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Introduction (motivation)

Agriculture & source of livelihood

Agriculture as
* Source of food supply;
* Country development index;

Lack of production =—> local food
shortages;

Africa spent $64.5 Billions on
importing foods (AfDB, 2017);

Food import will increase to over
$110 Billions by 2025;

- \iy - PAMACC? : “Agricultural production in Africa will explode if technologies are
made available to producers”

'pan African Media Alliance for Climate Change (PAMACC) is an association of African journalists who report on climate change,
F

environment, sustainable development and related subjects : 73
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Introduction (problem)

Challenges of WUSNSs in agriculture

= Communication medium:
SOIL;

=  Mitigation of wireless
communications

=  Changes of soil properties
—> link qualities;

= Water presence —
reflection, refraction, ... of the
EM waves (radio);

= e.g. Intelligent watering
system ;

= Waste of energy when sending data not received
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What if... ?
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Introduction (problem reformulation)

What if each node
was able to predict in
real time whether data
would be received or

lost before it was sent?
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A new path loss model for
Wireless underground
communications
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WUSN-PLM [DAB2020] : A new path loss model for Wireless underground

communications

A model adapted to agriculture in Africa!

Wireless
communication
——— ( ')/ module D
ot I Seedlings

AG-UG-AG

Waterprof
plastic box

* UG2UG, UG2AG et AG2UG AGZUGZAG
B , | 2R
Wy, = —288.8 + 20log| dq.dy.dyy.B. 7. 17R + 8.68ad, (4)
Wy, = —288.8 + 20log(d;. dy.dyg. B-f2) + 8.68ad,, (5)
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WUSN-PLM: theoretical limitation

Is this enough for agriculture application?

OK! A

But, It looks like
theory my friend 'j

N
We need solutions

that work
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WUSN-PLM: experimental field for data collection

P ! N - v (P

Experimen

Drop by drop
irrigation

Fig. Experimental onion field for the collection of data at the botanical garden of the Cheikh
Anta Diop University in Dakar
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WUSN-PLM: performance evaluation

Results and validation of WUSN-PLM

Table 1: Evaluation of performances
PRE ACC  SEN SEL bACC MCC AUC
87,13% 85% 0.92 0.70 81.06 % 0.64 0.92

ROC Curve of the proposed WUSN-PLM

= Graphical metric: ROC Independent of 093 _ et
PLpmax ; oaf 7 |
EO.?— i ’rlf
» Numerical evaluation AUC = 0.92 8l |
& | o
2 04 |
_ “oaf] :
The proposed solution has a |
0.2 '
92% chance of predicting the o
reception or the loss of a data
P J o
0 01 02 0.3 0.4 0.5 06 07 08 09 1

False Positive Rate (1-SEL)

Fig. ROC curve and AUC
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WUSN-PLM: technical limitations

Interesting but ... |
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/ Well done !!
Interesting

resources!

~

However, it seems that
the sensor nodes do not
have enough computing

/
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Lightweight and portable
model for transmission
(FuzDeMa)
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FuzDeMa: why use Fuzzy Logic ?

Q: Can | reach a recipient or not?

= Need of a decision-making tool:

SEND or NOT ? -"' CE?

-

Need of a decision-making tool:

(

I oM. Imere.
Based on Sugeno FIS:

Je suis la
Ich bin da
FuzDeMa = 4inputs;

Edw eipau ‘ - SRS,
; = 1 output (probability of packet’s reception) ;

Aqui estoy

y
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FuzDeMa: Overview of the Fuzzy Inference System

Quick overview of FuzDeMa

(BD=close) & (MST=low) & (LD=close) & (NBD=close) = (Reliability=Vhigh)
R2 (BD=close) & (MST=low) & (LD=close) & (NBD=far) = (Reliability—Vhigh)
10 mput tunctions R3. (BD=close) & (MST==low) & (LD=medium) & (NBD—close) = (Reliability=Vhigh)
(4 trap. & 6 tri.) R4. (BD=close) & (MST=low) & (LD=medium) & (NBD=far) = (Reliability—high)
R5. (BD==close) & (MST=low) & (LD=far) & (NBD=close) = (Reliability=medium)
INP[HS RG. (BD=close) & (MST=low) & (LD=far) & (NBD=far) = (Reliability=medium)
R7. (BD=close) & (MST=average) & (LD=close) & (NBD=close) = (Reliability=Vhigh)
5 output Luriotions R8. (BD=close) & (MST=average) & (LD=close) & (NBD=far) = (Reliability=high)
\ R9. (BD=close) & (MST=average) & (LD=me -\ & (NBD=close) = (Reliability=medium)
Transmitter burial (z;, constants) - T, .
depth (meter) (2) Fuzzy R10. (BD=close) & (MST==average) & (LD- B i ™ —far) = (Reliability—=medium)
ovPUT R11. (BD=close) & (MST=average) & (LD= t ne **—high)
‘| Inference R12. (BD=close) & (MST=average) & (LD- CESSa
Membership — | Y Vv | system R13. (BD==close) & (MST==high) & (LL o u,S'e th I:V h)
functions Soil moisture - R14. (BD=close) & (MST=high) & (LD=close) & (NisL em
tovel $R1IR) () /@ R15. (BD=close) & (MST=high) & (LD—medium) & (N o a]] ?
- R16. (BD=close) & (MST=high) & (LD=medium) & (NB ;‘f;*ﬂBeliabilityfmcu. m)
SZ X & R17. (BD=close) & (MST—high) & (LD—far) & (NBD—cloSMl® (Rel ility—medium)
e 36 reree— R18. (BD=close) & (MST=high) & (LD=far) & (NBOEI ™" £ | Jov)
(meter) (3) V4 rules R19. (BD=far) & (MST=low) & (LD=close) & (NBD ~oaty=Vhigh)
Zn_ a: X Z: R20. (BD=far) & (MST=low) & (LD=close) & (NB]?— ?AbiIiLy:Vhigh)
=171 L R21. (BD=far) & (MST=low) & (LD=medium) & (I Reliability=Vhigh)
3 ?=1 a; R22. (BD=far) & (MST=low) & (LD==medium) & | ( (Reliability=medium)
Neighbour burial R23. (BD=far) & (MST=low) & (LD=far) & (NBD=¢ (bility=medium)
depth (meter) (2) a; : degree of R, R24. (BD=far) & (MST=low) & (LD=far) & (\IBDrfé-;ilit.yzlow)
H_/ z;: output constant of Ri R25. (BD=far) & (MST=average) & (LD=close) & (NBD=close) = (Reliability=Vhigh)
Fuzzy sets R26. (BD=far) & (MST=average) & (LD=close) & (NBD=far) = (Reliability=medium)
R27. (BD=far) & (MST=average) & (LD=medium) & (NBD=close) = (Reliability=high)
R28. (BD=far) & (MST=average) & (LD=medium) & (NBD=far) = (Reliability=low)
R29. (BD=far) & (MST=average) & (LD=far) & (NBD=close) = (Reliability=medium)
R30. (BD=far) & (MST=average) & (LD=far) & (NBD=far) = (Reliability=low)
»| R31. (BD=far) & (MST=high) & (LD=close) & (NBD=close) = (Reliability=high)
R32. (BD=far) & (MST=high) & (LD=close) & (NBD=far) = (Reliability=medium)
We n eed to red u ce t h e e ne rgy R33. (BD==far) & (MST=high) & (LD=medium) & (NBD=close) = (Reliability=medium)
o R34. (BD=far) & (MST=high) & (LD=medium) & (NBD=far) = (Reliability=low)
consum pt ion ! R35. (BD=far) & (MST=high) & (LD=far) & (NBD=close) = (Reliability=medium)
R36. (BD=far) & (MST=high) & (LD=far) & (NBD=far) = (Reliability=Vlow)
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FuzDeMa: improvement and reduction of the number of rules

Reduction of rules before calculation!

= Low humidity + comm. UG2UG +

distance = 10m : 1 rule (R22)
R22: (BD=far) & (MST=average) & (LD=medium)
& (NBD=far) )=>(Reliab=medium)

= |If buried transmitter :
= 18 rules needed;

" Forles comm. UG2UG:

" 9rules needed; » Reliab(medium) = 0.5 <~ % chance to
- ~ receive a packet

Ide [o,5 Rule R
_ (NBD : 20em) -[ ( el ]_) is considered (1)
(
Rules R;, Even rules R;, r_ 1]

i€{19,20,..,36) | je(24..,3436) i
are considered (18) are considered (18)

(HE ]5' 7-5"“[ ) H Rules RZO; R22

are considered (2)

- [

Rule R
(/Ide [71.5,15m]) }_> is cont:i:ergii ()] 0 (1)

| | [
i

[ (mst € [0, 10%])]

([Eez0em) ) ano [TIIEEEED)
Only rules .
(n m) J -[(IdE 115, 20m[ )\_,, Rules Ry, Roy

R,0,R22,Ry4, Rog, Rag, R3o, R32, Ry, Rae \_k are considered (2)

\ are considered (9) /

Rule R
-[(H e [201 aom]) s conl:ider:g m

y
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FuzDeMa: results and evaluations

Evaluation et validation
Evaluation of the performances : SEN, bACC, MCC & AUC;

Table 2: Performance evaluation

Sensibility Balanced accuracy Phi coefficient Area Under the

(SEN) (bACC) (MCC) ROC Curve (AUC)
“Modified Friis 0.9 75.77% 0.52 0.83
| NC Modified Friis 0.9 72.03% 0.35 0.87
| WUSN-PLM 0.917 81.061 % 0.643 0.92
| FuzDeMa 0.969 88.21 0.798 0.92

= MCC=0.798 = strong correlation between the obervation and the
prediction;

= AUC=0.92 <= 92% chance to do the difference between the reception
and not reception of a data.
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What’s next ?

-

Good .. S

Is it really possible
to implement ?

NOT




MoleNet: a dedicated sensor nodes for underground monitoring

We need a real dedicated node!

Setup of | Initialisation
the node| of the node

NO

Time defined for
data collection

interruption ?

Go to deep * Whatis MoleNet!?

sleep mode

Wake up the Node
Wake-up Read sensor gzltl;f zr;::lerst; .
Send to the Underground sensor
Send data Gateway node : .
node;
R Waiting for | Waiting for a From ComNets (Univ-
interruption an ACK certain time Bremen )
YES ~ Receive O ne- h o) p
an ACK . .
communication
S
Go to deep sleep d::’: (node -> gateway)
Put the node into Store unsent data
deep sleep mode in the EEPROM

(e
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MoleNet + FuzDeMa

Integration of FuzDeMa within MoleNet

L. Setup of | Initialisation
" Control before any transmission; the node | of the node

= According to the computed Time defined for

data collection

NO

1
. - Go to deep
re||ab|l|ty: sleep mode

Wake up the Node

(Temperature +

=  Transmit (reliab = 0.5) R R‘”‘T SensOT | Waer content)
. . : Send to the
= No transmit (reliab < 0.5) Cl;?c;flfl; Send data| Gy node
reimapiii

| Waiting for |© Waiting for a
an ACK certain time

~simple but  1ric

interruption

If YES
reliab< 0.5

H NO
effective! ; :
\ J Save data YES Receive §N0
“ H anACK :
| | I ) ST A—— T
‘ Go to deep sleep dath
. Put the node into gl
deep sleep mode in the EEPROM

y

lreeia—

20 - 28/06/2023



FuzDeMa: Evaluation of the energy consumption (MoleNet)

Evaluation of the energy consumption

= 2 possibilities:
= The gateway is reachable; ®

.10¢ Comparison of the energy consyJ

133.314J

= The gateway is not reachable; @ s
=
g 59.8134pJ
= FuzDeMa: Sost
= WithTX; ®
u NO TX; @ ’ Molenet (Gateway) Molenet (Na Gateway) FuzDeMa (TX) FuzDeMa (No TX)

Table 3 : Evaluation of the energy saved by FuzDeMa according to the data statement

Energy saved Data Observations
True Negative (TN) 81.7876 uJ Not send & not received No reception
False Negative (FN) 8.287 uJ Not send & not received Reception
False Positve (FP) 65.3007 w Send & not received No reception
True Positive (TP) —8.2 uJ Send & received Reception
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FuzDeMa: Generalization and validation

Generalization of FuzDeMa and validation

Parameters Definitions

Evaluation of the energy gained of

N Number of nodes FuzDeMa after k& rounds (£ = 1000)
E; Energy consumed/round of node i (without FuzDzMa) °
E'; Energy consumed/round of node i with FuzDeMa — Energy gain
i #% Optimal point
Peomp Energy consumed/round due to MC computation -
g
tXcost Energy consumed/round during transmission :;4—
fUZeost Addition energy cost/round of FuzDeMa :%
WLl
k Random number of rounds 582
a Number of reception Gg Number of receptions
5 o range for & rounds
G; Energy saved by node i (FuzDeMa) after k random rounds i
i
E; = Pcomp + tXcost
Ei + fuzcost If transmission (TX) “ 00 pee 20 200 500 500 700

E'; = Number of receptions (o)

Ei + fchost — WX cost else i

k(txcost — fuz
Since tx. o5t > fUuzcose When a < ( Costt fUzcost) = | G; = txeose(k — a) — kfuzgose
xCOSt
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Conclusion
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Conclusion

In Short!

o ‘© Broken link Zone B RESOURCES
A\ Alert message nefds :nore g @
ertilizer
ﬁ Event detection . ni |
9 ° Water Fertilizer

o

Top
soil

Very low
fertilizer level
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Thank you !
Get in touch with me




