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Abstract. Nowadays, due to rapid population growth, urbanization, and an 
increase in the aging population, the need for an appropriate healthcare 
system is of utmost importance. One of the main reasons for the mortality 
rate among patients is their inadequate access to healthcare facilities. This 
research introduces a novel approach for patient’s allocation. This method 
is based on equipping patients with smart sensors that have been devel-
oped. 8 districts in the city of Kermanshah have been examined in this 
study. The objective of this research is to expedite services for patients 
wearing wearable sensors. To achieve this goal, a location-allocation model 
has been developed for the patients. The results indicate that the integra-
tion of the location-allocation model and wearable sensors accelerates the 
provision of services to patients. 
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1. Introduction

The demand for healthcare services, particularly for the elderly and disa-
bled individuals, is increasing due to the global population growth. The 
growth of the aging population has led to rising costs of healthcare and in-
creased health-related issues. This has made the traditional healthcare 
monitoring system inefficient, undesirable, and inadequate (Nayak et al. 
2022). Location-allocation analysis aims to find the best location for a set of 
demand points in a way that addresses supply and demand issues (Efiong 
2019). Therefore, when planning healthcare systems, decision-makers 
should consider goals that involve improving access and reducing costs 
(Mestre et al. 2014). Wearable sensors can be utilized to achieve this objec-
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tive. Wearable sensors have gained significant interest in the medical field 
due to their cost-effectiveness, flexibility, lightweight, and biocompatibility 
(Yi & Xianyu 2022). These sensors measure physiological conditions of the 
body such as heart rate, respiratory rate, body temperature, blood pressure, 
and blood oxygenation (Baker et al. 2017). Therefore, with the rapid ad-
vancement of technology, wearable sensors have created a new opportunity 
for real-time monitoring of human performance today. 

Considering that the location-allocation model utilizes principles of spatial 
analysis and optimization, the objective of this research is to increase the 
reliability of this model through integration with wearable sensors. The 
research method is as follows: First, patients are equipped with wearable 
sensors. Then, based on their vital signs and spatial location, the location-
allocation model is implemented, and facilities are allocated to the patients 
in real-time. 

2. Materials and Methods

2.1. Wearable sensors 

In recent decades, population growth and urbanization have led to signifi-
cant advancements in the field of healthcare, with wearable sensors being 
one of them. The present study was conducted in 8 districts of Kermanshah 
city, where patients are scattered throughout the city. The sensors used in 
this research are Apple watches. These sensors have the capability to 
transmit vital signs such as heart rate, oxygen level, and other health-
related metrics. The process of transmitting patient information through 
these sensors is as follows: Firstly, the patient's information is sent to a mo-
bile phone via Bluetooth, and then it is transmitted to healthcare profes-
sionals through Wi-Fi. The purpose of this approach is to continuously 
monitor the patient's health status and provide quick access to their infor-
mation, including their spatial location, in order to expedite service provi-
sion. 

2.2. Location-Allocation Model 

Once the patients are equipped with wearable sensors, the location-
allocation model will be implemented. The objective of implementing this 
model is to provide rapid access to healthcare facilities for patients who are 
unable to visit hospitals due to their physical condition. Essentially, the 
location-allocation model enables us to access the nearest patient in a way 
that minimizes the distance traveled and, consequently, the time taken to 
reach them. To achieve this goal, the P-Median model is used, which is a 
mathematical optimization model for solving facility location problems with 
the aim of determining the appropriate location for them and providing 
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services to demand points. The objective function in this model is defined in 
a way that minimizes the total distance between healthcare facilities and 
patients equipped with wearable sensors. Furthermore, constraints on the 
number of open facilities have been imposed, stating that each patient can 
only be served by the nearest healthcare facility. In this study, facilities are 
allocated to different patients instantly and in real-time. This is done by 
determining the type of disease based on patient data and records previous-
ly registered, and then appropriate specialized healthcare facilities will be 
assigned to that specific disease. Equipping patients with wearable sensors 
tailored to their needs allows each patient to receive more precise and high-
er-quality healthcare. This approach not only improves access to healthcare 
services but is also economically effective as it can reduce resource wastage 
and prevent unnecessary service provision. It also leads to increased flexi-
bility in society, as a facility can provide services based on the best access to 
a patient’s location within a specific area. 

3. Results

In this section, the preliminary results of integrating smart sensors and the 
location-allocation model are examined. The necessary patient data is ob-
tained through wearable sensors. Additionally, information regarding hos-
pitals is extracted using Google Earth software. Since the city of Kerman-
shah is divided into 8 regions, the allocation of hospitals to patients in each 
region is investigated. 

Figure 1.    The result of the model implementation in different regions 
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Figure 1 illustrates the distribution of hospitals and patients at the city level 
in Kermanshah. Green dots represent hospitals, while blue dots represent 
patients. As can be observed in Figure 1, patients in each area have been 
referred to the nearest healthcare center. Unfortunately, within this geo-
graphical area, access to online traffic data was not available, and it is rec-
ommended for future research. 

4. Conclusion

The aim of this study is to allocate patients with smart sensors based on 
their location. The methodology employed in this research involves equip-
ping patients with smart sensors and then providing services at centers that 
have appropriate accessibility, taking into account their geographical posi-
tion and relevant disease-related information. In a novel approach adopted 
in this study, it is demonstrated that swift service delivery to patients with 
unfavorable physical conditions can be highly effective in preserving their 
lives. For this reason, a location-allocation model has been utilized to ena-
ble rapid disease diagnosis through wearable sensors and quick access to 
centers. 

References 

Baker S. B, Xiang W, Atkinson I (2017) Internet of Things for Smart Healthcare: Technolo-
gies, Challenges, and Opportunities. IEEE Access. DOI: 10.1109/ACCESS.2017.2775180. 

Efiong J (2019). GIS-based Network Analysis for Optimisation of Public Facilities Closure: A 
Study on Libraries in Leicestershire, United Kingdom. Journal of Geography, Environ-
ment and Earth Science International, 23 (3). pp. 1-18. 

Mestre A. N, Oliveira M. D, Barbosa-Póvoa A. N (2014). Location–allocation approaches for 
hospital network planning under uncertainty. European Journal of Operational Research. 

Nayak S. Pr, Nayak S. Ch, Rai S. C, Kar B. PR (2022). Wearable Sensors and Machine Intelli-
gence for Smart Healtcare. Smart Computing and Intelligence 
https://doi.org/10.1007/978-981-19-1408-9_1. 

Yi J, Xianyu Y (2022). Gold Nanomaterials-Implemented Wearable Sensors for Healthcare 
Applications. Advanced Functional Materials. https://doi.org/10.1002/adfm.202113012. 

LBS 2023

Page 59




