Winter 2026

AAVN

Avian/Airborne Vehicle Notifier

ECE Capstone UC SANTA BARBARA



ECE Capstone

Nolan Rapp

Finn Buggy

Stanley Guo

Hannya Yan

Michael Tang

UC SANTA BARBARA



The Problem

e Over 200,000 birds are killed every year “
by wind turbines /
e Avian advocacy and government groups S \ VP
protest the construction of wind turbines
on the behalf of the birds —— P\
e There are regulations requiring due )
diligence for wind farm operators
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The Solution

Sky Radar System
e Uses alow-power X-band radar for wide coverage and fine resolution
e FMCW radar provides target location and velocity
e FEasy-to-use Ul provides useable data

“Bird” for testing
Radar system \
/ -,

Control
computer ] |-
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Continuous Wave

e Sending a constant signal raises

the average power of the signal m
e [asyto measure velocity, !

. . ' / 4 o
impossible to tell range .' BRI EAN

= | | | [ " : ‘\

e Forrange, you must use frequency s/ Y AN RN A AN
. \ \ \ ~
modulation \ N A
Original wave .
; Distance i
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FMCW

e [requency Modulated Continuous
Wave radar combines the benefits of
both pulse radar and continuous
wave radar

e By sending out chirps, range can be
easily measured

e Because the radar is constantly
transmitting, average power is high

e [Fasy to calculate velocity
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Block Diagram
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Block Diagram

LTC5548
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Block Diagram
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LTC5548
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Mixers and oscillator - increases output frequency and decreases
input frequency, giving a measurable beat frequency
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Doppler Processing

g e A
e Receive full spectrum o il
e Only care about small bandwidth R s
e Movements cause frequency S0t Tone  Higher  Froeoer 00 HaTone
deviations AN

o Towards: high frequency bump

o Away: low frequency bump
e Must filter leakage N T——

Towards . vy
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GNU Radio

PlutoSDR Source
110 context URIL:
LO Frequency: 2.4G
Sample Rate: 600k
Buffer size: 32,768k
Quadrature: True
RF DC Correction: True
BB DC Correction: True
Gain Mode (RX1): Slow Attack
Filter Confiiguration: Auto
RF Bandwidth (Hz): 20M

QT GUI Time Sink
Number of Points: 1.024k
Sample Rate: 600k

Autoscale: No

QT GUI Frequency Sink
FFT Size: 1024

Center Frequency (Hz): 0
Bandwidth (Hz): 600k

Signal Source
Sample Rate: 600k
Waveform: Cosine
Frequency: 100k
Amplitude: 1
Offset: 0
Initial Phase (Radians): 0

PlutoSDR Sink
IIO context URI: usb:1.8.5
LO Frequency: 1G
Sample Rate: 600k

|BiE—| Buffer size: 1.04858M

Cyclic: True

Attenuation TX1 (dB): 3
Filter Configuration: Auto
RF Bandwidth (Hz): 20M

Peak Frequency Detector
Samp_Rate: 48k

Fft_Size: 16.384k

Tone: 500

Velocity Calculator

Lo_Freq: 3.5G
Tone: 500

GUI Sinks Python Blocks

Signal Sources
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GNU Radio Flowchart

Overview

PluloSDR Source
TIO context URT: ush:3.10.5
LO Frequency: 3.56
Sample Rate: 2.4M
Buffer size: 12.763k
True
RF DC Cormection: True
BB DC Correction: Tue
Gain Mode (RX1): Manual
Manual Gain (RX1)(dB): 64
Filter Configuration: Auto

QT GUI Time Sink
Number of Points: 8.192k
Sample Rate: 2.4M

Autoscale: No

QT GUI Frequency Sink
Name: RX

FFT Size: 8.19%

Center Frequency (Hz): 0

QT GUI Time Sink
Number of Points: 1.024k
Sample Rate: 48

QT GUI Frequency Sink

Center Frequency (Hz): 0

QT GUI Time Sink
Number of Points: 1.02%
Sample Rate: 43

Autoscale: No

QT GUI Frequency Sink
Name: Beat Fraquency
FFT Size: 16384

Center Frequency (Hz): 0
Bandwidth (Hz): 48

RF Bandwidth (Hz): 20M
Audio Sink
=
Variable
1D: LO_freg 3
Value: 356 Transition Width: 250 Low Cutoff Freq: 495
Window: Hamming High Cutoff Freq: 505
Options Transition Width: 5 Log Power EFY
Variable Tithe: lesson08...ppler RADAR Window: Haniieg Sample m’:
1D: samp_rate Output Language: Python FFT Size: 16.
Value: 244 Generate Options: T GUI L. Refereae Salei 2 ::;::?;um'
Frame Rate: 30 Sty
Average: Off 2
Variable Average Alpha: 1
ID: decimation T Shift: On
Valuve: 50
PlutoSDR Sink
Signal Source 110 context URL: ush:3.10.5
QT GUI Range QT GUI Range QT GUI Range Sample Rate: 244 LO Froquency: 3.5G
1D: rx_gan 1ID: tone 1D: tx_attenuation Waveform: Cosine Sample Rate: 2.4M
Default Value: 61 Default Valve: 500 Default Value: 50 Frequency: 500 [ Buiter size: 22768
Start: 0 Start: -2 Start: 0 Amplitude: 1 cydic Fake
Stog: 100 Stop: 2k Stop: 100 Offset: 0 Attenuation TX1 (dB): 50
Step: 1 Step: 1 Step: 1 Initial Phase (Radians): 0 Filter Configuration: Auto
RF Bandwidth (Hz): 20M
QT GUI Range QT GUI Range
1D: reject fr...nal_bandwadth 1D: audio_gain
Default Value: 10m Default Value: 5
Start: 0 Start: 0
Stop: 200m Stop: 10
Step: Im Step: 100m
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GNU Radio Flowchart

éeceive Processing

PlitoSDR Source
IO context URT: ush:3.10.5
1LO Frequency: 3.56
Sample Rate: 2.4M
Buffer size: 32.768k
Quadrature: True
RF DC Correction: True
BE DC Correction: True
Gain Mode (RX1): Manual
Manual Gain (RX1)(dB): 64

QT GUI Time Sink
Number of Points: 8192k
Sample Rate: 2.44
Auttoscale: No

QT GUI Frequency Sink
Name: RX
FFT Size: 819%

QT GUI Time Sink
Number of Points: 1.004
Sample Rate: 48

Autoscale: No

QY GUI Frequency Sink

Bandwidth (Hz): 48

Band Reject Filter

Mame: LPF Out
FFT Size: 8.10%
Center Frequency (Hz): 0

QT GUI Frequency Sink
MName: Beat Frequency
FFT Size: 16384

Center Frequency (Hz): 0
Bandwidth (Hz): 48

QT GUI Time Sink
Number of Points: 1.02%
Sample Rate: 48

Autoscale: No

Output

Audio Sink
"] Sample Rate: 48 kHz

Sk ey Detas Lov Velocity Calculator

Lo_Freq: 3.5G6
Tone: 500

ECE Capstone

Decimation: 1
Variable Gain: 1
1D: L0, freq Cutoff Freq: 1k Sample Rate: 46k
\M&J.sﬁ Transition Width: 250 Low Cutoff Freq: 495
Window: Hamming Tigh Cutoll Freq: 55 |
Options Transition Width: 5
| ~Variable Title: lesson08...ppler_RADAR Window: Haniieg
1D: samp_rate Output Language: Python
value: 244 Generate Options: QT GUI
Variable .
I gk Variables -
PlutoSDR Sink
Signal Source 110 context URL: ush:2.10.5
QT GUI Range QT GUI Range QT GUI Range Sample Rate: 2.44 LO Frequency: 356
1D: rx_gan 1ID: tone 1D: tx_attenuation Waveform: Cosine Sample Rate: 2.4M
Default Value: 61 Default Value: 500 Default Value: 50 Frequency: 500 [ Bufter size: 32768
Start: 0 Start: -2 Start: 0 Amplitude: 1 oydic Fase
Stop: 100 Stop: 2 Stop: 100 Offset: 0 Attenuation TX1 (dB): 50
Step: 1 Step: 1 Step: 1 Initial Phase (Radians): 0 Filter Configuration: Auto
RF Bandwidth (Hz): 20M
QT GUT Range QT GUI Range .
1D reject fr,.nal bandwidth 1D: audio_gain T t
Default Value: 10m Default Value: 5 ransmi
start: 0 sart: 0
Stop: 200m Stop: 10
Step: Im Step: 100m

UC SANTA BARBARA



GNU Radio Flowchart

Transmit

PluloSDR Source
TIO context URT: ush:3.10.5
LO Frequency: 3.56
Sample Rate: 2.4M
Buffer size: 12.763k
True
RF DC Cormection: True
BB DC Correction: Tue
Gain Mode (RX1): Manual
Manual Gain (RX1)(dB): 64
Filter Configuration: Auto

QT GUI Time Sink
Number of Points: 8.192k
Sample Rate: 2.4M

Autoscale: No

QT GUI Frequency Sink
Name: RX

FFT Size: 8.19%

Center Frequency (Hz): 0

QT GUI Time Sink
Number of Points: 1.024k
Sample Rate: 48

QT GUI Frequency Sink

Center Frequency (Hz): 0

QT GUI Time Sink
Number of Points: 1.02%
Sample Rate: 43

Autoscale: No

QT GUI Frequency Sink
Name: Beat Fraquency
FFT Size: 16384

Center Frequency (Hz): 0
Bandwidth (Hz): 48

RF Bandwidth (Hz): 204
audio Sink
==
Variable
1D: L0 freq :
Value: 356 Transition Width: 250 Low Cutoff Freq: 495
Window: Hamming High Cutoff Freq: S5
Options Transition Width: 5 AT Poven EFT
Variable Tithe: Jesson08.. ppler_RADAR Window: Hamming sample m’:
1D: samp_rate Output Language: Python FFT Size: 16.
Value: 2.4 Generate Dptions: QT GUI L. RfmewaGaacE ::;::?;um'
Frame Rate: 30 ikl
Average: Off 2
Variable Average Alpha: 1
ID: decimaton FFT Shift: On
bl / PlutoSDR Sink
Signal Source 110 context URL: ush:2.10.5
QT GUI Range QT GUI Range QT GUI Range Sample Rate: 2.4 LO Frequency: 356
1D: rx_gan 1ID: tone 1D: tx_attenuation Waveform: Cosine Sample Rate: 2.4M
Default Value: 61 Defauilt Value: 500 Default Value: 5 Froquency: 500 [ Buiter size: 22768
Start: 0 Start: -2 Start: 0 Amplitude: 1 Cydic: False
Stog: 100 Stop: 2 Stop: 100 Offset: 0 Attenuation TX1 (dB): 50
Step: 1 Step: 1 Step: 1 Initial Phase (Radians): 0 Filter Configuration: Auto
RF Bandwidth (Hz): 204
QT GUI Range QT GUI Range .
1D: reject fr,.nal bandwidth 1D: audio_gain T t
Default Value: 10m Default Value: 5 ransmi
Start: 0 start: 0
Stop: 200m Stop: 10
Step: Im Step: 100m
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GNU Radio Flowchart

Processing

/

PlitoSDR Source
IO context URT: ush:3.10.5
1LO Frequency: 3.56
Sample Rate: 2.4M
Buffer size: 32.768k
Quadrature: True
RF DC Correction: True
BE DC Correction: True
Gain Mode (RX1): Manual
Manual Gain (RX1)(dB): 64

QT GUI Time Sink
Number of Points: 8192k
Sample Rate: 2.44
Auttoscale: No

QT GUI Frequency Sink
Name: RX

FFT Size: 819%

Center Frequency (Hz): 0
Bandwidth (Hz): 2.9

QT GUI Time Sink
Number of Points: 1.004
Sample Rate: 48

Autoscale: No

QT GUI Frequency Sink
Mame: LPF Out
FFT Size: 8.10%
Center Frequency (Hz): 0
Bandwidth (Hz): 48

QT GUI Time Sink
Number of Points: 1.02%
Sample Rate: 45

QT GUI Frequency Sink

Center Frequency (Hz): 0
Bandwidth (Hz): 48

ECE Capstone

Filter Configuration: Auto
RF Bandwidth (Hz): 200 L o Pk
Dedmation: 50 Band Reject Filter
Gain: 1 Decimation: 1
Variable Sample Rate: 244 Gain: 1
1D: L0 freq Cutoff Freq: 1k Sample Rate: 45
Value: 356 Transition Width: 250 Low Cutoff Freq: 495
Window: Haming High Cutoff Freq: 505
Options Transition Width: 5
Variable Tithe: lesson08...ppler_RADAR Window: Hantieg
1D: samp_rate Output Language: Python o =
| |ewonem o [RECEIVE Processing
Variable
1D: decimation
Value: 50
PlutoSDR Sink
Signal Source 110 context URL: ush:3.10.5
QT GUI Range QT GUI Range QT GUI Range Sample Rate: 2,44 LO Frequency: 356
1D: rx_gan 1ID: tone 1D: tx_attenuation Waveform: Cosine Sample Rate: 2.4M
Default Value: 61 Default Valve: 500 Default Value: 50 Frequency: 500 [ Buiter size: 22768
Start: 0 Start: -2 Start: 0 Amplitude: 1 Cydic Fase
Stog: 100 Stop: 2 Stop: 100 Offset: 0 Attenuation TX1 (dB): 50
Step: 1 Step: 1 Step: 1 Initial Phase (Radians): 0 Filter Configuration: Auto
RF Bandwidth (Hz): 20M
QT GUT Range QT GUI Range
1D: reject fr...nal_bandwadth 1D: audio_gain
Default Value: 10m Defauit Value: 5
start: 0 sart: 0
Stop: 200m Stop: 10
Step: Im Step: 100m

Velocity Calculator
Lo_Freq: 3.5G6
Tone: 500
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GNU Radio Flowchart

Output

QT GUI Time Sink QT GUI Time Sink
Number of Points: 8.192 Humber of Points: 1,024 N:;::: m.:n 0 t t
PlutoSDR Source Sample Rate: 2.4M Sample Rate: 46 u pu
110 context URT: ush:3.10.5 Atoainke: 3 Sample Rate: 48k

LO Frequency: 3.56

Sample Rate: 24M
Buffer size: 32.768k QT GUI Frequency Sink
True Name: RX QT GUI Frequency Sink
T GUI Frequency Sink
RF DC Comection: Tue FFT Size: 8192 Name: LPF Out a TRgUeICY,

BB DC Correction: Tue Center Frequency (Hz): 0
Gain Mode (RX1): Manual
Manual Gain (RX1)(dB): 64
Filter Configuration: Auto

Center Frequency (Hz): 0

RF Bandwidth (Hz): 20M
Audio Sink
" sample Rate: 48 kz
Variable
1D: LO_freg
Value: 356 Transition Width: 250 Low Cutoff Freq: 495
Window: Hamming High Cutoff Freq: 505
Options Transition Width: 5 Log Power FFT
Variable Tithe: Jesson08.. ppler_RADAR Window: Hamming Samiple Rate: 46k
T gt Oulput Langesage: Python i FFT Size: 16.384% Peak Frequency Detector Velochy Cakculabor
Value: 2.4M Generate Options: QT GUI Reference Scale: 2
Lo_Freq: 356
Frame Rate: 30 :
Avacage: OF Tone: 500
Variable Average Alpha: 1
ID: decimation T Shift: On
Valuve: 50
PlutoSDR Sink
Signal Source 110 context URL: ush:3.10.5
QT GUI Range QT GUI Range QT GUI Range Sample Rate: 244 LO Frequency: 3.56
1D: rx_gan 1ID: tone 1D: tx_attenuation Waveform: Cosine Sample Rate: 2.4M
Default Value: 61 Default Valve: 500 Default Value: 50 Frequency: 500 [ Buiter size: 22768
Start: 0 Start: -2 Start: 0 Amplitude: 1 Cydic: False
Stog: 100 Stop: 2k Stop: 100 Offset: 0 Attenuation TX1 (dB): 50
Step: 1 Step: 1 Step: 1 Initial Phase (Radians): 0 Filter Configuration: Auto
RF Bandwidth (Hz): 20M
QT GUI Range QT GUI Range
1D: reject fr...nal_bandwadth 1D: audio_gain
Default Value: 10m Default Value: 5
Start: 0 Start: 0
Stop: 200m Stop: 10
Step: Im Step: 100m
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GNU Radio Velocity Test



Our current setup
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Velocity test
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Ramp Visulization

Frequency Display ~ Waterfall Display  Time Domain Display ~ Constellation Display
-200
Intensity Display:  Color v

-100
2.00e+01 Tx =

1.50e+01

1.00e+01

Time (s)

5.00e+00

0.00e+00

-1.500

Auto Scale

1
1.500
-150 -100 =50 0
—_ s s N ]
() Display RF Frequencies
Window: Blackman-harris
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The Entire Setup Testbench

Options
Title: RAD-Pluto-ADF4159
Output Language: Python
Generate Options: QT GUI

QT GUI Range
ID: LO
Label: LO Frequency
Default Value: 2.26
Start: 2.26
Stop: 2.56
Step: 1k

Variable Variable
ID: samp_rate 1D: fit_sze
Value: 600k Value: 1.024k

PlutoSDR Source

11O context URI: usb:3.7.5

LO Frequency: 2.26

Variable to Message
Variable: disabled
Message Variable Name: ...ode

Variable to Message
Variable: 0
Message Variable Name: ...omn

Variable to Message
Variable: 125k
Message Variable Name: ...tep

v o “am:r GUI Sink
Buffer size: 131.027k FFT Size: 409
Quadatines We f—8 Center Frequency (Hz): 0
RF DC Correction: True Ba (H2): 600k
BB DC Correction: True Rate: 10
Gain Mode (RX1): Slow Attack pdeto
Filter Configuration: Auto
RF Bandwidth (Hz): 20M

PlutoSDR Sink

Signal Source 110 context URI: ush:3.7.5

Sample Rate: 600k LO Frequency: 2.26
Waveform: Cosine Sample Rate: 600k
Frequency: 100k H Buffer size: 1.04858M
Amplitude: 1 Cydic: True
Offset: 0 Attenuation TX1 (dB): 3
Initial Phase (Radians): 0 Filter Configuration: Auto

RF Bandwidth (Hz): 20M

Variable to Message
Variable: 125M
Message Variable Name: ...nge

ECE Capstone

QT GUI Chooser
ID: ramp_mode
Label: Ramp Mode
Num Options: 5
Default option: disabled
Option 0: disabled
Label 0: dsabled
Option 1: continuous_sawtooth
Label 1: continucus_sawtooth
Option 2: contin...riangular
Label 2: continu...triangular
Option 3: sngle...ooth_burst
Label 3: single_...ooth_burst
Option 4: sngle_ramp_burst
Label 4: single_ramp_burst

110 Attribute Sink
... 110 context URI: ip:....Jocal
"=~ «plii Device Name/1D: adfa159
Attribute Type: Channel
Channel Name: aktvoltage0

QT GUI Toggle Button
1D: powerdown

Label: Powerdown
Default Value: 0

Initial State: Released
Pressed: 1

Released: 0

Jscatel

QT GUI Range
1D: frequency_deviation_step
Label: Frequenc...iation Step
Default Value: 1k
Start: 0
Stop: 1M
Step: 10

QT GUI Range
1D: frequency
Label: Frequency
Default Value: 6G
Start: 6G
Stop: 7G
Step: 1k

QT GUI Range
1D: frequency_deviation_range
Label: Frequenc...ation Range
Default Value: 10M
Start: 0
Stop: 100M
Step: 1k

QT GUI Range
1D: frequency_deviation_time
Label: Frequenc...kation Time
Default Value: 10k
Start: 0
Stop: 10M
Step: 1k
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Timeline

Individual Component Testing
(Antenna/Mixer/VCO)

Complete distance
functionality

Full Radar System Velocity
Accuracy Analysis

Begin Radar Ul design

Design and print housing

Complete our final poster

Complete Radar Ul

design ..
g Finished
W9 Spring Break W2 W4 W6 w8 W10 prOd uct
Now W10 W1 W3 W5 W7 W9 End of Spr Qtr

Full Radar System
Assembly/Testing

ECE Capstone

Design power supply

system

Gather Ul feedback

Final Presentation

Raspberry Pi

Interface with the

Final testing and finishing

touches
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