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O LoRa networks will get densier with a large variety of devices and
data traffic profiles

. . time on air in second for payload size of
O Traditional simple sensor max
LoRa | BW 55 105 155 205 255 | thoughput

-)5m0|| meSSOgeS mode |(kHz) | SF |5 bytes bytes bytes Bytes Bytes Bytes in bps
. . 1 125 | 12 |0.9585 |2.5969 |4.2353 |5.8737 [7.5121 |[9.1505 223
O Traditional multi-sensor > [ 250 | 12 | 04792 | 1165 | L8719 | 25272 |3.2645 | 35199 520
-> medium messages 3 125 | 10 |0.2806 |0.6902 |1.0998 |1.5094 | 1.919 |2.3286 876
4 500 | 12 ]0.2396 |0.6083 |[0.9359 |1.2636 |1.6323 | 1.9599 1041
O Innovative imgge sensors 5 250 | 10 |0.1403 |0.3451 [0.5499 |0.7547 |0.9595 | 1.1643 1752
6 500 | 11 |0.1198 |0.3041 [0.5089 |0.6932 |0.8776 | 1.0619 1921
- |Orge messages 7 250 9 |0.0701 [0.1828 [0.2954 |0.4081 |0.5207 |0.6333 3221
= Time on Air can be of 8 500 [ 9 [0.0351 |0.0914 [0.1477 | 0.204 |0.2604 |0.3167 6442
9 500 8 |0.0175 |[0.0508 |[0.0815 |0.1148 |0.1455 |0.1788 11408
several seconds! 10 | 500 | 7 |00088 | 0028 |0.0459 |0.0638 | 0.083 |0.1009 20212

d Objectives are to reduce packet collisions, thus reducing delivery
latency, and reduce power consumption due to unsuccessfull
transmissions

A Current raw LoRa networks are mainly pure ALOHA systems

d Some LoRaWAN implementations proposes simple Listen-Before-
Talk mechanism
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The uCam is shipped with a 56° angle of view lens but 76° and
116° lenses are also available for various application needs. 7
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96MHz 72MHz 48MHz 24MHz N S
Quality number [size in bytes
Factor encode| packetiza] encode|packetiza] encode|packetiza packetiza of [(compression

Q tion time| packets [ratio)

813 47 19982 (1.64)
322 23 |5090 (3.21)
218 16 |3595 (4.55)
178 13 2842 (5.76)
162 11 |[2461 (6.65)
150 10 2129 (7.69)
139 9 1898 (8.63)
30 224 127 yi 1608 (10.19)
20 223 115 6 1279 (12.81)
10 223 99 4 824 (19.88)
S 223 39 3 503 (32.57)

d Capturing an image and encoding it roughly take 2.3s
ad Time to sync & config ucam is about 400ms
O Time to read raw image data from ucam is 1512ms
O Time of compare with reference image is neglectible
O Time for encoding and packetization is about 300ms 8



TEST-BED

 Pilot test-bed in Gaston Berger University, Saint-
Louis, Senegal, to test all WAZIUP use-cases

d Gateway placed on top of a 30m-high building
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REVIEW OF IEEE 802.11
CSMA/CA

A DIFS, SIFS
d Random backoff [0..W]

HTime slot ; ;
é\ 802.11 mainly runs in

H Successful DIFS I Unsuccessful DIFS infrastructure mode where a
base station is the central point

Di 0.(W-1) of the network

@ - T T R
GCA CCA Stop counting if
channel
R becomes busy

DJ v g

@ sl o ]
CCA

v
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MAC L EAR CHANNEL ASSESSMENT
| WITH LORA .

d CCA uses dedicated LoRa's Channel Activity
Detection (CAD) as data reception can be
done below the noise floor
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10000 20000 30000 40000 50000 60000 70000

o

12 BW=125kHz
s CR=4/5 = 15s ! b
% 0.8 SF=12
i __06 44 bytes
£ 204 ToA=2.27s
8=02 CAD every 100ms
2
5

Time in milli-seconds

»
>

a
A

L 12 BW=125kHz =

2 1 CR=4/5 Fooooooc| 15s ooooooo+ Foooooo+

g os SF=12

o 96 244 bytes

20, ToA=8.82s

<0, CAD every 1000ms

© 0

S 0 10000 20000 30000 40000 50000 60000 70000 80000 90000
<

O

Time in milli-seconds
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LORA CSMA DERIVED
FROM 802.11

d CAD duration is between 1.751,,,, and 2.25T,,
d T, depends on bandwidth & spreading factor
 SIFS & DIFS are mapped to a number of CAD

H Time slot . .
LoRa mainly runs in gateway-
H Successful CAD I Unsuccessful CAD centric mode where a gateway
is the central point of the
network
D, 0..(W-1)

g T =
AR

busy

CAD CAD ,
DJ DIFS v LoRa Tsym duration duration SEHENE RS
@ }HHHHHHH[ |:||:||:| DATA  |eeeenne.. mode (ms) (Tsym) (ms) min value |max value
BW125 SF12 1 32.768 1.86 60.948 60 62
BW250 SF12 2 16.384 1.86 30.474 29 31
BW125 SF10 3 8.192 1.77 14.500 14 16
BW500 SF12 4 8.192 1.86 15.237 15 16
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A node will constantly
perform Channel Activity

Detection to monitor
radio activity

An interactive end-
device is also use
to send both short
and medium size
message to the gw

Simple sensors
will send short
messages to

Teensy32 with a uCamll
camera will be the

sources of large image

the gw
packets to the gw g
g Message
Multi-sensors 8 Device QT type |Traffic profile
nodes will : i |GPS Tracker 5 small |1 message every 10mins
(% send medium % s Soil Moisture 10 small |1 message every 60mins
L . I3 g Smart bin 2 small |1 message every 60mins
[
S Sizeé messages > @ Weather Station 1 medium |1 message every 15mins
E t the gw g g’ Buoy 2 medium |1 message every 30mins
2 » o m Image sensor 3 long |1 image (4-5 packets) every 15 mins
- 2
o
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EXPERIMENT 1
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ARG VRRLRRRLRLRed  *

Sending buoy water data

FHAHH A AR AR F A AR AR S S
Packet number 1

Payload size is 40

ToA is w/4B header 2270

--> CarrierSense?2: do CAD for DIFS=9CAD

--> DIFS duration 61

#H#1

--> Channel busy. Retry CAD until free channel
RRRRRRRRRRRRRRRRRRRRRRRRRRRRRR

--> found busy during 30 CAD

—_> wait duration 1891ms No pkt loss 1 pkt lost 2 pkt lost

-—-> retry
--> DIFS duration 547ms DIFS 17
--> counting for 17 CAD Q

ooy aeies o0 ||| NREMIIOO0O0E) (0o oo

LoRa Sent in 2390ms L
LoRa Sent w/CAD in 6231 30 CAD Stop counting if channel
becomes busy

Packet sent, state O

DIFS | > DIFS

T o N T s
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CAD RELIABILITY?

d CAD reliability decreases as distance increases
d A CAD returning false does not mean that there is no
activity!
A During a long tfransmission (i.e. several seconds),
there is usually at least one CAD returning frue

1.2

-é 1 o000 ool 15s F ® o eoo0e0

% 0.8

2 _ 06 244 bytes

E g 0.4 ToA=8.82s

S~ 02 CAD every 1000ms

@ 0

::% 430000 440000 450000 460000 470000 480000 490000 500000 510000
(@]

Time in milli-seconds
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% 0.8
O> __ 06 244 bytes
"E <D( 0.4 ToA=8.82s
E = 0.2 CAD every 1000ms
T 0
E 430000 440000 450000 460000 470000 480000 490000 500000 510000
(@]

Time in milli-seconds

H Successful CAD I Unsuccessful CAD

......... _ DIFS(TOA4) DATA
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CSMA VARIANTS &
COMPARISON
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Energy consumption comparison

80
DATA (ToA) | ==sseeees 20

LTI

DIFS(ToA.x)

60
50
40

- g ||2|I || I ||4I| |5I|

Number of retries

o

Number of Ecad

o

o

o

B CSMA adapted from 802.11 B New proposed CSMA, Pcad=1
New proposed CSMA, Pcad=0.75 ® New proposed CSMA, Pcad=0.5
m New proposed CSMA, Pcad=0.25 ® New proposed CSMA, Pcad=0.1




| | AR R R R C

d Latency depends on maxToA, i.e. max packet length

d When maxToA is small (only traditional devices)

O CSMA derived from 802.11 has lowest latency and is efficiently
handling packet collisions

O as maxToA is small, vulnerability time is small and...
a ...CAD reliability issue has little impact

d When maxToA is larger (e.g. image sensors)
O CAD reliability is a concern
O To improve robusteness, latency is directly linked to maxToA

O However, it is possible to decrease maxToA by not using the
maximum packet size for image packet

O Overhead is 4 bytes per additional packet

time on air in second for payload size of
LoRa 105 155 205 255 max thr. for
mode BW CR SF 5 bytes | 55 bytes | bytes Bytes Bytes Bytes 255B in bps
1 125 4/5 12 ] 0.95846 | 2.59686 | 4.23526 | 5.87366 | 7.51206 | 9.15046 223
2 250 4/5 12 10.47923 | 1.21651 | 1.87187 | 2.52723 | 3.26451 | 3.91987 520
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d Run on most of Arduino-compatible boards
A Support most of SPI-based LoRa radio modules

SO Arduino_LoRa_temp | Arduino 1.6.6
L] CongducPham / LowCostLoRaGw ©Watch 50 s Star 161  YFork 95
Arduino_LoRa_temp
/* fr—
 ferperare sensor on malog § £ test the Lofa garency ¢»Code () lssues 62 i) Pull requests 2 1l Projects 0 4~ Pulse .l Graphs
* Copyright (C) 2015 Congduc Pham, University of Pau, France
* This program is free software: you can redistribute it and/or modify
* it under the terms of the GNU General Public License as published by . .
¢ the Free Softuare Foundation, either version 3 of the License, or Low-cost LoRa loT & gateway with SX1272/76‘ Raspberry and Arduino

Cat your option) any Llater version

IRV IR

* This program is distributed-imbe bews. dlent b uild
*  but WITHOUT ANY WARRANTY; Arduino 1.6.6 Teensyduino 1.27

* MERCHANTABILITY FITNES . .

+ QU Generl Public Licens D 122 commits ¥ 1branch © Oreleases 22 2 contributors

. . .

? You shauld pove recetved v e —— - e
L ol

. Genuino

+ ARDUINO Branch: master v New pull request Find file Clone or download v
/7 Include the $X1272

#include "SX1272.h"

E— i B v Congduc Pham bug fix in lora_gateway.cpp Latest commit a@daada a day ago
e THE ARDUINO COMMUNITY WORLDWIDE N |

// please uncomment only 1 ch H [

’” LEARN MORE ABOUT THE CONTRIBUTORS ] H H

/7 it seems that both HopeRF oF [CCIXELTAE on arduino.cc/credits ] i Arduino update SMS scripts 15 days ago
// boards we set the initial 1

/" o o

7/ uncament. if your radio is i gw_full_latest bug fix in lora_gateway.cpp a day ago

#define RADIO_RFMO2_95

15 days ago

// uncomment if your radio is

1111100077 [ tutorials update SMS scripts

A/: e : [ .gitignore .DS_Store banished 10 months ago
[E) README.md update README 11 days ago

2 /3.1, Serial, 72 MHz optimized, US English on /dev/cu.usbmodem

LowCostLoRaGw github has latest general distribution:

https://github.com/CongducPham/LowCostLoRaGw




