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ABSTRACT 

Remote monitoring systems can transform healthcare for non-communicable diseases like 

hypertension. Despite widespread blood pressure testing, real-time communication and record 

storage remain challenging in Uganda. This project developed an enhanced Internet of Things 

(IoT) based wristband for remote monitoring and early detection of hypertension 

complications. The system integrates a wearable wristband and web application to track vital 

signs blood pressure, heart rate, oxygen saturation, and body temperature transmitting real-time 

data wirelessly. It alerts patients, next of kin, and medical practitioners to critical hypertension 

levels, enabling early intervention against heart disease, stroke, and kidney disease. Data 

collection involved 243 patients and 17 medical practitioners from Rocket Health Clinic in 

Uganda. Qualitative methods included focus groups, observations, and analysis of Electronic 

Medical Records (EMR), while quantitative methods utilized patient surveys. Additional data 

from reports, journals, books, databases, and websites on blood pressure monitoring systems 

were also analyzed using Power BI. The development followed Extreme Programming (XP) 

agile methodology, accommodating evolving requirements under tight deadlines. Validation 

indicated the system is easy to use, accurate, and reliable. The wristband hardware includes the 

DOIT ESP32 DevKit v1 microcontroller, MKB0803 blood pressure sensor, MAX30102 pulse 

oximeter sensor, DS18B20 body temperature sensor, OLED SSD1306 display module, UC15 

3G module, and SIM800L GSM module. The web application was developed using Laravel, 

Vue, Inertia, and EChart. Future work aims to enhance system accessibility regardless of 

smartphone or internet access, potentially through voice-based interfaces. Evaluations will 

extend to managing chronic diseases like diabetes, leveraging insights to improve healthcare 

in resource-limited settings. 
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CHAPTER ONE 

INTRODUCTION 

1.1 Background of the Problem 

Blood pressure is determined by the amount of blood the heart pumps and the level of resistance 

to blood flow in the arteries. The unit of measurement for blood pressure is millimeters of 

mercury (mmHg), with readings usually provided in pairs. The upper (systolic) value is given 

first, followed by the lower (diastolic) value. According to the new European hypertension 

guidelines, hypertension is defined as a systolic reading equal to or greater than 140 mmHg 

and a diastolic reading equal to or greater than 90 mmHg (Ibrahim, 2019). Blood pressure has 

various stages as shown in Table 1.  

Table 1:     Blood pressure stages and ranges of diastolic and systolic 

Blood Pressure Category Systolic mmHg 
(Upper Number) 

 Diastolic mmHg (Lower 
Number) 

Hypotension Less than 110 and Less than 70 

Normal  110-119 and 70-80 

Elevated (Prehypertension) 120-129 and 70-80 

Hypertension Stage 1 130-139 or 80-89 

Hypertension Stage 2 140 or higher or 90-120 

Hypertensive Higher than 180 and/or Higher than 120 

1.1.1 Normal Vital Signs 

Monitoring vital signs is crucial for assessing a patient's health. The following ranges represent 

normal vital signs for a resting adult (Vorvirk, 2023): 

(i) Blood pressure: 90/60 mm Hg to 120/80 mm Hg 

(ii) Pulse: 60 to 100 beats per minute 

(iii) Breathing: 12 to 18 breaths per minute 

(iv) Temperature: 97.8° Fahrenheit (F) to 99.1°F or 36.5°Celcius (C) to 37.3°C  
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1.1.2 Essential Body Functions that Reflect Blood Pressure 

Monitoring blood pressure involves understanding several key body functions. The following 

body functions are crucial indicators (Li et al., 2018):        

(i) Heartbeat 

(ii) Breathing rate 

1.1.3 Causes of Hypertension 

Hypertension can be attributed to several factors. Primary hypertension, also known as stage 1 

hypertension, is a prevalent form that tends to develop gradually over the years with no specific 

identifiable cause. Secondary hypertension, or stage 2 hypertension, results from underlying 

medical conditions such as blood vessel problems, adrenal gland tumors, or kidney disease 

(mayoclinic, 2024). Several risk factors contribute to hypertension prevalence: 

(i) Age: Men over 64 and women over 65 are at higher risk. 

(ii) Obesity: Excess weight can induce changes in blood vessels, elevating the risk of 

hypertension and heart disease. 

(iii) Stress: This can lead to temporary spikes in blood pressure. 

(iv) Race: Hypertension tends to develop earlier in Black individuals compared to White 

individuals. 

(v) Pregnancy: Conditions like pre-eclampsia can temporarily increase blood pressure and 

persist after childbirth. 

Hypertension affects an estimated 26% of the global population (972 million people), with 

prevalence anticipated to rise to 29% by 2025, mainly due to increases in economically 

developing countries (Samson, 2024). Hypertension's high prevalence imposes a significant 

public health burden globally, with the number of affected individuals increasing from 650 

million to 1.28 billion over the last thirty years. Those between the ages of 30 and 79 are most 

affected, with two-thirds residing in low- and middle-income nations. Over 720 million people 

with hypertension are not receiving the care they require (World Health Organization, 2023). 
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In a survey conducted in seven communities in Kenya, Nigeria, Tanzania, and Uganda, a 

quarter of 3549 participants had high blood pressure, and about 40% were unaware that they 

had it (Okello et al., 2020). In Uganda, pre-hypertension prevalence was found to be 38.8% 

among adults aged 18 years and above, while hypertension prevalence was 31.5% (Lunyera, 

2018). Hypertension severity in Uganda is associated with advancing age and higher Body 

Mass Index (BMI) (Mustapha, 2022). 

1.1.4 eHealth and Digital Devices in Hypertension Management 

eHealth, which includes the use of ICT in healthcare, has been instrumental in managing 

chronic diseases like hypertension. Digital health technologies, such as wearable devices, 

mobile health apps, and telemedicine, offer significant potential for monitoring and controlling 

blood pressure remotely by providing continuous monitoring, real-time data, and personalized 

feedback. These interventions can serve as valuable and scalable tools for improving patient 

self-management, informing new clinical practice guidelines, and enhancing workflows in 

clinical settings (Cavero-Redondo et al., 2021). 

1.1.5 Impact of Hypertension  

Hypertension, particularly stage 1, is estimated to cause 7.5 million deaths annually, accounting 

for 12.8% of all deaths worldwide (World Health Organization, 2023). The symptoms of high 

blood pressure include chest discomfort, shortness of breath, back pain, general body 

weakness, and headaches (Clinic, 2022). 

1.1.6 Project Core Concepts 

The following are the core concepts underpinning this enhanced IoT-based wristband project: 

(i) Internet of Things (IoT): The wristband will be integrated with IoT technology, 

enabling it to connect to the Internet and transmit data in real-time. This connectivity 

allows for continuous monitoring and data collection, which can be accessed by 

healthcare providers remotely. 

(ii) Wristband: The wristband is designed to be worn by patients and will continuously 

monitor vital signs, particularly blood pressure. It will use sensors to collect data and 

transmit it to a central database. 











8 
 

(iii) Data-Driven Healthcare: Medical institutions like Rocket Health in Uganda will 

benefit from systematic data collection on individuals with hypertension through IoT 

devices. This data can be used for forecasting potential difficulties, conducting further 

health analysis, and improving patient management strategies. Such data-driven 

approaches will lead to better-informed healthcare decisions and policies. 

(iv) Patient Empowerment and Engagement: The proposed IoT-based system will 

empower patients by providing them with tools to actively monitor and manage their 

health conditions. This increased engagement can lead to better adherence to treatment 

plans, lifestyle modifications, and overall improved health outcomes. 

(v) Reduction in Healthcare Costs: By preventing complications and reducing the need 

for emergency medical interventions, the IoT remote monitoring system can help lower 

healthcare costs. Early detection and management of hypertension can decrease hospital 

admissions, reduce the burden on healthcare facilities, and optimize resource 

utilization. 

(vi) Advancement in IoT Healthcare Technologies: The project will contribute to the 

advancement of IoT in healthcare in Uganda and similar developing countries. The 

insights and experiences gained from this project will be valuable for future research 

and development of IoT-based remote monitoring technologies, potentially extending 

their application to other chronic diseases such as diabetes. 

1.7 Delineation of the Study  

This project focuses on developing an enhanced IoT-based wristband for the remote monitoring 

and early detection of complications among hypertension patients in Uganda. The project 

encompasses the following key components and activities: 

(i) Problem Identification: The project begins with identifying the critical challenges 

faced by hypertension patients in Uganda, including limited access to healthcare 

facilities, delayed medical intervention, and inadequate real-time monitoring. 

(ii) System Design and Development: The core of the project involves designing and 

developing an IoT-enabled wristband integrated with various sensors. These sensors 
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monitors and has the ability to send hypertension alerts via Bluetooth technology (Hall, 2022). 

However, this requires regular configurations by the patient and cannot send the normal SMS 

to the doctor in case of a critical hypertension condition (Dresden, 2021). 

 
Figure 2:     Best blood HBPM (Hall, 2022) 

Priya et al. (2023) designed a Smart IoT Solution for Personalized Health. It was based on an 

MQTT-based system for blood pressure monitoring. Although it enhanced healthcare 

awareness through IoT technology and the MQTT protocol, the system's effectiveness is 

limited by its reliance on a stable internet connection for real-time communication, which may 

be problematic in areas with poor connectivity (Priya et al., 2023). 

Gusti et al. (2023) developed an IoT-based blood pressure monitoring device that facilitates 

digital blood pressure measurement and data transmission to widely accessible applications 

and websites. The device uses an MPX5050GP pressure sensor, Arduino Nano, and NodeMCU 

ESP32, along with other components programmed using the Arduino IDE. Data transmission 

via a Wi-Fi network is responsible for sending the data to Google Spreadsheet and Telegram 

for further documentation and analysis. However, the system's reliance on a stable Wi-Fi 
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connection for data transmission can be problematic in areas with poor or unreliable 

connectivity, limiting its effectiveness (Gusti et al., 2023). 

The innovation of hypertension mobile applications has increased patient engagement through 

automatic or manual blood pressure logging. However, these applications are often 

inadequately regulated and do not share data directly with doctors, potentially leading to 

unnecessary self-medication. While some mobile health (mHealth) applications can monitor 

blood pressure and other vital signs, they generally lack real-time alert features to notify doctors 

or next of kin instantly when readings deviate from normal ranges. This lack of instant alerts 

is a significant limitation, as timely interventions are crucial in managing hypertension 

effectively. The development of IoT-based systems that provide instant SMS alerts to 

healthcare providers and next of kin can bridge this gap, ensuring immediate attention when 

necessary (Fujiwara et al., 2024).  

2.3 Technical Gap 

Based on the analysis of the various recent related works from different research databases and 

journals as shown in Table 2, several limitations in existing solutions have been identified. 

Current systems, such as the eHeart-BP Prototype by Bolívar Pulgarín et al. (2019) and the 

IoT-Based Blood Pressure Monitoring Device by Gusti et al. (2023), rely heavily on Wi-Fi for 

data transmission. This dependency can limit their effectiveness in areas with poor 

connectivity. Moreover, while some solutions, like the Smart IoT Solution for Personalized 

Health by Priya et al. (2023), enhance healthcare awareness through real-time monitoring, they 

cannot send instant SMS alerts to the patient, doctor, and next of kin in critical situations. 

Additionally, these systems do not integrate comprehensive monitoring of multiple vital signs 

(such as blood pressure, heart rate, oxygen saturation, and body temperature) into a single 

device. The absence of remote tracking of patients' geographical locations further hampers the 

ability to provide timely medical assistance. Lastly, there is a significant gap in the capability 

of existing systems to support remote tracking of blood pressure trends and comprehensive 

data sharing with healthcare providers through dedicated medical admin applications. 

To address these limitations, this project aimed to develop an IoT-based wristband for remote 

monitoring and early detection of hypertension complications in Uganda. The proposed system 

will provide real-time wireless transmission of vital signs and send instant SMS alerts to the 

patient, their doctor, and next of kin upon detecting critical conditions. Additionally, it will 
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enable remote tracking of blood pressure trends and the patient's geographical location, 

ensuring timely medical intervention and better-informed care. This enhanced system is 

designed to overcome current challenges by integrating real-time communication, 

comprehensive monitoring, and emergency response capabilities, thus significantly improving 

the management of hypertension and reducing associated complications in Uganda. 

Table 2:     Summary of the existing systems 

Reference Problem Addressed  Proposed Solution  Limitations of the study  

Chung 
(2013) 

Solved beat-to-beat and 
continuous measurement.  

Measuring continuous 
blood pressure by use 
of the tonometry 
technique.  

A need for continuous control 
of the tonometer positioning 
hence subjects are required to 
be in a supine position during 
monitoring. 

Alpert 
(2014) 

Manual measurement of 
blood pressure. 

Oscillometric blood 
pressure measuring 
technique based on 
non-invasive methods. 

The technology used is noisy, 
painful, and uncomfortable for 
long-term blood pressure 
monitoring 

 Kumar 
(2015). 

Increased patient 
engagement through blood 
pressure logging 
automatically or manually.  

Smartphone-based 
applications for 
hypertension 
management 

They are inadequately 
regulated and do not share data 
with doctors directly. 

Trust 
(2016) 

sending data to computers 
or mobile phones using 
Bluetooth communication. 

wireless upper arm 
cuffs that use 
sphygmomanometer 
sensors for blood 
pressure self-
measurement 

Bluetooth's limited data 
transfer range, users of this 
technology must always 
remember to complete their 
mobile phones' Bluetooth 
configurations 

Daniel et 
al. (2017) 

communication between 
the medical devices and the 
core system 

Empowerment of 
Patients with 
Hypertension through 
BPM, IoT, and Remote 
Sensing 

patients may sometimes forget 
to configure Bluetooth 
connectivity with their 
devices, leading to potential 
lapses in monitoring. 

Liyanage-
Don et al. 
(2019). 

Addressed self-testing 
mechanisms and enabled 
patients to have an active 
role in their hypertension 
management. 

Home Blood Pressure 
Monitoring 

The mechanism was 
inaccurate if the patient was 
not in a relaxed state.  

 

Pulgarín et 
al. (2019). 

Incorporated machine 
learning to support 
relevant health decisions 
and report biometric 
measurements in real-time 
to healthcare experts. 

eHeart-BP Prototype to 
monitor blood pressure 
using IoT technology 

the system's reliance on the 
ESP8266 WiFi module for 
data transmission limited its 
effectiveness due to potential 
connectivity issues and limited 
range 





17 
 

CHAPTER THREE 

MATERIALS AND METHODS 

3.1 Project Case Study 

The project was carried out at Rocket Health Clinic, located in Kampala, Uganda. Rocket 

Health is a customer-facing brand launched in 2019 by The Medical Concierge Group 

(TMCG). Operating under a direct-to-consumer model, Rocket Health aims to bring affordable, 

quality healthcare closer to the masses within and outside Uganda. The organization operates 

a 24-hour call center, laboratories, pharmacies, and clinics, all providing access to fully 

qualified medical practitioners. With over 1655 patients in chronic care, up to 44.71% (740 

patients) were diagnosed with hypertension, as shown in Fig. 3. The project aimed to develop 

an enhanced IoT-based wristband for remote monitoring and early detection of hypertension 

complications in Uganda. The significant number of hypertension patients receiving chronic 

care at Rocket Health highlights the demand for continuous monitoring and early detection of 

complications. 

 
Figure 3:     Chronic patients cared for at Rocket Health Clinic (Rocket, 2021) 

3.2 Research Design 

This project used a mixed-methods research design, combining qualitative and quantitative 

approaches to gain a comprehensive understanding of the current system and assess the needs 

for the proposed IoT-based wristband system.  
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3.5.1 Data Collection Methods 

(i) Primary Data Collection 

Survey questionnaires 

Administered using Google Forms to collect data from medical professionals and patients. 

Google Forms was chosen for its accessibility, ease of use, and cost-effectiveness. 

Focus group discussions and observations 

Conducted with medical experts and observations of the present systems and Electronic 

Medical Records (EMR) used at Rocket Health. 

(ii) Secondary Data Collection 

Involved gathering information from reports, journals, books, dissertations, databases, and 

websites related to existing blood pressure monitoring and diagnosis systems. 

3.5.2 Data Analysis   

Collected data was cleaned, aggregated, analyzed, and visualized using Power BI. This tool 

allowed efficient and clear analysis, providing summaries of various aspects of the responses, 

including trends in blood pressure testing methods and insights into both the proposed and 

existing systems. 

3.6 System Development Approach 

The Extreme Programming (XP) agile approach as shown in Fig. 4 was employed for the 

system development. XP was chosen due to its flexibility in accommodating changes in project 

requirements and its ability to minimize project risks, especially given the tight deadlines and 

budget constraints (Beck, 2004). Nevertheless, XP has its pros and cons as shown in Table 3. 
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Table 3:     Pros and cons of XP 

Advantages Disadvantages 

No unnecessary programming of work Additional work 

Stable software through continuous pair 
programming 

The customer must participate in the process 

No overtime, teams work at their own pace Relatively large time investment 

Changes can be made at short notice Relatively high costs 

Close contact with customer Requires version management 

Code is always clear and comprehensible Requires self-discipline to participate 

 
Figure 4:     Extreme Programming (XP) agile approach (Beck, 2004) 

3.6.1 Justification of the Selected Methodology 

The selected mixed-methods research methodology is justified for this project because it allows 

for a thorough exploration of both qualitative and quantitative aspects of the healthcare system 

for hypertension patients at Rocket Health. The use of snowball sampling is appropriate for 

identifying knowledgeable medical practitioners, while stratified sampling ensures a 

representative sample of hypertension patients. The combination of surveys, focus group 

discussions, and observations provides a holistic understanding of the current system and the 
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CHAPTER FOUR 

RESULTS AND DISCUSSION 

4.1 Results  

The results and discussion chapter presents the findings of this project on the development of 

the enhanced IoT-based wristband for remote monitoring and early detection of hypertension 

complications in Uganda facing hypertension patients in Rocket Health, Uganda. In this 

chapter, an in-depth analysis of the data collected from a sample of 243 hypertensive patients 

and 17 medical practitioners is discussed. The participants were used as a sample size to collect 

data for testing and validation to ensure that the requirements of the system were met.  

This study aimed to investigate the effectiveness of the enhanced IoT-based wristband for 

remote monitoring and early detection of hypertension complications in Uganda and explore 

the perspectives of medical practitioners on the use of this technology in healthcare. Data were 

collected through literature review, surveys, group discussions, and observations, and used 

thematic analysis to analyze the data. 

This chapter begins by presenting a summary of the key findings from both the patient and 

medical practitioner perspectives. A detailed analysis of these findings is then discussed, 

including their implications and relevance to our research questions. The limitations or caveats 

associated with this study and suggestions for future research are also presented in this chapter. 

Overall, this chapter will provide valuable insights into the effectiveness of the enhanced IoT-

based wristband for remote monitoring and early detection of hypertension complications in 

Uganda and the perspectives of medical practitioners on the use of this technology in 

healthcare. The findings will contribute to the growing body of knowledge on remote 

monitoring technologies for healthcare and inform the development of interventions aimed at 

improving hypertension management. 

4.2 Results from Questionnaire 

4.2.1 Results of Analysis of the Existing Solutions 

The literature review revealed that current solutions for remote monitoring of chronic 

hypertension patients have several limitations. They cannot send instant SMS alerts to both the 
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4.2.3 Demographic Information of Respondents  

The demographic data collected from 243 patients who participated in the survey provides 

insight into the patient population's characteristics, as shown in Table 4. The majority of 

respondents (33.3%) were aged 70 to 79 years, with 81 individuals in this age group. This was 

followed by those aged 60 to 69 years, representing 20.4% of the respondents (50 individuals). 

Among the respondents, 108 individuals (44.4%) were married, making it the largest marital 

status group. This was followed by widowed individuals, who accounted for 16.7% (41 

individuals) of the sample, while the smallest group was those who were separated, comprising 

11.1% (27 individuals). In terms of gender distribution, 61.1% of the respondents (148 

individuals) were female, while 38.9% (95 individuals) were male. This comprehensive 

overview highlights the key demographic characteristics of the surveyed patient population. 

Table 4:     Demographic characteristics of the patients who responded 

Demographic Characteristics Respondents Percentage (%) 

Gender   

       Male 95 38.9 

       Female 148 61.1 

Age group   

       Below 18 years old 18 7.4 

       18-25 years old 14 5.6 

       26-39 years old 13 5.5 

       40-49 years old 22 9.3 

       50-59 years old 32 13.0 

       60-69 years old 50 20.4 

       70-79 years old 81 33.3 

       80 and above 13 5.5 

Marital Status   

       Married 108 44.4 

       Divorced 32 13.0 

       Single, never married 36 14.8 

       Widowed 40 16.7 

       Separated 27 11.1 









30 
 

Overall, an enhanced IoT-based wristband for remote monitoring and early detection of 

hypertension complications in Uganda could be an innovative solution in addressing the 

aforementioned challenges simultaneously. 

 
Figure 10:   Challenges in giving health care to hypertension patients 

4.2.7 Results of Improvements on the Existing Solutions 

According to the results obtained from the questionnaire survey, both medical practitioners and 

patients suggested improvements for the existing blood pressure measuring devices/methods 

as shown in Fig. 11. Medical practitioners of Rocket Health Clinic recommended that real-time 

notifications to both the doctor and the patient in case of critical conditions measured and a 

centralized database for measured records would improve the existing blood pressure 

measuring devices/methods. This recommendation accounted for 50.0% of the responses. 

Additionally, 25.0% of the medical practitioners recommended real-time notifications to both 

the doctor and the patient in case of critical conditions measured, while 25.0% recommended 

a centralized database for measured records. 

On the other hand, patients recommended that real-time notifications to both the doctor and the 

patient in case of critical conditions measured and automatic storage of measured records 

would improve the existing blood pressure measuring devices/methods. This recommendation 

accounted for 66.7% of the responses. Furthermore, 24.1% of the patients recommended real-

time notifications to both the doctor and the patient in case of critical conditions measured, 

while 9.3% recommended automatic storage of measured records. 
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4.3.2 Non-functional Requirements 

Table 6:     Non-functional requirements of the system 

Category Non-Functional 
Requirement 

Description 

Interface 
Requirements 

Display of 
information on the 
device 

The system user interface shall provide clear, 
simple, and easy-to-read displays of health 
information.   

Performance 
Requirements 

Detect and send 
signals  

The system shall have real-time signal detection 
and transmission capabilities. 

 power consumption The system shall be designed with low power 
consumption to extend battery life. 

 Accuracy The system shall ensure accurate measurements 
of health parameters.   

 Retrieve recent 
medical recordings 

The system shall support the retrieval of recent 
medical recordings, specifically for blood 
pressure data. 

Mechanical 
Requirements 

Portable The wristband shall be designed to be portable for 
easy carrying and use. 

 Wearability The wristband shall be wearable, providing 
convenience and comfort for the user 

 Affordability The system shall be cost-effective to ensure 
affordability for a wide range of users. 

 Scalability The system shall be scalable to accommodate 
potential future enhancements and increased user 
demand. 

 Easy deployment The system shall be easy to deploy, minimizing 
the complexity of setup and configuration. 

 Interoperability  The system shall have the capability to seamlessly 
integrate with existing Information Systems in 
healthcare environments. 

 Easy maintenance The system shall be designed for easy 
maintenance, reducing downtime and associated 
costs. 

 Reliability and 
Availability 

The system shall be reliable, ensuring continuous 
availability for health monitoring. 
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Category Non-Functional 
Requirement 

Description 

Qualification 
Requirements 

Frequency 
requirements to 
avoid connectivity 
interference 

The system shall operate on specific frequencies 
to avoid interference with other connectivity 
devices. 

 Conform with health 
care standards and 
guidelines 

The system shall conform to established 
healthcare standards and guidelines for accuracy 
and safety.   

 Not hazardous to the 
patient and 
environment 

The system shall be designed to be non-hazardous 
to both the patient and the environment. 

Safety and 
Security 

Data security and 
privacy should be 
ensured 

The system shall implement robust data security 
measures to ensure the privacy and 
confidentiality of health information. 

 Safe from shocks The device shall be designed to withstand shocks, 
ensuring user safety. 

 Data recovery in case 
of failure 

The device shall have mechanisms for data 
recovery in case of system failure or data loss. 

Acceptance 
Requirements 

Usability The device shall be user-friendly, ensuring that 
patients can easily and correctly use the device. 

 Comfortability The device shall be designed to provide comfort 
for patients during use.     

Standardization 
Requirements 

Device should be 
clinically validated 
to have the ability to 
consistently measure 
trusted readings as 
per health standards 

The device shall undergo clinical validation to 
ensure consistent and accurate measurement 
readings as per health standards. 

In summary, identifying functional and non-functional requirements was essential in ensuring 

the developed enhanced IoT-based wristband for remote monitoring and early detection of 

hypertension complications in Uganda meets the needs of patients, healthcare providers, and 

regulatory bodies. By considering these requirements during the design, development, and 

testing phases, the device would have a higher chance of success in the market and in improving 

the health outcomes of patients with hypertension.    
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Figure 12:   Context Diagram of the Proposed System 

4.4.2 Block Diagram 

The block diagram as shown in Fig. 13, describes the system design involving different 

components for input, output, data transmission, and processing tasks. The microcontroller acts 

as the central component which controls all the other components. The Sensors capture signal 

inputs to measure the vital signs and send data to the Microcontroller, which processes the data 

and sends it to the Remote Server. The Notification System uses thresholds set in the 

Microcontroller to send alerts to the Healthcare Providers if an anomaly is detected. A GSM 

SIM800L module was used for the notification system. The 3G Module and GPS Module 

enable data transmission, while the Power Management Module manages the power supply to 

all components. The Healthcare Providers can access the Web Application hosted on the cloud 

to manage and monitor the patient's condition.  
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while the GPS was on TX0 and RX0. ME2108A voltage regulator was used to convert 3.7 V 

to 5 V which was consumed by the whole system from the 3.7 V lithium battery. 

 
Figure 14:   Main control and sensory section of the system's hardware circuit 

(ii) Display section 

The circuit diagram in Fig. 15 shows the display section which consists of an OLED display 

screen and LEDs for indication. The LEDs were all connected in parallel with pull-up resistors 

of 20 ohms. The OLED module was connected using the IIC protocol. 

 
Figure 15:   Display section of the system's hardware circuit 
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The PCB design, as shown in Fig. 16 and Fig.17, which is a physical representation of the 

circuit design of the system has also been implemented.  

 
Figure 16:   The PCB for the Main control and sensory section of the system's hardware 

 
Figure 17:   The PCB for the Display section of the system's hardware 

4.4.4 Use Case Diagram 

A use case diagram is a visual representation of the interactions between users and a system. 

In this project, the diagram in Fig. 18 is the general needs use case diagram that describes the 
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condition and adjust their treatment plan as needed. This use case represents access to the web 

application by health care providers. The 'Generate Data Analysis Report' use case in the web 

application provides Doctor 2 with a powerful tool for analyzing and interpreting patient data 

within the hypertension monitoring system. However, the use of the "Generate Data Analysis 

Report" use case is dependent on Doctor 2's need for additional analysis and interpretation of 

the patient data. After the wristband device sends patient data to the web application, Doctor 2 

can use the 'View Patient Data' use case to review this data in a user-friendly format. The 

'Generate Data Analysis Report' use case provides additional functionality to Doctor 2 by 

automatically generating a report as shown in Appendix 6 that can be used to enable 

highlighting key insights and trends in the patient data. This report can aid Doctor 2 in making 

decisions about patient care and treatment options.  

 
Figure 18:   General needs use case diagram for the wristband system 
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4.4.5 Flowchart Diagram 

In this study, flow chart diagrams were used to design algorithms to detect, capture, and transfer 

sensor data over the network for Medicare decisions as shown in Fig. 19. 

 
Figure 19:   (a) Flow chart for the hardware section of the wristband system (b) Flow 

chart for the web application of the wristband system 
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Table 7:     Proposed system hardware components and tools 

S/N Hardware Component Specification 

1.  Microcontroller DOIT ESP32 DevKit v1 

2.  Blood Pressure Sensor MKB0803 

3.  Pulse Oximeter Sensor MAX30102 

4.  Body temperature sensor DS18B20 

5.  Display Module OLED SSD1306 

6.  GPS Module V.KEI 

7.  3G Module UC15 

8.  GSM Module SIM800L 

9.  LEDs A few 

10.  Buzzer Piezo 

11.  Switches Latch 

12.  Resistors A few 

13.  Capacitors A few 

14.  Battery Lithium 

15.  Connecting Wires A few 

16.  Mobile Phone Smart 

(i) Microcontroller 

A microcontroller is an integrated circuit that is composed of several components, such as a 

microprocessor, timers, counters, input/output (ports), random access memory (RAM), read-

only memory (ROM), and other parts to work together as a system and carry out a pre-

programmed set of specific tasks (Barrett, 2011). 

Figure 21 shows the DOIT ESP32 DevKit v1 development board based on the ESP32 

microcontroller that was used in this project. The choice of using ESP32 was due to the 

following features: it has an 8bit digital-to-analog converter that enables better digital signal 

representation, its operating voltage is only 3.3 V so this supports better power management, 
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it is a 32bit processor operating up to 240 MHz thus the proposed system needed to perform 

tasks at a fast enough speed. ESP32 has a static RAM of 520 kilobytes and up to 4Megabytes 

internal flash memory. Among others, ESP32 is lightweight and programmed with C/C++; 

languages that are easy to use in embedded systems development  (Cameron, 2023). 

 
Figure 21:   The DOIT ESP32 DevKit (Cameron, 2023) 

(ii) Blood Pressure and heart rate sensor 

As shown in Fig. 22 the MKB0803 sensor chip was used to measure blood pressure and heart 

rate. It uses photoplethysmography (PPG) feature cognition to track and compare the blood 

pressure trend. Its output mode is serial communication and uses the Universal Asynchronous 

Receiver and Transmitter protocol. The choice of this chip in this project was due to its high 

stability, lightweight, small size, minimal calibration and debugging, and low power 

requirements (Zhong et al., 2020). 

 
Figure 22:   The MKB0803 sensor (Zhong et al., 2020) 



46 
 

(iii) Pulse Oximeter Sensor 

This biosensor module measures the human body's heart rate and oxygen saturation (SPO2) 

using non-invasive techniques. The PPG algorithm is used to measure data, which is then 

processed by the microcontroller (MCU) and output by I2C or UART as heart rate and oximetry 

readings. The MAX30102, as shown in Fig. 23 was utilized in this project because it is simple 

to use, consumes little power, is highly sensitive, is portable, and has a high signal-to-noise 

ratio, all of which are important qualities for biosensors (MaximIntegratedProducts, 2018). 

 
Figure 23:   The MAX30102 sensor (Makers, 2023) 

(iv) Body Temperature Sensor 

Temperature sensors generate electric voltage or resistance to provide readings via electrical 

impulses. These two-metal sensors gauge the voltage across the diode terminals to determine 

the temperature. As the temperature fluctuates, the voltage also does hence readings are 

conveyed as temperature (Scientific, 2021). Due to its advantages, such as its small size, low 

working voltage, dependable precision, and only requiring one data pin from the MCU, the 

DS18B20 digital sensor in Fig. 24 was used in this project (MaximIntegratedProducts, 2018). 

 
Figure 24:   The DS18B20 Sensor (Alibaba, 2024) 
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(v) Display module 

A display is one of the most important components of an embedded system product that would 

impact the user experience. It is used to output visible readings and messages on a system (Teel, 

2021). In this project, the Organic Light Emitting Diode (OLED) display of model SSD1306 

shown in Fig. 25 was utilized due to its advantages of being small in size, lightweight, low 

power consumption and working with no backlight. The no-backlight feature enables this 

module to display deep black levels (electronicwings, 2024) 

 
Figure 25:   The OLED display (Lastminuteengineers, 2024) 

(vi) The GPS Module 

Global Positioning System (GPS) module is a device that receives and processes signals from 

GPS satellites to determine its precise location on Earth. The module contains a receiver that 

captures the signals transmitted by GPS satellites and a processor that analyzes the signals to 

calculate the module's latitude, longitude, altitude, and other data related to its location (Misra, 

2006). 

In this project, the V.KEI GPS module shown in Fig. 26 was used. The V.KEI GPS module is 

based on the Global Navigation Satellite System (GNSS) and can receive signals from both the 

GPS and GLONASS constellations. Apart from its small form factor, low power consumption, 

and improved performance in challenging environments such as rural-urban areas or dense 

forests, the V.KEI GPS demonstrates a high degree of accuracy and precision in providing 

location data to devices that incorporate it (mikroelectron, 2024). This makes the V.KEI GPS 

module suitable for a wide range of applications such as asset tracking, navigation, geolocation 
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services, surveying, and other applications that require location-based services hence its choice 

in this project implementation. 

 
Figure 26:   The V.KEI GPS Module 

(vii) 3G Module 

A 3G (third-generation) module is a wireless communication module that uses third-generation 

cellular network technology to enable high-speed data transfer and voice communication 

(Ghate, 2014). In this project, the UC15-3G module in Fig. 27 was used. Several factors were 

considered in choosing the 3G module over other wireless communication technologies (Ghate, 

2014). 

Data Transfer Speed 

A 3G technology provides faster data transfer rates compared to 2G and GPRS. While 4G and 

5G technology offer faster data transfer rates, the project requirements may not necessarily 

require such high speeds. Therefore, the 3G module provides a balance between speed and 

cost-effectiveness. 

Network Coverage 

A 3G technology provides better network coverage compared to 2G and GPRS, making it a 

more reliable option for remote monitoring and communication. While 4G and 5G technology 
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offer even better coverage, their availability in some areas may be limited, making the 3G 

module a more practical choice. 

Cost 

A 3G modules are generally more affordable compared to 4G and 5G modules, making them 

a cost-effective option for projects with limited budgets. 

Compatibility 

A 3G module is widely used and supported, making it easier to integrate into existing systems 

and devices compared to 4G and 5G modules, which may require specialized hardware and 

software. 

Power Consumption 

The 3G modules consume less power compared to 4G and 5G modules, making them a better 

choice for battery-powered devices that require long battery life. 

 
Figure 27:   The UC15-3G module (Empowerlaptop, 2022)    

(viii) The GSM Module 

The GSM module supports the Global System for Mobile Communications (GSM) protocol, 

which is a widely used standard for wireless communication in cellular networks. The module 

includes a SIM card slot for authentication and uses a cellular network to send SMS messages 

to designated recipients (Peng, 2010). 
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The SIM800L GSM module in Fig. 28 was chosen for this project because of its widespread 

availability, reliability, and cost-effectiveness. The module is compatible with a variety of 

devices and communication protocols, making it easy to integrate into the wristband device. 

Additionally, the GSM network provides good coverage in most areas, making it a reliable 

option for sending SMS messages to designated recipients (Peng, 2010). 

In the wristband device, the GSM module is used to send SMS alerts to designated recipients 

in real time. This enables users to receive timely alerts in case of emergencies or other events 

that require attention. 

 
Figure 28:   The SIM800L GSM Module 

4.5.2 Software Requirements 

This subsection discusses the software development tools and technologies used in the 

implementation of the enhanced IoT-based wristband for remote monitoring and early 

detection of hypertension complications in Uganda. These include the operating system, web 

server, programming languages, frameworks and libraries, database type, and security. 

(i) Operating System 

The hardware part of the project was implemented using the Windows operating system, while 

the web application was developed using the Ubuntu/Linux/Unix operating system. 
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The decision to use Windows for hardware implementation and Ubuntu/Linux/Unix for web 

application development was likely driven by several factors. Here are some possible reasons: 

Compatibility: The Arduino IDE, which is the software used for programming and uploading 

code to the microcontroller, is fully compatible with Windows. Therefore, using Windows for 

hardware implementation allowed for seamless integration of the hardware and software 

components. 

Flexibility and Debugging: On the other hand, Ubuntu/Linux/Unix is known for its flexibility 

and powerful command-line interface, which makes it a popular choice among developers. The 

web application development process requires a lot of debugging, troubleshooting, and testing, 

and using a flexible and powerful operating system like Ubuntu/Linux/Unix could make this 

process easier and more efficient. 

Security: Both Windows and Ubuntu/Linux/Unix are known for their security features, but 

Ubuntu/Linux/Unix is often considered to be more secure due to its open-source nature and 

frequent updates. Since the web application would be collecting sensitive health information 

from hypertensive patients, it was important to ensure that the software and the operating 

system are secure and reliable. 

Cost: Windows operating system can be expensive to license, while Ubuntu/Linux/Unix is free 

and open source. Choosing Ubuntu/Linux/Unix as the operating system for web application 

development can save costs for the project. 

(ii) Web Server 

To ensure the scalability and reliability of the enhanced IoT-based wristband for remote 

monitoring and early detection of hypertension complications in Uganda, a cloud server 

provided by Rocket Health was utilized to host its web application. The web application was 

broken down into smaller, independent services using a microservices architecture, which 

allowed for easier development, deployment, and scaling of each component. 

A cloud server was opted for due to the following strengths over traditional on-premises 

servers: 

Scalability: The cloud server enabled us to scale up or down the computing resources allocated 

to the application based on demand, ensuring that the web application was always available to 
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users. Security: The cloud server provided advanced security features such as firewalls, 

intrusion detection systems, and data encryption to protect sensitive health data collected from 

hypertensive patients. 

Cost optimization: The cost of hosting the web application on the cloud server was optimized 

by using reserved instances and serverless computing. Reserved instances provided a discount 

for committing to a certain amount of computing resources over a specified period, while 

serverless computing enabled us to pay only for the actual computing resources used by the 

application. 

Rapid Prototyping and Iteration: Using a cloud server allowed rapid prototyping and 

iterating on the application, enabling it to quickly spin up new instances to test new features or 

fixes. This feature helped save time and ensured that the application was continuously 

improved. 

Overall, utilizing a cloud server provided the flexibility and scalability needed to handle 

increased traffic, deliver a reliable and secure service to end-users, and optimize costs for 

hosting the web application. 

(iii) Embedded software programming 

The embedded software for the enhanced IoT-based wristband was carefully developed to 

ensure real-time performance and low power consumption. After evaluating various options, 

the C/C++ programming language and the Arduino IDE were selected due to their unique 

features and capabilities that were essential for the development of the software. The flexibility 

and ease of use of the Arduino platform allowed quick development and testing of the software, 

while the use of C/C++ programming language enabled optimizing it for the microcontroller-

based platform of the wristband, ensuring efficient and reliable operation. Table 8 presents a 

comprehensive comparison of the programming languages and development environments. 
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Access Control: The system has access control features that restrict access to patient data based 

on the user's level of authorization. Access control ensured that only authorized personnel had 

access to sensitive patient data. 

Backup and Disaster Recovery: The application was designed with a robust backup and 

disaster recovery system to ensure data availability in case of a system failure or natural 

disaster. 

Compliance: The application was designed to comply with the guidelines related to healthcare 

data protection as authored by the Protection and Privacy Act of 2019 (Muhangi, 2019) through 

the Ministry of Health in Uganda and the Uganda National Council for Science and 

Technology. These guidelines provide specific instructions on data privacy and security 

measures for healthcare providers and organizations.  

In conclusion, security was a crucial aspect of the software requirements for this project. The 

software application had authentication, encryption, access control, backup and disaster 

recovery, and compliance with relevant regulations and standards to ensure patient privacy, 

data integrity, and confidentiality. By implementing these security features, the enhanced IoT-

based wristband for remote monitoring and early detection of hypertension complications in 

Uganda provides patients with a secure and reliable health monitoring solution. 

4.6 System Development Results  

4.6.1 Proposed System 

The proposed system, as shown in Fig. 30, is the enhanced IoT-based wristband for remote 

monitoring and early detection of hypertension complications in Uganda. It consists of several 

components and functionalities described as follows. The main component is a wristband that 

hypertension patients will wear to monitor their health status. Equipped with various biosignal 

sensors, the wristband can measure different vital signs such as blood pressure, heart rate, and 

oxygen saturation level. The ESP32 DOIT DEV KIT Microcontroller serves as the brain of the 

system and collects and processes the data, which includes the vitals and location of the patient. 

The data is then transmitted accurately and securely to a remote server via cellular networks 

using the 3G module, where it is processed using algorithms to detect any early signs of 

complications and anomalies. The database and web application are hosted on the remote 

server, which is managed and operated by healthcare providers represented by doctors. The 








































































































