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Abstract: The “cold chain” enables to remain safely the vaccines and medicines at the recommended temperature ranges during their
transportation and storage period from the production site to the end user. The cold chain system is very important because of that vaccines
and medicines lose their effectiveness when they exposed to a temperature above or below the limited ranges. There is no benefit of the
vaccination also, if the vaccines and medicines used were ineffective; on the contrary, the vaccine can injure the applied organism. In this
study, a kit based on “Arduino” was designed to ensure the continuity of the cold chain effectiveness. With this study intended was a new
system designed, which enables a real time temperature and humidity control of the cold chain system in the transport ambient conditions
so that it will alert when the cold chain system should have a malfunction. On the other hand, the experimental results obtained were
compared which were sensitively measured with a laser thermometer capable for remote measuring. There was no difference between the
results obtained and the values measured by the laser thermometer. Additionally, performance analyses of the system at the different
temperatures have revealed that it is capable to stabilize the temperature value successfully.
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1. Introduction [ Vaccine Manufacturer ]

In parallel with the development of technology, the elements that
facilitate human life are also tending to increase. One of these
developments is called as “cold chain”. Cold chain is the name T,
given to the system which consists of the people and materials that

enables an effective vaccine to deliver to the people in need only l
at the correct temperature ranges [1-4].

The cold chain medicines coming from the manufacturer for the
end user are received by the pharmacist and the temperature of the
protection cabin that contains the medicament is checked during
this receiving. Each box with inappropriate temperature is marked
to prevent resale of the medical products in the box. According to
the result of this manual check, a new product is requested from
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For example, when the physician, who requests a medication
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Fig. 1. Transfer steps in the cold chain system

purchase, should have written incorrectly the pharmaceutic form
of the medication; the wrong medication to be purchased may not
be consumed, or a medication in the cold chain may be stored
incorrectly and it might harm the patient instead of treating
him/her. Figure 1 shows the transfer steps of a vaccine from the
production site to the end user in the cold chain system [8].
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As shown in Figure 1, in the cold chain system, besides storage
after production, the special cold chain boxes and also ice packs in
these boxes for cooling effect are available to provide a protective
environment at the temperature ranges predetermined for the safe
transfer of the medicines subject to the cold chain.

Additionally, the vaccine should be placed in a refrigerator as soon
as possible at the end of the vaccine transfer process. Some
medicines may be frost-resistant, so the storage conditions of the
medicines should be checked [9, 10]. Figure 2 shows an example
for a cold chain box [11].
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Fig. 2. Cold chain box

According to the standards World Health Organization (WHO),
the temperature range specified for blood storage is between 2°C
and 10°C, and the researches are available to build up a cold chain
according to this standard. Fidan U. designed in his study a
microprocessor controlled portable thermoelectric medical device
which provides the predetermined environment conditions [12].
Carrier Corp. has built up a water cooled air conditioning system
of 3.5 kW for marine applications. This system consists of six
subsystems, each with four thermoelectric modules. Each
thermoelectric module measures to 13.7 x 17.8 ¢cm and has a
structure with total 130 thermoelectric elements [13].

In addition, insulation of the carrier boxes has importance in the
cold chain system integration. For this purpose, an aluminium
sheet was placed on the bottom of the box made of foam, which is
an insulative material, a piece with appropriate size was cut into
the lower part of the box and the Peltier was located on this part
and the sides were covered with the silicone.

An aluminium plate and a fan 12 V were installed on the heat
surface of the Peltier to activate the Peltier cooling process. In this
study performed with the Peltier was proven that the materials in
the box could remain in the desired coldness degree [14].

2. Arduino

Arduino is a means of interacting and communicating with
everyday physical parameters. Arduino is a system with significant
advantages such as using open source code, having a very simple
microprocessor circuit and the circuit with this system has also the
necessary software package for our easy programming. Arduino
projects are capable of running automatically, as well as of running
by connecting to a computer.

Arduino is via USB interface connected to the computer. We are
able to control a sensor with Arduino and to program the software
on a computer. One of the most important reasons why Arduino is
so popular is that it can use the open source code. This means that
no code will be remained hidden and may be accessed these codes
easily.

Programming can be performed easily by using the Arduino
libraries. Analog and digital signals are processed. Systems can be
designed which interact with their environment by processing the
signals from the sensors. Sophisticated responses such as
temperature, sound, motion, light can be provided in the
environment for the designed study. Various Arduino modules and
cards are also available, designed to satisfy the different needs.
New projects may be developed by using these cards and modules
[15, 16].

Arduino has some limitations as well as ease of its use: It needs
electronics and programming knowledge. Furthermore, it isn't
capable for heavy duties such as real time camera image

transferring or signal processing [17].

3. Materials and Method
3.1. Design and materials

In the cold chain system, from the storage and transportation to the
end user, stabilizing the temperature and humidity in the box is a
very important requirement. In the system designed for this
purpose, the temperature and humidity of the box were measured
by means of sensors and a control system was established by using
these measured values.

In Figure 3 is shown the layout of the box, control unit and the
thermal cooling components designed for the cold chain system.
According to the standards in the literature given for the
refrigeration boxes/chambers, the outer structure of the box is
covered with the insulating material and frozen packs, in order to
increase the efficiency and performance of the cooling.

By this means, while the temperature of the medical drugs carried
in the inner part is decreased suddenly, it has also established an
effective insulation environment in the case of the high outdoor
temperature conditions. On the inside of the box is located an
Arduino based controller system and Peltier devices.
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Fig. 3. Circuit overview of the cold chain box

Arduino Mega 2560 : This is an Arduino card with an
ATmega2560 base (datasheet). It has 54 digital pins 1/0. 14 of
them are usable for the PWM outputs. It has 16 analog inputs, 4
UART (serial port), 16 MHz crystal oscillator, USB connection,
adapter input, ICSP output and a reset button. Arduino is
compatible with all shields designed for Duemilanove and
Diecimila. The upper version “Arduino Mega 2560 substitutes the
old version “Arduino Mega” [18].

DHT22 Temperature and humidity sensor: With this module are
the ambient temperature and humidity detected. Data may be
received from the signal output after feeding the + and — terminals
of the module. This module is quite often used in the Arduino
studies. DHT22 Technical features of the DHT22: Resolution
accuracy: 0.1, humidity measurement range: 0-100% RH,
humidity measurement accuracy: = 2% RH, temperature
measurement range: -40 ~ 80°C*, temperature measurement
accuracy: = 0.5 [19].

In Figure 4 is shown the circuit diagram that was designed by using
the Arduino Mega 2560 and DHT22 temperature and humidity
Sensors.
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Fig. 4. Implementation diagram of the circuit

The Arduino IDE program is a software written by Arduino Corp.
in the Java language, which allows you to load the codes written
into the Arduino cards during programming of these cards.
Arduino IDE version 1.6.3 was used when this project was being
developed [20].

During the software development of the Arduino system, Arduino
IDE program of the Arduino LLC Corp. was used. Figure 5 shows
the program image written in the Arduino IDE.

Fig. 5. Arduino IDE software program

4. Results

The designed and implemented system is a kit with a
thermoelectric cooling system to be used for the medical
transportation purposes. Thermoelectric module was used in this
medicine delivery system for the cooling effect.

The system does not require any high sensitivity, since a
temperature range of between 2°C and 8°C is sufficient for the
medicine and vaccine transportation. Because of this, an on-off
type closed loop automatic controller was used in the refrigeration
system in this medical transportation. The designed two position
controller generates control output for the “run” and “stop”
positions only. The operation principle of the on-off controller
according to the reference temperature point and to the time is
shown in Figure 6 [21, 22].
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Fig. 6. Operation principle of the on-off controller

This control system was developed by researching of the related
literature studies. Thermoelectric modules in the system are cooled
by the Peltier. Figure 7 shows the general structure of the
thermoelectric cold medicine box and the controller developed by
the Arduino. The temperature setting is performed here by means
of a cold box Peltier.

The sensors S1 and Sz located on the cold box are responsible for
the measurement of the temperature value and the humidity rate in
the box respectively. Cooling is performed with the on-off
controller programmed with the Arduino software according to the
temperature values and humidity rates measured by these sensors.
Temperature and humidity values are recorded on the Arduino
system every minute so that the temperature and humidity values
of the cold box can be checked again when the box brought to the
user place. The Arduino system may transmit the data to the mobile
phone program provided via Bluetooth in order to read recorded
logs and to give an instant notification.
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Fig. 7. General structure of the designed cold chain box and controller
systems

Thanks to the project developed with Arduino Mega2560,
temperature and humidity values of medicines delivered in cold
chain boxes may be continuously measured and recorded. The
system gives a warning, whenever the temperature value in the box
goes out of the specified temperature range. By means of this
warning, the risk of causing a danger by reusing the drugs which
were subjected to a temperature out of range, could be eliminated.
Figure 8 shows the warnings for the temperature values out of
range specified, which were recorded during the application.
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Fig. 8. Measurement results of the system and their evaluation

On the other hand, the experimental results obtained were
compared which were sensitively measured with a laser
thermometer capable for remote measuring. There was no
difference between the results obtained and the values measured
by the laser thermometer. Additionally, performance analyses of
the system at the different temperatures have revealed that it is
capable to stabilize the temperature value successfully.

It is mandatory to protect the vaccines and medicines at a certain
temperature range so that they don't deteriorate from the
production site until they reach the end user. For this reason, until
the product reaches the end user, a “protection continuity" of the
cold chain should be ensured throughout the storage and
transportation processes.

One of the cold chain steps is using the cold boxes during
transportation of the medical products. In this study, the cooling
boxes developed up to now have been examined/researched in the
related literature and an “Arduino” based closed-loop on-off
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controller system and data recording management software have
been entegrated and designed accordingly.

The significant advantages of this new designed system than the
other conventional cooling systems are its lightness, smaller sizes
and lower cost. With the development of this system new designed
it is predictable that the cooling and transport capacities of the
medical products can be further increased and further studies may
be performed in this field.
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