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P ™ | oRa LPWAN wireless technology iazii ot

Semtech's LoRa provides
low-power long-range
transmission enabling
several years of operation
on batteries
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P ™ High building=Ilarge coverage (WNAZINUDY

© LoRaWAN gateway on top of Danang's DSP building by Fabien, U. Danang
and DSP team. Almost 26kms! Congrats Fabien!




HATCHERY EXPERIMENT, BURKINA FASO

1 Laboratory named Laboratoire
d’Etudes des Ressources Naturelles et
des Sciences de I'Environnement
(LERNSE)

1 NAZI BONI University ina small village
of Bobo-Dioulasso city

1 Sensors are placed in a hatchery and
the box is placed outside of the
building

KUMAH FARM, GHANA

QO The Kwame Nkrumah University of
Science and Technology (KNUST)

O Located on the campus of the Kwame
Nkrumah University of Science and *
Technology in Kumasi, Ghana.

QO The farm comprises 30 constructed fish
ponds, a farm house, a recirculating
aquaculture system (RAS) laboratory and
store houses.

LOW-COST BUOY FOR FISH FARMING

Pipe fixed at the bottom of
the pond

Solar Panel

Water-proof box with 2 sensors
inside (temperature, humidity)

Buoy
3 Water Sensors (pH, Dissolved
Oxygen, Temperature) 30 cm
below surface

Mesh tube to protect the sensors

CNAZIUELY

In Sub-Saharian Africa, the volume of natural captured fish doesn't
meet half of the population demand

Increasing production of aquaculture will help reduce the quantity of
imported fishes in Africa

The aim is to monitor in real-time different parameters to control
water quality and prevent some diseases that could affect fish in
order to improve the quality and quantity of the production

SANAR FARM, SENEGAL

0 Farm located at less than 2 km from UGB.

O One pond is dedicated for the Waziup
application : 50x25m, average depth of 0.5
meters, populated by 4000 individuals of
saltwater tilapia.

0 The basin is irrigated via a water supply system
fed by a riverin proximity.

0 The water in the pond is changed every 10 days




UBG FARM, SENEGAL SOIL HUMIDITY SENSOR FOR AGRICULTURE

L als

Monitoring soil moisture and other
parameters to provide insightful
recommendations and notifications to
farmers, and advisors



LOW-COST COLLAR FOR CATTLE RUTLING: CIMEL FARM, SENEGAL
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A web interface displays the position of the gateway those of the remote GPS devices

In Africa, the practice of animal husbandry has
always been and still remain farmﬁrs’livelihood 0y
and incomes TP
Their main problem in this activity erain the

- cattle rustlingand some families are put in

dramatic situation after a theft (reported 2

billions CFA losses)

LOCAL WEATHER STATION FOR AGRICULTURE

In agriculture, different factors can be monitored. Having the ability to control those factors is the
key toincrease the productivity.
Agriculture MVP requirements:

Obtain and produce weather related
information which will be used to advise the
farmers!

_I'lﬂvrllopenweaharmaporgl

Combine with
open weather
data to

get more
accurate

4 predictions

Get local weather

measurements
Weather Web App

Pilot sites: Senegal, Togo, Ghana, Burkina Faso
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=___ Deployment in rural areas GNAZILSY
no high building ® (NAZE )

® Expected range: about 2-4kms

@® 1-hop connectivity to gateway is difficult to achieve in
real-world, remote, rural scenarios
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P " 2-hop long-range approach NAZINUD)

® smart, transparent relay node should be able to be inserted
at anytime between end-devices and gateway to increase
range
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© 2 possible approaches

@® Use periodic & short Channel Activity Detection (CAD) to detect uplink
messages (recent draft from Semtech)

@ Use an observation phase (full receive mode) to determine device's
schedule
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™ Our relay's design choices s ZHNUb

@© Observation phase + data forwarding phase

@ CAD reliability decreases as distance increases
@ A CAD returning false does not mean that there is no activity!

© On-the-fly learning of incoming traffic from end-devices:
observation phase

@ Just-in-time wake up in data forwarding phase
@®© Deep sleep between 2 wake up

@® No additional hardware =>» low-cost sensor nodes can
be recycled as relay node

Arduino Pro Mini @3.3V RFM95W
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NAZI

P="=m Observation phase AZINL

@ Device i wakes up and transmit every | _target |
@® Target TX time for device i: TO_i+n*| _target i
© Real TX time for device i: TO_i+n*| _real i
@ | _real _ifrom device i is determined during observation phase

Note that | real i can also take

Device i | real i ToA i _ o

— : ) into account pkt collisions that are
Device |_real | ToA | resolved with some kind of back-
Device k |_real_k ToA k off procedure
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@® Minimize
quard time _§1

M. Diop and C. Pham, "Increased flexibility in long-

I 11 I range loT deployments with transparent and light-

| | i weight 2-hop LoRa approach", 11th Wireless Days
conference, Manchester, UK, April 23-25, 2019.



P " Extending with similarity detectio

@ Find similarities between measures to avoid both waking-up and

transmission to gateway

® Reduce energy consumption + help enforcing duty-cycle

S2:

SH/45
SH/43
SH/43
SH/43
SH/44
SH/44

S1:

SH/44
SH/44
SH/46
SH/46
SH/46
SH/45

S3:

SH/46
SH/44
SH/43
SH/43
SH/44
SH/43
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P "= Similarity function

©® Many functions can be used to compute a similarity level
© Example with Euclidian distance

R;

R,

Ti1yTigy Tigy Tigy oo o5 T4

T

_rjl,er,er,rj4,...,ro_

Eqg ={Eq(R1,R2), Eq(R1,R3),...,Eq(Rn-1,RN)}

@® Gaussian normalization

Eu(Ri,R)—-Y 1

O X o 2

E"(R;, R;) <€, where € in|0, 1]

WNAZIUTY)
(WNAZINUD)Y)
T

Ed(Riij) — Z(r% _rjk)Q

\i=
— ZLd—_'1 di Mean of all distances
Y =
d|
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P~ " Avoiding message forwarding

S1: S2:

SH/44 SH/45
SH/44X SH/43
SH/46 SH/43X X
SH/46 SH/43

{ X = not forwarded, last value suppression

|

| X
SH/46 SH/44 14 627 3 85 14 62 7 3 8 14 62 7 85

3

SH/45 SH/44 . .
1st sensing period

2nd sensing period

3rd sensing period

similarity detection phase

After the initial similarity detection phase (e.g. with m =
3), some redundancy patterns can already be identified and
the relay can decide to not forward some messages. With
the previous datasets example, the relay computes E; =
{3.31,3.60,1.41} with Eq. 1 and computes E/(Ri, Ry) =
0.59, E/(R1,R3) = 0.64 and E/,(R2, R3) = 0.26 with Eq.
2 where Y = 2.77, 0 = 0.97 and |d| = 3. If the application
defines ¢ = 0.3 then the relay can decide that devices S2
and S3 are redundant each other.

1 similarity detection phase

similarity patterns are updated

(SNAZIUTY)

«NAZH

)

| (X) = not forwarded, similarity detection

X X X X D) x ® |
14 62 7 3 85 14 62 7 3 85 14 62 7 3 85 14 62 7 3 85

3rd sensing period

2

s1 | s2]s3
44 | 45 | 46
a0X| 43 | 44
46 | 43X| 43
46 | 43 | 43
46 | 44 | 44
45 | a4 | 43

E'd(Rz,R3)=O.266 <03

4th sensing period

2

s1 | s2 | s3
44 | 45 | 46
a8X| 43 | 44
46 | 43X| 43
aeX| 43| 4
46 | 44 | 44
45 | 44 | 43

E'd(Rz,R3)=0.265 <03

5th sensing period

|

6th sensing period

s1 | s2 | s3
a4 | 45 | 46
aaX| 43 | 44
46 | a3X]| 43
46X 43X]| 4

46X| 44 | (%)
45 | 44 | 43

s1 | s2 | s3
44 | 45 | 46
44| 43 | 44
46 | 43X]| 43
46X| 43X| 43X
aeX| 44 | @4)
£ (a5 | aaX[(%)

E'4(R,,R3)=0.264 <03

~

E'4(R2,R3)=0.266 <03

13



P~ " Avoiding wake-ups

similarity patterns are updated

similarity detection phase

A

WNAZIUTY

«NAZH

| ) = not forwarded, similarity detection

|

X X X X ) x ® |
14 62 7 3 85 14 62 7 3 85 14 62 7 3 85 14 62 7 3 85

similarity patterns are updated

similarity detection phase

[ @) = no wake up, similarity detection

@ X X

X

14 62 7 3 85 14 62 7 3 85 14 62 7 3 85 14 62 7 385|

3rd sensing period

s1 | s2 | s3
441> 4541206 4>
44e> 4344 4>
46¢P> 43443 4>
46 | 43 | 43
46 | 44 | a4
45 | 44 | 43

E'4(R2,R3)=0.266 <0.3

=

4th sensing period

5th sensing period

6th sensing period

E'4(Ry,R3)=0.286 <03

L)

No wake-up
for S2

E'4(Ry,R3)=0.273 <03

L]

No wake-up
for S3

s1 | s2[s3 s1 | s2 | s3 s1 | s2 [ s3
44 | 45 | 46 44 | 45 | 46 44 | 45 | 46
44 | 43 | 44 44 | 43 | 44 44 | 43 | 44
46 | 43 | 43 46 | 43 | 43 46 | 43 | 43
aoX [ 434— 46X 43X

46 | 44 | 24 |:> 464>44

45 | 44 | 43 45 | 44 | 43 »

E'4(R,,R3)=0.280 <03

L

No wake-up
for S2
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P~ "8 Handling missing values

®© Use N/A when not
waking-up for
Sensor |

© Replace N/A by

from sensor |

@® Other
alternatives?

© For some pairs of
sensors (i,j)
similarity level can
be computed up
to different k
values

1 M=10

NAZI

NAZH
p. | SL |s2 |s3 p. | S1 |s2 |s3 p. | ST [s2 [s3
0 0 0
1 [| aaepasePpace> | 1 | saepasepacer | 1 | 44ep 45ep a6ep
2 | aaeprazepas <> | 2 | saepazepaser | 2 | a0eb a3eb ssep
3 || s6ePazepraz > | 3 | 46«pa3paz < 3 | 46ep 43¢ 43¢p
4 4 | aoX NI 43« | 4 | 46ePaseda
5 5 5 46(""44i
6 6 6
7 7 7
8 8 8
9 9 9
p. |51 |s2 |s3 p. | S1 | s2 |s3 p. | ST |2 |s3

0 0 0
1 | ssePasePace> | 1 [ saePasePas e | 1 | sa+Pas Pras 4>
2 | sanpazepas > [ 2 [Pz epas > [ 2 | aaepraz pas <>
3 | aeepazeaz > | 3 [ acePadepas > | 3 | a6 ePuzepas 4>
4 | sePasepae | 4 | seePasePadetr [ 4 | a6yeras x>
5 | sePaseaz > | 5 | seePaaepaz > [ 5 | aerefras <z <>
6 | 45 -E)@» 6 | a5+Paseade> | 6 | 45 <as <3
7 7 45)@--»44%_ 7| as)eprasyea3 <>
8 8 8 | 4sx 435>
9 9 9
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© : : CNAZIUTY)
B ™4 Implementation issues WAZi

©® How to implement the proposed approach on low-memory
device (e.g. ATmega328P with only 2KB of RAM memory)

® A measurement table stores the M (e.g. M=10) last values from
devices

@ A similarity table of size d= n(n-1)/2 stores the similarity scores,
n being the number of connected devices

2 3 4 5 3
FIlF|{T]|F

[EEY

(2N LN Buall
w
N

index 1 2 3 4 5

@ A schedule table will be used to store the next wake-up
schedule for the next periods

16



P "= Schedule table

1 2 3 4 5
1 (1) - F) | -
1=4 F(4) T(4)
(a)

1 2 3 4 5
3 1) M2 F2) F1) FR)
3=5 F(4) F(3) [F(3) [1(4) F(3)

- _F(5) F(5) | - [(5)

(c)

o b~ XK

2 3 4 5 3 4 5 4 5 5
FIF|IT|F]T|F|ITJF|T]F
1 2 3 4
1 2 3 4 5 6 7 8 9 10
1 2 3 4 5
2 M) M2 FR) F1) FQR)
2=3 F(4) F(3) [(3) [(4) FB)
2=5| - F(5) F(5) | - [(5)
1 2 3 4 5
(b) i .
1=4 Il ﬁ
1 2 3 4 5 T(1) |F(5) [F(5) [F(1) [r(5)
I
T 254 A S B A (a)
- _F(5) F(5) | - [(5)
(d)

o U b~ x

NAZIUTY)
«NAZEH
1 2 3 4 5
A R R B A
B e

(b)
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= : WNAZIUTY
"™ Conclusions iy urrig iy

@ 1-hop to GW can be challenging in real-world, rural areas
@® 2-hop LoRa will provide much higher flexibility in deployment

© Embedded similarity detection mechanism

@®© avoid both waking-up and transmission to gateway
® Reduce energy consumption
@®@ help enforcing duty-cycle

@ Euclidien distance used but other functions can be also used

@® Future works

@ Include comparisons between similarity functions
@ Investigate other alternatives for handling missing values
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