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ABSTRACT

LoRaWAN is a Low Power Wide Area Network (LPWAN) specification intended for
wireless battery operated Things in a global network. LoRaWAN targets key requirements of
Internet of Things such as secure hi-directional communication, mobility and localization
services. The LoRaWAN specification provides seamless interoperability among smart Things
without the need of complex local installation and gives back the freedom to the user,
developer, businesses enabling the roll out of Internet of Things. LoRaWAN is a new
protocol which is not widely used in Thailand. Therefore, this is a pilot project that applies

LoRaWAN to use as a smart meter.
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2.1 LoRa uay LoRaWAN

) = Y o =
LoRa L.‘flumﬂiuiaEJElﬁy,auj’]mmiaaa’ﬁagiﬂai‘uwmuﬂ Proprietary Spread Spectrum
technology %QEULLUUQﬂﬁGumIﬂEJ Semtech Corporation

0 1 2
——— LoRa Mdﬁ;;
‘ i i

Data Rate (DR)
Range

Spreading Factor (SF)
Bandwidth (BW) (kHz)

Bitrate (BR) (bps)

Receive Sensitivity (dBm)

g‘d“?i 2.1 Modulation Setting for Europe

= J

(i - https://medium.com/deaware/Lora—Lorawan—ﬁaa:flﬂﬂ§5ﬂﬂuﬂﬂ37—98d20055a4ca)
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2D simulation (flat environment)

g'd‘?i 2.2 Modulation Setting
(Va1 : httpsy//medium.com/deaware/lora-lorawan-fgegls-1153niuing1-98d20055a4ca)
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31]17: 2.3 LoRaWAN Application
(Y1311 : https://medium.com/deaware/lora-lorawan-Aeayls-113Iniufnd1-98d20055adca)
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1. End-Devices
2. Concentrator/Gateway
3. Network Server

4. Application Server
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Y 5 2 i = w v 5 g
o dygasngaveaniasgnineniansoldnulafe -137 dBm (End point Sensitivity
up to -137 dBm)
o o o =
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2.1.2 LoRaWAN Protocol Stack
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31]‘171i 2.4 | oRaWAN Protocol Stack
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Ut 2.5 vednlilasneulnsaiaes LoPy

(Fian : https://pycom.io/product/lopy)
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2.3 Pycom Expansion Board 2.0

gﬂ'ﬁi 2.7 Pycom Expansion Board 2.0

(12 : https://pycom.io/product/expansion-board)
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2.4.1 Pymakr Atom Package
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line Yivaninsadsunarnnanssuldnldlaendlaisdudesswlnanlng

2.5 Raspberry Pi 1 model B+

Raspberry PT Model B+ Y1.2
(©Raspberry PI 2014

Wade in the UK

b N - s V
5UN 2.8 Raspberry Pi 1 model B+
(1131 : https://www.raspberrypi.ore/products/raspberry-pi<1-model-b-plus)
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WU Raspbian (Debian) Pidora (Fedora) uwa® Arch Linux fudu Taefaseuy SD Card
vain Raspberry Pi fignoonuuuanlidl CPU GPU waz RAM agneluduientu Slgadensio GPIO
Wldanunsadluldswivaunsalidnmsetindaus 1idnse



I

F}mam‘ﬁﬁumua%ﬂ Raspberry Pi 1 model B+
YU 85mm x 56mm x 17mm
- Broadcom BCM2835 SoC
- 700 MHz ARM1176JZF-S core CPU
Broadcom VideoCore [V GPU
512 MB RAM
4 x USB2.0 Ports with up to 1.2A output
Expanded 40-pin GPIO Header
Video/Audio Out via 4-pole 3.5mm connector, HDMI, or Raw LCD (DSI)
- Storage: microSD
- 10/100 Ethernet (RJ45)
- Low-Level PeripheralsiPower Reguirements:/5V_@ 600wmA via MicroUSB or GPIO
Header
O 27 x GRIO
UART
12C bus
SP! bus with two chip seleats
+3.3V
+5V
O ' Ground
- Supports Debian GNU/LInux, Fedora, Arch Linux; RISC.QS and-Maorel

O O O O O

| A\ g \::_,J
L‘,k - ™ o (-} =
y o
E ot % o 3.2 P’g 8 B oo 8
-9 e ' [- % o (-8
Be B2 s o 8y & & & 6 &

Pi Model B/IB+

o =
88 g8 3 = B IR &g 8 8 8§ = & &
&% &y o S RGOS RO O ins (S ol Patd Pad 290 (O 50
a 2 [T} Y -9 o [ 54 2 [ = - o o (-5
CLipo & & & 6z Yz &% : S 2 ot 50 o

g‘l.lﬁ 2.9 Raspberry Pi GPIO Header
(ﬁm : https://www.raspberrypi-spy.co.uk/2012/06/simple-guide-to-the-rpi-gpio-header-
and-pins)
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2.6 DHT11 Humitdity and Temperature Sensor

21117

DHT11 Humitdity and Temperature Sensor \Huduwesflilunsingamaiinuainuiuly

DHT11 pins
vcc

DATA
NC

GND

SWw NP

g‘dﬁ 2.10 DHT11 Humitdity and Temperature Sensor
(1 ; https://www.arduitronics.com/article/13/n5 149 u-dht11-humitdity-and-

temperature-sensor-AuuUasA-arduino)

Specification W84 DHT11

g1 TRANUT 20 - 90% RH | Tnesipaouusiugl +- 5% RH AnuaziBealunsin 1 %
weRdHaRUY 8 U

g1uTngaungi 0 - 50 parwalisd lapdiA1aauidugn + 2 ssanwaldua auadealy
N33R 1 s Lrallid Wansnauuu 8 Ja

11 PIN 4 91518agidenfagusinuuy

Aunszua 0.5 - 2.5 mA (UagThnsiasn) 7iveduusedu 3 - 5.5 VDC

21uAdYI (Sample Rate) yn 1 3w
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VDD VDD
lSK 1Pin
DATA 2Pin |
MCU | = - | DHT11
4Pin_
GMND

sUfl 2.11 1156192995 DHT11 14U Raspberry Pi
(47 : https://www.arduitronics.com/article/13/n3 k4 1u-dhtl 1-humitdity-and-

temperature-sensor-Uuasa-arduino)

Tunisretanuuun® Ao s2aeIaseming Sensor Aud? MCU vinsdulaiAn 20 wes wzdogld
Pull up resistor TUA Skohm (fia R 5k Minuumnasdnalssniwaz Aawn Ui DATA 6ae)

Pin 1 @9y VDD

Pin 2 soiduwn DATA
Pin 3 lulald

Pin 4 asns179

Lngldunasdneusadiu VDD vunn 3-5:5 VDC gunsaianiilinisdoansiiv MCU #me3s Single-
wire Two-way Serial interface %38 -nisdeanseunsuaslasldaoduies laali Mcu 1y
Master waz DHT11 {u slave

Tunsfeanslagldaneduioniy suludeslilusinraiinnasiulisewinef MCU uae
gunsaliifiasnsdeansie (Slave) Suffuusn Master asds Start signal Muussulwihszdush
athatoy 18 lulasiundt W7 Slave ol Slave Wilatasisudans wdrsely 20-40 lulasiundi
1fiase Slave poundu

¥ < 4 4 2 [} ar s s s [ s
Atiwely Master §31 Slave Andou Slave azdusaiusziumnauly nsdsusesiuain Slave
nauluazuu 80 lulasiundl 2 ntuavsedn 80 lulasiunil neufiezdsdoyadousn  wndiwsedl
voyadilignas winfouavdaudn
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MCU sends out DHT11 sends out

Vec  Start signal Response signal Sending 0 E Sending 1

POV, .
MCU signal Data transfer begins

DHT11 signal

gﬂﬁ 2.12 jUuanansdadyanveges DHT1L
(#1311 : hitps://www.arduitronics.com/article/13/n15144u-dht11-humitdity-and-

temperature-sensor-nuvain-arduino)

dnsunisasdsdy 0" 67 Slave Agfsseiiunsenuassiuiy 50 Tulasiud wazlasadu
JEAU "ge" U 26-28 lulatiund assuatuuu (938 Sending 0)

o

dmdumsdstadu "1" Meszfseadyanmassaus 50 lulasiundl uazdaeslfiu
szaugauu 70 lulasiuii (@ Sending 1)

i = @ a o E o = 1
Tuusiavgnuasdoyaindaunann DHIlM MCU Sutoyauiazioaanudadoyaiidau us
avgadayaven 40 Un uadldinandslssan 40 fad3uni

Tu 40 JmagUsznaunay * 8bit integral RH data + 8bit decimal RH data + 8bit integral T
data + 8bit decimal T data + 8bit check sum"
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2.0 ACST12

SUTl 2.13 ACST12
(#1301 : https://www.ebay.co.uk/itm/ACST12-20A-SOIC8-Integrated-Circuit-SOIC-8-ACS 712T-
ELC-20A-Allegro-Microsystems-/111996271569)

lo@innseua ACS712 v03U3eM Allegro MicroSystem ansnsaldusssuliidos Ve Tutas
4.5V fia 5.5V Tansyualaluaesiienge (DC Uaw AC) uarlvilsariuoIding Vou: bUULBaidy faladiian
Tawmasdmsudeifiuuszgiin iileldhuiuifumuiiognoluled  wegviuihduisasnses
(low-pass RC filter) duiuda 159 1ua1ane

ACST12 FolugafilifanTeudlui Sausay Packet axdrmanmnsolunisTadnnszualiin
I@laivini Tneiidafisnlamnaud +-5A  +-20A Way +-30A %uagjﬁ'u Packet 4 LLazﬁi%mﬁwmﬁlﬁ
e Voltage suilalifinszualniitlnanelulunsasiagagldmussiuadnasit vz &
nszualihitiedanduuon  Aweussfedinmasiinnin V2 uadlunipssiuda
nszualwihiianiuay. Aussiuewinasionin Ve/2 Tnggnsmsrmnunnssualwiidesdiuae
1o

Voutput—(zg—c)

Current = - (2.1)
Output sensitive

InafiA1 Output Sensitive dAtuanataiulunLunAnadal

ACST12ELCTR-058-T 185 mv/A (essuiildunanasuilumsnasey)
ACST1Z2ELCTR-20A-T 100 mV/A
ACS712ELCTR-30A-T 66 mV/A

@

AEUURvEY ACST12 Hdail

U Veeh 5 V wavanusanulegagai 8 v
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anunsaianseualane AC wag DC
Output error Uszanad 1.5% # 25 0an

deaunmunely

2.8 N1570L590U DC @8 ADC

nsiuseiu DC lugundulailate ADC (Analog to Digital Converter) vaauasn Lopy 1 12
bit resolution dunsnganuirfianuazidealunisaurwsiuagn 22 = 4,096 s¥6U uaZWIIUR
Lopy SuBuws ADC laasanazdiAwviniu Vee wie 3.3V @mnsomuiumiaussiulamedunis

A\ Z A% (2.2)

VREF

laei Vi = wsssllniindunm

Vrer = 3.3 Volts

2.9 N15%1AT Vims BAS lime

Tunsdldnlwaimsuansavediihnssuseduazaglugiuiuees RMS msiezldiduires
s s L Sl o 1 A 1 v & o d‘y
ACS712 Fanseudlwihadu fedldisrwadrnewlannaunsnlasldgnsnisruaniiugiu

_//—f— -.__‘\“ T
/9 %
| \Wolts Peak
f / \ l Volts RMS =

Volts Peak Il Volts Peak x 0.707
to Peak \ !

\
\_

sUl 2.14 Tihnszuaady
(11 : http://henrysbench.capnfatz.com/henrys-bench/arduino-current-

measurements/acs?’ 12-arduino-ac-current-tutorial)
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ACST12 aziinmssiaaumsianseuaioussulniineen Tuiiasfunn Vims Inonisusy
msfnalipsiuanauamesues ACST12 Tnsulaufiousuladminesvesnswilaimudunou
Fasolud

1. % Vpp (Volts Peak to Peak)

2. W1V, (Volts Peak) lalagtin Vpp 171113 2

3. W1 Vims 10811 Vo 27800 0.707
AUNTIAN s TBNSA LIS LA SHRIUT

_ Vyms X 1,000

ool mV/Amp = 185 (A1padi)

210 n1sideusawuy UART

UART gaunanneA11 Universaly Asynchronous Receiver Transmitter Mmaﬁﬁqﬂﬂiﬁﬂﬁﬁw
vihisunardsioyanvrssaslasua  (AsyAchrdnous )y " @adugmmidunsdesisounsy Loy
Asynchronous e'i'faL%uﬂ1351'&%’@3@%“1&@1’9@1%’51’@@1&1 Clock darlusamvinadsniznnisudsdoyaus
1638 mue guUluu-Foriat mﬁuﬁn%’m&aﬁumnmu ey eafeRisAIvue- MTLS BN et
de vhiuveildusasileds SefvesmsTi Asynchronous fAesmmsadosisiiudFull Duplex $u
uae dalalunanifieatiu ue Asynchrondus Slanantessn: gamvnzsUdidena rio Suddoya
RAnanalauIn NI WU, Simchronots

aiqﬂﬂa"nﬁa UART\(Universal Asynchronous Réceiver Transmittert-#unsia gﬂLLUUﬂﬂ‘idi%’aaﬂa #
gnimuafun e [T E g aL vy Asynehionous Laeiistiluunygy

START DATA STOP

g‘d‘ﬁl 215 ﬂ’ligamiaqﬂ’immu Asynchronous
(731 : https://thaieasyelec.com/article-wiki/basic-electronics/uart-ttl-rs232-max232-
max3232.html)

Susuan Start Bit WU Logic 0 99nduavaudie Data Misde udivzgnlnsie STOP Bit
Ju Logic 1
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WINFBIN1SAnRDEDETS UART seving lulaspaulnsaaas Nu aaufimes anuisavinlalee
19lusunsy Hyperterminal L1978 Litean1snagaunTs SU wae ds Joya

2.11 n1sideurawuy SSH

lulassul  gUsuumsdeurafu  Raspberry Pi iflaifeuldaduliiinmadousauuy
Secure Shell (SSH) As Tnslnaea (Protocol) Alflunisfnsedoansserinaeiosreuiinneiuy
szuueSeneiny wosn (Port) sunelay 22 @alwslvasa SSH finguszasivdniiielsifldeu
ansauimuauviedimiaie  reufamesiiliuinig  SsH udvsvesdldnudaldinanns
Agausmusensdendu (Login) femslavegliiiassiasa Ingriutemanmsdomsiiinissng
msiunsasafomenisiiisiady  deya  (Encryption) Ssgnosnuuunniileltunuiinisdoans
toyauussuursoreidgsdoya uuulilidheiadu (Plaintext) 1y Telnet, Rlogin w3o FTP
tagthilnslyimea SSH Tiaesesdufe SSH-1 uay SSH-2 (@nitaunain SSH-1 wieudludedlnivde
Fofinnanadivihiflaufasnsalanfidunds wdosneniamesiiluuinns ssH 16)

nsviuvednsineea SSH asvhawludnvuslaaouiuas@inies (Client-Server) lagguiuy
nsldsasUszneulufelusunsy 2 dwde Wannsudwivimihiiiuesosdiliuinig (Serven
%zgﬂﬁmﬁ’qaaﬁtﬂéa&ﬂamﬁama%ﬁﬁaaﬂﬁiﬁﬁmi SSH  1wu  lWsuAsu  OpenSSH-Server  uu
sruulfoinis Linux Ingdulngjudieiotrouiiamesiiasilsunsuiliuing SSH szfnmaile
SrnemuazmLAgldnusaiuuEndug mugll Wy 1nndudiines wieuinmsdnlvan
Ind Wudy uaelusunsudndausgyimihindugideuds (Client) TufarSosneuiumesiliuznng
SSH iy lUsunsy PUTTY uusyuuUfuanns Windows #3e lUsunsu OpenSSH-Client uu
S¥UUUHURNTS Linux

fausflnsTneea SSH ewilfeiluBeswesnmsinwemmsiunsaondslnesimsidisiadutoya uasd
msdendunounadildon - usfdmuiileniageiiasgrlanfnndlbivnied  Wosnnuadwiuay
awdsalunisidnlasfioramnefinstisuansluns.— dhmuauuasdinsiesesaeniiomesi
Tsnsiwiui TesdnvarnsladiAntuinasnonmsléinedalunsdlondd  edes
oufmosiiliunisTnemss wunsleaufdeiBnisqusviariog (Brute-force) ilonenomidngszuy
rosnauiamesiiliuing SsH Famngldeuniedquassuussnsimihulunisondudefiulud
ar  vhlilemalunmsTasddidadionniu  Tnsuwamdunistostuilduadwsaifigniantsiiunis
TouAuaz33s Tumsteatumslavdsanany Fmdduisnstestuiifguaszuvdningenld uazas
namdduunenud Ao nsAsuiBnisdendurniinsunadldsvaru Hunslinadansldg
nua  (Key  Authentication)  dudusuuuumaithsiauuueauuns  (Asymmetric-key
cryptography) lagiin1sasadnyus %@ﬂgﬂisﬂaulﬂﬁ'wqmvmawmimz (Public Key) wag neyul
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g (Private Key) fndnmisviinude dldngua A lunisidhswadu svdeddnagua 8 Tuns
pensvady Tnenisinsianazaonsiasendnagldileidunsadnmansidindse fensldvdnnis
fananlumsfigadfnuesfldruiueies aoufiumeiiliuinns SSH aztieldaafumslauise
M1 Bruteforce  nglavdla wasdanunsadiuanusiuaaensonnnsléon Key
Authentication lilnsnsidnawadu Private key dmesariudniunounis ileteatuyanaduii
naywananaluldeu
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3.1 Specification

3.1.1

Hardware Specification
vasalulasaaulnsalaes LoPy
UB%A Pycom Expantion Board 2.0
W@181n1A LoRa

U030 Raspberry Pi 1 model B+
FwInnsewa ACST12

@18 microUSB

a8 LAN

AOUNALADS

Software Specification

Atom

PUTTy (64-bit)

Terminal

Visual Studio Code

Pymakr IDE Plugin

3.2 YUABUNISANLLUNNS

m‘%’auqﬂﬂizﬁﬁqaﬁﬂm‘%uasm‘sﬁmﬁwawxﬁu,ﬁm"m 9

MU NL VYT URBUNSF UL SR Y el SuAs
ousiogunsaleninifuasufiamefiteteulusunsy
peanuuuLasTaUSuaTEn 9IS dourasziI 1 LoPy fu Raspberry Pi
thaunsais 4 ldsuiilundesiifadaiadyyinl LoRa



3.3 Block diagram
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»)))

=
’ . LoR,
k —
-
=

-

LoR3__
—
. Lora Gateway
=
B
- ._Lnﬁ”
frxyers
=
’,/"’/ il =
- LoRa
’ Lora Gateway

¥3
LnRa_ . ¥ )\ _tth

o€

d o =
5UT 3.2 sUnuunIaiiueu

-

Computer

_CL

Laptop

(ﬁm - https://www.robotshop.com/en/lg01-p-lora-gateway-915-mhz-north-america.html)
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3.4 N139WLAY Firmware

ailuanlusunsu fimware update tools NYNLIVTDIENER (www.pycom.io) we
¥muduneuvestusunsy Tnodeuradulusunsums USB fianusfuitazdasas FTDI driver naw
1§y warAsumsewavuadodaasliidouseninemn G23 furn GND fau

3.5 n1saslusunsu Atom wag Pymakr Plugin

anuluaalusunsy Atom 90 https://atom.io  vheuduneunsiessauiasas 1 Ua
LUsunsuudIRAfs Package Pymakr ieldldeusdaiugunsaluuy serial USB

3.6 MsduluIHAIY
3.6.1 ns@eulusunsuil Node
furdryaas DC91n ACST12 Tanld ADC 484 LoPy w1 Vs 9nadugulenl iy
AuInmAmaRli tardsloyaruvnednyy s LoRa Tginniag



Start

<

Read voltage by ADC

value > maximum

False

value < maximum

False ‘

maximum = value p—

minimum = value >

Find Vpp, Vp, Vrms,
Irms

False

H vy g
:

[ Reset Time, Vmax, ]

L Vmin

3.3 Flowchart ua@nan15vinauLoelAai LoPy node

=

U

Call

23
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3.6.2  n1seulusunsuy Gateway
LoPy Winnngiudyaadaya LoRa 39 Node ntiudediilariumis UART lud
Raspbeny Pi Tidsrdunanili@wnesiiesessumsldnuiiumaiviennaindu

Start

-
Lora receive
data = s.recv(64)
UART send
Delay 1 sec
\_

JU# 3.4 Flowchart uansn1syinauaaslan LoPy luinmiag
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=]
I

[ Join Network ]

/AHT receive, get Temp/

print f.read()

/Send data to Thingspea/

Delay 20 sec

| J

Ul 3.5 Flowchart uansn1svireuvedlan Raspberry Pi Tuinmiag
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3.7 N1999NLUUANENT
sonLUUANEI9asTuAILTasN S lenrasywine LoPy U Raspberry Pi (LoPy to Raspberry

Pi shield connection bridee) teusyndaiuiinnglunnaduaniodfiuadosawlumsdeusei
izm']wa%mim&ﬂugﬂﬁy'&am%Lﬁuﬂ'mf’?iasia'iwdwaawa%ﬂﬁw header 7 21 lasdisiwasiden
Famalull it 1 leldes

- ﬁmﬁl 2 Ground

-9 3 TX-RX

-9 4 RX-TX

- 9171 5 DHT11-GPIO

- 171 6 LED-GPIO

971 7 Ground

)
=
(Pani >

<A U

I

RSN U N

YSENRIN

2
B

NENERE

Si

P

DHT11

gﬂﬁ 3.6 schematic uansnsifiauravas LoPy ,DHT11 uay UART

S

L

—
L
o
=

=
o
]
o

E . N P A b

L

TITTTTTT
B
J

UM 3.7 schematic uaninsifiousia Raspberry Pi iU connector



P3
= R2
{ Poril >—wn—— 1
2
-|-|n l_ =
= — Header2
GND
23 P4
> 1
| 9
o I_ =
i — Header2
GND
R4 =
{ Portd r—whv—— 1
| )
330 [
P T="Header2
GND
23 P6
Portd >—W—rq 1
p ]
330 2
—  Header2
GND

™
(4
<+
(84
¢
(8 4

gﬂﬁ 3.9 N1998NLUU PCB 194 LoPy to Raspberry Pi shield
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unit 4
NANIINAADY

maud 1 daAtndnnszuaaaunle ACS 712
mMsveasinusssulninssuaaduane ACST12  Wewainszualnihadulagiianilaun
Wguiuaialaain Clamp meter

TERMINAL e 3:PycomConsols 4+ @{ ~ A x

Value 1.419927 Volt
Current 2.849275 Amps

30 Power 1.617879 Watts
|
©0 A0 mStop -~ Upload ~ Download :=Allcommands Python 2.7.10 Ln42 Col17 Spaces:4 UTF-8 LF Python

= 1 o A v LY ! v o
E‘UV] 4.1 AusIAUAlAIINNITIA wasAmnszlkanlaannIsTAIWIE

A9199 4.1 TNLERIAYILAIALATBUANII AL UAUT AR89

Time (s) ACST12 (A) Clamp meter (A) % AINLAALAEDY
0 0.04 0.00 -
10 0.48 0.89 46.07 %
20 0.37 0.55 32.73 %
30 . 0.34 0.48 29.17 %
a0 0.32 0.45 28.89 %
50 0.05 0.00 2
60 0.03 0.00 -
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O ACS712 O FLUKE 322

3.75

25

1.25

- =N e

0 2 4 6 8 101214 16 1820 22 24 26 28 30 32 34 36 38 40 42 44 46 48 50 52 54 56 58 60

d s o/ & 1 1 al'u 2/ s
:J;'U‘VI 4.2 ﬂi’TNLLﬁﬂQﬂ’)'lﬂJﬁiJWUﬁiﬂﬁ’JNﬂ'm’Wﬂ.ﬂ%'m ACS712 nU Clamp meter

AU 2 T38EN19N5EIUBYATENINY node AU gateway WU LoRa Protocol
- lutShnafiuilawdesses e sdsdaiaaunsaadsia lnalumiieilawns

- Tuudnanddiauntiviunnnsddygsdpyaisuuanisiliausaiisses 110
HH

/B 567 wmu e 3w %\l

567 efag i 3 Uy sl e

567 wiau niem 3 U aanmi e

dnchire Willwidmfomm

ﬁ‘ W wou inflan 3 1Tum
. Bt
¥ A 21

o y
S
oo g 1u1s1§ /
| g 110w |
;flmféw- .
Sml (infind) .

1 cburgen 0ok

567 Bou InfM :;g

Google

foo |1 4|

Poznewd 2017 Google v Fedurus  seamafimfin 208 b

UM 4.3 svpznsiilnanianiidsdyandeyalalagiifsnnung
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Field 1 Chart

Raspberry Pi + Lopy

47.5

45

42.5

Humidity (%)

4 V& - NN\ 117774 ‘ 2
C 23:00 23,10 23:20 23:30

ThingSpeak.com

sUW 4.4 AT LEANANLAUNUS TE NIRRT UAULIAN

Field 2 Chart

U oars
2
2
g 45
=]
[= 8
£
@
= 425
|
=
C
40
o 06:35 06:40 06-45
Date

ThingSpeak.com

'
a

= s o & i o
3‘1.]‘1’! 4.5 ﬂ‘i’]wLL?WNF’]']’Tllallwuﬁiﬁﬂl']\‘lQE\J‘WﬂﬁJﬂ‘UL?ﬁW

U
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Field 3 Chart

Power (Watt)

Raspberry Pi + Lopy
10k )

5k

Ok &5k e

8 ) :
%3.00 23:10 23:20 23:30
Date
ThingSpeak.com

5UN 4.6 ATLARIANLALNUS ST I Mad AR ULIEN
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=
unns

dyUnan1Ivaay

poudl 1 Anszuaiidmldinduwed ACST12 Wesutusmnszuaiifaldainuanudiines
Fluke 322 SiAnafifusnnunainmdoudu 46.07% 32.73% 29.17% uaz 28.89% awuiiuléin an
nuaauddmasauailalinit ACST12

powudl 2 nisdedyanauuy LoRa Tuusnafifidiaunwihsserldansees 110 waswagly
Ushaiuilasdesrosmemsasduanaanansaddldlinaluheilamns

aoudl 3 wnnsmluanamanudTugsEI AT UGaT  warnsluansnauduRus
sewisgnmgiifunaniinauasuasedluudassaanan dunsmmuananudniusserrine
wisumslihfunatonaiinssaldliidugunneifimsifiesandesitaves coud server
(Thingspeak)

397150INANSNAADY

pouil 1 Anszuaitinldainduees ACS712 isufudnssuaiinldanuaauiiines
Fluke 322 fidwesidudamuaaiaadaumnniiesaingaimd Hall effect Mhliduimesudas il
AeAaLaduLAnsIeiulY FendenisUiugasnsEamn ne Wibugesianeveadumes
Rt

'
1 o = oy

AOUYl 2 NTENAyRNMLUY LoRa luudnamiidgiauinainsyeslanniansaedyyinuuy

<@

wi-Fi ilesannsdediya vy LoRa Tgumnuiligann Ssdanumusedsinunsléunn

pouft 3 ennsluansanLdTUSIT IR U uazhsuansA L d IS
serivgamgiifune WesnniduwestaasiBesd  FuilinsmiinsiRsuuvasgslunsias
P dunsmnandnarnudTussEMIAInas U iR unaTealinasdwalalduiud
unnwhiiesiilesandesiiaves coud server (Thingspeak) %’Emmmdqé’wmu%gaumﬁqma‘i’u
Wifine 8200 Yornusietu vdelfialaeiigalunsdedoyaliwiavadivszann 10 Jundide

YoANI
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https://inex.co.th/shop/lopy.html
https://inex.co.th/shop/wipy-expansion-2.html
https://software.thaiware.com/13413-Atom-Download.html
https://atom.io/packages/pymakr

http://www flyingmorning.com/th/articles/99980-vAu3aniu-lora
https://medium.com/deaware/lora-lorawan-faezls-u133niiufni1-98d20055adca
http://henrysbench.capnfatz.com/henrys-bench/arduino-current-
measurements/acs712-arduino-ac-current-tutorial/
http://www.thaieasyelec.com/article-wiki/basic-electronics/uart-ttl-rs232-max232-
max3232.html

https://www.ard uitronics.com/article/13/n1519u-dht 1 1-humitdity-and-temperature-
sensor-iuyua3n-arduino

https://docs.pycom.io/chapter/tutorials/
https://medium.com/@kevalpatel2106/monitor-the-core-temperature-of-your-
raspberry-pi-3ddfdf82989f
https://www.hackster.io/adamgarbo/raspberry-pi-2-iot-thingspeak-dht22-sensor-
b208f4

http://www.hobbytronics.co.uk/raspberry-pi-serial-port
http://thingspeak.com/channels/471621/private_show
https://www.raspberrypi.org/forums/viewtopic.php?t=201311
https://www.raspberrypi.org/documentation/remote-access/ssh/unix.md
https://www.sparkfun.com/datasheets/BreakoutBoards/0712.pdf
http://mymbed.blogspot.com/2015/06/acs712.html
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Node : LoPy - ADC

main.py X

from machine import ADC
from machine import Timer
from machine import UART
from network import LoRa
import socket

import machine

import pycom, time
mmW{tMB

import math

pycom. heartbeat{False)
lora = LoRa{mode=LoRa.LORA)
s = socket.socket(socket.AF_LORA, socket.SOCK_RAW)
print('3.16 AM') 2
chrono = Timer.Chrono()
adc = ADC(®)
adc_c = adc.channel{pin='P16', attn=3)
lastSample = @
sampleSum = @
sampleCount = @
vpc = 1.2207
mean = @
mvpa = 185
kwh = @
divider = 1.515
while True:
chrono.start()
lap = chrono.read()
raw = adc_c.value()-2048

if raw < 20 & raw > -20:
raw = 0

if lap > lastSample + ©.0001:
sampleSum += rawkraw
sampleCount = sampleCount + 1
lastSample = lap

if sampleCount == 6000:
mean = sampleSum/sampleCount
value = math.sqrt{mean)
mv = valuexvpcxdivider
arms = mv/mvpa
power = arms*220
kwh += power/3600/1000
print("RMS AMPERAGE = &f A" % arms)
print ("“POWER sf W" % power)
print(“kilowatt F kiwh" % kwh)
lap = @
sampleSum = @
sampleCount = @
pycom. rghled(0x0@FFee)
s.setblocking(True)
s.send(str(kwh))

pycom. rgbled(9x000000)




Gateway : LoPy - UART
main.py — project
main.py X

from network import LoRa
from machine import Timer
from machine import UART
import pycom, time

import socket

import time

import machine

lora = LoRa{mode=LoRa.LORA)

= socket.socket(socket.AF_LORA, socket.SOCK_RAW)
pycom.heartbeat(?alié) 3
uartl = UART(1, 115200, bits=8, parity=ione, stop=1)
uartl.init(baudrate=115200, bits=8, parity=None, stop=1)
print('test')
uvartl.write("UART Connected...")
delim = "\x0@"
pycom. rgbled(0x712000)
time.sleep(90.1)
pycom. rgbled{%x7f2000)
time.sleep(0.1)
pycom. rgbled(2:000000)
while True:

time.sleep(machine.rng() & ©x@F)
s.setblocking(False)

data = s.recv(10)

received = data.decode('UTF-8")
print(“recived = " + received)
vartl.write(str(received)+delim)
pycom. rgbled(0x0@@0rF)
time.sleep(9.01)

pycom. rgbled(9x008000)




Gateway : Raspberry Pi - Thingspeak

e e * sawapaksawapak — pi@raspberrypi: ~/ThingSpeak — ssh pi@10.0.1.12 — 127x47
~ — pi@raspberrypi: ~/UART — ssh pi@10.0.1.12 5 ~ — pi@raspberrypi: ~/ThingSpeak — ssh pi@10.0.1.12 i =)=
GNU nano 2.2.6

File: thingspegk.py

t RP1.GPIO
Lime zlee
Adafruit_DHT

al PARITY _HONE

DHT11,

print{

print t.



spyconr

LoPy 1.0

With LoRa, Wifi and BLE the LoPy is the only triple bearer
MicroPython enabled micro controller on the market today -

the perfect enterprise grade |oT platform for your connected
Things. With the latest Espressif chipset the LoPy offers a perfect
combination of power, friendliness and flexibility.

Create and connect your things everywhere. Fast.

LoPy Features

- Powerful CPU, BLE and state of the art WiFi radio. 1KM Wifi
Range

- Can also double up as a Nano LoRa gateway

- MicroPython enabled, the Linux o loT for fast deployment

- Fits in a standard breadboard (with headers)

- Ultra-low power usage: a fraction compared to other connected
micro controllers

Processing

- Espressif ESP32 chipset

- Dual processor + WiFi radio System on Chip.

- Network processor handles the WiFi connectivity and the [Pvé
stack.

- Main processor is entirely free to-run the user application.

- An extra ULP-coprocessor that can monitor GPIOs, the ADC
channels and contral most of the internal peripherals during
deep-sleep mode while only consuming 25uA.

Operating Frequencies

- 868 MHz (Europe) at +14dBm maximum
- 915 MHz (North and Scuth America; Australia and New
Zealand) at +20dBm maximum

Range Specifiction

- Node range: Up to 40km

- Nano-Gateway: Up to 22km

- Nano-Gateway Capacity: Up to 100 nodes

Use the Pymakr IDE

Super easy code editor to write your Python scripts

Quick Verification
For easy and fast debugging use the interactive shell that is
accessible through telnet or one of the serial ports

Easy Upload
Upload your scripts, and any other files you want to the LoPy via
the FTP server

Locally or remotely
Reset the LoPy (you can do it locally, or remotely via Telnet)

uted by Pycom Ltd.
C «com Ltd. All rights reserved. No part of
, distributed, or transmitted in
photocopying, recording, or
ethods, without the prior written

Mechanical

Size: 55mm x 20mm x 3.5mm

Operating temperature:
-40 to 85 degrees celsius

ESP32 Dual Core
Microcontroller and
WiFi/Bluetooth 4.2
LoRa transceiver radio

32Mbit flash memory

3V3 Ultra-Low
-Noise switching
regulator

WS52812 RGB  [=iag com:® < 5. ¥
multi-colour @ *PY i€ LO g
LED : vl L8Ra" WIGH" % Bivetoott

@-m
- Ll

RF switch
U.FL connector

Internal WiFi and
Bluetooth Antenna

External LoRa antenna
connector
Reset switch

Interfaces

- 2 x UART. 2 x SPI, [2C, I12S, micro SD card

- Analog channels: 8x12 bit ADCs

- Timers: 4x16 bit with PWM and input capture
- DMA on all peripherals

- GPIC: Up to 24

Security & Certifications Hash / encryption
- SSL/TLS support SHA, MD5, DES, AES

- WPA Enterprise security Wifi

=FCC - 2AJMTWIPY2R 802.11b/g/n 16mbps
- CE 0700

Y Bluetooth
viemory Low energy and classic
- RAM: 512KB

- External flash 4MB RTC

- Hardware floating point Running at 32KHz

acceleration.
- Python multi-threading.

Power

= Input: 3.3V - 5:5V

- 3v3 output capable of sourcing up to 400mA
- Wi-Fi: 12mA in active mode, 5uA in standby

- Lora: 15mA in active mode, 10uA in standby

LoRa Specifiction

- Semtech LoRa transceiver SX1272
- LoRaWAN stack

- Class A and C devices

With dozens of ready to use templates and libraries soon to
be available on the Pycom Exchange, developing a new loT
solution is now easier and faster.

--iOI". (‘){ P‘ /CONN
embodied in cri

uses permitted by copyright law.

To order contact sales@pycom.io




MODEL B+

Product Name

Product Description

Specifications
Chip

Core architecture
CPU

GPU

Memory
Operating System

Dimensions

Power

Connectors:
Ethernet
Video Output

Audio Output
USB
GPIO Connector

Camera Connector
JTAG

Display Connector

Memory Card Slot

Raspberry Pi Model B+

The Raspberry Pi Model B+ incorporates a number of enhancements
and new features. Improved power consumption, increased
connectivity and greater 1O are among the improvements o this
powerful, small and lightweight ARM based computer.

Broadcom BCM2835 SoC

ARMI1

700 MHz Low Power ARM1176JZFS Applications Processor
Dual Core VideoCore IV® Multimedia Co-Processor

Provides Open GL ES 2.0, hardware-accelerated OpenVG, and
1080p30 H.264 high-profile decode

Capable of 1Gpixel/s, 1.5GTexel/s or 24GFLOPs with texture filtering
and DMA infrastructure

512MB SDRAM

Boots from Micro SD card, running a version of the Linux operating
system

85 x 56 x 17mm
Micro USB socket 5V, 2A

10/100 BaseT Ethernet socket

HDMI (rev 1.3 & 1.4)

Composite RCA (PAL and NTSC)

3.6mm jack, HDMI

4 x USB 2.0 Connector

40-pin 2.54 mm (100 mil} expansion header: 2x20 strip

Providing 27 GPIO pins as well as +3.3 V, +5V and GND supply lines
15-pin MIPI Camera Serial Inferface (CSI-2)

Not populated

Display Serial Interface (DSI) 15 way flat flex cable connector
with fwo data lanes and a clock lane

SDIO



ACS712

Fully Integrated, Hall Effect-Based Linear Current Sensor
with 2.1 kVRMS Voltage Isolation and a Low-Resistance Current Conductor

Features and Benefits

= Low-noise analog signal path

= Device bandwidth is set via the new FILTER pin

= 5 us output rise time in response to step input current
= 80 kHz bandwidth

= Total output error 1.5% at T,= 25°C

= Small footprint, low-profile SOIC8 package

= 1.2 mQ internal conductor resistance

= 2.1 kVgps minimum isolation voltage from pins 1-4 to pins 3-8
= 5.0V, single supply operation

= 66 to 185 mV/A output sensitivity

= Output voltage proportional to AC or DC currents

= Factory-trimmed for accuracy

= Extremely stable output offset voltage

= Nearly zero magnetic hysteresis

= Ratiometric output from supply voltage

ﬁ TUV America
'|'UV Certificate Number:
" U8V 06 05 54214 010

B“ us

Package: 8 Lead SOIC (suffix LC)

Approximate Scale 1:1 i]:E

Description

The Allegro® ACS712 provides economical and precise
solutions for AC or DC current sensing in industrial,
commercial, and communications systems. The device
package allows for easy implementation by the customer.
Typical applications include motor control, load detection and
management, switched-mode power supplies, and overcurrent
fault protection.

The device consists of a precise, low-offset, linear Hall
sensor circuit with a copper conduction path located near the
surface of'the die. Applied current flowing through this copper
conduction path generates a magnetic field which is sensed
by the integrated Hall IC and converted into a proportional
voltage. Device accuracy is optimized through the close
proximity of the magnetic signal to the Hall transducer. A
precise, proportional voltage is provided by the low-offset,
chopper-stabilized BICMOS Hall IC, which is programmed
for accuracy after packaging.

The output of the device has a positive slope (>Voyr(q)
when an increasing current flows through the primary copper
conduction path (from pins 1 and 2, to pins 3 and 4), which
is the path used for current sensing. The internal resistance of
this conductive path is 1.2 mQ typical, providing low power

Continued on the next page...

Typical Application

+5V
1 1P+ vee Y
2 i ouT
P+ VIOUT—0 G
0.1 pF
Ip ACST712 :l:_
3 FILTER S
IP- [ ol &
Hip- T 1nF
GND 1

Application 1. The ACS712 outputs an analog signal, Voyr-
that varies linearly with the uni- or bi-directional AC or DC
primary sensed current, Ip, within the range specified. Cg
is recommended for noise management, with values that

depend on the application.

ACS712-DS, Rev. 7



ACS712

Fully Integrated, Hall Effect-Based Linear Current Sensor with
2.1 kVRMS Voltage Isolation and a Low-Resistance Current Conductor

Description (continued)

loss. The thickness of the copper conductor allows survival of The ACS712 s provided in a small, surface mount SOIC8 package.
the device at up to 5x overcurrent conditions. The terminals of ~ The leadframe is plated with 100% matte tin, which is compatible
the conductive path are electrically isolated from the sensor leads ~ withstandardlead (Pb) free printed circuit board assembly processes.
(pins 5 through 8). This allows the ACS712 current sensor to be Internally, the device is Pb-free, except for flip-chip high-temperature
used in applications requiring electrical isolation without the use ~ Pb-based solder balls, currently exempt from RoHS. The device is
of opto-isolators or other costly isolation techniques. fully calibrated prior to shipment from the factory.

Selection Guide

Part Number Packing* (;ré) Optlmlze((;?ange, Ip Se(r;:lg;\.f{l:nyil;ﬁns
ACS712ELCTR-05B-T | Tape and reel, 3000 pieces/reel —40 to 85 +5 185
ACST712ELCTR-20A-T | Tape and reel, 3000 pieces/reel —40 to 85 +20 100
ACS712ELCTR-30A-T | Tape and reel, 3000 pieces/reel —-40to 85 +30 66
*Contact Allegro for additional packing options.

Absolute Maximum Ratings
Characteristic Symbol Notes Rating Units

Supply Voltage Vee 8 V
Reverse Supply Voltage Vree \ -0.1 \
Output Voltage Viout 8 v
Reverse Output Voltage Vriout -0.1 \Y

Pins 1-4 and 5-8; 60 Hz, 1 minute, Ty=25°C 2100 Vv
Reinforced Isolation Voltage Viso Voltage applied to leadframe (Ip+ pins), based 184 v

on |EC 60950 peals

Pins 1-4 and 5-8; 60 Hz, 1 minute, T,=25"C 1500 vV
Basic Isolation Voltage Viso(bse) Voltage applied to leadframe (Ip+ pins), based y v

on |IEC 60950 pesk
Output Current Source liouT(Source) 5 3 mA
Output Current Sink louT(sink 10 mA
Overcurrent Transient Tolerance Iip 1 pulse, 100 ms 100 A
Nominal Operating Ambient Temperature Ta Range E —40 to 85 °C
Maximum Junction Temperature T,(max) 165 °C
Storage Temperature Tetg —65 to 170 °C

Parameter Specification
CAN/CSA-C22.2 No. 80950-1-03
Fire and Electric Shock UL 60950-1:2003
EN 60950-1:2001
& Allegro MicroSystems, Inc. 2
10" Wertona Hassnahusats 1615.0035 US A
o s

MicroSysfems, Inc. 1.508.853.5000; www . allegromicro.com



AC 371 2 Fully Integrated, Hall Effect-Based Linear Current Sensor with
2.1 kVRMS Voltage Isolation and a Low-Resistance Current Conductor

Functional Block Diagram

+5_\_/_
VCC
(Pin 8)
!
I
! Hall Current
| Drive
i
1P+ i
eATS e e
1+ | 5 —— A
iFi ‘E %’ :E: AAA — i
= :
: = b
: E(‘E Reqnt)
_ &
(Pinlpa) I I
! = I 01 pF
P | ==
(Pin 4) |
| |
I I
I — 1
I = I
I 1
I I
[ A S Y _Maf'  d0D ‘B M 1w e ____.__._._ 93 8B ___!
h FILTERI
{Pin 5) {Pin €)
T
Pin-out Diagram
P+ [1] (8] vco
P+ [2] [7] viouT
1P~ 3] [6] FILTER
1P= 4] [5] GND
Terminal List Table
Number Name Description
1and 2 1P+ Terminals for current being sensed; fused internally
3and 4 IP- Terminals for current being sensed; fused internally
5 GND Signal ground terminal
6 FILTER Terminal for external capacitor that sets bandwidth
7 VIOUT Analog output signal
8 VCC Device power supply terminal

Allegro MicroSystems, Inc. 3

lle 0 A 115 Northeast Cutoff
LA SF @ [l - — Worcester, Massachusetts 01615-0036 U.S.A.

licraSystems. Ing. 1.508,853.5000; www_allegromicro.com




ACS712 Fully Integrated, Hall Effect-Based Linear Current Sensor with
2.1 kVRMS Voltage Isolation and a Low-Resistance Current Conductor

COMMON OPERATING CHARACTERISTICST over full range of T, Cr = 1 nF, and V¢ = 5 V, unless otherwise specified

Characteristic | Symbol Test Conditions | Min. [ Typ. | Max. | Units
ELECTRICAL CHARACTERISTICS
Supply Voltage Vee 45 50 85 \
Supply Current lce Ve = 5.0V, output open - 10 13 mA
Output Capacitance Load Cloap |VIOUT to GND - - 10 nF
Output Resistive Load Rioap | VIOUT to GND 4.7 - - kQ
Primary Conductor Resistance | Rprary |Ta=25°C - 1.2 - mQ
Rise Time T Ip = Ip(max), Ty = 25°C, Coyt= open - 5 - us
Frequency Bandwidth f -3 dB, T,=25°C; Ip is 10 A peak-to-peak - 80 - kHz
Nonlinearity Eun Over full range of I - 1.5 - %
Symmetry Esym Over full range of Ip 98 100 102 %
Zero Current Output Voltage Vioutq) |Bidirectional; lp=0A, T, =25°C - VS_CSX - v
Power-On Time oo (o):tlzzzg:aaani:es 90% of steady-state level, T;=25°C, 20 A present = 35 = us
Magnetic Coupling? - 12 - G/IA
Internal Filter Resistance? ReanT) 1.7 kQ

TDevice may be operated at higher primary current levels, |p, and ambient, T, and internal leadframe temperatures, Ty, provided that the Maximum
Junction Temperature, T (max), is not exceeded.

21G=0.1mT.
3Rp(nT) forms an RC circuit via the FILTER pin.

COMMON THERMAL CHARACTERISTICS!

Min. Typ. Max. Units
Operating Internal Leadframe Temperature | Ta |E range —40 - 85 °C

Value Units
Junction-to-Lead Thermal Resistance? Rgy. |Mounted on the Allegro ASEK 712 evaluation board 5 °C/w
Mounted on the Allegro 85-0322 evaluation board, includes the power con-
sumed by the board

1Additional thermal information is available on the Allegro website.

2The Allegro evaluation board has 1500 mm?2 of 2 oz. copper on each side, connected to pins 1 and 2, and to pins 3 and 4, with thermal vias connect-
ing the layers. Performance values include the power consumed by the PCB. Further details on the board are available from the Frequently Asked

Questions document on our website. Further information about board design and thermal performance also can be found in the Applications Informa-
tion section of this datasheet.

Junction-to-Ambient Thermal Resistance Rgja 23 *CW

Allegro MicroSystems, Inc. 4
115 Northeast Cutoff

Worcester, Massachusetts 01615-0036 U.S A
1.508.853.5000; www.allegromicro.com

Allegro:

icroSystems. Inc.
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ACS712

Fully Integrated, Hall Effect-Based Linear Current Sensor with
2.1 kVRMS Voltage Isolation and a Low-Resistance Current Conductor

x05B PERFORMANCE CHARACTERISTICS T,=-40°C to 85°C", C¢ = 1 nF, and V¢ = 5 V, unless otherwise specified

Characteristic Symbol Test Conditions Min. Typ. Max. Units
Optimized Accuracy Range Ip -5 - 5 A
Sensitivity Sens Over full range of Ip Ty = 25°C 180 185 190 mV/A
Noise VNOSEER) |Cr e 47 oF. Cor < open. 2 Kz banowitn | < | A | - |
Zero Current Output Slope AlgyTa) Ta=—40C o 25°C = .26 = L

T,=25°C to 150°C = -0.08 = mV/°C
Sensitivity Slope ASens L/ ok = 0.054 = MVIATC

T,=25°C to 150°C - -0.008 - mV/A/°C
Total Output Error2 Etor lp=t5A, Ty =25°C - 1.5 - %

1Device may be operated at higher primary current levels, Ip, and ambient temperatures, T, provided that the Maximum Junction Temperature, T jmay),

is not exceeded.

2Percentage of I, with I = 5 A. Output filtered.

x20A PERFORMANCE CHARACTERISTICS T,=-40°C to 85°C', Cr = 1 nF, and V¢ =5 V, unless otherwise specified

Characteristic Symbol Test Conditions Min. Typ. Max. Units
Optimized Accuracy Range Ip -20 - 20 A
Sensitivity Sens Over full range of Ip T4 =25°C 96 100 104 mV/A

: Peak-to-peak, T, = 25°C, 100 mV/A programmed Sensitivity, _ _
aise VNOISE(PP) |G, = 47 F, Coyy = Open, 2 kHz bandwidth \ L
Zero Current Output Slope Al Ta=-S0°Clo 256G u m = NG
u :
. abta Tz p5Tid Ho°G - -0.07 - mV/°C
i s =88 Ta=-40°C to 25°C - 0.017 - mV/A/°C
ensitivi
y=iop To=25°C to 150°C — o004 | - MVIAFC
Total Output Error? Etor lp =220 A, Ty = 25°C - .5 - %

1Device may be operated at higher primary current levels, I, and ambient temperatures, T, provided that the Maximum Junction Temperature,

T, (max), is not exceeded.

2Percentage of Ip, with | = 20 A. Output filtered.

x30A PERFORMANCE CHARACTERISTICS T,=-40°C to 85°C", Cg = 1 nF, and V¢ = 5 V, unless otherwise specified

Characteristic Symbol Test Conditions Min. Typ. Max. Units
Optimized Accuracy Range Ip =30 - 30 A
Sensitivity Sens Over full range of |, Ty = 25°C 64 66 68 mV/A
T e ol I I M
Zero Current Output Slope AlguT(a) Tp=—407C 0 25°C = il = L

T,=25°C to 150°C - -0.08 - mV/°C
o T,=-40°C to 25°C - 0.007 - mV/A/°C
Sensitivity Slope ASens
To=25"C to 150°C - —-0.002 - mV/A/°C
Total Output Error2 Etor lp=%30A, T, =25°C - $1.5 - %

"Device may be operated at higher primary current levels, I, and ambient temperatures, T, provided that the Maximum Junction Temperature,

T(max), is not exceeded.

2Percentage of I, with Ip = 30 A. Output filtered.

MicroSystems, Inc.

Allegro MicroSystems, Inc. 5
115 Northeast Cutoff

Worcester, Massachusetts 01615-0036 U.S.A.
1.508.853.5000; www.allegromicro.com




ACS712 Fully Integrated, Hall Effect-Based Linear Current Sensor with
2.1 kVRMS Voltage Isolation and a Low-Resistance Current Conductor

Characteristic Performance
I =5 A, unless otherwise specified

Mean Supply Current versus Ambient Temperature Supply Current versus Supply Voltage
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ACS712 Fully Integrated, Hall Effect-Based Linear Current Sensor with
2.1 kVRMS Voltage Isolation and a Low-Resistance Current Conductor

Characteristic Performance
I = 20 A, unless otherwise specified

Mean Supply Current versus Ambient Temperature Supply Current versus Supply Voltage
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Fully Integrated, Hall Effect-Based Linear Current Sensor with
2.1 kVRMS Voltage Isolation and a Low-Resistance Current Conductor

ACS712

Characteristic Performance
Is = 30 A, unless otherwise specified
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ACS712

Fully Integrated, Hall Effect-Based Linear Current Sensor with

2.1 kVRMS Voltage Isolation and a Low-Resistance Current Conductor

Definitions of Accuracy Characteristics

Sensitivity (Sens). The change in sensor output in response to a
1 A change through the primary conductor. The sensitivity is the
product of the magnetic circuit sensitivity (G/A) and the linear
IC amplifier gain (mV/G). The linear IC amplifier gain is pro-
grammed at the factory to optimize the sensitivity (mV/A) for the
full-scale current of the device.

Noise (Vyoisg)- The product of the linear IC amplifier gain
(mV/G) and the noise floor for the Allegro Hall effect linear 1C
(=1 G). The noise floor is derived from the thermal and shot
noise observed in Hall elements. Dividing the noise (mV) by the
sensitivity (mV/A) provides the smallest current that the device is
able to resolve.

Linearity (Ey ). The degree to which the voltage output from
the sensor varies in direct proportion to the primary current
through its full-scale amplitude. Nonlinearity in the output can be
attributed to the saturation of the flux concentrator approaching
the full-scale current. The following equation is used to derive the

linearity:

Symmetry (Eqyy). The degree to which the absolute voltage
output from the sensor varies in proportion to either a positive
or negative full-scale primary current. The following formula is
used to derive symmetry:

A gain x % sat (Viout_full-scale amperes -~ ViouT(Q))

100{5—

2 (Mour_half-scale amperes — Viout() )

where ViouT full-scale amperes — the output voltage (V) when the
sensed current approximates full-scale <I;.

Viout_+ full-scale amperes VIOU'I'(Q).

100
Vouti@) — Viout —full-scale amperes

Quiescent output voltage (Vigyr(g))- The output of the sensor
when the primary current is zero. For a unipolar supply voltage,
it nominally remains at V-/2. Thus, Vo = 5 V translates into
ViouTq) = 2-5 V. Variation in Vigyrq) can be attributed to the
resolution of the Allegro linear IC quiescent voltage trim and
thermal drift.

Electrical offset voltage (V). The deviation of the device out-
put from its ideal quiescent value of V/ 2 due to nonmagnetic
causes. To convert this voltage to amperes, divide by the device

sensitivity, Sens.

Accuracy (Epgr)- The accuracy represents the maximum devia-
tion of the actual output from its ideal value. This is also known
as the total ouput error. The accuracy is illustrated graphically in
the output voltage versus current chart at right.

Accuracy is divided into four areas:
¢ 0 A at 25°C. Accuracy of sensing zero current flow at 25°C,
without the effects of temperature.

e 0 A over A temperature. Accuracy of sensing zero current
flow including temperature effects.

¢ Full-scale current at 25°C. Accuracy of sensing the full-scale
current at 25°C, without the effects of temperature.

¢ Full-scale current over A temperature. Accuracy of sensing full-
scale current flow including temperature effects.

Ratiometry. The ratiometric feature means that its 0 A output,
ViouTioy (nominally equal to Vi.¢/2) and sensitivity, Sens, are

proportional to its supply voltage, V. The following formula is
used to derive the ratiometric change in 0 A output voltage,

AVioyr(girat (Vo).

Vourvee / VioutQ)sv
100 ( (8} Q
Veel 5V

The ratiometric change in sensitivity, ASens o1 (%), is defined as:
[ Sensyccd Senssy
G5 3

Veats Vi

Output Voltage versus Sensed Current
Accuracy at 0 A and at Full-Scale Current

A
Increasing Vo (V)

Accuracy
Over ATemp erature

Accuracy
25°C Only

Average
out

Accuracy
Qver ATemp erature |\‘

Accuracy — g
25°C Only

Ip(min)

I Full Scale '
Ip(max)

25°C Only

Accura
Over ATemp erature

y Decreasing Vo, (V)
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ACS71 2 Fully Integrated, Hall Effect-Based Linear Current Sensor with
2.1 kVRMS Voltage Isolation and a Low-Resistance Current Conductor

Definitions of Dynamic Response Characteristics

v i
Veeltyp.)— +— — —, Veg R R g
/ Vout
. ; : 90% Voyur —|— — 4 — o —
Power-On Time (tpg). When the supply is ramped to its operat- ]
ing voltage, the device requires a finite time to power its internal ,."
components before responding to an input magnetic field. ke L
min.) ——

Power-On Time, tpq . is defined as the time it takes for the output . ‘1( — g

O
voltage to settle within =10% of its steady state value under an t)

applied magnetic field, after the power supply has reached its T ———

minimum specified operating voltage, Vc(min), as shown in the minimum specified operating voltage

chart at right_ t,= time at which output voltage settles

within £10% of its steady state value
under an applied magnetic field

0 +t
Rise time (t,). The time interval between a) when the sensor - - prmar uren
reaches 10% of its full scale value, and b) when it reaches 90% =
of its full scale value. The rise time to a step response is used to
derive the bandwidth of the current sensor, in which f(—3 dB) =
- Transducer Output
0.35/t.. Both t, and tgpsponsg are detrimentally affected by eddy = !
current losses observed in the conductive IC ground plane. o :
e L Rise Time, !
I | v
Power on Time versus External Filter Capacitance Step Response
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ACS712 Fully Integrated, Hall Effect-Based Linear Current Sensor with
2.1 kVRMS Voltage Isolation and a Low-Resistance Current Conductor

Chopper Stabilization Technique

Chopper Stabilization is an innovative circuit technique that is As a result of this chopper stabilization approach, the output
used to minimize the offset voltage of a Hall element and an asso- = voltage from the Hall IC is desensitized to the effects of tempera-
ciated on-chip amplifier. Allegro patented a Chopper Stabiliza- ture and mechanical stress. This technique produces devices that
tion technique that nearly eliminates Hall 1C output drift induced =~ have an extremely stable Electrical Offset Voltage, are immune to
by temperature or package stress effects. This offset reduction thermal stress, and have precise recoverability after temperature

technique is based on a signal modulation-demodulation process. cycling.
Modulation is used to separate the undesired de offset signal from

the magnetically induced signal in the frequency domain. Then, process that allows the use of low-offset and low-noise amplifiers

using a low-pass filter, the modulated dc offset is suppressed in combination with high-density logic integration and sample
while the magnetically induced signal passes through the filter. and hold circuits.

This technique is made possible through the use of a BICMOS

Regulator |

r——tr———— —

Low-Pass
Filter

2

Hall Element !

>< ‘

I
: -1 Clock/Logic j
Lisent®

—
Amp

Sample and
Hold

Concept of Chopper Stabilization Technique
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ACS712

Fully Integrated, Hall Effect-Based Linear Current Sensor with
2.1 kVRMS Voltage Isolation and a Low-Resistance Current Conductor

Typical Applications

+5V "
I . ve) PEAK
Ceyr
0.1 uF | VRESET
= Qi
, Cour 2N7002
e, VCC i
V,
2lip+ V\OUTL,/VV\——|
Re
|P1 ACST12 10KQ gy 17 D1
LT1178 1N914
3 ip- FILTERE——)
4ip-
GND
Il
) 11
Application 2. Peak Detecting Circuit
Cavp
0.1 uF T
1 D1
@E % 1N4448W
2 Vout A-to-D
IR “VIOUT Converter

Ip }' ACST712
3
ip— FILTER

IP-

GND

Application 4. Rectified Output. 3.3 V scaling and rectification application
for A-to-D converters. Replaces current transformer solutions with simpler
ACS circuit. C1 is a function of the load resistance and filtering desired.
R1 can be omitted if the full range is desired.

+5V
pu

ot
Ap I

3 8
|pemyCC :
2ip+ viouT
lp* ACS712
3| |p— FILTER

-

GND

Application 3. This configuration increases gain to 610 mV/A
(tested using the ACS712ELC-05A).

5V

1
33kQ

I

<

Rpy
R2 $> 100 kQ

100 kO
4 8
ips VOC e Wi ]
2 ouT r—
P+ VIOUT '\{1 Faul

| ACST12 3
P] 3 8 ‘%Urlﬂvn
1P FILTER e Ce L 35

Aip- 5 1nF

GND L ]

D1
e 1N914

Application 5. 10 A Overcurrent Fault Latch. Fault threshold set by R1 and
R2. This circuit latches an overcurrent fault and holds it until the 5 V rail is
powered down.
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ACS712

Fully Integrated, Hall Effect-Based Linear Current Sensor with

2.1 kVRMS Voltage Isolation and a Low-Resistance Current Conductor

Improving Sensing System Accuracy Using the FILTER Pin

In low-frequency sensing applications, it is often advantageous
to add a simple RC filter to the output of the sensor. Such a low-
pass filter improves the signal-to-noise ratio, and therefore the
resolution, of the sensor output signal. However. the addition of
an RC filter to the output of a sensor IC can result in undesirable
sensor output attenuation — even for dc signals.

Signal attenuation, AVrr, is a result of the resistive divider
effect between the resistance of the external filter, Ry (see
Application 6), and the input impedance and resistance of the
customer interface circuit, Ryppc. The transfer function of this
resistive divider is given by:

- Rintre

AT = Vour| o o

R + Rintee
Even if Ry and Ryyppc are designed to match, the two individual
resistance values will most likely drift by different amounts over

5y

temperature. Therefore, signal attenuation will vary as a function
of temperature. Note that, in many cases, the input impedance,
Rinrrc. of a typical analog-to-digital converter (ADC) can be as
low as 10 kQ.

The ACS712 contains an internal resistor, a FILTER pin connec-
tion to the printed circuit board, and an internal buffer amplifier.
With this circuit architecture, users can implement a simple

RC filter via the addition of a capacitor, C; (see Application 7)
from the FILTER pin to ground. The buffer amplifier inside of
the ACS712 (located after the internal resistor and FILTER pin
connection) eliminates the attenuation caused by the resistive
divider effect described in the equation for AV rr. Therefore, the
ACS712 device is ideal for use in high-accuracy applications
that cannot afford the signal attenuation associated with the use
of an external RC low-pass filter.

bl
:'?;-?'
Application 6. When a low pass filter is constructed !
externally to a standard Hall effect device, a resistive !
divider may exist between the filter resistor, R and
the resistance of the customer interface circuit, Rjyrrc.
This resistive divider will cause excessive attenuation,
as given by the transfer function for AVar.
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Allegro ACS706
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Application 7. Using the FILTER pin :
provided on the ACS712 eliminates the I =
attenuation effects of the resistor divider !
between Re and Ryyrrc, shown in Appli- Fin
cation 6. e S
and Resistor
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AC 371 2 Fully Integrated, Hall Effect-Based Linear Current Sensor with
2.1 kVRMS Voltage Isolation and a Low-Resistance Current Conductor

Package LC, 8-pin SOIC
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All dimensions nominal, not for tooling use
| (reference JEDEC MS-012 AA)
U AR Dimensions in millimeters
0.18 ATermmal #1 mark area
. 1 8
Package Branding 'é 774 %
Two alternative patterns are used @~
El (€]
[4] 5
ACS | Allegro Current Sensor ACS | Allegro Current Sensor
712 Device family number 712 Device family number
T Indicator of 100% matte tin leadframe plating ACST12T il Indicator of 100% matte tin leadframe plating
ACST712T R Operating ambient temperature range code RLCPEP R Operating ambient temperature range code
RLCPPP LC Package type designator A& LC Package type designator
YYWWA PPP Primary sensed current YYWW PPP Primary sensed current
YY Date code: Calendar year (last two digits) Lol Lot code
WW | Date code: Calendar week YY Date code: Calendar year (last two digits)
A Date code: Shift code WW | Date code: Calendar week
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