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Executive Summary

Needs to maximize input efficiency and crop 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, automatic weather station that was previously
developed and funded by TRF (RDG5300009 and RDG 5650128) was extended to enable transmission of
near real time weather data from the field via 3G-internet network to a web server.

3G module was designed together with the modifications of electronic circuit and software of the
previously developed datalogger so that the station could connect to the internet via cellular service provider
access point and send weather data to a web server. Twenty wireless weather stations were then built, and
thirteen stations were installed in the field: nine in orange groves in Chai Prakan, Fang and Mae Ai district,
ChaingMai province: one at Mae Hia Agricultural Research Center, Faculty of Agriculture, ChiangMai
University: one in Mueang district, Phayao Province: one in Suan Kahakarkaset, Lat Lum Kaeo distric,
Phatum thani Province: and one in vineyard, Muak Lek district, Saraburi province. The remaining stations are
to be installed to support other projects after the end of this project.

Testing under field conditions from April to September showed that the wireless weather stations
developed in this project consistently sent hourly weather data from the field to web server correctly. To
ensure reliable data transmission, especially during heavy rain, the station should be installed in area where

3G signal strength is better than < -90 dBm (-100 dBm or lower is generally considered as no signal).


https://en.wikipedia.org/wiki/Mueang_Phayao_District
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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, automatic weather station that was previously developed
and funded by TRF (RDG5300009 and RDG 5650128) was upgraded to allow transmission of near real time
weather data from the field via 3G-internet network to a web server, where other projects within the frame
work of precision agriculture research development and application can freely access.

In the first 6 month, 3G module was designed together with the modifications of electronic circuit and
software of the previously developed datalogger so that the station could connect to the internet via cellular
service provider access point and send weather data to a web server.

In the second 6 months, 20 wireless weather stations were built, comprising of pyranometer, air
temperature and humidity sensor, anemometer, rain gauge, datalogger and 3G module. Nine stations were
installed and tested in orange groves in Chai Prakan, Fang and Mae Ai district, ChaingMai province, and one
station at Mae Hia Agricultural Research Center, Faculty of Agriculture, ChiangMai University. The weather
stations sent data through 3G cellular network-Internet to the web server of the Center for Agricultural
Resource, ChiangMai Univeristy, without any loss of data. Precision of the measurements of solar radiation,
air temperature and humidity, and rainfall was high. For wind speed, small but noticeable variation was
observed when wind speed was less than 0.45 m s’ (light air).

In the third 6 months, field testing was conducted further into the rainy season, and three more stations
were installed in the field: one in Mueang district, Phayao Province: one in Suan Kahakarkaset, Lat Lum
Kaeo distric, Phatum thani Province: and one in vineyard, Muak Lek district, Saraburi province. During this
period it was found that some of the connectors that connected sensors to the datalogger became
creep/deformed, and generated noise in the signal sent from sensor to datalogger. The problem was solved
by replacing the connectors with pin-socket type. It was also observed that data transmission of two weather
stations installed in area where 3G signal strength was marginal (< -95 dBm) was not stable, especially
during heavy rain, and they were consequently removed . Hence -90 dBm is considered as the minimal RSSI

for the weather station.

Key words: wireless weather station, precision agriculture, food security.
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#include <avr/io.h>
#include <string.h>
#include "uart.h"
#include "udfm.h"
#include "ulog.h"
#include "wtcp.h"

static unsigned char net[]= "ATE®;+CREG?\r\n";

static unsigned char opn[]=
"AT+CGSOCKCONT=1,\"IP\",\""APN"\" ; +NETOPEN=\"TCP\", 80;+TCPCONNECT=\""HOST"
\II , 89\P\n";

static unsigned char cls[]= "AT+NETCLOSE\r\n";
static unsigned char pof[]= "AT+CPOF\r\n";

static unsigned char ok []= "OK";

static unsigned char reg[]= "0,1";

static unsigned char prm[]= ">";

static unsigned char rcv[]= "OK";

static unsigned char ht@[] = "AT+TCPWRITE= \r\n PUT

/USERVER/"STID"/YYMM.TXT HTTP/1.1\r\nHost: "HOST"\r\nContent-Length:
\r\n\r\n";

unsigned char tcp(unsigned char op)
{
unsigned char htx[1000] = {0};
unsigned int 1n@, lnx;

PORTC = OXFE;
qsec(2);

PORTC = OxF6;
gsec(20);
sendcmd(net, reg))

1ne = strlen((char *)hto);
memcpy (htx, hte, 1ne);

rdfm (htx+1no);

memcpy (htx+38, htx+1lno, 4);

lnx = strlen((char *)(htx+20)) ;
utos(htx+12, 1lnx, 10, -1);
utos(htx+1lne-8, 1lnx+20-1n@, 10, -1);
htx[18] = ©;

sendcmd(opn, ok);
sendcmd (htx, prm);
sendcmd (htx+20, rcv);
sendcmd(cls, ok);

wrs(pof);
return 0;



}

unsigned char sendcmd(unsigned char *cmd, unsigned char *ir)

{

gsec(4);
wrs(cmd);
return rdr(ir);
}
void gsec(unsigned char cnt)
{
for (unsigned char i = cnt; i; i-- ) _delay ms(250);
}

void wrs(const unsigned char *str)

{
while (*str I= "\@") txc(*str++);
}
unsigned char txc (unsigned char c)
{
while ( !(UCSROA & (1 << UDRE®)) ) ;
UDRO = c;
return c;
}
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#include <avr/io.h>
#include <avr/interrupt.h>
#include "uart.h"

void gsec(unsigned char);
void uartini(void);

void spiini(void);

void adcini(void);

void shtini(void);

void tcnini(void);

void irqgini(void);

void rtcini(void);

void login(void);

void upld(void);

int main(void)

{
gsec(2);
DDRB = 0x00;
PORTB = OXxFF;
DDRC = 0x00;
PORTC = OxF6;
DDRD = 0x00;
PORTD = OXxFF;

uartini();
adcini();
shtini();
tcenini();
spiini();
irgini();
rtcini();
login();
sei();

while(1)

{
PRR = (1<<PRTWI)|(1<<PRTIM2)|(1<PRSPI)|(1<<PRADC);
SMCR = 0x01;
asm volatile ("sleep"::);

upld();
}

//ml.c

#include <avr/io.h>
#include <avr/interrupt.h>
#include "uart.h"

#include "udfm.h"

#include "urtc.h"

#include "uadc.h"

#include "usht.h"

#include "ulog.h"

#include "wtcp.h"

extern unsigned int wpa, wba, rpa, rba;
static unsigned int data [8];



void ulog(void);
void upld(void);

ISR (INT@_vect)

{
PRR = (1 << PRTIM2);
rtco();
ulog();

}

void ulog(void)

{
data[@] = rtc(YM);
data[1] = rtc(DH);
data[2] += adceo();
data[3] += sht(TEMPERATURE) >> 4;
data[4] += sht(HUMIDITY) >> 2;
data[5] += TCNT1;
data[6] += TCNTe;
TCNT1 = ©;
TCNTO = ©;
data[7] = rtc(MS);
if ( ((unsigned char) (data[7] >> 8)) == 0x59)
wrfm((unsigned char *) data, 14);
}
void upld(void)
{
static unsigned int spa = @, sba = 0;
static unsigned char state = 0;
unsigned char mm = (unsigned char) (data[7] >> 8);
if ((mm==ALM) || (state == 1)) state = tcp(state);
switch (state)
{
case 0: break;
case 1: break;
case 2:
state = 0;
rba = sba;
rpa = spa;
break;
case 3:
state = 0;
sba = rba;
spa = rpa;
}
}
//m2.c
#include <avr/io.h>
#include <string.h>
#include "uart.h"
#include "udfm.h"
#include "ulog.h"
#include "wtcp.h"
#include "urtc.h"

static unsigned char net[] = "ATEQ;+CREG?\r\n";
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static unsigned char opnl[]
"AT+CGSOCKCONT=1,\"IP\",\""APN"\";+NETOPEN=\"TCP\",80;+TCPCONNECT=\""HOST"\",80\r\

n"s
static
static

static
static
static
static

static

unsigned
unsigned

unsigned
unsigned
unsigned
unsigned

unsigned

char cls[]
char pof[]

char ok []
char reg[]
char prm[]
char rcv[]

char hto[] =

"HOST"\r\nContent-Length:

= "AT+NETCLOSE\r\n";
= "AT+CPOF\r\n";

= "OK";
= "8,1";
= "}";
= "0K";

"AT+TCPWRITE= \r\n
/projects/ilWeatherStation/api/RawData\?id="STID"&pw="PWD" HTTP/1

\r\n\ri\n";

unsigned char tcp(unsigned char op)

{

}

unsigned char htx[1000] = {0};

unsigned int 1n@, 1lnx;

unsigned

uarton;

char i = 2;

switch (op)

case 0:

PORTC = OXFE;
gsec(2);
PORTC = OxF6;
gsec(40);

case 1:

gsec(4);
rxclr();
gsec(4);

if (sendcmd(net, reg)) {if (op)

case 2:

1n@ = strlen((char *)hto);
memcpy (htx, hte, 1no);
rdfm (htx+1ne);

1nx = strlen((char *)(htx+20));
utos(htx+12, 1lnx, 10, -1);

utos(htx+1n@-8, 1lnx+20-1n0, 10,

htx[18] = ©;

if (sendcmd(opn, ok)) break;

if (sendcmd(htx, prm)) break;

PUT

if (sendcmd(htx+20, rcv)) break;

case 3:

}

gsec(4);
wrs(pof);
uartoff;
return i;

i:

3;

sendcmd(cls, ok);

unsigned char sendcmd(unsigned char *cmd, unsigned

{

gsec(4);
wrs(cmd);

return rdr(ir);

char

break; else return 1;}

-1);

*ir)

.1\r\nHost:
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void gsec(unsigned char cnt)

{
}

for (unsigned char i = cnt; i; i-- );

void login(void)

{

unsigned char htx[] = "AT+TCPWRITE= \r\n PUT
/projects/iWeatherStation/api/RawData\?id="STID"&pw="PWD" HTTP/1.1\r\nHost:
"HOST"\r\nContent-Length: 16\r\n\r\nYYMM DDHH MMSS\r\n";

unsigned char n = 0;

unsigned int 1lnx;

uarton;
gsec(49);
rxclr();
while ((sendcmd(net, reg)) & (n++ < 60)) gsec(40);
1nx = strlen((char *)(htx+20)) ;
utos(htx+12, 1lnx, 10, -1);
utos(htx+lnx+20-16, rtc(YM), 16, 4);
utos(htx+lnx+20-11, rtc(DH), 16, 4);
utos(htx+1lnx+20-6, rtc(MS), 16, 4);
htx[18] = ©;
sendcmd (opn, ok);
sendcmd (htx, prm);
sendcmd (htx+20, rcv);
sendcmd(cls, ok);

gsec(4);
wrs(pof);
uartoff;
}
//m3.c

#include <avr/io.h>
#include <string.h>
#include "uart.h"
#include "urtc.h"
#include "wtcp.h"

void setclk(void)

{
unsigned char s[64];
unsigned char data[7];
unsigned char n = 20, i;

gsec(20);
PORTC = OXFE;
qsec(2);
PORTC = OxF6;
gsec(40);

uarton;

rxclr();

while ((sendcmd((unsigned char *)"ATE@;+CREG?\r\n", (unsigned char
*)"0,1")) && (n--)) gsec(40);

gsec(4);

wrs((unsigned char
*)"AT+CHTPSERV=\"ADD\",\"time.is\",80,1;+CHTPUPDATE\r\n");

gsec(49);

wrs((unsigned char *)"AT+CCLK?\r\n");
rds(s);
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gsec(4);
uartoff;

c = strchr((const char *)s,'"");

for (n =0, c++; n < 7; n++, c++) {
if (n == 2) data[n++] = 1;
data[n] = (*c++-48) << 4;
data[n] += *c++-48;

}

for (i =0, n=6; 1< 7; i++, n--) wrrtc(0xo08+i,

wrrtc(0x10, 0x89);
for (i = @x11; i < Ox17; i++) wrrtc(i, 9);

}

void setepctrl(void)

{
wrrtc(0xee, ox91);
while (rdrtc(0x03) & 0x80);
wrrtc(0x30, 0x42);
do {nopcycle(10000);} while (rdrtc(0x03) & 0x80);
wrrtc(0x00, 0x99);

}

void setctrl(void)

{
wrrtc(0xe1l, 0x01);
wrrtc(0x02, 0xe0);
wrrtc(0xe3, oxe0);

}

void rtcini(void)

{
TWIini;
setctrl();
setclk();
setepctrl();
wrrtc(0xe2, 0xe0);

}

//md.c

#include <util/twi.h>
#include "urtc.h"

unsigned char twis()

{
TWCR = (1<<TWINT)|(1<<TWSTA)|(1<<TWEN);
while (!(TWCR & (1<<TWINT)));
return (TWSR & OxF8);
}
unsigned char twit(unsigned char uc_data)
{
TWDR = uc_data;
TWCR = (1<<TWINT)|(1<<TWEN);
while (!(TWCR & (1<<TWINT)));
return (TWSR & OxF8);
}

unsigned char twir(unsigned char ack_bit)

{
TWCR = (1<<TWINT) | (1<<TWEN)|(ack_bit<<TWEA);
while (!(TWCR & (1<<TWINT)));
return TWDR;

data[n]);
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}

void twip()

TWCR = (1<<TWINT)|(1<<TWEN)|(1<<TWSTO);
}

unsigned char rdrtc(unsigned char addr)

{

unsigned char data;

twis();

twit (SLAW);
twit(addr);
twip();

twis();
twit(SLAR);

data = twir(NACK);
twip();

return data;

}

Void wrrtc(unsigned char addr, unsigned char data)

{

twis();
twit(SLAW);
twit(addr);
twit(data);
twip();
}
unsigned int rtc(unsigned char addr)
{
union {unsigned int x; unsigned char c[2];} u;
u.c[@] = rdrtc(addr++);
u.c[1] = rdrtc(addr);
return u.x;
}
void rtco(void)
{
wrrtc(0x02, 0x00);
}
//m5.c

#include <avr/io.h>
#include "uart.h"
#include "udfm.h"

unsigned int wpa = @, wba = @, rpa = 0, rba = 0;

void spiini(void)

{
DDRB |= (1<<PORTB5)|(1<<PORTB3)|(1<<PORTB2);
SPCR |= (1<<SPE)|(1<<MSTR) | (1<<CPOL) | (1<<CPHA);

}

unsigned char spi (unsigned char ch)
{
SPDR = ch;
while (!(SPSR & (1 << SPIF)));
return SPDR;
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}

void wrfm (unsigned char *data, unsigned int i)

{

static unsigned char opcode = 0x82;

DFon;

spi(opcode);

spi(wpa >> 6 );

spi((wpa << 2) | (wba >> 8));
spi(wba);

while (i) {
i--;
spi(*data);
*data++ = 9;
if (++wba > 527) {
opcode "~= 0x07;

wpa++;
wba = 9;
break;
}
}
DFofef;

nopcycle (9600);
if (i) wrfm(data, i);

void rdfm (unsigned char * m)

{
union {unsigned int x[7]; unsigned char c[14];} u;
DFon;
spi(ox03);
spi(rpa >> 6 );
spi((rpa << 2) | (rba >> 8));
spi(rba);
for (unsigned char h = 0; h < 24; h++)
{
if ((rpa >= wpa) && (rba >= wba)) break;
for (unsigned char i = 0; i < 14; i++) u.c[i] = spi(@xFF);
if ((rba += 14) > 527) {rpa++; rba -= 528;}
for (unsigned char i = @; i < 7; i++) m = utos(m, u.x[i], 16, 4);
if (u.c[2] == 0x23) {*m++ = Ox0OD; *m++ = OXOA;};
}
DFoff;
}
//mé6.c

#include <avr/interrupt.h>

void irqini(void)

{
EICRA = 0x02;
EIMSK = (1<<INTQ);
}
//m7.c

#include <avr/io.h>
#include "uart.h"
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void uartini(void)

{
UBRROH = (unsigned char) (ubrr >> 8);
UBRROL = (unsigned char) ubrr;
UCSROA |= (u2x@ << U2X@ );
UCSROC = (1<< UCSZB1) | (1 << UCSZeo);
}

unsigned char txc (unsigned char c)
while ( !(UCSRGA & (1 << UDRE®)) ) ;

UDRO = c;
return c;

unsigned char rxc(void)

{
unsigned long int i = TIMEOUT;
while (!(UCSROA & (1<<RXC@))) if (--i ==
return (UDRO);
}
unsigned char rxclr(void)
{
unsigned char clr = UDRO;
while (UCSROA & (1<<RXC@)) clr = UDRe;
return clr;
}
void wru(unsigned int u)
{
if (u >= 10) wru(u / 10);
txc((u % 10) + '@");
}

void wrun(unsigned int u, unsigned char n)

{
if (n > 1) wrun(u/10, n-1);
txc((u%10) + '0');

}

void wrxn(unsigned int u, unsigned char n)

{
if (n > 1) wrxn(u >> 4, n-1);
txc("0123456789ABCDEF" [ (u & €x000f)]);
}

void wrs(const unsigned char *str)

while (*str != '"\0') txc(*str++);
}
void rds(unsigned char *str)
{ unsigned int i = 0;
while ((*str++ = rxc()) && (++i < 64));
}

unsigned char rdr(const unsigned char *s@)

{

0 ) return 9;
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const unsigned char *s = s0;
unsigned char c;
unsigned int i = 1;

while (*s) {

if (I(c =

if (*s++ l=c) s = s0;
}
return 9;

void nopcycle (unsigned int i)

while(i--) asm volatile ("nop"

}

void sec (unsigned int s)

while (s--)

24

rxc()) || (++i > 512)) return i;

1)

for (unsigned int i = @; i < 1000; i++) nopcycle(530);

unsigned char * utos(unsigned char * s, unsigned int v, unsigned

char fw)

if ((fw > 1) || (v >= base)) s

char base, signed

= utos(s, v/base, base, --fw);

*s = "@123456789ABCDEF"[v % base];

return ++s;

//m8.c

#include "usht.h"

void shtini(void)

{
unsigned char i;
SCK;
DATA_OUT; asm volatile ("nop":
DATA1L;
SCKo;
for (1 =9; i; i--)
{
SCK1; asm volatile ("nop":
SCK@; asm volatile ("nop":
¥
s_trans_start();
}
void s_trans_start(void)
{
DATA_OUT;
asm volatile ("nop"::);
DATA1;
SCKO;
asm volatile ("nop"::);
SCK1;
asm volatile ("nop"::);
DATA®;
asm volatile ("nop"::);

SCKe;

1)

1)
1)



asm volatile ("nop"::);
asm volatile ("nop"::);
asm volatile ("nop"::);

SCK1;
asm volatile ("nop"::);
DATAL;
asm volatile ("nop"::);
SCKo;

}

unsigned char s_write_byte(unsigned char value)

{

unsigned char i, error=0;
DATA_OUT;
asm volatile ("nop"::);

for (i = 0x80; i; i >>= 1)

{
if (i & value)
DATA1;
else
DATA®;
SCK1;
asm volatile ("nop"::);
asm volatile ("nop"::);
asm volatile ("nop"::);
SCKO;
}
DATA_IN;
DATA1;
asm volatile ("nop"::);
SCK1;

asm volatile ("nop"::);
asm volatile ("nop"::);
asm volatile ("nop"::);
error = DATA_;

SCKO;

return error;

}

unsigned char s_read_byte(unsigned char ack)
{

unsigned int i, val=e;

DATA_IN;

DATA1L;

asm volatile ("nop"::);

for (i = 0x80; i; i >>=1)
{
SCK1;
if (DATA.)
val = (vall|i);
SCKO;
}

DATA_OUT;
asm volatile ("nop"::);

if(ack)
DATA®;

else
DATAL;

SCK1;



asm volatile ("nop"::);
asm volatile ("nop"::);
asm volatile ("nop"::);
SCKo;

return val;

}
unsigned int sht(unsigned char cmd)
{
unsigned char error;
unsigned int i, msb, lsb;
error=0;
s_trans_start();
error += s_write_byte(cmd);
for (i = 10000; DATA_ && i; i--) _delay loop_1(40);
if (!i) error += 1;
msb = s_read_byte(ACK);
1sb = s_read_byte(ACK);
return (msb<<8)|1lsb;
}
//mle.c

#include "uadc.h"
void adcini(void)

{
ACSR = (1<<ACD);
DIDRO = ©b0000000O1;
ADCSRA = 0b00000101;

}

unsigned int adc@(void)

{
ADCSRA |= 0b11000000;
while ((ADCSRA & 0b00010000) == 0);
ADCSRA &= 0b00010101;
return ADC;

}

//mll.c

#include <avr/io.h>

void tcnini(void)

{

TCCR1B =(1<<CS12) | (1<<CS11)|(8<<CS18);
TCNT1 = @;
DDRD &= ~@x20;

TCCROB = (1<<CS12)|(1<<CS11)|(0<<CS10);
TCNT® = 0;
DDRD &= ~0x10;
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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.

The wireless weather station developed in this work is accurately 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.

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 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.

*

Corresponding author at: Department of Plant Science and Agricultural Resource Management,
Faculty of Agriculture, Khon Kaen University, Khon Kaen 40002, Thailand. E-mail address:
krirk@kku.ac.th
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Design of the hardware

Data Processing Unit
High performance low-power RISC 8 bit microcontroller with 32 KBytes of In-
System Self-Programmable Flash program memory, 1KBytes EEPROM, and
2K Bytes Internal SRAM. Built-in peripherals also include three
Timer/Counters, internal and external interrupts, a serial programmable USART,
2-wire Serial Interface, an SPI serial port, and 6-channel 10-bit ADC.

RF module
Single band HSDPA 2100MHz System on Chip (SoC) transceiver designed for
M2M wireless application which also includes UART interface and embedded
TCP/IP protocol.

External flash memory
2Mbytes of 512/528 per page, with minimum of 100000 Program/Erase cycles
and data retention of 20 years

Real Time Clock
Temperature Compensation is calibrated in the factory and yields time accuracy
of £ 6ppm from -40°C to +85°C and % 8ppm from -40°C to +125°C.

Power Supply
Monocrystalline high efficiency solar cells, rechargeable lithium ion battery, and
an integrated 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 raingauge 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
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System software

Operation system of the data logger was written in C and the algorithm of the
code 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. If it
is time to send data to remote server, then it would start RF module to send data
using TCP/IC protocol, and go back to sleep. Flow of the operation system is
displayed as flow chart in Figure 2.

Initiglization

sleep state

|
|

Awake RF module
Send data to server,

Figure 2 Flow of system operation

Experimental results

Accuracy

Data collected by the developed weather station (uMet) were compared with
those collected by Campbell Scientic 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 measurements made by the developed low cost
weather station were almost identical to those by Campbell Scientic Inc system
(Figure 3to 7).
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Figure 3 Comparison of irradiance as measured by the developed weather station
(uMet) and that by Campbell weather station (LiCor)
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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)

Rainfall mm/hour
50
uMet
40 -
——Sierra-Misco
30 -
20 -
O T A T T L 1
0 20 40 60 80 100
Hours

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 and 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 (r2 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
s 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.
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Stability and reliability

Thirteen stations were installed in the field in Thailand: nine in orange groves in
Chai Prakan, Fang and Mae Ai district, ChaingMai province: one at Mae Hia
Agricultural Research Center, Faculty of Agriculture, ChiangMai University: one
in Mueang district, Phayao Province: one in Suan Kahakarkaset, Lat Lum Kaeo
distric, Phatum thani Province: and one in vineyard, Muak Lek district, Saraburi
province (Figure 9). 3G signal strength in these locations ranged from -75 dBm to
less than -95 dBm. Testing was conducted from March 2017 to September 2017.
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Figure 9 Locations in Thailand where thirteen weather stations were installed and
tested under field conditions.

Results showed that eleven 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 the other two 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 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


https://en.wikipedia.org/wiki/Mueang_Phayao_District
https://en.wikipedia.org/wiki/Phayao_Province
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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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