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Patient safety in a hospital is a healthcare service that is safe and non-
harmful to patients. All components of healthcare services (doctors, 
nurses, and other health teams) in hospitals must be aware of and care 
about patient safety while in the hospital. One of the most important 
components is monitoring the temperature of the medicine 
refrigeration. Human resources or work overload often leads to the 
need for more monitoring of the temperature of medicine refrigeration. 
Therefore, IoT technology can be the solution to assist in monitoring 
the temperature of the medicine refrigerator. The method used in this 
study is observation. Based on the conducted research, it is proven that 
the IOT system for temperature monitoring can reduce missed 
temperature records. The results of this study indicate that the DHT22 
sensors have good accuracy as they remain within the accuracy range 
of the room thermometer used as a reference,  with a temperature 

reading accuracy of ±1oC and a maximum temperature measurement 

limit of 70oC. The data collection process uses the ESP8266 as the 
microcontroller, which is then connected to the DHT22 module as a 
temperature and humidity sensor and sends a database every 30 
seconds. The real-time temperature and humidity measurement 
results can be viewed through mobile apps using the Flutter 
programming language and the website. If the temperature exceeds 

8oC, the fan LED will automatically turn on and send notifications to 
WhatsApp registered using Python and Twilio. Furthermore, the 
existing data can be analyzed using a machine learning model, 
enabling the prediction of when the refrigerator will be damaged as a 
preventive measure. 
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Introduction 

The safety of patients has become an international and national issue for hospitals, which is an 
important component of quality service health, the basic principle of service to patients, and the critical 
component of quality management (Adhi & Ningsih, 2020; Kristianto, 2019). Patients, as a user of 
healthcare services, obtain security and safety while in treatment at the hospital (Adhi & Ningsih, 2020; 
Simanjuntak et al., 2020). The International Patient Safety goal is one of the standards within the Joint 
Commission International (JCI) accreditation that aims to make nursing care provided in hospitals 
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safer (Jannah, 2020; JCI, 2017; Kalsoom et al., 2022; Nurhanifah et al., 2021; The Joint Commission 
International, 2017). 

According to Nuryanti (2019), patient safety in hospitals is a healthcare service that is safe and 
non-harmful to patients. All healthcare service components (doctors, nurses, and other healthcare 
teams) in hospitals must be aware of and concerned about patient safety while they are in the 
hospital (Irwanti et al., 2022; Kalsoom et al., 2022). JCI has determined the goals of patient safety in 
hospitals (International et al./IPSG) to improve patient safety, namely 1) Correctly identifying patients; 
2) Improving effective communication; 3) Using safe medication; 4) Ensuring the right site, the right 
procedures, and appropriate patient; 5) Reducing the risk infection related healthcare service and 
identifying the risk of patients fall (Joshi & Saini, 2022; Kurniawan, 2020).  

Implementation of safety patients aims to reduce the percentage of unexpected events (KTD), 
which often occur in patients during hospitalization (Kamalia, 2022; Kurniawan, 2020; Saryadi, 2022). 
Consequently, this situation greatly disadvantages the patients themselves and the hospital as a 
whole. Individual negligence poses a threat to unexpected incidents occurring in patients. 
Approximately 100,000 people die each year due to medical errors from medication side effects, 
surgical complications, system errors, and treatment mistakes (Herikurniawan, 2020; Kalsoom et al., 
2022). Based on these reports, improving the patient safety programs is crucial, particularly regarding 
NPSG 3, which pertains to safe medication use. One effort to maintain the quality of drugs in hospitals is 
by ensuring proper medication storage temperature. By the regulations of the Ministry of Health 
(Permenkes) number 7 of 2019, temperature and air humidity in specialized areas must be regularly 
monitored every day and substantiated with monitoring reports. The Indonesian Pharmacopoeia 
Edition VI 2020 has established temperature guidelines to achieve medical stability that meets the 
criteria. This directive applies to all medications, except when the label on the medication indicates 
different storage temperatures based on stability studies conducted by the pharmaceutical industry 
(Herikurniawan, 2020; Kobayashi et al., 2021).  

Examples of medicines that must be stored in the refrigerator are drug insulin and injection 
types (Kumar et al., 2022; Li et al., 2018; Sukmawati E. et al., 2018). Technology is important to 
implement and achieve patient safety (Hughes-Lartey et al., 2021; Humayun et al., 2021; Wiwoho 
Mudjanarko et al., 2017). Not all hospitals have sufficient storage space for advanced medicines, such as 
Metro Hospitals M. Toha. There is a need for a tool that can connect to the Internet to facilitate 
temperature monitoring and recording in the pharmacy unit more easily, effectively, and in real time. 
This concept is known as the Internet of Things (IoT). This research aims to discover the role of IOT, 
particularly in the pharmacy unit, for real-time, paperless, and automated temperature monitoring of 
refrigeration units such as Metro Hospital M. Toha.  
 
Method 
 
ESP8266 was connected to the PC as a source/power supply, then to the DHT22 sensor and set in 
Arduino IDE. If the temperature exceeds 8oC, the LED and L9110 fan will be turned on until the 
temperature meets standard criteria. Meanwhile, ESP8266 will send data to the web server and can be 
displayed on mobile apps in 30 seconds. Temperature and humidity can be seen in a mareal-timeh 
mobile apps .  

Figure 1 Method of Collecting Data 
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Results and Discussions 
 
Comparison Between Results Measurement and Refrigerator 

This chapter will elaborate on the research findings and discuss the study results. The research 
findings are presented in the form of tabla e, which summarizes the research findings. The table is 
displayed to help readers comprehend research findings. These are obtained by comparing the DHT22 
with a refrigerator to determine the differences between the two devices.  

 
Table 1. Comparison Between DHT22 and Refrigerator 

Time Measurement Results Measurement Temperature Difference 
DHT22 ( o C ) Refrigerator (%) 

19 Apr 2023 10.52.45 6,1 5,9 0,2 
19 Apr 2023 10.53.23 6,1 5,9 0,2 
19 Apr 2023 10.54.09 6,1 5,9 0,2 
19 Apr 2023 10.54.41 6,1 5,9 0,2 
19 Apr 2023 10.55.56 6,1 5,9 0,2 
19 Apr 2023 10.56.34 6,1 5,9 0,2 
19 Apr 2023 10.57.06 6,1 5,9 0,2 
19 Apr 2023 10.58.12 6,2 5,9 0,3 
19 Apr 2023 10.58.47 6,1 6,0 0,1 
19 Apr 2023 10.59.20 6,1 6,0 0,1 
19 Apr 2023 10.59.55 6,1 6,0 0,1 
19 Apr 2023 11.01.09 6,2 6,0 0,2 
19 Apr 2023 11.01.46 6,1 6,0 0,1 
19 Apr 2023 11.02.22 6,1 6,0 0,1 
19 Apr 2023 11.02.56 6,2 6,0 0,2 
19 Apr 2023 11.03.30 6,1 6,0 0,1 
19 Apr 2023 11.04.10 6,1 6,0 0,1 
19 Apr 2023 11.05.23 6,2 6,0 0,2 
19 Apr 2023 11.05.59 6,1 6,0 0,1 
19 Apr 2023 11.06.39 6,1 6,0 0,1 
19 Apr 2023 11.07.14 6,1 6,0 0,1 
19 Apr 2023 11.07.52 6,1 6,0 0,1 
19 Apr 2023 11.08.27 6,1 6,0 0,1 
19 Apr 2023 11.09.00 6,2 6,0 0,2 
19 Apr 2023 11.09.33 6,1 6,0 0,1 
19 Apr 2023 11.10.06 6,1 6,0 0,1 
19 Apr 2023 11.10.38 
19 Apr 2023 11.11.14 
19 Apr 2023 11.11.54 
19 Apr 2023 11.12.33 
19 Apr 2023 11.13.07 
19 Apr 2023 11.14.18 
19 Apr 2023 11.14.54 
19 Apr 2023 11.15.30 
19 Apr 2023 11.16.09 
19 Apr 2023 11.16.45 
19 Apr 2023 11.17.40 
19 Apr 2023 11.18.08 
19 Apr 2023 11.18.42 
19 Apr 2023 11.19.54 

6,1 
6,1 
6,1 
6,1 
6,1 
6,1 
6,1 
6,1 
6,1 
6,1 
6,1 
6,1 
6,1 
6,2 

6,0 
5,9 
5,9 
5,9 
5,9 
5,9 
5,9 
5,9 
5,9 
5,9 
5,9 
5,9 
5,9 
5,9 

0,1 
0,2 
0,2 
0,2 
0,2 
0,2 
0,2 
0,2 
0,2 
0,2 
0,2 
0,2 
0,2 
0,3 

Flat- flat deviation whole 0,1675 

 
Formulas : 
e = [  − 𝑏 ] 
 
Description: 
e = Error 
a = Sensors 
DHT22 b = Refrigerator 
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Based on the table above, the collected sample data shows a difference between the refrigerator and 

DHT22 of 0,3 or an average of 0,1675. This shows that the DHT22 sensor has good accuracy because, 
according to the sensor data sheet, the measured temperature should be within the range of -40oC with 
a maximum temperature measurement limit of 80oC and accuracy measurement ± 0.5oC. 
 
Measurement Results 

Table 2. Measurement with DHT22 
Time measurement Measurement 

Temperature 
(oC) 

Humidity (%) Status 

 
19 Apr 2023 08.56.37 
19 Apr 2023 08.57.09 
19 Apr 2023 08.57.41 
19 Apr 2023 08.58.14 
19 Apr 2023 08.58.46 
19 Apr 2023 08.59.18 
19 Apr 2023 08.59.50 
19 Apr 2023 09.00.22 
19 Apr 2023 09.00.55 
19 Apr 2023 09.01.36 
19 Apr 2023 09.02.07 
19 Apr 2023 09.02.39 
19 Apr 2023 09.03.11 
19 Apr 2023 09.03.43 
19 Apr 2023 09.04.16 
19 Apr 2023 09.05.27 
19 Apr 2023 09.06.00 
19 Apr 2023 09.06.32 
19 Apr 2023 09.08.21 
19 Apr 2023 09.08.38 
19 Apr 2023 09.08.59 
19 Apr 2023 09.09.32 
19 Apr 2023 09.10.25 
19 Apr 2023 09.11.23 
19 Apr 2023 09.11.34 
19 Apr 2023 09.12.08 
19 Apr 2023 09.12.44 
19 Apr 2023 09.13.57 
19 Apr 2023 09.16.03 
19 Apr 2023 09.17.40 
19 Apr 2023 09.18.15 
19 Apr 2023 09.18.50 
19 Apr 2023 09.19.25 
19 Apr 2023 09.20.35 
19 Apr 2023 09.21.54 
19 Apr 2023 09.21.55 
19 Apr 2023 09.22.22 

 
6.9 
6.9 
6.9 
6.9 
6.8 
6.8 
6.8 
6.8 
6.7 
6.7 
6.7 
6.7 
6.7 
6.7 
6.7 
6.6 
6.7 
6.8 
6.7 
6.9 
6.8 
6.8 
6.8 
6.7 
6.7 
6.7 
6.7 
6.6 
6.6 
6.6 
6.6 
6.6 
6.6 
6.6 
6.6 
6.6 
6.6 

 
81 
81 
81 
81 
82 
82 
82 
82 
82 
82 
83 
83 
83 
83 
83 
83 
85 
85 
87 
87 
87 
87 
88 
88 
88 
88 
88 
88 
89 
89 
89 
89 
89 
89 
89 
89 
89 

 
Sent 
Sent 
Sent 
Sent 
Sent 
Sent 
Sent 
Sent 
Sent 
Sent 
Sent 
Sent 
Sent 
Sent 
Sent 
Sent 
Sent 
Sent 
Sent 
Sent 
Sent 
Sent 
Sent 
Sent 
Sent 
Sent 
Sent 
Sent 
Sent 
Sent 
Sent 
Sent 
Sent 
Sent 
Sent 
Sent 
Sent 

19 Apr 2023 09.23.00 
19 Apr 2023 09.23.33 
19 Apr 2023 09.24.11 

6.6 
6.6 
6.6 

89 
89 
90 

Sent  
Sent 
 Sent 

 
Based on the table above, from the collected temperature measurement data, the captured data 

taken by DHT22 is 100%, set to data the base during the active internet connection, and there is no 
change on SinD and WiFi passwords. 
 
Damage Predictions of Refrigerator with Flutter 

Based on data taken for eight days in three different refrigerators, the description can be seen 
as follows: 
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Table 3. Total of Datasets 
No Storage/Brand n data 
1 GEA Expo 10.315 data 
2 RSA 1 1.992 data 
3 RSA 2 13.542 data 

Total 25.849 data 
 

Description: 
n data = Total obtained data (data can be seen on attachment of data measurement) 

 
 
Damage Predictions of Refrigerators with Machine Learning 

The prediction was made by taking data for eight days and analyzing each refrigerator or 
storage. 

Table 3. Datasets 
Variable  Description 
Date Date 

  Temp Temperature 
Storage Storage/Refrigerator 

 

a. Refrigerator 1 – Gea Expo (Medical Warehouse) 
1. Load data sensors on refrigerator/storage 1, along with libraries needed. 

 

2. Display data in visual form to make it easier to conduct analysis. 
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3. Create training data and testing data (80%), then convert the type of data objects to int, 
then load libraries XGBoost. 

 
 

4. Conduct prediction and visualize in chart line. 
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Based on the data above, the prediction results for refrigerator storage 1 showed quite good 

results, in the range of 5oC - 7.5oC. The potential date of the storage failure can only be determined once 
the required data is sufficient. 

 

b. Refrigerator 2 – RSA (Outpatient Pharmacy Installation) 
1. Load sensor data on refrigerator/storage two and the required libraries. 
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2. Display data in the visual form to make it easier to conduct analysis.  

 
 

3. Create training data and testing data (80%), then convert the type of data objects to int, 
then load libraries XGBoost.  
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4. Conduct prediction and visualize in chart line. 
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Based on the data above, it can be seen that the prediction results for refrigerators/storage two 
show that the storage is in bad condition. This is evident from the prediction results, which show 

temperatures in the range of 8.5oC - 9oC in the near future, followed by a return to the normal 

temperature of 8oC. Then, there will be another increase, reaching up to 9oC. 
 

c. Refrigerator 3 – RSA (Inpatient Pharmacy Installation) 
1. Load data sensors on refrigerator/storage, along with the required libraries. 

 

2. Display data in the visual form to make it easier to conduct analysis. 
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3. Create training data and testing data (80%), then convert the type of data objects to int, 

then load libraries XGBoost. 

 

 
4.  Conduct prediction and visualize in chart line. 
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The title of the manuscript is short and clear and implies research results (First Author) 

 
 
Based on the data above, the prediction results for refrigerators/storage 3 showed quite good 

results, still within the range of 5oC - 7.5oC. The potential date of storage malfunction can only be 
determined once the necessary data is sufficient.  

 
Conclusions 
 
IOT technology can help the staff monitor the temperature of the medicine refrigerator in the 
pharmacy installation. The current study is limited in measuring temperature and humidity. Future 
research, it is expected to measure other parameters as well. 
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