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Abstract 

 

This paper presents a robust hybrid controller for non-inverting buck-boost (NIBB) DC-DC 

converter. The proposed hybrid controller is comprised of feedback closed-loop PID controller 

and novel designed feedforward open-loop controller. The proposed open-loop controller 

supports the PID controller and enhances the system transient response during the system 

operating parameters transition. The open-loop controller has a simple and static structure. It is 

also independent of the closed-loop controller and thus has a modular behaviour. In order to 

show the accuracy, robustness and efficiency of the proposed hybrid control method, both 

simulation and experimental studies are performed. The comparative results prove that the 

proposed hybrid controller with the novel developed open-loop controller provides robust and 

efficient control of the converter. It improves the converter’s output response during the 

transients of the operating parameters: the change of input voltage, reference output voltage and 

output load. 

 

Keywords: Non-inverting, buck-boost converter, PID, open-loop controller 
 

1. INTRODUCTION 

 

Traditional buck-boost DC-DC converters 

are used widely in many areas such as 

adjustable power supplies, DC motor 

control, etc. where various direct voltage 

levels are required. So, there are many 

studies on these converters in the literature 

and the research about them still continues. 

In the conventional buck-boost converter 

topologies, output voltage polarity occurs 
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opposite of input voltage polarity [1-3]. 

Because of this, common-ground point 

cannot be obtained in these topologies. So, 

this circumstance increases the 

measurement difficulties and 

instrumentation cost of these converter 

applications. 

 

The researchers study NIBB converter 

topologies in the literature in order to 

prevent reverse polarity and to overcome the 

related mentioned problems in the 
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conventional ones. Both lower and higher 

output voltages than the input voltages can 

be obtained in the NIBB converters as well 

as the inverting converters [4, 5]. But, the 

output and the input voltage polarities are 

the same in the NIBB converters, and thus, 

a common-ground point between the input 

and the output can be achieved [6]. There are 

two main basic topologies for the NIBB 

converter. The first one is structured by two 

active switches and two diodes [7], whereas 

the second one is comprised of four active 

switches [8]. There are other many various 

developed converter topologies to enhance 

the converter operation [9, 10]. The 

converter studies where soft switching 

techniques are applied also exist in the 

literature [11, 12]. Although the main 

advantage of NIBB converters is obtaining 

positive output voltage, NIBB converters 

can also be transformed to only buck or only 

boost converter topologies if required, just 

through the proper control of the active 

switches of the NIBB converter circuit [13, 

14]. 

 

In the literature, there are two main control 

methods for NIBB converters as well as the 

other DC-DC converters: voltage mode 

control [15, 16] and current mode control 

[17, 18]. For both of the mentioned two 

types of control, various closed-loop 

controllers are applied successfully for the 

control of NIBB converters. The 

conventional PI controller is applied for the 

control of the converter in many 

applications due to the simple structure of 

this controller [19-27]. The studies where 

the conventional PID controller is applied 

instead of the PI controller also exist to 

enhance the output response during the 

operating parameters change [28]. In some 

studies for the control of the converter, the 

well-known and frequently used 

compensators in control systems such as 

type-II [29] and type-III [30] ones are also 

preferred. Some researchers synthesize PI 

and PID controllers with various techniques 

for improvement of the converter control. 

Almasi et al. [31, 32] apply fuzzy PI control 

to the converter successfully. Adaptive PI 

technique [33] and ant colony algorithm 

optimized PI control method [34] are also 

performed in the converter control in a 

successful manner. Celikovic et al. [35] 

perform a closed-loop control method 

combining PID control and Sliding Mode 

Control (SMC) to the converter. Other 

studies except these mentioned studies using 

other various closed-loop control methods 

such as model predictive control [36], 

adaptive on-time control [37] and 

backstepping control [38, 39] also exist in 

the literature. 

 

Although various type control methods are 

used in the mentioned studies given in the 

previous paragraph, all of them are 

completely structured by closed-loop 

controllers. As it is well known, NIBB 

converters have nonlinear behavior like the 

other DC-DC converters. So, the closed-

loop controllers for the NIBB converters 

need to be designed for a determined 

operating point through linearizing. Thus, it 

is clear that this causes the output response 

performance to get worse according to 

design criteria and the possibility of the 

system instability, when the converter is 

operated in different points from the 

determined operating point for the controller 

design.  So, in order to improve the system 

performance and to reduce the instability 

possibility for any each operating point, 

various solutions where the closed-loop 

feedback control structures are supported by 

the open-loop feedforward control ones are 

developed and studied. In [40] and [41], 

open-loop feedforward controllers are 

developed to support the traditional PI 

controllers for the current mode control of 

the NIBB converters. In other current mode 

controlled NIBB converter study, closed-

loop control structure comprised of PID and 

SMC controllers are supported by a 

developed open-loop feedforward control 

method [42]. The developed open-loop 

controllers for the current mode controlled 

converters in [40-42] are determined as 

static algebraic equations that derive the 
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inductor current depending on the converter 

topology parameters and the existing 

operating parameters. But, the equations of 

the open-loop controllers in the mentioned 

studies are derived only considering the 

continuous conduction mode (CCM) and 

ideal topology parameters of the converters. 

So, it is clear that open-loop controllers 

developed in the mentioned studies cannot 

satisfy the required enhancement on 

converter output responses in practical 

applications and in discontinuous 

conduction mode (DCM) operations. 

However, the output responses where the 

open-loop controllers are not included to the 

system are not demonstrated in these 

studies, so, the enhancement effects of the 

open-loop controllers are not given 

comparatively. 

 

In this study, a new hybrid controller is 

developed for the NIBB converter as a 

voltage mode control. A new developed 

open-loop controller supports the closed-

loop PID controller in the proposed hybrid 

controller. The proposed open-loop 

controller has a simple, static and algebraic 

structure that can be easily obtained as a 

one-equation. Thus, it supports the PID 

controller to lead the output voltage to reach 

the reference voltage in a fast manner. The 

proposed hybrid control method has 

superiorities and overcomes the drawbacks 

of the similar ones given in the previous 

paragraph as follows: 

• The real equivalent circuit of the 

converter is considered for the 

design of the proposed open-loop 

controller that is part of the hybrid 

controller to provide more accurate 

results for real practical applications. 

• Detailed dynamic analysis 

considering the real parasitic 

components of all the elements in the 

converter topology is performed for 

the closed-loop PID controller that is 

part of the hybrid controller to 

provide accurate response for real 

practical applications. 

• The open-loop controller is designed 

for both CCM and DCM operation 

of the converter. 

• The output response of the converter 

is obtained for both the proposed 

open-loop controller exist and not in 

the control of the converter. Thus, 

the effect of the proposed controller 

in the hybrid control is demonstrated 

comparatively. 

 

Both simulation and experimental test 

studies are performed to prove the accuracy 

and the efficiency of the proposed control 

method. In these test studies, results for the 

control of the converter where the proposed 

open-loop controller exist and not are 

obtained and compared. The comparative 

results show that the proposed hybrid 

controller improves the output voltage 

response performance and enhances 

indirectly the system stability of the NIBB 

converter during the change of output 

reference voltage, input voltage, and output 

load. 

 

2. THE NIBB CONVERTER 

 

In this section, the topology of the NIBB 

converter studied in the paper and the 

operation procedure of the converter are 

given. Detailed dynamic analysis through 

the real equivalent circuit of the converter is 

obtained and converter design parameters 

are given. 

chapter 2 title 

 

2.1. The Topology 

 

The NIBB converter topology studied in this 

study is given in Fig. 1. The topology is 

structured as well-known in the literature by 

two active switches and two diodes. 

As shown in Fig. 1, the active switches S1 

and S2 are selected as MOSFETs. D1 and D2 

are the diodes. In Fig. 1, Vi, Vo, L, C, R, iL, 

iC and io represent the input voltage, the 

output voltage, the inductor, the capacitor, 

the ohmic load, the inductor current, the 

Faruk YALÇIN, İrfan YAZICI

Robust Discrete-Time Hybrid Controller for Non-Inverting Buck-Boost DC-DC Converter

Sakarya University Journal of Science 27(1), 68-82, 2023 70



  

 

  

 

capacitor current and the output current, 

respectively. 
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Figure 1 The NIBB converter topology 

 

2.2. The Operation Procedure 

 

In principle, the operation procedure of the 

NIBB converter is similar to the well-known 

traditional inverting buck-boost converter. 

Lower, equal and higher output voltages 

according to the input voltage can be 

obtained. S1 and S2 switches in Figure 1 are 

controlled simultaneously and in the same 

mode. So, the operation of the converter can 

be analyzed in two equivalent subcircuits in 

on-mode and off-mode. S1 and S2 switches 

are off together in the on-mode and together 

off in the off-mode. The converter 

subcircuits of both the on-mode and off-

mode can be demonstrated in Fig. 2 and the 

converter operation can be detailed through 

the subcircuits. 
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Figure 2 Converter subcircuits (a) on-mode 

subcircuit, (b) off-mode subcircuit 

 

The on-mode subcircuit occurs when S1 and 

S2 switches are on during the on-time ton of 

the switching period Ts as seen in Fig. 2a.  

During this mode, the diodes D1 and D2 

become off due to S1 and S2 are on. Thus, 

the inductor L is energized by the input 

voltage and the inductor current iL increases. 

Meanwhile, the pre-energized capacitor 

supplies the load. The off-mode subcircuit 

occurs when S1 and S2 switches are off 

during the off-time toff of the switching 

period as seen in Fig. 2b. During this mode, 

the diodes D1 and D2 become on due to the 

ongoing inductor current as S1 and S2 are 

off. Meanwhile, the pre-energized inductor 

supplies both the capacitor and the load. It is 

clear from the operation expressions, the 

main operation procedure is the same of the 

conventional inverting buck-boost 

converter. But as it is seen from Fig. 2, the 

output voltage polarity becomes the same of 

the input voltage, thus, a common-ground 

point can be obtained on the negative points 

of the input and the output. As a result, lower 

or higher output voltage according to the 

input voltage in the same polarity of the 

input can be produced by the NIBB 

converter through the proper control of the 

switching duty ratio d: 

 

on

s

t
d

T
=                                                                      (1) 

 

2.3. The Dynamic Analysis 

 

The dynamic analysis of the converter is 

essential to design the control system of the 

converter. Both the closed-loop PID 

controller and the open-loop controller that 

are part of the proposed hybrid controller are 

designed through the mathematical model of 

the converter. Thus, the transfer function 

between the output voltage and the duty 

ratio for the PID controller design and the 

achievement of the static algebraic 

statement for the open-loop controller 

depend on the dynamic analysis. Providing 

the determined design criteria of the 

controllers for the real practical application 

depends on the dynamic analysis as possible 

as through the real equivalent circuit of the 

converter. For this aim, the real equivalent 

parasitic effects of the circuit elements are 

considered in the converter topology given 

in Fig. 1. So, the real equivalent model of the 

converter for the on-mode and the off-mode 

can be given through Fig.1 and Fig. 2 in Fig. 

3. 
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Figure 3 Real equivalent model of the converter 

(a) on-mode, (b) off-mode 

 

In Fig. 3, ron, rL, rC, Vf, VL and VC represent 

the on-resistance of MOSFET, equivalent 

series resistance (ESR) of the inductor, the 

ESR of the capacitor, forward biasing 

voltage of the diode, the inductor voltage 

and the capacitor voltage, respectively. In 

this study, the MOSFETs and the diodes are 

selected as identical. 

 

The dynamic state equations of the state 

variables that are the inductor current and 

the output voltage for on-mode can be 

derived through Fig. 3a by using Kirchhoff’s 

laws. The state equation of the inductor 

current for on-mode can be obtained by Fig. 

3a as follows: 

 

( )
( ) 1 1

2 ( )L
L on L i

di t
r r i t V

dt L L
= − + +               (2) 

 

Similarly, the state equation of the output 

voltage for on-mode can be obtained by Fig. 

3a as follows: 

 

( )
( ) 1

( )o
o

C

dV t
V t

dt R r C
= −

+
                           (3) 

 

The dynamic state equations of the state 

variables that are the inductor current and 

the output voltage for off-mode can be 

derived through Fig. 3b by using 

Kirchhoff’s laws. The state equation of the 

inductor current for off-mode can be 

obtained by Fig. 3b as follows: 

 

( ) 1 2
( ) ( )L L

L o f

di t r
i t V t V

dt L L L
= − − −               (4) 

 

Similarly, the state equation of the output 

voltage for off-mode can be obtained by Fig. 

3b as follows: 

 

( )

( ) 1
( )

21
( )

o C L
L

C

C fC
o

C C

dV t r rR
i t

dt R r C L

r V RrR
V t

R r L RC R r L

 
= − +  

 
− + − + + 

 (5) 

 

The on-mode state-space model of the 

converter can be obtained from (2) and (3) 

as follows: 

 

( )

1
( ) 0

( ) ( )

1( ) ( )
0

1
0

0 0

L on

L L

o o

C

i

f

r r
i t i tL

V t V t

R r C

V
L

V

•
 
− +    
 =   
    −
 + 

 
  +     

 

 (6) 

 

By the similar way, the off-mode state-space 

model of the converter can be derived from 

(4) and (5) as follows: 

 

( )

1

( ) ( )

1 1( ) ( )

1
0

0

L

L L

C L Co o

C C

i

C f

C

r

i t i tL L

r r rR RV t V t

R r C L R r L RC

VL

r R V

R r L

•
 

− −    
 =   

       − − +    + +    

 
−   

 +  
   −
 + 

(7) 

 

Thus, the linearized small-signal transfer 

function of the converter between the output 

voltage and the duty ratio is derived from the 

state-space models given by (6) and (7) as 

below: 

 
^

2

( ) ( )
( )

( ) ( ) ( )

o
C

V s gs ag cf
G s

d s s a e s ae bc

+ +
= =

+ + + −
  (8) 
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The coefficients a, b, c, e, f and g in (8) are 

given as follows: 

 
_

( 2 )L onr Dr
a

L

+
=                                               (9) 

 
_

(1 )D
b

L

− −
=                                                    (10) 

 
_

(1 ) 1 C L

C

r rD R
c

R r C L

−  
= − +  

                            (11) 

 

( ) ( )

_

(1 ) 1C

C C

D Rr
e

R r L R r C

−
= +

+ +
                       (12) 

 
_ _ _

2 2Lon o i fr i V V V
f

L

− + + +
=                          (13) 

 
_

21 C fC L C o

C

r RVr r r VR
g

R r C L L L

 
  = − − + +  +  

 

(14) 

 

In (9)-(14), 
_

D , 
_

Li , 
_

iV  and 
_

oV  represent the 

duty ratio, the average inductor current, the 

input voltage and the output voltage of the 

converter in the operating point, 

respectively. The average inductor current 

and the output voltage in the operating point 

are calculated as follows: 

 
_ _ _

_

_
2

2(1 )

(1 )

i f

L

DV D V
i

D R

− −
=

−

                                  (15) 

 
_ _ _

_

_

2(1 )

(1 )

i f

o

DV D V
V

D

− −
=

−

                                 (16) 

 

2.4. The Design Criteria 

 

The switching frequency fs is determined 

with the selected inductor and the capacitor 

values depending on the analysis of the 

converter time constant through the dynamic 

analysis given in section 2.3. The 

determined and measured values of the 

mentioned parameters are given in Table 1. 

 
Table 1 The determined switching frequency, 

capacitance and inductance parameters for the 

converter circuit 

Switching 

Frequency     

fs (kHz) 

Capacitor Inductor 

C (µF) 
rC 

(mΩ) 
L (µH) 

rL 

(mΩ) 

25 140.5 225 103.5 147 

 

For the experimental study, n-channel 

IRFP250N (VDSS=200V, ron=75mΩ, 

ID=30A) is used for the S1 and S2 

MOSFETS. MUR1560 (If=15A, Vf=1.5V, 

VR=600V) is used for the diodes. The 

operating point of the converter is 

considered as given in Table 2. 

 
Table 2 The determined operating point 

parameters for the converter circuit 
_

iV  (V) 
_

D  

_

oV (V) 
_

R  (Ω) 

10 0.5652 10 40 

 

3. THE PROPOSED HYBRID 

CONTROLLER 

 

This section presents the proposed hybrid 

controller and its design. The general control 

scheme of the converter operation can be 

given in Fig. 4. 

 

PID 

controller

NIBB 

converter

iL

io

Vo

Vi

PWM

open-loop 

controller

+

+

dPID

dOL

d Vref

+

_

gate 

drivers

S1-S2 

gates

x

÷ R

 
Figure 4 The general control scheme of the 

converter operation 

 

In Fig. 4, Vref determines the desired output 

voltage that can be lower, equal or higher 

according to the input voltage. As seen from 

Fig. 4, the closed-loop PID controller 
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provides the main control to obtain the 

output voltage through eliminating the error 

between the reference and the real output 

voltages. The proposed feedforward open-

loop controller supports the closed-loop PID 

controller. The open-loop controller derives 

a static algebraic equation that aims to 

produce the duty ratio providing the desired 

output voltage. The duty ratio equation for 

the open-loop controller is obtained through 

the dynamic analysis of the converter for 

both CCM and DCM separately. Although 

the dynamic analysis is done for the real 

equivalent circuit of the converter, the duty 

ratio achieved by the open-loop controller 

cannot provide obtaining the desired real 

output voltage by oneself in real practical 

operation. Because in practice, the real 

values of the converter elements with the 

parasitic effects cannot be measured 

precisely. On the other hand, the parasitic 

inductance and capacitance of the 

experimental board are not considered in the 

analysis. Also, the switching characteristics 

of the MOSFETs and the diodes are 

considered ideal in the analysis, but it is 

clear that it is not like that in practice. Even 

so, it is clear that the duty ratio of the open-

loop controller is obtained so close to the 

real operating duty ratio of the desired 

output voltage in a fast manner during the 

operating parameters change. So, the static 

open-loop controller leads the dynamic PID 

controller to the desired duty ratio point 

immediately when the operating parameters 

are forced to be changed. Thus, the open-

loop controller augments the PID controller 

performance for reference voltage tracing of 

the real output voltage. In this way, the real 

output voltage reaches the reference voltage 

in a fast manner. The oscillations are 

reduced and thus the stability is increased 

indirectly. 

 

As a result, the proposed hybrid control 

system is comprised of the closed-loop PID 

controller and the newly designed open-loop 

controller, as seen from Fig. 5. Fig. 5 

demonstrates that d that is the real desired 

duty ratio of the converter operation  is 

obtained by the sum of dPID and dOL that are 

the duty ratio values produced by the closed-

loop PID controller and the proposed open-

loop controller, respectively: 

 

PID OLd d d= +                                                  (17) 

 

As mentioned before, the duty ratio of the 

open-loop controller is obtained through the 

dynamic analysis of the converter for both 

CCM and DCM operations and it can be 

given as follows: 

 

( )
( )

2

3
2

2
,if 0

2

2 2
,if 0

2

o f

OL CCM L

i o f

OL

o o f

OL DCM L

i i o f s

V V
d i

V V V

d
V V V L

d i
V V V V T R

−

−

+
= =

+ +
= 

+
=  + +

(18) 

 

The proposed hybrid controller is designed 

in discrete-time. So, both the open-loop 

controller and the PID controller are 

performed as discrete-time controllers in a 

microcontroller. The discrete-time control 

block diagram for the converter control can 

be represented in Fig. 5 through the given 

control scheme in Fig. 4. 

 

Vref(s) +
_ GPID(z)

open-loop

controller

{Eq. (18)}

Vi

Vref

iL
R

dPID

dOL

+

+
d

ZOH Gc(s)
Vo(s)

H(s)

discrete controller  
Figure 5 The discrete-time control block 

diagram of the converter 

 

The static dOL in (18) is performed at the 

each beginning of the switching period Ts. 

The discrete-time PID controller is designed 

through the closed-loop block diagram in 

Fig. 5. As seen from Fig. 5, dOL affects the 

closed-loop system as a noise input. Thus, 

dOL is considered as zero in the closed-loop 

PID controller design. Using the parameters 

given by Table 1 and 2 in (8), the continuous 

time transfer function of the converter is 

obtained as follows: 
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4 8

2 7

2.422 10 7.049 10
( )

3356 1.485 10
C

x s x
G s

s s x

+
=

+ +
           (19) 

 

In Fig. 5, the transfer function of the 

measurement stage is H(s)=1/10. The ideal 

ADC transfer function and the 

microcontroller PWM stage transfer 

function are 1. The transfer function of the 

ZOH (zero order hold) is (1 ) /ssT
e s
−

− . Thus, 

the discrete open-loop transfer function of 

the closed-loop control diagram except the 

PID controller can be derived as: 

 

2

1
( ) . ( ). ( ). ( ). ( )

0.1441 0.0388

1.852 0.8744

ssT

C

e
G z Z G s H s ADC s PWM s

s

z

z z

− −
=  

 

−
=

− +

(20) 

 

In (20), Ts=1/fs=1/25kHz=40µs. The 

transfer function of the discrete PID 

controller to be designed can be structured 

as: 

 

1
( )

1
PID P I D

z z
G z K K K

z z

−
= + +

−
        (21) 

 

The PID parameters in (21) are determined 

through the design in MATLAB-

SISOTOOL environment by using (20) as 

below: 

 
4 61.9652 10 , 0.0022, 1.26 10P I DK x K K x− −= − = = (22) 

 

The whole discrete open-loop transfer 

function of the converter system can be 

obtained using (20)-(22) as follows: 

 

4 3 5 2 6 8

4 3 2

( ) ( ). ( )

2.88 10 4.96 10 7.35 10 4.89 10

2.852 2.727 0.8744

PIDT z G z G z

x z x z x z x

z z z z

− − − −

=

− − −
=

− + −

(23) 

 

The Bode-diagram of the control block 

diagram in Fig. 5 is obtained in MATLAB 

through (23) in Fig. 6. It is clear from the 

Bode-diagram that the converter control 

system is stable with high gain margin(GM) 

and phase margin (PM). 

 

 
Figure 6 The Bode-diagram of the control 

block diagram 

 

4. RESULTS 

 

In this section, both simulation and 

experimental test studies are applied to the 

converter through the proposed hybrid 

control method. The simulation test studies 

are done in MATLAB-Simulink. A 

laboratory set-up is built for the 

experimental test studies as shown in Fig. 7. 

 

Three different cases are determined for the 

test studies. The same test cases are applied 

to both the simulation and the experimental 

test studies to verify the theoretical and the 

practical accuracy. In these test cases, the 

operating parameters: reference output 

voltage, input voltage and the load are 

changed during the converter operation. 

Tracking the reference output voltage of the 

real output voltage is tested during the 

mentioned parameter changes for both the 

hybrid controller (PID + open-loop 

controller) and the only PID controller 

(where the open-loop controller does not 

exist). Thus, the accuracy and the efficiency 

of the proposed open-loop controller and 

hence the hybrid controller are proved 

comparatively. 
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Figure 7 The laboratory setup: 1- NIBB 

converter circuit, 2- dsPIC33CH128MP508 

based microcontroller card, 3- load, 4- power 

supply, 5- oscilloscope 

 

Case-1 (reference voltage-Vref change): In 

this case, the reference voltage is changed to 

different values when the input voltage and 

the output load are kept constant. The input 

voltage and the output load are in the 

operating points given in Table 2 (Vi=10V, 

R=40Ω). The comparative output voltage 

waveforms for the reference voltage 

transients in the boost mode of the converter 

are given for simulation and experimental 

tests in Fig. 8 and Fig. 9, respectively. 

 

 
Figure 8 Simulation output voltage results for 

case-1 (boost mode – Vref transients from 12V 

to 16V and from 16V to 14V) 

 

 
Figure 9 Experimental output voltage results 

for case-1 (boost mode – Vref transients from 

12V to 16V and from 16V to 14V) 

 

A similar test study is performed for case-1 

in the buck mode operation of the converter. 

The comparative output voltage waveforms 

for the reference voltage transients in the 

buck mode of the converter are given for 

simulation and experimental tests in Fig. 10 

and Fig. 11, respectively. 

 

 
Figure 10 Simulation output voltage results for 

case-1 (buck mode – Vref transients from 9V to 

5V and from 5V to 8V) 

 
Figure 11 Experimental output voltage results 

for case-1 (buck mode – Vref transients from 9V 

to 5V and from 5V to 8V) 

 

The results for case-1 given in Fig. 8-11 

show that the proposed hybrid controller 

provides the output voltage to reach the 

reference voltage in a fast manner during the 

reference voltage transients. 

 

Case-2 (input voltage-Vi change): In this 

case, the input voltage is changed to 

different values when the reference voltage 

and the output load are kept constant. The 

reference voltage and the output load are in 

the operating points given in Table 2 

(Vref=10V, R=40Ω). The comparative 

output voltage waveforms for the reference 

voltage transients in the boost mode of the 

converter are given for simulation and 

experimental tests in Fig. 12 and Fig. 13, 

respectively. 
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Figure 12 Simulation output voltage results for 

case-2 (boost mode – Vi transients from 5V to 

10V and from 10V to 5V) 

 

 
Figure 13 Experimental output voltage results 

for case-2 (boost mode – Vi transients from 5V 

to 10V and from 10V to 5V) 

 

A similar test study is performed for case-2 

in the buck mode operation of the converter. 

The comparative output voltage waveforms 

for the input voltage transients in the buck 

mode of the converter are given for 

simulation and experimental tests in Fig. 14 

and Fig. 15, respectively. 

 

 
Figure 14 Simulation output voltage results for 

case-2 (buck mode – Vi transients from 10V to 

15V and from 15V to 10V) 

 

 
Figure 15 Experimental output voltage results 

for case-2 (buck mode – Vi transients from 10V 

to 15V and from 15V to 10V) 

 

The results for case-2 given in Fig. 12-15 

show that the proposed hybrid controller 

provides the output voltage to reach the 

reference voltage in a fast manner with also 

reduced oscillation during the input voltage 

transients. 

 

Case-3 (output load-R change): In this case, 

the output load is changed to different values 

when the reference voltage and the input 

voltage are kept constant. The reference 

voltage and the input voltage are in the 

operating points given in Table 2 (Vref=10V, 

Vi=10V). The comparative output voltage 

waveforms for the output load transients 

from 40Ω to 80Ω and again to 40Ω are given 

for simulation and experimental tests in Fig. 

16 and Fig. 17, respectively. 

 

 
Figure 16 Simulation output voltage results for 

case-3 (R transients from 40Ω to 80Ω and from 

80Ω to 40Ω) 
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Figure 17 Experimental output voltage results 

for case-3 (R transients from 40Ω to 80Ω and 

from 80Ω to 40Ω) 

 

A similar test study is performed for case-3 

for the load transients from 40Ω to 30Ω and 

again to 40Ω. The comparative output 

voltage waveforms for the mentioned output 

load transients are given for simulation and 

experimental tests in Fig. 18 and Fig. 19, 

respectively. 

 

The results for case-3 given in Fig. 16-19 

show that the proposed hybrid controller 

provides the output voltage to reach the 

reference voltage in a fast manner with also 

reduced oscillation during the output load 

transients. 

 

 
Figure 18 Simulation output voltage results for 

case-3 (R transients from 40Ω to 30Ω and from 

30Ω to 40Ω) 

 

 
Figure 19 Experimental output voltage results 

for case-3 (R transients from 40Ω to 30Ω and 

from 30Ω to 40Ω) 

 

The numeraical comparasion of the 

experimental results in terms of the 

overshoot (Mp %) and the settling time (tset 

(ms))  are given in Table 3. 

 
Table 3. The numeraical comparasion of the 

experimental results 

Transient Case 

Mp (%) tset (ms) 

PID+ 

open-

loop 

PID 

PID+ 

open-

loop 

PID 

Case-1 

(Vref) 

12V→16V 0 2.2 22 29 

16V→14V 0 1.4 26 32 

9V→5V 0 0 26 37 

5V→8V 0 0 25 36 

Case-2  

(Vi) 

5V→10V 20 95 16 30 

10V→5V 12 40 12 20 

10V→15V 18 59 30 40 

15V→10V 12 24 38 40 

Case-3 

(R) 

40Ω→80Ω 15 28 50 56 

80Ω→40Ω 12 23 30 37 

40Ω→30Ω 3.1 20 20 24 

30Ω→40Ω 6 8 10 30 

 

As result, both the simulation and 

experimental test studies for the given test 

cases show the theoretical and the 

experimental accuracy of the proposed 

hybrid controller for the NIBB converter 

control. Also, the test results prove that the 

proposed hybrid controller with the newly 

designed open-loop controller provides 

robust and efficient reference voltage 

tracking of the output voltage with improved 

performance during operating parameters 

change. 
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5. CONCLUSION 

 

In this study, a new hybrid controller is 

designed for the NIBB converter. The 

developed open-loop controller supports the 

closed-loop PID controller in the proposed 

hybrid controller to enhance the output 

voltage response. The test results prove that 

the hybrid controller with the open-loop 

controller provides accurate, robust and 

efficient control of the converter. Thus, the 

output voltage tracks the reference voltage 

in a fast manner with reduced oscillation 

during the transients of the operating 

parameters such as reference voltage, input 

voltage and the output load. Independency 

of both the developed open-loop controller 

and the closed-loop PID that are part of the 

proposed hybrid controller provides 

modularity for the control system. Thus, any 

other closed-loop controller can be designed 

and included the hybrid controller instead of 

the PID controller without need of any 

change in the developed open-loop 

controller. 
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