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ABSTRACT

The energy meter that we use in our house to measure daily
consumption is a device that is not connected to the Internet, so it has
to be manually checked. There are power meters in every house. As
the number of houses increases, the power meters will increase
dramatically, but labor will be required. The main problem with old
energy preparations is that customers do not know how much they use
energy accurately, leading to higher electricity bills. Power outages in
villages, causing financial problems for consumers. To avoid these
problems, a smart energy meter does an important job. This service
will make the power company's clients happy because they can track
their use of energy over the Internet. In this project, we will establish
an intelligent energy control system using the Arduino IDE program
according to a set of algorithms that are programmed by the latter to
measure energy consumed at the household or factory level. A short
text message is sent to reload the meter. Given the use of the Internet,
things can monitor the energy level on the Internet. It can also be
accessed online if you have a mobile phone, you can only call home.
An automatic notice is also sent as a text message to the user ' s
mobile phone according to the system's balance. Thus, energy loss is
reduced, bills are rationalized through this project, energy-intensive
devices are identified, and orders are given either to close or to
regulate the distribution of energy from important devices to less
important ones.




V4
Resume

La quantité d'énergie que nous utilisons dans notre maison pour
mesurer la consommation quotidienne est un appareil hors connexion a
Internet, il faut donc le calculer manuellement. Il y a un compteur
d'énergie dans chague maison. Avec l'augmentation du nombre de
maisons, les colts d'énergie augmenteront de maniere exponentielle,
mais les constructeurs auront besoin de main-d'ccuvre. Le principal
probléeme avec les calculs d'énergie anciens est que les clients ne savent
pas exactement combien ils consomment d'¢lectricite, ce qui entraine
des factures élevees. Les coupures d'électricité dans les villages causent
des problemes financiers pour les consommateurs. Pour éviter ces
problémes, les numéros d'énergie intelligente remplissent une fonction
importante. Ce service rendra les clients de [l'entreprise électrique
heureux car ils peuvent suivre leur consommation d'énergie en ligne.
Dans ce projet, nous allons créer un systeme intelligent de surveillance
de I'énergie a l'aide du logiciel Arduino IDE en fonction d'un ensemble
de graphismes programmés pour mesurer la consommation énergétique
au niveau des maisons ou des usines. Un petit message texte est envoyeé
pour recharger les numéros. En raison de [l'utilisation d'Internet des
objets, il peut surveiller les niveaux d'énergie sur Internet. Vous pouvez
également accéder a Internet si vous avez un téléphone portable, vous ne
pouvez appeler a la maison. Une notification automatique est également
envoyée sous forme de message texte au téléphone portable de
l'utilisateur en fonction de la tarification du systéeme. Ainsi, les pertes
d’énergie sont réduites, les factures sont distribuées par ce projet, les
appareils qui consomment beaucoup d’électricité sont identifiés et les
ordres sont donnes soit pour les fermer, soit pour organiser la
distribution de I'énergie des appareils importants aux appareils moins
importants.
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General introduction

General Introduction

In recent years, the growing demand for energy and the need for
environmental sustainability have led to significant progress in monitoring
and energy management technology. With these innovations, intelligent
energy monitoring and management systems have become an important
solution for improving energy use, reducing costs and promoting

sustainable practices.

These systems combine advanced technologies such as the Internet of
Things (1oT), big data collection, artificial intelligence(Al) and the cloud
to provide comprehensive  energy management  solutions.

The development and implementation of intelligent energy monitoring
and management systems is an important step towards a safe and
sustainable energy future. Using advanced technology, these systems
allow users to take quick action to manage their energy consumption,
ultimately saving money and protecting the environment. As the world
continues to struggle with energy, the role of energy systems will become

increasingly important in shaping a sustainable energy future.
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Generalities About Smart Energy Monitoring system
Using Arduino

1-1.INTRODUCTION

According to a survey in 2017 about electricity about 13% of world population
does not receive electricity. In countries like south Sudan about 268 days of
black out of electricity. And  there are  several countries in African
continent people live more than 100days without electricity in ayear. But
we have sufficient amount of electricity but we all of us waste without
our knowledge. Where several peoples does not take care about wastage
electricity. There is a lot of ways that electricity is wasted.In that household
wastage of electricity stays in second position after the transportation
wastage, we proposed this paper to control the wastage of electricity in home
appliances. In our method we implement theArduino controller to reduce
the wastage of electricity. This method is cost -efficient and easy to
implement in our day today life.

.With the help of {Arduino IDE} and some embedded programming algorithms
we designed the hardware and programmed the hardware in such a way that
reduce wasting power with the help of remote control. Where the
microcontroller receive the hexadecimal code from the remote according to
the remote signal it will control the appliances in ourhome and reduce the
wastage of power in the our day to day life.
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1-2.DIFINITION OF (SEMMS)

Smart Energy monitoring and management system is a technology-based
system that optimizes energy production, distribution and consumption. It uses
advanced software, sensors and communications networks to monitor and
control energy use in real time. Its main objectives are to increase energy
efficiency, reduce costs and minimize environmental impact by optimizing
energy consumption patterns. The most basic smart energy systems include
energy-saving air conditioners and smart home appliances. There are also more
complex smart energy systems, such as office and commercial building
automation systems. For the purpose of centralized monitoring and management
of the electricity, lighting, air conditioning, water supply and drainage, fire
protection and other equipment of the entire building, a comprehensive system

of computer control, management and monitoring is formed.

System Structure
(npul A : Output Variables
HVAC / \
Refrigerat Dash-
- = & Board
®
u Pump
Alert:
\ DG Set
ﬁ" ﬁ‘.i Analyti
Pressure . a
& Temp
| Controlk -
a
5 Report
— Flow Meter & v; g
Transducer anhe
w Yy

Figure 1:General Plan of Smart Energy monitoring and
management system

1-3. Obijectives of SEMMS

1-3-1 The main objectives:

The primary objective of an Smart Energy Monitoring and Management System
(SEMMYS) is to enable organizations to make more informed decisions, aiding
in the achievement of their financial, infrastructural, and/or environmental goals.
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An SEMMS, whether deliberately implemented or not, serves as an initial step
towards decarbonization.

The main objectives of this project are:
a. Increase public awareness about the impact of high electricity consumption

b. Encourage the adoption of energy conservation, efficiency, and demand
control measures

c. Demonstrate smart energy metering and automated appliance control

d. Develop a single solution for monitoring energy consumption and controlling
appliances, contributing to the construction of smart homes.

1-3-2 Specific Objectives:

The project will involve the design of a smart energy system that will perform
to the following target specifications:

1) Intended for devices with constant currents and low voltage
(12V, 60Hz)

2) Digitally measure consumption of electricity by measuring current, voltage,
power factor.

3) Digitally measure consumption of electricity by measuring voltage to load
sensitivity and energy consumed.

4) A mobile application is developed in Android Platform to remotely
communicate with the Main Control Energy system.

5) Voice recognition and controlling the device power supply

6) Wi-Fi enabled appliances/load control switching control system.
7) Apply control measures to reduce consumption.

8) Control all appliances remotely to save energy.

9) Compact design with a dimension of 10.5in*8.5in * 2 in.

10) The system is portable.
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1.4 Project Components and Architecture

1.4-1 Components

In this project, we used A list of components We mention the following:

|-Battery Source:

A DC source of 12V is utilized to power up the whole circuit.

II-Current Sensor:

A current transformer (CT) is utilized to measure AC and DC current passing
through the circuit. The current flowing in the secondary coil is proportional to
the current in its primary coil. In this project, we have selected ACS712 current
sensor. This sensor comes with three different types( 5mA,20mA and 30mA)

In this project we use the 30mA ACS712 type.

I1TArduinoUno:

Arduino Uno is an ATmega328 based microcontroller board. It has 14 digital
I/0 pins (six of which can be used as PWM inputs), six analog inputs, a 16
MHz ceramic resonator, a power connector, a USB connector and a reset
button.

1\VV.NodeMcu8266:

‘NodeMCU is an open source hardware platform that includes an open board
design. The word "NodeMCU" is an abbreviation of the words "node" and
"microcontroller”. The term "NodeMCU" refers to the hardware, not the
associated development kit. The firmware and configuration of the prototype
board is open source , they use a circuit board designed as a two-in-line package
(DIP) that connects the USB controller to a small surface board that contains the
MCU and antenna. The DIP format allows easy printing on breadboards. The
design is based on the ESP-12 module of the ESP8266, a Wi-Fi SoC widely
embedded in 10T applications.
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1.4-2 Architecture

This work is divided into several parts for easy management and analysis. The
most important part of the project is the construction of a smart electric machine
that measures and controls the consumption of electricity.

In the first part, the current sensor is used to measure the voltage and current,
and then calculate the power that will be displayed on the Arduino
microcontroller board. The second phase involves the analysis and

implementation of the energy balance system.
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Figure 2:Circuit diagram for 10T based Energy Meter using Arduino and
NodeMCU
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Figure 3:Realistic diagram of smart energy
meter and management system

In the third phase, we will use two relays and connected our controller to the
Internet using the Node MCU ESP8266,we will connect this system with MQTT
broker as AdaFruit 10 platform and follow the below process to make this 10T
Energy Meter. The main task is to use loT to power our home devices. A block
diagram of the project is shown in Figure 2.

In this project, we developed a method to measure the consumed energy by
using a current sensor. A block diagram of system is shown in Figure3. These
tasks were carried out by creating a modern electric power system of . There are:

e Accurate power measurements

e Comparative study of current transformer and current sensor for accurate
calculation

¢ \Work on user interface to control the loads
e Test and analyze each subsystem and make necessary improvements.
e Integrate all subsystems and perform final testing.

e Write final report and presentation.

1.4.3 Applications of (SEMMS)

The (SEEMS) plays important role in many areas It has many uses among them:

6
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a) Monitor consumption of power and voltage to load sensitivity
b) Enable smart control of electrical appliances

c) Controlling Electric Vehicles Charging Rate.

d) Controlling loads at via an app using hands or voice.

e) Measure consumption of electricity at homes

f) Optimal Battery Placement

g) Controlling renewables Generation

safua|jey) puesy

Figure4:Application areas of (SEMMS)

1.5 Litarture review about (SEMMS)
1.5.1 (SEMMS) background

In the smart meter system, power electronics are used to effectively control the
devices, prevent interference or theft methods, detect, use and monitor this peak
power, time tariffs, error signals and other possible conditions. . The use of
"PowerLine Communication”, known as PLC or wireless technology, with the
appropriate cable to connect to the operator at meters allows the compatibility
and effectiveness of the mentioned features on top of the future protocol of the
smartgrid.

Modern energy meters are usually digital meters that work in place of the old
analog meters that most homes use to record electricity consumption. The details

7
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of the energy consumption can be transmitted to the service provider through a
digital consumption meter, unlike the traditional analog meter, which requires
the information to be transmitted to the meter reader. home energy usage was
recorded for one hour. With a smart meter, monitoring consumption is easy and
accurate, so you can make the right decisions about energy or energy
management. Some types of meters may receive a interrupt level or allow the
equipment to turn on or off the electrical service.

1.5.2 Previous work

In this section, we outline some previous work on the proposed plan. A
comparison of the proposed designs can be found in the next section of this
chapter.

a)Design of the Automatic Meter Reading System

This project deals with the Automatic Meter Reading (AMR) system which is a
programmable integrated with the signal system in the phone as expected
automatic system in two ways system , which helps management and in visual
reading of service meter, meter reading and management system without human
assistance. Efficiency, effectiveness, speed, and accuracy are the distinct
advantages of using the AMR system. The entire system depends on the existing
telephone network. Therefore, wherever there is a telephone network, this
service works. It receives these automatically and electronically to complete the
installation and reading of semi-automatic meters (and manual), reading errors,

floating charges and recalls [1].



CHAPTER | : GENERALITIES ABOUT SMART ENERGY MONITORING SYSTEM USING ARDUINO

'.] 1 ] t K

Figure 5: Automatic meter Reading system
b) Data Reading from Smart Energy Meters in a Modern Metering

Infrastructure:

Data frequently gathered through conventional methods from electricity
meters, which rely on physical visits, tend to be replaced by modern solutions
such as Automated Meter Reading (AMR) and drive-by systems. Drive-by
systems use mobile devices that gather data by moving close to the meters,
reducing the need for personnel and manual readings. AMR involves the
automatic collection of data directly from meters and transferring it to a central
computer.

AMR offers several benefits, including reduced costs for meter reading, easier
access to meters that may be difficult to reach due to security measures or
location, enhanced fraud detection, support for real-time pricing, and decreased
read-to-bill time. Smart meters are essential for AMR, as they must be capable
of sending consumption readings directly across communication lines.
Advanced systems may also require meters to identify consumers’ addresses and
manage the activation or deactivation of internal modules. Meters must meet
specific requirements to read data from conventional areas and respond to
commands sent through communication lines.

AMR requires a particular infrastructure, which may be unidirectional (where
meters periodically send data) or bidirectional (allowing for system management
tasks such as connecting and disconnecting users). This infrastructure is known
as Advanced Metering Infrastructure (AMI). AMI includes a communication
channel to ensure data collection from the smart meter's gateway to the central
computer. Solutions can be wired or wireless, with the preferred choice
depending on the distances between devices, the existing infrastructure, and
financial considerations.
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C) IR Remote Controlled Home Automation

The IR based wireless type of communication system for the control of home
appliance is discussed in this work. The entire process is controlled using
Arduino. A few commands are sent with the use of IR DVD/TV/MP3 remote to
controlling system of the AC home appliances.

When the signal had been received from the IR remote, the related signal is sent
by Arduino torelays that are in charge of getting the home appliances switched
ON or OFF with the help of the relay driver. This is quite simple. A code is sent
when a button is pressed on the remote just like train of encoded pulses. 38
Kilohertz of modulating frequency is used. The TSOP1738 sensor receives the
pulses and Arduino reads and decodes directly to a hexadecimal values after
comparing the decoded value with the pressed button’s predefined hexadecimal
value. Anymatch from this makes Arduino operate as expected and the 16x2
LCD presents the corresponding result with the use of the suitable commands

[3].

Triac
Diriver

transformer

AC
Source

Relay Load

IR Receiver PIC18F2520 -_-_.
(TSOP1738) - I Relay load

Relay load

Wireless
Medium

Figure 6:Block diagram of IR remote controlled home automation.

D) SMS Automatic Reconfiguration and Automatic Meter Reading System:

Many power companies and engineers are now using AMR systems. In
addition to replacing only manual meter reading, AMR uses an automatic
system that has many advantages, including increased visibility, high speed,
time energy cost, automatic billing, alarm level, load management, intrusion

10
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detection and remote control on or off .In the near future, AMR will be popular.
The AMR system is now open. The combination of benefits these digital power
meters offer makes the modern AMR series more advanced and more flexible
than the series of years past. The advent of the latest communication
technologies, including continuous cost reduction and competitive market,
makes the traditional meter reading system a necessity [4].

Figure 7:SMS based system

1.5.3 Gaps in Current Research about (SEMMYS)

The increase in energy consumption is a concern for the development of energy
security, especially in Algeria due to rising tariffs. It is imperative that we
explore and implement ways to increase awareness and develop new ways to
reduce use and improve implementation. Since the development of energy, the
protection of houses and shops is increasing, providing a suitable method for the
effective analysis of energy use. On the part of the books in Chapter , more
efforts were made and discussed.

The chief concern of smart energy meters critics, besides the cost, is the
potential privacy concerns that come with a household’s data being transmitted
to a supplier. Although smart meters send meter readings to your energy
supplier, they do not store your name, address or bank details. Energy firms are
adamant that only they can see your data and that information cannot be passed
on to a third party without the customer’s explicit permission.

During our work, we proposed a simple and cost-effective way to save energy,
this system is used to accurately calculate line parameters, it can determine
various values such as voltage, current, power, active and passive power, total

power and energy consumption. In addition, the system is equipped with a WiFi

11
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module for remote control of the device. This will help customers to monitor the
power of their devices and allow them to control home appliances ,this

affordable solution is often suitable for indoor application.

1.6 Benefits of (SEMMYS)

Smart energy meters are an important part of the development of the smart grid.
Promoting the use of smart energy meters is crucial for improving product
quality, building electricity savings and creating smart grids.

1.6.1 Energy Efficiency

The (SEMM) system make users directly access the electricity consumption
information from the smart energy meter, which increases the user's ability to
know the electricity consumption information and makes it easier for users to
change the electricity consumption pattern and control the electricity
consumption; Also, remote meters reduce on-site readings. The weight of the
meter also reduces readability for operators in the field, meaning that the high
performance levels are becoming more difficult.

1.6.2 Cost Savings

The design of modern electric meters has changed the situation of different
electric meters, which is convenient to reduce the number of standby meters,
make storage easier, transportation and maintenance, and reduce the cost of
operation, it is very economical and can be easily implemented in residential as
well as commercial sites. The total cost of one smart energy meter is very cheap
which make it more appropriate solution to be utilized. The electricity providing
companies are in need to use such sophisticated system to implement for
commercial and residential areas.

1.6.3 Environmental Impact

By optimizing energy usage and reducing wastage, automation and remote
monitoring contribute to lower greenhouse gas emissions and a smaller carbon
footprint.

The process of operation, type and technology requirements of electricity meters
are good for improving the life cycle management system of electricity meters,

12
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further developing the technology of electricity measurement and control
system, and improving the control level of consumption meters and work meter.

1.6.4 Enhanced Control and Convenience

Users can control and monitor their energy systems remotely using
smartphones, tablets, or computers, providing flexibility and convenience.

By monitoring and controlling energy usage, users can significantly reduce their

energy consumption, leading to lower utility bills, automation systems can
adjust energy consumption based on real-time data and predefined schedules,
ensuring that energy is used efficiently and only when needed.

1.7 Conclusion

In this chapter, we gave generalities about smart energy monitoring and
management system. We also gave an overview of the nature of the project
intended to be completed by giving its block diagram, as well as explaining how
to monitor the energy consumed via Wi-Fi.

In the next chapter, we will go deeper into the project, where we will give an
identification card for each of the project subsystems and explain the role of

each of them in the project system.
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CHAPTER

Hardware and Software design of the (SEMMS)

2.1 Introduction

For a long time, it was difficult to create an electric circuit with components
(resistance, capacitance, inductance, transistor ...), and its changes are also very
powerful, because the creates its circuit to perform special functions. A small
change is to go through many tasks such as (calculation, welding, graphic
editing,etc.).

But with the development of electronic technology, creating a system based on
electronic circuits has become easier and easier thanks to the development board
and the programming module that allows the to perform many tasks at the same
time.

In this chapter, we discuss the Node MCU8266,arduino uno and ACS712
current sensor and show its features and show a diagram of the project including

the components used in the system.
2.2 Hardware Design

This is a circuit diagram for an loT-based electricity energy meter using an
Arduino Uno, a NodeMCU (ESP8266), and a current sensor (ACS712). Below
is a detailed description of the circuit components and their connections:

2.2.1Connections:

Arduino Uno:

Power Connections:

14
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The Arduino is powered via its USB port or through its power jack.

Sensor Connections:

A0 Pin: Connected to the output of the ACS712 current sensor (middle pin).
5V Pin: Connected to the VCC pin of the ACS712 current sensor.
GND Pin: Connected to the GND pin of the ACS712 current sensor.

Communication with NodeMCU:

TX (D1) Pin: Connected to the RX (D1) pin of the NodeMCU through a voltage
divider made with two resistors to match the voltage levels.

GND Pin: Connected to the GND pin of the NodeMCU.
11/NodeMCU (ESP8266):

Power Connections: Powered via its USB port.

Communication with Arduino:

RX (D1) Pin: Connected to the TX (D1) pin of the Arduino through a voltage
divider to ensure safe voltage levels for communication.

GND Pin: Connected to the GND pin of the Arduino to ensure a common
ground.

I11/ACS712 Current Sensor:

VCC Pin: Connected to the 5V pin of the Arduino.

GND Pin: Connected to the GND pin of the Arduino.

OUT Pin: Connected to the AQ pin of the Arduino.

IP+ and IP- Pins: Connected in series with the AC supply line and the load
(bulb).

IV/AC Load:

AC Supply: A 230V AC supply is connected to the ACS712 current sensor. The
live wire goes through the sensor, and then to the AC load (bulb).

2.2 Key components
2.2.1Node MCU ESP8266

1/Definition

The NodeMCU ESP8266 is a microcontroller with an integrated WiFi module.
It is very user-friendly, lightweight, and offers superior memory and processing
capabilities compared to Arduino. The ESP8266 is ideal for your connected
projects that are controlled via a web interface.

15
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To create connected devices, the first step is to connect them to a network
like WiFi. The built-in WiFi transmitter and antenna on the microcontroller
enable Internet connectivity. This allows you to create a server that hosts a web
page, which can be used to remotely control the microcontroller. This page can
display values measured by the NodeMCU or control the microcontroller's
inputs and outputs.

Figure 8:Design of Node MCU

2/ Technical Specifications and features

The NodeMCU ESP8266 boasts 12 GPIO pins, with 10 of them supporting
PWM. It also features 12C on D1 and D2.

Dimensions: 58 x 31 x 12 mm
Pin count: 15

I/Power Supply:

5 VDC via micro-USB
5to 9 VDC via Vin pin (integrated regulator)

II/Technical Specifications:

-Microcontroller: ESP8266 ESP-12
-Microprocessor: Tensilica LX106
-Frequency: 80 MHz

-RAM: 64 kB

-Flash Memory: 96 kB

I11/Interfaces:

16
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12C
SPI
UART

IVV/Node MCU ESP8266 Features

* 802.11 b/g/n support

* 802.11 n support (2.4 GHz), up to 72.2 Mbps
* Defragmentation

» 2 x virtual Wi-Fi interface

* Automatic beacon monitoring (hardware TSF)

* Support Infrastructure BSS Station mode/SoftAP mode/Promiscuous mode

V/Wireless Connectivity:

Node Mcu ESP8266 uses the WiFi network under the interval of (802.11b/g/n)
at 2.4 GHz with an integrated antenna.

VI/Pinout and NodeMCU functions

0]0|ojo|9
aloln]sle

MOSI SDD1
CcS SDCMD
MISO SDD0 GPIO7

SCLK SDCLK o GPIO8

0]0}0|0!
1 N B

GPIO15

3.3V

@ rPower Controi [ 2c @ sP! @ sp Card Ay PWM
B cno B Aoc @B crPio @ uArRT | Reserve d

Figure 9:Pin out of Node MCU ESP8266
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2.2.2 ACS712 Current sensor

I/ACS712 Definition:

This current sensor board is based on the Allegro ACS712ELCTR-30A bi-
directional Hall-effect current sensor chip, which detects both positive and
negative flowing currents in the range of -30 Amps to +30 Amps. The board
operates at 5V DC, and the current flow through the sensor is converted to an
output voltage that starts at half of Vcc (or 2.5V) for no current flow, and
changes by 66mV per Amp for positive current or decreases by 66mV per Amp
for negative current.

For example:

-The output voltage at +2 Amps would be :
2.5V+(0.066x2) =2.632V
2.5V+(0.066x2) =2.632V
-The output voltage at -5 Amps would be :
2.5V—(0.066%5) =2.170V
2.5V—(0.066x5) =2.170V

Figure 10:Diagram of ACS 712
mode 30A

I1/Specifications:

VCC: 5V DC Nominal

Measurement Range: -30 to +30 A

Voltage at 0A: VCC/2 (Nominally 2.5V DC)

Scale Factor: 66 mV per A
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I11/Dimensions:

Length: 31.73 mm (1.24")
Width: 13.25 mm (0.52")
Height: 14 mm (0.55")
Weight: 2.72 g (0.096 0z)
IV/Réle ACS712

The ACS712 module is an economical solution for measuring current in your
DIY circuits. The sensor detects the amount of current and provides a voltage
output proportional to the current consumed.

TRenIcs SRR ACS712 (30A) vCcC

Current IN
IpP+)
Current OUT -
ar-)

PWR LED

Figure 11:Pin out of ACS712 Current sensor

V/ Method of work:

ACS712 is sensor works with hall effect,this effect depends on producing a
voltage exact image of the current to be measured. The appearance of an electric
field transverse and a potential difference in a metal or semiconductor carried by
an electric current when introduced into a field of magnetic induction per
pendicular to the direction of the current, is called the hall effect.
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Figurel2 :Principle of the hall effect

2.2.3Arduino Uno

I/Definition:

Arduino Uno is a small control board based on ATmega328 (database). It has 14
digital inputs/outputs (6 of which can be used as PWM inputs), 6 analog inputs,
16 MHz ceramic resonator, USB connection, power connection, ICSP key and
reset button. It includes everything needed to support a microcontroller; Simply
connect it to your computer with a USB cable or connect it to an AC-DC adapter
or battery to get started.[12]

The Uno differs from all previous boards in that it does not use an FTDI USB
driver chip. Instead, it has an Atmegal6U?2 (type Atmega8U2-R2) designed as a
USB-to-serial converter

Figure 13:Arduino uno Atmeqga328

I1/Summary

Microcontroller Atmega328
Operating Voltage 5V
Input voltage (Recomended)  7-12V
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Input Voltage (limits)  6-20V

Digital I1/0O Pins  14(of which 6 provide PWM output)

Analog Input Pins 6

DC Current per I/O Pin  40mA

DC Current for 3.3V Pin  50mA

Flash Memory  32Kb(Atmega328) of which 0.56Kb used by bootloader
SRAM 2 Kb (Atmega328)

EEPROM 1 Kb (Atmega328)

Clock Speed  16Mhz

111/Power and Input and Output:

-Power:

Arduino Uno can be powered by USB connection or external power supply. The
power source is selected automatically.

External power can come from an AC-DC adapter (not USB) or a battery. The
adapter can be connected by inserting a 2.1mm positive value into the card's
power connector. The battery wire can be connected to the Gnd and Vin pins of
the POWER connector. The board can work with an external power supply
between 6 and 20 V. However, if the provides less than 7V, pin5V can provide
less than 5V and the board has the power to become negative. If you use more
than 12V, the voltage regulator may overheat and damage the wood.
Recommended range is(7-12)V. The light source is:

JVIN. Input voltage of the Arduino board when using an external power source
(as opposed to 5 volts from a USB connection or other fixed power source). You
can supply voltage to this pin, or if you supply voltage from the power supply,
you can access this pin.

]5V. This 5V pin outputs the fixed 5V from the motherboard. The card can be
powered from a DC power supply (7-12V), a USB connection (5V), or the VIN
pin on the card (7-12V). Charging from the 5V or 3.3V pin will bypass the
regulator and may damage the board. We don't support it.
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] 3V3. 3.3 volt electricity is produced by the ship's regulator. The maximum
current draw is 50mA.

] GND. pin on the ground.

-Input and Output:

Any of the Uno's 14 digital pins can be used as input or output using pinMode()
, digitalWrite() , and digitalRead() . They work from 5 volts. Each pin can
supply or receive a maximum of 40 mA and has an internal (connected)
resistance of (20-50) kOhm. In addition, some pins have special functions:

e Serial: 0 (RX) and 1 (TX). It is used to receive (RX) and transmit (TX) TTL
serial data. These pins connect to the corresponding pins on the ATmega8U2
USB-TTL chip.

-External Indicators: 2 and 3. These pins can be configured to trigger a stop
or price change at a low, high or low price. For details, see the attach Interrupt()

-PWM function: 3, 5, 6, 9, 10 and 11. Specify an 8-bit PWM output with the
analogWrite() function.

e SPI: 10 (SS), 11 (MOSI), 12 (MISO), 13 (SCK). These pins support SPI
communication using the SPI library.

e LED: 13. The built-in power supply is connected to digital pin 13. If the
pin is high, the LED is on, if the pin is low, it is off. The Uno has 6 analog
inputs, labeled A0 to A5, each providing 10-bit resolution (ie 1024 different
values).

They are usually measured from low to 5V, although it is possible to change the
upper limit of the range using the AREF pin in analogReference(). In addition,
some pins have special functions:

e TWI: A4 or SDA pin and A5 or SCL pin. Supports TWI communication
using the Wire library.

There are several other pins on the board:
e AREF. reference voltage for analog input. Used in analogReference().

¢ Reset. this line to the bottom to reset the microcontroller. A shielded reset
button is often added to block the board. Also see the separation between
Arduino pins and ATmega328 ports. The map of Atmega8, 168 and 328 is the
same.
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Figure 14:Pin out diagram of Arduino
UNO

1VV/ Programming and Role of Arduino UNO:

-Programming:

Although Arduino boards are typically programmed using Arduino C, you can
also use other programming languages such as Java, Matlab, VB.NET, and
more. These languages offer a range of libraries for interacting with Arduino,
providing greater flexibility for your projects.

The Arduino Uno can be programmed with the Arduino software (download ).
Select "Arduino Uno from the Tools > Board menu (according to the
microcontroller on your board).

file Edit Sketch Toos Help

Archive Skefch

SKElth M Manage Liars. CtShie

Serial Monitor Cirl+Shift=M

Seral Plotter Arduing Yin
v Arduina
Firrmware Updater e
Arduing Una Mini

1

2

3

4

1 Upload 51 Root Cerificates
; Arduing Dugmilznove or Diecimila
H

g

Bardt "Arduing Ung" b Boards Manager.,  CtrleShift+B Arduing Neno
Port COMG » Arcuino AVR Boards b Arduino Mege or Mega 2560
Get Board nfo Arduing Mege ADK

n

Figure 15 Programming the Arduino board on the computer
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2.3Software Programming

2.3.1Arduino IDE and Node MCU

In our project, we will connect arduino uno with node mcu with the help
of (AdaFruit MQTT library) for this we will download this library from this
Link (https://github.com/adafruit/Adafruit MQTT _Library)

Now, we open Arduino IDE. We will go to examples -> AdaFruit MQTT library
-> mqtt_esp8266

EB sketch_junlla | Arduino 1.8.5
File | Edit Sketch Tools Help

Pews CErl+ P

Open... CErle O

Open Recent >
>

Sketchbook
-
ESP2266httplpdate >
ESPE266HTTPUpdateSercer >
ESP2266LLMMNR >
ESP2266mDMNS >
>
>
>

Examples
Close Crrl+ W
Save Ctrl+5S

Sawe As... Ctri+Shift+ S

Page Setup Ctrl+Shift+~P ESPE266MN=tBIOS
Print Ctri-P ESPE2665SDP
ESPE266MIebServer
e st oty ESPa26&6MWiFi 3 adafruitio_ancn_time_esp2266
Cruit CErl+ ESP2266WiFikesh 3 adafruitio_errors_esp8266
Ethernct(esp2266) 3 adafruit ure_espB8266
Hash 3 adafruitic_tirme_esp8266
SD(esp8266) 3 mgtt_Zsubs_esp8266

ServolespE266) 3 matt_arbitrary_data
SoftwareSerial 3 mgtt_esp8266

SPISlave 1 matt_esp2266_callback
TFT_Touch_Shield_W2 E matt_ethernet

LAl mgtt_fona

Examples from Custom Librar matt_wincl SO0
Adafruit MOTT Libran: | matt_yun
AWS-SDK-ESP2266 >

Elvnk >

e

Figure 16 Programming Adafruit program with Arduino platform

2.3.2 Application software

2.3.2.1 MOTT Protocole

MQTT stands for (Message Transport Queuing Telemetry). It is a simple
messaging system used when clients need a small code space and connect to
unreliable networks or networks with limited resources. It is primarily used for
machine-to-machine (M2M) communication or Internet of Things types of
connections.

MQTT is making by Dr. Andy Stanford-Clark and Arlen Nipper started in
1999. The original purpose of the communication system was to allow oil and
gas monitoring equipment to send their data to remote servers. In many cases,
such surveillance devices are used in remote areas where any type of building,

24


https://github.com/adafruit/Adafruit_MQTT_Library

CHAPTER Il : HARDWARE AND SOFTWARE DESIGN OF THE (SEMMS)

cable or radio would be difficult or impossible to establish. At that time, the only
option in such cases was satellite communication, which was expensive and paid
according to the amount of data used. With thousands of sensors in the field, the
industry needs a form of communication that provides enough reliable data for
use at minimum speed.

MQTT became open source under the Organization for Development of
Structured Information Standards (OASIS) in 2013. OASIS continues to manage
the MQTT standard.

MQTT runs over TCP/IP using a PUSH/SUBSCRIBE topology. There are two
types of processes in the MQTT architecture: clients and vendors. An
intermediary is a server that a client communicates with. A marketer receives
information from customers and sends information to other customers.
Customers do not communicate directly with each other, but you communicate
with the seller. Each client can be a publisher, a buyer or both.

MQTT is a program driven protocol. No long-term or continuous data
transmission. This reduces transmission. The client only publishes when there is
a message to send, and the broker sends a message to the client when a new
message arrives.

Q ATT—Br‘oker =
I

Figure 17:MQTT-Broker Diagram

2.3.2.2 Adafruit 1O

I/Difinition and components:

Developed by Adafruit Company, Adafruit 10 is a cloud-based service
designed for 10T applications. It works as a bridge between devices connected to
the cloud, enabling real-time data exchange. At its core, Adafruit 10 has two
main components: feeds and dashboards.
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Feed: A feed is a stream of data generated by an 10T device. Each listing is
associated with a unique name and can store various types of data, including
sensor readings, status updates, and user input. Food acts as a database, allowing
developers to access and manage information collected on their devices.

Dashboards: Dashboards provide a visual interface for monitoring and
controlling 10T devices. Developers can create customized dashboards that
include widgets such as charts, gauges, and buttons to display real-time data
interactively on connected devices. Dashboards serve as a central hub for 10T
project management, providing a user-friendly way to visualize and analyze
data.

I1/Applications:

The flexibility and flexibility of Adafruit 10 makes it suitable for many loT
applications in different industries. Some common applications are:

1. Environmental Monitoring:

Adafruit 10 can be used to collect and analyze environmental data such as
temperature, humidity and air quality in real time. This data can be used for
purposes such as weather forecasting, pollution monitoring and agriculture.

2. Home Automation:

Adafruit 10 allows homeowners to automate and control a variety of smart
devices, including lights, lights, and security cameras. By connecting loT
devices with Adafruit 10, homeowners can create automated systems that

monitor the health of their home from anywhere in the world.

3. Industrial 10T (110T):

In industrial environments, Adafruit IO can help monitor and optimize
production processes, equipment performance, and energy consumption. By
collecting and analyzing data from sensors at the factory level, manufacturers
can improve operational efficiency, reduce downtime and increase overall
productivity.
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4. Healthcare Monitoring:

By integrating wearable sensors with Adafruit 10 medical devices, healthcare
providers can monitor a patient's health status in real time and react to
emergencies.

5. Modern agriculture:

In agriculture, Adafruit 10 can help farmers schedule irrigation, monitor soil
moisture levels, and analyze weather conditions to improve crop production and
conserve water resources. . By placing 10T sensors in the field and connecting
them to Adafruit 10, farmers can make data-driven decisions to improve farming
practices.

I11/Create account:

Getting started with Adafruit 10 is straightforward, thanks to its extensive
documentation and community support.

1. Create an Account: To begin using Adafruit 10, sign up for a free account
on the Adafruit 10 website.

2. Set Up Feeds: Once logged in, create feeds to represent the data streams
from your loT devices. Assign unique names to your feeds to distinguish
between different types of data.

3. Configure Devices: Configure your 10T devices to send data to Adafruit
10 using supported protocols and APIs. Most popular hardware platforms,
such as Arduino and Raspberry Pi, have libraries or modules available for
integrating with Adafruit 10.

adafruit

Figure 18:Adafruit I0 logo
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2.4 Conclusion

When designing the ESP8266 board, one of the goals of designing is to make it
easy for everyone to use, and to make anyone capable to perform various
electronic tasks. it's important to know a lot of technology. In this section, we
found this card and some sensors to identify the smart electricity meter during

the remote data reading, which we consider a useful part of the project.
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CHAPTER S

Practical Realization of (SEMMNS)

3.1 Introduction

The objective of this last chapter is to use the technology of communication in
order to make the energy meter intelligent.

In the first part, the synoptic diagram of the smart meter energy is proposed. The
second part is devoted to the protocol of communication used.

The creation and practical results of the communicating energy meter are
presented at the end of this chapter.

3.2 Block Diagram of the (SEMMYS)
Our project has the main components of the (SEMMS),and theNodeMCU,

which is the microprocessor of the project, and the card required for
communication between traditional meters and consumers.

A diagram of the proposed meter is shown below:

Arduino
uno

Ada Fruit
lo

Node MCU

ESP8266
Current
sensor

Figure 19 Components

diagram of the project
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The flowchart below explains the steps in the operation of our project in order to
synchronize data with the NodeMCU on one side and the smart phone on the

other hand.

[Start ]

Initialize Arduino and
ESP12

[Initialize ACS712 sensor]

[Read current from ACS712
sensor]

[Calculate energy
consumption] (Wh)]

[Send data from Arduino to
NodeMCU]

[Transmit data to

[ESP12 connects cloud platform]

to Wi-Fi]

[User accesses
data via mobile]

[Display real-time
energy consumption

Figure 20 Flowchart of the
Project
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3.3 Calculate The Energy Consumed in kwh

The ESP32 uses an Emonlib Library which reads data from voltage and current
sensors and calculates the following values:
« Effective tension. ¢ Active power.
* The effective current. « Reactive power.
» The power factor. « Apparent power.
And to calculate the energy consumed:
E = Pa.t/3600000000
E: Energy consumed (KWh).
Pa: Active power (W).
t: Time (ms).

3.4 The Communication Protocol

3.4.1 Setting up an AdaFruit account for communication

First, we will make a feed in AdaFruit 10. Feed stores the data sent by IFTTT.
To make feed follow these steps:

Step 1:- Login to Adafruit 10 with your credentials or Sign up if you don’t have
an account.

SO\
N\

scientists
engineers

students
The mtemet of thl(g)S f% everyone

' teachers
/ ‘ _makers..:

Figure 21 Create an Account on the Adafruit Platform
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Step 2:-Click on My account -> Dashboard

N
§\§§ Hello, Rishabh Jain |
NN

/ Dashboards

Dashboards @

0O Name ~

There is no data to display

Figure 22 Go to the dashboards section

Step 3:-Click on Actions and Create a New Dashboard.

Dashboards
I

Figure 23 Creating a new dashboard

Step 4: Give name and description to your feed and click on Create.

Create a new Dashboard »

Name

Energy_ meterl

Figure 24 Adding name and description to the dashboard
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Step 5: Click on Key button and note down the AIO Keys, we will use this key
in our code.

YOUR AIO KEY

Your Adafruit 10 key should be kept in a safe place and treated with the same
care as your Adafruit username and password. People who have access to your
AlO key can view all of your data, create new feeds for your account, and
manipulate your active feeds

If you need to regenerate a new AIO key, all of your existing programs and
scripts will need to be manually changed to the new key.

Username | NN
Active key | I

Figure 25 Note the AlO keys of the account

Step 6: Click on ‘+’ button to create a new block and click on Gauge to display
Energy uses level. You can also use simple text box to display energy.

Create a new block «

Click on the block you would like to add to yvour dashboard. You can always come back and switch the
block type later if you change your mind

HELLO WORLD!

Figure 26 Create a bloc for display the energy

Step 7: Now, Enter Name of Feed and click on Create. Then Select the feed and
click on Next step.
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Choose feed X

A gauge is a read only block type that shows a fixed range of values.

If you have lot of feeds, you may want to use the search field. You can also create a feed quickly below.

Group / Feed Last value

Recorded
@) & 0 7 J
O & 83400
™ Po & 135 20 hours ago

Figure 27 Giving name to the feed

Step 8: In block settings, fill the min. and max values as 0 and 100 respectively
or you can modify as you want.

Block settings g

In this final step. you can give your block a title and see a preview of how it will look. Customize the
look and feel of your block with the remaining settings. When you are ready, click the "Create Block™
button to send it to your dashboard.

= Titie

> ge 1 1e
Sauge Value
Sauge it

Thin

Sauge Labe

Figure 28 Adjust feed settings

Step 9: Your Power feed is successfully created. Now, we create feed to display
Bill by clicking on “+” sign.

/ Energy_meter

Figure 29 Create a new feed to display bill
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Now, we have to link AdaFruit 10 to SMS/E-mail using IFTTT.

3.4.2Creating Applet in IFTTT for Trigoering SMS/Email for
Energy Meter

Step 1: Loginto IFTTT with your credentials.

Step 2: On My Applets, Click on New Applet

IFTTT <© Discover Q Search My Applets = Activity rjrishabh2409 v

Applets Services

New Applet

If You say "turn off the If You say “turn on the

light", then send data light", then send data
to light feed to light feed

Figure 30 Click on New applet

Step 3: Click on +this

Step 4: Search AdaFruit and click on it.

Choose a service

[ Q adafruit] ]

%

Adafruit

Figure 31 Search AdaFruit
Step 5: Click on Monitor a feed on AdaFruit 10.
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< Back

L@l Choose trigger

Monitor a feed on Any new data

Adafruit 10
This Trigger fires any time

This Trigger fires anytime it there is new data in your
validates the data that you feed.

send to your feed. Example:

If Feed Temperature > 80,

fire Trigger.

Figure 32 Setting up a feed on adafruit

Step 6: Choose Feed as bhill, Relationship as ‘equal to’and the threshold value at
which you want an E-mail. Click on Create action. | have used 4 as my threshold
trigger value.

MMonitor a feed omn Adafruit 1O
This Trigger fires anytirmee it validatrtes thhe data

That ywou send o your feed. Example: If Feaed
Temperature > S0, fire Triggager.

Feaed
Bill
The name of thhe feed o chechk.

Reaelationship

ecgual to

Relationship between two wvaluces.

walua

The wvalue to compare against.

Create trigger

Figure 33 Determing a threshold to the feed

Step 7: Click on +that. Search for G-mail and click on it and Login with your g-mail
credentials.
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Choose action service

Step 3 of 6

Q G-mail

=

Figure 34 Adding G-mail credentials to our feed

Step 8: Click on send yourself an email.

E Choose action

Step 4 of 6

€ Back

Create a draft

Send an email Send yourself an email

This action will create a
draft email in your Gmail
account.

This Action will send an This action will send
email to up to twenty yourself an email. HTML,
recipients from your Gmail images and links are
account. supported.

Figure 35 Click on send yourself an email

Step 9: Write your subject and body as shown and click to create.

E Complete action fields

Semnd yourseIlFf amn ermail
This action will send yourself an email. HITRML,
images and links are supporned.

Subject

Electricity Eill

Suclcl ingreciert

O peratork)
Eluael}) at ({Created. St}

Sonme HTIL ok Al ingredient

Figure 36 Create an g-mail recipe with there options

Step 10: Your ‘recipe’ is ready. Review it and click on finish.
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Review and finish

%

If Data on bill feed is equal to
4, then Send yourself an email

from
ririshabh2409@gmail.com

G2/140
by rjrishabh240%

wworks with

Receive notifications

Figure 37 Finiching the g-mail recipe

Now, we are done with web integration. Let’s move on coding part..

3.4.3AndroidAppforMonitoringElectricity Consumption

You can use Android App for monitoring the values. For this we download
the MQTT Dashboard android app from the Play store.

To setup connection with the io.adafruit.com follow these steps:
Step 1: Open the App and click on “+” sign. Fill Client Id anything you want.

Server and port remain same as shown in the screenshot. You will get Username
and password (Active key) from the AdaFruit 10 dashboard as shown below.

>  Subscription CREATE
1

 adafruit com:-1883

Power

username/feeds/Power

JSOM converter What is this?

Figure 38 Click on "+" sign on the app and create dashboard with there options

Active Key is your password.
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YOUR AIO KEY

Your Adafruit 10 key should be kept in a safe place and treated with the same

care as your Adafruit username and password. People who have access to your s
AlO key can view ail of your data, create new feeds for your account, and
manipulate your active feeds

If you need to regenerate a new AIO key, all of your existing programs and
scripts will need to be manually changed to the new key.

Username | I
Active key | I

Figure 39 Taking the username and active key of our feed from Ada fruit account

Step 2: Select Electricity Meter and select Subscribe. In subscription, give
friendly name and topic. Topic format is ‘yourusername’/feeds/ feedname’ and
click on create.

1
o.adafruitcom: 1883 Elec‘triciiy Meter

Electricity Meter
o.adafrult com:1883 io.adafruit.com

1883

Username

Password

ooooo

ssL []

Key store file

Select .BKS file...

Key store password

Figure 40 Make a subscription to both elctricity meter and bill feeds

Step 3: In the same way, make subscription for bill feed.

Step 4: As your appliances consuming energy, updated values will be displayed
under the Power and Bill.
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This is how you can create a Smart Electricity Energy Meter, which can be
not only monitored from anywhere in the world but also trigger Email when you
have high Electricity consumption.

3.5The Creation and Practical Results of The (SEMMS)

3.5.1 Practical Realization of (SEMMS)

Figure 41:Structure of smart energy meter

3.5.2 Practical Results

Figure 42 represents the data displayed in the smartphone application.

MQTT Dashboard S+
Connected to io.adafruit.com
SUBSCRIBE PUBLISH
= Power
1.35
2 seconds
= Bill
10

1 second

Fiqure 42:the data displayed in the smartphone
application.
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The figure43 shows the consumed power by the load while using ACS712
current sensor on arduino ide.

1 1 | pPreEw Ao

17 int sSsensorvaloue - analogRlead] sens

\ Floart curremt - (sensorvaloe * vd

TtotalCurrearnt > = CcCurrent Y4 Ml «

i === iPial _pr‘ir-t("l’zstdl COMSUmMmpP T ion S

| erdial . .prrintd{totalcurrent): // O3

22 INTA erdial _praintin{T A>3

23 | ¥

2o 3

O asrprant Serial Momnlor S
‘.‘ "

Figure 43:the consumed power by the load

3.6Conclusion

In the last chapter, we presented the construction of the circuit and the
communication used to make the energy meter intelligent. By designing
"AdaFruit 10" architecture, using "MQTT Dashboard android application™, we
have implemented an Android mobile application that can integrate data from
the NodeMCU board to execute well-defined commands. At the end of the

chapter, actual controls are demonstrated and tests confirm the correct operation
of (SEMMS).
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GENERAL CONCLUSION

General Conclusion

In this research, we delved into the SEMMS system and

learned about its components in detail. We embodied this
system practically using the Arduino program. In the first
chapter, we touched on the broad outlines of the SEMMS,
which are its definition, features, areas of application, etc.
Then, in the second chapter, we separated the components of
the project and defined the role. Each of its elements. Finally,
in the third chapter, we highlighted the theoretical and
practical aspects of the project by presenting the steps for
creating the project and testing it realistically, where we
obtained good results.
We aspire to expand this project by employing artificial
intelligence in order to save the financial cost of the project, as
well as facilitate its use and generalize it to include factories
and offices of major companies.
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Annex A

Annex A:

Code For Arduino

#include <ACS712.h>

// Constants and variables
const float VOLTAGE = 230.0; // Voltage in volts
const int BUFFER_SIZE = 10;

char watt[BUFFER_SIZE]; // Increased buffer size for safety

ACS712 sensor(A@, 5, 1023, 66);

unsigned long last_time = 0;
unsigned long current_time = 0;

float Wh = 0;

void setup() {
Serial.begin(115200);
// The library does not have a calibrate function
// sensor.calibrate();

last_time = millis(); // Initialize last_time to the current time

void loop() {

float I = sensor.getCurrentAC(); // Assuming getCurrentAC() is correct

float P = VOLTAGE * I; // Power calculation (P = V * I)
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current_time = millis();

Wh += P * ((current_time - last_time) / 3600000.0); // Energy calculation

last_time = current_time; // Update last_time after the computation

dtostrf(Wh, 4, 2, watt); // Convert float to string
Serial.print("Energy (Wh): ");

Serial.println(watt);

delay(10000); // Delay for 10 seconds

}
Code For NodeMCU

#include <ESP8266WiFi.h>

#include "Adafruit_MQTT.h"

#include "Adafruit_MQTT_Client.h"

#tdefine WLAN_SSID B Riuiciololoioluiaiololy
#de-Fine WLAN_pASS Tk >k skskoskosk sk ok sk kkkosk ok sk ko kkk !
char watt[5];

#define AIO_SERVER "io.adafruit.com"
#define AIO_SERVERPORT 1883

#define AIO_USERNAME "rjrishabh”

#de-Fine AIO_KEY Tk >k 3koskoskok ok Rk Skkoskosk sk sk ko kkoksk ok k k!
WiFiClient client;

int bill_amount = 0;

unsigned int energyTariff = 8.0;

Adafruit_MQTT Client mqgtt(&client, AIO_SERVER, AIO SERVERPORT, AIO USERNAME, AIO K
EY);

Adafruit_MQTT_Publish Power = Adafruit MQTT_Publish(&mqtt, AIO USERNAME "/feeds/Po
wer");
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Adafruit MQTT_Publish bill = Adafruit MQTT_Publish(&mqtt, AIO_USERNAME "/feeds/bil
1");

void MQTT_connect();
void setup() {
Serial.begin(115200);
delay(10);
Serial.println(F("Adafruit MQTT demo"));
// Connect to WiFi access point.
Serial.println(); Serial.println();
Serial.print("Connecting to ");
Serial.println(WLAN_SSID);
WiFi.begin(WLAN_SSID, WLAN_PASS);
while (WiFi.status() != WL_CONNECTED) {
delay(500);
Serial.print(".");
}
Serial.println();
Serial.println("WiFi connected");

Serial.println("IP address: "); Serial.println(WiFi.localIP());

void loop() {
// Ensure the connection to the MQTT server is alive (this will make the first

// connection and automatically reconnect when disconnected). See the MQTT_conn
ect

// function definition further below.
MQTT_connect();
int i=0;
float wattl;
if(Serial.available() > @ ){

delay(100); //allows all serial sent to be received together
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while(Serial.available() && i<5) {
watt[i++] = Serial.read();
}
watt[i++]="\0";
}
wattl = atof(watt);
bill amount = wattl * (energyTariff/1000); // lunit = 1kwH
Serial.print(F("\nSending Power val "));
Serial.println(wattl);
Serial.print("...");
if (! Power.publish(wattl)) {
Serial.println(F("Failed"));
} else {

Serial.println(F("OK!"));

if (! bill.publish(bill_amount)) {
Serial.println(F("Failed"));
} else {
Serial.println(F("OK!"));
}
if (bill_amount==4){
for (int i =0; i<=2; i++)
{
bill.publish(bill_amount);
delay(5000);
}
bill _amount =6;

}
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delay(5000);
}
// Function to connect and reconnect as necessary to the MQTT server.
// Should be called in the loop function and it will take care if connecting.
void MQTT connect() {
int8_t ret;
// Stop if already connected.
if (mgtt.connected()) {
return;
}
Serial.print("Connecting to MQTT... ");
uint8_t retries = 3;
while ((ret = mgtt.connect()) != @) { // connect will return @ for connected
Serial.println(mgtt.connectErrorString(ret));
Serial.println("Retrying MQTT connection in 5 seconds...");
mgtt.disconnect();
delay(5000); // wait 5 seconds
retries--;
if (retries == 0) {
// basically die and wait for WDT to reset me

while (1);

}

Serial.println("MQTT Connected!");
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