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ABSTRACT

This project aims to study and develop the low-cost soil moisture sensor for loT-
based moisture monitoring system. Capacitive soil moisture sensor was selected as its cost
is low and it is corrosive resistance. The sensor was used to measure moisture content of
loam soil. Calibration of the sensor was conducted using loam soil samples with known
moisture contents in the range of 0-100%d.b. R? of the calibrated model was 0.9362. This
model was used in sensor coding. The coded sensor was used to measure the moisture
contents of both loam soil samples and silt soil samples. The sensor was be able to
determine the moisture content and classify the moisture content into 5 levels. The
moisture measurement capability of the sensor was acceptable in practice with the error
of +10%d.b. The sensor was then installed in the loT-based moisture monitoring system.
The system was field tested. The system was successfully applicable and could show the

soil moisture content data in the NEXPIE cloud platform.
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1. Capacitive soil moisture sensor

The electrical component known as a capacitor consist of three pieces. A positive
plate, a negative plate and the space in-between the plates, known as the dielectric. The
physical form and construction of practical capacitors vary widely and many capacitor types
are in common use. Most capacitors contain at least two electrical conductors often in the

form of metallic plates or surfaces separated by a dielectric medium.

A capacitive moisture sensor works by measuring the changes in capacitance caused
by the changes in the dielectric. It does not measure moisture directly (pure water does
not conduct electricity well), instead it measures the ions that are dissolved in the moisture
These ions and their concentration can be affected by a number of factors, for example
adding fertilizer for instance will decrease the resistance of the soil. Capacitive measuring
basically measures the dielectric that is formed by the soil and the water is the most

important factor that affects the dielectric.

1.1 pesiiladidnnsn (dielectric constant, €))

Uuanfapuddn (polarity)

[ A

Huaudniglaiia (electrical properties) ¥o¢ian 1UUAM

(Y] (%

verianiigamgila q AasitlaBidnyEnueseIvis fanuddnyiumsnanuuuiaiednsgunial
wlsgenms nsvuiumswdsglems wu mslmadeusnglalasia Jagiislaadiladidnvin
a1 YmduTanlndidnyEn (dielectric material) fenunduda (polar) ge annsafnifiuyszglni
15 3afusnhlwilald vseduauuliiih
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v 1 a

Yandilaaeiiladidnnings Yadutanladidnnin (dielectric material fimnududa

q

(polar) g¢ annsadniuysygliinly Fadudailuilia vizoiluauaulih
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nageumAsiladidnninvesianla vilagihYagiulundiluaualvihnssuaady Jan
Tpieneiilndidnningaazniiundsadnialaunn Arnadiladidnnsnvesian dAuviafy
Shsnarusewinasauglnii (capacitance) vasiagradinnugliinvosgaanie (Lifivine)
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vacuum
permittivity = &

Capacitance =C

dielectric
permittivity = €

Capacitance=C

o= C/E€ K = &/€,

E‘Uﬁ 271 LLﬁﬂQﬂWiWﬂﬂaUﬂl’ﬂﬂaLﬁﬂ‘W%ﬂ
(fian - http://www.doitpoms.ac.uk/tlplib/dielectrics/dielectric_constant.php)

2 Resistive soil moisture sensor nanAsInAALTUlLAUTY ALHDINDILYI
a a a v v = 2 1 1 dy a v [ a (Y] 1
aLaﬂi‘mm{]ﬂaahﬂumwmmmimmﬂa3mmsamummm‘uumamu”l,m PEANIT AD NNSINAT
v I a g v ada ' ) PR I | A X e
ANLBUNIUTEAINBLANINGA 2 U9 Tunsaifsruamnusunulates Aulaiifianuvuludu
A a i Vv % Ml ' v 1% 2 | A P =8 v o~
1N wieAuguIulineITA Tunsafgueanudumulaunn fwaifanudulufutes w3o

AULTID129ABITAUN

gﬂﬁ 2.2 resistive soil moisture sensor

(‘17'im https://sites.google.com/site/ projectphysics122/ hlak-kar-thangan-khxng-sensexr-wad-

khwamchun-ni-din)

3 Time domain reflectometry (TDR) is an indirect measure of soil water content
based on the travel time of a high frequency electromagnetic pulse through the soil; this

travel time is used to calculate the permittivity (dielectric constant) of the material. The

6



TDR probes are inserted directly into the soil for in situ measurement at the desired soil
depth. The measurement takes only seconds, and the instrument can be attached to a
data logger for ongoing measurements. TDR applied to soil water content determinations
is cable radar in which a very fast rise-time voltage pulse is propagated down and reflected

back from the end of a transmission line or wave guide (the probes) in the soil.

gﬂﬁ 2.3 Time domain reflectometry (TDR)

(fis https://Labmodules.soiLweb.ca/time—domain—reﬂectometry/)

4. Gypsum block The resistance blocks use electrical resistance instead of vacuum
pressure to determine how much water is in the soil. Resistance blocks or “gypsum blocks”
are made by imbedding two electrodes in a block of gypsum. They are then buried in the
soil and a current of electricity is sent through them. They measure the electrical resistance
between the electrodes and the resistance is directly related to the soil’s water content.
These detectors are soil moisture switches that are buried in the soil when switches on
when soil moisture reaches above a set point. When the soil dries below the set label, the
detector is activated sending out signal that water has reached a given depth. All types of
soil moisture sensors can be used as Wetting-front detectors, however a special product is
designed suitable for only information required when the wetting front arrives at a set depth

in the soil.



3‘1]17i 2.4 Gypsum block
(ﬁm https://vvwvv.edaphic.com.au/products/soils/gypsum—block/)
2.3 \ilefu

iafiu (Soil texture) Lﬂuauﬁaﬁugmﬁﬁdauﬁmumauﬁamﬁdﬁﬂé%‘u 9 VIR BNVANY
U58n13 Lﬁaaugnﬁmum‘lmaé’mdau‘imaﬁmﬁn‘uadaqmﬂaﬁuw‘%é 3 nguaun Aiflvunaliiiu 2.00
fiaduns (Soil separates) Aig
Sand #38AUNIANTIY Safunguaualafigalufiu Sil wieoynANTIoRYNOUNIBEYNIANIIY
wa ddunguauiauiunans
Clay v3ooun1pRumile? Sofunguaunidniigalufi ounAYia 3 Nl | \ilousznoulu
dadaunng 9 fuagldussianmietuile fu (Textural class) g dumsnsinuasenasuunidody
ponidu 3 naulnn) 9 il

2.3.1 nquauiiaasiBen (Fine-texture Soil) Usznausabiu 5 Uselan T Ay wmilen
(Clay) Aunilgavunsisuds (Silly clay) Aumileaduning (Sandy clay) fusiu wmileq (Clay
loam) Ausrumienvunsiswds (Sily clay loan)

232 nfcjuaw,ﬁamunma (Medium-texture soil) Usznaumedu 4 Uszsiam 1 un fiu
squwilenlunsie (Sandy clay loam) Ausau (learn) fusautunsowl (sitt loam) Aunsiewds
(Si)

2133 nzjuamﬁaml'm (Coarse-texture soil) Usgnaufadu 3 Uszinm loud fiu nse
(Sand) funsneUusiu (Loamy sandy) Ausiudunsie (Sandy loan)

2.4 @ uALILLUTIY (bulk density) WuauUAnianignw (physical properties) UYBDIIAR)
Ve AUy (density) vasTanuTunaaa (bulk material) wwu uls (floun) anse
(starch) waadayite (cereal grain) Nunia uape 819N5ER3 yunrude uaz gnnann sy B
Hupmuuiuiisiniinesswinaduianse ssarnamuutiue (solid density) Faiu
m”\wmLmuﬁuaq%uﬁ’aql,wiaz%u wazaglaisuiiiesewinetutan Yaguiadesiuenaiionsan
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e L LA umuLdwie (solid density) wagaanunuLiusIu (bulk density) LU N9

Saanumunwduveatussusazi laandu solid density Lm'mﬂ’;’mmmwmLu,jufuaqﬁuw%’wmz
1 =l v & Y1 1 > ) 1% v 1 1

Nodoy maasﬂummu aglaadu bulk density LUuAU FeTuAMvLILiuTaziia1deend

ANUAUILUUL LN mmwmuﬂusmLLazﬂmwmLLﬂuLﬁaLLamﬁa'gUﬁ 2.5

YQJJI“n- 4
a’ﬂ:.. me @3,)

2 NE

4

-
<

'n

bulk density solid density

50% solid, 50% pore space

‘Uﬁ 2.5 ﬂ’J’\lI‘WLﬂLL‘L!‘L!TJ@JLLa”ﬂ’)’lﬂJVIU'lLLu‘ULUEJ
(‘1'71'm http://vvvvw.foodnetworksotution.com/wiki/vvord/0747/bulk—density)

Hesui dnadennumuiuiusiy Jusgiudedenatvetis laun amdu (moisture
content) A uSHasor LU UT TR AgNINTISINEAS WU WAy dawaauks
dewnniloTangaautu azveei fuuin Wasuudas AL LTI HAREAIANTU A

o o 6 1 Y §f < s & a -
LLﬁﬂﬂﬂ’J’TNﬁNWUﬁ%@QWJ’]&J‘WU’]LL‘L!‘UTJ@Jﬂ‘ULUEJ?L‘UUWF]'J’]%J“UUE’WLUEJﬂIUHi']W'V] 2.1

anududaaanuvuantiusu (bulk density) a9

waaandud
0s }\
085 \i\
\’\\
- et

y=-00097x+ 09493
R=08245

Aruniuiuss(g/cm’)

6 & 10 12 14 16 18 20

drarmduguiun(%)

N1 2.1 LanPdIT LS Ye s iuT AU SR Aug N et T

(s http://vvwvv.foodnetworksolution.com/wiki/vvord/0747/bulk—density)



1391171 bulk density ylelan1sussyianasiuluniguzinsuuinasiiieannau
Aawann Aasldnvusaunlngweauals WU vue 1 ans uddiluds Uienseinadeiavinlisey

o 1 1 v A
ﬂ’]ﬁf’ﬂiﬂZUW]F]'WY]W&JVI‘HWLLUUi’JNWWlﬂ‘\)'\ﬂﬁNﬂWiVI 2:2

WaRU g

ATIUUUILUUTIY = — = (2.2)
Jsunasveanivug CM

audAvesiusuiansliUslondfiau damwduiusednsdatuilonu Auie neveymasinli
ineilunguiou Jeldnvmuesiu fnnssrunethuarnsdemennal uAumaniawannss
lumsguihuaggadusinamisiddes nsdansauiiie veudsiosinnsanizeanisvauseniu
waznshae TnofnundnsuazUSinasensaliinniiuly dofuaziBoaindvosmuaidn vl
gubldunn waedinsseuisiim sealsfnaudonzidongadusimemisldunniadinugan
Auysaige [iofuazBunaunsosunistadeldadiazann 4 uinisvausemudessyiuies
HANSZNUADNITENEM BINAYDIAY
2.5 Internet of Things

Internet of Things %30 loT A® AnmundeusulsEnauspas A A sadoanTuas
Fousoruldrulnsinaeansdeasnauuldasuarlians lasassndssing q $38msszysam
1§ Suiusunvesanmuandeuls wariiufduiusidneuuazyihausauduld arwanansalunis
deansvosarsndsiazdiluguinnssunaguinsluiSnuinuine Methaudu ueeinigludiu
pnadunsindeulmivesedends uasdidranaludalanAnaindlnnuiomt g fiflauvsolal
flauey gunsalindnyaradnvedUae/dgerguazdedoyaludsynainsnianisunnd wieds
ForuSenmbefinmiosaandy Dudu

uanaNil 10T axLdsuguuuuLaznseuIumsHantunagaaunssulug galval y3ofl
3unin Industry 4.0 flaverfemaidouredeaisuasiausuiuseninueiedns uyvd way
Foya Waiususlunsiadulafisinauazilmugndesusiuggs Tneiideyanaateiivan
Fugeiildnainigunsaiuazanimuindenvzgninaniine Tilduadndifothludiuuse
nszuIumsHanldeg i uenanmsiudadiiniednauds stuumunursesTULIATIZR

foya orlildogluiieriutunsosdng usannsomuaudinisidlaglidadiaEesdaud
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2.6 gunsalitldlumsihanuvesszuy
2.6.1 Arduino e Tassmsihiduledlalasneulnsaaeinszgaiigg anldsmiulunie

¢ danwn C fhdudnuwazianie Aefinsndeulaunives Arduino 3 unnil elinisd sy
lulasmeulnsataosiunnsneiu ansoldauldadudoiuld laedlassnsldsanueianaaes
v gUuuy leldnuiy IDE vesnuies vedn Arduino flegwarnvansiu fAUUANANSIY
Wmumslénuresgiiaun Jeuedn Arduino fithanldauAesu vesa Arduino Mega 2560 Pro
Huvedaditlvnansiiasn fdeyadumefinzuinsigagunsal loT asiadevanIniy M3
¥119Uv8UDIA Arduino Mega 2560 Pro Al 2ol

1. UasA Mega Pro Embed CH340G/ATmega2560 5enululaspeulnsaiass ATmega2560
uazouaUlmes glaat-UART CH340 anansavinenusauiy Arduino Mega 2560

2 vesaflauianziaia 38X55mm wazidunisesni admsunisWauilasanisaiy
11013314 ATmega2560

3, fleridu Mega Pro Heagwiloufiufiu Arduino Mega 2560 Saufazifu Embed board wafdl
Aushunaviioues Mega Board Winduatiuuagiesoasasiwasnrendaunngs 16 wnzigsnd
aguuUadn

4. vesailveudeu Micro gioad ﬁﬂﬁ"gaiﬁ@mmmmL%amialmiﬂ'ﬁﬂauimaLaai%ﬁ’um%a
poufames LAt uswaUmes glaal-UART CH340 (e199nTudasfianslnsiines) anflvan
TasAes : Windows, Linux, Mac, Android

5. yagaaNntuLAG BUN1UTewEBY Micro giaad W3or1uN19Y 0 eLd Ut nsaTuUY
Aszanu (Vin) Meauauusaduliihiiléianueglutismes 6 fs 9v DC

6. nszudlnu1eangIdn 5V ogfiuszana 800mA YuzoLlil 3.3V Uszanas 800MA

7. fmuauusisulaigigliannsaldnulade 18v Jurdunmegalshaulaiuugilild

Audfuusifanandosmnenailiiinnudeunaseudemeiugunsallaunnuiul

£ % o

Joyadninie:
lalaspoulnsaians ATmega2560
fudas gead-TTL CH340
Power Out 5V-800mA
Power IN 5V
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Power IN VIN / w3a DC 5V

ASLENERIU 5V 220mA
SEAUADAN 5V

goal lalas gread
ANLAUIRNT 16MHz
Mssensasuilday 5V

|/ O fdvia 54

| / O aunden 16
YPUIANUILAINAN 256kb

Joya RAM wila / 1119 8Kb

Joyasou wile / YA 4Kb

dumasing vila pﬂﬁu%ma%umaiﬁm
gamaiilunsinnu 1yl 585\
AUYTY X NN 38 x 54mm

31117; 2.6 Arduino Mega 2560 Pro

(Fisn https://wvvvv.arduinoall.com/product/2422/arduino—mega2560—pro)
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2.6.2 Tugadeans 3G Module UC15-T Fuvasndeasiedetisinsdmiladeuiiszuu 3G
14Tugadoarsdie Quectel Ju UCI5-T 5093uUAITNE 850/2100 MHz lusyuu UMTS (3G) uas
soe¥UnLE 850/900/1800/1900 MHz Tuszuu GSM (26) Fmnmsalunisdennsieyagege
3zwiﬂﬂmqaﬁum%?haﬁ 3.6 Mbps Downlink uag 384 Kbps Uplink ilodeuderunIetne 3G
mmsﬁm%’uéﬁéfaamsﬁﬂﬁswuL‘Ti'amiaﬁ’um‘%a‘szha 3G yi3offIdeINNTIMAIATTULIIN 26 Ju

a v o

3G Adterdunsldnuaseunquiinisioansuazszyiiin aunsmiluuszgndldlunudie 1w

(%

syuuTLdslaAnmumulssausIndud Sneidanier yaviedudilians nsinuimy

Uaonsdy $1UAUAISITLEY msﬁmmuqmam‘%a?wm msmufuuazi1zeinyImialng Jusu
speSUAINA UMTS (3G) Ad 4 800, 850, 900, 1900 waz 2100 MHz @1u1sald 3G vy

A 2100MHz Temniasegred iuinisluideine wWu AIS 3G, DTAC Trinet uag True 3G+

Hudu uazanunsold 3G vunnud 850 MHz vosgliu3nis My by CAT

AuanRvesuain 36 Module

. Iﬂmgaﬁaa’li UC15-T 97110 Quectel Wireless Solutions Co., Ltd.

« s93%UANLA 850/2100 MHz Tuszuy UMTS 3G

. ian%’ummﬁ 850/900/1800/1900 MHz Tuseuu GSM 2G

. 59\‘1%"1Jﬂ’3’13JL%’31‘1Jﬂ'li§€)a’1’5 HSPDA qqqﬂﬁ 3.6 Mbps Downlink tag 384 Kbps Uplink

« 5995U HSPA Release 5 (Category 6)

« 5995V EDGE Downlink only

« 5895V GPRS Multi-slot class 12

» 5993U UMTS Release 99/5

« 895U GSM Release 99/4

. 5955uR&a AT Command 3GPP TS27.007 fiu 3GPP TS27.005 waz enhanced AT command

984 Quectel

. 5095UTUsInmoan1ee ldun PPP / TCP / UDP / FTP / HTTP / FILE / MMS / SMTP / S5L

. panuuuu Module UasATLIALAN

< @ausanululasaoulnsalaasaiunig Serial UART

Wosa Micro USB dmsulisussidnfuisasnauiameiiiunesn USB i

Vi

[

iUasamsusudunsyinuiTuiiileangl (Auto start)

pad)}

. SRuganesdmTuSLEuLazdan1svinaumie Software lngn1sninan I/0
 flanddmsuisudunazlanisvinauaienisnay (Power switch)

- fluansanugtanisvinau (Status LED)
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« Tyuansdnuzidaunawasete (Network LED)
. aouLbAwasawmSuLEa NAded1AaN (Main Antenna) wuu RP-SMA

. flfp9dpu SIM Card WUy Push-Pull wieunsastesiu ESD

Ul 2.7 vednlugadioans 3G Module UC15-T
(ﬁmﬁ https://www.thaieasyelec.com/3g—modute—uc15—t.htm0

2.6.3 DS3231 Real Time Clock Module luga DS3231 \Julugauuy RTC (Real Time
Clock) Tidpuaiugngs Tugatiannsndsa Yu im lredisie wazfanmieniuinasingungll
flannsauansguugiinnieuenla

UseloviuazAuauda
a 1 o 6§ [
- fiamuduggaluflsiduaunm
 Fuunfiniaiunataseuiund, undl, dalus, funveusie, Wou, Suluduaminay
ndeunsvaweuvuledngsiu 14ldgegaisd 2100
- pouugdugE 2ppm 970 0 ° C 8+ 40 ° ¢
ANULaiuSIE 3.5ppm 90 -40 ° C fia + 85 ° ¢

a

~odnduweguvgiidinea: muwiugn: 3°C
- Buwmesie 12C 530157 (400kH2)

- '?)uwmmmLmﬁﬁqiaqﬁm%’ums%’unmashwimﬁaq

~lnhiAes 3.3

 gasguumgiilumsvian: Wewdad (0°C s + 70°0) uasgnamnaan(-40°C f + 85°0)

_ @ unnseeusu Underwriters Laboratories® (UL)
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5Ufl 2.8 DS3231 Real Time Clock Module

(i https://www.arduinoall.com/product/ﬁllO/d53231-modute)
2.7 NEXPIE [ Cloud Platform sihmihidufionanaiivinlidssing adeulsaiuldriuduneside
Tnpamdriugde loT vde Internet of Things Swsneenisiidwing qgnidiesloadnglan
eRetwBumeinihliuyudannadenis muau mildnugunsale qla i nsdada -
Ungunsaiiadasldlnih snoud Insdwidetio wdadlddtnau wedldluiinuszdr ukuma

Suwmosidale M‘%asm?NmsLLamNaﬁﬁ'm&ammwuLﬁﬁa%

2.8 Root Mean Square Error fio $1n71a04983A211AAALAABUIRADIEIADY mlaneannis 2.3

PNERPOY
Root Mean Square Error = Zi:O _n— (2.3)

Taedl N AD ITUIUAIDEN
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ac o =
A9ATLUUIIUY
a 9] 0o & ) fct = = ) ° ¢ o
Lweﬂm'}umLiﬂmmmqﬂisaaﬂmmeﬂmﬁmnmmaﬂmimmummqﬂﬂmma q Aty
nsas1egagunsal loT ATIVERUANNINAY nsesnuuUULaidanian imingannuan1ITnIs
N9IUD3 SIUTTINNTODALUUNIALTLULNDUIANNTS calibration aagueasIinAnutulufy

nsvuunswardunoumsaiuaufnanuansisgui 3.1

JuApUNTANTIUNT
ANW109NWUUNTS 9ONLUUNIVINU VIAABILAY
auvesgunsal warlassaswgunsal Pl EIRHT

EJ’eJﬂLLUU’NQSﬂ’]‘J’?@F]IW‘UENL‘ZML"'IIE)% NAADIELNIT calibration

11@un15 calibration

29NULUU9S Real Time Clock

MureAuTInU

DONWUUIITAA YR IUAIY 3G , e
NARBINIATAILAIUYN

ganuuuasiiidegunsal : :
VARDINIAIAIILUAUILUUT I

YDIRULAAZ YN
2ONLUUTONYILITNNTYINUTEUU
ganuuulaswEdvesgunsol sUfl 3.1 unudsuanstuneunsaniinnu
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3.1 AnwsaniuunsiiuvesgUnsnl

AsAnEIEIAINMIAN U SATiAN LN YA Lazassmuteulaiidesns Jedeulud
Gl ”zgﬁqmﬁamﬂﬁaﬂL%uma%ﬁﬁmmmﬁwmﬂﬁﬁ yunsRANTeu uazsIATIgn ntuAnuily
Tasaoalnsataesildluniseiuandildanuesgunsaidu q Adndulunisvinnu wu s
Usendandanu waznisdaluunanviasy suBansAnesensisnsndulunisld azuans

gunsaindnAsgui 3.2

Microcontrolle

Ul 3.2 URauansgunsaluan

3.2 msesenuuunsiusaslasaiegunsal

TunseonuuuyngUnsal 10T ATIVEBUANNINALY Sududpdleniauasildlunishoui
sz sudansldveriuaslumshouiniuludewemshonuiifiefiosnmiazysenda
WU Mevihauvesgagunsal loT ATIAABUANNMAUUTENDUATONTUITUATNATVRITHUY

v

Ky

3.2.1 29aswuweiinnuTuluny
e anutuluAuaysl 3 pin Mdeusefu microcontroller Ao pin VCC 5 volt, pin
ground wag pin Nlglun1sinAn Fsasdinifilunisiaranuiulufusglinasenunlu digital

number JIUAAIRIFUA 3.3
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DIROBOT
DFRduino
UNOv3or3)

Capacitive Soil ‘3
Moisture Sensor v1.0  DFROBOT

UM 3.3 sUnesildiveumesinanuduluau

u

(fisn https://wiki.dfrobot.com/Capacitive_SoiL_Moisture_Sensor_SKU_SENO193)

3.2.2 9935 Real time clock

Real time clock 11 module wiinfigaglunstuiinnan venavesteyaiidan uaz
] [ [ = a o [ @ [ € o (% I'4
f199nn15% sleep mode Fsiaudnduninlunisusendanasauvesgunind inlvgunsal
aunsaldaulduiud uingvaniseiawunnes d9agld 4 pin AW euneny microcontroller

Usegnaume pin VCC 5 volt, pin ground, pin SDA, pin SCL, LLamﬁﬂ'gﬂ‘ﬁl 3.4

sUTt 3.4 JU20as#ldU Real time clock

(fisn http://vvwvv.daveytxaro.com/arduino—ds3231—rtc.html)

3.2.3 29351494 3G

1 1
2 T yooa

luga 3G L‘f’Jquﬂizﬁa‘hﬂz;gw’[ﬁﬂumsL%aam'a%umaiﬁmLﬁaeiamwmuiﬁmm%uma% LD

S unansuuLnaniledy uavnsdeansee 3G tuilmnuaseupquvaeiiuiivunzdmiuana

fugunsal loT Adndudeddldvniiuilulseina Tuga 3G 14 7 pin Usgneudie 3 pin dygyra
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pin powef key, pin Tx, pin Rx wag 4 pin ﬁW%JUvLWLa;m pin VCC 5 volt, pin Vref, pin Ground

ﬁagﬂ‘ﬁ 3.5

5Uii 3.5 shsesfiliiuluga 36

(i https://www.thaieasyelec.com/3g—module—uc15-t.htmk)

3.2.4 1995 bANGAS

d U v gj o Q‘ o o/ { ﬂl
sslilunisellisuisszuulumshauiifusndsfidieyiiaa esangunsal loT

A

5 o a v 5 1Y a o A ! 0 = =
UUNAIUNADUTINAN LLMG\@Q@J?ZEJSL')a']GLUﬂ’ﬁ‘V]’]\ﬂu‘Vl‘EJ’TJU’]ULL&%C‘]E)LUENﬂ’]’iﬂ’]ﬂﬂﬂﬂﬂ'ﬁi‘ﬂﬂﬁ’]

yosgunsaluaznismsadsledieag Faaziinsiersasnisvrsalnihaagui 3.6

Solar cell

Iu@a%ﬁmﬂﬁ

P+ : Input/ output + ~ =
2 load

P-: Input/ output -

Charge activation with 12.6v voltage

sU#l 3.6 sUrnastnglnliiurigunsel
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3.2.5 afWiiuITN159IUTTUY
svheueswenvislusruuEosy avgnesnuuundn q Usznaude gevhinasdmsy

As8uAINEUweideasuA1NlugUves digital number ntuaAegninuafioai

1 v v Y £

foyaldgneufigunsal Real time clock uenaniisedaddgunsalilunsyhaewsiwasdmsu

9

113 sleep mode LitoUsEndanaeu Suseluferfitalsaneuwesuazia1nUuiinaggnas

F11 qateway lufuwavinosu NEXPIE ileUszaianaAIuazanIn) LazgaveAoreNyikITN1SUN

FiilEinnsUszananasn NEXPIE Tuguwanesufigndldaudegui 3.7

darnTu NEXPIE

faA121n NEXPIE

Juuwannasy

IUANN

UL S

NITULIAT haT

1 sleep

5U# 3.7 EULLEWNLLNuﬁQﬂﬂ’ia@ﬂLLUUGUBWﬁLL’J%ﬂ’ﬁVT’Wm

3.2.6 sanuuulaseadnevasgunsal

gdnursideddluyagunsal loT asavasuRmAWALTITVLA siufeweninisgnnsadeu

- o v a a v ' ' A <) 3
Aenmasunisynauresszuuliiusyans amlaamdevmsesiliidulunuyalszasnves

[

F15 AR UAAZHD LU Q‘Uﬂm}uNﬁ"am%wé’qmummﬁulﬂ a3 Tiddyuinsunuiy lusu

£%
[

Aoutluiaudulses PCB Minluldauade 2995AULUY UAz995 PCB RoniaunTuwaninegy

Y

738
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' v
a L =

Ul 3.8 JULAANRTAULUY Waz1393 PCB MgnaLnTy

seanuuulassasaiuiivanstadennesaeda wsnzuananuwesarldaulaian

MsRasarued Anuasuvesgunsal Auudussnumu n1sldau LAzS1IANNAIUAL

[

JuladendrAryunn Ejmﬁwaaﬁﬁmmmaammﬂﬂﬁaﬁaﬂa"né’ﬂﬁL‘%awaaé’unumaﬁmﬁuaanm

o

Tumsuangunisl Belaiinsesniuy Laziunegsiailieuiludyminindu

3.3 NAABILAZAATIETYA
m‘mmaaqLLazﬁimeﬁ%’a;ﬂaLﬂu‘ﬁgumauﬁﬁwﬁmlumiﬁwmL%L%ﬁ@ﬂﬂﬁﬂuﬁﬂﬁﬁ

AL UEeENTS calibrate oS IﬁﬁmiLLanmmﬂWWwﬁéMﬁLﬁauﬁummm%uuluau

msmmaaﬁﬂmmﬂmiﬁwammﬂﬂv‘i’mwLUaﬂ%uﬁmm%ugmuﬁwaqau ennaaun1sinTes

L“UUL"?JE]% miﬁwamﬁﬂﬂv‘hmaamﬁm%u LLﬁ%ﬂWiWWﬂ’NN‘WU’]LLﬂUi’JlISU’eNauvlﬁmaﬁi@ﬂﬁidquﬁ’]

3.3.1 N15YInasNanIaun1s calibration
6 ‘QJ a 5 % (7 dl 1 Te 3
e SannudulufutueAendnnisidsuve1nisiiulsyy uanwraoanu
digital number N15 calibrate goeAauauluufuan digital number AlaaniguLgaIABIgN
1111 calibrate fuAANNTUYRIRLIAlARITUINTE M ASTM D 4959 - 00 LADATLNTOLAAING
AUBFLURRINTUG TS ASTUIUNNSHAZTUABUNIS calibrate Aall
a Y] ] a o 1 = o o ~ I |a” a 1 a 1% <
1 s susmegreputihluseuiietdlilviiofueen wu wu weiwlel wnau Wu
20 wagtluannihanuduesn nsvuaunsiisemanauiussey 4 MuATINAIBE1AY

SIULARIAININA 3.12

VA



Ul 3.9 JULARINIATENFBERUTIU

7 ﬁwauﬁLLﬁﬂLLé’aia”luﬂwuzﬁﬁfuuﬂmﬁLﬁmwaGiamﬂaiwuma%ﬁ’mmm%u’[,uauiﬁ

TngarussgpuuitldnigugieFonld 10 nvue AUETUTITAUUARIAIFUR 3.13

SUT 3.10 JULARINIBUETIUSTIAULS

3. Lﬁuﬂﬂﬁﬁ’uauﬁLm'%&J;ﬂ"il,m'asﬂWuﬂma’lﬁﬁﬁa%’;mw’uﬁmﬁa‘tﬁﬁwauﬁuau
Ifoenea@inLaue TneliusaznaueianuiunldwihduainfuiwidUauiuninuna

Sud nsiilrruRvluRar msus s ouliuandagui 3.14
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5U 3.11 luansmsiadliiufuudasnuuziiasenld

4. fosmnisugeiisarsuiinyinagiaamaniiliviiudieadonauresuns

sieldlunisia Wemaumsfiannsoldldnseuaquitanusaldldnnds lwuwesh

\Honuansfsgun 3.15
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