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ABSTRACT Blood cold chain is a mandatory requirement of blood donation procedures to protect blood from bacterial
contamination and to extend the shelf life of blood. Blood bank as a storage medium for blood bags requires a temperature
between 2°C-6°C on average. However, in general, blood banks only have 1 cold temperature distribution point, which is
feared that the spread of cold temperatures in the compartment will be different at each point. For this reason, the researcher
intended to design a blood bank temperature distribution monitoring device consisting of 7 measurement points. In this case,
temperature sensor readings at each point are displayed wirelessly to smartphone devices using the Blynk platform and are
also on a 3.5-inch TFT screen. The measurement data were then stored on the SD card memory so that the level of
temperature fluctuations in the blood bank compartment can be analyzed during use. The module was also equipped with
an alarm warning on the module and the Blynk application if the temperature is out of the normal temperature range (2°C-
6°C). Before being used for measuring temperature distribution, the device made was compared with the standard Fluke
DPM4 tester, in which the highest error obtained was 2.08% at T1, 1.58% at T2, -2.73% at T3, 1,61% at T4, -1.07% at T5,
-0.06% at T6, and -2.32% at T7. After being compared with standard equipment, the device was used to measure the
temperature spread in the Kirsch brand blood bank and the average temperature obtained was 3.56°C at T1, 3.58°C at T2,
3.73°C at T3, 3.57°C at T4, 3.67°C at T5, 3.63°C at T6, and 3.72°C at T7. Based on the analysis results, the blood bank
monitoring device can be used to measure the temperature spread in the blood bank compartment at 7 measurement points.
Furthermore, temperature readings can be monitored wirelessly and remotely. It is hoped that this research can further help
laboratory personnel at the Blood Transfusion Unit to monitor and evaluate the level of temperature spread in the blood
bank compartment and prevent early damage to blood components.

INDEX TERMS Blood Bank, Temperature, Cold chain, Blynk.

can be fatal for the recipient of the blood [3]. The
I. INTRODUCTION temperature limit of 2°C is also very important because red
Stored blood is blood that has been stored for more than six ~ blood cells are very sensitive to clotting, where if the red
days after blood collection. The temperature used for storage ~ blood cells freeze, the blood cell walls will burst and the
of blood components ranges from 2°C to 6°C and the  hemoglobin will come out (hemolysis) [4][S]. Therefore,
temperature must always be monitored [1][2]. Blood stored blood banks need to ensure the quality of blood so that there
at temperatures that are not recommended will result in the ~ is no risk of damage during storage. According to the
decrease of blood's ability in delivering oxygen. The storage ~ guidelines of the World Health Organization (WHO), the
of blood at a temperature of 2-6°C is done to reduce the temperature in the storage area of a hospital blood bank
growth of bacterial contamination in stored blood. should be between 2°C to 6°C with a validity of + 1°C in
Meanwhile, storage at temperatures above 6°C causes the order to maintain the blood quality [6]. Thus, the blood bag
growth of bacteria very quickly so that blood transfusions ~ storage container must not only be equipped with a cooling
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system, but also must have a reliable temperature control
system. Looking at the above explanation, it is clear that
there is a well-defined need for a container that can store
blood bags within a certain temperature range to maintain the
blood quality. The temperature of the blood storage area
should be periodically calibrated. Such procedure is carried
out to calibrate and check the temperature of the enclosure at
atmospheric pressure under no-load conditions, in a steady
state and regardless of size [7]. Blood that shows an
abnormal color or appearance should not be removed for
transfusion. Blood vessels should be stored in the original
blood container or other container attached to it in a closed
system where blood transfer can be carried out without
breaking the airtight seal. Blood has an expiration date,
where its last day is considered useful for transfusion
purposes [8]. The lifespan of PRC (Packed Red Cells) can be
extended by keeping the temperature between 2°C-6°C [9].
Storage at temperatures above 6°C causes very fast bacterial
growth so that blood transfusions can be fatal for the
sufferers who receive them. The 2°C storage limit is also
very important because red blood cells are very sensitive to
freezing [10]. The blood cold chain is a systematic process
for the safe storage and transport of blood starting from the
blood collection from the donor to administration to the
patient requiring transfusion. Cold chain refers to the blood
as a biological substance that must be kept cold to reduce the
bacterial contamination and prolong the shelf life of blood.
All collected blood was cooled to 4°C and stored at that
temperature until transfusion [11]. This is intended to
maintain product quality. In the blood storage area in the
Hospital Blood Transfusion Unit, hereinafter referred to as
UTDRS, temperature is very necessary because it will affect
the quality of stored blood products [12]. The current
problem is that only a few officers at UTDRS know how the
condition of the product storage area is. Several studies have
been conducted to find out how the performance conditions
in cold chain storage. One of them is the study conducted by
C. Vancea in 2011 who conducted monitoring and data
recording using wireless with SD Card storage media, but
this study has a communication range that is not too far away
[13].

In addition, K. Chen in 2011 also conducted a research
entitled Applying back propagation network to cold chain
temperature monitoring which discusses temperature
monitoring in the cold chain. This monitoring was carried
out by radio frequency and also recording the measurement
results on each cold storage truck. However, this study did
not write the temperature distribution in each cold storage
[14]. Furthermore, W. Liao conducted a research entitled
Sensor Integrated Antenna Design for Applications in Cold
Chain Logistic Services in 2015 discussing the distribution
in cold boxes using temperature sensors monitored on
smartphones. The communication used Bluetooth media so
that the data transmission range cannot be too far. In
addition, the cold box studied also did not specify the items

to be stored in the storage area [15]. In 2016, J. Bellman-
Flores with his research entitled Analysis of the flow and
temperature distribution inside the compartment of a small
refrigerator analyzed the temperature distribution in a
conventional refrigerator using a thermal camera. However,
the study did not show the setting temperature. In addition,
the refrigerator used was a conventional refrigerator which
is not intended for medical activities [16]. V. Valcon also
wrote his research in analyzing vaccine storage using a
temperature data recorder, but this method had no indication
of what happened after the data was read [17]. In 2021,
Farisy Aziz conducted research on the analysis of
temperature distribution in blood banks through storage of
measurement results with IOT monitoring in the blood
donation unit of PMI Surabaya City. In this study, 3
DS18B20 sensors were placed at 3 different points which
were used as input from the device [18].

Based on the research references that have been carried
out previously, the author will make an analysis of the
temperature distribution according to the Temperature
Enclosure Calibration Guidelines at 7 different points in cold
storage of blood products. The author's purpose in
conducting this research is to let the management knows the
real time of the even distribution of temperature and the
existence of a warning system in the unit if the temperature
exceeds the range of 2°C — 6°C in the blood bank refrigerator
for storing blood products at UTDRS [19]. In addition, this
activity is also in line with government regulations which if
possible there is a temperature recorder in every cold storage
of blood products. the regulation referred to as the
Regulation of the Minister of Health No. 91 concerning
Standards for Blood Transfusion Services [4]. Therefore,
through the current research activity, the authors expected to
be able to provide a solution for UTDRS who do not have a
cold storage monitoring device and can also assist in filling
CAPA (Corrective Action Preventive Action) for
management if blood products in storage are not in
accordance with predetermined blood product specifications.

Il. MATERIALS AND METHODS

This research was conducted through an experimental
research. The author proposed a temperature distribution
monitoring device with SD card storage to measure the
temperature condition of the blood bank compartment. This
study used DS18B20 as a temperature sensor T1-T7, in
which DS18B20 is single bus digital temperature sensor from
American Dallas Company which can measure -55°C to
+125°C with £0.5°C sensitivity [20]. As a microcontroller as
well as sending data to blynk, ESP32 was used. To store
blood bank compartment temperature measurement data,
researchers used a micro SD which can store txt files. More
detailed methods are described in the section below:
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FIGURE 1. block diagram of the entire system of the blood bank temperature distribution monitoring device.
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FIGURE 2. Flowchart of the entire temperature parameter measurement.
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A. DATA COLLECTION

During the measurement, the sensors were inserted into the
blood bank and placed according to FIGURE 1. In this case,
the temperature of the blood bank was set at 4°C. After the
temperature was stable, the temperature distribution
monitoring device was turned on and the measurements were
carried out for 60 minutes. The measurement value was then
sent to blynk and monitored via mobile phone. Internet of
Things (IoT) is a structure in which objects and people were
provided with exclusive identity and the ability to relocate
data over a network without requiring two-way handshaking
between human-to-human i.e. source to destination or
human-to-computer interaction [21]. In addition, the number
of devices availing internet service is increasing everyday
and put a powerful source of information at our finger tips
[22]. Meanwhile, in the case of data analysis, it is important
to find a storage device to store the large data files used to
store temperature sensor reading data [23]. Data logger has
been used widely not only in electronic worlds but in all
systems which relates to technology. It used for collecting
several of data not only for electrical parameters also for
meteorological parameters. Apart from being a device whose
main job is to store data; it also has the ability of monitoring
a system very well i.e. it can record all data required by user
and inform user when necessary such as in a faulty situation
or any error occurred to the system [24].

FIGURE 3. Location of measureme points T1, T2, T3, T4,
T5, T6 dan T7 using the Blood bank.

FIGURE 3 shows the placement of the 7 ds18b20 sensors
used to measure the temperature distribution in the blood
bank compartment. First, researchers must place 7 sensors
according to predetermined points. The measurements were
carried out for 60 minutes. After that, the measurement data
stored on the sd card were read in excel to find out the graph
of the temperature readings and the average from each point.

Furthermore, FIGURE 1 shows a block diagram of the
design of the temperature distribution monitoring device
used to measure the temperature of T1, T2, T3, T4, TS, T6
and T7 on a blood bank using DS18B20 sensor. It has a

unique way of single wire interface. It needs only a mouth
line to connect microprocessors and to realize two’s two-way
communication [25]. The sensor reading results are displayed
on the TFT screen and sent to the blynk application.
Measurement data can be saved on SD card in device mode.
In this case, the researchers used ESP32 as a microcontroller
equipped with Wi-Fi 823.11 to connect to the BLYNK
application. The benefits of using ESP32 are its simple
configuration and good community support [26]. FIGURE 2
shows flow chart of the system. The flow chart on the left
shows the design of the microcontroller software and the flow
chart on the right shows the design for the blynk application
software. After the Arduino initializes, the program will read
the sensor readings and display them on the TFT screen. If
there is an internet connection, the program will send sensor
reading data to the blynk application. On the blynk
application side, the data sent by ESP32 was stored on the SD
card. Such as the research conducted by Hasanat et al [27],
this device also sends a notification if there is one point that
is outside the normal temperature range to the Blynk
application.

B. DATA ANALYSIS

Measurement of each parameter (temperature, humidity and
noise) was repeated 50 times every 30 seconds at each setting
of 32°C and 36°C incubator temperature. Furthermore, in the
measurement of air flow velocity, a fan with three speed
levels was used. The data collection was carried out on 500
data. The average value was determined by equation (1):

X = x14+x2..4xn 8
n

where x represents the mean for n measurements, x1
indicates the value of the first measurement, x2 indicates the
value of the second measurement and xn indicates the value
of the nth measurement. Meanwhile, the standard deviation
is a value that indicates the degree (degree) of variation in a
data set or a measure of the standard deviation of the mean.
The formula for standard deviation (SD) is shown in equation

)
— 21?:1()“‘_’?)2
SD = / 1) 2)

where xi indicates the number of desired values, x indicates
the average of the measurement results, and n indicates the
number of measurement data. Furthermore, %error indicates
a device error compared to the standard device. The %error
formula is shown in equation (3):

%Error = ZstdTuut y 10004 (3)
X

std

where x_std indicates the reading value of the standard
device (Fluke) and x_uut indicates the value of the design
reading.

lll. RESULT
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In measuring the air temperature, the Fluke DPM4 Parameter
Tester was used as a comparison device. After 60 minutes of
measurement, the measurement data stored on the sdcard
was read on a computer using the excel program and an
analysis was carried out to find out the average value of each
parameter T1 to T7. Table 1 and Figure 4 show the average
results of the temperature distribution monitoring device and
standards. We found the largest error in the measurement of
2.08% at T1, 1.58% at T2, -2.73% at T3, 1.61% at T4, -
1.07% at T5, -0.06% at T6, and -2.32% at T7. However, the
error value is still less than 5%, indicating that the level of
accuracy of the module is quite good (TABLE 1).

TABLE 1
Comparison of measurements of T1, T2, T3, T4, T5, T6 and
T7 monitoring devices for temperature distribution and
standards on blood bank temperature setting (4°C).

can be concluded that the sensor module accuracy value is
good. FIGURE 5 displays the results of reading the
temperature measurement data T1 to T7 that has been stored
on the SD card. The measurements were taken for 60
minutes. As can be seen in the figure, at the measured blood
bank temperature, T1 is closest to the setpoint, followed by
the second point closest to the setpoint is T2 and T4.
Meanwhile, the points farthest from the setpoint in order are
T5, T7 and T6 but the seven sensors are still within the
normal temperature range of 2 - 6 °C. Hence, it can be
concluded that the Kirsch blood bank has a fairly good
temperature distribution.

Temperature Distribution

Tl
Parameter  Mean (°C) Standar (°C) Error (%) 42 u"'_'_‘“u'm._.d.r'“"‘w‘“"—h
Tl 3.56 3.63 2.08 T2 5 4 e ey
— <35
T2 3.58 1.58 T3 5 3 W
=
T3 3.73 273 s 2.5
T4 g 2
T4 3.57 1.61 £ 15
T5 = 1
T5 3.67 -1.07
0.5
T6 3.63 -0.06 —T6 0
— NNV OS00NO — A o
T7 3.72 2.32 —T7 SYE8FESTER=ZGR
—_—e— = —— N AN
Time (s)

Average temperature of the blood bank

3.63
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Temperature (°C)

mTSTANDAR mT7 mT6 mT5 T4 T3 =T2 =Tl

Figure 1. Comparison of measurements of T1, T2, T3, T4,
T5, T6 and T7 between temperature monitoring devices and
standards on blood bank temperature setting (4°C).

FIGURE 4 shows the average temperature sensor
measurement values T1 to T7 of the module and compared
with standard at 4°C temperature settings. The highest
difference value is T3, which is 0.1°C or 2.73% of the
standard value. The error value is less than 5%. Therefore, it

Figure 2. Line graph of temperature distribution T1-T7 on a
temperature monitoring device at blood bank temperature
setting (4°C).

Date/Time T1 T2 T3 T4 5 T6 T7
EFEE] 30-Ags-2022 16:01:13 4 4.6 2.5 3.3 2.2 2.9 24
E¥2lY) 30-Ags-2022 16:01:14 4 4.7 25 3.4 2.2 2.9 2.3
=¥l 30-Ags-2022 16:01:15 3.9 4.6 2.5 3.3 2.2 2.9 2.4
EPLF) 30-Ags-2022 16:01:17 3.9 4.6 2.5 3.5 2.2 3 2.4
EFLE] 30-Ags-2022 16:01:18 4 4.6 2.5 3.5 2.2 2.9 24
EyLnd 30-Ags-2022 16:01:19 4 4.6 25 3.4 2.2 2.9 2.4
E¥LE] 30-Ags-2022 16:01:21 3.9 4.7 2.5 3.4 2.2 2.9 2.3
EPLI 30-Ags-2022 16:01:22 4 4.6 2.5 3.3 2.2 2.9 2.3
EFLY) 30-Ags-2022 16:01:23 4 4.7 2.5 3.4 2.2 2.9 2.3
EyRi 30-Ags-2022 16:01:25 4 4.7 25 3.3 2.2 2.9 2.3
E¥RE] 30-Ags-2022 16:01:26 3.9 4.6 2.5 3.4 2.2 2.9 2.5
EPENY 30-Ags-2022 16:01:27 4 4.7 2.5 3.3 2.2 2.9 2.4

Figure 6. display the contents of the measurement results file
in the excel program

FIGURE 6 shows the blood bank compartment temperature
measurement data stored by the module on the SD card
memory. Files in csv format, read on a computer using the
excel program. The data stored on the sdcard contains some
data such as date of the data, complete with hours, minutes
and seconds as well as data from temperature sensor
measurements T1 to T7 in degree units (°C).
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Figure 7. Blynk application display for wireless temperature
monitoring

FIGURE 7 is a display of the blynk application used by
researchers to remotely monitor the temperature of the blood
bank compartment. In addition to monitoring, researchers
used Blynk as a warning when the temperature in the
compartment is outside the normal temperature range of 2 -
6°C.

IV. DISCUSSION

The results show that the proposed design can be used to
measure temperature parameters in blood banks. This
module used DS18B20 to measure air temperature. All
temperature parameters are displayed on a 3.5 inch TFT
screen and measurement data were sent to the blynk
application using an internet connection so that it can be
monitored by several devices directly. The measurement
results were displayed on the blynk application page in the
form of real-time graphs.

The smallest error in air temperature measurement with
the DPM4 tester and the highest errors obtained were 2.08%
at T1, 1.58% at T2, -2.73% were T3, 1.61% at T4, -1.07% at
T5, -0.06% at T6, -2.32% at T7. After being compared with
standard equipment, the device was used to measure the
temperature spread in the Kirsch brand blood bank and the
average temperatures obtained were 3.56°C at T1, 3.58°C at
T2, 3.73°C at T3, 3.57°C at T4, 3.67°C at T5, 3.63°C at T6,
and 3.72°C at T7. Based on the results of the comparison of
the measurement results of the module with these standards,
the error value obtained is not more than 5%, so it can be
stated that the designed temperature monitoring device has
met the standard requirements. The error value obtained from
using the ds18b20 sensor is still smaller than using the K-
Type thermocouple sensor, such as research conducted by
Aponte-Roa et al [28] which obtained an error of 3% while
using K-Type sensor and MAX6675 to perform cold-
junction compensation and digitalizes the signal coming
from a K-Type thermocouple. Using the ds18b20 sensor can
also save on the use of I/O pins on the microcontroller by
using parasite mode [29]. The limitation of this research is
that sending sensor readings to the blynk application requires

an internet connection, so that if the internet connection is
lost, the sensor readings cannot be sent.

The development of a temperature distribution
monitoring device with SD card storage can be applied to
verify the condition of the blood bank both during calibration
and routine inspections. Implementation of the use of the
blynk application can facilitate the process of recording data
and monitoring remotely by users. Wireless communication
was used in the condition of a wide range of application,
especially the devices which need more mobility and the area
that it is not convenient for people to get to the scene [30].

V. CONCLUSION

This study shows that the device can be used for monitoring
the distribution of temperature in the blood bank using IoT.
This study aims to measure the temperature distribution in
blood banks using 7 DS18B20 sensors by sending data to
devices that have the Blynk application installed to facilitate
temperature monitoring in each compartment of the blood
bank. The device is also equipped with data storage to SD
card memory. The use of blynk can help monitor
compartment temperature remotely. The existence of an
alarm also helps the user to find out more quickly when there
is a temperature deviation that exceeds the normal range. It
can also be concluded that the system can be used to verify
the condition of the blood bank and send sensor readings to
the blynk application using an internet connection. The
addition of a real-time clock is very useful for displaying
real-time time on the TFT screen and entering time data on
each data sent to the SD card memory.
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