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The Roesser model and its various
applications
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Abstract—As human needs are increasing day by day to
satisfying that technologies should also be develop.
Multidimensional technology has the variety of signals which
are available, to satisfy various criteria in multidimensional
systems. There are few state space model structures i.e. Roesser,
FM (fornasinimarchesini) first model, FM second model, Attasi
model, GR model, these are discrete state space models we have
been using since last few decades. These models can be used for
various purposes because when we embed any system in these
models, then system is represented in efficient manner there are
various application for these models
So in this paper purpose is to highlight more recent areas
where Roesser model has been used as applications. As well as
some applications in terms of stability is discussed with
example.
Index Terms—Roesser model; Applications of Roesser
model; State space modeling

I. INTRODUCTION
Multidimensional systems has been continuously growing
research interest area due to their applications in various
important area such as image processing, Signal processing,
seismographic data processing, water steam heating, DSP
filters etc. [2]
All the above areas are n-D systems in nature, they have
more than one variable, so there can be problem like stability
can be difficult to solve in n-D systems compare to 1-D
system. The reason is that the fundamental theorem of
algebra cannot be extended to multivariate polynomials.
Several ways are commonly used to represent the operation
involved in any digital processing. These methods can
include transfer functions, convolution summations, and
partial difference (recursive) equations. We can use above
methods to solve 2-D problems i.e if we take image as
example, The partial deference equation can be use to remove
corrupted noise in image which is described by habibi, the
model corresponds to 2-D extension of kalman filters. More
ever image is best and common example of multi dimensions
systems, where image properties varying along the horizontal
and vertical directions, hence we can call it 2-D systems. As
we can represent 1-d system, 2-D system can be represented
by either transfer function models using -2D z transform
models or by using state space models. [1]
For modeling physical systems the desired accuracy lead
to a high dynamic order, The model like Roesser (R)[1]
model Fornasini-Marchesini (FM),[3,4]Givone–Roesser
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(GR) are best state space models which gives best results in
analysis of n-D systems, Because state space model is a
general powerfultool that is used to unify the research and
study of n-D linear systems.FM and R are equivalent in
homogeneous case. Fornasini-marchesini and Robert p
.Roesser have published many literatures papers in between
1970 to 1980 related to modeling of physical system. This
was trending times in researching in n-D systems modeling.
In that golden decade, roesser has published new state
space model in 1975 in that, he has taken image as example
where a discrete model with a single coordinate in time is
replaced by a model with two co-ordinates in space which are
vertical and horizontal. He took circuit approach for
developing state space model. Rosser model can continuous
on both dimensions or mixed i.e one dimensions is
continuous and other one can be discrete. R model is most
general state space model among all state space models
because other models like attasi ,FM model can be easily
imbedded in R model that can help to use to analysis more
towards nD systems.
In initial time Rosser model was used in Image processing
area, but then after it has been used in many applications,
such as in 2-D control systems, in discrezation of partial
differential equations, design of 2-D digital filters structures,
in linear repetitive processes, in realization and model
reduction of 2-D system and 2-D texture synthesis and
classifications, iterative learning control and many more. In
this paper latest applications based on Roesser model is
discussed and its basic implementation summery discussed.
Rosser model can be described as below
𝑥 ℎ (𝑖, 𝑗)
,
𝑥 𝑣 (𝑖, 𝑗)
h
Where x is local state, x an n-vector is horizontal state, xv an
m-vector is vertical state.
𝐴 𝐴2 𝑥 ℎ (𝑖, 𝑗)
𝐵
𝑥 ℎ (𝑖 + 1, 𝑗)
= 1
+ 1 𝑢 𝑖, 𝑗 ,
𝑣
𝐴3 𝐴4 𝑥 𝑣 (𝑖, 𝑗)
𝐵2
𝑥 (𝑖, 𝑗 + 1)
𝑥 ℎ (𝑖, 𝑗)
𝑦 𝑖, 𝑗 = 𝐶1 𝐶2
+ 𝐷𝑢 𝑖, 𝑗 ,
𝑥 𝑣 (𝑖, 𝑗)
𝑚
𝑢(𝑖, 𝑗)𝜖𝑅 is the input vector,
𝑦(𝑖, 𝑗)𝜖𝑅𝑝 is the output vector and A1, A2, A3, A4, B1, B2,
C, D are real matrices [1].
𝑥 𝑖, 𝑗 =

II. STABILITY
As stability is a very important criterion for any physical
system to working it properly. Test for stability is of 2-D
system is exit in frequency domain. As number of dimensions
are increases in systems stability of systems decreases.
Roesser model is one of the best model by which we can
conclude some stability criteria using different methods
withRoesser model.
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Some different methods with Roesser model to establish
stability are discussed below.
Lyapunov equations can be use for Roesser model to check
stability.it is be used as sufficient condition for 2D systems
with structured and un structured delayed perturbations [5].
For stability we can also use exponential stability definitions
with existing stability criteria in linear case. In that
exponential stability is equivalent to the asymptotic stability
and the characteristic polynomial-based stability is equal to
sufficient and necessary conditions for the exponential
stability. Where property of exponential stability is
characterized
by
use
of
vector
lyapunov
function[6]-[7].Roesser model also uses in non-linear system
for deriving its stability, for non-linear system R model can
be used as fuzzy model form which helps to do stability
analysis of non-linear systems [8]. R model can be used for
establish stability with delay for 2-D system, to establish
sufficient condition for 2-D system to be asymptotically
stable in the presence of delay, A delay- depend liner matrix
inequality approach can be use [9] for asymptotic stability
Lyapunov equations ATP+AP=Q with positive definite block
matrix P=PT together with simple additional condition is
sufficient, it can use for wide range dynamic application [10].
Lyapunov methods are generally used for R model to derive
different criteria; it is also used as stability derivations in
most of the papers. Below some of latest examples of
application where Roesser model used for stability.The 2-D
Roesser model is used in automated irrigation channels and
tools for practical stability [11]. Using R model sufficient
condition for existence of desired a state feedback controller
are obtained [12] .We can also derive stability of
shift-varying system [13]. The decomposition of discrete 3D
system in to classical 1D state space for stability [14].

𝑥 ℎ 𝑛1 + 1, 𝑛2, 𝑡
𝑥 𝑦 𝑛1, 𝑛2 + 1, 𝑡
𝑥 𝑡 (𝑛1, 𝑛2, 𝑡 + 1)

𝑥 ℎ 𝑛1, 𝑛2, 𝑡
= 𝐴 𝑥 𝑦 𝑛1, 𝑛2, 𝑡 + 𝐵𝑈 𝑛1, 𝑛2, 𝑡 ,
𝑥 𝑡 (𝑛1, 𝑛2, 𝑡)

𝑥 ℎ 𝑛1, 𝑛2, 𝑡
𝑌 𝑛1, 𝑛2, 𝑡 = 𝐶 𝑥 𝑦 𝑛1, 𝑛2, 𝑡 + 𝐷𝑈(𝑛1, 𝑛2, 𝑡).
𝑥 𝑡 (𝑛1, 𝑛2, 𝑡)
Where Y(n1,n2,t) is output, U(n1,n2,t) is input ,xh(n1,n2,t)ÃRr1;
xy(n1,n2,t)ÃRr2; xt(n1,n2,t)ÃRr3 are horizontal, vertical and
temporal state vectors respectively. A,B,C,D are real
matrices.

Above figure 1 is example of implementation of sensors in
networks.
Roesser model helps to implement grid sensor network in
distributed fashion [17], using this model in sensor network
we can make it easily scalable and reconfigurable.

III. GRID SENSOR NETWORKS

IV. FILTERS

Sensor networks are very useful now a day, As we are
going toward new technology like 5G. Sensor nodes are
distributed in space. They collect information from
surroundings and send to the observers. Sensor networks
have been used in wide variety of areas, such as health
monitoring, Fire detection in jungle, Temperature
measurement for different places, water purity level
measurement etc.
Roesser model was developed for 2-D systems as we
know, but for grid sensor networks we take as 3-D system.
There can be different assumption for 3-D system, i.e [15]
they took 3-D as vertical, horizontal, and temporal
dimensions respectively, moreover as sensors should be more
efficient and energy saver, the communications between two
or more sensors should be reliable, for that [16] assumed
sensor grid networks in 3-D, in that 3d network they assumed
a 2D rectangular grid sensor network of finite size. More they
assumed that sample of sensor input over multiple sampling
instance are incorporated in to processing algorithm, the third
dimension in that system is time.
According to [15], Roesser model can be used to sensor by
using below 3-D equations.

R model can be use for 2D FIR, IIR, Digital filters, H filters
etc.
A. FIR Filter
A Orthogonal Roesser model synthesis for 2D FIR system
is Presented [18] those types of approaches allow to utilize a
full rank factorization applied to a co-efficient matrix of 2-D
transfer function, which made with a cascade connection of
two 1-D system, that why required to synthesize an
orthogonal 1-D state space realization for each 1-D
T.F(transfer function) separately and last we recombine both
realizations in to an orthogonal Roesser model.
B. IIR Filter
R model can be used to IIR filter that can help to develop
2-D state digital filter. Which can use in high order error
feedback that offers much improved performance [19].
C. Digital Filter
R model with wiener process noise helps to eliminate
overflow oscillation of 2D digital filter. Which helps to
remove attenuation of the effect of wiener process noise to
prescribed level and also improve stability in digital filter
[20].
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D. H Filter
State estimation is very important problem in the field of
signal processing and control, kamal filtering approach,
which provides an optimal estimation of state variable in the
sense that the co-variance of the estimation error is
minimized for this information should be very accurate but
some time it is not satisfying in practical applications for that
H filters has been used [21]. one of the most popular
strategies for error estimation is H filtering, which is
famous in recent days, Which helps to remove unwanted
noise [22].

VII. CHECKING STABILITY CRITERIA USING OUR DERIVED
THEOREMS

Table II Stability theorems 1

Models/TH
FM2

TH1
−𝑃
𝐴𝑇 𝑃
0
𝐻𝑇 𝑃
−𝑃
𝐴𝑇 𝑃
0
𝐻𝑇 𝑃

R

𝑃𝐴
0
𝑃𝐻
−𝑄 𝜀𝐸 𝑇 0
>0
𝜀𝐸 −𝜀𝐼
0
0
0 −𝜀𝐼
0
𝑃𝐻
𝑃𝐴
−𝑃 𝑘𝐸 𝑇 0
>0
𝑘𝐸 −𝑘𝐼
0
0
0
−𝑘𝐼

Table III Stability theorems 2

V. FAULT DETECTIONS
The Fault detection has been interesting subject of
researchers due to increasing demand for reliability safety,
survivability, maintainability, in applications likes aerospace
systems and industrial processes and lot of detection. There
are several methods available in literatures for fault detection,
among all model based is used frequently. Many disturbance
and fault signals in reality are in finite frequency domains, for
that standard methods should be design, As compare to 1D
system 2D system should also easily fault detectable for that
there are some methods which are available in frequency
domain [23]. They proposed different method for fault
detection in that they used Roesser model for better
performance. In that method they take support of frequency
methods, as Kalman-yakubovich-popov lemma are
developed for different cases for 2 D system. Based on that
finite frequency fault detection observed for 2D continuous
discrete system in Roesser model, they designed LMI- based
finite frequency fault detection for 2D continuous discrete in
R model.

VI. ILC AS 2-D SYSTEM
Most of the industrial applications are involved in same
executing operation for many times over a fixed interval,
when each operation is complete. It will reset the staring
location takes places and go for next operation. These types
of applications are widely using in robotics, hard disk drives,
chemical batch process, and urban traffic systems. We can
say that ILC (iterative learning control) is a typical data
driven technique.
n-DRoesser system can be useful to describe the entire
dynamics involved in ILC systems with relative degree, ILC
can be presented directly be applying the theory of
continuous-discrete or discrete 2-D roesser model for which
necessary and sufficient condition can be provided in form of
first nonzero Markov parameter matrix [24].
According to [25] ILC can be treated as 2D system where
one direction of information is from trial to trial and other is
along a trial, Since trial duration is finite ,ILC can therefore
be treated as a repetitive process. These process form a
distinct class of 2-D system where information propagation
in one of two independent directions only occurs over a finite
duration. According to [26] 2-D model based ILC design,
where controller design is transformed in to stabilization of a
2D-stochastic-system described by R model. 2D Roesser
System is established to describe the entire dynamics of ILC.

Mod
els/T
-H
FM2

R

TH2
P1 − ε1 E1T E1

0

0
PA1
H1T P
H2T P

P1 − ε1 E1T E1

AT1 P

PA1
0
0

𝑃1 − 𝜀1 𝐸1𝑇 𝐸1 − 𝜀3 𝐸3𝑇 𝐸3
0
𝑃1 𝐴1
𝑃2 𝐴3
0
0
0
0

PH1

AT2 P
P
0
0

PH2

0
0
ε1 I
0

0
𝑃2 − 𝜀2 𝐸2𝑇 𝐸2 − 𝜀4 𝐸4𝑇 𝐸4
𝑃1 𝐴2
𝑃2 𝐴4
0
0
0
0
> 0

𝐴1𝑇 𝑃1
𝐴1𝑇 𝑃1
𝑃
0
𝐻1𝑇 𝑃1
𝑇
𝐻2 𝑃1
0
0

0
0 >0
0
ε2 I
𝐴𝑇3 𝑃2
𝐴𝑇4 𝑃2
0
𝑃2
0
0
𝐻3𝑇 𝑃2
𝐻4𝑇 𝑃2

0
0
𝑃1 𝐻1
0
𝜀1 𝐼
0
0
0

0
0
𝑃1 𝐻2
0
0
𝜀2 𝐼
0
0

0
0
0
𝑃2 𝐻3
0
0
𝜀3 𝐼
0

Above Table II and III are stability theorems which we
have derived for FM2 and R [30] model, for FM1 details has
been taken from [28]. We have derived two theorems for each
models and made flow chart [28] if sufficient condition
satisfied for first theorem its stable else check with 2ndcriteria.
For applications purpose we haveBorrowed example of [29]
LSIV 2-D Attasi‘s model filter (PSV system) using circulant
matrices to test our derived stability criteria.
0.5
−0.5 0.125 −0.125
−0.125
0.5
− 0.5 0.125 ,
𝐴1 =
0.125 −0.125 0.5
−0.5
−0.5
0.125 −0.125 0.5
0.5
0
− 0.015
0.25
0.25
0.5
0
−0.015
𝐴2 =
,
−0.015
0.25
0.5
0
0
−0.015
0.25
0.5
𝐵 = 1 0.39 −1 0.45 𝑇 ,
𝐶 = 1 −1 −1 1 ,
𝐴1 = 𝐴1 𝑎𝑛𝑑 𝐶 = 𝐶 ,
0.5 0.5 0 −0.5
−0.5
0.5 0.5 0.5 ,
𝐴2 0,0 =
0 −0.5 0.5 0.5
0.5
0
−0.5 0.5
0.5 0 0.5 0.5
𝐴2 0,1 = 0.5 0.5 0 0.5 ,
0.5 0.5 0.5 0
0 0.5 0.5 0.5
𝐵 0,0 = −1 −1 −0.25 −1 𝑇
𝐵 0,1 = 1 −0.25 −1 −0.5 𝑇
𝐴0 = 𝐴1 𝐴2.
Period of PSV in this case is 1:2.
for FM2:
𝐴 = 𝐴1 𝐴2 ,
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0
0
𝑃2 𝐻4
0
0
0
𝜀4 𝐼
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Table III Stability Analysis For Above Example

where𝐴1 = 𝐴1 ,

0.5 0.5 0 −0.5
−0.5
0.5 0.5 0.5 ,
𝐴2 0,0 =
0 −0.5 0.5 0.5
0.5
0
−0.5 0.5
0.5 0 0.5 0.5
𝐴2 0,1 = 0.5 0.5 0 0.5 ,
0.5 0.5 0.5 0
0 0.5 0.5 0.5
∆𝐴 = 𝐴(𝐴1 , 𝐴2 0,0 )-𝐴(𝐴1 , 𝐴2 0,1 );
∆𝐴 = 𝐻𝐹𝐸.
0 0 0 0 0 0.5 0.5 1
0 0
0 0 1 0 0.5 0
∆𝐴 =
,
0 0 0 0 0.5 1 0 0.5
0 0 0 0 0.5 0.5 1 0
Aftergetting, H F, E we can follows steps [28] for stability
analysis.
For FM1:
A = 𝐴0 𝐴1 𝐴2 ,
ForR:
𝐴
𝐴01
𝐴 = 00
,
𝐴10 𝐴11
Values are available for FM1 and for FM2 as shown
previously, to convert FM1 matrices values in R Form we
have taken reference of [14] and converted in suitable
matrices form. FM1 and R are not independent and can be
mutually recasted.
FM1 in equation form:
𝐸 ′ 𝑥 𝑖 + 1, 𝑗 + 1 = 𝐴1 𝑥 𝑖 + 1, 𝑗 + 1 + 𝐴2 𝑥 𝑖 + 1, 𝑗 +
𝐴0 𝑖, 𝑗 + 𝐵𝑢 𝑖, 𝑗 + 𝐵1 𝑢 𝑖, 𝑗 + 1 + 𝐵2 𝑢 𝑖 + 1, 𝑗 ,
R in equation form:
𝑥 ℎ (𝑖 + 1, 𝑗)
𝑥 ℎ 𝑖, 𝑗
𝐸 𝑣
=𝐴 𝑣
+𝐵𝑢(𝑖, 𝑗) ,
𝑥 (𝑖, 𝑗 + 1)
𝑥 (𝑖, 𝑗)
WhereE = 𝐼𝑁 , 𝑁 = 𝑡1 + 𝑡2 .
To convert FM1 in to R model we are assuming horizontal
vector 𝜉 𝑖, 𝑗 = 𝐸 ′ 𝑥 𝑖, 𝑗 + 1 − 𝐴1 𝑥(𝑖, 𝑗), and equation of
FM1 in R form would be
𝐼𝑛 −𝐴2 𝜉(𝑖 + 1, 𝑗)
𝑥(𝑖, 𝑗 + 1)
0
𝐸′
0 𝐴3 𝜉(𝑖, 𝑗)
𝐵
=
+
𝑢 𝑖, 𝑗 .
𝐼𝑛 𝐴1 𝑥(𝑖, 𝑗)
0
Taking this concept we get matrix ‗A‘ for R which is,
A=

Using these matrices for FM1, FM2 and R stability analysis
has been done using previous steps [28] for PSV system.

FM1

Stability
condition

FM2

R

TH1

TH2

TH1

TH2

TH1

TH2

×

√

√

-

√

-

Such types of analysis have been done for check stability
criteria using our derived criteria to check our stability
analysis.
VIII. CONCLUSION
As nD system has been used in various applications,
Dynamics of arise in control and stability. One where
application has lagged far behind the theoretical
development. This paper has considered some latest recent
developing area where Roesser model has been used for
various desired development also we have done stability
analysis of Roesser model as well as others model using our
derived criteria
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