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ABSTRACT

This article is aimed to inject insulin for typediabetes using pumping the insulin with respecital
disturbance. We have used the embedded linear pteawarying methodology controller and the final
results were compared with the Harr wavelet mathiealavalues. In this article, there are three gkinve
need to focus. First is the sensor values whicto ibe monitored from the sensors and next is the la
information. Depending on the patients test detiiés insulin has to be injected. The comparisomabf
details with the Patients current sensor valueg plaital role in determining the insulin level farpatient.
Finally the feedback has to be obtained with thp béthose comparisons and it has to be sent agaa
as a loop to the controller for later comparisod also for database information. The embedded clbatr
is the key element for updating all the informatairout the patient and it will control all the paeters of
the board. The experimental results shows thaptbposed method has much better potential in tefms
solution accuracy as 97% and better convergencedsipecomparison with Haar Wavelet Model which
proved 89.09% of accuracy of the assured valuesioéxperiments.

Keywords: Blood Glucose, Insulin, Glucose Tolerance Tesg-Piabetes, Controller Section, Pumping
Method, Haar Wavelet

1. INTRODUCTION concentrated on Type 1 diabetes. The statisticthef
World Health Organization (WHO) mention that an
The diabetes is the most common widespread diseaséncrease of adult diabetes population from 171 iomill
Insulin is an enzyme, made by the pancreas whichpeople in the year 2000 to 366 million worldwidetie
releases insulin into the blood. If our body is abte to  year 2030 due to the stress and unhealthy lifestyle
produce insulin, then the glucose stays in our dbland (Haugstvedtt al., 2010). Several models (Pillonettl .,
makes the blood glucose level high thriving prebdias  2001) are developed for type 1 diabetes patiemitilly
or diabetes. Blood glucose control is the mostrdge Bergma minimal model and its extension of thregesta
research area. Insulin-dependent diabetes is ca@lipd model has been used as simplest but the majoritheof
1 diabetes (Andraset al., 2009; Bergenstadt al., 2010; components of the glucose-insulin interaction were
Thabit, 2012; Ananthaet al., 2013), is the most ignored. The most complex model is Sorensen-model,
frequently occurred diabetes to adults. The otieretes  defines the human blood glucose dynamics in a geeci
is called Type 2 diabetes which is insulin-indepmrtd manner but it is hardly used because of its coniiylex
diabetes (Ismail et al., 2013), our research is The closed loop glucose regulation (Chee and Feman
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algorithm which is based on the glucose dimensibiis, QL=
capable to decide the necessary insulin dosagissign

an appropriate control an adequate model is negessa  gjimjjarly, the mass balance equation for bloodlinsu
The proposed system is developed for Type-I diabeti j5 gerived. The insulin is created by the pancegasrate
patient using a simulation model based on Embedde ependent, on the plasma glucose level. However, if

control design, it has the closed loop feedbackirobn  fa|ls below a certain thresholdp), insulin production
algorithm with meal disturbance and time delay and reduces and is defined in Equation (5):

compared with Harr Wavelet method. The proposed

model gives the steady-state insulin concentrafion

milli Units per ml blood) and the steady-state lloo nsulin Production Rate{
glucose concentration (in mg per ml)

1.1. Blood Glucose Regulation Insulin is ruined through a reaction relating the
indulines enzyme, at a rate proportional to its

When plasma glucose levels are elevated, insulinconcentration in blood is defined in Equation (6):
emission is stimulated. It raises the level of limsin the

blood, which increases the uptake of blood glucose |nsulin Destruction Rate o (6)
through the tissues (Li and Hu, 2007; Dareteal.,

2011). The improved depletion of glucose from the  Combine Equation (5 and 6) researcher get the
blood and interstitial fluid leads to a decreaselircose  following equation concerning the steady-state llefey
concentration, which consequently produces a dserea tg that of x is defined in Equation (7 and 8):

in insulin secretionFigure 1 represents the regulation of

blood glucose and insulin. There are three waysutin Y =0,x<¢

which glucose is eliminated from the blood. Firshen B (8)

X is elevated beyond a certain thresh@ly it is excreted  —=(X-0),x2¢

by the kidneys at a rate proportional to the gnaidie
between x an@ and defined in Equation (1):

(4)

2007) needs glucose sensor, insulin pump and dontro AX +VXy,X<0
AX +Vxy + (X —0),x >0

0,x<¢

5
B(x-¢).x>¢ )

In Fig. 2 steady-state insulin concentration (in milli
Units per ml blood) is plotted against the steatdyes
H(x —6),x>8 blood glucose concentration (in mg per ml bloodhe T
Renal Loss Rate (1) ; X . X .
0,x<6 insulin reaction to glucose is exposed as the matiarve,
while the lighter curve reveals the glucose madanica

Second, glucose leaves the blood to enter most cell €quation (Salzsiedet al., 1985; Sorensen, 1985). _
through facilitated diffusion. The rate of glucose '€ pzéramehter valueis ﬁ?";ygd In Tt1h|s (_:a7l%lgt|on
utilization depends only on the extracellular-to- COMMESPON to the normal adut= 2.5 mgml, | =

-1 - =1 — L1 _
intracellular deliberation ascent (Cobelli and Mari mih, A = 2470 mif’, v = 139000 mUh™, &= 0.51

e " mgml, B a = 7600 mIA* and QL = 8400 mgh The
.1983)' In th(_e majority of cpndmc_)ns, researchen ca intersection of the glucose and insulin curvesdgehe
ignore the intracellular deliberation (Lehmann and

) . ) steady-state operating point labeled N, where theoge
Deutsch, 1992; Andreasseral., 1994) Equation (2): concentration is 0.81 mg miand the insulin concentration

is 0.055 mU mC%. This model is used to predict the

Tissue Utilization Rate Insulin-indepentg=Ax 2) steady-state operating levels of glucose and imshiat
would arise from diabetes (Man and Cobelli, 2006).
Third, the rate at which glucose is filling up these In type-ldiabetes, the main defect is in the ingbof
cells is proportional to x as well as to the blansulin ~ the islet cells in the pancreas to produce sufiiciesulin
concentration y Equation (3): (Hovorkaet al., 2004). The most common form of this

disorder begins in childhood and, for this reasibns
3) called juvenile-onset diabetes (Del Favetal., 2011).
The other form begins in adulthood and is known as
ketone prone diabetes. We can model this condtipn
Equating the inflow to the sum of the three outlow |owering the sensitivity of the insulin response to
we obtain the following mass balance equations forglucoseFig. 2b demonstrates the effect of reducphip
blood glucose which is defined in Equation (4): 200/0 of its normal value.

Tissue Utilization Rate Insulin  dependprt xy\
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Fig. 1. Regulation of blood glucose and insulin
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Fig. 2. Steady state analysis of blood glucose regulgpmNormal (b) Type-2 diabetes (c) Type-1 diabetes

The new steady-state operating point is now glucose concentration of 1.28 mg mland plasma
established at D1, Resulting in a highly elevatémbd insulin concentration of 0.029 mU /L
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2. MATERIALSAND METHODS The process will be repeated for a certain peribd o
time to maintain a database because, whenever we
2.1. Controller Design need we will check the database with the help rogti

calculations and it will be easy for maintaining a

Co , patient detail in a database manner. The entryhef t
the glucose sensor and is given as the input todahgol person is based on sensors then lab test has to be

system (Maret al., 2007). The protocols can be invasive, ¢qnqycted for the patient and the details will terexd
minimally invasive or non-invasive techniques. Isu i, EEPROM and as well as display’s in LCD. Then
infusion pump acts as a controller to regulate the i the help of sensors we will measure the
patient’s blood glucose level. The insulin infusjpmmp information’s and should displays in LCD. At the
will deliver the insulin according to the contralleutput same time the measured values will be saved in
with set value of time delay. The diabetic patierddel EEPROM for comparison and as well as for getting
was constructed using MATLAB software. It has two e getails of the patient at any time. Compare the
inputs, insulin delivery with nominal value of 228U g req information’s of the sensors and lab testeva
min™ and meal disturbance with nominal value 0 mg with the help of EEPROM. With the comparison, we
min™ and one measured output (Viciei al., 1997;  will provide suitable level of insulin to the patie

1999). Based on the output of the patient modeingh  Repeat the process with the help of controller.
in infusion rate is calculated and is given as ithygut

then the responses of the patient models are @ptain 2-3- Algorithm
The feedback control system that could controlbdoed
glucose within the nominal level with less settlitigne
(Tayloret al., 1996; Pillonettat al., 2001).

The blood glucose level of the patient is measbned

The algorithmic process is given below and defined
in Equation (9):

2.2. Embedded Model System 1,x0[e, ().¢,]
Embedded model system is shownFiig. 3. There ~ ()= -10[e, ()¢, ()] 9)
are three sensors used such as Glucose level sensor 0,elsewhere

pressure sensor, temperature sensor. The senslbrs Wii =21 +k+1,j20,0< k< 2 - 1
be of analog format. The researcher will use anabog T T
digital converter to convert analog to digital vedu

(Basuet al., 2003; 2006). Whenever the patient enters Here:

the lab, they need to be monitored and providedh wit

exact solution with the help of database. The Ratie Hereg _k c _k+05 anc _k+1
glucose level goes beyond the normal level; mT? om T m
automatically insulin will be injected with the pebf m=2,j=0,1,2,..J

controller section. In this article we will firsvdk for the
entry of the person. If the person enters the halstiien
the lab test has to be conducted for them. Theareker
will conduct only one test based on glucose leVéis
could be called as lab report.

Next we have to check the glucose, temperature,x, =
pressure of the person and maintain a databaseallith
the details based on time. Finally the researchér w
compare the test result with the original valuesthis parts of equal lengtiat -1 to get coefficient matrix H
there are three conditions to be compared and ) - 2m )
monitored. The first one is normal level of glucesel O order 2mx2m is defined in Equation (10):
the next is below level of glucose and the finaé ds

J is the maximum level of resolution k =0,1,2,...m-1
k is the translation parameter. The index is i =k#ri
Maximum of i is M=2m=%".The collection points
I-0.5
2m
Haar function ({x) by dividing the interval [0,1] into 2m

,1=0,1,2,...2m, are obtained by discretizing

higher level of glucose. From this comparison, wi w 1111

come to know how much of insulin we need to injtect 11-1-1

the person and this will be send as a feedback¢o t H=| _ (10)
controller again for maintaining the glucose lewethe 001- 1

blood the data’s shown ifiable 1.
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Fig. 3. Embedded model system
Table 1. Blood glucose levels
BGL 70-89 mg dC* BGL 90-119 mg dr* BGL 120-179 mg D[* BGL > 180 mg di* Altering in infusion rate
- BGL 1 by > 40 mg/dL/hr BGIL 1 Infusion By “2A”

- BGL 1 by > 20 mg/dL/hr BGLt by 1-40 mg/dL/hr
BGL?1 BGL 1 by 1-20 mg/dL/hr ~ BGL by 1-40 mg/dL/hr
BGL | by 1-20 mg/dL/hr  BGL, by 21-40 mg/dL/hr  BGL by 41-80 mg/dL/hr
BGL | by > 20 mg/dL/hr  BGL] by > 40 mg/dL/hr BGL by > 80 mg/dL/hr

BGL by 1-40 mg/dL/hr 1 Infusion By ‘A”
BGL by 41-80 mg/dL/hr  No Infusion Change
BGL by 81-120 g/dL/hr | Infusion By “A”
BGL by>120 mg/dL/hr | Infusion By “25”

Note, Haar wavelet is orthogonal and defined in 2.4. Function approximation

Equation (11):

Haar wavelets are orthogonal; any square Integral
| Lebesgue function over [0,1] can be expressedHiatar

(ie)ih (Oh (x)dx= E,for,i =1 (11) wavelets series as defined in Equation (13):
0 0,for,iz1 a
(x)=2ah (x) (13)
i=1
The operational matrix P which is a 2m.
Square matrix is defined in Equation (12): Hereg are Haar wavelet coefficients.

P, (¥)=[h (tdt

If y(x) be piecewise constant, then sum can be
terminated to finite term and defined in Equatid®aA)(

Then: Yx)=3ah ()= H
xx X a'={a.a_a, . (14)
P)=[[..[h ()t { } :
AA A H={h,(x),h, (x),...h,,, (x)
— 1 T _+\a-1
(@ —1)£(X O h (e (12) The norm of error functionv(l) =y .=y X)) IS
a=23..n,and,E 1,2..2r defined in Equation (15):
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2M o 1
Ivll, = v )? (15)
i=1
Local estimates is defined in Equation (16):
51,:L :Maxy(x')—ﬁ (16)
yex X Isls2M yex(x I)

Global estimate is defined in Equation (17):

V|
M, an

Absolute error is defined in 17 Equation (18):

€ = Max
1<l<2M

Yaon (%)= Yo %) (18)

2.4.1. Application in Solving Linear ODE

Consider f{ order linear ODE Ly(x)=f(x),&x<B, L-
Differential operator

Stepl: The derivatives are defined in Equation (B9,
2M

y'(x) =2 an (x) (19)
i=1

Step2: For a<n:

n

V(0= 38R (X3 (x- AY (20)
i=l o=10!

the numerical solution and defined in Equation

(20 and 21):
X =|2§:Ml;am (x) (21)
x=3aR, (9+ x(0) (22)
Where:

R, (0= h (dt

2.4.2. Method of Solution

Consider the Equation (21 to 24) for deriving the
solution:

CG% - U(t) + QL - Ax— vxy 23)
Sub (20) and (21) in (23):

e[ San )= v+ QL-

A@a R, 0+ x(O)} _ (24)

V[Izz:j:a Fﬁi (x)+ X(O)j| y

Figure 4 gives the details of Harr wavelet

Step3: Substitute various derivatives as obtained i mathematical approach controller output withoutirgiv
step (1) and (2) in the above equation, we getinsulin for every 30 min duration.
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Fig. 4. Blood glucose without insulin
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Fig. 6. Insulin and 100 gm meal

Figure 5 gives the details of Harr wavelet 30 min duration with respect the meal and blood
mathematical approach controller output with giving glucose level.
insulin for every 30 min duration and the meal
disturbance is 100 gm for very one hour. 3.RESULTS

As per the standard Glucose Tolerence tesg, 6
gives the details of Harr wavelet mathematical This model allows us to predict the effect of the

approach controller output by giving insulin forezy various control signals on glucose production al as
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the insulin independent and dependent components ofike free fatty acids and their interaction withugbse
glucose utilization in addition; hepatic insulintexction and insulin is not considered. Finally, when maugli
can also be predicted. The model consists of aogkic daily life, it would be important to include diuina
and insulin subsystem. The glucose system is destri variation of parameters A new in silica model oé th
by a two-compartment model, the first representing glucose-insulin regulatory system has been predente
glucose mass in plasma and rapidly equilibratisguies ~ Focusing on quantitating physiological events after
and the second the slowly equilibrating tissues. meal is of obvious importance because this route is
Glucose utilization has both an insulin-independentused in everyday life. The postprandial state Has a
component occurring in plasma and an insulin- been intensively investigated in recent years; tloue
dependent component in the second compartment. Thean take advantage of all new quantitative knowdedg
insulin-independent  utilization is constant and that has become available. The model is made by a
represents glucose uptake by CNS and erythrocytesnumber of parsimonious sub models describing the
while the insulin-dependent utilization is conteall  various unit processes that have been identifiéugus
nonlinearly by glucose in the tissue compartment an forcing function strategy. This falls into 3 basic
insulin in the interstitial fluid. Endogenous gles  components of the insulin regimen:
production control by glucose and insulin implensent
recent knowledge, in particular it assumes that fas* A correction dose based on the difference

suppression occurs through a portal insulin signal, between actual BG level and a target Blood
while slower inhibition by a delayed insulin signal glucose level, divided by a correction factor of
possibly a surrogate of interstitial fluid/free tiaticids insulin sensitivity (in BG counts per u nit of
signal. A novel form of glucose transit from side t insulin, or more correctly mg/dl/unit)

side the gastro-intestinal tract is used to describ * A meal bolus or a single large dose of insulin to
glucose ingestion and absorption. This feature is  cover a meal about to be eaten based on a count of

important because previous simulation models eithers carbohydrate grams of the food multiplied by the

allowed only intravenous glucose administration.PIC  insulin-to-carb-ratio (I/c) in units per gram

simulator IDE is used as a simulator for this peoje ¢ Basal insulin or slow release (background) insulin

Modules used in this simulation are LCD, that a person needs all the occasion The new
Microcontroller view and EEPROM for seeing the insulin analogs such as Lantus and Levimur last
desired sensor values and outputs. In this the <€D for 12 to 24 h and give a low slow dose of

mainly used to display the contents and background insulinKig. 8 and 9)

microcontroller view is used for setting the sensor ] . )

values manually because it is only a simulationwie A formula frequently educated to diabetic childten

and EEPROM is used to display the sensor values orfalculate their insulin requirement before a meal i
each address and as well as output’s on each-#ipfj.

The insulin system is described by a two- Pre— meal insulin injectioff in unik
compartment model. Degradation is assumed to occur =Correction dose+r meal bolus
linearly in the periphery while liver degradation i
assumed to be time-varying in agreement with curren where, the correction dose = ((Actual BG levelyge
knowledge. Insulin secretion is assumed to beBGlevel))/(Insulin sensitivity factor in BG counizer
dependent on both plasma glucose concentration andnit).
its rate of change as with all models, nearby are a The meal bolus = (grams of carbs in food abouteto b
number of restrictions. eat/(Insulin to carb proportion used for that meal)

The most important is that count regulatory Here are the key variables in the algorithms
hormones, such as glucagon, epinephrine and growthlefinitions are.
hormone, have not been considered. This will be
considered in future model developments. This il 3.1 Target Value
also important for extending the model to type 1  The desired intermediate value (often 110 mg'dL
diabetes. Another limitation concerns the glosstiaen used to calculate a precise correction bolus (g®wd
nature of the model; the role of other stimulatesstates  to the upper and lower values of a target range).
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Fig. 9. Insulin level on 5 h period
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Fig. 12. Glucose temperature pressure output
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3.2. Insulin Sensitivity Factor

Ratio of the predictable impact of insulin on the
blood sugar given in mg/dl per unit of insulin. e,
one persons sensitivity might be a drop in 60 mg ot
blood sugar per unit of insulin given.

3.3. Insulin-to-Carb Ratio

The ratio of grams of glucose enclosed by one afit
insulin, generally given as grams per unit. Theora
particular to one meal for that one diabetic person
(breakfast = 15 g0, lunch = 19 g th).

3.4, Basal Rate

The rate of incessant insulin liberation for basal
requirements equivalent to the total daily basaliim
such as from Lantus or Levimur.

Enter the insulin pump. Compared to the long acting
insulin, the continuous infusion of fast-actingutis for
basal needs offers these benefits:

Accurate low rate delivery making CSII possible
Elimination of the peaks and valleys of those iimsul
profiles, the dynamic ability to dial back the basa
insulin to react to an impending low blood sugar,
Control and memory of the basal profile, to actuall
“fit” the basal profile to the specific needs of
individuals

Accurate small boluses, as needed for more precise
carb counting

Precise correction doses, allowing partial unit®%0

to 0.1 units) and lower BG targets instead of the
upper level of a target range

Achieving tighter blood glucose manage, which
ultimately realize a lower HbAlc

Hence, the algorithm for interfacing with the
insulin pump is the same as with intensive insulin
therapy, but utilizes a basal rate of truth-
temporary insulin. The explanation parameters, as
shown in the “data store” boxes in the diagram,
are all required to control the insulin pump and
preserve be “learned” by the insulin pump with
the use of adaptive variablesig. 10-15)

4. DISCUSSION

The proposed system is controlled by the operatfon
two methods, one is Harr wavelet mathematical aggro
and the other is Embedded based non-linear parametr
controller algorithm. In each method a proposed
algorithm is fed to the system which yields twofaliént
outputs. The outcome of this the embedded nonilinea
method gives 97% accuracy when compared to the
standard gold chart and Harr wavelet mathematical
proved 89.09% accuracy.

5. CONCLUSION

The same characteristics that make for a good

robust of basal insulin also benefit the pump user
all insulin needs:
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In this article, the modeling strategy is novel dnad
taken advantage of a unique meal data set botbrmad
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and type 1 diabetes in which plasma concentrationsBergenstal, R.M., W.V. Tamborlane, A. Ahmann, J.B.
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