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Abstract. In modern years, most patients have diabetic, mean blood pressure and
glucose associated health conditions, which can be treated by infusion of an an-
tidote , although the dosage amount depends on the severity of the individual. The
monitoring and regulation of the degree of dose is therefore critical in improving
the health status of patients. This paper suggests that the dose of the medication
infusion be regulated and managed on the basis of its amount. This is done by
developing an integrated monitoring device that increases safety in less time and
reduces healthcare costs. A statistical model of patient reaction to drugs is ob-
tained in this article. The model comprises of five dimensions that ranges from
patient to patient based on their drug response. The key purpose of the documen-
tation is to eemce the efficiency and robustness of medication distribution ac-
tivities. This Internal model control (IMC) based Proportional integral derivative
(P1/ PID} controller is introduced as a control system for patient distribution of
drugs that will provide enhanced robustness and efficiency. The IMC driven P1/
PID system has just one calibration parameter (4 ), which is calibrated depend-
ing on the highest sensitivity (ps,) . This method does not involve high complex

mathematical equations.

Keywords: Internal model control, PID tuning; diabetic, glucose level, robust
control, performance, antidote, MABP

1 Introduction

Mean arterial blood pressure (MABP) is one of the physiological factors to be con-
trolled under appropriate limits during ameacsial, pre-and post-operative time. In gen-
eral postoperative problems, particularly adult cardiac patients have elevated blood
pressure, which escalate due to hypertension, notably after coronary artery bypass graft,
valve replacement and pulmonary surgery [1]. It is imp@n to monitor and regulate
blood pressure (BP) to avoid bleeding from stitches in a patient's cardiac surgery to
enhance healing. The correct MABP regulation medication is sodium nitroprusside
(SNP), which has developed as an important vasodilator product [2]. Manual monitor-
ing of MABP by hospital staff utilizing SNP is frequently stringent, meek and of low
consistency due to differences in the reaction of patients to this substance regulation in
blood pressure and regulated medication release over a prolonged period of time. Such




(3]

factors also driven researchers to explore an automated management device that in-
creases patient safety over a shorter amount of time and therefore decreases the inci-
dence of disease. P and PI controllers do not deliver the necessary output during induc-
tion due to their slow response. This promotes the option of a strategy where the con-
figuration of the dc includes the individual as an essential part of the system. This
solution is given by the Internal Model Control (IMC) framework, and the PID control-
ler developed and calibrated using the IMC methodology should provide optimal effi-
ciency, robustness and fast disturbance recovery. The IMC-based PID controller would
also increase the consistency of medical treatment and miumd distribution of medi-
cations [3-6]. The key objective of the proposed research is the design of the controller
to cvc efficiency, disturbance recovery and robustness.

The efficiency of the IMC calibrated PID controller meets output requirements such
as optimum peak overshoot, steady-state offset and durable stability. This approach
records precise regulation of MABP as opposed to P and PI controls modified using
traditional techniques.

2 Internal Model Control

The efficiency of the IMC calibrated PID controller meets output requirements such
as optimum peak overshoot, steady-state offset and durable stability. This ap-proach
records precise regulation of MABP as opposed to P and PI controls modified using
traditional techniques.

Garcia and Morari coined the concept of intemal rffjdel control; the process model
is clearly an integral part of the controller [14]. The IMC system is shown in Fig. 1.
Where, QO(s) is the controller, Gy, (s) is the plant model and G(s) is the actual

plant/process.
1(s)

Ris) Qis) Gp(s)
IMC Controller Process

Gy(s)
Plant Model

Fig. 1 Basic IMC structure.

The design of the IMC involves the following steps

21  Factorization

It includes factorizing the transfer function into invertible G,,;_(s)and non
invertible parts Gy, , (s) . The factor containing right hand poles zeros or time delays




become the poles when the process model is inverted leading to internal stability. So
this is non invertible part which has to be removed from the transfer function.
Mathematically, it 1s given as Eq. (1)

Gw (s) =C’1,w_(s)(;,w| (s) (n

22 ]Eign of IMC Control

The IMC is the inverse of the invertible part of process model. It given as Eq.(2)

0 (9)=1Gy_()", @)
Q (s) will be steady, yet may not be appropriate.

23  Adding Filter

Eq (3) is responsible for the generic transfer function of the system / controller. The
value of the polynomial denominator will be almost equal to or greater than the
numerator in order torender the system / controller semi-proper or worthy of physically
understanding it.

T(s)=Z(s)/ P(s) (3)
In order to make the controller proper mathematically a low pass filter F(s)is
augmented to Eq. (2) and results in Eq. (4) and Eq. (5)

0(5)=Q'(s)*F(s) )
0(5) =[Gyy_ () ' * F(s) &)

24  Low pass filter

The filter F(s) described above is defined to have the form of Eq. (6) which rep-
resents a ass filter.

resents a low pass filter
F(s)=1/(As+1)"
=1/ (A5 +1) ©
Where A is the filter tuning parameter and n is the order of the process. The value
of & defines the perffinance and robustness of the controller. Maximum sensitivity
M ¢ specification is an effective robustness measure and most recent inquisitive ap-

proach, which is defined by Eq.(7)

1

— Q)]
C {,m] G{_jw]+ 1

M =max




The estimate of & for IMC design of first order pulse dead time (FOPDT) system,
is obtained by Eq. (8)

1.508-0451Ms .

- T, ®)
145Ms—1508

A small value of M ensures high stability margin. So, the typical value of M is
general adjusted to be in the range of 1.2 to0 2.0

3 Design of the IMC Based PID Control

The purpose of this segment is to develop a basic feedback controller as an internal
model system. The IMC rule for sundry modern cycle transfer functions is similar to
the PID input system [14, 17], and The PID control algorithm is the basic input that has
been developed for industrial processes due to its effortless and realistic applications.
Theregular IMC input equivalence is obtained by modifying Fig. 2. The standard feed-
back controller Gpypy(s)or C(s)represented Fig. 2 and is the function of Plant model
m (s)and IMC controller Q(s)shown in Eq. (9) is the IMC based PID relation, is

approximated to the ideal PID controller of the form given by Eq. (10).
C(s) = 0(9)/[1-Gyy (9Q(9)] ©)

Gy (5) =C(5) = KplT,T, s> +Tos +1/T}s] (10)

In order to create a PID controller based on the IMC concept, Q(s)is not made
appropriate. The Q(s)polynomial numerator of one order is rendered higher than the
polynomial denominator with a a'ivutivc alternative and this is important forreceiving
the PID controller [8, 14, 18]. First order Padé approximation is used for the delay
el t & of the plant model G, (s)to eliminate the behavior of predictive elements
in the design of the PID controller. The first order Padé approximation is represented
in Eq. (9) [14, 19].The PID controller tuned using IMC principle has only one adjusting
term A which provides both performance and robustness in spite of model uncertain-
ties.

Gels) || Leadla Gals)
Feedback Contmlker Filer + Pmcass

Fig. 2: Feedback Control Structure.




The following steps are used in the IMC-Based PID control system design:
o  Find the IMC controller transfer function, which includes a filter to make it semi-
per
¢ Find the equivalent standard feedback controller using the transformation
C(s) = 0(5)/[1- Gy, ()Q(9)] (11)
* Compare the above equation with this PID controller from and find Kp, T; and Ty.
Gpp (5)=C(s5) = K_;;[T;?:;Sz +Tis+1/T;5] (12)

o Perform closed-loop simulation for both the perfect model case and case with model
mismatch. Choose the desired value for A as a trade-off between performance and
robustness.

4 Simulation Results

The MATLAB simulations are carried out on a'}érent patients based on their drug
sensitivity (Nominal, Sensitive and Insensitive). The performance of the IMC based
PI/PID, IMC and

P controller to regulate the blood pressure by -30 mmHg to SNP drug infusion rate
and error of different cases is carried out.

C a: Sensitive Patient
IMC-Based PID design for a First order plus dead time process of sensitive patient

of Eq. (13)is

Gy (5) = —9¢ 2 /(305 +1) (13)

Step 1:  First order Pade’ approximation

¢ =(1-0505)/(1+0.505) (14)

Gy (5)=-9(1-10s)/[ (1+10s)(1+30s) | (15)

Step 2: Factorising the sensitive patient model with Pade’ approximation into invertible
Eq. (16) and non-invertible portions Eq. (17)

(;M_(s)=—9/[(1+10.v)(1+30.\-)] (16)

Gy, (5) =(1-10s) (17)

Step 3: IMC controller is




O(s)=[ (305 +1)(1+10s) ][ -9(97.7275 +1) ] (18)
Step 4 : Closed Loop Controller (PID) is

. (30s+1)(1+105)/[-9(97.7275 +1)] .
O = T 105 (9772754 1) (2

The K, Ti and Ta values are obtained by comparing Eq. (19) with the standard PID
equation Eq. (10).

The simulation of the results of drug infusion rate, Blood pressure recovery and
error of sensitive patient are represented in figures 3, 4 and 5 respectively.

Case 2 : Nominal Patient
The mathematical model of nominal patient is given by Eq. (20)

o, [1404e75)
Gy (5)=-07143¢ " -—u—~ 20
'“ (1+405) @0
Step 1: First order Pade’ approximation of time delay element is Eq. (21)
-22 5y
30y _ (]—]55) e 455 _ (1 ""'5"') (2]]

(1+155) (1+22.55)

Step 2: Factorising the nominal patient model with Pade’ approximation into invertible
Eq. (22) and non-invertible portions Eq. (23)

Grr(5) = —0.7143 @

M= (14155) (1+ 405) (1+22.55) -

e (5) (1-155) s

¥ S)= &
M T(1+22.55) +0.4(1-22 55) | @)

Step 3: The IMC controller is
1+40s)(1+22.55)(1+15s

ooy (1405 (14 2259)(14155) 4 o

8 ~0.7143 (1+1s)
5
Where value of & as 97.273, which is having range & > 0.21.

Step 4 : The closed loop controller (PID) is Eq. (25)

The simulation of the results of drug infusion rate, Blood pressure recovery and
error of nominal patient are represented in figures 6, 7 and 8 respectively.

Case 3: Insensitive Patient




The mathematical representation of the dynamics of insensitive patient are depicted

in Eq. (26)
(1+405)(1+ 22.55)(14155) 1
o) ~0.7143 (1+4s)
)= — 5
(1+40s)(1+2255)(1+155), 1, (25)
07143 (1+4s)
1_
. [1+ﬂ.4e'45')
07143 M —— 1
(1+405)
“ [1+0.4e'?5-‘)
G (5) =—0.1786¢ W (26)
Sensites Patiant Eensitwa Patiert
a5 T T T
A e ’ 5
25 /'f Ak,
% 2 ! F6
il £l —
sy | La I| P Contl | {
05 .; . \
“o W om0 0 sm mr_mm T ]

Fig. 3 SNP Drug infusion rate in sensitive
patient
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Fig. 5 Error in BP regulation in Sensitive
patient

Fig. 4 Blood Pressure recovery with
drug infusion in Sensitive patient

Fig. 6 SNP Drug infusion rate in Nomi-
nal patient

Step 1: First order Pade’ approximation of time delay element is Eq. (27)




05 _—30s+1 - 75 =37.55+1 @7

305+1 3755 +1

Step 2: Factorising the nominal patient model with Pade’ approximation into invertible
Eq. (28) and non-invertible portions Eq. (29)

—0.1786

Gy (s)= 28
u-(5) (605 +1)(305+1)(37 55+1) )
Gy, (5)=1(305+1)(22.55 +1.4) (29)
Step 3: The IMC controller is
)= (605 +1)(30s +1)(375s+1) 1 30)
—0.1786 97.727s +1
Step 4: The closed loop controller (PID) is
60(30s5+1)s+1)(37.55+1
(60305 1) 41)(375541) -

—0.1786(97.727s+ 1) *
[[]—[(—3(}.\‘+]][22.5.\‘+]]J

The simulation of the results of drug infusion rate, Blood pressure recovery and error
of insensitive patient are represented in Fig 9, 10 and 11 respectively.

Table 1: PID tuning values and IMC Controller

Patient Kp Ki 0fs)
. (305 +1)
v - - Q
Sensitive  -00561 -0.0019 (79585 0 ) (1 +977275%)
Insensitive 13625 -0.0227 (605 1)
(17 45405 +0.1786) (1 +97.7273s)
. 405 +1
Nominal 05450 -00136 ( )
(69.80s+1)(1+97.72735)

alc results described indicate that the PID controller tuned using IMC principle
provides best possible performance for all nature of patients for faster recovery and
regulation of Mean Arterial Blood Pressure in comparison to other controller method-
ologies considered. This helps the patient to recover faster post surgery and regulates
MABP in elderly persons with hypertension. This technique can be extended to other
applications relating to biomedical, medical electronics and assistive devices.
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Conclusion

Diabetes is a chronic disease, which causes serious health problems like ey fail-

ure and heart stroke and recovery post-surgery is crucial in such patients. To control
the mean arterial blood pressure a precise and accurate amount of external antidote SNP
1s needed to be injected into the human body. In this study, an IMC based PI/PID Con-
troller is constructed for regulating the MABP and infusion of SNP in various nature of
patients. The proposed methodology has provided faster recovery of MABP and precise
control of SNP infusion, helping in faster recovery of patients.
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