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Introduction

e Emergency Position Indicating Radio Beacon
(EPIRB)

e EPIRB has aided the CG in saving 39,000 lives
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Needs and Objectives

e Problem: Coast Guard assets will not be able to DF
on EPIRBS emitting the new Direct Sequence
Spread Spectrum (DSSS) signal

e (Goal: Create a continuous and user friendly

system to home in on the new generation EPIRB
signal i S

Power Spectral Density (PSD)




Reqguirements

e Make a continuous system
e Make a user friendly system
e Optimize efficiency of the system

e Antenna construction
e Cost of hardware
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System Overview (rack view)
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GNU Radio Companion (GRC)

Options
ID: top_block
Generate Options: QT GUI

Variable Variable
ID: center_freq ID: samp_rate
Value: 435M Value: 200k

UHD: USRP Source
Device Address: add...68.10.3
Device Arguments: rt... rtl=1
Syne: unknown PPS
Mb0: Clock Source: External
Mbi: Time Seurce: External
Mb0: Subdev Spec: A:RX1 A:RX2
Mbl: Clock Source: External
Mbl: Time Seurce: External
Mbl: Subdev Spec: A:RX1 A:RX2
Samp Rate (Sps): 200k
ChO: Center Freq (Hz): 435M
ChO: Gain Value: 15
ChO: Antenna: RX2
Chl: Center Freq (Hz): 435M
Chl: Gain Value: 6
Chl: Antenna: RX2
Ch2: Center Freq (Hz): 435M
Ch2: Gain Value: 6
Ch2: Antenna: RX2
Ch3: Center Freq (Hz): 435M
Ch3: Gain Value: 6
Ch3: Antenna: RX2

QT GUI Chooser
1D: data_aquistion
Num Optiens: 2
Default Value: 1
Option 0: 0
Label 0: Start Data Aguisticn
Option 1: 1
Label 1: Stop Data Aquistion

QT GUI Range QT GUI Range

OT GUI Range OT GUI Range

Multiply Const
Constant: 2.6

Phase Delay

Valve
Open: 1

ID: REF_Signal_Amp ID: Phase_1 ID: Phase 2 ID: Phase_3
Default Value: 2.6 Default Value: 0 Default Value: 0 Default Value: 0
Start: 1 Start: 0 Start: 0 Start: 0
Stop: 10 Stop: 6.28 Stop: 6.28 Stop: 6.28
Step: 100m Step: 10m Step: 10m Step: 10m

File Sink

File: ..ments/Capstone/ANT_1

Complex To Real

delay: 0

Phase Delay
delay: 0

Phase Delay
delay:

Complex To Real
Complex To Real

Complex To Real

Unbuffered: Off
Append file: Overwrite

File Sink
File: .. ments/Capstone/ANT_2

Unbuffered: Off
Append file: Overwrite

File S5ink
File: .. ments/Capstone/ANT_3

Unbuffered: Off
Append file: Overwrite

File Sink
File: .. ments/Capstone/ANT 4
Unbuffered: Off
Append file: Overwrite

QT GUI Time Sink
Mame: QT GUI Plot
Number of Points: 4.096k
Sample Rate: 200k
Autoscale: No



Presenter
Presentation Notes
Explain GRC, and then explain flow graph


GNU Radio Companion (G

Options
ID: top_block
Generate Options: QT GUI

Variable Variable
ID: center_freq ID: samp_rate
Value: 435M Value: 200k

UHD: USRP Source
Device Address: add...68.10.3
Device Arguments: rt... rtl=1
Syne: unknown PPS
Mb0: Clock Source: External
Mbi: Time Seurce: External

Mb0: Subdev Spec: A:RX1 A:RX2
Mbl: Clock Source: External
Mbl: Time Seurce: External
Mbl: Subdev Spec: A:RX1 A:RX2 .
Samp Rate (Sps): 200k

ChO: Center Freq (Hz): 435M
ChO: Gain Value: 15

ChO: Antenna: RX2

Chl: Center Freq (Hz): 435M
Chl: Gain Value: 6

Chl: Antenna: RX2

Ch2: Center Freq (Hz): 435M
Ch2: Gain Value: 6

Ch2: Antenna: RX2

Ch3: Center Freq (Hz): 435M
Ch3: Gain Value: 6

Ch3: Antenna: RX2

QT GUI Chooser
1D: data_aquistion
Num Optiens: 2
Default Value: 1
Option 0: 0
Label 0: Start Data Aguisticn
Option 1: 1
Label 1: Stop Data Aquistion

UHD: USRP Source
Device Address: add...68.10.3
Device Arguments: rt.. ril=1
Sync: unknown PPS
Mb0: Clock Source: External

Multiply Const
Constant: 2.6

Phase Delay
delay: 0

Mb0: Time Source: External
Mb0: Subdev Spec: A:RX]1 A:RX2
Mbl: Clock Source: External
Mbl: Time Source: External
Mbl: Subdev Spec: A:RX]1 A:RX2
Samp Rate (Sps): 200k

ChO: Center Freq (Hz): 435M
Ch0: Gain Value: 15

Chi: Antenna: RX2

Chl: Center Freq (Hz): 435M
Chl: Gain Value: &

Chl: Antenna: RX2

Phase Delay
delay: 0

Ch2: Center Freq (Hz): 435M
Ch2: Gain Value: &

L mICh2: Antenna: RX2

i

Ch3: Center Freq (Hz): 435M
Ch3: Gain Value: &
Ch3: Antenna: RX2

e OT GUI Range
ID: Phase_3

i Default Value: 0
Start: 0

Stop: 6.28
Step: 10m

File Sink
..ments/Capstone/ANT_1
uffered: Off
end file: Overwrite

File Sink

Unbuffered: Off
Append file: Overwrite

File: .. ments/Capstone/ANT_2

File Sink

Unbuffered: Off
Append file: Overwrite

File: .. ments/Capstone/ANT_3

QT GUI Time Sink
Mame: QT GUI Plot

Sample Rate: 200k
Autoscale: No

Number of Points: 4.096k

ml‘:“- I
Append file: Overwrite
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GNU Radio Companion (GRC)

Options

1D: top_block
Generate Options: OT GUI

Variable Variable
ID: samp_rate ID: center_freq
Value: 200k Value: 435M

UHD: USRP Sink
Device Address: add...68.10.4
Sync: unknown PPS
|: Mb0: Clock Source: External
Sample Rate: 200k Mbl: Time Source: External
|: Waveform: Cosine l 4 Throttle _ H Samp Rate (Sps): 200k
Frequency: 435M Sample Rate: 200k Ch0: Center Freq (Hz): 435M
Amplitude: 1 Ch: Gain Value: 1
Dﬂ:et: 0 Chi: Antenna: TX/RX

TSB tag name:
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GNU Radio Companion (GRC)

Options QT GUI Chooser QT GUI Range QT GUI Range QT GUI Range QT GUI Range
ID: top block 1D: data_aquistion ID: REF_Signal_Amp ID: Phase_1 ID: Phase 2 ID: Phase_3
Generate Options: QT GUI Num Options: 2 Default Value: 2.6 Default Value: 0 Default Value: 0 Default Value: 0
Default Value: 1 Start: 1 Start: 0 Start: 0 Start: 0
Option 0: 0 Stop: 10 Stop: 6.28 Stop: 6.28 Stop: 6.28
Variable Variable Label 0: Start Data Aguisticn Step: 100m Step: 10m Step: 10m Step: 10m
1D: center freg 1D: samp rate Option 1: 1
Value: 435M Value: 200k Label 1: Stop Data Aquistion

File Sink
File: ..ments/Capstone/ANT_1
UHD: USRP Source Unbuffered: Off

Device Address: add...68.10.3 m Append file: Overwrite
Device Argume
Syne: unknown B
MbO: Clock Sou
Mbi: Time Sour
Mbi: Subdev 5
Mbl: Clock Sou
Mbl: Time Sourn
Mbl: Subdev 5
Samp Rate (Spg
ChO: Center Fre
ChO: Gain Value]
ChO: Antenna:
Chl: Center Fre
Chl: Gain Value]
Chl: Antenna:
Ch2: Center Fre
Ch2: Gain Value]
Ch2: Antenna:
Ch3: Center Fre
Ch3: Gain Value
Ch3: Antenna:

plex To Real File Sink
File: .. ments/Capstone/ANT_2

Unbuffered: Off
Append file: Overwrite

QT GUI Time Sink
Mame: QT GUI Plot
NMumber of Points: 4.096k
Sample Rate: 200k
Autoscale: Mo

File Sink
File: .. ments/Capstone/ANT_3
Unbuffered: Off
Append file: Overwrite

QT GUI Time Sink
Mame: QT GUI Plot
Number of Points: 4.096k
Sample Rate: 200k
Autoscale: No

EEEE

mﬂ i tu

tered: U
Append file: Overwrite
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GNU Radio Companion (GRC)

Options QT GUI Chooser QT GUI Range QT GUI Range OT GUI Range OT GUI Range
ID: top block 1D: data_aquistion ID: REF_Signal_Amp ID: Phase_1 ID: Phase 2 ID: Phase_3
Generate Optiens: QT GUI Num Options: 2 Default Value: 2.6 Default Value: 0 Default Value: 0 Default Value: 0
Default Value: 1 Start: 1 Start: 0 Start: 0 Start: 0
Option 0: 0 Stop: 10 Stop: 6.28 Stop: 6.28 Stop: 6.28
Variable Va 1 Step: 10m Step: 10m Step: 10m
ID: center_freq ID: s
Value: 435M Valug
File Sink

File Sink
File: ..ments/Capstone/ANT_1
Unbuffered: Off
Append file: Overwrite

_.__I File: .. ments/Capstone/ANT 1
UHD: USRP Sourc Unbuffered: Off
Device Address: add...68. APPEH ﬁh: DUE‘H’IFItE‘

Device Arguments: rt... rf
Syne: unknown PPS

Mb: Clock Source: Exter
Mbi: Time Seurce: Extern
Mb0: Subdev Spec: A:RX1T AR
Mbl: Clock Source: External
Mbl: Time Seurce: External
Mbl: Subdev Spec: A:RX1 A:RX2
Samp Rate (Sps): 200k

ChO: Center Freq (Hz): 435M
ChO: Gain Value: 15

ChO: Antenna: RX2

Chl: Center Freq (Hz): 435M
Chl: Gain Value: 6

Chl: Antenna: RX2

Ch2: Center Freq (Hz): 435M
Ch2: Gain Value: 6

Ch2: Antenna: RX2

Ch3: Center Freq (Hz): 435M
Ch3: Gain Value: 6

Ch3: Antenna: RX2

Complex To Real File Sink

File: .. ments/Capstone/ANT_2
Unbuffered: Off
Append file: Overwrite

Phase Delay
delay: 0
Phase Delay
delay: 0

Phase Delay
delay:

File Sink
File: .. ments/Capstone/ANT_3
Unbuffered: Off
Append file: Overwrite

Complex To Real
QT GUI Time Sink
Complex To Real Mame: QT GUI Plot
Number of Points: 4.096k

Sample Rate: 200k
Autoscale: No

File Sink
File: .. ments/Capstone/ANT 4
Unbuffered: Off
Append file: Overwrite
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Multiple Signal Classification
(MUSIC) Algorithm

e R=ASA"+Q
Eigen Decomposition of incoming data

o J(8) = Xm=m+11@"(8) - tp|) 1
Peak estimator function

A
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GRC Transmitter

e Need to emulate new Direct Sequence Spread
Spectrum Signal

e Consists of pseudo random binary data to spread
signal around a center frequency
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GRC Transmitter

e EPIRB specs: GMSK: 1bit/symbol, 38,400
chips/sec

o Center Frequency 406 OSMHz nuII to null

76.8kHz.
M
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Testing Procedure

Test signal centered at 435MHz, A=.6892m
Far field pattern assumed at 6.892m

Test at 15 yards = 13.716 or approximately 2 times
the far field

Calibrate and then data collect
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Testing Procedure
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Initial Problems Encountered

e Trouble understanding how to test the system

e Error due to multipath

Angle of Incoming Signal

\

\

i

-100 -50 0 50 100
# (degrees)

Narrow Band, angle 6 degrees Wide Band, angle O degrees



Narrow Band Data

Angle of Incoming Signal Angle of Incoming Signal

-100 -50 0 50 100 -100 -50 0 50 100

¢ (degrees) 0 (degrees)
Angle Q° Angle 30°
Test 1 (blue) 2.5 Test 1 34
Test 2 (red) 2.3
Test 3 5.1
(green)
Average 3.3
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Wide Band Data

Angle of Incoming Signal Angle of Incoming Signal

-100 -50 0 50 100 -100 -50 0 50 100

¢ (degrees) ¢ (degrees)
Angle Q° Angle 30°
Test 1 (blue) 1.8 Test 1 (blue) 35.9
Test 2 (red) 3.6 Test 2 (red) 31.8
Test 3 9.5 Test 3 31.1
(green) (green)
Average 3.6 Average 32.9
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Wide Band Data

Angle of Incoming Signal

-100 -50 ] 50 100

6 (degrees)
Angle 45°
Test 1 (blue) 52.8
Test 2 (red) 50.1
Test 3 49.1
(green)
Average 50.6
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Continuous System

e Road to completion
e MUSIC Block
e User Datagram Protocol (UDP)
e MySQL

e Achieved through MatLab. and LibreOffice Base
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Continuous System

50
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Wide Band Data

90
120 M G0
150 30
180
210 330
240 300
2710
Angle: 0.4
Start
Angle 0°
Average 3.6
Std. Dev. 1.85

90
120 Iﬂﬂ
130 30
180
210 330
240 2040
270
Angle: 236
Start
Angle 30°
Average 32.9
Std. Dev. 2.59
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Wide Band Data

90
120 60
150 J 30
180 / 0
210 330
240 300
270
Angle:
Start
Angle 45°
Average 50.6

Std. Dev. 1.91
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Future Work

e Expand to multidimensional array
e EXplore optimization

e Create EPIRB message
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Questions?



Presenter
Presentation Notes
Music block


	Slide Number 1
	Slide Number 2
	Slide Number 3
	Slide Number 4
	Slide Number 5
	Slide Number 6
	Slide Number 7
	Slide Number 8
	Slide Number 9
	Slide Number 10
	Slide Number 11
	Slide Number 12
	Slide Number 13
	Slide Number 14
	Slide Number 15
	Slide Number 16
	Slide Number 17
	Slide Number 18
	Slide Number 19
	Slide Number 20
	Slide Number 21
	Slide Number 22
	Slide Number 23
	Slide Number 24
	Slide Number 25
	Slide Number 26
	Slide Number 27
	Slide Number 28
	Slide Number 29

