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Introduction (about me)

Good Afternoon

My work career

* Has included communication utilities such as Telecom (Ireland), Telstra (Australia), technology
companies including Siemens and Hitachi along with a Railway Operators (MTS/MTR who manage
Sydney first driverless train network)

* My current employer is an infrastructure company called Laing O Rourke who builds railways, power
stations, roads, hospitals, etc in Europe and Australia

My research at University Technology Sydney started in 2019 and extended from
an idea using audio to transmit data using ultrasound

The Ad Hoc shipping network project was initiated by my supervisor Professor
Robin Braun, my objective is to create a working prototype using GNU radio
(SDR) to modulate and demodulate data at 40Khz air, water and steel

* The original concept was theoretical in nature to create nets using modulated
ultrasound, a software solution was novel and innovative with many benefits



Research Background

Communications devices would connect to each other to form networks,
nodes could be created when a certain number of connections had been
made

The application that was considered revolved around shipping container
with sensitive and precious cargo, this freight normally had high
monetary value

The environment inside the container would be continuously monitored
so it is not damaged. Sensors would capature, temperature, humidity, air
quality, gases or venting, vibration, radiation (if required), location,
elevation, inclination, etc.

This logged information would be transmitted to the cargo owner
providing regular updates on the status of the freight
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Conventional tracking uses a 4G modem attached to the outside of the
container that would connect to the nearest cell network and transmit
the data to the owner or shipping management

When container are stacked, 4G modems on the inside cannot propagate
RF (EM) through the stack, however audio frequencies (sound waves) can
travel through each container to the outside where its data can be
transmitted to the outside world though an node.
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How this works

Every container is on a metal car or stacked on a container that is attached to the car
Each car is connected to another car by a metal coupling

Each car is on a bogie that is connect to the track

Sound waves propagate between each car and the container on it

A device called a Shipping Container Radio (SCR) has been developed that can modulate and demodulate
data using ultrasound

The sound waves propagate through the streel enclosure for a short distance and can be received by devices
that are nearby

If every freight metal enclosure on each railway car has an SCR device, each one could communicate with
one closest to it

This is the concept behind how an Ad hoc networks could be created using GNU radio (SDR) as a way to
exchange data between the devices

The communication link can extend to the locomotive where the driver can monitor the container data

If a container generates an alarm, because the sensors detect heat, fire, water, etc, then the driver can take
immediate action to resolve the failure before it spreads



How does sound propagate in different mediums

* If a receive transducer is in the sound wave audio path, the wave energy will cause it
piezo carminic plate to vibrate in response to the received sound

e This vibration is converted back to an electrical signal by the transducer that is received
by the sound card.

* The electrical signal is amplified and resampled to create a complex data stream

* The software blocks with in GNU radio filter out the unwanted component of the signal
so the part that remain is the data stream

* This stream has to synchronise with the receiver, a preamble has been created to allow
the signal to correlate and start the data read at the correct location

 If it all goes well, the data is captured and can be opened to read the message, see the
image or hear the audio



Elongation of sound
wave from air to steel

For the target speed of 40Khz the wavelength
for each medium is as follows

Airis 8.5mm at 343m/s
Water is 37.05mm at 1482m/s
Steel is 148.5mm at 5941m/s
Electro magnetic wave in a vacuum and all
mediums is

7500m at 300000Km/sec
(actual result 7494.81)

Frequency In All Cases = 100Hz Distance In All Cases = 168.5 Feet
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Sound wave video in different material

The waves travel very fast in the steel but take much longer in air. In water the speed is slower than steel but faster than air

2! Sound In steel, water and aip




Transverse and Longitudinal waves

The difference between a transverse wave and longitudinal wave. In a
medium you can have both types, an EM wave will only be Transverse

e 5 AVOCIThH



Modulation Technigues

On Off keying (OOK)
e This is where the signal is switched on and off to correspond to the binary output
e The amplitude valueis 1

Amplitude Shift Keying (ASK)
e In this test we are only looking at Binary Amplitude Shift Keying (BASK) using amplitude of 1
e Proper ASK would use amplitude of 2 and 3 to represent all 4 values (00, 01, 10, 11)
e BASK s the same as OOK

Frequency Shift Keying (FSK)
e In this test we are only using Binary Frequency Shift keying (BFSK) that is two frequencies
e The frequencies used are 39.5KHz and 40.5KHz for Space and Mark
e The ultrasonic transducers filter out all signal below 39khz and above 41khz
e The bandwidth available is 2 KHz
e Proper FSK requires more bandwidth, 4 frequencies to represent 4 values (00, 01, 10, 11)

Phase Shift Keying
e In this test we are only using Binary Phase Shift keying (BPSK) that is two quadrants 0 and 180 degrees
e The ultrasonic transducers filter out all signal below 39khz and above 41khz
e The bandwidth available is 2 KHz
e Proper QPSK requires more bandwidth, 4 frequencies to represent 4 values (00, 01, 10, 11)



Signal to Noise Ratio

This test was conducted to get a usable signal base line

Transmit values table
Slgnal to Noise Ratio vs Distance

Raspberry Pi 4 TX Sound Card (Board No 1) and TX Op-Amp
Distance Transmit Frequency Noise level SNR (dB) Comments
(dB) (Hz) (dB) (TX-Noise)
10cm 40000 -120 123 Very good signal level
40
3%
Receive value table
30
Raspberry Pi 4 RX Sound Card (Board No 2) and RX Op-Amp
Distance Receive | Frequency | Noise level SNR (dB) Comments ”
(cm) (dB) (Hz) (dB) (RX- Noise) 0
10 -12.18 40000 -50 37.82 Very good signal level
15
20 -12.36 39960 -47 33.64 Very good signal level
10
30 -11.51 39950 -42 30.09 Very good signal level
40 -11.72 39960 -36 24.28 Very good signal level .
50 -11.67 39950 -29 17.33 Good signal level
60 -11.93 39560 -28.34 16.41 Good signal level 0
70 -11.92 39950 -28.31 16.39 Good signal level 0 0 o 0 0 ¢

70

80

100

120



TX/RX testing on a section of Rail in 2023

Preformed tests on a 2m section of rail in February 2023 at my work place
2 RP4 were used, they were running Ubuntu (Linux), Gnu Radio and appropriate files for TX/RX

The rail (weighting approx. 120kg) was mounted on wooden supports and the ultrasonic transducer
attached.

The rail webbing was cleaned to remove surface rust, this allowed good contact between the transducer and
the rail track

Repeating data was modulated on to the 40khz carrier, amplified and transmitted through a transducer
where the acoustic signal could propagate into the rail

The signal from the receive transducer was amplified, fed into the microphone port of the sound card where
it was sampled at 192Khz

The signal was demodulated and displayed on the monitor

The transmit and receive waveform were compared and the results were very good
3 modulation techniques were uses ASK (OOK), FSK and PSK

The ASK (OOK) protocol appeared to give the best results



Ultrasonic transducer test in air




TX and RX GRC files

Aug29 14:

pkt_fsk_xmt.gre - /home/michael/gr-control/Transmitters DO @& pkt_fsk_revgre - /h hael/Desk Folder 1/ DO &

File Edit View Run Tools Help File Edit View Run Tools Help

= = ’ ~
g = y y ®
B 010 B ¢ ® c S ;| QO 1& e p ® ¢
q \ N
untitled @ pkt_fsk xmt @ Options Variable | | Variable Variable | Varlable | Variable | | Variable Variable QT GUI Chooser | | QT GUI Range Variable
Tile: g 15k rov 1D:somp rate [ [ 1Dzbaa | [1Dzmonc | iDrspace | 1D:thvesn | | 10 decim | | 10x prse bw 10:reverse 10259 10 access ey
optons Variable Variable | Variable | Variable Varameter Author: Barry Duggan Valoe: 192 || Value: 12k | | Vahue: 405 | Value: 395k | Value: 1 [ [ valwe: 2 | | alue: se 1748 Mum Options: 2 || Labek Soueicn || vaiae: 11100001 conr0010011
Title: it fo_xmt 1D: samp fate Dimak [ ID:spsce | ID:thesh D: e Description: pacie... recelve Default option: 1 | | Defautt Value: -50
Author: Bary Duggan Value: 192k Value: 40.5 | Value: 30 5 | Value: 1 Label: file Name Output Language: Python o Option 0: 1 Start: -100 Variable
Description: packet Sk xmt Type: String ) Jsers . Ny .
Output Language: Prthon — Value: defaut Generate Options: 0T GUI Label 0: Normal Stop: 0 10: har_format.
Generats Optons TGl | %S - o . Option 1: -1 Step: S Value: <gnurdi_ bE128efe30>
& .| Fename i spectied on the command ine, e 4
- - - - Value: <gruradi.. bE2392570: python3 pict xmt py ~inFie=../grlogo png Variable Variable Variable Variable Label 1: Reverse oLLl
Variaie | Varable || Variable Variable - 1D: center || 1Dcrepet | [ 1Dx ok deviation| | 19z s v
eader_format_default -
ID:fsk deviation | | ID:veo max | | ID: veo offset ID: inp_amp. - - Value: 40k Value: 160 Value: 1k Value: o
Value: 1k Value: 41k Value: 963 415m | | Value: 24.3902m

Symbol Syne
Timing Error Detector: Exriy.Late
‘Samples per Symbol: 50
Expected TED Gain: 1

Loop Bandwidth: 98.1745m

Damping Factor: 1

Maximum Deviation: 15

Output Samples/Symbol: 1
Interpolating Resampler: MMSE. 8 tap FIR

Stream CRC32 Tagged Stream Mux
Modes Generste CRC Length tag names: packet fen
Length tag name: packet len

Throttle Packed: Yes

Sample Rate: 192k

EPB: File Source to Tagged Stream
Filename: defauit

Pkt_Len: 75 Frequency Xlating FIR Filter

Decimation: 2 Simple Squeich
Taps: firdes.ow_pass(L0, Threshold (dB): -50
Center Frequency: 40k Alpha: 1

Sample Rate: 192

Quadrature Demod Multiply Const
Gain: 305577 Constant: 1

Flename is speciied an

the
python3 pktxmt py ~Infi

QT GUI Time Sink maliRew

Repeat
Interpolation: 160

Bits per input byte: 8
Bits per output byte:

Correlate Access Code - Tag Stream Stream CRC32

File Sink

Repack Bits

- - Access Code: 11100, 20010011 ot e " Mode: Check CRC g Flle:
Virtual Sourca Multiply Const Add Const [l Length tag name: psciet len Unbuftered: On
Stream 10: 2 Constant: 24 3902m Bits per output byte: § Packed: Yes -

Append file: Overarite

inp_amp

veo
Sample Rate: 102¢
Sensitivity: 257,611
Amplitude: 1

QT GUI Time Sink
Name: Cormelate input
Number of Points: 128
‘Sample Rate: 192k

Autoscale: No

QT GUI Time Sink
Name: Correlate Output
Number of Points: 128
Sample Rate: 192k

Autoscale: No

UChar To Fioat




Using software with
oreamble for first text TX/RX

The modified software that Barry Duggan created included a
preamble was used to transfer a text file

The preamble allowed the receiver to synchronize and it
correlated straight away allowing the target file to build

| transmitted the text (mostly Gettysburg address) from source to
target in air

The TX/RX rate was 120 baud
The size of the source file was 2KB
It took about 2 or 3 mins for the text to be transmitted

The output.tmp file was a little bigger which included the
preamble

10101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010161010101016101
010
10101010101010101016101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010101010161
010

The quick brown fox jumped over the lazy dog 1,234,567,890 times!

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
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.



Video TX/RX in AIR

The video show the
successful transmittal of an
image of a Giraffe from a
TX to RX source In air.
The image size was
approximate 30kBs
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Transmitted Image (Air)

* The image of the Giraffe was
transmitted from source to target

* The image size was approximate 30kBs

* The output.tmp file overwrites an target
jpg image when the preamble is
stripped

* A blue screen test images was used as
the target

Your PC ran into a problem and needs to restart. We're

Just collecting some error info, and then we'll restart for
you.

20% complete




Ultrasonic transducers test in water




Video TX/RX in water

The video show the successful
transfer of an image
(chimpanzee) in water

The image size was approx.
30kB

e




Transmitted Image (Water)

The first attempt was not successful as can be seen in the
image which is distorted. This image size was approx. 80Kb

| suspect the transducer moved and the test failed
Better results on the next attempt

The image of the chimpanzee was transmitted from source to
target

The image size was approximate 30kBs

The output.tmp file overwrites an target jpg image when the
preamble is stripped

A blue screen test images was used as the target

Your PC ran into a problem and needs to restart. We're
just collecting some error info, and then we'll restart for
you.

20% complete




Short section of 60KG
Rail Track (500mm)

e | attached 40khz and 48Khz transducer
but was unable to synchronise the data
because of the issue mentioned.

* They were tested in air to confirm they
worked before getting attached to the rail

* | suspect the type of transducer used may
be why the modulated signal is not
synchronising

* It is possible a different modulation
protocol will improve the results with this
configuration

* There is still work to do in this area
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Conclusion

Thank you for attending
| hope you enjoyed the presentation
My contact details are listed below
Question or comments
Michael Alldritt
malldritt@laingorourke.com.au
Michael.Alldritt@student.uts.edu.au
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