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Abstract: The safety of patients and the quality of medical care provided to them are vital for their wellbeing. This study establishes a set of RFID (Radio Frequency Identification)-based systems of patient care based on physiological signals in the pursuit of a remote medical care system. The RFID-based positioning system allows medical staff to continuously observe the patient's health and location. The staff can thus respond to medical emergencies in time and appropriately care for the patient. When the COVID-19 pandemic broke out, the proposed system was used to provide timely information on the location and body temperature of patients who had been screened for the disease. The results of experiments and comparative analyses show that the proposed system is superior to competing systems in use. The use of remote monitoring technology makes user interface easier to provide high-quality medical services to remote areas with sparse populations, and enables better care of the elderly and patients with mobility issues. It can be found from the experiments of this research that the accuracy of the position sensor and the ability of package delivery are the best among the other related studies. The presentation of the graphical interface is also the most cordial among human-computer interaction and the operation is simple and clear.
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1  Introduction

The use of RFID allows medical staff to keep track of patients at any time. Patients in hospital often need to go to different clinics for various treatments. However, when they enter and exit these clinics, a management mechanism to record the patients’ movements is often not available. The medical staffs usually need to call several clinics to determine the whereabouts of the patient in this case, which might cause them to miss a scheduled treatment or medication. The RFID positioning system proposed passive positioning calculation method in this study allows medical staff to quickly find the patient, and systematically manage and integrate their movements. The system is a service extended through RFID applications. It requires that RFID tags be attached to patients, trend cards in various clinics, and digital devices. When a patient is hospitalized, they wear a wristband with an RFID tag provided at the nursing station. Assuming that the patient requires ultrasound and X-ray examination, the nurse uses a handheld digital device to scan the patient's RFID tag and then scans the movement card. This ties the patient's information to data on the inter-office activity card; it is then sent to the central system through a digital device. Data concerning the patient's movement are thereby registered [1].

When medical staff cannot find a patient, they no longer need to call anywhere to inquire, but need only log in to the system to check the patient's status. The advantage of using RFID to manage the movement of patients is their quick identification and location using a large amount of information. This technology can be applied to various systems to offer a variety of services using only one RFID tag. For example, the patient's movement can be thus managed in the operation room, although the main target of service in this context is the patient's family. The RFID positioning system developed by this UHF-MIMO research institute allows medical staff to quickly check the movements of their patients, which saves them time that they can use to care for other patients [2,3].

Ensuring the safety of patients in hospital and improving the quality of medical care have long been the foci of medical research. In recent years, many applications based on RFID have been developed for medical care. For example, the National General Hospital of Taichung city uses RFID-based active control in the operating room to improve efficiency and reduce errors. In addition to reading and writing the related data, RFID-based devices can be used for location identification. This research combines healthcare with RFID-based positioning. The RFID-based system can use a wireless Wi-Fi module connected to the host to transmit signals and monitor the patient's condition at any time. In case of an emergency, the nursing staff can immediately locate the patient using RFID positioning and reach them in time. This enables the provision of timely and remote treatment and care according to the needs of patients [4].

2  Literature Survey

RFID technology is mainly used for automatic identification, classification, tracking and tracing, statistical analysis, and access control. It has been widely used in hospital management in recent years. The RFID tags in this study can be applied to patients to improve their management and monitor their locational trends. RFID readers can also be used to confirm the identity of nuclear medicine, medicine received, and the administering of drugs to improve the safety of medication. It can be used to manage valuable equipment and property, and to maintain an inventory. When needed, it can warn users of the loss of items [5–7].

Jan et al. [8] proposed a system that can locate the elderly in real time by using information via active RFID tags. Postolache et al. [9] proposed a developmental pervasive sensing and computing system to assess patients’ health, but it lacks clear and timely positioning and calculation capabilities as well as data fusion functions to integrate multiple physiological signals. Liu et al. [10] used a rotating antenna and passive RFID tags to compute the patient's location, but this design is not suitable for use in hospitals. Because passive RFID tags without an autonomous power supply can lead to the loss of packets of data, active tags are used in this study to improve the reliability of data transmission.

Meihuan proposed parameters to glean information from physiological signals of patients. By using a chip containing a processor, complex physiological signals can be fused to obtain important information on the patient. A DSPIC30F4011 chip was used to perform the complex calculations, and yielded promising results [11–13].

3  System Hardware

Fig. 1 shows that the architecture of the hardware of the proposed system can be divided into four parts: modules to acquire physiological signals, network transmission modules, RFID-based positioning equipment, and equipment to display processing at the data center. In experiments to verify the proposed system, the authors used four RFID readers and three mobile user nodes. The system also provides users with various physiological signals and functions for analysis, including electrocardiogram measurements, oxygen concentration, blood pressure, and body temperature. These signals can be monitored over the long term.
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Figure 1: System hardware

Fig. 2 shows the architecture of the active RFID-based system. It sends location signals from the RFID-based active tags of the relevant staff member or patient, and obtains accurate location information through positioning calculations by using multiple adjacent readers. It stores the information in the location tracking database of the data center so that managers can access it on a terminal or a mobile device when needed.
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Figure 2: Architecture of active RFID system

The authors use the DSPIC30F4011 chip for information fusion and collection, and to calculate and analyze remote physiological signals. The system generates an early warning to notify the relevant personnel. Fig. 3 shows a model of the chip used in the system. Its development circuit can measure the ECG, respiratory rate, body temperature, blood oxygen saturation, and blood pressure. Physiological signals collected from patients are sent to the main data processing terminal and the terminal display equipment through the Wi-Fi transmission module so that the relevant medical personnel can remotely access the information. The patient's location information is read through a pre-set, fixed RFID reader according to the active RFID tag. The tag is mobile. The system uses the RS-232 signal processing data unit to process the location information, which is then transmitted to the data processing and display equipment. The patient's trajectory and related information from the past can also be checked through the data center and coordinated with previous measurements. Local physiological signals are presented together to allow medical care managers to arrange for the next stage of treatment [14,15].
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Figure 3: DSPIC30F4011 development board

The remote monitoring interface of the system can read the patient's physiological data and location information at any time and in any place. In case of abnormal information or an emergency, the system can quickly activate the emergency system to connect with the relevant security units and nearby medical personnel.

4  Modules to Collect Physiological Signals

The system provides five modules to remotely collect physiological signals. They include measurement circuit modules for the heart rate, respiratory rate, blood pressure, body temperature, and blood oxygen saturation. The DSPIC30F4011 processor acts as the main control center. The relevant data are sent to the main computer system through the Wi-Fi transmission module and instantly transmitted to the terminal display device. The digital signal processing chip has flexible command settings and operation. It enables the system to easily achieve optimal control, and it has a complete signal control interface. It can also reduce noise and increase the speed of calculation while reducing delays in signal processing [16].

4.1 Blood Pressure Module

This blood pressure measurement module uses the oscillation method. The instrument is first inflated, and blood flow is then stopped by completely crushing the artery. Then, when the pressure sensor reads a pulse above the venous pulse, the pressure of the instrument is slowly released, and the pulse pressure gradually increases. Experiments have shown that when the pressure in the cuff is equal to the average pressure, the former is at its highest value. The pressure in the cuff then decreases to reduce blockage in the blood vessel, and the ejection force gradually decreases. There is no pulsation until the cuff pressure is lower than the diastolic pressure [17]. The experimental results reported in this study show that pressure in the blood pressure bag is equal to the average pressure of the artery, and its maximum amplitude is the amplitude of swing of center-based oscillation. When the amplitude of vibration is about 50% of its maximum amplitude, the pressure in the cuff is approximately identical to the systolic pressure. If the maximum amplitude returns to the center, pressure in the cuff is equal to the diastolic pressure when the vibrational wave is at about 80% of the maximum amplitude. The waveform generated during the measurement process is shown in Fig. 4.
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Figure 4: Waveform of blood pressure

The blood pressure module developed in this research is shown in Figs. 5a and 5b. Maximum amplitudes of 0.4–0.5 V and 0.8–0.9 V were set as the standard ranges of systolic and diastolic blood pressures, respectively. This measurement system is not affected by the heart rate and vascular impedance, and is the most feasible way to simultaneously measure the systolic blood pressure, diastolic blood pressure, and average pressure using a sphygmomanometer without preset conditions. All blood pressure monitors currently on the market use this method for measurement.
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Figure 5: (a) Blood pressure arm band (b) Blood Pressure Module

4.2 Body Temperature and Respiration Rate Module

The measurement of body temperature is relatively simple. The lungs are like a variable capacitor. As the inspiratory and expiratory capacitances change, the former increases and the duration of expiration decrease. The rest of the body can be regarded as a resistance for the chest. When a small alternating current is added at a known frequency between points in the chest cavity, changes in the impedance of the lung relative to respiration can be calculated. This principle is called “impedance pneumography,” and Fig. 6a shows a simple transthoracic impedance model between points. RA, RB, and RC represent the resistance of the general human tissue, and RL and CL represent lung impedance [18]. Fig. 6b shows the respiratory rate and body temperature modules. This study used a two-in-one module circuit device to measure them. The results of experiments showed that the error of this measurement module was close to 0.05%, within the allowable range of 0.1% [19].
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Figure 6: (a) Wire and electrode patch; (b) body temperature and respiration rate modules

4.3 Heart Rate Module

Figs. 7a and 7b shows the heart rate module. The principle of the electrocardiogram is to place electrodes on the patient's skin, record the heart's electrical activity over a period of time, and draw a curve to represent it over time. These electrodes detect minor electrical changes in the skin caused by the electrophysiological pattern of depolarization and repolarization of the myocardium during each heartbeat of the patient. This is a very common device to check for heart disease and arrhythmia.
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Figure 7: (a) ECG wire and electrode patch; (b) heart rate module

4.4 Blood Oxygen Saturation Module

Fig. 8 shows the framework for the measurement of blood oxygen saturation. The blood oxygen saturation refers to the ratio of oxygen-saturated hemoglobin to total hemoglobin (unsaturated + saturated) in the blood. The measurement module used in this research combines light-emitting diodes and photosensitive sensors to measure the absorption of red and infrared light in the limbs. The final result is the blood oxygen saturation and the difference in the absorption of deoxyhemoglobin. Figs. 9a and 9b show the SpO2 Sensor and blood oxygen saturation module. The blood oxygen concentration of a normal person is between 96% and 98% [20].
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Figure 8: SpO2 sensor
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Figure 9: (a) SpO2 sensor; (b) blood oxygen saturation module

5  RFID Positioning

5.1 RFID

Radio frequency identification (RFID) uses electromagnetic fields to automatically identify and track tags attached to objects. The label contains information stored electronically. Passive tags (passive RFID) harvest energy from interrogating radio waves of nearby RFID readers. Active tags (active RFID) have local power sources (such as batteries), and can operate hundreds of meters away from the RFID reader. Unlike a barcode, the tag does not have to be in the reader's line of sight, and can be embedded inside the tracked object [21]. This study uses an active RFID-based wristband and an active RFID reader as a real-time wireless positioning system. In the RFID-based beacon set by the system, a position message can be sent within 0.05 s to relay the patient's exact position in time. The active RFID-based tag and RFID reader used in the research are shown in Figs. 10a and 10b, respectively.
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Figure 10: (a) Active RFID wristband; (b) active RFID reader

5.2 RSSI

The received signal strength indicator (RSSI) can be used to measure the distance between the transmitter and the receiver. The RSSI value of the receiver reflects the intensity of RF energy. RF energy is lost when transmitter sends a signal to the receiving end, where the degree of loss is proportional to the distance between the transmitter and the receiver, and the RSSI value is inversely proportional to this distance. A higher RSSI reflects a stronger signal and shorter distance between the transmitter and the receiver. When the RSSI value is negative (for example, −100), the closer the value is to zero, the stronger is the received signal. The relationship between signal strength and distance is shown in Fig. 11 [22].
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Figure 11: Relationship between signal strength, and the distance between the transmitter and the receiver

Eq. (1) represents the relationship between the RSSI, and the distance between the transmitter and the receiver:


Pr(d)=Pr(d0)−10nlogdd0+X(dBm)
(1)

In Eq. (1), d represents the distance between the transmitter and the receiver, d0 is the reference distance, Pr(d0) is the energy received at the reference distance d0, X(dBm) represents a variable of the Gaussian distribution with an average value of zero, and n is called a signal propagation constant, and reflects the relation with the environment. In practice, Eq. (1) is generally simplified to Eq. (2):


Pr(d)=Pr(d0)−10nlogdd0
(2)

If the reference distance in Eq. (2) is set to 1 m,


RSSI=A−10nlog⁡(d)
(3)

In Eq. (3), A is the power consumed when transmitting at signals a distance of 1 m (dBm).

5.3 Round Intersection Positioning

The RSSI is measured by using three active coordinates of the known RFID reader. The distance d between each of the three readers and the RFID tag is calculated using Eq. (3). The coordinates of the point of intersection D are those of the RFID tag, as shown in Fig. 12 [23].
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Figure 12: Diagram of round intersection point positioning

The coordinates of D can be calculated using Eq. (4):


{d1=(x−x1)2+(y−y1)2d2=(x−x2)2+(y−y2)2d3=(x−x3)2+(y−y3)2
(4)

6  Flowchart of System Program

The flow of the system is shown in Fig. 13. The flowchart for the program was designed in accordance with the direction of data transmission of the system. Physiological signals were first acquired through the DSPIC30F4001 processor, and the wireless base station was then set-up. (Access point) Information was transmitted to the gateway, and then to the terminal host and the data center for aggregation and display. The patient wore an active RFID tag on a wristband and moved arbitrarily in a specific environment. The system could receive the RSSI of the wristband through the RFID reader to perform round intersection positioning calculations. Finally, the patient's real-time positional information was transmitted to the terminal for aggregation so that remote medical care managers could determine the patient's physiological state and location in real time. The authors used self-adaptive data fusion via a wireless sensors network to remotely monitor the medical care control system. The results of experiments showed that the system can enable the accurate and stable monitoring of the patient [24–26]. It can solve three pressing problems:

•   This system is cheap to develop, and does not increase the burden on medical units.

•   Because people infected with COVID-19 are asymptomatic, or have mild symptoms, in the initial stage, they do not need treatment in negative pressure wards, and can be quarantined in hotels. In this case, the proposed system can enable medical care and security personnel to monitor them [27].

•   This system can measure the blood oxygen concentration of COVID-19 patients at any time. The virus can cause hypoxia in a short period. If this is not detected in time, the patient can die suddenly. The blood oxygen concentration measurement device allows medical staff or security personnel to have access to the patient's blood oxygen level at any time. Once an abnormality is found, it can be dealt with immediately to ensure safety [28].
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Figure 13: Flowchart of system

7  Experimental Results and Analysis

The signal collection module used in this research is based on various physiological measurement modules as shown in Fig. 14. The output signal of each electrode pair is called a set of leads. A lead reflects changes in cardiac current at different angles. Fig. 15 shows different ECG leads. Fig. 16 is system GUI for personal medical information. Fig. 17a shows the patient's physiological signal. The system shows that the patient has an irregular heartbeat, which indicates an arrhythmia. Fig. 17b shows that the patient's diastolic and systolic blood pressures were both high, which indicates high blood pressure. This research uses the laboratory as RFID to locate the simulated location in time, and connects with the adjacent Taiwan Chinese Military General Hospital. The active RFID signal was sent from the RFID reader to the data terminal host via RS-232. The information was analyzed and displayed remotely in real time. Once the monitor received the data for the RSSI algorithm and used the circle intersection method for analysis, the patient's coordinates were calculated and displayed on the interface, as shown in Fig. 18.
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Figure 14: Health monitoring interface
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Figure 15: Waveform of health information and mobile phone display
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Figure 16: GUI for personal medical information
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Figure 17: Analysis of personal medical information (a) case study of arrhythmia (b) case study of high blood pressure
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Figure 18: Experimental results of positioning

We assumed that the coordinates of Reader 1 were (0, 0). One unit was equal to 1 m. Tab. 1 shows the results of several round of experiments, and shows that RFID-based positioning was accurate within 1 m, which is acceptable because such an error does not delay the identification of the patient's location by staff.

[image: images]

Figs. 15–18 show that in case of an emergency, the medical staff could quickly find the patient and aid them. Figs. 19a and 19b show that as the signal dwell time increases, fewer position updates are required. The influence of the number of the sensors on the cost of packet delivery is represented in Figs. 19a and 19b. Fig. 19a shows the ratio of the number of sensor nodes to the accuracy of the system's position calculations. The greater the number of sensors in the system was, the higher the accuracy of its positioning was. The proposed system yielded accuracy at least 20% higher than prevalent system. Fig. 19b shows whether the capacity for packet transmission decreased when more sensors were used. When the number of sensor nodes increased, the capacity of packet transmission was higher than has been reported in past work [29–33].
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Figure 19: (a) Accuracy of location vs. number of sensors; (b) pack delivery capacity vs. the number of sensors

8  Conclusions

This study proposed and verified a system for the provision of remote medical care to patients by monitoring their physiological condition and tracking their movements. In case of an emergency, the remotely located medical care management staff can identify the location of the patient through RFID and assist them in time.

Through the use of multiple IoT technologies, such as indoor and outdoor positioning, sensing devices, system integration, and cloud platforms, the hardware and software systems of many hospitals have become more convenient to use. This also reduces the workload on the nursing staff in elderly care institutions. When the COVID-19 epidemic broke out, we used the proposed system to monitor the location and body temperature of patients who had been screened for the disease. This helped identify abnormalities and locate the patient in a timely and accurate manner while saving time and reducing the risk of infection.
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