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ABSTRACT

Development of DC-AC Power Monitoring and Control System for Smart Home to
accommodate monitoring of both forms of electrical energy usage is achieved in this research.
It primarily utilizes DC energy as the main source and employs an AC electrical system as a
backup in case the efficiency of the DC power supply is insufficient, aiming to prevent damage to
electrical equipment and internal electrical systems within the home. This research utilizes a
Raspberry Pi embedded system to. track electrical energy data through sensors, collect energy
data, and display results via a real-time web application. The development of an electrical energy
control system capable of selecting either AC or DC energy is achieved. The research findings
demonstrate the efficient operation and accuracy of tracking electrical energy consumption, as
well as effective control of alternating between the use of AC and DC energy for smart homes,
with an average measurement accuracy of 98%. Data recording of electrical energy consumption
on the database system is capable of achieving a 1 00 % data recording rate, with backup data
storage in cases where a wireless Wi-Fi internet connection is unavailable. When the connection
is reestablished, the system sends the stored data to the host computer, with an average data
accuracy of 97% . Users can access energy consumption data and control smart home energy usage via

the web application.

Keywords : Smart Home, Power Monitoring system, Power Control system, Direct current,

Alternating Current
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ICON DC-AC Power Monitoring E
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T AC power Power NN um%mu
Sk AC power
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Amp:1A
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DC power DC power Power
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i debug i & W o - i debug i & W
T all nodes mal - T all nodes = mal -
22024, B0T-56 PM  node: debug 1 122024, 3:05:41 PM  node: debug 2
msg. payload : Object mesg paylead - Obgect
*object ~pbject
Acvolt: 220.81254531965776 Devalt: 298
acamp: 3 Dcamp: &
Acwatt: 560.04 Dowatt: @
aCwh: S876.51 DCwh: 5977.98
AN22024, 80801 PM  node: debug 1 122024, 5:08:41 PM  node: debug 1
msg.paykoad | Obpect kg payload - Object
b { AcVolt: 228.8B956837113226, AcAmp: »{ Acvolt: 228.89785807618568, Acamp:
3, Acwatt: 668.27, ACwh: S5976.69 } 3, Acwatt: 568.29, ACwh: S37E.16 }
W04 B 0806 PM  node: debug 1 I 12/2024, 50546 PM  node: debug 2
msg paykoad ;| Obgect msg paylead - Object
b { Acvolt: 228.82455528898642, AcAmp: * { Decvolt: 299, DcAmp: @, Dowatt: @,
3, Acwatt: 668.87, ACwh: S9%7&.8E } DCwh: S978.16 ¥
FM2/2024, 0511 PM  nooe: debug 1 - J12/2024, 8:08:46 PM  node: debisg 1
msg.payload : Object meg.paylead - Oibject
L R s | » { Acvolt: 220.08994264878527, AcAmp:
3, Acwatt: 66@.25, ACwh: S977.86 } 3, Acwatt: 660.27, Afwh: S97B.34 }

andi 4.3 Tilsunsumseiudeyanasan dhuuTiUsunsy Node-red

Edit function node
Edit Modbus-Getter node
Delete Cancel
Delete Cancel
1 Properties & BF
 Properties & B = ——
¥ Name awdayalviih e~
Settings Optionals
£ Setuj On Start On Message On Stoy

Name Name 2 & i

1/ swaayan Pzem-016 anTuai Modbus
Unit-Ild 1 2 // warwlassanmbguacdayaly data sheet

3

. : 4 // @we Voltage (V)

£ FO 4 Read input Reglslens. 'y 5  var voltage_LSB = msg.payload[e];

6 var voltage = parseFloat((voltage_LSB * 0.1).toFixed(2)); // 1
Address 0 ¢4

8 // @we Current (A)
Quantity 9 9  var current_LSB = msg.payload[1];

10 var current_MSB = msg.payload[2];
O Delay toactivate input (] E var current = parseFloat((((current_MSB << 8) | current_LSB) *

13 // dweé Power (W)
Server modbus-serial@/dev/ttyUSB0:9600 vi| 2 14 var power_LSB = msg.payload[3];

15 var power_MSB = msg.payload[4];

16  var power = parseFloat((((power_MSB << 8) | power_LSB) * 0.1)."

17

18  // @we Energy (wh)

19  var energy_LSB = msg.payload[5];

20 var energy MSB = msg.payload[6];

21 var energy = parseFloat(((energy MSB << 8) | energy LSB).toFix:
22

23 // @ Frequency (Hz)

24 var frequency_LSB = msg.payload[7];

25  var frequency = parseFloat((frequency_LSB * ©.1).toFixed(2)); ,
26 | |

v 9
M 4.4 msaamimsarudoyandanu il
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debug 1
() 2 (]
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[0}

[v1.x] 183.88.229 11:8086/acdc house
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f switch AC
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I switch DC
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é switch DC :
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() switchAC ()
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() switch DG [

MAIA 4.6 - ManannlydsunsumssumainIugunINUYee Raspberry

d' 4 I'4 a 4 o Y @ a
MNN 4.7 NN ?J"Iiﬂ!lfﬁig1J°]Jﬁ')ﬁ“]iulwﬁTGluﬂTiﬂ'J‘]JﬂiJﬂWi‘i/INTu‘luiJWu@i]ﬂiEJS



46

a o d dJ
wanmsnaaaUlszaNEMNMIINNUIAZMINVORANAIAVDITZVVINTAINIS (Hardware)
p PR o w o A 1 s ¢
minageuasaniuruneuding lumInmuIszuy 1NoaI Ao UNaTAIIT
o ~ Y A T A a A ~ ~ [
maumunesnuuy 1inielu Tise@nsmmiisane uaziinnuilasansge msnadonz
Y
ATOUAQNNININATOULTZANTNINN13Y197U (Functional Testing) 11A¥NI1SHIVOAANAA
(Debugging) e I szuvuntunmazaaau lihaszuaassiunu linszuaadudmsy
Y [ a o Y a a 9 1 I 1
Mudnsezamsaau lanilsg@nsain laglduiinisnaasueemily 3 421 1.019
A A 1 < 4 ] [
nagoulszd@niniumsudouakuIEeAT193A 2.01INAFBUNITAIVANNAINU 3. N3
o -4 ANl <3 a Y
NAFUIFVUAIVANNITININUYBITAUITIIUNIIA Lo Unams Y Taslisigazideanis
(-7 l;l
NAFTDUAIL
a Aa U £ < d [Y) [
msnagevlszansmmmssrudoyarduwesasnTanadsnulii
tanwdng lunmshauvesszuuaaamuiazaruan liinszuaasaag Trlih
[ o [ 9 (% a [~ T d‘ [ [V =
Assudaaudmuusanseztiueg1anin Wesnnnsasiadanasau i iaauluns
v Aa o 9 [ o [ Y o a =
dadulanismauaunisiinumislgnasau ldddmsuidusindes Fanisnsnaaey
UszansmnaznaaauANNFsIaT11NITATIVTANDN % anumeansalunisasraiaan
Y
wasnu Iiinszuaassazmyasndaamasnu lWiinszuaady aeeszdeaae 1l
{ I o @
1. MINAFOUANUINIIATUFULYOSATIVIANEINY PZEMO17
{ [ 1 @ 4
msnageanuisinsslunisasrviasmaauliiinszuansez 14ginsal
naaouluminFeumeumsasintaanumesassuedliiinszuanss Tasldn138198901n
1 [ ~ Y an a 4 = 9
aasu Tlihnasan 18 nAtneaiines Meter UNI-T UT204+ &4 ldponuuuaimmnnsgiu
Y
UON.LAZNINTFIU EN61010-2010 CAT I1600V/CAT T 300V Tun1sitlaldumnasnrenasaiu

Power supply adjustable 1iior1AMNeInTIvasa sy i PZEM 017



47

d' a a @ 1 < J
MNN 4.8 maauﬂizﬁmmwmmLmﬂuuazmﬂizuﬁ"lvlﬁummcmi PZEM 017



48

A151af 4.1 ﬂ'li‘ﬂﬂﬁ’ﬂ‘ﬂ‘l’ﬂﬂ3111!ﬁENﬂ‘5\1?’;1!!5\1&}14“1/11?11%@\1!‘1?1!!%6% PZEMO017 DC

NO. urase Meter UNI-T PZEM-017  Difference %

WAINY Power UT204+ (V) 4% V) Error

Supply (V)

1 1 1 1.01 0.01 0.99%
2 5 5 5 0 0
3 12 12 12 0 0
4 24 24 24 0 0
5 48 48 48 0 0
6 100 100 100 0 0
7 150 150 150 0 0
8 200 200 200 0 0
9 250 250 250 0 0
10 280 280 280 0 0

NANTWNITNAToUANNINIINTIVRINTATITaa T Iau Id 1 Taend1u
~ = 1 [ @ [ v [ a Jaa
eansa lumsulseumsuninsadu Il uura918md99% Power Supply Uaziinesainea
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o4 0.0 1AM i lideswe lumsRoudgumgesve Idimmasndsnunouenin
a a [ :: = ] Jo 9 9 [ U
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NO. urase Meter UNI-T PZEM-017  Difference %
WA Power UT204+(A) (A) (A) Error
Supply (A)
1 1 1.01 0.98 0.02 2.97%
2 2 2.01 1.98 0.02 1.49%
3 3 3.02 2.98 0.02 1.32%
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9 9 9.0 9 0 0
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13 13 13.00 13 0 0
14 14 14.00 14 0 0
15 15 14.00 15 0 0
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PZEM-016 Difference
NO. Meter UNI-T UT204+ (V)

V) (V)
1 238.5 239.7 1.2
2 239.6 241 1.4
3 239.2 240.4 1.2
4 238.7 239.9 1.2
5 237.3 238.6 1.3
6 238.0 239.4 1.4
7 239.0 240.2 1.2
8 237.6 238.9 1.3
9 238.4 239.6 1.2

10 239.2 240.6 1.4
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PZEM-016 Difference
NO. Meter UNI-T UT204+ (A)

(A) (A)
1 5.1 5.28 0.18
2 5.2 5.37 0.17
3 4.9 5.07 0.17
4 5.2 5.36 0.16
5 5.3 5.48 0.18
6 5.2 5.39 0:19
7 5.0 5.15 0.15
8 4.8 4.96 0.16
9 5.1 5.26 0.16
10 5.0 5.17 0.17
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ABSTRACT

Development of DC-AC Power Monitoring and Control System for Smart Home to
accommodate monitoring of both forms of electrical energy usage is achieved in this research.
It primarily utilizes DC energy as the main source and employs an AC electrical system as a
backup in case the efficiency of the DC power supply is insufficient, aiming to prevent damage to
electrical equipment and internal electrical systems within the home. This research utilizes a
Raspberry Pi embedded system to. track electrical energy data through sensors, collect energy
data, and display results via a real-time web application. The development of an electrical energy
control system capable of selecting either AC or DC energy is achieved. The research findings
demonstrate the efficient operation and accuracy of tracking electrical energy consumption, as
well as effective control of alternating between the use of AC and DC energy for smart homes,
with an average measurement accuracy of 98%. Data recording of electrical energy consumption
on the database system is capable of achieving a 1 00 % data recording rate, with backup data
storage in cases where a wireless Wi-Fi internet connection is unavailable. When the connection
is reestablished, the system sends the stored data to the host computer, with an average data
accuracy of 97% . Users can access energy consumption data and control smart home energy usage via

the web application.

Keywords : Smart Home, Power Monitoring system, Power Control system, Direct current,

Alternating Current
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i debug i & W o - i debug i & W
T all nodes mal - T all nodes = mal -
22024, B0T-56 PM  node: debug 1 122024, 3:05:41 PM  node: debug 2
msg. payload : Object mesg paylead - Obgect
*object ~pbject
Acvolt: 220.81254531965776 Devalt: 298
acamp: 3 Dcamp: &
Acwatt: 560.04 Dowatt: @
aCwh: S876.51 DCwh: 5977.98
AN22024, 80801 PM  node: debug 1 122024, 5:08:41 PM  node: debug 1
msg.paykoad | Obpect kg payload - Object
b { AcVolt: 228.8B956837113226, AcAmp: »{ Acvolt: 228.89785807618568, Acamp:
3, Acwatt: 668.27, ACwh: S5976.69 } 3, Acwatt: 568.29, ACwh: S37E.16 }
W04 B 0806 PM  node: debug 1 I 12/2024, 50546 PM  node: debug 2
msg paykoad ;| Obgect msg paylead - Object
b { Acvolt: 228.82455528898642, AcAmp: * { Decvolt: 299, DcAmp: @, Dowatt: @,
3, Acwatt: 668.87, ACwh: S9%7&.8E } DCwh: S978.16 ¥
FM2/2024, 0511 PM  nooe: debug 1 - J12/2024, 8:08:46 PM  node: debisg 1
msg.payload : Object meg.paylead - Oibject
L R s | » { Acvolt: 220.08994264878527, AcAmp:
3, Acwatt: 66@.25, ACwh: S977.86 } 3, Acwatt: 660.27, Afwh: S97B.34 }

andi 4.3 Tilsunsumseiudeyanasan dhuuTiUsunsy Node-red

Edit function node
Edit Modbus-Getter node
Delete Cancel
Delete Cancel
1 Properties & BF
 Properties & B = ——
¥ Name awdayalviih e~
Settings Optionals
£ Setuj On Start On Message On Stoy

Name Name 2 & i

1/ swaayan Pzem-016 anTuai Modbus
Unit-Ild 1 2 // warwlassanmbguacdayaly data sheet

3

. : 4 // @we Voltage (V)

£ FO 4 Read input Reglslens. 'y 5  var voltage_LSB = msg.payload[e];

6 var voltage = parseFloat((voltage_LSB * 0.1).toFixed(2)); // 1
Address 0 ¢4

8 // @we Current (A)
Quantity 9 9  var current_LSB = msg.payload[1];

10 var current_MSB = msg.payload[2];
O Delay toactivate input (] E var current = parseFloat((((current_MSB << 8) | current_LSB) *

13 // dweé Power (W)
Server modbus-serial@/dev/ttyUSB0:9600 vi| 2 14 var power_LSB = msg.payload[3];

15 var power_MSB = msg.payload[4];

16  var power = parseFloat((((power_MSB << 8) | power_LSB) * 0.1)."

17

18  // @we Energy (wh)

19  var energy_LSB = msg.payload[5];

20 var energy MSB = msg.payload[6];

21 var energy = parseFloat(((energy MSB << 8) | energy LSB).toFix:
22

23 // @ Frequency (Hz)

24 var frequency_LSB = msg.payload[7];

25  var frequency = parseFloat((frequency_LSB * ©.1).toFixed(2)); ,
26 | |

v 9
M 4.4 msaamimsarudoyandanu il
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(]
[v1.x] 127.0.0.1:8086/acdc house
timestamp U
]
@ [v1.x] 183.88.229 11:8086/acdc house
Y auziaya lvihaszuaaay
kN AC
0 active 8
debug 1
() 2 (]
DC auzaya lwhassuansa [v1.x] 127.0.0.1:8086/acdc house
[0}

[v1.x] 183.88.229 11:8086/acdc house

awi 4.5 msvia Tdsunsuemdoyawasay ldhuuTdsiunsu Node-red

d é v o (Y] v a
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o o o a <
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o ' o o & A < a @
MI3HIIUFIY PINE GPIO 15 Tumisdanmisaruguawmaen Idanmaduuelndmdu wie
9IAINMINIUANUIIGAIUAN Tagld PINE GPIO 15 Tun1591uA Az ugumsviiaIua
TsunsuaanIni 4.6 TauioAsn13d1n1591411 UBQANIUAY Relay switch 4CH 5V Tay
1 1 1 % dy 2 U 1 a

HUNIAIgUIAazdIUAel 1. Inputnasin ldinszuaaduinunaswda 1wl 2.0utput
was lhnszuaadulunsnieliivaa i s iNeUTHA W Thaszuanssaauvas
nan 4.0UTPUT wasau lwhnsznaasainieldny Tnas lolih Tasnisoiendaanlain

Y1 o A Ay Yo 1o v ) A o
woga relay 92 19A1159AUN 24 VDC 1145091011 AI0I8NA19UE 1509 (Power supply) 103
NFAINININIUMTAIUANNITRIIY Relay switch vz duilanisiiauiionasanlidny
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f switch AC

g & 5
IUAINITASAITAILAY FIU web

Dt 5ol

I switch DC

Wazm AUTO swnfch AC
PIN: 15
é switch DC :

=) PIN: 15
() switchAC ()

I
vaziu Manual aoaaruzaiqn .%‘,

() switch DG [

MAIA 4.6 - ManannlydsunsumssumainIugunINUYee Raspberry
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A151af 4.1 ﬂ'li‘ﬂﬂﬁ’ﬂ‘ﬂ‘l’ﬂﬂ3111!ﬁENﬂ‘5\1?’;1!!5\1&}14“1/11?11%@\1!‘1?1!!%6% PZEMO017 DC

NO. urase Meter UNI-T PZEM-017  Difference %

WAINY Power UT204+ (V) 4% V) Error

Supply (V)

1 1 1 1.01 0.01 0.99%
2 5 5 5 0 0
3 12 12 12 0 0
4 24 24 24 0 0
5 48 48 48 0 0
6 100 100 100 0 0
7 150 150 150 0 0
8 200 200 200 0 0
9 250 250 250 0 0
10 280 280 280 0 0

NANTWNITNAToUANNINIINTIVRINTATITaa T Iau Id 1 Taend1u
~ = 1 [ @ [ v [ a Jaa
eansa lumsulseumsuninsadu Il uura918md99% Power Supply Uaziinesainea

< 4 o @ [ 1
Meter UNI-T UT204+ tagiFuiso03ni1aausaau 1iinszuaass PZEM 017 w1 A4

o 1] < 4 ~ Aa 9 o A
useau lihanmsasiviaveudyes PZEM 017 ianuranaialumsdoyaussaui 1 v

1A A (=1 dy < R 9 o 1 @
o4 0.0 1AM i lideswe lumsRoudgumgesve Idimmasndsnunouenin
a a [ :: = ] Jo 9 9 [ U

paziiaauAanaialunisussaud ¥eodlumaisolalunisldaulunsiann
ugaau T inszuaasediduiiusinsey uag 141015 naasUAIAN I TI1N A
aszua 1 (Amp) Weas sz ansananuiesnsalumstanmnszualdiuiesin 11

Aunamsldndinudmsuiudmses
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Msai 4.2 ﬂ'li‘i’lﬂﬁ@]‘ﬂ‘l’ﬂﬂ31N!ﬁﬂﬂﬂ‘jﬁﬁ“lﬂ‘ézl!ﬁuh/‘l‘ﬁ16119\1!“1:5‘1-!!““?)%{ PZEMO017 DC

NO. urase Meter UNI-T PZEM-017  Difference %
WA Power UT204+(A) (A) (A) Error
Supply (A)
1 1 1.01 0.98 0.02 2.97%
2 2 2.01 1.98 0.02 1.49%
3 3 3.02 2.98 0.02 1.32%
4 4 4.01 3.99 0.01 0.49%
5 5 5.02 4.99 0.01 0.59%
6 6 6.01 6 0 0
7 7 7.01 7 0 0
8 8 8.00 8 0 0
9 9 9.0 9 0 0
10 10 10.01 10 0 0
11 11 11.01 11 0 0
12 12 12.00 12 0 0
13 13 13.00 13 0 0
14 14 14.00 14 0 0
15 15 14.00 15 0 0

%WﬂGHiNﬂWS‘VIﬂﬁ@Uﬂ’ﬂll!,ﬁENGliﬂallE’Nfﬂiﬁi’m’Tﬂﬁ?ﬂi%tlﬁthﬂWTﬂEJﬂ’JHJ
A = 1 [ o T [ a Jan
L‘VIﬂﬂ@]iﬂuﬂﬁL‘iﬁEJ‘UL“VIﬂﬂﬂilliﬂﬂu"MﬂWﬂ‘UlmaQiﬂﬂ‘WﬁNTL! Power Supply UOSUIADIAINDA

< 4 o o
Meter UNI-T UT204+ Llﬁ$L“B‘LlL‘ﬂff’)iﬁi’l‘ﬂ’muiﬂﬂullwﬂTﬂiZLlﬁﬁ'N PZEM 310M1inaaoul
ANUINBIATIE WIS AFUNANITNATOULAZNIAINYNADIVBITZULATININ 1dA1INgNADS
v A v o = a = ~ J 3 d A 1 ]

%@Qi%ﬂﬂ@]i?%’)@ﬂﬂ’ﬂhlmuElWIﬂElllﬂ’JHJNﬂW’d1ﬂmaﬂl‘WfN 0.986% 1Woesiua ﬂmmgGlu

P [ I~ v o
inusneousy latinnuiud g
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! < 1% 1%
2. MINATOUANUNIATIFUILDIATIVIANGINTY PZEMO16
~ 4 [ A 9 = a A
mInagouaNuNensvesglniiasivianadouie ldnsudalszansam

1 4 o o ]
M3l Nannsalsnuglnsainsinianasau Wi ldvse li [8-9] Tasnsnaaeunu
d‘ Y =1 [ 1 [ 1 v Aa 4
imesnselanaaeumsnfeuioumsasivianusssunazanszuda ldihiulimesuasgiu
Meter UNI-T UT204+ @401 199 1 1AZA15 190 2 910HAU09015 NN 1T NAT O LINEIATIVD

ginsainsrvTaanuianaialuniserudoyaussaillihedndooaz 1.28 naznszua vl

agn3ouaz 0.16 MnHasInaa s lFgnseinsiviaaisansiadalui pzEM-o16 18

Y
AUMT19A960 113

M319n 4.3 nissumeumsnsiadansaauiviih

PZEM-016 Difference
NO. Meter UNI-T UT204+ (V)

V) (V)
1 238.5 239.7 1.2
2 239.6 241 1.4
3 239.2 240.4 1.2
4 238.7 239.9 1.2
5 237.3 238.6 1.3
6 238.0 239.4 1.4
7 239.0 240.2 1.2
8 237.6 238.9 1.3
9 238.4 239.6 1.2

10 239.2 240.6 1.4
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! [ d [
ﬂ]i]x‘]ﬁ 4.4 !ﬂ%ﬂﬂ!‘ﬁﬂ’ﬂﬂ"li9]3’Jil'Jﬂﬂ‘é%!!ﬁ"l‘]/‘lﬁﬁlﬂxi!“ﬁ‘l—!l“liﬂiﬂi?i]?ﬂ PZEM-016

PZEM-016 Difference
NO. Meter UNI-T UT204+ (A)

(A) (A)
1 5.1 5.28 0.18
2 5.2 5.37 0.17
3 4.9 5.07 0.17
4 5.2 5.36 0.16
5 5.3 5.48 0.18
6 5.2 5.39 0:19
7 5.0 5.15 0.15
8 4.8 4.96 0.16
9 5.1 5.26 0.16
10 5.0 5.17 0.17
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M15197 4.5 Msnaaeudsz@nimmmisiinuszuvdamuuazalvgundsnulvi
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1 100 i i i
2 100 i i i
3 100 i i i
4 100 i i i
5 100 i i i
6 100 i i i
7 100 i i i
8 100 Ui i i
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msnaendurelwamyu
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ATWAUVIVLOUNALAYFY user interface (UD) lunisuaainalasldnaizinig
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