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Introduction:

The Smart Grid, considered as the next generation power grid, is an advanced bi-directional flow of
electricity and data that involves the usage of Internet of Things (loT). The system is self-healing,
sustainable, resilient and adaptive with foresight for prediction under various uncertainties to create a
broadly distributed automated power supply network [1-2].

loT devices are utilized in many parts of SG such as, smart grid energy monitoring system, to monitor
and control grid statistics for reliable and efficient delivery of power. Also, it can be used to assist
consumers and electric power companies in better managing their use and lowering billing costs [3].

Smart meters collect data on energy use and display a complete picture of energy usage in the
home, including loads and predicted costs. In this project, we will implement a simple AC power
meter using microcontroller esp8266 and acs712 current sensor to measure the current and calculate
the power.

Main Components:

ACS712 Hall Effect-Based Linear Current Sensor

ACS712 is a hall-effect linear current sensor IC. It can be used for both AC and DC currents
measurements. To operate it requires a 5V supply voltage and it will produce an analog voltage output
proportional to the measurement current being sensed [4].

SELECTION GUIDE

T, Optimized Range, | Sensitivity, Sens
Part Number Packing* [,.E] P (A) 9¢; lp (Typ) [anA:
ACST12ELCTR-05B-T Tape and reel, 3000 pieces/real 40 to 85 +5 185
ACST12ELCTR-20A-T Tape and reel, 3000 pieces/real 40 to 85 +20 100
ACST12ELCTR-30A-T Tape and reel, 3000 pieces/real 40 to 85 +30 66

Figure 1 ACS712 Selection Guide [4]
Board: ESP8266 NodeMCU WiFi Development Board

NodeMCU is a Firmware distribution that uses the Lua scripting language on Expressif ESP8622 Wi-

Fi microcontroller, as well as an open-source hardware development kit built around the ESP-12E WiFi
module that itself includes the ESP8266 core processor. It has a CP2102 single chip USB to UART bridge
IC for programming and debugging. And also, it can be powered via its micro USB port [4].

NodeMCU Dev Kit shown in the below figure has an onboard register divider network which provides
1.0V from 3.3V to the ADC pin of ESP8266. Hence, we can use a 0—3.3V range for ADC input voltage for
below NodeMCU Dev Kit. Since ADC is of 10-bit resolution, it will give 0-1023 value range for ADC input
voltage 0-3.3V on Dev Kit [7].



Structure:

e e ) .

ACS712 Current
Sensor

ESP8266
NodeMCU S %
“-eow «eoow
T e e e e e e e wee eeeee weesee wseewe wweww
Figure 2 Board and sensor connection [4] & overall connection
1. Adding the board
a) Adding esp8266 in Arduino preferences
Preferences o
Settings  Network
Sketchbook location:
C:Wsers‘\l.ENO\a'O‘v.Documents\Arduino| Browse
Editor language: System Default « | (requires restart of Arduino)
Editor font size: 12
Interface scale: Automatic | 100 % % {requires restart of Arduino)
Theme: Default theme « | (requires restart of Arduino)
Show verbose output during: [ | compilation  [_] upload
Compiler warnings: Mone
[ bisplay line numbers [] Enable Code Folding
Verify code after upload [ Uze external editor
Check for updates on startup Save when verifying or uploading
[ Use accessibility features
Additional Boards Manager URLs: | n/dlfpackage_esp32_index.json,http:/farduino. esp8 266, com/stable jpackage_espd266com_index.json ﬁ
More preferences can be edited directly in the file
C:\Users\LENOVO\AppData'\Local\Arduino 15 preferences. txt
(edit only when Arduing is not running)
oK Cancel

Figure 3 Arduino Preferences



b) Installing the board using “Boards Manager” by searching for “8266”, then click on “Install”
button.

& Boards Manager

Type Al w | B26g|

espB266 -~

L by ESP8266 Community

Boards included in this package:

Generic ESPE266 Module, Generic ESPE285 Module, Lifely Agrumino Lemon v4, ESPDuino (ESP-13 Maodule), Adafruit Feather
HUZZAH ESPEZ266, WIiFi Kit 8, Invent One, ¥inaBox CW01, ESPresso Lite 1.0, ESPresso Lite 2.0, Phoenix 1.0, Phoenix 2.0,
NodeMCU 0.9 (ESP-12 Module), NodeMCU 1.0 (ESP-12E Module), Olimex MOD-WIFI-ESP8266(-DEV), SparkFun ESPE266 Thing,
SparkFun ESP8266 Thing Dev, SparkFun Blynk Board, SwestPea ESP-210, LOLIN{WEMOS) D1 R2 & mini, LOLIN(WEMOS) D1 mini
{clone)., LOLIN(WEMOS) D1 mini Pro, LOLIN(WEMOS) D1 mini Lite, LOLIN(WeMos) D1 R1, ESPine (ESP-12 Maduls),
ThaiEasyElec's ESPino, Wiflnfo, Arduino, 40 Systems gen4 IoD Range, Digistump Oak, WiFiduino, Amperka WiFi Slot, Seeed
Wio Link, ESPectro Core, Schirmilabs Eduino WiFi, ITEAD Sonoff, DOIT ESP-Mx DevKit (ESP2285).

Cnline Help
More Info

3.0.2 Install

W
| Close
Figure 4 Arduino Board Manager

&) Boards Manager *
Type |All 8266
espB266 -
by ESP8266 Community
Boards included in this packags:
Generic ESPE8266 Module, Generic ESPE285 Module, Lifely Agrumino Lemon v4, ESPDuino (ESP-13 Module), Adafruit Feather
HUZZAH ESP8266, WiFi Kit 8, Invent One, XinaBox CWO01, ESPresso Lite 1.0, ESPresso Lite 2.0, Phoenix 1.0, Phoenix 2.0,
NodeMCU 0.9 (ESP-12 Module), NodeMCU 1.0 (ESP-12E Module), Olimex MOD-WIFI-ESPS8266(-DEV), SparkFun ESP8266 Thing,
SparkFun ESP8266 Thing Dev, SparkFun Blynk Board, SweetPea ESP-210, LOLIN{WEMOS) D1 R2 & mini, LOLIN{WEMOS) D1 mini
{clona), LOLIN{WEMOS) D1 mini Pro, LOLIN{WEMOS) D1 mini Lite, LOLIN{WaMos) D1 R1, ESPino (ESE-12 Modula),
ThaiEasyElec's ESPino, Wiflnfo, Arduino, 40 Systems gen4 IoD Range, Digistump Oak, WiFiduino, Amperka WiFi Slot. Seeead
Wio Link, ESPectro Core, Schirmilabs Eduino WiFi, ITEAD Sonoff, DOIT ESP-Mx DevKit (ESPE285).
Online Help
Mare Info
Installing...
L
] Downloading tools (1/4). Downloaded 27,435kb of 71,72%kb. Cancel

Figure 5 Arduino Board Manager — ESP8266 Package Installation




a) Select the board by going to Tools> Board> NodeMCU 1.0 > ESP8266 Boards

model esp826 X i} Hoy & -
Generic ESPE266 Module
Generic ESP3285 Module ® % o
N M Gail - . csigsl, g leiiashieiianas » Reading
@ sketch_dec29a | Arduino 1.8.19 Adafruit Feather HUZZAH ESPB266 b
A ka WiFi Slot
File Edit Sketch Tools| Help ML T
Arduino
Auto Forma
. DOIT ESP-Mx DevKit (ESP8283)
Archive Sket T B
sketch_dec29; Fix Encodind igistump Oa
e N ESPDuino (ESP-13 Module) N
vold setup() Manage Libi & z
- . ectro Core
/1 put your Serial Monit:
. ESPino (ESP-12 Module)
} Serial Plotter .
ESPresso Lite 1.0
void loop{) [ WiFi101 /W ESPresso Lite 2.0

/7 put your ITEAD Sonoff

Board: "Ardu Boards Manager...
Invent One
} Port o Arduino AVR. Boards  »
LOLIN(WEMOS) D1 R2 & mini
Get Board In ESP2266 Boards (3.0.2) *

LOLIN(WEMOS) D1 mini (clone)
Programme LOLIN(WEMOS) D1 mini Lite
Burn Bootlo LOLIN(WEMOS) D1 mini Pro
LOLIN(WeMos) D1 R1
Lifely Agruminc Lemon v4
NodeMCU 0.9 (ESP-12 Module)
NodeMCU 1.0 (ESP-12E Module)
Olimex MOD-WIFI-ESP2266(-DEV)

Pheoenix 1.0
_ v C

Figure 6 Board Selection

2. Analog Read without a load

The first code will read the analog output voltage of the ACS712 current sensor without any load. If no
current passes through the current sensor the analog output voltage of the ACS712 should be 2.5V. The
NodeMCU ADC will correlate the analog output voltage 2.5V with an ADC value, which turns out to be
approx. 776 [4].

Voltage Reference: 3.3V

oV 1.65V @4 3.3V
Analog Input Voltage (0 - 3.3V) I i | I )
ADC 10-bit reselution: 3.3V /210 = 3.3V/1024 = 0.00322V multiply by 0.00322

Digital Output Value (0 - 1024) | i gy i
0 512V 1776 1024

Figure 7 Voltage Reference [4]

Code:

/*

* AnalogRead Sketch using ACS712 and NodeMCU ESP8266 ESP-12E module

* by Alex Roman

*/



#define PIN AO
float resolution = 3.3/ 1024; // Input Voltage Range is 1V to 3.3V
// ESP8266 ADC resolution is 10-bit. 2410 = 1024

void setup()

{
Serial.begin(115200); // Initialize Serial communication
pinMode(PIN, INPUT); // Set pin AO as read.

}

void loop() {

Serial.print("analogRead = ");
Serial.printin(analogRead(PIN)); // Function to read from pin AO
Serial.print("Voltage (when zero current) =");

Serial.print(analogRead(PIN)* resolution, 3); // ADC value multp. by resolution will give your the
corresponding voltage value.

Serial.printin(" V");

delay(1000);

}
Output:
@ coms - m| *
| Send
analogRead = 797 2
Voltage (when zerc current) = 2.572 W
analogRead = 797
Voltage (when zerc current) = 2.575 W
analogRead = 7596
Voltage (when zerc current) = 2.36% W
analogRead = 7596
Voltage (when zerc current) = 2.372 W
analogRead = 7585
Voltage (when zerc current) = 2.563 V
analogRead = 785
Voltage (when zerc current) = 2.563 V
analogRead = 754
Voltage (when zerc current) = 2.365 V
analogRead = 7596
Voltage (when zerc current) = 2.565 V
v
< >
[ Autoscroll [ Show timestamp Newline ~ | |115200 baud Clear output

Figure 8 Serial Monitor



3. Installing ThingSpeak library

@ Library Manager

~ | |thingspeak

ThingSpeak

by MathWorks Version 2.0.1 INSTALLED

ThingSpeak Communication Library for Arduino, ESP8266 & EPS532 ThingSpeak ( https://vwwwi.thingspeak.com ) is an analytic
IaT platfarm service that allows you to aggregate, visualize and analyze live data streams in the cloud.

More info

Figure 9 Library Manager

4. Create an account in ThingSpeak

|:| ThingSpeak™ channels~  Apps~  Devices~  Support~ Commercial Use ~ HowtoBuy GA

My Channels Help
Search by tag Q Collect data in a ThingSpeak channel from a device,
from anaother channel, or from the web.

Figure 10 ThingSpeak Channel page

5. Create new channel and add the fields
Channel Settings
Percentage complete 30%

Channel ID 1623259

Name AL Enargy Meter
Description
e
Field 1 Current
Field 2 Pewer
Field 3 0
Field 4 0

Figure 11 Channel Settings

6. Open Notepad, cerate a new file and save it as Secrets.h
7. Add WIFI network name & password in Secrets.h file

// Use this file to store all of the private credentials

// and connection details




#define SECRET_SSID "MySSID" // replace MySSID with your WiFi network name
#define SECRET_PASS "MyPassword" // replace MyPassword with your WiFi password

8. From API keys tab, copy “Channel ID” and “Key” and put it in Secrets.h file

AC Energy Meter

Channel ID: 1623259

Author: mwal000024941724

Access: Private
Private View Public View Channel Settings Shari APl Keys Data Import / Export
Write APl Key Help

APl keys enable yo
keys are auto-gene

Key IBTVU25KAVSGWF3U

APl Keys S¢
= Write AP| Ke

Deen compr
a DBasd ADI Ka

Figure 12 API Key Tab

9. Add WIFI network name & password in Secrets.h file
#define SECRET_CH_ID 0000000 // replace 0000000 with your channel number
#define SECRET_WRITE_APIKEY "XYZ" // replace XYZ with your channel write API Key

:I secrets - Notepad

File Edit Format View Help
V/ Use this file to store all of the private credentials
J/ and connection details

#define SECRET_SSID "ghadeer™ /{ replace MyS5ID with your WiFi network name

#define SECRET_PASS "87654321" // replace MyPassword with your WiFi password

f#define SECRET_CH_ID 1623259 // replace B288E82 with your channel number

#define SECRET_WRITE_APIKEY "IBTVU25KAVSEWF3U™ // replace XYZ with your channel write API Key

Figure 13 secrets.h file

10. Add widget to show the measured values

Click on a widget to add it to the Channel

Figure 14 Add Widget popup



Configure widget parameters

Name Current
Field Fleld 1 w
Update Interval | 15 second(s
Units

Data Type O Integer ® Decimal 5w |(#ofplaces)

- [

11. The root mean square (RMS or rms) of a periodic waveform: Vrms/Irms

Figure 15 Configure Widget Parameters Popup

The r.m.s. value, also known as the effective value, is the amount of heat an ac current produces across
a resistance compared with a steady current when passed through the same resistance at the same
period of time. We are going to modify the first code to obtain the effective voltage and current values,
i.e.Vrms and Irms.

Final code:

/*

*Vrms & Irms values from analogRead A0 using ACS712 and NodeMCU ESP8266 ESP-12E module.
* Plus WiFi connection to an access point.

* And ThingSpeak loT platform Analysis access.

* code constructed with reference to Alex Roman & https://www.youtube.com/watch?v=AK4Lp1Ko0I8

(4] (6]

*/

[P LIBRARIES-------- */

#include <ESP8266WiFi.h> // Need to add the ESP8266WiFi.h library

#include "secrets.h" // Also add the secrets.h file (The one saved in the same folder

location as this scrip).
#include "ThingSpeak.h"

R VARIABLES-------- */


https://www.youtube.com/watch?v=AK4Lp1Ko0l8

#define PIN AO
float resolution =3.3 /1024, // Input Voltage Range is 1V to 3.3V
// ESP8266 ADC resolution is 10-bit. 2410 = 1024
uint32_t period = 1000000 / 50; // One period of a 50Hz periodic waveform
uint32_tt_start=0;
// setup
float zero_ ADC_Value = 0;
// loop
int cnt =0;

float ADC=0, Vrms =0, Current =0, Q =0.000, c=0;

float sensitivity = 0.66; // 185 mV/A, 100 mV/A and 0.66 mV/A for +5A, +20A and +30A
current range respectively.

/* WiFi */

char ssid[] = SECRET_SSID; // your network SSID (name)

char pass[] = SECRET_PASS; // your network password

int keylndex = 0; // your network key Index number (needed only for WEP)
WiFiClient client; // Object

unsigned long myChannelNumber = SECRET_CH_ID;  // your ThingSpeak Channel ID
const char * myWriteAPIKey = SECRET_WRITE_APIKEY; //your ThingSpeak Channel API key

String myStatus ="";

void setup()

{
//Serial.begin(115200); // Initialize Serial communication
pinMode(PIN, INPUT); // Set pin AO as read.
/* WiFi */

//Serial.printIn();

WiFi.begin(ssid, pass); // Initializes the WiFi library's network settings



t_start = micros();

uint32_t ADC_SUM =0, n=0;

while(micros() - t_start < period) {
ADC_SUM += analogRead(PIN);
n++;

}

zero_ADC_Value = ADC_SUM / n; // The avg analog value when no current pass through the
ACS712 sensor

ThingSpeak.begin(client); // Initialize ThingSpeak
}
void loop() {

/*----Vrms & Irms Calculation----*/

t_start = micros();

uint32_t ADC_Dif =0, ADC_SUM =0, m =0;

while(micros() - t_start < period) { // Defining one period of the waveform. Bahrain frequency(f)
is 50Hz. Period = 1/f = 0.02 sec

ADC_Dif = zero_ADC_Value - analogRead(PIN); // To start from OV we need to subtracting our initial
value when no current passes through the current sensor, (i.e. 750 or 2.5V).

ADC_SUM += ADC_Dif * ADC_Dif; // SUM of the square
m++; // counter to be used for avg.
}
ADC = sqrt(ADC_SUM / m); // The root-mean-square ADC value.
Vrms = ADC * resolution ; // The root-mean-square analog voltage value.

Current = (Vrms / sensitivity) - Q; // The root-mean-square analog current value. Note: Q
ThingSpeak.setField(1, Current); // Current

ThingSpeak.setField(2, Current*230); // Power= current * Bahrain voltage
ThingSpeak.writeFields(myChannelNumber, myWriteAPIKey);

delay(1000);

}



Results:

Connected to mobile hotspot:

& Connected devices

Blocklist

Block certain devices from connecting to your >
hotspot.

CONNECTED DEVICES

ESP-1B6211
0 1p:192.168.43.135
MAC: 44:17:93:1b:62:11

Figure 16 Personal Hotspot Connected Devices

First, doing some testing using 9 volt battery & a diode

Figure 17 DC Connection
Diodes wattage: 0.1-1 Watt

Battery voltage: 9 volt



Current: power/voltage= 1/9= 0.111 Amp which is similar to the current that got measures

Figure 18 ThingSpeak Showing Current Reading

Then, tried it with a load connected to AC power

Figure 19 AC Connection
Light specifications:

Light wattage: 5 Watt

Figure 20 Light Specification



Bahrain voltage (approximately): 230 volt

Bahrain operates on a 230V supply voltage and 50Hz. E

Figure 21 Bahrain Voltage & Frequency [8]

Current: power/voltage= 5/230= 0.0217 Amp which is kind of close to the current that got measures

Field 1 Chart o & x Field 2 Chart [ =T

AC Energy Meter

AC Energy Meter

0.0z

Current

Power
-

20:56 2057 20:58 20:59 21:00
Date

20:56 20:57 20:58 20:59 21:.00
Date

Thingspeak com Thingspeak.com

Field 1 Numeric Display F o & x

0.02584

a few seconds aga

Figure 22 ThingSpeak Showing Readings
Implementation using ACS712 library
Implementation using ACS712 library

1. Install ACS712 library

@ Library Manager

Type | Al « | Topic |Al v |71

ACS712

by Rob Tillaart Version 0.2.6 INSTALLED

ACS7132 library for Arduino. Current measurement, tested with RobotDyn ACDC 204 Module.
Mare info

Figure 23 Install ACS712 Library from Library Manager



Code:

// Code constructed with reference to Alex Roman & https://www.youtube.com/watch?v=AK4Lp1Ko0I8
& Rob Tillaart from library examples https://github.com/RobTillaart/ACS712 [4-6]

[* - LIBRARIES-------- */

#include <ESP8266WiFi.h> // Add the ESP8266WiFi.h library
#include "secrets.h" // Add the secrets.h

#include "ThingSpeak.h"

#include "ACS712.h"

// ESP8266 has 3.3 volt with a max ADC value of 1023 steps

// ACS712 5A uses 185 mV per A

// ACS712 20A uses 100 mV per A

// ACS712 30A uses 66 mV per A

ACS712 ACS(AO, 3.3, 1023, 66);

/* WiFi */

char ssid[] = SECRET _SSID; // your network SSID (name)

char pass[] = SECRET_PASS; // your network password

int keylndex = 0; // your network key Index number (needed only for WEP)
WiFiClient client; // Object

unsigned long myChannelNumber = SECRET _CH_ID;  //your ThingSpeak Channel ID
const char * myWriteAPIKey = SECRET_WRITE_APIKEY; //your ThingSpeak Channel API key

void setup()

{

/* WiFi */

WiFi.begin(ssid, pass); // Initializes the WiFi library's network settings and provides the current
status.

ThingSpeak.begin(client); // Initialize ThingSpeak
}


https://www.youtube.com/watch?v=AK4Lp1Ko0l8
https://github.com/RobTillaart/ACS712

void loop()
{
float mA = ACS.mA_AC();
ThingSpeak.setField(1, mA); // Current
ThingSpeak.setField(2, mA/1000*230); // Power= current * Bahrain voltage
ThingSpeak.writeFields(myChannelNumber, myWriteAPIKey);
delay(1000);
}
Output:

Note: the current unit is mA and power in Watt

Field 1 Chart [ =T A Field 2 Chart o # o=

AC Energy Meter AC Energy Meter
100

Power

01:30 01:35 01:40 01:25 01:30 01:35 01:40
Date Date
ThingSpaak.com TringEpeak com

Field 1 Numeric Display (£ =T Field 2 Numeric Display o & x

29.00000 6.67000

Figure 24 ThingSpeak Showing Current & Power Reading

Challenges:
1. Time limit
2. Delay in component delivery
3. It's been a while since | did a project using a microcontroller
4. First time working with esp8826, the current sensor and AC voltage in this type of project
(burned wires,..).

Conclusion:

In this project, an AC energy meter was implemented using microcontroller esp8266 and acs712 current
sensor to measure the current. Then, real-time data is going to be gathered and sent to ‘ThingSpeak’



platform, which was used to visualized, analyze and monitor power usage in real time. This can assist
consumers in better managing their use and lowering billing costs or even utilities can be given access to
it to monitor consumers usage and behavior which could help in planning.
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