Performance Characterization
of USRPs

SDR WinnComm Presentation

Gayathri Ramasubramanian
Carl Dietrich




.

Introduction - Software Defined Radios (SDRs)
Hardware and Software Utilities

—
°

Calibration & its Necessity
Calibration Experiments and Implications

Vopow N

Practical Applications: Path Loss Modeling and
Position Location estimation Results

6. Conclusions and Future Work

Performance Characterization of USRPs 2 @VlrglnlaTECh

Invent the Future®




Software Defined Radio (SDR)

.

* Radio systems - Components typically implemented in
Hardware are instead implemented in software [1]

* Example components: Mixers, Filters, Amplifiers, Modems,
Detectors

* Signal processing performed in reconfigurable devices like
General Purpose Processors (GPP) or Field Programmable
Gate Arrays (FPGA)

% Flexibility of SDR systems - Improved interoperability,
adaptation capability and more future-proof hardware
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Hardware and Software Utilities

I

* SDR led to low cost hardware development - as functionality
centered in GPP. E.g USRP — Universal Software Radio
Peripheral, developed by Ettus Research [2]

# Universal Hardware Driver (UHD) — Open Source software
driver and API for USRP devices

% Software utilities were also developed like GNU Radio: SDR
application framework for USRP, others - LabView, Simulink

[3]

UHD: SOURCE
| CHANNEL FILTER (E.g. | UHD:SINK (E.g. WX FFT
(UHD USRP, Signal " LPF/BPF) "| GUI Sink, UHD USRP Sink)

Source)
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Calibration & its Necessity

.

% (Calibration - Comparison of measurements made from set
of 2 devices - one of known correctness and other with
measurement uncertainties [4]

* Provides inputs - variation in parameters like o/p power,
gain, frequency in different scenarios

* Helps understand the limitations of the device

* USRPs, un-calibrated devices - need to be manually
calibrated to understand their performance and set proper
expectations

* For position estimation applications - calibrationis
mandatory to get good meaningful results/guarantee best
performance
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USRP Calibration Experiments

.

* Divided as RX and TX characterization
» Ability to understand both operations
* DUT : USRPN210
» RF Board: WBX, DC - 2.2 GHZ, 40 MHz Bandwidth

* Equipment: Standard Spectrum Analyzer and Signal
generator
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RX Side Characterization

* 1-dBCP Test: Found the
difference between the Pin (Std.
Signal Gen) and Pout (UHD_FFT)
for different Frequencies =>»
Correction Factors

* |IP3 Test : Verified the correction
factors & estimated the linear
range

* RX amplitude stability : Validated
Amplitude variation w.r.t to
Frequency
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TX Side Characterization

—

* Frequency Stability:
Frequency Variation w.r.t
Time

* Amplitude stability:
Amplitude Variation w.r.t
Time

* O/p power Vs Gain:
»1dB Compression Point
» Power reference table
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RX Side : 1-Db Compression Point Test
\’

e USRP with RF Daughter Gr
{Generates input signal (@ COAX Board ETHERNET
400MHz, 900 MHz and | “2PME . CABLE LA L T IO
{Behaves as RX:; RF2 EEEEE——
1.8GHz) (Executes the

takes mnput from Signal
Generator, O/P signal via UHD_FFT.py, plots the

GB Ethernet cable) Recerved Spectrum)

(o)

Average Received Power offset b/fw UHD_FFT
USRP Type and Spectrum Analyzer
400 FAHz 900 MHz A80:0 MH=z
USRPNZ10 + WiBX board 35.54 31.24 2357
USARPMZ10 + SBEX board 32149 24 43 20.54

USREP2Z + WEX Board 3290 320 26.67 Y
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RX Side: IIP3 Test

\

SIGNAL COAX
GENERATOR 1 CABLE
| POWER USRP with GB HOST
COMBINER ! Daughterboard ETHERNE? COMPUTER
SIGNAL ; CABLE
GENERATOR 2 :
' COAX
1 CABLES SPECTRUM
ANALYZER
Signal
RX Gain generator IIP3 = (F2-1M1)/2+
USRP Type Swetting on Conter w.?;:lz.:e G?J{I;tn:h:::::::r:;:::;r:l:d (F1- Correciion
UHD_FFT Frequency Factor+loss)
GUI [dB) m;:::g . IMD frequencies (dB) (dBm)
taken
F1 F2 2F2-F1
USRPMNZ210 + WBX
board (VT o 400 MHz -33 -1.984 -2.054 -68.81 -0.141
361926)
USRPMN210 + WBX
board (VT 361926) o 900 MHz -23.5 -8.736 -8.639 | -84.934 2.29
ff;ﬂhﬁﬂa;:;zﬂ; o 1800MHz -10 2.689 3.013 -26.01 -2.46 ——
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RX Side: IIP3 Test Results

L

[IP3 (USRPN210-WBX Daughterboard with Calibrated readings )

100

c 80
G
§ 60 y = 1.0044X - 0.3753
0 o~ 40 y = 2.705X - 4.3434
o g
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=3
© 40
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ko <
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=
° 3
& o
o n
2 Signal Genergtor reading @ 400.4 MAP(dBm)
S -100
N —0— F1 @ 400.4 MHz —&— IMD @ 400.7 MHz

-------- Linear (F1 @ 400.4 MHz) <eeeeeee Linear (IMD @ 400.7 MHz)
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RX Side: Received Power Stability

Test
“

SIGNAL GENERATOR USRP with RF Daughter
: : COAX
(Generates input signal @ CABLE Board HOST COMPUTER
400MHz, 900 MHz and : GB g
1.8GHz) (Behgves as RX; RFZ ETHERNE (Executes the
takes input from Signal CABLE UHD_FFT.py, plots the
Generator, O/P signal via Received Sp’ectrum)

Attenuator

Input Change in Pout on UHD_FFT across frequency in steps of 500 MHz (dB)

USRP Type | Power set

{dBm) 100 MHz to | 500 MHz to | 1000 MHzto | 1500 MHz to | 2000 MHz to
500 MHz 1000 MHz 1500 MHz 2000 MHz 2500 MHz
&0 2.E1 4.78 1.65 2.42 NSA
USRPNZ210
+ WEX =30 2491 4.64 i.79 2.29 MSA
=10 3.02 5.01 1.43 2.49 MSA
&0 MFA 1.85 -3.43 2.00 140
USRPNZ10
=30 MJA 179 115 2.80 4.58
+ 58X f
=10 MFA 1.e8 -3.15 2.07 5.B3
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TX Side: Frequency Stability Test

SPECTRLUM ANALYZAER

USREP with RF Daunghter

——_

HOST COMPUTER
GB ETHERNET

(OVp Spectrum plot and A
carrier frequency measure (G CABLE Board - CABLE {ES}L[ECUtES S d
SO0OMAHz, 900 M= and M . LUHD SIGGEMN. py an
1. 8GHz=) {_:B-EhEI‘i.-‘E.s- as TX: RF1 tflkes generate a sine wave (@
| Input dlgltﬂ.l EEJIIPIEE trom T n) MI_IZ, Iz & 1.8
host computer) GHz)
I
( Attenuator )
Average Frequency Deviation from the
Expected Frequency i.e. Actual measured Average Frequency Deviation in ppm i.e.
USRP TX frequency — Expected TX frequency on | Awverage Freq. Dev. f Expected Frequency
L spectrum analyzer (over a period of 1 *10°6 (ppm)
hour) (MHz)
400 MHz 900 MHz 1800 MHz 400 MHz 900 MHz 1800 MHz
USRPN210 + WBX -1.27E-04 1.81E-03 -4.83E-04 -0.32 -0.09 -0.27
board
USRPN220 + SBX 2.12E-03 6.91E-04 -1.36E-03 5.31 0.77 -0.76
board
USRP2 + WBX Board 3.22E-03 8.53E-03 1.70E-02 8.05 9.47 0.01
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TX Side: Variation with TX Gain Test

SPECTRUM ANAILYZYER

(Ov'p Spectrum plot helps
measure peak Amplitude of
o/p signal (@ 400MH=z, 900

MHz and 1.8 GHz)

-

COAN
CABLE

USRP with RF Daughter
Board

Y

- ({Behaves as TX: RF1 takes

-

ETHERMNET

L) H]

CABLE

i

input digital samples from
host computer via UUSB)

Gain Value denoting the start of
IMD products near -30 B for the

USEP # Tone transmitted signal [Sampld T Tone transmitted signal [Lampd
=0.707} [dEm} = 0,354} [dBm}
4040 MH=z | 9040 MH=z 18040 MHz | 400 MHz | 900 MHz | 1300 MHz
USEPFNZ10 + WEX board =1 =1 31 31 31 31
USREPFNZ10 + SEX bosrd 25 25 25 25 Z8 31
USREPZ + WEBX board 4-25 5-25 5-25 2-10 8-10 5-10
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UHD SIGGEN.py and
generate a sine wave
400 MH=z, 900MH=z &
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TX Side: O/p Power Vs TX Gain Test

Results

.

Transmitted Power Vs TX Gain, Single Tone test
(USRPN210-WBX DB)

=@=—400 MHz

35  —#—900 MHz

=0-1800 MHz

Output Power (dBm)

_25

TX Gain (dB)
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TX Side: O/p Power Vs TX Gain

Results - 3

L

IMD Power wrt Fundamental tone Power Vs TX Gain (USRPN210-WBX DB)

5 10 15 20 25 30 35

-10

-20

-30 =0—|MD in dBc @ 400 MHz
=0—IMD in dBc @ 900 MHz

PF1] (dBm)

=0-MD in dBc @ 1800 MHz

IMD POwer wrt Fundamanetal tone Power [P, 4 -

-70
TX Gain (dB)
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Power Reference table: Transmitted

Power variation with TX Gain
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Path loss modeling at CORNET

.

* Use received power with and without calibration
factors - helps check if exponent adhered to any
particular model

* Log normal distribution helped get value close to
expected results [5][6]

* Helps understand characteristics of the environment
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Path loss modeling Results
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Position Location Estimation

.

* Important and recently generated lot of interest
* Helped analyze effect of calibration factors in our case

* Algorithms Considered:
» Simple RSS based [7]
> CDRSS based [8]

* Flow graphs Used:

» UHD_FFT.py (predefined; calibration factors : -35.5 @400

MHz)

» power_measure_QT sink (custom developed; calibration

factors:-62.8 @400 MHz)

Performance Characterization of USRPs
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Results of position location

I

* Simple RSS and UHD_FFT

Root Mean Square Error
Numberof | Calibrated Received "“‘ﬂ“""‘"
nodes/ Power Power (dBm) R [ﬁ; e
3 Receiver
Nodes 0.55 0.53
5 Receiver
Nodes 0.26 027
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Results of position location - 2

+ Simple RSS and QT sink —

Using Using Simple RSS Based
power measuce QT Sk | et | DRSS Based Algorith sower measure L Skt P CORSS Based Algorithm
Number of Nodes RMSE [m) RMSE {m) Number of Nodes RMSE m) RMSE (m)
Un-
ml
Calibrated | Un-Calibrated | Calibrated | . jiprated Calibrated | Un-Calibrated | Calibrated
3.00 0.26 0.46 0.68 0.68 Calibrated
3,00 0.56 0.62 0.39 0.39 5.00 0.54 0.57 0.23 0.3
3.00 0.72 0.78 0.51 0.51 5,00 0,19 0.22 0,48 0.48
3.00 0.70 0.70 1.50 1.50
3.00 1.06 112 1.02 1.02 200 0.32 0.57 0.68 0.68
Average 0.66 0.73 0.82 0.32 A'n‘!l'ﬂﬂ! 0.42 0.45 0.46 036
Standard Deviation 0.29 0.25 0.45 0.45 Standard Deviation 020 0.20 FE 0.3
95 % Confidence Intarval 0.26 0.22 0.51 0.51
95 % Confidence Interval 0.17 0.18 0.26 0.26
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Summary & Future work

.

* Characterization - helped understand the performance
capabilities of USRP devices and importance of Calibration

* Path loss modeling in CORNET useful for research
purposes

* Position location further extendable to CORNET

* QT_Sink flow graph methodology - good substitute to find
power measure

* Possibility of automation using programmable signal
generators

Performance Characterization of USRPs 23 @VlrglnlaTECh

Invent the Future®




Bibliography

L

1. Software Defined Radio: Architectures, Systems and Functions (Markus Dillinger, Kambiz
Madani, Nancy Alonistioti) Page xxxiii (Wiley & Sons, 2003, ISBN 0-470-85164-3)
https://github.com/EttusResearch/uhd
http://code.ettus.com/redmine/ettus/projects/uhd/wiki/GNU_Radio_ UHD
http://en.wikipedia.org/wiki/Calibration

T. R. Sontakke B. R. Jadhavar, "2.4 GHz Propagation Prediction Models for Indoor

Wireless Communications Within Building," International Journal of Soft Computing and
Engineering (1JSCE), vol. 2, no. 3, July 2012.

6. John S. Seybold, Introduction to RF Propagation. Hoboken, NJ, USA: John Wiley & Sons
Inc., 2005.
7. Ayad M. H. Khalel, "Position Location Techniques in Wireless Communication Systems,"

Department of Electrical Engineering, Blekinge Institute of Technology, Karlskrona,
SWEDEN, M.S Thesis 2010.

8. Islam Alyafawi, Desislava Dimitrova, and Torsten Ingo Braun, ""SDR-based Passive Indoor
Localization System for GSM," in SIGCOMM Software Radio Implementation Forum (SRIF),
Chicago IL, 2014.

ViR w N

Performance Characterization of USRPs 24 @VlrgmlaTECh

Invent the Future®


http://en.wikipedia.org/wiki/Special:BookSources/0470851643
http://code.ettus.com/redmine/ettus/projects/uhd/wiki/GNU_Radio_UHD
http://en.wikipedia.org/wiki/Calibration

\

aaaaa e nuwahunua

o [| lesekkur Berim

cnacu601 i o aka
= Ei ? g,E = ..'E asanla manana
—_——=— = obrigats &3

E ==
—=§8S=8 mmmuchchakkmam ]

ankusl COE, i

= (zigku ﬁ'ﬂ W=gu raibh maith agat -

Uh"ﬁiﬁ -3§,Hm"ya%hu? "i?ﬂ'“ arigato = dakujem e

S mctima = 10][[112 (S]] 0 2 o g il = Mepcu
== g :MeICI

Performance Characterization of USRPs 25

hleal

danknn




	Performance Characterization of USRPs
	Outline
	Software Defined Radio (SDR)
	Hardware and Software Utilities 
	Calibration & its Necessity
	USRP Calibration Experiments	
	RX Side Characterization	
	TX Side Characterization	
	RX Side : 1-Db Compression Point Test
	RX Side: IIP3 Test
	RX Side: IIP3 Test Results
	RX Side: Received Power Stability Test
	TX Side: Frequency Stability Test
	TX Side: Variation with TX Gain Test
	TX Side: O/p Power Vs TX Gain Test Results
	TX Side: O/p Power Vs TX Gain Results - 3
	Power Reference table: Transmitted Power variation with TX Gain 
	Path loss modeling at  CORNET	
	Path loss modeling Results
	Position Location Estimation 	
	Results of position location
	Results of position location - 2
	Summary & Future work
	Bibliography
	Questions

