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Abstract

The aim of the overall project is to develop a dewthat is able to do an automatic location of
components inside an aircraft cabin. This requaegeast three measuring points. In this
project work, an electronic system for range maaguwnly was developed. For the range de-
tection, ultrasonic transducers were deployed, @/tee varying traveling time of sound over
range was utilized to measure a range. The systasists of two devices: one to monitor and
control measures, and one that answers the ulitapalse from the first device.

The work includes the circuit design, electroni@atabdesign, manufacturing, firmware pro-
gramming and testing of the devices. The developnesign and manufacturing were ac-
complished at the Hamburg University of Applied é8xies, mostly in the Department of
Electrical Engineering and Computer Science. Tisting was done in the Maintenance
Technologies Test Center (MTTC) at Airbus in Hangdbimkenwerder.

The system satisfies its development objectivedaching an operating distance db éne-
ters. The accuracy of measurement at this rangdbasit +/- 5 cm, which is not precise
enough to do an exact locating within the inch-gwtiere most of cabin interior parts are at-
tached to. At smaller ranges, the accuracy is withcm.
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PAH M I R Hochschule fiir Angewandte Wissenschaften Hamburg
Hamburg University of Applied Sciences

DEPARTMENT FAHRZEUGTECHNIK UND FLUGZEUGBAU

Development of a system for signal analysis and lac
tion detection in the aircraft

Definition of aproject according to examination regulations.

Background

The aim of the project PAHMIR (Preventive Aircrafealth Monitoring for Integrated Re-
configuration) is to design a new approach for fieraand failure detection. Both tasks need
a hardware platform to perform calculations, se;msind communication. The location detec-
tion and the sensing shall be implemented as afyp system to evaluate the accuracy and
to perform calibration of the algorithms. A protpgyis needed to be able to verify the con-
cepts.

Task

The task is to develop a device, which containRB&ID and an ultrasonic sound transmitter,
interfaces for sensors and memory as well as a@nmugable processor for signal analysis.
The design should use the available concepts asigrdefrom PAHMIR and the EVB (Elec-
tronic Vibration Box). At the end a prototype systshould be available that implements the
concepts.

The specific tasks are:

» Evaluate the EVB design and the PAHMIR locatietedtion design.

* Enhance the project with hardware componentscgasors, transmitter etc.) for a proto-
type

» Draw a circuit design.

» Built a prototype system.

The report has to be written in English or Germaselol on German or international standards
on report writing.
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Nomenclature
d distance

f frequency

t time

A% velocity

Subscript

meas. measured
S sound
un_high unwanted high (frequency)

un_low unwanted low (frequency)
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Terms and Definitions

Microcontroller

A single chip that contains the processor (the CRidh-volatile memory for the program
(ROM or flash), volatile memory for input and outgRAM), a clock and an I/O control unit.
Microcontrollers come in all sizes and architecsuanchez 200y

Ultrasound
Ultrasound is sound at frequencies with more th&akHz. Kuttruff 1988 )

PAHMIR

PAHMIR (Preventive Aircraft Health Monitoring fomiegrated Reconfiguration) is a re-
search project of the HAW, Airbus Deutschland Grmdotdl Philotech. Its main goals are to
gain more revenue for airlines and decrease this émsmaintenance and repairs. This shall
be achieved by, among other things, the usagewfdi@gnosis systems such as this project
work (Scholz 201).

Port
This is the term for in- and output at an electtanterface. A port contains a varying number
of single connection pins.
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1 Introduction

1.1  Motivation

One often occurring error during mounting of cabomponents at maintenance or cabin re-
configuration is the wrong placement by mechanaggdlicants. This can potentially result in
high extra costs since the components need torheved and correctly reinstalled. In order
to prevent misplaced components, a cheap and r@emgssolution that detects the cabin
configuration, can be expedient.

1.2  Objectives

The task is to develop a device, which containsilBlasonic sound transmitter and receiver,
interfaces for sensors and memory as well as argmogable processor for signal analysis.
This includes the drawing of an electronic cirand the building of a prototype. The second
objective is to evaluate the system, whether appropriate to be applied insid@ aircraft
cabin.

1.3 Literature

The literature that was used to develop the ultrasonic systeme wWatasheets for program-
ming and code compiling for the microcontroller.eTtiatasheets were downloaded from the
webpage of "Microchip Technologies".

Furthermore, the book "The Microchip PIC3gnchez 200ywas used for some ideas con-
cerning the programming.

Kuttruff 1988 was used as a source to gather some informatiaut &achnical application of
ultrasound.
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1.4 Report Structure

Chapter 2

Chapter 3

Chapter 4

Chapter 5

Chapter 6

Chapter 7

contains background information about the physfadtrasound and a mathe-
matical solution of localization.

includes the description of the overall conceptwall as the preliminary de-
sign solutions for the hard- and software.

concretely describes the design of the schematicisiding the choosing of
parts and their values.

contains the design of the circuit schematic &eddpard layout.

the manufacturing process is presented here, ynbistitrated by photos. The
programming of the firmware is also a part of maatidring.

contains testing and calibrating of the systemc&the calibrating already re-
quires the testing of the system, the testing wéasadly done in the same
course.
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2 Technical Fundamentals

2.1 Ultrasound

Ultrasound is sound at frequencies with more thakHz. Also, ultrasound is defined as fre-
guencies that are higher than the human ear ceatinize. The older a human, the less high
frequency can be heard by her or him. There isalsequency band, which liswer than the
normal levelto be heard: infrasound.

Ultrasound is used in several technical applicatidts good reflecting properties makes it
suitable for the localization of various things lg®) flaws, a fetus in a uterus, etc.). In air at

room temperature, the speed of sound is arGBr@d; (Kuttruff 1988 ).

In order to calculate a distance, the velocity @irsl ¢;) needs to be knownThe velocity
depends on the medium and its temperature, in wisbund wave is moving.

2.2  Localization by Trilateration

Trilateration is an algorithm, which gives the piosi of an object in a two dimensional area.
It requires three reference point&,b,c) of which the arrangement coordinates
(ay, ay, by, by, cy, ;) are known parameters. With this technique, thecegosition of a point
(x,y) between these references can be determined.

Figure 2.1 Trilateration (Principle overtaken from Gerdes 2010)

! As it is shown in this work in chapter 7, thisist absolutely necessary



14

For each of the distances the formula reads as:

dczl =(x— xa)z + - ya)2 (1.1)
di = (x — %) + (v — y)?
dg =(x- xc)z + - YC)Z

If rearranged, the formulas can be solveddandy:

dg —di = =2x(xqg —xp) =2y Wa = ¥p) + X5 + Y& — X5 — ¥ (1.2)
dtzl_dg:_Zx'(xa_xc)_zy'(ya_yc)-l'xé+yg_xg_ycz

(Gerdes 2010)

For technical solutions, it is furthermore necegdardo an identification of the reference
point. In other words, if the central device, whéseation needs to be detected, sends a signal
in order to calculate a range, only the correspampdeference point should be responding.
This identification can, for example, be realizgdsending data via the ultrasound signal, or
the use of Radio Frequency Identification (RFID).

2.3  Physical Sound Situation inside Aircraft Cabins

Sound has the characteristic, to deflagrate onssofaces, or surfaces with small pores. This
is why the application of ultrasonic based measwsguments can potentially cause problems
in aircraft cabins, since there is mostly a capgated on the ground as well as many fabric
upholstered seats. Also the wall panels are degdigndeflagrate sound.

That is one reason whior this project, instead of one passive devicekimay by reflection,
an active system with two or more devices is chosen
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3  Project Concepts

The conceptual design of the technical solutiontha distance measuring device requires
some reflections concerning the realization. Rjirstl is appropriate to write down (Table
3.1) which components are needed for which functiosoAlt is a matter if this can be rea-
lized within the capabilities of a six month prdjéeat is being accomplished at the Universi-
ty of Applied Sciences in Hamburg.

Table 3.1 Required components & techniques

Function Implemented by
Control electrical components Microcontroller
Programming of microcontroller USB serial programmer
Transmit ultra sound signal Ultra Sound Transducer
Receive ultra sound signal Ultra Sound Transducer
Carry electrical components Circuit Board

Draw circuit schematic & board layout CAD software (freeware)
Build Circuit Board Etching Technique
Connect electrical components Soldering

Sound proof test room Present at the HAW

All of the listed components are common and easctpire. Indeed, thexeill be more than
these, but those will most probably all be stanagdethents. The required techniques for test-
ing and manufacturing are all in the scope of thé&\Hcapabilities.

3.1 Ultra Sound Signals

Many technical solutions with ultrasound use thapprty of reflection. As already described
in Chapter 2.3, an active system working with tvewides is chosen due to too much interfe-
rence in aircraft cabins.

At the overall concept of the arrangement, eacthefdevices has one ultrasonic transmitter
and one ultrasonic receiver. One device, hereinaiened active device, or active Printed
Circuit Board (PCB), will transmit an ultrasoniclpe. The pulse will reach the passive device
after a certain amount of time. As a reaction @f itput, it will answer with another pulse,
which will need the same time to travel. The tdtaveling time plus hardware delays can be
read out and recalculated into the correspondistadce by the active device. The traveling
time depends on the distance between the two devide above described process is again
illustrated by Figure 3.1.
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Step Active device Passive device
starts timer Ultrasonic pulse
and sends 1 Detects pulse
pulse (travel time x)

Detects return p Ultrasonic pulse Sends return

pulse, stops e
timer (travel time x) P
Calculates and On .St.andby,
waiting for
outputs result !
next signal

Figure 3.1 lllustration of overall ultrasound project concept

The generationf the signal, as well as all other necessary harewontrols will b realized
by a microcontroller.

3.2 Concept ofthe electronic Circuit

Besides the main function to measure a distathe circuit itself hagyenerall three sub
functions: transntiing, receiving and monitoring. Due to the projtargetcosts, the fourth
function, to measure the environment temperatutlebe kept as an optiol

The other functions carelexplained like the followin¢The microcontroller generates tre-
quired 25 kHz signal via Rulse Width ModulationPWM) function.The outpu signal will
be at one port only. Since théirasonic transmitteruns best with alternating voltage betw:
both connections, the signal must be invertec then sent in paralléb the second outlet of
the transmitter. Secondly, these bcsignalsmust be amplified from 5V supply voltage frc
the microcontrollerfo the desired operating voltage of the transm Both functiors can be
realized by a "HEX inverting bufferSince thanverting buffer needs a g-amplified signal,
in order to amplify from 5/ up to operating voltage, a transistor will be lsgbhere.

The received ultrasonigulse carpossibly be partiallwery weak. For that reason, the pt
needs to be amplified iorder to be detected by the microcontra This can be done by ¢
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amplifier IC. In oder to bring the amplified sigr on a constant voltage level, it will be i-
tized afterwards. Thinction cai, for example, be realizday a transistor or comparat

In order for the applicant to be able to see wheshgignal reached the system, a yellow fl
LED will be integrated behind the digitizer. Thi€D can be switched on and off by im-
per. This is to avoidoltage droppig once the system is running reliably.

The following scheme describes the concept of kdetr@nic circuit for the active devic

Pushbutton

l

R
Inverter/ L '
DC 25 kHz Amplifier Alternating | US-Transmitter
PWM Signal 25 kHz Signal
Controller [0 Digitizer [€ /\A/ Amplifier [€ = US-Receiver
5V Pulse Amplified Recieved
Pulse Pulse
Result / Status
Information | LCD/LED
0N Monitor
Temperature
Sensor
Figure 3.2 Electronic circuit concept - active device

Since the passive circlbbarc only needdo return the signalt does not need a pushbutto
start the measurement or display information. AustLED will also be integrated, so thes-
er can read out when the microcontroller has rece signal and retis it (although this
process will not take motdar approximately two seconds)he concept of the circuit wou
look like this(Figure 3.3):

Controller [€

o Inverter/ - _
DC 25 kHz - Amplifier Alternating 7| US-Transmitter
PWM Signal 25 kHz Signal
""""""" Digitizer [€ /\/\/ Amplifier m US-Receiver
5V Pulse Amplified Recieved

Pulse Pulse

Result / Status
Information

Figure 3.3

L

Status
LED

Electronic circuit concept - passive device
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3.3 User Interfaces

It is necessary to be able to see the status @ystem in order to let the applicant know what
happens at the moment. Therefore, a two-color staiD will be integrated. This LED can
be used to show four statuses: off, red, greencaadgé. If this should be insufficient, the
statuses can be extended by blinking colors. Furtbee, the user must be able to manually
start a measurement. For this reason, a pushbwitbbe added. Finally, the user must be
able to read out the result of the measurement.ii¢® common solution for this is to inte-
grate an LCD Monitor.

3.4  Software Concept

The software code for the microcontroller, alsdedhffirmware, must handle all the proce-
dures of sending, receiving, processing and digpdaysince the user can orpyess one but-
ton in order to continue, a user-diagram wouldri@ppropriate here. Instead, a process dia-
gram for the firmware is being drawn. This needbaalone for the active PCB, as well as for
the passive PCB. The process of the active PCReirsghllustrated in Figure 3.4. The dia-
gram is separated by the columns: microcontroltecgss, status-LED, LCD Monitor, and
user interface. The "interrupt flag”, which is mened here, is a register on the microcontrol-
ler that indicates when an interrupt has takeneplatthis case, the interrupt is the input sig-
nal reaching the microcontroller on the port pinewéhit is connected to the digitizer. The oth-
er interrupt is the overflow of the timer. The naicontroller needs to be told on which inter-
rupts it shall react. This can be done by settpghe corresponding registers.

2 Both, red and green active
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LCD Monitor

Power connect

I

System
initialization

HBEHHBBHHBEBEEBH
BEBBBEEBBBEABA

I

Waiting for user

SYSTEM RERDY
<PRESS BUTTONR>

Return to
to press beginning
pushbutton

sresetting timer
*Delay (x ms)

\

MERSUREMENT...

/

I

* Sending Pulse
*Starting timer

* delay (x ms)
*Setting interrupts

o
O
O
O
o

MERSUREMENT...

Interrupt too early

V4

Figure 3.4

Interrupt while timer is running

*Clear interrupt flag
*Stopping timer
*Display result

*Wait for user button

*Clear interrupt flag
*Stopping timer
*Display error

*Wait for user button

*Clear interrupt flag
*Stopping timer
*Display error

*Wait for user button

Software concept - active device

O

O

D{STRNCE:
th

ERROR...
N0 VALID MRES.

ERROR...
TUMER OVERFLOU



For the passive PCB, the flowchart is much sim@erce it does not have an LCD display or

an active user input.

Microcontroller process
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Status
LED

Power connect

!

System

initialization

!

Setting
interrupt

Return to
beginning

I interrupt

Clearing inter-

rupt flag

Sending Pulse

Figure 3.4

©O O O @

Software concept - passive device

4  Design

In this chapter, the design process is statedicludes the dimensioning and choosing of the
single parts. Based on this, the board circuit sate and the board layout will be drawn.

4.1 Choice of essential Parts

For the most relevant parts, the microcontrollexngmitter, receiver, LCD monitor and the
temperature sensor, there are several design foleselecting the most appropriate one.

These rules are listed in the following Table 4.1:

AR ANA
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Table 4.1 Item Design Criterions

Item Criterion

Microcontroller - At least 8kb of program memory
-ICSP

- CCP Timer Module

- One extra timer

- At least 16 port pins to drive LED / LCD Transmitter etc.
- Digital input port

- DIP Package
Transmitter - 25 kHz

- 10V operating current
Receiver - 25 kHz

- 10V operating current
LCD Monitor - 2lines

- 16 Characters per line

- Ability of 4 bit driver mode
Temperature sensor - Supporting -20 to 50 T

- 1-wire Digital technology

Following these rules, the parts displayed in TdbRare chosen:

Table 4.2 Choice of essential parts

Item Part

Microcontroller Microchip PIC18F452 I/P

Transmitter Prowave 250ST/160 (ceramic transducer)
Receiver Prowave 250SR/160 (ceramic transducer)
LCD Monitor Anag Vision AV1624

Temperature sensor DS18S20 (1-Wire Digital Temp Sensor)

The parts mentioned in the tabd&e shown in the following figure. The temperatseasor
has not been purchased.
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LCD Monitor

Figure 4.1 Essential Components

The rest of the relevant parts, as well as thegdesion in the board schematic are described
in the following sub-chapters.

4.2 Voltage Supply

There are two voltage circuits needed: one lowag#t(5 V) and one higher voltage (10 V-12
V). The 5 V is needed for the microcontroller andstipply some of the ICs. The 10 V are
needed to drive the receiver and the transmitter.

In order to realize the two voltages, a positivéage regulator will be integrated. The speci-
fications are the input voltage of 12 V, outputtagke of 5 V, as well as a current of at least
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500 mA. The current is only roughly estimated, isuby experiencemore than sufficient for
this application. A 7805T positive voltage regutatshich satisfies these design rules;he-
sen.

4.3 Oscillator

The PIC18F452 has no internal oscillator. Henceexernal crystal oscillator is needed. A
standard device with 20.000 Hz (20 MHz) clock freaey is being chosen. This is the maxi-
mum operating clock speed for a PIC18F452 micraotiet. The controller needs 4 cycles
for one instruction. This gives an instruction ratés MHz.

4.4  Integrated Circuits (IC)

Although some of these parts were mentioned befere is an overview (Table 4.3) of all
Integrated Circuit parts of the board:

Table 4.3 Choice of Integrated Circuits

Function Designation Value

Microcontroller IC1 Microchip PIC18F452 I/P
Hex inverting Buffer IC2 4049N

Comparator IC3 LM393N

Hex inverting Buffer IC4 4049N

Operating amplifier IC5 TLO72P

Positive voltage regulator IC6 7805T

4.5 Transistors

For both functions, the pre-amplifying for the intweg buffer as well as digitizinga standard
BC458 transistor can be applied.

4.6 Capacitors

The capacitors in the electrical circuit have twaimmfunctions: to debounce and to filter out
unwanted frequencies. All valugbat are necessary to debounzan be found in the corres-



24

ponding datasheets. The values to filter out unadmbput frequencies were found in the
electronic laboratory of the HAW. In order to fitide right dimension for the capacitors, a
switchable capacitor is taken to see the effecthenincoming signal. If the unwanted fre-
quenciesfy, 0w < 25 kHz < fyn nign damps, but the target frequency of 25 kHz stays co
stant in its amplitude, the corresponding value loarovertaken for the final layougigure
4.1 and Figure 4.2 show the sending putsewell as the same signal as input of the receive
both on the oscilloscope.

lekironix  DPO 4054 Digital Phosphor Oscilloscope re

0 -64.0ps
9 =52.0ps
Al2.0ps

YD DD

) | g o—— ) ) ()

Figure 4.2 Oscillator image of ultrasonic pulse
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Figure 4.3 Oscillator image of ultrasonic pulse received by receiver

After figuring out the right values for the capacsg this way, the following values seen in
Table 4.4 were chosen:

Table 4.4 Choice of capacitors

Function Designation Value
ICSP uC protection C1l 0,1 pF
Receiver frequency Filter 1 C2 1puF
Signal In debounce C3 0,1 pF
Pushbutton debounce C4 0,1 pF
Receiver frequency Filter 2 C5 470 pF
IC1 debounce C6 4,7 nF
IC2 debounce C7 4,7 nF
Receiver frequency Filter 3 C8 2,2nF
uC debounce C9 10 uF
Receiver frequency Filter 4 C10 0,1 pF

4.7 Resistors

Most of the resistors in the board schematic amadstrd values. These can be found in the
corresponding data-sheets. All other resistors @wnthe LED dropping resistor as well as
the diode protection. These values are experieaseeb Table 4.5 summarizes all resistor
values.
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Table 4.5 Choice of resistors

Funtion Designation Value
ICSP uC protection R1 10 kQ
Amplifier standart R. R2 100 kQ
ICSP uC protection R3 470 Q
Amplifier regulation R4* 100 kQ
Operating Point R. Q1 R5* 47 kQ
Base R. Q2 R6 47 kQ
Amplifier regulation R7* 100 kQ
Diode protection R8 10 kQ
Comparator standart R. R9 10 kQ
Base R. Q1 R10 5 kQ
Collector R. Q2 R11 10 kQ
Operating Point R. Comparator R12* 100 kQ
MCLR Button R. R13 100 kQ
LCD Contrast R. R14* 10 kQ
Status LED Dropping R. R15 220 kQ
Flash LED Dropping R. R16 220 kQ
Diode protection R17 10 kQ
Amplifier standart R. R18 10 kQ
LCD Backlight R. R19 300 kQ
Amplifier standart R. R20 10 kQ
Comparator standart R. R21 4,7 kQ
MCLR Pullup R. R22 10 kQ
Collector R. Q1 R23 4,7 kQ
Base R. Q2 R24 100 kQ
R. = Resistor
*Potentiometer
4.8 Diodes

There are two Light Emitting Diodes (LED) used fodicating and two normal diodes used
for rectifying the input signal. The four diodestlare being used are listed in the following
Table 4.6:

Table 4.6 Choice of diodes

Function Designation Value

Status LED D1 R/G Duo LED
Signal rectifier D2 1N4148
Signal rectifier D3 1N4148

Flash LED D4 LED yellow
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4.9 Non-dialectical components

Non dialectical parts such as switches, bridgespamtieaders are listed in Table 4.7:

Table 4.7 Choice of non-dialectical components

Function Designation Value
Bridge J1 J15MM
USB for ICSP J2 MTAO06-100
Bridge J3 J20MM
Bridge J5 J7MM
Bridge J6 J7TMM
Bridge J7 J10MM
Bridge J8 J7TMM
Bridge J9 J7MM
Bridge J10 J12MM
Bridge J11 J5MM
Bridge J12 J10MM
Bridge J13 J5MM
Bridge J14 J7MM
Bridge J15 J5MM
Bridge J16 J10MM
Bridge J17 J7TMM
Bridge Ji8 J15MM
Bridge J19 J15MM
Bridge J20 J20MM
Flash LED Jumper JP1 JP1E
Transmitter Pin Header JP2 PINHD-1X2
Power Supply JP3 PINHD-1X2
Receiver Pin Header JP4 PINHD-1X2
Input Select Switch S1 TL32PO
MCLR Switch S2 RACON12
User-Switch S5 RACON12
LCD Data Lines Sv2 MAO08-1

LCD Power Supply SV3 MAO4-1
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5  Circuit Layout

Based on the functionality of the two PCBs, a sdhtgrwas drawn with the help of a CAD
softwaré for electronic circuits and board layouts. Witfistsoftware, a schematic can be
drawn and valued. Out of this, the board layoutasg created by placing the parts on the
board and then routing their connections togefhiee. schematic and the board layout stay the
same for the passive PCB; simply the LCD will bi¢ ¢&it when assembling. Thus, only one
design that satisfies both boards was done.

5.1  Circuit Schematic Overview
The schematic provides the following sub functions:

e In Circuit Serial Programmable (ICSP) (red)
e Transmit ultra sound signal (yellow)

* Receive ultra sound signal (green)

e Digitize ultra sound signal (blue)

» User interfaces (purple)

* Voltage supply and regulation (orange)

» Controlling (left white)

The colors indicate the corresponding positiontendchematic, shown in Figure 5.
The functions are presented more detailed in Ch&p2e- Chapter 5.6.

3 EAGLE Cadsoft version 5.10.0
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Circuit schematic overview

Figure 5.1
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5.2 ICSP

This circuit is usd for programming and reprogramming the microcdtgravhile it is built
in the whole electronicircuit. Alsc, it canbe used for debugging. The parts R1, R3 ant
are a protective circuit for the microcontrol

Figure 5.2 shows thdrt SerialProgramming Circuit” in detail:

-||| v e

&
[T vBD

ol VSS 3
ot PGD = 4
ol PGC O 5
o+ NC g —

™
to PGD / PGC input pP]

v (Data transfer)

Figure 5.2 Circuit schematic detail: ICSP

5.3 Transmitting

In Figure 5.3the transmitting circuit is shown. The signal puséeing pr-amplified by the
transistor Q2 and thesimplified tc 12 V battery poweras well as inverted by the 1C2 (40
Buffer). The transistor is necessary for the inverting bufieecause it canr operate if the
level between the operating voltage and the input volea@eeds a specifvalue.



31

Batterie 12
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=)
| Signal pulse
Figure 5.3 Circuit schematic detail: transmitting

5.4 Receiving

In the following Figure 5.4the circuit of the receiver and amplifies shown.The resistors
R7 and R4 adjust the level amplifying.

||| Cy II "R
i I 1 &
2.2nF 10K PO
Ca I 10K
4?0[3’:'
=
o Ehe =
O
2] e -
Receiver —(|Z to digitizer
) _—
= CQ_T_WF *

Figure 5.4 Circuit schematic detail: receiving
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5.5 Digitizing

In Figure 5.5 the digitizer circuit is shown. A swit (S1)enables the applicant to choose-
tween a comparator aradtransistor to do this task. In order to make pluissible, the«corres-
ponding IC, which igurrently not beinused must be removed from its mounting. Fur-
more, R21 is being built as a remole bridge and must only be inserted when the coa-
tor is being usedl'he two diodes D2 and D3 rectify the signal. Thester R12 regulates ti
operating point of theanparator, as R5 does tlwith the transistor Q1The LED4 can be
activated by jumpeJP1 and flashes as soon n amplified and digitize signal reaches the
receiver.

e

signal In
—_—

L 2
L

to uC » =

*¥,
—

-

)

L ]
L

»

Removable Resistor
bridge

Figure 5.5 Circuit schematic detail: digitizing
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5.6 Status LED /LCD

In the status displagircuit (Figure 5.6), the R14otentiometer is being used to regulate
contrast of the LCRlisplay. R19 is a dropping resistor for the backg LED for the LCD
Via the ports RC4 and RC5, thetus LED (D1) can be controlled.

hoo
L1
[ |

qreen

-r—I:I—llll

O 11 o o e e e P P
red
|
| = |
g

£l

Figure 5.6 Circuit schematic detail: optics

5.7 Board Layout

Out of the schematic, the PCB design is being dgesl. The board may not be larger th
80mm x 100mm, since the licer-free version of "Eagle Cadsoft" does not suppagdadi-
mensionsThe final dimensions of the board are 75 mm x mm. The following Figure 5.7
shows the ready developed bo All blue lines are strip conductors. The green $ate
pads, where the pa are later being attachec by soldering. The white outlines adumbr
the hardware parts.
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Board layout

Figure 5.7
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6  Manufacturing

Out of the layout, two boards, the active and thespve one, are being manufactured. The
single steps until the finished products are beliescribed in the following two sub-chapters.

6.1 Etching

The manufacturing of the board requires the layoute printed on transparent folia. After-
wards, a photosensitive blank circuit board is gerposed with an exposure machine (Fig-
ure 6.1). Therefore, the layout on the folia isnigdiid over the board and the machine power
is switched on. This process takes about 3-5 m#nukepending on the age of the photosensi-
tive material.

Figure 6.1 PCB exposure machine
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When the layout is looming, the board is ready ¢opht into the developer liquid (Figure
6.2). This prepares the board for the essentifirgggrocess. When this is finished, the board
looks asn Figure 6.3.

Figure 6.2 PCB in photo developer liquid

Figure 6.3 Test exposure (the protect folia failed to release from the board here)
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The unexposed parts are being etched of by soduliates with the help of an etching ma-
chine (Figure 6.4) The machine ensures a constant temperature difjthd at about 50°C.
The higher the temperature, the faster the praedss place.

Figure 6.4 PCB etching machine

When this is finished, the board looks like in Fig6.5

HIWHY Pidloiy
FLOBLLL MVYH
B

'

M=

e i Tl Sy

Figure 6.5 Ready etched circuit board
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6.2 Soldering

After all necessary holes for the hardware comptkave been drilled they can be soldered
onto the board. The soldering temperature mustbbeata350°C for leaded solder tin. On the

active board, the user pushbutton as well as the b®nitor and the status LED are being
connected by wires to the board due to easier mandhiso, one wire for the temperature

probe is being installed. Figure 6.6 shows theskied active device from the top, Figure 6.7
from the bottom.

Figure 6.6 Finished active device - top
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Figure 6.7 Finished active device - bottom

Figure 6.8 shows the finished passive device:

Figure 6.8 Finished passive device - top

The transmitter and the receiver are glued intaoaden frame and connected to wires and a
plug. The plug enables the transducers to be rethtreen the board later. The transmitter
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wires are marked by a red wire, wrapped around tl@ne of the two transmitter/receiver
combination is shown in Figure 6.9.

Figure 6.9 Receiver / transmitter combination in frame

6.3 Programming

The programming of the firmware to the microcon&olis being done with the help of the
"Microchip PICkit2" programming device. This devipeovides serial programming and can
be connected to the USB port of a PC. As the deweémt environment, the software
"MPLAP" from Microchip is being used, in which e#hthe programming language "C" or
"Assembler Code" can be used. The firmware for fingject is being written in "C". As a

compiler, which compiles the C-written code to ad&ble HEX (-adecimal) file for the mi-

crocontroller, the integrated Microchip C18 Compfla the PIC18-series is being used.

The full source code can be found in Appendix A Apgendix B.
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6.4 Generating the Signal

The Microchip PIC18F452 I/P has three timers: Tindrimerl and Timer2. Timer2 is used
for the generating of the PWM signal. The timerQl Wwe used for measuring the time be-
tween the signal release and the input of the metignal. Timer2 is being configured by the
T2CON, PR2 and the CCPR2L registers accordingaatta sheet. Timerl will stay unused
for this application.

7  Testing

From the first power-up of the system, some mojastchents to the firmware are needed to
be done. This mostly concerns the calibration efrtteasurement procedure to have exact re-
sults. Also, the minimum delay times are needdaetfound, in order to not have unnecessary
long delays but also without interferences of signputs, which come from the pulse of the
same board. These other important processes ofaiatig the timer and hardware delays are
described in the following chapters.

7.1  Configuration of TimerO

"TimerQ" of the PIC18F452 controller is selectabtean 8- or 16-bit counter. In 8-bit mode,
the timer counts until it reached 82 = 64 bits #meh resets to zero. Since the timer is running
at 1 MHz, it would overflow too fast; before théue signal reaches the receiver:

64 1
1-106 s~1

= 0,000256 s = 0,256 ms

Thus, the 1éit selection with 162 = 65538 bit values is chosen
But still, the timer will overflow too fast: for @33 bit values, only

05583 1 o 006555 ~ 65,5
1-1065-1 0000 T T

will pass until the timer overflows. The solutianthe prescaler function, which lets the timer
run either with 1:% 1:4" 1:8" 1:16" 1:32' 1:64", 1:128", or 258" of the time per instruc-
tion. However, this function needs to be set cédirefisince the timer must still run fast
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enough to be able to detect the time differencdenthe sound signal travels 1 cm. The speed
of sound is around:

m cm
vs = 330— = 3300—
S S
Thus, the timethat sounds needo travel 1 cm, is:

(7.1)

d
v=-
t

d 1cm
t=—

» = m = 0,000303 S = 0,3 ms

For a precise measuring, 1:64 will be sufficient.tis prescaler setting, the timer runs one
instruction per

64
1-106s-1

= 0,00006...s =~ 0,0064 ms

This is finer than the required®ms. At this prescaler setting, the timer will diav after

65,5..ms-64 ~4s

7.2  Finding of Constants

There are several delays in the software and alsbe hardware that influence the measure
result. In the software, for example, a clearimgetiis required to avoid the signal pulse to go
directly into the receiver of the boamdhere it was sent from. The hardware components hav
individual delays, which are mainly unknown. Whemsning up all the occurring delays,
one constant delay can be found. This constanbeaound by doing measures from various
distances. The delta values between the resultespmnd to the delta time that the ultrasonic
signal needs to go travel. When creating a lineantila out of this, the constant value can be
found when setting the distance to zero. In reaftgero distance measure is being avoided
because of unknown direct interferences betweenwibetransmitter/receiver modules. The
general linear equation is:

=a-x+b (7.2)
y

Where the gradient in this case is:



A (7.3)

Admeas

7.3 Test Arrangement

In order to find a validi, a calibration starting from ! mm — 410 mm i®eingaccomplished
in 10 mm steps (see Figurel). In order to have as little interferenas possibl as a refer-

ence the test was conducted in the sound proof roothe@HAW

§ § 55 582
S 2 88 g8¢8
| | || ¢ g
g B
Attive
device
Figure 7.1 Test arrangement

For each distance, the timer value of timerO isp@ioticec
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The test results are written down in the followireple 7.1.:

Table 7.1 Result of test distance measurements
Timerl Value Actual
@ 1:128 [timer counts] distance [mm]
5511 50 mm
5514 60 mm
5516 70 mm
5520 80 mm
5523 90 mm
5526 100 mm
5528 110 mm
5532 120 mm
5534 130 mm
5538 140 mm
5541 150 mm
5543 160 mm
5546 170 mm
5549 180 mm
5550 190 mm
5553 200 mm
5555 210 mm
5556 220 mm
5560 230 mm
5564 240 mm
5566 250 mm
5567 260 mm
5568 270 mm
5571 280 mm
5575 290 mm
5579 300 mm
5581 310 mm
5584 320 mm
5586 330 mm
5590 340 mm
5592 350 mm
5595 360 mm
5598 370 mm
5601 380 mm
5605 390 mm
5608 400 mm

5612 410 mm
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When assuming that the coherence between the déstard the stopped timer value is linear,
one can simply take the first and the last valugeti@rminea. One way to find out if linearity

is given is to do a regression analysis and thewelclfor the standard variance. The simpler,
but also more subjective, way to do this is to ploiagram (Figure 7.2) of the test values. For
orientation, a red line from the first to the laatue is being drawn.

5620

5600

5580

5560

5540

Timerl @ 1:128

5520

5500

0mm 50mm 100 mm 150 mm 200 mm 250 mm 300 mm 350 mm 400 mm 450 mm

Figure 7.2 Result of test distance measurements shown in a diagram

Despite from little ups and downs, the overall eetadness can be treated as linear. The ex-
act reason for this effect of inconsistence isdadlsi unknown, but will most probably be ori-
ginated by interferences of the aircraft cabinriote where the measuring was done. With
Equation (7.3)a can now be calculated by plugging the deltasrmétand distance:

At (tz; —t;) (5612 tents — 5511 tents) tents

‘= Adpeqs B (d37 - dl) B (410 mm — 50 mm) = 0,2805 ... mm

Now, the missing of Equation 7.2 can be found by plugging a randaiue:
b=y—-a-x

tents
b = 5511 tents — 0,2805 ...—— 50 mm
mm

b =~ 5496,972 timercounts

The two constantg andb can now be defined in the firmware to determireertteasured dis-
tance by the timer value.

After this, the system maximum distance was evatlah the MTTC at Airbus Hamburg.
The furthest possible distance, restricted onlytliy arrangement of the MTTC cabin, is
around 6 meters. The devices were still able to receigaals by each other at this distance.
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Certainly, the results had ups and downs of up ¢mn5In the following Figure 7.3, the test
build up for a low distance evaluation can be seen.

Figure 7.3 Evaluating of the system in the MTTC
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Conclusion

In order to have a simple and reliable systdmat detects locations in an aircraft cabin, the
use of ultrasound can generally be rated as ingpigtte.

Apart from the fact that this prototype can be ioyad in many aspects, there will always be
insecurities in a cabin that could disturb the meas The prototype could significantly be
reduced in its size within a serial production.sTban be achieved by the use of SMD parts,
as well as multi layered PCBs. However, there 8 significant problem that will occuas
soon as there is not only one device, whose distaeed to be checked, but at least two
more. For this purpose, either transducers thatti@asmit and receive ultra sound in/from
any direction, or a rotary system needs to be @eblin both cases, the accuracy will proba-
bly be even worse. The prototype showed measunétsesrying up to 5 cm without distance
change. This at the highest possible range whicitdddoe arranged in the MTTC (aboub6
m, using two boards both at each end of the caBmyther problem is the required fixed in-
stallation. The ultrasonic transducers need freeejn order to work properly. In aircraft ca-
bins, that have various kinds of configurationgsehpositions need to be found and calibrated
in every single case. If a removable detectionesyst chosen, there need to be fix points in
the aircraft cabin where the system can be attatthed
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Appendix A

Main Source Code

#include "p18cxxx.h"
#include "delays.h"
#include "stdio.h"
#include "stdlib.h"

const char aaa[]="System Ready...";
const char bbb[]=" >Press button< ";
const char messl1[]="Measurement...";
const char mess2[]="Distance:";

const char errorl[]="Error...";

const char error2[]="Timer overflow!";
const char error3[]="No valid meas.";

double f b =5496.97222;
double f_a = 0.2805556;
int displ,disp2;

double range = 0;

const char IF[]="TMR1IF=";
const char value[]="TMR1=";
unsigned char stopflag = 0;
unsigned int timerlcounts;
unsigned int timerl_h;
unsigned int timerl_I;
unsigned char XPORTB,;
char Buffer1[20];

char Buffer2[20];

char Buffer3[20];

char Buffer4[20];
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R Function Prototypes ---------- */
void result(void);

void high_isr(void);

void PWM _init(void);

void lcd_init(void);

void timer_init(void);

void LED(unsigned char a);

void delay_ms(unsigned int b);

void wait_for_signal(void);

void send_pulse(void);

void wait_for_pushbutton(void);

void LCD_WriteRegister(unsigned char c);
void LCD_WriteString(unsigned char *d);
void LCD_WriteZeichen(unsigned char e) ;
/Ichar sprintf(char *str,const char *format, int x)

#pragma code HIGH_INTERRUPT_VECTOR =0x08 // Higlopty interrupt adress

void high_isr(void) // High priority interrapoutine
{
_asm
goto result // on interrupt goto void resul
_endasm
}

#pragma code
#pragma interrupt result

void result(void)

{
T1CONbIits. TMR1ON =0; /I Stop timer
INTCONDIts. TMROIE = 0; /I Disable timer O intept
INTCONDIts.RBIE = 0; /l Disable Interrupt on Cigge PortB
XPORTB = PORTB; /l Read PortB to avoid anoih&zrrupt
INTCONDIts.RBIF = 0; /I Clear PortB Interrupt change flag bit
stopflag = 1, I set flag for leaving looprrain()
if(INTCONDbits. TMROIF) /['If Timer overflow causkerror
{

INTCONDIits. TMROIF = 0; // Clear TimerO Interrufbg
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TMROH =0 ; I clear timer0O
TMROL=0;
LED(Y"; /l indicate Error
LCD_WriteRegister(0x01); Il Clear Display
LCD_WriteString(&errorl); /[ Write "Error..."
LCD_WriteRegister(0xCO0); /I Next Line
LCD_WriteString(&error2); /[ Write "Timer oviow!"
wait_for_pushbutton(); /I Continue...

}

else // Signal caused interrupt

{
INTCONDIts. TMROIF = 0; /I Clear TimerQ Intepuflag
timerl | = TMROL, [/l Put timer0 value intonables
timerl _h = TMROH;
TMROH =0 ; I clear timerQ
TMROL=0;
timerlcounts = timerl h*256+timerl_|I; /l caldeldimercounts
range = (timerlcounts - f_b)/f_a; /[calculateual range

displ=(int)range;
disp2=(int)((range-disp1)*10);
if (disp2 > 5) {displ++;}

if (range =0) /l interrupt was released ¢aoly

{
LED(Y"; /l indicate Error
LCD_WriteRegister(0x01); Il Clear Display
LCD_WriteString(&errorl); /[ Write "Error..."
LCD_WriteRegister(0xCO0); /I Next Line
LCD_WriteString(&error3); /[ Write "No valid eas."
wait_for_pushbutton(); /l Continue...

}

else

{

LCD_WriteRegister(0x01); /I Clear Display
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/I sprintf(Bufferl,"%i xxx",timerlcounts);
1 LCD_WriteString(Bufferl);

LCD_WriteString(mess2);
LCD_WriteRegister(0xCO0); /I Next Line
sprintf(Buffer2,"%i cm",displ);
LCD_WriteString(Buffer2);

wait_for_pushbutton();

}

}
}
void main (void)
{
e Configuring 1/O Ports ---------- */
TRISB=1 I/l set PORTB as input
TRISC =0; /I set PORTC as output
TRISD =0; I/l set PORTC as output
LED(Y'); /I Indicate Boot sequence
INTCONZ2bits.RBPU = 0; /I enable PORTB internallyos
INTCONZ2Dbits.RBIP = 0; /l RB Port on Changghthpriority
TRISBbIits. TRISB1 = 1; /[ PORTB bit 0 (connectedstvitch) is input
TRISBbIits. TRISB4 = 1; /[ PORTB bit O (connectedsignal in) is input
lcd_init(); /I Initialize LCD
PWM _init(); /I Initialize PWM
timer_init(); /I Initialize Timer and interrup
delay_ms(1000); /I 1s warmup
[Hemmmmanene Endless loop from here ---------- */
while (1)
{
timer_init();

INTCONDits.RBIE = 0; /l RB Port Interrupt On ClggnDisabled



TOCONDbIts. TMROON =0 ;
TMROH =0;
TMROL=0;

stopflag = 0;

LCD_WriteRegister(0x01);
LCD_WriteString(aaa);
LCD_WriteRegister(0xCO0);
LCD_WriteString(bbb);
LED('g);

wait_for_pushbutton();

LED(r";
LCD_WriteRegister(0x01);
LCD_WriteString(messl);
INTCONDIts. TMROIE = 1 ;
delay_ms(500);

send_pulse();
delay_ms(200);

interrupt

LED('0);
for reply

INTCONDits.RBIF = 0;
INTCONDiIts.RBIE = 1;

TOCONDIits. TMROON = 1,

while(stopflag<1){}
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/Il Stop timer
/I clear timerl

/I clear flag for waiting loop

Il Clear Display
I/l Write "System Ready..."
/I Next Line
/I Write " <Press button> "
/I Indicate system ready

/l When button pressedasurement starts
/I Indicate system busy

/I Clear Display

/I Write "Measurement..."

// Ensable timer 1 intgpt on overflow

/I Delay until Display finish&sgting

/I Sending Ultrasonic pulse

/I Clearing time after sendingse to avoid self-
/I LED off to indicate system orastlby and waiting
Il Clear Interrupt on Por@hange Flag bit

/I RB Port Interrupt On ClggnEnabled

/I Start timerO

/I Loop ends when interrugtutine finished



Appendix B

Source Code of Sub Functions

/* Includes */
#include "p18cxxx.h"

[*Definitions*/

#define PORTLCD LATD

#define TRIS_LCD TRISD

#define LCD_E PORTDbits.RD2
#define LCD_RS PORTDbits.RDO
#define LCD_RW PORTDbits.RD1
#define nop _asm nop _endasm

[*Function Prototypes*/

void DelaylKTCYx(unsigned char x);
void Delayl0TCYx(unsigned char x);
void delayl100us(unsigned char x);

[*Delay functions*/

void delay_ms(int multiplikator)

{

while(multiplikator--) DelaylKTCYX(5);

}

Il verzégerung 8,251

/Ims delay Fuigk

void delay100us(unsigned char multiplikator)

{

while(multiplikator--) Delayl0TCYx(50);

}

[* STATUS LED */

void LED(unsigned char toggle)

{
switch(toggle)

{

case '0"

I/LED OFF
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LATCbits.LATC5 = 0;
LATCbits.LATC4 = 0;
break;

case 'r" /ILED RED
LATCDbits.LATC4 = 0;
LATCDbits.LATC5 =1,

break;

case 'g" //LED GREEN
LATCDbits.LATC4 = 1;
LATCDbits.LATC5 = 0;

break;

case'y" /ILED YELLOW
LATCDbits.LATC5 = 1;
LATCDbits.LATC4 = 1;

break;

}

[*Timer*/

void timer_init(void)

{

TOCONDIts. TO8BIT = 0; /I TimerO 16bit mode
TOCONDIts. TOCS = 0; /[ TimerO Internal OSC
TOCONDIts. TOPSO = 0; /I TimerO prescaler assigned
TOCONDIts. TOPS1 =1, /I TimerQ prescaler set
TOCONDIts. TOPS2 = 1,

TMROL = 0x00; /I Reset Timer0

TMROH = 0x00;

INTCONDIts. TMROIE = 0; // Disable timer 1 intept
INTCONDIts. TMROIF = 0; /I Clear timer O interruitag
INTCONDIts.GIE = 1; /l Enable global interrupts
INTCONDits.PEIE = 1; /I Enable peripheral intgats
}

/*

111 = 1:256 prescale value
110 = 1:128 prescale value
101 = 1:64 prescale value



100 = 1:32 prescale value
011 = 1:16 prescale value
010 = 1:8 prescale value
001 = 1:4 prescale value
000 = 1:2 prescale value
*/

*PWM Signal*/

void PWM _init(void)
{
PR2 = 0b00110001;
T2CON = 0b00000101;
CCP2CON = 0b00111100;
TOCON =0;
CCPR2L = 0;
}

void send_pulse(void)

{
CCPR2L =25

delay_ms(50);
CCPR2L =0;

}

void wait_for_pushbutton(void)

{

unsigned char Switch_Count = 10;

do

{

if (PORTBbits.RB1 == 0)
{

Switch_Count++;

}

else
{
Switch_Count = 0;
}
delay _ms(10);
} while (Switch_Count < 5);
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[/PWM with 50% duty cycle
//50ms Pulselength
[IPWM with 0% duty cycle

//IDebounce caunttialization

//Monitor switch input

/IPressed state detected
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/*
LCD DRIVER

PortPin: Display

RDO =E

RD2 =RS

RD3 =R/W
RD3..RD6 =DA4..D7
*/

void enable(void)
{
LCD E =1;
delay100us(3);
LCD _E =0;
}

void LCD_WriteZeichen(unsigned char zeichen)

{

unsigned int pointer;
unsigned char x;

delay100us(200);
LCD_RW =0; /[ LCD Write Mode
LCD_ RS =1; //ILCD Command Mode

X = zeichen & 0xf0;
pointer = (x>>=1);

x =X | LCD_RS;

PORTLCD = x; /I Higher nibble

nop;

enable();

delay100us(50); /I Wait 5ms after libble
X = zeichen;

X = (X << 4)& 0xf0;  //niederwertiges nibbel
pointer = (x>>=1);

x =X | LCD_RS;

PORTLCD = x;

enable();
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delay100us(50); //5ms warten nach2leibble
LCD_RS =0;
}

void LCD_WriteString(unsigned char *String)
{

unsigned char zeichen;
zeichen = *String;

while(zeichen =0

{
LCD_WriteZeichen(zeichen); //Zeichen am LC-Digpaisgeben

String++;
zeichen = *String;

}
}

void LCD_WriteRegister(unsigned char data)
{
unsigned char x;
delay100us(200);
x = data & Oxf0;

PORTLCD = (x >>=1);

enable();

delay100us(50); //5ms warten nach dem 1.nibble

X = data;

X = (X << 4)& 0xfO; /Iniederwertiges nibbel uns8hieben

PORTLCD = (x >>= 1;

enable();
delay100us(50); //5ms warten nach dem 2.nibble

}



void lcd_init(void)

{

unsigned char pointer;

TRIS_LCD = 0x00;
PORTLCD = 0xQ0;
delay100us (150);
delay100us (150);
delay100us (100);

pointer = 0x30;
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/ILCD initialisieren:

//LCD-PORT = Ausgéange
/[Daten und Steuerleitungen LOW

/I warte Uber 30ms

PORTLCD = (pointer>>=1);

enable();
delay100us(50);
enable();

delay100us(2);
enable();

delay100us(2);
pointer = 0x20;

PORTLCD = (pointer>>=1);
//Enable (LCD)

enable();
LCD_WriteRegister(0x28);
LCD_WriteRegister(0x08);
LCD_WriteRegister(0x01);
LCD_WriteRegister(0x06);
LCD_WriteRegister(0xOf);

LCD_WriteRegister(0x0C);

}

/lwarte 5ms

//Enable (LCD)

/lwarte 200us

//Enable (LCD)

/lwarte 200us
/llinterface auf 4-Bit setzen
/[High nibble runter stz

112-zeilig, 5x8-Punkt-Ma

/[Display aus

/IDisplay l6schen

/[Kursor nach rechts damd, kein Display-Shift
/[Display ein [ 0x0Cein, 0x08 = aus |

/[Cursor Off
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Appendix C

Quick Operation Manual

To get started, the following steps need to be done

1) Set up both boards like in Figure C.1:

Reset button (MCLR)__ p#=7u -

TN - -
keep fully left \Y.‘i ¥

Figure C.1 Board configuration
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2) Connect equipment like shown in Figure C.2:

ov
Transmitter™®

N B \
LS
(marked with red w:r ‘-

Figure C.2 Connection of equipment

3) Place the two transmitter/receiver devices abfttiey are facing each other.

4) Press button of active device to start measuneme
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