisithe speed of sound that is considered since
the signal is sound (ultrasound). From the abovetpaf view, it implies that the actual
distance will be modified as below:

plzri'+C*A§ :‘X_)ﬁ‘-'-CkAit 120)
r :C*(ti —t() (2.1.2.1)

where § is the time of emission of soundst; is the time of reception of sound.

The term c*tis also a distance due to the speed of lightrimaGPS and the speed of sound
in air in LPS.

c is the speed of light for GPS meanwhile it is $peed of sound in air. This value is 331.4
metres per second at 0°C. The speed of sound inabrys given approximately by
c=2331.4+ 0.&¢ m/s.

Here, J is the temperature of dry air and c the speecdohd. Meanwhileat, is the time

difference between the time of the satellite arad tf the receiver in GPS. In LP&{; is the

run time difference obtained through correlatiorried out in a parallel project.
The ranges are obtained as follows:

=[x =%) 2 +(y, = ¥,) 2 +(3- 2)%? (2.1.3)
6 =[(X, =%,)2 +(Y, = ¥,) 2 +( - 2)W? (2.1.4)
B = (%= %) 2 +(Ys— ¥) 2 +( 2= 2) 7 (2.1.5)

With the three equations above, the Cartesian auates of the object could be obtained if
there was a common time (synchronisation of thelesemand receivers) since there is no
possibility of synchronization, a fourth equatia unavoidable in this case. This will be
explained later in this chapter as it is necessaryrst choose a method for determining the
position. Three methods could be considered here.

The first method ishe closed solution form An equation is said to be a closed-form solution
if it solves a given problem in terms of functiossd mathematical operations from a given
generally accepted set. For example, an infiniten smould generally not be considered

closed-form. However, the choice of what to cadiseld-form and what not is rather arbitrary
since a new "closed-form" function could simplydedined in terms of the infinite sum.

In this project, this method will be considered.

The second method the Kalman-Filtering method. The fast Kalman filter (FKF), devised
by Antti Lange (1941), is an extension of the HelwWolf blocking (HWB) method from
geodesy to real-time applications of Kalman filbgri(KF) such as satellite imaging of the
Earth. Kalman filters are an important softwarehteque for building fault-tolerance into a
wide range of systems, including real-time imagiflge computational advantage FiKF is
marginal for applications using only small amounfsdata in real-time data. Therefore
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improved built-in calibration and data communicatiofrastructures need to be developed
first and introduced to public use before persagadgets and machine-to-machine (M2M)
devices can make the best ouféi-. [10]

The third method ighe iterative method (Taylor linearization). This method will be
employed as it is technically and easily realisablenicroelectronics signal processing. It is
also widely used in the industry.

The prerequisite is the assumption that y,” and z,” are points very close to the awaited

points, whereby the awaited points sum up to middeeposition of the object represented by
Xp, Yp and 3.

The range will further be calculated using therneated position of the object. This is realised
as shown in the equations below:

n=100 =%)* + (- ¥, +(2- 7)1 (2.1.6)
=06 = %) +(¥,= %) (2= 2)7"? (2.1.7)
=l =%,) " +(¥:= ¥,) " +(z= 7)Y (2.1.8)

where 1 is the calculated range from estimated coordinatieshe first sensoryr,”
calculated range from estimated coordinates os#o®nd sensor,” calculated range from
estimated coordinates of the third sensor.

This approximation differs from the normal distamagith a delta/\- sum.
This further implies

AT =1 -1, (2.1.9)
Al, =T, =T, (2.2.0)
Al =r,—ry (2.2.1)

From the above equations,

Ar; is the difference between the range of the finst the estimated range

Ar, is the difference between the range of the seaoddhe estimated range

Ars is the difference between the range of the thidl the estimated range. The question here
helps in obtaining the coordinates of the objeaic& the position of the object had earlier
been estimated, all that is necessary to be dorne &ld the difference to the estimated
position for various axes, and it is now posstblenove to the next stage.

AXy = X, = X, S (2.2.2)
AYy =Yy~ Y, (2.2.3)
AX is the difference in the x axis between the oo the real x axis and the estimated point
on the axis whereasAy is the difference in the y-axis between the pointthe real y-axis

and the estimated point on the axis.

The influence of the is on all of the ranges. It is further assumed ds\:

Al =, *AX, +h*AY + G A Z, (2.2.4)
Al =a,*AX, +h* Ay, + CF A Z, (2.2.5)
Aly =a3*AX, +B* Ay +¢f A Z) (2.2.6)



Where a, b and c are the factors influencing tretesy and a is the factor influencing x
directly, b is the factor influencing y directly, is the factor influencing z directly.
These factors could be obtained as demonstratesvbedm equations 2.2.7 to 2.2.9.

a =2 ;,Xp (2.2.7)

b = -y;—y" (2.2.8)
__7-3%

C=T (2.2.9)

The indexi stand for 1 to 3 corresponding to the three equoatinvolving the ranges
A matrix is then formed to determine th& of the coordinates.

Al a b c||ax
Al |=la, b, c,|*| Ay, (2.3.0)
Al a;, b, c;| |Az

a b g
If the matrix A=|a, b, ¢ | then
a b g
AX=A*AT (2.3.1)
A™ is the system matrix
ax, | [a b o] [ag
It then implies| Ay, =1, b ¢ | *|AL (2.3.2)

AZ, a b g AL
As seen earlier, in equations 2.2.2 and 2.2.3ethmtions below representing the coordinates
of the objects could be obtained.

X, = X, A X, (2.3.3)
Y, = Y, tAY, (2.3.4)
2,=7,+A 2, (2.3.5)

It is assumed and precautions taken to see intileaitthe coordinates of the receivers are
accurate. Up to now, only three equations have beed to determine Cartesian coordinates.
Since there is a fourth unknown: time constantféuath equation will be necessary to obtain
the %, Yp, Z, and k.

k =c*At (2.3.6)
With t; being the time elapsed between sending and recei signal obtained through
correlation and the period of the sent signal.
The system now has four equations which are asvist

Pl = %) +(%— W2 +( 2= 27TV + ta (2.3.7)
P =00 = %) (%= W2 +( 32— 2T"+ ta } (2.3.8)



P =06 %)+ (%= W) +( 23— T4+ ta 4 2.3.9)
P, =[(%~ )é))z_*_( Yo~ yp)2+( 4 %)2](1/2)+ tA} (2.4.0)

Transforming the four equations above in matrixnfomakes the system to be better
interpreted in mathematical form.

APy a h g 1| |aX
Ap2 — a2 Q C2 1* Ayp (241)
APy | |& by ¢ 1) 14z
AP, a, b ¢ 1] Ak,
a b g1l
1
Anew= % boG (2.4.1.0)
a b ¢ 1
a b ¢ 1
AX,
A
AX= Y 42.1)
AZ,
AK,
ARy
A
ap=|°P @®)
AP,
ADP,
That means
AX=AL*ApD (2.4.2)
k=k +A K (2.4.3)

Where Kk is c*At,

So the final equation to determine the Cartesiasitipo of the object which will then be
displayed by lighting up a corresponding LED on ltE matrix board is given by:

P =05 —%)2+(y— )2 +(7z- 72+ o (2.4.4)

p=c*(f; ) (2.4.5)

t, is the time at which the signal is sent.

The unknowns are xp, yp and zp which are the Gartemordinate of the object in question
Xi, Yyi andz; are estimated andat the moment known, with the help of the vgdtdall

over a diode in MSP430F169 and| is obtained from a parallel process.

10



The distance covered by sound in air is linearhateel to the time taken at a particular
temperature. Taking as an example the temperafl26°€, a curve of distance covered by
sound and time taken could be obtained as showigure 2.2 below.

20 +
15 +

10 |

time in ms

0 2 4 6 8 10
distance in m

Figure 2.2: Distance and time covered by sound ir at 25°C

The next step is working out step by step thesiise a 4x4 matrix which requires that the
determinant be first calculated. The next sectias Imore details on inverse matrix
determination.

2.2 - A 4x4 inverse matrix calculation

This section handles the task of obtaining thesw®f a 4x4 matrix step by step to ease the
understanding and programming. The first step éllcalculating the cofactors of the 4x4
matrix as described in section 2.2.1.

-1 1 T
A _(det(A))(CO( A)

2.2 .1 - Calculating the cofactors of a 4x4 matrix
Let a matrix A as below be considered. The lastirool is filled with 1 to make up a 4x4

matrix due to the addition of a fourth constannigea fourth row. The system matrix must be
square.

11



al
a2
a3
a4

bl
b2
b3
b4

cl
c2
c3
c4

2.4.5)

N = =

2. Calculating the first element all of the cofactors.

lalmy |

r\
EA A

1
all=(-1*83 <3 1 all=(—13% 532
1

4 o4

b2 c2
all= (-1¥|b3 c3
b4 c4

[
-

4

2

o

a4

(2.4.5.1)

1| 3.y et al
I EA S L

all=(-1* 83 3 1
4 ¢4 1

all=[b2(c3- c4)- c2(b3- ba)+ (b3* o4 3* ) (2.4.5.2)

3. Calculating the second element al2 of the cofactors

a2
al2=(-1¢|a3
a4

Gz
al2=(-1"|a3
e

al2 = (17" |a3
L

s
al? = (-1 a3
2l

c2
c3
c4

3]
[ai]

3]
L
[ S e S

cd

o
o]
od

—_ L (R

~
[T

o3
cd 1

(2.4.5.3)

al2 =-[a2(c3- c4)- c2(a3- ad)+ (a3* 4 ad* S}
al2 =-[a2(c3- c4)- c2(a3- a4]
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4. Calculating the third element al3 of the cofactors.

a2 b2
al3=(-1'|a3 b3
a4 b4
2 &2 1 w2421 lz2 &2 1
al3= (0 w3 23 1 al3=(-D"1e3 3 1| al3=(-D*a3 23 1
ad b4 1 ad B4 1 ad b4 1
al3 =[a2(b3-b4)- b2(a3- a4y (a3* b4 ad* 18] (2.4.5.4)

The same procedure continues for determining theaieing 13 elements for the cofactors.
Since the pattern is clear, only the results ofrést are listed below.

ald = [a2(b3*c4 - b4*c3) - b2(a3*c4 - ad4*c3) 2(a3*b4 - b3*ad)]
a2l = -[b1(c3 - c4) - c1(b3 - b4) + (b3*c4 - b4¥t3

a22 = [al(c3 -c4) - cl(a3-ad)+ (a3*c4 - ajfca

a23 =-[al(b3 - c4) - bl(a3 - a4) + (a3*b4 - a4ib3

a3l = [bl(c2 - c4) - cl(b2 - b4) + (b2*c4 — c2fp4

a32 = -[al(c2 - c4) - c1(a2 - ad) + (a2*c4- adic2)

a33 = [al(b2 - b4) - bl(a2 - a4) + (a2*b4- a41b2)

a34 = -[al(b2*c4 - b4*c2) - b1l(a2*c4 - a4*c2) +a2tb4- a4*b2)]
a4l = -[b1(c2 — c3) - c1(b2 — b3) + (b2*c3 — b3)jc2

a42 = [al(c2 - c3) - cl(a2 —a3) + (a2*c3- a3fc2)

a43 = -[al(b2 — b3) - b1l(a2 — a3) + (a2*b3- a3fb2)

a44 = [al(b2*c3 — b3*c2) - bl(a2*c3 — a3*c2) @A b3- a3*b2)]

Up to this step, all the values are known excepm tleterminant of the 4x matrix
A(det (A)). This will be carried out in the next step.

b2 c2 a2 c2 a2 b2 a2 b2 cf
det(A)=alb3 c3 [-bla3 c3 | cla3 b3 || a3 b3 (2.4.5.5)
b4 c4 a4 c4 a4 b4 a4 b4 cp

a, b, ¢ and 1 are the elements of the 4x4 matrix A

c3 1 b3 a3
=al(b2 -c2 +

c4 1 b4 a4

3 1 3 3
i@l J-cd T T+ D

c4 1 a4 a4 c

b3 1 3 3 b
raa@” 1-b2® 742 P

b4 1] a4 ad b
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a3 c a3 b
2 +cC )

a4 c ad b
The determinant of a square matrix is a single bemtalculated by combining all the
elements of the matrix. This is obtained by mujiipd the main diagonal and subtracting the
product of the other diagonal. The difference entimultiplied with the outer elements. The

results are then added with each other or subttdicien each other depending on the signs.
The elements of the inverse matrix are then obtb&seshown below:

all al2 al3 al
a2l a22 a23 a2
a3l a32 a33 a3
a4l ad42 a43 a4

Co(A = (2.4.6)

all a2l a3l a4
al2 a22 a32 a4
al3 a23 a33 a4
al4 a24 a34 a4

(CoA)" = (2.4.7)

all a2l a3l a4
1 ) al2 a22 a32 a4
det(A) | al3 a23 a33 a4

al4 a24 a34 a4

Al =( (2.4.8)

Equation 2.4.8 could now be incorporated into eiqua?.4.1 to obtain the equation below.

1

A1 la B g 1 |ap
AYp | _| & b, ¢ 1| ,|2R
AZ, a, b ¢ 1 ARy (2.4.5.4)
2k, | la, b ¢ 1 Ap,
r -1
a b ol
where 2 b, ¢ 1 is At
a3 b ¢ 1
8, b ¢ 1
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2.3.1 - The closed solution method in obtainingp, yp andt O

After analyzing theiterative method (Taylor linearization), the closed solutimethod is
worth analysing as the theory is more comprehenaivé the programming behind less
complex.

The coordinate equation of an object as seen e&le®nsidered

(% =%)+(¥ = %)= C(t-1)°
The index i stands for the four sensors (thatasfil to 4). All other variables and constants

remain as in the method before.
Expanding the above equation gives;

X1=2X%+ %0+ Vi =2y y+ = CP-2C%t + C* (2.5.1)
X, =2%X + X+ ,=2y y+ y* = C*°-2C%t + C*,’ (2.5.2)
Xy = 2% X+ X2+ Y —2y g+ yi = Ct?—2C%tt, + C*t,° (2.5.3)
X, =2%,% + X + Y, -2y y+ y* = C*2-2C%t + C*,’ (2.5.4)

Equation 2.5.4 will now be subtracted from 2.5.5.2and 2.5.3.

O =X)H (Y- V) —2(%— %) x—=2(y— W Y

=C*(t” - 1,%) —2C*(t, — t,)t, (2.5.5)
(¢, =)+ (Yo~ V) —2(%= %) %=2( %= W) ¥

=C*(t,° —t,%) - 2C*(t,— t,)t, (2.5.6)
(= X)+ (V= YD —20%= %) % =2( %= W) Y

=C*(t,° -t,") —2C*(t,— t,)t, (2.5.7)

Looking for the value oft, in equation 2.5.5.

2C% (47 —t,°)t =2 — %)% + 2(%~ Y) %~ [(X,— %)+ C(f- )]

- _(le_X24)+2(X1_ XA))iy_(yzl_ );4)'*'2( Y= W yt é( f_ f)

t 2.5.8
- 2C%(, -t,) (258
From equation 2.5.8, the following constants ageaeped.
A=t -ty)
Bi=2(x - X,)
C:= 2(y1 - y4)
DI, = x%) + (Y~ Vo) — C( 1= )]
Bx, +Cy - D
Y =% (2.5.9)
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A secondt, is obtainable from equation 2.5.6.

2C? (tzz _t42)t0 =2(X2 - X4))$ + Z(yz_ y4) ¥~ [( )%2_ )%4)"' G( f_ 1;2)]

— _(X22_X24)+2(X2_ X4))$_( fz_ );4)'*'2( %= Y yt é( ]f_ f)
2c? (tz _t4)

From equation 2.6.1, the following constants agraeped. It is to be noted that the constant

2C? disappears sincé is a constant factor that will always appear othbsides of the
equations fott, .

= (2.6.1)

A= (t,-t,)
Bi= 2(X, = X,)
Cii= 2(Y, — Va)
eB[(x%,=X%) +(¥,~ ¥) - C(°- 4]

g =%tG% 0 (2.6.2)
A
Equating equation 2.5.8 to 2.6.2
N Bx,+Cy,—- D _ Bx,+CGy,—- D
A A
= A(Bx+Cy,-D=ABx+ Cy- D
. = Y(AG-AQ+ AD- AQ (2.6.3)

" AB-AB

Using another pair of,, another X could be obtained. Considering equation 2.5.7 abknee
next t, could be obtained as below.

2C2(t32_t42)t0 :2(X3_X4))$+2(y3_ Y) 3{)_[( )%3_ ﬁ4)'*' é( f_ 1;2)]

— _(X23_X24)+2()%_X4))$_();3_ };4)+2( %= W yt é( f_ f)

- b 2C°(t,-t,)
(2.6.4)
From equation 2.6.1, the following constants ageaeped.
A= (t-t,)
B2i= 2(%; = X,)
Gi= 2(Y; - Y,)

2B [ =) +(¥— ¥ — CL 7= t)]

L -BRTeusD

(2.6.5)
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A fourth t, is obtained so as to equate the next tyvdo obtain another equation dependent
on x, andy, as unknown.

2C% (47 —t,7)t, =20 = %)% + 2(%— %) %~ [(X,— X))+ C(f- 1)

= = —(X, = X) +2(% - xz)m—(le— ya+2(y- ¥ y+ C(i- 1) (2.6.6)
2C (t1_t2)

From equation 2.6.1, the following constants ageaeped.

A= (L -t,)
Bsi= 2(%, — %)
Gai=2(Y,— ¥,)

3B [(X21 - Xzz) +( y21_ yzz) - CZ( t12_ tﬁ]

L o =2%tS% 0 (2.6.7)
A

Now, equating equation 2.6.5to 2.6.7, it isqioie to obtainx, dependent ory,,.
BZXp+CZyp_ DZ — BSXp+C:3yp_ [)3

A A
=  ABXx+GYy-D)=A(Bx+ Gy- D

. <Y(AGTAC)* AD- AD 265)
AB,-AB,

Equations 2.6.3 and 2.6.8 are equal.

Y, (AG-AQ+ AD- AQ: Y.(AG-AC)+ AD- AD (2.6.9)
AB- AB AB, - AB,

From equation 2.6.8, the following constants ageaeped.

E:=AC - AC
F:=AD-AD
Gi=AC,- AC,
H:=AD, - AD;,
l:l=AB- AB
J:=AB,- AB,

17



Now equation 2.6.9 could be rewritten as

y,E+F _y,G+H

I = (2)y.0
= J(Y,E+ B =1(y,G+ H)
IH - JF
Y, = JEZ G (2.7.1)

y, could now be substituted in one of the equatiobsve involving x,, for example
equation 2.6.8. Once these two unknowns éndx,) have been obtained, the third unknown
(t,) could be obtained by substituting the valuesygfand x; in one of the four equations
involving x,,y,and t,, for example equation 2.6.7. It is also posstblebtain the three
unknowns ,, y,andt,) using just three equations instead of four. Wi three unknowns

determined, it is now left for the software to adatgly represent these valugg @ndx,) on
the 16x32 matrix LED board.

2.3.2 - An alternative closed form solution.

In this method, it is considered that the four poss of the microphones are such that they
form a rectangle.

1 1 2

rl r2

r3 rd

3 4

[ i
[ a I
I

Figure 2.3.1: Rectangular surface of experiment

Let the surface be rectangular. That means thardistbetween the point 1 to 2 and 3to 4 is
the same, with the valwee and the distance between the point 1 to 3 andfisothe same,
with the valueb.
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reference signal

—" 7
d
I— mi J Sienl
signa
Figure 2.3.2: Signal and reference signal showingin time difference through
correlation.

On Figure 2.3.2t; stands for the time obtained from maximum corietatfor thei -
position andd is an offset time since the sender and receiwekasynchronically.

m=t+d (2.7.2)
m is a time corresponding to the sum of the offgeétand the run time.
K=t*C (2.7.3)

r. are the ranges as represented in Figure 2.3.JeabuV obtained as in equation 2.7.3 with C
being the speed of sound, dependent on the teruperat

X=X

N =Xta

X, =X+ta = X=EX—a =X,—a
Y>= %

Y,=Y,*b =y, =y,-b
Y,=Y;th

Y:=Y,=b

The following equations have been mentioned alreadlye first method and it is the general
equation for determining the position of an objach room.

X5, +y,—r1%,=0 (2.7.4)
X2, + ¥y, —1?,=0 (2.7.5)
X, + Yy, -1, =0 (2.7.6)
X, +y,-r’,=0 (2.7.7)

Subtracting (2.7.6) from (2.7.7)
= X24_X23+y24_ y23_ r24+ r23:O
X%, = (%= 8%+ (%= B*- (%= h*- P+ =0
2x,a—a& -Ct,+ Ct,=0
It is known that t = (m-d)

_a’+C’(m-d*- C(m- ¢*
X, = o (2.7.8)

=

The value ofx, obtained in equation 2.7.8 above is the firsbrrdinate of the object with
the assumptions taken earlier. The value of tlmeespondingy, value could be obtained by
subtracting (2.7.5) from (2.7.4) as follows.
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It is known that t = (m-d)

=

X24_X22+ y24_ y22_ I’24+ r22:0

X24_X24+ yzz_(Y2_ b2+ r24_ r22:0

2y,b- 1+ CE,— CE,=0

2

y _b*+C*(m-9°- C(m- ¢°

2b

(2.7.9)

The pair of valuesX, andy, ) obtained above is just a solution out of manyisicould be

other solutions should give the same coordinate ©uhe quadratic nature of the equation, a

value may lie out of the bounded rectangle. In thise, it is not part of the solution.

(2.7.4) (2.7.5) (2.7.6) (2.7.7)
-(2.7.4) 0 X, Y1 XY,
- (2.7.5) X, 0 XY, A
- (2.7.6) Y, X, Y, 0 X
-(2.7.7) X, Y, Y, X, 0

Table 2.3.1: second closed form method solutions
As shown in Table 2.3.1, the rest of the solutiomsld be obtained by subtracting the various

equations from one another. Some of them may ettn real solutions. Such cases are
examined closely and rejected as a solution.
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2.4 - Comparison of Display technologies or systems

After obtaining the coordies of the object, the next point is choosing an
adequate display system. There is a good varietyispiay technology, some of which are
CRT, PDP (Plasma Display Panel), LCD, SED, LCoSuniag LED Display. After a brief
analysis of the existing displays, it was found that some were unnecessarily expensive,
some difficult to find, some not suited for a battpowered system, some unnecessarily
complicated to electrically control and some urahlg in terms of size for an indoor
navigation system. LED Display system was finalhogen as it has many characteristics
favourable for controlling and displaying a 2 dimemal coordinates of an object. The
characteristics that make the LED suitable for sactisplay are outlined in the general
characteristics section of LED. The most importaaison for choosing LED as a display was
due to the visibility of LED lights at longer disizes, making it adequate as a display system.
Most typical LEDs are designed to operate with mote than 30—60 Miliwatt of electrical
power. One of the major reasons for choosing LEEpy is its high efficiency, as measured
by its light output per unit power input. Anothesipt is the fact that the solid package of the
LED can be designed to focus its light while on dtleer hand incandescent and fluorescent
sources often require an external reflector toecolllight and direct it in an applicable
manner. Further more, LEDs, being solid state camapts, are difficult to be damaged with
external shock. LEDs light up very quickly. A typlaed LED will achieve full brightness in
microseconds. An example is the Philips Lumiled2®§. 1] with less than 100ns. LEDs are
very small in size and many could fit onto prin@ctuit boards. There are of course a few
disadvantages of using LEDs of which are minimahpared to the advantages. One of the
disadvantages is that their performance largelyedép on the ambient temperature of the
operating environment. Over-driving the LED in higmbient temperatures may result in
overheating of the LED package, consequently pingeto device failure. Also, LEDs have
to be supplied with the correct current which coirdolve resistors in series or current-
regulated power supplies. The LED Display usedireqonly one resistor per segment. This
resistor could also be used to vary the brightreésthe LED. The brightness of the LED
could be controlled digitally using the brightnesgister which varies from 0 to 15, with 0
being minimum brightness and 15, maximum brightness
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Chapter 3: MSP430 F169 Starter Kit and used Periperies

3.1 - General Characteristics

After analyzing the method to determine twordinates and a display technology
chosen, an appropriate microcontroller will be ssegy. The MSP430 has been chosen for
many reasons, which will be outlined in this chapte
The MSP430 family of ultra-low-power 16-bit RISC xad-signal processors from Texas
Instruments (TI) provides the ultimate solution fdyattery-powered measurement
applications. It is designed for low cost, low povwensumption embedded applications. It
suits well for this project as the system (starmh@) uses battery meanwhile the mixed-signal
and digital technologies are fully utilised. Thisxed-signal ability permits system designers
to simultaneously interface to analogue signalsisees and digital components while
maintaining the low power consumption. They can upnto 8MHz (up to 16 MHz for the
new MSP430F2xxx series) and their consumption iy @0 pA per MIPS (Million
instructions per second), which makes them pefftacportable and handheld devices. The
DMA controller module transfers data from one addr® another without CPU intervention.

Typical features of the MSP430F169STK include:

16-bit RISC architecture

« 125 ns Instruction Cycle

« 481/0 pins

+ 60 Kilobytes Flash

+ 2 Kilobytes RAM

« 3-channel Internal DMA

- 12-bit A/D Converter with Internal Reference, Saeaphd-Hold, and auto scan
« Dual 12-bit D/A Converters with Synchronization

« 16-bit Timer A with 3 Capture/Compare Registers

» 16-bit Timer with 7 Capture/Compare-With-Shadow Regs

«  On-chip Comparator

+ USARTO Functions as Asynchronous UART, Synchrorfaigk or 12C

The USARTO is used here for the synchronous comeation of the MSP430 board with
the MAX7221 and LED modules. It is the Serial Peery Interface (SPI) mode. The clock is
required to latch out the data from MSP430 to thp of the MAX7221. The chip select (CS)
has to be low for a particular chip to permit datde written to it.

« USART1 functions as Asynchronous UART or Synchran@PI. In this project,
USARTL1 is used in the asynchronous communicatigh amother MSP430 to obtain
the point of maximum correlation which reflects thee elapsed between sending and
receiving signals.

« Brown-out Detection

« Supply Voltage Supervisor/Monitor with Programmabéwel Detection

+ Programmable Code Protection by Security Fuse

« On board LCD used in displaying input, temperaturé general information.

« Three buttons B1, B2 and B3 for input purpose
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Supply voltage 7.0V

FOR LED Connects to JTTAG
E3232 connector
i S
Button 1 ——
LED 1
LCD Display
Button 2
LED2

Button 3

FPortl (EXT) kI\ILINI Port 3 (SPD)

Figure 3.1.1: MSP430F169 starter Kit and used periperies

Figure 3.1.1 shows MSP430F169 Starter Kit witlpgsipheries. It has an LCD display which
can display up to 32 characters on two lines. Theeehree buttons B1, B2 and B3 on board
assisting in inputs. The c code is loaded intoMi&P430 from a computer through a JTAG
connector. It is supplied with 7.5 V DC. It has Es: PONLED is the power-on LED
indicating the connection to power, LED1 is a rddD_between B1 and B2 and there is
LED2, which is green and found between B2 and B3.

MSP430 has an extra-low power architect(Figure 3.1.2: MSP430 Architecture
overview), 1.8 — 3.6V operation, 6pus wakeup fromndby mode, 16 bits ALU and many
other characteristics making it suitable for a gcbjlike this one, needing a battery powered
system. A 16-bit Reduced instruction set compukldSC) CPU, peripherals and flexible
clock system are combined by using the von-Neun@mmon memory address bus and
memory data bus. Figure 3.1.2 below gives moreaggtion to this structure. The MSP430
offers solutions for present and future mixed siggolications.
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Figure 3.1.2: MSP430 Architecture overview [9]

It has a uniform instruction format, using a singlerd with the OPCODE in the same bit

positions in every instruction, demanding less detp and simple addressing modes, less
complex addressing performed through sequencestbimgtic and /or load-store operations.

Less decoding reduces the time taken to interpyde @and consequently implying a faster

reaction or processing.

3.2 — Ports of the MSP430F169

There are all together six ports on the MSP430FR3®&8ter Kit. The most used port in this
project is the port 3. It is used in lighting ug thcontrollable LEDs available on the board. It
is equally used in the SPI communication as welhate UART communication to receive

run time differences from a parallel project.

As is standard on microcontrollers, most pins cohte@ a more specialized peripheral, but if
that peripheral is not needed, the pin may be udsedeneral-purpose /0. The pins are
divided into 8-bit groups called "ports”, each ofiieh is controlled by a number of 8-bit

registers.

PxIN
Portx input. This is a read-only register, and refleébtscurrent state of the pin.

PxOUT
Portx output. The values written to this read/write ségi are driven out the corresponding
pins when they are configured to output.

PxDIR

Portx data direction. Bits written as 1 configure theresponding pin for output. Bits written
as 0 configure the pin for input.
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PXSEL

Port x function select. Bits written as 1 configure tharresponding pin for use by the
specialized peripheral. Bits written as 0 configiire pin for general-purpose I/O. Port 0 ('3xx
parts only) is not multiplexed with other peripHerand does not have a POSEL register.

PxIES

Portx interrupt edge select (ports 0-2 only). Selectsdtige, which will cause thexIPG bit
to be set. When the input bit changes from matcthedXIES state to not matching it (that is
whenever a bit in ES XOR KIN changes from clear to set), the correspondixi§@® bit is
set.

PxIFG

Port x interrupt flag (ports 0-2 only). Set whenever tteresponding pin makes the state
change requested byxIES. This can be cleared only by software (Can ddsoset by
software).

PxIE
Port x interrupt enable (ports 0-2 only). When this mtlahe correspondingxF=G bit are
both set, an interrupt is generated.

Note that some pins have special purposes eith@rpass or outputs. (For example, timer
pins can be configured as capture inputs or PWNudat) In this case, thexPIR bit controls
which of the two functions the pin performs evenewtithe RSEL bit is set. If there is only
one special function, therxPIR is generally ignored. [9]

3.3 - UART and SPI

There are two main communication protocols involvedth the outside of the

microcontroller. They are the Universal Asynchros®eceiver/ Transmitter (UART) and the
Serial Peripheral Interface protocol. The MSP43@Fhé&s the ability of offering these two
protocols at the same time, as it has a USARTOWBART1, configurable to work at the
same time. The UART is used in the time differeneeeption from a parallel process in
another MSP430F169. This is in a continuous mode.
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Figure 3.3.0: Relevant pins of MSP430 for UART use
The SPI is used in controlling the LEDs with th@phof MAX7221 chips. The USART1

module is used in communicating with devices andtesys that support the RS232
communications [28].

3.3.1 UART

USART as UART is used in this project in receividgta from another MSP403 running
parallel with each other. This communication is ldyp continuous and rapid. The
programming of this section is thoroughly explaimed illustrated in Chapter five.
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8 bits parallel data
8 bits parallel data Serial data =P

. Serial data Serial data receiver
; ; transmitter :> %

Tx clk Rx clk

Figure 3.3.1: Block diagram of UART communication

3.3.2-SP |
SPI stands for serial periphery interface. It syachronous communication needing a clock
to permit the data move out of the microprocessaodsg.
In synchronous mode, the USART connects the MSR42h external system via three or
four pins: SIMO,SOMI, UCLK, and STE. SPI mode is selected wherSi®IC bit is set and
the 12C bit is cleared.

The features of SPI include:

- 7- or 8-bit data length.
This setting was the most convenient as factmemunication interface and speed was
concerned.

- 3-pin and 4-pin SPI operation

- Master or slave modes

- Independent transmit and receive shift registers

- Separate transmit and receive buffer registers

- Selectable UCLK polarity and phase control.
The clock is generated by the master. This i3 talge in full duplex communication where
the master transmits and receives likewiseskinee.

- Programmable UCLK frequency in master mode
The UCLK frequency can be altered and this isjids only in the master mode as already
explained.

- Independent interrupt capability for receive arashsmit

Master , > Slave
MSP430 MAX7221

flefelesle[7 ] 222 ol fTo[s [e[s]e]7]

Figure 3.3.2: MOSI block diagram

MOSI (master output, slave input) is used in r@ajjisa functional and frictionless
communication between the microcontroller and th&8X7221 slaves.
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The master is MSP430F169 sending out data syndaibnio the slave (MAX7221). Data is
latched out using the clock of the master. A dethitlescription is given in the software
section in Chapter five.
It is very important to follow a specific order the re-configuration process of this module.
Failure to do that may result in anomalous behawathout explanations. These steps and
the orders are as follows:
1) Set SWRST (BIS.B #SWRST, &UxCTL)
The SWRST (software reset) configuration isedonthe control register UXCTL with x
being 0 or 1. The two modes could be opers¢padrately and at the same time.
2) Initialize all USART registers with SWRST=1 (Inding UXCTL)
3) Enable USART module via the Mex and SFRs (USPIEXx
4) Clear SWRST via software (BIC.B #SWRST, & UxCTCJearing SWSRT allows
operation.
5) Enable interrupts (optional) via the IEx SFRRKIEXx and/or UTXIEX).
The USART has one interrupt vector for transmois and one interrupt vector for recap-
tion. The UTXIFGx interrupt flag is set by ttransmitter to indicate that
UxXTXBUF is ready to accept another characterimerrupt request is generated if
UTXIEx and GIE are also set. [9]

3.3.2.1- SPI Timing

The polarity and phase of UCLK are independentlgfigured via the CKPL and CKPH
control bits of the USART. Figure 3.3.3 below givaore details to the timing functionality
of the SPI.

CKPH CKpL CYCle# f 2 B 1 5 8 7 8
0 0 vew N\ N L
0 1 veek NV N L T
10 ek | /Y SNV VNSNSV VL
11 vk 1 A\ L L L\
STE \ I
0 X Som X _MsB i X A X X { \ Lss
ST (RS ) G G G GR) G S

Move to UxTXBUF |

TX Data Shifted Cut

RX Sample Poinis I I I I I I I I

Figure 3.3.3: USART SPI Timing [9]
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3.4 - Analogue-Digital Converter (ADC)

The ADC12 module supports fast, 12-bit analogudigial conversions. The module

implements a 12-bit SAR core, sample select conteference generator and a 16 word
conversion-and-control buffer. The conversion amatiol buffer allows up to 16 independent
ADC samples to be converted and stored withoutGiPy intervention.

ADC12 features include:

» Greater than 200 ksps maximum conversion rate

* Monotonic 12-bit converter with no missing codes

» Sample-and-hold with programmable sampling peramigrolled by software or timers.

» Conversion initiation by software, Timer_A, or Tim8&

» Software selectable on-chip reference voltage geioar (1.5 V or 2.5 V)

» Software selectable internal or external reference

» Eight individually configurable external input chraats

» Conversion channels for internal temperature se®86CC, and external references

* Independent channel-selectable reference sourcesbdth positive and negative
references

» Selectable conversion clock source

» Single-channel, repeat-single-channel, sequendeegreat-sequence conversion modes

» ADC core and reference voltage can be powered daparately

* Interrupt vector register for fast decoding of 1B@ interrupts.

» 16 conversion-result storage registers

The ADC units on some MSP include a temperature@e his feature is easy to use and

also accurate (typically within a degree). ADC12aissingle 12-bit analogue-to-digital

converter, with a built-in sample-and-hold circuithe front end consists of a multiplexer

circuit which allows the developer to select oneight external pins, or one of four internal

sources.

The 8 external and four internal analogue signassalected as the channel for conversion by

the analogue input multiplexer. The input multigexs a break-before-make type to reduce

input-to-input noise injection resulting from chahswitching as shown in Figure 3.3.1

R ~ 100 Chm ADC12ZMCTLx.0-3
T Input
- -1 T#* ° %fp
L 1
ESD Protection

4 v

Figure 3.4.1: Multiplexer circuit [9]
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There is an internal diode which permits the AD(tovide an estimated idea of operating
temperature. The temperature diode varies withcgeVt is remarkably less accurate than an
external temperature sensor though a low cost Ipbgsiwhen the microcontroller is already
available. The MSP430F169 family has the volt-°@atren as follows: 3.55mV change in
voltage is equivalent to 1°C. These values couldHtained as typical values from the data
sheet. A more accurate value of temperature, better to use an external sensor. Since an
accuracy of approximately 1°C is quit sufficientdibtain good results as far as the speed of
sound is concerned, it is practical using thisrimak sensor. The above statement could be
explained using the formula below:

C 313-0.6*px1°C) (3.3.2)
REF2_5V REFON
n INCHx=0Ah
VeREF+ T
e *—
VREF+ on
N 15Vor2.5v — Avee
VREF—-" \‘IEREF— Reference
’—
AVce Ref x N
|
INCHx
\ 11 10 01 00/ AT —
QT\ AVaS SREFO ADC120SC
AD 0000 SREF2 10 ADC120N ADC123SELx
i; gg% T ADC12DIVx
A3 0011 y v T T T
Ad 0100 S:;r::gle R— R+ oLk
A5 0101 o Divider
AB 0110 1  Hold 12-bit SAR 1o — 118 i
A7 0111 _ -
S/H C 1 SMCLK
] Jgg? —— & ADCI2CLK '
1010 L
1011 BUSY s
1100 Sx
1101 SHTOx ISSH
1110 # . ENC
1111 T 00 ADC12SC
Sample Timer
L~ | 4. 1024 Sync ?; I’;;
AV SAMPCON T4
= L L 11 T81
L SHT1x  MSC
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CSTARTADDx | —> _ _
! 16 x 12 16 x 8
| Memaory Memary
CONSEQx ._mi Buffer Control
: - —_
v ADC12MEM15 ADG12MCTL15
AVss

Figure 3.3.2: ADC12 block diagram [9]
The ADC core converts an analogue input to its it2Hgital representation and stores the

result in the conversion memory. The core usespmgrammable/selectable voltage levels
(Vg, and Vg_) to define the upper and lower limits of the caisi@n. The digital output
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(NADC) is full scale (OXxFFE 4095 in decimal notation), when the input sigisaéqual to or
higher thanV,,, and zero when the input signal is equal to orelothanV,_. The input

channel and the reference Voltage levéls, (andv,_) are defined in the conversion-control

memory.
The conversion formula for the ADC result NADC is:

Vi, ~Ve
Napc = 4095*% (3.3.1)

R+ VR—

The ADC12 core is configured by two control registADC12CTLO and ADC12CTL1. The
core is enabled with the ADC120N bit. The ADC12 barturned off when not in use to save
power. With few exceptions the ADC12 control biemoonly be modified when ENC = 0.
ENC must be set to 1 before any conversion cangkce.

There are four conversion modes:

- Single channel one-shot
It is a single conversion with results being saiwredne of the ADCMEM (analogue digital
memory) registers.

- Single channel repeated.

It repetitively performs conversion until stoppedesults are being stored in the same
ADCMEM register. Here, the typical method is to poprocess when the BUSY flag clears.
This mode will be explained in details in this cteapas it is the employed mode in this
project.

- Multiple channel, single sequence.
In this mode, the ADC performs multiple conversiola®ping through a specific number of
ADCMEM registers one time.

- Multiple channel repeated.
It is identical to the previous case, apart from fdact that the series of conversion is repeated
until stopped.
These mentioned modes have the advantage thatatbes “start and forget" process. The
code could be written such that the process iwiiiéd and the code could perform other
tasks while the conversion is underway. Nevertiseldseese modes have the disadvantage or
rather limitation in the fact that in the repeatedde, the software needs to be ready to read
the ADCMEM registers before they are rewrittenanrinterrupt will be generated.
Timing is performed by the conversion clock. THsc& may be sourced by any of the clocks
from the Basic Clock Module, or by a fixed RC olstdr which is a dedicated portion of the
ADC. This oscillator is quit similar to DCO, withnsilar accuracy. The timer has to be
initialized in the ADC12CTL1 register, and the DWlue and clock source must be selected
so as to the conversion frequency meets the datet sipecifications. The conversion takes
thirteen cycles of the conversion clock source.

ADC12 Control Registers

ADC12CTLO, ADC control register = 0. Address: Ox@IA All bits are read/write. Bits 15
though 4 may only be edited when ENC = 0.
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SHT1/SHTO: Sample and Hold Time. SHT1 determinessimple and hold time for ADCO
through ADC7 and SHTO determines the sample and tiwle for ADC8 through ADC15.
The sample and hold time4$ ( ADC_Cl ock_Tinme)*(n). [9]

- AD12CTL1, ADC control register = 1. It has thedaglss: 0x01A2. All bits except 0 (BUSY)
are read or write. Bit 15 through 3 may only beetlivhen ENC = 0.

Bit | CSAdd3 |CSAdd2 | CSAdd] | CSAdO | SHSI |SHSO | SHP | ISSH

Reset value 0 0 0 0 0 0 | 0] 0
Bit Position | 15(MSB) | 14 13 12 110 (9] 8

Table 3.3.1: Control registers for ADC with resetvalue and bit position [9].

A single channel is sampled and converted contislyo’he ADC results are written to the
ADC12MEMx defined by the CSTARTADDX bits. Since grdne ADC12MEMX memory is
available for this mode, the results need to bd edter each conversion and before the next
sequence.

After conversion, the values of voltage change wafierence of either 1.5V or 2.5V are saved
in ADC12MEM10 register. The value is related to pemature as below:

U=TS5mV + 986mV (3.3.2)
L= ADC12MEM10*0.103158 - 277.75 °C (3.3.3)
»3v=ADC12MEM10*0.172 - 277.75 °C (3.3.4)

Equation 3.3.2 is based on the reference voltage5f and equation 3.3.4 on the reference
Voltage of 2.5V.

These relationships are explained in detail inda@asheet of MSP430-169. In order to obtain
accurate values, a calibration at a temperatuabofit 25°C is necessary.

3.5- Liquid Crystal Display (LCD)

The temperature of the chip, obtained through ADGARIch is linearly dependent on the

change of voltage in a diode of the circuit, isresented on the LCD. The setting of the
coordinates of the axis of the four receivers s alisplayed on the LCD. Writing a character
to the liquid crystal of the MSP430F169 family @n@ in two steps. The first step is to send a
command to set the LCD and the next step is to semdipper nibble and then the lower

nibble of the data to be displayed. Figure 3.5dwshhow the 32 characters are distributed.

Character 0 to 15

Character 16 to 31

Figure 4.5.1: LCD of MSP430F169 showing the positiing of 32 characters.
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As already mentioned, the LCD on MSP430F169STK digplay 32 characters at the same
time, with 16 characters per line as shown in Fedai2.5.1 above.

Only characters can be represented on the LDCrderdo represent integers for example, it
is first converted into ASCII before sent to thelD.C

ET: 25.8 ol

Indoor Hawi. REMS

Figure 3.5.2: LCD of MSP430F169 showing displayedisxmer room temperature

Only half a byte is sent at a time that is the u@wel lower nibble. Before sending the data, a
command is first sent to set the LCD ready to actiep data. In sending the command, the
upper nibble is first obtained by carrying out aN[& operation of a constant with OxFO. As
such, the lower nibble is set to zero and the upgasle to 1 or high. This is saved in temp.
An OR operation is carried out between LDC dataOB%) and temp in order to position the
content of temp, which is the upper nibble in LC&adwithout changing the content. The

LCD is then set to command modeP40UT& = ~BI T3) which is represented as
RS_LOW. At this point, the LCD is toggled E();). _E(); is a subroutine that sets
PAQUT | = BIT1 (E_H &H) , then does nothing and then sB®BOUT& = ~BI T1

(E_LOW . After that, the lower nibble of the sent dataigedbtained by shifting the content
of temp 4 places to the right and carrying out an OR dpmravith LCD data. The e may be
a data to clear the display, precise an addressmpiother reasonable operation. The toggle
sub function( _E();) is then called again. This then completes 8&&ND CVD (e)
function. The details of the computing of the ahasexplained in chapter five.

It is first of advisable to delay a bite befcstarting the sending operation. This whole
sending process is identical to that of sendingrmamand with the mare difference that the
character sent now will be displayed on the LCD:. &better understanding, refer back to the
subroutine SEND_CVD() ;. As explained earlier, only characters could bet samd
recognized on the LCD. A trial to send integer®dlily, for example will result to unknown
signs or characters that have no relation with Wizat been sent. After a few trials, it was
noticed that the functiont oa in mspgcc with Eclipse could not return the AS€Hbracters
expected. For that reason, sprintf is used. Theackers are saved in a buffer of type char and
the content of the buffer is then sent to the L&h@ the function nameSEND CHAR ().

An example is sprintf(buffer,"%l", value) converts to decimal base,
sprintf(str, "% " ,value) converts to hexadecimal base aylri ntf(str,
"%©", va- | ue) converts to octal base. The data processed (Eampbe 27°C) to send to
LCD are merely integer and character. The temperatalues are integer, degree (°) and
Celsius (C) are both characters. The coordinatéiseofeceivers are all integers. These values
are put in through the buttons B1, B2 and B3 aedd&played as well on the LCD.
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Chapter 4. Hardware Development

4.1 — Requirements

A few hardware and hardware component were neges$sarealise this project. Some of
them included:

* MSP430 F169 Starter Kit

* 8 chips of type MAX7221

» 8 pieces of 8x8 LED dot matrix display from Evght Electronics Co., LTD model

no: ELM-1883SRWA

» 16 Capacitors (8 of 10puF and 8 of 100nF)

* 8 resistors (each 25(Kor 22 KQ)

* 7.5V voltage supply for MSP430 F169

* 5V voltage supply for MAX7221 connected at pin 19

* Afew binders and cable of different sizes and $ype

* Printable circuit board, designed using Eagle

4.2 -Tool: Eagle

EAGLE (Easily Applicable Graphical Layout Editor) is &CAD program. The Version
4.11 was used in this project. This software istretly easy to learn and design simple
electrical layouts. It provides a schematic editimr, designing circuit diagrams and an
integrated PCB layout editor, which automaticaltarss off with all of the components
required by the schematic. It also provides a gawotbrouter, which once the components
have been placed will attempt to automatically fem optimal track layout to make the
electrical connections. It does not always managénd a way of routing all the signals,
although it permits manual routing of critical pathuch as power and high frequency lines
before letting the autorouter handle the other ectians.

4.3 —PCB Design for LED module

A printable circuit board (PCB) has been developgdn interface between the chips and the
LEDs mainly.

It was necessary to abide as much as possiblertairceules to improve on the design and
functionality of the circuit. Cable bends of 90°daless were avoided as much as possible
,although the circuit is in a relatively low frequoy section. Cable bends of 90° or less could
lead to data loss or corruption.

The capacitors were as closed to the chips (MAXY224 possible, as such reducing
unnecessary increase in conducting length and qaesdy increase in resistance.

An increase in the resistance leads to a greattageofall. This voltage fall is exactly what
reduces the functionality of the capacitors, ag fla@ction is to store charges.

There are two possible ways of designing this layoagle.

The first method is modular. Since there are 8laimmodules involved, only one circuit is
designed and 8 of them reproduced. It was douldkedsithe front side for the LEDs and the
other side for the other electrical componentsg like resistor, capacitors as well as the
connectors.
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Five cables are connectédm the MSP430F169 Starter Kit (STK) to the firabdule.
The first cable is that for the clock to assistlatching out the data. This clock is serially
connected to the rest of the modules and using exdars from one module to the next
though the connections through the modules arenalten the printable circuit board (PCB).

The second cable is the data-in (DIN) cable condgdhe data and addresses through the
PCB to the MAX7221 integrated circuit and consedlyesetting some registers, lighting up
or turning off specific LEDs as well as lightingsgagment or a digit just to name a few.

The third cable is supply voltage (5V) cable supmlyall the 8 modules. This cable is not
from the microcontroller as it cannot meet up witle current requirement of the 8 LED
displays.

The fourth cable is the Ground cable assistingealizing a common earth for the modules,
the microcontroller and the source. The Groundhefrhicrocontroller is linked to that of the
supply ( 5 volts) voltage source to realize thevabstatement.

The fifth cable is the chip select (CS) cable. Thg select is low active for MAX7221
permitting writing on to a chip while this methagleasy to realize in Eagle since it does not
involve a lot of drawing, therefore reducing thmei factor. This method requires at the end
relatively more soldering resulting from the cornoes (joints) from one module to the next.
In addition to that, when all the modules were pthoext to each other, the LED displays
could not fit to each other as there was a spaabaifit 4 mm between the one display and the
next, although the layout was in its minimal dessire. See Figure4.3.2 on the next page.
More so, a more complicated structure was requodaeep the modules intact.

A block diagram of the first design is shown inuiig 4.2.1 below. It is a unit out of eight.
The attachment section should be consulted fos¢thematics.

LED Display
™
- u 5
SPI E %
H 7]
(] Anaxaaa 7]
2 Gl v
& BN [e] R T
E CLK H o
8 o a o]
. i B @
GND [19] 5
(1] [IDIN CLK CS GND
[ m v+
T DIP/SO I

Connectors
{Male and
female)

Figure 4.3.1: A block diagram of the first PCB degin
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4mm
2% 1.5mm

Figure 4.3.2: First design LED module and PCB mourad

Figure 4.3.2, shows two modules of the first de=igPCB plugged together. The connector

from one module to the next, being an additionativare, is one of the disadvantages of the

design since it involves 16 additional hardwaregse(connectors: 8 males and 8 females).
male conmector
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Figure: 4.3.3: Two modules of PCB and other electri  cal components
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The table below shows how the pins of MAX7221 wewanected to that of the LED and to
the MSP430F169.

MSP430F169 MAX7221 SEG/ DIG/ Others LED pin
P3.1 1 DIN -
- 2 DIGO 13
- 3 DIG4 6
Portl GND 4 GND -
- 5 DIG6 15
- 6 DIG2 4
- 7 DIG3 10
- 8 DIG7 16
Portl GND 9 GND -
- 10 DIG5 11
i 11 DIG1 3
P3.0 12 Cs -
P3.3 13 CLK :
- 14 SEGA 14
- 15 SEGF 2
i 16 SEGB 8
i 17 SEGG 5
- 18 ISET -
- 19 V+ -
- 20 SEGC 12
- 21 SEGE 7
- 22 SEGDP 9
- 23 SEGD 1
i 24 DOUT :

Table 4.3.1: Pin to pin connection of MSP430, LERnd MAX7221

There are four connections from the MSP430. Tha @asent out (MOSI) through port 3 on
pin 1. The ground from the controller is linkedthat of MAX7221 IC at pin 4 and 9 through
port 1 GND. Chip select is on port 3 pin O (conedd pin 12 of the IC) and the clock is on
port 3 pin 3, connected to pin 13 of the IC.

Figure 4.3.4 on the next page, shows the a blaagrdim of the PCB design. It is compact and
the eight similar modules are connected togetheraoplatform. This method is more
advantageous as explained above. It takes morettirbe designed but it reduces the space
between one display and the neighbouring which sdkenonstration optically better.
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SP|

DIN
CLK
CS

GND

From MSP430

The second design occupies less space and therisgldevolved is reduced due to the
absence of connectors (16 in number) as in theé fimethod. This also implies the
employment of less hardware, thereby making thegdeheaper. No complicated structure is
needed here for the PCB and LED display to be fiigdtt as there are allocations for screws

V+ |

on the board.

Nevertheless, there are a few inconveniences ushigy method. The Schematics is
cumbersome, needing more time for design and dasravell as increasing the possibility of
having an error that is not detectable with the EFRE€ck. See chapter 8 for the schematics
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Figure 4.3.4: A block diagram of second design

and board of the designs.
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Figure 4.3.5: ERC window
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After carrying out the electrical rule check of tlsehematics, there were no errors.
Nevertheless, there were a few warnings as sedfigune 4.2.5above. These warnings are
negligible as they are mainly indicating the corioecof power supply to nets. The other
point is the data out pin of the eighth MAX7221hThis pin is open as there are no further
connections on it. The consistency of the boardsam@matics is also confirmed as shown on

Figure 4.2.5: ERC window above.

&4 DRC Errors
Laper | Type

1 width

1 "wiidth

1 "wiidth

1 "wiidth
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Centered Del &l

[ Del ] [ Cloze ]

Figure 4.3.6: DRC Error window

After designing the PCB, there were a few “errdrein the design rule checks (DRC). These
are not important and so are to be ignored. Thegers” are due to the sizes of the name of
the board, date, author’s name, version and theeradrthe laboratory in which the work was
done. These notifications could be turned off bgreasing the sizes of the named items
above. Since it was decided on the given sizés nibt necessary turning off the notifications.
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Figure 4.3.7: Produced PCB with electrical componéa like the IC MAX7221,
resistors and capacitors
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Figure 4.3.7 is the result of the hardware desigis compact, double sided and
functions as expected. The DIN, CLK, GND and voitaaye measured at the
various chips and they appear as they are supposadd when they are supposed
to. These qualify the hardware technically andazpiy.

Figure 4.3.8: The full display with 8 LED modulegfront view with 512 LEDSs)

4.4 -MAX7221 and LED module

The chip MAX7221 and the LEDs are the most impdreectrical component of the
circuit since they play a vital role in the devetognt of the display. As already explained, the
MAX7221 are the ICs that make the control of theDisErealisable. The communication
between the microcontroller and the ICs is throW@ART in SPI mode with the data being
latched out with the assistance of the master (Nd8)Pdlock.

4.4.1 - MAX7221

MAX7221 is compact, having serial input/output coomycathode display drivers that
interface microprocessor or microcontrollers toilgdividual LEDs. MAX7221 was chosen
for this project for couples of reasons. One of thost important reasons, being the
availability in small quantity as only 8 of themeanecessary to drive 512 LEDs. A further
reason is the fact that it permits SPI control eadh IC can control up to 64 LEDs. The fact
that these ICs could be cascaded to control 512sLBBo contributed to the decision of
choice.

It is compatible with Serial Peripheral InterfaceP(), queued serial peripheral interface
(QSPI) and MICROWIRE (uWire), a restricted subdesiel.
It has slew rate-limited segment drivers to reddl@etromagnetic interference (EMI).
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This device include a 150pA shut-down mode, anaagud digital brightness control, a scan
limit register that allows the user to display frdmo 8 digits, and a test mode that forces all
LEDs on.
A convenient 4-wire serial interface connects t@wammon microcontrollers (LCs).
It has a 24-pin dual in-line package (DIP) and $Okages. Figure 4.3.9 shows an overview
of a DIP sockets.
A "DIP" is a "dual in-line package* that has twom®of pins that are in a line. These sockets
are usually soldered permanently onto a printecutiboard (PCB). A DIP chip can then be
inserted and removed easily as in this case wittKvzZ21.

The voltage with respect to ground (GNDg tperating supply voltage (V+) is between

-0.3V and 6V, the DIN, CLK, LOAD an@S.All other pins have potential difference from

-0.3V to +0.3V. The sink current in DIG 0-7 is 50Ameanwhile the source current of SEG
A - G, DP is 100mA.

DIN [ 1] 24] pout
DI o [ 2] 23] SEGD

DG 4 [ 3] 2] seGop
GND [ 4] 1] SEGE
o6 s [5] MAXT22L [ g6
Dic2 [ 6 0] ve
DI 3 [ 7] 18] 1sET
DIG 7 [ 8 17] SEGG

GND [ 9| 16] SEGB
DIG 5 [10] 15] SEGF
Dic 1 [11] [14] SEGA
@) [12] 3] cik

Figure 4.4.0: Pin description of MAX7221

The minimum value for intensity limiting resistonauld be 9.53K Ohm. This resistor is
either variable or fixed. A fixed resistor was daksxd for this project as a digital brightness
control is possible through software. Its variatiofluences the brightness of the LEDs.

There are many modes in which the MAX7221 couldltreen. There is the serial addressing
mode, the shut down mode, the initial power up-madd the no-Op mode. In the serial
addressing mode, CS must be low to clock data wmuar The data is then latched into either

the digit or control registers on the rising ed§eC&. CS must go high concurrently with or

after the 16th rising clock edge, but before thet msing clock edge or data will be lost. Data
at DIN is propagated through the shift register appears at DOUT 16.5 clock cycles later.
Data is clocked out on the falling edge of CLK. ®d&iits are labelled DO-D15. D8-D11
contains the register address. DO-D7 contains #it®, énd D12-D15 are “don’t care” bits.
The first received is D15, the most significant(MISB).

Figure 4.4.0 above shows a view of the MAX7221 chiipe pins are described in the table
below.
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Pin Number Description
1 DIN - Serial Data In
2 DIG 0 - Digit 0 Drive Line
3 DIG 4 - Digit 4 Drive Line
4 GND - Ground
5 DIG 6 - Digit
6 Drive Line 6 DIG 2 - Digit 2 Drive Line
7 DIG 3 - Digit 3 Drive Line
8 DIG 7 - Digit 7 Drive Line
9 GND - Ground
10 DIG 5 - Digit 5 Drive Line
11 DIG 1 - Digit 1 Drive Line
12 LOAD(CS) - Chip Select
13 CLK - Serial Clock
14 SEG A - Segment A Drive Line
15 SEG F - Segment F Drive Line
16 SEG B - Segment B Drive Line
17 SEG G - Segment G Drive Line
18 ISET - Peak Segment Current
19 V+ - Positive Supply Voltage
20 SEG C - Segment C Drive Line
21 SEG E - Segment E Drive Line
22 SEG DP - Segment Decimal Point Drive Line
23 SEG D - Segment D Drive Line
24 DOUT - Serial Data Out

Table 4.4.0: MAX7221 pin number and description.

The no-op register is used in cascading MAX7224k devices LOAD/ CS input are
connected together and DOUT connected to DIN oacadit devices. DOUT is a CMOS
logic-level output that easily drives DIN of sucseely cascaded parts. For example, if four
MAX7221s are cascaded, then to write to the fowtilp, the desired 16-bit word is sent,

followed by three no-op codes. Wh&$§ goes high, data is latched (In electronics, ahl&c

a data storage system used to store informaticgequential logic systems. One latch can
store one bit of information) in all devices. Thstfthree chips receive no-op commands, and
the fourth receives the intended data.

Supply Bypassing and Wiring

To minimize power-supply ripple due to the peakitddyiver currents, connect a (1B
electrolytic and a OylF ceramic capacitor between V+ and GND as clost¢odevice as
possible. The MAX7221 should be placed in closexipngy to the LED display, and
connections should be kept as short as possibi@rionize the effects of wiring inductance
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and electromagnetic interference. Also, both GNBsgpin 4 and 9) must be connected to
ground.

Selecting RSET Resistor and Using External Drivers

The current per segment is approximately 100 tithesurrent in ISET. To select RSET, see
Table 4.4.1. The MAX7221's maximum recommended sagncurrent is 40mA. For
segment current levels above these levels, extetigat drivers will be needed. In this
application, this driver serves only as controlliensother high-current drivers or transistors.
Therefore, to conserve powersdR= 47kOhm is used when using external current Esuas
segment drivers. RSET must be selected accordingly.

VLED (V)
G 1.5 2.0 2.9 3.0 3.5
40 12.2 11.8 11.0 106 | 969
30 17.8 17.1 15.8 15.0 14.0
20 29.8 28.0 25.9 24.5 22.6
10 66.7 63.7 ald 554 312

Table 4.4.1: Ret versus Segment Current and LED Forward Voltage[9]
Cascading drivers

The example in Figure 4.4.1 drives 16 digits usang-wire uP interface. If the number of
digits is not a multiple of 8, both drivers’ scamiks registers are set to the same number, so
one display will not appear brighter than the otfi@r example, if 12 digits are need, 6 digits
should be used per display, with both scan-lingisters set for 6 digits so that both displays
have a 1/6 duty cycle per digit.
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DATA IN DIN DouT
DiG 0 SEGD o|uGo SEGD
DIG 4 SEGDP oG SEG DP
GND SEGE GND SEGE
DIG 6 SEGC o—|oiGe SEGC
DIG 2 Ve o—|oG: ™
DIG 3 ISET AVAVAY [ K ISET
DIG 7 SEG G 9.53 o DiG7 SEGG
GND SEGE GND SEG B
L DIG 5 SEGF iy S N SEGF
- DI 1 st a f— AMAXLM ~ Jos st A f— /MMAXLM
LOAD (CS) CLK MAX 7221 LOAD (CS) CLK MAX7221
LOAD DATA J —| F W
CLOCK, e .

Figure: 4.4.1: cascading MAX7221 (adapted from [9nd [31])

If 11 digits are needed, both scan-limit registes set for 6 digits and one digit driver left
unconnected. If one display is set for for 6 digihd the other for 5 digits, the second display
will appear brighter because its duty cycle peitdigil be 1/5 while that of the first display
will be 1/6. Refer to the No-Op Register sectionddditional information.

Figure 4.4.1 shows two MAX/221 IC cascaded togethrethis project, eight of them have
been cascaded together, with the DOUT of a MAX7122ihg the DIN of the next.

Computing Power Dissipation

The power dissipation is a factor worth analyssm.as to know the limits of current for the
system. The upper limit for power dissipation (@) theMAX7221 is determined from the
following equation:

PD = (V + x 8mA) + (V+ - VLED)*(DUTY x ISEG x N) whkre:
V+ = supply voltage

DUTY = duty cycle set by intensity register

N = number of segments driven (worst case is 8)

VLED = LED forward voltage

ISEG = segment current set by RSET
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Dissipation Example:
ISEG =40mA, N =8, DUTY =31/32, VLED = 1.8V at@®, V+ = 5.25V

PD = 5.25V (8mA) + (5.25V - 1.8V) (31/32 x40mA x 8)1.11W
Thus, for a CERDIP package (gqJA = +60°C/W [9]), thaximum allowed ambient
temperature TA is given by:

TJ (MAX) = TA + PD *gJA + 150°C (4.3)
=TA +1.11W x 60°C/W (4.4)
From the above equations, TA 3.48C.

4.4.2 - LED Display (Model No: ELM-1883SRWA)

4.4.2.1 - General characteristics of LEDs

4.4.2.1.1 -A brief History

Light Emitting Diodes (LEDs) are expected to bedusn a variety of new applications as a
next-generation lighting source. The demands octreleic products go towards cheaper and
easier to handle products that show the full, @nebetter optical detectors performance of
expensive products. In the area of optical detsctthhis demand leads to integrated
photodiodes and receiver on one chip. [2]

Commercial research into LED technology started 962 at Bell Labs, Hewlett-Packard,
IBM, Monsanto and RCA [11]. Work on gallium arsgmiphosphate (GaAsP) led HP and
Monsanto to introduce the first commercial 655nigh k&€Ds in 1969. In 1971, HP released
the 5300A 500MHz portable frequency counter usiRgAS® LED display. The Commission
Internationale de I'Eclairage (CIE) formalized stards for measuring light and the response
of the human eye to light in the 1930s. This consiors defined the primary colours
including their wavelength. Radiant light integsitvavelengths) is measured in lumens
meanwhile luminous intensity is measured in cared@d). The lumen definition states that
683 lumens of light are provided by 1 watt of mdmoenatic radiation at a wavelength of
555nm. The mechanical construction of the LED latefermines the radiated light pattern. A
narrow radiated pattern will appear very bright.

LEDs are processed in wafer forms that are sintdagilicon-integrated circuits and broken
out into dice.

4.4.2.1.2 - The electrical and opal Characteristics of LEDs

LEDs are usually small, have a long life with me@me between failures (MTBF) of about
100,000 to over 1,000,000 hours for a continuousratpn. Their behaviours are similar to
other semiconductor diodes. The forward voltageEDs is higher and differs with different
materials used for different colours. The forwaddtage increases with current and decreases
with temperature. The voltage decreases with teatpex with a gradient of about 2mV/°C.
The optical comportment of LEDs varies remarkablthwiemperature. The quantity of light
emitted by the LED lamp falls as the junction tenapare rises. This is due to a rise in the
recombination of holes and mainly because the gngag of the semiconductor varies with
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temperature. LEDs of different colours have différesavelengths. Table 3.3.2.1 shows this

variation for the three primary colours.

Colour name Wavelength in nanometres
Red 700
Green 5461.1
Blue 435.8

Table 4.3.2.1: Primary colours and their wavelengts
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Figure 4.3.2.1: Spectra of individual primary colous [22]

The behaviour of the three primary colours as famgensity and wavelength (lambdg:is

concerned is demonstrated in Figure

3.3.2.1 abbv .visible that at lower values @f the

blue colour attains its maximum intensity. Thisfelowed by the green and then the red
colour. The explanation is simply the fact thatates ofs around their various wavelengths,
they attain their maximum intensity. Table 3.3.2rid Figure 3.3.2.1 explain this behaviour
closely. These explanations help understand somtheoitcharacteristics of LED and their
colours so as to judiciously handle them in haréward software combination.

A simple electrical circuit diagram of an LED baalg consists of a DC source, an LED and
a resistor. See the Figure 3.3.2.1.2 below fohgrrtlarifications.
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— Anode

DC Cathode \

Figure 4.3.2.1.2: LED circuit

The correct resistance of the resistor R couldabeutated using the formula below:

R= P Meo (4.3.2.1)
ILEDrating

Where:

R is the resistor in OhmsY}, P is the Power supply voltage (such as a Shattery)V, ., is

the voltage drop across the LED (typically about-13.3 volts; this varies with the colour of
the LED), | gpuing IS the LED current rating from the manufacturértee LED (usually
given in milliamperes).

Emitted light heams

Diodes

plastic case

terminal pins

Figure 4.3.2.1.3: The inner view of a single LED @apted from [32 ])
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The LED used in this project is an 8*8 Dot Matixsplay with large emitting dots. This

series of display have a large emitting area (3.Qiframeter) and LED sources configured in
a 64 dots 8*8 matrix array. The device is made uplidte surface and grey dots. From the
centre of an LED to the next is 4mm, making thaltof 28mm as the width or height of the
device from the centre of the first LED to the cerdf the last (8th) LED. The total width is

28mm + 4mm = 32mm. From one pin of the LED torikgt is 2.54mm

It is a low power and high brightness LED, makihguitable to its use as a display for a
battery supplied device. The emitted colour is itk intensity is either digitally controlled

using the intensity register or through a variaelgstor 47K2. The maximum recommended

segment current is 40mA. [9]
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Figure 4.3.2.1.4: 8x8 LED matrix (inside view)

An LED matrix display as shown on Figure 4.3.2.i%.4nade up of 64 LEDs and they have a
common cathode. The address of each LED is aleswrshAn example of an address is
(0, 6). The 0 stands for the row and the 6 standedlumn. The anode is connected on the
segments from A to G including the decimal point @Banwhile the cathode is connected to
the digits (DIGO to DIG7) as seen in Figure 4.324dbove.

4.4.2.1.3 - Reliability and Lumen Maintenance

This sub section outlines an important point in adiog the LED as a display. Lumen
maintenance is simply the amount of light emittexhf a source at any given time relative to
the light output when the source was first measulets expressed as a percentage. The
effects of lumen depreciation are noticed for exi@myhen changing an old light bulb with a
new one. This steady decline over time is knowluagen maintenance . The materials inside
the bulb will continue to deteriorate until finalllge bulb will no longer emit any light. This is
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known as the bulb's mortality. With conventionghli sources, the bulb usually fails before

our eyes notice the change in lumen maintenance.

LEDs also experience lumen depreciation but it kagpover a much longer period of time,

usually tens of thousands of hours. Compared toamional light sources, one notices very
little degradation of light with LUXEON LEDs.

Not all LEDs deliver the same lumen maintenance LED is a complex package of mater-

ials that must all work together to deliver lonfgtimes. Everything from the design of the

chip, thermal management, optics material, phospaond even the assembly of the entire pa-
ckage will affect lumen maintenance. Some LEDs destrate very rapid depreciation but

Philips Lumileds technical advances in all of thassas has led to the industry’s longest lived
LEDs — LUXEON. [11]
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Figure 4.3.2.1.1 Lifetime data across current and temperatureabobes for a K2 LED [11]

The junction temperature of LEDs is a very impatrtiactor in considering an LED. The

curves in Figure 4.3.2.1.1 show a variation of fiorctemperature with life time of the LEDs

in hours for four different currents (1.5A, 1A, #A and 350mA). As shown in the curves,
an increase of current will lead to an increasthefjunction temperature. This helps in giving
a guide line to maintaining the current at a mimmlevel to avoid excessive heating.

LED lifetime could be predicted using the WeikdiBtribution function.

The Weibull distribution function can be writternt as

k(x\T -
f(x k,/1)=§(;j e’ 43.2.)

where X, k and. are derived from experimental data based on delliedata, such as recorded
lumen maintenance of power LEDs undergoing lifettesting, values for x, k ariddcan be
calculated. The Weibull distribution function iethused to extrapolate the recorded data to
predict behaviour over a period longer than thaasnesd. The application of the Weibull
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function acknowledges that the size of the recortidd set, influences the accuracy of the
calculated values x, k aid A larger body of experimental data produces \&athat more
closely resemble the behaviour of the system. idéal LED driving circuit is optimal when
the LED characteristics listed are taken into adersition. LEDs are electronic devices that
emit light by the delivery of current, so appropgipower sources are required to drive them.

Parameter Symbol Rating Unit
Reverse Voltage A%% 5 A%
Forward Current If 40 mA

Operating Temperature | Topr -40 to +85 C
Storage Temperature Tstg -40 to +100 C
Soldering Temperature Tsol 2605 C
Power Dissipation Pd 110 mwW
Peak Forward
Current(Duty 1/10 @ If(Peak) 180 mA
1KHZ)

Table:4.3.2.1.1.1: Absolute maximum ratings at 25°C (Ta)

Table: 4.3.2.1.1.1 gives the ratings for the reweveltage, forward current, operating
temperature, storage temperature, soldering termysergower dissipation and pick forward
current.

Parameter Symbol MIN. TYP. MAX. | Unit [Condition|
Luminous Intensity Iv 5.6 8.0 mcd | I=10mA
Peak Wavelength P - 660 omm  1TE20mA
Dominant Wavelength 2d -—-- 643 mm | 1E=20mA

Spectrum R_ediation L 20
Bandwidth JAY,! nm |If=20mA
Forward Voltage \%i 1.5 1.7 24 vV |I=20mA
Reverse Current Ir - -—-- 10 A | Vr=5V

Table:4.3.2.1.1.2: Electronic optical characteristics dfED used
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No Item Test Test Sample
conditions | Hours/Cycle | size
1 Solder heat TEMP:260°C| 5SEC 76 PCS
+5°C
2 Temperature | H:+85°C 50 CYCLES 76 PCS
cycle 30min
5min
L:-55°C 30min
3 Thermal shock | H: +100°C | 50 CYCLES 76 PCS
10min
L:-10°C 5min
4 High TEMP:100°C | 1000 CYCLES| 76 PCS
temperature
storage
5 Low TEMP:-55°C | 1000 CYCLES| 76 PCS
temperature
storage
6 DC operating | If = 20mA 1000 CYCLES | 76 PCS
life
7 High 85°C/85%RH | 1000CYCLES | 76 PCS
temperature /
High humidity

1883SRWA)[29]

Table: 4.3.2.1.1.3: Reliability test item and condion for the LEDs used (ELM-

Table 4.3.2.1.1.3 gives brief extreme conditiondarnwhich some LEDs have been tested.

These limits are not to be exceeded, so as to amidrmal behaviour of the LEDs.

The LEDs (ELM1883SRWA have some typical electro-optical properties thetd to be
taken in to consideration to avoid damages andyfaekults. The curves below give more
details to these properties.
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Figure 4.3.2.1.1.0: Spectrum distribution
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The variation of forward current with the ambieemperature is represented in Figure
4.3.2.1.1.2. The forward current remains stablenf@5C to room temperature and then begins
to decrease with further increase of ambient teatpeg. At 85°C, the current falls to zero,

implying these LEDs could not be controlled at stemperatures. This property is very

important in limiting as temperatures above 85 daldmage the device.

4.4.3 — Advantages and Disadvantages of using LEDs

4.4.3.1 - Advantages of using LEDs

* LEDs produce more light per watt than incandesbeitbs; this is useful in battery
powered or energy-saving devices. LEDs can entit kij an intended colour without
the use of colour filters that traditional lightingethods require. This is more efficient
and can lower initial costs.

* The solid package of the LED can be designed tadfats light. Incandescent and
fluorescent sources often require an external a&fteto collect light and direct it in a
usable manner.

* When used in applications where dimming is requit&tDs do not change their color
tint as the current passing through them is loweuatike incandescent lamps, which
turn yellow.

 LEDs are ideal for use in applications that arejesttbto frequent on-off cycling,
unlike fluorescent lamps that burn out more quicklyen cycled frequently, or HID
lamps that require a long time before restarting.

* LEDs, being solid state components, are difficoltdamage with external shock.
Fluorescent and incandescent bulbs are easily bribkieopped on the ground.

 LEDs can have a relatively long useful life. Onpa® estimates 35,000 to 50,000
hours of useful life, though time to complete fegélunay be longerf11] Fluorescent
tubes typically are rated at about 30,000 hourd,iacandescent light bulbs at 1,000—
2,000 hours[ 11]

» LEDs mostly fail by dimming over time, rather thdme abrupt burn-out of incandes-
cent bulbs .
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LEDs light up very quickly. A typical red indicathED will achieve full brightness in
microseconds; Philips Lumileds technical datasliEg®3 for the Luxeon Star states
"less than 100ns." LEDs used in communications agsvican have even faster
response times.

LEDs can be very small and are easily populated pnhted circuit boards.

LEDs do not contain mercury, unlike compact flucesd lamps.

Low voltage supply means simple installation.

Low heat dissipation. That means it does not imtégemeasured object due to heat
dissipation.

Unlike most other illumination sources the outp@tL&D lights are very close to
linear. [12]

4.4.3.2 - Disadvantages of using LEDs

Though there are more advantages of using the LEDimas a display, there are
nevertheless a few disadvantages. Some of these anelude:

LEDs cannot be used in applications that need gbBhdirective and collimated beam
of light. LEDs are not capable of providing diredty below a few degrees. In such
cases LASERs (or LED lasers) may be a better option

LEDs are currently more expensive, price per lunemnan initial capital cost basis,
than more conventional lighting technologies.

The performance of LEDs depends much on the ami@emperature of the operating
environment. Overheating may lead to overheatinth@fLED package, consequently
leading to device malfunctioning or even failur@oper heat-sinking is required to
maintain long life.

P9990909000
L A 1 1 1 XX
20900090000
P00000O00

P00 ===
P9009000006

Figure 4.3.2.1.3.1: LED display showing a defectiieED in the second PCB
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LEDs with reduced
intensity

Figure 4.3.2.1.3.2: LED display showing some disadatages of LEDs as a display

Though the intensity of the LED displays has bestnsthe same value in the
intensity register, the intensity of some LEDs eaker.

45 - MSP430 JTAG Connector

JTAG stands for Joint Test Action Group. [13] Itas IEEE standard for boundary scan
technology. MSP430-JTAG is used for programming #ashing emulation with MSP430
MIiCroprocessors.

4.5.1 — Features of JTAG
MSP430-JTAG connects to LPT parallel port. Thisnpés writing and debugging code in C
language for all MSP430 microcontrollers. MSP43@GThas the advantage that it does not
need external power source since MSP430 microdtmsorequire only 3-5 mA while
programming, and all necessary power supply istdien the LPT port.

Figure 4.4.1: JTAG connector

55



45.1.1 - JTAG interface

The JTAG connector is 2x7 pin with 0.1" step andéldommended JTAG layout. The PIN.1
is marked with square pad on bottom and arrow pn to

100 1 [ ]2 VCC_IN
TDI 3|- T[]+ ucc_out
S 5| —]s NC

TCK z|_ —|s TEST/UPP
GND S 1@ NC
RST/NMI 11 | 12 NC

NC 13 14 NC

Figure 4.4.2: MSP430-JTAG interface (top view)

There are 14 pins for the JTAG interface of whiohe are not connected. Those that are not
connected are labelled NC. TMS - Test Mode Selapuf from controller) (pull up required

to force entry into reset state in event of a bathection on TMS).

TCK is the Test Clock (input from controller).

TDI - Test Data In (input from controller).

TDO - Test Data Out (output to controller or nelipcin chain).

The above, function hand in hand, making it possiblwrite and debug the code in MSP430.

4.6 - Recommended Standard 232 (RS232) connections

RS-232(Recommended Standard 232) is a standard for &émeary data signals connecting
between a DTE (Data Terminal Equipment) andD&E (Data Circuit-terminating
Equipment). It is commonly used in computer sep@its as well as in microprocessors and
microcontrollers. The RS-232 standard defines thiéage levels that correspond to logical
one and logical zero levels. Valid signals are glusinus 3 to 15 volts. The range near zero
volts is not a valid RS-232 level; logic one isidefl as a negative voltage, the signal
condition is called marking, and has the functiosanificance of OFF. Logic zero is
positive, the signal condition is spacing, and thasfunction ON.

RS232 Standard needs a minimum interface of 3 wires

— 1 Signal from TxDA to RxDB

— 1 Signal to RxDA from TxDB

— 1 Wire GND = common ground signal [5]

Most serial communications structures send the Hasawithin each byte such that LSB
(Least Significant Bit) is first. [5] This is equyaknown as "little endian” transmissions. It is
also possible, but very rare to have a transmigsievhich the MSB (Most Significant Bit) in

a Byte is transferred first. This is also callety‘bndian”.
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Figure 4.4.3: Male RS232 connector

The male RS232, likewise the female has 9 pinsgh@xtended out to fit with the 9 holes of
the female. Figure 4.4.3 shows the male while fFegu#.4 the female.

Figure 4.4.4: Female RS232 connector

The RS232 connector is used in the UART commurdnabetween two MSP430. The

connector is shown in Figure 4.4.3 and 4.4.4. Thled) numbered from 1 to 9 have their
various functions. These functions are listed ibl&al.4.1 below. Since the female side is to
be connected on the MSP430F169 STK, it will be ssagy/ using an RS323 that both ends
are female or else they should be adapted to lsigitpurpose. During the project, for test
purpose, the male-female connector was used as ooioation (RS232) was between a
microcontroller, needing a female and the PC nepdimale.
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Socket L Socket B

DB 2 female DB 9 female
SH SH >
1 » » 1
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Figure 4.4.5: “Null Modem cable” for two controllers [5]

As shown in Figure 4.4.5, there is crossover of TWDORXD and RxD to TxD, since two
females are connecting. There is no crossoverdmcalse of a male-female.

Some abbreviations used in RS232 interface betiveeSP430 are explained below.
Transmit Data — Home MSP430F169 serial data owfpeam to foreign MSP430F169
Receive Data — Home MSP430 serial data input stfeam foreign MSP430F169

GND - Signal ground

Carrier Detect - tells foreign MSP430F169 that MSBH169 has good connection
Clear To Send - MSP430F169 is ready to receivefdata foreign MSP430F169

Data Set Ready — indicates the readiness for daggption

Data Terminal Ready - tells modem that PC is ready

Request To Send — tells home MSPF169 that forei§PAB0F169 wants to send data

Signal Type Abbreviation Direction DE-9
Common Ground G - 5
Transmitted Data TxD out 3

Received Data RxD in 2
Data Transmit Ready DTR out 4
Data Set Ready DSR in 6
Request To Send RTS out 7
Clear To Send CTS in 8
Carrier Detection DCD in 1
Ring Indicator RI in 9

Table 4.4.5: RS232 - 9 pins signal type and direot

Table 4.4.1 above gives an overview of an RS232asitypes and the directions of signals.
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Chapter 5: Software structuring and development

After selecting the desired hardware, an aypate software design is necessary, though
the choice of the hardware also involve the viapoi the software design.
Hardware and software co-design is not new butieas gaining more and more attention in
the past years due to the search for a better miethoontrolling, regulation and generally
automating systems. A major problem in the archit@l development of systems is finding
a pattern of the system’s function as far as thmpmments is concerned, which are regarded
as the systems resource. The overall cost of augystem like that in this project does not
depend solely on the hardware, since the degremmiplexity of the software design is
dependent on the hardware available or obtainedexample is designing software for an
LCD display and another for an LED display. A giveystem will as well deliver higher
performance when the hardware design is tuned dostftware application likewise vice
versa. Micro-controllers with the aid of sensorsd aactuators allow the system to
communicate with the environment often called neactsystems. They react to the
environment by executing functions in predefinadetiwindows and events. An example of
event reaction is the “unavoidable” use of intetsupWhen certain events occur, an interrupt
system can signal the processor to suspend pragetbs current instruction sequence and to
begin an interrupt service routine (ISR). The ISR perform any processing required based
on the source of the interrupt before returnintheoriginal instruction sequence.
The software has been developed in a modular féins was not the first design since the
complexity of the software part could not be idiedi at the beginning of the project.
A few tools were used in realising the softwaregpamming and it is worth mentioning the
guality and reason of choice of compiler, and a éher software tools.

5.1- The GCC toolchain for the Texas Instruments MSP430
microcontrollers

5.1.1 - A Brief History of GCC

The GNU Compiler Collection (usually shortened tGCC) is a set of compilers produced
for various programming languages by the GNU Ptojg8CC is a key component of the
GNU toolchain. As well as being the official comggilof the GNU system, GCC has been
adopted as the standard compiler by most other motmix-like computer operating
systems, including Linux, the BSD family and Mac &SGCC has been ported to a wide
variety of computer architectures, and is widelpldged as a tool in commercial, proprietary
and closed source software development environmbéntsddition to the processors used in
personal computers, it also supports microcon®Il®SPs and 64-bit CPUs. GCC is also
used in popular embedded platforms like MSP430,8$3m Playstation and Sega Dreamcast.
GCC has a modular design, allowing support for tewuages and architectures to be added.
Adding a new language front-end to GCC enables uke of that language on any
architecture, provided that the necessary run-fimedities (such as libraries) are available.
Similarly, adding support for a new architecturekesait available to all languages.
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The original author of the GNU C Compiler (GCC)Rghard Stallman, the founder of the
GNU Project. The GNU Project was started in 1984ramte a complete Unix-like operating
system as free software, in order to promote freedod cooperation among computer users
and programmers. Every Unix-like operating systemds a C compiler, and as there were no
free compilers in existence at that time, the GNUOjdet had to develop one from scratch.
The work was funded by donations from individuatel &aompanies to the Free Software
Foundation, a non-profit organization set up topguwpthe work of the GNU Project.

The first release of GCC was made in 1987. This avagynificant breakthrough, being the
first portable ANSI C optimizing compiler releasasl free software. Since that time GCC has
become one of the most important tools in the agpraknt of free software.

A major revision of the compiler came with the 2dyies in 1992, which added the ability to
compile C++. In 1997 an experimental branch of toenpiler (EGCS) was created, to
improve optimization and C++ support. Followingsthvork, EGCS was adopted as the new
main-line of GCC development, and these featurearbe widely available in the 3.0 release
of GCC in 2001. Over time GCC has been extendesupport many additional languages,
including FORTRAN, ADA, Java and Objective-C. Theanym GCC is now used to refer to
the "GNU Compiler Collection”. The C language colld used with good efficiency in
microcontrollers. [23]

The following packages are included in the MSPGCC:

* GNU Debugger (GDB)

GDB stands for the GNU debugger. It is a portaldbugiger which runs on many Unix-like
systems and works for many programming languagekjding C, C++, and FORTRAN. It is
free software released under the GNU General Puldense.
GDB offers extensive facilities for tracing andealbhg the execution of computer programs.
The user can monitor and modify the values of mow' internal variables, and even call
functions independently of the program's normalavedur. [24]
GDB, the GNU Project debugger, allows you to seatigigoing on ‘“inside’' another program
while it executes -- or what another program wasglat the moment it crashed.
GDB can carry out four main functions (plus oth@ngs in support of these) to assist catch
bugs in the act:
- Start the program, specifying anything that migffect its behaviour.
- Make the program stop on specified conditions.
- Examine what has happened, when your programstbaped.
- Change things in your program, so you can expartrwith correcting the effects of one

bug and go on to learn about another. [3]

*  GDB-proxy.

The program provides a TCP/IP too JTAG interfemethe MSP430 FET JTAG device.
The GNU remote debug protocol is respected by @E/TP side. As such, it could be used
with GDB to provide a full in-circuit debug envirorent for the MSP430. The parallel port
interface is supported as well as the universalsleus box (on windows only). The proxy is
started using the piece of command below.
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(@echo off

echo Start Proxy with the Debug-Option

echo.

echo.

echo Linking position of MSP430 in Debug-Mode
msp430-gdbproxy.exe --debug msp430

As seen in Figure 5.1.1.1, the MSP430F169 has beeognised and connected. At this
stage, the Debug will be executed. Should the Ndh$#430F169’ not appear as shown in
the Figure above, then hardware and or softwaed vl be necessary.

B C:\WINDOWS\system32\cmd.exe -0 ﬂ
tart the Proxy with the Debug—Option -
onnection to MEP438 in Debug— mode

enote proxy for GDB. vB.7.1. Copyright <C> 19?%? GQuality Quorum Inc.

ebug: mspd3@: mspd43@_open>

®X devicemainstart 1188

HE devicemainend Ffff microcontroller
info: mzp43B8: Target device is a - M3P43AF16%’' -<type 48> 1
otice: mzpd38—gdbproxy.exe: waiting on TCF port 2088 recogmses

=

Figure 5.1.1.1: Software connection of MSP430F169

* Giveio
The giveio driver allows programs free access twmputer’'s parallel port. This driver is
required when using gdbproxy on a Windows NT, 2000KP machine. In the absence of
giveio, gdbproxy will be blocked from controllindné parallel port and consequently the
JTAG tool.

* Binutils

The GNU assembler, linker and binary utilities. Tgr@egrams in this package are used to
assemble, link and manipulate binary and objeetsfiThe GNU Binary Ultilities, or binutils,
is a collection of programming tools for the mangtion of object code in various object file
formats. These include an assembler, linker andrdtiols for handling executable files. The
current versions were originally written by prograers at Cygnus Solutions using the
Binary File Descriptor library (libbfd). They argpically used in conjunction with GNU
Compiler Collection, make, and GDB. [26]

5.2 —General modular software structure

In order to program deep and still have an overvidvihe design, a modular form is not
avoidable. As seen in Figure 5.2.1, the source £t@we been regrouped in modules. This
structure has the advantage that it is easy fohduitrends, changes are easily undertaken as
point of change is easily traceable and the lajyosiimply formal for such an amount of code.
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Some of the source code designs will be analysed, lkough some have already been
explained in the theory section, for example theeise calculation of a 4x4 matrix. It is
easily understandable in conjunction with the sewade accompanying this documentation.

= Debug - tempLCD.c - Eclipse SDK E]@
File Edit Refactor Mavigate Search Project Run Window Help

S -0 -Q - [ |- T | %5 Debug »
%5 Debug 22 i ¥ T O variables 52 Breakpoints = R ¥ =0

@ |t xyzcaloulation.c ¢ uartReceive.c || Fonctions.c L.c| Define_MAX7221.0 1) tempLCh.c &% \t| select_display.c =0 EE [alxs g 0

#ifclude "Define MAX7T2Z1.h"
#ifclude <msyP430x16x. b

#include <zignal.h» I
#include <iofh> i w

Bl carfole &2 Tasks 8 G| ot % -=0

‘Wiritahle Srnark Insert 1z 27

finction to select which display to
turn on or of

Temperature extraction and display on the LCD

all constants are defined here

an asembly of many functiens e g for SPI

Function to receive run titne differences in TTART

—finction to calculate z, yand z

main finction

Figure 5.2.1: A snap shot illustrating Software stacturing

In the main function, all the other functions aetled and executed at the required time and
place. The coordinates of the object are obtainea sub function which then makes these
values (x Yp and z) available in the main function. The calculatiohtlese coordinates
requires the temperature at that moment. The teatyreris also calculated every cycle and as
well displayed on the LCD display.

Before starting the measures, the dimension ofatka of experiment is given in using the
three buttons B1, B2 and B3. This is outlined ictisa 5.2.1.

The details of most of the important functions described in the next sub chapters.

5.2.1 - Programming the buttons B1, B2 and B3 of t@MSP430 for terminal
input of length and width

There are three buttons (B1, B2 and B3) on the M8BP469 situated on port 1 pins 5, 6 and
7 respectively. These buttons are utilised in tipui of the length and width of the surface
covered for determining the object found withinstrarea. The buttons appear on the
MSP430F169 as shown in Figure5.2.1.1 below. Thest®ns could be programmed in two
manners. The first method is by using interruptcesimport 1 of MSP430F169 supports
interrupt. This method is generally preferable thué to certain anomalous behaviour of the
interrupt, this method was considered in a secavsitipn. The second method is simply
writing a function with a counter and a delay fuoct This function is called in the main
function when the button B1 is pressed, elsenbisexecuted. The counting is done and at the
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same time the value displayed on the LCD. Sincg omaracters are sent to the LCD, a buffer
of characters is saved and with the help fifrdoop, these values are sent to the LCD parallel
to the increment of the content of the counter.s@sh, the value displayed on the LCD is
exactly the content of the incremented counter. ddwnter increments by 1, approximately
after every 300ms, giving time for the user to bkedo react when desired value is attained.
This waiting time is both for the increment of tbeunter as well as for the display on the
LCD. A detail description of the sending processuglined in the section dealing with the
LCD.

B1 B2 B3

Figure 5.2.1.1: Cross section of MSP430F169 showitlge three buttons

The counting is such that when B1 is pressed andeateased, a function is called which
functions as described above. When this buttonsBéleased, a message is sent to the LCD

Figure 5.2.1.1.1 : LCD information “Width OK”

The relationship between this value read in andstinéace covered by the four sensors is
illustrated in Figure 5.2.1.2. Should B2 be press¢dhis stage, as required, a similar
procedure as for B1 starts with the difference thatcontent of the new counter is equals the
length in metres. When the desired value is atthae seen at the LCD, the button B2 is
released and a message appears indicating thaiptleof the length is done.

A second message appears asking the user to pBetss &Xit input. When this is done, the

input values are given further for calculations @ne LCD set free for other purposes like

displaying the temperature of the environment iiatien to the temperature of a diode of

MSP430F169, whose voltage fall is dependent on ¢eatpre.
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Figure 5.2.1.2: Surface area covered by sensors ngga on to the 8 LED

displays

Should B2 be released when the right value isregthia new message is displayed on the
LCD indicating the input is accepted, and asking tiser to press B3 to exit input process.
This message keeps on blinking as long as thedasey not press B3.

Button B1 and B1 with B3 for confirmation are uded the input of the width and length of
the surface covered by the four sensors, whichesponds to the Y-axis and mapped to the
size of two displays (See Figure 5.2.1.3) verticadl each other. These two displays could be
any of the following pairs: Display 1 and 5 or Oesp?2 and 6 or Display 4 and 8. Button B2
is mainly used in the input of the length of theface area, which is mapped to the length of
4 LED displays in two rows and corresponds to thax}s. The two rows are 1-2-3-4 and 5-
6-7-8. Figure 5.2.1.33 illustrates the above desonn.

Figure 5.2.3: LED display board indicating the pogions of each display
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5.2.2 —LED controltbugh USART as SPI

The ideal LED driving circuit is optimized when thearacteristics of the LED are taken into
consideration. LEDs are electronic devices that emit light by tedivery of current, so
appropriate power sources are required to driventh€he supply voltage is typically
predetermined in each application system. In thsecit is 5V. A constant-current source
circuit is required to enable safe and stable iightdesigned to keep the delivery of current
to LEDs at a constant rate.

void SPI_INIT (void)

o n—
T
[ e
S L 1
I
=

L]
]
Y
-
|
<

Delay (200):

’ SPI_INIT ends

Figure 5.2.2.1: SPI Initialization

The SPI is initialised as shown in the snap showval{Figure 5.2.2.1). There are 8 bits, no
parity and one stop bit. After setting and inigalig the registers, it is necessary to delay a bite
to allow enough time for the slaves (MAX7221) ta ggady. See Figure 5.2.2.1

5.2.3 — Software for USART as UART
The functionality of the USART as UART has alredayen outlined in chapter four.
The maximum correlation positions representingrtiretime differences for the 4 sensors are
obtained through USART as UART with the help of iaterrupt that automatically starts
when a flag signals the begin of the send process
The URXIFGx interrupt flag is set each time a chtea is received and loaded into
UxRXBUF. An interrupt request is generated if URXI&nd GIE are also set. URXIFGx and
URXIEXx are reset by a system reset PUC signal oerwBWRST = 1. URXIFGX is
automatically reset if the pending interrupt isveer (when URXSE = 0) or when UXRXBUF
is read. The operation is shown in Figure 5.2.2.[3].
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Trigger event takes place

Is GIE bit in SR set?

Yes

Is specific IE in Interrupt Enable Register set?

Yes

Execute Interrupt Service Routine

Figure 5.2.2.2: Block diagram of a typical Interrupt process

SYNCm .
Valid Start Bit 5 . URXS
Receiver Caollects Character ]

URXSER—— 98—
From URXD —| 1 I -
______________ Clear
r A
Erroneous Character Rejection

| I
| rE | URXIEx  Interrupt Service
| FEED>_._D | L Reguested

BRK =
| TReel ] D=
Fe——SSSST oo o URXIFGx
| ] N

| URXWIE |
lrxwake m— I ' o—m SWRST
|

: PUC
CharacterR d
| Non-Address Character Rejection arac e;r seene | UxRXBUF Read

L 4 Break Detected ( >—# URXSE
IRQA

Figure 5.2.2.3: Receive Interrupt operation [9]

URXEIE is used to enable or disable erroneous chens from setting URXIFGx. When
using multiprocessor addressing modes, URXWIE isduto auto-detect valid address
characters and reject unwanted data characters. types of characters do not set URXIFGXx:
- Erroneous characters when URXEIE =0
- Non-address characters when URXWIE = 1

When URXEIE = 1 a break condition will set the lBRBit and the URXIFGXx flag. [9]

5.2.4 — Software for turning on/off an LED on the dsplay

The light emitting diodes (LEDs) are controlled lwihe help of the IC MAX7221 and the
microcontroller MSP430. The first step in contnadjithe LEDs after initializing the USART
as SPI of the microcontroller is represented infline chart shown in Figure 5.2.2.4 below.
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On start up define declare and
initialize variables

Set shutdown register to normal ) L
operation Carry out a display test 'by lighting
* all the LEDs on all displays

Set register decode mode to no ¢
decode

'

Set scan limit to maximum

Turn off display test

Set shutdown register to normal
Qperation making the system read)

Figure 5.2.2.4: Flow chart representing the initifization of the LEDs and
MAX7221

After initializing the LEDs using the MAX7221, a egfic LED could be turned on,
representing the coordinate of the object. Thiddse repetitively and fast, permitting the
displacement of the object to be timely displayédith the help of the sensitivity of the
display (discussed in section 5.2.4) and modulth8,values to be displayed are obtained
from the obtained coordinates (xp and yp). Thighen displayed with the yp being the rows
and the xp being the column on the display. Sessithelps to get a factor of multiplication
on the field to represent an LED on the displaye Talculation with modulo 8, helps to
determine on which display the LED, as a point &hbe turned on or off.
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n‘x‘ start, define declare and initialize variables > e
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B

i ] S No
~—_ 0<( row or column or adress) <7 ——

l Yes

set start address and shift 1 into the set
calumn

v

—— Isstate=ON?

—i. —

No
Yes

Set the chosen LED on Set the chesen LED OFF

V2

{é:l:ért SPI_SEND(); to execute the previous stag;:)-

Figure 5.2.2.5: Flow chart representing the turniig on /off of an LED.

It is taken care of, that the dimension of the LMD2 points) is maximally exploited with the
help of sensitivity, which further assists mappthg distance on the field covered by four
sensors to the number of points available on the @nd columns of the matrix display board
display. The function to set an LED is one reaugrthree input parameters which are the
address (display from 0 to 7), the row and colufmon{ O to 7 each) as well as the state. The
state could be ON (0x001) or OFF (0x00).

5.2.5 - Data reception trugh UART

Setting for UART protocol in this project was: 8bdata length, no parity bit and one stop
bit. The baud rate was set to 9600. Modulatioretsasid its calculation is explained with a
worked example subsequently in this chapter.

When UTXEX is set, the UART transmitter is enabl€hnsmission is initiated by writing
data to UXTXBUF (transmission buffer). The datéhien moved to the transmit shift register
on the next BIT CLK after the TX shift register esnpty, and transmission begins. Figure
5.2.3.1 gives more details.

The receive enable bit, URXEX, enables or disathéta reception on URXDXx

as shown in Figure 5.2.3.1. Disabling the USARTere&r stops the receive operation
following completion of any character currently tgireceived or immediately if no receive
operation is active. The receive-data buffer, UXR)B contains the character moved from
the RX shift register after the character is reedi{9]
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URXEx =10
r'/- ﬁ\-

No Valid Start Bit

/N

\

/_'“\_ __ Not Completed
I .I|

. URXEx = 1

feco URXEx =1 ldle State \ Valid Start Bit Receiver andle Interrunt

D?feg’l're (Receiver Collects C;nditions P
Isable Enabled) Character

URXEx=10

1\ Character

jﬂ' Received

~__ URXEx=1
~—__ URXEx=0 p

Figure 5.2.3.1: State diagram of receiver Enable |9

When the UTXEX bit is reset the transmitter igpped. Any data moved to UXTXBUF and
any active transmission of data currently in tlaasmit shift register prior to clearing UTXEX
will continue until all data transmission is contpele:. [9]

void ITnitcU3IARTO (void)
4
MCTLO = CHAR: /4 B-bit character g4

OTCTLO = SZEL1: A4 UCLE = ET2
TEROO = Ox41: A4 B 000 0009800 = 833.333«<-> 0Ox341
TER1O = 0Ox03: £

THMCTLO = 0Ox0; JF Mo modulation

ME1 |= UTXEOQ + TUREEQ: /¢ Enabled TIALRTO TEDARED

IE1 |= URXIEO:; /F Enabled TIARTO BEX dinterrupt

F3SEL | = 0x30; fFf P3.4 = UIARTO TXD, P3.5 = UTSALRTO RED
P3DIR |= 0Dx10; P304 output direction

_EINT{): // Enable interrupts

Figure 5.2.3.2: UART initialization

The initialization of the UART is carried out asosin in Figure 5.2.3.2. The length of the bits
is 8, with no parity and just one stop bit. Thecklgource is then selected and the division

factor set. No modulation is used in this situatarit is not necessary. The UART module is
then enabled, making sending and receiving possibie interrupt is then enabled at the end.

5.2.5.1 - Reception and data (run time differencegrocessing

The run time differences are the time differencesvben the receivers and sender. It is
obtained through correlation in a parallel projaod sent through universal asynchronous
receiver and transmitter protocol. The settingsiics protocol were 8 bit character, no parity,
1 stop bit and 9600 bits per second. These santiegsetare done for the sender of the
maximum correlated position. The data actually ,sewt the positions of maximum
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correlation and vary from 0 to 127. The baud ratgiven bybaud rate =BRNﬂ , Where

N = UxBRO+ UXBR and

UXBRO gnd UXBRL gre the Baud rate registers . The values andteegisttings are shown in
the figure below.

N- 215 214 213 212 211 210 29 28 2‘7 26 25 24 23 22 21 20

TUoBR1 UoBR

Figure: 5.2.5.1: Baud rate registers

The above mentioned positions obtained throughetation are multiplied with the period at
which the signal, in this case sound was being. sentsuch, the run time differences are
obtained, processed and incorporated in the gegroalculation of the position of the object
in question.

As discussed previously, the obtained positionsufin correlation are multiplied with the
period of emitted signal to obtain the time diffeces. An example of an obtain data is shown
below.

RX [17] =A034B131C160D100E

RX is the array in which the sent data which isembds stored. There are altogether 17
characters sent for each displacement of the objEige letter A at RX [0] indicates the start
of data and at the same time indicates that theiimamr correlation position for the first
sensor (microphones) is being sent. These are saead in another buffer pos_t1[3]. The
next character received & This is saved in pos_t1[0], the next chara@esaved in
pos_tl[1] and the next characteris saved in pos_t1[2]. This procedure is repeédedl31,
160 and 100.The charactBrindicates the end of pos_t1[3] and the beginihgos_t2[3],
character C indicates the end pos_t2[3] and tiginhang of pos_t3[3] while the character D
indicates the end of pos t3[3] and the beginning pbs t4[3]. As already explained,
pos_{[3] are buffers used to save the various positawhere x corresponds to the sensor
number . The character E at the last address ofIRKsignifies the end of a transmission
session.

Let the obtained dat@34 be considered. These values are a string of ctemsad he character
0 is multiplied by 100 and added to 3 which werdtiplied by 10 and then the result added
to 4. In order to make that clearer, the equatimeiew are of good use.

pos_ 1= 0*100+ 3*10+ 4

Here, i is from 1 to 3. The same procedure is carriedfout pos_t2 , pos_ 13 and
pos_ t4 to obtain the run time differences.

At this point, the data have been received andagbgrprocessed. These time differences are
then added in the equation

p=y(X-X02+(y- P2 +(z- P+ €l )

=c* ()
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where t; are the time differences obtained through corigafor each sensor ang, is the

difference between the clock of the sender anddhtte receiver The above equations have
been programmed as explained in the theory sertiohapter two.

5.2.3.1 Modulation calculation
It is worth demonstrating how the value of modulatis obtained. This aid in decreasing
erroneous bits and size.

Example: a baud rate of 4800 baud is required with a ahyfstquency of 32,768 Hz. This is
necessary because the UART also has to run duwwmgdbwer mode 3. With only the ACLK
available, the theoretical division factor—the trated value is the content of baud-rate
register UBR (UBR1/UBRO), given by:

_ 32768 _
UBR = 4800 — 6.82667

This means that the baud-rate register UBR1 (MS8d4daded with zero, and the UBRO
register contains a 6. To get a rough estimatd@f8:bit modulation register UMCTL, the
fractional part 0.826667 is multiplied by 8 (themuer of bits in register UMCTL):

UMCTL = 0.82667 x 8 = 6.613 (5.2.3.1)

The rounded result 7 is the number of ones to aeepl into the modulation register UMCTL.
The corrected baud rate with the UMCTL registertaimng 7 ones is:

baud rate = — 22168 _ 47662545
(7 x7T+1 x6)
8 (5.2.3.2)
This results in an average baud rate error of:
baud rate error = 4766.2545 — 4800 x 100 = — 0.703%
4800 5.4.3.3)

To get the best-fitting bit sequence for modulatiegister UMCTL, the following algorithm
can be used: the fractional part of the theoretioasion factor is summed up eight times; the
actual m-bit is set if a carry to the integer paoturs, and is cleared otherwise. An example
using the fraction 0.82667 previously calculatdtbfes:

Fraction Addition Carry to next integer UMCTL Bits

0.82667 + 0.82667 = 1.65333 Yes md 11Nhe result of the calculated bits m7 down to mO is
1.65333 + 0.82667 = 2.48000 Yes mll 1OXEF (11101111b) The above calculations heIﬂnm t
2 48000 + 0.82667 = 3.30667 Yes m2 1amelioration of the transmission of data, as such

3.30667 + 0.82667 = 4.13333 Yes mg 1reducing frame error.
4.13333 + 0.82667 = 4.96000 No m4| 0

4.96000 + 0.82667 = 5.78667 Yes m5 1
5.78667 + 0.82667 = 6.61333 Yes m§ 1
6.61333 + 0.82667 = 7.44000 Yes m7 1
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5.2.6 — Software for displaying characters on the CD

As already mentioned and discussed, the MSP430HX83s an LCD display on board and
can display 32 characters on two lines. This penplhas been very useful in this project. In
the input of the sensor positions, the LCD disgialp in the confirmation of the input value.

It is as well used for indicating erroneous sitoiasi. An example of such a situation is when
the input value exceeds the limit. Furthermore,UG® is used in displaying the temperature
obtained from a diode of the MSP430. General in&drom, like welcome message and others
are displayed on the LCD.

PDefine initialise and declare variables Send upper nibble of data to LCD
Delay (~5ms) position the lower nibble of data to send

> v

Set the lower nibble of LCD data ready to

Get upper nibble of data

receive
Set the upper nibble of LCD data ready Send lower nibble of data to LCD

to receive

Figure 5.2.2.5.2: Flow chart representing the didpying of characters on the LCD

The first step in writing on the LCD is to defindeclare and initialise variables. It is then
delayed for a while as indicated on Figure 5.22dn as to enable the hardware to be ready.
Since sending of data is per nibble, the upperlaibbthe character to be is first obtained by
setting the lower nibbles to zero with an AND conation of the data witldxf 0. The
upper nibble of the LCD data is set and an OR djweras carried out with the data to be sent.
This data was earlier arranged for this purposes 3&ime operation is carried out for the
lower nibble. In addition to that, the data hadpeoshifted four places to the right to occupy
the LSB position.
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5.2.7 — Software for coordinating all functions (man function)

In the central functionn@i n. c), all the other functions are called at the appeate position,
time or event. The first step is to define, dezland initialise global and local variables. The
functions to initialise the LCD, UART, SPI, MAX7224nd set interrupts are called and
executed. The next step is displaying a welcomesages on the LCD. A for ever loop is
started. It is then asked if the positions of thesers are to be given in. This is through the
three buttons as explained earlier. Should it bdicuoed that the input is to be carried out by
pressing B2, then a function calldzlit t onsi nput . ¢ is called and the steps in executing
the commands are followed. The details are outlingde button programming section in this
chapter. The above steps are represented in afiaw in Figure 5.2.2.5.3 below.

Start program

Define , declare and initialise variables l
Obtain temperature and display values
* onthe LCD
Call functions to initialise: LCD, UART,
SPI, MAX7221 and set interrupts
* Call the function to calculate x and y
position
Display welcome message on the
LCD Y
__,l, Clear old position and display actual
— 1 position

Is button B2 pressed?

Call the function to set the coordinates
of sensors

Figure 5.2.2.5.3: Flowart representing the main function

Should this function not be called, a next functtonobtain and display the temperature is
called and executed. The x and y coordinates obHject in question is then determined by
calling the function calledl osedf or m sol uti on() ;. This function calculates the x and
the y position of the object. During this procebg temperature of the environment obtained
a step before is used to improve on the resultseaspeed of sound in air is dependent on the
temperature. The final step is calling a functiset(LED(i nt adr, int row, int

col, unsigned char state);) that was earlier described. This function turnsaon
LED corresponding to the x-y pair value on the LEBplay. This is done as a point
corresponding to the position of the object onfiblel. The procedures from the point where
the input using B2 was done or the point whereas \wupposed to be done, repeats for ever
and the temperature and the x and y coordinatescémalised continuously. The details of the
codes are available in the CD ROM accompanyingrépsrt.
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5.2.8 - Additional steps in realising the main equ#on in C with MSPGCC

In order to be able to realise the equaﬁpn\/(x -X*+(y- Y +(z- ¥+ &A1, some

routines were necessary as it was difficult callthgm directly and applying them. An
example is the square root functiaq. It was complicated calling this function dirgctFor
this reason, it was vital programming a functioattdoes the square root calculation. The
Newton’s iteration method was chosen as it gaveurate results compared with the
calculator TI-92 Plus.

while (! {iteration++ >= 100 || ® == xn)) //Make 100 iterations as long
as  x!=mn

X o= x - (X *x -n) / (2% x); // NWewton’s method of approximation

Above is a section of the code. The iteration isedd00 times as long as the result obtained is
different from the result before. The result ob¢ains x and that before being xn. The source
code is available for a detailed commentated code.

5.2.9 — Mapping of the area covered by the four sears to the LED display

The mapping of the area under experiment to theladissize is done for a few reasons. The
first reason is to represent the point at which ¢fxgect is located logically and easily
understandable. The second point is to make uieecéntire LED display board for an area
between 1x1 and 8x8 square metres. The total nuailid=Ds to cover this range of 1x1 up
to 8x8 is 512.

For a minimum length of 1metre (100 cm), a dixedistance on the field is mapped
represents an LED on the display. Depending orxiteordinate of the object, a particular
LED will be lighted and the next will be lighted lgrwhen the distance per LED for that
length has been covered.

This distance is obtained as such:
X, =—

32
where X is the distance in the length on the field needebe moved for a next LED on

the display to be lighted and is also called thessality .

L is the length on the field covering the four sesswhich is put in through the Button B2 on
the MSP430 controller. The number 32 stands foitdked number of LEDs on the four LED
boards aligned next to each other on the X-axis.

(5.2.3.1)

For a minimum length of 1m, the distankg, = Si =0.03125m ~ 31 mm per LED

2
For a maximum length of 8m, the distan¥g =3£2 =0.25m ~ 250 mm per LED
A similar procedure is carried out for the widthdescribed below.
y =W (5.2.3.1)
16
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where Y, is the distance in the width on the field neettele moved for a next LED on

the display to be lighted and is also called thes#mlity of the Y-axis .

W is the width on the field covering the four serssehich is put in through the Button B2 on
the MSP430 controller. The number 16 stands fortdked number of LEDs on the two LED
boards aligned next to each other on the Y-axis.

For a minimum length of 1m, the distan¥g = %
For a maximum length of 8 m, the distancg :1—86 =0.5m ~50cm perLED

=0.0625m ~ 6 cm per LED

The above calculated values help in covering thieeeh6x32 LED matrix display for just 1m
on the field or for up to 8m.
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Chapter 6: Modifications to enhance quality resultsand some
application examples

6.0 - A functional test using some fixed data

In order to carry out this test, a few positionsanfobject on a given surface area are chosen,
the run time differences calculated and the x amaiyg calculated as well. These calculated
values are then compared with those obtained flmrsoftware. An example of a group of
value is 8, 2, and 1). The digit3 stands for the display number, which is the fourth,
counting from0. The 2 stands for the column, where the LED tdidpeted is situated or
supposed to be situated. It then depends on whietisea real or expected value. Thestands

for the row to be lighted. In order to simplify geedata, it will simply be considered as a
matrix of 16 by 32. The LED point will then be givey two digits. The first stands for the x-
axis and the second, for the y-axis.

[ 2 2
Ati :—X Yy i
C
C is the speed of sound at 25°C. This value is 3#6riThe values y and y are estimated or
measured andM, subsequently calculated. The conditions mentioaleove are for the
expected values. The temperature is not stablejgthaoughly 25°C. This difference in
temperature values affects the real values. Thaslel e observed in the tables below.

A test for an 8m by 8m surface
For a surface of 8m by 8m, the following resultsevebtained.

xin | yin Expected Real
m m Atyin us Atyin us | Atgin us | Atyin ps position position
1 8 2890 20231 23301 30723 (4,16) (4,16)
2 7 6463 17580 21041 26646 (8,14) (8,14)
3 6 10421 15564 19388 22573 (12,12) (12,12)
4 4 16349 16349 16349 16349 (16,8) (16,8)
5 5 16852 12262 20437 16852 (20,10) (20,10)
6 3 22573 15564 19388 10421 (24,6) (24,6)
7 2 26646 17580 21041 6463 (28,4) (28,4)
8 1 30723 23121 23301 2890 (32,2) (32,2)

Tlals.0.1: Functional test for 8m by 8m
Table 6.0.1 above shows the characteristics priegdudr a field of 8 meters squared. The real

values are exactly the expected values. This iauseit is a simulation and does not involve
rounding up of digits that could result in diffeoes between real and expected values.
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Atestfora 4m by 8m surface
For a surface of 4m by 8m, the following resultsevebtained.

Expected Real
xinm |yinm | Atgin us| Atyin ys | Atzin ps Atgin ps position position
1 8 2890 8671 23301 24694 (8,16) (8,16)
2 7 6463 6463 21041 21041 (16,14) (16,14)
3 6 10421 6463 19388 17580 (24,12) (24,12)
4 4 16349 11561 16349 11561 (32,8) (32,8)
3 5 12262 9140 16852 14737 (24,10) (24,10)
2 3 15564 15564 10421 10421 (16,6) (16,6)
1 2 17580 19388 6463 10421 (8,4) (8,4)
1 1 20437 22011 4087 9140 (8,2) (8,2)

Table 6.0.2: Functional test for 4m by 8m

Table 6.0.2 shows calculated values and expectkobydor a surface of 4m by 8m. The
values are exactly as expected. These are dues tta¢hthat it is a simulation and does not
involve fractions leading to rounding up higher idea places to null. In such a situation,

there will be a deviation of the real values frdma expected values.

Atestfora 4m by 6m surface
For a surface of 4m by 6m, the following resultsevebtained.

xin | yin Expected Real
m m At1in us | Atpin s | Atgin us | Atgin ps position position
1 6 2890 8671 17580 19388 (8,16) (8,16)
2 5 6463 6463 15564 15564 (16,13) (16,13)
3 4 10421 15564 19388 22573 (24,11 ) (24,10 )
4 3 10421 6463 14451 11916 (32,8) (32,8)
1 2 11916 14451 6463 10421 (8,5) (8,5)
2 1 15564 15564 6463 6463 (16, 3) (16,2)

fractions and consequently correcting the values.

Table 6.0.3: Functional test for 4m by 6m
In Table 6.0.3 the results obtained confined toekgected results, but for the x-y positions
(3, 4) and (2, 1). This is due to rounding up emtich could be corrected by watching the
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+ %1y + 2y2

+ x3y3 + xd,yd

10 | | | | | | | | | |
-10 -8 B -4 -2 0 2 4 B g 10

Figure 6.0.1: Simulated results in Matlab demonstring the object and the four axes on
the surface

| | | | | | |
1] 5] 10 15 20 25 30
LED®y 19, 3, 19, 3, 19, 3, 19, 3,

simulated position of object on the display

Figure 6.0.2: Simulated position in Matlab displayng (19, 3) on the matrix display

Figure 6.0.1 above shows the field of experimeiif) wihe axes and the object in question.
Figure 6.0.2 shows a simulated example of the iposdf an object. The method used in this
simulation is the closed solution method with tesuanption that the axes are in a rectangular
form. This display could be compared with Figur@.®. This figure is the actual position of
the object as on the field. In the case where tieesn error or the results are not accurate,
there is more than one point lighted on the LED.

wultiple
2.y2 —
L @)ﬂ Nl @ ey O coordinates
@m@ FF oway

Figure 6.0.3: Errones simulated position on the field
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1 | | | | | |
0 5 10 15 20 2% 30
LEDxy 21, 3, 21, 4, 19, 4, 19, 3,

fowr Lighted LEDs
Figure 6.0.4: Erroneous simulatieposition on the display

Figure 6.0.3 and 6.0.4 show some erroneous snmtiThese situations are built in the
simulation to reflect some extreme real situatihgre there is for example a lot of reflection
of sound or other forms of disturbances. The factoiluencing the system have been tackled
appropriately starting from reflection (in anotlseib project) to temperature changes

The modifications to improve on theuks, which have been outlined alongside the
methods, could be divided in to two sections. Tilst ection is the adequate management of
the software to improve on the performance of theraoontroller and the second is the
modification of some parameters influencing theiltsdike the temperature of air, reflection
of sound and outlier.

6.1 — Improving Speed, Performance and reducing Pawv Consumption

of MSP430
There are four low power modes in addition to ragobperating mode on the MSP430:
Active Mode is the fully powered mode when the pssor executes code and all clocks and
peripherals are active. The chip consumes abditu34d with 1 MHz clock at 3.3V in this
mode.
i -Low Power Mode 1 (LPM]) disables the CPU and MCLK while leaving the AChKd
SMCLK enabled. This allows timers, peripheralsd amnalogue systems to continue
operation while dropping current consumption to wbo0 pA with 1IMHz clock at 3.3V.
Because the timers and other internal interrupesys still operate, the processor will be able
to wake itself.

li- Low Power Mode 2 (LPM2 disables the CPU, MCLK, and the DCO are disalblet
the SMCLK and ACLK are active. The DC is disabiethe DCO is not used for MCLK or
SMCLK in active mode. Internal interrupts canlstpperate. Current consumption drops to
about 17 pA.

iii- Low Power Mode 3(LPM3) disables the CPU, MCLK, SMCLK, and DCO. The DC
and ACLK remain active. This allows some periptesnd internal interrupts to continue.
Current consumption drops to about 2 pA.

iv — Low Power Mode 4(LPM4) Current consumption drops to about .1 pA, butlaitks
and the CPU are disabled. This prevents any obthehip modules from operating, and only
off-chip interrupts can wake the device.

To enter a low power mode the status regist the CPU has been set to indicate the
desired mode. This change of mode helps considerablthe reduction of power
consumption. The long life of the battery is agbig through judicious hardware and
software design. Skilful programming will allowetbsame work to be done with cheaper
parts to improve the bottom line. It is well knodwom the consumer computer market that
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the speed of computers can be measured in hertg (Mzis less well known that the
frequency of the computer’s processor does notuatety indicate a computer’s performance
or even the performance of the processor itselforbter to improve the performance of a
software application, it is necessary to understardvay performance is measured.

A simple way to get the time a progranil vake to perform a task is to count the
number of processor cycles that the code will take.the MSP430, each CPU instruction,
jump, and interrupt takes a fixed number of cy@sexplained in the MSP430 user’s Guide.
Taking into account branching, function calls, amerrupts, the assembly code of a program
can be used to calculate the time needed for aoseof code. If this time is known,
alternative methods could then be used to findwhith takes a shorter time to do the task.
This method was adapted in the software developnidms led to a faster task performance
and less battery consumption. The battery consamgi an important factor as the device is
a stand-alone requiring battery as voltage suppdiyreot an AC source.

Removing unnecessary instructions is a start taompg performance. Test code left in a
final version, any unnecessary instructions inagpjacan all significantly increase the time in
a section of code.

In C, unnecessary code takes the formoof hany method calls inside of a loop
(because each method call adds a layer to the .h&dbpile this is only a slight efficiency loss
for code that is only executed once per sampleloggecan be very damaging if multiplied by
a large loop. When trying to reduce execution tirhes best to start with the regions of the
code where the processor spends the most times &faihe program that are only executed
rarely have only a small effect on the speed coethb#w a loop that might run 100 times per
sample. For example, if a duty can be done onasjde of the loop, do not do it many times
inside of the loop. [14]

A judicious use of timers and other fnstion saving interrupts were taken in
consideration. The timer interrupts allow the mssor to periodically check on the status of
the program without the use of slavki | e(1) orfor(;;) loops (polling). However, for
correct program behaviour, it was important doimg minimum possible work in an interrupt.
This is most important with interrupts that happeguently because the control flow of the
program can be thrown off when interrupts happatefathan the system can handle. If the
same interrupt occurs a second time before thiedosurrence of the interrupt has completed,
program behaviour is much more difficult to contrblis much easier to simply ensure that
the interrupt is short enough to avoid the dane¢ogether.

It was also avoided to calculate values that haenlralculated already. A piece of reusable
information was saved and simply called later.

6.2 —Temperature and influence on the speed of sadim air

A further factor in ameliorating on the quality ofie results is the incorporation of
temperature to obtain an accurate value of thedspéesound in air at the moment of
measurement.

A sound wave is a pressure distucbavhich travels through a medium by means
of particle-to-particle interaction.
The speed of sound is variable and depends mamtyhe temperature and the properties of
the substance through which the wave is travellimghis project, the medium is air.
Since temperature and thus the speed of sound Hgrdexrease with increasing altitude,
sound is refracted upward, away from listenershenground, creating an acoustic shadow at
some distance from the source. Figure 6.2.1 shasesiad source and the manner in which it
vibrates in air.
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Figure 6.2.1: Sound vibration in air.

The decrease of the sound speed with height isreefféo as a negative sound speed gradient.
However, in the stratosphere, the speed of soutrg@ases with height due to heating within
the ozone layer, producing a positive sound-speadient.

All other things being equal, sound will travel ra@lowly in denser materials, and faster in
stiffer ones. For example, sound will travel fasteiron than uranium, and faster in hydrogen
than nitrogen, due to the lower density of thetfiraterial of each set. At the same time,
sound will travel faster in iron than hydrogen, &ese the internal bonds in a solid like iron
are much stronger than the gaseous bonds betweleogaey molecules. In general, solids will

have a higher speed of sound than liquids, anddisqwill have a higher speed of sound than

gases. The variation of the speed of sound andehesity (different medium) is given in the
equation below.

c= [— (6.2.1)
0

Where K is a coefficient of stiffnessp is the density.

In this project, it is not of great interest toalyse the behaviour of the speed of sound in
different mediums since air alone is the mediuneher

C=331.3ns*, | & J (6.2.2)
273.15
From the above equation, it is further simplifiecejuation 6.2.2.1 below.
C =331.3+ 0.606¥ms* (6.2.3)

where 1 is the temperature in degrees Celsius (°C) andh€,speed of sound at this
temperature.
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Speed of sound in air in Temperature in
m/s °C
331.30 0,0
337.360 10,0
343.42 20
346.450 25
349.480 30
355.540 40
361.60 50
367.660 60
373.720 70
379.780 80
385.840 90
391.90 100

Table 6.2.1: Table of variation of speed of soundhiair with temperature.

Table 6.2.1 shows how the speed of sound in arelsted to the temperature. For this
demonstration, values are taken between 0 and it@Caw interval of 10, except at the point
25°C (room temperature) which is important. At thasnt, the speed of sound is 346.450 m/s.
This variation of speed of sound with temperataréhie air is worth analysing as it improves
the accuracy of the coordinates of the object estjon.
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Variation of speed of sound with temperature

400,0

390,0

380,0

370,0

Speed of sound / m/s

Figure: 6.2.2: Variation of speed of sound in aithviemperature

The gradient of the curve gives the 0.6/i€ constant and the intercept being ~331nhis
confirms the linear behaviour of the speed of socuteimperature of air. [27]

6.3 — Obtaining the temperature using MSP430F169 &ter Kit

The MSP430F169 Starter Kit makes it possible taiobthe temperature of the air at the
place and time of experiment. There is a diode@ard of this microcontroller whose change
in voltage is directly related to the temperatuiré¢he diode. This change of voltage yielding
the temperature of the diode could be calibrategive the temperature of the room or place
of carrying out the measurements. MSP430F169 ofterprecision analogue-to-digital
converter delivering an accuracy of about 1°C. &hare tow ADC: the 10 bits resolution
ADC (ADC10) and the 12 bits ADC (ADC12). This pdrapy is one of the most sophiscated
peripheries of MSP430F169 though requiring lessgyaw realising its task of conversion as
it works with the CPU asleep. In this project, KIRC12 is employed for the mare fact that it
offers better results compared to the ADC10 witksleesolution. ADC12 has a built in
sample-and-hold circuit. [9] The front end is mageof a multiplexer circuit. This circuit
makes it possible to choose one of eight extermas. pThe voltage fall in relation to
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temperature in °C is given by 3.35mV/°C for thiscrocontroller. Since the voltage fall over

the diode is linearly related to the temperaturéhefdiode, it is then calibrated at about 25°C
to obtain the room temperature. More details, aaigaconcerning the various modes are
explained in the ADC section (chapter 3 sub secB@®). It is to be taken note of that the

calibration varies from one MSP430F169 to the next.
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Figure 6.3.0: Typical temperature transfer functian for MSP430.

A typical temperature transfer function could bpresented as in Figure 6.3.0 above. It is a
linear function with the y-intercept of ~ 0.986 amgositive gradient of 3.55*10//°C'
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Figure 6.3.3 describes the procedures in obtaitiegtemperature of the environment in
which the position determination is being carried o

@ware structure for temperature determinati}

Define and Initialize variables

Initialize control registers and set up
conversion clock,

Set internal reference with respect to
ground (Temperature sensor on
INCH 10

Enable and start conversion

Collect significant values of converted
data

Convert ADC reading to °C

Calibrate temperature values in °C

Return calibrated temperature in °C

. /

Figure 6.3.1: software structure for temperature déermination using MSP430F169

The elaboration of ADC in chapter three, sectidh@ves more information for temperature
determination using MSP430.

In writing the code, it is considered [9], testaadgoroven that there is a voltage fall of
3.35mV per °C. Figure 6.3.0 above supports thisestant. This measurement gives an
accuracy of about 1°C. It is enough to obtain beteults for this project. Should there be a
necessity for a more accurate measurement, theielaeof using an external sensor could
have been analysed.

The first step is to define and initialize variablas well as the necessary registers. The
voltage reference is then set. This referencetésnal. As next, the ACD12 is started. As long
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as the conversion is going on, the next instrudsamot executed until conversion is finished.
During this time of conversion, the CPU could bandoother activities. As soon as the
conversion is over, the last 12 bits of the coragtrtalue being voltage fall is retrieved and
saved in a temporal memory for further calculatioftse reason why only the last 12 bits are
considered is because it is enough as far as theay is concerned and voltage fall is in
that range.

The content of the temporal memory is now multghligith a constant (standard for this
MSP430 type)a and divided by another constartty shifting it ¢ times to the right.

The value now undergoes calibration to obtain tiwer temperature in °C.

The few lines of code below give more details.

t enper at u= ADC12MEM) & OxO0O0000FFF
tenperatu *= 845; // a=845 Steps to convert to degree
tenperatu >>=13; // => divided by 8192= b Calibration
pur pose

//tenperatu = 278; 13= ¢
tenperatu -= (278+6); // 6 is due to calibration

Define a buffer of type unsigned char with
appropriate size

Get each value (Byte) of the temperature
by using modulo and division of integer
with 10, 100 and 1000

Send each character to the LCD using
sprintf (buf, "$d%c%,...%,datal, .);

Figure 6.3.2: Block diagram showing steps to prepa data to display

The obtained temperature is broken down into siByes and sent to the LCD display as
seen in Figure 6.3.2. The first step is to defineaaray (buffer) that can contain all the
characters to be displayed. These values arestngd at various addresses of the buffer and
as such with a loop, they are sent singly to th®LThis procedure is repetitive in the main
function, delivering the actual temperature evesy milliseconds.
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Figure 6.3.3: Room temperature (hot summer day) iiC displayed on the LCD

The obtained temperature is displayed on the LCBe &igure 6.3.3 above. R,T,
space,2,7,.,0,space,0,C, and the rest of the dateat singly to the LCD . A single character
is sent by sending two times a nibble. The uppkbleiis first sent, followed by the lower
nibble. As such it is possible to make almost amgracter appear on the LCD.

6.4 - Using the Oscilloscope to control or verify SPI Bta.

In the primordial phase of SPI programming, thet §ata were verified on the Oscilloscope
SO as to adjust the settings/ initialization of 8f&l-Periphery. The CLK-Signal and the Data-
Signal from the MSP430F169 were connected to CHahnand 2 of the oscilloscope

(Tektronix TDS744A). After a setup as seen on figere below, the results could be

obtained. The data sent was 0x55 (in binary forb®10101) and the clock was set at 4AMHz.
After obtaining the results, the configuration dfetperiphery was maintained and its
programming continued.

Tek EGIEH 250MS/s . 181 Acqs
E H

il

SHGAGE R

DATA

b b

00V  WM4&.000s Chi 7 1.80V 14 Apr 2008
10:33:14

Figure 6.3.4: SPI results from Oscilloscope Tektrom TDS744A

220 e
Tkl T.00v  chz 1.

The principles are such that Data bits are invertieat is +V means 1/H (H: High) and -V
means O/L (L: Low). The Bits in a Byte are trandedtsuch that LSB is first and MSB last. It
is also called “little endian”.
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Further more, each byte begins with a high staratd ends with one or two stop bits that are

low. In this case, there is one stop bit, 8 bittadangth and no parity bit. The line is low
when idle. Figure 6.3.5 shows the above explanation

LSE

Stop bit

Start bit

MSB
logical 1

logical 0

+15V

13V
oV
AV

-15V

Figure 6.3.5: RS232 Data to microscope

The binary data 01010101 (0x55) is sent and dlasgrved on the oscilloscope is 101010.

Each bit is inverted. This control helps, espegiatlthe beginning to test if the data sent is as
well received.
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Chapter 7: Conclusion and proposals for further woks

7.1 — Conclusion

This project; Hardware and Software for Positiontedbmination and Visualization for an
indoor Navigation System has been a success d@sgskef the thesis has been fully tackled
on the part of the hardware design as well ashah df the software . Many mathematical
methods in determining the coordinate of an objeate been examined. The first examined
method was the iterative method (Taylor linear@a}i This method involved more code in
programming. The closed solution method was theméxed. This method gave good results
and programming was not complicated. A third methvag derived from the second method
by assuming the area of experiment is rectangilais means two sides were always the
same as the opposite side. It returned good resnitsalso gave the possibility of controlling
if the values were in the expected positions. Paissibility could be examined by the simple
fact that there were many pairsofindy. A pair of results was compared with another. In
case of a mistake, it could be detected evenredetrel of demonstration on the LED display.
This is observed when not only an LED is lighted taeo or four.

The choice of the right hardware component wagiods, selecting the right combination
chip (IC) and LED matrix display, that of resistotapacitors and all the others.

The software design has been modular, making i &asfuture work, error detection and
also rendering it possible to have an eye on tlesahile programming. In order to improve
on the results (coordinate of the object) someofachave been considered that led to better
results. An example is temperature. Reflection aaswell taken into consideration in a
parallel project.

The PCB design as outlined in chapter four has Ipeegressively developed using Eagle to
draw the schematics and finally the board layotie Tirst board had a few properties which
brought the idea of amelioration. One of the mawpprties was the space between a display
module and the next. Though this design, after @tiap was functional, it was decided on a
more adequate design. This new design made itlgedsi produce just one PCB. This helped
in avoiding the use of multiple connectors from aiigplay to the next, as well as the errors
that could be involved in using these connectolss Becond PCB was designed in such a
way that the 8 LED matrix display (512 LEDs) cotitldon the PCB and the each display fit
to the next without a space. This property makessystem as a display technology, more
demonstrative.

There are a few measures which could have beendeved in improving on the results. Due
to some factors like available material and scdpeark, these factors were left out. Some of
these factors are listed in chapter seven, se¢tin

7. 2 — Some possible applications of this project

Localization applications have been developed foumber of everyday scenarios. In the
industries and research centres, localization eawelby important in determining the position

of a robot for example, allowing a full control thie robot. Robots are gaining more and more
importance nowadays and its control as well.
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It could equally be used in museum guides. Masitors to museums are unfamiliar with
the navigation at the location. Having such a digmould help such visitors navigate on this
unfamiliar place easily. They will need to moveward with the display to be able to locate
their position.

The developed hardware and software are applidablesearch purposes in the IT and
automation engineering laboratories of the Uniwgrssf Applied Sciences Hamburg

Germany.

In many industries, this project could be appliedagistics in determining the position of a
mobile transport cart (carriage) in transportingenals from one angle in the factory to the
next. In order to make this realisable, the agbaaition of this cart is necessary.

7.3 — Proposals for further works

7.3.1 - Ouitlier detection and corrective measuresrpposal and analysis

An outlier is an observation that lies outside tiverall pattern of a distribution (Moore and
McCabe 1999). Usually, the presence of an outlidicates some sort of problem. This can
be a case which does not fit the model under studyn error in measurement. The first step
is to detect the outlier. Detection will vary dedarg on the source. After detection, reduction
measures are adapted and if possible substituted.

Due to reflection of sound and other disturbingdex in a room, further measures are taken
to assure a better accuracy with the availabledstanhconditions. One of these measures is
the detection of outlier and treating them. Thagdams below explain a case study for the
four sensors, where three of them indicate sinvéddmes and one indicates an extreme value.

Case 2
Delta1 = 3.71

Case 1
Deltal1 = 3.7

Mobile Object e.g. a
robot

Case 3
Deltal1 = 1.0

Case 4
Delta1 = 3.7

Figure 7.2.1: Setup for outlier detection

Case 1, 2 and 4 are normal and good values buththee case is an outlier. In order to
improve on the accuracy, the third values are aaitind calculations done with just the
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values of the first, second and fourth values.drdsing, the range of accuracy is improved.
Mathematically, there is no fixed value for an @rtbut ultimately a subjective issue. The
cause of an outlier determines how it should batéak In this case, it is simply left out and it
improves on the result as demonstrated on theatagabove.

Case number Delta 1 / standardized values
1 3,7
2 3,71
3 1
4 3,7

Table 7.2.2 case study of varied values of Delta 1

A resulting curve from Table 7.2.2 clearly indicathe presence of an outlier. This could
equally be deduced from the table.

outlier case study

3,5 1

LPelfal  \ Delta 1 / Delta 1

2,5 A

15

delta (standardized)
N

0,5 1

1,00 2,00 3,00 4,00 5,00

case number

Figure 7.2.2: Outlier case study result before coection

After the outlier detection and correction, theveuis almost a straight line. See the curve
below.
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outlier case study
4
Beltat Beltat Delta 1
3,5
3
N 3
I
O
T 25
8
23
2
8
©
© 1,5
1 T T
1,00 2,00 3,00 4,00 5,00
case number

Figure 7.2.3: Ouitlier case study result after corection

As seen in figure 7.2.2, the results for the vagioases are more or less the same where as it
there an extreme value (outlier) was lying outhaf tange. This correction should definitively
yield better results if implemented as describdwhulgh better results are expected, it has the
disadvantage that few but good data are elimindtieid. requires a thorough study of the
system and other techniques.

7.3.2- Kalman filtering as a method for determining thecoordinates

Kalman filtering is a relatively recent (1960) demment in filtering, although it has its roots
as far back as Gauss (1795). Kalman filtering reenlapplied in areas as diverse as aeros-
pace, marine navigation, nuclear power plant imséntation, demographic modelling,
manufacturing, and many others. The question wisictudressed by the Kalman filter is this:
Given our knowledge of the behaviour of the systamg given our measurements, what is
the best estimate of position and velocity? We khow the system behaves according to the
system equation, and we have measurements of #igopo so how can we determine the
best estimate of the system variables? Surely we dm@a better than just take each
measurement at its face value, especially if weettsthat we have a lot of measurement
noise. This aspect could not be verified in thepscof this work but is a point of interest for
further works in position determination.

7.3.3 - Using a single voltage source

A further proposal on future works is the use o eoltage source instead of two as it is the
case in this project. One supplies the micropranestSP430F169STK. It has a voltage of
7.5V. The other source supplies the MAX7221 and L&&dule, requiring between 3.5V —

5V. The MSP430F169 can not supply this modulesesthe current requirement of the LEDs
can not be met by the microcontroller.

92



INPUT Vx OUTPUT
I,
e N\ - "
L .

Figure 7.2.4: DC step down converter

In this circuit the transistor turning ON will publtage \, on one end of the inductor. This
voltage will tend to cause the inductor currentise. When the transistor is OFF, the current
will continue flowing through the inductor but ndewing through the diode. We initially
assume that the current through the inductor doeseach zero, thus the voltage at Will
now be only the voltage across the conducting dohaeng the full OFF time. The average
voltage at Vx will depend on the average ON timethed transistor provided the inductor
current is continuous.[31].

V, — V= Lﬂ
dt

The two voltage sources could be adapted to supplynicrocontroller as well as the LEDs
by using a step down of the 7.5V at the entrancth@fLED module. Typically the output
produced is at a different voltage level than tigut. In addition, DC-to-DC converters are
used to provide noise isolation, power bus regumati
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Chapter 8: -Terminology Bibliography and attachmens

8.1 —Terminology

ADC: Analogue-to-Digital Converter

ACLK: Auxiliary Clock
See Basic Clock Module [9]

BOR: Brown-Out Reset

C/A-Code

The standard (Clear/Acquisition) GPS PRN code, &lsown as the Civilian Code or S-Code. Only
modulated on the L1 carrier. Used by the GPS recdiv acquire and decode the L1 satellite sigmal, a
from which the L1 pseudo-range measurement is made.

Coarse Acquisition (C/A)

A spread spectrum direct sequence code that ispremdrily by commercial GPS receivers to determine
the pseudo-range to a transmitting GPS satellitelutated on the L1 carrier.

CPU: Central Processing Unit

CTS - Clear To Send

The CTS signal is received from the other end efdérial cable. A space voltage indicates thatatright
to send more serial data from your workstation. Gl@sually used to regulate the flow of seriabdadm
your workstation to the other end.

DAC: Digital-to-Analogue Converter

DCD - Data Carrier Detect

The DCD signal is received from the computer oriceewn the other end of your serial cable. A space
voltage on this signal line indicates that the cotapor device is currently connected or on lin€Dis
not always used or available.

DCE : Data Circuit-terminating Equipment

DCO: Digitally Controlled Oscillator

DLP

Digital Light Processing (DLP) is a trademark owiigdTexas Instruments, representing a technologgl us
in projectors and video projectors.

DRC: Design Rule Checks

Dst: Destination

DTE: Data Terminal Equipment

DTR - Data Terminal Ready

The DTR signal is generated by your workstation tetld the computer or device on the other endytbat
are ready (a space voltage) or not-ready (a mdtage). DTR is usually enabled automatically wherev

you open the serial interface on the workstation.

FLL : Frequency Locked Loop
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GIE: General Interrupt Enable

GND - Logic Ground

Technically the logic ground is not a signal, bithaut it none of the other signals will operatasially,
the logic ground acts as a reference voltage dothigaelectronics know which voltages are positive
negative.

GPSGeneral Positioning System

IEEE

Institute of Electrical and Electronics Engineers. IEEE is one of the leading standards-mgaki
organizations in the world. IEEE performs its stmid making and maintaining functions through the
IEEE Standards Association (IEEE-SA). IEEE stanglaftect a wide range of industries including: powe
and energy, biomedical and healthcare, Informafiechnology (IT) [19].

INT(N/2): Integer portion of N/2

Intensity
Intensity (mcd) stands for Milli Candle Power and measures thensity of LED.

Interferometry
Interferometry is the technique of superimposingefifering) two or more waves, to detect difference
between them.

Interrupt

An interrupt is an event in hardware that triggéies processor to jump from its current program ¢euto

a specific point in the code. Interrupts are desigto be special events whose occurrence cannot be
predicted precisely (or at all). The MSP has maifferént kinds of events that can trigger intersy@nd

for each one the processor will send the execwti@specific point in memory.

I/O: Input/Output
ISR: Interrupt Service Routine

JTAG
Joint Test Action Group  [21]

LCD

A liquid crystal display (LCD) is a thin, flat digy device made up of any number of colour or
monochrome pixels arrayed in front of a light seuar reflector. It is often utilized in battery-pewed
electronic devices because it uses very small ata@irelectric power.

LcoS

Liquid crystal on silicon (LCOS or LC0S) is a "mieprojection” or "micro-display" technology typital
applied in projection televisions-.

LPS Local Positioning System

LPM: Low-Power Mode

LSB: Least-Significant Bit

LSD: Least-Significant Digit

MAB : Memory Address Bus

MCLK : Master Clock
See Basic Clock Module [9]
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MDB: Memory Data Bus
MSB: Most-Significant Bit
MSD: Most-Significant Digit

NMI : (Non)-Maskable Interrupt
See System Resets Interrupts and Operating Mogles [9

PC: Program Counter
See RISC 16-Bit CPU

P-Code

The Precise or Protected code. A very long sequeh8RkN binary biphase modulations on the GPS L1
and L2 carrier at a chip rate of 10.23MHz, whichea&ts about every 267 days. Each one week segrent o
this code is unique to a GPS satellite and is regelt week. Under the policy of "Anti-Spoofing” &
Dept. of Defense has encrypted the P-Code (regdatiwith a so-called Y-Code). Only US military and
other authorised users are able to overcome A$ spiecial receivers.

See System Resets Interrupts and Operating Md@les [
PUC: Power-Up Clear

Pseudo-Random Noise (PRN

A binary signal with random noise-like propertidgs generated by mathematical algorithm or "codeit!
consists of repeated pattern of 1's and 0's. Tihisry code can be modulated on the GPS carrier svave
using Binary Shift-Key (BSK) modulation. The C/A-@® and the P-Code are examples of PRN codes.
Each satellite transmits a unique C/A-Code and BeGequence (on the same L1 and L2 frequencias), an
hence a satellite may be identified accordingd6MRN number”, e.g. PRN2 or PRN14 are particuR8G
satellites.

Pseudo-Range

A distance measurement based on the correlatiansafellite's transmitted code (may be the C/A-Guwde

the encrypted P-Code) and the local receiver'serfe code (for that PRN satellite number), that rinat

been corrected for errors in synchronisation betvtae transmitter's clock and the receiver's cléténce

a pseudo-range measurement is a time-error biaggdnce measurement. The precision of the
measurement is a function of the resolution ofdbee; hence C/A-Code pseudo-range measurements may
have a "noise" at the few metre level for standaRb receivers (and at the sub-metre precision ievbk

case of so-called "narrow correlator" GPS recejv§zg]

PUC: Power-Up Clear
See System Resets Interrupts and Operating Mdgles |

QSPI:
Queued serial peripheral interface (QSPI)

RAM : Random Access Memory

RISC:

The acronym RISC (pronounced risk), for reducedruiction set computing, represents a CPU design
strategy emphasizing the insight that simplifiedtinctions which "do less" may still provide foigher
performance if this simplicity can be utilized t@ke instructions execute very quickly.[30]

RS-232: Recommended Standard 232
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RTS - Request To Send

The RTS signal is set to the space voltage by ywaukstation to indicate that more data is readydsent.
Like CTS, RTS helps to regulate the flow of dataween your workstation and the computer or devite o
the other end of the serial cable. Most workstatieave this signal set to the space voltage alftithe.

Run time differences

In the context of this project, the run time diffaces are the time at which a sensor (microph@oejwes
the sound signal in comparison with another.

RXD - Received Data

The RXD signal carries data transmitted from theagoter or device on the other end to your workstati
Like TXD, mark and space voltages are interpreted and 0, respectively.

SCG: System Clock Generator
See System Resets Interrupts and Operating Modes

SHT: Sample and hold time
SFR: Special Function Register

SMCLK: Sub-System Master Clock
See Basic Clock Module

SP. Stack Pointer. See RISC 16-Bit CPU

SR: Status Register

Src: Source . See RISC 16-Bit CPU

SPI : Serial peripheral interface

TOS: Top-of-Stack See RISC 16-Bit CPU

TXD - Transmitted Data

The TXD signal carries data transmitted from yowrkgtation to the computer or device on the otimel e
(like a MODEM). A mark voltage is interpreted avaue of 1, while a space voltage is interpretec as

value of 0.

UART
A universal asynchronous receiver/transmitter

USART
A universal synchronous and asynchronous receigasimitter

UTXEx: Transmit enable bit
UxXRXBUF: Receive buffer
UxTXBUF: Transmit buffer
Wafer

A wafer is a thin slice of semiconductor materglch as a silicon crystal, used in the fabricatibn
integrated circuit and other micro devices.

WDT: Watchdog Timer.
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8.3 - Attachments
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Attachment 1: Schematics of first PCB design versio
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Attachment 2: Board of first PCB design

Attachment 3 and 4 are the schematics and boateafecond and final design of PCB and
are attached as extra pages at the end of thisydodu
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A3 format : Attachment 3: Sefagics of second PCB design
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A3 format: Attachment Board of second PCB design
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Folder1:

Folder2:

Folder3:

Folder4:

Folder5:

Folder6:

Content of the CD

Hardware Development

-pin list of second PCB design

-part list of second PCB design
-net list of second PCB design
-some pictures of hardware

LPS_test

-various C codes

Matlab files

Documentation in PDF format

Excel files

Files from Eagle
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Versicherung tber die Selbstandigkeit

Hiermit versichere ich, dass ich die vorliegende Arbeit im Sinne der Prifungsordnung
nach 825(4) ohne fremde Hilfe selbstandig verfasst und nur die angegebenen
Hilfsmittel benutzt habe. Wortlich oder dem Sinn nach aus anderen Werken
entnommene Stellen habe ich unter Angabe der Quellen Kenntlich gemacht.

Ort Datum Unterschrift
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