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Abstract

This project presents a new design technigque for maximum power point
tracking which can stabilize the output voltage using single switch. The conventional
technique, Perturb and Observation technique, is able to track the Maximum Power
Point(MPP); however, the stabilization of output voltage which is an important issue
can not be achieved. To overcome this problem, both stabilizating function and P&O
algorithms are adopted in hybrid fashion. The simulation and experimental results

concern the effectiveness of the proposed algorithms
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2.6.3 mymAanumileathilan igavesisasnusziuussauiii
Mauunsgaydenslurnsussduussiulwindawindugud daduidaluihi
pnInuMaIIemMatlWinssuansewidumasiihnluanlasu vl

pop Vo (2.16)
s o =
Fy =Vl =V, (2.17)
2
% =V,
V, = Vs
(1-D)
V.
(—=)’
Vb, =2
__ (2.18)
L l-DYR

¢ i i o PS o ° o I I i
ganszualwihnlvarudmienhgeaauaziananunsamuin wlsiaineade

wagniswasuilaswaansznaluiy Tuvranafiadinduinssua asluaunisn (2.7)

Af —lfE

L,on

vglanszudlwihilvanusmlsnhgeaauavian fie

Ai
I, =i +—*%
L,max IL 2
I} x = Vsz +1(VSDT) (2.19)
: l—DfFR 2™ L
s 1508, (2.20)

Ly s =
et (1-DY'R 2" L

dI af v el' 1 a d‘ o [ 1 dll = @ LY n’j
Weauudlvnsewalwihlrac ushmdetddunvusedisaziidnduuan daduay
| =i o = & o a o v ) o o |
mmanumienhidnian Miliasussdusssiulnivihauldluveuuaseninayun
nssualihfivanusvioninduwuudadiswaylisoiies  aruisadiuramilaainnisg

mvualvinseudlwihilvashusmdenhSandugud deaunisi (2.21)



Lo

i (1 D) R 2
v, _l(VSDT)
U=DV¥R 9 L
2
L. _(U-DyR (2.22)
min 2f

LY o o al = i o -
msusuAmuwmiienhndnfian 9 naunsil (2.22) aunsevildlasnmsuiudien D

IoAIANUAUNIUIYAN 8 W3RAANMDYEINSEIRT £ Fallnareuunnvaasimiiani

2.6.4 AszaanARUYBILSITUINHIAURIN(V,ippe) MITTFIAVYsZYRTivunlvg)
wansninnbiussiulihiuesnmiivisandsuilavaussiuadld ualuniefudly

- Vo d ala | v oA -l vl o o o
annsadenldfinuuszaniivunslvgunng ideeniisaunaddiuiin ndadenldsn
[ PRy ' A [ 1Y v v v
WnulsEaiitliunamnsan wasaszaenrauveaswulnihmusensglusedunseniulanis
o ' - ar ) = v P
AIANsYasnAauYaaLswiulWidusananueniiseen aunsamlaainnssualuif

Inanusfiudsegagu 2.14

U

T
A

L |
“&%/////or ‘T

JUN 2.14 nszuadilvariusuiuyse

|AQ|=CAV, =1, (2.23)
V
F ot
° R
At =DT
AVO = IOAtan g VODT (224)
C RC
AV, D (2.25)
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2.7.1 el NIAUANLUY PID Th%anunssiuiiueamenuesiil usieanun

dunng:
MV(t)=P,, +1,,+D (2.26)

out

de P, , I, waz D, Wunavesdyyiamuiaonainsyuuaiuay PID a1nusdasmen

out * “out

FaderumusasBeaauans
weNvesdndIy (UnerdaSen §h717e79) nlavunlandudadiuvasmmnuianain
m‘smauauawaaé’mmua']mwﬁﬁle’ﬂmami@mﬁwmmﬂmwamﬁwﬂ'nmﬁ K. wIefsund
ININVE8ERAI

wanvasdnduaztuluauaunis:

P, =K,e(t) (2.27)
- o [V
We P, :dygianisenvsivieudadiu
K, :eanvenedadiu, souusuiudla
e CANANNRANAR = SP - PV

t . b3an
[ o 1 al 4 - al i o [ =
wasniversdndiunigiianufianatafaziudsundasinguiy widigafuly

ruvagliiatiosla lummssiuty nadnsveredadiuian ssuuaiuguaziinanauaues

fansrulIUNIsUassulume

2.7.2 U3NUS waanwoudsiusidudnduuemmu1nni ulananalaysze giialued

ANUAANANA HATINTBIAIURANAIALUNNYINIET (USHudvasmauiianatn) azlvioanian
A 1 v £=% s = os

avauinisazdulunouni pAAnaIRAEALIzgnANlAL 8RS 1U818UTHUS TUIATBING

YaameNUIHUsIEMMUAlAERs1vE8USHUS K,

wiauUSwusazduluauaunis:

!
L, =K, [ e(T)ar (2.28)
o L AIUIe8NYBIVENUTHS
K, dasveneuinug, duwdsusuala
e L ANUEANAN = SP - PV
t L8N

T éudsusiusvu
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wenU3fius (Wesamiumendndn) ausanssuiunsiiingaanfeenisuazedn

= dl 1a a v o o 1 ' ' a w
ANuRanaeTivieegMiina1nnisldifisaneudadiu uiagelsfiniu inenu3wusiduns

1/

novauBwoANURananasatluefn Jausaviiliiinlanesyala (Yrugandesnisuas
— L7 =3 4
NN siuwlUn1afidnedu)

2.7.3 auWus dn31n15WABULUawDIRMLAANEINIINNIEUIUNT T U UAIUINNI DN

ANuduvasrUianatayngatiufe Wusyiussudunisduiusiviian warguaiy

8/
3 a

BRTIVLAYIUS Ky YuInvaNataausyius (ueniuien dns1) Tuiudninvey

g

pUNIS Ky waneuiusilulumuaunis:

D, =K, %e(f) (2.29)

o &

= ar
e D,, :dyniuvieenvednenayivus

K, :énsvegeyius, sudsuiumle
e L ANUAANAA = SP - PV
t

weveyusIyzAssns MR ABId A NINB8N YBITEUUAIUANIALAIE
watrtliszuumuauingeaTidenis Fiumenoyiusaldlumsanuinaslonoiym
q?il,ﬁmﬁnmanﬂ%ﬁuéuaxﬁﬂﬁmﬁ&Jimwmmmssauﬁ’u‘uENixUUﬂQUﬂuﬁ%u wringnalsinu
ouusvesdygasumuiignuslussuuatuauaglunndenissuniulumenvesniny
Renarauazansaih insvuunsllafiesladdyarasumusazdnveseyiusiivuin
ey ane

2.7.4 wasau wondndlu, U3Wug, uaveyius sshinsniududygavieenves

NSAUALKUY PID Mwualy u(t) Wudyaawioen aunsgavingvasds PID fe:

U() =MV (6) =K, e(t) + K, [ eT)dT +K, %e(t) (2.30)

2.7.5 msuiugu

2.7.5.1 msUiugueilie

i
o s

msvuudensyiiay Tuusalinee K way Ky Wugud due K, aunseiadgg i

o @

ponIRiAN1UNI (oscillate) widan K, Windersmiawosindvinliifianisuniediniunns
noUAUBITA "quarter amplitude decay” waaLfiu K wnwﬁ"&aaﬂmmgﬂ@faﬂunmﬁ'
waileweanssuauns uid1 K wnluasinlwliiados gaafiedidonts Iy
i Ky sunseisgUoglussiuiivensuld undh K, wmnfuldendumelinmsaeuausiuas

]
1 =

lonesymiiugeusuld UnAnisusugu PID duifinlenesymantieeaviielvidnganifents
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570 wiluusszuuldeannsesedliiislenesynld uavde K, deaiulufasildiiants

N4

M 2.2 wavasnsiiuAiwlsetnedasy

NAUBINTSANANAILUT L9 DAY

. Frnantiu| lenedyn | vagauaa | ANuRaWAIRA0 UEAI -
AUs LANYTNIN
(Rise time) [ (Overshoot) | (Settling time) |  (Steady-state error)
o
3 wWaguuuag
Ko an (STHY i an an
antay
K; an L ATV anasag1wiiubdety Gl
ama\j @ Y -7 =M oal ad v a0 v
Ky L. anauandes | anaudanioe muvguiliiing AU Ky TAvay
@nyoe

2.7.5.2 3315 Ziegler-Nichols 3amsinauslng John G, Ziegleruay Nathaniel

x a = ) v o e
B. Nichols Tup3asnesswin 1940 tuusnlvsiern K way Ky 1Wlugud fiudnsivens P g

an, K, nseriasufinnisunds than K, uagAdan1sunds P, iamid1daudsiivies

MA15797 2.3

M519% 2.3 NMsmsuls

Ziegler-Nichols method
Control Type I K; Ky
P 050 K, - -
PI 045K, | 12K/P, | -
PID 0.60 K, | 2K/P, | K,Py/8
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2.8 35N155UNIULAZEILNR

Measure V |

Get P

d o/ s
;a:‘LJW 2.16 WHUNINTZUIUNTTUNIULATHILNE

Bmssunmuuardanadunisluidnsiifinisnanfannigauaglddmivseuy
MPPT Sanesfiy wzinduisiaelunmsifeulusunsinesdyyionnn (FPGA) saneaifiuil
Wumsihsmumsiwasuuamesmmdiiusegiunseiu faimswdsuulasesussfuay
viliiAn dp/dvpy > 0 andudaneiiu ashmsthegadnfunisiiduga MPP Tufiania
Fuanmadugasiiiunsludaniviodeunds Taensusuatussfuannsusual i

loiAauardl dP/dvpy < 0 sanesiufaganfiunisluianmedeunduainiianialunig

Yes
Y 4 L W
D =D +A i - _ ~
ref ref Dref Dref Dref ADref Dref - Dref i ADref Dref - Dref i ADref
| 1 | |
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Andunsnounsn Faiivadidunisgndiveanluannga MPP widseglndqan MPP
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= =P o = =l ! = =l = v !
Weulusunsuniinssidumsifiesdinsan n15uan wasn1swseuiisuiidesnds
TaideI0ISNITTUNMIULAEEINA  9ElinTduTEUIIR MPP uazmniimsidgundas
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3.1 WUUINABISTTUUAA uasaing
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I5YARBUIRsIADY 29asAUAUATsAnALAS Wi geganarivan Feldlusunsa
MATLAB/Simulink $1aesszuulupenfames Wnefin1sldinaialunisinaiugadidelwil
gean 2 wiada lun wallrsuniuuazdang uaz3Bsunmuuasdunnuuumaiafidiauss
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JUM 3.2 wuudnaesssuuaduasening
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MATLAB/SImulink materials[X] fagu 3.3 fraidnuaziuluniuaunisaunis (2.1) (2.2)
way (2.3) lngazflnudnvauziuluniudt nszuadn99s (s Lsadurslngems (Vo
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- L’S
Saturation
Ntlogiiudor+1)
By-pass diode
Rs
e
1 - P Rs
et o>

Veveed e
Insciation Insolation 1o Algebraic Constraint Ns
Sk osin Ph-junction characteristic
d o L3 o L4
ELI‘VI 3.3 LUUAANL RN 1R
1~} Function Block Parameters: PV1 (R ]

R S

' PV module model based on module data-sheet parameters. This
- model has Ipv input, which is suitable for series connections.
Limitations: no temperature dependance, static model

~ Parameters

Short-circuit current
|7.54

| Open-circuit voltage
[221

. Current at Pmax
{705

. Voltage at Pmax
177

[V By-pass diode?

OK Cancel Help I Apply
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MPPT for PV with Stabilizing Output Voltage

Titinan Kankam, Chakom Chanthanachotiwong, Chidsanupong Phromsurin, Chutiwat Ruecha
Faculty of Engineering,
King Mongkut’s Insitute of Technology Ladkrabang Thailand

Abstract— This project presents a new
design technique for maximum power point
tracking which can stabilize the output voltage
using single switch. The conventional technique,
Perturb and Observation technique, is able to
track the Point(MPP);
however, the stabilization of output voltage

Maximum  Power

which is an important issue can not be achieved.
To overcome this problem, both stabilizating
function and P&O algorithms are adopted in
hybrid fashion. The simulation and experimental
results concern the effectiveness of the proposed

algorithms.

Keywords: one switch, output voltage stable,

Perturbation and Observation

L INTRODUCTION

Due to the increasing of energy demand
and the impact of fossil energy. Renewable
energy has become more important. Solar energy
is one of the most important renewable energy
sources. As compared to other energy source,
solar energy is clean, inexhaustible and fiee.
Moreover, Owing to the cost reduction,
photovoltaic system has received great attention
and become widely used [1].

Energy produces by PV module depend on
the solar radiation. At uniform solar radiation, the
PV module has a voltage-current characteristic
with a unique point, called maximum power
point (MPP), where the module produces
maximum output power. [2]

The maximum power point tracker is used
in order to maintain the operating point at
maximum output under any solar radiation [3].
InFig-1, an example of PV module characteristic
in term of output power versus voltage and
current versus voltage.

There are many ways for maximum power
point tracker [3] -[7], such as an open circuit
voltage method, incremental conductance
method, fuzzy control method, perturb and
observe (P&QO), constant voltage (CV), and so
on. Among several techniques, perturb and
observe (P&0O)  has widely used due to
uncomplicated and ease of implementation. The
P&O MPPT algorithm is based on following

criterion: If the operating point of the PV module
is perturb and the power produced by the PV
module increase, It means that the operating
point is moved to the MPP. Therefor, the system
will be perturbed in the same direction in the next
process. In contrary, if power decrease, the
direction must reverse. [8-11]

A drawback of the P&O MPPT technique
that the output voltage of the maximum power
point  tracker  always changes.  Some
improvement of this technique has been proposed
in order to stabilize the output voltage, but it
makes the system loss some of energy when the
environment condition such as solar radiation
has been changed. To solve this problem, This
paper proposes the MPPT for PV with stabilizing
output that the system gets maximum power and
still stabilizes output voltage. The simulation
study in this paper was performed in MATLAB
Simulink and experimental result.

DC-DC
PV ] Boost

Module Converter

Jre

"y

MPPT
Controller

|

Fig.1 Equivalent block diagram of a photovoltaic
system.

II. THEORIES AND RELATED RESEARCH

WORKS

Perturb and observation

The main idea of perturb and observe is a
modification of voltage or current in order to
obtain maximum output power. The differences
of power and voltage are obtained by the
following equation.

AP=P, Py (D)
AV =V, Vs @

From the characteristic = curve  of
photovoltaic module in below figure, in Fig. 2 is
presented in term of current versus voltage and in
Fig. 3 is displayed in term of power versus



voltage. From both figures are presented in
several unique isolation levels.

Bl 0 0 e e e

Fig. 2 PV module characteristic in term of current
versus voltage

ValtagalV)
Fig. 3 PV module characteristic in term of output
power versus voltage

Fig-4 express flow chart of P&O algorithm.
The condition of P&O present by following
criteria: When both power and voltage increase
(AP > 0), (AV > 0), the duty ratio will be
decreased. When power increase (AP > 0) and
voltage decrease (AV < 0), duty ratio will be
increased. When both power and voltage
decrease (AP < 0), (AV < 0), duty ratio will be
decreased. When the power decrease (AP < 0)
and voltage (AV > 0) increase, duty ratio will be
increased

Measure |,V
Get P

Diet = Dy - AD s

Dir = Dyt » ADu(’ ID’“' = Dy . ADy

Dyt = Dper 4 ADyy

Fig.4 Flow chart of conventional perturb and obscrves
method
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Perturb and observation with stabilize
voltage

In general, The Perturb and observe
technique cannot stabilize output voltage. In
order to solve this problem, Perturb and observe
with stabilize voltage is adopted. The main idea
of'this technique is a limitation of output voltage
and also tracking the maximum power by using a
single switch. The principle of the proposed
technique is shown by flowchart in Fig. 5.

Start

Measure |V
GetP

[[VeumVou | [ Vo= Vown | [pwz0.200] [p=00 20

0,42 Ous .0 [Du =01, 20,

Fig.5 Flow chart of the propose technique

Following flow chart, The overall algorithm
is remaining same the perturb and observe
technique, If the change of power defined in (1)
is positive, the system will keep the direction of
the mcremental current as the same direction. In
contrary, if the change is negative, the system
will change the dircction of incremental current
command to the opposite direction. In addition,
the proposc technique is added more condition to
stabilize output voltage by specify the mininmm
output voltage and maxinmm output voltage in
order to stabilize output voltage.

IIIl. DESIGN OF BOOST CONVERTER
Boost converter is a DC-DC power
converter with an output voltage is greater than
the input voltage by using single switching
component. The duty cycle of this circuit is
controlled by microcontroller STM32 cortex M3.
The input and output voltage is represented by
A 1
el &)
Vs (1-D)




Panel

Fig.6 Boost converter

The inductor and the capacitor of boost
converter can be designed by following equation

__ D(@-D)?R
Lin = =57— @

D

= TRfs )

IV. SIMULATION RESULT

The model has been developed and
sinulated by using MATLAB/Sinulink. Fig-7.
Show the developed model. In the simulation
study, the duty step size is controlled by the
propose technique. The result of developed
model was investigated in comparison with

conventional P&O tracking under several
isolation 700 w/m’ and 900 w/m’. The
specification of PV module used in the

simulation is show table I.

TABLE 1 SPECIFICATION OF PV
MODULES

Open circuit voltage 221V
Shot circuit current 7.54 A
Volt at Pmax 177 V
Current at Pmax 7.05 A

Fig.7 The developed model

The MPPT performance of the propose
technique compared to the conventional P&O are
verified, as seen from all figure, the voltage from
the propose technique are stabilized compare
conventional technique.

82

. lrradiance

Fig.8 Power versus time and voltage versus time of
proposed technique at irradiance 700 w/m>

Ir'i"a'aianj:er T

Fig.9 Power versus time and voltage versus time of
proposed technique at irradiance 900 w/m?

Fig 8-9 display the voltage versus time and
power versus time of the propose technique at
irradiance 700 W/m* and 900 W/m’ by setting
the upper level voltage at 37 V. And the lower
voltage at 35 V.

From the conventional technique at
irradiance 700W/m’ and 900 W/m’, the output
voltage is 40 V and 45 V respectively. From the
propose technique, the result in Fig 8-9 perform
that the output voltage is equal to the upper level
limit voltage (37 V). So that the output voltage
can be stabilized by the propose technique.

The comparing between perturb and
observe and perturb and observe with stabilizing
output voltage in conditions of varying irmadiance
700-900 W/m’ by setting limit voltage 4042 V
can be shown in Fig. 10-11.

Vallage()

8 o ¥ 2 85 X &

i L i
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Fig.10 Voltage versus time of conventional technique
and the propose technique at irradiance 700-900 w/m?

The difference voltage of the proposed
technique is 2 volts. But in the conventional




technique is 5 wvolts. So that the proposed
technique can stabilize output voltage by limiting
the upper voltage.

-

Lo === poposed techragoe |
o PR

Fig. 11 Power versus time of conventional technique

and the propose technique at irradiance 700-900 w/m”
From Fig.11 the output power of the
proposed technique is lower than the
conventional technique at irradiance 900 W/m’
because the output voltage is limited 42 volt from

45 volt.
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Fig. 12 Irradiance versus time at 700-900 w/m’

V. EXPERIMENTAL RESULT

The propose algorithm and boost converter
has been built and run in continuous mode. The
algorithm of converter developed in this paper is
set in ARM CortexM3, The experimental result
of MPPT has performed in comparison with
conventional P&O tracking under several
isolation levels (from 600 to 800 W/m?). The
specification of PV module adopted in this paper
is shown in table II

TABLE II SPECIFICATION OF PV
MODULES

Open circuit voltage 221V
Shot circuit current 7.54 A
Volt at Pmax 177V
Current at Pmax 7.05 A

To verify the function of the proposed
technique, The performance of MPPT with the
conventional P&O technique and MPPT with
stabilizing output voltage technique has been
displayed in Fig.13-14.
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Fig. 13 Voltage versus time and power versus time of
conventional technique at irradiance 700-900 w/m®

As seen in figure 13-14, the output voltage
of conventional P&O technique change 3 volt
from varying irradiance 800 W/m” to 600W/m’,
In the other hand, the output voltage from the
proposed technique is changed only 1 volt at the
same varying irradiance.
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Fig. 14 Voltage versus time and power versus time of
proposed technique at irradiance 700-900 w/m’

VI. CONCLUTION

In this paper, maximum power point
tracking for photovoltaic with stabilize output
voltage has been proposed to improve the output
voltage while still tracking maximum power of a
photovoltaic system. The technique is set to
reduce the main problem of conventional perturb
and observe method. The basic concept of the
technique is adapting the upper voltage level and
lower voltage level the output voltage to stabilize
the output voltage. Select the appropriate duty
cycle step size. A large perturbation step size is
chosen far from the MPPT while a small ones are
used around MPP to minimize the power
oscillation in steady state. As seen in the result,
the propose technique has better result in output
voltage but there is some drawback from a bit



lower power output compared to the

conventional technique.
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