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Prominent Testbeds

* WINLAB ORBIT testbed — Rutgers University
* University of California, Riverside

* Emulab research facility — University of Utah
* CORNET —VirginiaTech

Existing
Cognitive

Radio
Testbeds

Cognitive Radio Network Testbed (CORNET) located at Virginia Tech




Micronet:

Motivation

Applications
* Education

« Demonstration and
Experimentation
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Testbed Design Goals

* Inexpensive

User friendly

Portable

Multiple node support

Tx/Rx capabilities

Radio
Nodes
50-100

\

25-50

CORNET
Micronet

uilding
ity
Size



Processor(s)
* Single PC

* Dedicated servers
* Multiple PC’s
* Raspberry Pi
* Beaglebone Black

Micronet: RF Front Ends
° T 1

Hardwa re ranscelver

Selection  BladeRF

* HackRF

* Receive Only
* RTLSDR

* Transmit Only
* FM transmitter

* Raspberry Pi— PiFM
(Imperial College Robotics Society)




Ethernet Ethernet

PiFM Tx

Micronet:

Block Diagram

Hardware
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PiFM

* C++ code
Micronet: - Txfrequency range: 1 - 250 MHz
Transmit - Approximate Tx distance: 200 m
Ca pabllltles * Reads .wav files

Added functionality
« FSK/OOK modulation




mode WBFM_freq: | 105.3M | NBFM_Ffreq: | 162.475M

Installed Packages: o E :
* GNU Radio | el e

* liquid-dsp —

e Pyrtlsdr

* RTLSDR Scanner
» kalibrate-rtl

* XRDP

Trace Options
(7] Peak Hold

[ Average
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[ Persistence
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Persist A

[ Trace A |Store
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Axis Options

dB/Div: E&

Ref Level: E&
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Micronet: GNU Radio : FFT plot

S O | t a l e Cutans WX GUI FFT Sink WX GUI Waterfall Sink
1D: FM_Radio Title: FFT Plot Title: Waterfall Plot

Generate Options: WX GUI Sample Rate: 1.024M Sample Rate: 1.024M
Baseband Freq: 0 Baseband Freq: 0

©osmocom Source ¥ per Div: 10 a8 Dynamic Range: 100

Device Arguments: rt..3:1234 ¥ Divs: 10 —b- Reference Level: 0

Sample Rate (sps): 1.024M Ref Level (dB): 0 Ref Scale (p2p): 2

Cho: Frequency (Hz): 90.7M Rational Resampl; Ref Scale (p2p): 2 FFT Size: 512

Cho: Freq. Corr. (ppm): 0 FFT Size: 1.024k FFT Rate: 15

ho: DC Offset Mode: Off Refresh Rate: 15 Notebook: notebook 0, 1

1Q Balance Mode: Off Window Size: 100, 100 Freq Set Varname: None

Notebook: notebook_0, 0
Freq Set Varname: None

Gain (dB): 20 Selector
Input Index: 0

Output Index: 0

Input Index: 0
Output Index: 0

Variable | variable
ID: samp_rate || 1D: decim

Value: 4
WX GUI Slider WX GUI Slider WX GUI Slider o
1D: WBFM _freq 1D: NBFM_freq 1D audio_gain . : l:' nszm
Default Value: 90.7M Default Value: 162.475M mp! e: iz

Minimum: 145M

Fractional BW: 0

Converter: Fioat
Grid Position: 0, 2, 2,24 | | Grid Position: 0, 26,2, 24

WX GUI Chooser WX GUI Slider WX GUI Notebook
1Dz mode 1D: RF_gain 1D: notebook_0

Default Value: 0 Default Value: 40 Tab Orlentation: Top
Choices: 0, 1 Minimum: 0 Labels: FFT Plo...erfall Plot

Labels: WEFM, NBFM ([ Maximum: 45
Type: Radio Buttons
Grid Position: 0. 0. 1.2 || Grid Position: 2, 26. 2,24

GNU Radio Companion: FM Receiver Flowgraph




Micronet:

Sample
Experiments

* FFT visualization

* FM demodulation/mixer
- Raw sample file writes

* Spectrum sensing

* Antenna diversity

« FSK/OOK

* Basic DSA



Micronet:
FFT

Visualization

CPU Usage (%)

CPU Usage while plotting FFT's for one and two RTLSDR's
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Sample Rate (Msps)

Refresh rate of 1 Hz, FFT length of 1024

—o—Single RTL

—o—Two RTL's



Options Variable Variable || WX GUI Slider || WX GUI Slider || WX GUI Slider || WX GUI Slider
1D: top_block ID: samp_rate || ID: decim || ID: RTLO ID: RTL1 1D: RTL2 ID: RTL3
Generate Options: WX GUI || Value: 1.024M || Value: 4 || Default Value: 1 || Default Value: 1 || Default Value: 1 || Default Value: 1

Minimum: 0 Minimum: 0 Minimum: 0 Minimum: 0
10 10 10 10
= Float || G Float | C Float || Converter: Float
©osmocom Source

Device Arguments: rti=0
Sample Rate (sps): 1.024M
€ho: Frequency (Hz): 105.3M
ChO: Freq. Corr. (ppm): 0 .
€ho: DC Offset Mode: O[5 — =[] :;";:‘1::2';6:2“
Ch0: 1Q Balance Mode: Off

Transition Width: 100k
€ho: Gain Mode: Manual e
ChO: RF Gain (dB): 40 Beta: 6.76
Cho: IF Gain (dB): 20
Ch0: BB Gain (dB): 20

Low Pass Filter
Decimation: 4
Gain: 1

WBFM Receive
Quadrature Rate: 256k
Audio Decimation: 8

‘osmocom Source
Device Arguments: rti=1
Sample Rate (sps): 1.024M
€ho: Frequency (Hz): 105.3M
ChO: Freq. Corr. (ppm): 0
€ho: DC Offset Mode: O[5 — =[] :.;:;::2:516:24»4
Ch0: 1Q Balance Mode: Off

Transition Width: 100k
Cho: Gain Mode: Manual Wt o
ChO: RF Gain (dB): 40 - "9

Micronet: R =

Device Arguments: rti=2
Sample Rate (sps): 1.024M

| ] Decimation: 4
€ho: Frequency (Hz): 105.3M o o
ChO: Freq. Corr. (ppm}: D i . WBFM Receive
I X e r Ch: DC Offset Mode: Off (Bt — e[| :.T;:F::z.;e:zm Quadrature Rate: 256k H
ChO: 1Q Balance Mode: Off Transition Widths 100k Audio Decimation:

Cho: Gain Mode: Manual
ChO: RF Gain (dB): 40 e EETIT

Low Pass Filter
Decimation: 4
Gain: 1

WBFM Receive
Quadrature Rate: 256k
Audio Decimation: 8

Low Pass Filter

Cho: IF Gain (dB): 20 Beta: 676
Cho: BB Gain (dB): 20
osmocom Source
Device Arguments: rt..2:1234
Sample Rate (sps): 1.024M <O
Decimatior

€ho: Frequency (Hz): 105.3M Decime
Cho: Freq. Corr. (ppm): 0

Cho: DC Offset Mode: OF (G —pme-Ji| S2MPte Rate: L0240
ChO: 1Q Balance Mode: Off Ehm A
€ho: Galn Mode: Manual Transition Width: 100k
ChO: RF Gain (dB): 40 "‘""_“" T
€ho: IF Gain (dB): 20 Beta: 6.76

Cho: BB Gain (dB): 20

‘WBFM Receive
Quadrature Rate: 256k
Audio Decimation: &

Multiply Const
Constant:




CPU Usage for FM Demodulation using RTLSDR's

100

90

—] ; e

70

60

Micronet:

50

CPU Usage (%)

%’/P/ —e—Two RTL's

=0—Three RTL's

40

—
V - ,I.-———"' —e—Single RTL
FM Mixer —

Four RTL's

30

20

10

1 1.2 14 16 1.8 2 2.2 24 26 2.8 3
Sample Rate (Msps)




Frequency Scan
88 - 106 MHz, gain = 0.0dB

: : : : 105.285MHz
-34} : : : : #4.9808
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Micronet:

RTLSDR Scanner

Spectrum
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Micronet:
Antenna

Selection
Diversity

Antenna 1

Amplitude (dB)

Frequency (kHz)

Trace Options
] Peak Hold

"] Average

Avg Alpha: 0.1333

[ Persistence
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Axis Options
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Ref Level: tju
Autoscale
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Trace Options
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[T] Trace A |Store
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Axis Options

dB/Div: lﬂu
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Autoscale

Stop

Selected Antenna
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Trace Options
[*] Peak Hold

] Average
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"] Persistence
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[l Trace A | Store
[7] Trace B |Store

Axis Options

dB/Div: tju

Ref Level: uu
Autoscale

| Stop |

Ant 1 Measured Power: |6.20082m

Ant 2 Measured Power: | 7.07081u

Selected Antenna: |1

RF_Gain: |20

Center_Freq: [100.01M

—0



Options Variable Variable Variable
1D: top_block 1D: samp _rate | | ID: decim | | ID: symbol_period
Generate Options: WX GUI | | Value: 1.024M | | value: 4 | | value: Im

‘osmocom Source
Device Arguments: rtl=0

‘Sample Rate {sps): 1.024M M“Im.::: ;"h' cm::ll::k"“_dﬁsk WX GUI Scope Sink
€ho: Frequency (Hz): 100M camr Rational Resampler Audlo Dechmation: 1 Title: Scope Plot

‘ChO: Freq. Corr. (ppm): 0 s.m;h o e — : Sample Rate: 256k
ChO: DC Offset Mode: Off (G| y Dev V Scale: 5m

€ho: 1Q Balance Mode: Off Cutoft Freg: L10k Taps: 1 Audlo Pass: L5k T Scale: 4m

Transition Width: 10k
‘ChO: Gain Mode: Manual Wi 2 e

€ho: RF Gain (dB): 10 . "
€hO: IF Gain (dB): 20 Beta: 676 Tau: 75u
€ho: BB Gain (dB): 20

Fractional BW: 0 Trigger Mode: Auto

¥ Axis Label: Counts

Scope Plot [chi
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Micronet:
FSK Tx/Rx

0.005

Counts
o

-0.005

-0.01

-0.015

-0.02

Time (ms)




Procedure
- Scan allowable transmit frequency range

Micronet:  Determine optimal transmit channel based on
Basic DSA channel power and adjacent channel powers

* Transmit a single burst

* Recheck vacancy of channel




Experiments

* SDR position estimation
 Antenna diversity

 Phased antenna arrays

» Basic DSA algorithms

* CR coexistence with CORNET

Development

Micronet:
Additional

Plans | -
* Raspberry PiTransmission

* Integration with SDR tools

 Optimization/Measurement of
performance (BER)

- Demo’s/applications
* Hardware augmentation




Conclusion

What has been achieved/demonstrated

* Creation of a CR testbed that is:
* Low cost

* Flexible/portable
* Supports multiple radio nodes
* Has the potential for many diverse experiments

- Identified limitations
* Processing power
+ Bandwidth
* Tx capabilities
* Limited modulation schemes
* Lack of power control

* Spurious signal

* Resource compilation
https://github.com/ericpsi/Micronet



