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Abstract: To efficiently supply wide-range DC voltage from a pulse-width modulation (PWM) 
rectifier, this paper presents a single-phase, full-wave, diode-bridge, single-ended primary-inductor 
converter-type (SEPIC-type) power-factor-correction (PFC) rectifier in continuous conduction mode 
with a sliding surface-regulated current-mode PWM controller. According to the switched-mode 
operation of the rectifier, a fourth-order switch model of the SEPIC is derived. From the fourth-
order model, a simplified state-averaged model which approximately describes the dynamic 
behaviors of both the output voltage and inductor current is proposed. Then, from the simplified 
state-averaged model, the sliding surface-regulated current-mode PWM controller for the SEPIC-
type PFC rectifier is proposed. The sliding surface-regulated current-mode PWM controller 
comprises a sliding-mode voltage controller in outer loop for robust control of the output DC-
voltage and a sliding-mode current controller in inner loop for phase-synchronized control of the 
inductor current. For experimental studies, implementation of the proposed control algorithm in a 
DSP controller and a laboratory prototype of the SEPIC-type rectifier with the DSP-based PWM 
controller were carried out. Experimental results from the DSP controller-applied SEPIC-type 
rectifier are illustrated to confirm the validity of the proposed controller for practical applications. 

Keywords: rectifier; power converter; power factor; sliding-mode control 
 

1. Introduction 

During the past twenty years, numerous publications on the development of power-factor-
correction (PFC) pulse-width modulation (PWM) AC-to-DC converters have been published [1–15]. 
In these switched-mode PFC converters, an idea about how to achieve zero reactive power with unity 
power factor (UPF) in AC source line is often discussed. Two classes roughly grouped from the 
presented PFC schemes are as follows: (1) integration and modification in hardware circuits of power 
converters [1–9]; and (2) application of the developed control techniques to AC-to-DC or DC-to-DC 
converters [10–25]. The studies in [1–9] can be summarized as follows: in [1,2], an additional LC-
diode clamper or snubber was integrated into the specified or multilevel converters so that the PFC 
was completed through the additional clamper or snubber. In [3–6], an integration of the selected two 
types of converters or an auxiliary circuit were employed to form a PFC rectifier or converter. 
Furthermore, a multiple-level conversion stage [7], a modified converter topology [8], and a three-
phase SEPIC converter under discontinuous conduction mode operation [9] were proposed. From 
their experimental results, one can find that these presented PFC converters can improve the power-
factor (PF) by the designed circuits of the switched-mode converters; however, the topologies of the 
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designed converter circuits are obviously complicated more than those of the basic step-up/-down 
PWM converters. 

On the other hand, PWM technique-based voltage control methods developed for switched-
mode unity-power-factor rectifiers or converters were presented in [10–18]. In [10,11], fuzzy logic 
controllers were used in power converters. Although these controllers can improve the PF in AC 
source line, experienced fuzzy rules [10] or additional variable DC voltage source [11] were usually 
required. Adaptive controllers [12,13], and robust controllers [13,14] were developed for building the 
PFC converters. From the illustrated experimental results for validation, we can find that the PF in 
AC source line is regulated nearly to unity. However, due to the complication of the developed 
controllers, implementation of the control algorithms in a microcontroller/microprocessor is difficult. 

There have many publications about sliding-mode control technologies [16–18]. This is because 
the sliding-mode control method has advantages of high-performance transient response, strong 
relative stability, and robustness to system uncertainty/disturbance. Due to the abovementioned 
advantages, studies in sliding-mode control methods for electric motor drives [19,20], robotics [21], 
and switched-mode converters [22–31] have been presented in many publications. From [22–31], one 
can find that the converters with the SMC methods often can effectively improve the PF of AC-side 
line and possess robustness of the output voltage to load variations. However, these SMC methods 
developed have drawbacks as follows. In [22–24], the SMC schemes were developed from the state 
averaged model or small-signal model, a linearized model, of the converters. In [25–28], the current 
references to be tracked always contain the parameter values of the load and input voltage, and the 
complicated double-integral operator in [28] was used to generate the current reference. Hence, to 
avoid the drawbacks mentioned above, [29–31] presented a cascaded control approach of the sliding-
mode current-loop controller connected in series with a proportional-integral (PI) [29,30] or an 
integral [31] voltage-loop controller. In this cascaded control approach, the current reference for the 
sliding-mode current controller was generated from the output of the voltage-loop controller. This 
approach often leads to a difficulty in improving the transient performance of voltage time responses. 

Therefore, to apply advantages of the sliding-mode control techniques to a unity-power-factor 
PWM rectifier. Therefore, this paper develops a SEPIC-type PFC rectifier with the sliding surface-
regulated current-mode PWM controller, in which the controller is developed from a simplified state-
averged model of the SEPIC-type PWM converter. For the sake of wide-range DC voltage supply, the 
SEPIC-type AC-to-DC converter is adopted. Moreover, for the controller development, the simplified 
state-averaged model derived from the full-order switch-mode of the SEPIC converter is proposed. 
On the basis of the simplified state-averaged mode, the sliding surface-regulated current-mode PWM 
controller is developed. Using the developed controller to the PWM rectifier, the power factor, high-
performance and robustness in output DC volatge, and conversion efficiency improvement can be 
obtained, and the standards of IEC 61000-3-2 and IEEE are also satisfied. Implementation of the 
developed control algorithms in a digital-signal-processor (DSP) and a laboratory prototype of single-
phase/full-wave diode-bridge, SEPIC-type PWM rectifier with the DSP controller were carried out, 
and simulation work based on the Simulink models was performed. To confirm the feasibility of the 
developed PFC rectifier, simulation and experimental results from the built Simulink models and the 
laboratory rectifier system, respectively, were illustrated. From the illustrated results one can 
conclude that the developed PFC rectifier is valid not only for improving the power factor, increasing 
the conversion efficiency, and decreasing the THD, but also to meet the standards of IEC 61000-3-2. 

2. Modeling of Switch-Mode SEPIC-Type Rectifier 

A schematic layout of the SEPIC-type rectifier is shown in Figure 1, where Lz  denotes an 
equivalent resistive-inductive load and the SEPIC converter is used for wide-range voltage 
transformation from inv  to ov . Under this layout given in Figure 1, one of the methods for increasing 
the conversion efficiency from AC source to the output DC-voltage is to improve the PF of the AC 
source [32–34]. Therefore, to achieve high-performance output DC-voltage response with PFC, the 
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sliding surface-regulated current-mode PWM controller for the SEPIC-type PFC rectifier will be 
developed in this paper. 

 
Figure 1. Configuration of the switch-mode SEPIC-type rectifier. 

2.1. Full-Order State-Averaged Model 

Due to the turning on and off of the power switch of Q in Figure 1, operation modes for the 
SEPIC converter [9,34], in continuous conduction mode (CCM) can be classified in two stages, as 
shown in Figure 2a,b, named as Stage 1 (switch is turned on) and Stage 2 (switch is turned off), 
respectively. According to the two stages, the dynamic equations of the converter can be developed 
as follows: 

Stage 1: the power switch of Q of the rectifier is turned on for an interval, as shown in Figure 2a. 
During the on-state of the switch Q, the dynamic equations of the SEPIC converter can be written as 
below: 
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Stage 2: the power switch of Q of the rectifier is turned off for an interval, as shown in Figure 2b. 
During the off-state of the switch Q, the dynamic equations of the SEPIC converter can be written as 
below: 
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Therefore, from (1) and (2), the full-order state-averaged model [34] can be described as follows: 



Energies 2017, 10, 1175 4 of 17 

 

di
C

di
C

v

dv
L

dv
L

i

v
L

dvv
L

i

dii
C

v
Cz

v

LLc

coL

incoL

LL
o

o
oL

o

21

22
2

11
1

21

1)1(1

1)1(1

1)1)((1

)1)((11

−−=

+−−=

+−+−=

−++−=









 (3) 

where d denotes the duty cycle employed in PWM technique. Because this study is mainly to control 
the output DC voltage of ov  and to improve the PF-contained inductor current of 1Li  of the PWM 
rectifier, a simplified state-averaged model will be futher derived from (3) in the next subsection to 
make the model-based controller development simpler. 

(a) (b)

Figure 2. Operation modes of the SEPIC-type rectifier due to the switch of Q turning (a) on and (b) off. 

2.2. Simplified State-Averaged Model 

For realizing a high-performance PWM rectifier, full-order model-based controllers for the 
rectifier were often developed [15,24,27]. However, there will become complex if the full-order model 
of (3) is taken for the controller development for the high-performance SEPIC-type rectifier. To reduce 
the complexity of the controller design, the simplified model which equivalently describes the output 
DC-voltage and inductor current of the SEPIC-type rectifier is derived in the following. Considering 
the SEPIC module of Figure 1 to be a DC-to-DC converter, the last two equations of (3) in steady state 
can be expressed by: 
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where D denotes the steady-state duty of d in switching-mode operation. From (4) it gives: 
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D
Dv −= 1  and 12

1
LL i

D
Di −=  (5) 

Substituting (5) into (3) gives the simplified state-averaged model in the following: 
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According to (6), the simplified state-averaged model can be depicted in Figure 3. From Figure 
3 and the control theory point of view, one can realize that the output voltage of ov  can be regulated 

through the state variable of 1Li  with the gain of Dd)1( − , and the inductor current of 1Li  can 
directly be controlled by the variable of d, i.e., the duty ratio for driving the PWM rectifier. Under the 
realization mentioned above, the state of 1Li  is purposely taken as the equivalent control effort for 

the output voltage ov  and the duty ratio of d is taken as the current controller for the inductor 

current 1Li . 
To confirm the simplified model of (6) being ready for the model-based controller development, 

Bode diagrams of the original model and the simplified state-averaged model of the PWM rectifier 
are shown in Figure 4. Figure 4a−c indicate the frequency response of the input-to-DC-voltage, input-
to-inductor-current, and a zoom-in window of Figure 4a, respectively. From view of Figure 4, the 
frequency responses of the DC-voltage and inductor current of the simplified model approximates 
those of the original state-averaged model. 

 

Figure 3. Diagram of the simplified state-averaged model of the SEPIC-type rectifier. 

(a) (b)

 
(c) 

Figure 4. Bode diagrams of the original and simplified state-averaged models: (a) for the DC-voltage 
output and (b) for the inductor-current output, and (c) a zoom-in window of (a). 
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Moreover, the DC-voltage time responses due to step changes in the duty of d from 0.4 to 0.6 
and then back to 0.4 is shown in Figure 5. Figure 5 it shows that the time response of the simplified 
model of (6) also approximates that of the original state-averaged model of the PWM rectifier, 
although a steady-state error exists due to a little difference over low-frequency range, as shown in 
Figure 4c. From Figures 4 and 5 one can confirm that the controller development based on the 
simplified model of (6) is achievable. 

 

Figure 5. Simulated DC-voltage responses of the original and simplified models due to step changes 
in d from 0.4 to 0.6 and back to 0.4. 

3. Sliding Surface-Regulated Current-Mode PWM Controller 

The objectives of the controller to be developed contain that (1) the DC-voltage response of the 
SEPIC-type rectifier is robust to load variation; and (2) conversion efficiency of the rectifier with a 
resistive-inductive load is improved by regulating the PF of AC source to unity. Therefore, as shown 
in Figure 6, the sliding surface-regulated current-mode PWM controller is proposed for achievement 
of an efficient SEPIC-type PFC rectifier. 

 
Figure 6. Schematic configureuration of the SEPIC-type PFC rectifier with the sliding surface-
regulated current-mode PWM controller. 

3.1. Sliding-Mode Voltage Controller with Integral Sliding Surface 

Considering the load uncertainty of the PWM rectifier, Equation (6) can be expressed as: 
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where LΔ  denotes an uncertainty due to load variation. Define the state variables in the following: 
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where refv  denotes a constant DC-voltage reference to be tracked. Taking the time derivative of (8) 
yields the voltage error dynamics in the following: 
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where DCdb o=1 , oLZ vL Δ=Δ  denotes the load uncertainty, and 1Li  is regarded as the control 

effort to be developed. Designate the sliding surface vS  as: 

211 vvv eeS +=α  (10) 

where 1α  is a suitable positive constant. From (9) and (10), the sliding-mode voltage controller is 
given by: 
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where 1β  denotes the upper bound of ZLΔ , i.e., 1β≤Δ ZL , and )sgn( ⋅  is the signum function 
satisfying: 





<−
>+

=
0 as  ,1
0 as  ,1

)sgn(
v

v
v S

S
S  (12) 

Then, the stability of the voltage error dynamics of (9) with the controller of (11) can be 
demonstrated as follows. Choose the Lyapunov function candidate [16] as: 

2
1 2

1
vSV =  (13) 

Taking the time derivative of (13) yields: 

ZLo
oL

vvvvv Libv
Cz

eeeSSV Δ++−=+== 11212111
1αα   (14) 

Substituting (11) into (14) and using the triangular inequality [16–18] gives: 
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From (13) to (15), it can give that the sliding surface of vS  converges to zero as ∞→t [16–18], 

[35]. When the state of 0=vS  is always kept, it can imply the result of 0== vv SS  . Hence: 
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Energies 2017, 10, 1175 8 of 17 

 

From Equation (16) one can find that the exponential convergence of the voltage error of 2ve  is 

given. Then, when 02 =ve  and 0=vS  are always kept, 01 =ve  can also be achieved. Therefore, 
from the above proof one can find that the voltage error dynamics of (9) with load uncertainty can 
asymptotically stabilized by (11). That is, the output DC-voltage of the SEPIC-type PWM rectifier can 
asymptotically track the voltage reference even that the load uncertainty is present. 

3.2. Sliding-Mode Current Controller with PFC 

From Figure 6 and the first equation of (7), one can interpret that the output voltage ov  of the 

rectifier is introduced by charging of the capacitor oC  through the averaged DC-current of 1Li . 
Under this interpretation, one may conclude that the sliding-mode voltage controller of (11) 
equivalently gives an averaged DC variable of dcI . However, for control of the PFC rectifier, the 
current reference to be tracked by the current controller must be synchronized with the phase of the 
AC voltage source of )sin( tVm ω , where mV  and ω  denote the amplitude and frequency of the AC 

voltage source, respectively. Therefore, the averaged DC variable of dcI  needs to be transformed to 
the current reference with the synchronized phase of the AC source. From [33,34] one can find that 
the averaged DC output of the single-phase, full-wave, diode-bridge rectifier module is equal to 

mdc II )2( π= , where mI  denotes the amplitude of the rectified sinusoidal-current with the form of 
)sin( tIm ω . Therefore, the current reference to be tracked can be given by: 

)sin(
2

)sin( tItIi dcmref ωπω ==  (17) 

As a result, the phase-synchronized current reference of refi  for the inner-loop current 
controller is given from the transformation of (17). 

Similarly to (8), we define the state variable of the current error as follows: 

refLi iie −= 1  (18) 

Taking the time derivative of (18) yields the current error dynamics in the following: 
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For an easier analysis in stability, the sliding surface cS  for control of (19) is designated in the 
following: 

ic eS =  (20) 

With the sliding surface of (20), the current-mode PWM controller is designated by: 

)](1[5.0)( cc SSatSd +×=Φ=  (21) 

where 1)(0 ≤Φ≤ cS  and )(⋅Sat  is a saturation operator shown in Figure 7. In Figure 7, the 
parameters of PS  and NS  denote the positive and negative bands of the sliding surface cS  for 
switching. The main idea behind the controller depicted in Figure 7 is as follows. When the current 
error is positive, i.e., refL ii >1 , the output of )( cSΦ  will yield an off-duty larger than 0.5 to let the 
inductor current decrease, which can be found from (19). On the other hand, when the current error 
is negative, i.e., refL ii <1 , the output of )( cSΦ  will yield an off-duty smaller than 0.5 to let the 
inductor current increase. As a result, the current error defined in (18) can stably be controlled by the 
controller of )( cSΦ . 
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Figure 7. Block diagram of the saturation operator-contained controller of Φ. 

Stability analysis on the sliding surface of (20) is shown as follows. Select the Lyapunov function 
in the following: 
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Taking the time derivative of (22) yields: 

]1[
11

2 refin
o

ciccc iv
L

d
DL
vSeSSSV  −+−===  (23) 

Substituting (21) into (23) gives: 
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According to the sliding-mode control theory [16–18], the stability of (19) can be guaranteed if 
the condition of 0<ccSS   is ensured all the time. Hence, two cases of 0>cS  and 0<cS  in the 
following are considered for proof of the stability. 

Case 1: 0>cS . In this case, the following equation for stability of (19) must be satisfied: 
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That is, to guarantee the stability in this case, the changing rate of the inductor current must be 
less than that of the commanded inductor current. 

Case 2: 0<cS . In this case, the following equation for stability of (19) must be satisfied: 
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That is, in this case, the stability of (19) can be guaranteed if the changing rate of the inductor 
current is larger than that of the commanded inductor current. From the above two cases and Figure 
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3, one can conclude as follows: when 0>cS , i.e., 01 >− refL ii , the power switch of the PWM rectifier 
should be turned off to decrease the current of the inductor 1L  of the SEPIC rectifier. In this situation, 
the rate of change of the current in the inductor 1L  must be descent more than that of the reference 
command, as given in (27). Contrarily, when 0<cS , i.e., 01 <− refL ii , the power switch should be 
turned on to increase the current of the inductor 1L . In this situation, the rate of change of the current 
in the inductor 1L  must be incremental more than that of the reference command, as given in (29). 

3.3. Stability Analysis of the PFC Rectifier 

From (11) and (17), the commanded current reference of refi  can be obtained: 
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oC . Hence, the following approximation can be given: 
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According to (31), the derivative of (31) can be expressed by: 
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where πω 2=f  is the frequency of the AC source in hertz. Therefore, according to (27) and (29), 
the stability of (19) with the controller of (21) can be further explored in the following. Using (32) and 
(21), when 0>cS , (27) can be rewritten as: 
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According to the values of the parameters adopted in this study, the value of LzfL 2
1π  is small 

enough to be ignored since 21 ≤Φ< D . Hence, (34) is simplified to: 
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Hence, with a suitable )( cSΦ , the inequality of (35) can be satisfied. In other words, when 
0>cS , the inductor current of 1Li  might be decreased by giving reverse voltage drop over the 

inductor to approach the value of 0=cS . 
On the other hand, when 0<cS , (29) can be rewritten as: 
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Like (34), (35) can be rewritten as: 
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1π= . Hence, with a suitable )( cSΦ , the inequality of (37) can be 

satisfied. However, from (37) one can find that when πω nt 2= , ,2 ,1 ,0=n , the left-hand side of 
(37) becomes zero. At this moment, the condition given by (37) is failed because the value of Φ  
almost approaches zero to make the right-hand side of (37) become a positive of 1xAL . Fortunately, 
in this case, the voltage drop over the inductor is very close to zero so that the inductor keeps a small 
value of current until )sin( tVm ω  becomes enough large one. This consequence will be demonstrated 
in the experimental work in Section 4. 

Moreover, when the state variables of ov  and 1Li  are stabilized by the developed controller, 
the stability of the uncontrolled state variables of 2Li  and cv  in the original state-averaged system 
of (3) can be explored as follows. Integrating (6) and the last two equations of (3) gives: 
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Because (38) presents a cascade system [35] with the bounded input of ov  and 1Li , the stability 
of the local system composed of 2Li  and cv  can be confirmed by the eigenvalues of the first equation 
of (38) in the following: 

CL
dss

2

2
2)( +=Δ  (39) 

where s denotes the Laplace operator. From viewpoint of control theories [36], the system of (38) is 
stable because there are two simple roots (since 1≤d ) on imaginary axis and two bounded inputs of 
ov  and 1Li . 

4. Simulation and Experimental Work 

To confirm the feasibility of the developed control method on the SEPIC-type PWM rectifier by 
computer simulation and hardware experimentation, the software MATLAB/Simulink model 
(R2015a, MathWorks, Natick, MA, USA), shown in Figure 8a, and the laboratory prototype of a 
single-phase/full-wave diode-bridge SEPIC converter with a digital-signal-processor (DSP) controller 
and interface circuits of signal conditioners, shown in Figure 8b, were built. In the built hardware 
system in Figure 8, the power switch Q is of a MOSFET component, the gate driver is of a high-speed 
photocoupler, and the output voltage of the rectifier is connected to a resistive-inductive load. The 
values of the main parameters adopted in the system are given as follows. In the SEPIC-type rectifier, 

Hz V/60 110=acv , mH 3.31 =L , mH 22 =L , C = 1.8 μF, Co = 680 μF, inductive load of 0.1 mH, PWM 
switching frequency of kHz 100=sf  were adopted, and 51 =α  and 21 =β  were determined from 
those of the experimental step voltage responses which possess a good transient performance by 
comparisons. 
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(a) (b) 

Figure 8. Configuration of the SEPIC-type PFC rectifier: (a) the Simulink model and (b) hardware 
circuit layout with a DSP controller. 

4.1. Simulation Results 

For convenience of our comparisons of the performance of system responses, a single-phase 
PWM rectifier with the proportional-integral (PI) voltage and current controllers were also 
developed. Simulation results obtained from the single-phase PWM rectifier with the PI controllers 
and sliding surface-regulated current-mode PWM controller, respectively, are given in Figure 9a,b, 
where the output DC-power of 500 W is specified. 

From Figure 9 one can observer that the power factor of the SEPIC-type rectifier with the sliding 
surface-regulated current-mode PWM controller is better than that with the PI controllers. Moreover, 
Figure 10 shows the simulation results about the total harmonic distortion (THD) of the SEPIC-type 
rectifier with the PI controllers and sliding surface-regulated current-mode PWM controller. Figure 
10 shows that the magnitudes of the 3rd-, 5th-, 7th-order harmonic are effectively reduced by the 
proposed controller. Hence, from Figures 9 and 10 it can be confirmed that using the sliding surface-
regulated current-mode PWM controller to the SEPIC-type rectifier can substantially improve the 
power factor and THD of the PWM rectifier. 

(a) (b) 

Figure 9. Simulation results: steady-state waveforms of the DC-voltage output, rectified source 
voltage, and inductor current of the SEPIC-type rectifier with (a) the PI controller and (b) the proposed 
PWM controller. 
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(a) (b) 

Figure 10. Total harmonic distortion of the SEPIC-type rectifier with (a) the PI controller and (b) the 
proposed PWM controller. 

4.2. Experimental Results 

For comparative investigation, experimental results of time responses of the DC-voltage output, 
rectified source voltage, and inductor current, respectively, of the SEPIC-type rectifier with the PI 
controllers and the sliding surface-regulated current-mode PWM controller are illustrated Figure 11. 
Also, experimental records about the PF and THD information are illustrated in Figures 12 and 13. 
From Figures 11–13 of view, one can confirm again that the PF and THD of the SEPIC-type rectifier 
with the sliding surface-regulated current-mode PWM controller are effectively improved in practice. 

(a) (b) 

Figure 11. Experimental results: steady-state waveforms of the DC-voltage output, rectified source 
voltage, and inductor current of the SEPIC-type rectifier with (a) the PI controller and (b) the proposed 
PWM controller. 

(a) (b) 

Figure 12. Experimental harmonic spectrum of the AC source current of the SEPIC-type rectifier with 
(a) the PI controller and (b) the proposed PWM controller. 
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(a) (b) 

Figure 13. Experimental records on PF and THD of the SEPIC-type rectifier with (a) the PI controller 
and (b) the sliding surface-regulated current-mode PWM controller (SSR-CMPC). 

Experimental results shown in Figure 14a,b illustrate the time responses of the output DC-
voltage and voltage error obtained from the SEPIC-type rectifier with the PI controller and sliding 
surface-regulated current-mode PWM controller, respectivey. The values of the PI controller 
parameters adopted in Figure 14a were determined by manual tuning to make the transient response 
close to Figure 14b. From Figure 14 it shows that the sliding surface-regulated current-mode PWM 
controller can effectively improve the transient performance of the controlled SEPIC-type rectifier. In 
addition, experimental time responses of the DC voltage and phase-synchronized inductor current 
of the controlled SEPIC-type rectifier due to step change in load from 160 Ω (250 W) to 80 Ω (500 W) 
are shown in Figure 15. From Figure 15, one can find that the SEPIC-type rectifier controlled by the 
sliding surface-regulated current-mode PWM controller has a better performance in DC voltage 
response than that by the PI controller, and has the robustness in DC-voltage response to load 
variation and high-performance current tracking with phase synchronization. 

(a) (b) 

Figure 14. Output DC-voltage responses due to (a) the PI controller and (b) the proposed PWM 
controller. 

(a) (b) 
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Figure 15. Experimental time responses of the DC voltage and inductor current due to step change in 
the resistive load from 160 to 80 Ω under (a) the PI and (b) the proposed PWM controller. 

4.3. Stability Analysis by Numerical Computation 

In the experiments, the amplitude of inv  about 156 V (110 Vrms, 60 Hz) and an output DC-
voltage of 200 V with the load of Ω=  80Lz  were employed. The computation results associated with 
(35) and (37) can be given as follows: 

)cos(0195.0)cos(
80

60)14.3(0033.0)cos(
22

1 ttt
z
fL
L

ωωωπ ×=×××=  (40) 

ovD
tt

D 



 Φ+⋅>⋅Φ 2)() 377cos(0195.0) 377sin(156  (41) 

From the above results one can give that (1) the value of LzfL 2
1π  is practically small enough 

to be ignored in the mathematic analysis; and (2) while 01 <− refL ii , the condition of (37) might be 
unsatisfied because inv  is close to zero. However, when 01 <− refL ii , the value of DΦ  might be 
very close to zero. Therefore, during the time interval of inv  close to zero, the stability of (19) of the 
current error dynamics is not destroyed as well because a very small value of DΦ  is given and the 
right-hand side of (41) is always postive, which can be shown in Figures 16b and 17. 

  
(a) (b) 

Figure 16. Simulation results for stability verification: (a) tracking waveforms of the inductor current 
in steady state and (b) its zoom-in waveforms. 

 

Figure 17. Experimental result for stability verification: zoom-in tracking waveforms of the inductor 
current in steady state. 

5. Conclusions 
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In this paper, a sliding surface-regulated current-mode PWM controller for a single-phase/full-
wave diode-bridge SEPIC-type PFC rectifier was developed. First, the fourth-order state-averaged 
model of the SEPIC-type rectifier was derived. Then, from the fourth-order model, a simplified state-
averaged model for controller development was deduced. From the simplified state-averaged model, 
the sliding surface-regulated current-mode PWM controller which contains the sliding-mode voltage 
controller in outer loop and the sliding-mode current controller in inner loop was proposed. Using 
the proposed PWM controller to the SEPIC-type rectifier has the following advantages: (1) high-
performance DC-voltage response with robustness to load variations; (2) improvement in power 
factor of AC source line; (3) reduction in total harmonics distortion (THD); and (4) conversion 
efficiency improvement due to PFC. 

Software simulations by the Simulink models and hardware experimentations through a built 
prototype of the PWM rectifier were carried out for performing the effectiveness of the developed 
PFC rectifier. In the built hardware rectifier system, the proposed controller algorithm was 
implemented in a DSP controller and the SEPIC-type rectifier controlled by the DSP controller was 
performed with a varied load. From the simulation and experimental results, it has been shown that 
the controlled SEPIC-type PFC rectifier with the proposed sliding surface-regulated current-mode 
PWM controller indeed has improvements in power factor, total harmonics distortion, robustness to 
load variation, and conversion efficiency. 
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