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Abstract

In today’s world, without power we cannot even imagine a single day. To
produce energy, we rely on fossil fuels such as gasoline, gas, coal, liquid petroleum
gas etc. All these resources are available from limited resources so we will not
be relying solely on them. There are also independent resources such as solar,
wind, water and more. Today, engineers have made it their goal to come up with
a solution to every problem that arises in life. The Energy crisis is one of the
most prominent issues for everyone, there was a phase where load shedding was
common as we went along, eliminating the need for energy with all the resources
we get such as coal, oil, gas, liquid petroleum gas and so on. We also use natural
resources to meet the energy needs of solar, wind, water, biomass and more. They
all have their advantages and disadvantages but the most reliable among them is
the sun. The sun is not dependent on any other factor, with the time of sunrise
and sunset, which varies from region to region. Each region has a solar radiation
of at least 8 hours and in Pakistan about 13 hours due to the geo static location of
Pakistan near the equator. Our goal is to identify high energy production from the
sun to complete our need and overcome adversity. Therefore, the report focuses on
discussing solar energy and converting it into electricity from a photovoltaic cell
using efficient technology and control. The main project theme revolves around
the solar panel, DSP kit and continuous slide mode control with the basic purpose,

functionality, and construction of these devices.
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Introduction

DSP based slide mode control for photovoltaic system



1.1 Project Background

In the present world, the most important thing to mankind is energy. Without
energy we cannot imagine a single day. To produce energy, we are dependent on
the fossil fuel such as petrol, gas, coal, liquid petroleum gas etc. All these resources
are present in limited resources so we cannot permanently depend on them. There
are also independent resources such as sun, wind, hydro etc. Nowadays, engineers
have made it their sole purpose to come up with a solution to every dilemma faced
in life. Energy crisis is one of the highlighted topics of everyone, there was phase
when load shedding was so common as we are progressing, we are completing
the need of energy through all the resource we got such coal, oil, gas, liquid
petroleum gas and other. We are also utilizing the natural resource to complete
the need of energy including sun, wind, hydro, biomass and other. All of them
have their benefit as well as losses but the most reliable among them sun. Sun
does not depend on another factor it has a rise time and sunset time which differ
from region to region. Every region has at least 8-hour sun availability and in
Pakistan, it is around about 13-hours due to Pakistan geo static location closer to
the equator. Our aim is to target the maximum energy production from the sun
to complete need and overcome the crisis. Hence, this report focus is to discuss
solar energy which convert it into electrical energy from the photovoltaic cell using
efficient technique and controller. The main body of the project circulate around
the solar panel, DSP kit and slide mode control further we have basic purpose,

working and construction of these apparatus..
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Figure 1.1: Solar energy model
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1.2 Photovoltaic panel

The photovoltaic turn sun-light energy into electrical energy. A positive negative
junction diode is used as the solar cell. PV is a form of photoelectric cell that
changes its electrical properties. Solar panels are constructed from individual solar
cells. An open circuit potential differential of roughly 0.50 to 0.60 volts can be
produced by a one-unit conventional silicon solar cell connection [1]. This may not
seem like much, but these solar cells are quite little. As a result, massive amounts

of renewable energy can be produced when integrated onto a large solar panel.

Sunlight

n-type Material

p-n Junction

Material
Solar Panel Petype Maveral

s

Figure 1.2: Photovoltaic cell model

A very thin semiconductor layer of positive type and negative type-based semi-
conductor. These electrodes do not reach the thin layer of similarly, newly created
holes on the p-type side of the joint cannot continue to cross with the same block-
ing force [3]. A photovoltaic is the name for this voltage.

A little stream will flow through the joint if we put a low resistance load to it.
The materials used in the production of photovoltaic cell are silicon, (GaAs, CdTe,
CulnSe2) reason for which they use that they have a band gap of 1.5ev, they have
high visual acuity, great electrical flexibility. Photovoltaic cells are economical,
do not produce pollution, low maintenance charges and easy access to immature
materials. The drawback of a photovoltaic cell is that hot weather can affect its
performance and it is not working properly which is what we have aimed on our

project.

DSP based slide mode control for photovoltaic system 3



1.3 Digital Signal Processor

Digital signal processor is a dedicated micro-processor chip, own design specified
to digital signal processing operations. DSPs are made up of integrated MOS
chips. Dedicated DSPs are more efficient, thus more suitable for mobile devices
such as cell phones due to power usage issue. DSPs often use special memory
structures that can download multiple data or instructions at once.

According to standard purpose processor standards, DSP command sets are
often very uncommon; while conventional sets command occur frequently in DSP
calculations. we are Using the TMS320C6713 DSP kit, it is an expensive develop-
ment platform designed to accelerate the development of an accurate supported
application. it is a true plug and play system. The DSP kit contains a 3.5mm au-
dio output line, 2M flash and 16 MB port connector, 5V world power, connector

Analog interface for data conversion, IDE studio code maker.

Figure 1.3: Digital signal processing kit

1.4 Slide mode controller

On a computer and mainly in computer hardware, the controller is a chip, expan-
sion card, or standalone device that connects to the nearest compatible device.
This may be a link between two devices components (for example a memory con-
troller that controls access to computer memory) or a controller on an external
device that controls the operation (and communication) of that device. There
are different types of controllers like as PID controller, current mode controller,
voltage mode controller, V.V con- troller, hysteresis controller, SMC and more.

Slide mode (SM) controls switch back and forth between the two control rules as

DSP based slide mode control for photovoltaic system 4



a regional vector function. As a result of these changes in sliding conditions occur
beneficial advantages of control in relation to the variable parameter of the plant.
What is bad is the change in the high frequency of the control element, which
when switching of equipment leads to more wear and tear. SM control provides
a flexible approach to the indirect environment of power source switch convert-
ers.SM was originally designed for successive plants where later indirect plants
were added. We will only consider line control loops, as these systems allow us to

determine the essential bases for controlling the slide situation.

1.5 Boost-Converter Model

A boost converter is a Direct current to Direct Current power converter that
boosts voltage while lowering current from the input to the output charger. To
reduce voltage ripple, capacitors are commonly used in the filters close to the con-
verter’s output and the supply side filter. The booster converter can be powered
by any appropriate DC source, including batteries, solar panels, filters, and DC
generators. The process of converting one DC voltage to another is known as DC
conversion to DC.

L
— Y Y

AV

Vi C) C—— ug

Figure 1.4: Ideal boost converter circuit
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Literature Review
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2.1 Literature review

The innovation that has been going on for many years has been created at a rapid
pace, this result having innovative systems that work and make human presence
more secure. In particular, the energy industry aims to meet global energy needs.
Mainly the energy development fields that have created the most development are
in the energy sector by providing free and affordable energy to full fill the load
requirement. As in the recent past, the energy sector has developed exponentially.
There is a separate published research paper that highlights the importance of
DSP as a controller over another controller such as the aurdiono. We also learn
different techniques and experiment with software and conclude with the result
that the SMC method is better than the PID of the most common controller. We
also receive MPPT and apply Climbing Behavior over distraction and monitoring.
In addition we will discuss various research papers working on related projects
where we get our first impression of the project implementation.

Because of the unpredictability of weather conditions, the DC output volt-
age provided by solar PV systems is not balanced.Despite the presence of several
control modes in conjunction with Buck-Boost converters in the study, convert-
ing an uncontrolled DC source to a constant voltage remains a difficult process.
The voltage mode control, on the other hand, is simple to operate but has a
long response time and poor dependability and stability. Furthermore, the PID
approaches’ overshoot has a significant impact on the converter’s output voltage.
SMC, among the different control measures outlined above, attracts major regu-
latory attention due to its following.Strong capacity to block out undesired input.
Gives you a somewhat more steady state inaccuracy. It has been discovered that it
is better suited for indirect systems than PID controls. In the sliding mode mode,
it may give stability. SMC with Buck-Boost converter, on the other hand, has
been regarded as a good solution for getting DC power supply managed from an
uncontrolled supply, although negotiating productivity owing to quick switching
is a stressful issue. Due to the quick change of SMC, poor control precision, heat
loss, machine loss, and other issues arise. As a result, researchers are increasingly

interested in conversational reduction tactics in order to develop effective SMC-
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based controls. Several research projects have been done to reduce high-level SMC
discussion and performance.In order to reduce friction, two control modes, PID
and SMC, were initially merged and employed for significant distortions. In ad-
dition, combining PI and SMC controls to reduce conversions, static error, and
high shot created by PI-based control and SMC is advised. In addition, two non-
negotiable SMCs are designed to keep the engine operating in the correct position
and control the current super capacitor at reference values. Although the legal
framework of SMC control is highly recommended in many studies, only software
acquisition is tracked to evaluate control performance. Simulation studies alone
cannot assess controller performance since changeable environmental numbers can

alter accuracy.

st =
Vollage: | 1 Buck-Boost
PV system Converter

. ]

Current Battery
Stmser
Circuit
L
PWH . Reference
CGeeneration: DSP Signal
TS 320 IR0E:
SMC Comparator Error
Amplifier

Figure 2.1: Block diagram of project

The exponential reaching law provides the least amount of chattering in the
quickest amount of time.This technique is also chatter-free because the velocity
at which the system trajectory will strike the switching surface is modest. Fur-
thermore, the exponential reaching law’s output deviation is only 0.16 percent. In

addition, in the exponential reaching law, the initial control voltage is the lowest.

DSP based slide mode control for photovoltaic system 8




2.2 Methodology

Photovoltaic (PV) generating is one of the most promising renewable energy
sources currently available. PV generating is favoured over other renewable energy
sources due to its environmental and economic benefits, as it is clean, durable, and
requires little tweaking. PV cells convert solar energy into electricity to generate
electricity.

The operating point of the system is I-V PV curves for the same members
as the load, where the same PV members are directly connected to the load.
Calculating these parameters is sometimes quite expensive, and the PV system
model’s needed parameters are not well understood. As a result, MPPT continues
to look for MPP. Using various properties of solar panels and MPPT placement,

multiple continuing MPPT search algorithms have been presented.

2.3 Basic Principle of PV Cell

The positive-negative junction diode, P-V cells have formed between the negative-
type and positive-type regions. When sun fall PV cell, the energy is converted
energy. Inside the semiconductor, transmission light is input to by forcing free
electrons to jump from a low-energy to a high-energy state. When a P-V cell
is turned on, light in all directions produces a large number of electron capture

pairs, which is why the positive-negative junction is short and I flows.

2.4 PV array Characteristics

Characteristics hold by PV cell can be modelled using a single-circuit electrical
circuit. An equation can be used to create a mathematical model of a photovoltaic

cell. The fundamental figure in semiconductor theory is that
I = Ipv,cell — Id (2.1)

Iq = I (0, cell)expa(qu/akt) — 1 (2.2)

DSP based slide mode control for photovoltaic system 9



I = (Ipv,cell — Id) — (1o, cell)expa(qu/akt) — 1) (2.3)

statistically describes the I-V feature of the Ideal photovoltaic cell provided
by ’ q ’charge -electron [1.60217646 * 1019C], k is fixed [1.3806503 * 1023J /

K], "I’ Figure 1 depicts an excellent PV cell’s comparable cycle. Because system

o~
L =

L
=
. BE )
e
a
<

Figure 2.2: Equivalent circuit of ideal PV system

are made up of too many P-V, observing the characteristics at the PV array’s
terminals necessitates the addition of extra parameters (as illustrated in Figure

2) to the basic equation:
I = Ipv) — Io)[expa(v + R/vza) — 1](v + R/vz4) (2.4)

ohms law relationship for MPPT in the system.

IC algorithm can be easily identified by the following flow chart shown in the
figure

The various parameters of the PV array are determined and selected. Because
the ’Io’ is strongly temperature sensitive, the ’Io’ simulation circuit contains,

which are electric current and I coefficients, respectively. The methods listed be-

DSP based slide mode control for photovoltaic system 10



practical PV device
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Figure 2.3: practicle PV device

low are some of the most commonly utilised MPPT approaches in various PV
systems, including space satellites, solar vehicles, and solar water plants, among
others. Solar technology is tested and approved. Among the many parameters of
comparing different strategies, the algorithm process is one of the best mathemat-
ical methods used based on factors such as, the flexible controls involved and the

type of control strategies, rotation and cost-effectiveness and so on.

2.5 Evaluation

For a multitude of causes,general economic growth, and industrial growth, the
current worldwide need for energy has been gradually increasing. Throughout
history, fossil fuels have been used to meet a variety of energy needs. As a result,
achieving great efficiency in PV systems is critical. This is accomplished through
full power which entails keeping the system functioning in the workplace even
when the power output is quite high.

It works by disrupting control volatility on a regular basis and comparing rapid
PV power before and after the disturbance. The sample interval (Ta) P and O
were chosen to generate reference voltage (Vref) due of their ease of use.

The PID controller is based on a PV system line close to a specific working

DSP based slide mode control for photovoltaic system 11



Current

Voltage

Figure 2.4: ohm’s law relationship for MPPT

area, such as MPPT in low ambient light, such as the Index. As a result, non-line
controls that do not rely on linear models must be designed to assure uniform

operation over the working range.

2.6 Response-Using PID Controller

Using a typical PID Controller to compare the planned SMC controller’s results.
A typical Perturb and Observe MPPT code identified with a 1 V amplitude of
Perturb and Observe interference. The voltage of a common controller is being
monitored.

For the maximum in 5 milliseconds. Trace tracking error is common when
there are strong waves and oscillation. For the identical PV components, the
power output and reference power curve are shown. It should be emphasised that
MPPT is accomplished in 5 milliseconds with a typical PID control; however, the
controller effectively traces the reference but displays big values.. A zoomed view

is provided with electrical and power curves to detect relative conductor.

DSP based slide mode control for photovoltaic system 12
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Figure 2.5: Incremental Conductance Algorithms

2.7 Response Using the SMC

The MPPT output based on Perturb and Observe is an electrical reference that
the controller must track. The controller is used to for PO system, and to verify
that the tracing error is close to zero using the proposed controller’s required
operation. When the proposed control is used, the system’s efficiency improves
dramatically. The results obtained with the sophisticated SMC controller are PID,

both high and visible, rather than ripples and overshoot.

2.8 Comparative Analysis

The suggested SMC controller was compared to others. The suggested controller’s

curve voltage is compared to the reference signal and the voltage signal of the

DSP based slide mode control for photovoltaic system 13
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Figure 2.6: perturb and observe

standard controller. Both controls properly track the reference, and the PID con-
troller’s behaviour may be controlled to a high degree. Similarly, it emphasises
the suggested control panel power’s comparison to reference signal intensity and
regular control power. M-P-P-T track by S-M-C control, which has nearly no rip-
ples in contact with the reference signal, as opposed to the PID control, which
has bigger ripples in contact with the reference signal.

The algorithm process is one of the best mathematical approaches for comparing
multiple strategies based on characteristics such as the flexible controls involved
and the type of control schemes, rotation and cost-effectiveness, and so on. An al-

gorithm for comparing perturb and viewing, as well as Ascending Behavior, with

DSP based slide mode control for photovoltaic system 14
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Figure 2.8: Block Diagram using SMC

a 7T0W photovoltaic panel model, has been created in this study. This concept
is utilised in algorithms that track exceptionally high scores. MPPT algorithms
that cause problems, as well as surveillance and incremental behaviours, are dis-
cussed and shown. Ascending habits have been shown to outperform disruption
and the viewing algorithm. These algorithms boost a photovoltaic system’s power

and stability while also increasing the efficiency of the dc-dc conversion system.
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Table 1. Performance characteristics of the conventional PTD and the

proposed SMC controller.
Controller OwerTUndershoot (%) Settling Time (s} Power Losses (Watt)
FID 261 Ems 3
SMC 0.& 0.3 ms 0.63

ol BT T |
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Figure 2.15: Reference, P;pandSy;c P — Vvoltagecurve
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Chapter 3

Requirement Specifications
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3.1 Existing System

Solar panels are very commonly used in our daily lives. Solar panels are used in
our homes, offices, schools, factories etc. it produce electrical energy to meet the
load demand but still work in a simple way to convert solar energy into electricity.
There was no flexibility in the solar panels.

The existing systems are designed in such a way that they are placed on the
rising side of the sun and remain intact until sunset. Without the direct effect on
them. It has been observed that in the summer at 40 degrees Celsius or above the
solar panels collapse causing the system to slow down. The existing systems are
easy to have a solar panel with a battery for charging and the inverter converts a
DC charged battery into AC for charging.

Solar panels have remained the same since the decade using the same method.
We lack a efficient system that can turn the solar system smart enough to under-
stand what elements are beneficial to it in order to make the most efficient energy.
We have to design system that can make the solar panel smart enough to under-
stand the limitations that can give us effective power in the system. As we know
that at temperature of 25-degree Celsius is the most appropriate temperature for

the operation of the solar panel to get efficient output

3.2 Proposed System

Hardware model of the proposed system, SMC is implemented using hardware
components. Buck-Boost converter, with parameters will be designed on PCB.
Regulatory rules are made with help of MATLAB Simulink.The TMS320F6713 is
available for all Digital Signal Processing and is ready to apply the regulations.
However, a microcontroller-based or a hardware-based controller may not work
efficiently in real time. Most computer problems are beyond the microcontroller’s
capabilities. For hardware-based controllers, changes in control algorithms neces-
sitate modifying the complete control loop. The DSP TMS320F6713 processor
is used to implement the control rules. Configuring, modifying, and coordinating

processors is a difficult undertaking that requires expert skills..
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3.3 System Requirement

3.3.1 System Modeling

The TMS320F6713 is available for all DSPs and is ready to apply the regulations.
DSP perform all the action in real time and take the input of P-V system and out-
put given to battery. Most computer problems are beyond the microcontroller’s
capabilities. For hardware-based controllers, changes in control algorithms neces-
sitate modifying the complete control loop. The DSP TMS320F6713 processor
is used to implement the control rules. Configuring, modifying, and coordinat-

ing processors is a difficult undertaking that requires professional skills. An IC

i,;.-c’r )
* f"ll l‘lral'z iJT_“I. H\ +
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Photovoltaic (PV) panel double-diode model representation.

Figure 3.1: Photovoltaic PV panel double diode model representatio

algorithm, which is the most extensively used MPP tracing method, is utilised
to harvest the highest available power from the solar panel. After monitoring the
panel’s power, the IC generates a Vref reference voltage. If that power is greater
than previous power, the reference voltage rises by the same fraction, if not, it

traces it again.

3.3.2 Controller Formulation

Closed loop system is used to track the M-P-P-T of the P-V. MPPT algorithm

can be written as:

Xq=[Xy4 X" = Vv —ref Vv —ref]” (3.1)
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The tracing-error defined:
e1 =X1 — Xg
e2=¢e;
€2 = T2 — X4

e2 =1x9 — xqg

U= Ueq + Usg (3.2)
ueq = h(X,t) " 1zqp(X,t) — J(X,t) — cle2] (3.3)
us = —h(X,t) " 1[Ks(sgn)(s)] (3.4)

the signum function, defined as:

11 if  s5<0
sgn(s)=< 0  if s =
-1 if s<o

Controller law
The SMC-MPPT algorithm is divided among two steps: e In the first step, the
Incremental Conductance algorithm determines Vref’s reference voltage when the
system reaches its maximum power. These procedures gurantees that the system
functions properly. A search. MPP: Increased Behavior (IC) To find MPP voltage
Vref, the Increasing Behavior (IC) approach is utilised.
dPpv dVpv = Ipv +Vpv dipv dVpv

In the case When the power slope equal to 0, i.e., dIpv dVpv =- Ipv Vpv , the
photovoltaic system is at the highest power point.

Therefore, the update law for Vre f is given by the following rules

Vre f(k) = Vre f(k 1) +V , f or dIpv dVpv ; Ipv Vpv
Vre f(k) = Vre f(k 1)V , f or dIpv dVpv ; Ipv Vpv

Thus, the problem is changed to control PV array voltage Vpv to follow the
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reference of high voltage Vre f which is the role of the old sliding mode and the
Adaptive sliding mode.

— Power Rate Reaching Law

Power rate reaching is fluctuation in the real time. The Power rate reaching

law is:

5 = —K,].'J',I".'i,::n{.'ir]
where sgn(S;) = [3‘3:?{5, Jp= = —— s .-;gnl{.‘&'m]]r and k; = diag‘]!{'l. - —,Km]

K>00<cag<lT = ——
! Pl = a)K,

S.-.:{ | —a)

Furthermore, the phrase [Si] ensures chatter-free functioning through quick
reach. As a result, this law reduces sliding motion, indicating the controller’s

resilience. The power rate reaching law, the following formula is utilized:

i

8 Chattering
=001 -'.F. =

-0.02 | :
003l .

004 R LT F

Derivative of Error

(1,03
0 2 4 & ] 10 12

Time(s)

Figure 3.2: Variation of derivative of error
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Figure 3.3: peak variation derivative error

The level of efficiency of law implementation is determined by measuring the
variability of the error with respect to which it emanates. In addition, the
output voltage fluctuations with the provided input and load switching. The
outgoing voltage initially has a slight deviation but remains stable at 0.02s.
Conversation exists and gradually reaches a point of equilibrium. Here, the

output is 0.139 V .
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Figure 3.4: Variation in output with time

Exponential Reaching Law To obtain faster time and energy, the worth
of K must be increased, but the level of control of the input control must also
be improved. As a result, another strategy has been offered to address this

issue, namely, power reaching law. The exponential reaching law is provided:

s = —esig (3.5)
s = —etanh (3.6)
3 Jailk > 0,8 > Osig(X.a,Q) = (1 +¢ X Q)71 (3.7)

n=1

ifa=1,Q = 0sign(z) = 2sign(X,1,0) —1=1—e"/1+e " (3.8)
ifa=2,Q =tanh(z) = sign(2X) —1 =€ —e ¥ /e +e7* (3.9)

Some of the features of exponential reaching laws are contained in reaching

laws, hence this sub-section is omitted. Control voltage variations through-
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Figure 3.5: change in output voltage with time

out time. Variation in output voltage over time. Maximum overshoot does

not exist, as can be seen. The result voltage change over time is shown.
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Chapter 4

System Design
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4.1 System Architecture
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Figure 4.1: Block Diagram of system

This is our proposed version of our Final year project we have plan to use four
solar panel in the model to take temperature and radiance on every solar panel. It
will be beneficial while taking output on different input. There are many different
programming kit such as raspberry pie, Arduino and DSP. We are using DSP kit
because it is an industrial device which is very much common in industry level.
DSP kit will be program in such a way that it will take input at the temperature
of 25 degree Celsius because it is the most efficient temperature for the solar
system to provide highest output. We have also to figure out the MPPT point
through which we are up to correct input. For that purpose, we are using slide
mode controller under the incremental conductance technique. input voltage will
go under the boost converter to be boosted to around 24 volt and store in the

battery for the load
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4.2 Design Constraints

In a comprehensive solar PV system, both monocrystalline and polycrystalline
solar panels work in the same way, and the science behind them is simple: they
collect energy from the sun and convert it to electricity. Both are constructed of
silicon, which is a heavy, sturdy material that is utilised in solar panels. Monocrys-
talline and polycrystalline solar panels are available from a variety of manufac-
turers. Both monocrystalline and polycrystalline solar panels are viable options
for your home, but there are several key distinctions to be aware of before mak-
ing your final decision. The type of silicon solar cell used in both technologies is
the key difference: Monocrystalline solar panels have single crystal silicon cells,
whereas polycrystalline solar panels have multiple crystal silicon cells. they use:
monocrystalline solar panels with single crystal silicon cells, while polycrystalline
solar panels with solar cells are composed of multiple pieces of molten silicon
together.

Why polycrystalline panels should not be ruled out Despite the fact that
monocrystalline panels perform well, polycrystalline panels may make sense in
some situations. Despite the fact that they perform far better than monocrys-
talline panels, if you have a workplace tone, this may not be a significant concern.
Installing extra polycrystalline panels in your location to suit your energy needs
may save you money due to their low cost. Poly loses their efficency through
increase in temperature.Furthermore, technology is continuously evolving, and

polycrystalline solar panels are now being created.

4.2.1 Controlling kit

4.2.2 Raspberry pi

The Raspberry Pi is a latest tool but expensive and require the basic learning of

language.

DSP based slide mode control for photovoltaic system 31



4.2.3 Arduino

Arduino is a hardware and software startup that is cheap and commonly used in

school task.

4.2.4 DSP kit

DSP is professional tool mostly used for tech industrial purpose for controlling

the system.

4.3 Controllers

4.3.1 PID

PID controller is a loop control module widely used in industrial control systems
and other applications. necessitating ongoing control modifications The PID con-
troller continues to calculate the error number as the difference between the de-
sired setting and the approximate process variation , and utilises correction based
on measurement, complete, and derivative terms (specified as P, I, and D, respec-
tively). When it comes to assets, PID adjusts the control function automatically

and precisely.

4.3.2 SMC

Slide mode controller (SMC) is an indirect approach in control systems that mod-
ifies the indirect system flexibility by employing a non-continuous control signal
. that causes the system to ”slide” closer. the opposite part of the system’s typ-
ical behaviour. The law governing state reaction is not a linear function of time.
Instead, depending on the present location in the region, it can flip from one
continuous structure to another. Slide mode control is thus a versatile structure

control tool.
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4.4 Controller technique

P and O
When the voltage increases, the p and o controller changes the potential differ-
ence from the range by a tiny amount and measures the power; when the power

increases.

4.4.1 1IC

The controller calculate the effect of the power shift by quantifying the increased
current and voltage variation. This approach involves more computation on the
controller, but it is faster than PO at tracing changes. The output power remains
constant. It calculates the voltage fluctuations signal relative to the voltage (dP /
dV) using the rising conductance (dI / dV) of a solar array. MPP is incorporated

into increased behaviour by comparing increasing behaviour.

4.5 Design Methodology

This is our proposed model for the Final Annual project ”Slide mode control
based on DSP photovoltaic cell” in which we plan to use four solar panels in the
model to take the temperature and brightness across all solar panels. It will be
useful when extracting output for different inputs. There is a different editing kit
like raspberry pie Arduino and DSP. We use the DSP kit because it is the most
common industrial tool at industry level. The DSP kit will be a system in such
a way that it will absorb inputs at temperatures of 25 degrees Celsius because
it is the most efficient temperature so that the solar system provides the highest
output. We should also find the MPPT point we are on to adjust the input. For
that purpose, we use the slide mode control under the steering mode. After that
the input voltage will go under the boost converter to amplify up to about 24

volts and save the battery for charging.
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Figure 4.2: Block diagram

4.6 High Level Design

Conceptual or Logical:
Monotype Solar cell:

Monocrystalline solar panels are widely considered to be a significant solar
product. Monocrystalline panels’ key advantages are their high efficiency and
high quality. Silicon is formed into bars and then sliced into wafers to manufac-
ture monocrystalline solar cells for solar panels.

Polycrystalline Solar cell Polycrystalline PV have less effect than monocrys-
talline PV, but they have the advantage of being less expensive and temperature

sensitive.

4.6.1 Process

This is our proposed block diagram of the Final Annual project ”Slide mode
control based on DSP photovoltaic cell” in which we plan to use four solar panels

in the model to capture the temperature and irradiance of all solar panels.
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Figure 4.3: flow chart diagram

4.6.2 Physical

4.6.3 DSP KIT

DSP kit has high signal processing speed. It also has high accuracy.we use DSP
kit because its reconfiguration is very easy as compare to others controllers. It also
offer various interfacing types like UART,12¢ etc. we can also easily implement

the mathematical equations by using c language.
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Figure 4.4: DSP kit

4.6.4 Battery

In our project we use two batteries of 12 volts. we connect them in series to
convert them into 24 volts. As we are taking inputs 12 volts from the pv and we
give these 12 volts to our boost converter. Our Boost converter will step up the
DC voltage to 24 volts and charge our batteries. After that we run two type of
load one is DC load and the other is AC load. we give our 12 volts battery input

to the inverter that will convert them to the 220v Ac and our enlight our bulb.

Figure 4.5: Battery
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4.7 Low Level Design

The proposed model for the Final Annual project ”Slide mode control based on
DSP photovoltaic cell” in which we plan to use four solar panels in the model
to capture the temperature and brightness of all solar panels. It will be useful
when extracting output for different inputs. There is a different editing kit like
raspberry pie Arduino and DSP. We use the DSP kit because it is the most
common industrial tool at industry level. The DSP kit will be a system in such
a way that it will absorb inputs at temperatures of 25 degrees Celsius because
it is the most efficient temperature so that the solar system provides the highest
output. We should also find the MPPT point we are on to adjust the input. For
that purpose, we use the slide mode control under the sliding mode. After that
the input voltage will go under the boost converter to amplify up to about 24

volts and save the battery for charging.
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4.8 Simulink Design

Simulation of incremental conductance

Henarahe

Figure 4.7: MPPT Technique
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Figure 4.8: circuit with PID controller

Output of PI Controller

Figure 4.9: Output using PID Controller
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Simulation of SMC Controller

Figure 4.10: circuit using SMC
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Figure 4.11: Output using SMC
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Chapter 5

System Implementation
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To take things to the real world we must be more realistic, and we must face
all the challenges and uncertainties to achieve our goal. When we design, we have
natural elements that affect our effect. The sun is not always reliable and may
vary in time and weather, so we should do a test to prepare for our project.
We have selected the DSP kit over the rest of the controllers due to its high-
speed testing and processing. We have chosen a monocrystalline solar panel over
a polycrystalline solar panel by studying all the features and completing our goal

with different techniques will be discussed.

5.1 system Architecture

our block diagram is:

» &

Figure 5.1: Block diagram

Our DSP kit is programmed in such a way to detect the most efficient temper-
ature which we study from the literature review it is 25 degrees Celsius for that

purpose we have designed a code to program the DSP kit.
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5.1.1 TRACKING SOURCE CODE

include jAT89XS1.H;,
include jmy.h;,
define 1drl P1 0
define Idr2 P11
bit fl = 0;

bit 12 =

char temp = 2;
void clock(void)
P20=0:
delay(500);

P20 =1:
delay(2000):
void clock(void)
P21 =0:

delay (500):

P2 1= 1
delay(2000):
void main( void)
delay (5000);
search again:
if(1dr] == 0)
temp = 1;
f1=1;

else if(1dr2 == 0)
temp = 2;

f2=1:

else
goto search again;

while(1)

DSP based slide mode control for photovoltaic system
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if((1dr] == 0) (f1 ==0))
if(temp == 2)

clockO;

temp = 1;

f1=1:

2=0:

if((1dr2

==0) (12==0))
if (temp==1)

Cclock();
temp =2;
f1=0:
f2=1:

This is a generic code our objective is to program the DSP kit in such a way
that it will take specific inputs from the solar system.

After programming and connecting the DSP kit, we must check the tempera-
ture on the solar panel. For that, we have used a specific temperature sensor to
record the temperature on every panel to differentiate between the working on de-
sired input temperature and undesired input temperature. We have used 4 panels
to monitor the temperature on each solar panel and to view the temperature we

have to use an LCD.
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Figure 5.2: “Project name display on LCD display

Figure 5.3: Irradiance display on LCD display”

5.1.2 Tools and Technology Used

e DSP Kit

e Programming in C++

e Temperature sensors

e MPPt approach through IC
e LCD display unit

e Battery

e Solar panel

e Boost converter

e Solar frame
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Figure 5.4: Temperature display on LCD display

e Buck converter
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Figure 5.5: Battery volt and input voltage display on LCD display

5.2 Development Environment/Languages Used

Flow chart model for the project include DSP kit which has been coded according

to our objective.

5.2.1 Codes

Tracking Source code for MPPT
include jAT89XS1.Hy,

xxxVviil

include jmy.hy

define 1dr1 P1 0

define Idr2 P11

bit fl = 0;

bit 12 = 0;

char temp = 2;

void clock(void)
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Figure 5.6: Complete Project hardware model

P20 =0:
delay(500);
P20=1:
delay(2000):
void clock(void)
P21=0:

delay (500):

P2 1= 1;
delay(2000):
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Figure 5.7: Flow chart model for project
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void main( void)
delay (5000);
search again:
if(1dr] == 0)
temp = 1;

fl = 1;

else if(1dr2 == 0)
temp = 2;

f2=1:

else

goto search again;
while(1)

if((1dr] == 0) (f1 ==0))
if(temp == 2)
XXXIX

clockO;

temp = 1;

f1=1:

2=0:
if((1dr2==0) (12 == 0))
if (temp==1)
Cclock();

temp =2;

f1=0:

f2=1:

When the DSP kit detect the MPPT point through IC method We move to
our next step to give instruction to the Solar panel to take input from specific

range
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Chapter 6

System Testing and

Evaluation
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Because the DSP outperforms smaller controls mathematically, all the avail-
able rules are applied to the DSP in real time for the proposed conversion in this
study. As an SMC, the intended DSP was employed.

The suggested model’s performance is determined by a series of tests. The pro-
posed prototype approach uses multiple regulatory rules to decide the extent of
the discussion.

Similarly, the various parameters, such as, K, €, load variability, control power, ac-
cess time, and output power output, are limited by the proposed computer model
of the various control rules programmed.

In terms of test results, control rules can be highlighted asfollowing points:

1)A clear access law allows for a minimum chat in a short amount of time. As
a result, the suggested DSP-based SMC is designed with a legal framework for
transparent access to give a smooth response while maintaining durability and
dependability.
2) The worth of ’k,” as determined by a limited rate law, the law’s level of access
power, and the flexible sigmoid access law, is extremely high while the degree of
exposure to law is extremely low. As a result, the suggested DSP-based SMC is
designed in the form of a clear access legislation, which enables a fast access time
with no settling time. A tiny amount of speed with the system trajectory will also
arrive at the changing point, making this path similar to a free conversation..
3) Furthermore, with the given access rule, the output variance is only 0.16 per-
cent, demonstrating constant voltage at the converter’s output terminals.
4) Except for the stated access law, all control rules get important time adjust-
ment values. As a result, the explicit access law accelerates the dynamic response
of a planned system.

5) At the very least, the first control voltage is found in the clear access rule.

Project was tested for a day to note its output and working while considering

all the environmental factors. The result is explain below:
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Time (1Hour Avg) | Temperature Trradiance Output
Tam 18 degrees Celsius | 230m/W"2 02V
10am 25 degrees Celsius | 530m/W"2 1.8V
12pm 32 degrees Celsius | 830m/W"2 12V
2pm 35 degrees Celsius | 730m/W"2 1V
4pm 25 degrees Celsius | 510m/W"2 1.7V
6pm 27 degrees Celsius | 280m/W"2 1.7V
8pm 20 degrees Celsius 100m/W*2 0.5V

Figure 6.1: Recorded Data from the working of PV System

At the end of the day, we have concluded the working of the project was efficient
at the range of temperature 23-27 degree Celsius giving us the maximum output
from the source. By programming the DSP kit around this range, it can give us

the efficient energy which is required.
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Chapter 7

Conclusion
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After our research, literature review and experimentation we have find the
DSP kit preprocessing faster than other controllers including aurdino and rasp-
berry pi. DSP kit is one of the industrial common program devices used. We have
explored different code for programming of DSP and use different technique of
coding and design efficient working code for MPPT tracking under Incremental
technique. We have explored the polycrystalline and mono crystalline solar panel.
Learn their specification and study its Pros and Cons. At the end we have charge
the battery as well as directly provide to the load. changing irradiance levels and
simulation effects compared to the old PID control. .By calculating and looking
at the project we conclude that almost 30 percent is effective against the con-
ventional PV photovoltaic PID control system which is basically a mistake in the
current system that falling to 40 degrees Celsius or high temperatures reduces the
efficiency of the photovoltaic system. We have designed our Final Year Project in
such a way that it can become a power supply project for those who want to be
independent by generating their energy. Our prototype was tested and yielded to
about 2kWh per day which is enough room for a large series of solar sets that can
provide full power in the house. It is a one-time investment that can recoup the

electricity costs for 8 years and last a year longer.
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