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Abstract

The objective of research “Greenhouse’s Controlling System for Study The
Growth of Bhutan Oyster Mushroom by Solar System” aims to present the design and
development of temperature and humidity control system inside the Bhutan oyster
mushroom greenhouse whichis efficient and enhancement the growth of mushrooms
by showing the temperature ‘and humidity inside the greenhouse with NB-loT via AIS
Magellan platform, which can be displayed on both laptops and smartphones.

The results showed that the temperature in the greenhouse to have a value in
the range of 25-30 degrees Celsius and humidity in the range of 70-90% and the yield
of Bhutan oyster mushroom more quality and size of the mushrooms after harvesting
has amaverage length of 11.01 centimeters and the duration of harvesting for each
cycle is.approximately 4 days, which is consistent with the objectives of the research

setting.
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wiangaw ynnldiuwiasiulu mstinms@anulslusiusie ediedulauwnasiagaalaluie

2.3 Arduino

Arduino Huveinlilasrerulnsaaeinszna AVR AimsWmuuuu Open Source fio
fimsUnwedeyaadiu Hardware wad Software # vain Arduino gnesnuuus il
1§ine FahfsmnzdmiudEusudng fdfldnudamnsadauas Wadu Wausesen
navese vislusunsuselddnime Audwvesuein Arduino lumssegunsaliadusine
ﬁ'acﬂ%’muawmsaﬁimwsﬁLé’nwsaﬁﬂémﬂmauaﬂué";ﬁamimihmﬁm /O ¥89UBsA NI
W amnuazaInaulsaLdensatuuesaEsy (Arduino Shield) UseLansiee 1ou Arduino
XBee Shield, Arduino Music Shield, Arduino Relay Shield, Arduino Wireless Shield,
Arduino GPRS Shield 1Hufu uideuiuvesauuuesn Arduino WaITEUIUIKNTURAIUIGD
oiae

Tulasraulnsaass Arduino Ussnaumediudfty 2 diuldun druressnsawas waz
druveswaniuag Tnsdiuresesauad Arduino Board laldlulasaeulnsaiaeinsena AVR
va9U3em ATMEL WumiieUssananananavdn finslusunsuyaluanmes (Bootloader) 13
Tudhueda Arduino Seudesuds weliiesenslidaulunswaunlusunsusieg dwmu
dauransung Arduino Wnwn ¢/Cr+ Wuwndn Tasamnsadeumdsiauisulusunsuidl
Hoi3eni Arduino IDE ﬁgﬂu:uums@auﬁ'}é’m’maumav’hmuﬁgﬂﬁmuﬂﬁumijummsﬁam
W dmsureandeaiududunsomdeyaldaniules www.arduino.cc daanvei

vas$e Arduino tosuauiisy deedl
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1) gansuaslunswaulusunsady Open Source wanlildauns viulavane
unannlasy (Windows, Mac OS X, Linux uaztagUuannsawamnlusunsauuiule) Bnvia
Falamesuatu (Source code) annsahluiaiusosanta

2) .UALKY2995 Open Hardware meldaansAide31 Creative Commons License
annsetluiauresen faulas seveneiuduldnielideand ilidanuvainvany
mafu Hardware Sigunsaiseiden Arduino Shields 3

3) Waudre 1wy Mundsdgliidosanwesn USB amnsaamiilvanlusunsunuans
USB lelaemsa

1) fyasdesdmsuldan Arduino favilugunuuvedlauans (Library) 2187 C++ wag
annsoaiieileddu et liSenldnulfies

5) flunasdoya guauauld Arduino eluussmauazsnaysemesinune Sediianle
ansaniteyalaainiivleanang laun www.arduine.cc, www.arduinoall.com,
www.thaieasyelce.com, fritzing.org \Uusu

Yagtuiinisii Arduino Wllumshanuvaivassuiisnuruaueundn, au
53UV loT, Munesumsanen wazmsihluldlunisasuinnssusineg Fenenudeudng

wazUseansnwnnsviauves Arduino dlnaneiuliidenldmusiutiesaiiligedayinl

]
v @

"
\AnlAssnunazuIanssunnnesariiimiaun it unaennaidadusoulnsaaesidl
auhaulalugadl [6-14]

TumsnannTusunsudmitlfiuneulnsaees Arduino Huillusunsa Arduino IDE 14
dAmsumsnaumds naasin1svineny swianisuunsinig wagaunsolusunsuniunese
usB talulusunsuiiies dafndaves Arduino Aeiigarowis (Module) ATl EeNuAINE
wazifumigediamnsoldauldeddfivssdns amuazsialigauiuly uvnesyeanunse
\Feusipasttiuain Arduino Talaensidenstanysgnutunesmiuudaiendt Arduino
Shields flqUudsdimstmunisumesdmividousenasananiefldnuldidenidluns
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ARDUINO LEONARDO

SERIRNT

- ¥

£ ARDUINO ESPLORA el ARDUINO MICRO

3\]“7; 2.4 Arduino board JusN4

@ lorah | Arduino 189
File Edit Sketch Tools Help

faralt

"wiring private.h" // pinPeripherdl (}Mfunction

Serial2 (ssercoml, 14, 10) SERCOM RX PAD 0, UART TX PAD 2);
LED GPIO 13
SERCOMlﬁHandler(void);
Serial2 String Write(char *s);
Set Config(A8923 (void);

void Set Config, ABP)void);

//void Set ®onfigy OTAA (void);

//uintlé t counkey;
3 uint32 t Interval’ Time Old[2];

uintl6t aterval [2];

//uintife t\ Temp BMP280;

1 //uightg2 tPressure;

’ //@mintl6Nt  Approx Altitude;
A/UinE8 t temp8[4];

/ /R nt1 &+ +rmnl T AT

sU#l 2.5 wihedlusunsu Arduino IDE
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3wefy ICSP : dwmdu Us

dweyr VO

1.wefy USB

o i
B G g
3 T | 5wedr 1CSP . Atmega32s

* ? -

10.MCU : AtmegalbU2

. 5ips Power jack T-12 ¥ AR -, SLIGH. Atmegadlt

31]17; 2.8 Layout & Pin out Arduino.Board

1. USB Port : Wdmiuideusafu Computer iesulnanlusunsud MCU uagsngln
Tifuvesa

2. Reset Button : {futly Reset linmdledoanisli MCU Fumsvhanilu

3. ICSP Port 984 Atmegal6U24dunesaiildlusunsu Visual Com port Ul Atmega
16U2

4. 1/0 Port : Digital 1/O falsivn DO e D13 wenaInil Une Pin agvhmthiidue iads
%8 1 Pin 0, 1 107 Tx, Rx Serial, Pin 3, 5, 6, 9, 10 uag 11 Juwn PWM

5. ICSP Port : Atmega 328 Hunesailldlusunsy Bootloader

6. MCUs Atmiega 328 1{u McU #ilduuvesa Arduino

7, JOPort : uenanaziu Digital VO uwé Suvdsudu Yesiudyanaeunden faus
PHAO-AS

8. Power Port : Irlidsswssvasaiiodasmsinglwliiuisesnieuen Ussnausien
TWides +3.3 V, +5V, GND, Vi,

9. Power Jack: 5ulwain Adapter Iﬂsﬁmaﬁuagswdm 7-12V

MCU 2849 Atmegal6U2 1y MCU 7ivianiindiidu USB to Serial Tng Atmega328 9

fasiariu Computer WU Atmega 16U2
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< ¢ A v v ¢ . os s
2.4 19U INANUBUENNNS (Relative Humidity Sensor)

AnuTUENIMS (Relatively Humidity) vianeds “spsidiuvesusinaleunniiogassly
a1 seUSunalethfiasilenieduss a gaumgliiediu’ vie “dnduresnIuey
lovhiiiegass semnudulethdus” Amesnrududiimsuanduglvesiesas fimdendu
%RH Tagviluanunsaiaaiaududnimslalugae 10-90 %RH “lalnsiiwes” (Hygrometer)

) = & o o Yo 3 c!’ll o w € J v a @ & dy v o € %
Juasesdledmsuldinainnuruduing witagiuiiduiresinauiuduive (Relative

Humidity Sensor) Aiaansaianalauaiugingi

Meida i o
ode in Gy

31}'7; 2.9 “lelnsiimes” (Hygrometer)

Anuaiuding = (USinaledineglueine/vianaleihnvillvennedud ) x 100%
w39

AUALANINS = (Audulouinfieglueime/anuduletiveserniadud) x 100%

sUl 2.10 WWulwesinaurudiing DHT21 uay DHT22 Mdlulaseny
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DHT22 WHuduigesdmiutngamoiuazenuiuiifimuwiudgdunsin awnsadn
Wlugugamgd daus -0 ssmnwaldea G +80 ssrnwalded muusiugosnd1 +-0.5
waidea warTnnrududuinslalugiu 0-100 %RH muLsiugT +-2-5%RH aansaTnld

sidualusziunedeon 1 dusmis 0.0 MWaoldunuwaznunm wngdmiuhlldlunuie
fifoamsarmuiuggs 1l salddaus 3.3v - 6VDC mndesnisamusiugiiingnil
aunsalden DHT11 1a

DHT21 anunsofagamiiuazaudu 2 egrdludude Jalduiug, Anstaldaudng
wszinanlisne aunsowdsulduny dHT22 Idae winedmiuldlunuaiuaugumgd

WaZAINTY YU SzuumUaNgamgTautusaluiRluenans Seumzd IsdZaumsiin

2.5 NB-loT

NB-oT 8811910 Narrowband loT (NB-loT) [15] 18 usiansgiuszuulasened 14
W&sa1us1 (Low Power Wide Area Network (LPWAN) fignsamnuifi elifgunsalsineg

o U v s 1 ] o o/ 3 o - A S 14
ausald eus vt vnfuldlasnulassnevesd gy ruinsdnviiad oun wienasly

:
=4 e/

o o i o g ¢ 1 o v o v o a 6
raudannvesinsiwiindouiivihivgunsalsneg weusiemiuldlaglindsunduay
defoyamiulilaglifeudeuderiuaelitenn ewaids (SIM) Aaddugunsalius A

o vl ' o U Y Y o Ay A v val 1 & de v 1 o A
liidoussuazdeansiuliuds Jeldefuazldaulannimmnnunlgnululidyayin WiFi

£ % cﬁ 1
Tvousa

Secure &

Reliable

industry
standards
based

Optimized for low
power consumption

10+ year battery life

Extended long range
coverage and
deep penetration

indoors & underground Integrates into

cellular system
Easy deployment

JUN 2.11 AauaudRuagdedves NB-loT
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JoRves NB loT laasia Ap

1. lndaaulaias defeya uplink luguefianzay Sewaevilldengmslday
wunneIvesgunsal loT aglsuds 10

2. ses5utSinagunsal 1oT ldgeaaluseduuausseaniiignu

3. SainseunquusaAdetieseaniy nszareldinnndt 10 na. saddluihenansh
Fefudygralastdivsednsnm

4. awnsaiauaiedelfidauinng loT laegesiags mszeenuuuaunsallily
suulaserne 4G Tutlaquuls dliusns NB-oT Tulve Jagdudl 2 Wviiduitlivanng Ae

True uag AlS wazuAnnsUszandldnulanduzun 2.10

Smart Metering

Gas Metening

< b

Smart Cities

Water Metering

Smart Buildings
dlarm Systems

HVAC

Access Controt

Consumer

w o

nvironment
i

onng

JUR 2.12(kwrAnuaznsUTEYNALYIIU NB-oT

fegraunfanasnsUszgnaldau NB-loT
Smart Metering (52UUAT212I0D9382)
NB-IoT siumingauiunmsideu anaiauSunauiauaseauin dunIesddyyiu

o ol

Foyaswinialuuazauiadn muaseunguuesaiatideidundndrAglunisinuves

¥ [
] o 1

seuunivindaasus lnefigunsalnmaiaduamnsonsaialaluiunndiuin W aad

Uasedyaralnsdwilietis uSudiudnvesiuldau wieusnanunauaulusuun &

NB-loT anansavdesdgaaldnseunguuasnsgneanlunuiunaing

Smart City (s2Uuliasdanies)
NB-loT ansnsatgmdessrnsunasesaiuiissdulunisaiunu ssuulnuwissauy
LA LADUL BFpYIIN1ST VELAITY AU UT98ATaNS ATITEOUANINEIWINA BN WAL

MIIVADUANINAUU
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Smart Building (53uuU21A15892382)

Guiweiiidousadniu NB-loT uanunsadsdygraniieuindienmsaunisunnis
douguagldrulussuudnlu@ wu dumugussuuliuazmiuiou uenaNtu NB-loT
Hrannsohluldmuduszuuidende Broadband dsesdmiudenmsls Tasfiszuugua
auaendtt visduenadsiedliiadetny LPWAN iteieusefiuiuweslnenstludiszuu
#5199 Lesmnmsuiudimsendnidnudueinaimsindauagingesnm
Smart Tracking (52UURAAIUSIRILL)

NB-oT Wusvuuiilienutasade funus uarlisidudeaderlisomasarh

zUURAnUTIBUR Jau daiuazningdu delafinuiidesnsdassuuien o ismeiiios
Judusruuitauysaluuudmiuldfnnuingtlildied euiiegnasaan vieduszuui
Annnallusterlnauasinsdudemdnus Safeindudeiowizass NB-loT
Smart Agriculture and Environment
(STUUATIVEDUANTNINEATANTULALANTNLINGDN)

n3id ousafuszuu NB-IoT dga tnums 4.0 duagiliinuasnsuagiiesdiuannse
sviuteyaildinnnduresnnsasuanminnadon Fwsznauluseluga NB-oT 7
awmsﬂaiaé’ﬁym‘ﬂmuﬁaLﬁaumﬂﬁﬁaﬁﬂﬂﬂﬁLﬁﬂ?j’u Feannsalfiduresfinanifiensiaia
gampiuazanutuvesiuaslneunieegninlulditefnmudnunres Nufu waiy 1Fe
e ety wazdue

mia

Smart Home

- f

~INTERNET ) @

-, \ N
7 OFTHINGS |
1 P
So A AT < ol
s | x&x
D Lw @ Lo 4
iy

JUN 2.13 fpgrensuseyndldanu NB-loT
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Maximum Power ( Pmax ) 40 Wp
Open Circuit Voltage ( Voc ). 21.96 V
Short Circuit Current ( Isc) 2.54 A
Rated Voltage ( Vmpp ) 17.82V
Rated Current ( Impp ) 2.27T A
Maximum System Voltage 1000 V
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AMTTAO1_1

hile (Key == NO_KEY)
{ HAD[O] = O; TAD[O] = O;

for (1=0;3i<10;1++)

{

HAD[0] = HAD[O} + analogR (0} zae (1) :
TAD[O] = TAD[O] + L (L} ; vy (L) 3
}

HAD{O] = HAD[O]/10;

TAD[O] = TAD[0]/10;

Humi[0] = (HAD[O] * 100)/614; // 0O v // 0- 614 // 0 -100%
Temp[0] = (TAD[0] * 80)/164; 0. 8% 0

Humidity = Humi[0};

Temperature = Temp[0];

Temperature = Temperature + 3;

led. ( or (15, 0) ; ShowNum (Humidity, 3} ;

led. set ¢ (16,1} ; ShowNum (Temperature, 2} ;

if (Humidity < HMin} {digitalWrite (PUMP, LOW

if (Humidity >= HMax} { talWrite (PUMP,
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#ifndef OneWire h
#define OneWire h

#include <inttypes.h>
#if defined( AVR )
#include <util/crcle.h>
#endif

#if ARDUINO >= 100

#include "Arduino.h" // for delayMicroseconds,
digitalPinToBitMask, etc

#else

#include "WProgram.h" // for delayMicroseconds

#include "pins_arduino.h" // for digitalPinToBitMask, etc
#endif

// You can exclude certain features from OneWire. In theory,
this

// might save some space. In practice, the compiler
automatically

// removes unused code (technically, the linker, using -fdata-
sections

// and -ffunction-sections when compiling, and Wl,--gc-sections
// when linking), so most of these.will not result in any code
size

// reduction. Well, unless you'.try to use the missing features
// and redesign your program to not need them!
ONEWIRE CRC8 TABLE

// is the exception, because it selects a fast but large
algorithm

// or a small but slow algorithm.

// you can-exclude onewire search by defining that to O
#ifndef ONEWIRE SEARCH

#define ONEWIRE SEARCH 1

#endif

// You can exclude CRC checks altogether by defining this to O
$ifndef ONEWIRE CRC

#define ONEWIRE_CRC 1

#endif

// Select the table-lookup method of computing the 8-bit CRC

// by setting this to 1. The lookup table enlarges code size by
// about 250 bytes. It does NOT consume RAM (but did in very

// old versions of OneWire). If you disable this, a slower

// but very compact algorithm is used.

#ifndef ONEWIRE CRC8 TABLE

#define ONEWIRE CRC8 TABLE 1

#endif

// You can allow 16-bit CRC checks by defining this to 1
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// (Note that ONEWIRE CRC must also be 1.)
#ifndef ONEWIRE CRC16

#define ONEWIRE CRC16 1

#endif

#ifndef FALSE
#define FALSE O
#endif

#ifndef TRUE
#define TRUE 1
#endif

// Platform specific I/0 definitions

#1f defined(_ AVR )

#define PIN TO BASEREG (pin)
(portInputRegister (digitalPinToPort (pin)))
#define PIN TO BITMASK (pin)
(digitalPinToBitMask (pin))

#define IO _REG_TYPE uint8 t

#define IO _REG_ASM asm("r30")

#define DIRECT READ (base, mask) (((*(base)) & (mask)) ? 1
0)

#define DIRECT MODE INPUT (base, mask) ((* ((base)+1)) &=

~ (mask))

#define DIRECT MODE_ OUTPUT (base, mask) ((*((base)+1)) | (mask))

#define DIRECT WRITE LOW(base, mask) ((*((base)+2)) &=

~(mask))

#define DIRECT WRITE HIGH (base, mask) ((*((base)+2)) |= (mask))

#elif defined(_MK20DX128 ). || defined(_MK20DX256 ) ||

defined(_ MK66FX1IMO ) | defined(_ MK64FX512 )

#define PIN TO BASEREG (pin) (portOutputRegister (pin))

#define PIN_TO_BITMASK(pin) (1)

#define IO_REG_TYPE uint8_t
#define IO REG ASM

#define DIRECT READ(base, mask) (* ((base)+512))

#define DIRECT MODE INPUT (base, mask) (*( (base)+640) = 0)
#define DIRECT MODE OUTPUT (base, mask) (*((base)+640) = 1)
#define DIRECT WRITE LOW(base, mask) (* ((base)+256) = 1)
#define DIRECT WRITE HIGH (base, mask) (* ((base)+128) = 1)

#elif defined( MKL26Z64 )

#define PIN_TO BASEREG (pin) (portOutputRegister (pin))
#define PIN_TO BITMASK (pin)

(digitalPinToBitMask (pin))

#define IO REG TYPE uint8 t

#define IO REG ASM

#define DIRECT READ(base, mask) ((*((base)+16) & (mask))
21 : 0)

#define DIRECT MODE INPUT (base, mask) (*((base)+20) &= ~{(mask))
#define DIRECT MODE_ OUTPUT (base, mask) (* ((base)+20) |= (mask))
fdefine DIRECT WRITE LOW(base, mask) (*((base)+8) = (mask))
#define DIRECT WRITE HIGH (base, mask) (*((base)+4) = (mask))
#elif defined(__ SAM3X8E__) || defined(__SAM3A8C__ ) ||

defined(__SAM3A4C )
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// Arduino 1.5.1 may have a bug in delayMicroseconds() on Arduino
Due.

//
http://arduino.cc/forum/index.php/topic,141030.msg1076268.html#ms
gl076268

// If you have trouble with OneWire on Arduino Due, please check
the

// status of delayMicroseconds() before reporting a bug in
OneWire!

#define PIN TO BASEREG (pin) (& (digitalPinToPort (pin)-
>PIO_PER))

#define PIN TO BITMASK(pin)

(digitalPinToBitMask (pin))

$define IO REG_TYPE uint32_t

#define IO_REG_ASM

#define DIRECT READ(base, mask) (((*((base)+15)) &
(mask)) 2 1 : 0)

#define DIRECT MODE_ INPUT (base, mask)

((*((base)+5)
#define DIRECT MODE OUTPUT (base, mask) ((*

((*

((*

(( )
((base)+4))
(( )
(( )

1
8 3
o o
n 0
=~

#define DIRECT WRITE_ LOW(base, mask)
#define DIRECT WRITE_HIGH (base, mask)
#ifndef PROGMEM

#define PROGMEM

#endif

#ifndef pgm read byte

#define pgm read byte(addr) (*(const uint8 t *) (addr))
#endif

base) +13
base)+12

|
=
]
)
~

)
)

|
3
o
n
~

#elif defined( PIC32MX )

#define PIN_TO_BASEREG(pin)
(portModeRegister(digitalPinToPort(pin)))

#define PIN“TO_BITMASK(pin)

(digitalPinToBitMask (pin))

#define IO REG _TYPE /uint32_t

#define IO _REG_ASM

#define DIRECT READ (base, mask) (((*(base+4)) & (mask)) ?
1 : 0) //PORTX + 0x10

#define DIRECT MODE INPUT (base, mask) ((*(base+2))
//TRISXSET(+ 0x08

#define DIRECT MODE_OUTPUT (base, mask) ((* (base+1))
//TRISXCLR + 0x04

#define DIRECT WRITE LOW(base, mask) ((* (base+8+1))
//LATXCLR + 0x24

#define DIRECT WRITE_HIGH (base, mask) ((* (baset+8+2))
//LATXSET + 0x28

I

(mask))

(mask))

I

(mask))

I

(mask))

#elif defined (ARDUINO ARCH_ESP8266)

#define PIN_TO_BASEREG(pin) ((volatile uint32_t¥*)
GPO)

#define PIN TO BITMASK(pin) (1 << pin)

#define IO_REG_TYPE uint32_t

#define IO REG_ASM

#define DIRECT_ READ (base, mask) ((GPI & (mask)) 2 1 : 0)
//GPIO_IN ADDRESS

#define DIRECT MODE_ INPUT (base, mask) (GPE &= ~(mask))

//GPIO _ENABLE W1TC_ADDRESS
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Il

#define DIRECT MODE OUTPUT (base, mask) (GPE |
//GPIO_ENABLE W1TS ADDRESS

#define DIRECT WRITE LOW(base, mask) (GPOC
//GPIO_OUT W1TC_ ADDRESS

#define DIRECT WRITE HIGH (base, mask) (GPOS
//GPIO_OUT W1TS ADDRESS

(mask))

I

(mask))

(mask) )

#elif defined(_ SAMD21G18A )

#define PIN TO BASEREG (pin)
portModeRegister (digitalPinToPort (pin))
#define PIN TO BITMASK (pin)
(digitalPinToBitMask (pin))

#define IO _REG_TYPE uint32 t

#define IO REG_ASM

#define DIRECT READ (base, mask) (((*((base)+8) ) & (mask))
21 : 0)

#define DIRECT MODE INPUT (base, mask) ((*((base)+1
#define DIRECT MODE OUTPUT (base, mask) ((*((base)+2
((*((
{{*({

)/
))
base)+5))
base)+6))

#define DIRECT WRITE LOW(base, mask)
#define DIRECT WRITE HIGH (base, mask)

I
=
]
w
e

#elif defined(RBL _NRF51822)

#define PIN TO BASEREG (pin) (0)

#define PIN TO BITMASK(pin) (pin)

#define IO_REG _TYPE uint32 t

#define IO_REG_ASM

#define DIRECT READ(base, pin) nrf gpio_pin read(pin)
#define DIRECT WRITE LOW (base, 'pin) nrf gpio_pin clear(pin)
#define DIRECT WRITE HIGH(base, pin) nrf gpio _pin_ set (pin)
#define DIRECT MODE INPUT (base, pin) nrf gpio_cfg input (pin,
NRF_GPIO PIN NOPULL)

#define DIRECT MODE OUTPUT(base, pin) nrf gpio_cfg_output (pin)

#elif defined(__arc/ ) /* ArduinolO0l/Genuinol0l specifics */
#include "scss_registers.h"

#include "portable.h"

#include "avr/pgmspace.h"

#define .GRIO ID(pin)
(g_APinDescription([pin].ulGPIOId)
#define "GPIO_TYPE (pin)
(g_APinDescription[pin] .ulGPIOType)
fdefine GPIO_BASE (pin)
(g APinDescription[pin].ulGPIOBase)

#define DIR OFFSET_ SS 0x01
#define DIR OFFSET SOC 0x04
#define EXT PORT OFFSET SS 0x0A
#define EXT_ PORT_ OFFSET_ SOC 0x50

/* GPIO registers base address */

#define PIN_TO BASEREG (pin) ((volatile uint32 t
*)g_APinDescription[pin].ulGPIOBase)

#define PIN _TO BITMASK (pin) pin

#define IO REG TYPE uint32_t

#define IO REG_ASM
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static inline __attribute__((always_inline))
IO REG_TYPE directRead(volatile IO REG_TYPE *base, IO REG TYPE
pin)
{
IO REG TYPE ret;
9] (SS_GPIO == GPIO_TYPE(pin)) {
ret = READ ARC REG(((IO REG TYPE)base +
EXT PORT OFFSET SS));
} else {
ret = MMIO REG VAL FROM BASE( (IO REG TYPE)base,
EXT PORT OFFSET SOC) ;
}
return ((ret >> GPIO ID(pin)) & 0x01);
}

static inline __ attribute_ ((always_inline))
void directModeInput (volatile IO _REG_TYPE *base, IO _REG-TYPE pin)
{
if (SS_GPIO == GPIO TYPE(pin)) {
WRITE ARC REG(READ ARC REG((((IO_REG TYPE)base) +
DIR OFFSET_SS)) & ~(0x0l1 << GPIO_ID(pin)),
((IO_REG_TYPE) (base) +"DIR OFFSET_SS));
} else {
MMIO REG VAL FROM BASE( (IO REG/TYPE)base, DIR OFFSET_SOC)
&= ~(0x01 << GPIO ID(pin));
}
}

static inline __ attribute__ ((alwaysinline))
void directModeOutput (volatile IO _REG_TYPE *base, IO_REG _TYPE
pin)
{
if (SS_GPIO == GPIO[TYPE (pin)) {
WRITE ARC_REG(READ,ARC_REG (((IO_REG TYPE) (base) +
DIR OFFSET _SS)) | (0x01 << GPIO _ID(pin)),
((IO_REG_TYPE) (base) + DIR OFFSET SS));
} else {
MMIO- REG VAL FROM BASE ( (IO _REG_TYPE)base, DIR OFFSET_SOC)
|= (0x01 << /GPIO ID(pin));
1
}

static inline  attribute ((always_inline))
void directWriteLow(volatile IO REG_TYPE *base, IO _REG _TYPE pin)
{
if (SS_GPIO == GPIO_TYPE(pin)) {
WRITE ARC REG(READ ARC REG(base) & ~(0x01 <<
GPIO_ID(pin)), base);
} else {
MMIO REG VAL (base) &= ~(0x01 << GPIO ID(pin));
}
}

static inline __ attribute_ ((always_inline))
void directWriteHigh(volatile IO REG TYPE *base, IO REG TYPE pin)
{

if (SS_GPIO == GPIO _TYPE(pin)) {
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WRITE_ARC REG (READ ARC_REG(base) | (0x01 <<
GPIO ID(pin)), base);
} else {
MMIO REG VAL (base) |= (0x01 << GPIO_ID(pin));
}
}
#define DIRECT READ(base, pin) directRead (base, pin)
#define DIRECT MODE INPUT (base, pin) directModeInput (base, pin)
#define DIRECT_MODE_OUTPUT(base, pin) directModeOutput (base,

pin)
#define DIRECT WRITE LOW(base, pin) directWriteLow (base, pin)
#define DIRECT WRITE HIGH (base, pin) directWriteHigh (base, pin)

#else
#define PIN TO BASEREG (pin) (0)
#define PIN TO BITMASK(pin) (pin)

#define IO _REG_TYPE unsigned int
#define IO _REG_ASM

#define DIRECT_ READ (base, pin) digitalRead (pin)
#define DIRECT WRITE_LOW(base, pin) digitalWrite (pin, LOW)
#define DIRECT WRITE_HIGH (base, pin) digitalWrite (pin, HIGH)
#define DIRECT MODE_INPUT (base, pin) pinMode (pin, INPUT)

#define DIRECT MODE_OUTPUT (base, pin) pinMode (pin, OUTPUT)
$warning "OneWire. Fallback mode. Using API' calls for
pinMode,digitalRead and digitalWrite. Operation of this library
is not guaranteed on this architecture.”

#endif

class OneWire
{
private:
I0 REG_TYPE bitmask;
volatile IO_REG TYPE *baseReg;

#if ONEWIRE SEARCH
// global search state
unsigned char ROM NO[8];
uint8 t LastDiscrepancy;
uint8, t LastFamilyDiscrepancy;
uint8 t LastDeviceFlag;

#endif

public:
OneWire( uint8 t pin);

// Perform a l-Wire reset cycle. Returns 1 if a device
responds

// with a presence pulse. Returns 0 if there is no device or
the

// bus is shorted or otherwise held low for more than 250uS

uint8 t reset(void);

// Issue a 1-Wire rom select command, you do the reset first.
void select (const uint8 t rom[8]);
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// Issue a l-Wire rom skip command, to address all on bus.
void skip(void);

// Write a byte. If 'power' is one then the wire is held high
at

// the end for parasitically powered devices. You are
responsible

// for eventually depowering it by calling depower () or doing

// another read or write.

void write(uint8 t v, uint8_t power = 0);

void write bytes(const uint8 t *buf, uintlé t count, bool
power = 0);

// Read a byte.
uint8 t read(void);

void read bytes(uint8_ t *buf, uintl6_t count);

// Write a bit. The bus is always left powered .at the end,
see

// note in write() about that.

void write bit(uint8_ t v);

// Read a bit.
uint8 t read bit(void);

// Stop forcing power onto the bus. You only need to do this
if

// you used the 'power'- flag to write() or used a write bit()
call

// and aren't about/ to 'do another read or write. You would
rather

// not leave this powered if you don't have to, Jjust in case

// someone shorts\your bus.

void depower (void)’;

#if ONEWIRE_SEARCH

// Clear the search state so that if will start from the
beginning again.

void reset search();

//~.Setup the search to find the device type 'family code' on
the next call

// to search(*newAddr) if it is present.

void target search(uint8 t family code);

// Look for the next device. Returns 1 if a new address has
been

// returned. A zero might mean that the bus is shorted, there
are

// no devices, or you have already retrieved all of them. It

// might be a good idea to check the CRC to make sure you
didn't

// get garbage. The order is deterministic. You will always
get
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// the same devices in the same order.
uint8_t search(uint8_t *newAddr, bool search mode = true);
#endif

#if ONEWIRE CRC

// Compute a Dallas Semiconductor 8 bit CRC, these are used
in the

// ROM and scratchpad registers.

static uint8_t crc8(const uint8_t *addr, uint8 t len);

#if ONEWIRE CRC16

// Compute the 1-Wire CRC16 and compare it against the
received CRC.

// Example usage (reading a DS2408):

// // Put everything in a buffer so we can compute the CRC
easily.

//  uint8 t buf[13];

// buf[0] = OxFO; // Read PIO Registers

// buf[l] = 0x88; // LSB address

1/ buf[2] = 0x00; // MSB address

// WriteBytes (net, buf, 3); // Write 3 emd bytes

// ReadBytes (net, buf+3, 10); // Read 6 data bytes, 2
OxFF, 2 CRCl6

// if (!CheckCRC1l6 (buf, 11, &buf[ll])) {

// // Handle error.

// }

//

// @param input - Array of /bytes to checksum.

// @param len - How many bytes' to use.

// @param inverted crc.— The two CRC16 bytes in the received
data.

// This should just point into the
received data,
// *not* at a 16-bit integer.

// @param crc ‘= The crc starting value (optional)

// @return True, iff the CRC matches.

static bool ‘check crclé(const uint8_ t* input, uintlé t len,
const uint8 t* inverted crc, uintl6 t crc = 0);

// Compute a Dallas Semiconductor 16 bit CRC. This is
required to. check

// the integrity of data received from many 1l-Wire devices.
Note that the

// CRC computed here is *not* what you'll get from the 1-Wire
network,

// for two reasons:

// 1) The CRC is transmitted bitwise inverted.

// 2) Depending on the endian-ness of your processor, the
binary

// representation of the two-byte return value may have
a different
!/ byte order than the two bytes you get from l-Wire.

// @param input - Array of bytes to checksum.

// @param len - How many bytes to use.

// @param crc - The crc starting value (optional)

// Q@return The CRC16, as defined by Dallas Semiconductor.



static uintl6_t crclé(const uint8_t* input, uintlé6_t len,
uintle t cre

= 0);
#endif

#endif
b

#endif
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Abstract

The research objective aims to present the design and development of temperature and humidity
control system inside the Bhutan oyster mushroom greenhouse which is efficient and enhancement the
growth of mushrooms by showing the temperature and humidity inside the greenhouse with NB-loT via AlS
Magellan platform, which can be displayed on both laptops and smartphones.

The results showed that the temperature in the greenhouse to have a value in the range of 25-30
degrees Celsius and humidity in the range of 70-90% and the yield of Bhutan oyster mushroom more quality
and size of the mushrooms after harvesting has an average length of 11.01 centimeters and the duration of
harvesting for each cycle is approximately 4 days, which is consistent with the objectives of the research
setting.

Keywords : Mushroom greenhouse, Bhutan Oyster Mushroom, NB loT
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