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Abstract: Unstable nature m blood sugar of diabetic patients influences more innovative techniques to come
for regular usage. Researcher proposes a new approach to control the glucose level of diabetic patients using

various biological metrics of the patients. The proposed system 1s a fuzzy one which uses various rule sets to

control the glucose level. Researcher uses the following biological metrics like body temperature, pressure,
glucose, red blood cell count, white blood cell count and plasma cells. All the biological features are monitored
periodically based on which the proposed system comes to a decision of injecting insulin and rate of medicine.

Researcher used various control circuits and regulators and monitors to track the biological features

dynamically. The proposed systems have more impact on society for the better control of diabetics.
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INTRODUCTION

About 68.27 million people in this world suffer from
diabetes which has many complications such as heart
disease and stroke, high blood pressure, kidney disease,
eye disease, nervous system disease and amputations.
The hormone msulin has many functions in the body;
most importantly it influences the entry of glucose into
cells. The lack of insulin prevents glucose from entering
the cells and being utilized and leads to excess blood
sugar and excretion of large volumes of urine,
dehydration and thirst. The curent treatment method
for insulin-dependent diabetes includes sub-cutaneous
msulin mjection or continuous infusion of insulin via an
msulin pump. The former treatment requires patients to
inject insulin four to five times a day. The amount of
injection is usually determined by a glucose measurement,
an approximation of the glucose content of the upcoming
meal and estimated msuln release kinetics. The
continuous insulin infusion pump allows for more
predictable delivery due to its constant infusion rate into
a subcutaneous delivery site. Keeping the blood glucose
levels as close to normal as possible 1s essential for
preventing diabetes related complications. Tdeally this
level is between 90 and 130 mg d 1.~ before meal and <180
2 h after starting a meal. The ideal treatment for controlling
blood glucose levels in insulin dependent diabetic
patients would be the use of an artificial pancreas which
would have the following components:

* A glucose sensor to monitor the blood glucose
continuously with sufficient reliability and precision

*  An insulin infusion pumps to supply the required
amount of insulin into the blood

Safe delivery of msulin in this way requires glucose
sensors. Two types of sensors have been developed
during the last 30 years, minimal invasive and
non-invasive (Koschinsky and Heinemann, 2001). The
non-invasive approaches are carried out using optical
glucose sensors. These sensors work by directing a light
beam through intact skin and measuring the properties of
the reflected light that are altered either as a result of
direct mteraction with glucose or due to the mdirect
effects of glucose by mnducing changes in the physical
properties of skin. These optical sensors are not able to
measure glucose with sufficient precision. On the other
hand, mimmally mvasive sensors measure the glucose
concentration m the interstitial fluid of the skin or m the
sub-cutis. There is a free and rapid exchange of glucose
molecules and interstitial fluid. Therefore, changes in
blood glucose are correlated. However, there 1s a time
delay between these changes varymng from a few
seconds to 1 h which complicates the interpretation of
measurement results (Roe and Smoller, 1998). The
magnitude of this delay depends on factors such as the
absolute glucose concentrations and direction of change.
The Type-1 Diabetes Mellitus (TI1DM) is a metabolic
disease caused by the auto-immune destruction of
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pancreatic beta cells, resulting in an ingignificant
release of insulin mto the blood stream. The developed
treatments around T1DM have been addressed to
satisfy the msulin requirements, mainly through the
re-establishment of insulin  delivery function as
pancreatic islet transportation (Morath and Zeier, 2009,
Shapiro et al., 2000) or by the substitution of the secretary
function by means of an external mechanism, like insulin
infusion (Lenhard and Reeves, 2001). In both options, the
aim 1s to ensure insulin to metabolize blood glucose
(Molitch and Korenman, 2000).

Since, insulin was synthesized, daily 1insulin
injections have become the most accessible and
popular treatment of TIDM; nevertheless, the successful
substitution of the pancreatic insulin release has required
extensive work regarding the seolution of its essential
problem: supplying the required insulin amount to
compensate blood glucose variations. Many advances
have been addressed to develop suitable technology for
msulin infusion and glucose measurement (Lenhard and
Reeves, 2001 ; Mastrototaro, 2000; Bequette, 2005).

Background: There are various micro control system has
been designed in the past to support various analysis of
biological system.

Fuzzy Logic Based Water Bath Temperature Control
System (Verma and Gupta, 2012), proposed a design to
control the water bath which 1s most widely used in the
process industry. Water bath conventional controllers are
derived from control theory techniques to be controlled.
The purpose of the feedback controller is to guarantee a
desired response of the output y. The study devoted to
control design method using Fuzzy Logic Controller (F1.C)
based non-linear control for water bath temperature to
obtain the desired output water temperature of water bath
and to implement them i a FLC for a temperature
controller system.

Tuan et al. (2001) proposes Fuzzy Control System
which uses parameterized inequality techniques to control
the systems where as an predictive control for fuzzy
system is proposed by Huang ef al. (2000) to control the
fuzzy systems based on nonlinear process. In this
approach a fuzzy convolve model with different fuzzy
unplications are used. Fuzzy system based scrap
conveyor has been proposed by Li et al. (2011) to get
automatic control over tail frame of the conveyor. In this
they have applied fuzzy logic on the hydraulic system to
control the hydraulic cylinder which controls the
electromagnetic valves.

In Fuzzy Logic Based Paper Feeding Control System
using Self-Adaptive PID for Fruit-Bag Machine
(Zhang et al, 2008), researchers presents a control
system of feeding paper in fruit-bag machine based on
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fuzzy parameter self-adaptive PTD. First, it put forward the
mathematical model of control system according to the
design characters. Then, it analyzed the structure and
rules of controller and estimated the fuzzy parameters
of PID by evaluating fuzzy relations equation. The
theoretical analysis and system experimental test show
that fruit-bag machine can automatically adjust
deviator location according to roll size while feeding paper
(Lee, 1990). Tt could solve the problem of paper wrinkling
caused by drifting or deviation, mncorrect congruence of
internal and external bag. Tt apparently strengthens the
stability of the whole producing process and improved
the quality of fruit-bag.

Researchers discussed various methodologies
described for various purposes, all are working with
single valued fuzzy logics (Sandhu et al., 1996) and the
researchers have the problem of controlling sugar level of
human biological system using multi variant features and
multiple rule sets (Zadeh, 1965; Mamdani and Assilian,
1975).

MATERIALS AND METHODS

Embedded model system: Embedded model system 1s
shown in Fig. 1. Glucose level sensor, pressure sensor,
temperature sensor are the sensors used in this system.
The sensors will be of analog format and so, the
researcher will use analog to digital converter to convert
analog to digital values. Whenever the patient enters the
lab he/she need to be momtored and provided with exact
solution with the help of database. Whenever the
patient’s glucose level goes beyond the normal level,
automatically insulin will be injected with the help of
controller section. If the person enters the hospital, the
lab test has to be conducted for im/her. Researcher will
conduct only one test based on glucose level Ths
could be called lab as report. Next, check the glucose,
temperature, pressure of the person will be checked and
a database will be maintained with all the details based on
time, from the details, researcher will compare the test
result with the original values. Tn this there are three

Lab report
details
Output display
(LCD)

Temperature
sensor

Pressure
> Sensor

Lo o

Controller

section

Data base of
temperature, pressure
and glucose levels

Patient

Glucose
ensor

Fig. 1: Embedded model system
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Table 1: Blood glucose levels

BGL 70-89 mg dL.™! BGL 90-119 mg dL™!

BGL 120-179 mg dL!

BGL=180 mg dL.™ Altering in infision rate

- BGL1 by >40 mg/dL/h BGLI 1Infusion by “2A”
- BGL1 by =20 mg/dl/h BGL1 by 140 mg/dl./h BGL! by 1-40 mg/dl/h Infusion by “A”
BGL1 BGL1T by 1-20 mg/dL/h BGL!} by 140 mg/dL/h BGL!} by 41-80 mg/dL/h No infusion change
BGL by 1-20 mg/dl/h BGL! by 21-40 mg/dl/h BGL! by 41-80 mg/dl./h BGL! by 81-120mg/dl.'h | Tnfiusion by “A”
BGL! by >20 me/dL/h BGL! by >40 me/dL/h BGL! by >80 mg/dL/h BGL! by >120 mg/dL/h | Infusion by “2A™
Timer control Diabetic
Mot Multi varient fuzzyl s, Temperature/pressure controller
o SO
or logic diabetic glucose sensor <<= Fuzzy rule sets

Control Microcontroller

based fuzzy rule sets

0

[Amplifier|

Pressure output]

Pressure cuff)
Pressure sensoJF>

Fig. 2: Pressure monitor
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conditions to be compared and monitored. The first one
15 normal level of glucose. From this comparison,
researchers will come to know how much of msulin we
need to inject to the person and this will be sent as a
feedback to the controller again for maintaining the
glucose level in the blood, the data’s shown m Table 1.
The process will be repeated for a certain period of time to
maintain a database because whenever we need we will
check the database with the help of time calculations and
1t will be easy for mamntaining a patient detail in a database
manner.

The entry of the person is based on sensors and
whenever the person enters the lab test has to be
conducted for the patient and the details will be stored in
EEPROM and displayed in LCD. Then with the help of
sensors, researcher will measure the mformation of the
sensors and lab test value with the help of EEPROM.
With the comparison, researchers will provide suitable
level of insulin to the patient. The process with the help
of controller has to be repeated.

Fuzzy logic based model system: Figure 2 shows the flow
temperature sensing operation and the operation can be
controlled through different mechanical interfaces as
buttons. The Microcontroller Unit (MCT) acts as the main
component which controls most of the operations
performed by the system like analog to digital conversion
and controlling the motor and valves. The resultant
values produced by the system can be seen through the
light emitting diodes attached.

The pressure monitor has an analog circuit to amplify
the signals AC/DC components in order to process the
signal through MCTJ to get valid and effective useful
mformation’s about the biological object.
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Fig. 3: Block diagram of Fuzzy Logic Diabetic Control
system

The Fuzzy Logic Systems works through the rule set
provided and the set of values which are logically
analyzed and has values between 0 and 1 whereas digital
systems uses only discrete values either 1 or 0. For
decision making the rule set has to be prepared with more
explore and has to consider each condition to get a rule
and come up with more rules. The fuzzy system could be
adapted for medical solutions and here researcher
focus on implementing the fuzzy systems to momtor the
sugar level of the biological system and control the blood
sugar based on the values get from the sensors. The
blood sugar reading of the patient will be varying at
all the times in different time frames and we designa
tool to monitor that and try to control based on different
rules.

Like these monitors any biological feature can be
monitored in nature. There are many nventions for the
monitoring and controlling the biological features of the
human. Researcher discusses few of them here and
analyzes the results produced by them.

Fuzzy Logic Diabetic Control System: This proposed
system containg the following micro controllers namely
timer controller, diabetic controller attached to the system.
The proposed system controls the injection of msulin mto
the human biological system based on the result of fuzzy
system with the help of the reading of the sensors and
few other factors (Fig. 3).

Timer controller: This controls the sensors attached to
the body of the human. The timer is an automatic circuit
used to trigger the sensors attached to the body of a
human. It tnggers the sensors periodically m certain
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intervals. Tt receives the analog data from the sensors and
converts to digital form and hand over to the diabetic
controller. Here, KP 1s an mput set of temperature:

P ={96,98,100,102,104}
Q is an input set of pressure:

Q ={90, 100, 110, 120, 130, 140, 150, 160, 170}

R is an input set of glucose:

{

T 18 an input set of time:

120, 140, 160, 180, 200, 220,240, 260,
280, 300, 350, 400, 450, 500

}

T=42,4, 6,8, 10, 12, 14, 16, 18, 20, 22, 24}

Rb 18 an mput set of red block cells:

Rb ={2, 4, 6,8, 10, 12, 14, 16}

Wb 1s an input set of white block cells:
Wb={2. 4 6,8, 10, 12, 14, 16}
P1 is an input set of plasma cells:
Pl= {2, 4,6,8, 10,12, 14, 16)

Algorithm:
Step 1: start
Step 2: Initialize time slot ts = ct. //ct-current time
Step 3: Trigger temnp/pressure/glucose sensor
O =3${t/p/g}
p=Q@ERTI)
Q- mapping operation to find the values in
towards P,R, T
Q-will return three different values-nommal,
moderate, ubnormal
Handover (3 to diabetic controller
Wait for next time slot ts;
Step 4: end

Temperature/pressure/glucose sensor: These sensors
are triggered by the timer controller periodically.
Whenever they are triggered, it senses the human body
temperature, pressure and glucose level from the human
blood and vems. The sensed data is forwarded to the
timer controller. In the proposed system, this module will
be triggered 1 every 5 min.
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Red/white/plasma  cell sensor: These
triggered once in a month or 15 days once. This sense the
red bloed cells count, white blood cells count and plasma
cell count present i the blood. All these readings are
transfer to the timer control.

SENSOrs  are

Diabetic controller: This performs the important block of
the proposed system. It 1s triggered by the timer control
and will be triggered in every 5 min. Tt maintains set of
rules according which it has to take decisions. Tt receives
all the readings from the timer control and maps the
reading according to the rule set provided and acts
accordingly. Based on the rules it triggers the regulator
for the injection of insulin to the human body. If the sugar
level 1s little lugh at the time of lunch, it ignores the
ijection; it handles according to various timing values.
The rules used here are as follows:

Rl:ifPis Al andQ is Bl and R 1s Cl and T 1s T1
then 7 15 D1
R2:ifPis A2andQisBZandRis CZand T is T2
then 7, is D2
Rn:if Pis Anand QisBnand R 1s Cnand T is Tn
then 7 is Dn

Based on the wvalues of pressure, temperature,
glucose and time the proposed system controls the
iyjection of insulin. The proposed system ignores the
increase of pressure and sugar at some times based on
certain rules.

Fuzzy algorithm:
Tnput: Q-mapping fiunction value//nommal moderate ubnormal
®-sensor values of pressure/temp/glucose
Output: gml-volume of ghicose to be injected
Step 1: start
Step 2: read Q, initialize gmL = 0;
Step 3: If (2 = Normal)
Break;
End.
Tt (€2 = Moderate)
IF (D()<=T {4, S}|DO=>T{7, 8}||Dt)==
T49, 10})//Food Time
If(D(p)<=P(2, 3))iftemp between 98, 100
IRDP<>R(3, 6) && DP<> Q(3, 6))
/pressure
gml = (O®-140)/10)x0.35
end
H(DP<>R(7, 10) && D<= Q(3, &)
emL = (($®-140)/10)=0.5
end
I(@®<>R(7, 10) && D<= Q(6, 9
eml = (($°-140)/10)=0.25
end
End
Else //end of food time
HHDP)<=P(2, 3)¥/termp between 98, 100
If(D5<>R(3, 6) && D®<> Q(3, 6)) //pressure
eml = ((DB-140)/10)%0.75
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end
(@P<=R(7, 10) && DP<= Q(3, 6))
gmlL = ((D-140)10)1
end
@R, 10) & &P Q6, O
gml = (D®-140)/10)%0.5
end
End
End //End of moderate
Ift€2 = abnormal)
I DE)==T{4, 5} || DO===T{7, 8} || Dt)<=T{9, 10})
{/Food Time
THD(py<==Pd,6))/Temp between 100,104
{P®<=R(8, 12) && D®<=Q(8,14))//Pressure
gL = (-140)/10)%0.75
Else
if(@®<>R(6, 8) && D®<> Q(8,14)) //Pressure
gmlL = (D®-140)/10)%0.5
Else
if(@®<=R(8, 12) && T®<> Q(4, 7)) //Pressure
gml = (DP-140)/1 0yx1
end
else
IRD®<=>R(8, 12) && PP Q(8, 14)) //Pressure
gml = (°-140)/10)0.75
Else
if(@®<>R(6,8) && D<= Q(8, 14)) //Pressure
gml = (@°-140)/10)x0.5
Else
if(@®<>R(8,12) && T®<> Q(4, 7)) //Pressure
gml = (D°-140)/1 0yx1
end
end

Else /fend of food time

THD(py=Pd, 63)//Temp between 100, 104
{D®<=R(8, 12) && D®<=Q(8, 14))//Pressure
eml, = (D°-140)/10)x2
Else

if(D®<>R(6,8) && DP®<=Q(8,14))//Pressure
gL = ((D°-140)10)x1
Else
if{D%<>R(8,12) && D®<>Q(4, T))//Pressure
gmL = (DF-140)/10)%1.5
end
else
If(DP<=R(8,12) && DP<> (8, 14))//Pressure
gmL = ((0®-140)/10)<1.5
Else
H(DP<=>R(6,8) && D> Q(8, 14)) //Pressure
gml = ((D®-140//10)%0. 5
Else
ifl@®<=R(8, 12) && D<= Q(4, 7)) //Pressure
gmL = (D°-140)10)x1
end
end
End
End
End //end of abnormal
Step 4: send gmL value to glucose regulator
Step 5: wait for next signal from timer
Step 6: stop

RESULTS AND DISCUSSION

The proposed system produces efficient results and
the performance of the system 1s comparatively huge than
other systems proposed earlier. The proposed system has
used various set of rules and the fuzzy system has
controlled the human glucose level in better manner other
than several instrumental control systems.

Figure 4 shows the results of values received from
various sensors aftached to the human body and the

Pressure

Glucose

Red Cells

White Cells

Flasma Cells

240

L& [E=RES]
Il
Automatic Diabetic Control System ...
|| Sensor Mositors | Diabetic Control Results | _
[
Temperatune ¥, 16:51:1

160

12

11

12.3

Fig. 4: Values of different attributes received from sensors
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Sensor Monitors | Diabefic Control Results |
Time Sugar Pressure | Temperature | Glucose Inject.
16:4350 260 130 104 12.0 -
16:4358 20 a0 9% 80
16:44.0 240 130 104 10.0
16:445 400 170 102 390
16:4410 120 160 102 380 B
16:44.15 500 110 9 540
16:44:20 240 130 100 10.0
16:44:25 160 130 98 20
16:4430 300 100 104 20
10:44:35 400 a0 100 20
16:44:40 350 130 104 20
16:44:45 220 150 100 8.0
Fig. 5: Various readings analyzed and computed glucose level
6007 CONCLUSION
5001 ; ls)tl:legsasl;lre
& Glucose injection . This Fuzzy Logic Diabetic Control System has
400 various merits towards the performance of device
g controlled biological systems. The proposed method have
5 300 controlled the biological system according to the fuzzy
5004 rules given to the system and have controlled the glucose
level of the human using the rules. This makes easier for
100 the diabetic patients to survive freely without any fear
]‘ ]‘l ] and the sugar level will be maintained according to many
0 2miglgnom s s neneng different factors. The proposed method have produced
c9gII IS I IITILITSTCS very good results according to time complexity and cost
LELeS eS8 eSS eSS factor.
Reading analyzed
Fig. & Various readings analyzed and computed REFERENCES

(sugar, pressure and glucsoe mnsulin)
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amount of glucose insulin to be injected to the human
biological system and it can be viewed from the figure
clearly.
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