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Why Machine Learning with SDR (RF)

ML and RF: very little communication

ML and RF: sometimes misunderstanding persists
SDRs can produce lots of data

Machine Learning needs lots of data

We hope to start building the bridge



Direction Finding: Problem

Direction Finding
Using single receiver find the direction of one or more transmitters

@ Both directional and omni-directional transmitters
@ Transmitters must be at different frequencies
@ Several hardware solutions exist

@ Generally very expensive ($100,000 & above)



Direction Finding: Applications

Studied from the time of first World War
Lots of military applications

© Finding beacons
@ Finding lost soldiers
© Finding enemy transmitters

Lots of civilian applications

@ Rescue at sea
@ Tracking stolen cars

Hardware based solutions (Mostly EE principles)



Our Setup
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Figure 1: Equipment Setup

Direction Finding

Can we solve this problem using
Machine Learning Techniques ?

@ Single transmitter

@ Directional &
Omni-directional

@ Transmission @ 2.4 GHz

@ Single rotating directional
receiver



Our Setup
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Left: Actual 3D pattern

Figure 2: WiFi Yagi Antenna Right: 2 D pattern

Assumes no multi-path

Looks Nice !



Sample Data
Rotations

Tuples: (angle,power) for each rotation

Figure 4: Data Collected Indoors Figure 5: Normalized Data for 360
points



Sample Data
Rotations

Tuples: Average 2200 tuples per rotation

270°f
|

Figure 6: Data Collected Indoors Figure 7: Normalized Data for 360
points



Sample Data

Tuples: Normalized to 360 data points per rotation

270°

Figure 8: Data Collected Outdoors Figure 9: Normalized Data for 360
points




Data Collection

Omni-/Directional transmitter & receiver

Initialize receiver to fixed orientation (6 = 0)

Start rotation using motor and rotate fixed number of times
Record RSSI values corresponding to motor “ticks”

Reset angle to 0 after full rotation

e Angles computed using motor encoder
o Encoder “slips” over a run (many rotations)
o Need to correct for “slip” before getting rotations

Orientation
We use the magnetic North as the fixed orientation of the Yagi



System Design
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Figure 10: Direction Finding System Architecture




GNU Radio Flowgraph

Options Impo Parameter Parameter Parameter
1D: yagi_probe Import: pi m freq ID: samp_rate
Generate Options: No GUI Value: 2.4 | Value: 40 |Value: 28t
Run Options: Run to Completion
Varlable Variable Variable Varlable

UHD: USRP Source 1D: angular_velocity |ID: avg_length ID: rad_to_deg |ID: num_bins
Samp Rate (Sps): 2M Value: 628319 |Value: 10 Value: 57.2958 Value: 1.024k
Cho: Center re (Hz): 2.46

1 FFT

Cho: Antenn:
cho: Bandwidth (Hz) 2m

(1

High Pass Filter

Sample Rate: 2M
Cutoff Freq: 100k
Transition Width: 10k
Window: Hamming
Beta: 6.76

Num Items: 1.024k

o Stream to Vector
ol

High Pass Filter to remove the DC bias and noise

Vector to Stream
Num Items: 1.024k|

FFT
Forw-rd/Reverse. Forward
Window: window.blackmanhar...
Shift: Yes

Num. Threads: 1

! H

Keep1inN
N: 1.024k
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keep each poifit of interest

Skip Head
Num Items: 511

F

skip to the frequency that you are interested in

Transform the data from the time domain to the
frequency domain so that individual

can be viewed. Input is vector of size num_bins
and output is vector of size num_bins.
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magnitude of complex signal is the power

convert the raw power to dBm

Function Probe
1D: power

Block ID: power_probe
Function Name: level
Poll Rate (Hz): 3.6k

Used to find the current power level

Figure 11: GNU Radio Flowgraph for Data Collection



Max RSSI

@@ actual angle
@@ RSSI Max
@@ Decision Tree
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Figure 12: Failure with Max RSSI




Feature Engineering

Rotations can be treated as time series data
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Figure 13: Example: time series features




Feature Engineering

Index (angle) at which max RSSI is obtained after applying Moving
Average Filter

Moving Average Filter at index / with a window of d is defined as:

. > 4 RSSI()
MA(i, d) = =2 2d"+1

@ Total 86 features for time series features
e Total 22 features for MAMV; (d = 3,5,...,45)



Algorithms

Regression Problem

As bearing of transmitter is a continuous variable we use regression

@ Support Vector Regression with e-insensitive loss function
@ Kernel Ridge Regression with squared loss

@ Decision Tree regression

@ ADA Boost with Decision Tree



Feature Selection

Intuition
Total 108 features. Not all may be important.

SVR KRR DT AB
Avg. Error | 26.4° 55.2° 16.2° 22.1°

Table 1: Errors with all features, random 50-50 test/train split

o Feature Selection through pruning using ranking function

@ Feature selection through Recursive Feature Extraction and
Cross Validation (RFECV)



Feature Ranking Profile

Avqg Error vs. Features (1000 iterations)
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Figure 14: Feature Profile for Ranking Based Selection



Feature Selection

o Use MAMV-41, selected as best feature by ranking for
prediction

@ Use MAMV-41 with Decision Tree Regression

@ Use “feature profile” from ranking (78 features) with Decision
Tree Regression

@ Use RFECV features (only selects 3 features MAMV-23,
MAMV-41 and second co-efficient of Welch's Transform) with
Decision Tree Regression

@ Neural net (NN) was used with all features and four layers

MAMYV- MAMV- | Rank RFECV | NN
41 41 (DT)

Avg. MAE | £57.1° +25.9° +15.7° +11.0°| £15.7°
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