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					Abstract  

					Background: An important step towards effective treatment of diseases is early detection. Human bio-signals can be  

					detected and identified for a better understanding of the bodily health status.  

					Five traditional vital signs are of significance in the measurement of human health, which include: heart rate, blood  

					pressure, respiratory rate, blood oxygen saturation and body temperature [1]. In this research, we have developed a  

					wearable Vital Smart System (VSS) with in-built sensors to monitor the user’s vital signs (BT, BP, HR), of which current  

					systems have limitations to achieve.  

					Methods: For the design of our new VSS, the Dynamic System Design Methodology (DSDM) was used, while the  

					stepwise approach of the Unified Modeling Language (UML) and the Object-oriented Analysis and Design Methodology  

					(OOADM) was applied to develop a more technically robust, cost-effective and portable real time device.  

					Results: The research produced a wearable, cost-effective health vital signs monitoring device containing an IoT  

					interface (BLE) that connects to smart phones; a GSM interface (SIM900A) relying on AT command framework that  

					accesses defined medical personnel on the network in cases of emergencies; optical health LEDs that alerts the user and  

					enables consistent self-assessment of the user’s health condition.  

					Conclusion: The developed VSS can ensure effective monitoring and early detection of the user’s health status via an  

					optimization of offline and online cross-interfaces of standalone sensors  

					Keywords: Real-time monitoring, Internet of Things (IoT), Temperature (BT), Vital signs, Wearable health device.  
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					INTRODUCTION  

					By definition, Vital Signs are the different, most  

					important physiological/medical signs that can be  

					measured; to indicate the status of the body’s vital  

					functions. According to,1 It is possible to extract human  

					bio-signals and use it to better understand the bodily  

					health status and reaction to external factors. Early  

					detection and diagnosis of basic health conditions could  

					lead to successful treatment and reduced fatality rate in  

					developing countries, as many illnesses and diseases can  

					be diagnosed early and hence treated before it becomes  

					fatal. For example, heart attack, which is believed to be  

					instantaneous gives signs, symptoms, to the sufferer but  

					because the signs are not identified and responded to,  

					the illness gets to the stage where it simply knocks down  

					the sufferer. Hence observing the human vital signs are  

					necessary. There are five traditional vital signs that have  

					a major importance to be measured: heart rate, blood  

					pressure, respiratory rate, blood oxygen saturation and  

					body temperature. These five signals are generally  

					considered essential to evaluate human health and a  

					continuous monitoring should be made, especially in  

					patients.1  

					could enable self-assessment of an individual’s health  

					condition.  

					Based on the review of literature and the pilot analysis  

					carried out in this work, the existing standalone single  

					vital sign measurement apparatus, though 80% accurate,  

					is 60% deficient, in the efficient and consistent real-time  

					monitoring of users’ vital signs, therefore showing a  

					research gap to be bridged in this work.4 This research  

					therefore set out to hybridize and optimize the impact  

					of this standalone apparatus for a design inexpensive,  

					easy to read/use, and real-time hybrid (three-in-one)  

					smart vital sign monitoring device.  

					Our primary objective in this research therefore is to  

					develop a Smart Wearable Devices for easy Monitoring  

					and early detection of Health Vital Signs. Specifically, the  

					researchers reviewed and analyzed existing Vital Health  

					Signs Monitoring systems, designed the logical and  

					physical input-output modules for the new system using  

					UML, as well as constructed the IoT-based network for  

					vital signs transmission.  

					A good number of wearable medical monitoring systems  

					for vital sign have been identified, but most of the  

					identified systems measured only one vital sign [2]. Thus,  

					this research dwells on developing a device to monitor  

					three of the major five vital signs (of which others are  

					relative to). The basic three vital sign which manifests in  

					various health issues include Blood Pressure, Heart Rate  

					and Body Temperature.  

					METHODOLOGY  

					The methodology adopted in this research include the  

					Unified Modeling Language (UML) and the Object-  

					Oriented-Analysis-and-Design  

					Methodology  

					(OOADM) [5]. These are popular approaches for the  

					analysis and design of software intensive systems by the  

					application of object-based programming [5]. The UML  

					entails the use of standardized component diagrams to  

					model the system and for effective communication with  

					other stakeholders in the system development process.  

					For the development of the Wearable Health Vital Signs  

					Monitoring System in this study, the following steps  

					were taken in line with the UML and the OOADM  

					methodology:  

					According to,3 a wearable health device (WHD) is an  

					emerging technology that enables continuous  

					ambulatory monitoring of human vital signs during daily  

					life (during work, at home, during sport activities, etc.)  

					as well as within a clinical environment, with the  

					advantage of minimizing discomfort and interference  

					with normal human activities. WHD have in-built  

					sensors which a user wears without interfering with  

					his/her daily life activities. The wearable devices may be  

					in the form of cloths, wrist bands, shin tights etc.  

					Sensors or actuators have been successfully connected  

					to many physical devices in the past to gather a huge  

					amount of information. According to established facts,  

					for instance, such technology has enabled the  

					development of miniature wearable biomedical devices  

					for certain ubiquitous patient monitoring. It is now  

					straightforward to monitor a series of vital signs, which  

					a. Needs Assessment  

					The main objective here is to capture the needs of  

					stakeholders, patients and doctors in particular.  

					The Functional Requirements include:  

					•

					Collection of vital signs from IoT sensors, which  

					the user wears as a write band (heart rate, BP,  

					temperature, etc)  

					•

					•

					Transmission of data in real time  

					Doctor to receive, and can view the patient’s vital  

					signs through a GSM interface  
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					d. System design  

					Here, the system architectural designs and interactions  

					were caried out using a layered architecture showing:  

					•

					User receives alerts via SMS if the vital signs  

					reach maximum thresholds.  

					The non-functional requirements include:  

					▪

					▪

					▪

					Device Layer: IoT sensors for collection of vital  

					signs.  

					Network Layer: MQTT/HTTP protocol for data  

					transmission.  

					Application Layer: Mobile App showing doctor  

					and patient dashboards/ interfaces.  

					•

					High reliability and accuracy (>95% sensor  

					accuracy)  

					•

					Low latency (alerts received within 5 seconds).  

					Here, the UML’s use case Diagram was adopted to  

					identify the following:  

					•

					•

					•

					Patient/ user: wears sensors, receives alerts.  

					Doctor: Monitors dashboard  

					IoT sensor device: Automated actor  

					Measurement:  

					System performance (expected < 2 seconds for data  

					o

					transmission).  

					Measurements:  

					•

					Requirement completeness (up to 90%  

					stakeholder agreement)  

					Requirement traceability  

					requirements successfully mapped to a use case)  

					e. System Validation/ Testing  

					To ensure correctness, the following testing were carried  

					out on the new system:  

					•

					(all functional  

					o

					o

					o

					Unit Testing (sensor data handling, alert  

					generation).  

					b. System Analysis  

					Integration Testing (sensor  

					dashboard flow).  

					→

					GSM  

					→

					Here, the objective is to study current challenges in  

					patient monitoring. The following discoveries were  

					made:  

					System Testing (end-to-end).  

					A test case of abnormal heart rate to verify alert sent to  

					doctor.  

					•

					•

					manual vital checks in hospitals are ineffective.  

					Late medical response due to delay in detecting  

					abnormalities  

					Measurements:  

					o

					o

					o

					o

					Test pass rate (≥ 95%).  

					Defect density (≤ 1 per 1,000).  

					User satisfaction ≥ 85%.  

					Here, the UML’s Activity Diagram was used to show the  

					workflow, and illustrated thus:  

					Average alert time ≤ 5 seconds.  

					Nurse checks patient vitals → Records on paper →  

					Doctor reviews later.  

					Measurements:  

					This research work showed varying implementations of  

					such parameters such as multiple vital sign  

					measurement, computational accuracy, real-time  

					monitoring, cost effectiveness, result interpretation for  

					medical recommendations, data storage for historical  

					use, ease of use/read, processing speed. For each of the  

					parameter listed above, the devices are given a score card  

					on a 0-100% basis. The table 1 and figure 1 below  

					summarizes the existing reviewed-devices performance.  

					•

					•

					Average delay in response time: 2 – 6 hours.  

					Error rate in manual recording: approximately  

					15%.  

					c. Object Oriented Analysis  

					Here, all system classes/ objects and relationships were  

					identified, including the following:  

					o

					Patient (attributes: ID, name, age, medical  

					history).  

					o

					o

					Doctor (attributes: ID, name, specialization).  

					VitalSignRecord  

					heartRate, bp, temperature).  

					Alert (attributes: alertID, type, severity, status).  

					(attributes:  

					timestamp,  

					o

					Here, the UML’s Class Diagram was adopted to illustrate  

					relationships thus:  

					•

					•

					•

					Patient ↔ VitalSignRecord (one-to-many).  

					Doctor ↔ Patient (many-to-many).  

					Alert → Patient (association).  
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					Table 1: Parametric Score of Existing System  

					RESULTS  

					Detailed results from each phase of system development  

					are presented in table 2.  

					Table 2: Results from development phases  

					S/no Parameter  

					Score (%)  

					1

					2

					3

					4

					5

					6

					7

					8

					9

					Multiple vital sign measurement 50  

					Computational Accuracy  

					Real-time Monitoring  

					Cost Effectiveness  

					Data storage for historical use  

					Ease of Use/Read  

					Processing Speed  

					Result Interpretation  

					Device Adaptability  

					90  

					40  

					40  

					30  

					70  

					60  

					30  

					60  

					Phase  

					UML Diagram  

					Measurement  

					Needs  

					Assessment  

					Use case, Activity Requirement coverage ≥  

					diagram  

					90%  

					Problem Analysis Activity diagram  

					Error rate in manual  

					recording (15%)  

					Response time ≤ 2s  

					System Design  

					Component  

					diagram  

					System  

					Class diagram  

					System performance (< 2  

					seconds for data  

					transmission).  

					Development/  

					Implementation/  

					coding  

					Validation/  

					Testing  

					Test scenarios  

					Test pass rate ≥ 95%  

					Chart Title  

					100  

					90  

					80  

					70  

					60  

					50  

					40  

					30  

					20  

					10  

					0

					The individual hardware functionality to be designed is  

					represented as a module. Electronic components are  

					then used to satisfy the requirements of the module. The  

					modules of this hardware are temperature sensing  

					module – used to measure the body temperature;  

					pressure sensing module – used to measure the blood  

					pressure; ADC module – used to provide increased  

					resolution for the voltage being measured; processing  

					module – used to process the voltage gotten from the  

					measurement and convert the voltage to the physical  

					parameter value (data), package the data for display and  

					interconnectivity; display module – used to display  

					information; optical indicator module – used to give  

					optical indication of the health status of the patient;  

					GSM module – used to connect to the GSM network in  

					other to send SMS etc; Bluetooth module – used to  

					connect the wearable device to a smart phone; and  

					buttons module – used to provide user input to the  

					wearable device.  

					Figure 1: Performance Parameters of Existing Systems  

					The embedded wearable device for vital sign sensing  

					comprises of the temperature sensor LM35, and the  

					piezo-electric sensor HK-2000B, the ADS1015 12bit  

					ADC, the AVR328 microcontroller, LCD, LEDs, GSM  

					module, Bluetooth module, Li-ion battery for power  

					supply etc. These are the major components used to  

					design the hardware following the modular method.  

					All the components making up the embedded wearable  

					device are put together to achieve different  

					functionalities of the modules required for the system to  

					become effective. These components are depicted in the  

					system block diagram in the figure 2.  
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					1) Setup the ADC module  

					2) Setup the serial port for Bluetooth transmission  

					3) Setup the GSM module for SMS messaging  

					4) Take measurements using temperature sensor and  

					pressure sensor  

					5) Update LCD with measured data  

					6) Update LEDs with status information  

					7) Transmit the vital sign data  

					8) Send SMS to medical personnel  

					The above algorithm statements were followed to design  

					the proposed hardware system flowchart, dataflows,  

					use-case and activity models encapsulating the system  

					logics, behavior and structure of the proposed system  

					hardware modules.  

					The behavioral use case diagram for the new system is  

					presented in figure 3, showing important use cases and  

					user interactions.  

					Figure 2. The High-Level System Block Diagram  

					Algorithm Statement for the Wearable Device  

					Set up  

					modules  

					Power  

					on  

					Take  

					readings  

					Compute  

					and derive  

					data  

					Start  

					button  

					Transmit  

					data  

					Update  

					LCD  

					Figure 3: Behavioral Use Case Model Diagram  

					The VIS input-output activity design model diagram showing the activities of the module parameters and characteristics  

					of the wearable respective subsystems is presented in figure 4.  
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					Setup pins for the  

					microcontroller  

					Setup ADC module  

					Setup serial port  

					Set up GSM module  

					Press start button  

					Press transmit button  

					Read sensors  

					Extract data  

					Retrieve saved data  

					Transmit data  

					Send SMS  

					Save data  

					Update LCD  

					Figure 4: Activity Diagram for the Wearable Device  
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					System Firmware  

					The telemedicine wearable device has the Atmel328P as its core processing chip. This chip has a firmware written using  

					C++ programming language in the Arduino IDE. The operation of the telemedicine wearable device was represented as  

					functionalities; the program written was meant to implement the functionalities as required for the telemedicine wearable  

					device to operate in other to achieve some of the project objectives. The written code follows an algorithm which  

					implements the functionalities that include –  

					i.  

					ii.  

					To setup the Atmel328P pins for relevant IO operation  

					To setup the ADS1015 ADC module  

					iii.  

					iv.  

					v.  

					vi.  

					vii.  

					To setup the Bluetooth module for RF communication  

					To setup the GSM module  

					To take sensor(s) reading using the ADS1015 ADC module  

					To extract and compute relevant data from the readings  

					To transfer data to LCD for update  

					viii. To transmit data serially using the serial port  

					ix. To respond to user requests using the buttons  

					DISCUSSION  

					The VIS Architecture  

					A smart wearable health vital signs monitoring device has been developed which can measure the biometric parameters  

					such as blood pressure, heart rate and body temperature. Ideally, the sensors and measurements are managed by a  

					microcontroller, which ensures power management of the device and optimizations during measurement. It equally  

					packages the measured data in a secure format and interfaces with a Bluetooth Low Energy, BLE, based IoT interface.  

					For BLE based IoT interface, data security can be enhanced to equally consumes very little power [2].  

					The Wearable Wrist Device will measure the Vital signs and send SMS to the Patient’s Doctor, if vital sign reading indicates  

					the patient’s health is beginning to deteriorate. It equally gives optical alerts using colored light on the health status of the  

					patient. The architecture of the wearable sensor device (VIS) is shown in figure 5.  

					WEARABLE HEALTH DEVICE  

					Wearable device  

					SMS  

					BLE IoT  

					SMS interface  

					interface  

					Temperature  

					Measurement,  

					Microcontroll  

					Heartbeat  

					sensor  

					Blood pressure  

					extraction,  

					er  

					sensor  


					sensor  

					program  

					Alerts  

					Figure 5: The Smart VIS Wearable Device  
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					2. Mamdiwar, S.D.; Shakruwala, Z.; Chadha, U.;  

					CONCLUSION  

					Srinivasan, K.; Chang, C. (2021). “Recent Advances  

					on IoT-Assisted Wearable Sensor Systems for  

					Healthcare Monitoring”. Biosensors 2021, 11, 372.  

					https://doi.org/10.3390/bios11100372.  

					The objective of this study was to design and model an  

					IoT-based Health Vital Signs Monitoring System using  

					UML and Object-Oriented Analysis and Design  

					methodologies, aimed at improving real-time patient  

					monitoring, early detection of abnormalities, and  

					reducing delays in medical response. The analysis  

					revealed that traditional manual monitoring methods are  

					prone to errors, inefficiencies, and critical delays, while  

					the proposed system ensures timely data collection,  

					secure transmission, automated alert generation, and  

					accessible dashboards for doctors and patients. Findings  

					demonstrate that the system architecture enhances  

					accuracy, responsiveness, and usability, with measurable  

					improvements in error reduction, alert delivery time, and  

					user satisfaction. It is recommended that healthcare  

					institutions adopt this IoT-enabled approach, begin with  

					pilot deployments to refine usability, ensure compliance  

					with data security standards, and integrate the system  

					with existing hospital information systems for scalability  

					and long-term sustainability.  

					3. Szymański, J.; Chaczko, Z.; Rodański, B.(2022).  

					"Towards Ubiquitous and Pervasive Healthcare."  

					Springer International Publishing, 2022; pp387-404.  

					4. Ali, A.A.; Ali, A.H.; Al-Askery, A.J. (2020). "Design  

					and Implementation of Smart E-Health System  

					Based on Cloud Computing to Monitor the Vital  

					Signs in Real-Time and Measurements Validation,"  

					IOP Conf. Ser.: Mater. Sci. Eng. 745 012097, 2020.  

					5. Dziak, D.; Jachimczyk, B.; Kulesza, W.J. (2021).  

					“IoT-Based Information System for Healthcare  

					Application: Design Methodology Approach”,  

					doi:10.3390/app7060596.  

					www.mdpi.com/journal/applsci viewed on Sept,  

					2021.  

					6. Daniel, S. M.; Mendal, L. (2022). “Core  

					Temperature Measurement Methods and Current  

					Insights” Sports Med 2022; 32 (14): pp 879-885.  

					7. Dziak, D.; Jachimczyk, B.; Kulesza,W.J. (2019).  

					“IoT-Based Information System for Healthcare  

					Application: Design Methodology Approach.”  

					Appl. Sci. 2019, 7, 596; doi:10.3390/app7060596.  

					8. Eduardo, G.E.; Omar, L.G.; Ioseth, P.L.; Arturo,  

					V.G. (2018). “Power Consumption Analysis of  

					Bluetooth Low Energy Commercial Products and  

					Their Implications for IoT Applications”,  

					Electronics 2018, 7, 386;  

					Declarations  

					Competing Interests: The authors declare that they  

					have no competing interests.  

					Funding Information: Not applicable  

					Author contribution: A.I.O: Conceptualization and  

					supervision; N.F.E: Helped in selection of methodology;  

					E.C: was involved in Model Analysis; C.O.: joined in  

					Data preprocessing and Validation; C.E.N: partook in  

					the Discussion of results; P.O.: participated in draft  

					manuscript preparation and editing, E.C.E: took part in  

					Literature review; M.O.U: Validation; C.U.I:  

					Participated in the articulation of findings as well as gap  

					analysis. All authors read and approved the final  

					manuscript.  

					Data Availability Statement: All data generated and  

					analyzed in the current study are included in the body of  

					the manuscript. The current study is a design of Software  

					Solution, and all generated data are available with the  

					Corresponding Author on reasonable request.  

					Research Involving Human and / or Animals: Not  

					applicable  

					doi:10.3390/electronics7120386 retrieved from  

					www.mdpi.com/journal/electronics.  

					9. Lousado, J.P.; Antunes, S.(2020). “Monitoring and  

					Support for Elderly People Using LoRa  

					Communication Technologies: IoT Concepts and  

					Applications”. Future Internet 2020, 12, 206.  

					https://doi.org/10.3390/fi12110206.  

					10. Mainetti, L.; Patrono, L.; Vilei,A.(2019). “Evolution  

					of wireless sensor networks towards the Internet of  

					Things: A survey”. In Proceedings of the SoftCOM  

					2019, 19th International Conference on Software,  

					Telecommunications and Computer Networks,  

					Split, Croatia, September 2019; pp. 1–6.  

					11. Nair, S. S.; Sasikala, M.(2019), “Design of vital sign  

					monitor based on wireless sensor networks and  

					telemedicine”. DOI:  

					Informed Consent: Not Applicable  

					10.1109/ICGCCEE.2019.6922257.  

					12. Shubham, B.; Isha, M.; Saranya, S.S.(2018), “Smart  

					Healthcare Monitoring using IoT”. International  

					Journal of Applied Engineering Research ISSN  

					0973-4562 Volume 13, Number 15 (2018). 11984-  

					11989.  

					REFERENCES  

					1. Dias, D.; Cunha, J.P. (2019). “Wearable Health  

					Devices—Vital Sign Monitoring, Systems and  

					Technologies.” Multidisciplinary Digital Publishing  

					Institute (MDPI), doi: 10.3390/s18082414.  

					The Nigerian Health Journal, Volume 25, Issue 2  

					Published by The Nigerian Medical Association, Rivers State Branch.  

					Downloaded from www.tnhjph.com  

					Print ISSN: 0189-9287 Online ISSN: 2992-345X  

					1132  

				

			

		

		
			
				
					
				
			

			
				
					The Nigerian Health Journal; Volume 25, Issue 3 – September, 2025  

					Development of Smart IoT-based Device for Effective Health Vital Signs Monitoring  

					Otuonye et al  

					13. Wang, T.W; Lin, S.F. (2020). “Wearable  

					Piezoelectric-Based System for Continuous Beat-to-  

					Beat Blood Pressure Measurement” Sensors 2020,  

					20, 851; doi:10.3390/s20030851,  

					www.mdpi.com/journal/sensors  

					14. Al Hubaishi, M., & others. (2024). i-CardiAx:  

					Wearable IoT-Driven System for Early Sepsis Detection  

					Through Long-Term Vital Sign Monitoring. arXiv  

					preprint arXiv:2407.21433.  

					https://arxiv.org/abs/2407.21433  

					15. Gao, Y., Wang, S., & Li, H. (2024). Wearable  

					healthcare and continuous vital sign monitoring with IoT  

					integration: A systematic review. Journal of Biomedical  

					Informatics, 155, 104472.  

					https://doi.org/10.1016/j.jbi.2024.104472  

					16. Shukla, A., Verma, R., & Kumar, S. (2025). A unified  

					IoT architectural model for smart hospitals: Enhancing  

					interoperability, security, and efficiency through clinical  

					information systems (CIS). Journal of Big Data, 12(45),  

					1–18. https://doi.org/10.1186/s40537-025-01197-  

					4

					The Nigerian Health Journal, Volume 25, Issue 2  

					Published by The Nigerian Medical Association, Rivers State Branch.  

					Downloaded from www.tnhjph.com  

					Print ISSN: 0189-9287 Online ISSN: 2992-345X  

					1133  

				

			

		

	EPUB/images/img_25.png





EPUB/images/img_24.png





EPUB/images/img_27.png





EPUB/images/img_26.png





EPUB/images/img_21.png





EPUB/images/img_23.png





EPUB/images/img_22.png





EPUB/images/img_18.png





EPUB/images/img_20.png





EPUB/images/img_19.png





EPUB/images/img_32.png





EPUB/images/img_31.png









EPUB/images/img_29.png





EPUB/images/img_28.png





EPUB/images/img_30.png







EPUB/images/img_05.png






EPUB/toc.xhtml

Table of Contents


		Page







EPUB/images/img_02.png





EPUB/images/img_03.png
@relEiel





EPUB/images/img_01.png





EPUB/images/img_15.png





EPUB/images/img_14.png





EPUB/images/img_16.png






EPUB/images/img_13.png





EPUB/images/img_12.png





EPUB/images/img_11.png





EPUB/images/img_10.png





EPUB/images/img_09.png
Power supply unit

[

M35

l

DS

1015

HK 20008

Amega 328p
microcontroller

Sim 8001

le—
GsM
module
Bluetooth  fe—
module






