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Abstract: A model-free adaptive control (MFAC) is applied to the Refrigeration Systems based
on Vapour Compression of the BENCHMARK PID 2018. A SISO MFAC controller and a MIMO
MFAC controller are designed to control the outlet temperature of evaporator secondary flux
and the superheating degree of refrigerant at evaporator outlet by manipulating the expansion
valve opening and the compressor speed. The two designed controllers are the pure data driven
control methods without using any model information of the refrigeration process in the control
implementation by virtue of the dynamic linearization technique, and the PID controllers can
be considered as special cases of the two designed controllers. The qualitative and quantitative
comparison results between the MFAC schemes and the default PID controllers given in the
simulation platform provided by the Benchmark PID 2018 demonstrate the effectiveness of the
two designed controllers.

Keywords: Model free adaptive control, dynamic linearization, vapour-compression
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1. INTRODUCTION

Refrigeration systems based on vapour compression are
extensively used for air conditioning, refrigerating, heating
and ventilating in buildings and household or industrial
facilities [Rasmussen (2005); Bejarano et al. (2015a)]. The
refrigeration systems hold a high percentage of worldwide
energy consumption, therefore meaning a great impact
on energy supply. And due to the decrease of fossil fuel
reserves and non-renewable energy sources and the drastic
increase of energy cost, their economy has become an
urgent issue to concern. Hence an accurate and efficient
control for refrigeration systems is the urgent requirement
in terms of energy saving [Bejarano et al. (2017)].

A one-stage vapour-compression refrigeration process is a
closed cycle with an evaporator, a condenser, a compressor,
an expansion valve, connected with various pipes between
them. The major control purposes are to guarantee that
the cycle refrigeration capacity meets the thermal load
at any moment and that the energy efficiency is as high
as possible, despite disturbances, delay and partial load
requirements. This objective can be achieved in practice
by holding the outlet temperature of evaporator secondary
flux Te,sec,out and the refrigerant superheating degree at
evaporator outlet TSH through manipulating the compres-
sor speed N and the expansion valve opening Av.

? This work is supported by National Natural Science Foundation of
China (NSFC) under Grants 61433002 and 61403025, and by Beijing
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In recent years, many control methods have been proposed
to the refrigeration systems in different applications. Most
of the noteworthy control techniques are model predictive
control [Franco et al. (2017); Hovgaard et al. (2012)],
adaptive control [Rasmussen and Larsen (2011)], robust
H∞ control [Bejarano et al. (2015b)], decoupling control
[Semsar-Kazerooni et al. (2008); Shen et al. (2010)], de-
centralized control [Jain et al. (2014); Shafiei et al. (2013)]
and LQG control [Schurt et al. (2010)]. For almost all of
the works mentioned above, the model information of re-
frigeration processes are demanded for control design, and
the control design is mainly proceeded by modeling the
refrigeration processes into linear models. It is generally
known that the refrigeration systems exhibit strong non-
linear characteristics, highly coupled dynamics, inherent
thermal inertia and dead times, which make the system
modeling very difficult and time-consuming with the first
principles or identification methods.

Facing the challenges brought by the modeling, the data-
driven or model-free control methods for refrigeration pro-
cesses have attracted increasing attention, and most of the
data-driven control techniques applied successfully for the
refrigeration systems in practice are PID control [Attaran
et al. (2016); Bejarano et al. (2017)]. However, accurate
models of refrigeration processes and effective controller
designs are required for tuning PID controllers well. Fur-
thermore, the tuning procedure can be time-consuming,
expensive and difficult for the strong nonlinearity and
high coupled dynamics of refrigeration processes. For oth-
er data-driven control applied in refrigeration processes,
there exists few reports in current literatures. A data-

Preprints of the 3rd IFAC Conference on Advances in Proportional-
Integral-Derivative Control, Ghent, Belgium, May 9-11, 2018

FrAT1.6

© 2018 International Federation of Automatic Control 527



driven predictive control [Shafiei et al. (2014)] was applied
to refrigeration processes by using subspace identification
under a direct load control scheme, but the linear structure
information of model is required for this method.

Model-free adaptive control (MFAC) as one of typical
data-driven control methods, initially proposed by Hou
[Hou (1994)], and shaped in a systematic framework in
[Hou and Jin (2013)], and with latest progresses and
applications [Hou et al. (2017)], is applicable for a class
of unknown discrete-time nonlinear systems by using the
new concept, including the pseudo-partial-derivative or the
pseudo-gradient vector for SISO nonlinear systems, and
pseudo-Jaccobian matrix for MIMO nonlinear systems,
and the dynamic linearization (DL) technique, including
the compact form dynamic linearization (CFDL), the par-
tial form dynamic linearization (PFDL) and the full form
dynamic linearization(FFDL). By virtue of the DL tech-
nique, the corresponding works have been done in theory
and practice from SISO to MIMO nonlinear systems [Hou
and Jin (2013)].

The protype discrete-time SISO MFAC and the protype
MIMO MFAC based on FFDL are applied in this paper for
the vapour-compression refrigeration processes proposed
in this Benchmark PID 2018. The designed SISO and MI-
MO FFDL-MFAC controllers only require the I/O data of
controlled refrigeration processes. The detailed description
on the process could found in the Benchmark PID 2018
[Bejarano et al. (2017)]. The two control inputs are Av

and N , and the two system outputs are Te,sec,out and TSH .
According to the MFAC theory, the controlled plants can
be ensured to be closed-loop stable and convergent under
some rational assumptions. Besides, the designed MIMO
controller is able to handle the decoupling problem.

The rest of this paper is as follows. In section 2, a vapour-
compression refrigeration process is briefly introduced and
the DL between Te,sec,out, TSH and Av, N is formulated.
Section 3 presents the SISO and MIMO control design of
refrigeration system. Some simulation results on a vapour-
compression refrigeration benchmark process are shown in
section 4. A conclusion is summarized in section 5.

2. PROBLEM FORMULATION

2.1 Principle of Refrigeration Processes

A typical one-stage vapour-compression refrigeration sys-
tem is shown in Fig. 1, where the main components are
the evaporator, condenser, variable speed compressor, ex-
pansion valve and various pipes connected between them.
With the growth of electronics, variable speed compressors
and electronic expansion valves have gradually replaced
older single speed compressors and thermostatic expan-
sion valves, respectively. These new components not only
contribute to saving energy and reducing fluctuations in
the manipulated variables, but also makes it possible to
achieve a more accurate control [Bejarano et al. (2015b)].

The basic operating principle of a vapour-compression
refrigeration system is as follows: 1) The refrigerant enters
the evaporator at low temperature and pressure and ab-
sorbs heat from the secondary flux when evaporating it in
the cold room; 2) Then the evaporated refrigerant is taken

Fig. 1. Vapour-compression refrigeration system.

to the compressor where its pressure and temperature
increase; 3) The temperature of the vapour firstly decreas-
es after it enters to the condenser, and it may become
subcooled liquid while removing heat to the condenser
secondary flux; 4) Finally the refrigerant again enters into
the evaporator at low pressure and temperature after it
flows through the expansion valve.

In order to guarantee the cycle refrigeration capacity still
achieves the thermal load at any moment, a practical way
is to hold the Te,sec,out at its referred values, once given
its inlet temperature. Since there exists two control inputs
N and Av to be manipulated, a secondary control purpose
is to maintain as high as possible energy efficiency, which
in this area is denoted by the Coefficient of Performance
(COP) [Bejarano et al. (2017)]. In order to hold as high as
possible COP value, a preferably low TSH should be kept.

2.2 Dynamic Linearization for Refrigeration Processes

Referred to [Bejarano et al. (2015b)], it is known the
model of vapour-compression refrigeration system is a
high dimensional system with complex nonlinearity, which
has restricted the implementation of model-based control
methods. Modeling the refrigeration process is very dif-
ficult and time-consuming with first principles or iden-
tification methods for its high nonlinearity, and the cor-
responding controller structure designed by model-based
control methods would definitely become much complex.
In order to reduce computational burden for the controller
design, the regular way for model-based control methods
is to adopt model reduction or controller reduction. How-
ever, this way yields the problems of unmodeled dynamics
and non-robust control. For robust controller design, it is
demanded for the quantitative upper bound or qualitative
expression of uncertainty of a controlled plant, which can
not be provided by a theoretically modeling method.

The problem of unmodeled dynamics does not exist under
the framework of MFAC by using the DL technique, since
all useful information is included in the I/O data, and the
DL process to the controlled plant does not omit any data
or high order terms. Its details for vapour-compression
refrigeration processes are presented as follows.

According to the Benchmark PID 2018 [Bejarano et al.
(2017)], Te,sec,out is controlled by Av and TSH is controlled
by N . Then the dynamic processes between Te,sec,out and
Av, TSH and N can be expressed by the following discrete-
time SISO nonlinear system in a general form

yi(k+1)=fi (yi(k),· · ·, yi(k−nyi),ui(k),· · ·,ui(k−nui)) , (1)
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where i = 1, 2; y1(k) and y2(k) are Te,sec,out(k) and TSH(k)
at the time instant k, respectively; u1(k) and u2(k) are
Av(k) and N(k), respectively; the two positive integers
ny1

and ny2
denote unknown orders of y1(k) and y2(k),

respectively; the two positive integers nu1
and nu2

denote
unknown orders of u1(k) and u2(k), respectively; f1(·) and
f2(·) are unknown nonlinear functions.

Equation (1) is the SISO relationship between the system
outputs and control inputs, and the effect of their cou-
pling are not explicitly described. The MIMO description
between Te,sec,out, TSH and Av, N , considering with the
complicated coupling effect explicitly, can be considered as
the following discrete-time MIMO nonlinear system

yyy(k+1)=fff (yyy(k),· · ·, yyy(k−ny),uuu(k),· · ·,uuu(k−nu)) , (2)

where yyy(k + 1) = [y1(k), y2(k)]T ; uuu(k) = [u1(k), u2(k)]T ;
ny and nu denote unknown orders of yyy(k) and uuu(k);
fff(·) = [f1(·), f2(·)]T is an unknown vector function.

Referred to literature [Hou and Jin (2011b)], (1) can be
equivalently expressed by the following FFDL data model
for the SISO nonlinear system

∆yi(k + 1) = φφφTi (k)∆HHHi(k), (3)

where ∆yi(k+1) = yi(k+1)−yi(k); φφφi(k) = [φi,1(k), · · · ,
φi,Li,y+Li,u

(k)]T is unknown and bounded vector, called
the pseudo gradient (PG); ∆HHHi(k) = [∆yi(k), · · · ,∆yi(k−
Li,y+1),∆ui(k), · · · ,∆ui(k−Li,u)+1]T , ∆ui(k) = ui(k)−
ui(k − 1); Li,y and Li,u are pseudo orders of fi(·), which
implies the amount of information about system output
and control input at previous time.

Analogy with (3), (2) can be equivalently transformed into
the following FFDL data model [Hou and Jin (2011a)]

∆yyy(k + 1) = ΦΦΦ(k)∆H̄HH(k), (4)

where ∆yyy(k+1)=yyy(k+1)−yyy(k); ΦΦΦ(k)=[ΦΦΦ1(k),· · ·,ΦΦΦLy+Lu
(k)]

is unknown and bounded matrix, called the pseudo par-
titioned Jacobian matrix (PPJM), ΦΦΦj(k) ∈ R2×2, j =
1, · · · , Ly + Lu; ∆H̄HH(k) = [∆yyyT (k), · · · ,∆yyyT (k − Ly +
1),∆uuuT (k), · · · ,∆uuuT (k−Lu+1)], ∆uuu(k) = uuu(k)−uuu(k−1),
the two integers Ly and Lu are pseudo orders of f(·).
With (3) and (4), the corresponding SISO and MIMO
FFDL-MFAC can be designed for the vapour-compression
refrigeration system in next section.

3. CONTROLLER DESIGN

In this section, the SISO and MIMO FFDL-MFAC
schemes based on (3) and (4) are designed to hold Te,sec,out
and TSH at their references Ref Te,sec,out, and Ref TSH ,
which are substituted by y∗1 and y∗2 , respectively for sim-
plicity. The PFDL-MFAC scheme for SISO nonlinear sys-
tem, and the CFDL-MFAC scheme for MIMO nonlinear
system with rigorous analysis for the stability can be found
in [Hou and Jin (2011b)] and [Hou and Jin (2011a)].

3.1 SISO Controller Design

For (1), consider the following control criterion function

J(ui(k)) = |y∗i (k + 1)− yi(k + 1)|2 + λi |∆ui(k)|2 , (5)

where λi>0 is a weight factor used as a penalty for ∆ui(k).

Taking (3) into (5), letting ∂J(ui(k))/∂ui(k) be zero yields
the following control law

ui(k)=ui(k−1)+
ρLi,y+1φLi,y+1(k) (y∗i (k+1)−yi(k))

λi +
∣∣φLi,y+1(k)

∣∣2
−
φLi,y+1(k)

Li,y∑
m=1

ρi,mφi,m(k)∆yi(k−m+1)

λi +
∣∣φLi,y+1(k)

∣∣2
−
φLi,y+1(k)

Li,y+Li,u∑
m=Li,y+2

ρi,mφi,m(k)∆ui(k+Li,y−m+1)

λi +
∣∣φLi,y+1(k)

∣∣2 ,

(6)

where ρji ∈ (0, 1] is a step size for generalizing the control
law, ji = 1, 2, · · · , Li,y + Li,u.

Since PG φφφi(k) is unknown, the next step is to estimate
it. Firstly, an estimation criterion function is used as

J(φφφi(k)) =
∣∣yi(k)− yi(k − 1)−φφφTi (k)∆HHHi(k − 1)

∣∣2
+ µi

∥∥∥φφφi(k)− φ̂φφi(k − 1)
∥∥∥2 , (7)

where µi > 0 is a weight factor used as a penalty for
the change of PG. Then an estimation law about φφφi(k) is
obtained by applying a modified projection algorithm

φ̂φφi(k)=φ̂φφi(k − 1)

ηi∆HHHi(k−1)
(
yi(k)−yi(k−1)−φ̂φφ

T

i(k)∆HHHi(k−1)
)

µi + ‖∆HHHi(k − 1)‖2
,

(8)

where ηi ∈ (0, 2] is a step size for generalizing the

estimation law (8), φ̂φφi(k) is the estimation vector of φφφi(k).
In order to enhance the tracking ability of (8), a reset
mechanism is applied, namely

φ̂φφi(k) = φ̂φφi(1), (9)

if
∥∥∥φ̂φφi(k)

∥∥∥≤εi, or ‖∆HHHi(k−1)‖≤εi, or sign
(
φ̂Li,y+1(k)

)
6=

sign
(
φ̂Li,y+1(1)

)
, where εi>0 is a small positive constant.

With (8) and (9), the control law (6) is rewritten as

ui(k)=ui(k−1)+
ρLi,y+1φ̂Li,y+1(k) (y∗i (k+1)−yi(k))

λi +
∣∣∣φ̂Li,y+1(k)

∣∣∣2

−
φ̂Li,y+1(k)

Li,y∑
m=1

ρi,mφ̂i,m(k)∆yi(k−m+1)

λi +
∣∣∣φ̂Li,y+1(k)

∣∣∣2

−
φ̂Li,y+1(k)

Li,y+Li,u∑
m=Li,y+2

ρi,mφ̂i,m(k)∆ui(k+Li,y−m+1)

λi +
∣∣∣φ̂Li,y+1(k)

∣∣∣2 ,

(10)

Remark 1: It is worthy of special attention that a PID
controller is a special case of (10), since (10) can be
transformed into the PID controller when letting Li,y = 2
and Li,u = 0 [Hou and Jin (2013)]. Furthermore, the
parameters ρji , λi and the initial PG in (10) can be tuned
by using some data-driven control methods, like PID,
iterative feedback tuning (IFT) [Hjalmarsson et al. (1998)]
and virtual reference feedback tuning (VRFT) [Campi
et al. (2000)].
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Remark 1 states that (10) can be transformed into the PID
controller as shown in the following

ui(k)=ui(k−1)+Ki,P

(
1+

Ts
Ki,I

+
Ki,D

Ts

)
ei(k)

−Ki,P

(
1+2

Ki,D

Ts

)
ei(k−1)+Ki,P

Ki,D

Ts
ei(k−2)

(11)

where Ki,P , Ki,I , Ki,D and Ts are the proportion, integra-
tion, differentiation and sampling time respectively. The
next is the details. Transform (10) into

ui(k)=ui(k−1)+

 ρi,3φ̂i,3(k)

λi+
∣∣∣φ̂i,3(k)

∣∣∣2+
ρi,1φ̂i,3(k)φ̂i,1(k)

λi +
∣∣∣φ̂i,3(k)

∣∣∣2
ei(k)

+

ρi,2φ̂i,3(k)φ̂i,2(k)

λi+
∣∣∣φ̂i,3(k)

∣∣∣2 −
ρi,1φ̂i,3(k)φ̂i,1(k)

λi +
∣∣∣φ̂i,3(k)

∣∣∣2
ei(k−1)

−ρi,2φ̂i,3(k)φ̂i,2(k)

λi+
∣∣∣φ̂i,3(k)

∣∣∣2 ei(k − 2),

(12)

under the condition with y∗i (k + 1) = const when letting
Li,y = 2 and Li,u = 0, where ei(k) = y∗i (k) − yi(k).
Comparing the right side of equation (11) and (12), it is
obvious that (10) can be transformed into (11).

3.2 MIMO Controller Design

For the MIMO nonlinear system (2), the control criterion
function is considered as

J(uuu(k)) = ‖yyy∗(k + 1)− yyy(k + 1)‖2 + λ ‖∆uuu(k)‖2 , (13)

where yyy∗(k+1)=[y∗1(k+1), y∗2(k+1)]T , λ>0 is a weight factor.
Taking (4) into (13) and letting ∂J(uuu(k))/∂uuu(k) be zero
gives the following control law

uuu(k)=uuu(k − 1)+
ρLy+1ΦΦΦ

T
Ly+1(k) (yyy∗(k + 1)− yyy(k))

λi +
∥∥ΦΦΦLy+1(k)

∥∥2
−

ΦΦΦT
Ly+1(k)

Ly∑
m=1

ρmΦΦΦm(k)∆yyy(k −m+ 1)

λi +
∥∥ΦΦΦLy+1(k)

∥∥2
−

ΦΦΦT
Ly+1

(k)
Ly+Lu∑

m=Ly+2

ρmΦΦΦm(k)∆uuu(k+Ly−m+1)

λi +
∥∥ΦΦΦLy+1(k)

∥∥2 ,

(14)

where ρj ∈ (0, 1] is a step size, j = 1, · · · , Ly + Lu.

Analogy with PG, an estimation criterion function over
the PPJM ΦΦΦ(k) in (14) is considered as

J(ΦΦΦ(k)) =
∥∥yyy(k)− yyy(k − 1)−ΦΦΦ(k)∆H̄HH(k − 1)

∥∥2
+ µ ‖ΦΦΦ(k)−ΦΦΦ(k − 1)‖2 ,

(15)

where µ > 0 is a weight factor. Then applying a modified
projection algorithm for (15) yields

Φ̂ΦΦ(k)=Φ̂ΦΦ(k − 1)

η
(
yyy(k)−yyy(k − 1)−Φ̂ΦΦ(k)∆H̄HH(k−1)

)
∆H̄HH

T
(k−1)

µ+
∥∥∆H̄HH(k − 1)

∥∥2 ,
(16)

where η ∈ (0, 2] is a step size for generalizing the esti-

mation law (16), Φ̂ΦΦ(k) is the estimation matrix of ΦΦΦ(k).

In order to enhance the tracking ability of (16), two reset
mechanisms are applied, namely

φ̂ii,Ly+1(k) = φ̂ii,Ly+1(1), (17)

if
∥∥∥φ̂ii,Ly+1(k)

∥∥∥<b, or
∥∥∥φ̂ii,Ly+1(k)

∥∥∥>αb, or sign
(̂
φii,Ly+1(k)

)
6=

sign
(
φ̂ii,Ly+1(1)

)
,

φ̂ii1,Ly+1(k) = φ̂ii1,Ly+1(1), (18)

if
∥∥∥φ̂ii1,Ly+1(k)

∥∥∥>b1, or sign
(̂
φii1,Ly+1(k)

)
6=sign

(
φ̂ii1,Ly+1(1)

)
,

where α > 0 is a small positive constant.

uuu(k)=uuu(k − 1)+
ρLy+1Φ̂ΦΦ

T

Ly+1(k) (yyy∗(k + 1)− yyy(k))

λi +
∥∥∥Φ̂ΦΦLy+1(k)

∥∥∥2

−
Φ̂ΦΦ

T

Ly+1(k)
Ly∑

m=1
ρmΦ̂ΦΦm(k)∆yyy(k −m+ 1)

λi +
∥∥∥Φ̂ΦΦLy+1(k)

∥∥∥2

−
Φ̂ΦΦ

T

Ly+1(k)
Ly+Lu∑

m=Ly+2

ρmΦ̂ΦΦm(k)∆uuu(k+Ly−m+1)

λi +
∥∥∥Φ̂ΦΦLy+1(k)

∥∥∥2 ,

(19)

Remark 2: Analogy with the remark 1, a multivariable PID
controller is a special case of (19), since (19) can be trans-
formed into the multivariable PID controller when letting
Ly = 2 and Lu = 0. And the parameters in (19) can be also
tuned by using the multivariable PID, IFT and VRFT.
What’s more, the novel controller-dynamic-linearization-
based MFAC [Hou and Zhu (2013)] can also be applied to
the vapour-compression refrigeration systems.

4. SIMULATION RESULTS

(a)

(b)

Fig. 2. References on controlled variables.

The qualitative and quantitative simulation results of the
designed SISO FFDL-MFAC and MIMO FFDL-MFAC
controllers are shown in this section, comparing them
to the default PID controller and the multivariable PID
controller provided in the Benchmark PID 2018, respec-
tively. The sampling time is 1s and the terminate time
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(a)

(b)

Fig. 3. Tracking performance for SISO control.

is tend = 1200s (20 minutes). The SISO FFDL-MFAC
controller is designed to control Te,sec,out and TSH by
manipulating Av and N , respectively. And the MIMO
FFDL-MFAC controller simultaneously manipulates Av
and N for controlling Te,sec,out and TSH . For the two
applied controllers, the pseudo orders are Li,y = Ly = 2
and Li,u = Lu = 1. Thereafter, the proposed MFAC
controller is called by controller 2, abbreviated as C2 and
the controller provided in the Benchmark is labelled by
controller 1, abbreviated as C1, both for SISO and MIMO,
respectively. The desired outputs of the controlled vapour-
compression refrigeration system are shown by Fig. 2.
Please find the other settings for the vapour-compression
refrigeration system provided by [Bejarano et al. (2017)].

Table 1. Indices for decentralized control
Index Values

RIAE1(C2,C1) 0.2289
RIAE2(C2,C1) 0.3516

RITAE1(C2,C1, tc1, ts1) 1.0495
RITAE2(C2,C1, tc2, ts2) 0.3267
RITAE2(C2,C1, tc3, ts3) 0.6223
RITAE2(C2,C1, tc4, ts4) 0.1593

RIAVU1(C2,C1) 1.0029
RIAVU2(C2,C1) 0.9030

J(C2,C1) 0.5393

(a)

(b)

Fig. 4. Controlled inputs for SISO control.

Eight performance indices and one combined index are e-
valuated. The first two indices are the Ratios of Integrated
Absolute Error (RIAE) for Te,sec,out and TSH . The third
is the Ratio of Integrated Time multiplied Absolute Error
(RITAE) for Te,sec,out considering the sudden change in
its reference, as shown in Fig. 2(a). The fourth, fifth and
sixth indices are the RITAE for TSH considering the three
sudden changes in its reference, as shown in Fig. 2(b). The
seventh and eighth indices are the Ratios of Integrated
Absolute Variation of Control signal (RIAVU) for Av and
N . The combined index is the mean value of the eight
individual indices using a weighting factor for each index.

(a)

(b)

Fig. 5. Tracking performance for MIMO control.

The simulation results and the quantitative comparison
indices for SISO control are presented in Fig.3, Fig. 4
and Table 1. As shown in Fig. 3 and Fig. 4, C2 achieves
better tracking performances both on Te,sec,out and TSH

and the corresponding control efforts for Av and N are
lower than C1, which are confirmed by Table 1. Only the
third index is a little greater than 1. Furthermore, Table
1 shows that the overall performance of C2 yields a better
combined index J(C2,C1) than C1. The simulation results

Table 2. Indices for multivariable control

Index Values

RIAE1(C2,C1) 0.9156
RIAE2(C2,C1) 0.5892

RITAE1(C2,C1, tc1, ts1) 0.2450
RITAE2(C2,C1, tc2, ts2) 0.9898
RITAE2(C2,C1, tc3, ts3) 0.8162
RITAE2(C2,C1, tc4, ts4) 0.5284

RIAVU1(C2,C1) 0.9471
RIAVU2(C2,C1) 0.6760

J(C2,C1) 0.6651

and the quantitative comparison indices for MIMO control
are presented in Fig.5, Fig. 6 and Table 2. Although the
fifth index in Table 2 is greater than 1, the rest of the eight
indices are lower than 1, which means that C2 gives tighter
control on Te,sec,out and TSH and yields lower control
efforts on Av and N than C1. Besides, Table 2 shows that
C2 achieves better combined index than C1.
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(b)

Fig. 6. Controlled inputs for MIMO control.

5. CONCLUSION

The SISO and MIMO FFDL-MFAC are applied in this
paper for a vapour-compression refrigeration benchmark
process. The main features for the proposed control meth-
ods are that the model information of the refrigeration
system is not required and only the I/O data of the
controlled plant is used for the controller design. And the
MFAC controllers are simple, which makes them easy to
be implemented with better performance, larger scope of
applications [Hou, Chi and Gao, 2017], simpler parameter
tuning, and similar computing speed to the traditional
PID controllers.
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