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Abstract: Due to the nonlinear and nonminimum phase characteristics of the buck-boost converter,
the design of its controller has always been a challenging problem. In this paper, a multi-index
feedback linearization control strategy is proposed to design the controller of the buck-boost converter.
Firstly, by constructing an appropriate output function, the original nonlinear system is mapped into
a combination of a linear subsystem and a nonlinear subsystem. Then, according to the structural
characteristics of these two subsystems, the linear optimal control theory is adopted for the control
design of the linear subsystem to make it have a good output performance, while for the nonlinear
subsystem, the coefficient of the output function is adjusted to ensure its stability. Finally, based
on the Hartman–Grobman theorem, the internal mechanism and coefficient adjustment basis of the
proposed method are revealed; that is, by adjusting the coefficient of the output function and the
feedback coefficient of the linear control law, the poles of the system are configured to achieve the
purpose of adjusting the static and dynamic performance of the system. The simulation results show
the feasibility and superiority of using the multi-index feedback linearization control strategy to
design the nonlinear control law of the buck-boost converter.

Keywords: buck-boost converter; multi-index; feedback linearization; output function; linear subsys-
tem; nonlinear subsystem; pole assignment

1. Introduction

The buck-boost converter is a kind of common power electronic converter, which has the
characteristics of step-up or step-down, simple structure, and easy grounding [1–3]. Therefore,
it is widely used in social applications, such as solar power [4–6], battery technology [7,8],
vehicles [9,10], light emitting diode (LED)lamp driver [11], and telecommunication equip-
ment [12]. However, the buck-boost converter is a typical nonminimum phase system, where
when the output voltage is taken as the control input, its approximate linear system will
have the system zeros on the right half of the s-plane, which leads to system instability and
brings great difficulties to the controller design of the converter [13]. Furthermore, due to
the influence of nonlinear characteristics, the dynamic process of the buck-boost converter
is more complex, such that the design of the controller often needs to limit the closed-loop
bandwidth to ensure the stability of the system [14]. Therefore, the controller design of the
buck-boost converter has always been a challenging problem.

Many scholars are devoted to the control research of the buck-boost converter. For
example, the traditional double closed-loop PI control method [15] is used to design the
controller of the buck-boost converter, which does not need the predictive system model,
and is easy to be implemented in engineering practice. However, its dynamic performance
is general. The fuzzy control method in [16] can make the buck-boost converter have a
stable output voltage without accurate system parameters. However, this method is not
suitable for engineering applications, because its implementation may be too expensive.
The sliding mode control method in [17] can better solve the nonlinear characteristics of
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the buck-boost converter, realizing the fast tracking of output voltage, and making the
controlled system have strong robustness, but this method has the problem of output
voltage chatter. On this basis, the PI and sliding mode control (PI-SMC) method was
proposed in [13], where through selection of the appropriate PI gain and combination with
sliding mode control, the buck-boost converter has good voltage tracking performance and
strong robustness. However, the introduction of sliding mode control will still cause output
voltage chatter. There are other modern, optimal, and/or nonlinear control methodologies
for the control of the buck-boost converter, such as gain-scheduled control [18], passivity-
based control [19], robust linear control [20], and model predictive control (MPC) [21,22].
In this paper, a novel nonlinear control method based on the feedback linearization theory
is proposed to solve the problems of nonlinear and nonminimum phase characteristics.

The core of the feedback linearization theory is to find a suitable nonlinear coordinate
transformation to transform a nonlinear system into a linear system [23]. The authors
of [24] showed that the linear optimal control design of the converted linear system can
make the original nonlinear system have optimal control performance. This means that the
control problem of the nonlinear system can be transformed into that of the linear system,
greatly reducing the difficulty of the controller design. Meanwhile, it was found in [25] that
when the selected transformation satisfies certain conditions, a nonminimum phase system
can be transformed into a minimum phase system. Therefore, theoretically, the feedback
linearization theory is one of the most suitable theories to solve the controller design
problem of the buck-boost converter. However, not all nonlinear systems can be linearized
into a linear system by feedback, which needs complex operation proof [24]. Nevertheless,
the feedback linearization theory is still widely used in the power system [26–29], power
electronics [30,31], chemical industry [32,33], vehicles [34,35], and aerospace [36,37].

In view of the limitation of the feedback linearization design theory, a multi-index
feedback linearization control strategy based on feedback linearization is proposed in this
paper, where it does not require the complete exact linearization of the nonlinear system,
and a simple and effective selection method of the output function is proposed [38]. In
this method, the linear combination of the concerned state variables is taken as the output
function, such that the original nonlinear system is transformed into a combination of a
linear subsystem and a nonlinear subsystem. The choice of the output function is very
important. This is because the dynamic behavior of the state variables selected into the
output function will be effectively constrained to achieve the control of multiple indicators.
By deduction, the paper reveals the essence of the multi-index feedback linearization control
method, which reallocates the poles of the control system by adjusting the coefficients of
the output function and the feedback coefficients of the linear control law, so as to control
the stability and dynamic performance of the system.

2. The Model of the Buck-Boost Converter

The buck-boost converter is mainly composed of an input power supply E, a MOSFET
switch S, a switching diode D, an input inductor L, an output capacitor C, and a load
resistor R (see Figure 1).
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Figure 1. Circuit structure of the buck-boost converter.
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We will briefly introduce the working principle of the buck-boost converter. In the
continuous conduction mode, when u = 1, the equivalent circuit of the converter is shown
in Figure 2. The circuit structure of the buck-boost converter can be regarded as two
circuits, where for the first circuit, the input power is directly applied to both ends of the
input inductor to charge the input inductor, and for the other circuit, the output capacitor
releases energy to the load resistor. When u = 0, the equivalent circuit of the converter is
shown in Figure 3. The current direction of the input inductor remains unchanged due to
the inductance-induced electric potential, and the energy stored in the inductor will be
transferred to the output capacitor and load resistor to realize the energy transfer from the
input power to the output voltage.
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According to the state space averaging method, when u = 1, the state differential
equation of the circuit can be written as follows:{ .

iL = E
L.

vo = − vo
CR

(1)

where iL and vo represent the input inductance current and output capacitor voltage,
respectively; E represents the input power supply voltage.

When u = 0, the state differential equation of the circuit can be written as follows:{ .
iL = − vo

L.
vo = RiL−vo

CR
(2)

Therefore, in the continuous conduction mode, the average state equation of the
buck-boost converter can be written as follows:

{ .
iL = E

L u− 1−u
L vo

.
vo = 1−u

C iL − 1
CR vo

y = h(iL, vo)

(3)

where u represents the input control variable of the system, i.e., the duty cycle of the switch;
y is the output function; and h(iL, vo) is a scalar function.
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3. The Multi-Index Feedback Linearization Control Method
3.1. Design Idea of the Multi-Index Feedback Linearization Control

Consider an affine single input single output nonlinear control system:{ .
x = f (x) + g(x)u
y = h(x)

(4)

where x = [x1, . . . , xn]T is the state vector of the system; f (x) and g(x) are two n-dimensional
smooth vector fields; u is the control scalar; y is the output variable; and h(x) is a scalar
function.

Definition 1. If there is a field U of x and a positive integer r satisfy the following equation:

{
LgLk

f h(x) ≡ 0, ∀x ∈ U, 0 ≤ k ≤ r− 2
LgLk

f h(x) 6= 0, k = r− 1
(5)

then the relative order of the output function h(x) with respect to the system is r.
Here, Lk

f h(x) is the k-order Lie derivative of h(x) to f (x) and Lg Lk
fh(x) is the Lie

derivative of Lk
fh(x) to g(x). When the relative order r is equal to the order n of the system,

the system can be linearized exactly.
According to (5), it can be seen that the selection of the output function is very

important, in which different output functions will have different relative orders with the
system. For many nonlinear systems, it is difficult to find the output function making
the relative order equal to the order of the system. Therefore, this paper proposes a
new method to select the output function, where the system can achieve good control
performance without complete accurate linearization. The output function is selected in
the form of equation:

y = cx (6)

where c is the coefficient vector of the output function, and for the state variables that do
not need to be selected into the output function, the corresponding coefficients are taken
as zero.

The k derivative of the output function y can be written as follows:

y(k) = Lk
f h(x) + LgLk−1

f h(x)u, k = 0, 1, · · · , r (7)

Substituting (5) into (7), we can get:{
y(k) = Lk

f h(x), k = 0, 1, · · · , r− 1
y(r) = Lr

f h(x) + LgLr−1
f h(x)u, k = r

(8)

According to the structural characteristic of (8), the nonlinear coordinate transforma-
tion can be selected as follows:

z =



z1
z2
...
zr
zr+1
...
zn


=



y
.
y
...
yr−1

η1
...
ηn−r


=



h(x)
L f h(x)
...
Lr−1

f h(x)
η1(x)
...
ηn−r(x)


= Φ(x) (9)

where z is a new state vector and η is a function of x. The selection of η must satisfy the
requirement that the rank of Jacobian matrix ∂Φ (x)/∂x is equal to the order of the system,
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so as to ensure that the selected nonlinear coordinate transformation is a local differential
homeomorphism transformation.

Therefore, the original nonlinear system (4) can be transformed into a partially accurate
linearized system by nonlinear transformation (9):



.
z1.
z2
...
.
zr−1.
zr

 =


0 1 0 · · · 0
0 0 1 · · · 0
...

...
...

...
...

0 0 0 · · · 1
0 0 0 · · · 0




z1
z2
...
zr−1
zr

+


0
0
...
0
1

v


.
zr+1
...
.
zn

 =


.
η1(z)
...
.
ηn−r(z)


(10)

where zL = [z1, . . . , zr]T is the state vector of the linear subsystem; zN = [zr+1, . . . , zn]T is
the state vector of the nonlinear subsystem; and v = Lr

fh[Φ−1(z)] + LgLr−1
fh[Φ−1(z)]u is the

control law of the linear subsystem.
According to the structure of (10), it can be seen that the state vector (zL) of the linear

subsystem can affect the nonlinear subsystem, while the state vector (zN) of the nonlinear
subsystem cannot affect the linear subsystem. Since the output of the original nonlinear
system is only related to the linear subsystem (y = z1), it can be concluded that if we want
to make the original nonlinear system stable and have good performance, we only need to
make the nonlinear subsystem asymptotically stable and make the linear subsystem realize
linear optimization. According to this idea, we can design the nonlinear control law of the
original nonlinear system.

3.2. Solution of the Multi-Index Feedback Linearization Control Law

Based on the above analysis, we need to study the influence of the linear subsystem
and nonlinear subsystem on the original system, and finally obtain the nonlinear control
law of the original nonlinear system

First of all, for the linear subsystem, the linear subsystem of (10) is designed by using
the linear optimal control theory, in which the quadratic performance index:

J =
1
2

∫ ∞

0

(
zL

TQzL + vTRv
)

dt (11)

where Q is a positive definite or semi-positive definite r × r weight matrix; R is a positive
definite 1 × 1 weight matrix.

Solving the Riccati equation:

ATP + PA− PbR−1bTP + Q = 0 (12)

where A is the r × r state matrix of the system; b is the r × 1 control matrix of the system;
and P is the solution of the Riccati equation.

The control law of the linear subsystem can be obtained as follows:

v = −R−1bTPzL = −kzL = −k1z1 − k2z2 · · · − krzr (13)

where k1, . . . , kr is the feedback coefficients of the linear control law.
By adjusting the feedback coefficients of the linear control law, the linear subsystem

can be asymptotically stable, and then combining with (10), we can get:

.
zL = 0⇒ zL = 0⇒ y(∞) = 0 (14)
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In conclusion, the optimal output performance of the system can be obtained by
properly adjusting the feedback coefficient of the linear control law.

Secondly, for the nonlinear subsystem, when the linear subsystem enters the steady
state, the dynamic system (also known as the zero dynamic system) composed of nonlinear
subsystems can be written as follows:

.
zr+1 =

.
η1(0, zN)

...
.
zn =

.
ηn−r(0, zN)

(15)

If the dynamic system (15) is stable, the system (10) is also stable [19]. If the zero
dynamic system cannot be asymptotically stable, the nonlinear mapping relation derived
from the selected output function cannot meet the stability requirements of the system, so
the output function needs to be reconstructed.

Through the stability analysis of the zero dynamic system in Section 5, we can know
that adjusting the coefficient of the output function can make the system (15) tend to be
asymptotically stable.

Therefore, we can draw a conclusion that by adjusting the feedback coefficient of the
linear control law and the coefficient of the output function, the original system can have
the optimal control performance and good stability.

Finally, combining (8), (9), (10), and (13), the nonlinear control law of the original
nonlinear system can be obtained as follows:

u =
−Lr

f h
[
Φ−1(z)

]
− kzL

LgLr−1
f h[Φ−1(z)]

=
−Lr

f h(x)−
(

k1h(x) + k2L1
f h(x) + · · ·+ krLr−1

f h(x)
)

LgLr−1
f h(x)

(16)

So far, the design of the multi-index feedback linearization control method of the
system (4) is completed. It is worth noting that this design method transforms the original
nonlinear system into a linear subsystem and a nonlinear subsystem through nonlinear
coordinate transformation, which still keeps a one-to-one correspondence relationship.
Therefore, under the effect of this control method, the state information of the original
system is not lost at all, so the system obtained by the transformation can accurately reflect
the state of the original system.

4. Mechanism Analysis of the Multi-Index Feedback Linearization Control for the
Buck-Boost Converter

As we all know, the linear system is a special case of the nonlinear system, so the
multi-index feedback linearization control method can also be applied to the linear system.
By analyzing the operation mechanism of the proposed control method in the linear system,
and with the help of Hartman–Grobman theorem, the internal operation principle of the
proposed control method in the nonlinear system can be deduced.

Theorem 1. Hartman–Grobman theorem: Let x0 be the hyperbolic singularity of the nonlinear sys-
tem, then there is a neighborhood U of x0 such that the nonlinear system and its first approximation
system are topologically equivalent in this neighborhood U.

The Hartman–Grobman theorem is an important bridge between nonlinear control
methods and linear control methods: the trajectories near hyperbolic singularities of
nonlinear systems can be mapped onto the trajectories of their first approximation systems
through a bijective continuous mapping [38].
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4.1. Approximate Linear Model of the Buck-Boost Converter

The system (3) is expanded by Taylor series at the equilibrium point, let xe = [x1e, x2e]T

= [iLe, voe]T, and its first-order approximate linear system can be obtained as follows:
[ .

x1e.
x2e

]
=

[
0 u0−1

L
1−u0

C − 1
CR

][
x1e
x2e

]
+

[ E+x20
L
− x10

C

]
u

y = h(x1e, x2e)

(17)

where x10 = u0 E/[(u0 − 1)2R], x20 = u0 E/(1 − u0), and u0 are the input current value, the
output voltage value, and the control quantity at the equilibrium point, respectively.

Taking the linear transformation x= Tcs xe, the system (17) can be transformed into a
controllable standard system:[ .

x1.
x2

]
=

[
0 1
−a1 −a2

][
x1
x2

]
+

[
0
1

]
u (18)

where a1 = −(1 − u0)2/(LC) and a2 = 1/(CR).
The system (18) can be abbreviated as follows:

.
x = Ax + bu (19)

Through the linear transformation x = Tcs xe, the corresponding output function of
the system (19) can be written as follows:

y = csx (20)

where cs = cTcs
−1 = [cs1 cs2]; c is the coefficient vector of the original output function.

Equations (9), (10), (13), and (16) are combined to obtain the control law of the sys-
tem (19):

u =
−L1

f h(x)−k1z1

Lg L0
f h(x)

=
−L1

f (csx)−k1csx
Lg(csx) = −csA1x+v

csb

= −(csb)
−1 · csA1x− (csb)

−1kKx = −kNx− kLx
(21)

where v = kKx, kN = (cs b)−1cs A1, kL = (cs b)−1kK, k = [k1], and K = [cs
T]T.

Substituting (21) into (19), the feedback closed-loop control system can be obtained as
follows:

.
x = (A− bkN − bkL)x = (AN − bkL)x = ANLx (22)

where ANL= AN − bkL is the state matrix of the feedback closed-loop system; AN=A − bkN
is a matrix symbol, which is introduced for the convenience of the following analysis.

4.2. Pole Assignment Principle

By analyzing the relationship between the output function coefficient, the feedback
coefficient of the control law, and the eigenvalues of the system (22), the internal operation
mechanism of the multi-index feedback linearization control method is revealed.

For matrix AN:

AN = A− bkN = A− b(csb)−1csA1 =

[
0 1
0 −cs1/cs2

]
(23)

The characteristic polynomial of matrix AN can be written as follows:

(s + cs1/cs2)s = 0 (24)

It can be seen that through the feedback effect of the bkN term, one pole of the system
is assigned to the position determined by the output function coefficient, and the remaining
pole is assigned to the origin.
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For matrix ANL:

ANL = AN − bkL = AN − b(csb)−1kK =

[
0 1
−k1cs1/cs2 −(cs1 + k1cs2)/cs2

]
(25)

where:

b(csb)−1kK =

[
0 0
k1cs1/cs2 k1

]
(26)

The characteristic polynomial of matrix ANL can be written as follows:

(s + cs1/cs2)(s + k1) = 0 (27)

It can be seen that on the basis of the feedback of the bkN term, the remaining pole of
the system is assigned to any position through the feedback of the bkL term.

It can be seen from the above analysis that one pole of the system is assigned to the
desired position by selecting the appropriate output function coefficients, and then the
remaining pole is assigned to the desired position by selecting the appropriate feedback
coefficients of the linear control law. According to the Hartman–Grobman theorem, it
can be concluded that the essence of the control method proposed in this paper is that by
adjusting the output function coefficients and the feedback coefficients of the linear control
law, the system can realize pole assignment, further achieving the stability and dynamic
performance of the system.

We can determine the position of the poles according to the performance require-
ments of the system design, and then determine the output function coefficient (cs1, cs2)
and the feedback coefficient (k) by calculation (27). After cs1 and cs2 are obtained, the
output function coefficient of the original system can be obtained by linear transformation
(c = csTcs), and the feedback coefficient k can be directly used in the original system without
transformation [38].

5. Multi-Index Feedback Linearization Control Design of the Buck-Boost Converter
5.1. Design of the Control Law for the Buck-Boost Converter

The system (3) is reorganized to an affine nonlinear system:
{ .

iL = − 1
L vo + ( E+vo

L )u
.
vo = 1

C iL − 1
CR vo − iL

C u
y = h(iL, vo)

(28)

For the buck-boost converter, the output voltage is the most important state variable.
Additionally, in order to improve the response speed of the output voltage, the input current
should also be selected into the output function. This is because the control law including
the input current can make the input power continuously charge the input inductor during
the start-up period, and quickly transfer the energy of the input inductor to the output
capacitor through the control switch, realizing the fast response of the output voltage.
Therefore, the output function of the buck-boost converter can be written as follows:

y = c1∆iL + c2∆vo = z1 (29)

where ∆iL = iL − iLr and ∆vo = vo − vor; iLr is the reference value of the input current; vor is
the reference value of the output voltage; and c1 and c2 are the coefficients of the output
function. Obviously, the relative order r of the output function (29) to the system is 1, so
we need to choose another transformation function (η = vo) to form the required nonlinear
transformation:

z =

[
z1
z2

]
=

[
c1∆iL + c2∆vo
vo

]
(30)
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where when c1 6= 0, the rank of Jacobian matrix of the nonlinear transformation is equal to
2. Therefore, the selected nonlinear coordinate transformation (30) is a local differential
homeomorphism transformation.

Under the action of nonlinear transformation (30), we can obtain the following new
system in z state space:{ .

z1 = c1

(
Eu
L −

1−u
L z2

)
+ c2

(
1−u

C zA − z2
CR

)
= v

.
z2 = 1−u

C zA − z2
CR

(31)

where v is the control law of the linear subsystem; zA = z1/c1 − c2 z2/c1 + c2 vor/c1 + iLr.
The system (31) can be abbreviated as:{ [ .

z1
]
= [0][z1] + [1]v[ .

z2
]
=
[ .
η(z)

] (32)

According to the linear optimal control theory, we can get v = −k1 (c1∆iL + c2∆vo).
Equations (28), (30), and (31) are combined to obtain the control law of the buck-boost

converter:

u =

(
v +

c1vo

L
− c2iL

C
+

c2vo

CR

)(
c1E
L

+
c1vo

L
− c2iL

C

)−1
(33)

It can be seen from (33) that the multi-index feedback linearization control method
can quickly solve the control law that possesses a simple structure, and it is easy to design
and realize the controller. Figure 4 shows the closed-loop control flow of the buck-boost
converter.
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5.2. Analysis of Zero Dynamic Stability of the Buck-Boost Converter

For the system (31), let
.
z1 = 0 and z1 = 0, the control law can be obtained as follows:

u(0, z2) =
( c1z2

L
− c2zB

C
+

c2z2

CR

)( c1E
L

+
c1z2

L
− c2zB

C

)−1
(34)

where zB = −c2 z2/c1 + c2 vor/c1 + iLr.
Substituting (34) into (31), and making z1 = 0, the zero-dynamic equation can be

obtained as follows:

.
z2 =

zB

C
− z2

CR
−
( c1z2

L
− c2zB

C
+

c2z2

CR

)
(c1CE/L + c1z2C/L− c2zB)

−1 (35)

From the zero-dynamic Equation (35), it is important to note that the coefficients c1
and c2 of the output function affect the stability of the zero-dynamic equation. Therefore, it
can be considered that the zero-dynamic equation can be stabilized by properly adjusting
the values of c1 and c2, achieving the zero-dynamic stability of the system.
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6. Simulation Analysis

In order to verify the feasibility and effectiveness of the proposed control method, the
simulation model of the buck-boost converter was established on the. MATLAB/Simulink
platform. In the simulation experiment, the multi-index feedback linearization control
method (MFLC) was compared with the traditional double closed-loop PI control method
(PI) to highlight the superiority and practicability of the proposed control method. The
main parameters of the buck-boost converter were: E = 15 V, R = 30 Ω, L = 1 mH, C = 200 µF.
At steady state, u = 4/7, f s = 50 kHz, iL = 14/9 A, vo = 20 V, and vor = 20 V. According
to the analysis of Section 4, the MFLC parameters can be selected as: c1 = 4,000,000,
c2 = 100,000, and k1 = 40,000, so the poles of the system were assigned to the following
positions (s1 = −432 and s2 = −40,000), satisfying the requirements of stable operation of
the system. It is important to note that there is a big difference between the two poles such
that s1 is the dominant pole, i.e., the system can be regarded as a first order system, which
was verified in the transient waveform of the output voltage of the following simulation
experiment. The PI parameters were selected as: kcp = 2.66, kci = 600 and kvp = 0.1, kvi = 100,
respectively. The experiment was carried out from the following three aspects:

• Step change of the input voltage E;
• Step change of the load resistance R;
• Step change of the reference voltage vor.

6.1. Step Change of the Input Voltage E

When the input voltage changes, whether the output voltage can quickly stabilize
at the given reference voltage value is an important indicator of the superiority of the
control method. When the input voltage E changes suddenly, the response curves of the
output voltage and the input current of the buck-boost converter are shown in Figure 5. At
0.07 s, the input voltage E steps from 15 to 24 V; at 0.14 s, the input voltage E steps from
24 to 15 V. It can be seen from Figure 5a that when the input voltage changes, under the
action of MFLC, the output voltage is always stable at the given reference value of 20 V,
where its transient time and overshoot is 10 ms and 0.1 V, respectively. By comparison,
the output voltage under the traditional double closed-loop PI control can also be stable
at the given reference value, but its dynamic process is general, i.e., its transient time and
overshoot is 25 ms and 2 V, respectively, which is far from the control performance of
MFLC. Furthermore, it can be seen from Figure 5b that under the action of MFLC, the
starting overshoot value of the input current is only one-third of that under the action of PI.
Additionally, when the input voltage changes, the input current value under the action of
MFLC almost has no transient process, realizing the stability of the input current quickly.
However, the input current under PI control needs a certain time to stabilize, which reflects
the advantages of the multi-index feedback linearization control method.

6.2. Step Change of the Load Resistance R

Figure 6 shows the response curves of the output voltage and the input current of
the buck-boost converter when the load resistance R changes suddenly. At 0.07 s, the load
resistance R decreases from 30 to 15 Ω; at 0.14 s, the load resistance R increases from 15
to 30 Ω. It can be seen from Figure 6a that both control methods can stabilize the output
voltage at a given reference value of 20 V. However, the output voltage under MFLC has
better dynamic performance compared with the PI control. In the start-up phase, the
output voltage enters the steady state at 0.02 s without overshoot, while the output voltage
under the PI control has an overshoot of 2.5 V. Furthermore, when the load resistance
changes, unlike the output voltage (PI) whose transient time and overshoot is 25 ms and
4 V, respectively, the transient performance of output voltage (MFLC) is excellent, i.e., the
transient time and overshoot is 10 ms and 0.75 V, respectively. Therefore, compared with
the PI control method, the MFLC method has better performance when the load resistance
changes. Additionally, it can be seen from Figure 6b that the input current iL under the
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action of MFLC has a very good dynamic response, which also proves the effectiveness
and superiority of the MFLC method.
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Figure 6. The response of the buck-boost converter when the load resistance R changes suddenly at 0.07 and 0.14 s,
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6.3. Step Change of the Reference Voltage vor

Figure 7 shows the response curves of the output voltage and the input current of the
buck-boost converter when the reference voltage changes suddenly. At 0.07 s, the reference
voltage of the buck-boost converter changes from 20 to 15 V; at 0.14 s, the reference voltage
changes from 15 to 20 V. It can be seen from Figure 7a that when the reference voltage
changes step by step, both control methods can make the output voltage accurately track the
change of the reference voltage. Under the action of MFLC, the dynamic response process
of the output voltage has no overshoot, and the transient time is very short. However,
the output voltage under the traditional double closed-loop PI control takes one cycle of
oscillation to stabilize at the reference value, and its transient time is long, further proving
the superiority of the MFLC method. Figure 7b shows the change process of the input
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current, in which the input current under MFLC has a smoother response, and its transient
process is far better than that of the traditional double closed-loop PI control.
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Figure 7. The response of the buck-boost converter when the reference voltage vor changes suddenly at 0.07 and 0.14 s,
respectively. (a) Response curve of the output voltage vo; (b) Response curve of the input current iL.

7. Conclusions

In this paper, a multi-index feedback linearization control strategy was used to solve
the problem that the controller of the buck-boost converter is difficult to design due to
its nonlinear and nonminimum phase characteristics. This method only needs to use a
simple linear system control theory to make the controlled system have good performance
and a great stability region. This paper analyzed the operation mechanism and parameter
adjustment basis of the multi-index feedback linearization control method in the buck-boost
converter and designed the corresponding control law. The simulation results show that
compared with the traditional double closed-loop PI control, the multi-index feedback
linearization control method can make the buck-boost converter, with sudden changes
of input voltage, load resistance, and reference voltage, have a better voltage tracking
performance, strong robustness, and fast transient response, which fully demonstrates
the advantages of the multi-index feedback linearization control method in the controller
design of the buck-boost converter. In addition, the proposed method is also applicable to
other DC/DC converters, such as Boost and Cuk converters.
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