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1. IQWURGXFWLRQ
1.1 BDFNJURXQG
OXU Ldea cRPeV IURP RXU RZQ e[SeULeQceV LQ daLO\ OLIe. MRVW SeRSOe aOVR KaYe WKe VaPe
e[SeULeQce ZaLWLQJ LQ IURQW RI a ZaWeU NeWWOe WR UeILOO aQd bRLO ZaWeU. TaNe RQe RI RXU JURXS
PePbeUV' eOecWULc NeWWOe aV aQ e[aPSOe, a 2-OLWeU VWaLQOeVV VWeeO HaPLOWRQ BeacK eOecWULc NeWWOe. IW
WaNeV KLP 2 PLQXWeV WR OeW WKe NeWWOe ILOO WKe ZaWeU aQd 10 PLQXWeV WR bRLO ZaWeU. II Ke decLdeV WR
PaNe Wea ZLWK bRLOLQJ ZaWeU, WKaW ZRXOd be aQRWKeU 10 PLQXWeV IRU WKe Wea WR cRRO dRZQ aW a
VeUYabOe WePSeUaWXUe. TR be PRUe LQWXLWLYe, "TKe aYeUaJe VaOaU\ LQ WKe UK LV QRZ �26,500, ZKLcK
eTXaWeV WR �14.56 aQ KRXU IRU a VWaQdaUd 35 KRXU ZeeN. TKLV PeaQV WKaW LI a W\SLcaO ZRUNeU PaNeV
VL[ cXSV RI Wea RU cRIIee LQ a da\ aQd VSeQdV WKUee aQd a KaOI PLQXWeV aZa\ IURP WKeLU deVN IRU
eacK cXS RI Wea, LW aOO addV XS WR 21 PLQXWeV a da\ aQd a VWaJJeULQJ RQe aQd WKUee-TXaUWeUV RI aQ
KRXU RYeU WKe ZKROe ZeeN. TKaW LV �25.50 a ZeeN LQ ORVW WLPe."[1]

We aUe QRW WKe RQO\ JURXS WKaW cRPeV XS ZLWK WKe VPaUW eOecWULcaO NeWWOe Ldea. A ZebVLWe caOOed
SPaUWKRPebLW aOUead\ SUedLcWed WKe beVW-VeOOLQJ VPaUW NeWWOe IRU 2021. IQ LWV RSLQLRQ, WKe RYeUaOO
beVW VPaUW NeWWOe LV caOOed SPaUWeU LKeWWOe 3Ud GeQeUaWLRQ. IWV VLJQaWXUe IeaWXUeV aUe RSeUaWLRQ "aW
a dLYeUVe WePSeUaWXUe UaQJLQJ IURP 68-212 deJUeeV FaKUeQKeLW" [2], UePRWe acceVVLQJ, aQd
SUeSaULQJ WKe VWeaPLQJ ZaWeU aW a ceUWaLQ WLPe. IQVWead RI dRLQJ VRPe PRdLILcaWLRQV RQ WKe NeWWOe,
Ze deVLJQed WKe VPaUW NeWWOe PRdXOe WKaW caQ be adaSWed RQ PaQ\ dLIIeUeQW W\SeV RI eOecWULcaO
NeWWOe.

OXU SURMecW caQ aOVR SUe-VeW dLIIeUeQW WePSeUaWXUe OeYeOV aQd NeeS WKe NeWWOe aW WKaW WePSeUaWXUe
IRU a ceUWaLQ aPRXQW RI WLPe, QR ORQJeU WKaQ RQe KRXU. OQe RI WKe adYaQWaJeV RI RXU SURdXcW LV
PLQLPL]LQJ PaQXaO RSeUaWLRQ. We cRPbLQed addLQJ ZaWeU, bRLOLQJ ZaWeU, WePSeUaWXUe
cRQWUROOLQJ, daWa UecRUdLQJ aOO LQ RQe SOace. FRU addLQJ ZaWeU, WKe ZeLJKW VeQVRU ZLOO deWecW WKe
ZaWeU OeYeO LQ RXU NeWWOe. AV ORQJ aV WKe ZaWeU YROXPe LV OeVV WKaQ 20 SeUceQW RI WKe
NeWWOe-cRQWaLQLQJ YROXPe, WKe NeWWOe ZLOO be UeILOOed WR a ceUWaLQ ZaWeU OeYeO IURP ZaWeU SXPSed
RXW RI WKe ZaWeU WaQN. EacK WLPe, aIWeU RXU SURdXcW aXWRPaWLcaOO\ addV ZaWeU LQ, WKe NeWWOe VWaUWV WR
bRLO ZaWeU WR 100 deJUeeV CeOVLXV. AIWeU WKe ZaWeU bRLOV, WKe PRdXOe JReV WR WePSeUaWXUe cRQWURO
PRde. WaWeU ZLOO be cRROed dRZQ WR RXU VeWWLQJ WePSeUaWXUe IRU a VeW aPRXQW RI WLPe, aQd WKe
OLPLWaWLRQ LV RQe KRXU. AV SUeYLRXVO\ PeQWLRQed, RXU SURdXcW KaV IRXU VWaJeV: AddLQJ ZaWeU VWaJe,
bRLOLQJ ZaWeU VWaJe, cRROLQJ dRZQ WKe VWaJe, aQd NeeSLQJ ZaUP VWaJe. TKe LCD SaQeO LQ RXU
SURdXcW LV cRPSOeWeO\ UeVSRQVLbOe IRU dLVSOa\LQJ daWa UecRUded. IW ZLOO VKRZ XV ZKaW VWaJe WKe
SURdXcW LV aW, KRZ ORQJ LW VWa\V LQ WKLV VWaJe, KRZ PXcK WLPe LV OeIW, aQd WKe baVLc PeaVXUePeQW RI
WKe ZaWeU LQ WKe NeWWOe OLNe WePSeUaWXUe aQd ZeLJKW.
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1.2 PUREOHPV DQG SROXWLRQV
AOWKRXJK WKeUe aUe aOUead\ VRPe W\SeV RI VPaUW NeWWOeV e[LVWLQJ LQ WKe PaUNeW [3], WKeVe NeWWOeV'
IXQcWLRQaOLWLeV aUe QRW LdeaO eQRXJK. TKe NeWWOeV UeTXLUe WKe XVeUV WR VWaQd aVLde aQd ZaLW XQWLO WKe
NeWWOe LV ILOOed; RWKeUZLVe, WKe NeWWOe PLJKW be RYeUILOOed. Ne[W, eYeQ WKRXJK WKe NeWWOeV ZRXOd
PaNe QRLVe dXULQJ WKe bRLOLQJ ZaWeU SeULRd aQd NeeS TXLeW aIWeU ZaWeU LV bRLOed, LW LV QRW
LQIRUPaWLYe eQRXJK WR UePLQd WKe XVeUV LI WKe ZaWeU LV Uead\. TKeUe aUe VceQaULRV ZKeQ WKe XVeUV
JR bacN WR WKe NeWWOe aQd Vee WKe ZaWeU LV QRW Uead\ \eW. TKe\ ZLOO eLWKeU ZaLW Qe[W WR WKe NeWWOe
XQWLO WKe ZaWeU LV Uead\ RU JR bacN WR ZRUN. BRWK Za\V aUe a ZaVWe RI WLPe. SLQce SeRSOe
QRZada\V OLYe a IaVW-Saced OLIe[4] aQd WU\ WR LPSURYe WKe eIILcLeQc\ RI eYeU\WKLQJ [5], LW ZRXOd be
LdeaO LI Ze caQ add VRPe QeZ IeaWXUeV WR WKe NeWWOeV WKaW caQ VaYe XV WLPe IURP bRLOLQJ ZaWeU.

We SURSRVe a NeWWOe-PRdXOe WKaW KaV WKUee PaLQ IeaWXUeV ZKLcK SURYLde a beWWeU XVeU e[SeULeQce:
1. TKe PRdXOe eQabOeV WKe NeWWOe WR be ILOOed ZLWK ZaWeU aXWRPaWLcaOO\. WeLJKW VeQVRUV ZRXOd be
LPSOePeQWed aQd cRQWURO WKe aPRXQW RI ZaWeU WR SUeYeQW RYeUIORZ. 2.TR aYRLd WKe VLWXaWLRQV
ZKeQ XVeUV JeW bacN WR WKe NeWWOe aQd Vee WKe ZaWeU KaV QRW IXOO\ bRLOed \eW, WKe NeWWOe-PRdXOe
ZRXOd dLVSOa\ WKe UePaLQLQJ WLPe UeTXLUed IRU WKe ZaWeU WR UeacK WKe WaUJeW WePSeUaWXUe RQ aQ
LCD VcUeeQ. 3.TKe NeWWOe-PRdXOe ZRXOd LQWURdXce a QeZ Za\ WR NeeS ZaUP. UQOLNe WKe
WUadLWLRQaO Za\ RI NeeSLQJ ZaUP, ZKLcK PaLQWaLQV WKe WePSeUaWXUe aW a VSecLILc OeYeO, RXU
NeWWOe-PRdXOe ZLOO QRW UeKeaW WKe ZaWeU XQWLO LW LV ILYe �C ORZeU WKaQ WKe WaUJeW WePSeUaWXUe. TKe
WLPe RI NeeSLQJ ZaUP LV aOVR cRQWUROOabOe.

1.3 BORFN DLDJUDP

FLJXUe1. BORcN DLaJUaP
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We VSOLW WKe SURMecW LQWR 4 SaUWV. TKeUe aUe IRXU VXbV\VWePV. TKe\ aUe PRZeU SXSSO\, CRQWURO
UQLW, IQSXW, aQd OXWSXW. TKe 5V SRZeU VXSSO\ LV XVed WR SRZeU RXU PCB, VeQVRUV, aQd WKe LCD
VcUeeQ. TKe 12V SRZeU VXSSO\ LV PaLQO\ XVed WR SRZeU WKe ZaWeU SXPS IRU KLJK IORZ UaWe. TKe
LQSXW VXbV\VWeP cRQVLVWV RI WKe UeaO WLPe daWa cRPLQJ IURP WKe WePSeUaWXUe aQd ZeLJKW VeQVRU.
TKe WePSeUaWXUe, ZaWeU OeYeO, aQd NeeS ZaUPLQJ WLPe caQ be VeOecWed accRUdLQJ WR XVeU
SUeIeUeQceV YLa VeULaO PRQLWRU. TKeQ WKe daWaV ZRXOd be VeQW WR WKe cRQWURO XQLW IRU WKe aOJRULWKP.
TKe RXWSXW VXbV\VWeP ZRXOd UeceLYe WKe VLJQaOV cRPLQJ IURP WKe cRQWURO XQLW aQd WKe NeWWOe aQd
ZaWeU SXPS ZRXOd VWaUW ZRUNLQJ ZKeQ WKe\ UeceLYe a 1 IURP WKe cRQWURO XQLW. TKe LCD ZRXOd
dLVSOa\ WKe daWa IURP WKe VeQVRUV aQd cRQWURO XQLW aV ZeOO.

2. DHVLJQ
2.1 PK\VLFDO GHVLJQ & AFWXDO SURMHFW

FLJXUe2. PK\VLcaO deVLJQ

FLJXUe3. AcWXaO PURMecW
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2.2 DHVLJQ SURFHGXUH
2.2.1 AOWHUQDWLYH ASSURDFKHV

● Control Unit: 1 YV. 2 AWPHJD328 FKLSV [6]
AW WKe beJLQQLQJ RI WKe deVLJQ, Ze dLVcXVVed ZKeWKeU Ze VKRXOd XVe RQe RU WZR
aWPeJa328 cKLSV. OXU ILUVW WKRXJKW ZaV WKaW LW ZRXOd be eaVLeU WR ZULWe WKe cRdeV IRU WKe
cRQWURO XQLW LI Ze ZeUe JRLQJ WR XVe WZR aWPeJa328 cKLSV becaXVe Ze ZLOO QRW Qeed WR
ZRUU\ abRXW WKe RYeUOaSSLQJ SRUWV.

● PoZer SXppl\:
OXU ILUVW dUaIW RI WKe SURSRVaO VXJJeVWV WKaW a 12V baWWeU\ SacN ZRXOd SRZeU WKe V\VWeP.
MXOWLSOe YROWaJe UeJXOaWRUV ZLOO be XVed WR SURYLde 5V IRU VeQVRUV aQd ICV. NeYeUWKeOeVV,
cRQVLdeULQJ WKe VXVWaLQabLOLW\ RI WKe V\VWeP, Ze decLded WR SRZeU WKe ZaWeU SXPS aQd
SRC VeSaUaWeO\, XVLQJ a12V aQd a 5V SRZeU VXSSO\, ZKLcK ZLOO be SOXJJed LQWR WKe SRZeU
UeOa\. TKLV dReV QRW RQO\ VLPSOLI\ WKe cRQWURO RI SRZeU VXSSO\ aQd cLUcXLW deVLJQ, bXW LW
aOVR SUeYeQWV VaIeW\ Ka]aUdV, OLNe KeaWLQJ ZLWKRXW ZaWeU LQ WKe NeWWOe.

● InpXt: PXVK EXWWRQV YV. 7\SH LQSXWV RQ NH\ERDUG
BaVed RQ RXU RZQ e[SeULeQceV, Ze beOLeYed WKaW LW ZRXOd be UeaVRQabOe aQd cRQYeQLeQW WR
KaYe WKe SXVK bXWWRQV RQ WKe PRdXOe IRU WKe XVeUV WR cKRRVe WKe deVLUed IXQcWLRQV,
WePSeUaWXUe, aQd WLPe UaQJe. HRZeYeU, ZKeQ Ze aUe deVLJQLQJ WKe cLUcXLWV RQ WKe
bUeadbRaUd aQd aW WKe VaPe WLPe ZULWLQJ WKe cRdeV, Ze UeaOL]ed WKaW VLQce Ze KaYe WR dR
WKe caOLbUaWLRQ IRU WKe WePSeUaWXUe VeQVRU HX711 eYeU\ WLPe Ze UebRRW WKe V\VWeP RQ WKe
OaSWRS, LW PLJKW be PRUe cRQYeQLeQW WR OeW WKe XVeUV VeOecW WKe deVLUed WePSeUaWXUe aQd
WLPe UaQJe RQ WKe OaSWRS. TKe RWKeU adYaQWaJe RI W\SLQJ LQSXWV RQ WKe OaSWRS LV WKaW ZLWK
UeaVRQabOe ZLUeV aUUaQJePeQW, WKe XVeUV caQ JeW WKe NeWWOe ZRUN ZLWKRXW KeadLQJ WR WKe
NeWWOe. FRU e[aPSOe, WKe\ caQ W\Se LQ WKe deVLUed WePSeUaWXUe RQ WKeLU OaSWRS LQ WKe OLYLQJ
URRP, aQd WKe NeWWOe LQ WKe NLWcKeQ ZRXOd VWaUW ZRUNLQJ. We WKRXJKW LI Ze ZRXOd cRQWLQXe
WR ZRUN RQ WKLV SURMecW LQ WKe IXWXUe, Ze SOaQQed WR deYeORS aQ aSS WKaW aOORZV WKe XVeUV
WR cRQWURO WKe NeWWOe UePRWeO\ WR ILW WKe QaPe ³SPaUW´ PRUe.

● OXtpXt: :DWHU 7DQN YV. FDXFHW
AOWKRXJK LW VeePV PRUe UeaVRQabOe WR XVe WKe IaXceW dLUecWO\ ZKeQ ILOOLQJ ZaWeU, WKeUe aUe
WZR RWKeU aVSecWV Ze WRRN LQWR cRQVLdeUaWLRQ. TKe ILUVW RQe LV WKaW LI Ze cRQQecW WKe IaXceW
dLUecWO\ WR WKe NeWWOe, WKe IaXceW ZRXOd be UeVWULcWed WR RQO\ aYaLOabOe IRU addLQJ ZaWeU WR
WKe NeWWOe. IQ UeaO OLIe, Ze beOLeYe WKLV ZRXOd decUeaVe WKe eIILcLeQc\ RI WKe IaXceW. IQ
addLWLRQ, SeRSOe QRZada\V SXUVXe a KeaOWKLeU OLIeVW\Oe, aQd PRVW RI WKeP SUeIeU SXULILed
ZaWeU IRU VeYeUaO UeaVRQV. ³DULQNLQJ SXULILed ZaWeU aVVXUeV WKaW WKe YLWaO PLQeUaOV \RX
Qeed WR IXQcWLRQ aUe SUeVeQW LQ WKe ZaWeU \RX aUe dULQNLQJ. PXULILed ZaWeU UePRYeV
KaUPIXO bacWeULa WKaW RWKeUZLVe caQ Oead WR VLcNQeVV, VWRPacK SaLQ aQd QaXVea´ [7]. IW LV
SRVVLbOe WKaW PRVW SeRSOe ZRXOd SUeIeU WR bRLO WKe ZaWeU IURP WKe WaQN WKaW LV ILOOed ZLWK
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SXULILed ZaWeU LQVWead RI bRLOLQJ WKe ZaWeU WKaW cRPeV IURP WKe IaXceW. TKXV, Ze cKRVe WR
XVe WKe ZaWeU WaQN LQVWead RI WKe IaXceW aIWeU cRQVLdeUaWLRQ.

2.2.2 MDMRU DHVLJQ ETXDWLRQ
1. FLUVWO\, Ze acTXLUe ZaWeU aPRXQW YLa WKe ZeLJKW VeQVRU aQd WePSeUaWXUe dLIIeUeQce YLa WKe

WePSeUaWXUe VeQVRU.
ǻT = TWaUJeW - TLQLWLaO (ETXaWLRQ 2.2.2.1)

2. TKeQ Ze caOcXOaWe WKe eQeUJ\ Qeeded WR KeaW ZaWeU WR WKe WaUJeW WePSeUaWXUe. C LV WKe
VSecLILc KeaW RI ZaWeU (4.186 MRXOe/JUaP �C). P LV WKe PaVV RI ZaWeU.

Q=cPǻT  (ETXaWLRQ 2.2.2.2)

3. FLQaOO\, Ze caQ caOcXOaWe WKe UePaLQLQJ WLPe XVLQJ WKe PeaVXUed SRZeU OeYeO aQd eQeUJ\
Qeeded. P LV WKe SRZeU OeYeO RI WKe NeWWOe.  CRQVLdeULQJ WKaW WKe NeWWOe PLJKW QRW be
ZRUNLQJ aW a cRQVWaQW eIILcLeQc\, Ze ZLOO XVe WKe UeaO-WLPe SRZeU OeYeO IRU caOcXOaWLRQ LQ
RUdeU WR JeW PRUe accXUaWe UePaLQLQJ WLPe.

WUePaLQLQJ = Q/P (ETXaWLRQ 2.2.2.3)

TKRXJK WKe WePSeUaWXUe cKaQJe Pa\ Oead WR a cKaQJe RI VSecLILc KeaW RI ZaWeU, Ze cKRVe WR
LJQRUe WKe eUURU VLQce WKe caOcXOaWLRQ accXUac\ ZaV QRW LQIOXeQced RbYLRXVO\.

2.2.3 PCB DHVLJQ
We WULed WR PaNe WKe V\VWeP PRdXOaU. SR WKe PCB RQO\ cRQWaLQV QeceVVaU\ cRPSRQeQWV IRU
ATMEGA328, LQcOXdLQJ WZR 22SF caSacLWRUV aQd a 16MH] cU\VWaO. TKe UeVW RI WKe SLQV aUe
cRQQecWed WR cRQQecWRUV dLUecWO\. A 5V SRZeU VXSSO\ SRZeUV WKe PCB YLa a baUUeO MacN
cRQQecWRU.
OXU LQLWLaO Ldea ZaV WR PaNe a VLPSOe YeUVLRQ RI AUdXLQR UNO. TKaW cU\VWaO RVcLOOaWRU VROdeUed
RQ WKe AUdXLQR acWV aV aQ LQWeUQaO cORcN IRU WKe AUdXLQR. TKe PLddOe SLQ RI LW LV cRQQecWed WR WKe
JURXQd WR VaYe VSace, aQd WKe LQWeUQaO caSacLWRUV caQ be beWWeU PaWcKed WR WKe cU\VWaO VR WKaW LW
JLYeV a PRUe accXUaWe IUeTXeQc\.
BeVLdeV, WZR 22SF caSacLWRUV IRU WKe RVcLOOaWRU aUe aOVR QeceVVaU\ IRU WKe PCB deVLJQ. AccRUdLQJ
WR WKe ATMEGA328 daWaVKeeW, WKe RSWLPaO YaOXe RI WKe caSacLWRUV deSeQdV RQ WKe cU\VWaO RU WKe
UeVRQaWRU LQ XVe, WKe aPRXQW RI VWUa\ caSacLWaQce, aQd WKe eOecWURPaJQeWLc QRLVe RI WKe
eQYLURQPeQW.
EacK cU\VWaO LV cXW WR RVcLOOaWe ZLWK a VSecLILc ORad caSacLWaQce - LI WKe caSacLWaQce LV a dLIIeUeQW
YaOXe, WKe IUeTXeQc\ ZLOO be RXW. TZR 22SF caSacLWRUV LQ VeULeV SOXV a 9SF VWUa\ caSacLWaQce
eTXaO 20SF.

5



FLJXUe4. CU\VWaO OVcLOOaWRU CRQQecWLRQV

TKe baUUeO MacN cRQQecWRU aOORZV XV WR dLUecWO\ SRZeU WKe PCB XVLQJ a 5V SRZeU VXSSO\ LQVWead
RI a YROWaJe UeJXOaWRU RU VWeS-dRZQ cRQYeUWeU. AOO WKe SLQV RI ATMEGA328 aUe aVVLJQed WR
cRUUeVSRQdLQJ cRQQecWRUV IRU cRPPXQLcaWLRQ ZLWK VeQVRUV aQd LCD VcUeeQV. FXUWKeUPRUe, Ze
aOVR OeIW WKe RX aQd TX SLQ cRQQecWRUV RQ WKe PCB IRU XSORadLQJ cRdeV WR WKe PLcURcRQWUROOeU
IURP AUdXLQR UNO.

FLJXUe5. PCB deVLJQ

FLJXUe6. & FLJXUe7. PCB deVLJQ
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2.2.4 RESE7 BXWWRQ (DHERXQFH SZLWFK CLUFXLW)
FRU WKe RESET IXQcWLRQ, LQVWead RI XVLQJ a SXVK bXWWRQ, ZKLcK Ze beOLeYe ZRXOd be OeVV VWabOe
becaXVe LW LV eaV\ WR WRXcK WKe bXWWRQ XQLQWeQWLRQaOO\, aQd PeaQZKLOe, WKe VLJQaO LV QRW cRQVWaQW,
Ze cKRVe WR XVe a debRXQce VZLWcK WR UeSOace WKe SXVK bXWWRQ.

FLJXUe8. DebRXQce VZLWcK cLUcXLW IRU WKe RESET

2.3 DHVLJQ DHWDLOV
2.3.1 HDUGZDUH DHVLJQ
TKe PaLQ Ldea RI WKe deVLJQ LV PRdXOaU. AOO WKe SeULSKeUaOV (LQcOXdLQJ WKe WZR VeQVRUV, LCD
VcUeeQ, aQd ZaWeU SXPS) aUe QRW VROdeUed WR WKe V\VWeP. TKLV LV IRU eaV\ UeSOacePeQW RQce WKe
cRPSRQeQW LV PaOIXQcWLRQLQJ. TKe ZaWeU WaQN LV SOaced beVLde WKe PRdXOe. MRUeRYeU, WKe VL]e RI
WKe ZaWeU WaQN caQ be adMXVWed accRUdLQJ WR dLIIeUeQW QeedV. TKe UeaVRQ Ze cKRVe VRIW WXbLQJ IRU
ZaWeU UeILOOLQJ LV dXe WR beWWeU cRPSaWLbLOLW\. SRIW WXbLQJV aUe aOVR eaVLeU WR LQVWaOO aQd VWRUe
cRPSaUed WR KaUd WXbLQJ. AOO WKe SRZeU VXSSOLeV aUe LQWeJUaWed LQWR WKe OaUJe SRZeU UeOa\. SR
WKeUe aUe QR e[WUa ZLUeV aQd SOXJV Qeeded. SLQce WKe SURMecW LV KeaWLQJ WKe ZaWeU, Ze caQ QRW KaYe
e[SRVed cRPSRQeQWV. AOO WKe cRPSRQeQWV aUe cRQWaLQed LQ a ZaWeU-UeVLVW bR[, VR WKe ZaWeU VSLOO
ZLOO QRW KaUP WKe VWabLOLW\ aQd IXQcWLRQaOLW\ RI WKe ZKROe V\VWeP.

IQSXW:
1. DS18B20 TePSeUaWXUe SeQVRU [8]: TKe VeQVRU LV XVed WR PeaVXUe ZaWeU WePSeUaWXUe IURP

0 - 100�C. IW aOVR QeedV WR be ZaWeUSURRI. SR Ze cKRVe WKe DS18B20 ZLWK WKe ZaWeUSURRI
SURbe.

2. HX711 WeLJKW SeQVRU [9]: TKLV VeQVRU UeceLYeV aQaORJ VLJQaOV aQd cRQYeUWV WKeP WR
dLJLWaO YLa WKe ADC RQ WKe cKLS. AOVR, WKe VeQVRU cRPeV ZLWK a ORadLQJ ceOO aQd WUa\. We
cKRVe WKLV VeQVRU becaXVe LW LV eaV\ WR be LQVWaOOed.

PRZHU SXSSO\:
1. IRT PRZeU ReOa\: TKLV LV a SRZeU cRUd WKaW VZLWcKeV 120 VAC (XS WR 15 aPSV) ZLWK a DC

cRQWURO YROWaJe RI 3 VDC @ 3PA WR 12 VDC @ 30 PA. TKe UeaVRQ Ze cKRVe WKLV OaUJe
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SRZeU UeOa\ LV dXe WR VaIeW\ cRQceUQV. TKLV SRZeU UeOa\ KaV PaQ\ VaIeW\ IeaWXUeV,
LQcOXdLQJ eOLPLQaWLQJ VKRcN Ka]aUdV aQd SUeYeQWLQJ UeOa\ cKaWWeU. WLWK IRXU SRZeU RXWOeWV
RQ WKe UeOa\, Ze caQ SRZeU WKe ZKROe V\VWeP XVLQJ RQe SRZeU UeOa\. NR e[WUa ZLUeV aQd
SOXJV aUe Qeeded.

2. 5V PRZeU ReOa\: We LQVWaOO WKe 5V SRZeU UeOa\ RQ WKe SRZeU OLQe RI WKe ZaWeU SXPS. TKe
cRQWURO RI WKe WZR UeOa\V LV WKe VaPe. We XVe WKLV UeOa\ becaXVe Ze ZaQW WR PaNe VXUe RI
WKe LVROaWLRQ RI eacK RXWSXW cRPSRQeQW. TKe ZaWeU SXPS ZLOO QRW be ZRUNLQJ ZKLOe WKe
NeWWOe LV KeaWLQJ aQd YLce YeUVa.

OXWSXW:
1. LCD VcUeeQ: TKe LCD VcUeeQ caPe ZLWK aQ I2C PRdXOe, VR Ze RQO\ Qeed WR cRQQecW Vcc,

GND, SDA, aQd SCL LQVWead RI aOO 14 SLQV. TKe bacNOLJKW caQ be adMXVWed accRUdLQJ WR
dLIIeUeQW QeedV. We cKRVe WKLV VcUeeQ aV a dLVSOa\ becaXVe LCD VcUeeQV ZLWK I2C PRdXOeV
aUe eaV\ WR be SURJUaPPed. FXUWKeUPRUe, WKe UeadLQJV aUe YeU\ LQWXLWLYe.

2. WaWeU PXPS [10] : We LQLWLaOO\ WULed WR XQLI\ WKe SRZeU VXSSO\ YROWaJe aQd bRXJKW a 5V
ZaWeU SXPS. HRZeYeU, WKe IORZ VSeed dLd QRW PeeW RXU UeTXLUePeQW (IXOO\ UeILOO WKe NeWWOe
ZLWKLQ 30 VecRQdV). SR Ze cKaQJed LW WR a 12V ZaWeU SXPS, ZKLcK KaV a IORZ VSeed RI
160GPH (GaOORQ SeU KRXU). TKLV ZaWeU SXPS caQ UeILOO WKe NeWWOe ZLWKLQ 10 VecRQdV. IW
aOVR caPe ZLWK a SRZeU cRUd, ZKLcK VLPSOLILed RXU SRZeU cRQWURO.

2.3.2 SRIWZDUH DHVLJQ
TKe cRQWURO XQLW OeW XV LPSOePeQW aOO WKe IXQcWLRQaOLWLeV Ze VWaWed LQ RXU SURSRVaO aQd
dePRQVWUaWed LQ RXU RIILcLaO dePR. TKe cRQWURO XQLW LQcOXdeV WKe VRIWZaUe SaUW aQd KaUdZaUe SaUW.
We XVed a UNO AUdXLQR ZLWK aQ AWPeJa328 cKLS RQ LW. A debRXQce VZLWcK acWV aV a UeVeW bXWWRQ
IRU RXU KaUdZaUe SaUW, aQd AUdXLQR IDE cRde WR LPSOePeQW aOO IXQcWLRQaOLWLeV LOOXVWUaWed LQ WKe
IROORZLQJ IORZcKaUW VRIWZaUe-ZLVe.

FLJXUe 9. FORZ CKaUW
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TKe baVLc ZULWLQJ VW\Oe RI WKe AUdXLQR IDE cRde LV YeU\ VLPLOaU WR C++, bXW LW KaV LWV XQLTXeQeVV.
C++ KaV RQe PaLQ IXQcWLRQ caOOed "LQW PaLQ()," ZKLcK PRVW OLNeO\ ZRXOd cRPe WR aQ eQd. IDE
cRde, LQVWead, KaV WZR PaLQ IXQcWLRQV, ZKLcK aUe "YRLd VeWXS()" aQd "YRLd ORRS()." TKe "VeWXS()"
IXQcWLRQ RQO\ JReV WKURXJK RQe WLPe SeU UXQ, aQd ORRS() LQ AUdXLQR IDE dReV QRW TXLWe VWRS VLQce
LW LV aQ LQILQLWe ORRS.

FLJXUe 10. YRLd VeWXS IXQcWLRQ

FLJXUe 11. YRLd ORRS IXQcWLRQ
E[ceSW IRU WKRVe WZR PaLQ IXQcWLRQV,  Ze ZURWe VRPe RWKeU KeOSeU IXQcWLRQV WR IXOILOO ceUWaLQ
UeTXLUePeQWV WR LPSOePeQW aOO WKe IXQcWLRQaOLWLeV RI RXU SURMecW, LQcOXdLQJ LQW
"VeWXS_WePSeUaWXUe()," "LQW VeWXS_ZaWeUOeYeO()," "LQW VeWXS_ZaUPWLPe()," aQd "YRLd caOLbUaWe()."

● HHOSHU IXQFWLRQV
YRid calibUaWe():
TKLV IXQcWLRQ LV cRPLQJ ZLWK WKe HX711 GLWHXb OLbUaU\. HX711 LV WKe ZeLJKW VeQVRU Ze
XVed LQ RXU SURMecW. "CaOLbUaWe()" IXQcWLRQ PaNeV WKe ZeLJKW VeQVRU caOLbUaWe WR NQRZ
ZKaW WKe ZeLJKW RI aQ RbMecW LV. IW ILUVW aVNV \RX WR SOace QRWKLQJ RQ WKe ZeLJKW VeQVRU aQd
SUeVV "W" RQ \RXU Ne\bRaUd. IW ZLOO NQRZ ZKaW LW LV JRLQJ WR IeeO OLNe ZKeQ QRWKLQJ LV
SOaced RQ WKe ZeLJKW VeQVRU. TKe cKaU LQ B\We LV WR VWRUe eYeU\WKLQJ Uead IURP WKe VeULaO
PRQLWRU. "SeULaO.Uead()" LV WKe IXQcWLRQ WR Uead WKe OeWWeU WKe XVeUV W\Se RQ WKe Ne\bRaUd LQ
WKe SeULaO PRQLWRU. TKLV LV KRZ Ze caSWXUe WKe LQSXW cKaU IURP WKe Ne\bRaUd WR VeW XS aOO
WKe SUe-VeW YaULabOeV IURP WKe RWKeU KeOSeU IXQcWLRQV: VeWXS_WePSeUaWXUe(),
VeWXS_ZaWeUOeYeO(), aQd VeWXS_ZaUPWLPe().

FLJXUe 12. FXQcWLRQV WR caSWXUe cKaU IURP Ne\bRaUd

TKeQ WKe V\VWeP ZLOO aVN \RX RQ WKe VeULaO PRQLWRU WR SXW RQ a NQRZQ ZeLJKW aQd W\Se LQ
WKe ZeLJKW YaOXe. ³SeULaO.SaUVeFORaW()´ LV WKe IXQcWLRQ WR Uead a IORaW QXPbeU IURP WKe
VeULaO PRQLWRU, LQ RWKeU ZRUdV, WKe Ne\cRde LQSXW. AIWeU dRLQJ WKaW, WKe ZeLJKW VeQVRU ZLOO
caOcXOaWe aQd JLYe XV a caOLbUaWLRQ YaOXe ZKLcK ZRXOd QRUPaOO\ be aURXQd 447 ZLWK aQ
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eUURU UaQJe RI OeVV WKaQ 2. II WKe caOLbUaWLRQ QXPbeU LV OaUJeU WKaQ WKaW, LW PeaQV a VPaOO
ZeLJKW ZRXOd caXVe a OaUJe ZeLJKW YaOXe LQcUeaVe LQ WKe SeUVSecWLYe RI WKe ZeLJKW VeQVRU,
YLce YeUVa. FXUWKeUPRUe, 447 LV WKe YaOXe PRVW cORVe WR WKe UeaO ZRUOd; RQe JUaP RI ZeLJKW
ZLOO be RQe JUaP deWecWed b\ WKe ZeLJKW VeQVRU.

FLJXUe 13.FXQcWLRQV WR WUacN WKe NQRZQ PaVV

FLJXUe 14.FXQcWLRQV WR JeW ZeLJKW caOLbUaWLRQ YaOXe

VeWXS_WemSeUaWXUe(), VeWXS_ZaWeUleYel(), VeWXS_ZaUmWime():
We WaON abRXW WKeVe WKUee KeOSeU IXQcWLRQV WRJeWKeU VLQce WKe\ aUe XVLQJ WKe VaPe ORJLc
bXW UeWXUQ dLIIeUeQW YaOXeV IRU dLIIeUeQW SUeVeW YaULabOeV. TKe PaLQ IXQcWLRQ Ze XVed LV
"SeULaO.Uead()", ZKLcK Ze WaONed abRXW KRZ LW ZRUNV LQ WKe SUeYLRXV SaUaJUaSK. TKe
AUdXLQR ZLOO JeW WKe OeWWeU(cKaU) IURP WKe SeULaO MRQLWRU, WKeQ OeW WKe OeWWeU decLde ZKLcK
YaOXe WR UeWXUQ. TaNe "VeWXS_WePSeUaWXUe" aV aQ e[aPSOe; cKaU A ZLOO UeWXUQ 60, cKaU B
ZLOO UeWXUQ 70, aQd VR RQ. OI cRXUVe, VRPe JORbaO YaULabOeV decOaUed ZLOO caWcK WKRVe
YaOXeV LQ RXU "VeWXS()" IXQcWLRQ. "VeWXS_ZaWeUOeYeO()" LV WKe IXQcWLRQ WKaW ZLOO UeWXUQ WKe
SeUceQWaJe RI WKe SUe-VeW ZaWeU OeYeO OLNe 50% RU 100%. "VeWXS_ZaUPWLPe()" LV WKe
IXQcWLRQ WKaW ZLOO UeWXUQ WKe UePaLQLQJ WLPe WR NeeS WKe ZaWeU aW WKe SUeVeW WePSeUaWXUe
(PRde 3).
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FLJXUe 15. SaPSOe IXQcWLRQ RI WKe VeWXS KeOSeU IXQcWLRQV

● SHWXS IXQFWLRQ:
VRid VeWXS():
TKLV IXQcWLRQ RQO\ JReV WKURXJK RQce, aQd LW SUeSaUeV eYeU\WKLQJ beIRUe WKe cRQWURO XQLW
JReV WR eacK PRde LQ WKe ORRS() IXQcWLRQ. IW VeWV XS aOO WKe SUeVeW YaULabOeV, VeQVRUV, LCD,
aQd VeULaO PRQLWRU. TKRXJK aOO WKe UeTXLUed LQIRUPaWLRQ ZLOO be SULQWed RQ WKe LCD, WKe
VeULaO PRQLWRU SOa\V aQ LPSRUWaQW UROe LQ debXJJLQJ. We NeeS WUacN RI WKRVe YaULabOeV'
YaOXeV b\ XVLQJ "SeULaO. SULQW()." OI cRXUVe, Ze caOOed RXW WKe caOLbUaWLRQ IXQcWLRQ KeUe LQ
WKe "VeWXS()," VLQce caOLbUaWLRQ LV SaUW RI WKe ZeLJKW VeQVRU VeWWLQJ. AW WKe eQd RI WKe
"VeWXS()" IXQcWLRQ, Ze deILQed WKe LQSXW SLQ eLJKW aQd RXWSXW SLQ WZeOYe aQd WKLUWeeQ. PLQ
eLJKW LV cRQQecWed WR WKe debRXQced VZLWcK(WKe RESET bXWWRQ) IRU WKe SXUSRVe RI UeVeW
aQd VWaUWV aQRWKeU QeZ URXQd (EYeU\ QeZ URXQd VWaUWV IURP cKecNLQJ LI addLQJ ZaWeU LV
Qeeded aQd eQdV aW WKe NeeS ZaUP VWaWe). PLQ 12 aQd 13 ZRXOd UeceLYe WKe VLJQaOV WKaW
cRXOd be eLWKeU 1 RU 0 WR eYRNe WKe eOecWULc NeWWOe aQd ZaWeU SXPS.

● LRRS IXQFWLRQ:
VRid lRRS():
AW WKe beJLQQLQJ RI WKe ORRS IXQcWLRQ, WKe WePSeUaWXUe VeQVRU aQd WKe ZeLJKW VeQVRU
ZRXOd PeaVXUe WKe cXUUeQW WePSeUaWXUe aQd ZeLJKW. SLQce WKe ORRS IXQcWLRQ LV aQ LQILQLWe
ORRS aQd WKe UNO AUdXLQR ZLOO JR WKURXJK LW TXLcNO\ aQd UeSeaWedO\, VR aOO WKe daWa LV
XSdaWed eacK WLPe WKe AUdXLQR JReV WKURXJK WKe ORRS. TKe IROORZLQJ ILJXUeV VKRZed ZKaW
IXQcWLRQV Ze XVed WR JeW WKe daWa baVed RQ WKe VeQVRU¶V OLbUaU\.

FLJXUe 16. FXQcWLRQV WR JeW WKe WePSeUaWXUe VeQVRU daWa
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FLJXUe 17. FXQcWLRQV WR JeW WKe ZeLJKW VeQVRU daWa

TKe IXQcWLRQaO ORJLc IRU RXU cRQWURO XQLW LV WR WaNe daWa LQSXW IURP VeQVRUV aQd JLYe WKe
cRUUecW RXWSXW VLJQaO WR RSeQ RU cORVe WKe ZaWeU SXPS aQd WKe eOecWULc NeWWOe. We VWaUW ZLWK
PRde 0; LI WKe dLJLWaO SLQ eLJKW LV KLJK, Ze XVe a "ZKLOe()" IXQcWLRQ WR WUaS WKe SURJUaP.
TKeUeIRUe WKe SURJUaP ZLOO QeYeU JR RXW RI LW aQd ILQLVK WKe ORRS XQWLO SLQ eLJKW LQSXW
VZLWcKeV WR ORZ. TKLV LV KRZ RXU UeVeW aQd KROd VWaWe PeaQV.

FLJXUe18. ReVeW aQd HROdLQJ VWaWe

AIWeU ILQLVKLQJ WKe SURceVV LQ PRde 0, WKe V\VWeP ZRXOd JR WR PRde RQe XQcRQdLWLRQaOO\.
MRde RQe LV WKe VWaWe WR add ZaWeU XQWLO WKe ZaWeU OeYeO UeacKeV WKe SUeVeW ZaWeU OeYeO.
MRde WZR ZRXOd KaYe WKe eOecWULc NeWWOe VWaUW ZRUNLQJ XQWLO WKe ZaWeU WePSeUaWXUe UeacKeV
WKe SUeVeW ZaWeU WePSeUaWXUe, WKeQ WKe NeWWOe ZRXOd be VZLWcKed RII. TLPeUV IRU PRde RQe
aQd PRde WZR KaYe WKe VaPe VW\Oe. We KaYe VeSaUaWe IRUPXOaV WR caOcXOaWe WKeP eYeU\
WLPe LQ eacK ORRS. TKLV e[aPSOe cRXOd e[SOaLQ ZK\ Ze aUe dRLQJ WKe caOcXOaWLRQV LQ eYeU\
ORRS. WKeQ SeRSOe dRZQORad VRPe ILOeV IURP WKe LQWeUQeW, WKe UePaLQLQJ WLPe LV
caOcXOaWed baVed RQ WKe dRZQORadLQJ VSeed, ZKLcK LV IORaWLQJ. TKe IORaWed UePaLQLQJ WLPe
LV PRUe UeaOLVWLc WKaQ WKe IL[ed UePaLQLQJ WLPe WKaW WKe VSeed RI WKe LQWeUQeW LV QRW
cRQVWaQW, aQd VRPe RWKeU IacWRUV PLJKW aIIecW WKe dRZQORad VSeed aV ZeOO. TKXV, LW LV
VcLeQWLILc WR caOcXOaWe WKe UePaLQLQJ WLPe LQ eacK ORRS UaWKeU WKaQ MXVW caOcXOaWLQJ RQce aW
WKe beJLQQLQJ RI WKe ORRS. TKe IROORZLQJ ILJXUeV aUe WKe eTXaWLRQV Ze XVed WR caOcXOaWe
WKe UePaLQLQJ WLPe.

FLJXUe 19. TLPeU RI PRde 1

FLJXUe 20. TLPeU RI PRde 2

MRde WKUee WLPeU LV dLIIeUeQW IURP WKe WLPeU Ze XVed LQ PRdeV RQe aQd WZR LQ WKaW LW LV a
cKURQRORJLcaO WLPeU. TKe WLPe UePaLQLQJ ZLOO QRW IORaW VLQce Ze aUe QRW caOcXOaWLQJ WKe
WLPe XVLQJ WKe cKaQJLQJ daWa. TKe WLPeU IRU PRde WKUee LV MXVW OLNe a WLPeU Ze KaYe RQ RXU
SKRQe WKaW LV VLPSO\ cRXQWLQJ dRZQ aW WKe VaPe Sace aV WKe cORcN. We XVed a YaULabOe
caOOed WLPeU_3_VWaUW WR UecRUd WKe WLPe MXVW beIRUe WKe SURJUaP JReV LQWR PRde WKUee.
Ne[W, Ze XVed PRde_3_WLPeU WR UecRUd WKe cXUUeQW WLPe aQd WKeQ dR WKe caOcXOaWLRQ ZLWK
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SUeVeW_WLPeZaUP WR JeW WKe WLPe UePaLQLQJ LQ PRde WKUee. "PLOOLV()" LV WKe IXQcWLRQ WR
UecRUd WKe cXUUeQW WLPe.

FLJXUe 21. TLPeU RI PRde 3

IQ PRdeV 1,2,3, Ze VWRUed aOO WKe UeTXLUed daWa LQWR VRPe YaULabOeV. AW WKe eQd RI WKe
"ORRS()" IXQcWLRQ, Ze XVed PaQ\ "LI," "eOVe LI," aQd "eOVe" IXQcWLRQV aQd dLVSOa\ed WKe
UeVXOW daWa RQ WKe LCD VcUeeQ aQd VeULaO PRQLWRU.

2.3.3 OSHUDWLRQ RI WKH PURMHFW
TR XVe WKLV SPaUW-KeWWOe-MRdXOe, WKe XVeUV caQ cRQQecW aQ\ eOecWULc NeWWOeV. FLUVW RI aOO, WKe XVeU
VKRXOd SOXJ WKe NeWWOe LQWR WKe SRZeU UeOa\. TKeQ, RQ WKe OaSWRS cRQQecWed WR WKe cRQWURO XQLW
cLUcXLWV, WKe AUdXLQR bRaUd LQ RXU caVe, WKe XVeUV ZRXOd Qeed WR dR WKe caOLbUaWLRQ IRU WKe ZeLJKW
VeQVRU ILUVW. TKe XVeUV Qeed WR SXW aQ RbMecW ZLWK a NQRZQ PaVV RQ WKe ZeLJKW VeQVRU aQd WKeQ WeOO
WKe V\VWeP WKe ZeLJKW RI WKaW RbMecW. AIWeU WKaW, WKe V\VWeP ZRXOd aVN WKe XVeU WR VeOecW WKe
UeTXLUed WePSeUaWXUe aQd aPRXQW RI ZaWeU aQd NeeS ZaUP WLPe OeQJWK. Ne[W, WKe XVeUV caQ
VLPSO\ SXW WKe NeWWOe RQ WKe baVe MXVW OLNe WKe\ XVXaOO\ dR, aQd WKe NeWWOe PRdXOe VKRXOd KaQdOe
eYeU\WKLQJ eOVe.
WKeQ WKe XVeU SOaceV WKe NeWWOe RQ WKe baVe, ZKLcK KaV WKe ZeLJKW VeQVRU LPSOePeQWed beORZ, WKe
ZeLJKW VeQVRU ZRXOd PeaVXUe WKe UeaO-WLPe ZeLJKW. We deILQed WKe PLQLPXP ZeLJKW aV WKe VXP
RI WKe ZeLJKW RI WKe baVe, WKe NeWWOe, aQd WKe PLQLPXP ZaWeU aPRXQW IRU bRLOLQJ ZaWeU. IQ PRde
RQe, LI WKe cXUUeQW ZeLJKW LV ORZeU WKaQ WKe PLQLPXP ZeLJKW, WKe ZaWeU SXPS ZRXOd UeceLYe a
VLJQaO RI 1 aQd VWaUW SXPSLQJ a VSecLILc aPRXQW RI ZaWeU.
TKeQ, WKe V\VWeP ZRXOd JR WR WKe Qe[W PRde, PRde WZR, aXWRPaWLcaOO\. IQ WKLV PRde, WKe ZaWeU
SXPS ZRXOd be VZLWcKed RII ZKLOe WKe NeWWOe ZRXOd UeceLYe a VLJQaO RI 1 aQd VWaUW ZRUNLQJ. See
WKe ILJXUe 22 beORZ. OQ WKe ULJKW WRS RI WKe LCD VcUeeQ LV WKe UePaLQLQJ WLPe WR UeacK WKe SUeVeW
WePSeUaWXUe. OQ WKe OeIW bRWWRP LV WKe cXUUeQW WePSeUaWXUe RI WKe ZaWeU aQd WKe ULJKW bRWWRP LV WKe
ZeLJKW RI WKe ZaWeU aQd WKe NeWWOe. TKe ZeLJKW VKRXOd be PO, bXW dXe WR WKe OLPLWaWLRQ RI WKe VL]e
RI WKe LCD VcUeeQ. TKe NeWWOe ZRXOd UeceLYe a VLJQaO RI 0 aQd VWRS ZRUNLQJ LPPedLaWeO\ ZKeQ
WKe cXUUeQW WePSeUaWXUe UeacKeV WKe WaUJeW WePSeUaWXUe aQd JReV WR WKe Qe[W PRde WR NeeS ZaUP
IXQcWLRQ XQcRQdLWLRQaOO\.
IQ PRde WKUee, bRWK WKe NeWWOe aQd WKe SXPS VKRXOd QRW be ZRUNLQJ. UQOLNe PRde WZR, WKe
UePaLQLQJ WLPe RQ WKe ULJKW WRS LV QRW WKe UePaLQLQJ WLPe WR UeacK WKe WaUJeW WePSeUaWXUe. IQVWead,
LW LV WKe WLPe OeIW RI WKe NeeSLQJ ZaUP IXQcWLRQ. IQ WKLV PRde, LI WKe cXUUeQW WePSeUaWXUe dURSV
beORZ WKe VeOecWed WePSeUaWXUe, LW ZRXOd JR bacN WR PRde WZR WR UeKeaW WKe ZaWeU.
BeVLdeV, ZKeQ WKe RESET VZLWcK LV WULJJeUed, WKe V\VWeP ZRXOd JR IURP PRde RQe WR PRde
WKUee aJaLQ. TKe PRdXOe ZLOO cKecN WKe ZeLJKW LQ PRde RQe WR Vee LI WKeUe LV VWLOO VRPe PLQLPXP
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ZaWeU OeIW. II QRW, WKe SXPS ZRXOd VWaUW ZRUNLQJ aJaLQ. OWKeUZLVe, LI WKeUe LV VWLOO eQRXJK ZaWeU
OeIW, WKe V\VWeP ZRXOd JR WKURXJK WKe UeVW RI WKe PRdeV MXVW OLNe beIRUe.

FLJXUe 22. MRde 1

FLJXUe 23. MRde 2

FLJXUe 24. MRde 3
2.4 9HULILFDWLRQV

● LCD GLVSOD\
LCD XQLW WeVW LV baVLcaOO\ IRU WKe WKUee OLQeV RI WKe cRde VKRZQ RQ WKe VcUeeQ.
"Ocd.beJLQ()" deILQeV WKe cROXPQV aQd URZV dLVSOa\ed LQ LCD. BaVed RQ ZKaW Ze bRXJKW,
Ze KaYe WR cKRRVe 16 cROXPQV aQd WZR URZV IRU LCD VL]e. We WULed RWKeU QXPbeUV, bXW
WKe cRQWeQW ZRXOd dLVaSSeaU LI WKe cROXPQ QXPbeU e[WeQded 16, VaPe IRU URZV e[WeQdLQJ
2. TKe SeWcXUVRU() LV WR VeW WKe cXUVRU aW a ceUWaLQ SRVLWLRQ. II Ze dR WKe SULQW, WKe SULQWed
cRQWeQW ZLOO aSSeaU LQ WKe SRVLWLRQ Ze MXVW VeW.

FLJXUe 25. UQLW TeVW RI LCD
● DS18B20 7HPSHUDWXUH SHQVRU

TKe UeaVRQ Ze cKRVe WKLV VeQVRU LV WKe cRPSaWLbLOLW\. TKe 1-WLUe bXV V\VWeP PaNeV WKe
KaUdZaUe cRQILJXUaWLRQ VLPSOeU VLQce RQO\ RQe daWa OLQe LV cRQQecWed. AccRUdLQJ WR RXU
XQLW WeVW, WKe accXUac\ RI WKe VeQVRU LV Za\ beWWeU WKaQ Ze Qeed. TKe daWa IeedbacN VSeed
LV IaVW eQRXJK WR deaO ZLWK UaSLd cKaQJeV LQ ZaWeU WePSeUaWXUe, ZKLcK LV RXU UeTXLUePeQW
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IRU WKe VeQVRU VLQce Ze ZRXOd OLNe WKe NeWWOe WR VWRS ZRUNLQJ LPPedLaWeO\ ZKeQ WKe WaUJeW
WePSeUaWXUe LV UeacKed.

● H;711 :HLJKW SHQVRU
We WULed WR PaNe WKe ZKROe deVLJQ VLPSOe. AQd Ze dLd QRW Qeed WKe VeQVRUV ZLWK YeU\
KLJK accXUac\. TKLV VSecLILc VeQVRU PeeWV RXU UeTXLUePeQWV, LQcOXdLQJ ZeLJKWLQJ UaQJe,
SULce, aQd WKe dLIILcXOW\ IRU SURJUaPPLQJ aQd LQVWaOOaWLRQ. IQ WKe XQLW WeVW, WKe VeQVRU
PeaVXUed WKe UeaO WLPe ZeLJKW IaVW eQRXJK WKaW aOWKRXJK WKeUe ZaV aURXQd IRXU VecRQdV
deOa\. TKe deOa\ LV acceSWabOe VLQce Ze aOORZ VRPe bXIIeULQJ WLPe IRU WKe ZeLJKW VeQVRU.

● :DWHU PXPS
OXU ILUVW cKRLce RI WKe ZaWeU SXPS ZaV a 5V DC ZaWeU SXPS. BXW dXULQJ WKe XQLW WeVW, Ze
IRXQd RXW WKaW WKe VSeed RI SXPSLQJ ZaWeU LV QRW IaVW eQRXJK. TKeQ Ze VZLWcKed WR a 12V
ZaWeU SXPS WKaW KaV a UaWed VSeed RI 160GPH. TKe 12V ZaWeU SXPS UeacKed WKe UaWed
VSeed ZKeQ Ze ZeUe XVLQJ WKe KaUd WXbLQJ. HRZeYeU, WKe SXPSLQJ VSeed dURSSed WR
140GPH ZKeQ Ze UeSOaced WKe KaUd SXPSLQJ. IW LV a OLWWOe bLW ORZeU WKaQ RXU e[SecWaWLRQ
bXW VWLOO acceSWabOe.

15



3. CRVW
● LabRU cRVW / WeaPPaWe = 15 [$/KU] * 150 [KUV] * 2.5 = 5625 [$]
● PaUWV

CRPSRQ
HQW

MDQXIDFWXUHU 9HQGRU QXDQWLW
\

CRVW/XQL
W

7RWDO FRVW

DS18B2
0

Ma[LP IQWeJUaWed SSaUNIXQ 1 $12 $12

HX711 AVIA
SePLcRQdXcWRU

APa]RQ 1 $13 $13

WaWeU
PXPS

N/A APa]RQ 1 $12 $12

LCD
VcUeeQ

N/A APa]RQ 1 $20 $20

KeWWOe Ta\ORU SZRdeQ APa]RQ 1 $25 $25

PRZeU
ReOa\

LRW ReOa\ APa]RQ 1 $30 $30

TabOe1. ReWaLO SULce RI WKe cRPSRQeQWV
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4. CRQFOXVLRQ
● SXFFHVV

We IXOILOOed WKe KLJK-OeYeO UeTXLUePeQWV Ze ZURWe LQ WKe DeVLJQ DRcXPeQW. AOO WKe
add-RQ IeaWXUeV ZRUN SeUIecWO\. SSecLILcaOO\, WKe NeWWOe VWRSV aW WKe e[acW ULJKW WaUJeW
WePSeUaWXUe. FXUWKeUPRUe, WKe ZaWeU aPRXQW LV accXUaWe. MRVW LPSRUWaQWO\, WKe UePaLQLQJ
WLPe caOcXOaWLRQ KaV OeVV WKaQ RQe-VecRQd eUURU; RQce WKe WLPeU cRXQWdRZQ WR ]eUR, WKe
NeWWOe VWRSV ZRUNLQJ LPPedLaWeO\ aQd eQWeUV PRde WKUee, aQd WKe WLPe dLVSOa\ ZLOO WXUQ WR
WKe UePaLQLQJ WLPe IRU WKe ZaUP-NeeSLQJ IXQcWLRQ.

● CKDOOHQJH
OXU LQLWLaO Ldea ZaV WR PaNe a VLPSOe YeUVLRQ RI AUdXLQR UNO aQd SURJUaP WKe
PLcURcRQWUROOeU e[WeUQaOO\. AOO WKe cRUUeVSRQdLQJ SRUWV aUe OabeOed IRU eacK cRQQecWLRQ
IURP VeQVRUV. DXULQJ WKe ILUVW WeVW, WKe PLcURcRQWUROOeU LV bXUQW dXe WR a VKRUWed SRZeU
VXSSO\. AIWeU Ze IL[ed WKe SRZeU VXSSO\, Ze IRXQd WKaW Ze caQQRW XSORad RXU cRde WR WKe
PLcURcRQWUROOeU, eYeQ WKRXJK aOO WKe cRQQecWLRQV (RX, TX, aQd RST) aUe cRQQecWed
cRUUecWO\.
SecRQdO\, LW LV abRXW WKe LQVWaOOaWLRQ RI WKe WePSeUaWXUe SURbe. We SXW LW LQWR WKe NeWWOe
dLUecWO\ IURP WKe VSRXW, ZKLcK Pa\ Oead WR VRPe LQcRQYeQLeQce UePRYLQJ WKeP. We WULed
WR LQVWaOO WKe SURbe LQWeUQaOO\, bXW Ze IaLOed.

● IPSURYHPHQW
SLQce WKe V\VWeP WaNeV LQSXW IURP AUdXLQR IDE, Ze caQ WUaQVSOaQW WKe VRIWZaUe WR PRbLOe
deYLceV aQd PaNe aQ aSSOLcaWLRQ VRIWZaUe IRU WKe XVeU LQWeUIace.
DXe WR WKe LQcRQYeQLeQce RI UePRYLQJ WKe WePSeUaWXUe SURbe eYeU\ WLPe, Ze SOaQ WR
UeSOace RXU WePSeUaWXUe VeQVRU ZLWK a ZLUeOeVV RQe LQWeJUaWed LQWR WKe NeWWOe.
We SOaQ WR UeSOace RXU VRIW WXbLQJ ZLWK KaUd WXbLQJ aQd VWabLOL]e WKe WXbLQJ WR WKe PRdXOe
bR[. MRUeRYeU, WKe OLd RI WKe NeWWOe caQ be PRdLILed WR ILW WKe WXbLQJ. B\ ILOOLQJ WKe NeWWOe
e[WeUQaOO\ (abRYe WKe ZaWeU OeYeO), Ze caQ aYRLd VLSKRQ dXULQJ WKe ZaWeU UeILOOLQJ VWaJe.
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