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Executive Summary

Precision agriculture requires high resolution real time weather information, and TRF has funded the
development of automatic weather station (RDG5300009 and RDG 5650128). Twenty stations have been
built and installed countrywide, and web server has been developed to provide public access to the collected
environmental information. Users of this information include the owner of orange gloves, vineyards, coconut
farms, longan gardens, and oil palm plantations. In order to continue providing such a crucial information,
this project is conducted to maintain the system functionality and expand the content of information service.

The project has achieved both of its objectives. Twenty stations have been operated continually
since their installations in the filed in March 2017. Web server had been developed further into modular
structure, together with expanding service to include information on reference evapotranspiration and
effective rainfall, displaying data in both numeric and graphic form, and provide means for users to download

data.



Abstract

Precision agriculture requires high resolution real time weather information, and TRF has funded the
development of automatic weather station (RDG5300009 and RDG 5650128). Twenty stations have been
built and installed countrywide to provide weather information service to users. In order to continue and
expand services to users and community, this project are conducted to maintain the system functionality and
expand the capability of information service provided by the web server.

The project has achieved both of its objectives. The followings have been carryout during the period
of its operation:

1. Fixed 2 malfunction temperature-humidity sensors, presumably caused by electrostatic discharge
from nearby lightings during storms

2. Develop web server into modular structure, together with expanding service to include information
on reference evapotranspiration and effective rainfall, displaying data in both numeric and graphic

form, and provide means for users to download data.
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U U _—

\an dufindayaiilu excel W iNalaudrodayaaniivlad iweatherStation lufin3ad

maaﬂauﬂ'smaﬁﬂ% é’auamlugﬂ 14 z%m%'umﬂau{f'miagaiWU%'aIua wazz 15§y

mslane pfayaTein

Wasanniinmsltldsunsa spreadsheet Excel 2819031909193t de facto standard N3
330uunvad excel W8 azvldildmansnsidoyalddaudadldrnuldnannansgduoy

ANFDINMT AREAIN

RITWYaNE

T

rHTLNG ULy 3w (am.)
4 T L A T AR AT T T Y e T T I At S ﬁwr.\r! i et

31 13 mﬂauﬁwﬁagaamwmmﬂiw“ﬁ"ﬂm
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WealherStation: CM13-sus 1o qoclnds iioumos S’ fis (LLST008, ISEEME) el neu: b s

L L R e L | e dvinnunaaueimunide (.

71 14 mﬂauﬁwﬁagaamwmmﬁﬁﬁu

2.4. MSAWIMANTATINTANTELAIYDINN

mimm:msJLfluni:mumiﬁﬁﬂﬁﬁmmmm%’n‘mqm%gmﬁag‘tuﬁmﬁmm:auﬁ'umi
wimdivlavasield wnizldsuilidsmetuanadasnsldlunsmoszmeiin dinlueste
Wasnmusndansa uananazilinaaiydulauscnandasasaiiosanliauneda
asuaulasan bod lolananaAW qmmq]ﬁluﬁg&%umaﬁalﬁl,ﬁﬂmmL%ﬂ‘mﬂazhamaiﬁuﬁﬂﬁ

mmﬁam’mfwgaq@maaﬁﬂuu@ia:rsma:gﬁuuﬁ'uamwmmﬂsl,u‘*nmszue] Tull a.q. 1048
Penman laaasunisadiamansiite 1 5@ M0 NI NTAe s eI T o AN WaH
e Anuduanme 9NN WAzAINITINY (Penman, 1948) gumIsana ldgaaia
Use AT nMwpesrsuusaUsznusazm3lisinie Wuitwensustieniienns luiuidensaneng
msangszmesinenfliintes lifianusuduiesdosliimnnin wﬁamnfu"[ﬁﬁmsﬂ%’uﬂ;a
wazeauLaiEaun1I18d Penman ielnuluamumsnians gmilanagisdeaiiias

§UN13 Penman-Monteith Vl.ei”%"umwam%’uiwﬁmmuﬂuﬂwga L8z FAO (Food and
Agriculture Organization) lathaunisasnaunliduuiasgiulumsdiwiadrsnsinisnisszing
gun13 FAO Penman-Monteith 7lF8m3udmmsamnisaessmesnsdeneiu ﬁgmmuéﬁﬁ (Allen
et al 1998)

0.408A(R, -G) + ;/ﬂuz(es -e,)

ET, = T +273

A+y(1+0.34u,)
%4

ETO reference evapotranspiration (mm day™)

R, net radiation at the crop surface (MJ m? day™)
soil heat flux density (MJ m? day™)

T mean daily air temperature at 2 m height (°C)

u, wind speed at 2 m height (m s™)

e, saturation vapour press (kPa)

e actual vapour pressure (kPa)
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e,-e, saturation vapour pressure deficit (kPa)

A slope vapour pressure curve (kPa °C™")

Y psychrometric constant (kPa °C™")

a%m%’ué’mwmimmzmﬂﬁ']a’éaﬁy‘%"ﬂmﬁﬁgﬂmeaaaumwﬁmﬁmﬁ'uﬁ'uaumimimmzmﬂ
$1989m 8T s asuians g e Twlddud ot luswinsi

Lﬁalﬁ;ﬂ'ﬁmmmﬁﬁagﬂﬁlﬁmaLLN%}J’%mﬁﬂmiﬁﬂvlﬁasmﬁﬁi:ﬁﬂ%mwgaqﬁ u'lod
iWeatherStation &AW MM I TREENIBII T THLa T 109 AWaNT FAO Penman-
Monteith

mydiwaweslUsunsugsndniineszoauaztuaensatuiivualily  Alen et al
(1998) w%’auﬁ'ﬂﬁm’maaummgﬂﬁawaanwsﬁwunmmaalﬂsLLﬂsz@ﬂl"ﬁé‘aLa"nmﬂé’aamaﬁ"lﬁ
waaal3ls Allen et al (1998) 1iurin SWanauRLaas (source code) Ba9lUsunsndsduulumun c#
IeuaaslSlumomsfi 1 Smsumssmmisanmsamosmessdmanimesilus uaslunoms
il 2 swmSumsswmaeiu ‘[mi"ﬁﬁagaﬁ%iﬁ (input) fia WaINBLINDIAAT QaAnn AN

21me uazAMALTIaN angwtanaluivled iweatherstation

~ LR [ v a iy < AA
NN 1 Wa“nuﬂ’m'smam’m’ﬁﬂ’lmzmﬂa’mawmu’ﬁmmﬂm (V./14.) 9INITNNIVRY FAO

Penman-Monteith (Allen et al 1998)

%ﬂé‘]”JLLﬂi AMUNANY

j day of year

t time of day

z elevation from sea level (m)

lat latitude (decimal degree)

1z longitude of the center of the local time zone (decimal degree)
In longitude (decimal degree)

tm mean hourly air temperature (°C)

rh mean hourly relaive humidity (%)

u2 mean hourly wind speed at 2 m (m s?)

rs total solar radiation (MJ m2 hour-?!)

eto reference evapotraspiration rate (mm hour-?1)

delta slope vapour pressure curve (kPa °C') at temperature tm
gamma psychrometric constant (kPa °C'') at air temperature tm

psi angle in radians (rad)

t1 length of calculation period (1 hour)

es saturation vapour pressure at air temperature tm

ea actual vapour pressure (kPa)

eta adiabatic or convective component of et® (mm hour-?)

dr inverse relative distance earth-sun

d solar declination (rad)

b conversion of day of year to solar angle (rad)

sc seasonal correction for solar time (hour)

w solar time at midhour (rad)

wl solar time angle at the beginning of the calculation period (rad)
w2 solar time angle at the end of the calculation period (rad)
ra extraterrestrial radiation in the hour period (MJ m=2 hour-?l)
rse clear sky solar radiation in the hour period (MJ m2 hour?)
rns net solar radiation in the hour period (MJ m2 hourt)

ratio ratio of rs/rse

rnl net outgoing long wave radiation (MJ m-2 hour?l)
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private static

{

13

net radiation (MJ m™2 hour?)
radiative component of et® (mm hour-?!)

soil heat flux (MJ m2 hour?)

double et@(double j, double t, double z, double lat, double 1z,
double 1m, double tm, double rh, double u2, double rs)

double delta = 4098.0*(0.6108*Math.Exp(17.27*tm /(tm+237.3)))/Math.Pow((tm +
237.3),2.0);
double gamma = 0.665/1000.0 *101.3*Math.Pow((293.0-0.0065%2)/293.0,5.26);
double es = 0.6108 * Math.Exp((17.27 * tm) / (tm + 237.3));
double ea = es * rh/100.9;
double psi = Math.PI/180.0*1at;
double dr = 1.0+0.033*Math.Cos(2.0*Math.PI*j/365.0);
double d = 0.409 * Math.Sin(2.0*Math.PI*j/365.0-1.39);
double b = 2.0 * Math.PI * (j - 81.0) / 364.0;
double sc = 0.1645*Math.Sin(2.0 * b)-0.1255*Math.Cos(b)-.025*Math.Sin(b);
double w = Math.PI/12.0 *((t+0.06667*(lz-1m)+sc)-12.0);
double t1 = 1.9;
double wl = w - Math.PI*t1/24.9;
double w2 = w + Math.PI*t1/24.9;
double ra = 12.0*60.0/Math.PI*0.082*dr*((w2-wl)*Math.Sin(psi)*Math.Sin(d)
+Math.Cos(psi)*Math.Cos(d)*(Math.Sin(w2)-Math.Sin(wl)));
if (ra <= 0) ra = 0.0;
double rs@ = (0.75+2.0/100000.0*z)*ra;
double rns = (1.0 - 0.23) * rs;
double ratio;
if (rse <= 0.0)
{
ratio = 0.8;
}
else
{
ratio = rs / rso;
if (ratio > 1.0) ratio = 1.0;
double rnl = 4.903/24.0 *le-9*Math.Pow(tm+273.16, 4)*
(0.34- 0.14*Math.Sqrt(ea)) * (1.35*ratio-0.35);
double rn = rns - rnl;
double g;
if (ra > 0.90)
{
g = 0.1%rn;
}
else
{
g = 0.5*%rn;
}
double etr = 0.408*(rn-g)*delta/(delta+gamma*(1.0+0.34%u2));
double eta = 37.0/(tm+273)*u2*(es-ea)*gamma/(delta+gamma*(1.0+0.34*u2));
double et@ = etr + eta;
return eto;
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Penman-Monteith (Allen et al 1998)
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Taauwls
J

z

lat

tmx

tmn

rh

u2

rs

eto

delta
gamma
psi

estmx
estmn
es

ea
eta

dr

d

WS

ra
rsoe
rns
rnl
efftm
effrh
effcld
rn
etr

8

ANNRNY

day of year

elevation from sea level (m)

latitude (decimal degree)

maximum air temperature (°C)

minimum air temperature(°C)

relaive humidity (%)

wind speed at 2 m (m s1)

total solar radiation (MJ m=2 d?t)
reference evapotraspiration rate (mm d-1)

slope vapour pressure curve (kPa °C!) at temperature tm
psychrometric constant (kPa °C!) at air temperature tm
angle in radians (rad)

saturation vapour pressure at temperature tmx (kPa)
saturation vapour pressure at temperature tmn (kPa)
saturation vapour pressure daily average(kPa)
actual vapour pressure (kPa)

adiabatic or convective component of et® (mm d?t)

inverse relative distance earth-sun
solar declination (rad)

sunset hour angle (rad)
extraterrestrial radiation (MJ m2 d?%)
clear sky solar radiation (MJ m2 d')
net solar radiation (MJ m=2 d-1)

net outgoing long wave radiation (MJ m=2 d-1)
temperature component of rnl

vapour pressure component of rnl
cloundiness component of nrl

net radiation (MJ m2 d?%)

radiative component of et® (mm d-')

soil heat flux (MJ m2 d?)

private static

{
double

double

double
double
double
double
double
double
double
double
double
double

double
double
double

tm

double et@(double j, double z, double lat,
double tmx, double tmn, double rh, double u2, double rs)

= (tmx+tmn)/2.0;

delta = 4098.0*(0.6108*Math.Exp(17.27*tm/ (tm+237.3)))

gamma
estmx
estmn
es

ea
psi
dr

d

WS

ra

rsoe
rns
efftm

/Math.Pow((tm + 237.3),2.0);
= 0.665/1000.0*101.3*Math.Pow((293.0-0.0065*2)/293.0,5.26);
= 0.6108 * Math.Exp((17.27 * tmx) / (tmx + 237.3));
= 0.6108 * Math.Exp((17.27 * tmn) / (tmn + 237.3));
= (estmx + estmn) / 2.0;
= es * rh/100.90;
= Math.PI/180.0*lat;
= 1.0+0.033*Math.Cos(2.0*Math.PI*j/365.0);
= ©.409 * Math.Sin(2.0*Math.PI*j/365.0-1.39);
= Math.Acos(-Math.Tan(psi) * Math.Tan(d));
= 24.0*60.0/Math.PI * 0.082*dr*(ws*Math.Sin(psi)*Math.Sin(d) +
Math.Cos(psi)*Math.Cos(d)*Math.Sin(ws));
(0.75+2.0/100000.0%2)*ra;
(1.0 - 0.23) * rs;
(4.903*1e-9%((Math.Pow(tmx+273.16, 4)+
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Math.Pow(tmn+273.16, 4))/2.9));
double effrh = (0.34 - 0.14 * Math.Sqrt(ea));
double effcld= (1.35 * rs / rs@ - 0.35);

double rnl = efftm * effrh * effcld;

double rn = rns - rnl;

double g = 0;

double etr = 0.408*(rn-g)*delta/(delta+gamma*(1.0+0.34*%u2));

double eta = 900.0/(tm+273)*u2*(es-ea)*gamma/(delta+gamma*(1.0+0.34%u2));
double eto = etr + eta;

return eto;

2.5. MImwrmsandSunmwelwlzns (effective rainfall) uaznsiadselaud

ﬁaga‘ﬁmwmﬂiﬁaamﬂ'ﬂumimaLmuﬁQnﬁﬂnﬁéﬂﬁmﬂmmﬁaﬁa U alufianlugg
nouaniisawenuanudasmavasioniald dayadenanmaniadzidinldlaslddues sum
dlulans (effective rainfall, er) Brouwer LLaz Heibloem (1986) lainua er vli’ﬁdf:

er=r—-e—-ro—sp eq1

7
r USRmn (W)
e ﬂ'%mmmii:mﬁmﬂﬁyuﬁ'maw’fmLﬁﬁg&‘@m (W)
ro Usunowinvin (wusu)
sp YSunawlnadurudnaanannusiimnn (W)

NnfInaanulassuMIaInNg er ﬁﬁaﬂ'%mmalu“?'ia]:gmﬁﬂi‘luﬁm:ﬁmmﬁmﬁa’l*’ﬁ’lunm
doly nasanfidelusumszmeanionm malnstuningu LLa:S’Euaanmnﬁuu’%nmﬂﬂﬁ“ﬁgﬁu
AN
MSAWITAANDEY er TUTauiiasanenas ro was sp WS R WA AR LT Y
2 UL ANRAN ANUAATUDDINT mwm;mswaaﬁuﬁa AMFUTANINUNINYDIAY AT
antuein
ﬁagm’m Critchley a2 Siegert (1991) usaslfifiuinguszanasinyin (runoff coefficient,
ro:r) s RuTuanueunLikYaI ualiaanummnuindudnit 10 au wiarnualdindinin
Aeindnssmeanini €pan @hé’uﬁs:’%wﬁ%ﬁw:ﬁwmnaumﬂauvlﬁﬂﬁ roir = 0 wananiidle r <
€ ,ar WAWIUIATUNWIY sp & 0 UAZAI1VDI sp azundaonluaunSin aelwsuin anusadon
a9
0 ifr-e,, <0
b(r—e

ro+sp = .
otherwise
e b AaddudszAnmigyiinnmilnatuuiuionuiums inadurudu Wawnud ro + sp

pan )

lu eq. 1 wazidonaunsindazle
r =€ if r-e,, <0

er = ban
@1-b)(r-e

) othewise

pan
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wananiliile r— €, <0 fNUBI er = 0 LTUNK uaziflarimuald k = (1-b) B9 K (Hudnilszant
LLamﬁdqmauﬁamaaﬁ”uﬁﬂgnﬁ"ﬁiw:mmmLﬁuﬁﬂmﬂﬂuﬁmﬁamnmﬁ:mU"Li’lfﬁﬂiﬂwﬂﬁum
wouwinlns s B auaunslwalleesit

0 ifr-e_ <0

pan —

er = 2
k(r—e,,) otherwise >

Brouwer Waz Heibloem (1986) loaaanududausasmstsziluen er duduiitasnnann k

pan

4 X o wa & 4 o & A v @ o @ A £ A a
TN MaNLGUIRUN uazauiudunazdadlden e ,, laoldiaudszaniaailums dazidu
er NuLaa% A9

0.6(r —16.67) if r <75

0.8(r —31.25) otherwise

o g s = & . ¥ Y =
maswatwen er Nedwlwivlad iWeatherStation 'léltanns eq.2 laglddn k = 0.75 @4

\dudnafoanunssdayadaluii k = 0.7 (Brouwer uaz Heibloem, 1986), k = 0.8 (Cropwat, 2018)
L = : ° Aad] Ao a a L = ' a
saduduuzihlunsdin lifidayadugluneazidoe, k = 0.76 (Stroosnijder, 1982) Fuiludiafolu
J2UZUT WA k = 0.75 (Farmwest, 2018) uananitluanimamananuiudunnsaimeaganin

40% WaLAMNIIIANAINTN 2 WwaTAaIwN ET0 = e, (Pan coefficient = 1, Allen et al, 1998) 33

pan (
WU e,,, 638 ET0 A9

0.75(r—ETO0) if r—ET0>0
0 otherwise

er =

suyAgunliildsumatiminziumadszdudnonwidesdurasiuiioinzdanluszes
8717 INBATNTINNITOLTAN er 370N ETO 1%mmmﬂﬁ)‘nﬁéhv\%'mwLmuﬂgmmzf{‘fﬂmiﬁmﬁmﬁu
16 v
= amwn“ﬁmmmm:qmauﬁ'ﬁmamﬁmwmaaﬁuﬁﬁlzﬁﬂﬁﬁﬁnﬁmwaﬁ'ummﬁaamimaaﬁm
1 A 1l
anaas9nalannia lu
U aU
" asdendgnlutislnuisznethdesige uazmindasliinzadszniuaiy (supplement
irrigation) azd@adldUSunarinlng

MUz iinadnanvinbalay

n n
i=) ETO- ) er
d=1 d=1
A A a by a & Ao o . A A ) . e
e i ﬂaﬂimmmmﬂizmmmumm@maﬂ‘vﬁ@aa@mm@ﬂ@ﬂﬁmmwmm nNAKWING <0 NT
' A - = ' A & A . [ . A '
'nI@ﬁLea,aﬁluizﬂzywaﬂsuwmpluaﬂﬁ]waLwﬂmamiﬂanwﬂuwu'ﬂLLazmmmmﬂma wnysziduan

i faundanas gUAvhldmanIndszidulamavaimafianmsnaiuazanuidsszasnasaule
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a7 NAaNIIALBWBAS

mseﬁﬂLﬁ%ﬂﬂiﬂiiQNaéﬂL%amﬁuLqu
ldanagninmsiusesaaniiaaniwaineanladaasliluiundrs9ns 4 nnavas
ﬁi:mﬁlﬁv‘hmuaﬂwgnﬁaaﬁd 20 79 wannulaudlamsrineunfiadsndves 2 aanitdaiaain
AMNUNWIadTad ladianNuTHEIMA Lag 1 FaNRINANULNNIDIVBIR TN
Y =3 U Qs I 1 lg/ v Qs £ QI U 1 o s
Idwannivlsdllanahfisnesuzndulugaanniu wiauiuldadayadduindan
NN3AN84N81989uaz SN wl T wiauny LLamwaamwmmmm:é’mwmimmzmgﬁ'ﬂugﬂ
o Al % ' o & ;QVL v A o )
pasdnazuazn T ivaliazadndegdldnuuniu senandldifiuanumaninligldmannlan

@

TayalUlFnudmens g iruminunwnslaniis wislienzianuissnamwemadasdu

LNA1IT19D9

130 Ywnsbaiiay 2560. lassmsmsnamnanfamaiaameauuy lmsuasssuuansawndiive
MINBATLULLNUEN (Development of wireless weather station for precision agriculture).

NenwiTbadusuuzaliinaunaauaiuayun1IITe (301.) Fyy1iail RDG5300009

Allen, R.G., L.S. Pereira, D. Raes and M. Smith. 1998. Crop evapotranspiration: Guidelines for
computing crop water requirement.s. FAO irrigation and drainage paper No. 56, Rome, ltaly.

Brouwer, C. and M. Heibloem. 1986. Irrigation Water Management. Training Manual No3:: Irrigation
Water Needs. Land and Water Development Division, FAO, Via d elle Terme di Caracalla,
00100 Rome, ltaly.

Critchley, W. and K. Siegert. 1991. Water Harvesting: A Manual for the Design and Construction
of Water Harvesting Schemes for Plant Production. FOOD AND AGRICULTURE
ORGANIZATION OF THE UNITED NATIONS, Rome, Italy.

Cropwat. 2018. Cropwat 8 for Windows. http://www.thematrix.it/irrigationit/lessons/lesson%206/

0601%20CropWat%20printable%20version.pdf

Penman H.L. 1948. Natural evaporation from open water, bare soil, and grass. Proc. Roy. Soc.
London A(194) S. 120-145.

Stroosnijder, L. 1982. Simulation of the soil water balance. In F.W.T. Penning de Vries and H.H.
van Laar (Eds.): Simulation of plant growth and crop production. Simulation Monographs.
Pudoc, Wageningen, The Netherllands

Farmwest. 2018. Effective rainfall. http://www.farmwest.com/node/934. developed by Pacific Field

Corn Association, a non-profit society. Pacific Field Corn Association, 514 Kosikar Road,

Lindell Beach, B.C. V2R 4X7, Canada.


http://www.thematrix.it/irrigationit/lessons/lesson%206/
http://www.farmwest.com/node/934

18

AMARKINT 1 NITIHBUNT
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https://www.youtube.com/watch?v=GKqZGYeHBjE&feature=youtu.be

2. ﬁagaamw 21N1¢ http://www.mcc.cmu.ac.th/projects/iweatherstation/

3. dUALU UNANUMRIUMINBUNT (AUTuL)

Development of Wireless Weather Station for Precision
Agriculture

Krirk Pannangpetch? , Thewin Kaeomuangmoon®, Attachai Jintrawet®

@ Department of Plant Science and Agricultural Resource Management, Faculty of Agriculture, Khon
Kaen University, Khon Kaen 40002, Thailand.

b Multiple Cropping Center, Faculty of Agriculture, Chiangmai University, Chiangmai 50200,

Thailand.

Abstract

Needs to maximize input efficiency and yield while minimize impact on
environment have driven food production system toward information based precision
agriculture, in which near real time weather information is one of the fundamental
components. Therefore, wireless automatic weather station was developed to enable
the construction of dense weather network and transmission of near real time
weather data from the field via 3G-internet network to a web server.

Twenty wireless weather stations developed in this work was tested under field
conditions at various part of Thailand for 18 months. They accurately and reliably
measured solar radiation, air temperature, air relative humidity, wind speed, and
rainfall. Transmission of hourly weather data to web application through 3G-Internet
is reliable, provided that the 3G signal strength is better than -90 dBm.

Key words: wireless weather station, precision agriculture, food security.
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Introduction

Needs to maximize input efficiency and yield while minimize impact on
environment have driven food production system toward information based
agriculture, in which near real time weather information from dense weather station
network is one of the fundamental components (Lowenberg-DeBoer,2015; Mello
and Treinish, 2015; Herring, 2001). Long distant transmission of weather data can be
made via cellular-Internet network (Ligiang et al 2011; Shining et al 2011; Kassim et
al. 2014; Chaudhary et al, 2011; Sakthipriya. 2014; and Baggio, 2015) while
protocol such as Zigbee, WiFi or Bluetooth can be used for short distant
transmission (Rehman et al, 2014; Camilli et al, 2007; Keshtgary and Deljoo, 2012;
Wang et al, 2006; and Garcia-Sanchez et al. 2011). High density installation of
weather station is essential but can be costly.

In order to meet such a requirement, a cost effective wireless automatic weather
station was developed to allow transmission of near real time weather data from the
field via 3G-internet network to a web server, where the data can be freely accessed.

Hardware Design

Data Processing Unit
Low-power RISC 8 bit microcontroller with Flash program memory, EEPROM,
and internal SRAM. Built-in peripherals include Timer/Counters, internal and
external interrupts, serial communication USART, TWI, SPI, and 10-bit ADC.

RF module
Single band HSDPA 2.1 GHz System on Chip (SoC) transceiver designed for
M2M wireless application which also includes UART interface and embedded
TCP/IP protocol.

External flash memory
2 MB with minimum of 100000 Program/Erase cycles and data retention of 20
years

Real Time Clock
Factory calibrated temperature compensation with accuracy of £ 6ppm from -
40°C to +85°C and = 8ppm from -40°C to +125°C.

Power Supply
Monocrystalline high efficiency solar cell, rechargeable lithium ion battery, and
Li-ion linear charger.

Sensors
Solarimeter is based on photovotaic IC with built-in OpAmp, Temperature and
humidity based on single chip module providing a calibrated digital output,
anemometer and rain gauge based on CMOS hall ICs.

Design and integration of the system hardware is illustrated as schematic in Figure 1.
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Figure 1 Schematic of the design hardware

Embedded system software

Operation system of the data logger was written in C. The algorithm is as
follow. The microcontroller is initialized into sleeping state to conserved energy, and
would only be woken up by real time clock at the pre-set time interval to collect data
from sensors, and then write the data to the external flash memory. When it is time
to send data to remote server, it would activate RF module to send data using
TCP/IC protocol, and then go back to sleep. Flow of the operation system is depicted
as flow chart in Figure 2.
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Awake RF module
Send data to server,

Figure 2 Algorithm of the embedded operation system.

Experimental results

Accuracy

Data collected by the developed weather station (uMet) were compared with
those collected by Campbell Scientific Inc weather station which comprised
Campbell CR10X data logger, Licor Li200 pyranometer, Vailsala HMP45
temperature and Humidity sensor, R.M. Young 03101 anemometer, and Sierra-
Misco Model 2502 rain gauge. The results showed that they were effectively
identical (Figure 3 to 7).

Irradiance w/m?2
uMet

nnmm KRN

400
Hours

Figure 3 Comparison of irradiance as measured by the developed weather station
(uMet) and that by Campbell weather station (LiCor)



22

Temperature C
ao P

35 -

30 -

25 4

20

15 -

10 - uMet

5 - ——HMP45

0 T T )
0 500 1000 1500

Hours

Figure 4 Comparison of air temperature as measured by the developed weather
station (uMet) and that by Campbell weather station (HMP45)
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Figure 5 Comparison of air relative humidity as measured by the developed weather
station (uMet) and that by Campbell weather station (HMP45)
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Figure 6 Comparison of wind speed as measured by the developed weather station
(uMet) and that by Campbell weather station (Young)
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Figure 7 Comparison of rainfall as measured by the developed weather station
(uMet) and that by Campbell weather station (Sierra-Misco)

Similarity between the data from the developed weather station and those from
Campbell Scientific Inc was further quantified by means of simple linear regression
parameters: slope, intercept, and deviation from linearity. From Figure 8, it can be
seen that measured values obtained from the developed weather station are linearly
related to those values measured by Campbell Scientific Inc weather station. The
slope of the relationship is very close to 1 with the intercept close to 0. Deviation
from linear line is very low and in all cases it was less than 0.1 (r? is greater than
0.9). The only exception is that of wind speed which revealed none linearity at low
wind speed. This is contributed to the design and property of R.M. Young
anemometer 03101 that has the offset value of 0.2 m s—wind speed less than 0.2 m
st will be recorded as 0.2 m s,
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Figure 8 Similarity of weather variables recorded by the developed weather station
(uMet) and those by Campbell weather station as quantified by means of simple
linear regression.



25

Stability and reliability

Twenty stations were installed in the field: nine in the north of Thailand, four in
the central, four in the northeast, and three in the south (Figure 9). 3G signal
strength in these locations ranged from -75 dBm to less than -95 dBm. Testing was
conducted from March 2017 to August 2018.
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Figure 9 Locations in Thailand where twenty weather stations were installed and
tested under field conditions from March 2017 to August 2018.

Results showed that weather stations installed in area where 3G signal strength
was better than -95 dBm consistently and correctly sent hourly weather data from the
field to web server, while two of them which were installed in area where signal
strength lower than -95dBm intermittently fail to transmit data. Therefore to ensure
reliable and stability of data transmission, especially during heavy rain, the station
should be installed in area where 3G signal strength is better than -90 dBm.

Conclusion

The wireless weather station developed in this work is accurately and reliably
measured solar radiation, air temperature, air relative humidity, wind speed, and
rainfall. Data Transmission to web application through 3G-Internet is stable and
reliable, provided that the 3G signal strength is better than -90 dBm. Thus it can be
used to construct dense weather station network and provide near real time weather
information.
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