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Abstract :

Systems that convert the sunlight into electrical energy like photovoltaic (PV) have

been becoming widespread worldwide.

In this project, we designed a system that allows monitoring and controlling of a PV panel.
The system is able to report parameters like: Output Power, Voltage, Current, Temperature,
etc. The reports is received and stored in a data base and is displayed on a web page and

sent to a mobile phone.

Further, the system allows remote controlling of the PV system.
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1.1 Overview:

Monitoring and control of photovoltaic systems is essential for reliable
functioning and maximum yield of any solar electric system. The simplest
monitoring of an inverter can be performed by reading values on display
(usually LCD). Values like PV array power, AC grid power, and PV array
current are usually available. For sophisticated monitoring and control
purposes environmental data - like module temperature, ambient temperature,
solar radiation, can also be data logged, stored and analyzed later. Remote
control and monitoring can be performed by various remote connections:
GSM. For wireless connection, Bluetooth and Wi-Fi are most common used.

1.2 Introduction:

Systems that convert sunlight into electrical energy have become pervasive
throughout the world. Monitoring and controlling of PV systems is necessary

for reliable performance and maximum yields of any solar electric system.

The main idea of this project is to design and implement a monitoring and

control of electrical consumer business operations.

1.3 Objectives:

1. Design a system that allows monitoring and controlling PV parameters.
2. Receive, store and display the parameters in a web page.

3. Allow remote controlling of the PV system.

13



14 Project Importance:

The importance of monitoring and controlling PV systems lies in the following

features and characteristics:

1. The project is related to a system that will make the monitoring of PV
parameters available.

2. The system provides means for controlling the system.

3. The innovative and secured protocol is an important part of the system which

allows it to operate according to users' needs.

15 Literature Review:

There have been many research studies about monitoring and controlling of
solar cells to minimize problems that occur in such systems. Below are some

relevant work and studies:

. In November 2014, a data logger system is designed by M Fuentes, M Vivar, JM
Burgos, J Aguilera, JA Vacas to solve specific problems of monitoring PV systems at
low cost, characterized all the relevant requirements in terms of precision contained
in the standards of the International Electro technical Commission photovoltaic
systems. Initial cost model has 60€ and have been tested in southern Spain during the
period of 6 months in harsh environment conditions in summer and winter. And the
results indicated that the new system is reliable and offers performance similar to

commercial systems.[1]
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. The Ronay Karoly, Cristian Dragos Dumitru have written a scientific paper titled
the monitoring and control processes of a renewable energy management system.
This paper presents and in monitoring and surveillance as an important part of
renewable energy management system and is the main purpose of business to build
commercial consumption management system. The proposed method is to use a
micro- controller for the  measuring of electrical and non-electrical parameters of
the system, to process the data and to adapt a control process to the technological
flux. The monitoring and control processes are implemented locally with USB-Serial

connections to a PC , or from a web application.[2]

. “Monitoring Of Photovoltaic System: Good Practices and Systematic Analysis”
done by group of researchers and presented at the 28" European PV solar energy
conference and exhibition, 30 September — 4 October, 2013, Paris, France. The paper
starts with a historical review of the performance of the PV system. It documents the
current state of the art and good practices in PV system monitoring. Finally, it presents
periodic linear regression as a simple though systematic approach for the visual and

mathematical analysis of monitoring data.[3]

15



1.6 Economical Study:

This section lists the overall cost of the system components that will be used

in the implementation phase. The hardware components are listed in Table 1.1.

Tablel.1 Project Hardware Cost

Category Number of pieces Price per Piece (NIS)
needed

Arduino

Sensors

e

Total

16



1.7 Project Schedule:

This section lists the phases and time schedule for the project for the second
semester. Table 1.2 details the distribution of the phased among the working

weeks.

Tablel.2 Distribution of tasks Schedule (first semester)

Time (week)

Discussion
Idea

Collecting Data

Design The
System

Implementation

Documentation
of the System

17
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2.1 Introduction:

This chapter describes the system components including hardware
technologies to be used in the project.

2.2 Global System for Mobile Communication (GSM):

It is an abbreviation for the term for the Global System for Mobile
communications is a protocol for the transmission of data in the field of
communications through the mobile phone, where it is in a fixed frequency
allocation for each user on the network without changing it, where the GSM system
uses the DMA standard with a narrow frequency packet, which provides 8
simultaneous calls on the same Wireless frequency, also allows data transfer speeds
of up to 9.5 kbps, which are special for second-generation networks, and this
system first appeared in 1991, and by the end of 1997, the GSM service has

become available in more than 100 special countries in Europe and Asia.

The GSM setup will give access to 2G (and 2.5G) data networks using GPRS or

edge data standards and speeds.

The downside to choosing GSM is that it will stop the phone's high-speed
connectivity 3G data networks, but will save energy as 3G (WCDMA) chips and

the antenna will not be used.

2.3 Second-Generation Cellular Technology (2G):

It is an abbreviation for the term for the second generation of mobile
communications and is based on the digital system principle rather than the analog
system. The digital system is a pattern of communication that information is
transmitted digitally. 1t was a technique launched in 1991 in Finland. It is based on

the technology known as the Global system for mobile communication (GSM).
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The second generation and its techniques are characterized by the advantages of
digital systems, which vary between improving the quality of communication and
the purity of sound. The digital system serves to mitigate the effect of interference
with communications and hence the low level and number of errors. This
technology uses encoding (decompression compression) and algorithms to
compress multiple audio data. It offers services such as SMS and e-mail.

The downside of 2G is that it is very dependent on the location of the towers and

its digital character will not exacerbate this problem.

2.4 Third-Generation Cellular Technology (3G):

It is an abbreviation for the term for the third generation and depends on a
number of global transport Association standards to serve mobile technology. 3G
techniques to establish inter came from the most sophisticated and advanced
services in the hands of the user, and features high speed and capacity and a system
capable of adjustment and channel capable Transfer of these speeds. The most

prominent wireless telephony services so the extended coverage.

Where the difference between 2G and 3G is in terms of services, the second
generation does not exceed its SMS and voice calls while the third generation
offers services SMS and voice calls and MMS animation too. Moreover, there is a
difference in the quality of data and signal transmission between the parties to the
communication process and its speed. Another difference is that the second
generation uses digital radio signals, while the third generation uses acoustic
beams; data also at speeds exceeding 2 MB, the third generation is able to provide

services, user applications such as video calls, and TV.

As the generation progresses, the speed and quality of communication increases.

20



2.5 Photovoltaic System (Solar System):

Photovoltaic technology converts sunlight into electricity and is emerging
as a major power source due to its numerous environmental and economic benefits
and proven reliability. A complete system includes different components that
should be selected taking into consideration, your individual needs, site location,
climate and expectations.

2.5.1 Major System Components

The functional and operational requirements will determine which
components the system will include. It may include major components as;
DC-AC power inverter, battery bank, system and battery controller,
auxiliary energy sources and sometimes the specified electrical loads
(appliances). [3]

energy energy inversion energy use
source and conditioning "

P |

(inverter) W

>) = e [ ]

energy distribution
(controller) (utility meter)
enerqgy . >
conversion Ej
(photovoltaic energy storage
modules) (batteries) electric utility

Figure 2.1: PV System.

2.5.2 Off-Grid Photovoltaic System:

This type of Photovoltaic (PV) system provides electricity in
situations where utility power is not available. An off-grid system is ideal
for locations where grid connections are not accessible, such as cottages
and remote home locations, or for anyone craving greater energy

21



independence. Typically, the PV system has a fossil-fueled generator
connected for back-up purposes. A group or array of PV panels are
connected together in groups or strings, usually 3 panels. These strings or
groups are all connected together in a Combiner Box, which is located near
the array. The DC electricity from the PV panels flows through Combiner
Box to a Controller/Regulator in the inverter system. The Controller
regulates the DC power to the batteries. The Inverter converts the DC
battery power to AC electricity which is normal household power (DC
power is sometimes used for lights and small appliances in small camps or
cottages). The AC electricity goes to the main electrical panel. Once in the
electrical panel, the loads connected to the panel, such as lights or
appliances use the electricity. During periods of no sun, the generator is

used to provide power to the loads and charge the batteries. [4]

PV Array

PV Combiner Box

Inverter System I Battery

- O H

Electrical Panel

Figure 2.2: Off-Grid System.
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2.5.3 Grid Photovoltaic System:

In recent years, however, the number of solar powered homes
connected to the local electricity grid has increased dramatically. These
Grid Connected PV Systems have solar panels that provide some or even
most of their power needs during the day time, while still being connected
to the local electrical grid network during the night time.

Solar powered PV systems can sometimes produce more electricity than is
actually needed or consumed, especially during the long hot summer
months. This extra or surplus electricity is either stored in batteries or as in

most grid connected PV systems, fed directly back into the electrical grid
network. [5]

Grid-Tied Solar Electric System

Sun’s Light -

AC
Breaker

Panel .
Inverter Power Lines

i | to Grid
Photovoltaic Array

OCCurment | AL Qurrent

Figure 2.3: Grid-Tied Solar System.

2.6 PV Cell:

A solar cell, or photovoltaic cell, is an electrical device that converts the
energy of light directly into electricity by the photovoltaic effect, which is a
physical and chemical phenomenon. It is a form of photoelectric cell, defined as a
device whose electrical characteristics, such as current, voltage, or resistance, vary
when exposed to light. Solar cells are the building blocks of photovoltaic modules,
otherwise known as solar panels. Solar cells are described as being photovoltaic

irrespective of whether the source is sunlight or an artificial light. They are used as
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a photo detector (for example infrared detectors), detecting light or other

electromagnetic radiation near the visible range, or measuring light intensity.

= Types of Photovoltaic (PV) Cells:

All photovoltaic (PV) cells consist of two or more thin layers of semi-
conducting material, most commonly silicon. When the semiconductor is
exposed to light, electrical charges are generated and this can be conducted
away by metal contacts as direct current (DC). The electrical output from a
single cell is small, so multiple cells are connected together to form a 'string’,
which produces a direct current.

However, two types of PV are best deposited as a thin film, and usually sold
encapsulated in a polymer bonded to a substrate that can be used as part of the
roofing material.
« Gallium Arsenide (GaAr) cells. Due to their toxicity and potential
carcinogenic properties, these are only used in rare applications such as
satellites or demonstration solar-powered cars.

« Organic-based PV solutions that are still under research.

O I >
x@: Solar Radiation c dMEUE”“‘:St )
ah (Photon-light) onduchng strips !.
j.-"' l‘l".‘ - .
| \ Electron Flow
o ‘*q_ Approx.
Glass L~ N @ 0.5vDC
Lens -~ -~

“M-type Silicon
Depletion Layer
-ve Electrons

Substrate Base !
+ve Holes

Figure 2.4: PV Cell.
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2.7 PV Panel:

Solar panels absorb sunlight as a source of energy to generate electricity or
heat.

A photovoltaic (PV) module is a packaged; connect assembly of typically 6x10
photovoltaic solar cells. Photovoltaic modules constitute the photovoltaic array of
a photovoltaic system that generates and supplies solar electricity in commercial

and residential applications.

Each module is rated by its DC output power under standard test conditions
(STC), and typically ranges from 100 to 365 Watts (W). The efficiency of a
module determines the area of a module given the same rated output — an 8%
efficient 230 W module will have twice the area of a 16% efficient 230 W module.
A few commercially available solar modules exceed efficiency of 22% and
reportedly exceeding 24%.

A single solar module can produce only a limited amount of power; most
installations contain multiple modules. A photovoltaic system typically includes an
array of photovoltaic modules, an inverter, a battery pack for storage,

interconnection wiring, and optionally a solar tracking mechanism.

Figure 2.5: PV Pan
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2.8 PV Inverter:

Inverters play a crucial role in any solar energy system and are often considered to
be the brains of a project, whether it is a 2-kW residential system or a 5-MW utility power
plant. An inverter’s basic function is to “invert” the direct current (DC) output into
alternating current (AC). AC is the standard used by all commercial appliances, which is
why many view inverters as the “gateway” between the photovoltaic (PV) system and the
energy off-taker.

Inverter technologies have advanced significantly, such that in addition to converting DC
to AC, they provide a number of other capabilities and services to ensure that the inverter
can operate at an optimal performance level, such as data monitoring, advanced utility

controls, applications and system design engineering.

. ! E
=
2 ""

Figure 2.6: Types of PV Inverters.

» Types of PV Inverters:

1) Micro Inverter:

Almost all inverters have some level of monitoring and fault finding however; it can
only see the combined output from every solar panel in the series string. A micro

inverter however, can monitor each solar panel individually, allowing you to easily
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identify exactly what is happening more quickly and easily. Micro Inverter shown in
Figure 2.7(a). [6]

2) Hybrid or Multi-Mode Inverters:

The most economical type of hybrid system uses an all-in-one hybrid inverter. All-inone
inverters combine a solar inverter, charger and battery inverter together with software,
which can be programmed to determine the most efficient use of your available energy.
Having all the components in one simple plug and play unit, means hybrid inverters are
generally much lower cost and easier to install but they do have several limitations, in
particular lower surge power output (as they are typically transformer less) and low
backup power.
Hybrid Inverters
shown in Figure
2.7(b). [7]

Figure 2.7 (a) Micro Inverter Figure 2.7 (b): Hybrid Inverter

2.9 PV Battery:

A battery is a device that converts chemical energy contained in its active materials
directly into electrical energy by means of an electrochemical reaction. Batteries used in
photovoltaic (PV) lighting systems must be rechargeable. Lead-acid batteries are the most
common type of batteries used in PV systems, due to their wide availability in many sizes, their

low cost, and their well understood performance characteristics. Lead-acid batteries are also
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commonly recycled. The most common types of lead-acid batteries used in PV systems are lead

antimony batteries, lead-calcium batteries, and lead-antimony/lead-calcium hybrid batteries.

Nickel-cadmium cells are used in some applications, but their high initial cost limits their use.
When selecting or specifying a PV lighting system, it is important to check that the battery
capacity is sufficient to provide the energy needed to power the lighting system for the required
amount of time. A battery's capacity is a measure of the amount of energy that a battery can store.
This capacity is measured in ampere-hours and indicates the amount of energy that can be drawn
from the battery before it is completely discharged. A battery rated at 100-ampere hours, for
example, should ideally provide a current of one ampere for 100 hours, or two amperes for 50

hours (or any combination of amperes and hours that give a product of 100).

The optimal type of battery for a PV lighting system is a deep-cycle (or deep discharge) battery
that can be repeatedly drained of much of its energy and recharged. The maximum depth of
discharge for low-maintenance (sealed) batteries is 30%. The maximum depth of discharge of a
battery is a measure (in percentage) of the amount of energy that can be removed from the battery
during a cycle, without damaging the battery. Batteries should generally be located in a weather
resistant, nonmetallic enclosure in order to prevent corrosion. Batteries should be maintained
according to manufacturers' instructions, and it is important to keep them clean to ensure

maximum performance over time. [8]

Figure 2.8: PV Battery.
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2.10 PV Charge Controller:

A charge controller or charge regulator is basically a voltage and/or current
regulator to keep batteries from overcharging. It regulates the voltage and current coming
from the solar panels going to the battery. Most 12 volt" panels put out about 16 to 20
volts, so if there is no regulation the batteries will be damaged from overcharging. Most
batteries need around 14 to 14.5 volts to get fully charged. [9]

= Charge Controller Types:

Charge controls come in all shapes, sizes, features, and price ranges. They range from
the small 4.5 amp control, up to the 60 to 80 amp MPPT programmable controllers with
computer interface. Often, if currents over 60 amps are required, two or more 40 to 80
amp units are wired in parallel. The most common controls used for all battery-based
systems are in the 4 to 60-amp range, but some of the new MPPT controls such as the
Outback Power FlexMax go up to 80 amps. [9]

I. Simple 1 or 2 stage controls:

Which rely on relays or shunt transistors to control
the voltage in one or two steps. These essentially just
short or disconnect the solar panel when a certain
voltage is reached. For all practical purposes, these
are dinosaurs, but you still see a few on old systems -
and some of the super cheap ones for sale on the
internet. Their only real claim to fame is their
reliability - they have so few components, there is not
much to break.[9]

ii. Pulse-width-modulation (PWM):
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Charge controllers regulate charging by adjusting
the width and frequency of the full current pulses sent
to the battery. The closer a battery is to full, the
farther the pulses are apart, effectively lowering the

charging current. [9]

Maximum Power Point Tracking Solar Charge Controllers (MPPT):
Are different from the traditional PWM solar charge controllers in that
they are more efficient and in many cases, more feature rich. MPPT solar
charge controllers allow your solar panels to operate at their optimum
power output voltage, improving their performance by as much as 30%.
Traditional solar charge controllers reduce the efficiency of one part of

your system in order to make it work with another. [10]

SOLAR CHARGE CONTROLLER

Figure 2.9: Solar Charge Controller.
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2.11 Photovoltaic Diesel Hybrid System

In many regions of the world, power grids are either inadequate or nonexistent. As
a result, industrial consumers often ensure their power supply through diesel gensets. Five
hundred gigawatts of power from diesel gensets provide industrial companies with
electricity worldwide. However, fuel costs for the gensets continue to rise. The price for

one liter of diesel has already exceeded one U.S. dollar.

In addition, if the fuel has to be transported to remote regions, the effective costs increase
even more as a result of the necessary storage. At the same time, PV system costs have
dropped by more than 50 percent within the last three years; therefore, solar power is
often the most economical alternative energy source for remote regions in the world’s Sun
Belt. It simply makes sense to combine PV and diesel systems so that solar irradiation —
which is both abundant and free — can profitably be used as an energy source in industrial

applications. [11]

2.11.1 Photovoltaic Diesel Hybrid System Operation:

Basically, the PV system complements the diesel gensets can supply additional energy
when loads are high or relieve the genset to minimize its fuel consumption. In the future,
excess energy could optionally be stored in batteries, making it possible for the hybrid
system to use more solar power even at night. Intelligent management of various system

components ensures optimal fuel economy and minimizes CO; emissions. [11]

2.11.2 Advantages of a Photovoltaic Diesel Hybrid System:

In contrast to power supply systems using diesel gensets, and despite their higher
initial cost, PV systems can be amortized in as little as four to five years, depending on

the site and system size, and they have low operating costs.
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In addition, PV systems are flexible and can be expanded on a modular basis as the
energy demand grows. Compared to pure genset systems, a photovoltaic diesel hybrid

system provides numerous advantages:

- Lower fuel costs

« Reduced risk of fuel price increases and supply shortages, thanks to optimized

planning

- Minimal CO, emissions (protects the environment and facilitates CO; certificate

trading)
Paybock time (years) e 1200 MWW RWE leg. boiy)
12 - — 1500 KWHAWD log. Indhal
1800 MW AWE leg. Aseve ol
12
10 1
8 4
o -4
- Financially
> attractive area
O L L L] 1 ] L] L]
0O G4 08 12 16 Z 24 28 Effmctive Dissnl Caxt’
(uso/s1)

(g warege ol wwope Toes

Figure 2.10: Payback time of a PV diesel hybrid system
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System Design
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3.3.3 Arduino Board.
3.3.4 PV System Design.
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3.1 Introduction:

This chapter describes the system block diagram and the system design including the
hardware and software components used in the project. It explains the monitoring part of the PV

system.

3.2 Block Diagram:

Block diagram represents the monitoring and control of PV, PV system converts sunlight
into electrical energy and using sensors temperature ,current and voltage are measured stream
system PV and entered to the Arduino and compared to the estimated values and send messages
to mobile phone the controlled by mobile.

PV Svystem

-~ ™, T ~\

PV Panel ' Temperaturs
! ] Sensor

— | r’ Arduino

. S o N
+ oL Voltage Sensor ) L Microcontroller
I e N

' Charge | . r

| Controller » Current Sensor —

k4

§ SN— GSM/GPRS  L--»| Mobile Phone

| Shield (SIMO
+ ! 1e1d (SIMB00) (Website)

| DC to AC
Invertor

Figure 3.1 Block diagram
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3.3 Hardware Design:
3.3.1 Voltage Sensor:

A voltage sensor is going to be able to determine and even monitor and measure the
voltage supply. It is then able to take those measurements and turn them into a signal that will

then be able to read. The signal will often go into a specialized electronic device for recording.

- Uoltage Sensor-

vi.@

=
- s woLiae 25UDCemy,

Figure 3.2 VVoltage Sensor

3.3.2 Current sensor:

Is a device that detects electric current in a wire, and generates a signal proportional to
that current. The generated signal could be analog voltage or current or even a digital output.
The generated signal can be then used to display the measured current in an ammeter, or can

be store for further analysis in a data acquisition system, or can be used for the purpose of
control.

Fig 3.3: Current Sensor
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3.3.3 Arduino Board:

Arduino is an open-source electronics platform based on easy-to-use hardware and

software. Arduino boards are able to read inputs and turn it into an output.

Figure 3.4: Arduino Board

The Arduino will receive a voltage and current signal from voltage sensor and current
sensor that are connected to the PV Cell as an input, and using a specified code the data will be

sent to the web page.
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3.3.4 PV System Design:

» Off-Grid PV System Components:

We will design an Off-Grid PV system, which allows energy storage using solar batteries.
The main components of an Off-Grid system are:

Charge Controller

% 0

breaker /\ﬁ o,
2 @

o : 12V Inverter

g
74

12V Battery

Figure3.5 Main components of the Off-Grid System.

Solar Panels
As the name suggests, solar panels are an obvious first ingredient. The precise size and
production capabilities of your individual solar panel array will depend on the amount of

available sunlight in your region, the usable space of your roof, and your energy consumption
needs.
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Solar Charge Controller:

Solar charge controllers are also known as charge regulators or just battery regulators.
The last term is probably the best to describe what this device actually does: Solar battery
chargers limit the rate of current being delivered to the battery bank and protect the batteries

from overcharging.

Solar Batteries
A solar battery will also be necessary, to allow your home to continue to run after the
sun goes down. Throughout the day, your solar storage device will charge as your panels

generate excess electricity.

Solar Inverters
In order to convert the direct current (DC) collected by your solar panel array into the
alternating current (AC) required running most of your common household appliances and

electronics.

3.3.5 GSM modem:

A GSM modem also called GSM module is a GSM phone without display, keypad and
battery. Is a specialized type of modem that accepts the SIM card, It is just like a mobile phone
where it works to subscribe to the mobile operator. A GSM modem exposes an interface that
allows applications such as SMS deliverer to send and receive messages over the modem

interface.

Using many GSM modems to send and receive SMS as this modem is the most used to provide
mobile internet connection. The advantages of a GSM modem is that it is a quick and efficient

way to start with SMS, because your subscription to the service provider is not required.
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GSM modem supports one or more protocols in the GSM development family, including the
2.5G technologies GPRS and EDGE, as well as the 3G technologies WCDMA, UMTS,
HSDPA and HSUPA.

ON/OFF
— LED
TTL Output

Network

12C Output

RS 232
Serial port — > el ss:\:esezue}sui
|
TR BT BTN ~<—— ON/OFF Switch

-<«—— DC input

| «—— AC input
|

aND | vee
Mic+ | mic
SP- sP+
LN-L | LN-R

T Power LED

SIM Socket 12V DC power inout

Figure3.6 GSM modem.

3.4 Software Design:

3.4.1 Flow Chart:

The graph in Figure 3.7 represents process monitoring and controlling of PV when the
system is running and convert sunlight into electrical energy by PV system the voltage and
current that resulting from PV are measured using voltage and current sensors, and sent to a

web page designed specially.
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Figure 3.7 Flow chart

3.4.2 Energy Estimated Model:

The PV module is the interface which converts light into electricity. Modeling this device,
necessary requires taking weather data (irradiance and temperature) as input variables. The
output can be current, voltage, power or other. However, trace the characteristics | (V) or P (V)
needs of these three variables. Any change in the entries immediately implies changes in

outputs. That is why, it is important to use an accurate model for the PV module.

The characteristic | (V) is a non-linear equation with multiple parameters classified as follows:
those provided by constructors, those known as constants and the ones which must be
computed. Sometimes, searchers develop simplified methods where, some unknown

parameters cannot be calculated. They are thus assumed constant.
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The number of unknown parameters increases when the equivalent circuit of the chosen model
becomes more convenient and far from being the ideal form. But most of the manufacturers’
data sheets do not give enough information about the parameters which depend on weather
conditions (irradiance and temperature). So, some assumptions with respect to the physical

nature of the cell behavior are necessary to establish a mathematical model of the PV cell and
the PV module

Now we will describe the Mathematical Models of PV Cells:

Algorithm 1: Ideal Photovoltaic Models
An ideal Photovoltaic cell consists of a single diode, A diode is connected in anti-

parallel with the light generated current source. The output current | is obtained by Kirchhoff
law:

[1= Iph—Id]. 1)

ld=10 [exp () - 11 2)

a= % = Ns. A VT 3)
"f

= .
Yy SE. w

Fig4.1 ideal single diode model
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Where:
s = cell saturation of dark current.

Iph =photocurrent.

Id =diode current .

10 = the reverse saturation or leakage current of the diode
V1 = thermal voltage = kT /gq= 26mV

V = voltage imposed on the diode.

k = Boltzmann's constant = 1.38 - 10> J/K,.

T = cell’s working temperature.

q = electron charge (1.6 - 10 C).

n = ideality factor equal to 1.1.

Ns= the number of PV cells connected in series.

a =constant which depends on PV cell technology.

Non-Ideal Photovoltaic Models
In reality, it is impossible to neglect the series resistance Rs and the parallel resistance

Rp because of their impact on the efficiency of the PV cell and the PV module.

Algorithm 2 : Photovoltaic Model with Series Resistance:
The photovoltaic model with series resistance (Rs-model) depicted in Figure (2) is

achieved with inclusion of series resistance Rs, hence, the output current can be derived as:

V+I .Rs

Id =lo exp ( -1) (4).
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Fig 4.2 Photovoltaic Model with Series Resistance.
Where:

Rs =series resistance
Algorithm 3 : : Photovoltaic Model with Series and Parallel Resistances:

Equation (4) does not adequately represent the behavior of the cell when subjected to
environmental variations, especially at low voltages. A more practical model can be seen in
Figure 4.3 ,where series R, and parallel resistances Ry, are introduced .Series resistance is very
small, which arises from the ohmic contact between metal and semiconductor internal resistance.
But shunt resistance is very large and represents the surface quality along the periphery, noting
that in ideal case R is 0 and Ry, is oo .Applying Kirchhoff’s law to the node where Iy, diode,

Ry and Rs meet, and one get:

| =Iph—1Id-Ip. (5).
the output current of a module containing Ns cells in series will be:

V+I .Rs V+Rs .I
-1)1- (T) (6)

I=1Iph - 10[ exp (

It is not easy to determine the parameters of this transcendental equation. But this model offers

the best match with experimental values.
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Iph <'> Y Rsn v

Fig 4.3 Photovoltaic Model with Series and Parallel Resistances

This model yields more accurate results than the Rs model, but at the expense of longer
computational time. A modification of this model was proposed by several authors by adding
an extra diode. This additional diode represents the recombination effects of the charge
carriers. In general, the two diode model is more accurate but the computational time is much

longer .For simplicity, the single diode model was used throughout the present work

The number of unknown parameters increases when the equivalent circuit of the chosen
model becomes more convenient and far from being the ideal form. But most of the
manufacturers’ data sheets do not give enough information about the parameters which depend
on weather conditions (irradiance and temperature). so, some assumptions with respect to the
physical nature of the cell behavior are necessary to establish a mathematical model of the PV
cell and the PV module.

Determination of the parameters:

The number of parameters varies depending on the chosen model and on the assumptions
adopted by the searchers. It is considered that Iph, 10, Rs, Rp and the factor ideality are five
parameters that depend on the incident solar radiation and the cell temperature. the unknown

parameters are Iph, 10, Rsand vy.

Where:
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vy=A-NS (7)
In this work the four parameters that have to be evaluated are also Iph, 10, Rs, Rp .The
photocurrent mainly depends on the solar insulation and cell’s working temperature, which is

described as :

Iph = [Isc + Ki (Tc— T ref )] 8)

Gref

where: Is. = solar cell short-circuit current.
Gyet = reference solar insolation in W/m?.
G = solar insolation in W/m?.

Trer = cell’s reference temperature(25C).

K| = cell’s short-circuit current temperature coefficient.

Determination of Iph:
The output current at the standard test conditions (STC) is:

| = Iph,ref - 10 [ exp (ar"—ef) ~1] (9)

This equation allows quantifying Iph,ref which cannot be determined otherwise. When the PV

cell is short-circuited:
Isc = I ph,ref — 10,ref [ exp (ﬁ) - 1] = Iph,ref (10).

But this equation is valid only in ideal case. So, the equality is not correct. And then,
equation (10) has to be written as:
Iph,ref =1 psc.ref . (112).

The photocurrent depends on both irradiance and temperature:

Tc
Tre f

I = Ins )P exp (U = — 1) (12)
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where :
Irs = cell’s reverse saturation current at a reference temperature and a solar radiation.
Eg = band-gap energy of the Si solar cell, = 1.10 Ev.

n = is dependent on PV technology.

The reverse saturation current at reference temperature can be approximately obtained as:

Voc
"nkTc

IRs= (Isc)/exp[(q ]— 1] (13)

The V, parameter is obtained by assuming the output current is zero.

The photocurrent depends on both irradiance and temperature:

G
I’ph = ?ef ( Iph,ref + Usc * AT) (14)

G= Irradiance (W/m2).

Gref= rradiance at STC = 1000 W/m2.

AT =Tc — Tc,ref (Kelvin).

Tc,ref = Cell temperature at STC = 25 + 273 = 298 K.

sc = Coefficient temperature of short circuit current (A/K).

Iph,ref =Photocurrent (A) at STC.

Determination of 10

The shunt resistance Rp is generally regarded as great, so the last term of the relationship (9)
should be eliminated for the next approximation. By applying equation (9) at the three most
remarkable points at standard test condition: the voltage at open circuit (1 = 0, V = Voc,ref), the
current at short circuit (V =0, | = Isc,ref), and the voltage (Vmp,ref) and current (Imp,ref) at

maximum power, the following equations can be written:
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Iscref*Rs
Isc,ref =1 phrref IO,ref [exp (—f) '1] (15)

Aref

VOC
0=1I phref — IO,ref [exp (aref) - 1] (16)

4 m,re +1 myre
Ipm,ref =1 phref — IO,ref [exp( 5 p— fRs)'l] (17)

Aref

The (—1) term has to be neglected because it is very smaller than the exponential term.

0~ Isc,ref IO ref exp( Ocref) (18)
So:
10 ref — Iscref exp( Ocref) (19)

The reverse saturation current is defined by:

Iy = DTZ exp (5-5) (20)
eG= Material band gap energy (eV), (1.12 eV for Si)

D = diode diffusion factor.

To eliminate the diode diffusion factor, at Tc and at Tc,ref. Then, the ratio of the two equations

is written as :
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qSG)

lo = lores exp [(5) G- — — 7] (21)

Iy = Iscref exp( Ocref) ( )36‘ Xp [(qsc)

— =] (22)

Determination of Rp and Rs:

In order to make the proposed model more credible, Rp and Rs are chosen so that the
computed max power Pmp is equal to the experimental one Pmp,ex at STC conditions. So it is

possible to write the next equation:

_ P mp,ref
Imp,ref Y
mp,ref
- Pmp,ex
Vnuxref
_ Vmp,ref+1mp,ref -Rg Vmp,ref+Rs -Imp,ref
- Iph,ref - IO,ref [exp( a ) 'l] - R, (23)

Therefore:
R, =
Vmp,ref tImp,ref -Rs
Vmp,ref+RS-Imp,ref_Voc,ref _Voc,ref Pmax.ex (24)
Iscref— Iscref [ €Xp( 2 )N +Iscrer [€Xp( a )= Vnp r'ef

The iteration starts at Rs = 0 which must increase in order to move the modeled Maximum
Power Point until it matches with the experimental Maximum Power Point. The corresponding

Rp is then computed. There is only one pair (Rp, Rs) that satisfies this condition.
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An important characteristic of solar panels is its Fill Factor (FF). The factor which
represents how square the voltage/current characteristic of a panel is. In general, PV panels
usually have an FF somewhere between 0.4 and 0.8; ideal PV panels have a Fill Factor of 1.0.

The Fill Factor (FF) is the ratio of the maximum power point divided by Vo and I .

FF = Zmax (25)

VOCISC

The reduction in Fill Factor (FF) corresponding to the total series resistance is given by:

AFF = =% Ry FFigeq (26)

oc

Where, FF;4.4; = ideal Fill Factor equal to 0.824
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Chapter Four

Detailed System Design
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4.2 Hardware and software detailed design
4.2.1 Arduino UNO.
4.2.2 Photovoltaic cell.
4.2.3 Mobile phone.
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4.1 Introduction:

This chapter describes the hardware requirements in designing this detailed system,

including how to connect them to each other to monitor and control the PV.

4.2 Hardware and software detailed design

This section describes the hardware required to implement the system and how it connects to

each other.

4.2.1 Arduino UNO (Microcontroller)

Arduino is an open-source electronics prototyping platform based on flexible, easy-to-
use hardware and software.

This system relies on the Arduino, basically, as the Arduino has 6 analog inputs will be
used in this project, two of them to enter the values of two sensor to measure the voltage
and electric current of the photoelectric effect that converts sunlight into electricity.
Where will the Arduino sensor results accounts and comparison between these values
and estimated values. The short messages will be sent to your phone in case of system

problems based on specific data. Then PV is controlled.

Digital Input/Output Pins

Pins with ~ are PWM

[Analog Output] Transmitter/Receiver
D

GR Serial Connection

MADE @
IN ITALY e
v -(S)S)
ey
usB | =5 s =
- rxwme ARDUINO

\(‘.I‘Klu()()("}) -n
5,;ﬂu-¢t—; o emn o (HE)

-

7-12 v

3v Sv I

GRD Analog Input Pins

Figure 4.1 Arduino Uno
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= Voltage Sensor: This sensor is connected with an Arduino analog input, uses this sensor to

measure the effort out of PV and compare this reading with the estimated effort.

= Current Sensor: This sensor is connected with an Arduino analog input, uses this sensor to

measure the flow out of PV and compare this reading with stream destined.

= GSM Modem: This modem is connected to the output of Arduino, this modem is used to send

SMS notification phone problem occurs in PV system,

Figure 4.2 shows the voltage sensor, current sensor and GSM modem connections with

Arduino.

GSM/GPRS Shield with Arduino

Temperature Sensor (A0)
SMS and Save
data in databass

then viewit on

Voltage Sensor(A1) st -. tha wabsite.

ETERT
T Y
(€ 0980

GNDja g VCC
o0

Figure 4.2 Hardware detailed design
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4.2.2 Photovoltaic cells:

In the following figure 4.3, the design of the photovoltaic cells will be shown in details

with basic components.

Battery

Photovoltaic Charge Inverter Loads
Module Controller

Figure 4.3 PV cells system design

The first step the fall sunlight on PV cells then convert sunlight into electrons.

The second step, the output of the PV cells is the input of the charge controller.

The output of the charge controller is the input of the battery, and the input of the inverter,
The charge controller used to maintain battery voltage from overload and protect cells from

upstream

The output of the inverter is the input of the load, the inverter converts the dc power from the PV

modaule into ac power to run the load.

o PV Design and Calculations

To design a PV system, we must follow these steps in calculations:

Application Power(w) Quantity Time Energy(Wh/day)

Load 60 1 10 600

Fig 5.7 load specifications
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enargy consumption per day

1. PVenergy =

Tinverterxtcharge controller

600W
0.9x0.92

=724.6 Wh

pv enargy per dayx*safty factor

2. Power peak (wp) =

peak sun houers

_ 724.6¥1.15

= 155.7W.
5.4
3. Number of module= power peak
power of one module
SE-EIAN 1module.
115

Battery:

_ AC load
DC load = ninverter

= 20 = 666.67Wh/day.

0.9

With 12v system voltage = 80087 = 55.6Ah/day at 12 volt.

The Ampere hour capacity ( Ah C ) of the block battery, necessary to

Cover the load demands for a period of 2 days autonomy is obtained as

Ch = 2xE;
A Vg * DOD *ng *ny

Where DOD is the depth of discharge=0.75.

2%600
12%0.75%0.85*0.9

CAh = = 174.3Ah

And the Watt hour capacity (C Wh) is obtained as :-
Cwn = CanlVs

CWh = 174.3*12 = 2091.5KWh
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Battery:

600/0.9 = 666.67Wh/day
666.67/12 = 55.6Ah/day at 12V
At 2 day------- 55.6/2 = 27.8Ah

For 20 Ah battery: number of battery =27.8/20 = 1 battery sizing

4.2.3 Mobile phone:

The mobile phone is used in this project to receive short messages and PV parameters

from GSM modem connected with Arduino when a problem occurs to the system and control

of PV.

input

Figure 4.4 Mobile phone

55



Chapter Five

Implementation
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5.4 Controlling System
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5.1 Introduction:

In this chapter, we will provide all the steps of the system implementation including

some pictures to show the hardware connections and implementation.

5.2 Photovoltaic system:

In the following figure [5.1], the design of the photovoltaic system will be shown in

details with basic components and connection.

|
230V AC Bulbs |
J ‘ Independant AC Network 230V l

EI? - | = - | = 2 Core cable

Fuses and breakers not shawn
to simplify diagram layout

Inverter

12Volt

Battery - 120Ah

Solar Panel

12Volt 12Volt

Charge Controller

Negative
Positive

Fig 5.1
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The sunlight fall on the PV cells , then PV convert the light into electrons as in figure 5.1(a)

sunlight

inpuf

—_—

PV cells

Fig 5.1 (a)

The output of the PV cells is the input of the charge controller as shown in fig 5.1 (b).

PV cells

charge
controller

Fig 5.1 (b).

The output of the charge controller is the input of the battery, and the output of the battery is

the input of the inverter as shown in fig 5.1 (c).

charge controller battery inverter

Fig 5.1 (c).

The inverter converts DC power from the PV module into AC power to run the load.
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5.3 Monitoring System:
In this section ,the design of the monitoring system will be shown in details with basic

components and connection in figure 5.2.

GSM/GPRS Shield with Arduino

Temperature Sensor (A0)
SMS and Save

- » - - .
‘e s RASE
id A FEl
S — g By a3, :
Yol g
43} ' then viswit on

data in databass

the wabsita.

Voltage Sensor(A1)

L Th
RN R
(€ 0980

GNDja g VCC
o

Figure 5.2 Monitoring System
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5.3.1 Temperature Sensor:

In the figure 5.3, the temperature sensor connected with analog pin 0 on arduino

microcontroller and programmed with arduino code A[1] to measure the temperature .

Figure 5.3 Temperature sensor connection

5.3.2 Voltage Sensor:

In the figure 5.4, the voltage sensor connected with analog pin 1 on arduino

microcontroller and programmed with arduino code A[2] to measure the voltage from PV
system.

2
i
-
2
=
-
a
g.

Figure 5.4 VVoltage sensor connection
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5.3.3 Current Sensor:

In the figure 5.5, the current sensor connected with analog pin 2 on arduino microcontroller

and programmed with arduino code A[3] to measure the current from PV system.

Figure 5.5 Current sensor connection

5.4 Controlling System:

In this section ,the design of the controlling system will be shown in details with basic

components and connection in figure 5.6.

x /;r\

ool 9 Conwrol PV by

Relay connected with PV relay.

10405~V
(IR
U O
ceonso

Figure 5.6 Controlling System.
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5.5 Monitoring and controlling Protocol:

The protocol code A [4] designed to be able to send and receive messages to and from the
SIM shield. One of these messages is an alarm message that will be sent when there’s a fault in
the PV system, this fault will occurs as a loss in the desired power needed for the repeater to
work efficiently, also the user can monitor all the parameters through sending a check message

from the mobile.

Monitoring using website

In the figure 5.7, the table on phpMyAdmin to save data in database.

7 Server: localhost » @) Database: id2134198_gsm » [ Table: Parameters

Browse ¥t Structure || SQL , Search #¢ Insert | Export 4= Import ¥ More
#! Table structure 45 Relation view
# MName Type Collation Attributes Null Default Comments Extra Action
1 Tempreture float No None &~ Change @ Drop + Mor
2 Voltage float No None & Change (@ Drop w Mor
3 Current float No  None & Change @@ Drop w Mor
4 Power float No None & Change @ Drop = Mor
5 Data_Time timestamp onupdate CURRENT_TIMESTAMP No  CURRENT_TIMESTAMP ON UPDATE CURRENT_TIMESTAMP * Change @ Drop = Mor
o Check all with selected: [=] Browse g7 Change @ Drop > Primary 3§ Unique = Index

Figure 5.7 The table on database.

e Gprs code A[5] to send data from PV to database
e Php code A[6] to save data from PV on database.
e Phpcode A[6] to view database on website 145196.000webhostapp.com/mysqgl.php?
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Real Implementation of our project:

Fig 5.8(a): PV Panel

Fig 5.8(b): System Connection
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Fig 5.8(c): System Connection
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Chapter Six

Results

6.1 Introduction

6.2 Sub System Testing.
6.3 Monitoring System.
6.4 Controlling System.
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6.1Introduction

This chapter presents the results of the project. These results include
the parameters of PV cells on website and SMS and control to PV

6.2 Subsystem Testing:

e Checking the connection of the PV system.
e Checking the connection of the monitoring system.
e Receiving each sensor value from the sensor via the monitoring protocol.

e Receiving an alarm message from the arduino when voltage level decrease.

6.3 Monitoring System:

After the system is connected we can monitor system parameters by sending short

messages with parameter values and alerting you to a system error and also monitoring it on the
website.

Monitoring using SMS

0 When we send Char. (v) the gsm send
n 3.3540 ks
sensors data and when voltage less than 10
Sensors Data:
Tempreture=18.07C
Voltage=10.43V
Current=3.73A
Power38.93W

B st ia
0 \}
Ooredoo Pz

send (Error in PV System) .
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Monitoring using Website

o 1 0% 51 -0 8RN
: (® 145196.000webhostapp.com

Monitoring and Controlling Of Solar Cells

Tempreture||Voltage|{Current/|Power|  Data_Time

12.21 1007 ||3.73 37.58 ||2018-12-09 09:13:17
12.45 9.89 3.55 37.52 ||2018-12-09 09:15:16
13.15 1005|415 38.52 [[2018-12-09 09:16:55
13.85 1074|422 44.81 |2018-12-09 09:21:25
12.34 1077 ||348 3747 [[2018-12-09 09:23:28

6.4 Controlling System.

This webpage will allow us to switch on or off the PV
panel when enter 0 or 1 respectively.

o2 WEA 1 1] 26l = 300 -~ @0 RO
: @® 145196.000webhostapp.com

Enter 1 for switch on the PV and O for switch off
PV State:

Jlos!
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Chapter Seven

Conclusion

7.1 Conclusion.
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7.1 Conclusion.

e Finally, in the end, we would like to thank everyone who helped us, and did not spare us

what he knows.

e We have designed and implemented a system that allows us to monitor and control the
solar system remotely. This system is able to send information related to the solar system

to the user via text messages and view it on a web site over a specified period of time.

e We aim to facilitate the process of monitoring and control and aspire to develop a system

to provide everything that is new and useful to the consumer.
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APPENDIX

A[1]

inmt wall:

FTloatc mwe

roilid setup () |

Serial .begin {(9600) »

}

woid loop () {
vall= analogBead  {A0) r
mvw = {(wall/1024.0)+*5000;
C=mrw /1057
Serial.princln{"Temperature™) r
Serial.println{thﬂ
delay (1000} =

AlZ]

int wall;

float vr

int ocffset=20;

vold setup() {
Serial.begin{9600);
}

void loop() |
val?2 = analogRead(Rl);
v = map{vald,0,1023,0,2500)+cffaet;
w/=100;
Serial.print{"Voltage™):
Serial.println{v);
delavy {1000} »
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Al3]
inmt mvVpeperianye = 1257
doulle Voltage = 07
doulxle WVRMS = 07
double o = 05>
srodid setup ()

i
Serial. .begin{(9a00) ¢

woid loop () {

Woltage = getWVEPRP () -

WEMS = (Voltage/ ,2.0) *0.707;
o = (WBEMS * 1000) /mvVieriame s
Serial.print {"Current™) -
Serial.println{c) @
delaw {1000} =

float getWPEERE({)

1
float result:
int readvValuer;

int max xvValue = 07
int minValue = 10247
uinti3Z2 t start_time = millis({):>

while{{millis({)-start_time) < 1000}
1

readvValue = analogBRead (A2) 7

if {readValues > maxWValue)
maxvalue = readvValue;

if {readValus < minValues)
minvValue = readvValue:

result = {({maxValue — minValues) * 5.0)./1024.0;
return resultr
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Al4]

#Finclude <SoftwareSerial . h>
char inchar:

SoftwareSerial SIM90Q{2,3):r
String textForSMS:

imt wall,walz2, i=0;7

float mw, w, © , pP=I

int offset=20;

inmt pw=12;

int mVperfimp = 1857
doulle Voltage = 07
doulkble WBEMS = 0r
double o = 07

wwoid secup{) [
Serial  begin{9600) 7
digitalWrite (pw, LOW) »
SIMa00power () -
SIMS00.begin (19200) ;
SIM900.print ("AT+CMEF=1%xx") 7 //set =sms mode to textc
delay {(1000) 7

SIM900.print ("AT+CHMMI=2,2,0,0,0%c™) ¢

AAsplurt out contents of new SMS upon receipt to the GSM
delay {(1000) 7

SIM900.println {"AT+CMGED=1,4") 7 S/Sdelete all sms

delay {(5000) 7

Serial.println{"Ready..."):r

pinMode {(pw , OUOTPFUOT) -}

shield'"s serial out

woid sendSMS{Stcring message)

i

STM900.println {("AT+CMEF=1c") 7 S/ /AT command tCo sSend SMS message

Aelay {10000 5

SIM900.println ("AT+CMES=""+9705693605073%™™) ¢
AdAelay {1000} &

SIMIO00 . println{message) o

delay {1000 5

STM9O00.println{ {chaxz)2a) 7

Aelay {10000 5

SIM9O00.princlod) s

delay {1000 5

sroid STM900powWwer ()

i
digitalWrite (9, HIGH) ¢
delay {1000 5
digitalWrite (9, LOW) =
Aelay {70000 5

}

woid loop () i
vall= analogRead (AO)
mer = {(walls1l024.0)*5000:
T=mrv/ 107
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val? = analogRead (A1) ;
v = map(vald,0,1023,0,2500) +offset;
v/=100;

Voltage = getVEE():

VEMS = (Voltage/2.0) *0.707;
¢ = (VRMS * 1000) /miVperimp;
p=v*c;

if (v < 10 s i==0 )

{ textForSMS = " Errcr in BV: ";
textForiMS = textForSMS + "The voltage=" + v + "V";
3end3M3 (textForSMS) ;
i=1;}

inchar=5IM900.r=ad();

Serial.println(inchar);

delay{20):

if{inchar=="v")

{delay(l0);

Serial.println({inchar);

textForSMS = "Sensors Data:";

textFor3M3 = textForSMS + "\n Tempreture=" + t + "C" + "\n Voltage=" + v + "V" + "\n Current=" + ¢ + "A" +"\n Power" + p + "W";
3endSM5 (textForiMs) ;

delay {1000} ;

SIMI00.println("AT+CMGE=1,4"); //delete all sms
delay(2000);

Serial.println("Measage Sent"):

inchar = 'z'; //garbage value

ctextForSMS = ™":}

else if{inchar=="m")
{digitalWrite {(pv,HIGH) ;]
else if{inchar=="IZ")
{digitcalWrite {pw, LOW) » ]

Tloat getWVWEE ()

1
float resulcr
int readValuer Sivwvalue read from the sensor
int maxValue = 07 S4 store max wvalue here
imt minValuse = 10247 S store min walus heres
uint3i2 t© start_time = milli=s():r
while{{milli=s{)-start _time) <« 1000) [s/sample for 1 3Sec
i
readvalue = snaelogReasd (B2)
L4 3ee 1if you have a new maxValue
if {readValuse > maxValue)
i
maxValue = readValuer
}
if {readvVvalue < minValue)
i
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J// Subtract min from max

result = {{maxValues - minValue)

return resultr

A[5]

* 5.0)/1024.0;

Fincludse <SoftwareSerial.h>
SoftwareSerial gprsSerial{2,3)r
inmt wall,wvalZzZ:

fFloat mw, W, LT ., 7

imt offsetc=207

int pw=1Z:

int mVperfmpe = 155>

doulxle Voltage = 07

doullse VEMS = 0Op2

doulrle o = 0OrF

wold setup ()

i
gprasSerial . begin (192000 7
Serial .begin {(9600) =

Serial. . println{™Cocn™) 5
delay {2000)%
Serial.printiln{"Done! .. .™) >
gprsSerial.flu=sh{)
Serial.flush{) r

Sy See if the SIM900 is ready
gprasSerial . printlo {™&T™) -
Aelaw {10000 ¢

toSerial{) -

F4 5IM card inserted and unlocked?
gprsSerial.println {("AT+CFINZ™) -
delay {1000} »

toSerial ()

FS5 Is the 5IM card registered?
gprsSerial.println {("AT+CREGZ?™) ¢
delay {1000} »
toSerial ()

#+F Is GPFRS attached?
gprsSerial . .println {"AT+CGATT?™) ¢
delay (1000} 7

toSerial ()

& Check signal strength
gprsSerial.println {"AT+CS5Q ™) -
d=lav (1000} 7

toSerial ()

S/ Set conmection type to GPRS

gprsSerial.println {("AT+3AFBR=3,1,\"Contype’™, " "GFR3Y"™) -

de=lay (2000} 7
toSerial () ;

£F Set the RPN

gprsSerial .println ("AT+5AFPBE=3, 1, ""4APHNY" " "internet\"") 5

de=lay (2000} 7



toSerial ()

S Enable GPRS
gprsSerial .println {"AT+SAPEBR=1,1")
delay {(10000) >

toSerial ()

£ Check to see if connection is correct and get yvour IP address
gprsSerial.println {"AT+SAPBR=2,1")

delawy {(2000)

toSerial () -

woid loop ()

i wvall= analogBRead (A0} 5
mv = {(wall/s1024.0)*5000;z
t=mrw/S 107

delay {(2000) 7

wval?2 = analogRead (A1) 7

s = map{wval?,.0,1023,0,2500)+ocffsecy
wrA=100zF

delay {(2000) 7

WVoltage = getWEPPE({):
WEBEMS = (Voltage/s2.0) *0.T07:

¢ = (VEMS * 1000)/mVperimp;
delay (2000} ;
p=v*e;

// imitialize http service
gpraSerial.println ("AT+HTTPINII");
delay(2000);

toSerial();

// set http param value

/f To DO @ gend dynamic value

gpraSerial.println ("AT+HTTPRARL=\"URL\",\"http://145196. 000webhostapp. com/myagl.php?datal=t & datal=v & datad=c & datad=p\""};
delay (4000);

toSerial();

// 3et http action type 0 = GET, 1 = BOSI, 2 = HEAD
gpraSerial.println("AT+HTTRACTION=1"):

delay (6000} ;

toSerial();

[/ read server response
gpraderial.println("AT+HTTEREAD");
delay (1000);

toSerial();

f/gpraderial.println("");
gpraSerial.println("AT+HITPTERM");
toSerial();

delay(300);
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gpraderial.println{™");
delay (600000} ;

}
vold toSeriall()
{
while {gpraSerial.availakle () '=0)
{
Serial.write(gprsSerial.r=ad() )
}
}
float getVPE()
{
float result:
int readValue; ffvalue read from the sensor
int maxValue = 0; /f atore max value here
int minValues = 1024; /f store min value here

uint32_t atart time = millis();
while ({millis(}-start_time) <« 1000) f/3ample for 1 Sec
{

readValue = analogRead (A2);

S/ zee if you have a new maxValue

if {readValue > maxValue)

{

maxvValue = readValue:
1
if {readValue < minValue)
{

minvValue = readValue;
}

S/ Subtract min from max
rezult = {({maxValue - minValue) * 5.0)/1024.0;

return result;
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1 <?php

] fdbusername = "1d8134198_nadeen”;

3 fdbpassword = "123456";

4 fzerver = "localhost”;

5 $My_db = "148134198_gsm”;

] §dbconnect = new mysqli($server, $dbusername, $dbpassword,$My db);

7 §sql = "INSERT INTO Parameters (Tempreture, Voltage , Current , Power) VALUES ('".5_GET["datal"]."',"'".%_GET["data2"]
S GET["data3"]."','" . $_GET["datad"]."")";

8 mysqli_guery($dbconnect,$sql);

3

1 <1DOCTYPE html>

2> <html:>

3 » <head>

4 <trr<th><hZ>Monitoring and Controlling OF Solar Cells</ h2»</th>»</ tr>
5~ <style>

6+ table, th, td {

F border: 2px solid black;

8
9

T
1a <fstyle>
11 </head>
12 * <body>
13 < ?php
14 Lservername = "localhost™;
15 fLusernams = "id8134193 nadeen™;
16 Spassword = "123458";
17 fdbmame = "id8134198_g=m"™;

19 f4 Create connection

28 Zconn = new mysqli{$servernames, %username, $password, Sdbname);
21 f4 Check connection

22 = if (fconn->connect_error) {

23 die("Connection failed: "™ . %conn->connect_error);
24 T
25
26 %sql = "SELECT Tempreture, Voltage, Current, Power, Data_Time FROM Parameters®;
27  %result = fconn-:guery(%sqgl);
28
29+ if ($result-»num_rows > @) {
EL echo "<tabler<trr<th>Tempreture</thr<th>Voltage</thr<th>Current</thr<th>Power</thr<th>Data_Time</thr</tr»";
31 /f output data of each row
32+ while(3row = $result-»fetch_assoc()) {
33 echo "<trx<td:" . Srow["Tempreture"]. "</td><td»" . $row["Voltage"]. " </td»<td:" . Srow["Current™]." </td><td>"
34 1
35 echo "</table»";
36+ } else {
37 echo "® results";
38 7}
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