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 This paper analyses the nonlinear phenomena in current mode controlled 

buck-boost converter. The system undergoes various operating regions 

whenever there is a change in non linear elements presented in the system as 

well as in the loads. In this work, inductor current is considered as the 

reference for analysis.The results show that the converter enters into  

period-1, periodic doubling and chaotic regions as per the parameter (IL) 

variations.  The proposed control strategy, weak periodic perturbation (WPP) 

method tries to stabilize the system from the chaotic behavior.The buck boost 

converter along with the control system is simulated using 

MATLAB/SIMULINK software tool and the results are presented.The 

hardware implementation of the system is done and the results are verified 

with  the simulation results. It shows that the WPP can transform the system 

behaviour from the chaotic region to the periodic one.  
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1. INTRODUCTION  

The power electronic dc-dc converters are the most non-linear and time varying systems. Since 

these topologies have active switches, passive elements and power diodes with nonlinear voltage, current 

characteristics, they are dynamic in nature [1]. The operating modes of switching converters are turning into 

chaotic very easily [2-4]. A dc-dc buck-boost converter with current mode controlled in continuous 

conduction mode gives rise to a great variety of behaviour depending on the parameters of the circuits. The 

behaviour of the buck boost converter is analysed with inductor current as the bifurcation parameter [5].   

The converter enters into period-1 to the chaotic regime as the inductor current varies. So it is very essential 

to implement a control strategy to avoid chaos. There are many control strategies are available in the 

literature. There are two different categories, namely feedback and non feedback control methods. Ott-

Grebogi-Yorke (OGY) and Time-delayed frequency control, etc are few of the control methods falling under 

feedback control strategies [6-7]. In feedback methods, anyone of the system variable is taken and the control 

law is implemented to attain the objective. In non feedback method, system variables need not to be 

measured. Any one of the periodic orbit need to be identified as the control target. This paper investigates 

current mode controlled buck boost converter with weak periodic perturbation method [8]. Simply, by adding 

a weak sinusoidal external force to the original system, narrow and high sub harmonic steps are stabilized. 
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2. ANALYSIS OF BUCK BOOST CONVERTER 

The buck-boost converter provides the output voltage either greater or lesser than the available 

voltage based on the duty ratio. It has low cost, high efficiency, and low noise. Buck-boost converters are 

used in automobiles, consumer goods and various applications. A buck-boost converter consists of an active 

switch S, a powerful diode D, energy storing elements (one inductor L and one capacitor C) with a load 

resistor RL. Current mode control strategy is applied in this analysis. The converter is operated with the duty 

ratio of D and with the switching frequency of f. The average output voltage of the converter is given by, 
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Where, Vin = input voltage 

The average load current is 
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The source current is, 
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The average inductor current is, 
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Peak-peak ripple current is, 
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Where, T is the switching time period                                                                                             

The minimum value of the inductor for continuous conduction mode is, 
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The capacitor ripple is expressed as  
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Figure 1 shows the buck-boost converter operating in the continuous conduction mode. Two 

modes of operations are obtained by controlling the power switch S. 

 

2.1. Mode 1 operation of the buck-boost converter  

During this mode, diode D is reverse biased when switch S is gated ON. The inductor current rises 

up linearly from I1 to I2. This mode is shown in Figure 2. The load current is delivered by the output 

capacitor C. The capacitor is designed in such a way that it can supply entire current to the load. 
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2.2. Mode 2 operation of the buck-boost converter  
During this mode the switch is OFF at t=tn.The inductor current decreases linearly from I2 to I1. 

Figure 3 shows the mode 2 operation of the converter. It is not possible to have a sudden change in inductor 

current.So the voltage polarity in the inductor gets reversed to maintain the current constant.The inductor 

current decreases till the switch S is gated again. The energy stored in the inductor is delivered to the output 

capacitor C. This stored energy in the capacitor is drained out through the load when the switch is ON.  

 

 

  

Figure 1. Circuit diagram of buck-boost converter Figure 2.   Equivalent circuit for the buck-boost 

converter during turn ON 

 

 

 
 

Figure 3. Equivalent circuit of the buck-boost converter during turn OFF. 

 

 

3. OPERATION OF CURRENT PROGRAMMED BUCK-BOOST CONVERTER 

The inner loop current controls are usually used for the buck-boost converters since the voltage-

mode control will lead to instability. Also the converter experience right hand side zeroes in voltage mode 

control method [5]. The switch S is controlled by a feedback path that consists of a flip-flop and a 

comparator.  The comparator compares the inductor current IL and a reference current Iref.  The power switch 

is gated ON when the clock pulse is received and is triggered to OFF when the inductor current reaches Iref. 

Figure 4 shows the current-mode controlled buck-boost converter.The inductance value and switching period 

T are chosen to operate the converter in continuous conduction mode.The switch S is closed at t=nt. The 

inductor current ramps linearly till I= Iref. When I= Iref, the comparator is triggered (Q=0). Then it resets the 

clock pulse and triggers S to close again. The inductor current and capacitor voltage are shown in  

Figure 5. When switch S is closed, diode D is reversed biased.  The steady state equations of the inductor 

current and the capacitor voltage during mode-1 are given by: 

 

 
L

E

dt

di
                                                                                                                (8)                              

                     

Vc
RCdt

dVc










1                                                                                      (9) 



                ISSN: 2088-8694 

IJPEDS  Vol. 8, No. 4, December 2017 :  1467 – 1480 

1470 

  The current I ramps linearly during this period.  As soon as the inductor current I attains the 

reference current Iref, the switch is OFF.  This method is known as peak-current-mode control. When switch S 

is off, diode D is ON. The steady state equations of the inductor current and the capacitor voltage during 

mode-2 are given by: 
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Figure 4. Circuit schematic of the current-mode controlled buck-boost converter 

 

 

 
 

Figure 5. Typical waveforms of capacitor voltage & inductor current during turn off. 

 

 

3.1 State equations of the converter 

 The state Equations of a buck-boost converter operated in continuous conduction mode is given by: 

 

1 1

dx
A x B E

dt
  ,  nT<=t<=(n+d)T                                                                                          (12)  
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 2 2

dx
A x B E

dt
  , (n+d)T<=t<=(n+1)T                                                                                   (13) 

  

Where, n=integer, T=Period, D=duty cycle, x= [Vc, i]T , i=inductor current.  

When switch S is on, A and B is given by, 
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When switch S is OFF, 

 

1 1 1

2

2

1 1

1 1

1

C R C
A

R

L L

  
 
 

 
 
 

, 1

0

0
B

 
  
 

 

 

 

4. ROUTE TO CHAOS BY VARINGREF 

The current programmed buck-boost converter is analysed under various operating regions.The 

reference current of the control method is increased for large values of Iref and the system behaviour is 

analysed by simulation. The buck-boost converter model is simulated with the following design 

specifications articulated in Table 1. The system behaviour from period-1 to chaotic stage is analysed by 

varying the reference current in the range of 2.65A to 3A. The system is periodic in nature till the reference 

current reaches 2.65A. When the reference current is greater than 2.65A, the system will become more 

chaotic. 

 

 

Tabel 1. Specification Parameter 

Sr. No. Parameter Value 

1 Input voltage 12V 

2 Output voltage 18V 

3 Inductor 1mH 

4 Capacitor 4 uF 

5 Load resistance 20 Ω 

6 Frequency (f) 20 kHz 

7 Duty cycle (D) 0.6 

 

 

4.1.  Period 1 Operation  

It is desirable to operate the system in a fundamental regime which is the stable region of the 

system. By keeping the reference current Iref at 2.65A, the period-1 operation is obtained. Figure 6 Shows  

the inductor current and output voltage waveform of the period-1 operation which is free from sub 

harmonics . The phase portrait of period-1 regime is shown in Figure 7.    

              

4.2.  Period 1 Operation                                                                                                                                       

When the bifurcation parameter Iref is further increased to 2.85A, the period doubling stage is 

reached.  This stage of operation is mostly avoided by design engineers. The inductor current and load 

voltage waveforms for the period-2 regime is shown in the Figure 10 and the corresponding phase portrait is 

shown in Figure 9.                                           
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Figure 6. Waveforms of inductor current and capacitor voltage with iref = 2.65A     

 

 

 
 

Figure 7. Phase portrait of period -1 regime 

 

 

4.3.  Chaotic Operation 

The chaotic regime is obtained when the value of reference current Iref is increased to 3A. The 

simulated waveforms of inductor current and output voltage during chaotic operation are shown in the  

Figure 10 and the corresponding phase portrait is shown in Figure 11. 

                                       

4.4.  Bifurcation diagram 

Bifurcation diagram can be obtained varying any one of the system parameters, keeping all other 

parameters fixed [9]. The bifurcating parameters can be sourced voltage, capacitor voltage, inductor 

current, load resistance, inductance, and capacitance or clock frequency. The bifurcating diagram shown in 

Figure 12. is obtained by varying the inductor current.If the system is periodic all the points will lie on the 

same position.During the chaotic regime, all the points will be scattered and none of the dots will fall on 

the same position. Bifurcation diagram is drawn between capacitor voltage and reference current. From the 

Figure 9 it is understood that when the reference current is 2.85A, it bifurcates and when the reference 

current is 3A it enters into chaotic region. 
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Figure 8. Inductor Current and capacitor voltage waveform with iref=2.85A 

 

 

 
 

Figure 9. Phase Portrait of period 2 regime 

 

 

 
 

Figure 10. Inductor Current and capacitor voltage waveform with iref=3A 
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5. WEAK PERIODIC PERTURBATION METHOD OF CHAOS CONTROL[10-12] 

To operate the system in the desired periodic regime, a small perturbation can be applied. By 

applying a small perturbation to a chaotic system, unstable periodic orbits will become stable [13-20]. This 

method of control is non-feedback control method. Figure 13. shows the Buck boost converter with weak 

periodic perturbation method of control. Any one of system parameter can be considered as control variable 

for controlling periodic perturbation, with the following form 

 

x= (1-) x+  (1+sin (2Πft))                                                                                                              (14) 

 

where, x represents the control variable 

            is the strength of controlling perturbation . 

              sin (2ft)  is the periodic perturbation signal  

             ‗f‘ is the frequency of the  perturbation signal. 

Without the weak periodic signal the converter experiences the non-periodic oscillations and also it leads to 

chaotic operation. When the weak periodic signal acts on the non-periodic signals and chaotic regimes, non 

periodic oscillations are broken. The chaotic control of current mode controlled buck boost converter using 

weak periodic perturbation control is simulated using the MATLAB/SIMULINK software [13-31]. The input 

voltage is kept fixed at 12V. Without any control, the converter operates in period-2 regime with Iref=2.85A 

and in chaotic regime with Iref=3A. With the same Iref, converter operates in period -1 regime when WPP is 

applied. It is shown in Figure 14 and Figure 13 [13-20].  

 

 

 
 

               Figure 13. Buck-Boost Converter with weak periodic perturbation method of control 

  
 

Figure 11. Phase Portait of chaotic regime 

 

Figure 12. Bifurgation diagram between Iref and Vc 
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Figure 14. Controlled waveform of Inductor Current and capacitor voltage with iref=2.85A 

 

 

 
 

Figure 15. Controlled waveform of Inductor Current and capacitor voltage with iref=3A 

 

 

 
 

Figure 16. Hardware setup of current mode controlled buck boost converter 
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(a) (b) 

 

 
(c) 

 

Figure 17. Waveforms during period-1 operation (a) Inductor current waveform of period -1 operation, (b) 

Capacitor voltage waveform   of period -1 operation, (c) phase portrait of period-1 operation  

 

 

6. HARDWARE IMPLEMENTATION OF CURRENT MODE CONTROLLED BUCK BOOST 

CONVERTER 

The hardware implementation of buck-boost converter ,including WPP method is shown in         

Figure 16. The supply voltage of 230V, 50Hz has been stepped down to 12V with the help of a step down 

transformer.  A bridge rectifier rectifies ac voltage.  After filtering through the capacitors, the required 

voltage of +5V for the control circuit was obtained using the regulator chip. The current mode controlled 

buck boost converter circuit is shown in the Figure 13.The converter is assumed to be operated in the 

continuous conduction mode [21-31].  

            The control circuit consists of comparator, flip-flop, buffer and a square wave generator, which are 

realized by analog and digital devices. The inductor current IL is chosen as the programming variable which 

generates the on-off driving signal from the switch S after comparing it with the perturbed reference current 

Iref. At the beginning of each cycle, the flip flop is ‗set‘ by the timer, i.e., its output signal is high and the 

MOSFET IRF540 is ON. The output signal is low and the MOSFET is OFF when the flip flop is ‗reset‘ by 

the output of the comparator. The resistor R is connected in series with the inductor, is used to compare the 

inductor current with the reference current Iref.  

 Therefore the output of the comparator is high when the inductor current reaches the value of Iref, 

whereas it is low when the inductor current is less than Iref..The oscillator NE555 has been used for the 

generation of clock pulse for the flip flop HCF4013BE. Along with the proper resistor and capacitors, NE555 

is used to produce the square wave pulse with the amplitude of 5V, a frequency of 20 KHz and duty cycle of 

0.6. The IC LM8038 is used to generate the sine wave signal for the WPP control circuit and MCT2E is the 

opto coupler used to couple the control circuit with the driver circuit. The output from the flip flop turns the 

the MOSFET through the driver. The buck-boost converter dynamics are studied by varying the reference 

current [13-31]. 

The experimental results of inductor current, capacitor voltage and corresponding phase portrait of  
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period 1 regime are shown in the Figure18. When the reference current Iref is further increased to 2.85A, the 

period doubling stage is reached. The experimental results of inductor current, capacitor voltage and the 

corresponding phase portrait in period 2 regime are shown in the Figure 18.   

 

 

 
 

(a) (b) 

 
(c) 

 

Figure 18. Waveforms during period-2 operation (a)Inductor current in period -2 regime, (b) Capacitor 

voltage in  period -2 operation, (c)  phase portrait of period-2 operation                                  

                 

 

7.  CHAOS CONTROL USING WPP 

The chaotic stage is obtained when reference current is raised to 3A. The experimental results of 

inductor current, capacitor voltage and phase portrait showing the chaotic operation are shown in the     

Figure 19. The inductor current and capacitor voltage and the corresponding phase portrait in the desired 

region is obtained by applying WPP are shown in the Figure 20 and Figure 21 respectively. 
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(a) (b) 

 
(c) 

 

Figure 19. Waveforms during chaotic operation (a) Inductor current waveform of chaotic operation, (b) 

Capacitor voltage waveform  of chaotic operation, (c)  phase portrait of chaotic operation 

 

 

  
Figure 20. Controlled output voltage and current 

waveform 

Figure 21. Controlled phase portrait 

                                    

  

8.  CONCLUSION 
The chaotic behaviour of dc-dc current mode controlled buck boost converter is analysed. The 

simulated results of current controlled buck boost converter with weak periodic perturbation are obtained and 

presented using MATLAB. The bifurcation diagram is between reference current and input voltage with the 

inductor current as the reference. The results obtained reveal that the current mode controlled buck boost 



IJPEDS  ISSN: 2088-8694  

 

Control of Chaos in a Current Mode Controlled Buck Boost Converter .... (P. Sriramalakshmi) 

1479 

converter shifts from periodic regime to chaotic regime when the reference current varied from 2.65A to 3A. 

The chaotic behaviour is controlled using weak periodic perturbation. It is also realized in hardware and the 

results are verified with the simulation results. 
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