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Abstract— Lighting is an essential part of every household. 

Since its invention, incandescent lamps have been 

illuminating the whole world. In recent years, the use of 

energy-saving lamps such as compact fluorescent lamps 

(CFLs) and light-emitting diode (LED) lamps is being 

strongly imposed by the governments to reduce energy 

usage. Even these lamps require a system for providing the 

start-up voltage. Nowadays the electronic ballast is 

replacing the electromagnetic ballast almost for all types of 

lamps. Due to its numerous benefits over electromagnetic 

ballast, day after day high frequency electronic ballasts are 

replacing conventional electromagnetic ballasts. These 

benefits are mainly, higher lighting efficiency, smaller size, 

absence of audible noise, dimming capability, eliminating 

stroboscopic effect. Usually high PF electronic ballast is 

implemented using two power processing stages. Here 

single power stage circuits by integrating a DC-DC 

converter and an inverter is discussed.  A comparative study 

of the performance of a bridgeless electronic ballast circuit 

and a bridge rectified electronic ballast circuit both supplied 

from a 230 V supply was done and simulated in 

Matlab/Simulink. The control methods using the Fuzzy 

Logic Controller (FLC) and a PID controller was 

implemented for both the circuits. A hardware model of the 

basic bridge rectified circuit was designed. Arduino board 

was programmed for providing pulses to the hardware 

circuit using FLC technique was designed for a lower 

voltage of 12V. 
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I. INTRODUCTION 

Nowadays, a great amount of the electrical energy used all 

around the world is consumed as artificial lighting. One way 

to reduce the electrical energy consumption is to use high-

frequency electronic ballasts fed discharge lamps. Lighting 

systems based on fluorescent lamps became popular due to 

their well-known advantages. If added a dimming feature, 

significant energy saving can be achieved. Compact 

fluorescent lamps offer higher efficacy, longer life and have 

negative impedance characteristics, for which there is a need 

to supply a constant current in order to avoid the damage of 

the lamp. Generally electromagnetic type of ballasts are 

used. They have many disadvantages like low efficiency, 

low input power factor, low reliability for ignition and re-

ignition, difficulty in controlling the dimming of the lamp, 

lamp operating point changes due to ageing which in turn 

reduces the lamp life, over current risk due to ballast 

saturation caused by ballast saturation caused by rectifying 

effect of some discharge lamps at the end of their life, not 

suitable for DC applications(emergency and automobile 

lighting) and flickering and stroboscopic effects etc. They 

are also rugged in construction. As the advancements in the 

field of power electronic takes place, the design, 

manufacturing and size of the equipment is made more and 

more compact which are advantageous in the electronic 

ballast systems. Electronic ballast is a device which uses 

solid state electronic circuit to control the starting voltage 

and operating currents of lighting device. It usually supplies 

power to the lamp at a frequency in the order of 20 kHz and 

above which eliminates the stroboscopic effect of flicker. By 

using electronic ballast, the efficiency and life of the lighting 

system can be improved. 

II. REALIZATION OF THE FUZZY LOGIC CONTROLLER 

A. Basic Concept of Fuzzy Theory 

The paradigm of fuzzy control is that the control algorithm 

is a knowledge-based algorithm using linguistic variables 

rather than numerical ones. These linguistic variables, or 

information, may be obtained from an experienced expert. 

Unlike the states of conventional systems, the linguistic 

variables in a fuzzy con- trolled system are represented by 

fuzzy sets. A fuzzy set is an extension of a Boolean logically 

described crisp set and allows its elements to belong to the 

set partially, or even to another sets. Therefore, a grade of 

membership of a variable can be employed and regarded as 

its capability of be- longing to the described verbal term. For 

example, a fuzzy set Ȃ is characterized by a membership 

function that assigns a grade of membership µȂ to each 

element in the universe of discourse Ȃ .In a discrete system, 

we can represent the membership function µȂ and the fuzzy 

set Ȃ as 

𝜇Ȃ ∶  𝑋 → [0,1]                               ………………… (1) 

 and= 

Ȃ = ∑ 𝜇Ȃ(𝑥𝑖)𝑁
𝑖=1 |𝑥𝑖 =

 {(𝜇Ȃ(𝑥1)|𝑥1), (𝜇Ȃ(𝑥2)|𝑥2, … … … , {(𝜇Ȃ(𝑥𝑁)|𝑥𝑁 …… (2) 

respectively, where X is the discrete universe of discourse Ȃ 

and xi is the ith element of the N elements in X. Note that the 

symbol Ʃ in (2) denotes a collection of the elements. In 

control applications, more than one fuzzy set is involved. 

Operations among the fuzzy sets are usually required. 

 
Fig. 1: Functional blocks of the FLC 

The FLC is the core of the dimming controller. In 

the pro- posed system, a Mamdani-type FLC is used. The 

functional block diagram of the controller is shown in Fig. 1 

in which the variables are defined as follows:  

E(k) =error (difference of Vref  and Vo ) 

Δ E(k) = change in error (E(k)) = E(k)- E(k-1) 
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U(k) =control signal 

 
Fig. 2: Membership Function defined 

B. Realization of the FLC 

The fuzzy processor consists of three functional blocks:  

1) fuzzification;  

2) fuzzy rule algorithm; and 

3) defuzzification. 

Their functions are described as follows.  

1) Fuzzification 

The FP requires that each variable used in describing the 

control rules has to be expressed in terms of fuzzy set 

notation with linguistic labels. As shown in Fig. 2, five 

fuzzy sets, positive big (PB), positive small (PS), zero (ZE), 

negative small (NS), and negative big (NB), have been 

chosen for the input variables E(k ), ΔE(k)  and output 

variable U(k). The variables are normalized on [-1, 1] with 

suitable scaling factors.  

A reason for using the membership function 

defined in Fig. 2 is that the manipulation efforts to derive 

the control output can be reduced significantly, while the 

accuracy is still acceptable. 

 
Fig. 3: Step response of a typical control system 

2) Fuzzy Rule Algorithm 

The fuzzy rule algorithm collects a set of fuzzy control rules 

in a specific order, which are used to control a system to 

meet the desired perfor- mance requirements. The rules are 

established from ex- perts who experience to the system 

under control. For an electronic dimming ballast, the control 

rules can be de- scribed heuristically according to the 

following criteria.  

a) When lamp voltage Vo is far from the set value Vref and 

it is still going farther at a large rate, as the Vo at point 

Α or A’ shown in Fig. 3, a large change of the output 

current signal is required to bring Vo back to the desired 

value  

b) When lamp voltage Vo is far from the desired value Vref 

but it is moving toward Vref the rapidly, as the Vo at 

point B or B’ shown in Fig. 3, a moderate change of the 

current output signal is required to bring Vo back to the 

desired value.  

c) When Vo is close to Vref and is moving toward the set 

point, as the Vo at point C or C’ in Fig. 3, the control 

signal remains unchanged to prevent from overshoot.  

d) When Vo reaches the set point but it still intends to go 

away, as the Vo at point D or D’ in Fig. 3, a small 

change of the current control signal in the opposite 

direction is required to compensate the variation rate of 

Vo . Thus, Vo regulating close to Vref can be achieved.  

e) When Vo settles closely to the set point, the control 

signal remains unchanged. 

According to the above criteria, when Vo at the 

point beyond Vref , a negative change of the current control 

signal is necessary; otherwise, a positive change is made to 

the control signal. 

 
Table 1: Rule-Base of the FLC 

In the realization of the FLC, the linguistic 

description of the rules is expressed in terms of a 

knowledge-based system consisting of IF…. THEN…. 

ELSE linguistic labels and fuzzy logic inference 

mechanism, such as 

R1 : IF E is PB AND ΔE is ZE THEN U is PB  

ELSE  

R2 : IF E is PS AND ΔE is ZE THEN U  is PS  

ELSE 

. 

. 

. 

and so forth. 

These rules are collected in Table 1, namely, a rule-base 

table.  

3) Defuzzification 

The last step to complete the fuzzy con- trol algorithm is to 

calculate the crisp output of the FP with the process of 

defuzzification. Typically, either the mean of maximum 

(MOM) or center of area (COA) is used to determine this 

crisp control output. In this paper, the COA method is 

adopted. It computes the center of gravity from the final 

fuzzy space, and yields a result which is highly related to all 

the elements in the same fuzzy set. The center of gravity 

denoted by is defined as follows: 

                              𝑦∗ =
∑ 𝐹(𝑦1)𝑦1

𝑁
𝑖=1

∑ 𝐹(𝑦1)𝑁
𝑖=1

  ……………… (3) 

The y* is a crisp value. 



Control of Electronic Ballast Circuit using Fuzzy Logic Controller 

 (IJSRD/Vol. 4/Issue 07/2016/197) 

 

 All rights reserved by www.ijsrd.com 821 

III. ELECTRONIC BALLAST SYSTEM 

 
Fig. 4: Block diagram of the electronic ballast system 

The block diagram of the electronic ballast system 

employing FLC is shown in fig. 4. In this topology, the 

power conversion takes place at two levels. Power electronic 

converters are used in the circuit for this which will increase 

harmonics and hence source current waveform gets 

distorted. To ignite the lamp electrodes during the starting 

time, the Power factor Corrected Boost converter is used to 

boost up the voltage, which is essential. Once the lamp gets 

ignited then there is a need of supplying a stable arc current 

to eliminate the damage of the electrodes even when the 

voltage reduces to the normal value.  As the PFC boost 

converter is operated in discontinuous conduction mode 

(DCM), it will maintain nearly unity power factor. Also in 

this mode, the input current waveform will follow the 

sinusoidal source voltage waveform automatically, thus it 

maintains nearly unity power factor. 

A. Design and Analysis 

Generally fluorescent lamp at starting time operates as open 

circuit and during the steady state operates as a resistor. 

Under the steady state operating condition the equivalent 

circuit diagram of the series resonant parallel inverter 

(SRPI) can be shown in fig. 5. 

 
Fig. 5: Equivalent circuit of the Series Resonant Parallel 

Inverter (SRPI) 

From the above circuit diagram the resonant circuit 

parameters are given as Lr , Cs and Cp which is in parallel 

with the resistor Rlamp and finally the Rlamp  is the resistance 

of the fluorescent lamp. The capacitor Cs in the equivalent 

circuit is to block the DC component which causes the lamp 

current to be distorted. At the time of starting, the self-

oscillating or resonance technique provides a resonance 

frequency (ωstatting) which is equal to the switching 

frequency (ωswitching). The relationship between the resonant 

circuit parameters and the starting resonance frequency is 

given as 

𝜔𝑠𝑡𝑎𝑟𝑡𝑖𝑛𝑔 =  𝜔𝑠𝑤𝑖𝑡𝑐ℎ𝑖𝑛𝑔 =
1

√𝐿𝑟(
𝐶𝑠 𝐶𝑃

𝐶𝑝+ 𝐶𝑠
)
 ………………… (4) 

In the steady-state operation the resonance frequency is as 

𝜔𝑟𝑢𝑛𝑛𝑖𝑛𝑔 =
1

√𝐿𝑟 𝐶𝑠
                            ……………………. (5) 

If the switching frequency is kept more than the 

steady- state resonance frequency then we can achieve the 

zero voltage switching (ZVS). Considering that    

𝜔𝑠𝑡𝑎𝑟𝑡𝑖𝑛𝑔 = 4 𝜔𝑟𝑢𝑛𝑛𝑖𝑛𝑔     ……………….… (6) 

The relationship between the lamp voltage and the 

fundamental component of the dc converter voltage is given 

in the frequency domain as,  

|
𝑉𝑙𝑎𝑚𝑝(𝑗𝜔)

𝑉𝑎𝑏(𝑗𝜔)
| = |

𝑍𝑝(𝑗𝜔)

𝑍𝑝+ 𝑍𝑠(𝑗𝜔)
|                ……………….…... (7) 

After solving the above equations, the blocking capacitor is 

given as,           

𝐶𝑠 = 15(
𝑉𝑙𝑎𝑚𝑝

𝑉𝑎𝑏
)

1

𝑅𝑙𝑎𝑚𝑝𝜔𝑠𝑤𝑖𝑡𝑐ℎ𝑖𝑛𝑔
      ……………………. (8) 

and the parallel resonant capacitor is, 

𝐶𝑝 =
𝐶𝑠

15
                                            …………………… (9) 

and the resonant inductor is given as,   

𝐿𝑟 =  
16

𝐶𝑠𝜔𝑠𝑤𝑖𝑡𝑐ℎ𝑖𝑛𝑔
2                            …………………….. (10) 

IV. SIMULATION RESULTS 

The model was simulated in the MATLAB/SIMULINK 

software. The simulink model of the typical ballast circuit 

with a bridge rectifier employing Fuzzy Logic Controller 

(FLC) is shown in the fig. 6. The membership functions for 

the 2 input variables and an output variable and the rule base 

was defined using the Fuzzy Logic Controller block in the 

model. The membership functions for each of these 

variables are shown in fig. 7(a), (b) and (c). 

 
Fig. 6: Simulink model of the Electronic ballast circuit 

employing FLC 

 
Fig. 7: (a) Membership function for input  E(k), error 
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Fig. 7: (b) Membership function for input ΔE(k), change in 

error 

 
Fig. 7: (c) Membership function for output U(k), duty cycle 

 The PWM pulses generated using the closed loop FLC 

control is shown in fig. 8. 

 
Fig. 8: PWM pulses generated using FLC 

The desired output voltage of 110 V was obtained as shown 

in the fig. 9 and the sinusoidal output current waveform is 

shown fig. 10. 

 
Fig. 9: Output Voltage waveform 

 
Fig. 10: Output Current waveform 

The power factor was found to be improved to about  0.9 

and is shown in fig. 11.  

 
Fig. 11: Power Factor waveform 

Also the mentioned adverse effect of harmonics 

was also seen reduced from the THD analysis shown in fig. 

12. 

 
Fig. 12: THD analysis 

V. EXPERIMENTAL SETUP 

A protoype of the circuit with a reduced AC supply of 12 V 

lighting a lamp of rated voltage 12V was designed. 

 
Fig. 13: Proteus Model of the Electronic ballast circuit 

The Fuzzy Logic Controller (FLC) was 

implemented using the Arduino Atmega Controller. The 

membership functions were defined by programming the 

Arduino. The proteus model of the hardware designed is 

shown in fig. 13. 
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Fig. 14: PWM pulses for proteus model 

The PWM pulses generated using the Arduino controller is 

shown in fig. 14. The output voltage of lamp from the 

proteus model is shown in fig.15. 

 
Fig. 15: Output lamp voltage of proteus model 

VI. CONCLUSION 

In this paper we have seen a mathematical tool to easily de- 

scribe a system known as Fuzzy Logic Controller (FLC). It 

has a quite simple form, but it can also represent highly 

nonlinear relations. The results of fuzzy measurements can 

be defined by a common man such as "Difference is more 

positive" into the premises of implications. Compact 

Fluorescent Lamps (CFL) are becoming very popular as a 

source artificial light because of its better luminous 

efficiency, size, weight, low voltage at starting and longer 

life as compared to the incandescent lamp.  However, all 

discharge lamps require adequate striking voltage at starting 

and current limiting control after the ignition process, which 

can be achieved by using magnetic ballasts or electronic 

ballasts. A UPF boost converter based HF electronic ballast 

was designed and simulated. It improves the power quality 

of ac main supply voltage as seen from the simulation 

results of THD analysis. A constant dc link voltage has been 

maintained, which realizes the constant lamp power 

irrespective of the changes in the load. And with an 

appropriate design of the PFC boost converter and resonant 

inverter parameters, the lamp current has been seen 

sinusoidal and was approximated close to the rated value. 

The electronic ballast circuit discussed in this paper has a 

THD of ac mains current under 0.3%. The zero voltage 

switching (ZVS) has been confirmed by maintain the 

switching frequency above the resonance frequency of the 

resonant inverter. It also reduces the switching losses and 

improves the efficiency of electronic ballast.  A new 

topology eliminating the diode bridge which reduces the 

diode conduction losses is designed and employed using 

FLC can be done a future work.  
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