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Exploring COTS, LoRa, GNU Radio, and RF Ranging

o COTS Internet-of-Things (IoT) transceiver technology

provides a useful set of features for RF aided

complementary Positioning, Navigation, and Timing (PNT) ~ _ FILSIRCOK Miopy |
B Y Sale § Bluetooth Model: LoPy1.0 C€ 0700
o Long Range: More than 10km o mAeEEEE = e
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o Leverage GNU Radio to prototype a LoRa RF ranging
Python block without requiring access to physical layer
measurements from the loT transceiver

o Leverage this LoRa RF ranging block as part of a low cost
experimental RF ranging system based on loT transceiver
technology with low SWAP-C SDRs
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Low Cost: 0T transceivers are inexpensive
Low Power Consumption: IoT transceivers can operate for many years
Majority of modules lack access to PHY for supporting PNT

PNT Sub-GHz Software Defined Radio (PUGS)
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Low Cost SDRs and IoT RF Modules

RTL-SDR: LoRa Sub-GHz Modules:

* Extremely Inexpensive * |nexpensive $40.00 USD

* Tuning: 500 kHz up to 1.75 GHz $21.00USD e 433 MHz, 868 MHz, and 915 MHz

e 1PPM TCXO oy ﬂ%%;% #3 * Bandwidths: 125 kHz, 250 kHz, e “°7°°
e Max sampling rate is 2.4 Msps e and 500 kHz SRR
e ENOB s ~7 bits e 157 dB maximum link budget

e USB Interface e +14 dBm high efficiency PA

Pluto SDR: $99.00 USD LoRa 2.4 GHz Modules :

* Inexpensive

* Tuning: 300 MHz up to 3.8 GHz
 Bandwidth: 200kHz to 20 MHz

* Max sampling rate is 61.44 Msps
e 12-bit bit DACs and ADCs

e USB Interface

* |nexpensive

* Ranging Engine, Time-of-flight
function

* Bandwidths: 125 kHz, 250 kHz,
500 kHz, and 1.6 MHz

* +12.5 dBm high efficiency PA
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Components of PNT Sub-GHz SDR (PUGS)

ENTIRE PCB REDESIGNED

REDESIGNED THERMALS FOR LOWER NOISE

ESP32 Dual Core (HELPS FIX LBAND HEAT VCO
. . : . IMPROVED FRONT END DESIGN LOCK PROBLEM)
3V3 Ulta-low Noise  LoRa transceiver 32Mbit  Microcontroller and (HIGHER SNR IN LBAND)
switching regulator flash WiFi/Bluetooth 4.2 radio Sisis BETTER LDO
(LOWER VOLTAGE OPERATION)
memory (SWITCHABLE IN SOFTWARE) 1PPM TCXO SV LINE
T2 FERRITE CHOKE
SMA FEMALE
CONNECTOR
WS2812 RGB ”pycom ’ ”| Internal WiFi
Multi-color LED v GO INVENT opy — and Bluetooth
Bluetooth Model: LoPy1.0 C€0700 i Antenna
LoRa WiFi FCC ID: 2AJMTLOPY1R
AdARAadAaAdaraana ADDITIONAL ESD 7~ :
_ ‘ PROTECTION CLK SELECTOR USB RF CHOKE
External LoRa 7 RF Switch —— DIRECT SAMPLING CIRCUIT JUMPER  GPIO EXPANSION (REMOVES USB NOISE)
] FOR HF RECEPTION PORTS
antenna connector wirpmiTer)  EXPANSION
. U. FL connector PORTS STANDARD/OTHER BRAND RTL-SDR
Reset Switch (NOISE FLOOR FULL OF SPURS)
__ RIL:SDR.COM TOUGH METAL ENCLOSURE
= T ﬂ_ (REDUCES INTERFERENCE)
@ISt ial” )
THERMAL PAD COOLING
(REMOVES HEAT FROM PCB AND
TRANSFERS IT TO THE METAL CASE
RESULTING IN NO HEAT RELATED RTL-SDR V3 NOISE FLOOR
VCO LOCK PROBLEMS) (SIGNIFICANTLY REDUCED
SPURS/BIRDIES)
Image courtesy of
https://docs.pycom.io/chapter/datasheets/downloads/lopy-specsheet.pdf

Image courtesy of https://www.rtl-sdr.com/buy-rtl-sdr-dvb-t-dongles/
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Components of PNT Sub-GHz SDR (PUGS)

JST connector
for LiPo Battery

USB serial port

Micropython

USB to serial .
converter Raspberry Pi 3 Model B
GLONASS
GPS
MicroSD
card slot
Accelerometer
Image courtesy of https://pycom.io/wp- Image courtesy of _ Images courtesy of o
content/uploads/2017/08/pytrackSpecsheetAugust2017n.pdf https://www.raspberrypi.org/products https://commons.wikimedia.org

[raspberry-pi-3-model-b/
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Low SWAP-C Hybrid RF Ranging SDRs

Master Slave

Wireless Transmissions of LoRa Packets
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: ‘f LoRa  WiFi FCC ID: 2AJMTLOPY1R W' iSkio
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Raspberry Pi 3
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LoRa RF Ranging GNU Radio SRt
Algorithm a LoRa RF Ranging
PUGS Node Master Development Python Block PUGS Node Slave

PUGS Hybrid (Active/Passive) RF Ranging Setup based on LoRa Transceiver Technology
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GNU Radio Embedded Python Flow Graph

PUGS Node Slave

PUGS Node Master
025 orsromgmg v embeies myiion

Lora Ranging With Embedded Python
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Components of PNT Sub-GHz SDR (PUGS)

Features of PUGS

* RF Ranging protocols written in Micropython
Python based I/Q data capture scripts on RPI 3
RTL-SDR for LoRa Packet Capture

GNU Radio Installation with a modified gr-lora OOT

Pycom loT .
Transceiver Raspberry Pi3

- WiFi (RPI 3)
Bluetooth

LoRa Q. ‘.,-4 mi_' '
'@ ” =
. w EEY

Pycom loT Pytrack
Board
Multi-GNSS
Receiver
Accelerometer
USB interface
for RPI3
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LoRa Antenna
(Passive) for RTL-SDR
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Antenna
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Exploring RF Ranging and Time Transfer with PUGS

UGS
Master

RF Ranging Time Transfer
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Decoupling RF Ranging Algorithms for COTS

ENSCO’s Timing, Communications, and A I
Ranging Device (TCR-D) il p Priopy |: § One example of a Sub-GHz COTS

B | Bluctooth  Modet:Lopyio C€0700 eSile Communications Transceiver for PUGS
o o | ARG | Narrowband RF Ranging (BW = 500 kHz)

Taffdsaaaaaqaasa N

@k
&

Communications Transceiver

Comms Embedded System
Communications Transceiver
@ Interchangeable

Embedded System COTS Modules

RF Ranging Algorithms + SDR

Ranging Embedded System

RF Ranging Algorithms + SDR

“Assured PNT with a Cell Phone IMU and Carrier
Phase RF Measurements for GNSS Denied
Environments” (JNC 2018)

“Wireless Synchronization Approach to Create -~
Distributed Coherent Phased Arrays” (JNC 2018) T

RTL-SDR.COM a One example of a receive only SDR for

WAL R L X SR SIS
Narrowband Sampling (Fs = 2Msps)
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https://www.ion.org/jnc/abstracts.cfm?paperID=6203
https://www.ion.org/jnc/abstracts.cfm?paperID=6214

Experimental Operation with PUGS

Master Slave
Send Request for Data Capture at Hopped Frequency

;T:—m

% A e o — oY e
B Priopy & Communication Packet from Master rT—
l Bluetooth  Model:LoPy1.0 C€ 0700 kS

b | Bluetooth  Model:LoPy1.0 C€0700 Meiilie

@:‘?l o o e 8§, o Reply Communication PaCket from Slave @ﬁi LoRa  WiFi  FCCID: 2AIMTLOPYIR f i
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Example of PUGS Data Capture dB
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Experimental Operation with PUGS

: Master Send Request for Data Capture at Hopped Frequency Slave
i T gr— 2 Communication Packet from Master
= [T - Reply Communication Packet from Slave
Example of PUGS Data Capture _ dB
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CPUGS (Slave) - Loc 3

WENSCO’

CPUGS (Slave) - Loc 2

CPUGS (Slave) - Loc 1

Two-way Ranging Experiments with PUGS

;g

CPUGS (Master)
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Google Earth

Leveraged Low SWAP-C 2.4
GHz RF Ranging Transceiver
to support PUGS
Experimentation

MicroPython based operation
of lIoT transceivers provided
rapid RF ranging protocol
exploration

Hopped over 26 frequencies in
900 MHz ISM Band

RTL-SDR data capture at each
PUGS for RF ranging
algorithm exploration based
on post processing analysis
Transmitter operating level of
PUGS at 5 dBm

RF ranging measurements up
to ~200 meters

GPS measurements collected
on each PUGS
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Two-way Ranging Experiments with PUGS

Std = 4.8m Mean = 112m Total Obs = 1368

Histogram Ranges at 117 meters
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Two-way Ranging Experiments with PUGS

. Std = 5.3m Mean = 158m Total Obs = 1425

Histogram Ranges at 164 meters
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Two-way Ranging Experiments with PUGS

Std = 8.3m Mean = 197m Total Obs = 1368

Histogram Ranges at 200 meters
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Summary and Next Steps with GNU Radio

= LoRa RF Ranging Python Block with PUGS
demonstrates the feasibility of < 10 meter level
ranging with low SWAP-C COTS loT transceivers
and SDRs without access to RF physical layer
measurements

= LoRa RF Ranging Python block provides a great
experimental framework for exploring additional
PNT research topics with respect to loT
transceivers and low cost SDRs

= Further GNU Radio Python block development is
planned based on Angle-of-Arrival algorithms in a
distributed PUGS configuration
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Questions?

WENSCO®

Wilbur L. Myrick, Ph.D.
myrick.wilbur@ensco.com
(703) 321-4504
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