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l. lNTRoDUcnoN

Nowadays, energy problems has long become global
concems, the world is racing to find energy solution due to
ensrgy shortage, high energy pice, unsecure of erergy supply
and not eco-,friendly in eners/ consumption [1. Hsncr, the
green technologies stmtegies was introduced which are called
energy saving solution. Onc of the applications in energy
saving solution is to introducs sl€ctonic ballast !o be installed
on s&eet lighting. Normally, all strcet lighting uses the
conventional magnetic ballast.

The conventional strcet lighting consists of bsllas! igniter,
cspacitor. photoelectric and high pressure lamp (HPS) [21.
Every component has thcir own function whether during
staning operation or norm&l op€ration. Photoelectric c timer
is a sensor to control switch ON/OFF for conventional sueet
lighting and its design depending on the manufacturer.

Currently. therE are various types of high intensity
discharge larnps for str€et lighting model and the specificstion
available in the market are Metal Halide lamp, High Pressure
Sodium (HPS) lamps' tow Pressurc Sodium (LPS) lamps and
Mercurl Vapor lamps. A high Pressurc Sodium (HPS) lamp is
widely used in public illumination [3].

ln 2007, the researcher from china developed the electronic
ballast that used dimmed method in si€st lighting. Th€
configuration of this elerctronic ballast consists of EMI filter,
full bridge rectifier, power factor conector, half bridgc
invener, resonant load circuit and microprocessor !o drive
circ,uit. The advantages using elec$onic bsllast are highgt
system ellciency due !o lower bsllasl losses, highcst lamp
colour uniformity and constant light output [4].

This peper prrsents strat€gy to control the power
consumption by using modulation index. Setting the high
modul&tion index, the consumption of energy will be
increased. Passive power filter appreches are used in low
power and low cost application- Passive power filter method is
simple, low cost but has bulky size and hcsvy weighL For
active power filter, it is us€d for high power level and low
harmonic distortion. The simulation is caried out usiflg
MATLAB/Simulink.

II. METHODOLOGY

Figurc I shows the flowchart to design elecfonic bsllsst
system.

Figure l: Flowchart ofthe project.
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A- Circui, Design

The main circuit is divided into four import$t parts, EMI
filter, single phase full bddge rectifier with power filter, single
phase full wave inverter and lastly resonant load circuit as

shown in Figure 2.
The Iirst pa4 the power supply will flow into EMI filter

circuit. The EMI is a disturbance that 8ffects the electronic
circuit due to electromagnetic radiation that ftom cxtrmal
source such as radio fiequency, bmadcasting and others. To
remove that noise in this circuit, the EMI filter will be used.
The function ofthis filter &vices used in circuit is to suppress
cooductod idcrfcrcnce found in a signal [5].

Secondly, it will flow into full bridge rectifier and power
filter. Th€ main frrnction of rectifier is to produce a voltage or
cwr€nt which is puely direct current (DC). Then, for power
filter, it will maximize both the power handling capacity of
the power aod cu[ent hsndling capacities of power
distribution network [61.

Thirdly, for invsrter pai, it will conv€rt the direct cun€nt
from rectifier to alt€mating current. For this inverter, the
switches is uscd are MOSFET. To conbol the switches of
these deviccs, the pulse width modulation (PWM) c€n be us€d.
Normally, in PWM syslem, the pulses ar€ gencrafed by
comparing a triangular carier waveform to a rcf€Ience
modulating signal that can be generated by the PWM
geoeralor [7].

Lastly in elecuonic ballast system, it will flow into the
resonsnt load [81.

To draw cornplete circuit for elecfonic ballssl using
MATLAB/Simulink, the component only on simpowcr
systems and simulink libraries are chos€n. Sct the
configuration param€teB !o ode23tb b€fore start &awing the
circuit. Appendix A show the complete circuit fo eleclronic
ballast with pa-ssive power filter and active power filter
respectively.

Iry'!

Figure 2: Block diagram for elecronic ballast

B- Conlrol Passive Paa'er Filter

In passive power filter approach€s, passive elements arc
uscd to improve the power quality of the power circuit.
Passive clements like inducton and capacitors arc plac€d at
thc inputs oI outputs of the diode bridge. The capacitor Cf in
this design has the main function to receive the reactive
currcnt from the electonic ballast. It also works as line filter
with the L inductor [9]. The value for capacitor can be
changed. To reduced harmonic, the value of capacitance must
be high.

C. Conlrol Aclive Poteer Filler

Aclive poweI filt€r circuit is small in size but the system
has higher manufacturing cost and complexity. For this circuit,
boost convener is used as active power filter, Active power
filter is achieved by the power switch duty cycle. The inductor
current ramps down to zero every time the switch is kcpt OFF.
h is switched ON again only after inductor cufi€nt touches
zero for some time. SO, this sctive circuit is con8ol using ON
period of the switch directly I0l. The width of this pulse
decides the ON time ofthe boost switch in a switching period
and will remain constant under st€sdy st8te. During the OFF
period of the swilch the induclor curent drop and is allowed
to go to z€rc. Whcn the cwrent zero is sensed, 0|e switch is
swilched ON. Figure 3 shows block parameter to control duty
cycle in boost clnvertsr.

Figure 3: Block parameter to vary duty cycle

D- Varies Modulation ltdex

The energy level is divided into three consumption zone
which are l0@/o, t@/o and 50olo of energy. The l0O% of
enerry, operate starting fiom 7 p.m to 12 a.m, the 80olo of
ener$r operate staiing from 12 a.m !o 3 a.m and lestly for the
50% of en€rgy operal.ing time slarts from 3 a.m to 7 s.m. By
usin8 this system, the lotal eners/ usage can b€ reduced, The
most imponant psn is to deteminc the consumption of energ)i
by varying the modulation index in the pulse generator.
Ntrmally, the range of moduletion index is betw€en zeros !o
one. When the velue of modulation index has come clos€ to
onc, it r@rcsent thc consumption of energy is increasing but
when the value of modulation index hes come clos€ to z€ro, it
lhow that the coosumption of enerry is decreasing. To save
the consumption of eners/ daily, the v&lue of modulation
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l<dln-sl

index must be control follow the demand
block parameter to vary modulation index.

Figure 4 show

Figure 4: Block paramcter to vsry modulation index

III. RESULTS AND DIscUssIoN

Figure 5 illustmtes the results of voltage wsveform without
and with EMI fiher. The peak volt8ge for ballast without EMI
Filter is 260V and peak voltage for ballast with EMI Filter is
3ll.lv. h shows that voltage florr in the rectifier for
elertonic ballsst with EMI filter is better and can achieve
high peak value comporc with without EMI filter. So, EMI
filter mitigate noise or distubsnca in elec&onic bollast.

A. Potsh'e Poaer Fiher

Figure 6 shows the output voltage waveform from
r€ctifier circuit which is 3ll.lV. The main function of
rectifier is to Foduc€ a voltage or currsrt which is purcly
direct cunent (DC) from altemating currrnt source (AC). So,
the voltage enter the inverter (MOSFET) is DC. The
modulalion index ofa PWM generator is vsried to contlol the
energr usage. The PWM generstor is us€d to control the level
of brightness for the lamp by varying the value of modulation
index. The range ofmodulstion index is between zsro to one,
lncreasing value of modulation index represent the higher
encrg/ usa8e. The setup of modulation index is divided in to
three duration mne, First condition, the modulation index was
put equal io I to represent full brightress. When midni8hl, the
modulation index change to 80 precents brightness and in the
momin& the modulation indcx will switch to 50 perc€nt
brighhess.

Figure 6: Outsut voltage for r€ctifier

L Modalation In&r, n= I

For the first level, Figure 7 shows the voltage and current
when modulation index is set to l. For this waveform, the
value of voltage and curent of HPS Lamp in sine wave. The
p€ak vslue for voltsge 8nd current when modulation index is I
ar€ l54V and 3.t5A rcspoctively. The RMS value for voltage
8nd qjfr€nt is around l0E.9V end 2.72A respecliv€ly. The
en€rry usage is 296W.
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E. Simulation

Simulstion result was carried out using passive and active
power filter connecled to 40 ohm resisor as load (HPS
Lsmps). The peak value for voltage and current outputs wes
tsbulated. The waveform voltage 6nd cunent was captured
and analysed. The voltage at rectifier circuit is recorded. This
step is rEp€ated using different modulstion index of l, 0.t and
0.5. For a€tive power filter, the additional part is boost
convert€r. The duty ratio is varicd with liVo,2O%, 3@/o, 4oo/o

and 507o.
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b)
FigurE 7: a) Glput voltage Erd b) olqlltr q.rfrot r^/avcf6t! with

rn=l

2. Modulation Index, m=0.8

Thc value of modulation index is changed to 0.t. When
the modulalion index decrcases, automatiaally the value of
voltage, current and power also decrease. Figure 8 shows the
output vollage and current waveform in HPS lomp. The peak
value for voltage and cur€nt when modulalion index is set to
0.8 are l40V and 3.504 respectively. The RMS value for
voltage and curcnt is around 96.9V and 2.474 r€spectively.
The energy usage is 245W.

b)
Figure 8: a) Outpln voltagc Etd b) OuFut cursnt *avefq'm with

n=0.8

3. Modulalion lnder, n=0.5

Lastly, the value of modulation index is reduced to 0.5.
The peak value for voltage and curent when modulation
index is s€t to 0.5 arc E2V and 2.054 r€speclivcly. The RMS
value for voltage and cunent is around 57.9V and 1.45A
r€spectively. The energy ussg€ is EsW. Figure 9 shows the
voltage and currenl waveform.

b)
Figurc 9: a) otXpd voltage ald b) otlprd csrr! wsvefontr with

m<).5

Table I summarised the results when modulation index
was varied. When modulation index incrcases, the voltage.
curent and power also increase. The value of voltage rectifier
is constant although the modulation index was changed.

TABLE I

STJMMARISED RESULTS WHEN MOD{'LATION TNDEX VAR]ES

Moduhtloo
ItrdCI
(E)

Rcctificr
Voltrgc

(v)

Lrltrp
Currctrt

(A)

LrBp
Voltsgc

(v)

Lrmp
Powcr
(w)

I 3l l.l 3.85 t54 296
0.8 3l l.l 3.50 t40 245
0.5 3l l.l 2.05 82 85

Figure l0 shows the graph for lamp current, lamp voltage
and lamp power versus modulalion index. From this graplg it
csn be conclu@ thst vrhen modulation index increase, 0te
value ofvoltage. current and power also incrcases.
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B. Active Power Fulol Filtet

Figure I I shows the output voltage waveform of rectifier
when using &ctivc powcr filter. The output voltage is 372V
highfi than the passive power filter. Normally, for active
power filter, the boost c4nverter topoloSy is the most
commonly used. For this sctive circuit, the duty cycle was s€t
ao zw/o- A 209,/0 duty cycle means the power is on 20% of the
time and off Eoo/o ofthe time. So, from simulation observation,
increasing value of duty cycle in pulse generator, the value of
voltage, current and power also increases.

Figu.e I l: Output voltage ofrEc{ificr

L Modulation ln lex, n I

FigurE l2 shows the voltage and current when modulation
index is |, The peak value fbr voltage and cunent are 69V and
4.6A respectively. The RMS value for voltage and cunenl is
around 48 V and 3,3A respectively, The energy usage is
t5EW.

b)
Figurc I 2: s) Outsut voltEgc ard b) Otput currsit

r,vaveform with nrl

2. Modulation lrulex, n=0.8

The value of modulation index is changed to 0.8. Figure
13 shows the output voltage and cuIrent waveform in HPS
lamp. The peak value for voltage and cun€nt are 65V and
4.4A rcspectively. The RMS value for volcage and current is
arcund 46V and 3.1A respectiv€ly. Th€ energy usage is l43W

b)
Figure 13: a) Output voltage snd b) Output curent waveform with

m{,8

3. Modtlotion In&x, n=0.5

Lastly, th€ modulation index is reducing !o 0.5. The peak

value for voltage and cunqrt are 36V and 2.4A respectively.
The RMS value for voltage and current is around 26V and
l.7A respectively. The energr usage is ,14W. Figurc 14 shows
the voltage and currenl waveform,

a)
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TABLE 3
SUMMARISED RESULTS WHEN DUTY CYCLE AND MODULATION

INDEX VARIES
Duty
CycL
l'/.1

m=l m<).8 m<).5
I P I I P

l0 6l B2 59 l9 5 32 2t 11

20 46 158 65 44 r.{3 l6 4-l
l0 83 55 128 71 200 50 29 73

40 92 58 166 85 56 218 56 32 9()

50 95 62 294 89 58 258 59 l4 lm

Figure 16 shows the graph for power ve6us duty cycle.
From this grapL it can be concluded that when duty cycle
increase, the value ofpower also will increase.

b)
Figue l4: a) otlprt voltlge od b) Ouput curEot nwcfoot! with

m{.5

Table 2 summsrised the results when modulation index was
varied and the duty cycle is set 20.0/0. When modulalion index
increases, the voltage, current 8nd power also incresses.

TABLE 2
SUMMARISED RESULTS WHEN MODULATION INDEX VARIES

Figure l5 shows the graph for volt&ge, cuncnt and power
vercus modulation indcx when using sctive power lilter. From
these graphs, it can be concluded rhat when modulation index
incr€as€s, the value of voltage, currcnt and power also will
increases.
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Figure 16: Crraph for power $fien vsrying duty cycle

IV.CoNCLUSIoN

From thc simulstion rEsults obtained it cen be concluded
that en€rgy usage can be controlled by varying the modulation
index. For active power {ilter, the energy ussge c8n funh€r be
controlled by varying the dmy cycle. By using this electronic
ballast in str€et lightin& the energy usage can be reduced,

For future wtrks, hardware circuit can be constructed to the
validity.
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Figure l5: GtrSh f6 voltagc, curE atd pou,rr versus modulation
index

Table 3 summarised the results fa varying the value of
duty cycle from l0Yo to 50Yo in active pow€r filter. When
velue of duty cycle increases, the voltage, current and power
also increases.
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