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Abstract—This paper investigates the output feedback control
problem for a PWM-based DC-DC buck converter system with
uncertain voltage measurement. Due to the uncertain output
measurement, the conventional state observers are not feasible.
Inspired by the idea of a lead compensator in classic linear
control theory, we propose a compensator-based current sen-
sorless controller by designing a novel dynamic estimator which
only uses the uncertain voltage measurement. A Lyapunov-based
stability analysis is provided and the numerical simulation studies
demonstrate the effectiveness of the proposed method.

Index Terms—current sensorless control, buck converter,
compensator-based control, voltage regulation

I. INTRODUCTION

PWM-based DC-DC buck power converter, as one of the
most important kind of power supply technologies, steps down
voltage from its supply input to its output. As Fig. 1. (a)
shows, a PWM-based DC-DC buck power converter typically
contains at least two semiconductors (a diode and a transis-
tor) and at least two energy storage elements (a capacitor
and an inductor). Compared with linear voltage regulators,
switching-mode buck converters inherently dissipate much less
power and have high reliability. Hence, it is widely used
in industrial systems, such as communication systems [1],
renewable energy systems [2], [3], motor driving systems
[4], [5] and computer systems, etc. Since modern electronic
systems require high-quality, reliable and efficient power sup-
plies, the control algorithms of DC-DC buck converter systems
have been widely investigated [6], [7], [8], [9]. However, the
dynamics of parameters like magnetic characteristics and the
uncertainties of sensor measurements in the DC-DC converter
systems increase instabilities and uncertainties of the system
voltage output.

Aiming to improve the voltage regulation precision, system
dynamic response and robustness, different control approaches
have been proposed by researchers. Backstepping control as an
efficient technique for regulation is applied in DC-DC convert-
ers [10], [11], and has better performance than PI controller.
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Adaptive control [12], [13] can also solve the problem in
buck converter but requires heavy calculations and significant
hardware resources. Conventional sliding mode control causes
steady state error which is improved in [14], [15], [16] [17],
but the region of existence of sliding mode needs specific
parameters tuning. The implementation of optimal control
in [18], [19] provides a closed-loop system with desirable
dynamical properties and in capable of withstands voltage
disturbance, but the modeling of the system and designing of
the controller requests algorithms and extensive computation.

Among the aforementioned control approaches, there is an
interesting category named current sensorless control. Without
current feedback, a current sensorless controller uses only
voltage measurement to regulate the converter systems. The
applications of current sensorless control decrease the size and
cost of the converter systems and avoid the potential negative
impacts of the current sensors such as measurement delay
when the converter is operated at high switching frequencies
[20]. The current sensorless control has been extensively
applied in many power electronic systems. For example, it is
implemented with a single loop and multiple loops for boost
converters in [21], [22], and [23] and achieves remarkable
steady-state and transient performances. In [24] and [20], the
current sensorless control is used in half-bridge and full-bridge
system. The current sensorless control approaches normally
adopt some observation/estimation techniques to estimate the
current value or its related system state, whose performances
are largely rely on the effectiveness of their estimation prin-
ciples. For example, in [6] the authors proposed an reduced-
order observer to estimate the system state only by using the
voltage measurement. However, these conventional observa-
tion/estimation techniques fail when the output measurement
is uncertain.

In this note, we focus on designing a current sensorless
controller for a PWM-based DC-DC buck converter subject
to uncertain voltage measurement by introducing a novel
estimation method. Motivated by the idea of lead compensator
controllers which are used to stabilize linear systems [25],
[26], and to improve the stability of systems with unknown
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output coefficients, we propose a novel compensator-based dy-
namic estimator. With the proposed estimator, we can use the
uncertain voltage measurement to regulate the DC-DC buck
converter without using any additional electronic components.
We will also give an rigours Lyapunov based stability analysis
to guarantee the effectiveness of our controller.

The rest of the paper is organized as follows. In section
II, we give four subsections: The first subsection describes
the physical and mathematical model of a PWM-based DC-
DC buck converter. The second subsection introduces the lead
compensator. Then we give our main theorem and stability
analysis in the third subsection. And the last subsection is
dedicated to simulation study. Finally, section III draws the
conclusion.

II. MAIN RESULTS

A. Model description of PWM-based DC-DC buck converter

Fig.1 shows the circuit of a typical PWM-based DC-DC
buck converter and the structure of it’s on/off mode. Here
Vin is the input voltage source, T is the switching device,
D is the diode, L is the inductor, C is the capacitor, R is
the resistor and Vo is the output voltage. The PWM signal
µ 2 [0, 1] controls the switching device to work in ON/OFF
status. When the switching device is on, the current flow to

Fig. 1. Average model circuit of a PWM-based DC-DC buck converter.

the output capacitor and resistor. The physical model can be
described as

Vin = L
diL
dt

+ Vo,

C
dVo

dt
= iL � Vo

R
.

(1)

When the switching device is off, the inductor creates a
voltage across it since the current in an inductor cannot change
suddenly. This voltage is allowed to charge the capacitor and
power the load through the diode when the switch is turned
off, maintaining output current throughout the switching cycle.
The physical model is represented by

L
diL
dt

= �Vo,

C
dVo

dt
= iL � Vo

R
.

(2)

According to (1) and (2), the average model of a PWM-
based DC-DC buck converter can be described as

diL
dt

=
1

L
µVin � 1

L
Vo,

dVo

dt
=

1

C
iL � 1

RC
Vo.

(3)

Let x1 = Vo � Vref where Vref is the reference output
voltage, and x2 = 1

C iL � 1
RCVo. Then the average model (3)

can be rewritten as
ẋ1 = x2,

ẋ2 = u+ f2,
(4)

where f2 = � 1
LCx1� 1

RCx2 and the control input u is denoted
as u = µVin�Vref

LC . It’s easy to verify that f2 satisfies linear
growth condition

|f2|  c1(|x1|+ |x2|), (5)

where c1 is a constant related to system parameters R ,L, C.
Assume that the voltage sensor has a drift such that the

output y = �x1 with an unknown positive constant �.

B. The lead compensator
In classic control theory, the lead compensator has been

known for its capability of increasing system stability [25],
[26]. We also discover that the lead compensator can increase
stability of some systems with unknown output coefficients.
Consider a double-integrator system ẍ = u with the output
y = ✓x for an unknown positive constant ✓. The transfer
function of this system is described by

G(s) =
Y (s)

U(s)
=

✓

s2
. (6)

We want to see if we can design a stabilizing output feedback
controller for the transfer function (6) without identifying the
unknown constant ✓. If we use a PID controller, the denomina-
tor of the closed-loop system contains 1+KI+KP s+KDs2

s G(s),
which implies that the poles of the closed-loop system are the
roots of

s3 + ✓k1s
2 + ✓k2s+ ✓k3 = 0. (7)
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According to Routh-Hurwitz criterion [27], the third order
polynomial s3+a2s2+a1s+a0 = 0 has all roots in the open
left half plane if and only if a2, a0 are positive and a2a1 > a0.
Therefore, to ensure stability of the closed-loop system, the
PID control coefficients need to satisfy ✓k1k2 > k3, from
which k1, k2 and k3 cannot be determined unless we know
the bound of ✓. When we apply a first-order compensator s+z1

s+p1

to system (6), as shown in Fig. 2,
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Fig. 2. Block diagram of system (6) under a first-order compensator.

the characteristic equation of the closed-loop system is

s3 + p1s
2 + ✓s+ ✓z1 = 0. (8)

It is clear that (8) is Hurwitz stable as long as p1 > z1 > 0,
which implies that s+z1

s+p1
is a lead compensator. Here we have

just shown that a lead compensator can stabilize system (6)
even when the measurement is not precisely known.

In this note, we will adopt the same idea of using a lead
compensator to design a stabilizing output feedback controller
for system (4). By taking advantage of the stability-increasing
capability of the lead compensator, a global stabilizer can be
designed to solve the output feedback control problem for
system (4), even in the presence of unknown measurement.
Consider a lead compensator

U(s) =
s+ z1
s+ p1

E(s), E(s) = R(s)� Y (s)

for two constants p1 > z1 > 0. For the stabilization problem
where R(s) = 0, defining Z(s) = �1

s+p1
Y (s), the state-space

realization of the lead compensator is

u(t) = �y(t)� (p1 � z1)z(t), ż(t) = u(t)� z1z(t). (9)

C. Compensator-based current sensorless controller design
In this subsection, we present a new design method which

is inspired by the lead compensator controller for linear
systems. Based on (9), we design a compensator-based cur-
rent sensorless controller in the following theorem. Under
Assumption II-A, the following compensator-based current
sensorless controller

u = ��2(y + z), (10)

ż =
u

�
� �kZ, (11)

with a positive constant k and a large enough positive constant
�, globally asymptotically stabilizes the system (4).

Proof: Substituting controller (10) into system (4) and
together with (11), we have the following closed-loop system

ẋ1 = x2,

ẋ2 = ��2�x1 � �2z + f2,

ż = ���x1 � �(k + 1)z.

(12)

With a coordinate transformation ⇣1 = x1, ⇣2 = x2/�, ⇣3 =
z, the closed-loop system (12) can be rewritten as

d

dt

2

4
⇣1
⇣2
⇣3

3

5 =

2

4
0 � 0

��� 0 ��
��� 0 ��(k + 1)

3

5

2

4
⇣1
⇣2
⇣3

3

5+

2

4
0
f2
�
0

3

5

4
= �A

2

4
⇣1
⇣2
⇣3

3

5+ �,

(13)

where the system matrix A =

2

4
0 1 0
�� 0 �1
�� 0 �(k + 1)

3

5 and the

vector � =

2

4
0
f2
�
0

3

5. To compute the eigenvalues of the system

matrix A, we obtain the following characteristic polynomial

s3 + (k + 1)s2 + �s+ �c = 0.

By Routh-Hurwitz criterion, it is easy to verify that the
eigenvalues of A are in the left half plane since � and k are
both positive. Thus, there exist a symmetric positive definite
matrix P such that

ATP + PA = �I3⇥3. (14)

Choose a positive definite and proper Laypunov function V =
⇣TP ⇣, then taking the derivative along the closed-loop system
(13) we have

V̇ |(13) = ⇣̇TP ⇣ + ⇣TP ⇣̇,

= �⇣T (ATP + PA)⇣ + �TP ⇣ + ⇣TP�,

 ��k⇣k2 + 2k⇣kkPkk�k.
(15)

Based on (5), it’s easy to obtain that

k�k  c2k⇣k,

where c2 is a constant related to system parameters R ,L, C.
Thus, (15) can be rewritten as

V̇ |(13)  �(�� 2c2kPk)k⇣k2. (16)

Choose a large enough � such that � � 2c2kPk > 0 and
it can be guaranteed that V̇ is negative definite. Therefore,
the closed-loop system (13) is globally asymptotically stable.
⇣1 = 0 ! x1 = 0, which implies the output voltage Vo tracks
the reference voltage Vref .

D. Simulation
The control framework of a PWM-based DC-DC buck

converter under controller (10)-(11) is shown in Fig. 3. In
this subsection, numerical simulations are studied to verify
the effectiveness of the proposed control method. The involved
components values are selected as shown in TABLE I. In the
simulation, the parameters are selected as � = 0.8, � = 25,
and k = 2. Fig. 4 and 5 show the response curves of the output
voltage and the inductor current. It can be observed that the
output voltage tracks the reference value in a short settling
time. Fig. 6 shows the duty cycle of the PWM control signal.
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Fig. 3. Control framework of PWM-based DC-DC buck converter.

TABLE I
COMPONENT VALUES OF DC–DC BUCK CONVERTER.

Descriptions Parameters values
Input voltage Vin 30(V )
Reference output voltage Vref 15(V )
Inductance L 3.3(mH)
Capacitance C 1000(µF )
Load resistance R 100(⌦)

III. CONCLUSION

This paper studies the problem of current sensorless control
for PWM-based DC-DC buck converter system with uncertain
voltage measurement. By taking advantage of the stability-
increasing capability of a lead compensator, we proposed a
dynamic output feedback controller to regulate the output
voltage of a DC-DC buck converter with uncertain voltage
measurement. The numerical simulation studies has demon-
strated the effectiveness of the proposed method.
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“Hierarchical velocity control based on differential flatness for a
dc/dc buck converter-dc motor system,” Mathematical Problems in
Engineering, vol. 2014, 2014.

[6] C. Zhang, J. Wang, S. Li, B. Wu, and C. Qian, “Robust control for
pwm-based dc–dc buck power converters with uncertainty via sampled-
data output feedback,” IEEE Transactions on Power Electronics, vol. 30,
no. 1, pp. 504–515, 2014.

[7] S. J. Amodeo, H. G. Chiacchiarini, and A. R. Oliva, “High-performance
control of a dc–dc z-source converter used for an excitation field driver,”
IEEE transactions on power electronics, vol. 27, no. 6, pp. 2947–2957,
2012.

Authorized licensed use limited to: University of Texas at San Antonio. Downloaded on July 12,2023 at 19:58:29 UTC from IEEE Xplore.  Restrictions apply. 



[8] J. Wang, C. Zhang, S. Li, J. Yang, and Q. Li, “Finite-time output
feedback control for pwm-based dc–dc buck power converters of current
sensorless mode,” IEEE Transactions on control systems technology,
vol. 25, no. 4, pp. 1359–1371, 2016.

[9] G. Cimini, G. Ippoliti, G. Orlando, S. Longhi, and R. Miceli, “A unified
observer for robust sensorless control of dc–dc converters,” Control
Engineering Practice, vol. 61, pp. 21–27, 2017.

[10] H. El Fadil and F. Giri, “Backstepping based control of pwm dc-dc boost
power converters,” in 2007 IEEE International Symposium on Industrial
Electronics. IEEE, 2007, pp. 395–400.

[11] R. Sureshkumar and S. Ganeshkumar, “Comparative study of pro-
portional integral and backstepping controller for buck converter,” in
2011 International Conference on Emerging Trends in Electrical and
Computer Technology. IEEE, 2011, pp. 375–379.

[12] T. K. Nizami and C. Mahanta, “An intelligent adaptive control of dc–dc
buck converters,” Journal of the Franklin Institute, vol. 353, no. 12, pp.
2588–2613, 2016.

[13] M. Algreer, M. Armstrong, and D. Giaouris, “Adaptive control of a
switch mode dc-dc power converter using a recursive fir predictor,” IEEE
Transactions on Industry Applications, vol. 47, no. 12, pp. 2134–2144,
2010.

[14] B. Naik and A. Mehta, “Sliding mode controller with modified sliding
function for dc-dc buck converter,” ISA transactions, vol. 70, pp. 279–
287, 2017.

[15] J. Wang, S. Li, J. Yang, B. Wu, and Q. Li, “Extended state observer-
based sliding mode control for pwm-based dc–dc buck power converter
systems with mismatched disturbances,” IET Control Theory & Appli-
cations, vol. 9, no. 4, pp. 579–586, 2015.

[16] H. Komurcugil, “Non-singular terminal sliding-mode control of dc–dc
buck converters,” Control Engineering Practice, vol. 21, no. 3, pp. 321–
332, 2013.

[17] C. A. Torres-Pinzón, F. Flores-Bahamonde, J. A. Garriga-Castillo,
H. Valderrama-Blavi, R. Haroun, and L. Martı́nez-Salamero, “Sliding-
mode control of a quadratic buck converter with constant power load,”
IEEE Access, vol. 10, pp. 71 837–71 852, 2022.

[18] A. N. Vargas, L. P. Sampaio, L. Acho, L. Zhang, and J. B. do Val,
“Optimal control of dc-dc buck converter via linear systems with
inaccessible markovian jumping modes,” IEEE Transactions on Control
Systems Technology, vol. 24, no. 5, pp. 1820–1827, 2015.

[19] T. Geyer, G. Papafotiou, R. Frasca, and M. Morari, “Constrained optimal
control of the step-down dc–dc converter,” IEEE Transactions on Power
Electronics, vol. 23, no. 5, pp. 2454–2464, 2008.

[20] I. S. A. Suzdalenko, J. Zakis and Y. Chaiko, “Verification of current
sensorless control for single-phase npc multilevel inverter,” 2015 9th In-
ternational Conference on Compatibility and Power Electronics (CPE),
pp. 462–466, 2015.

[21] H.-C. Chen, “Interleaved current sensorless control for multiphase boost-
type switch-mode rectifier with phase-shedding operation,” IEEE Trans.
Ind. Electron., vol. 61, no. 2, pp. 766–775, 2014.

[22] J. Y. L. H.C.Chen, C. C. Chung and S. Y. Yu, “Input current control
for bridgeless pfc converter without sensing current,” IEEE Appl. Power
Electron. Conf Expo., pp. 1821–1826, 2014.

[23] K. N. Sivakumar and R. Gudelewicz, “Control of power factor correcting
boost converter without instantaneous measurement of input current,”
IEEE Transactions on Power Electronics, vol. 10, no. 4, pp. 435–45,
1995.

[24] A. Suzdalenko and A. Chub, “Current sensorless control for half-bridge
based ac/dc pfc converter with consideration of conduction losses,” Int.
J. Circuit Theory Appl., vol. 44, no. 12, pp. 2072–2084, 2016.

[25] L. Shaw, “Pole placement: stability and sensitivity of dynamic compen-
sators,” IEEE Transactions on Automatic Control, vol. 16, no. 2, pp.
210–210, 1971.

[26] H. Seraji, “Pole assignment using dynamic compensators with prespeci-
fied poles,” International Journal of Control, vol. 22, no. 2, pp. 271–279,
1975.

[27] A. Hurwitz, “Ueber die bedingungen, unter welchen eine gleichung nur
wurzeln mit negativen reellen theilen besitzt,” Mathematische Annalen,
vol. 46, no. 2, pp. 273–284, 1895.

Authorized licensed use limited to: University of Texas at San Antonio. Downloaded on July 12,2023 at 19:58:29 UTC from IEEE Xplore.  Restrictions apply. 


