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ABSTRACT 

This paper explores the gaps in the management systems used by healthcare institutions 

across Ghana as well as their flaws and the inefficiencies that follow. It further elaborates 

on the nature of Electronic Health Records (EHRs) and the potential advantages it brings 

such as easy accessibility by patients, improved data protection and retention, data 

interoperability and many others. Additionally, the systems used to emulate the desired 

benefits derived from EHRs are broken down and discussed. The first aspect of the project 

seeks to measure patient vitals as well as monitor bed occupancy and transfer the recorded 

values to the hospital  whereas the remaining portions deal with the transfer of 

patient data to requesting hospitals and enable patients privately view their data via 

smartphone. The paper concludes by reiterating the advantages EHRs brings to healthcare 

institutions while also shedding light on the challenges to be faced in the journey for a 

paperless healthcare management system.
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Chapter 1: Introduction 

1.1 Introduction and Background 

Technology has evolved over the years since its inception to become an integral unit in 

In the medical area, Electronic Health Records 

have been introduced. Although, the time spent documenting is not affected with the addition 

of the EHRs, time is still saved by the hospital staff for activities such as maintaining patient 

forms and accessing patient charts [1]. In Ghana, although the use of technology has become 

quite mainstream in the urban areas, many hospitals are still operating with the file-folder 

management system where every patient is assigned a folder which is stored in a room 

occupying space until its owner arrives. This form of management, although efficient if done 

properly, limits the potential of the healthcare institution in terms of relatively longer waiting 

times during file transfers as compared to a system integrating Electronic Health Records.  

Along with the underlying challenges faced with having patient data in documented form [2], 

there is no credible and quick means of viewing patient data if the patient visits a hospital other 

than the hospital which is frequently visited. In the event a patient goes (or must go) to a new 

hospital, with the file-folder management system he or she would have to make preparations 

prior to the hospital visit to retrieve their hospital files from the former hospital before the 

journey to the new hospital. This extra step, which is not included when using Electronic Health 

Records, increases the number of tasks the patients must undergo before having a smooth 

experience at the hospital. 

Documents which have been written also tend to experience wear and tear because of heavy 

use throughout the years or poor maintenance [3]. According to the National Coordinating 

Council for Medication Error Reporting and Prevention, a medication error refers to an 

avoidable occurrence which leads to inappropriate use of medication or patient harm while 

medication is being used as recommended by health professional [4]. On the 25th of June 2020, 
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a horrific event occurred at the Greater Accra Ridge Hospital as a woman in pain was admitted 

but there was no doctor around to see to her [5]. Subsequently, it was discovered that 

medication which was administered by the nurse was not prescribed by the doctor who was 

assigned to her and this ultimately led to her death the next day. 

 

1.2 Problem Statement 

With the prevalence of the file-folder management system in many healthcare facilities based 

in both rural and urban areas, the file-folder management system is easily susceptible to 

destruction through floods and other disasters [6]. The documents, by virtue of their physical 

restriction, have no means of exchange in times critical need. In times of emergency, healthcare 

facilities would have no means of data exchange to verify critical information on a patient 

before medicine is administered.  

An individual in need of help but unable to move or act is stranded and helpless until the 

ambulance arrives, however due to the lack of information pertaining to the individual, the 

choice of first aid could either save his/her life or kill them. The inability to verify the critical 

information of a patient before administering first aid or prescribing medicine leads to the death 

of many through medical errors [7]. As of 2013, medical errors were ranked as the 3rd most 

common cause of death in the United States [8]. Over the years, the statistics recorded has 

reduced however the question is still asked, how can medication errors be reduced? 

 

1.3 Objectives 

The goal of this project is to develop an interoperable hospital management system as well as 

a mobile application to facilitate the easy exchange of patient data to be viewed by authorized 

individuals and improve the rate of survivals of patients who arrive in critical condition. This 

can be achieved through: 
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 Designing of an application to request and retrieve patient data for host hospital 

through RESTful APIs. 

 Enabling networked instruments to communicate and transfer d

account 

 Designing of mobile application to allow individuals view their hospital data and 

contact emergency services. 

 

1.4 Proposed Solution 

This project seeks to develop a fully interoperable hospital management system which would 

enable hospitals in different areas maintain and exchange vital information to cater for patients 

in their care. While in the hospital, patients need only provide the desired means of 

identification as well as a One-Time Password for user authentication for their information to 

be accessible. In a foreign setting, patients can view their details from previous hospital visits 

as well as press a button to alert the Ambulance Service of an emergency and make a loud 

noise to attract attention of nearby citizens through a mobile application. 

 

1.5 Expected Outcome 

This project should facilitate the easy exchange of patient data among healthcare institutions 

in need of them. With a simple request through the web application, the interested parties would 

tion within the shortest possible time. Patients, from the 

comfort of their homes would also be able to view their personal information on their mobile 

devices as it is being updated while also being granted the ability to quickly alert the 

Ambulance services in the event of unforeseen circumstances which require medical 

assistance. 
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Chapter 2: Literature Review 

2.1 Introduction 

Health Information Management (HIM) refers to the collection analysis, storage, and 

protection of the quality of patient health information [9]. The information gathered can either 

be in a paper format, a combination of paper and digital (hybrid) and a fully electronic health 

record (EHR) [9]. The history of the HIM industry can be traced to its inception in the 1920s 

where medical staff came to the realization of the potential benefits that would arise from 

having documented forms of patient data [10]. In the pre-digital era, the paper style of patient 

data documentation was used as the preferred means of data storage.  

The introduction of computers and computing devices between the 1960s and 1970s sparked 

the idea of integrating documents with this new technology. As such, many begun to research 

into the field of digitizing documents to determine its efficacy. In the mid-1960s, Lockheed 

Corporation succeeded in the creation of a prototype for an information system for physicians, 

tal in 

Mountain View, California [11]. Unfortunately, however, upon testing between 1971 and 

1974, medical staff were dissatisfied, leading to more research taking place [11]. Factors such 

as high cost, security, and privacy, caused interested parties to take a step back to further 

analyse the system they sought to create. In 1987, the IEEE P1157 Medical Data Interchange 

(MEDIX) Committee was created and tasked with the creation of standards for communication 

of medical information between heterogenous healthcare systems [12]. With hardware 

components becoming more affordable and compact, the introduction of the Internet and 

networks created an easier avenue for the use of web-based Electronic Health Records (EHRs) 

[12]. 

In 1992, the use of EHRs had been furthered through certain means, such as, data interchange, 

image scanning; from which physician workstations were created [12]. Standards such as 
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Health Level Seven (HL7) and IEEE P1157 were being used together with the EHRs to reduce 

the ambiguity presented when defining data elements. [12]. This presented many benefits to 

the health industry. Computer-based patient records, as defined by the committee, could 

positively affect the quality of patient care in at least four ways [13]. 

 This aids in improving the quality of patient care data as well as access to it. 

 This enables the integration of information concerning patients over time by providers. 

 This promotes more accessibility to medical knowledge when needed by practitioners  

 They provide decision support for practitioners. 

As time went on, the primary issues with EHRs were no longer just that of the technical nature 

but social, and ethical [12]. With respect to the ethical nature of EHRs, there are four main 

issues to be considered [14]: 

 Privacy and confidentiality 

 Security Breaches 

 System Implementations 

 Data Inaccuracies  

With the number of cyberattacks increasing by 600% during the COVID-19 Pandemic [15], 

data security is of high importance to many. The family health histories would be entered into 

the EHRs and these EHRs could be used to assess disease risk [12]. Concerning the potential 

social issues likely to exist, in the event the ethical aspect of the system is breached, and 

confidential information is leaked, individuals exposed risk being segregated because of 

diseases in their family. 

Pressure is constantly mounted on entities pushing for the use of EHRs concerning the security 

of patient information [16]. Due to the sensitivity of health issues such as mental illness and 

others, if an EHR is incapable of assuring the confidentiality of the data of a patient suffering 
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from said illness, he or she would be reluctant to seek treatment in the future, irrespective of 

the severity of the situation [12]. 

Within the past few years, a large focus has been placed on big-data and text mining focused 

on the identification of disease association [12]. A major advantage of the digitization of patient 

data is that with the help of data scientists and analysts, trends and patterns could be generated 

to easily detect the occurrence of certain diseases [17]. This process would help create early 

awareness and possibly the quick neutralization of possible impending health threats. 

The introduction of Internet of Things presents even greater capabilities for the healthcare 

industry. By using smart devices and sensor to record data from patients, the technological 

innovation takes another step forward in which recorded data would no long need to be 

manually typed into the system, but automatically added to the respective database. The use of 

sensors presents a new front where doctors and nurses can constantly monitor the state of a 

patient without being in the same room and are also notified by the actuators connected to the 

sensors whenever vitals have spiked or surged. This advancement also makes room for 

different aspects of the hospital to be monitored and controlled, preventing embarrassing 

situations such as uncertainty as to the number of available beds, and regulating the general 

temperature of the hospital. 

With all the benefits derived from using EHRs, there are many challenges as well, one of which 

being interoperability. According to the Merriam-Webster Dictionary, Interoperability is 

defined as the ability of a system to work with or use the parts or equipment of another system 

[18]. Although many individuals stay in one geographic location for most of their lives, there 

are many others who per job transfer or changes in living situations relocate and find 

themselves in a new environment. Here, hospitals which use different EHR standards with 

different ex
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another hospital he/she goes to. This presents the challenge of creating systems that although 

different, are capable of interpreting data received from an alternate system. 

 

2.2 Related Works 

Ashwini Gutte and Ramkrishna Vadali, in their paper, IoT Based Health Monitoring System 

using Raspberry Pi, elaborated on the processes they went through to create a system which 

measures the u nsfers the results to the patient via 

text message [19]. The workflow for the system was divided into four (4) sections: 

 Data Acquisition 

 Data Processing 

 Data Storage 

 Data Transmission. 

In the first section, data is collected from the patients using low-power sensors on a timely 

basis. It is then forwarded to the Raspberry Pi where it is processed and sent to their server for 

storage, making it available for all desired clients who wish to access their data. Finally, as and 

when the information is needed, it is transmitted to the clients via SMS and email alerts. The 

protocols used for the projects were Hyper Text Transfer Protocol (HTTP), Constrained 

Application Protocol (CoAP) and Message Queueing Telemetry Transport (MQTT). 

Yeong-Tae Song et al, in their paper, Standard-based Patient-centered Personal Health Record 

System, implement a similarly structured system where an ARM Cortex-A7 CPU is used 

alongside a Raspberry Pi and an e-Health Sensor Shield to enable the measurement of different 

forms of vitals from the patient [20]. An android application was also created to enable the user 

to view his/her lab results, disease data and current medication list. In this proposed system, 

there are four (4) underlying principles followed. They are: Data independency, 

Interoperability, Metadata, and Communication.  



 9 

 

Their application provides a new dynamic to the doctor-patient relationship in terms of 

permission. Whereas by default, both parties would have access to the data, the doctor would 

Furthermore, after gaining access to patient files, a messaging board was created for 

the patient and the doctor to interact with each other. 

Houda Fakhkhari et al in their paper, Moroccan Patient-centered Hospital Information System: 

Global Architecture, breakdown of the current Health Information System used by the 

Moroccan Ministry of Health [21]. The Moroccan healthcare sector has been subdivided into 

three levels, Primary, Secondary and Tertiary. A new global architecture was proposed with 

the principles of unique patient identification, interoperability, security, and accessibility. In 

this architecture, all EHRs would be connected to a central secured database enabling a patient 

who is diagnosed in either a primary or secondary health center, be able to receive the needed 

care from a tertiary level institution after being referred without need of carrying along any 

form of paper records. Bar codes are used to hold national patient identifier code for each 

individual. Upon scanning, the clinicians would gain access to the information needed. Thus, 

the patient must be present for the access to be granted. To be able to achieve interoperability, 

standards must be set across hospitals to have a fundamental data format which would contain 

basic patient information needed by hospitals. Health Level Seven International (HL7) is a 

standards-developing organization dedicated to providing a comprehensive framework and 

related standards for the exchange, integration, sharing, and retrieval of EHRs that supports 

clinical practice and the management, delivery, and evaluation of health services. The EHRs 

to be developed adopt the HL7 International Standard to facilitate interoperability. 
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2.3 Gaps and Improvements 

Although services provided with respect to EHRs would help greatly in ideal circumstances, 

as the world is currently experiencing a pandemic as a result of Covid-19, measurement devices 

which function primarily through touch can be seen as problematic if not handled with care. 

To improve upon this, devices which produce equally good results without much physical 

interactions can be used by the hospital staff. For this project, the users are classified in three 

categories: 

 Doctors 

 Nurses 

 Patients 

Regarding temperature, contactless InfraRed sensors can be used to retrieve the accurate 

temperature of the patient, while still maintaining a safe distance between the nurses and the 

patient. The inclusion of a networked component to the contactless sensor aids in the creation 

of a smart device which provides more opportunities for scaling and improvements. This 

addition can help facilitate direct transfer of patient vitals to the database. 

Furthermore, managing the affairs of a patient most at times goes beyond simply maintaining 

their information, but then ensuring that they get the best of services at the hospital as well. 

Therefore, through the inclusion of sensors underneath the hospital beds, hospital staff are 

aware of the number of beds available for incoming patients. 

Many individuals find themselves in situations where they need medical assistance, but they 

are on the verge of collapsing with no help in sight. Individuals in such a predicament are at 

the mercy of the people who are around them, and per the quick thinking of such individuals 

the affected party either lives or dies. Another gap in the EHR system is that which enables the 

patient to view his or her data on their mobile phone and contact emergency services in urgent 

situations. This would be remedied through the final portion of this project which is the creation 
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of a mobile application. This application facilitates the process of viewing data as a patient as 

well as provides a means to alert emergency services by transmitting the patient's location and 

emitting a loud noise to grab the attention of those around. 
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Chapter 3: Methodology 

3.1 Overview  

This chapter seeks to elaborate on the components and the general design of the entire system. 

It also focuses on the decision-making processes that were made concerning which component 

should be used among the various alternatives in its category and presents a use case 

demonstrating how, once combined, the system would function. The scope of this project 

involves the use of sensors to monitor the vitals of patients and bed occupancy, integrated with 

the hospital management system which allows the transfer of patient data to other hospitals. 

Furthermore, this project seeks to enable the patient to view their own data via smart phone. 

 

3.2 Design Objective 

The following are the objectives for the design aspect of this project: 

 To design a device which measures the weight, temperature, and pulse rate of a 

patient and uploads the results to a database. 

 To design a device which enables hospital staff monitor bed occupancy. 

 To design an interoperable hospital system to facilitate the quick transfer of patient 

information. 

 

3.3 System Overview 

In this section, the functional and non-functional requirements of the system would be 

discussed. 

3.3.1 Functional Requirements 

The functional requirements for the system are stated below: 

 The system should accurately measure mass up to 200kg. 
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 The system should measure the temperature of a patient. 

 The system should measure the pulse of a patient. 

 The system should detect free beds as well as occupied beds. 

 The system should be able to upload 

database. 

 The system should enable patients view their information from another hospital 

sharing the same standard. 

 

3.3.2 Non-Functional Requirements 

 The measuring device should alert user if the vitals are not fully transferred to 

database. 

 The number of available beds remaining should be easily viewed by hospital staff. 

 

3.4 Component Selection 

This section seeks to discuss the processes the went into the selection of the final components 

to be used in the system. 

3.4.1 Decision Making Process using Pugh Matrix 

KEY 

0  Equivalent to the baseline 

+  Better than the baseline 

-  Worse than the baseline 
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Pugh Matrix for Microcontroller 

 Baseline Weight Alternatives 

Criteria NodeMCU 

ESP8266 

 Atmega328p PIC24FJ128GC010 ATtiny 

28 

STM32F103C8T6 

 

Cost 0 3 + + + + 

Availability 0 3 + 0 + - 

Ports 0 4 + + - + 

Total   10 7 6 7 

 

Pugh Matrix for Temperature Sensor  

 Baseline Weight Alternative 

Criteria ZTP115  MLX90614 D6T 

Cost 0 1 - - 

Availability 0 2 + 0 

Operating 

Range 

0 5 + 0 

Accuracy 0 2 + - 

Total   9 -3 
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Pugh Matrix for Weight Sensor 

 Baseline Weight Alternatives 

Criteria Strain Gauge  50kg Load Cell 5kg Load Cell 

Cost 0 2 0 0 

Availability 0 3 + + 

Accuracy 0 5 + 0 

Total   8 3 

 

3.4.2 Final Hardware Components 

The selected hardware components would be discussed in this section as well as a brief 

description of the functionalities. 

Component Function 

ATMEGA328-P The ATMEGA328-P chip is an 8-bit AVR RISC-based 

microcontroller with 1024B EEPROM, 2KB SRAM, 23 general 

purpose I/O lines, 32 general purpose working registers, five 

software selectable power saving modes among others [22]. This 

hardware component would be the Central Processing Unit of the 

system. 

MLX90614 The MLX90614 is an infrared thermometer for non-contact 

temperature measurements [23]. This would be used in the 

Temperature module to detect the temperature of patients 

50kg Load Cell This is a force transducer which converts the strain applied to it 

into electrical- charges. This component would be used to 
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measure the weight of patients as well as aid in monitoring bed 

occupancy. 

HX711 Load Cell 

Amplifier 

The HX711 Amplifier aids in the amplification of the signal 

produced by a load cell. 

 

3.4.3 Software Implemented 

Software Role 

Atmel Studio Atmel Studio is an integrated development 

platform (IDP) for developing and 

debugging all AVR® and SAM 

microcontroller applications [24]. Using this 

program, the necessary functions and drivers 

can be uploaded to the ATMEGA328-P. 

MySQL MySQL is a database management system 

which would serve as the database for bed 

occupancy sensors in healthcare institutions. 

Fritzing Fritzing is an open-source software used for 

the design of electronic hardware. 

MongoDB MongoDB is a database management system 

which would serve as the database for patient 

data in healthcare institutions. 

Command Prompt Command Prompt is a command-line 

interpreter used in the Windows Operating 

system. 
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3.5 Hardware System Design 

As stated in the previous section, the finalized components include the ATMEGA328p, 50kg 

Load Cell together with the HX711 Load Cell Amplifier, the MLX90614 Non-Contact IR 

Temperature Sensor. To serve as a supplement to enrich the output of this system, the 

NodeMCU ESP8266 Wi-Fi Module and the Pulse Rate Sensor Module have also been included 

to facilitate the transfer o

pulse, respectively. 

 

3.5.1 Vitals Sensor 

The aim of the Vitals Sensor is to provide a means for nurses at the first checkpoint in the 

hospital to measure the vitals of the 

database with little to no human intervention. 

The diagram below represents the schematic for the Vitals Sensor created using Fritzing. This 

device consists of the ATMEGA328p, four (4) 50kg Load Cells, HX711 load cell amplifier, 

MLX90614 Non-Contact IR Temperature Sensor, Pulse Rate Sensor Module and the 

NodeMCU ESP8266 Wi-Fi Module.  
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Figure 1: Schematics for the Vitals Sensor

3.5.2 Bed Occupancy Sensor

The aim of the Bed Occupancy Sensor is to constantly inform nurses and doctors about the 

total number of available beds to prevent the No Bed Syndrome. It works by detecting the 

weight of a body on the hospital bed it is attached to and informs the hospital staff that it has 

been occupied. To prevent cases of false positives, the Bed Occupancy Sensor would record 

values at a fixed interval to determine if the entity on the bed is truly patient and not a foreign

item such as a box.

The diagram below represents the schematic for the Bed Occupancy Sensor created using 

Fritzing. This device consists of the ATMEGA328p, one (1) 50kg Load Cells, HX711 load cell 

amplifier, and the NodeMCU ESP8266 Wi-Fi Module. 
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Figure 2: Schematics for the Bed Occupancy Sensor

3.6 Software System Design

This section is dedicated to the elaborated breakdown of the software aspect of this project. To 

facilitate the storage of patient details and received data from the bed occupancy sensors, 

various databases were created to house the data. The ability to securely transfer patient data 

from a central hospital to the hospital requesting for it is a key objective this project seeks to 

achieve. Finally, this project seeks to enable patients view their personal data as an when they 

please using a mobile application. The aforementioned objectives will be discussed in the sub-

sections below.

3.6.1 Hospital Database

The aim of the Hospital Database is to provide a means for a hospital to store important 

information not just about their patients but about the hospital as well, in order to improve its 
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efficiency. Items which need to be stored by the hospital, as per the scope of this project, are 

user details as well as vitals of the patient and values pertaining to available beds in the hospital. 

Due to the nature of the bed occupancy check, every piece of information provided by the 

sensors is vital and must always be sent together, hence, a relational database such as mySQL 

would be encouraged to store the values obtained from the bed occupancy sensor. 

Patients, upon registering for the first time, would have a document containing the basic 

information about them and on subsequent check-ups, new documents would be added. While 

keeping the data of a patients in their respective collections, the noSQL database is used. This 

database aids in the storage of documents which do not always have the same parameters. In 

registering a patient, the very first document created would follow the FHIR standard in terms 

of parameters uploaded. The FHIR standard enables the possibility of transfer between 

computers and as such, hospitals.

Figure 3: Database Schema of Bed Occupancy Table in mySQL

Figure 4: Database Schema of Authentication Table for Mobile Application in mySQL



21

Figure 5: Schema of the Patients database in MongoDB

3.6.2 Hospital to Hospital Exchange

This sub-section seeks to break down the process by which patient data can be exchanged 

between hospitals.  As mentioned previously, the Fast Healthcare Interoperability Resources 

(FHIR) standard is used to facilitate the transfer of data from one hospital to another. FHIR, 

like every communication standard, operates with a set of rules in terms of data formats and 

elements which must be followed strictly to successfully achieve a connection. FHIR operates 

using the RESTful API in which data is transferred over HTTP or HTTPS.

Once the data format and element requirements have been satisfied information can be sent to 

the FHIR server using POST requests. The diagram below represents the flowchart of the 

interface used to transfer patient data to the FHIR server via POST request.
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Figure 6: Flowchart for the POST request to the FHIR server

The organization s password will be required for verification by the interface. Other entries 

such as the first name and last name of the patient and the email address of the requesting 

hospital are required as well.

The diagram below represents the flowchart of the interface used to retrieve patient data from 

the FHIR server using the GET request.
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Figure 7: Flowchart for the interface utilizing the GET request

This interface will require the FHIR ID of the patient, their first and last name

3.6.3 Mobile Application

-section is to allow patients view their personal data 

whenever they want to, without visiting their primary hospital or contacting them. This process 

requires the patient to create an account with the hospital during initial registration to prevent 

the creation of dummy accounts and fake accounts pretending to be people they are not. The 
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hospital in-charge would be the sole means of account creation and/or termination. The 

diagram below represents the flowchart for the mobile application.

Figure 8: Flowchart for the mobile application
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Chapter 4: Implementation and Results 

4.1 Hospital Management System Implementation 

This chapter seeks to elaborate on the processes which went into the implementation and testing 

of the Hospital Management System phase of the project. This system consists of the Bed 

Occupancy Sensor and the Vitals Sensor which are responsible for relaying information about 

bed availability and vital signs recorded from a patient respectively to the centralized database 

of the hospital. 

 

4.1.1 Bed Occupancy Sensor 

The objective of this device, as mentioned previously, is to constantly inform nurses on-duty 

of the total number of beds available in the hospital. The needed equipment to setup the Bed 

Occupancy Sensor are: 

 Load Cell and Load Cell Amplifier 

 NodeMCU ESP8266 Wi-Fi Module 

 Atmega328p 

 Connecting wires 

The load cell operates through pressure application and strain, as a force is applied on one end 

of the load cell, with the other stationary, two of the strain gauges attached to it would stretch 

while the other two would compress. From the stretching and compression process endured by 

the strain gauges, the weight of the body providing the force is estimated by the strain gauges 

and is amplified by the load cell amplifier. While placed under the mattress of the hospital bed, 

the load cell detects the pressure applied by an entity, in this case, a patient. To verify that the 

occupant of the bed is indeed a patient and not an object placed on the bed, a time interval of 5 

minutes is set between status updates. After verification, the Atmega328p in conjunction with 
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the ESP8266 Wi-Fi module work to update their status, stating that the assigned bed is either 

available or unavailable. 

The figure below represents a prototype of Bed Occupancy Sensor which utilizes a 5kg load 

cell and a NodeMCU ESP8266 12-E development board as opposed to the 50kg load cell and 

NodeMCU ESP8266 Wi-Fi Module with a time interval of 5 seconds for verification. 

 

Figure 9: Bed Occupancy Sensor Prototype (Top View) 

 

4.1.2 Vitals Sensor 

The objective of the Vitals Sensor is to measure the vitals i.e., weight, temperature, pulse rate 

of the patient while at the preliminary stages of their check-up with a doctor and update their 

information on the centralized hospital database. The equipment required to setup the Vitals 

Sensor include: 
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 Four (4) Load Cells and Load Cell Amplifier 

 NodeMCU ESP8266 Wi-Fi Module 

 Pulse Rate Sensor Module 

 MLX90614 Non-Contact IR Temperature Sensor 

 Atmega328p 

 Connecting wires 

Similar to the Bed Occupancy Sensor, the Vitals Sensor would contain load cells which would 

be placed underneath an object to detect the weight of the body. In this case, the load cells 

would be placed under a scale-like contraption to accurately determine the weight of the 

patient. The IR Temperature Sensor and Pulse Rate Sensor Module measure the temperature 

and pulse of the patient and, along with the values from the load cells, transfers the recorded 

data into the database. The figure below represents a prototype of the Vitals Sensor, using a 

5kg load cell, a NodeMCU ESP8266 12-E development board, and Pulse Rate Module. 

 

Figure 10: Vitals Sensor Prototype (Top View) 
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4.1.3 Hospital Database 

For the hospital, two databases were created.  

 MongoDB: This database was created to store all information concerning patients. 

 mySQL: This database has two tables, one for Bed Occupancy and another for User 

Authentication for the mobile application. 

MongoDB, like most noSQL databases, does not require a fixed number of parameters per 

every insertion. This feature presents the opportunity for flexibility in terms of data uploads. 

The FHIR server, as part of the FHIR standard, requires a specific set of elements to be 

presented in a specific data format to successfully upload data to it. The diagram below contains 

the breakdown of the parameters which can be transferred to the FHIR server.  

 

Figure 11: FHIR standard parameters 
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Using the FHIR s eters as a model format, the MongoDB database was 

structured containing the presented elements as seen in the diagram below. 

 

Figure 12: Sample of FHIR-formatted MongoDB document 

The Cloud version of MongoDB (MongoDB Atlas) was used during the implementation of the 

patient section of the Hospital Database.  document in one 

collection, every patient had their own collection in order to make the exporting process easier 

when the need comes for a transfer. In the diagram shown below, the MongoDB database can 

be seen along with the individual collections in the . 
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Figure 13: MongoDB database with patient collections 

 

The SQL server was hosted on an Ubuntu server Virtual Machine. This step was done to 

emulate a situation where the server is a physical entity as opposed to running the services on 

localhost. The Bed Occupancy table contained the columns: 

 ID 

 Location 

 Status 

 Time 

The ID was specific to each bed and therefore the sensor attached to that bed and the time 

helped to determine the period in which the information was uploaded. 
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Figure 14: phpmyadmin service displaying the Bed Occupancy table running with the Ubuntu Server 20.04 Virtual Machine 

 

4.2 Hospital to Hospital Exchange 

The FHIR server, as mentioned earlier, operates using RESTful API and requests. As such the 

key to transferring data to and fro is using these requests. In order to make this process as user 

friendly as possible, this section was divided into two phases and automated accordingly using 

Windows Batch Scripting: 

 Transmission 

 Reception 

The Transmission phase involves the primary hospital sendi an FHIR 

server using the POST request. The FHIR server utilized is a public test server designed by the 

organization HAPI FHIR. To successfully transfer the p , the medical staff must 

document in JSON format from the MongoDB database and then use the 

POST request to transfer the data to the FHIR server. A key item needed by the requesting 
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hospital to access the data sent to the FHIR server is the FHIR ID assigned to the uploaded 

document, in transferring the data to the server, the medical staff 

hospital would have to retrieve the ID and send it to the requesting hospital via any preferrable 

means of communication. In automating this phase, a Windows Batch Script was used along 

with two python scripts to utilize the POST request and send the FHIR ID to the requesting 

hospital via email. 

 

Figure 15: Simulation of patient record being exported from the MongoDB database 
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Figure 16: Sending the FHIR ID to the requesting hospital after a successful upload 

 

Upon successfully u

would be received. If the data failed to upload, a response code of 400 would be received. The 

process has been simplified for the medical staff whereby the only input required from them 

are: 

 First name of patient 

 Last name of patient 

 Email of the requesting hospital  

 Password of the primary hospital  

After a successful process, the n their 

emails as seen in the diagram below and they can then move on to the second phase, Reception. 
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Figure 17: Diagram representing result of the Transmission phase of the Hospital-to-Hospital Exchange 

 

The final stage of the Hospital-to-Hospital Exchange phase involves the requesting hospital 

the FHIR server. In this stage, the only input 

required from the requesting hospital are:  

 First name of patient 

 Last name of patient 

 FHIR ID of patient 

 the FHIR server and arranged in a relatively readable 

text format. 
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Figure 18: Formatted data for the patient at the requesting hospital 

 

4.3 Mobile Application 

The mobile applica ew their data whenever they 

want to. Without a registered account however, the patient would not be able to gain access to 

the data they seek and the would be required to visit the hospital and register with them. The 

diagram below represents the Login section of the mobile application built using Flutter. 
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Figure 19: Log In section of the Mobile Application 

 

 

Figure 20: Information displayed after a successful login 
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   Chapter 5: Conclusion 

The goal of this project is to enable the easy and secure transfer of patient data between 

hospitals, provide a means for patients to view their personal data and request help in times of 

emergency, and introduce a way for hospitals to manage their information with little to no 

intervention from the staff. To achieve this, the project was divided into three phases according 

to the goals mentioned, Hospital-to-Hospital Transfer, Hospital-to-Patient Transfer, and 

Hospital Management. The Vitals Sensor developed for the Hospital Management system 

demonstrates how technology can be used to augment the process of measuring and recording 

vitals of a patient. In addition, the Bed Occupancy sensor allows the hospital staff to accurately 

determine the number of available beds in the hospital. The hardware aspect of the Hospital 

Management System includes the differentiating factor of automation which reduces the 

needed interaction by nurses. The provision of a means of communication not only between 

hospitals and their patients but among hospitals enlarges the scope of secure information 

sharing. This aspect of the project aids in the gradual fight towards dummy accounts as well as 

multiple accounts. 

5.1  Limitations 

Upon research into the suitable components for the project, the 50kg load cell showed promise 

for weight measurement as well as Bed Occupancy due to its miniscule nature and large 

measuring range. Unfortunately, the 50kg load was not available and as such a 5kg load cell 

was used as an alternative thereby limiting the measuring range from 50kg to 5kg. Due to the 

nature of the Vitals Sensor and the Bed Occupancy Sensor, the absence of electricity supply 

renders the systems unusable and as such the system would neither be able to register patients 

nor facilitate the upload of patient and bed By using 

a Wi-Fi module, the latency in data transfer is affected greatly by the stability of the Wi-Fi 

connection. 
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5.2 Future Works 

Despite the limitations presented, future works include the creation of a user-friendly graphical 

interface for the registration of patients and transfer of patient data from hospital to hospital. 

Furthermore, the inclusion of a security certificate for web server and FHIR server would 

enable all forms of data that is transferred encrypted as they would pass through a Secure 

Socket Layer (SSL). Finally, the creation of a standalone FHIR server to prevent dependency 

on third-party hosts for services. 
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