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Abstract—This paper describes the implementation of 

Proportional Integral controller for boost converter in Photo 

Voltaic system. The reason behind using PI controller is it 

removes the delay and provides fast control. There are many 

types of controller that can be used to implement the elegant and 

effective output. The PI stands for Proportional and Integral 

Controllers, which are designed to eliminate the need for 

continuous operator attention, thus provide automatic control to 

the system. In this paper the PI controller is used and the Kp and 

Ki gain value is calculated by using trial and error method. This 

paper is focusing on implementing PI controller to boost 

converter. The boost converter is mainly used for voltage step up 

operation. So, the output voltage is greater than the input 

voltage. The PWM signal generator is used for commutation 

purpose in boost converter. The boost converter model is 

simulated by using MATLAB/SIMULINK. The boost converter 

maintained the constant output voltage in the load. 

 
Index Terms— Boost converter, PI controller, PWM 

generator, PV system. 

I. INTRODUCTION 

In many industrial applications, it is required convert 

a fixed DC voltage source into a variable DC voltage source, a 

DC to DC converter directly from DC to DC and is a simply 

known as DC converter. A DC converter can be considered as 

DC equivalent to an AC transformer with continuously 

variable turn’s ratio like a transformer, it can be used to step 

down or step up a DC voltage source [1]. The DC converters 

are widely used for traction motor control in electric 

automobiles, trolley cars, marine hoists, forklift trucks and 

mine haulers. They provide smooth Acceleration control, 

high efficiency, and fast dynamic response [2]. The DC 

converters can be used regenerative breaking of DC motors to 

return energy back into the supply, and this feature results in 

energy savings for transportation systems with frequent stops 

[3]. The DC converters are used in DC voltage regulators and 

also are used, in conjuction with an inductor, to generate a DC 

current source; especially for the current source inverter [4].    

In this paper proportional integral (PI) controller is 

used and the boost converter is used for converting DC into 

DC then that voltage is used for some application for example 

load as motor mean it operates in constant voltage if that 

voltage needs continuously this paper is very suitable one [5]. 

The comparator is comparing the output voltage and 

reference voltage then it will produce the error signal that 

error signal is passed to PI controller. The PI controller is 

used for controlling the voltage signal after that it will send to 

PWM generator then the PWM generator is used to tuning the 

Kp and Ki values from PI controller [6]-[9]. The PWM 

generator is used for commutating the duty cycle then the 

MOSFET is used for closed and open operation for boost 

converter [10], [11]. When the MOSFET is open the inductor 

gets energized if the MOSFET is closed the energy will goes 

to diode the diode operates only in forward direction the 

capacitor is used for removing the ripple component [11]. 

Then only the constant output voltage is maintained in load 

side [13]. 

 

II. BOOST CONVERTER 

     

    In a boost regulator the output voltage is greater than 

the input voltage hence the name “boost”, The Fig.1.shows 

the basic boost converter circuit diagram. In the boost 

converter the power MOSFET used as a switch. The circuit 

operation can be divided into two modes. Mode-1 begins 

when MOSFET switch is tuned ON at t=0. The input current, 

which rises, flows through inductor L and MOSFET switch. 

Mode-2 begins when MOSFET switch is tuned OFF at t=t1. 

The current that was flowing through the MOSFET would 

now flow through L, C, load and diode D. The inductor 

current falls until MOSFET switch is turned ON again in the 

next cycle. The energy stored in inductor L is transferred to 

the load [14]-[18].  

 

Fig.1. Boost Converter 

     

III. CIRCUIT DIAGRAM 
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The circuit diagram consists of three main parts they 

are boost converter, PI controller and PWM generator. 

Initially the voltage is maintained constantly after that again it 

feeds to boost regulator through PI controller and PWM 

generator. The output voltage is giving to the comparator that 

comparator compares the reference signal and the output error 

signal from comparator is given to the PI controller, the PI 

controller control the output voltage after that PWM 

generator operates it will commute the MOSFET duty cycle 

[19]. 

Boost converter is used to convert DC to DC source 

basically the solar panel is converting heat energy into DC 

voltage. The output voltage is constant by Proportional 

Integral controller; it is used to controlling the output voltage. 

The PWM generator is used to commutating the angle of 

MOSFET. The error signal is getting from comparator. Again 

the output voltage is continuously getting as a constant output 

voltage [6]. 

  

 
Fig.2. Circuit Diagram 

 

The Fig.2.shows the circuit diagram of boost 

converter. When the switch is opened the inductor gets 

charged after closed the switch inductor charge will goes to 

the diode and the diode only conducted in forward biasing 

after that capacitor removes the ripple component. 

 

IV. PI CONTROLLER 

 

The addition of integral feedback can be used to 

eliminate the steady state error and reduce the forward gain 

required. To obtain this integral component the proportional 

speed controller is replaced by a PI type controller. With 

proportional band, the controller output is proportional to the 

error or a change in measurement (depending on the 

controller). Controller output = (error)*100/ (proportional 

band). With a proportional controller offset (deviation from 

set-point) is present. Increasing the controller gain will make 

the loop go unstable. Integral action was included in 

controllers to eliminate this offset. The Integral (I) with 

integral action, the controller output is proportional to the 

amount of time the error is present. Integral action eliminates 

offset. Controller output = (1/integral) (Integral of) e(t) d(t).  

 

  

 
Fig.3. Proportional Band (P) 

 

The process of selecting controller parameter to 

meet given performance specification is known as controller 

tuning. Ziegler and Nichols suggested rules fortuning PI 

controller (mean to set the values of Kp and Ki) based on the 

experimental step response or based on the value of Kp that 

result is marginal stability, when only proportional control 

action is used. Ziegler-Nichols rules, which are briefly 

presented in the following, are useful when mathematical 

models of plans are not known. These rules can, of course, be 

applied to design of system with known mathematical models. 

Such rules suggest a set of values of Kp and Ki that will give a 

stabile operation of the system. However, the resulting system 

may exhibit a large maximum overshoot in step response, 

which is unacceptable. In such a case, we need series of fine 

tunings until an acceptable result is obtained. In fact, the 

Ziegler-Nichols tuning rules give an educated guess for 

parameter values and provide a starting point for fine tuning, 

grater then giving the final settings for Kp and Ki in a single 

shot. The Fig.3 shows the proportional band of the controller. 

  

V. PULSE WIDTH MODULATION 

 

Pulse width modulation is a very efficient way of 

providing intermediate amounts of electrical power between 

fully on and fully off. A simple power switch with a typical 

power source provides full power only, when switched on. 

PWM is a comparatively recent technique, made practical by 

modern electronic power switches. The microcontroller, 

ATmega8 has 3 timers /counter. Among them, timer/counter 1 

and 2 are featured with PWM. We have used timer/counter2 

(8-bit) to generate PWM for maintained output voltage 

remains constant. We used Phase correct mode here. Again, it 

has 2 different mode of operation, such as inverted and 

non-inverted mode. Non-inverted mode is used here.  

The PWM generator block generates pulses for 

carrier-based pulse width modulation converters using 

two-level topology. The block can be used to fire the 

forced-commutated devices (FETs, GTOs, or IGBTs) of 

single-phase, two-phase, three-phase, two-level bridges or a 

combination of two three-phase bridges. 

The pulses are generated by comparing a triangular 

carrier waveform to a reference modulating signal. The 

5  V  

t 

u(t)  
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modulating signals can be generated by the PWM generator 

itself, or they can be a vector of external signals connected at 

the input of the block. One reference signal is needed to 

generate the pulses for a single- or a two-arm bridge, and three 

reference signals are needed to generate the pulses for a 

three-phase, single or double bridge [20]. 

The amplitude (modulation), phase, and frequency 

of the reference signals are set to control the output voltage 

(on the AC terminals) of the bridge connected to the PWM 

generator block. 

 

 
 

Fig.4. PWM signals 

 

The Fig.4.shows the PWM signals generator of the 

boost converter. DC to AC converters is known as inverters. 

The function of an inverter is to change a DC input voltage to 

a symmetric AC output voltage of desired magnitude and 

frequency. The output voltage could be fixed or variable at a 

fixed or variable frequency. A variable output voltage can be 

obtained by varying the input DC voltage maintains the gain 

of the inverter constant. On the other hand if the DC input 

voltage is fixed and it is not controlled, A variable output 

voltage can be obtained by varying the gain of the inverter 

which is normally accomplished by pulse width modulation 

control within the inverter. The inverter gain many be defined 

as the radio of the output AC voltage to DC input voltage. 

The output voltage waveform of ideal inverter 

should be sinusoidal .However the waveforms of practical 

inverters or non-sinusoidal and contain certain harmonics for 

low and medium power application square wave or quasi 

square wave voltage may be acceptable and for high power 

application, low distorted sinusoidal waveforms are required. 

Which the availability of high frequency power 

semiconductor devices harmonic contents of output voltage 

can be minimized significantly by using switching techniques. 

Inverter are widely used in industrial applications, such as 

variable –speed AC motor drives, induction heating standby 

power supplies and uninterruptible power supplies, the input 

may be battery, fuel cell, solar cell or other DC source. 

Inverters can be broadly classified into two categories such as 

single phase inverters and Three phase inverters, each type 

can use controlled turn on and turn off devices (e.g., bipolar 

junction transistor [BJTs], metal oxide field effect transistors 

[MOSFETS], insulated gate bipolar transistor [IGBTs], metal 

oxide semiconductor controlled thyristor. 

  

VI. SIMULATION 

 

The MATLAB simulation shows in Fig.5. In that 

model the IGBT is used as a switch for the best performance 

of voltage control, fast switching and low losses. Here 

initially given input supply voltage is 6V. In that supply 

voltage will be boosted and maintain the constant output 

voltage by using boost converter. To take the constant RL 

load for this simulation model. There are three boost 

converter parameters are monitoring by using displays. Here 

the freewheeling diode to maintain the continuous current 

path in the input supplies. The discrete PI controller gain is 

chosen by the trial and error method. In that PI controller 

output is act as the modulation index of the converter. The 

relational operator can be comparing the reference signal to 

the carrier signal. To set the maximum reference value of PI 

controller output is 0.4V. When the carrier signal voltage is 

more than reference voltage that time IGBT go to OFF or 0 

states. Otherwise the IGBT maintain the ON or 1 state. 

 

 
Fig.5. Simulation Model 

 

The simulation circuit is necessary to get the output 

waveform. In input side we are giving 6V that voltage is 

getting in output side as 12V. For the PWM generation we 

have given two signals one is PI controller signal and other is 

a triangular carrier signal and the output of the PWM 

generator signal is given to the switch. The Fig.6 shows the PI 

controller signal and PWM signal, the scope-1 has comparing 

two signals from input side and getting the carrier wave and PI 
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controller wave thereby we get PWM wave as output. The 

scope-2 has the output voltage and current waveform, the 

Fig.7 shows the output voltage and current waveform of the 

boost converter.  

 
Fig.6. PWM Generate (a) PI controller signal and  

(b) PWM Pulses 

 
Fig.7. Simulation output (a) Voltage waveform and  

(b) Current waveform  

CONCLUSION 

 

In this work the boost converter is mainly used for 

constant output voltage application. The proportional integral 

control is used for controlling the output voltage of the boost 

converter, by tuning the Kp and Ki values of the controller. 

The carrier signal, PI controller signal and PWM pulses are 

plotted in the scope, whenever the solar gets heat energy that 

energy will maintain constant voltage in the load. The 

simulated output voltage and current waveform gives the 

good responsibility of the boost converter.   
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