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Smart thermometer technology is intended for monitoring of inflammatory is vascular and
oncology disease of the organs. That are situated close to skin, as well as skin disease. The
technology includes fast operating infrared sensor that can be connected by wireless
communication to mobile device available to a usar [smart phones, tabs etc.] with buil -in
specialized thermography software. Thermograph is the most perfect perfect device for observing
distribution of temperature of the examined surface. It measures the temperature of any human
skin Surface via infrared areas of Sensor point by point generates thermo gram and "Automatically
gives comprehensive to an average person report flagship about the State of CS the examined.
Brand cared area + dynamics of the pathology process after each monitoring session.

Keywords - Infrared Sensor monitoring of Diseases, Dynamics of pathological process,
Automatic conclusion.
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Introduction

In medicine, the term monitoring usually refers to the process of systematic and continuous
gathering of information on the functioning of various organs and systems of the human body for
controlling of the course of the disease, early detection of exacerbations and determination of the
effectiveness of the administered treatment.

Currently, because of the large number of highly specific devices and methods for diagnostics,
there is no problem with establishing the exact diagnosis in the majority of clinical cases. However,
there are no precise, safe, and accessible to common user devices for objective monitoring of the
course of the disease or therapy efficiency at home for the majority of the most widespread
diseases, which are the main cause of death (vascular, inflammatory, oncology, etc.). In fact, before
the appearance of Smart Thermometer Technology, possibilities of objective home monitoring of
chronic diseases were restricted by monitoring of hypertension (with tonometer) and diabetes
mellitus (with glucometer). This need can be successfully satisfied with unification of the process
of self-examination and automated issuing of digital and/or text indicators.

Thermography diagnostics has high sensitivity and low specificity. For example, infrared
thermography has sensitivity of 97% and specificity of only 44% in the examination for the
purpose of detection of breast cancer [3]. Because of this as well as the absolute safety, infrared
thermography is ideal for monitoring of a wide range of diseases (inflammatory, neoplastic,
vascular) after establishing diagnosis.

Smart Thermometer Technology

Basing on the accumulated experience of thermography studies, we have developed Smart
Thermometer Technology. The technology is intended for monitoring of inflammatory, vascular,
and oncology diseases of the organs that are situated close to skin, as well as skin diseases. This
technology is recommended for monitoring of already diagnosed diseases, for controlling the
dynamics of pathologic process and effectiveness of treatment at home. Below is the list of diseases
for monitoring or which Smart Thermometer Technology is recommended (by International
Statistical Classification of Diseases and Related Health Problems 10th Revision):

* Chapter II Neoplasms Melanoma and other malignant neoplasms of skin (C43-C44)

 Chapter IX Diseases of the circulatory system Diseases of arteries, arterioles and capillaries
(170- 179)

» Chapter X Diseases of the respiratory system Acute upper respiratory infections (J00-JO6)

Smart Thermometer Technology for monitoring of diseases is carried out in the following way,
the basic sequence of actions of the average person or medical staff is described below.

Smart Thermom3eter (Figure 1(a)) includes infrared sensor (1) with the tool for providing the
constant distance and the angle between the examined area of the human body and infrared sensor,
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control button (2), power supply, and wireless connection unit (GPRS, IEEE 802.11, 802.15) for
connecting to user’s device for receiving, processing, and saving of information (Figure 1(b)), for
example, to personal computer with web camera, tablet computer, smartphone. The program for
Smart Thermometer Technology implementation is downloaded to the user’s device before the
beginning of Smart Thermometer operation.

Operation Procedure of Smart Thermometer

The image of the examined area is received and displayed on the screen in the form of a photo at
the first self-examination session. The ready set of pre-measurement points for temperature
measurement contained in the program is fixed on the image of the on the area of human skin
surface.

Images of the examined area with the pre-measurement points for temperature measurement on
the area of human skin surface are entered into the memory once for receiving the template that is
saved in the memory for further use in the monitoring process (Figure 2, operation procedure of
Smart Thermometer is explained in the example of knee joint arthritis). The saved template is
extracted from the device’s memory for repeated monitoring sessions.

Then, the temperature of the examined area in each point is measured with fast-operating infrared
sensor and information on the temperature data in each point is received (Figure 3). Self-
examination of one anatomical area takes no more than 1 minute.

According to the results of the first session of examination, the necessary for interpretation numeric
indexes are determined automatically (for example, maximal difference of points’ temperatures,
the area of hypo and hyper-thermic in the examined area, and others); text conclusions that reflect
the results of analysis are issued automatically. However, independent significance of the data
from the first examination session is insignificant because of the known low specificity of
thermography method. This data has the added value only for the specialist, not the average person,
and only in conjunction with other clinical data necessary to establish the diagnosis.

Flgu e 1. - (a) Smart thermometer; (b Mobile
device with thermo graphic software.

Figure 2: - Individual template for
o * =u | % & Monitoring of the condition of knee joints.
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Measurement of temperature in the points by the template on the area under examination can be
performed repeatedly during the time interval selected by the user. Numerical indexes, text
messages, thermograms, graphs of temperature change can be issued to the user (Figure 4). In
most of the cases, an average person can understand automatic conclusion on the results of
monitoring

Figure 3: - The process of temperature
Measurement in the area of knee joint.

Figure 3

N

Figure 4. Thermograms of knee joints and automatic conclusion received
during the process of monitoring of exacerbation chronic osteoarthritris.

Maximal temperature difference
is 1.8'C. The zone of temperture

Maximal temperature
difference is 0.8°C. The zone
of temperture increase

on the left side is 8.3%.
Thermo signs of positive dynamics.

increase on the left side is 19.4%,
on the right side is 2.7%.
1ts recommended to consuit a doctor.

Figure 4

Figure 5 Shows an example of monitoring of nevus condition. According to the results of

monitoring, significant increase of
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Temperature of a nevus in comparison to the surrounding skin’s temperature is revealed, which
can indicate its malignization [4]. Therefore, conclusion for the second thermo gram is generated
in red color and includes recommendation to consult with a doctor. In that way, timely notification
of a user about the possible problem is realized.

Figure 5:- . Thermos monitoring

Maximal difference of Maximal difference of temperature

temperature of the new of the new growth from the | Of n eV u s
growth from the surrounding surrounding skin is 1.5°C. It is
skin is 0.5°C recommended to consuit a doctor.

Figure 5

Conclusions

Smart Thermometer has advantages of pyrometers and thermographs, but at the same time does
not have their shortcomings:

e [t allows accurate positioning on the measurement points in each series of measurements.

e |t has fixed view spot, prevents the influence of air flows on the results of temperature
measurements, prevents direct contact of the infrared sensor with the skin surface, and thus
provides a low measuring error due to maximum unification of the distance and angle between the
infrared sensor and the examined surface.

e It is easy to use at home for self-examination and monitoring of chronic diseases (inflammatory,
viscus- lar, tumor) by average person.

e The use of Smart Thermometer simplifies and reduces the cost of obtaining information about
the course of a pathological process and/or the effectiveness of treatment for a large number of
chronic diseases of organs, located close to skin surface and skin diseases (diseases of the joints,
mammary and thyroid glands, Para nasal sinuses, etc.).

Developed for the first time, Smart Thermometer Technology is reliable, easy to use and affordable
tech- nology for home monitoring of widespread diseases. Applications for patents for Smart
Thermometer Technology were submitted in many countries and several patents were already
obtained. We have made a pilot batch of Smart Thermometer and successfully carried out clinical
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tests for the device. Smart Thermometer Technology is in the stage of full technological readiness
for serial production.
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