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Abstract

This research paper is studied rainfall, temperature and rain
attenuation of Ka-Band satellite signal by using rainfall and temperature
data in 2023. Department of Electronics and Telecommunications
Engineering, Faculty of Engineering is where the station is housed.
Therefore, this paper aims to investigate the relationship between
rainfall values, temperature and rain attenuation in Vientiane Capital
using advanced technologies to facilitate and monitor the data in real
time. A rain gauge Tipping Bucket 0.1mm/Tip is used to detect the
amount of rain, and a DHT22 sensor is used to monitor the temperature.
The research procedure entails analyzing temperature and rainfall,
designing and setting up measurement sites, setting up a central
monitoring station and using the Internet of Things to collect
temperature and rainfall data.

The analysis showed that the high precipitation amount of the
actual rainfall and actual daily data contains two maximum values from
August 15, 2023 at 85.3mm/hr with 26°C and September 7, 2023 at
110mm/hr with 25.1°C. ITU-R model is used to analyze the rain
attenuation by applying the abovementioned rainfall values. As a result,
the rain attenuation of Ka-Band Satellite Signal is 85.3mm/hr the rain
attenuation is 11.63 dB and 110mm/hr the rain attenuation is 10.58 dB,
respectively, which showed the interlinkage between rainfall amount
and temperature while it is raining. The temperature change will not
affect the rain attenuation as much as the increase of rainfall amount.
Keywords: Rainfall, Temperature, Ka-Band Satellite signal, Tipping
Bucket.

1. WANJ= ol

Tudnadul nwdgvaiunionjuvidouin
g6 um19TUE3aUz415U U919z dunuEnn

andJug1021u (€Ar NUEUWLNILEY (az D

NIy Tunuddaniunge. ANy, 330001091
(udazrdugeulygi DouuzwIunIuuInnIn Iy
(os93SuTunIuigddniy, azdunwinddgu

tunInJUNWugoutly N tHdanauday


mailto:soyfa@fe-nuol.edu.la

ndg fidiotantinwusudy tnogziwazy
a’mmm.uﬁ Ka-Band (30/20 GHz) ﬁjﬁcﬁsjﬁ]m
f'ﬁtunzz’ﬁU?J°1nn°1U@nﬁjaajﬁumuz‘ﬁcﬁmmauﬁj
B wadmovzafifiuts wdwaowt Ka-
Band 0178911 (lioguinseSudsSuuniuls
5998010 tadgu DS Sudzinaluy Swaind
fiomzuacdo Bu: wlwinesyzmnylau wax
912 1A INwdng1dtaGuniudnnsugeiFusiu
ueun010% Ka-Band ﬁ%uawmﬁﬂm?éjm‘tﬁ
€119 00 8nfinn wa@Budsmnnaiondo 2yuniy

[

gn=13taludrunoiut) Ka-Band &0diuceige.

' 2
o  a o

90w, ﬂ"l3JO\C’Qﬁ%j\tﬁﬁ"l@’lﬁﬂJm’lU"lﬁm"lZﬂ"lUUQO
ﬁjaeji‘?’lU&chﬁsjmnaw?wmaawﬁ Ka-Band.
muﬁlmumumamjuﬁ’ Kalavaanan, (2017) tJu
cfJu:1’|cmc@:n5’1&%0‘38”1;'?’mmumamjuﬁmuu,;nﬁj
w2z noruthiudefeeyniwdsiudiwaiongud
g10108088910tE (Phommavong, 2019).

G9tiy, S3Dnorwsrdudepginiudnginyofiu
Uzi’wwﬁ’naU‘iwcammug;mﬁjeejﬁwwmamju
§jm‘uﬁmﬂzccbw‘cﬁﬁnmmw;oﬁjasjﬁUUﬂucﬁsj
Andutueunowd Ka-Band (Zheng etal, 2018)
Yoofdtuinozey ITU-R wiSnizloudylss
yudulud 2023 Hinnwdndedowiiy aaz
gunzyy Juindgidgrornuadninsin s
Yarduuzuidy. nudovzdumwindudniod O
00IWHEN Ay dumiy oS uuiiniy
fundi3te uar H9tdéaruarejnesiuzduusi
duluenuzasumojogsiu  91BuzSuaunty

modwlnnd (leganiweSumintucdo (Sinawé
nng

(IBunzRuRficin8uniunIudgueunIDngl

2

‘tua&maawﬁ Ka-Band. siziiy, nm%nmﬁjﬁﬁ

Weduuztmuntuniesntuuasdudgauey

monyuld Dguuzwwmusutueinbo

2.  9UN9V (AT UGNV

21 3duvinay
asfudunsuniuiuadtouaouzeipudta

U oy tinmnutiofiguzneugiinsuedgsosm

210 WINdFDIrorNnuadninsin «ax  lnay

' 2 2
(=3

Huuzwifiy (gyb2unsuniuauadr 8: Sngniu
50camnazﬁuﬁﬂau, SnzbunziivesIFuaIunio
njuiosandutostluna ITU-R, sentuu way
fodsgenisacnnasztiumdy, Godigenbaunig
hdoniu gaz JufindzSumindudos 10T ©az
chxmuq;oﬁjﬁumumamjmmuzi’]mufmﬁu
G9(suii 1).
2.2 9Uen9u
n. grnuidocnnasduindy
nudngfundtudel covesnsndnasuy
Ay aowwdidivesgsduuiidy cay YO
23FuuNINIY Heganduludnuaout Ka-

Band lnuinig2yuniunziugedusnnisdum

¢

A

Uy Qe oumzyu (Fentahun etal, 2014) 2annw
S0iiSntéanasiu way &ﬂnﬂuﬁmt‘yﬁjcﬁsﬁ’)mcmnq
§ win3g13zzozfitadninsin way Wavdy Uy
VIAU Gwdouin, (JeIdRonzumn, vsasunolog)
il c§3ﬁ35uc§mcco3 102°37'33"E waz cdues oy
£ 17°56'18" N (Phanthavong etal, 2023) (33a:0u
Jaorufinfie) ey ENIUSIMILHNNIY €z (U
nudncnngzwwemnines fiuendnzen §9(sul
2 e 3).

122



FZugrnuiSocnnintduassnsud twin
naulnu LféjUE‘]aUzuout’jumjﬁésaémmazwﬂu
2MMININEVEINQUNEYL, 0K, 0wy,
(g3 ez Ur3 Uty cﬁsﬁwﬂaoucﬁugnéqmw‘l’s
Huind3% SD Card (Parmanee, 2024) Qs F35.41
tgununaudomueay Cloud service tnoia (s
4G module czﬁscﬁugwnsuﬁam (Dittaphong etal,
2022).

a9 LLoRANN T Ny Node red (g 183130832

ougznIUlguNINIUEnh)zdzneul

yuiidweBuntsu Hard drive usutuugs) Text
file E'ﬁj Block diagram 299aziu ﬁjazccmj‘EU§Uz?1 4
2. muSaunnaziutiiy

U U R uNUBUn3LUTESen
1%¢) 2 wwudl: Tipping bucket rain gauge was
Optical rain gauge E"wjﬁmuazejo;w%:

1) Tipping bucket rain gauge: (Jutgug3n
JrBuwidu Gouniwiusnniunzdeze) nou

fiseSudzdutity tnugdznoutisnio azus

Y

nsuﬁnxuxssajéufmau (Receiver), nouSuielu
(Funnel), naumcﬁsj (Tipping bucket) wax follu
(Counter) H3(suf 5).

2) Optical rain gauge: WuBuEdnwnn
Urduwmdulusucuutol  Toonlgdsiduul
tsowe U Plastic lens uGonandousSumindy
3. dutasu

& yui danniuSorzmdacusS vy,
oumewl (Sapala et al, 2021), Dissanayake et al,
(1990) ccay NWYNIIRSIRVLIWNIDNIL.

3.1 30Uz LY €[ QUNZYL

NBunwdeizdnmnuiingsidy «az gu
cyu S9aveniWidulusudl 6 war suf 7 wiu

Snmnufineeidy war gunzyy TuBoudm
(e (Boufivgicuty @udr Snninwdings)
Jutucoar 00:001w9 Juzdumiduiidntdgign
oy 85.3mm/hr way gum:;zyuéjzﬁ 26°C
Ur3uwindu cay sunzyn W3VA 15 @eu F3mi
U 2023 way Snnmniudnesdulucoar 03:001u9
(céﬂ) ﬁUxﬁumﬁﬂEJuz"’nﬁm‘tﬁgljgm wly 110mm/hr
Qe sunwLdR 25.1°C Wiudsdowindy waz
sumzwL TSR 07 Bew fuwa J 2023,
3.2 nmu,;oﬁj%jf:’mmmﬂomj.ucﬁsajmnauimsﬁﬂ
Bluno ITU-R

Anmudargyuloonuindisyy
UeSuwinduiisndloontatunmo ITU-R (ITU-
R P.618-7, 2001) (ITU-R P.837-4, 2001) (ITU-R
P.838-2, 2003) (ITU-R P.839-3, 2001) L1311z
SomnmiugndizeIRueunIdngy eI
Ka-Band tnefn?8Suuded oG 2 a1, 3finiw
Hiotuiils Wwnuanazunudoneudieaniy
€y wniumuesngwiivcuy slant (UUI299
299 ITU-R. (Kumar, 2004). Sunsusiniiazus
(DugeB8utauzuozeydumy slant Someudy
Warnuiigrasiisedunowittedy 55
GHz Wed Roar  Sommiufinestducuuznd
0.01% 299618t

§110u Slant path lenghth Ls:

L = (hR _hS)
° sin®
Ls Slant path lenghth

km (1)

123



hs noruioardutngauUIL
N1J2933:NIWLSU (Km)
hr  021U929300
0 JUI3829991UK9891N70
nwdnmeugzwy v, 3udanwzdumity
Tr = k(Ro.m)a
Y NMUANNSUILIWIE

R 0.01

dB/Km 2)
303 vwnduiian
0.01%

Kk, a

3 il

azdnn1ytucuouay

nuanazuesInudnneudl 0.01% e93d

[{SHERA s
Ao =Yrle dB (3)
A mumnmmgejmugoﬁji"n
0.01%
L. aowutozeyduniid
Jedniww

JrcSunwdonsusduandidudugesgd
LY

Ap - Ao.m [m
p Percent time (%)

j(0.655+0.033In(p)0.045|n(A0‘01)B(1p)sin eé A

)

A, JecJuniudnnsy

0.01

n03zeidusnonjucisamnduiu 1 J Ge0

Sunziudicnogugginiy

Ay 0.01% & 99.99% A
TunwmazdumwnugndzesFuainnio

n3yuierrnduniudnnefudoniuasintsyy

qrzvaudud  aacioyanéyuidntdludnady

J
v

HooRududwou 1 J. Agbu ItéDT8Luuan

EBEéU@j@O?SjQ%UEBSUU%SEE]“]SU]"m“llJQ;Of]jQSj
Hueaunroniuiisgendy touinlsluwo ITU-
R &tigzanilusudi 6 way sui 7
3.3 Ejumuﬁcmzmuu;mﬁjesjﬁuammomju
iHegnndutudunoiut Ka-Band
NIUYUNJUNIUANNSUIULIUNDNI U
(Hogamntduazmotume ITU-R war Suny
StarzamnniuintB8luno 1ITU-R toefcdidyu
Uxi’]m1Jﬁﬂauzﬁﬁo‘cﬁmﬁcmzmmng;oﬁj%j
éwummamju?wwaawﬁ Ka-Band €dz3
JJﬂlJfJﬂEJIJU]AfJﬂJJﬂE(ﬁEﬂwmﬂE']’IU;Oﬁj?8j§liJEJ‘11JO‘10
03U geenyWedutininsaigi 1.
a1&uniitdenniudastoonitstuns
ITU-R czﬁ9amazcumua,;oﬁj%jé’luuwmamju
Wegamnty, degamartunuSmzd L yuniy
SuguowIauSms GiuisnTslune ITU-R 33
twinalidufiveugututiotan. sxiiuguintécny
nw3aEdyu3d. ansuf 8,9 «ay suf 10
grenjaacdducoal 0.01% S00mMIuYndjze;
Fuoavnronyuludivanoaud KaBand &
ygnevya303I3u wdud 15 iisudgm U 2023
waz TwSuH 07 (Boufiver J 2023 wlu 11.63 dB
€z 10,58 dB (Ui, sutuulumo ITU-R €Ty
Budh P eaz N wWuen$ougu cé’j‘iucanéeu%u%
Jznaufioudzinnn, 99, UAASY c§jUzcznmmo
o wezniuiitgy N 9z uwiidugiga 95
mm/hr (Ronwgndjzeiduuivnonjudl 11dB
(P zﬁ“m“"ntau P §3U35Uﬂuﬁﬂangjjgo 145 mm/hr
fiomugndjzesFueunonjudicoy 13.01 dB.

4. Jwandu



D03talufiogSngwsS Uiy, UNTYLU
(LR NMUYNIIZ9IFVUINTONIY (ogantuty
a’muaawﬁ Ka-Band cﬁsmjucizﬁumuﬁmﬂasj
(Silatal, 2022) tG&ngdannuiines iy was
nUgnI2eIFusIunIDNILY Yoot s&yud
2020, Bie3 06 18 Wwnw3nur3uuinduTipping
Bucket 0.5mm, NS yueiuintEluno
ITU-R.

QMUSnENULS Uty s MUY
2932‘?’1wmmamzu‘ingﬁtﬁumwﬁUﬂwﬁﬂauu;mﬁj
7.29% az usnronjularting)fiv cfjemjuﬁu
(Silatal, 2022) o1 sunguiiu (Phommavong,
2019) c5’1U:’J°1§1Uummomjuﬁaowccmncﬁﬂjﬁuéj2?1
12.55dB (3010w 2.

GutdSuainniudacnn waz Juinal
Usd ity SUUILYU QT NIUYNIIZ9IF UL
n1on3uTusIwaoIut) Ka-Band (fiudidoniniy
Angeduidzduvgs, @umztyucﬁuéu Tugou
293:1°1U@ﬂﬁjaejéwwmamj.uﬁmmuu,;nﬁjasj

Huoawitfingyfiv cdensulatuo ITU-R w

¢

OStouiuii N waz P (Lakanchanh etal, 2006). £8
ﬂﬂjaﬁjéﬂﬁuﬁoﬁwaﬁ’uﬁ cubuéngﬁmuﬁﬂﬂw
taz sunzwod onvsudyusildy way iy
Jelmun Wenfivgnliu was sfinnzg1ntd.

5. azu)Y

110313 tEhnuSngeds S uauindy,

gunzyy 1y BunziivesInuyndizeIRuen
n1on3uU Ka-Band iojamndudinzasugolog)sy
U 82023 YoutbniniBnddedocnniiuvindg

JgrorNusanlnsin Az AUz, oy

VUzdFrozMmgnn, Urmdnzartaniigin, 1115

3

fi9350Uzduwidugzln 0.1 mm/itip. JW3ta0
1 lZnuuaRe) ITU-R diswsansunugnd
293duunIonILU Ka-Band teganty.

PNNIVS LANFLRAUNIVYOII2SIFULIVOID
njulud 2023 Da1afivd Sargziaotingtiueg

'
Q o0 O

0.63 dB tHenjusivdudidScoulay N waz Jan
zas0197iue 1.68dB cﬁsmjuﬁuz‘%umﬁﬁﬁcoutau
P ainniudtasntdicsisiizdonmivgndiee)
Fusaunronjuiegandy ftdamnniuannsy
nwynIjzeIFuuunIdniy. 11U8tatusiinaes

Jaorwsmdiugy way udzlnmunTluniwsencuy

1
(3 °

Ounuinndgwnioniutuswifiowis Tudivi

'
Q

URucdugugni SuzS vawduBnmotucaazd A

U099,

6. 22y

Sz TWUILGaUnd1DnzIgIn UGy

0]

Audr  cuuiyslondudnnoiudginiuaIniol

covudggnuenBuds inuniivuingouln s

'
°
P
@

UtiSsuz lmun tifivwingou lowingousls,

3&

arfinwaSousunu ooy Swecddaotw

ﬁnﬁﬁazﬁuﬁmasuccﬁwjj@mjo.

7. (39N£31U91999

Dissanayake, A. W., McCarthy, D. K., Allnutt, J.
E., Shepherd, R., & Arbesser-Rastburg, B.
(1990). 11.6GHz rain  attenuation
Measurement at in Peru. International
Journal of Satellite Communications, 8(3),
229-237.
https://doi.org/10.1002/sat.4600080315.

Dittaphong, X., khongsomboon, K. &

Saengthipphany, T. (2022).

Microcontroller interfacing. [Unpublished

125



raw data]. Department of elctronic and
telecommunication Engineering.

Fentahun, T. (2014). Analysis of rainfall and
temperature data to determine climate
change in Dilla Zuria District, Southern
Ethiopia.
https://www.semanticscholar.org/paper/A
nalysis-of-rainfall-and-temperature-data-
to-change-

ITU-R . (2001). Propagation data and prediction
methods required for the design of Earth-
space Telecommunication system. ITU-R
P.618-7.

ITU-R . (2003). Specific attenuation model for rain
for use in prediction methods. ITU-R
P.838-2.

Kalavaanan (2017). Evaluation of Ka-band Rain
Attentuation for satellite communication in
Tropical Regions through a Measurement
of Multiple Antenna Sizes.

Kumar, S., Deo, A., & Ramachandran, V. (2004).
Rain-attenuation measurement at 11.6GHz
in Fuji. Electronic Letters, 1429-1431.

Lakanchanh, D., Datsong, A., & Moriya, Y.
(2006). On the Rain attenuation of Ku-
Band Satellite signal and Prediction Model
at Bangkok, Thailand. King Mongkut's
Institute of Technology Ladkrabang.
https://www.researchgate.net/publication/
238081489.

Parmanee, T. (2024). The station system
measures the water level and amount of
rain that can save the data and Online
through Web Server. Souphanouvong
University Journal of Multidisciplinary
Research and Development, 10( 3), 192-
201

Phanthavong B. & Chanthapanya S. (2023). Study
the design, installation tipping bucket rain
gauge and thr rate of rain at Department of

Electronic and Teleommunication
Engineering. Lao PDR: [Thesis]

Phommavong V. (2019). Study on Rainfall Rate
and Rain Attenuation in Ka-Band Satellite
Signal at Different Elevation Angle in
Vientiane Lao PDR [Thesis]

Sapala, N., Cheng, Y., & Li, D. P. (2021). Analysis
of Rainfall and Temperature Variations
between 1956 and 2016 for Papua New
Guinea. Journsl of Geoscience and
Environment Protection, 09(06), 66-85.
https://doi.org/10.4236/gep.2021.96004.

Silalat V. (2022). A Study on the Effect of DTV
Satellite Signal due to Rain.[Thesis]

Zheng, Z & Fuan (2018) Influence of Rainfall on

Band Characteristics of the Ka-Band.
ICMSE 2018. Volume: 164. Advance in
Engineering Research

126



sUl 1 cauwwsuneuNIuauadlnu0L

Snzanaudacnnazduiadu

Study the rainfall rate measurement

SnsndiunzivesFvurunoniuamndudos ITU-R model

Study the effect of sattelite signal due to rain by using ITU-R model

gonuy (ar Andigenildacnnazdulatiy

Design and Install rainfall rate mesuring station

Sofigzznadguniyefionu waz Gufin dzduutndubos
loT

Install monitoring station to collect rainfall data using loT

Scﬂﬂzmuzgn;:“ljﬁuummomjumnuﬁmuﬁﬂau

Analyze the attenuation of satellite signal due to rainfall
rate

suli 2 grrldncnnaztunay

v

127



«Q

sulh 3 nutinmiugeiaziu

" AN

Application Microcontroller

i

SUl 4 ceuwwsuNsUNIUSNo N0 L9 Ty

Characteristics of the
work of each chapter

Tipping Bucket Rain guage, DHT22
And Atmospheric Pressor sensor
(BMP180)

v
Microcontroller
(Arduino Mega)
NODE RED
Server

128



Suti 5 Tipping bucket rain gauge

¢ 56. 2mm

A

I

110mm

ib21. Smm

$ 402, 2mm

i

20

@ =
= =)

w
=

w
=

Amount of Rainfall (mm/hr) and Temperature (°C)
2 =
(=) =]

=)

01.08.2023
02.08.2033
03.08.2023
04.08.2023
05.08.2023
06.08.2023
07.08.2023
08.08.2023
00.08.2023

S

U

<N

10.08.2023

11.08.2023

12.08.2023

13.08.2023

14.08.2023

15.08.2023

6 zngUrI UV Ky

16.08.2023

129

17.08.2023

Secondary Funnel

Reed Switch

-—Cable Terminal

Mounting Foot

Discharge Holder

=t Temperature
—=—Rainfall Rate
P I T T T T T T
a4 a8 & a4 a a4 a4 a4 4a 4a 4 4a a oa
S ° 2 2 2 2 o - 9 o o o o o
a 8 &8 a a a a a a a a &a &a a Day
© ®© © = ®w © © L W g« @9 9 8 o«
E &8 8 8 8 8 8 8 &8 &8 &8 &8 &8 8
“ @ © = e @ T w4 9 = ®w & o
= 2 8 8 &a 8 &8 4 a a a8 a & =

sumzwy Tudeudymi J 2023



120

100

80

60

40

Amount of Rainfall (mm/hr) and Temperature (°C)

03.09.2023
04.09.2023

-
ol o
(=] [=
g 8
(=) =)
S 9
Z
o o

SUN 7 g0

05.09.2023

06.09.2023

m ;o o e m e
il ol cl ol l ol cl
=] [=] [=} [=] =] [=] [=}
& 8 8 § § & 7§
[=) [=] = (=) = [=) =
S & ¢ ¢ & o g
o~ o0 =) (=] — ol o
=) =] =] = - —_ —

M0z 1. Frennz oy

14.09.2023

—=—Temp

15.09.2023

m ;o o m m e m
ol ol ol ol o ol ol ol
[=] (=] (=] (=] (=1 (=] (=] [=]
8 8 8 § 8 8 8§ §
[=) [=) = [=) o [=) = [=)
S & ¢ 2 g & g 9o
=] o~ 0 (=) (=3 - ol o
S 5 2 2 8 8 8§ 8

/\/\_\__,_*_d

4.09.2023

”

——Rain

o ;e e o om
o ol ol cl ) ol
=1 =) =] o =1 o Day
a & & a a a
o =) = a o o
e 2 @ 9o < Q
- . ]
a4 a o a & @

Aty «az sunzyy Tudeufiver J 2023

o o

10U

o

3985 (Bov U

YrBuwmdu (mm/hr)

1

15/08/2023

85.3

2

07/09/2023

110

219N 2. FLenIndBU (%) muu,;oﬁj%jé’mmnmomjucﬁSjamﬁlu U 2020 «az U 2023

Percent time (%)

Vientiane 2017 (dB)

Vientiane 2020 (dB)

Vientiane 2023 (dB)

0.01

24.18

12

11.63

0.1

8.86

7

5.04

1

2.29

1

0.94

Rain attenuation (dB)

=Vientiane (85.3mm/hr)

0.01

0.1 1

Cumulative of time (%)

130




suth 8 MuYnAjzesRusrunioniuiisgrndulugwaoiut) Ka-Band

13

Vientiane (110mm/hr)

—
=]

Ln

Rain attenuation (dB)

0.01 01 lI
Cumulative of time (%)

SUii 9 :n°1aJu,gm5j28j§11JEJ°|1Jnﬂomjucﬁsﬁmaw?wmaowﬁ Ka-Band

15
Vientiane (110mm/hr)
W ientiane (35.3mm/hr)
———ITU-R. Zone N
- =——TITU-R Zone P
% 10
e
=
:.%
=
=
@5 \
o
o
=]
i=|
=
[~
0
001 0.1 1

Cumulative of time (%)

suti 10 muUjUmjumuz;goﬁj2935UU'nJmamjucﬁsajmnﬂu‘ﬁummowﬁ Ka-Band fiu Twino ITU-R

131



