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Abstract: A new continuous monitoring portable system device is presented here, it alows to reduce the
complications that arise from diabetic foot ulcer, because of temperature and humidity disorders. This device
monitors the microclimate of the shoe and consists of one array of 10 sensors to obtain the temperature and
humidity data between the foot and the insole interface of the shoe. It has also a software interface for viewing
and analyzing the data. Temperature monitoring of the participants showed an average range of 23.90 °C to

29.34 °C and 51.57 % to 69.78 % relative humidity.
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1. Introduction

Peoplewith diabetes have ahigh risk of developing
diabetic foot and with it, blood irrigation disorders,
high risk of suffering dryness in the foot, which
favours the appearance of ulcers and in serious cases
the amputation of lower limbs. There are certainly
techniques where temperature changes are analyzed
like infrared thermography, which is a visud
technique that uses thermal cameras. One study [1].
Found a close relationship between the temperature of
the foot plant and the ulcers present in diabetics, so
they defined a classified pattern of the thermal
footprint. Another study [2] of the plantar area of the
foot, found a relationship of temperature and
sudomotor anomalies, since these affect the foot
autonomous regulator system, which severely reduces
of the sweating required and generate diabetic foot
disorder located on the plantar surface of the foot
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showered in dry skin. Another study [3] recommend a
regular monitoring of foot temperature. They used a
commercially device known as TempTouch, which an
infrared sensor point, to conduct a study looking for
early warning signs of diabetic foot danger, finding
that people who underwent traditional foot care
control, were more prone to severe injury, 7 of whom
had ulcers, while in a clinical care group using this
monitoring device only 1 ulcer injury occurred. Is
common that dry skin occurs over certain temperature
and humidity conditions, adding disorders in diabetic
foot [2, 4]. It is accepted in the literature that it is
important to have a quantitative way to measure
temperature and humidity conditions. The
development of solutions for sensor applicationsis an
important areain healthcare monitoring [5].

In this paper, we propose the measurement of the
temperature and humidity magnitudes in a
microclimate environment, associated with the foot
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and shoe interface that is a closed environment, where
the foot isinside the shoe. It allows experimental tests
to be carried out to obtain a model of microclimate
behavior, as well as, to identify the increase or
decrease in temperature, initially in a controlled
environment, but potentially in real-life environments.
A continuous-monitoring portable-system device
is presented here to help preventing the complications
that arise from diabetic foot [6-7]. The device consists
in one array of 10 sensors to obtain the temperature
and humidity data of the microclimate between the
foot and the insole of the shoe. A software interface
was developed to show graphically data from the
microclimate. In order to perform an analysis of the
data's behavior, a 2D plot approximation of the data
was created following an exponential curve [8-9].

2. System

The acquisition of temperature and humidity data
is carried out in the microclimate between the plantar
surface of the foot and the insole of the shoe, with a
system consisting of three modules. Thefirst one Data
Acquisition Module (MAD), is a portable modul e that
allows us to take direct data of temperature and
humidity using 10 sensors. A second module,
Interface Module (MIN) who interconnects MAD
module and a personal computer (PC) and the third
module Data Analysis Module (MAN) a software user
interface, that allows acquisition of the data and
displaying text and graphics of the temperature and
humidity results.

Fig. 1 shows a block diagram how details their
relevant elements and how these modules are
integrated into the system, to acquire, process and
analyze temperature and relative humidity data.

Electronic Electronic
Memory " .
(MAD) (MIN)
Micro : Display A A Micro : Interface
PIC18F452 (4'_1) PICI8F2350 USB
A/D
VAN Acquisition module Interface PC module

g

Sensors

T
a

(MAN)

Software Interface module

Fig. 1. Block diagram of the system for temperature
and relative humidity measurement, showing the Data
Acquisition Module (MAD), the Interface Module (MIN)
and the Data Analysis Module (MAN).

2.1. Hardware Architecture

The MAD architecture consists of 10 SHT15
sensors (Sensirion, Switzerland) with reading ranges
of 100 % RH £ 2 % for relative humidity and -40 to
123.8+ 0.3 °C for temperature. For the connection and
communication we used a microprocessor PIC18F452
(Microchip, USA), an AT24C256 memory (Atmel,
USA), and a9 V battery. The sensors were separated
into two flexible segments with five sensors each one.
They were connected to a screen for viewing the
temperature and humidity data during capture.

2.2. Data Acquisition M odule Architecture

Fig. 2 shows the sequence diagram of component
activity for temperature and humidity data collection.
At the top and separated in columns the components
are shown, the sequence in time is represented by the
horizontal lines of each row, which contain numbered
circles (1 to 7), which defines which component
is activated.
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Fig. 2. Sequence diagram of component and activities
for temperature and humidity data collection.

Next, the activity sequence diagram of Data
Acquisition Module is explained:

1. Each of the components are energized;
microcontroller, sensors, memory, screen,
keyboard and clock, and are ready for to be
recoghized by the PIC18F428 micro.

2. Start routines are executed in PIC18F428,
mainly recognizing each component (which
depends on which pin has its connection), in
addition to making readings to the memory to
initialize some parameters and recognize the
status of the previous readings.

3. The microprocessor shows the menu of
options on the display and is waiting for
instructions from the user who uses the
buttons to navigate between the different
menu options.
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4. Once the data reading option has been
selected, the microcontroller takes control and
executes routines to be sending and receiving
data to each one of the sensors, a data
recording structure is generated in such is the
way that the readings of the 10 sensors in a
register, which is stored in the EPROM
memory, the reading counter is incremented
and the operation is displayed on the display.

5. The time by the user between readings is
programmed using the buttons, and defines
how the clock sends the instruction so the
microprocessor for the next reading by sensors
of temperature and humidity.

6. It is the cycle that presents the intervals of
readings that will be executed until the
programmed time ends and it is when the
microcontroller stops making requests to
take readings.

7. The user is informed by the display of the
number of readings executed.

2.3. Interface M odule Architecture
Fig. 3 shows the sequence diagram of component

activity for send the temperature and humidity data
collection to the personal computer (PC).

Fig. 3. Sequence diagram of component activities
for sending data to the txt file in the PC.

Next, the activity sequence diagram of Interface
Moduleis explained:

1. The MAD and MIN module is connected
through its external interfaces using aflexible
cable, the MIN connects to the PC via USB
and, the PIC18F255 microcontroller starts the
component recognition routines and if thereis
no problem a green light LED is illuminated
in the MIN module, indicating that it is ready
for datatransfer.

2. The user executes the computer program
interface for the data readings and through the
USB interface, requeststhe dataregistersfrom
the microcontroller.

3. The microcontroller initializes the data
readings, taking from the EPROM each of the
readings registers and sending them one by
one to the computation interface.

4. The program interface creates a data file and
writes the one data record,

5. Defines a cycle that reads the remaining
records and requests their writing in the
created file in paoint 4.

2.4. User Interface

In MAN module, the obtained temperature and
humidity datais stored in a database in MySQL, then
the user interface can be used to select readings and
plot data in a graphical form in both 2D and 3D. It
alows comparison of data between different sensors
and readings intervals and some basic statistics
calculus can be devel oped.

The MAN is composed of 3 main Subinterfaces,
Fig. 4 shows ablock diagram of how the components
are integrated in their logical sequence, an
identification of componentswas made under asimple
nomenclature (MAN-01 to MAN-04).

MAN-01
Datos de
participante/paciente

MAN-02
Vista de datos Ty HR
individuales y
estadistica basica

MAN-04 MAN-03
Vista estatica de datos Vista dindmica de
TyHR datos Ty HR

Fig. 4. Diagram of blocks of computational interfaces
of the data analysis module (MAN).

2.5. Data Readings

The sole of the foot was divided according to the
way inwhich plantar length isconsidered, thisdivision
is proposed [10], where the foot is divided into 3 areas
known as forefoot, midfoot and hindfoot, this division
itisshowninFig. 5.
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Fig. 5. Division of the footprint: forefoot (A), midfoot (M)
and hindfoot (R).

In a1 cm insole was made five circular holes
considering the division shows in Fig. 5: forefoot (A),
midfoot (M) and hindfoot (R), followed by the
placement of a sensor in each hole; the holes create an
air channel of the microclimate zone between the
plantar-insole surface and the sensor Fig. 6, this
allowed the sensor to read the temperature and
humidity data without problems, Fig. 7 shows the
insole with the placement of the sensors. The five
sensors were placed on the insoles of both the left and
right footwear. In a controlled area with 23 °C and
50 % relative humidity, the insoles are placed inside
the diabetic footwear for acclimatization phase, Fig. 8.
The MAD module is switched on and programmed
with reading intervals of 1 min and a time of 60 min
for data collection. In our scenario, we took data from
adult mal e participants and who declared to be without
diseases or pathologies on their feet, Fig. 9. For the
first 5 minutes, the data was obtained from the
footwear and configurations insole, followed by the
remaining 55 minutes where the participants had their
feet in the footwear. After 60 min, thereading cycleis
complete and the system is switched off. This test
cycle was repeated five times for each individual.
After each cycle, the data was downloaded by
connecting the MAD-MIN-PC and using the
software interface.

In Fig. 9 the placement of the reading module, the
footwear with the insole placed in one of the
participants is observed and the portability and
independence of the system for data collection
is shown.
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Fig. 6. Microclimate between the feet plantar-footwear
insole surface and the sensor.
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Fig. 7. Image of placement of sensorsin the footwear
insole used, considering the division of the foot, forefoot,
midfoot and hindfoot.

Fig. 8. Diabetic footwear used in reading tests.

Fig. 9. The placement of the reading module in one
of the participants.

3. Results
3.1. Monitoring Portable-system

Fig. 10 shows the continuous-monitoring portable-
system, MAD module, with the interface connected to
the 10 sensors placed on theinsole, the display to show
temperature and humidity data, the MIN module with
theinterfaceto MAD and UBSto PC.

Fig. 11 showsthe menu where the user can interact
with the MAD, in order to perform various tasks, such
asthe start and end of readings, interval programming,
it also shows a series of messages giving information
on parameters of temperature and humidity readings.

To shows the corresponding experimental
readings temperature graphs and the time behavior
exponential graph, the Fig. 12 present the user
software interface of the module MAN, with the
temperature and humidity 2D graphs of 10 sensors,
and modules for selection of sensor to show, the
number of reading, time range and statistical results.
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Fig. 10. Prototype of portable system for monitoring the
microclimate in the interface of foot, shoes and insole with
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Fig. 11. Display that shows a series of messages giving

information on parameters of temperature
and humidity readings.
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The Fig. 13, show some graphs of experimental
measurements of temperature, and curve behavior of
an exponential polynomial.

Other interfaces of the MAN module alow to
visuaize in numerical format al the readings made or
range of these in basic statistics such as the average,
minimum and maximum reading of the humidity and
temperature data of the selected results. Fig. 14, aso
has the interface to store general information of the
participants; name, age, gender, weight, height,
measurement of the foot, some particular character of
hisfeet Fig. 15.

3.2. Test

Temperature monitoring of the participants
showed an average range of 23.90°C to 29.34°C, in
relation to relative humidity the results were 51.57 to
69.78 RH. There were no technical problems during
the 3000 temperature and humidity data readings.

4. Conclusions

We provided a portable and autonomous
microclimate monitoring system for temperature and
humidity readings placed into the shoes. Up to eight
continuous hours of readings at one minute intervals,
technically without problem.

Our results have indicated that the system for
monitoring microclimates in the shoe-foot interfaceis
auseful tool for medical applications, which may help
to decrease or prevent the onset of diabetic ulcers and
other diabetic foot complications.

For the future work, we are planning to perform
studies using several types of footwear, as well as
working with specific population groups that require
specialized footwear, such as factory workers and
patients with diabetes.
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Fig. 12. Software interface to select the data range of each sensor and show its 2D graph.
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Fig. 14. Interface that show readings made or range

of these in basic statistics such as the average, minimum
and maximum reading of the humidity and temperature

data of the selected results.
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