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Introduction

One of the
projects original
objective was to

allow Hi-Rail
vehicles to
communicate
with each other
through the rail
wheels (when
they were
travelling in a
group), the track
and the wayside

-------------


https://www.google.com/imgres?q=sydney%20trains&imgurl=https%3A%2F%2Fupload.wikimedia.org%2Fwikipedia%2Fcommons%2Fa%2Fa8%2FWaratah_B_set_B9_-_51869644908_%25282%2529.jpg&imgrefurl=https%3A%2F%2Fen.m.wikipedia.org%2Fwiki%2FSydney_Trains_B_set&docid=JmfdcaRpyB2WYM&tbnid=geILCqHZvKCWkM&vet=12ahUKEwjXvJ3235KIAxULk1YBHTzFEyEQM3oECBcQAA..i&w=3126&h=2128&hcb=2&ved=2ahUKEwjXvJ3235KIAxULk1YBHTzFEyEQM3oECBcQAA
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WAVE INTERFERENCE BYJU'S
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caused by

Wave X

Wave Y

audio signals
arriving a
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Resultant
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Constructive interference Destructive interference

ZUTS




Channel Bandwidth

FFT Bins
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great solution
but requires

bandwidth to
get good
results
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Can morse code
be used to
overcome

multipath in

narrow band
systems using
discrete
channels

* Consider the following when an audio signal is sent in
air from a source to a destination a short distance
away along with a reflected signal.

 As an observations the morse code and voice are
distorted. They are harder to understand and
decipher, however the classical music uses different
tones and the echo for each tone does not distort the
audio as much. OFDM is a bit like the received music,
can tolerate some interference before it fails

* Example located at the following location:

https://dspillustrations.com/pages/posts/misc/multipath-propagation-and-its-
effect-on-audio.html
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https://dspillustrations.com/pages/posts/misc/multipath-propagation-and-its-effect-on-audio.html
https://dspillustrations.com/pages/posts/misc/multipath-propagation-and-its-effect-on-audio.html
https://dspillustrations.com/pages/posts/misc/multipath-propagation-and-its-effect-on-audio.html

e Morse code audio and voice are difficult to hear but the
music has less distortion because the different
frequencies don’t overlap each other

Examples of
morse code,
voice and music
reflected back to
the listener at

different times Original Voice —

Original Morse Received Morse

Original Music Received Music
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* Test conducted using FSK hardware solution designed
in 2019 propagating modulated audio through a metal
plate

* The word length tested was 10 and 20 words a minutes
* A 1khz tone modulated onto a 40Khz carrier
Tt it * The tones that are sent and received can be compared

morse code * There are many app available to read the morse and
output the ASCII text

* | used GGMorse App which converted the audio and
gave a text output

using hardware
solutions

* Morse code is well understood and supported; many
people in this room are familiar with this coding
technique and can tell when the signal is degraded




Hardware test
using SCR
Version 4 and
FSK

Image of SCR 4 and steel plate Image of SCR 4 and steel plate.
showing main board and Showing battery packs and load
Raspberry Pi 3 used in this resistors to keep the power pack
configurations from a no load switch off



Good Results
from this test
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Tests using BFSK flowgraph and Sound card

* Anumber of tests were preformed on different substances previously

* An image was modulated on to a bit's streams and modulated using BFSK
Into ultrasonic transducers and transmitted though the substance

* A baud rate of 1200 was used allowing file to be sent in reasonable time

* The RXtransducer picked up the received sound wave which was
demodulated in the software

* Good results were obtained, text, images, audio files sent and received

* The tank used created a lot of reflected sound wave and a cover was placed
around the RX transducer to limit the interference (multipath waves)

* Some material failed with BFSK and are shown in red in the following slide
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Equipment and Test tank
Blue laundry detergent used in this test
Image of blue laundry detergent along with the tank and mounted transducer




BFSK Flowgraph used

TX and RX

Options Variabl| Variabk Variabl{ Variable Variable Variable = = 3 Options Variable || Variable | Variable || Variable | Variable || Variable | | Variable | | o7 GuiRange | | QT GUIChooser| | QT GUI Range -

Title: pit fsk xmt a 1D: baud |10: mark 1D: thresh 1D: sps 1D: inp_amp Parameter Villbie Varlable Variable TRle: pit sk rov 3 10z mark 1D thresh || 10z deom b Icbaod | | 10: excessbw| g co b 1D: reverse # Variable

s Vabue: 1 value: 40 Value: vakue: 160 | [Value: 24 3002m iD; e ey b ke s i Valoe: 405 |Value: 395 Value: 1 || Value: 16 Vaoe: 12¢) | Value: 3507 | |t

- & = = — 2 Value: 11100001...00010010011 || Value: firdes.root _raised .. || Value: <gnuradi..F998CAIR30> b6: Dany N0 | =
Deunpuon .mket FSK xmt L Description: packe... raceve > | Default Value: 50 Detaulvalue 1
Output Language: Python | | Variable Variable || Variable [ variape | variable | [ variable o [ Variable || variatle || Variable (start: 100 Start: S0m
Generate Options: QT GU 10: 53'“‘-’;-;3"3 10z center ||'0: '9““ 1D: fsk_deviation | 1D: veo_max | | 10: veo_offset : {10 repeat || ID: 5k deviabon | ID: sps 'S‘Dpfc mpf—
Value: 192 Value: 40k Value: 160 Value: 1k Value: 41k | |Value: $63.415m | Value: £0¢ Valoe: 160 || Value: 1k Value: 10 |23 H
import = Note bzt :
Import: math : U

QT GUI Time Sink
Name: Symbol Sync input

Protocol Formatter
Format Obj.: <gnur. B777170>
Length Tag Name: packet len

| EPB: File Source to Tagged Stream
5Fkname default
-PI:! Len: 75

”i Virtual Sink

Stream CRC32
| ™ Stream ID: 2

Mode: Generate CRC
Length tag name: packet en f

Gain: 500m
Max Gain: 2

Tagged Stream Mux
Length tag names: paciet len

Decimating FIR Filter
Decimation: 1

Freguency Xlating FIR Filter
Decimation: 16

| Virtual Sink
] Stream 1D: t1

Symbol Sync
Timing Ervor Detector:
Samples per Symbol.

Virtual Sink

|  RepackBits |

| virtual Source . P UChar To Float [ Stream 10: 12 |

| ] 1 Stream 10: t2

| Stream 10: 11 :::: per m‘;z?r;: e | Name: Demad Outp: R

per :1 Number of Points: : S
|Sample Rate: 12¢ Daﬂ{png Fad?r.'.
QT GUI Time Sink Audio Sink | Maximum Deviation:

] IR Hame: Transmit data Sample Rate: 192k Output Samples/Symbol: 1

Virtual Source __| Number of Points: 8.152k S Interpolating Resampler: NNSE. 8 tap FR

Stream ID:t2 = inl Sample Rate: 192k
e S = | Autoscale: No [am]

lnterpola!mg fiR Filter = S Virtual Source
il Interpolation: 1 LM(J PUB Sink Stream 1D: 2 E NS | Stream CRC32

Taps: me_taps Mode: Check CRC
Length tag name: packet len

Packed: %5

t (msec): 100

Multiply Const
Constant:

veo

File Sink
File: .24 GRI=1

buffered: 0

Append file: Overwrite

QT GUI Time Sink {
| Name: Correla

Binary Sticer @_/DE liumber of Poin l
| Sample Rate: 1.2k |

| Autoscale: No \

Sensitivity: 257,611k [<
Amplitude: 300m

Connec “L 2 Bind

Theottle (old)
Sample Rate: 192k

QT GUI Time Sink
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Graphs showing input & output along with post and preamble
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Knoxville Tennessee

LHS shows image before transmission and RHS image shows test file




Using FSK modulation in Air and Liquids. A good solution until the material
becomes dense/hard

The following has been tested using BFSK modulation getting good results
(example and result shown in following slides)
* Air
* Water
* Petrol (Gas)

* Diesel
e Milk
* QOrange Juice
* Coke
* Ice
* Laundry liquid
* Washing up liquid
* Wood (pine)

* Steel Rail and plate (failed)

* Rock and hard material (failed) £ UTS
==



* We have confirmed that FSK is a great solution
until we get dense substances such as steel,
rock, aluminum, plastics, glass, etc

e We know that tones can be heard in metals like
rail for long distances

* Ultrasound is above what people can hear in the
normal audio range

* There is less general noise at 40Khz than in the
Can OFDM be normal range we can hear at up to about 15khz.

used when you * OFDM is normally used in broadband solutions
requiring a bandwidth range in Mhz, not Khz

* Transducer have a +/- range of 1khz above and
below 40Khz

* The solution is to get transducer with a bigger
range, 4khz or 8khz if possible

* Reduce the flow graph to the lowest value
without breaking it.

have limited
bandwidth.
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* In normal RF transmission, OFDM has been a
great benefit to resolve the issues with signal
ghosting from multipath.

* Radio and TV reception has improved
exponentially as a result, especially in location
where there are many structures that can block
or reflect the signal

* The sub carriers used are very resilient and are
Can OFDM not corrupted easily as opposed to the more
resolve this tradition transmission protocols

SoRe * There are many application using OFDM, Wifi,
LTE, TV, etc; xDSL, including ADSL/VDSL use the
same structure with Discrete Multi-Tone (DMT)
so it can work on telephone twisted pair.

* The OFDM structure reduces the impact that
multipath and cross talk have on the transmitted
data
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 Ubuntu Laptop with GNU radio software and sample
rate set to 192kz in pulse audio/root directory

* USB Sound card with sampling rate of at least 192Khz

* Transducer with a bandwidth of 3Khz and center
frequency of 40khz

e Steel rail track with attached transducers and audio

OFDM test plugs

methodology
requirements * Text test file to compare the output with the original

* OFDM flowgraph that has been tested using a
simulation config.

* The flow graph | used was created by Qasim
Chaudari, modified to work with my hardware and is
shown on the following slide
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OFDM flow graph showing TX

Options Variabie Variable variable | [variable 5 Ve NEeERe S oo S Sk variable
Title: An OFOM ... Simulation 1D zamp_rate | [1D: center_frea 10: rolcff | [1D: header_mod | i hesde formarer | [125e2cttenoth 2o key | [iD:paload equatzer | | w0: header_equatzer
A Eaanie i Sttt et e k=0 Value: <gnuradl. . BDSE231430>| | Value: <gnuradi_.SDSE20CIFO> walue: packes_len Value: <gnuradl.EDSE233A705 Value: ~gnursdl_ BOSE230F30-
Description: & zim._lowgraph =
] Output Language: Fython e DBSN Yr Kalenes QT GUI Range
s s 1D: payload_mod 1D gain
Generate Optionz: QT Gul 10z zync_word2 Value: <gnuradi. EDS31480F 0 SE e
variable Value: [0. 0. 0, 0. 0. 0. - Default value: S0m Gain: 1 .
oo varable Variable variable Start- som Soesao Bk (Y LS
1D: ot tag_key | | 902 hdr_format 1D: occupied_carriers 1D: pdct_symbolz | | stop: 1 Catoly iy 2o
e Foara WValue: <gnuradi_BDSE2305F s. 23.25.26] | | value: 1.1,-D : 10m Transition Width (rz): 500
value: frame_ien St . Hamming
A Beta: 6.76

QT GUI Time Sink
Name: Oata Out of Tx File

Number of Points: 50

Sample Rate: 2.205k Protocol Formatter

Autoscale: No Format Obj.: <gnur...7373470 “ Repack Bits
Length Tag Name: frame_len 8its per input byte: &

rom the stream

Bits per output byte: 1

virtual Sink
Stream 1D: Header Sitz

virtual Sink
Stream 1D: Payload Sits

Char To Float
Scale: 1

File Source
.. HenTheizd.txt

h

Stream CRC32
Mode: Generate CRC
name: fame_len

Stream to Tagged Stream
Packet Length: 512
Length Tag Key: frame_len

Temporary output port

Length
Packed: vez

Generstes Cyclc Redundancy Check

Symbols

lez -2, 2 ——
o Tagged Stream Mux o= Virtual Sink
Length tag names: frame_len — Stream ID: Fre-OFDM
/ Combinez header 2nd payload symbois

Chunks
Symbol

to
Tabl

FFT
FFT Size: 64
Forward/Reverse: Reverse
window:

Shift: ves

Num. Threads: 1

Frequency domaln to time domain

OFDM Cyclic Prefixer
: 5

Virtual Source
Stream 1D: Pre-OFDM

= 4
<P Length(z): 16

Length Tag Key: frame_len
Prepends 3 Cyclic Prefix (CP) before OFDM zymbal

Pilot Symbols: (2. 2, 1,

and piot camires

QT GUI Time Sink
Name: Tx Eazeband Signal
Number of Points: 1.024
Sample Rate: 2.205k

Autozcale: No

QT GUI Frequency Sink
Name: Bazeband Spectrum
FFT Size: 1024

Center Frequency (Hz): 0
Bandwidth (Hz): 2.205k

I' virtual Source Multiply Const interpolating FIR Filter
Stream 1D: Time Signal Constant: som interpolation: 80
Taps: Ip_filter_tapz

Gamn
Upzamping to create spectrum
for pazzband zignal

Signal Source
Sample Rate: 176 3k

QT GUI Frequency Sink
Name: Tx Spectrum

FFT Size: 1024

Center Frequency (Hz): 0

Bandwidth (Hz): 175 2k
Virtual Sink
e 1 tx_ou
i Audio Sink

Sample Rate: 2 205k |
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virtual Source o
Stream ID: Bazeband | (28

virtual Source by
Stream 1D: Bazeband Q (&

mversion

Signal Source
Sample Rate: 175.3k
Waveform: Sine
Frequency: S0k
Amplitude: -1
Offzet: 0
initial Phase (Radians): 0




OFDM flow graph showing RX

Signal Source
Sample Rate: 176.3k
Waveform: Cosine
Frequency: 20k
Amplitude: 1

S| Conter Frequency (Hz): o
MW Bandwidth (Hz): 21762k

Offset: O
Initial Phaze (Radianz): O

Decimating FIR Filter
Decimation: 20
Taps: o_fiker_taps

Downsampling to signal ban
| Audic scarce
| 2

Sample Rate

QT GUI Frequency Sink
Name: Bazeband Spectrum
FFT Siz
Center Frequency (Hz): o
Bandwidth (Hz): 2.205k

- 102

initial Phase (Radians): o

-ﬂ
\ Sensitivity: -31.25 —— L
e i

\ CFO seneration for de-rotation
cFo
Schmidl & Cox OFDM synch. )
FFT length: 52 =
Cyclic Prefix length: 15

i
Threshold: s00m —_—

Header/Payload Demux

7 o

Tmingframe synchronization

—
/ S =
Stream 1D: Header Stream
Virtual Source - ! emukiiexes header and payioad [
Stream 10: ddc_out ) —_— % = = b virtual Sink
|

Stream ID: Fayload Stream

QT GUI Time Sink 80=63+16
Name: Ax Sazeband Signal
Number of Points: 1.024%
Sample Rate: 2 205k
Autoscale: No

— Packet Header Parser
Formatter Object: «<g... 7370
=

werze block to header gener:

Constellation Decoder
Constellation Object: _..570>-

OFDM Channel Estimation OFDM Frame Equalizer
Synch. symbeol 1: sync_wordl FT length: 54
virtual Source Synch. symbol 2: zync_word2
Stream 1D: Header Stream Number of data symbois: 1
Maximum c E 3
Force One i = No

imed frame length: 2

n Estimates CFO and channel rezponze from o

Outputs complex data symbols

QT GUI Constellation Sink
Name: Conzteliation at Rx
Number of Points: 1 024k
Autozcale: Yez

OFDM Frame Equalizer
length: €2

virtual Source
Stream I1D: Fayload Stresm

Length Key: =
Propagate Channel State: vz

Time domalin to frequency domamn

virtual Sink
Stream 1D: Fayload IQ

Compenzates for chann

QT GUI Time Sink

Constellation Decoder
Conztellation Object: ._8F0.

Decodes constillation symbok into bitf
7

Virtual Source )
Stream 1D: Payload 12
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OFDM test equipment
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Graphs showing data transmission including RX stem graph and band width
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video demonstration using Steel rail
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Text file original and received

Gettysburg Address

Fourscare and seven years ago our fathers brought forth on this continent a new nation, conceived in liberty and dedicated to the proposition
that all nen are created equal.

llow ve are engaged in a great civil war, testing whether that nation or any nation so conceived and so dedicated can long endure. e are met
on a great battlefield of that war. e have cone to dedicate a portion of that field as a final resting-place for those who here gave their
Lives that that nation night Live. It is altogether fitting and proper that we should do this.

But in a langer sense, ve camnot dedicate, we camot consecrate, we cannot hallow this ground. The brave men, living and dead who struggled
here have consecrated it far above our poor power to add or detract. The world will little note nor long renenber what we say here, but it
can never forget what they did here, It is for us the Living rather to be dedicated here to the unfinished work which they who fought here
have thus far S0 nobly advanced.

It 15 rather for us to be here dedicated to the great task renaining before us-that from these honored dead we take increased devotion to
that cause for which they gave the last full neasure of devotion-that we here highly resolve that these dead shall not have died in vain,
that this nation under God shall have a new birth of freedon, and that governnent of the people, by the people, for the people shall not
perish from the earth,

Lin Break 1

Line Break 2

Line Break 3

It is altogether fitting and proper that we should do this.

But in a larger sense, we cannot dedicate, we cannot consecrate, we cannot hallow this ground. The brave men, living and dead who struggled here have consecrated it far above our poor power to add or detract. The world will little note
nor long remesber what we say here, but it can never forget what they did here. It is for us the living rather to be dedicated here to the unfinished work which they who fought here have thus far so nobly advanced.

It is rather for us to be here dedicated to the great task remaining before us-that from these honored dead we take increased devotion to that cause for which they gave the last full measure of devotion-that we here highly resolve that
these dead shall not have died in vain, that this nation under God shall have a new birth of freedos, and that government of the people, by the people, for the people shall not perish from the earth.

Line Break 1
Line Break 2

Line Break 3

Gettysburg Address
Fourscore and seven years ago our fathers brought forth on this continent a new nation, conceived in liberty and dedicated to the proposition that all men are created equal.

Now we are engaged in a great civil war, testing whether that nation or any nation so conceived and so dedicated can long endure. We are met on a great battlefield of that war. We have come to dedicate a portion of that field as a final
resting-place for those who here gave their lives that that nation might live. It is altogether fitting and proper that we should do this.

But in a larger sense, we cannot dedicate, we cannot consecrate, we cannot hallow this ground. The brave men, living and dead who struggled here have consecrated it far above our poor power to add or detract. The world will little note
nor long remesber what we say here, but it can never forget what they did here. It is for us the living rather to be dedicated here to the unfinished work which they who fought here have thus far so nobly advanced.

It is rather for us to be here dedicated to the great task remaining before us-that from these honored dead we take increased devotion to that cause for which they gave the last full measure of devotion-that we here highly resolve that
these dead shall not have died in vain, that this nation under God shall have a new birth of freedom, and that government of the people, by the people, for the people shall not perish from the earth.

Line Break 1
Line Break 2

Line Break 3

Gettysburg Address
Fourscore and seven years ago our fathers brought forth on this continent a new nation, conceived in liberty and dedicated to the proposition that all men are created equal.

MNow we are engaged in a great civil war, testing whether that nation or any nation so conceived and so dedicated can long endure. We are met on a great battlefield of that war. We have come to dedicate a portion of that field as a final
resting-place for those who here gave their lives that that nation might live. It is altogether fitting and proper that we should do this.

But in a larger sense, we cannot dedicate, we cannot consecrate, we cannot hallow this ground. The brave men, living and dead who struggled here have consecrated it far above our poor power to add or detract. The world will little note
nor long remember what we say here, but it can never forget what they did here. It is for us the living rather to be dedicated here to the unfinished work which they who fought here have thus far so nobly advanced.

It is rather for us to be here dedicated to the great task remaining before us-that from these honored dead we take increased devotion to that cause for which they gave the last full measure of devotion-that we here highly resolve that
these dead shall not have died in vain, that this nation under God shall have a new birth of freedom, and that government of the people, by the people, for the people shall not perish from the earth.

Line Break 1

Line Break 2



* The FSK flowgraph had a pre and post amble
which | am hoping to add

* Tweak of the flow graph to reduce the bandwidth
to about 2Khz if possible, without breaking it

* Testing with images and audio files when flow

raph is improved
Improvements grap P

that are * Testing in other dense materials

planned

* Tabulating the results from this work to find
Improvement

* Replacing transducer cable leads so it is shielded

* Finding better transducers that have improved
characteristic and performance
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 Professor Robin Braun & Dr Zenon Chaczko
for there support in achieving these results

* Barry Duggan for help with the software,
especially the preamble

* GNU Radio Organizing committee for their
Invitation to GRCon24

e UTS and friends who work there

Thank you to

the following

* Support from Sydney Trains/TfNSW for time
off to attend A.....

* Family, colleagues and friends
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* Thank you for attending

* | hope you enjoyed the presentation
* My contact details are listed below

 Question or comments

* Michael Alldritt

* Michael.Alldritt@transport.nsw.gov.au
* Michael.Alldritt@student.uts.edu.au
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