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In t r o d u ct io n

In Ma la ys ia , pa lm oil p la nta tion is  the  la rge s t a g ricultura l se c tor (a round  5.65 
million he c ta re s  a re a  in 2023), which a lso offe rs  jobs  for ind ige nous  communitie s  in 
re mote  a re a s .

In p re c is ion fa rming / a griculture , IoT a pp lica tions  involve  conne cte d  se nsors  a nd  
de vice s  tha t op timize  irriga tion, monitor soil cond itions , a nd  e nha nce  ove ra ll c rop  
ma na ge me nt. Re a l-time  da ta  a llows  fa rme rs  to ma ke  informe d  de cis ions , improve  
yie ld  qua lity, a nd  re duce  re source  wa s ta ge .

LoRa  (Long  Ra nge ) fa c ilita te s  long-d is ta nce  a nd  low-powe r communica tion, 
ma king  it ide a l for re mote  a re a s . 

LoRa WAN propa ga tion mode l in p la nta tion a re a s  is  importa nt for 
p la nning  ne twork topology a nd  pe rforma nce   to ide ntify the  
be s t loca tions  of e nd  node s  a nd  ga te wa ys  (RSSI > minimum GW 
se ns itivity)



Mo t iv a t io n
Fre q ue nc y Folia ge Cha nne l m od e l

• The re  are  4  LoRa 
op e rat ing fre q ue nc ie s  
d e p e nd ing on re gions . 
But  lac k of re se arc h on 

LoRa p rop agat ion 
c harac te ris t ic s  at  9 23 

MHz and  t rop ic al 
e nvironme nt .

• Pre vious  re se arc h us ing 
433 MHz (Anzum e t  al. 

20 22) d oe s  not  c omp ly 
with Malays ia sp e c t rum 

re gulat ions .

• LoRaWAN s ignal 
at te nuat ion oc c urs  in 
p lantat ion are as  d ue  to 
d e nse  foliage . 

• The re  is  lac k of re se arc h 
on LoRaWAN s ignal 
at te nuat ion in oil p alm 
p lantat ions .

• Exis t ing e mp iric al/  
mathe mat ic al mod e ls  d o not  
c ons id e r wire le ss  s ignal 
p rop agat ion affe c te d  b y 
sc at te re rs  in a  d e nse  foliage  
e nvironme nt .

• Mac hine  le arning avoid s  the  
ne e d  for c omp le x 
mathe mat ic al mod e ls , b ut  
re q uire s  large  d atase ts .



O b je ct iv e s
To  im p le m e n t  a  p r o to ty p e  o f a  Lo Ra  

n e tw o r k  a t  9 2 3  MHz u sin g  RAK 
Ga te w a y  a n d  RAK Fie ld  Te ste r .

To  m e a su r e  Lo Ra W AN P2 P (p o in t - to -
p o in t ) s ig n a l a t t e n u a t io n  a t  9 2 3  MHz 
co n sid e r in g  fo lia g e  p r o file  o f a  p a lm  

o il p la n ta t io n  a t  v a r io u s  ch a n n e l 
co n d it io n s & GW  h e ig h t s .

To  d e v e lo p  a  m a ch in e  le a r n in g -b a se d  
Lo Ra W AN sig n a l a t t e n u a t io n  m o d e l 

d u e  to  fo lia g e  e ffe ct s  in  o il p a lm  
p la n ta t io n s .



Lite r a tu r e  Re v ie w
FREQ UENTLY USED PATH LO SS MO DELS

So u r ce  : Alo b a id y  e t  a l.  2 0 2 2



So u r ce  : Alo b a id y  e t  a l.  2 0 2 2

Lit e r a tu r e  Re v ie w
FREQ UENTLY USED PATH LO SS MO DELS



Me th o d o lo g y

Sta rt Im p le m e n t  LoRa WAN 
ne tw ork Da ta  c o lle c t ion

Pre p roc e s s ing  a nd  d a ta  
c le a n ing

Fe a tu re  
s e le c t ion

Divid e  d a ta s e t
(t ra in ing  a nd  te s t ing )

Mod e l s e le c t ionMod e l t ra in ingMod e l te s t ing

Sa t is fa c tory RMSE 
&  R2?

Hyp e rp a ra m e te r  tun ing

ML m od e l d e p loym e n t EndYe s

No



Me a su r e m e n t  Se tu p
Ha r d w a r e So ftw a r e

RAK10 7 0 1 Fie ld  
Te ste r

RAK7 2 8 9  Se r ie s W isGa te  Ed g e  Pr o  
O u td o o r  Lo Ra W AN Ga te w a y

Th e  Th in g s  S ta ck /  Th e  Th in g s  
Ne tw o r k

TTN Ma p p e r

MATLAB Ex ce l



Lo Ra W AN p a r a m e te r s
Parameter Value

Frequency 923  MHz  (AS923 -1)

Antenna  gain 2.8 dBi  (Field tester) & 8 dBi  (GW)

Height EN (1m), GW (2.1m & 4m)

Spreading  factor SF 10

Data  rate DR2 (980 bps)

Transmission  interval 6  seconds

Transmission  power 16 dBm
Receiver sensitivity -142 dBm



Me a su r e m e n t  Se tu p  (NLO S)



Me a su r e m e n t  Se tu p  (LO S)



TTN m a p p e r Th e  Th in g s  S ta ck



Re su lt s  (1): Pa th lo ss

LOS (4.5m)

LOS (2.1m)

NLOS (4.5m)

NLOS (2.1m)

• Du e  to  fo lia g e  e ffe ct s ,  t h e  p a th lo ss  is  

m o r e  s ig n ifica n t  a t  th e  g a te w a y  

h e ig h t  o f 4 .5 m  (NLO S).  

• Th e  e ffe ct  o f u n e v e n  t e r r a in  is  m o r e  

p r o m in e n t  in  2 .1m  (LO S).

PATH LO SS MEASUREMENT
Pa th lo ss  (d B) = P tx  (d Bm ) -  Pr x  (d Bm ) + Gr x  (d Bi) + Gtx  (d Bi)



Re su lt s  (2 ): At t e n u a t io n

At te n u a t io n  (d B)= LO S Pa th lo ss  (d B)-  NLO S Pa th lo ss  (d B)

Fo lia g e  fa cto r Dista n ce  fa cto r Dista n ce  + Fo lia g e  fa cto r s

• Du e  to  fo lia g e  e ffe ct s ,  th e  a t t e n u a t io n  is  m o r e  s ig n ifica n t  a t  th e  g a te w a y  

h e ig h t  o f 4 .5 m  (NLO S).  

2.1m

4.5m



ML Mo d e l

Me a su r e m e n t  
fe a tu r e s

• 3 D d is t a n ce
• 2 D d is t a n ce
• Sce n a r io  ty p e
• GW  h e ig h t
• Nu m b e r  o f t r e e s
• Av e r a g e  fo lia g e  d e p th
• Av e r a g e  b r a n ch  d ia m e te r
• Av e r a g e  t r e e  cir cu m fe r e n ce

Specification Description

Type  of  model Optimizable  Tree

No.  of  features 8

Cross -validation  method 10-fold  cross -validation

Training/testing  split 80%  training,  20% testing

PCA (principal component analysis) At  least  95% variance

Optimization  method Bayesian optimization

Specification Description

Type  of  model Optimizable  Tree



Re su lt s  (3 ): ML m o d e l

Tra in ing  vs . Te s t ing

ML p e rform a nc e  b a s e d  on  ra nd om  d a ta

Dataset RMSE (dB) R-squared
Training 2.5378 0.8726
Testing 2.5721 0.8751

2.1m

4.5m



• Area types: suburban area (UKM campus) 

Helium balloon: LoRa Measurement (Chini)

19

Heatmap of LoRa DTs and BDTs coverage at 
Chini Lake area for a GW at 120m with SF10 
configuration.



Chini: Measurement

Fixed mounting structure:
Longer communication distances (up to 
48 km) due to the higher mounting 
location at Bukit Ketaya (220m ASL) 
and the use of higher gain antennas for 
the GWs. 



Field work @ Kuching, Sarawak (6-8 Feb 2023)

< - 75 dBm

-75 dBm < x < - 100 dBm

-100 dBm < x < - 120 dBm

Terrain profile

RSSI measurements in Mount Santubong, Sarawak 

Coverage for 4 proposed GW locations



Co n clu sio n s

• Lo Ra  s ig n a l is  im p a cte d  b y  fo lia g e  a n d  t e r r a in  e ffe ct s .

• Me a su r e m e n t  ca m p a ig n s  a r e  e sse n t ia l fo r  Lo Ra  n e tw o r k  p la n n in g .   

•  It  is  im p o r ta n t  to  id e n t ify  GW  lo ca t io n s  a n d  h e ig h t s .  Co v e r a g e  h o le s  
a r e  in e v it a b le  in  d e n se  fo lia g e ,  b u t  ca n  b e  co m p e n sa te d  b y  
in te g r a t in g  w ith  o th e r  t e ch n o lo g y ,  e .g .  Me sh  Lo Ra .

• Im p r o v e m e n t  o p p o r tu n ity : d a ta se t  w ith  m o r e  lo ca t io n s  a n d  
sce n a r io s .



Th a n k  y o u !
fa d z ila h .a b d u lla h @u k m .e d u .m y
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