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Abstract: This article present, an Internet of Things Platform for Effective Management of
Electricity Consumes. The main hardware components are the ESP8266 microcontroller from
Espressif and HLW8012 specialized integrated chip from HLW Technology for measuring
electrical power consumption. The software works on the TCP / IP stack and uses the MQTT
protocol to communicate between devices. The minimum configuration includes a control
device called "Gateway" and two or more controllable devices called "Hosts". A web based
user interface provides access to the platform's functionality, which is with open architectures.
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BBBEJIEHHWE

VYerpoiictBata oT Tull IHTEpHET Ha Hellata BCe M0 4eCTO CTaBaT 4acT OT HalIMs KUBOT. Te ce
M3II0JI3BAT TJIaBHO 32 yIpaBlieHHE U HAOJII0I€HUE Ha TEXHOJIOTHHUTE, KOSATO U3M0I3BaMe BCEKU
neH. ToBa o3HauaBa, Y€ YCTPOWCTBaTa OOMKHOBEHO Ca IMPOEKTHpPaHHU Ja OBbJAT JIECHO
MHCTAJMPAaHU U YNPaBISIBAHU OT moTpedutensd. [IpoMunuieHuTe aHanu3aTopu CMATaT, 4e
OposT Ha cBbp3aHUTE ycTpoiicTBa me 0bae 50 munumapnaa no 2020 r. Hacrosmmsr nokiian
pasrnexaa MHTepHeT Ha Hemara miatdopma 3a eeKTUBEH MEHUDKMBHT Ha €JIEeKTPHUECKH
KOHCYMAaTOPH € Bb3MOKHOCT 3a M3MEPBAHE Ha KOHCYMUPAaHATa EHEPTUsATa.

I. APXUTEKTYPA

OmnpocreHa apxuTekTypa Ha miatdopmara e nokazana Ha @wur. 1. [IpennoxeHusT Moaen Ha
apXUTEKTypaTa Ha CHCTEMaTa € MOJYJIEH M C€ ChCTOM OT MHOYKECTBO KpalHU YCTpOICTBa,
HapeueHn HOStS, KouTo Morart 1a BKJIIOYBAT PA3IMYHU JTOMAKMHCKU EJIEKTPUYECKH YpEIH.
Besko or Te3u KpailHM ycTpoHcTBa KMMa MpexoB HHTepdeilc, KOHTO IMO3BOJsiBa Ha
YCTPOHCTBOTO Ja c€ CBBp3Ba KbM Oe3KMYHATA JOMAalllHa MpeXka, KaTo H3IoJI3Ba Haii-
nonynsapaute crangapta 802.11 b/g/m. Enqno xoHTpomHO ycTpoiicTBO, HapeueHo Gateway,
KOHTpoOJMpa paboTara Ha BCHYKM X0CTOBE. ToBa KOHTPOJIHO YCTPOMCTBO OCUTYpsIBA KOMaHIHA
BPB3Ka C KpalHUTE YCTPOMCTBA, KATO MO TO3M HAYMH OCHUTYpsSBA TAXHOTO AMCTAHLMOHHO
yIIpaBJICHUE.
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Que. 1. Apxumexmypa Ha niamgpopmama

Komynukanumonnuar mnpotokon u3nomsBa (MQTT) [1] 3a mpemaBane Ha JaHHM MEXAY
YIPaBIABAIIOTO M KpallHUTE yCTpOHCTBa. M300pbhT Ha TO3M KOMYHHKAIIMOHEH IPOTOKOJ Ce
IBIIKY HAa HETOBUTE IIpeTuMCTBa. 1O € 0JIeKOTEH U OTBOPEH 3a OOIIECTBEHO MOI3BaHe, OMHUCaH
e B cnerudukanus OASIS [2], crangaptusupan e o ISO / IEC PRF 20922 [3] u dyakumnonupa
BBPXY JBOMKaTa mpotokosu Transmission Control Protocol / Internet Protocol (TCP/IP).

1. XAPAYEP

3a KOMyHHKaus npe3 0e3:KuyHaTa JJoKallHa Mpexa, Iar(opMaTa U3M0a3Ba MUKPOKOHTPOJIEP
Espressif ESP8266 [4], unterpupan B Wi-Fi mogyna ESP-12 u pa3paboten ot ekumna Ha Ai-
Thinker. M3mepBaneTo Ha KOHCyMHpaHaTa €HEpPrusi Ha YIpaBISBAaHUTE YCTPOMCTBA ce
U3BBPILIBA C HHTErpajieH u3Mepnaren Ha eneprust HLWS8012 [5] (¢pur.2).
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Que. 2. Enexmpuuecka cxema Ha eOUHUYHO YCMPOUCMBO

ESP8266 unrerpupa 32-6utoBa MCU apxuTekTypa ¢ yiaTpa HHCKa MOIIHOCT. SIIpoTo Ha
nporiecopa Moxe Jia padbotu ¢ TakroBa yectora or S0MHz mnmu 160MHz. MoaynsT moaappika
crangapten RTOS, IEEE802.11 b/g/n cranaapt u meiana ummiemenrtanus Ha TCP/IP creka,
KOETO TO TPaBH HJEalieH 3a J00aBsSHE KbM ChHIIECTBYBAIO MPEXKOBO YCTPOMCTBO WIIH 3a
U3rpaXkJlaHe Ha OTJENIEH MPEXOB KOHTposep. Moe Ja ce U3IM03Ba KaTo MPEKoBa TOYKa 32
noctein (Access Point) 3a pasmmpsiBaHe Ha CBIIECTBYBAllla MpeXa HIH KaTro KpanHO
YCTPOWCTBO 3a morpebutens. 3a wu3nomsBaHeTro My kato Wi-Fi  pasmmpuren wim
CaMOCTOATEITHO (PYHKIIMOHUPAIIIO MPEKOBO YCTPOMCTBO, YHITBT JIECHO MOXKE Ja c€ J00aBU KbM



CBIIECTBYBAI MHKPOKOHTPOJICPHH TUIATGOPMH MOCPEIACTBOM HSKOM OT WHTETPUPAHUTE MY
komyHuKannonHu untepgeiicu SPI/ SDIO unu 12C / UART.

HLW8012 yuna e mpoekTupaH 3a u3MepBaHe Ha €()eKTUBHUTE CTOMHOCTH Ha KOHCYMHUPAHUS
TOK M aKTHBHA MOIIHOCT Ha IPOMEHJIMBO TOKOBH KOHCYMAaTOPH, KakTo M e(eKThBHaTa
CTOMHOCT Ha HAIPE)KCHHETO Ha 3axpaHBamiata mpexka. Ha dwur. 3 e moka3ana ompocreHara
0JI0KOBa cXeMa Ha MHTETPAIHUS U3MepBaTell Ha EHEPTHs.
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@ue. 3. Brokosa cxema na HLWB8012

Borpeminara joruka Ha cxemaTa c€ 3aXpaHBa C MOCTOSSHHO HANpPEKEHUE ChC CTOMHOCT SV.
N3mepBanuTe (GU3MYHM BEIUYUHHM C€ TOAAaBaT Ha JBa JIU(EpeHIMATHU YCHIBATENs C
nmporpamMupyemM KoeHIMEeHT Ha ycuiBaHe. M3nonssat ce Delta-Sigma ananorosu mudposu
npeoOpas3yBaTey ¢ pa3psaIHOCT Ha peoOpa3yBaHeTo - 24 OuTa, a 3aAbIKUTETHUTE ITUGPOBU
HUCKO4YecTOTHH (untpu npu To3u Buj ALl HamansBar nryma ot KBaHTyBaHeTo. ToBa € OT
0COOEHO 3HaUEHHUE B CIIy4Yasi, 3aI0TO aMIUIUTYAUTE Ha H3MEPBAHUTE CUTHAIM Ca MHOTO MAJIKH.
3a npaBwiIHaTa paboTa HA YUTIA, TPOU3BOAUTEISI € MHTETPUPAI U CTAOMIIM3UPAH TeHepaTop Ha
UMIYJICH C HOMHHAJIHAa CTOHHOCT Ha TakToBaTa 4yecrora f=3.579MHz, kakTo M M3TOUYHUK Ha
OMOpHO HampexeHue cbe crorHoct Vref=2.43V. OcHoBHaTa rpuka Ha MaTeMaTHYECKHUs
mpolecop € JAa mpeoOpasyBa MONy4eHHTE HU(POBH CTOHHOCTH OT MpeoOpa3yBaHETO B
HalpexXeHue, KoeTo Ja Obae mnpeoOpa3syBaHO B TMOpeAMIla OT HMMIOYJICH C YeCcTOoTa
ChOTBETCTBAINA HampexeHnuero. Cucremara 3a HadajaHO ycraHoBsiBane (Power On Reset) ce
TPYKH TIPH ITBPBOHAYATHO MMOJIaBaHe Ha 3axpaHBamio HanpexeHne kpM HLWB8012, Bcuukn
(YHKIIMOHATTHU BB3NIM HA CXeMaTa Ja CcTapTHpaT paboTaTa CH OT €IHO MPEIBAPUTEIIHO
neUHUPAHO OT TPOU3BOAMUTEIS ChCTOSIHHE, C KOETO C€ TapaHTHpa MpaBIIIHATA padoTa Ha YUTIa
U B [IOCJIE/ICTBUE KOPEKTHOCTTA HA HAIIPABEHUTE W3MEPBAHUSI.

3a u3MepBaHe Ha KOHCYMHpPaAHUs TOK, TPOU3BOAUTENSI HAa YHITA TTPENOPHYBAT J1a CE U3MOJI3BA
1+2m€) MyHT OT METHO-MaHTaHOBA CILJIaB WK TI0JJ00€H, CBBP3aH MOCIEI0BATEIIHO KbM TOBapa
(k. @wur. 2). Cp3nanara ce MOTCHIIMAIHA pa3jiMKa Ha U3BOJWTE Ha IIYHTOBHUS PE3UCTOP CE
nonasa Ha u3Boau V1+ u V1-, karo 3a mpaBHIIHO M3MepBaHe MOTEHIMATHT HAa V 1+ TpsOBa
BHHATH JIa € TTO-TIoJI0kuTeNeH oT V 1-. CTOMHOCTTA Ha IIYHTOBUS PE3UCTOP ce M30Mpa Taka, ue
aMIUTUTYIHATa CTOMHOCT Ha Ch3JaJACHUAT MaJ Ha HANPEKEHUETO HA TE€3W JBa M3BOJA Jla HE
HAJIXBBPJIM MaKCUMAJIHO JomycTuMaTa ctoiHocT (43,75mV). Pesuctop cbe cToiinoct 1m€) e
MOAXOAL] 3a u3MepBaHe Ha TokoBe 10 30A4. TbBi kaTo, pas3ceilBaHaTa MOIIHOCT IIpU
MPOTUYAHETO Ha TOK C TaKaBa rojieMruHa e mo-mMaiako ot 1W, ToBa 1mo3BosisiBa Ja ce U3Moia3Bar
PE3UCTOPH 3a IeYaTeH MOHTaX B Koprycu 2512/2W.

Hamnpexenuero Ha 3axpaHBaIaTa Mpexa ce u3MepBa Ha u3Boja V2+. AMIUIUTYIHATa CTOWHOCT
Ha HAIPEXKEHUETO, KOSATO HE TPsOBa Ja ce HaaXBbpIIsl HA TO3U U3BOJ € = 7(00mV. ToBa Hanara



HaMaJIsIBaHE Ha MOTEHIIMAJIa HAa K3MEPBAHOTO MPEKOBO HAIPEKEHUE, KAaTO B CIIydas MOXKE Ja
Ce W3MOJ3Ba MPOCT JeNWTeN Ha HampexxeHue. B crnenudukammsra wa HLWS8012,
MIPOU3BOJIUTEIISAT TMPENOPbhYBa M3IMOJA3BAHETO HA [ICJIUTENI HA HANPESKEHHE OT IIeCT
cenpotusienus 470kOhm B ropHoTto pamo Ha aenutens u 1kOhm B ciiydaunte, ue ce U3mon3Bar
yun pesuctopu B koprycu 0603 i 0805. Ilpu TakaBa koHbUTypalys MamadHuIT GakTop €
okono 2821, koero mie nmpeobpasysa 230V na 82mV. Ot rneaHa Touka Ha MUHUMU3ALUS Ha
nu3aitHa( GU3NYecKu pa3MepH, ce0ECTOMHOCT) B TOPHOTO paMo Ha JICTHUTENS CME U3ITOJI3BaIH
MeT MOCJIE0BATETHO CBBP3aHU PE3UCTOPA, KOETO MPOMEHS MalabupanusaT KoeUIMEeHT Ha
2351, naBamy ipu 230V - 98mV Ha TO3M U3BO/I.

HLWS8012 uma nBa u3BOJa Ha KOMTO CE€ T€HEpUpAT HMITYJICHM MOPEIUIHA C YEeCTOTa B
3aBHCUMOCT OT M3MepeHaTa CTOMHOCT M Koe(DUIIMEHT Ha 3amrbiBaHe Ha uMityiicute 50% u enun
M3BOJI YMETO JIOTUYECKO HUBO ONpezens Kos (pu3nyHa BEeIUYMHA J1a C€ U3MepBa: TOK-JIOr.,,0
WJIA HAIIPEKEHHUE-JIOT.,, 1 ““. 3aBUCMMOCTTa Ha TeHepUpaHaTa 4YeCTOTa 32 aKTUBHATA MOIIIHOCT CE
naBa ¢ ypaBHeHue (1), a Te3u 3a TOKa M HAIPESIKSHUETO, PeCeKTUBHO ¢ (2) u (3):
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@ur. 4 ca nokazaHu rpadpUYHUTE OPUTHHAIM HA Ch3J1aJIeHaTa I1aTka Ha matdopmara. Kakro
MOJKE J1a c€ BUAM OT (purypara, pazMepuTe Ha KOHCTPYUPAHOTO YCTPOHCTBO Ca MHOT'O MaJKH,
Taka 4e TO JIECHO MOKEe Ja ObJe BrpajleHO BbB BCEKHU JIOMAIIECH €JIEKTPUUECKU ypell, KOUTO
TpsiOBa na Obae KoHTponupaH. KbM HaAcTOAMMAT MOMEHT NpPOAYKTa MOXE caMo Ja
BKJIIOYBA/M3KJIIOUBA YIIPABISBAHOTO YCTPOICTBO Upe3 pelie BrpajieHo B maTkara. [Ipeasukaa
ce Ta3u OCHOBHA (DYHKIIMOHAJIHOCT B OBbJIEIIE /1a c€ pa3lupu. PeanusupaHoTo ycTpoicTBO €
MOKa3aHo Ha

®ur. 5.
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Que. 4. I' paguunu opueunanu Ha npedroxceHama niamgopma 3a ynpasieHue Ha
eleKmpuiecky KOHCyMamopu
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Que. 5. CuumKa Ha peanu3upanomo ycmpoucmeo

IHl. CO®TYEP
Wsxomuusar xkox Ha mpoekrta € Hanucad Ha C / C ++, uznon3paitku MuTerpupana cpena 3a

paspabotka (IDE) Microsoft Visual Studio Code [6] u PlatformlO [7]. Tlo Bpeme Ha
pa3paboTBaHeTO Ha (bpMyepa, B 3aBUCHMOCT OT BUIa Ha ycTpoiicTBoTo (Gateway wiu Host),
Ce M3MO0JI3BAT JOI'BJIHUTEIHN BhHIIHN OMOIMOTEKH, KAKTO CIIE/IBA:
e 3a ympaBnsBaiioTo ycrpoiictso (Gateway) e paspaboren acuaxponen TCP/IP MQTT
Opoxkep, BAbXHOBeH OT opuruHamausat Arduino MQTT [8];
e 3a nogapwxkkata Ha acuHxpoHeH TCP / IP ye6 cwpBbp ce msnomsBa ESP Async
WebServer [9];
e TIIporokomst JSON 3a m3mpamiaHe ¥ mojydaBaHe Ha KOMaHIM 3a JIBET€ YCTpOMCTBa
Gateway u Host ce oO6pabotBa ¢ momorira Ha ArduinoJson [10];
e MQTT knueHT (QYyHKIMOHAIHOCT 32 XOCTBAIIOTO ycTpoiicTBo u3uckBa PubSubClient
[11];
e lI3MmepBaHe Ha KOHCyMHUpaHaTa e€Heprus ce ocurypsisa or 6ubimnorexkara HLW8012
[12] na Xoce Ilepec;
e CnuchKk Ha CBBP3BAaHUTE XOCT yCTpoiicTBa ce chxpaHsBa B QList [13] na Maptun
@darapuH;
e MpexKOoBO 3anUTBAHE KbM KPAWMHUTE YCTPOMCTBA OT CTpPaHa Ha YIPABISABALIOTO
ycTporicTBo ce ocurypssa oT ESP8266Ping [14] na lanuene Komnanapu,
e OyHKIMOHAIHOCTTA HA TaliMepa 3a ABeTe ycTpoiictBa Gateway u Host ce mpenocraBs
ot Ticker [15] ma Ctedan Cray6.
W3zrneabT Ha KOHTPOIHUAT yeb untepgeiic e nokasan Ha Owur. 6.
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Que. 6. U3eneo na koumpoanus yeb unmepgeiic

KomyHukanusta MexIy YNpaBiIABallOTO W KpalHUTE YCTPOMCTBA CE€ OCBHILECTBSIBA
nocpeactsoM MQTT cwobinenus Bbpxy TCP/IP nporokosute (Dur. 7).

Koraro otrnerneH XOCT ce BKJIIOYM KbM 3axpaHBaliaTa Mpexa, Tol mimpamia kem Gateway
ycTpoiictBoTo "3apaBel" ChOOIIEHHE, CBHABPKALNI0O HMETO MY. AKO YIOpPaBIlsBaIlIOTO
YCTPOMCTBO YCIEIIHO € TPUETI0 TOBa CHOOIIEHHE, OTroBapsi 0OpaTHO, KaTo HM3Mpama KbM
yIPaBIsIBAHOTO YCTPOMCTBO cBoeTo uMe. To3m "exo" curHanm ot crpana Ha Gateway
YCTPOWCTBOTO HE CaMO MOTBBPXKIAaBa, Y€ € JOOABHIIO KbM CIHCHKA Ha CBBP3aHUTE KbM HETO
yCTPOICTBA, XOCTa MHULIMKPAJl KOMYHHKAIUATA, HO U Y€ € 3alucajl B MapIiipyTHaTa cu Tabiauna
cpoTBeTHUAT IP ampec Ha host ycrpoiictBoTo. Bpb3kaTa MekIy ABETE YCTPOMCTBA CE CUMTA 32
yCcTaHOBEHA clie ] TPOMHO M3IpallaHe Ha ChOOIIEHUETO OT THII ,,3/ApaBeii‘.
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@ue. 7. TCP/IP cecus 3a ynpasnenue na enekmpuyecku KOHCyMamopu



B paGoren pexuM nNOTPEOUTENSAT KOMYHHKHpA C XOCT YCTpOiicTBaTa IOCPEACTBOM
ympaisBamoTto ycrpoiictBo (Gateway). Korato kM Gateway e usnpaTeHa moTpeduTencka
KOMaH/ia 3a BKJIFOYBAHE HAa KOHKPETHO YCTPOWMCTBO, TOW OT CBOS CTpaHa M3Mpala ChboOIIeHne
"Kontpon" na IP anpeca Ha ycTpoiicTBOTO OT TaOnuIaTa 3a MapIIpyTU3HpaHe, 3a Ja 3ajeicTBa
xemnanus xocT. [Ipu momydaBane Ha chobmeHne "KoHTpon" XoCcThT NEPUOIUIHO OTTOBAPS C
"Power" crobmieHue. “Power” chOOIIEHUETO c€ CHCTOU OT HH(OpMAIIHS 32 KOHCYMAIUsITa Ha
eneprus, usMmepena upes HLWS8012, u cpappxa 3 mosiera: Halpe:KeHUE Ha €JIEeKTpUYecKaTa
Mpexa, KOHCYMHPaH TOK ¥ aKTHUBHA MOIIHOCT OT yIIPaBJIIBAHOTO YCTPOUCTBO.

[TeaauAT H3xomeH koa Ha HAS e Hanmnyen kato otBopeH codryep B GitHub Repository u moxe
na Obae cBOOOHO U3TETIICHO B IHTepHET Ha ajpec:

https://github.com/dimitarminchev/HAS8266

IV. BAKJIIOYEHHUE

Hacrosmust noknan pasrinexaa MaTepHeT Ha HemaTa riatdopma 3a epeKTHBEH MEHUDKMBHT
Ha eNeKTpHUecKu KoHCyMaTopu. OCHOBHUTE XapAyepHH KOMIOHEHTH ca MUKPOKOHTPOJIEPHT
ESP8266 ot kommanusita Espressif u crenumanmsupana wHTerpamHa cxema HLWS8012 nHa
kommanusita HLW Technology 3a nusmepBane Ha koncymupana eHeprusi. CopryepsT padbotu
BepXxy TCP / IP creka u uznomssa nporokosna MQTT 3a koMyHHKAIHMS MEXIy yCTpOWCTBATA.
MunumanHata KOHUIypalus BKIIOYBA €IHO YCTPOWCTBO 3a YIpaBICHHWE, HAPEUCHO
»» Y IIPaBJIABAILO YCTPOMCTBO® M JIBE WIM IIOBEYE YNPABIIEMH yCTPOMCTBA HapeUYeHU ,,KpaiiHu
ycrpoiictBa®. YeO Oaszupan mnorpeOuTencku UHTepdeldc ocurypsBa JAOCTBII  JI0
(GYHKIMOHATHOCTHTE Ha Iu1aTopMaTa, KOsITO € C OTBOPEHa apXUTEKTYpa.
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