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Abstract— In the use of multivariable Self- organizing fuzzy logic control (SOFLC) with absolute output to control
anaesthesia in operation theatre, different set points need different scale factors or rule bases. In the standard SOFLC
structure, the Performance Index table (P.I) is fixed which makes the system inefficient in terms of performance. In
this paper a new SOFLC structure with dynamic Performance Index table is proposed. Simulation results shows that
the new proposed SOFLC structure is superior to the traditional structure in terms of performance with regards to
selection of scaling factors. The mathematical model used is the Wiener Model and simulation of the Wiener Model
for the Neuro Muscular Blockade (NMB) has also been discussed.
Keywords— Self-organizing fuzzy logic control (SOFLC),Neuro Muscular Blockade (NMB), Bispectral Index
(BIS),Performance Index Table (P.I),Wiener Model, Relative Gain Array (RGA).
I. INTRODUCTION
Over the years, SOFLC has been used as a control methodology [1-2].But when using fuzzy logic to control anaesthesia,
the choice of relevant scale factors prior to fuzzification and subsequent to defuzzification is a problem [3].When rule
bases are established with absolute outputs for a specific set of set points, then the controller using this set of rule bases
and scaling factors only can control anaesthesia system to a designated set point. The set points can be changed only by
changing the rule bases and resetting the suitable scaling factors. But since human body is a highly nonlinear system, it is
very difficult to modify rule bases and scaling factors. This problem is solved by using a dynamic Performance Index
table. If the changing magnitudes of anaesthetics are chosen as the outputs of the control, then the control can find the
fitting amount of drug by itself. But the SOFLC is in itself incapable of controlling the anaesthesia system [2].As a result,
the enhanced SOFLC with Relative Gain Array (RGA) and third order filter is used.
II. The Multi variable Self-Organizing Fuzzy Logic structure.
Self-organizing Fuzzy Logic control is a two level hierarchical controller. The basic level is a simple fuzzy logic control,
while the second level is a self-organizing level that supervises the basic level by monitoring its performance,
subsequently generating and modifying the control rules. By incorporating a self learning layer to the fuzzy logic
controller, self learning can be performed real time in clinical situations[5],[6],[7].Since it is unsafe to start control with a
blank rule base, because the output value may move to a region of the fuzzy rule base where no control rule is available.
But a self organizing hierarchical controller starts with a previous rule base to ensure safety and calculates the rule
possibilities from the previous rule base and modifies recently generated control rules. The recently generated rule base
carries more weight and is thus more relevant. This helps eliminate steady state error and improves the controller
performance.
SOFLC is an extension of a simple fuzzy logic controller which incorporates
(1) The previous rule-base generator.
(2) Performance index
(3) Rule-base modification algorithm
(4) The control rule-base performance measure.
III. Mathematical modelling of a patient under anaesthesiaAnaesthesia comprises of the triad of muscle relaxation, unconsciousness and analgesia. Here analgesia is a post
operative condition, so muscle relaxation, unconsciousness is considered as the inputs for the controller. Muscle
relaxation is obtained by using atracurium and unconsciousness is obtained by using isoflurane.The output is measured
using Neuro Muscular Blockade (NMB) and BiSpectral Index (BIS).In this paper ,the Wiener Model has been considered.
A Single Input Single Output (SISO) model has been considered for NMB and Multiple Input and Single Output (MISO)
model for the BIS.As a result of the declining structure of the Wiener Models it is impossible to track the linear dynamics
independently of the static nonlinearity [8].So independent parameterizations of the two blocks are used to reach a unique
system parametrization.This is done by choosing a linear dynamic block. The differential static gain is then estimated by
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the parameters that are to be adapted in the nonlinear block. Hence partitioning of the partition vector Ө is given by Ө
=

.......(1)

Where parameters to be identified in the linear are block and
are parameters to be identified in the nonlinear block.
The Neuro Muscular BlockadeMinimally parameterized modelThe SISO Wiener model describing the effect of the muscle relaxant atracurium in the NMB [9] is presented in Fig.1

In the frequency domain, the linear dynamics can be represented by
…………… (2)

=
Where
input signal

is the Laplace transform of the time output
and
is the Laplace transform of the time
.The parameter = α is defined as the variability of the patients dynamics. The value of the constants
are chosen as 1,4,10 respectively [9].
The proposed model structure in (2) was sampled using Zero- Order hold method as in 1/3 min-1, which corresponds to the fact
that data acquisition takes place every 20
seconds in an operation theatre.
Thus the discrete time model is given by
…………. ………………………(3)
Where
is output of linear
the Hill Equation [11] ,we have

dynamic block ,

is input signal,

is backward shift operator. From

……………….. ……………(4)
The Bispectral IndexMinimally parameterized modelThe Wiener Model describing the combined effect of the hypnotic drug Isoflurane and the opiod remifentanil [10] is
shown in Fig.2
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Fig.2 Block Diagram of BIS MISO Wiener Model
Isoflurane linear dynamics is given by
……………… (5)

=
Where

is the Laplace Transform of

pole location to be determined. The constants
Linear dynamics [10], which can be similarly modelled as
=
Where
of

,

,χ is the
were chosen as Remifentanil
…………………. (6)

is the Laplace Transform of
.
is the Laplace Transform
, is the pole location to be determined. The constants
were chosen as [10].So
………………………………….................. (7)
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Simulation results for The Wiener ModelThe NMB data has a record of 50 patients and was controlled using closed loop [11].The muscle relaxant was
administered intravenously so as to keep the NMB around 10% of the induction stage. For the NMB,
k =20000,β = 0.1 and 1 as diagonal elements(to facilitate the convergence of α and γ in Ө), and
For the BIS,k = 200000, β = 0.01,0.01,0.5 and 0.3 as diagonal elements and
.

Fig.3 Measured NMB response (Upper Plot) and muscle relaxant Atracurium (Lower Plot).

Fig.4 Time evolution of the parameter of the non linear block of the NMB Wiener model.

Fig.5 Time evolution of clinical and identified NMB level.
Design Methodology of the multi-drug SOFLCSelf- organizing fuzzy logic control works on the principle of continuous performance evaluation and rule modification
as proposed in [11].The error and change in error are taken as the inputs and the output will be the change in control
action. The basic structure of a SOFLC is as shown

Fig.6 Basic structure of SOFLC
Here e and denote error and change in error respectively, and U is controller output. The inputs and outputs are
adjusted according to trial and error. The performance index or PI is usually in the form of rules which point t towards
© 2013, IJARCSSE All Rights Reserved

Page | 816

Tomar et al., International Journal of Advanced Research in Computer Science and Software Engineering 3(11),
November - 2013, pp. 814-819
the correction required to control the output and thus automatically the fuzzy rule-base. As such to necessitate the
correction required, some previous knowledge of power plant is required. The adjustment is as follows……………………..
(8)
Where F is fuzzy rule base
i,j are indices corresponding to current error and change of error
PI is performance Index
n is current sample
d is delay
A third order polynomial filter with an intake of 20 samples was used to improve the performance of the
SOFLC.Polynomial filters use least-square fitting method, whose general form is given by
P(x) =
………………….......................................... (9)
th
Where
is the k order polynomial function and c1,c2,…………………..cm
can be obtained by solving the equation
=

= 0 …………… (10)

=
……………………….......... (11)
Aset of n samples is used to calculate y(k) where k= 1,2…………t.The smoothed value is given by
from previous values. The difference between smoothed value
and its previous
derivative
are used in the control mechanism.
Most of the drugs have direct effect on their sites of action, however there maybe some other vital parameters. In case of
multi-variable control such kind of interaction can give rise to two undesirable situations –
Controller tuning may become very difficult.
The main loops may cross couple which in turn may lead to large output fluctuations.
As a means of measuring control interaction and subsequently reducing its effect Relative Gain Array [12] was proposed.
The RGA for a system of n inputs and n output can be defined as follows:

Where λij =
For example for a two input/two output system λ11 can be defined as followsλ11 =
where k11 =

with respect to u2

k12 =

with respect to u2

k21 =

with respect to u2

k22 =

with respect to u2

In spite of the fact that RGA is a powerful tool of measuring and controlling loop interactions, it does have
noticeable weaknesses. This method does not provide perfect decoupling as it assumes a linearised model at
some operating point.

Fig.7 (a) Input Signal I/P (b) Output signal O/P using standard SOFLC algorithm.
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Fig.8 Closed loop simulation using the new RGA-SOFLC with added noise.(a) Output Signal (b)Input Signal.
Conclusion
The performance index table (P.I) fails to control the output as such the fuzzy controller infers the wrong output.
However the new method of using polynomial filters removes this hurdle. As such this scheme is superior to the standard
SOFLC algorithm with regards to the performance in both the transient and steady state phases and also in terms of
robustness against disturbances and the choice of the scaling factors which play a vital role in fuzzy logic based control.

Fig.9 Closed control simulation with added noise to the output. (a) Output Signal (b)Input Signal.

Fig.10 Simulation result of the new SOFLC using third order filter. (a) Output Signal (b)Input Signal.
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