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∗ 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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Software Defined Radio (SDR)
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∗ 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]
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Hardware and Software Utilities 

UHD: SOURCE

(UHD USRP, Signal 
Source)

UHD: SINK (E.g. WX FFT
GUI Sink, UHD USRP Sink)

CHANNEL FILTER (E.g. 
LPF/BPF)
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∗ 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 - calibration is 
mandatory to get good meaningful results/guarantee best 
performance
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Calibration & its Necessity
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∗ 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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USRP Calibration Experiments
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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

∗ IIP3 Test : Verified the correction 
factors & estimated the linear 
range

∗ RX amplitude stability : Validated 
Amplitude variation w.r.t to 
Frequency

7Performance Characterization of USRPs



TX Side Characterization

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

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

∗ O/p power Vs Gain:
 1 dB Compression Point
Power reference table
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RX Side : 1-Db Compression Point Test
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RX Side: IIP3 Test

SIGNAL 
GENERATOR 2

SIGNAL 
GENERATOR 1

POWER 
COMBINER

USRP with 
Daughterboard

HOST 
COMPUTER

SPECTRUM 
ANALYZER

COAX 
CABLE

COAX 
CABLES

GB 
ETHERNET 
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RX Side: IIP3 Test Results
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RX Side: Received Power Stability 
Test

SIGNAL GENERATOR

(Generates input signal @ 
400MHz, 900 MHz and 

1.8GHz)

USRP with RF Daughter 
Board 

(Behaves as RX; RF2 
takes input from Signal 

Generator, O/P signal via 
GB Ethernet cable)

HOST COMPUTER

(Executes the 
UHD_FFT.py, plots the 

Received Spectrum)
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TX Side: Frequency Stability Test
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TX Side: Variation with TX Gain Test
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TX Side: O/p Power Vs TX Gain Test 
Results
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TX Side: O/p Power Vs TX Gain 
Results - 3
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Power Reference table: Transmitted 
Power variation with TX Gain 



∗ 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 at  CORNET
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Path loss modeling Results
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∗ 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)
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Position Location Estimation 

Performance Characterization of USRPs



∗ Simple RSS and UHD_FFT
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Results of position location
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∗ Simple RSS and QT sink
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Results of position location - 2
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∗ 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
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Summary & Future work
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