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Abstract— In this paper, a novel control technique i.e., Single-loop Adaptive Control (SA) for DC-DC buck converters is proposed. 

Initially, the nominal system of the DC-DC buck converter without considering the parametric uncertainties is built to develop the SA. 

Adaptive and back stepping control approaches are used to build the proposed technique. The proposed control strategy is analyzed for 

load variations and also for change in reference voltages. The advantages and disadvantages of the proposed control strategy are 

compared, analyzed and a conclusion is drawn. 

 
Index Terms— Adaptive, back stepping approach, Parametric uncertainties, Single-loop Adaptive Control (SA) 

 

I. INTRODUCTION 

DC-DC converters are widely used for power conversion 

applications such as, electrical equipment used in medical 

systems, Hybrid Electric Vehicles (HEV) and Electric 

Vehicles (EV), power supply and portable recharging 

systems. As there are numerous applications, the 

requirements for output voltage vary from application to 

application [1] – [3]. Also, the requirement for converters 

differs as well, so as to achieve faster dynamic response or to 

decrease the ripples in the output voltage, while some require 

a stable output voltage even in the presence of load variations 

and parametric uncertainties. Thus, the focus of the industries 

and scholars has been to design a converter which satisfies 

the requirements of all the applications. 

Typically, the control structure presented is single loop 

control structure. The other type of control structure is double 

loop control structure [4]. The advantages of single loop 

control structure over double loop control structure is its 

simple implementation; also that current measurement is not 

required and hence, single loop control is also known as 

direct output control or voltage mode control. Whereas, a 

double loop control structure has two loops i.e., voltage 

regulation loop and current tracking loop and this control is 

known as indirect output control. It has strong 

anti-interference ability as it allows internal loop to control 

disturbances before affecting primary control objective [5]. 

Though double loop control can improve the system dynamic 

performance and tighter control, it is way more complex 

compared to single loop control as it needs to measure current 

also [6]. Based on single and double loop control structures, 

several control techniques have been proposed during the 

course of time [10] - [15]. To control buck converters, some 

linear control techniques were designed based on the linear 

modelling [16]. But, it is known that, the traditional linear 

controllers have worse dynamic performance compared to 

nonlinear controllers [17]. Some of the linear control 

techniques applied to the DC-DC buck converters are 

Traditional Sliding Mode Control (SMC), Second order 

sliding mode control for output voltage regulation [7] – [9], 

[13]. Double loop control structure SOSM controllers are 

designed containing voltage regulation loop and current 

tracking loop [22]. They are well known for their good 

tracking performance and Disturbance rejection ability 

against parametric uncertainties and external disturbances 

[13]. Adaptive control techniques [5], [20], [21] and fuzzy 

controllers are some of the other suitable techniques. In one 

of the adaptive control techniques, adaptive finite time 

control algorithm, voltage regulation time has been enhanced 

by using two finite time convergent observers to estimate 

unknown input voltage and load variations [23]. Though 

these non-linear control techniques improve the performance 

of the converter, most of them assume nominal values of 

filter inductor and output capacitor same as their actual 

values which effects the control performance of converter 

system as parameter uncertainties exist in practice. Though 

the control strategies such as SOSM and intelligent control 

algorithms show high performance, they are not highly 

recommended for being highly non-linear, complicated and 

having many control parameters making them difficult to 

analyze, design and implement. Few works have evaluated 

the performance difference between the both type of control 

structures through experiments too. Thus, the main 

contribution of this paper is to design control strategy, model 

of the system with and without considering parametric 

uncertainties in order to design the proposed Single loop 

adaptive control technique. The objective is to regulate 

output voltage to its desired reference voltage in presence of 

unknown disturbances and parametric uncertainties. By 

focusing on this objective a simple yet novel control 

technique i.e., Single Loop Adaptive Control Strategy has 

been designed based on the adaptive and back-stepping 
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control approaches. 

II. STATE SPACE REPRESENTATION OF DC-DC 

BUCK CONVERTER MODEL 

The parameters of the DC-DC buck converter as shown in 

Figure. 1 are:    , the input voltage, L is the filter inductor, C 

is the output capacitor and R is the equivalent load 

considering the unknown disturbance. 

 
Figure. 1. DC-DC BUCK CONVERTER 

 

When the switch is ON, by applying KVL we get, 
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When the switch is OFF, by applying KCL, 
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By considering output voltage     𝑎   , current through 

inductor      as   , control input as    , the averaged model 

of the DC-DC buck converter in continuous conduction mode 

(CCM) can be expressed as follows: 
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It is to be observed that for the sake of simplicity, 

Discontinuous Conduction Mode (DCM) is not considered. 

The above system (3) - (4) is the nominal system for the 

converter without considering the parametric uncertainties of 

the filter inductor and output capacitor. Considering the fact 

that some practical applications do not know the accurate 

values of inductor and capacitor, the actual values of inductor 

and capacitor are defined as follows: 

 ̅      ,  ̅                 (5) 

Where, L and C are nominal values and ∆𝐿 and ∆𝐶 are 

parametric uncertainties (unknown values) of filter inductor 

and output capacitor respectively. 

Thus the DC-DC buck converter with uncertainties can be 

written as, 
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By the dynamics of the converter, (6) and (7) can be 

rewritten as: 
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Where,   = 
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The State Space Representation of the converter can 

further be expressed in the form of, 
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As the objective is to regulate the output voltage to its 

desired reference voltage even if unknown disturbances and 

parametric uncertainties are present, based on the above 

dynamic model, Single-Loop Adaptive Control strategy will 

be designed to achieve the control objective. Before 

proceeding, the following lemma is presented. 

Lemma 1:    [25] If F ∈      is the Hurwitz matrix, then 

there exists a positive scalar ∈, such that ‖   ‖   ∈ 
    

 
 
 

where  , where λmax is the largest eigenvalue of F. 

III. STATE SPACE REPRESENTATION OF SINGLE 

LOOP ADAPTIVE CONTROL STRATEGY FOR 

NOMINAL SYSTEM 

Based on the nominal system (3) - (4), the Single Loop 

Adaptive Control strategy is designed to achieve the control 

objectives. The error in obtaining desired output voltage, 

        
  

Where,   
  = desired output voltage 

Where,   
  = desired output voltage 

From equations (3) and (4),  ̇ =  
  

 
       

  

Where,   = 
 

  
 (Unknown parameter) 

For load variation, let us assume that equivalent load R is 

known and changes in steps. By defining  ̅   ̂    

Lyapunov function can be constructed,      
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Where  ̂ = adaptive law to be designed. 

By differentiating above equation, 
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From above equation, one can design as follows: virtual 

control              ̇    ̂  ; 

error variable    
   

 
    and adaptive law 

  ̂          where,          are two scalars. 

By substituting the value of   ,   ̇   
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Lyapunov function      for error system, z = [     ]
  is 
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The control     such that  ̇     0,     =  
  

   
     

  

  
            

    ̇          
        

    i.e., the error system 

(           i.e., the controller can regulate the output 

voltage to its desired reference. 

 
Figure. 2. Block diagram of Single-Loop Adaptive Control 

Strategy 

 
Figure. 3. Control Structure of SA control strategy 

 

I. NOMINAL PARAMETERS OF THE BUCK 

CONVERTER 

Description Parameter Nominal 

Value 

Units 

Switching 

frequency 

fsw 15 KHz 

Inductor L 38.7 x      H 

Capacitor C 8.33 x      F 

Load Resistance R 20 10 Ω 

Input Voltage Vin 340 V 

Reference Voltage   
  72 55 V 

 

II. CONTROL PARAMETERS OF THE PROPOSED 

CONTROL STRATEGY 

CONTROL PARAMETER VALUE 

η 1200 

Ks11 150 

Ks12 200 

 

IV. SIMULATION RESULTS 

In this section, the results obtained for the proposed 

strategy to control the output of DC-DC buck converters are 

analyzed. The nominal parameters of the buck converter and 

the control parameters of the proposed control strategies are 

presented in I and II, respectively. The control objective is to 

regulate the output voltage and the results are given for two 

cases: load resistance and reference voltage variations. 

A. Load Resistance Variations: 

In this, the aim is to maintain the output voltage constant 

even during load variations. Thus, the reference voltage is 

kept constant at 72V and the load resistance is changed from 

20Ω to 10 Ω. Through the results obtained, it can be seen that 

the proposed control strategy can regulate the output voltage 

to its reference voltage even under load variations. As shown 

in Figure. 4, the recovery time is 60msec and the voltage 

ripple is 160mV. Here, the voltage drop is less due to the 

adaptive law which adapts the unknown parameter,   
 

  
; 

Also the recovery time is very less and it has a faster dynamic 

response. 

 
Figure. 4. Simulation result for load resistance variations 

 

 
Figure. 5. Simulation result for voltage reference variations 

B. Reference Voltage Variations: 

Here, the reference voltage is changed from 72V to 55V 
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while the load resistance and control parameters are kept 

constant. As shown in Figure. 5, when the reference voltage 

is changed, the voltage undershoots and recovers to its new 

reference voltage. Here, the recovery time is 250msec and 

ripple voltage is 130mV. 

Therefore, the proposed Single Loop Adaptive control 

strategy can be used for the DC-DC buck converter to 

achieve the best performance in applications which require 

fast dynamic responses when the load or reference voltage 

changes. 

V. CONCLUSION 

The problems associated with regulation of output voltage 

in a DC-DC buck converter has been investigated in this 

paper. Based on the nominal and uncertain systems of the 

DC-DC buck converter, a novel control strategy, Single loop 

adaptive control strategy has been proposed. The 

characteristics and design procedure of the control strategy 

are discussed and analyzed. The results of the load resistance 

variation and the reference voltage variation, are provided to 

further analyze the advantages and disadvantages of the 

proposed strategy. The SA can ensure that the output voltage 

has the shortest recovery time whenever the load or the 

reference voltage changes. On the other hand, how to design 

an efficient controller for DC-DC buck converters 

considering the practical inductor and capacitor with parasitic 

resistances is still an open problem. 
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