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Abstract - This research paper confer the improvement of operating characteristics of DC-DC Boost converter applying 

PID controller. Primarily we studied the Dc-Dc converter. After that we obtained the state space model of the Dc-Dc 

converter and using this state space model a transfer function is derived. Next we design the converter in 

Matlab/Simulation environment. Later we obtain the output response of the designed boost converter. Then we 

incorporate a PID controller tuned manually in conjunction with designed converter and output results are again 

obtained. Now we used the obtained transfer function with the PID controller in a unity feedback closed loop model for 

auto-tuning to get the output response. At the end all the three output results obtained are compared and conclusion is 

drawn. All simulations have been carried out in Matlab/Simulink environment. 

IndexTerms – DC- DC Boost Converter, State Space Average Model,Transfer function of Boost Converter, PID Controller 
________________________________________________________________________________________________________ 

I. INTRODUCTION 

With the advancement in technology of the power semiconductor devices and integrated circuit, the applications of power 

electronics become wider. The task of a power converter is to control  and process the flow of electric energy by supplying 

currents and voltages in a form that are accepted optimally by the various loads. Early electromechanical converters (mostly 

rotating machines) are used for this purpose[1]. Today, with the development and the mass production of power semiconductors, 

static power converters find applications in numerous domains and especially in particle accelerators. They have better static and 

dynamic performances and they are smaller and lighter as compared to their electromechanical counterparts. Every convertor 

posses its significant importance as per the application and the requirement in the related field.[2]   

 

II. DC TO DC CONVERTERS  
DC- to- DC converter supplies a regulated DC output voltage through a variable-load from a fluctuating DC input voltage.  

Usually, the input DC voltage that is obtained by rectifying a line voltage gets changed in magnitude. The switching action is 

generally required in dc-to-dc converters to control the DC output voltage, as shown by the basic DC-DC converter shown in Fig 

1 (a). 
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Figure 1: (a) Basic DC – DC converter. (b) DC- DC converter voltage waveforms. 

During past two decades, DC-DC converters with silicon-controlled rectifiers (SCRs) were in use as the switching mechanisms 

and are known as choppers [1]. Now-a-days, DC-DC converters employ insulated gate bipolar transistors (IGBTs) and metal 

oxide silicon field effect transistors (MOSFETs) and are classified as switch mode power supplies (SMPS). The regulated average 

output voltage in a DC-DC converter depends on the pulse width, on-time of the switch, and the switching frequency Fs [3]. 

 

III. BOOST CONVERTERS 

The purpose of the boost converter is to regulate the average output voltage at a level higher than the input or source voltage. For 

this reason the boost converter is often referred to as a step-up converter or regulator. The DC input voltage is in series with a 

large inductor acting as a current source [7]. A switch in parallel with the current source and the output is turned off periodically, 

file:///E:/Planet%20Publication/IJEDR/Volume%203/Vol%203%20Issue%202/Published_Paper_V3_I2/www.ijedr.org


© 2016 IJEDR | Volume 4, Issue 1 | ISSN: 2321-9939 

IJEDR1601017 International Journal of Engineering Development and Research (www.ijedr.org) 104 

 

providing energy from the inductor and the source to increase the average output voltage. The boost converter is commonly used 

in regulated DC power supplies and regenerative braking of DC motors. The circuit that models the basic operation of the boost 

converter is shown in Fig 2 The boost converter uses the same components as the buck converter with different placement. The 

input voltage in series with the inductor acts as a current source. The energy stored in the inductor builds up when the switch is 

closed. When the switch is opened, current continues to flow through the inductor to the load. Since the source and the 

discharging inductor are both providing energy with the switch open, the effect is to boost the voltage across the load. The load 

consists of a resistor in parallel with a filter capacitor. The capacitor voltage is larger than the input voltage. The capacitor is large 

to keep a constant output voltage and acts to reduce the ripple in the output voltage [9]. 
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Fig.2 Basic boost converter circuit 

 

IV. GENERAL BOOST CONVERTER CONFIGURATION 

Fig 3 shows the basic blocks of building a boost converter circuit. The voltage source provides the input DC voltage to the switch 

control, and also to the magnetic field storage element. The block which contains switch control directs the action of the 

switching element, whereas the output rectifier and filter deliver an acceptable DC voltage to the output [15] . 
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Figure 3 Block diagram of Boost Converter Circuit 

The DC-DC Switching Boost Converter is designed to provide an efficient method of taking a given DC voltage supply and 

boosting it to a desired value. Power for the boost converter can come from any suitable DC sources, such as DC generators, 

batteries, solar panels and rectifiers. A boost converter using a power MOSFET is shown below in figure 4. 
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Figure 4 Boost Converter Circuit using MOSFET as switching element  

The function of boost converter can be divided into two modes, Mode 1 and Mode 2. Mode 1 begins when switch S1 is switched 

on during time dTs. The current from the source flows in the inductance L and switch S1. The value of current increases linearly 

with time in this interval, with (dIg/dt) being positive. As the current through L increases, the polarity of the induced emf is taken 

as say, positive, the left hand side of L being +ve [2]. The equation for the circuit is, 

𝑉𝑔= L 𝑑𝐼𝑔

𝑑𝑡
                             

Or 
𝑑𝐼𝑔

𝑑𝑡
=

𝑉𝑔

𝐿


 
Mode 2 begins when transistor S1 is switched off and S2 is switched on during time (1- d)Ts.  As the current through L decreases, 

with its direction being in the same direction as shown (same as in the earlier case), the induced emf reverses, the left hand side of 

L being -ve. So, the induced emf (taken as –ve in the equation given later) is added with the supply voltage, being of the same 

polarity, thus, keeping the current (Ig = Io) in the same direction. The energy stored in inductor L flows through the load. The 

current (Ig = Io) decreases linearly in the time interval, as the output voltage is assumed to be nearly constant at vo = VO with 

(dIg/dt) being negative, as Vg < Vo which is derived later.  The equation for the circuit is,  
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VO =  Vg + L dIg

dt
 

Or 
dIg

dt
=

(Vo − Vg)

L
 

V. STATE SPACE AVERAGE MODEL  

Figure 5 describes the circuit for mode I of operation of boost converter. The mode I is during time dT s when the switch S1 is on 

and switch S2 is OFF.  The state space matrices for the operation mode I of the given boost converter model is as under  

 

[
𝑖𝑙

.

𝑣𝑐
. ] = [

0 0

0 −1
𝑅𝐶⁄

]  [
𝑖𝐿

𝑣𝐶
]  + [

1

𝐿

0
] [𝑣𝑔]   And     𝑣𝑜 = [0 1] [

𝑖𝐿

𝑣𝐶
] 
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Figure 5 Circuit for mode I of Operation 

Figure 6 describes the circuit for mode II of operation of boost converter. The mode II is during time (1- d) Ts when the switch S1 

is OFF and switch S2 is ON.  The state space matrices for the operation mode I of the given boost converter model is as under  

 

[
𝑖𝑙

.

𝑣𝑐
. ] = [

0
−1

𝐿
1

𝐶
−1

𝑅𝐶⁄
]  [

𝑖𝐿

𝑣𝐶
]  + [

1

𝐿

0
] [𝑣𝑔]    And   

𝑣𝑜 = [0 1] [
𝑖𝐿

𝑣𝐶
] 
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Figure 6 Circuit for Mode II of Operation 

The average large signal model for the complete boost converter circuit can be obtained by adding the two state space matrices 

obtained during two modes of operation i.e. mode I and II using the equation  A = A1d + A2(1-d) . The average large signal of the 

given boost circuit is given as under  

 

[
𝑖𝑙

.

𝑣𝑐
. ] = [

0
−(1−𝑑)

𝐿
(1−𝑑)

𝐶
−1

𝑅𝐶⁄
]  [

𝑖𝐿

𝑣𝐶
]  + [

1

𝐿

0
] [𝑣𝑔] 

And   

𝑣𝑜 = [0 1] [
𝑖𝐿

𝑣𝐶
] 

Average large signal model comprises of two parts i.e. steady state part and small signal part as under  

[
𝐼𝐿  + 𝑖̂𝑙 

.

𝑉𝐶 + �̂�𝑐
. ] = [

0
−(1−𝐷−�̂�)

𝐿

(1−𝐷−𝑑)̂

𝐶
−1

𝑅𝐶⁄
] [

𝐼𝐿 + 𝑖̂𝐿
𝑉𝐶 + �̂�𝐶

] + [
1

𝐿

0
] [𝑉𝑔 + �̂�𝑔] 

And   

𝑣𝑜 = [0 1] [
𝐼𝐿 + 𝑖̂𝐿
𝑉𝑐 + �̂�𝐶

] 

The steady state part of the average large signal model represented by the upper case letters IL, like VC, Vg and D are all set to zero 

as derivative of the steady state part i.e. non varying part equals to zero. So we are left only with small signal part (varying part) 

given as under 
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[
𝑖�̂� 

.

�̂�𝑐
. ] = [

0
−(1−𝐷)

𝐿
(1−𝐷)

𝐶
−1

𝑅𝐶⁄
] [

𝑖�̂�

�̂�𝐶
] + [

0
�̂�

𝐿

−�̂�

𝐶
0

] [
𝐼𝐿

𝑉𝑐
] + [

1

𝐿

0
] [�̂�𝑔] 

Or 

[
𝑖�̂� 

.

�̂�𝑐
. ] = [

0
−(1−𝐷)

𝐿
(1−𝐷)

𝐶
−1

𝑅𝐶⁄
] [

𝑖�̂�

�̂�𝐶
] + [

𝑉𝐶

𝐿
−𝐼𝐿

𝐶

] [�̂�] + [
1

𝐿

0
] [�̂�𝑔] 

Output equations  

�̂�𝑜  = [0     1] [
𝑖̂𝑙
�̂�𝑐

] 

 The steady state output and input voltage relationship can derived from the given equation 

 VO = - [0    1][
0

−(1−𝐷)

𝐿
(1−𝐷)

𝐶
−1

𝑅𝐶⁄
] [

1

𝐿

0
][Vg] 

𝑉𝑂

𝑉𝑔

=  
1

1 − 𝐷
 

 

 

VI. TRANSFER FUNCTION IN S-DOMAIN 

The requisite relationship between the output voltage and the control input d (duty cycle) for designing the necessary controller is 

given as under  
𝑽𝒐

𝒅
(𝒔)=

−𝟐𝟎𝟎(𝒔−𝟐𝒆𝟎𝟎𝟓)

𝒔𝟐 +𝟐.𝟎𝟖𝟑𝒔+𝟒.𝟏𝟔𝟕𝒆𝟎𝟎𝟓
 

The derived transfer relationship between output voltage Vo and controlled input d is used in unity feedback closed loop system 

in conjunction with PID controller so as to get the desired results. 

 

VII. PID CONTROLLER 

A proportional-integral-derivative controller (PID controller) is a feedback control loop mechanism i.e.  Widely used in many 

industrial applications. A PID controller calculates an error value i.e. the difference between a desired set point and the actual 

value measured. The controller attempts to minimize this error by manipulating the variables through the process known as tuning 

[4]. 

The PID controller algorithm involve three different steady parameters, and  for that reason occasionally called three-term 

control: the proportional, the integral and derivative values, denoted P,I, and D. Figure 7 shows the basic block diagram of a PID 

controller. Where P depends on the current error, I on the gathering of precedent errors, and D is a forecast of upcoming errors, 

based on present rate of transform. The biased sum of these three events is used to regulate the procedure by means of a control 

element such as a damper, the position of a control valve or the power delivered to a heating element. 

A number of applications may call for using only one or two actions to offer the suitable system control. This can be achieved by 

setting the other parameters to zero. A PID controller will be called a P, I, PI or PD controller in the absence of the respective 

control actions [5].  

 
Figure 7Block diagram of PID controller 

 
VIII. PID TUNING 

Tuning a control loop is the amendment of its control parameters (proportional gain, integral gain, derivative gain) to the best 

possible values for the most wanted control response. Steadiness (no unbounded oscillation) is a fundamental requirement, but 
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ahead of that, different systems have different performance, different applications have different necessities, and necessities may 

clash with one another [4]. 

PID tuning is a not an easy problem, although there are only three parameters because it must convince complex criteria within 

the restrictions of PID control. There are accordingly various methods for loop tuning, and classier techniques are the subject of 

patents; this section describes some regular manual methods for loop tuning [7]. 

Designing and tuning a PID controller appears to be theoretically intuitive, but can be hard in practice and often conflicting, if 

several objectives such as high stability and short transient are to be achieved. PID controllers regularly provide satisfactory 

control using default tunings, but performance can usually be enhanced by careful tuning, and performance may be disagreeable 

with poor tuning. Generally, preliminary designs must be adjusted continually through computer simulations until the closed-loop 

system performs as desired [5]. 

 
IX. MANUAL TUNING 

With the system left online, one tuning method is to initially setting all parameters to nil. Raise until the output of the loop 

oscillates, and after that should be set to just about half of that value for a "quarter amplitude decline" type comeback. At that 

moment enhance until any offset is corrected in satisfactory time for the process. Yet, too much increase will cause unsteadiness. 

Lastly, increase, if essential, until the loop is well enough quick to arrive at its position after a load annoyance. On the other hand, 

in excess of will cause unnecessary response and overshoots. A quick PID loop tuning generally go beyond a little to arrive at the 

set position more rapidly; still, some systems cannot agree to overshoots, in such a case an over-damped closed-loop system is 

requisite, which will call for a setting considerably less than half of setting that was resulting in oscillations [26]. 

 
Table 1: Effect of Independent P, I and D Tuning 

Closedloop 

Response 

Rise Time  Overshoot Settling 

time 

Steady 

state Error 

Stability 

Increasing  

KP 

Decrease Increase Small 

Increase 

Decrease Degrade 

Increasing  

KI 

Small 

Decrease 

Increase Increase Large 

Decrease 

Degrade 

Increasing  

KD 

Small 

Decrease 

Decrease Decrease Minor 

Change 

Improve 

 
X. AUTOMATIC PID TUNING 

MATLAB provides tools without human intervention for choosing best possible PID gains which makes the hit and trial method 

described over an unnecessary one. We are able to access the tuning algorithm straightforwardly using PID tune or through a nice 

graphical user interface (GUI) using PID tool. The MATLAB programmed tuning algorithm chooses PID gains to get robustness 

(stability margins) and balance the performance (bandwidth, response time). By default the algorithm designed for sixty degrees 

phase margin. 

 

XI. SIMULINK MODEL FOR BOOST CONVERTER 

Given below is a circuit diagram used for MATLAB simulation of boost converter. The purpose of this circuit is to measure 

output voltage and current waveform. The DC-DC Switching Boost Converter will take a 24 Volt DC voltage supply and deliver 

47.65 Volts to the load. The maximum current delivered to the load will be 0.2A. The inductor shown in Fig acts as the magnetic 

field storage element. It stores energy in its core material. The power stage has two inputs: the input voltage and the duty cycle. 

The duty cycle is the control input, i.e., this input is a logic signal which controls the switching action of the switching element, 

i.e. mosfet and hence the output voltage. The frequency of operation is 100 kHz. Duty Cycle is maintained at 50 % 

 
Figure 8 Showing the Simulink model of Boost converter without PID controller [15] 
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Figure 9 Showing Output voltage (VO) without any controller 

 

Table 2: Output of Boost converter without any controller 

 

Sr. No. Parameter Values 

1 Rise Time .00245 seconds 

2 Settling Time 0.3468 sec 

3 Peak Value 78.5 Volts 

4 Overshoot 64.75 % 

5 Settled voltage 47.65 Volts 

 
XII. SIMULINK MODEL FOR BOOST CONVERTER USING PID CONTROLLER 

 In order to get acceptable performance, the PID controller that contains all the control components (proportional, derivative, and 

integral) is used in the given model of boost converter. The constants KP, KD and KI can be adjusted to get the desired output 

with minimum overshoot voltage and less settling time. This adjustment process is called tuning the controller. In the given work, 

auto tuning method is used. For this, I found the overall transfer function of the given model. Then I used the derived transfer 

function with the PID controller in closed loop model for auto tuning to get the values of KP, KI and KD.  

 

 
Figure 10 Showing the Simulation Diagram of Boost converter with PID controller 
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Figure 11 Showing Output voltage (VO) with manually tuned PID controller 

 

Table 3: Output of Boost converter with PID controller using Manual Tuning method  

Sr. No. Parameter Values 

1 Rise Time 0.00221 seconds 

2 Settling Time 0.5803 seconds 

3 Peak Value 62.02 volts 

4 Overshoot 30.158% 

5 Settled voltage 47.65 Volts 

 
Figure 12 Showing Output voltage (VO) with automatically tuned PID controller 

Table 4: Output of Boost converter using automatic tuning method of PID controller 
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Sr. No.   Parameter Values 

1 Rise Time 0.0019 seconds 

2 Settling Time 0.08281 sec 

3 Peak Value 50.78 Volts 

4 Overshoot 6.57 % 

5 Settled voltage  47.65 Volts 
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Table 5: Comparison of output results for Boost Converter without any Controller, PID controller tuned using Manual 

and automatic tuning method 

Sr.No. Technique Rise Time Settling Time Peak Value Overshoot 

1. Without controller .00245 sec 0.3468 sec 78.5 Volts 64.75 % 

2. PID Controller tuned using Manual tuning method 0.00221 sec 0.5803 sec 62.02 volts 30.158% 

3. PID tuned using Automatic tuning 0.0019 sec 0.08281 sec 50.78 Volts 6.57 % 

 
Figure 13 showing the comparison between Output voltage in three cases  

As the previous table shows the compression of different techniques on the bases of parameters Rise time, Settling time, Peak 

value and Overshoot. With the help of table we can conclude that Automatic tuning Technique gives best results as compare to 

without any controller and Manual tuning method. 

 

Table 6: Table showing the general system parameters of Boost Converter used in this work 

 

Sr.No. Parameters Values 

1 Input Voltage (Vg) 24 Volts 

2 Input Current (Ig) 0.4 ma 

3 Capacitance ( C ) 2000µF 

4 Inductance ( L ) 300µH 

5 Switching Frequency ( F ) 100KHz 

6 Load Resistance ( R ) 240 Ω 

7 Duty Ratio (D ) 0.5 

XIII. CONCLUSION 
This work discusses the performance of DC to DC Boost converter without any controller, conventional tuning and the Automatic 

tuning PID controller method. Two methods have been described in detail that is automatic tuning and conventional tuning 

method for PID tuning. 

Dc-Dc Converters are widely used for traction motor in electric automobiles, trolley cars, marine hoists, and forklift trucks. They 

provide smooth acceleration control, high efficiency, and fast dynamic response. General idea of dc-dc converter is to convert a 

fixed voltage dc source into a variable voltage dc source. In the beginning of 1970s, a good number of DC-DC converter circuits 

have been designed and analyzed in detail. Such converter circuits can amplify or reduce the scale of the DC voltage and/or 

reverse its polarity. In the topology known as Boost converter, the inductor is used in series with input voltage source, which 

allows this converter to produce an output DC voltage that is greater in magnitude than the input voltage. 

A proposed model for DC to DC Boost converter with and without any controller is constructed in MATLAB/SIMULINK. 

Output results for Boost converter with and without controller are obtained. From the results obtained above can be concluded 

that the Automatic Tuning method to tune PID controller gives much better in overall performance in terms of rise time, peak 

overshoot and settling time as compared to manual tuning method and without controller.  

 

XIV. FUTURE SCOPE: By looking at the number of papers published in recent year and work done in these thesis following 

scope is for future:  
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Automatic tuning method
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1. Next step of this study is to implement this Boost converter simulink model in real time environment using various 

components and PID Controller and get the desired results. 

2. To optimize the performance of given Boost Converter model using various optimization techniques like genetic 

algorithm, PSO and comparing the results with this study. 

3. To design the Boost converter model, for maintaining constant voltage at the output irrespective of the variable voltage 

at the input side and for varying loads.  
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