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Strategic partner for the development and transfer of innovative solutions, connecting the academic world
and the research with the real needs of companies.
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HEAP LEACHING
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Source: superfund.arizona.edu



THE PROBLEM

e Low flow affects copper extraction efficiency e Current approach based in human reading
e High flow can collapse the heap e Not accurate

e Millions of dollars in losses e Low sampling rate




THE PROBLEM

Contest launched by Telefénica I+D to monitor acid
flow going into a copper heap.

Requirements

Low cost loT device.

Flow monitoring every 10 minutes
LoRaWAN connectivity

Run on batteries for 6 months
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El Teniente Mine

(Source: mineriaenlinea.com )




OUR PROPOSED SOLUTION

IR Emitter \

drop

/ IR Receiver

Where:

F = estimated flow

n = number of drops

V = average drop volume
T = sampling period
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DROP DETECTION

Filter Output

400

Drop detector

300 —

200

100

0
0

JARFIRERWARRARAIRERTATEIRRRYFARN YR RRNT AR, Ll

0.5 1 1.5

sl asinlidi o

RATRRTNNRP ARV ARTRNAR VI NRRTERERESRENST ARURRTARR

2 2.5
Sample

— IR Detector Right
— IR Detector Middle
IR Detector Left

IRFRYRENT AR AREERTRREYAPRIIT RS AR ARRN !

3 3.5 4




DROP DETECTION
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THE DROPWATCHER



HOW IT WORKS
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LoRaWAN architecture

END DEVICES

LORA PHY
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APPLICATION
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APPLICATION
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SERVER -
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Source: zerynth.com




\ LoRaWAN communication stack

Application

LoRa Modulation




OUR LORAWAN SETTINGS

Class A: minimum average power consumption.

o Two short receive windows after uplink

US-915 band
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L oRaWAN on RIOT



Everynet
Gateway v2.1

Modtronix
inAir9A
(SX1276)

Modtronix
NZ32-SC151

THE INCEPTION




LORA MODULE (SX1276)

Pull Request of SX1276 driver
(#6002)
Netdev adoption

Currently merged with support for
SX1272 too.

Application

netdev

SPI

|

SX1276 LoRa module




e |IBM LoRaWAN implementation

o Implements Class A and Class B
©  Arduino LMIC

® Proof of Concept
e On-going PR (#7640)

Application

)
LMIC API

SX1276 LoRa module




SEMTECH LORAMAC

Reference implementation
o ClassAandC
o ADR

Ported just the MAC layer
Flaws during OTA

o  Some part of the logic runs in ISR

context
o ISR overflow in some boards.
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\ MODIFIED SEMTECH LORAMAC
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LOW POWER

® Stop mode not implemented for
STM32L1 CPU.

o Used Unwired Devices Low Power
Management implementation

e Unable to reach CPU power consumption
in stop mode
© 40 uA while in stop mode

o Wegot0.5uAinaNucleo Ll in a further
iteration, same software and CPU.




SOME TESTS

® Settings
o Unconfirmed messages
o 8 bytes payload
o  Sending every 30 seconds
o 14dB

® > 99% Packet Reception Rate
e Board ran out of batteries (2300 mAh) after ~ 40 days

o  As expected!



SOME TESTS

Node | # Packets PRR SNR RSSI

1 5502 99.3% 11 dB -26.2 dB
2 5505 99.7% 9.7 dB -22.2dB
3 5581 98.8% 10.1dB -34.3dB
4 5476 98.8% 10.4 dB -31.9dB
5 5560 99.7% 10.6 dB -24.4 dB
Avg 5524 99.26% 10.36 dB -27.8 dB




Deployment & Results



DEPLOYMENT: July 7th, 2017




AFTER A WEEK




ENDURANCE

e Nodes were shut down on september 22nd.

Bateria
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LORAWAN PERFORMANCE
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LORAWAN PERFORMANCE

Statistics by device

Packets by datarate

Device EUI

Uplink packets
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DROP SENSOR
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LESSONS LEARNED

® LoRaWAN performance

o) Low Power

o Range
e Design process is crucial
o Fail fast

O  Unit test vs Integration test

e Importance of community
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EPILOGUE

® Future of the DropWatcher?

e Let’sintegrate LoORaWAN into RIOT!
o LMIC
o  Semtech LoRaMAC
0  GNRC LoRaWAN stack?

Github Inria-Chile: https://github.com/Inria-Chile/RIOT



https://github.com/Inria-Chile/RIOT

TheDropwatcher

A REAL WORLD LORAWAN APPLICATION ON RIOT

y 4

lrrzia —



