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ABSTRACT: DC-DC converters are switched power converters. These converters are used to convert one DC voltage 

to other. These converters are drastically used in industry as well as in research. One of the main limitations of these 

converters is unregulated supply of voltage and current. The model of the converter system varies from the ON state to 

the OFF state and hence traditional methods of controller design based on approximate transfer function models do not 

yield dynamic response at different operating points of the converter system. To overcome these problems there are 

various control techniques used in combination with these converters. In this review various control techniques are 

being presented. 
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I. INTRODUCTION 

 

 DC-DC converters provide a variable DC output voltage, lower or higher than the input DC voltage. The main 

problem with operation of DC-DC converter is unregulated power supply, which leads to improper function of DC –

DC converters. There is various analog and digital control methods used for dc-dc converters. 

 

DC-DC converters are intrinsically non-linear circuits and it is difficult to obtain accurate models that take 

into account all parasitic elements that influence dynamic behaviour. The DC-DC converter inputs are generally 

unregulated DC voltage input and the required outputs should be a constant or fixed voltage. Application of a voltage 

regulator is that it should maintains a constant or fixed output voltage irrespective of variation in load current or input 

voltage. Various kinds of voltage regulators with a variety of control schemes are used to enhance the efficiency of DC-

DC converters. 

 

 DC-DC converters with computerized digital control methods have become more efficient because of  high 

productivity, low power utilization, higher resistance to natural changes, for example, temperature and maturing of 

parts, capacity to interface effortlessly, of programmability and to actualize advanced control plans. Various techniques 

have been developed to meet the requirement of output voltage and at the same time it is also necessary to get more 

resolution to increase precision. It is also used to develop new control methods that can utilize the advantages of the 

digital controller so as to improve the dynamic performance of the switching power converters. 

 

There are various types of DC-DC converters required for particular purpose like Buck, Boost, Buck and 

Boost, Cuk and Flyback.  All DC-DC converters have the specific configurations to complete the tasks. Varieties in 

DC-DC converter required different type of controlling techniques because single technique cannot be applied to all 

converters as the all have different specifications. Aim of this paper is to have an overview of all the control techniques 

used to facilitate the performance of various kinds of DC-DC converters. 
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II. RELATED WORK 

 

[1] Abilio Parriera, Floriberto Lima and Marcelino Santos, “ Digital Modular Control of High Frequency DC-DC 

Converters”, Microelectronics Journal, Vol.45, 2014, pp. 1254-1260. 

This paper presents a solution for controlling integrated DC–DC converters with high switching frequency 

(420 MHz). The increase of the switching frequency is a trend biased by output filter volume restrictions and 

integration demand. The control of DC–DC converters operating at high frequency presents an opportunity to speed up 

the converter response time but also a challenge specially for the control solution, quiescent current and to limit the 

sensitivity to process and operating conditions for the mixed signal circuits involved. The solution presented in this 

work relies on separating the duty-cycle into three parts: a load-free value that depends only on the input and output 

voltages, a transient fast correction contribution, and an accurate compensation for the IR drop that depends on the load 

current.  The  load-free portion of the duty-cycle has a compensation of PVT variations and the fast transient part of the 

duty-cycle uses a non-linear sliding mode control solution. 

 

[2] Esmaeil Mirzaei and Esmaeil Mirzaei, “Auto Tuning PID Controller Using Chaotic PSO Algorithm for a Boost 

Converter”, 13th Iranian Conference on Fuzzy Systems (IFSC), 2013. 

Improving dynamic response of DC-DC converters which are nonlinear and complicate systems is an 

interesting challenge in power electronics. This paper presents the design and implementation of digital PID controller 

using the chaotic particle swarm optimization (CPSO) for a Boost converter and proposes an approach for auto tuning 

converter optimum start up response. When the system starts, processor unit analyses the open loop startup response of 

converter and prepares optimum response during some iteration using CPSO algorithm. Chaotic mapping using logistic 

map sequences increases its convergence rate and resulting precision.  

 

[3] Hussain K. Sayed, “Modeling and Control of a Buck DC-DC Converter Based on Artificial Neural Network”, 

International Journal of Scientific & Engineering Research, Vol.4, No.11,  pp. 1224-1233, 2013. 

 The dc-dc converters are highly efficient tools to supply power to different systems, they have a nonlinear 

behaviour and variations at their main parameters could affect their stability. This paper proposes the Artificial Neural 

network (ANN) methodology to control the output voltage of a dc- dc buck converters. The mathematical model and 

simulation of the nonlinear dc-dc buck converter is represented in this work .The conventional PID controller of a dc-

dc converter is illustrated as an example of comparison. The proposed technique is evaluated on a dc-dc buck converter 

under different operating conditions (no-load and full load condition) by using MATLAB Simulink software. The 

results proved the fast response and robustness of the proposed neural controller with no significant additional cost 

were compared with traditional PID controller technique. 

III. CURRENT MODE CONTROL OF DC-DC CONVERTER 

  

For current-mode control there are three things to consider:  

Current-mode operation: An ideal current-mode converter is only dependent on the DC or average inductor current. 

The inner current loop turns the inductor into a voltage-controlled current source, effectively removing the inductor 

from the outer voltage control loop at DC and low frequency.  

Modulator gain: The modulator gain is dependent on the effective slope of the ramp presented to the modulating 

comparator input. Each operating mode will have a unique characteristic equation for the modulator gain.  

Slope compensation: The requirement for slope compensation is dependent on the relationship of the average current 

to the value of current at the time when the sample is taken. For fixed-frequency operation, if the sampled current were 

equal to the average current, there would be no requirement for slope-compensation.

Whether the current-mode converter is peak, valley, average, or sample-and-hold is secondary to the operation 

of the current loop. As long as the DC current is sampled, current-mode operation is maintained. The current-loop gain 

splits the complex-conjugate pole of the output filter into two real poles, so that the characteristic of the output filter is 
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set by the capacitor and load resistor. Only when the impedance of the output inductor equals the current-loop gain 

does the inductor pole reappear at higher frequencies.  

 

 It is more complex than VMC as it contain dual loop including voltage and current control loops. There are 

various application of CMC for different application. After sensing the inductor current it is used to control the duty 

cycle. An error signal is produced after comparing the output voltage Vo with fixed reference voltage Vref and this error 

signal is used to generate control signal ic. The next step is to sense inductor current and compared with control signal ic 

to generate the duty cycle of particular frequency and drive the switch of the converter. All response depend on the 

position of feedback loop as if the feedback loop is closed, the inductor current is proportional to the control signal ic 

and the output voltage becomes equal to reference voltage Vref . 

 

Fig.1 shows the operation of the current mode control of the DC-DC converter.

 

 
 

 

 

 
IV. VOLTAGE MODE CONTROL DC-DC CONVERTER 

  

It is a type of single loop controller connected to a reference voltage, so at first output voltage is measured and 

compared to a reference voltage. This VMC method is used in research as well as in industry due its easy 

implementation. It uses measured output and reference voltage to generate the control voltage. After this the control 

voltage is used to determine the switching duty ratio by comparison with a constant frequency waveform. This duty 

ratio is used to maintain the average voltage across the inductor. This will eventually bring the output voltage to its 

reference value and helps in the delivery of constant voltage without any variation. 

 

Fig.2 explains the general functioning of the voltage mode control of DC-DC converter. The reference voltage 

is given as the input which is compensated and given to the converter through the comparator. 

Fig.1 Current Mode Control of DC-DC Converter 



            

     

        
                ISSN(Online)  : 2319-8753 

                      ISSN (Print)   : 2347-6710                                                                                                                                 

                                                                                                               

International Journal of Innovative Research in Science, 

Engineering and Technology 
(An ISO 3297: 2007 Certified Organization) 

Vol. 4, Issue 7, July 2015 

 

Copyright to IJIRSET                                                    DOI:10.15680/IJIRSET.2015.0407042                                                       5358 

 
  

  

V. PID CONTROL BASED DC-DC CONVERTER 

 

     The Proportional-Integral-Derivative (PID) controller can be used to control any measurable variable, as long 

as this variable can be affected by manipulating some other process variables. Many control solutions have been used 

over the time, but the PID controller has become the „industry standard‟ due to its simplicity and good performance. 

PID control is one of the oldest and classical control technique used for DC-DC converters. It uses one of its families of 

controllers including P, PD, PI and PID controllers. These different combinations will gives us various ways to regulate 

dc power supply in these converters. Due to the various advantages of PID it is widely used for industrial applications 

in the area of power electronics. One of the main causes for the use of this classical technique still in industrial  

applications is easy implementation of tuning method like Ziegler-Nichols tuning procedure by which we can optimise 

proportional, integral and derivative term of this control method needed to achieve a desired closed-loop performance. 

 

Fig.3 shows a proportional integral derivative controller (PID Controller) is a generic control loop feedback 

mechanism widely used in industrial control system as well as in research. This approach is often viewed as simple, 

reliable, and easy to implement. PID controllers are commonly used as controllers for boost converters. 

 

Fig.2 Voltage Mode Control of DC-DC Converter 

Fig.3 PID Control Based DC-DC Converter 
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VI. MODEL PREDICTIVE CONTROL BASED DC-DC CONVERTER 

  

A new and more direct model predictive control approach is proposed based on the original continuous time 

hybrid model of converters. The key idea is to make full use of the property that the number of modes is finite and 

transform the optimization of the squared area of output voltage error over a finite time interval into a search problem 

for the optimal switching sequence. This combinatory optimization problem can be computed effectively within the 

stringent switching period. The discrete time model predictive control (MPC) is introduced, based on a discrete time 

piecewise affine (PWA) modeling of the converters in which the duty cycle is regarded as the constrained input. This 

discrete time PWA model can capture the hybrid dynamics of systems at the sampling instants. The MPC schemes have 

been developed by minimizing certain output voltage error and the change of duty cycle. 

 

 Fig.4 shows that hybrid system methods can be applied to DC-DC converters.  The reference signal is to the 

MPC block where the output signal that is to be obtained are predicted and compared with the model. The signal is the 

given to the DC-DC converter. 

 

 

 

VII. ADAPTIVE CONTROL BASED DC-DC CONVERTER 

  

Adaptive Control plays vital role in power conversion, provides more precise control, greater system 

reliability and improved mean time between failures (MTBF) in systems such as computers and networking equipment. 

Traditional, analog power control systems are completely non-adaptive, employing components such as resistors to 

implement fixed compensation loops. And even many of the newer digital power conversion products offer little or no 

real adaptive capabilities. A true adaptive system has the ability to continuously adjust parameters based on the actual 

performance of the system at any given time.  

 

Fig.5 shows an adaptive controller, which is a controller with adjustable parameters and a mechanism for 

adjusting the parameters in a way which optimizes a measured property of the system. 

Fig.4 Model Predictive Control Based DC-DC Converter 
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 Fig.5 shows an adaptive controller in which the parameters of the plant are estimated by the „plant parameter 

estimation‟ block and the controller is designed by the „controller design‟ block to meet some pre-determined 

requirements such as closed loop bandwidth. Using such an arrangement, optimized transient response can be achieved 

over a wide range of power stage component values and conditions, with the closed loop bandwidth maintained 

automatically.

VIII. SLIDING MODE CONTROL BASED DC-DC CONVERTER 

               

 SM controller is a type of non-linear controller. It is employed and adopted for controlling variable structured 

systems (VSSs). It is very easy to implement as compared to other types of nonlinear and classical controllers. Two 

important steps in SM control is to design a sliding surface in state space and then prepared a control law to direct the 

system state trajectory starting from any arbitrary initial state to reach the sliding

surface in finite time, and at the end it should arrive to a point where the system equilibrium state exists that is in the 

origin point of the phase plane. There are three important factors responsible for the stability of SM controllers, 

existence, stability, and hitting condition. The sliding line divides the phase plane into two main regions. Each region is 

represent by a switching state and when the trajectory comes at the system equilibrium point, in this case the system is 

considered as stable system.  

 

Fig.6 shows a unique feature of an ideal sliding mode control technique is that it operates at infinite switching 

frequency. But practical SM controllers are operated at finite switching frequencies represent a quasi-sliding mode. 

 

 

Fig.6 Sliding Mode Control Based DC-DC Converter 

Fig.5 Adaptive Control Based DC-DC Converter 
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IX. ARTIFICIAL NEURAL NETWORK BASED DC-DC CONVERTER 

 

                  The artificial neural networks (ANN) can be designed without the exact model of the converter. This 

approach of ANN design guarantees the stable operation even if there is a change in the converter parameters. For 

ANN, it is sufficient to understand the general behaviour of the system. Artificial neural systems can be defined as 

cellular systems which have the capability of acquiring, storing, and utilizing experiential knowledge. The ANN 

controllers are the optimal control that permits to obtain an optimal model of the converter. Thus the main reason of 

using neural networks (ANN) is due to their ability to approach any function, either linear or not. 

 

 Fig.7 shows the genereal block diagram of  ANN based DC-DC converter. The ANN model is trained by 

different different algorithms depending on the applications.  

 

 

  

 

 

X. FUZZY LOGIC CONTROL BASED DC-DC CONVERTER 

 
 A completely different approach is offered by the Fuzzy Logic Control (FLC), which does neither require a 

precise mathematical modeling of the system nor complex computations. This control technique relies on the human 

capability to understand systems behaviour, and is based on qualitative control rules. Thus, control design is simple, 

since it is only based on linguistic rules of the type: "if the output voltage error is positive and its rate of change is 

negative then reduces slightly the duty-cycle", and so on. This approach lies on the basic physical properties of the 

systems and it is potentially able to extend control capability even to those operating conditions where linear control 

techniques fail in large-signal dynamics and large parameter variations. Of course, fuzzy controllers cannot provide, in 

general, better small-signal response than standard regulators. 

 

Fig.8 shows that fuzzy control is based on heuristic rules and it makes easy application of non-linear control 

laws to face the non-linear nature of DC-DC converters. 

Fig.7 ANN Based DC-DC Converter 
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XI. COMPARISON RESULTS 

 

The Table.1 gives the efficiency of various control techniques in DC-DC converters. The efficiency of each 

method is been tabulated. But this efficiency not only depends on the control techniques but also on the design 

specifications of the DC-DC converters. 

 

Table.1 Efficiency of various Control Techniques in DC-DC Converters 

 

S.No Type of DC-DC Converter Efficiency (%) 

1 Current Mode Control 87 

2 Voltage Mode Control 94.13 

3 PID Control 95 

4 MPC Control 96.3 

5 Adaptive Control 96 

6 Sliding Mode Control 97.5 

7 ANN Control 98 

8 Fuzzy Logic Control 98.4 

 

XII. CONCLUSION

In this paper the various control techniques implemented for DC-DC converters and the efficiency are 

discussed. The efficiency of  various control techniques varies with respect to the design components of the DC-DC 

converters. Each control techniques have their own benefits and drawbacks. It is based on the application for which the 

control mechanisms can be implemented. At present the ANN and Fuzzy Logic Controllers are being

widely used due to wider range of operating conditions. Furthermore, the performance of the converters can be 

improved by Neuro-Fuzzy Controllers with various optimisation techniques. 
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