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Abstract. Diabetes is among the major chronic disease around the
world since the Glucose level could change drastically and lead to critical
conditions reaching to death sometimes. To avoid this, diabetes patient
are always advised to track their glucose level at least three times a day.
Fingertip pricking - as the traditional method for glucose level track-
ing - leads patients to be distress and it might infect the skin. In some
cases, tracking the glucose level might be a hard job especially if the
patient is a child. In this manuscript, we present an optimum solution to
this drawback by adopting the Wireless Sensor Network (WSN)-based
non-invasive strategies. Near-Infrared (NIR) -as an optical method of the
non-invasive technique - has been adopted to help diabetic patients in
continuously monitoring their blood without pain. The proposed solution
will alert the patients’ parents or guardians of their situation when they
about to reach critical conditions specially at night by sending alarms
and notifications by Short Messages (SMS) along with the patients cur-
rent location to up to three people.

Keywords: Wireless Sensor Network (WSN) - Healthcare
application - Diabetes - Non-Invasive - Blood glucose - Near Infrared
Spectroscopy (NIRS) - IR sensor

1 Introduction

Diabetes is one of the major chronic diseases which could lead to different com-
plication and risk to human life [1]. Even though diabetes is not as fatal as other
chronic diseases, it could cause a person with a major complex disease like heart
disease, stroke, kidney failure and blindness. Diabetes happen when the body
either produce insufficient insulin or produce the insulin effectively. For this, the
glucose level becomes abnormally high and as a result the patient has to take
extra insulin by injection to reduce the glucose level. To control and balance
glucose levels in the blood, diabetic patients have to manage their glucose levels
throughout the day. Most diabetic patients forced to use the obtrusive technique
(prick their finger) at least three times a day to know their glucose level which
it always make the patient to be distress and also cause infection of the skin
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in the pricked area of the body. Thus, this paper has replaced this method by
a non-obtrusive methods that could be comfortable to measure blood glucose
levels. As blood is not needed in a non obtrusive method, the patient does not
need to cut their finger every time they want to know their sugar level. It helps
a diabetic patient to detect their glucose level, without any pain, distress and
being infected with other diseases.

Knowing the hardship of diabetic life living with needles, different people
have been trying to replace the obtrusive method with a different kind of non-
obtrusive technology i.e. Polarization change, Raman Spectroscopy, Fluorescent
spectroscopy, Near-infrared spectroscopy (NIRS), Mid-infrared spectroscopy,
Bio-impedance spectroscopy, spit as analytic liquid and warm discharge spec-
troscopy [2]. Those non-obtrusive technologies replace blood with spit, sweat,
skin, eye, fingertip, ear cartilage and others for glucose level detection. In this
paper non-obtrusive prototype utilizing NIRS methodology is proposed. NIRS
methodology is one of the most painless and comfortable non-invasive blood
glucose measuring technology than the others.

Most non-invasive blood glucose detecting technology has to be implemented
inside the skin and some of them are made as lenses to put in the eyes. Even
though they replace the painful finger pricking method of glucose measuring, the
patients don’t get comfortable to use them every day. Therefore, as Near-Infrared
(NIR) use of intensive light to penetrate the skin and detect glucose level, it will
be the most pain-free and promising method of glucose measurement. NIR can
penetrate through the skin and detect the glucose level when its range is between
650-1350 nm [3]. It has been used as a sensor that reads the glucose level, by
applying them in the thinner part of the body i.e. fingertip, forearm, earlobe etc.
NIR gives accurate glucose reading when it applies to the boneless part of our
body. NIRS methodology detects the glucose level by placing NIR transmitter
radiation of 950 nm from one side of the finger. The other side of the finger
places NIR receiver (photo-diode) radiation of 900 nm to receive the attenuated
light. The change in the intensity of NIR light received BY the photo-detector
after passing through the finger used to detect the amount of glucose level in a
person. NIR method have also more advantages in sensitivity, complexity, power
consumption, cost, and accuracy than the other non-obtrusive glucose detection
methodology.

In this manuscript, we used NIR as a biosensor to detect the glucose level
in a diabetic patient. As NIR is pain-free and doesn’t cause skin infection, a
diabetic patients will be able to wear this device 24/7h a day in their wrist as
watches. The device will be able to detect the glucose level of a person every
30 min or could configure it as a preference when to send the glucose reading.
As this device send the glucose reading every 30 min, the patient can detect
his glucose before he reaches Hypoglycemia (when blood sugar drops below 4
mmol /L) and Hyperglycemia (when blood sugar is above 11.0 mmol /L two hours
after a meal). This device is mostly useful for pediatric age patients because they
don’t understand when their sugar level starts to drop or go high. Thus, this
device will alert the parent by setting the alarm to go off when their child reaches
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Hypoglycemia or Hyperglycemia, especially at night. Also, this device will help
the parents or guardians to monitor the glucose level of their child remotely when
he is away from them. It will start to alert them by sending SMS attaching with
the current location of their child if the sugar level of their child starts to drop
while he away.

The organization of this manuscript is as follows: Sect. 2 outlines the related
works in the area. Section 3 presents the used techniques in this paper as well as
the proposed approach and Sect.4 analyzes the performance evaluation of the
proposed approach. Finally, we present the conclusion in Sect. 5.

2 Related Works

There is a long history of using sensors in healthcare and medical applications
[4-8] and [9]. Sensors can provide patients and their healthcare providers better
understanding into the health states that are crucial to detect and diagnose.
Recently, we have seen huge innovations in health information technology [10,
11]. The authors in [12] reviewed these technologies in term of health sensing,
healthcare data analytics, and the use of cloud computing.

The work in [5] proposed the EPMS which is a WSN-based healthcare moni-
toring application for epilepsy patients which focused on decreasing the response
time for the sudden seizures, protect patients against possible severe conse-
quences and help them become comfortable with the monitoring process. The
authors in [13] presented the design and development of a sensor-based system
to detect blood glucose non-invasively using NIR radiation using spectroscopic
refection analysis. The authors in [14] and [15] implemented noninvasive blood
glucose monitoring device using NIR light which is based on optical transmission
and radiation respectively. The work in [16] proposed the IR sensor to detect
blood glucose level. In [17], the work proposed a detection system for the glu-
cose level by using infrared light (NIR). In [17], as in [18], the authors proposed
mechanisms for detecting glucose level by using infrared light (NIR). In their
work they used urine samples instead of blood. The works in [19-21] and [22]
adopted the notification properties. In [19], the authors proposed a home fire
alarm system that notify the home owners about the fire detection, while in
[22], the authors proposed an automatic vehicle accident detection and message
sending.

To the best of our knowledge, an IoT-based diabetes detection system that
use IR sensors, notify the patients guardians and send the current location of
the patients still an open research issue.

3 Proposed Solution

3.1 Proposed Approach

There are a lot of non-obtrusive technologies built in order to get over the pain
and distress that patients get from the pricking finger method of detecting the
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glucose level. NIRS techniques are the most pain free and can detect the glucose
without harming the skin. In this manuscript, we use the NIRS method to build
a bio-sensor for glucose measuring where the sensor clip is made of NIR LED
with 950 nm wavelength in one side of the finger, which penetrate through tissue
and attenuates the light signal. The attenuates signal will be received by the
photo-diode with 900 nm wavelength in the opposite side of the finger clip, the
attenuates light will then converted to voltage after received by the photo-diodes.

The variation in voltage received by photo-diodes will be received as a result
for the glucose concentration in the blood which attenuate the transmitted light.
The voltage will be filtered and amplified where the amplified signal will then be
changed to analog signal and to digital signal by the micro-controller, in order
to be read by the electronic devices. When the result of the glucose level display
on the LCD, the micro-controller will differentiate it according to the amount of
glucose. When the result is in normal level, it will just show the result with no
notifications.

Once the results reach certain amount, the buzzer will turn on and the GSM
will send SMS message attaching location by the GPS module to the person
mobile phone. Figure 1 represents the proposed model.
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Fig. 1. [oT-based diabetic patient monitoring system

Figure 2 shows the overview of this project, when the fingertip sample pass
between the NIR LED and photo-diode the system will detect the glucose value.
It then determine how to react according to the glucose level result. Whether to
send an alert message to the registered numbers or not.

Table 1. Notations used in tested methods

Notation | Description

1 Light Intensity
Iy Incident light intensity
L Optical path length

teff Effective attenuation coefficient
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Fig. 2. The flowchart of the proposed loT-based diabetics monitoring system

This manuscript worked based on the absorbance of light through different
objects. As Beer-Lambert Law is based on absorbance measurement [23], this low
plays a big role in this manuscript. Beer-Lambert Law state that absorbance of
light through any solution is in proportion with the concentration of the solution
and the length path traveled by the light ray [23]. In this project, we try to pass
the light through fingertip. When light pass through fingertip it can be observed
and scattered by tissue. The amount of glucose level in blood will affect the
amount of light either observed or scattered in the tissue. Light attenuation
theory [24] describe as represented in Eq. 1:

I:IO*‘E_/Jeff*L (1)

where I, Iy , and L refer to light intensity, incident light intensity, and opti-
cal path length inside the tissue respectively. The Attenuation of light inside
the tissue depends on the p coefficient which refer to the effective attenuation
coefficient (eys) is given as presented in Eq. 2:

frery = [3% s + pl)]2 (2)

Therefore, this equation can tell us based on the scattered light, the glucose
concentration in blood.
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4 Performance Evaluation

4.1 Simulation Settings

The simulation settings are presented in Table 2.

This project use one sensor which is the IR Sensor - to measure the glucose
level in blood by infrared radiation. The patient have to put his fingertip not
farther than 0.1 cm from the sensor in order to read the exact measurement of
glucose level. The device will take 5s to display the result on the LCD as well
as 7s to send the SMS attaching with current location of the patient when the
reading meet critical condition. The buzzer noise could be heard in a range of
500 X 500 m. The communication range between the device and the SMS message
sending, cover every range inside local communication.

Table 2. Simulation settings

Simulation inputs Input value

Number of sensors 1

Displaying result on LCD |5s

Range of sensor 0.1cm

Simulation time 5s
Sending SMS and location | 7s

Range of communication | Everywhere (Etisalat range)

Communication range 0.1cm
Operational area 200 mx 200 m
Routing protocol DSR
Showing result Every 30 min
Packet size 250 bytes

4.2 Tested Scenarios

A sample of 30 diabetic patients have been considered in the test. First we test
the glucose reading of the patients by the glucometer (pricking fingertip) method
and collect the readings. The proposed model has been used to test the voltage
reading of the same patients’ sugar level. The glucose reading of the patients have
be predicted by the proposed system. Table 3 presents the collected readings.

By considering the data in Table 3, we use the polynomial regression method
in MS Excel to track whether there is correlation between the voltage reading
and glucose reading or not as shown in Fig. 3.
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Fig. 3. Correlation between voltage and glucose readings

All the data collected from the voltage reading in non-invasive method and
glucose reading in invasive method shows that there is a correlation between
them, as shown in the regression analysis in Fig. 3. This study help us to pre-
dict the glucose concentration by using the polynomial regression analysis and
equation applied in the data-set. Thus, the voltage reading received by the photo-
diode when the fingertip placed will be sent to the micro-controller to be cal-
culated as glucose reading. When the micro-controller receive analog voltage, it
will calculate and display it as glucose reading in the LCD.

The relation between the glucose concentration results come from the invasive
and non-invasive as shown in Fig. 4.

Table4 presents the glucose reading between the invasive and non-invasive
method.

In this project, we have done three testing method to find out the more
accurate one.

1. First Scenario
A person in normal condition which is between 4.0 to 5.4 mmol/L (72 to
99 mg/dL) when fasting up to 7.8 mmol/L (140 mg/dL) 2 hours after eating.
When the person put his finger on the sensor, after 5s the system will display
the result in the LCD. No further action will be taken by the system, when
a person is in this condition.
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Fig. 4. The relation between the glucose concentration results received from the inva-
sive and non-invasive

2. Second Scenario
Hyperglycemia when a person above 180 to 200 mg per deciliter (mg/dL), or
10 to 11 millimoles per liter (mmol/L). When the system display the glucose
level in LCD, after 3s the alarm will be on. It will continue making noise for
about 1min. Also, immediately after 4s of the alarm on, the SMS attach-
ing with the current location will be send to the registered numbers of the
responsible persons.

3. Third Scenario
Hypoglycemia when a person reach a level below 3.9 mmol/L (70 mg/dL).
When the person put his finger on the sensor, after 5s the system will display
the result in the LCD. After this, the system will take the same action that
taken with the second scenario.

4.3 Results Analysis

For the invasive method to measure the glucose level we use the glucometer. And
for the non-invasive method of detecting glucose level the person have to place
his finger tip on the sensor. We perform for about 20 times, in both the invasive
and non-invasive method of detecting.

Figure 5 presents the Bar graph chart that compare the accuracy of the glu-
cose detected by the proposed non-invasive system with the value detected by
using the invasive method.

To know in which scenario the system give the more accurate value, we try
several times with three of them. When a person is in normal condition, the
system give the most accurate value. As shown in the chart, we take the average
value from all the sample values. For the normal condition, we got average value
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115 mg/dL in non-invasive and 112mg/dL in invasive method. Which the dif-
ference between the average values are +3, most accurate value from the other
two. Also, as shown in the graph, for hyperglycemia condition we got average
value 245 mg/dL in non-invasive and 213 mg/dL in invasive. Which the difference
between the two average value is +32, less accurate of all. For the hypoglycemia
the average value difference is 92 mg/dL for non-invasive and 85 mg/dL in inva-
sive, which the difference is 4+7. Thus, in hyperglycemia and hypoglycemia the
system difference was a bit greater. Therefore, the system give most accurate
value when the person is in normal condition.

Table 3. Voltage and glucose readings using the invasive method

No | Voltage | Glucose | No | Voltage | Glucose | No | Voltage | Glucose
reading | reading reading | reading reading | reading

1 [350 83 11 1499 172 21 | 608 261

2 |361 92 12 | 506 189 22 | 619 282

3 1372 99 13 | 514 190 23 | 634 297

4 384 105 14 | 528 205 24 | 649 305

5 1401 116 15 | 536 216 25 | 668 337

6 |416 128 16 | 549 228 26 | 679 359

7 435 134 17 | 568 234 27 | 833 377

8 | 457 145 18 | 577 244 28 | 868 381

9 466 157 19 | 583 251 29 | 934 472

10 | 472 166 20 | 591 257 30 | 1146 501

Table 4. Invasive and Non-Invasive methods comparison

No | Invasive | Non-invasive | No | Invasive | Non-invasive
method | method method | method
1 73 80 11 | 182 210
2 89 94 12 | 198 230
3 |109 112 13 | 208 217
4 1118 120 14 | 211 218
5 1123 121 15 [ 197 203
6 |133 133 16 |94 101
7 92 99 17 | 123 126
8 |145 146 18 134 136
9 |151 153 19 | 142 144
10 | 85 88 20 | 153 156
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Fig. 5. Accuracy comparison of glucose detected by the proposed non-invasive system
with the value detected by using the invasive method

Figure 6 Shows the developed non-invasive sensing module used for testing.
When a person place his finger on the sensor, the result will come as voltage
reading in Arduino Uno. When the value is displayed on the LCD, it will show
as glucose reading.

Fig. 6. Developed module

Figure 7 shows an example in which when a person place his finger on the
sensor, the LCD is showing that the glucose level is 76 mg/dl which means that
the glucose level of this person is about to reach Hypoglycemia (when a person
glucose level reach below 3.9 mmol/L (70 mg/dL). Thus, the device will alert the
parents by making noise along with sending alert SMS messages attaching the
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patient current location to the registered number. The same caution messages
will be sent when the person reach hyperglycemia.
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Fig. 7. The module work

5 Conclusion

Diabetic is a simple chronic disease if we know how to manage our glucose
level. This manuscript will help diabetic patients, particularly the paediatric age
patients, to monitor their glucose level continuously and alert their guardian in
critical condition. Most diabetic patients use the traditional technique (pricking
finger) to know their glucose level which is painful, stressful and uncomfortable.
In this paper the non-invasive method using IR sensor which is pain- free tech-
nique has been proposed for continuous glucose monitoring in which the ray
emitted by the IR LED has pass through the skin and observe the glucose level
by the photo-diode. The glucose level will then be displayed on the LCD as well
as it send alert messages when the glucose level meet hypo or hyperglycemia.
Finally, SMS by GSM Module along with GPS location will then be sent to the
responsible person, when the glucose level reach a certain level. The manuscript
prove that the usage of the proposed non-invasive mechanism performs with the
highest accuracy along with the shortest response time.

Acknowledgment. This research was partially supported by ZU STG046 grant. We
thank Dr. Huthaifa Otoum from Jarash Governmental Hospital, Jordan, who pro-
vided insight medical revision and comments that greatly improved the manuscript.



14

H. Yehdego et al.

References

1.

2.

3.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

W.H. Organization.: Diabetes (2019). https://www.who.int/news-room/fact-
sheets/detail /diabetes

Balan, V., et al.: Vibrational spectroscopy fingerprinting in medicine: from molec-
ular to clinical practice (2019)

Boatemaa, M.A., Doss, S.: Non-invasive glucose estimation based on near infrared
laser diode spectroscopy. Asian J. Biomed. Pharm. Sci. 7, 22-27 (2017)

Oberg, P.A., Togawa, T., Spelman, F.A.: Sensors in Medicine and Health Care.
Wiley Online Library, Hoboken (2004)

Otoum, S., Ahmed, M., Mouftah, H.T.: Sensor medium access control (SMAC)-
based epilepsy patients monitoring system. In: 2015 IEEE 28th Canadian Confer-
ence on Electrical and Computer Engineering (CCECE), pp. 1109-1114 (2015)
Oueida, S., Kotb, Y., Aloqaily, M., Jararweh, Y., Baker, T.: An edge computing
based smart healthcare framework for resource management. Sensors 18(12), 4307
(2018)

Oueida, S., Aloqaily, M., Ionescu, S.: A smart healthcare reward model for resource
allocation in smart city. Multimed. Tools Appl. 78(17), 24 573-24 594 (2019)
Otoum, S., Kantarci, B., Mouftah, H.: Adaptively supervised and intrusion-aware
data aggregation for wireless sensor clusters in critical infrastructures. In: IEEE
International Conference on Communications (ICC), pp. 1-6 (2018)

Otoum, Y., Liu, D., Nayak, A.: DI-IDS: a deep learning-based intrusion detec-
tion framework for securing IOT. Trans. Emerg. Telecommun. Technol. n/a(n/a),
€3803, 3803 ett.3803. https://onlinelibrary.wiley.com/doi/abs/10.1002/ett.3803
Elayan, H., Shubair, R.M., Kiourti, A.: Wireless sensors for medical applications:
current status and future challenges. In: 2017 11th European Conference on Anten-
nas and Propagation (EUCAP), pp. 2478-2482 (2017)

Verma, V.K., Gupta, P., Jha, A.V., Barbhuiya, P.N.: Recent trends in wireless
sensors for medical applications. In: International Conference on Communication
and Signal Processing (ICCSP), vol. 2017, pp. 1588-1592 (2017)

Yang, J.-J., et al.: Emerging information technologies for enhanced health-
care. Comput. Ind. 69, 3-11 (2015). special Issue: Information Technolo-
gies for Enhanced Healthcare. http://www.sciencedirect.com/science/article/pii/
S0166361515000226

Parihar, M., Lawand, K., Patil, S.: Design and development of infrared led based
non invasive glucometer, April 2014

Sarkar, K., Ahmad, D., Singha, S., Ahmad, M.: Design and implementation of a
noninvasive blood glucose monitoring device, vol. 12, pp. 1-5 (2018)

Narayanan, S., Sivagnanam, R., Smrithisri, V.K., Bai, T.: Smartphone based non-
invasive glucose monitoring, pp. 119-123 (2019)

Prawiroredjo, K., Julian, E., Tjahjadi, G.: Infrared-based glucose level measure-
ment, February 2019

Lawand, K., Parihar, M., Patil, S.N.: Design and development of infrared led based
non invasive blood glucometer. In: Annual IEEE India Conference (INDICON), pp.
1-6 (2015)

Wardana, H., Indahwati, E., Fitriyah, L.: Measurement of non-invasive blood glu-
cose level based sensor color tcs3200 and Arduino. In: IOP Conference Series:
Materials Science and Engineering, vol. 336, p. 012019, April 2018

Mahzan, N.N.,; Enzai, N.I.M., Zin, N.M., Noh, K.S.S.K.M.: Design of an Arduino-
based home fire alarm system with GSM module. J. Phys. Conf. Ser. 1019, 012079
(2018). https://doi.org/10.1088


https://www.who.int/news-room/fact-sheets/detail/diabetes
https://www.who.int/news-room/fact-sheets/detail/diabetes
https://onlinelibrary.wiley.com/doi/abs/10.1002/ett.3803
http://www.sciencedirect.com/science/article/pii/S0166361515000226
http://www.sciencedirect.com/science/article/pii/S0166361515000226
https://doi.org/10.1088

20.

21.

22.

23.

24.

An ToT-Based Non-invasive Diabetics Monitoring System 15

Prabha, C., Sunitha, R., Anitha, R.: Automatic vehicle accident detection and
messaging system using GSM and GPS modem. Int. J. Adv. Res. Electr. Electron.
Instrum. Eng. 3, 10 723-10 727 (2014)

Srabanti, S., et al.: A proposed system for automatic vehicle monitoring and acci-
dent detection in Bangladesh, February 2018

Fizzah, B., Munam, A.S., Carsten, M., Islam, S.U.: A novel internet of things-
enabled accident detection and reporting system for smart city environments. Sen-
sors 19 (2019). https://doi.org/10.3390/s19092071

Allen, E.J., Sabines-Chesterking, J., Birchall, P.M., McMillan, A., Joshi, S.K.,
Matthews, J.C.F.: Quantum sensing of absorbance and the beer-lambert law. In:
2019 Conference on Lasers and Electro-Optics Europe European Quantum Elec-
tronics Conference (CLEO/Europe-EQEC), p. 1 (2019)

Ressom, H., et al.: Neural network based light attenuation model for monitoring
Seagrass health. In: 2004 IEEE International Joint Conference on Neural Networks
(IEEE Cat. No.04CH37541), vol. 3, pp. 2489-2493 (2004)


https://doi.org/10.3390/s19092071

