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Improvement of Upper-Air Observation System for Rainmaking
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Research Title: Improvement of Upper-Air Observation System for Rainmaking
Researcher: Dr.Paramote Wardkein, Dr.Peeramed Chodkaveekityada

Faculty: Engineering Department: Telecommunication

ABSTRACT

Thailand has been known as a top agricultural exporter in the world. But in every year, we miss a lot of
opportunities to export some agricultural products due to drought condition. In the years 2017 and 2018, the areas in
risk of a drought crisis were 47 areas throughout the whole country amounting to around 1.5 million acres. There
was not enough water to grow plants in these areas. As a matter of fact, Thailand is located near the equator which
has more cumulative rainfall volume than any other areas in the world. Still, drought crisis happens every year. One
of the reasons behind this may be lack of valid predictive information. Weather information is very important for an
agricultural country. Thailand has not invested sufficiently in building an effective weather sensor network. A
compromise has been made by employing high technology to produce rain in specific areas instead to alleviate
drought crisis. This work was a design and development of a high-and-low-altitude air observation system suitable

for rainmaking process in Thailand that aimed to reduce the import of advanced and expensive technology.

Keywords : Rainmaking, high-and-low altitude air observation, ground station
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aaae il
<3 4
1. SLUUFUIDS
2. szuunaaau Tl
3. szUUMIdeAITLAZMITANT VoA
4. 5zuun1naln

a kX 79 9
5. ‘I/]i]‘]sl@]‘W‘ui'lul,m$ﬂ1§ﬂ5$§ﬂ@]1‘]§\ﬂuﬁ1661ﬂ1ﬁ

4.1 szuuduyes
<3 J I Ao o @ A Y 1 o ] '
sruwsuwesuszuuidiay lunsns193aan 1o 1N AN TZAUANINGIAINY INAIDEIUTY
< o @ a < 4 < 4
IFUIFDSIAANINOINIA (AWAUDINA, QUNUDINIALAZANNE), [HUID3 GPS, Power voltage, IFUIH03
AT 9 LAY
d o
4.1.1 155 I NeINA GY-BMEP280
o X I {a o ] ]
19 Sensor Module Tunisasraiaanineime Failuniiennuod1aunsnalo uazam15on
' ] a x t4 v o ara g 1
T¥aIaaeuaz a1 Tuuwannownu1ia Sensor AogilnssinsrniudyanauvieUSuameaddndaie mu
a o X <3| 9
gl ANWAY ANNIL Tudu
d [y v
4.1.1.1 15 w0500 IngunalinazANNAY

[

<3 4 o a 2 g A o ¥ A A
FUIBBDTATIVIAYUNHN (Temperature Sensor) “ﬁﬂlﬂu@ﬂﬂﬁﬂ!ﬂﬂ']wu']‘ﬂlﬂaﬂuﬁgﬂll

a

A (] 9 < I o o = o Y A g 1 [
UNYN 1FU ANNITDU-IYU Lﬂuﬁgﬂﬂllﬁﬂﬂquﬂ'] GINfaz‘1/1mmmﬂumuma%mmqmﬁﬂu

QU

< d o o o & P v A v Ao
U0 5IAAUAY (Pressure Sensor) FuTuginsaifamsaianaiuguanuaund
1 Y o A @ 1 . 3 Y A o

wielumsuaana lavainvateludu@oanu 15u bar, kPa, psi, mmHg 1Wudy vaziidaiat output nu
[ [ I o <3 14 @ 1 g
ae lhdenldand mwu NPN, PNP, 4-20 mA ifudu Taevhimsanyuazidenlddumes Tuga dsae' il

BME/BMP280

F
) @ @ a (% 4 ..
Til@ﬁ BME280 d 1% 3UIAQUV QU (Temperature) ﬂ’JHJ%‘LAﬁiJW‘ﬂﬁ(Humldlty) Uay
a 4 ] o 1 4 1 [ 14

AUNABINA (Pressure) 19%W BME280 doaiskuaia 12¢ 19 1viaeq 5 Tradauisaldnenuueia arduino

4 Y o ~
18 eansouaad 1daanIng 4.1
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AN 4.1 Tuga BME280

Y )
Tuga BME280 19 19lideq 5 Toad ieuaed i luTasnouInsamesiiunig

v
o [ =2

dumesla 12¢ MNdaanas SDL 71 SDA 4313993 Voltage Divider Nenu130AonUsALLIaaY 5 Toad Ia

D)
Y

YOUATINAHA (Technical details)

U

* Supply Voltage: 1.8 - 5V DC

Interface: 12C (up to 3.4 MHz)
* Temperature: -40 to +85°C

* Humidity: 0-100 %

* Pressure: 300-1100 hPa

* Humidity: 0.008 %

* Pressure: 0.18 Pa

* Humidity: £3 %

* Pressure: + 1 Pa

* Temperature: =1 °C

[

9 ] Y
- TugalilivuFouas 4 ¥1 awd1AUAd VCC, GND, SCL, SDA

4.1.1.2 MINUINANNGININAINNNAY

! < 4 ° o o v ¥ .
1%ﬂ1ﬂ31uﬂu%1ﬂjuﬂﬁ BME280 Lﬁ@u'lu']ﬂ']i‘l'}ﬂlﬁ'ﬁgﬂﬂﬂ'ﬂﬂgﬂﬂ?ﬂﬁgﬂﬂu'lﬂgla é]:}\j

v
as o

mmsaﬁmamﬁ’aﬂ bi] \‘]ﬁ
d‘ % g =S 1 1 [}
- ﬂ’ﬂllﬂﬂ@TﬂTﬂV]iSﬂ‘]JHTVI%La‘]JWHﬂaN(PO) UAUNINY 1013.25 hPa
- 910 760 mmHg 11101 101325 Pascal HANINY 1013.35 hPa

v b4
v @ v o

Al AnugInszanzEa aunsamuia lddsaunsi 4.1
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1

P 5.255
h=44330x|1- B 4.1)

0

uay =1013.35hPa

4.1.2 15195935 GPS GY-NEO6MV2

GPS GY-NEO6MV2 Module t1aa3sannil 4.2 fluTuga Gps iianulalumssuds - 162
dBmuazamisaenae ldae soveadyyia Tasldusedulddi33-5vDC iHouaany
uTnsneuTnsamesru UART A1m33 9600 1hams 18 Tug9gaimgdl -40 e 85°C nazdistanun 4 pins udns

MOTLYUARS pin AIN1519N 4.1

NN 4.2 GPS GY-NEO6MV2 Module

A1519% 4.1 AMoTL18 PIN 499 GPS GY-NEO6MV?2 Module

PIN Masue

Vee TiAeq 3.3-5.0 V DC
Rx Receive
Tx Transmit

GND Ground

a.1.2.1 anadind e Gps
¥
GPS §911191n7171 Global Positioning System A9 33 VU2 fMniauunylan Tag
(Y o IS s Y = LI
1anM3uazll M iy GPS (Navstar) 13z neudiga iy 24 a3 Taguiiailu 6 591241095 113 1A

= [ o Y J @ @ Y 9 1 = =
LDYINIYY 55 94f1 ﬂﬂlﬁuﬁuﬂg@i (Equator) 1uaﬂym$ﬁ1uﬂuﬂa1ﬂ gﬂmmmmamﬂﬂmmnmﬂu 4
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(= zil a A 4 = ] 9
A4 SannalavsoiniiuTan 20,162.81 0 lawas #3e 12,600 lua aruisuusazalely narlumsiasssevlan

12 %2134

[

4
GPS 101U TagmIsudyaiannaieutaaza lasdyaiaarineutildizney

'
2 o ' g

Tidedoyanszyduriaznatvagdedyniu Aun3 o5 UdynIuGPS 1zAelszulananNuLANA1S

U Q [ )

'
o =}

v W [ a I ' 4 [ [
voaa lumssuduaaeununaIse u 'Ijﬂ%‘U“LJLW’E]LL'IJ')'L'IJL!?ZEJ%‘I/]Ni%ﬁ’JNLﬂ%’ENTUﬁi}}lﬂlu"lﬂlﬂﬂﬂnmﬂu
Y

g q

' = v
uaaza ¥aldse

Ui aiuNnudyanaaina
A Y a "o ) o vy A Y A ~ [
L‘W’Eﬂ‘mﬂﬂﬂ’Nllllllﬂ&lﬂ‘llﬂﬁﬂ‘ll‘ﬂWHLMHQ@]’J&@TJW]&N ADIUMAIUNYUDINNUDY 4 AN
d‘ [ 1 a é 1 I3 g‘./ [ d‘ é o 1 a 9
LW’E]TJ@ﬂ@HLL‘ViHQ‘]JuW’JTaﬂ AT YSHINIINATUNYUNN 3 DUIATDI GPS cﬁwxmmmizumgmumuwﬂaﬂ"lﬂ
dy 1 [ I a dy =\ Yy A [ A o [ g’;
Vﬂﬂ‘W‘L!Tﬁﬂﬁ]qulclullu’35$‘L!'I‘]JLmSl,‘Llﬂ'J'IiJL“]J‘L!i]i\?‘W‘LAI@ﬂiJﬂ'J'llITﬂ\‘IL‘L!'EN%1ﬂﬁﬂ!ﬁ1uﬂl@ﬂiaﬂ3~laﬂ'ﬂm$ﬂaﬂ PNUU
~ ~ o Y o A A o I Yo oA Y 49!
ANUNYUAINN 4 i]g‘I/]ﬂ’ﬂﬁnﬂiﬂﬂ'I‘Ll’Jml,iENﬂ’NﬂJ’q\‘ILW’E]V]ﬂWVlﬂGHLLWH\‘mQﬂﬁ@\?ll'lﬂ"llu
4.1.2.1.1 1Uslnnea NMEA v93 GPS
[ . .. . .. = d A Y K
NMEA 8931910 Nation Maritime Electronics Association %11 a1y 1ANUNYUUUANY
o ‘a a s A A 1 o 1 % 4 o 1 ,é’ A A 1
Lmzwmmqﬂﬂimmaﬂmauﬂﬁ LW@ﬂﬁL‘IﬂﬂMﬁﬂLLﬁ$ﬂ1ﬂ1uiﬁhﬂuﬂlﬂﬁfgﬂﬂﬁm TﬂﬂfgﬂﬂﬁmmﬁW‘u LUDITDUND
o ' v Y 9 [ Yy A A 9 = o = o
uazmqmsmnuﬂmmmmwﬂ%ﬂu% ﬁi@ﬁ@ﬁﬁiﬂﬂi%’ﬂ?‘bﬂlﬂﬂ’lﬂu NMEA %QW&FMHTNW@iﬂWHﬂlUﬂﬁ

A E) U J o 1 =) =< 9 A 1
ﬁamimay‘aszquﬂﬂsmmnan 13807371 NMEA Standard «mazumagamﬁwamamq'Mﬁhmmgm

e

(Y

& Aq YA = A Y = X
NMEA-0183 %Qiuﬂ”l@]ﬁi’]uu @]'J@ﬂ‘l]ﬁg‘ﬂslﬂfﬂ@ ASCII Text Gb'\iﬁ']ll']'iﬂ‘WlIWhlﬂ (ﬁ'nJ”thN Carriage Return and

9
Line Feed) NMEA-0183 U@ 4903af209751 4800 baud 31/ununisiaisesdoyavesdfieaiiullay

Na
é’ Yy 9 v 2~ kS 9 o A
U173 1UVI NMEA Tﬂmzmuﬁuma NYTE $GPxxx HFINNINNA 6 gﬂu‘uumaﬂu 19 GGA, GLL, GSA,
' ] Yy '
GSV, RMC, VTG 518@3!,’6‘t’Jﬂ@HiJ“V]ll@g]}uﬁﬂ\iGluﬁﬁN‘ﬂ 4.2 ‘VI\TL!Lma$§1JLHJUG]NiJﬂ1i%ﬂLSEJ\‘1"IQJj’E)3J”aﬂ1EJGlu1/]

uanaanueen 1

~ Y 1 9 1 [
NINN 4.3 f08191s5e Ton NMEA uazmmwmﬂmawaymmazﬁauiuﬂiziﬂﬂ
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{ S
awd 43 ugauduzduvvdoya RMC %350 Recommended minimum specific GNSS

U

v o a o '

data MuAIeUoYAIA1 UTC Nnaduviiaazags, aumiadnlan, inaasedge, duidnlan, uazdoyaou

U
=X 9 o

= A a A v Ay ) S <
g °1NﬂTiWﬂ%LﬂJﬂuIﬂi!LﬂiN!Wﬂﬂﬁﬂl@Na M ﬂ']L!.‘ViLNVWIEJQfﬂimﬂ‘ll@ylaﬂﬁﬂﬂuﬂuﬂiziﬂﬂ

U

M13199 4.2 JuVUMITAB BITYANWNIATFIUYDI NMEA

NMEA Record Description
GGA Global positioning system fixed data
GLL Geographic position - latitude/longitude
GSA GNSS DOP and active satellites
GSV GNSS satellites in view
RMC Recommended minimum specific GNSS data
VTG Course over ground and ground speed

BUDN 1 GGA (Global positioning system fixed data) UtuuNUaAINTOYAVDI GPS
~ A a o Y aa = = Ao P = ds! [ =) 1 . =
saneNvzuaaaing laawiia (3D) Feaufionnsu ladoanind 4 a293uld nu169nguiSenii Fix data 39

= v A U |l v d’
3J§11JLL°1J°]Jﬂ?i%ﬂliﬂﬁl!ﬁ%ﬁ?@m\i HEAIANINITINN 4.3

M13197 4.3 JuuumMstaiestoyailszion GGA

Name Example Units Description
Message ID $GPGGA - GGA protocol header

UTC Position 161229.487 - UTC Time : 161229.487
Latitude 3723.2475 - 37 8371 23.2475 atlen

N/S Indicator N - N=north or S=south
Longitude 12158.3416 - 121 84701 58.3416 Alan

E/W Indicator W - E=east or W=west

Position Fix Indicator 1 - HAAIRIIIT 2.7

Suuaiond Gps $1'14 (Range 0 to
Satellites Used 08 -
12)
HDOP 1.1 - Horizontal Dilution of Precision
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manuganioszaviimzalunaig
MSL Altitude, Units 9,.M meters ,
AU
Geoid Separation, Units 152.M meters NG anilonsds WGSS4,WLE’JEJ
3 a A o AN Yo [
L’aanﬂmumwummm‘lmum fix
Age of Diff. Corr - second
siuuu DGPS
Diff. Ref. Station ID 0000 - HaEAIHINaYa01Hvos DGPS
Checksum *18 - Checksum Data
A15197 4.4 L@AeA Fix Indicator
Value Description
0 Fix not available or invalid
1 GPS SPS Mode, fix valid
2 Differential GPS, SPS Mode, fix valid
3to5 Not supported
6 Dead Reckoning Mode, fix valid

{ <
11U 2 GLL (Geographic position - latitude/longitude) dlua YANITIATOUATOIVIN
9 ' ' 0 ' v 9 Hq ¥ YR o A
U9y Loran LmzwuwmmNmu@”ﬁ]”laJmmsnﬁwayanamam@gam“lmm"lﬂ mugﬂlmummmimuaz

$20819 LAAIAINITIN 4.5

A v A 9
MTNN 4.5 gﬂLL‘]J‘]Jﬂﬁ’ﬂﬂliﬂ\iﬂl@i&ﬁﬂﬁ&ﬂ‘ﬂ GLL

Name Example Units Description
Message ID $GPGLL - GLL protocol header
Latitude, N/S Indicator 4916.46,N - Latitude 49 deg. 16.45 min. North
Longitude, N/S Indicator 12311.12,W - Longitude 123 deg. 11.12 min. West
UTC Position 225444 - Fix taken at 22:54:44 UTC
Status A - Data Active or V (void)

Checksum *ID - Checksum Data
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UV 3 GSA ( GNSS DOP and active satellites ) UtUDNUAAIT10021DoAVDTDYA

. o

= Aq v Y 2K 1 A . . . =2 o 9 <3| A
Fix iauariiionilgaula saudeninnunaianaou DOP (dilution of precision) «mmgamu%%mﬂuﬂm

hoY)

= 9 é = [ = % ] [ d'
HANNYNABDIF Gmug‘ﬂzmummmﬁﬂmaxmafm UAANPNAIT NN 4.6

A v A 9
M1 9N 4.6 Q‘IJLL’U’Uﬂ?i*ﬂﬂtiﬂﬂﬂlﬂﬁgﬁﬂﬁglﬂﬂ GSA

Name Example Units Description
Message ID $GPGSA - GSA protocol header
Status A - Auto selection of 2D or 3D fix

value include

3

3D fix — value include

PRNSs of satellites 10,05,28,27,09,02 - PRNSs of satellites used for fix
PDOP 2.5 - Dilution of precision
HDOP 1.8 - Horizontal dilution of precision
VDOP 1.8 - Vertial dilution of precision
Checksum *35 - checksum data

= . . . & g = = 1
LUUAN 4 GSV (GNSS satellites in view) 91 uzduuunuanisigazioeavos GPS ua
ATANUTUTZAVAING (Elevation) D2 FiNuaz SNR (Signal to Noise Ratio) ¥4 1oy lanun11uusaves
o = gi 1 = = 1 I 1A A 1Y) o PR ~ g’/
Ay SNR HA1Agua 0 83 99 Feannmiluaiing Tuusvazingos GPS wszsudyana ldmunnivua 12
Vo9 Yy 9 v A = Y
a1 Maaedenuazin hiddesdasluussia@on auiay NMEA deeenunuldgiluny GSV awiso

) ~ ya3 A A o v & 0 ¥ 9 o ~ v &
L!ﬁﬂ\ﬁl'ﬂlluﬁﬂ']'JWIfJ?JulﬂLﬂiJ‘Vlﬂﬁgijﬂﬁ3@1]55‘1/]@]?13 4 AIUNMUU ﬂ\‘luua'lﬁllﬁﬂJUﬂJ'ImQT'JLV]fJNN']llﬂVN 12 AN

&2

9 v
ulﬁ}iﬂﬂiziﬂﬂﬂﬁﬁllﬂ 3 U5THA FUFUUVUMSIAGTEWASAI0I1 LAAIAIAITINN 4.7

U

A v A 9
AT NN 4.7 gﬂl!ﬂﬂﬂ'l'iﬂﬂﬁEl\i"l]@ll"aﬂﬁglﬂﬂ GSV

Name Example Units Description
Message ID $GPGSV - GSV protocol header
Number of sentences 2 - Number of sentences for full data
Sentence 1 - Sentence 1 of 2
Satellites Used 08 - Swuaiend ops fu'l8
PRN number 01 - Satellite PRN number
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Elevation 40 degrees Elevation
Azimuth 083 degrees Azimuth
SNR 46 - SNR - higher is better
Checksum *75 - Checksum data

UUUAN 5 RMC (Recommended minimum specific GNSS data) gﬂgmuﬁuﬁmiwazﬁaﬂ

: < 1 Ao a X Y o 1 @
VO3 GPS L%'E]\Tﬂ'ﬂllﬁ? (velocity) ANAA 1IDT ARDAIUNANIY G?QflgﬂLLUUﬂTi%ﬂGﬂQLLagﬁ'J@EﬂQ L ANANAITIN

N48

A v A 9
M1T19N 4.8 g‘lll,!f]J‘]Jﬂ?iﬁ]ﬂliﬂ\ﬁlﬂﬂgﬁﬂﬁmﬂﬂ RMC

Name Example Units Description
Message ID $GPRMC - RMC protocol header
UTC Time 103740 - UTC Time : 103740
Status A - A=data valid or V=data not valid
Latitude 2503.6319 - 25 9471 03.6319 Al
N/S Indicator N - N=north or S=south
Longitude 12136.0099 - 121 99711 36.0099 atlan
E/W Indicator E - E=cast or W=west
Speed over ground 2.69 knots True
Course over ground 79.65 degrees -
Date 100106 - 10/01/06
Magnetic variation - degrees -
Variation sense - - E=east or W=west
Mode A - A=autonomous, D=DGPS, E=DR
Checksum *53 - Checksum Data
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! a3 2 v o
UUUN 6 VTG (Course over ground and ground speed) ANNIGIATY ATUFYYIU GPS

Yo o Y Y A ° J =2 A v A o 1 1% ~
mﬂﬂl%mumm LC timu GP 211UN159199U19 WA Loran mug‘ﬂu‘uummmimuazm’amﬁ UEAIANATITINN

4.9

A v A 9
M1319N 4.9 Q‘IJLL’U’Uﬂ?i*ﬂﬂtiﬂﬂﬂlﬂﬁgﬁﬂﬁglﬂﬂ VTG

Name Example Units Description
Message ID $GPVTG - VTG protocol header
True track 054.7,T degrees True track made good
Magnetic track 034.4.M - Magnetic track made good
Ground speed 005.5,N Knots Ground speed

4.1.3 scﬁuwa%mmaéa 9 upH GY-9250
< ¢ o A < < o A o v 3
muwaﬂu@a GY-9250 MPU 9250 U AIAINTINN 4.4 Lﬂulcﬁulcﬁﬂiﬂﬁﬂﬂiﬂlﬂqﬂ%\i

. ! o g o
accelerometers, gyroscope a2 magnetometer 1UAALINY Fap8 TumsaaduauTugatazaaulaiimiinyes
sa a A= 9 té‘ 9 A 1 1 9 ] 9 [
ginsaldannsetindanale laslugailénisi¥eudeasdoyaniu Bus 12C Tagldlunisniniveanis

A ¥ A A 4
maau"lmm 9 UNU LAZNANINYBINM IO UNUDI 1uA

AW 4.4 1o Tuga GY-9250
FoyaFunatia (Technical details)
- 14%1): MPU-9250MPU9250MPU 9250

« unasneln: 3-5 Tad

. msdeds: Masguc/sPIls Taneamsdeats (Fuudaseinndoyaie)
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« Gyro %79: + 250 500 1000 2000 °/s
o 199 2+ 4+ 8+ 165U
. AUINLNIHANT:  4800uT

« Tugavunalsuaamag x 25uaamng

4.2 szvuwasnuiviih
4.2.1 1UAINB3 LI-ION RECHARGEABLE
npauae 1T unnasironsadu i o Thad Failuuuames Li-ion 117 800 mAh taad

U l—ﬂ'
PNNINN 4.5

NN 4.5 LUAABST Li-ion 9 V (800 mAh)

4.3 SzUUMITOAISHAZNIIAN3 VoA
4.3.1 vihwilszanawa (PROCESSOR)
= 9 A [ 9 Y [ o & A Yo
szuumsisznanaliniinlunmsdszurananaztamsdoya udrdwiunsznemdai lasy
~ A a Yo @ @ A 4 D) Y o =y Ay Yo 7 y
winnaorimanuaulinuglnsaivazmd Ivaaiinerdes udnfuiindoyan lasuanmd Tvaa 59uns
o o 7 oA @ .
augumMsiuvesglnssivaznd Inaa Tasglnsainldluszvudszuranadyna Usznoudle Arduino
.. Y v < J
Pro mini 328 l¥nusz LU T
4.3.1.1 Arduino Pro mini 328
3 o o { a
Arduino Pro mini 328 1 uvesalulasInsaass McU) nlsxdiszurana fo

< [ v A an a I A (=} d o a 1 o Yy
ATmega328 Wuniuedszurananani 14 mmaauwm/mmw% Lu’f]ﬂﬂ1ﬂulllﬂﬂﬂﬂ"]fuﬂ']iﬁﬂﬁ@ USB “I/HGI,TTN

<] @ ! 1% 1 @ {
VUIRRN LLﬁﬂ\‘Iﬂ\iﬂTWﬁ 4.6 Lmzﬁﬂmaﬂymzmumm Arduino Pro Mini 328 LLﬁ'ﬂ\iﬂWﬂiNﬁ 4.10
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2 4.6 TuTasaeuInsaass Arduino Pro mini 328

A3 4.10 RUANYVLIANVOI Arduino Pro Mini 328

AMANTA 318aZI8A
luTasaeuInsames ATmega328
TERATR T 33V
usaau lihouna 339V
AYADADUNN/ADNHA 14 (@30 14130 PwM o 1iwa 18 6 pins)
pUIADNDUNS 8 pins
Flash Memory 32 KB
SRAM 2 KB
E2PROM 1 KB
Clock speed 8 MHz

4.3.2 iHIBANN (Memory)

11282031 19 Micro SD card 19dmsuiiuiindoyavuia 8 GB udasaalunini 4.7

NN 4.7 Micro SD card SanDisk 8 GB
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4.4. szpUManaln
4.4.1 SWYFN (PARACHUTE)
4.4.1.1 ¥UAVDITHY TN

15 M‘g%WLHJ“]J Semi-Spherical

AN 4.8 IUYFWIUY Semi-Spherical

1 =) 3

.. . < ' A Aa 2 o A &
JUYYWLUY Simi-Spherical L’]Juill%“]fwlﬂll AHULATINTINAY LTAIAINTINN 4.8 ¥4
9

U U

I ] { a a 4 1 Y I ¥ 1T W a £ T W
Wusuntidszansnmaiey uannluaiielddinswmssawdesms uazlimduilse@ns (Cd) min 1.5

2) SUYBWLAIY parapent

“

AN 4.9 SUYFWIUD parapent

' @ Y Y A '

' ~ aa As I A A
illlfﬁllelU‘U parapent TUFFWNUANHUS AT IHAYURNURNT M%ﬂlﬂuﬂ@ﬁ’]ﬂ’]iﬂﬂﬂﬂﬂﬂ

q

9 a o

a 9 = 9y 9 d‘ [ 9 1 =Y 1 a
Aen191ld uadi Tnssarlumsadaidudou dominnldlumslaasulauiiinnse Taasuniuguitanig

v d' =S 1 QI a Q( da! 1T v
LEAAININD 4.9 HAdulseans (Cd) VUBYNUNITBONLIY
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3) SUYBWLUY Flat parachute

NNN 4.10 UYFWIUY Flat parachute

] < ] H [ [N

SUGFNUV Flat parachute U5 uyFwihiianymzad 10011 Semi-Spherical HANADIN
o g Y A o I =) ~ 9 [ =

M3 Usgneunuaumanmgdaumasuinilszneununalezlawilulenay ualiadesnwtissn NI uyrN

a

1UU Semi-Spherical HAAIAINING 4.10 WArduilsz@nT (Cd) 1D 0.75

4) SNV Cross

AN 4.11 SHYFWIUY Cross

=~ 9

[ = I U A AN o 9 A A 1 1
JUYBWLUUY Cross lﬂuiuﬂf“ﬁﬂ‘lﬂNﬁﬂ}!ﬂwﬂﬁ'lﬂlﬂ‘iﬂﬁﬁiﬂﬂﬂﬂﬂ UUDANDBNLLDUNY th
v 9 [ [ v W < o A R N W a £ T W
FUBFDU Llﬂhlwlﬂw'lgﬂﬂﬁﬁi}"llu'lﬂmﬂ LAAAINING 4.11 FIUMFUY52aNT (Cd) imnu 0.8
I o A ' =S . . AA o & @
ﬁ‘;’ﬂ NNAUSHIVYLADNTUYFWHUD D Semi-Spherical NUANHUSATINTINAULTAIA

A A = a A 9 A [ 4 [ A
NINN 4.8 Luf]\‘]’tﬂﬂiJ'iJ33ﬁﬂﬁﬂ'l1"lﬂ151ﬂf\ﬂﬂﬂlﬂiﬂ$ﬁllﬂ‘UQ'iJﬂiﬂ!ﬂﬁ'Jﬁ]')ﬂﬁﬂWWfﬂﬂ'lﬁiJ'lﬂﬂﬁ:fﬂ
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4.4.1.2 TaghenlFlumsimsuyin
a 9 < J ~ £ 2 "o o Aq U o
TaginAudinnuudauss naganuaInuvesugdniuaziuegiudaanldlumsm

L)

A o o

v 1 R g A o 1 a2 ~ 3 ) < RN o = ] N Yy 1
N3 “INNWIHWWIWI’JﬁJ‘y‘HWHHﬂ’JﬁJ‘mﬁuﬂmﬂ LLUNLLTN !,Lazﬂuuﬂﬂbluizﬂﬂﬂuﬂ “Jfﬂﬂ&lﬂﬂﬁi]ﬂ‘]fﬂﬁﬂ

a . = dy 9 a A v A 9 o 1 o ] j} ~
BURA Ripstop N ‘]J‘L!L‘L!@N"I‘lfuﬂmEJ’Jﬂ‘L!‘V]Liﬂ‘lﬁ/]"lillﬂuuﬂﬂ’ﬂillla8Lﬁ'ﬁ]‘)j‘]ﬁ/‘l

4.4.1.3 anu3Innaoun

b4
2 =

Y1 A o9y @ &
lumsasesuysniuigalszasamem iginsalnstveimeaannssnuiulan lag
1A =2 . o & < A = o =
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fhummf% mmﬁ ﬂ'J']iJfJTJﬂid:Iu
Very Low Frequency (VLF) @%Tﬂﬁ 30 kHz 819071 10 km
Low Frequency(LF) 30-300 kHz 10-1 km
Medium Frequency(MF) 300-3000 kHz 1000-100 m
High Frequency (HF 3-30 MHz 100-10 m
Very High Frequency (VHF) 30-300 MHz 10-1 m
Ehuﬂ'ﬂi]ﬁ ﬂ')’]llé ﬂ'J’lﬂJEJ’I'Jﬂéu
Ultra High Frequency (UHF) 300-3000 MHz 100-10 cm
Super High Frequency (SHF) 3-30 GHz 10-1 cm
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4.5.3.1 OAAIUUIIAUAAUI (Voltage standing Wave Ratio)
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(Voltage Standing Wave Ratio: VSWR) A3914n13 4.6

1+

VSWR =
1]

(4.6)
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S,, =—20log,, || (dB) (4.8)
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211U 0 dB FUAAINMAINUTZNOUNAVHNA
4.5.3.3 Uscansmnvesawo1mMa (Antenna Efficiency)
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4.5.3.6 dUNUANTFY A (Input Impedance)
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O - -
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2 0.90 1.00
3 0.40 0.51
4 3.90 1.25
5 5.30 1.34
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6 0.40 0.92
7 6.20 1.18
8 3.70 1.08
9 3.40 0.92
10 2.70 1.09
anuefin/asumlaunas 2.84 0.96
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Design and Development of Ground Station for
Advanced Weather Sensor Network for Rainmaking
Process in Thailand

P. Chodkaveekityada and P. Wardkein

Faculty of Engineering, King Mongkut’s Institute of Technology Ladkrabang,
Bangkok, 10520, Thailand

Abstract—Weather information is very important for
agricultural country. Thailand is a top exporter of agricultural
product. However, in some areas in Thailand, there is not enough
water to grow plants. This is the reason to employ high
technology to produce rain. An effective weather sensor network
will be useful for increasing rainmaking efficiency. This work is a
design and development of a ground station suitable for
advanced weather sensor network for rainmaking process.

Keywords—rainmaking; weather sensor network; ground

station

[. INTRODUCTION

Nowadays, sensor network system has made our life easier
such as its uses in smart city, health monitoring and IoT.
Agriculture is another area that follows this trend called smart
farming. For smart farming, many sensors will be used for
monitoring the growth of plants, for providing weather
information and for automating agricultural machine operation.
Sensor network will help increase the quality of agricultural
products and help to manage the overall agricultural system. At
present, a sensor network for farming process, for predicting
the rain and for managing water for farming is very much in
need.

Fig. 1. Ground station diagram.

The weather observation system technology in Thailand
was imported several decades ago. The technology that
supports rainmaking is known as a radiosonde system for
observing the weather of the upper-air. The conventional
ground system for radiosonde uses a very big antenna hence
needs a lot of space. This is a waste of resource and budget.
This conventional system is very old. New technology is
released every day and it can be used to gain more precise
weather information for efficient rainmaking operation.
Therefore, the ground station needs to be improved to support
an advanced sensor network in the future.

Ground station design is quite dependent of the specific
purpose of the application. Several factors need to be
considered such as operating frequency, antenna gain,
operating distance and type of antenna. For our purpose, we
would like to develop a ground station not only for using with a
weather sensor network for rainmaking process but also for
general weather observation. Our design was up-to-date and
would be able to support any advanced sensor network.
Specifically, our ground station was designed to reduce the
weight of the tracking system and antenna to make it portable
and easy to installed.



II. GROUND STATION DESIGN

Ground station is design based on the mission of the
operation [1] — [3]. This project aimed to design and develop a
ground station for receiving the weather information from a
transmitter high up in the air that is going to be used in
rainmaking operation. The altitude of the transmitter operation
is between 1 km to 15 km high because the transmitter has to
be at about the same height from the ground as the airplane that
carries out the rainmaking operation does, not exceeding 10 km
in height. Thus, this system must be able to operate at a height
that is higher than the standard equipment typically does.

Presently, the type of existing ground station used in
Thailand is not suitable for receiving today’s huge amount and
diverse type of data from an advanced transmitter. For
example, the existing ground station uses a very big antenna
and is only able to receive data from only a single transmitter at
one time, but the present technology dictates a need for a
ground station to receive data from multiple sensors to get
more precise data that will increase the effectiveness of the
rainmaking operation. The cost of the existing system is also
very high due to its having been imported from another
country. This project also aimed to develop and manufacture
new equipment within the country to reduce the average cost of
investment and operation.

This proposed ground station is shown in Fig. 1. It consists
of an antenna, a tracking system, a receiver and a GUI
interface. Two operational frequencies are utilized in this
project: 2.4 GHz by an Xbee module, aiming to operate at a
low altitude of no more than 2 km and for drone operation; and
433 MHz by Lora module for high altitude use up to 15 km [4]
carried by a helium balloon.

III. ANTENNA DESIGN

Antenna is a significant part of a base station that can
increase the efficiency of the system. Gain and pattern of
antenna design are the priority consideration. This paper chose
to design only a 2.4 GHz antenna because of its merit of
lightweight, compactness, portability and inexpensiveness. The
stack microstrip antenna shown in Fig. 2 was made of FR4
dielectric substrate with a relative permittivity and loss tangent
of 4.40 and 0.02, respectively.

The simulated S11 of the antenna was lower than -10 dB
covering a frequency range from 2.38 GHz to 2.56 GHz. The
peak S11 was at 2.45 GHz. And the simulated radiation pattern
was unidirectional with a gain of 8.31 dBi.

The measured results of the antenna are shown in Fig. 3.
The S11 was better than the acceptable standard of -10 dB
meaning that this antenna was usable. The determined pattern
was wider than the simulated pattern. The half power
beamwidth was about 60 degrees. The measurement gain was
6.5 dBi.

(a)

(b)

Fig. 2. A stack microstrip antenna (a) simulation (b) actual.

(@)



(b)

(©)

Fig. 3. Measurement results (a) chamber room test (a) S11, (b) pattern

IV. TRACKING SYSTEM DESIGN

Tracking system is a very important part to the operation of
rainmaking because the receiver needs to receive weather
information data from every desired altitude accurately. If we
could get more and accurate weather data, it would be useful
for successful rainmaking in the desired area. Due to rapid
lifting up of helium balloon, the tracking system had to be able
to automatically follow the helium balloon accurately. The
structure of the tracking system was designed to be portable
and lighter than the old system by using aluminium frame as
shown in Fig. 4. This tracking system was designed to carry a
load of antenna of about 1 kg. The antenna might be a 2.4 GHz
stack microstrip antenna or a 433 MHz yagi antenna.

This tracking system can be rotated 180 degrees around the
vertical axis and 360 degrees around the horizontal axis by a
step motor. To control the step motor, the tracking antenna
system would be installed with Arduino, a GPS module, a
compass sensor and an accelerometer sensor for calculating
bearing angle and elevation angle between the location of the
tracking antenna and the weather sensor equipment installed in
the helium balloon.

V. DISPLAY SCREEN

The display design used LabVIEW software program as the
basic engineering tool that showed the data from each
significant sensor in the transmitter equipment attached tof the
balloon. The purpose of the design was for the easiest use by
technicians and other non-engineers. The needed weather
observation data were mainly surrounding weather parameters
such as temperature, pressure and humidity, but in this project,
the entire system was aimed to be a smart system hence a
variety of sensors would be installed. Increasing the number of
sensors means increasing weight, bandwidth and power
requirement and complexity of the system, but it would be
worthy to do so. Fig. 5 shows the designed screen with many
data blocks consisting of date, time, GPS location from Google
map, voltage level, compass direction, 3-axes acceleration and
elevation speed. Each data block can be zoomed in and out
freely. All sensor data would be displayed in real time when
the system is operating and also after the operation was
finished. the data would be stored in a format such as excel file
format so that they were easy to access.

Fig. 4. Structure of tracking antenna.



Fig. 5. Display screen.

VI. CONCLUSION

This paper describes how to design a ground station for a
future advanced sensor network for rainmaking and weather
observation. The flow diagram of this ground station is almost
the same with a station for other purposes. However, the
specific purpose of a mission makes each system unique.
Finally, this designed system is very valuable in reducing
imports of foreign technologies and in enhancing the
technology developed in the country.
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Design and Development of Effective Radiosonde
for Rainmaking Process in Thailand

Peeramed Chodkaveekityada and Paramote Wardkein
Faculty of Engineering, King Mongkut’s Institute of Technology Ladkrabang, Bangkok 10520, Thailand

Abstract - Weather information is very useful to many
activities in every country such as aeronautical,
meteorological and rainmaking. Thailand is located near the
equator that makes the weather in this region vary a lot and
more severe than in another areas. Thailand also exports a lot
of agricultural products to serve people globally. Oftentimes,
rain does not fall on an intended area like an area round a
dam, hence there is not enough water to provide to farmers.
This work is a part of a goal to design and develop a weather
observation system suitable for rainmaking in Thailand.

Index Terms — Rainmaking, Weather

observation.

Radiosonde,

1. Introduction

Currently, technology has changed very rapidly. In the
past, the gap of transitional change was about 10 years, but
nowadays, 2 years is considered quite long for a new
technology. Thailand is one country that imports most
technologies from developed countries and cannot produce
many technological products on its own. This is the right
time to develop, adapt and apply current technologies for
use within the country.

Thailand produces a lot of agricultural products to serve
the world such as rice, fruits and vegetables, but we also
face a lot of problem of drought and water resource
management to efficiently provide water to farmers. To
deal with this issue, the department of royal rainmaking and
agricultural aviation was established so that farmers can
grow plants throughout the year. This paper proposes to
develop a radiosonde, a portable sensor and radio
transmitter system, to be more effective than the existing
system in order to better serve a variety of weather
observation missions [1]-[2].

2.  System Design

A radiosonde is an instrument for weather observation
which includes sensors and a radio transmitter. In order to
develop an equipment like radiosonde, its main subsystems
should be considered: the sensor subsystem and the
electrical subsystem which is described below.

(1) Sensor Subsystem

Normally, weather observation sensors include plain
temperature, pressure and humidity sensors, but our design
aimed to improve the system to be more intelligent than the
existing one. Fig. 1 shows our sensor subsystem that
included a GPS sensor, an accelerometer sensor and a

power monitor device. A microcontroller was used to create
packages of formatted data that are uniquely identifiable in
order to avoid interfering with other packages. Moreover,
we installed a data logger to record and store all sensor data
in case data loss happens while the system is in operation.
The transmitter we used was a LoRa module [3] due to its
long operational range of over 20 km.

(2) Electrical Subsystem

This system is quite important because the its power
supply has to generate sufficient power to cover all
operations at all time. There were several sensors that
needed a lot of power and current in order to work
adequately. We selected to use a rechargeable 9V 800 mAh
battery that could supply continuous power for more than 2
hours. Fig. 2 shows the electric flow of the electrical
subsystem from the source to every device. Since each
device needed a maximum supply voltage of 5V, we had to
convert the voltage down from 9V to 5V efficiently.
Moreover, some device could use the power supplied from
microcontroller ports that produced about 3.3V.

Fig. 1. Sensor subsystem diagram.

Fig. 2. Electrical subsystem diagram.



Fig. 3. The designed radiosonde configuration before a test.

3. Preliminary Test Results

The first balloon flight test started from an uphill location
about 400m above sea level. Fig. 3 shows the designed
weather observation instrument including all of the sensors
mentioned that could transmit data back to a base station
with a LoRa module operating at 433 MHz. We attached a
strip of sticker to the instrument with detailed information
for anyone who happened to collect it to understand its
purpose and not feel panic. Moreover, we employed a
parachute to reduce the descent rate as the instrument was
falling down to the ground.

Fig. 4 shows the received weather data from about 400m
to almost 1200m altitude to the base station. The
comparative results between a current commercial
radiosonde (the red straight line) and our designed
radiosonde (the blue connected dots) shown in Fig. 4 are
results of pressure and temperature data. It can be observed
that the trends of the pressure data in Fig. 4(a) sensed by
both radiosondes were almost exactly the same, while the
temperature data obtained from the commercial radiosonde
varied more than the data from our designed radiosonde
because the sensor that we used was cheap and less
sensitive (Fig. 4(b)).

(a)

(b)
Fig. 4. Comparative weather sensor data between two
radiosondes (a) pressure (b) temperature.

We plan to test the designed radiosonde to acquire data at
varying altitudes to cover rainmaking operation at 6-10 km
above the ground several more times. Our next test will not
only be limited to balloon flight but it may be attached to a
drone for low altitude weather observation. In order for our
designed radiosonde to be able to replace the current
commercial one, we need to design into it a friendlier
container and make it easy to operate by non-engineers.

4. Conclusion

This paper proposes the design and development of a
weather observation instrument with purposes to reduce the
cost of rainmaking operation and to prepare for many
advanced missions beyond the capability of the existing
instrument in the future. This paper provides only the
information on the sensor subsystem and electrical
subsystem, but we also developed the whole system
including the recovery process, the software and a tracking
system. The test results show that the trend of the collected
data was valid but the temperature sensor needs to be
upgraded to be more accurate.

Acknowledgment

This work was supported by King Mongkut’s Institute of
Technology Ladkrabang [KREF046009].

References

[1] F. Flores, R. Rondanelli, A. Abarca, M. Diaz, and R. Querel, “Tools
for DIY site-testing,” Proc. The International Society for Optical
Engineering, Sep. 2012.

[2] R. H.Ma, Y. H. Wang, and C. Y. Lee, “Wireless Remote Weather
Monitoring System Based on MEMS Technologies,” Sensors, 2011,
vol. 11, pp. 2715-2727, doi:10.3390/s110302715.

[3] D. H. Kim, J. Y. Lim, and J. D. Kim, “Low-Power, Long-Range,
High-Data Transmission Using Wi-Fi and Lora,” 6th International
Conference on IT Convergence and Security (ICITCS), 26-29 Sep.
2016, Prague, Czech Republic.



I lMl.c ISSH 2010-3700

Mar 27, 2019 News!Good News! All papers
from Volume 9, Number 1 have been
indexed by Scopus! [Click]

Jul 08, 2019 News!Vol.9, No.4 has been
published with online version. [Click]

May 07, 2019 News!Vol.9, No.3 has been
published with online version. [Click]

ISSN: 2010-3700 (Online)
Abbreviated Title: Int. J. Mach. Learn.
Comput.

Frequency: Bimonthly

DOI: 10.18178/IJMLC

Editor-in-Chief: Dr. Lin Huang
Executive Editor: Ms. Cherry L. Chen

Abstracing/Indexing: Scopus (since
2017), El (INSPEC, IET), Google Scholar,
Crossref, ProQuest, Electronic Journals
Library.

E-mail: ijmlc@ejournal.net

Dr. Lin Huang

Metropolitan State University
of Denver, USA

It's my honor to take on the

position of editor in chief of
IJMLC. We encourage authors to submit papers
concerning any branch of machine learning and
computing.

please select n

HOME > Archive > 2019 > Volume 9 Number 3 (Jun. 2019) >

IJMLC 2019 Vol.9(3): 310-315 ISSN: 2010-3700
DOI: 10.18178/ijmlc.2019.9.3.803

Design and Development of a High-and-Low-Altitude Air Observation System for
Rainmaking Process in Thailand

P. Chodkaveekityada and P. Wardkein

Abstract—Thailand has been known as a top agricultural exporter in the world. But in every year, we miss a lot of
opportunities to export some agricultural products due to drought condition. In the years 2017 and 2018, the areas in risk of
a drought crisis were 47 areas throughout the whole country amounting to around 1.5 million acres. There was not enough
water to grow plants in these areas. As a matter of fact, Thailand is located near the equator which has more cumulative
rainfall volume than any other areas in the world. Still, drought crisis happens every year. One of the reasons behind this
may be lack of valid predictive information. Weather information is very important for an agricultural country. Thailand has
not invested sufficiently in building an effective weather sensor network. A compromise has been made by employing high
technology to produce rain in specific areas instead to alleviate drought crisis. This work was a design and development of
a high-and-low-altitude air observation system suitable for rainmaking process in Thailand that aimed to reduce the import
of advanced and expensive technology.

Index Terms—Rainmaking, high-and-low altitude air observation, ground station.

P. Chodkaveekityada and P. Wardkein are with the King Mongkut’s Institute of Technology Ladkrabang, Bangkok, 10520,
Thailand (e-mail: peeramed.ch@kmitl.ac.th).

[PDF]

Cite: P. Chodkaveekityada and P. Wardkein, "Design and Development of a High-and-Low-Altitude Air Observation System
for Rainmaking Process in Thailand," International Journal of Machine Learning and Computing vol. 9, no. 3, pp. 310-315,
2019.

PREVIOUS PAPER
Web-Based Implementation of Risk Analysis of Paddy Production with ENSO Indicators

NEXT PAPER
A New External Force for Snake Algorithm Based on Energy Diffusion


http://www.ijmlc.org/
http://www.ijmlc.org/
http://www.ijmlc.org/list-12-1.html
http://www.ijmlc.org/list-11-1.html
http://www.ijmlc.org/list-9-1.html
http://www.ijmlc.org/index.php?m=content&c=index&a=lists&catid=87
http://www.ijmlc.org/list-10-1.html
http://www.ijmlc.org/list-90-1.html
http://www.ijmlc.org/list-6-1.html
http://www.ijmlc.org/index.php?m=content&c=index&a=lists&catid=27
http://www.ijmlc.org/img/ijmlcv9n1_scopus_indexscreenshot.jpg
http://www.ijmlc.org/list-97-1.html
http://www.ijmlc.org/list-85-1.html
https://www.scopus.com/sourceid/21100840026#tabs=1
http://www.engineeringvillage.com/controller/servlet/Controller
http://www.theiet.org/resources/inspec/
http://rzblx1.uni-regensburg.de/ezeit/searchres.phtml?bibid=AAAAA&colors=5&lang=en&jq_type1=KT&jq_term1=ijmlc
http://ijmlc@ejournal.net/
http://www.ijmlc.org/
http://www.ijmlc.org/list-6-1.html
http://www.ijmlc.org/list-82-1.html
http://www.ijmlc.org/list-85-1.html
http://www.ijmlc.org/vol9/803-C076.pdf
http://www.ijmlc.org/index.php?m=content&c=index&a=show&catid=85&id=929
http://www.ijmlc.org/index.php?m=content&c=index&a=show&catid=85&id=931
http://www.ijmlc.org/index.php?m=content&c=index&a=show&catid=85&id=930

International Journal of Machine Learning and Computing, Vol. 9, No. 3, June 2019

Design and Development of a High-and-Low-Altitude Air
Observation System for Rainmaking Process in Thailand

P. Chodkaveekityada and P. Wardkein

Abstract—Thailand has been known as a top agricultural
exporter in the world. But in every year, we miss a lot of
opportunities to export some agricultural products due to
drought condition. In the years 2017 and 2018, the areas in risk
of a drought crisis were 47 areas throughout the whole country
amounting to around 1.5 million acres. There was not enough
water to grow plants in these areas. As a matter of fact, Thailand
is located near the equator which has more cumulative rainfall
volume than any other areas in the world. Still, drought crisis
happens every year. One of the reasons behind this may be lack
of valid predictive information. Weather information is very
important for an agricultural country. Thailand has not invested
sufficiently in building an effective weather sensor network. A
compromise has been made by employing high technology to
produce rain in specific areas instead to alleviate drought crisis.
This work was a design and development of a
high-and-low-altitude air observation system suitable for
rainmaking process in Thailand that aimed to reduce the import
of advanced and expensive technology.

Index Terms—Rainmaking, altitude air

observation, ground station.

high-and-low

I. INTRODUCTION

Currently, technology has changed very rapidly. In the past,
the gap of transitional change was about 10 years, but
nowadays, 2 years is considered quite long for a new
technology. Thailand is one country that imports most
technologies from developed countries and cannot produce
many technological products on its own. It is one of the
reasons why Thailand cannot step forward to be a developed
country. Most import technologies have been designed for
general global usage, but for some of our purposes, a specific
kind of technology is required. If we do not develop a
know-how on how to produce a specifically needed
technology, it is equivalent to the country stepping backward.
We will continually need to a lot more money to buy the
technology from other countries. Now is the right time to
develop, adapt and apply current technologies for use within
our country. At the very least, if we can acquire some
know-how, we will be a smarter buyer and we can apply the
know-how to conduct some immediate missions to protect the
lives and assets of the people such as the recent case of
Tam-Luang cave rescue.

Nowadays, sensor network system has made our life easier
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such as its uses in smart city, health monitoring and IoT.
Agriculture is another area that follows this trend called smart
farming. For smart farming, many sensors will be used for
monitoring the growth of plants, for providing weather
information and for automating agricultural machine
operation. Sensor network will help increase the quality of
agricultural products and help to manage the overall
agricultural system. At present, a sensor network for farming
process, for predicting the rain and for managing water for
farming is very much in need. Thailand produces a lot of
agricultural products to serve the world such as rice, fruits and
vegetables, but we also face a lot of problem of drought and
water resource management to efficiently provide water to
farmers. To deal with this issue, the department of royal
rainmaking and agricultural aviation was established so that
farmers can grow plants throughout the year.

The weather observation system technology in Thailand
was imported several decades ago. The technology that
supports rainmaking is known as a radiosonde [1]-[7] system
for observing the weather of the upper-air. A radiosonde
system includes many subsystems such as a communication
subsystem, an electrical power subsystem, and a sensor
subsystem. Every subsystem was designed as a
general-purpose module that is easily applied to any
commercial applications. However, sometimes we need more
kinds of information from a radiosonde other than
temperature, pressure, and humidity that a general radiosonde
provides. For example, the information on its location and its
remaining battery life during an operation is very important
for many of our expected operations. This research aimed to
improve a radiosonde so that it can support suitable
replaceable subsystems for a specific mission, not only for a
conventional observation by balloon flight. For example, it
was desirable to be able to attach a radiosonde to a drone, a
UAYV, or an airplane. Moreover, it was also desirable to be
able to get personalized weather information for an
individual’s home from a radiosonde.

The conventional ground system for radiosonde uses a very
big antenna hence needs a lot of space. This is a waste of
resource and budget. This conventional system is very old.
New technology is released every day and it can be used to
gain more precise weather information for efficient
rainmaking operation. Therefore, the ground station needs to
be improved to support an advanced sensor network in the
future.

Ground station design [8]-[12] is quite dependent of the
specific purpose of the application. Several factors need to be
considered such as operating frequency, antenna gain,
operating distance and type of antenna. For our purpose, we
would like to develop a ground station not only for using with
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a weather sensor network for rainmaking process but also for
general weather observation. Our design was up-to-date and
would be able to support any advanced sensor network.
Specifically, our ground station was designed to reduce the
weight of the tracking system and antenna to make it portable
and easy to installed. Moreover, this paper also proposes to
develop a radiosonde, a portable sensor and radio transmitter
system, to be more effective than the existing system in order
to better serve a variety of weather observation missions.

II. SYSTEM DESIGN

A. Radiosonde

A radiosonde is an instrument for weather observation [13],
[14] which includes sensors and a radio transmitter. In order
to develop an equipment like radiosonde, its main subsystems
should be considered: the sensor subsystem and the electrical
subsystem which is described below.

1) Sensor subsystem

Normally, weather observation sensors include plain
temperature, pressure and humidity sensors, but our design
aimed to improve the system to be more intelligent than the
existing one. Fig. 1 shows our sensor subsystem that included
a GPS sensor, an accelerometer sensor and a power monitor
device. A microcontroller was used to create packages of
formatted data that are uniquely identifiable in order to avoid
interfering with other packages. Moreover, we installed a data
logger to record and store all sensor data in case data loss
happens while the system is in operation. The transmitter we
used was a LoRa module [15]-[18] due to its long operational
range of over 20 km.

2) Electrical subsystem

This system is quite important because the its power supply
has to generate sufficient power to cover all operations at all
time. There were several sensors that needed a lot of power
and current in order to work adequately. We selected to use a
rechargeable 9V 800 mAh battery that could supply
continuous power for more than 2 hours. Fig. 2 shows the
electric flow of the electrical subsystem from the source to
every device. Since each device needed a maximum supply
voltage of 5V, we had to convert the voltage down from 9V to
5V efficiently. Moreover, some device could use the power
supplied from microcontroller ports that produced about
3.3V.

Fig. 3 shows the designed weather observation instrument
including all of the sensors mentioned that could transmit data
back to a base station with a LoRa module operating at 433
MHz. We attached a strip of sticker to the instrument with
detailed information for anyone who happened to collect it to
understand its purpose and not feel panic. Moreover, we
employed a parachute to reduce the descent rate as the
instrument was falling down to the ground.

B. Ground Station

Ground station is design based on the mission of the
operation. This project aimed to design and develop a ground
station for receiving the weather information from a
transmitter high up in the air that is going to be used in
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rainmaking operation. The altitude of the transmitter
operation is between 1 km to 15 km high because the
transmitter has to be at about the same height from the ground
as the airplane that carries out the rainmaking operation does,
not exceeding 10 km in height. Thus, this system must be able
to operate at a height that is higher than the standard
equipment typically does.

Fig. 1. Sensor subsystem diagram.

Fig. 2. Electrical subsystem diagram.

Fig. 3. The designed radiosonde configuration before a test.

Presently, the type of existing ground station used in
Thailand is not suitable for receiving today’s huge amount
and diverse type of data from an advanced transmitter. For
example, the existing ground station uses a very big antenna
and is only able to receive data from only a single transmitter
at one time, but the present technology dictates a need for a
ground station to receive data from multiple sensors to get
more precise data that will increase the effectiveness of the
rainmaking operation. The cost of the existing system is also
very high due to its having been imported from another
country. This project also aimed to develop and manufacture
new equipment within the country to reduce the average cost
of investment and operate more effective than the existing
system in order to better serve a variety of weather
observation missions.
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This proposed ground station is shown in Fig. 4. It consists
of an antenna, a tracking system, a receiver and a GUI
interface. Two operational frequencies are utilized in this
project: 2.4 GHz by an Xbee module, aiming to operate at a

low altitude of no more than 2 km and for drone operation;
and 433 MHz by LoRa module for high altitude use up to 15
km carried by a helium balloon. Both Xbee and LoRa receiver
modules were supplied with power from a laptop.

Fig. 4. Ground station diagram.

1) Antenna

Antenna is a significant part of a base station that can
increase the efficiency of the system. Gain and pattern of
antenna design are the priority consideration. This paper
chose to design only a 2.4 GHz antenna because of its merit of
lightweight, compactness, portability and inexpensiveness.
The stack microstrip antenna shown in Fig. 5 was made of
FR4 dielectric substrate with a relative permittivity and loss
tangent of 4.40 and 0.02, respectively.

(a)

(®)

Fig. 5. A stack microstrip antenna (a) simulation (b) actual.

The simulated S11 of the antenna was lower than -10 dB
covering a frequency range from 2.38 GHz to 2.56 GHz. The
peak S11 was at 2.45 GHz. And the simulated radiation
pattern was unidirectional with a gain of 8.31 dBi.

The measured results of the antenna are shown in Fig. 6.
The S11 was better than the acceptable standard of -10 dB
meaning that this antenna was usable. The determined pattern
was wider than the simulated pattern. The half power
beamwidth was about 60 degrees. The measurement gain was
6.5 dBi.

2) Tracking system
Tracking system is a very important part to the operation of
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rainmaking because the receiver needs to receive weather
information data from every desired altitude accurately. If we
could get more and accurate weather data, it would be useful
for successful rainmaking in the desired area. Due to rapid
lifting up of helium balloon, the tracking system had to be able
to automatically follow the helium balloon accurately. The
structure of the tracking system was designed to be portable
and lighter than the old system by using aluminium frame as
shown in Fig. 7. This tracking system was designed to carry a
load of antenna of about 1 kg. The antenna might be a 2.4
GHz stack microstrip antenna or a 433 MHz yagi antenna.

@

(b)

©

Fig. 6. Measurement results (a) chamber room test (b) S11 (c) pattern.
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Fig. 7. Structure of tracking antenna.

This tracking system can be rotated 180 degrees around the
vertical axis and 360 degrees around the horizontal axis by a
step motor. To control the step motor, the tracking antenna
system would be installed with Arduino, a GPS module, a
compass sensor and an accelerometer sensor for calculating
bearing angle and elevation angle between the location of the
tracking antenna and the weather sensor equipment installed
in the helium balloon. The motor of tracking system was
supplied with power from a 24V 7.2 Ah battery for an

operation time of about 2 hours.

3) Display screen

The display design used LabVIEW software program as
the basic engineering tool that showed the data from each
significant sensor in the transmitter equipment attached tof the
balloon. The purpose of the design was for the easiest use by
technicians and other non-engineers. The needed weather
observation data were mainly surrounding weather
parameters such as temperature, pressure and humidity, but in
this project, the entire system was aimed to be a smart system
hence a variety of sensors would be installed. Increasing the
number of sensors means increasing weight, bandwidth and
power requirement and complexity of the system, but it would
be worthy to do so. Fig. 8 shows the designed screen with
many data blocks consisting of date, time, GPS location from
Google map, voltage level, compass direction, 3-axes
acceleration and elevation speed. Each data block can be
zoomed in and out freely. All sensor data would be displayed
in real time when the system is operating and also after the
operation was finished. The data would be stored in a format
such as excel file format so that they were easy to access.

Fig. 8. Display screen.

III.

To test the operation of this designed system, a balloon
flight was suitable for testing from the ground up to a high
altitude. However, a permission to release a balloon in an area
was very difficult and complicated to get due to high plane
traffic. Hence, we launched a balloon at two sites that have
already been permitted to do so which belonged to the
department of royal rainmaking and agricultural aviation. We
also launched it at the same time that this department launched
its balloon once a day.

The first balloon flight test was at Takli station. This site
was at an uphill location about 400m above sea level. Fig. 9
shows the received weather data from about 400m to almost
1200m altitude to the base station. The comparative results
between a current commercial radiosonde (the red straight

EXPERIMENTAL RESULTS
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line) and our designed radiosonde (the blue connected dots)
shown in Fig. 9 are results of pressure and temperature data. It
can be observed that the trends of the pressure data in Fig. 9(a)
sensed by both radiosondes were almost exactly the same,
while the temperature data obtained from the commercial
radiosonde varied more than the data from our designed
radiosonde because the sensor that we used was cheap and
less sensitive (Fig. 9(b)).

The second balloon flight test was at Phimai station. This
station was located at a usual drought area in Thailand. The
environment of this area was an open space at sea level. It was
really suitable as a test site. The operation altitude of this
second test was up to 6 km because the sky was very clear on
the test day. Our designed radiosonde was improved by an
added humidity sensor. This sensor and several other sensors
were arranged to be exposed directly to the open air. The
results are shown in Fig. 10 (a-c): pressure, temperature and
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humidity. It was found that the measurements from our
designed radiosonde were still not comparable to those from a
commercial radiosonde, but it was operating well. Successful
measurements were made from the ground level to the highest
altitude tested. In the future, we will try to replace the
inexpensive sensors with more capable and more expensive
sensors and fully expect the new radiosonde to produce
improved measurements.

(®)
Fig. 9. Comparative weather sensor data between the two radiosondes at
an altitude up to 1200m (a) pressure (b) temperature.

(@

(b)
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(©
Fig. 10. Improved measurements from the designed radiosonde at a high
altitude up to 6000m (a) pressure (b) temperature (c) humidity.

We plan to test the designed radiosonde to acquire data at
varying altitudes to cover rainmaking operation at 6-10 km
above the ground several more times. Our next test will not
only be limited to balloon flight but it may be attached to a
drone for low altitude weather observation. In order for our
designed radiosonde to be able to replace the current
commercial one, we need to design into it a friendlier
container and make it easy to operate by non-engineers.

IV. CONCLUSION

This paper describes how to design a high and low altitude
air observation system for a future advanced sensor network
for rainmaking and weather observation. The radiosonde was
improved by installing many weather, voltage, and GPS
sensors to make the system more capable. The flow diagram
of this ground station is almost the same with a station for
other purposes. However, the specific purpose of a mission
makes each system unique. Finally, this designed system is
very valuable in reducing imports of foreign technologies and
in enhancing the technology developed in the country.

In a future work, we aim to improve the design and
implement it to a rainmaking system for use within the
country. We plan to test our system several times and compare
its performance with a commercial system in order to make
sure that our developed system work effectively. The
operation time was completely tested, but the altitude test was
still not complete. We need to test whether the station can
successfully receive data at 6-10 km range because a balloon
mission for rainmaking operation will cover this kind of
range.
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