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Abstract — This paper presents a efficient stand-alone use of photovoltaic systems: the high installatimst and

battery photovoltaic (PV) lighting system which canprovide
functional illumination based on power light-emitting diodes
(PLEDs). PLED with specific features of small sizelong life
and high-brightness light will be choices of futurdight sources.
The PLEDs are feed using a lead acid battery thasicharged
with a PV panel.

This paper presents an interface board with a ATMEL
ATTINY861V microcontroller, a single-ended primary
inductance converter (SEPIC) and input and output wvltage
and current measurements. The microcontroller runsthe
perturbation and observation (P&0O) maximum power pant
tracker (MPPT) algorithm used in battery charging process.
This algorithm makes the system more efficient. Irorder to
control the PLEDs current, an equal interface boardis used
running now the proportional integral (PI) current PLED
control algorithm adjusting the wanted level of lidit in the
PLEDs array. The two identical interfaces boards baed in the
economic microprocessor achieved very good resuis battery
charging and discharge supervision improving the étiency a
life-time of the lead acid batteries (first board)and presents
good current control results in the PLEDs array (seond equal
board) providing a constant PLEDs light even in vdhge
battery variations or discharges. The stand aloneidhting
system monitors the surround area and if it feels ry
movement it changes the level of light of PLEDs fra signal
light to illumination light. After a pre-defined ti me it comes
back to signal light, saving energy.

the low energy conversion efficiency. To incredse ratio
output power/cost of installation it is importartat PV
panel operates in maximum output power (MPP) t@ibs
the maximum power possible. The combination of PV
panels with power LEDs makes the called new greght |
sources. Light-emitting diode has been widely itigased
in lighting systems because it has many advantdygh:
luminous efficiency, low environment pollution, kpHrife
and firmness. LED lighting system supplied by badteis
one of effective solutions to home, vehicle anahaiigation
lighting system [1-5].

LED lighting system consists of three major parts:
batteries, lighting controller, and LEDs module. oBb
converter is usually used as main circuit of thataler
[3], [4]. It is difficult to control LEDs light, da to its
nonlinearity electrical characteristics and tempesm
sensitivity [3], [4]. Ref. [4] gives the disadvages of
constant voltage control and the necessity of eorst
current control. However, conventional simple canst
current control strategy may cause over current and
overheats of LEDs, because it ignores the temperatu
characteristics of LED. Moreover, the strategy rhigter
discharge batteries and shorten their life dueeglectting
the discharge process of batteries [4].

.- INTRODUCTION This work proposes an intelligent controller forwew

Nowadays stand-alone photovoltaic lighting systems hLED lighting systems and a photovoltaic batteryrgirey
been generally used in rural areas and graduadlgf irscity System using a SEPIC and the ATMEL ATTINY861V
areas like public gardens lighting. Common stregticrocontroller. It has the following advantages) poard
illuminations has big energy costs for the munisignd it With a SEPIC and input and output voltage and atirre
is urgent to Change to green ||ght souses as pbm measurements used by the ATTINY861V to control the
panels with brightness power light-emitting diodedattery charge and supervise discharge, (2) anl epaad
Photovoltaic system is gaining increased importaasea as the presented previously used to control theDBLE
renewable source due to advantages such as ligsrent and brightness using a Pl control algoritiimhave
maintenance and no noise and wear due to absencdngiccount the temperature affects in the lead baitery
moving parts. But there are still two principal fbars to the



charge process and in PLEDs, the temperature ih botThe hardware of the DC/DC board was made to satisfy
subsystems are read and affects theirs algorithm. the two interfaces: a SEPIC because of its veityatihd
This paper is divided in eight sections, as follogection resistive sensors used to measure input and oughaige
| introduction, section Il presents the constructiand and current that will be used in both boards ane lom
description of the all system, section Il presethis solar power microcontroller ATTINY861V that will runs thevo
array characteristics, and section IV shows the DUC/ different algorithms (runs the charge algorithm ammhitors
converter. Section V presents the algorithm propasehe the discharge or runs the control current algoritteeded to
different stages of the lead-acid battery chargingcess, control the power LED lighting system).
section VI shows the power LED array, section \f@gents The needed to control the current in the LEDs bechom
the PI control algorithm ending with conclusionsldnture the voltage variations of the feed battery that wilange
work presented in section VIII. during time, temperature and level of charge thaild
cause variations in the light level of the LED ligly
system. The PV electrical characteristics are ahdsesed,
especially, on the levels of energy needed to ftesl
In Fig. 1 is presented the block diagram of thespditem. system: battery and LED lighting system load. Thejeut
The objective is to construct a stand-alone phdtai parameters are based in the following: generatesiggn
lighting intelligent system using power LEDs. during the day light should be bigger than the oomed
First, a photovoltaic panel of 100 Watt of poweused to energy in the night lighting; this way the battenyll
provide the energy to charge a lead acid battedBo¥olt accumulate energy that could be used in shadowwlagee
and 50 Ah. These two blocks are connected with &Mothe generated energy is smaller. If the batteryl08%
that has a DC/DC controlled by a microcontrolleattruns charged and there is no sun for two or three dagsystem
the charge algorithm optimizing the transferredrgp@nd  still works normally using this accumulated energy.
also monitors the battery discharge. The lead battery is There were used 45 power LEDs consuming 72 Watt of
used to feed a power LED light. These two blocke apower to make the LED lighting system with the aion
connected with a second equal DC/DC board thatmoms provide a similar lighting of the given by a classipublic
the control current algorithm needed to control gosver |ighting system.
LED lighting system.

Il. CONSTRUCTIONAND DESCRIPTION OF THEALL SYSTEM

I1l. SOLAR ARRAY CHARACTERISTICS
PV

Array Ly C Dy Battery The maximum power point of a solar panel changes in
M L accordance with changes in the solar irradiance thed
c, M, L c T respective panel temperature [6, 7]. _
o T I J—T The curve power versus voltage at a maximum lefel o
48V . P .
Upp=28.5V 50Ah solar irradiation of the used PV panel (120 Wa#t) i
PP=418A by Panel Votage  PWM signal Battery Voltage and illustrated in Fig. 2.
and Current Sensing Current Sensing
‘ ‘ ‘ ‘ Power (W)
Py MICROCONTROLLER
50Ah Battery charging algorithm 120
. 100 // \\
Battery Voltage PLED g %
Supervision L C D Array g 60 o// \.\\
Bypass — & 40
L o Farav 1N
N 4 L 20
48V 4 o ‘ ‘ ‘ ‘ ‘ ‘ ‘
50An G M L Cy Sava Y 0 5 10 15 20 25 30 35 40
1 A o)
28.8V
4A

Battery Voltage and PWM signal Power LEDs Voltage 2+ Fig. 2.- P-V c_hara_cteristics of a photovoltaic panel foraximum
Cl‘Jrrent‘Sensing | and Cu‘rrent S‘ensing level of solar irradiance S a temperature of7 °C.
MICROCONTROLLER The MPP of the panel is located at the knee opthveer-
Power LED Current Control algorithm voltage curve. According to the maximum power tfans
Fig. 1. — Stand-alone photovoltaic lighting blodagtam. (PWM theory, the power delivered to the load is maximuhen
used to define the duty cycle) the source internal impedance matches the loaddamze

(8].
To avoid waste of energy, the system supervisesThus, the impedance seen from the converter iniplet s
movement around the system and it changes the LHEDan be adjusted by PWM control signal) needs ttcimtéhe
current and its correspondent light. internal impedance of the panel if the system ¢giired to



operate at or near the MPP. If the system oper@iethe manufacturers recommend dividing the charging E®de
voltage source region (namely low impedance regimn) four stages that are designated by: (1°) tricklargh, (2°)
panel characteristic curve, the panel terminalaggt will bulk charge, (3°) over charge and (4°) float ch§td¢ and
collapse [9]. [12].

It is known that the optimal point for the efficiense of In this work there were made some simplificatiamghe
the panel depends of the values of the panel tahper[6- implementation of the four different charging stagd a
9]. The main function of a MPPT is to adjust thengla lead-acid battery. The 1° stage was not implemented
output voltage to a value which the panel supptles because the discharge battery with this prototyeddoes
maximum energy to the load [8]. The applied MPPiiot pass below Moar (minimum lowest security voltage
algorithm will be explained in section V. specified by the battery manufacturers). The agghad is

IV. DC/DC CONVERTER disc_onnecteq from_ _the b_attery by the control atbami
avoid reaching critical discharge. The value of Mt

To implement the MPPT algorithm it is used the SEPIdepends or is a function of the battery temperature
This DC/DC converter is an increasingly popularotogy,

particularly in battery powered applications. A timput ?
voltage can be higher or lower than the outputaggtthis

converter presents obvious design advantagesidmitirk, ‘ Read Vp, I, and Ty ‘
for implementation of maximum power point tracker,
SEPIC working mainly in continuous conduction masde
used as the power-processing unit. Switch N chant
MOSFET M with a frequency of 125 KHz the PWM signal
with 10 bits of resolution will control the SEPIThe power
flow is controlled by adjusting the on/off duty ibf the
switch M. Fig. 3 shows the schematic of the DC/D(
converter implemented.

Execute MPPT
P&O algorithm

L 02 D PWM= PWM_old-K

m I

B . ISTEADers 7no
e fer T

Fig. 3. - SEPIC DC/DC converter circuit.

Using a PV panel with the following characteristics 3 y 3
. _ . _ ‘ Return to Start BOCH ‘
maximum power Ry,=120 W, maximum voltage =30 Fa 4 - Ban " oorithm with © smges (bulk and
. _ . ig. 4. - Battery charging algorithm with two mastages (bulk an
Vf maximum (_:urrem "‘pp—4 A, the DC/_DC deS|gn starts over charge BOCH) (PWM used to define the duty €ycl
with the selection of the two separate inductofsand L.

For a general working point with: The 4° stage was not implemented but the 3° stage i
Input voltage (W, = Vre) — 40.0V; continued until the charge current reaghedoy (near to
Output (Mout & low) — 60V, 4A; zero current) and finally the charging process rislegl.
Switching frequency (Fs) — 125 KHz, When the PV panel has energy to delivery and tlierya
Expected efficiency - 90% voltage is below the }: the control algorithm executes the
As it was projected in previous work made by ththau 20 stage.

[10], the SEPIC components used arg:=L280pH L, = The battery charging implemented algorithm candsns

280pH with Ly= 7.0A, G = 470 pF, ¢= 470uF, G= in Fig. 4. Where Y and |} are the battery voltage an

470uF, M of Inax= 7.0A and a diode of Iyax 7.0A. delivered current andTis the battery temperature. The
V. BATTERY CHARGE AND DISCHARGEALGORITHMS maximum value of the ¥ depends of the battery

) temperature. From Fig. 6 it is clear that only 8eand the
The complete battery charging demands to the dert® 30 stages are implemented from the four stagesopeapin
complex control strategy, in which it would be pb&sto [11] and [12].

way since working periods of energy generationh@ PV se of an MPPT algorithm to maximize the absorb¥d P
panel are limited [14]. To achieve a fast, safe emplete panel energy.

battery lead-acid charging process, some of the



The P&O is one of the so called ‘hill-climbing’ MPP
methods, which are based on the fact that in cadeed/-P
characteristic, on the left side of the hill of tMPP the
variation of the power against voltage dP/dV > 0jlevat
the right, dP/dV <0 [13].

If the operating voltage of the PV panel is pertarin a
given direction and dP/dV > 0, it is known that thi
perturbation moved the panel's operating point tdvthe
MPP. The P&O algorithm would then continue to pextu
the PV panel voltage in the same direction. If 8P#0, APF\,/\\M,TP(%M'
then the change in operating point moved the PVelpat -
away from the MPP, and the P&O algorithm reverses t
direction of the perturbation [15]. The main ademg# of
the P&O method is that it is easy to implement, #ésdow
computational demand. However, it has some linwitesti
like oscillations around the MPP in steady staterapon,

Start P&O
Read Vpy and lpy

APpy=Ppy-Ppy oid

slow response speed, and tracking in wrong way mnc
rapidly changing in sum radiations [15][16][11]. Teduce no no
the presented limitations it will be useful to usesmall ‘ PWM= ‘ PWM= H PWM= ‘ PWM= ‘
: : . ) PWM_old+K PWM_old-K || PWM_old+K PWM_old-K
sampling rate. In this work it was used a samptiag of
100 ms. 3 3
Using the SEPIC with current and voltage resistan \ Return to Start P&O \

sensors illustrated in Fig. 5, the P&O MPPT aldparitwas
implemented. The MPPT algorithm needs only the P Fig. 6. - P&O MPPT algorithm (PWM used to define thuty cycle
voltage and current information, and the battefyage and  applied in the MOSFET gate).

current information to control the battery chargprgcess. In the developed board is also used an algorithm to
supervise the battery discharge because for loniggaoed
PV I Battery SEPIC Battery / working periods of a lead acid battery its voltagan not
1 DCDC 3 PLED Lighter goes below a certain value established by the raahuk.
Ro R, CONVERTER R, Rs If the discharge goes deep several times the gao#ting
sV Ve period of the battery will be smaller than the @ohieved
with out this deep discharges. It is used a P adlann

Fig. 5. - Voltage and current sensors for battdmrging with MPPT MOSFET to connect and disconnect the load (pOWdD LE

algorithm (first board) or LED lighting current aldgthm (second board). Iighting system) from the battery. The minOCO”_Hnl
supervises the battery voltage and when the lead ac

Where R=R-=0.00%) and Ves are the amplified Voltage goes below a certain value which means itsat

voltages Fﬁseé to read ixli)out Rgnd output pcurren{@’el of discharge is big the battery is disconeédtom the

Ri=R=910KQ R,=R,=47KQ are used to read input andoad by the microcontroller. After a period of char
output voltages. running the previews MPPT algorithm the battery is

The flow chart of the P&O MPPT implemented algarith connected again to the power LED lighting systeat thll
is illustrated in Fig. 6. start working as it was projected.

The parameter K is the step given to the dutjecpf The implemented prototype_z board is iIIu_strated_ i@: F.
the PWM signal. This parameter can vary dependfrge It can be seen the PV panel input connection _(t)unrlght
working point of the DC/DC converter, linear or nimear Side of the board and, in the left side, the cotioedo the
region. battery output connection (B) and the load output
The MPPT algorithm is executed in the microconemll onnection (L) that connects to another board bk
which has ten 10-bits analogue-to-digital (A/D) eerters Naving now the battery connected in the input (gl ane
and two fast PWM mode signals. The control circufoWer LED array connected in the output (B). In tight

compares the PV panel output power before and afteputton side are the NTC temperature sensors (green)

change in the duty ratio of the DC/DC converter.islt
expected that the MPP presents a constant osmilati VI. POWERLED ARRAY

inherent to the algorithm. The power LEDs used to make the lighting system are

white with 3.2 Volt and 500 mA each to give the maxm



brightness and light at low working temperaturest@¢0 temperature working point. In Fig. 8 it is illusied the
50°C). prototype of the 45 power LED lighting system witbig
dissipation metal. The PLEDs are bought in OSRAM an
integrated in a small PCB that will connect to our
aluminium dissipater.

A lens will be also used to focus the LED lighttie floor
making a desired light area in the floor. The bess used
in the lighting system is still in a study phase.

|

\
Fig. 7. - Photo of the battery charger/lightingremt control board.

jhting
system is chosen with the aim to give a desiredt.li§o,
there were used 45 PLEDs, 5 frames in parallel BEEDs
each connected in series as illustrated in Fignd% The
PLED lighting system will consume about 72 Watpofver Fig. 9. - Photo of PLED lighting prototype.
giving the maximum light. This system feels movemmen
around the lighting system with a PIR sensor (pessor
vehicles) giving the maximum lighting and brightadar 5

or 10 minutes (program parameter). If the systemsdwt  To obtain a constant light it is important that tleEDs
feel any movement around it the light level decesa® a temperature is low and the current is constant. Wine
minimum value consuming 18 Watt. light system is turn on the current control boasgua soft
started because the DC/DC does not work corredtly g

VII. PICURRENT CONTROLALGORITHM

o “ “ ’ ; current transitions. When the real currentgd) is near to
ol ol A ol A the desired current fg ep) the Proportional Integral (PI)
A A A A A controller starts working adjusting the PWM sigt@mteach
s ; ; ; ; ; the desired current forcing an e_rroh(ﬁ)) of zero.
. ; A ~ r Fig. 10 shows the block diagram of the PI controlle
_ 2 2 2 ; “ where the gain parameters were adjust by testingy an

experimenting. The SEPIC is a non linear block thvas
projected to work in continues region for the dedir

~ b b b ~ currents.
b / / P
| E PWM |
Fig. 8. — PLED lighting system configuration. DLED PLED = curSreEnF‘:Il(_:ED PLED
The minimum and maximum currents in the power LE +x - |Controller control
lighting system are programmed in the manufactupingse Pl

or it could be changed by external SPI programniiigese |
values are saved in EEPROM positions that can Fig. 10. - Block diagram of the Pl controller (PWiMded to define the 2
reprogrammed. duty cycle). urr
To reduce the brightness variations with tempeeatthre CULILIUL, UI1E TTHUIULUIILUIET Ul UIDS UUdIU dIdU TIuid uie
PLEDs need an efficient dissipation material behirein to PIR sensor defining the desired applied currentthia
avoid the overheating of the LEDs providing a gooBLEDs array at each time. It also supervises thipubu



PLEDs voltage array to detect open LED frames,aashe
seen in Fig. 11.

Start PI&OV Control

‘ Read VpLED and IPLED ‘

l

‘ EpLep=IpLep -IpLED ‘

I

‘ AVpEp=VmaxLep-VPLED

yes

AVpiep>=0

PWM=PWM_old+
Ke*EpLeD

PWM=PWM_old-
|[Kp*EpLeD|

Current | control

No current | control
Y

A
‘ Return to Start PI&OV control

F
Fig. 11. — PI current control and PLEDs over voitagpervision
algorithm (PWM used to define the duty cycle).

VIIl. CONCLUSIONS ANDFUTURE WORK

This system was developed to be modular or working
PV battery charger or current control in power LEADEay
using lead acid batteries or even connected inadeswith
both functions. These modules could work until ¥28tt of
power, maximum voltage 80 Volt and maximum curret
4.0 Ampere.

The results of the developed module working as !

photovoltaic battery charger are presented in prsvivork
made by the author [10]. It is clear that the used PP
tracker algorithms in battery charging and the ltasge
monitoring present obviously benefits to the liferation of

the lead acid battery. The absorbed power from tH@l

photovoltaic panel is improved in 30% to 50% connpgto
direct connection depending level of adaptatiorthef PVs

and batteries. The stand alone system with the MPPT

delivers always more energy to the battery thammgpls
direct connection. Using this developed board tarab the

power LEDs current achieved very good results usng

simple proportional and integration control algamt The
battery voltage and the desired current don’'t héas
changes so the integral square error (ISE) of theral
system is near to zero.

These modules have power efficiency between 80%6]

(worst case) to 92% (best case).
The proposed stand alone public park lighting sysie

cheaper than the traditional ones globally (obseyvi[i6]
installation and maintenance phases). The standealo

lighting system monitors the surround area andsifféel
any movement (person) it changes the level of light

PLEDs from signal light to illumination light. Aftea pre-
defined time it comes back to signal light, savémgrgy.

As future work we need to study the PV panel
performance along one normal year to see the bsalrbed
energy that depends of the weather but also of the
characteristics of the PV panel. This study will ieed to
preview with some degree of precision the autonofitye
stand alone system with the PV panel and lead acid
batteries.
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