
IJRCS 
International Journal of Robotics and Control Systems 

 
Vol. 3, No. 4, 2023, pp. 899-910 

ISSN 2775-2658 

http://pubs2.ascee.org/index.php/ijrcs 

 

 

       https://doi.org/10.31763/ijrcs.v3i4.1152 ijrcs@ascee.org   

  

Implementation of LoRa Wireless Communication in Smart 

Diabetic Shoes Design 

Purwono a,1,*, Asmat Burhan a,2, Lutviana a,3 

a Universitas Harapan Bangsa, Purwokerto, 53182, Indonesia 
1 purwono@uhb.ac.id; 2 asmatburhan@uhb.ac.id; 3 luthvianna41@gmail.com 

* Corresponding Author 

 

1. Introduction 

Diabetes is a widespread condition that impacts a significant portion of the population. This is 

evident from the data, which predicts an increase in the number of individuals affected, projected to 

grow from 537 million in 2021 to 783 million by 2045 [1]. This ailment represents a substantial 

menace to the overall well-being of the global population [2]. Diabetes mellitus is a metabolic 

dysfunction that manifests when a person's body produces insufficient insulin, leading to 

exceptionally elevated blood glucose levels [3]. There are a minimum of 40 diabetes variants, and it 

seems that people across the globe lack awareness of the complications stemming from healthcare 

systems that lack adequate resources [4]. 
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 Diabetes is a widespread medical condition affecting a substantial portion 

of the global population. It is a metabolic disorder known as diabetes 

mellitus, characterized by severe fluctuations in blood glucose levels due 

to inadequate insulin production in the human body. The effective 

monitoring of diabetes is of paramount importance to researchers as it holds 

the potential to enhance the quality of healthcare services. Among the 

challenges faced by individuals with diabetes, one prevalent issue is the 

development of ulcers, which can be challenging to detect promptly. 

Technological advancements offer a promising avenue for cost-effective 

and continuous monitoring of chronic diseases like diabetes. This study 

centers on the development of IoT-based intelligent diabetic footwear that 

incorporates pressure sensors and temperature monitoring for individuals 

with diabetic feet. In the evaluation of SX1278 (Ra-02) Lora Module 

communication, deployed at eight different locations, it was observed that 

two of these points achieved a flawless transmission success rate of 100%. 

Conversely, the communication failed at points 6 and 7, with a success rate 

falling below 50%. Some of these failures can be attributed to signal 

obstructions, including natural elements such as trees and terrain, as well 

as man-made structures like buildings and machinery workshops, which 

hinder the efficient transmission of signals from the end node to the 

gateway. The results of this research provide positive implications in the 

form of developing IoT-based diabetes shoes that can be applied with 

alternative Lora communication connections in areas with poor internet 

signal. 
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The impact of diabetes also extends to the economic sector in society. Expenditure on the 

treatment of this disease is on the rise, increasing from $966 billion in 2021 to a projected value of 

over $1 trillion in 2045 [5]. This, of course, also has an impact on indirect costs, such as reduced 

levels of productivity among those who suffer from it. As reported by the official website of the 

Ministry of Health, in 2021, Indonesia was ranked 5th out of 10 countries with the highest number 

of diabetes cases in the world. The increasing number of diabetes patients in Indonesia is an important 

issue that necessitates improved access to healthcare services [6]. 

In accordance with international and national guidelines, self-management of the disease and 

the achievement of optimal quality in diabetes control, as well as disease prevention efforts, are 

accomplished through patient education in blood glucose management [7]. Prevention can also be 

achieved by monitoring glucose levels in the body three times a day [8]. 

The era has witnessed the continuous advancement of technology, giving rise to innovations in 

the form of new media designed to enhance the daily lives of humans [9]. Various types of technology 

focused on diabetes include glucose monitoring, continuous subcutaneous insulin infusion, closed-

loop systems, electronic teaching, applications for smart devices, and automated bolus calculators 

[7]. These technologies can apparently be integrated with the Internet of Things (IoT) [10]. Diabetes 

can be monitored at any time within a 24-hour period by utilizing sensors integrated into the IoT 

[11].  

Monitoring diabetes is a significant concern for researchers as it can be instrumental in 

enhancing the quality of the nursing service system [12]. It is known that the traditional method of 

pricking the fingertip to check glucose levels can induce psychological distress in patients and may 

lead to infections [8]. This certainly motivates researchers to develop various types of tools that are 

more effective for monitoring this disease.  

One of the common conditions in diabetic patients is ulceration which is difficult to detect in a 

timely manner [13]. Diabetic feet are very at risk of injury, infection to ulceration in patients [14]. 

This condition is also exacerbated by the high risk of recurrence of diabetic foot. This recurrence is 

caused by abnormal lower extremity movements and changes in plantar biomechanics. Excessive 

foot pressure also results in damage to the skin on the soles and instep, thus compromising the 

patient's condition which has the potential for ulcer recurrence and amputation [14].  

Technological advances open up new opportunities for nursing concepts and improving digital-

based health services [15]. Technology can minimize the total cost of continuously and timely 

monitoring chronic diseases such as diabetes [16]. Additionally, with the widespread accessibility of 

smartphones and fast Internet, patients are increasingly using mobile applications to manage various 

medical requirements [15]. IoT is continuously evolving as a monitoring tool for a wide range of 

critical data through the utilization of sensors [17]. 

Research on IoT continues to grow rapidly. The IoT framework consists of a network of 

interconnected devices, sensors, and systems that communicate and share data [18]. The Internet of 

Things (IoT) represents a concept or scenario in which objects can relay information over a network 

without the need for human-to-human or human-to-computer interaction [19].  

Several researchers, including Ganesh [20], have applied special IoT-based diabetic foot 

monitoring technology, implementing cost-effective monitoring of foot pressure and blood flow with 

wireless communication to collect real-time data for analysis by doctors. Similar research has also 

been conducted by Eskofier, who developed smart shoes for diabetes, offering possibilities to support 

prevention, diagnostic screening, and therapeutic decisions [14]. Kularathne's research resulted in an 

innovative plug-and-play mobile-based device that can be applied to any type of diabetic shoe, 

addressing foot ulcers, monitoring temperature, humidity, weight, and step count to prevent 

breakdown [21]. 

Indonesia, being a country with relatively low internet speed, faces challenges in fully 

implementing IoT [22]. Many areas still suffer from poor connectivity. Implementing IoT-based 

diabetes shoes in areas with slow internet connections remains a challenge. 
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Our contribution in this research is to propose a prototype design for smart shoes by utilizing 

Lora communication as a transmitter and receiver of pressure and temperature sensor data for diabetic 

foot ulcer sufferers. Lora selection is considered as a new alternative in data communications, 

especially in areas with unstable internet signals. 

Our research addresses a critical challenge: the implementation of IoT-based diabetic footwear 

in areas with poor internet connectivity. We present the development of smart diabetes shoes 

integrated with the Lora module, offering a solution to underutilized wireless communication 

connections [23]. This paper outlines the methodology and findings of our study, shedding light on 

the potential for IoT technology to improve diabetes management in resource-constrained regions. 

2. Diabetic Foot Ulcer Indicator 

2.1. Temperature  

Diabetic Foot Ulcers (DFU) are characterized by an increase in temperature on the skin of the 

patient's feet, resulting from inflammation and autolytic enzymatic tissue breakdown due to an 

imbalance in pressure activity, repeated stress, neuropathic sensory loss, and biomechanical 

abnormalities [24]. An increase in temperature on the patient's feet exceeding 2.2oC can serve as an 

indicator of the imminent risk of ulcers [25]. Skin thermometry can be employed as a tool to identify 

early signs of inflammation, preventing DFU occurrences and reducing the potential for severe 

complications that may lead to amputations or even death [26]. 

There isn't a specific range available to measure this condition because the body temperature 

varies greatly among individuals who suffer from it [27]. This issue can be addressed by comparing 

one part of the body with its symmetrical counterpart under normal conditions [28]. Elevated 

temperature in the diabetic foot area, along with local pressure, can worsen the patient's wound 

condition. Several researchers have utilized thermometry as a diagnostic tool to detect hidden 

neuropathic fractures in diabetic patients [22]. 

2.2. Pressure 

Pressure plays a major role in the condition of patients suffering from diabetic foot [29]. 

Elevated plantar pressure exerts additional stress on the underlying soft tissue, leading to tissue 

damage and ulceration [30]. The midfoot is the most common location for the highest plantar pressure 

[31]. A significant body of literature demonstrates an association between ulcer formation and 

increased foot pressure [17]. In a study conducted by Altayyar, it was revealed that foot pressure is 

also influenced by the patient's weight [32]. Generally, men have higher plantar pressure than women 

in this context because men tend to weigh more than women [28]. 

3. Technology Investigation and Selection 

3.1. Pressure Sensor 

Force Sensing Resistors (FSRs) are two-terminal devices produced using polymer blends and 

conductive nanoparticles [33]. FSRs have gained significant recognition in research circles owing to 

their remarkable piezoresistive characteristics. When an FSR experiences mechanical loading, it 

undergoes a change in resistance, which can be inversely correlated with the applied force or stress. 

This phenomenon is commonly referred to in the literature as negative piezoresistive behavior.  

The pressure sensor used is the RFP602 Force Sensing Resistors resistance type which is 

waterproof, thin film which is flexible and made with nanometer pressure sensitive material equipped 

with an ultrathin film substrate. The operational method for this sensor involves transforming the 

stress applied to a sensitive area into a two-line resistance variation. By utilizing the declared 

relationship between stress and resistance, it becomes possible to gather information about changes 

in stress from external sources. Notably, as stress levels increase, the sensor's output resistance 

decreases. The specifications of this sensor are: 
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1. Model: RFP-602 

2. Sensitive Area Diameter: 10mm 

3. Measuring Range: 10-500g 

4. Material: PE insulating plate 

5. Sensor thickness: 0.2mm 

6. Working temperature: -25 ° C ~ 70 ° C 

3.2. Temperature Sensor 

The pressure sensor used is DHT11. The sensor is a sensor module designed to detect temperature 

and humidity in objects [34]. It provides an analog voltage output, which can be subsequently 

processed by a microcontroller. This sensor module falls under the category of resistive elements used 

in temperature measurement, similar to NTC (Negative Temperature Coefficient) sensors, for instance 

[35].  

3.3. LoRa SX1278 

LoRa is an IoT-enabling technology that is particularly well-suited for low data rate applications 

[36]. Through wireless modulation, LoRa facilitates remote communication for end nodes, while 

LoRaWAN refers to the communication protocol and system architecture. The key distinguishing 

feature of LoRa from other available wireless WAN technologies is its ability to transmit over long 

distances with minimal power consumption [37]. LoRa supports low bit rate applications with less 

emphasis on mobility and reliability. It was developed to support wide area network wireless 

telecommunications, and it's recognized as an alternative for IoT [38]. 

LoRa can function as both a transmitter and a receiver [39]. This versatility makes it highly 

intriguing for application in various research fields. The SX1278 transceivers incorporate the 

LoRaTM long-range modem, offering exceptional spread spectrum communication with extended 

range and robust interference resistance, all while keeping power consumption to a minimum. 

Utilizing Semtech's patented LoRaTM modulation technology, the SX1278 can achieve remarkable 

sensitivity of over -148dBm, even with cost-effective components like a low-cost crystal and bill of 

materials. This impressive sensitivity, coupled with the built-in +20 dBm power amplifier, results in 

an industry-leading link budget, making it an ideal choice for applications requiring extensive range 

or robust performance. LoRaTM also presents notable advantages in terms of both blocking and 

selectivity when compared to traditional modulation techniques. This resolves the traditional design 

trade-off between range, interference immunity, and energy efficiency. 

3.4. NodeMCU 

In this research, we have employed NodeMCU as the microcontroller of choice. NodeMCU 

Esp8266 is an open-source, programmable module that includes an integrated Wi-Fi card, designed 

for the development of IoT projects [40]. NodeMCU is outfitted with various peripherals that enable 

communication with the external environment, including 10 GPIO pins, an analog pin, and a 

dedicated communication pin [41].  

The FSR sensor generates input data, which is subsequently transmitted via the Lora SX1278 

module and received by the designated receiver. NodeMCU was chosen for its user-friendly 

capability to link sensor-generated data as a web server, streamlining the process for IoT developers 

to showcase sensor data through client applications such as websites or mobile apps [42]. 

4. Method 

The goal of this research is to monitor the condition of patients with diabetic foot. Smart diabetes 

shoes are a type of diabetic footwear integrated with multiple sensors and IoT-supporting modules. 

These shoes include a pressure sensor to measure the pressure on the feet of diabetic patients and a 

temperature sensor to monitor the temperature of their feet. We have developed an IoT-based system 

that utilizes LoRa technology as a communication tool, serving as both a transmitter and receiver. 
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This system can serve as an alternative IoT connection in areas with poor internet signals. The system's 

design is illustrated in Fig. 1. 

 

Fig. 1. System flow 

Based on Fig. 1, the Smart Diabetic Shoe functions from the patient's end, transmitting pressure 

and temperature sensor data using the LoRa transmitter module. This sensor data is subsequently 

received by a receiver employing NodeMCU, which then stores the data in the database. The stored 

data is processed through web services, enabling it to be displayed on the web client as monitoring 

media. Smart diabetic shoes serve as a media transmitter utilizing the SX1278 module. This module 

sends pressure sensor data and patient temperature to the media receiver. Specifically, the pressure 

sensor is positioned in the middle of the shoe, adhering to the recommendations from Wibowo's 

research. When humans stand upright, the two hind feet bear approximately 60% of the body's weight. 

In this study, three main points will be tested, as depicted in Fig. 2. 

 

Fig. 2. Foot pressure sensor point 
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The prototype for this media transmitter incorporates the following components: one NodeMCU, 

four distinct pressure sensors, a single temperature sensor, and a LoRa SX1278 module, all utilized 

for the transmission of sensor data. The media receiver employs solely a NodeMCU and a LoRa 

SX1278 module. This receiver acquires pressure and temperature sensor data transmitted by smart 

diabetic shoes. NodeMCU functions as a web server, subsequently presenting the sensor data on the 

client's web application. 

In this study, testing and validation of the FSR sensor and thermistor sensor were conducted 

through calibration. Calibration is the process of comparing a tool or measurement instrument with 

standards set either nationally or internationally. The aim of calibration is to assess the degree to which 

the accuracy and reliability of the measurement tool yield results that align with established standards. 

Equation (1) serves as a method for calibrating the FSR sensor. 

𝐹 = 𝑃 ∗ 𝐴 (1) 

Where 𝐹 is the force given in Newtons (𝑁), 𝑃 is the resulting pressure in kilopascals (kPa), and 𝐴 is 

the area over which pressure is applied in square meters (m²). 

Regarding the calibration test of the thermistor sensor, it is conducted by comparing it with a 

digital thermometer, and each sensor is calibrated within a timeframe of 3 to 30 seconds. The 

calibration result data is then recorded based on the differences. 

Communication tests involving the use of the LoRa SX1278 module to transmit pressure and 

temperature sensor data from the smart diabetes shoes were performed at a maximum distance of 

approximately 2.2 km in the Gumelar District, Banyumas Regency. This study divided the testing into 

several points located where healthcare workers are active. There are 8 location testing points for 

media receivers, each of which encounters various obstacles in its area. These locations are adjusted 

to the positions of active healthcare workers in Gumelar Sub-District, including village midwives, 

village health posts (PKD), health centers, and doctors. 

NodeMCU serves as an intermediary capable of storing data received by the LoRa SX1278 

module into a database server. The stored sensor data is subsequently processed using the HTTP 

protocol to facilitate communication between the server and the client. This study utilizes the GET 

request method to enable data to be displayed on a web client application developed using the PHP 

programming language. 

5. Result and Discussion 

5.1. Smart Diabetic Shoe Prototype 

The implementation of pressure and temperature sensors is proceeding smoothly. Pressure 

sensors have been positioned on the underside of the diabetic shoe at three crucial points: the front, 

middle, and rear of the foot [43]. Fig. 3 illustrates the placement of the pressure sensor on specialized 

diabetes shoes. All the essential components, including the pressure sensor, temperature sensor, and 

the Lora SX1278 module installed on the NodeMCU, have been successfully assembled. The 

hardware wiring process has been completed without any issues. 

5.2. Sensor Test 

The measurement of pressure on the FSR is not directly correlated with a person's weight but is 

rather linked to load distribution and the sensitivity characteristics of the FSR. The calibration process 

is conducted to establish a relationship between the pressure recorded on the FSR and the individual's 

weight. Based on Table 1, testing was carried out from the 3rd to the 30th second. Between the 3 FSR 

sensors that have been installed, simulations are carried out with a minimum pressure equivalent to 

500 grams. The results show relatively consistent differences for the FSR1 and FSR2 sensors, but 

different variations are observed for the FSR3 sensor, ranging from 0.02 kPa to 0.13 kPa. Specifically, 

for the FSR 3 sensor, there are 3 results which are considered to produce quite different and less 

consistent values, namely the difference in values at time 15, 21, 27 and 30 with respective values, 
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namely 0.07 kpA, 0.02 kpA, 0.02 kpA and 0.13kpA. This is deemed necessary for further research 

regarding the finding that there are inconsistencies for the FSR 3 sensor. 

  

  

Fig. 3. Prototype smart diabetic shoe 

Table 1.  FSR sensor calibration 

Time 
Simulation 

(500g) 
FSR1 FSR2 FSR3 

Difference 

FSR1 

Difference 

FSR2 

Difference 

FSR3 

3 4.79kpA 5.00kpA 5.00kpA 5.00kpA 0.21kpA 0.21kpA 0.21kpA 

6 4.79kpA 5.00kpA 5.00kpA 5.00kpA 0.21kpA 0.21kpA 0.21kpA 

9 4.79kpA 5.00kpA 5.00kpA 5.00kpA 0.21kpA 0.21kpA 0.21kpA 

12 4.79kpA 5.00kpA 5.00kpA 5.00kpA 0.21kpA 0.21kpA 0.21kpA 

15 4.79kpA 5.00kpA 5.00kpA 4.72kpA 0.21kpA 0.21kpA 0.07kpA 

18 4.79kpA 5.00kpA 5.00kpA 5.00kpA 0.21kpA 0.21kpA 0.21kpA 

21 4.79kpA 5.00kpA 5.00kpA 4.77kpA 0.21kpA 0.21kpA 0.02kpA 

24 4.79kpA 5.00kpA 5.00kpA 5.00kpA 0.21kpA 0.21kpA 0.21kpA 

27 4.79kpA 5.00kpA 5.00kpA 4.81kpA 0.21kpA 0.21kpA 0.02kpA 

30 4.79kpA 5.00kpA 5.00kpA 4.92kpA 0.21kpA 0.21kpA 0.13kpA 

 

Based on Table 2, the calibration of the thermistor sensor is also conducted from the 3rd to the 

30th second. Over the course of the 30-second experiment, the difference between the digital 

thermometer and the thermistor appears to remain relatively constant and is still considered 

acceptable as a test calibration result, approximately ranging from 0.3°C to 0.4°C. 
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Table 2.  Thermistor sensor calibration 

Time Digital Thermometer Thermistor Error Value 

3 24.0C 24.04C 0.4C 

6 24.0C 24.04C 0.4C 

9 24.0C 24.04C 0.4C 

12 24.0C 24.04C 0.4C 

15 24.0C 24.03C 0.3C 

18 24.0C 24.04C 0.4C 

21 24.0C 24.03C 0.3C 

24 24.0C 24.04C 0.4C 

27 24.0C 24.02C 0.2C 

30 24.0C 24.03C 0.3C 

 

5.3. Lora Communication Test 

Data transmission was carried out at eight points in the distribution area for health workers in 

Gumelar District. This is done to determine whether data transmission can be optimized at a 

predetermined point, with several attempts made until success is achieved at least three times. Data 

during testing was monitored using the Arduino Uno console terminal on a device connected to the 

smart diabetes shoe prototype which can be seen in Fig. 4. Table 3 shows that the two test points 

achieved a 100% success rate in sending data. LoRa communication failures occur at points 6 and 7, 

with the success rate dropping below 50%. Some of these failures are caused by signal obstructions, 

such as trees, high ground, buildings, and machine shops, which cause reduced signal absorption from 

the end node to the gateway. As a result of this failure, the technology for using the Lora SX1278 still 

needs to be researched further because we have not been able to get good and effective data 

transmission accuracy results. Further research efforts are needed so that the proposed technology can 

really be implemented well. 

  

Fig. 4. Sending and receiving lora data test 

Table 3.  Lora transmitter and receiver experiment results 

Point Distance (m) Level of success Location Obstacle 

1 600 80% PKD Tipar Trees, Highlands 

2 434 100% 
Bidan Grumbul 

Sumber 
Trees, Highlands 

3 1230 100% 
Bidan Grumbul 

Sompok 
Trees, Highlands 

4 1780 60% Dokter Retno 
Trees, Highlands, Buildings, Machine 

Workshops 

5 1720 65% Bidan Gumelar 
Trees, Highlands, Buildings, Machine 

Workshops 

6 4345 40% Bidan Samudra 
Trees, Highlands, Buildings, Machine 

Workshops 

7 5440 30% Bidan Cilangkap 
Trees, Highlands, Buildings, Machine 

Workshops 

8 2200 80% Puskesmas Gumelar 
Trees, Highlands, Buildings, Machine 

Workshops 
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5.4. Web Client Test 

NodeMCU is employed as an intermediary for storing data received by the LoRa SX1278 module 

into a database server. The stored sensor data is subsequently processed using the HTTP protocol to 

enable communication between the server and the client. This study utilizes the GET request method 

to enable data to be displayed on a web client application built with the PHP programming language. 

Fig. 5 displays the user interface of the web client for the smart diabetes shoe application, which can 

be used to monitor the pressure and temperature of patients with diabetic feet. 

 

Fig. 5. Web client test 

6. Conclusion 

This research has succeeded in building an IoT-based diabetic shoe prototype that utilizes lora 

communication to monitor the compressive force and temperature of diabetic feet sufferers. The 

resulting prototype has been tested by calibrating each sensor used. The results of calibration of the 

foot pressure sensor with FSR show that there are relatively consistent differences for the FSR1 and 

FSR2 sensors, but different variations are observed for the FSR3 sensor, ranging from 0.02 kPa to 

0.13 kPa. Meanwhile, the temperature sensor calibration between the digital thermometer and 

thermistor appears to remain relatively constant and is still considered acceptable as a test calibration 

result, approximately ranging from 0.3°C to 0.4°C. Testing on the lora transmitter and receiver 

distance connection showed that both test points achieved a 100% success rate in sending data, but 

there were still lora communication failures that occurred at points 6 and 7, with the success rate 

falling below 50%. Some of these failures are caused by signal obstacles, such as trees, high ground, 

buildings, and machine shops, which cause reduced signal absorption from the end node to the 

gateway. In future research, it is necessary to improve the calibration of the accuracy of each sensor 

and also rarely communicate data between the transmitter and receiver. Future research could try 

using several different types of sensors and sensors. 
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