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ABSTRACT 

This paper depicts the design and implementation of non-linear control approach called sliding mode control 

for Negative Output Elementary Superlift Luo converter (NOESLLC).DC-DC converters finds its applications 

majorly in all power electronic industries nowadays. In order to provide a good regulation of output in these 

converters it is mandatory to make them operate in the closed loop mode using various controllers like P, PI 

and PID controller. But the usage of these controllers has resulted in an unsatisfactory regulation of the output 

voltage under large variation of system parameters. To overcome this, an approach called sliding mode control 

(SMC) technique is proposed and discussed here. The NOESLLC converts the positive input voltage into a 

negative output voltage in geometric progression. The design of the controller is done with the tuning of its gain 

parameter and implemented in the circuit by using the state space model of the converter. The main advantage 

of SMC over conventional control is its stability and good response variations with respect to the input. 

Simulation results are presented using PSPICE and MATLAB to validate the theoretical design and to illustrate 

the strength of the proposed controller.  

KEYWORDS: DC-DC converter, Negative output Elementary superlift Luo converter, Sliding mode controller 

(SMC) 

I. INTRODUCTION 

Voltage lift technique has been successfully employed in design of DC/DC converters, e.g., Luo-

converters. However, the output voltage increases in arithmetic progression. Super lift technique in 

this system implements the output voltage increasing in geometric progression. It effectively enhances 

the voltage transfer gain in power-law. The sliding mode control for the above system is implemented 

to achieve a closed loop control. The NOESLLC performs the voltage conversion from positive 

source voltage to negative load voltage. The SMC is designed by using state-space average modeling 

of NOESLLC. Conventionally, proportional-integral-derivative (PID) and (PI) controllers are used for 

the control of various types of DC-DC power converters which has provided an unsatisfactory 

regulation of the output voltage in a closed loop control. The technique of introducing sliding mode 

control has resulted in good regulation of the output voltage. The following sections will reveal the 

entire modeling and design of the controller for the converter. The modes of operation of the 

converter has been explained in section II followed by the state space model in section III. The section 

IV and V has been dealt with design of sliding mode controller and the calculation of control and 

tuning parameters. Simulation results of the converter and the gate pulse generated are depicted in 

section VI and ended with a conclusion in section VII. 
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II. OPERATION OF THE CONVERTER 

a. Operation of NOESLLC 

The NOESLLC  is  a  new  series  of  DC-DC  converters
5
  possessing  high-voltage  transfer  gain,  

high  power  density, high  efficiency,  reduced  ripple  voltage  and  current. Fig.1 (Ref.17) shows the 

elementary circuit of NOESLLC.It consists of DC supply voltage Vin, capacitors C1 and C2, inductor 

L1, power switch S (n-channel MOSFET), freewheeling diodes D1 and D2 and the load resistance 

R.The working principle is explained with the switch 'S’ on and off as two modes of operation as 

shown in Figs.2& 3. (Ref.17)During the on period of the switch ‘S’ i.e. DT interval, voltage across 

capacitor C1 is charged to Vin. Current flowing through inductor L1 increases with slope Vin /L1 and 

decreases with slope   – (Vo –Vin)/L1 during switch-off (1-D) T.  

 

      Fig 1: Circuit diagram of NOESLLC 

 

Fig 2: Mode 1- circuit diagram of NOESLLC 

 

Fig 3: Mode 2- circuit diagram of NOESLLC. 

During mode-1, the switch is closed and the supply flows through the inductor L1 and C1 charges 

during this time the capacitor C2 produces a load voltage. During mode-2, the switch is open and the 

inductor L1 and capacitor C1 discharges through  the load which gives the boosted output Vo.   

 b. Energy equations during ON and OFF state 

      Considering the modes of operation as by above figures, 

      Energy during ON state is , 

 onLinon TIVW =                                          (1) 

     Energy during OFF state is, 

 offLLoff TIVW =
                                                     (2) 

     Therefore output voltage is given by, 
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                                            (3) 

     The variation ratio of inductor current iLl is,                                

                       (4) 

 

     The ripple voltage of output voltage Vo is, 

                                      (5) 

 

  Therefore, the variation ratio of output voltage Vo is, 

                             (6) 

 

 The variation in the inductor current is given by, 
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c. SMC in Variable structure system (VSS) 

Nowadays, all the modern power electronics systems need high quality, simple, lightweight, cheap, 

highly reliable and efficient power supplies. To regulate  the  output  voltage  of  DC-DC converters
6
  

irrespective  of  load  variations  and  line  disturbances, it  is necessary to operate the converters in 

closed loop mode. In recent  days,  the  use of sliding  mode control (SMC)
8
 method  in  variable  

structure  system (VSS)  makes  the system very  robust  to  parameter  variations  and  external 

variations. Variable structure systems are characterized by a discontinuous control action which 

changes structure on reaching a set of switching surfaces. Here the switching commutations of a static 

converter constitute the VSS.   

III. MODELLING OF NOESLLC 

The state-space modeling of the equivalent circuit of NOESLLC with state variables iL, VC1 and VC2  

are given below. According to the switching condition (Y), the V1, V2, V3 are expressed for the ON 

condition and the status of the switch is determined as, 
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In this, the sliding surface has to be chosen, within the state variables space, where control functions 

are discontinuous. The sliding condition
9
 occurs when the system state does not leave the switching 

surface and the system dynamics can be described by a reduced order system. In general, two 

dynamic conditions can be distinguished and that is derived by assuming the ideal hypothesis of 

infinite commutation frequency of electronic switches which satisfies the above switching condition 

given as ‘Y’. Thus the switch off state is taken and the equations are described with respect to the 

switch off condition as considered in mode 2. 

According to the switching condition (Y) of circuit, i.e. in OFF condition, the V1, V2, V3 are 

expressed as, 

 

 

      

         (11) 

 

 

Therefore, 

 

           (12) 

 

 

Where, Rin is internal resistance of the source. 

State-space modeling of the circuit is given by, 

 

Where, are the vectors of the state variables and their derivatives respectively and C is the 

disturbance matrix and ω is the input.            

IV. SMC DESIGN AS VARIABLE STRUCTURE CONTROLLER (VSC) 

a. Controller design 

In sliding mode theory,  the SMC requires sensing of all state  variables  of NOESLLC  and  

generation  of  suitable references  for  each  of  them as shown in fig.4 The principle of the SMC is to 

make the capacitors voltage Vc1 and Vc2 of NOESLLC follow as faithfully as possible the capacitor 

voltage references. However, the inductor current reference is difficult to evaluate since that generally 

depends on load power demand, supply voltage, and load voltage. To overcome this problem, the state 

variable error for the inductor current can be obtained from feedback variable iLl  by  means of  a 

high-pass filter in the assumption  that  their  low-frequency  component  is automatically  adapted  to  

actual  converter  operation. The high-pass filter must be suitably lower than the switching frequency 

to pass the ripple at the switching frequency, but high enough to allow a fast converter response. 

When good output voltage regulation of NOESLLC is required, a sliding surface equation in the state 

space can be expressed by a linear combination of state-variable errors, can be given by 

                       (13) 
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Where coefficients ,  and  are proper gains,  is the feedback current error,  is the feedback 

voltage error and  is the feedback voltage error. 

 

                         (14) 

 

 

By substituting (14) in (13) we get, 

           (15) 

The signal  ),,( 211 CCL VViS =  obtained by (10) and applied to a simple circuit (hysteresis 

comparator), can generate the pulses to supply the power semiconductor drives. Status of the switch y 

is controlled by hysteresis block H, which maintains the variables near zero. 

 

 

 

 

 

 

 

Fig.4: Sliding mode controller of NOESLLC 

b. Control parameter selection 

Once  the  negative  output  elementary  super  lift  Luo converter  parameters  are  selected, 

inductance  are designed  from  specified  input  and  output  current  ripples, capacitors  and  are 

designed so as to limit the output voltage ripple in the case of fast and large load variations and  

maximum  switching  frequency is selected from the NOESLLC ratings and switch type. According  

to  the  variable  structure  system  theory,  the converter  equations must be written  in the following  

form, 

        (16) 

Where X represents the vector of state-variables errors, given by 

        (17) 
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Therefore, 

 

        (20)                            

 

Substituting (17) in (15), the sliding function can be rewritten in the form, 

                     (21) 

Where, 

and 

 

The existence condition of the sliding mode requires that all state trajectories near the surface be 

directed toward the sliding plane. It is necessary and sufficient that 

 

        (22) 

sliding  mode  control  is  obtained  by  means  of  the following  feedback  control  strategy,  which  

relates  to  the status of the switch with the value of S (x)   

        (23) 

The existence condition (18) can be expressed in the form, 

        (24) 

        (25) 

From a simulation point of view, assuming that error variables X1 are suitably smaller than references 

V*, (20) and (21) can be rewritten in the form 

        (26) 

        (27) 
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The existence condition is satisfied if the inequalities (28) and (29) are true. 
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Where the conduction is time of the switch S and  is the off time of the switch S. The 

conduction time, is derived from (29) and it is given by, 

 

        (31) 

   (31) 

Where,δ  is an arbitrary small positive quantity and     δ2  is the amount of hysteresis in S(X).The off 

time,  is derived from (29), and it is given by 

 

 (32)                   (32)  

    

The maximum value of switching frequency is obtained by 

                                     (33) 

 

V. DESIGN OF CIRCUIT COMPONENTS AND CONTROL PARAMETERS 

 a. Duty cycle 

The duty cycle D is defined by the ratio between the conduction time of the switch S and the switch 

period time, as represented by, 

                    (34) 

Considering the SMC, an instantaneous control, the ratio between the output and the input voltages 

must satisfy the fundamental relation at any working condition. 

                   (35) 

 

b. Inductor current 

The high-frequency maximum inductor current ripple is obtained from Fig.5 (b) and given by (18). 

         

               (36) 

C.Capacitor voltage 

The controller operates over the status of the switch to make the voltage   (t) to follow the 

reference. As a consequence, on the capacitor   (t), a high 

             (37) 

Frequency voltage ripple (which is a characteristics function switching frequency) is imposed. The 

capacitor voltage ripple is given by (15). 
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From (35) and a simulation point of view, the output voltage is chosen to produce a variation of the 

duty cycle close to 0.66. 

e. To find  /  

Substituting ,  =   and   = 0.9 in (33) we get  /  = 6666. 

f. To find  /  and  /   

 From (28) and (29) and taking = = 2.353A,one obtains 1208 < 

 /    < 248433 and 1208 <  /  < 248433. 

g. Calculation of   

The maximum inductor current ripple is chosen to be equal to 15 % of maximum inductor current, 

and  = 100 uH which is obtained from (36). 

h. Calculation of ,  and values of the coefficients ,  and   

The maximum capacitor ripples voltage    and    is chosen to be equal to 0.5 % 

maximum capacitors voltage, and   =  = 30 uF which is obtained from (37). ( =0.667). Similarly 

the   =  = 0.217 is computed using the ratio  /  and   /  and the , . 

VI. SIMULATION RESULTS 

a. Simulation of NOESLLC without SMC controller 

Simulation is carried out for the negative output elementary super-lift Luo converter with the values, 

Vin =12V, f =100 KHz, L=10uH, C1, C2=30uF, R=50Ω, D=0.667. The simulation is done in PSPICE 

with the calculated values and the diagram is given below 

 

        Fig.5:Simulation Diagram of NOESLLC 

From the simulation, an output voltage of -36V is obtained for the NOESLLC which is shown below. 

This shows the increase of the output voltage in geometric progression.  With a time period of 10us 

the output Voltage is depicted. 
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        .  

       Fig 6: Output voltage Wave Form of NOESLLC without SMC controller 

 b. Simulation of NOESLLC with SMC controller 

The  simulation  study  of  NOESLLC  with  SMC  is presented  in  this  section.  The  validation  of  

the  system performance  is  done  for  five  regions  viz. transient region, line variations, load 

variations, steady state region and also components variations. Simulations have been performed on 

negative output elementary super lift luo converter circuit with parameters calculated. 

 

  Fig:7 Simulation Diagram of NOESLLC with SMC controller 

The  static  and  dynamic  performances  of  SMC for NOESLLC  are  evaluated  in  Matlab/Simulink.  

The Matlab/Simulink simulation of system with control method is depicted in Fig 7. The detailed 

operation of NOESLLC with SMC is discussed. The output voltage is obtained to be -34.7V where 

the geometric progression of input voltage (12V) is shown. It can be observed that input current of 

NOESLLC goes up to 2.35A and output voltage of NOESLLC travels up to -34.7V without 

overshoot. 
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Fig.8: Output Voltage waveform of NOESLLC with SMC controller 

c. Gate pulse of the switch given from SMC output 

The gate pulse of the switch S (MOSFET) is given with a duty ratio of 0.66 i.e. 66% of the total 

period. The adapted value of duty ratio is selected to be 0.66 for an enhanced output voltage. 

                             

                                                        Fig.9: Gate Pulse of the Switch from SMC output 

d. current through the inductor L1 

The inductor current waveform is shown below in diagram which has iL1=11.2A. The inductor 

energized when the supply is given with switch turned ON and during OFF condition the current 

discharges through load. 

 

    Fig.10 current through the inductor L1 
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 e. Energizing pulse of the Relay 

The relay is energized based on the summer output.  Also a high pass filter is added to the current 

feedback, which are given to the gain amplifier and the relay is energized based on the range of value 

taken. 

 

    Fig.11: Relay Energizing Pulse 

Thus the relay output is considered as input to the switch and a closed loop will be achieved. Based on 

the variation parameter of load, input voltage, and change in component values the gain parameter is 

chosen and converter in closed loop control is executed. 

VII. CONCLUSION 

The design and analysis of Sliding mode control for NOESLLC has been successfully presented in 

this paper.  This control technique will stabilize the output for any change in input voltage thereby 

boosting the output in geometric progression. The output capacitor voltage and the inductor current of 

the converters are taken as the parameters and compared with the reference thus producing the error 

signal .Thus the controller modifies and a proper control action is achieved with the correct 

maintenance of the duty ratio of the pulse applied to the switch. Thus the selection of the proper 

control parameters proved to provide excellent dynamic , static and transient response which is proved 

by implementing SMC using simulation softwares. 
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