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Abstract.This project involves the design of a dual-band microstrip patch 

antenna for IoT-based patient monitoring. The designed antenna is for operation 

at 2.4 GHz and 5.8 GHz so that there is efficient wireless communication to 

monitor the patients in real-time. A PIN diode is used to enable single-band to 

dual-band switching for increased flexibility. The proposed system uses sensors 

to monitor physiological parameters and sends data through wireless protocols 

to provide timely medical care. S11 parameter analysis, radiation patterns, 

VSWR analysis, and gain measurement are included in the study to confirm 

antenna performance. 
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1 Introduction 
The application of IoT technology in the healthcare industry has revolutionized 

patient monitoring through the capability to gather data in real time and remotely 

view it by health professionals [1].  The technology allows round-the-clock 

observation of patients, reducing the frequency of on-site visits but enhancing the 

capacity of health professionals to respond in time when intervention is necessary. 

Through the application of IoT [1], [3]. Health systems can improve patient 

management, emergency response time, and general healthcare. 

Wireless communication is the backbone of the success of sensor-enabled healthcare 

monitoring via IoT [3]. The system taps into the NodeMCU ESP-32S module to enjoy 

wireless data transmission, allowing for effortless communication between cloud 

platforms and medical sensors [1], [3]. Data from sensors are sent to ThingSpeak, a 

cloud service providing health professionals with real-time visibility into the patient’s 

health parameters,exceeding safe limits [1], [2], [3]. It is crucial to provide early 

medical attention to avert the dangers of delayed interventions [6]. 

Among the features of the system antenna structure is the PIN diode, which allows 

single-band to dual-band operations [5], [6], [16]. The ability to switch allows data 

transmission to be effective by allowing the antenna to switch between employing 

various frequencies depending on the need for communications [9]. Band switching 

provides the system with increased flexibility in managing varied network situations 

by providing stable and uniform wireless communication for broadcasting important 

health information [6], [10], [12], [14]. 

The antenna of the system is constructed on an FR4 substrate, a very popular material 
in electronic circuits because of its stability and dielectric insulation property when 
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handling electricity [10], [11]. It measures 40x35 mm and ought to function under 2.4 

GHz and 5.8 GHz frequency. The use of FR4 guarantees that the antenna functions 

steadily and efficiently, especially for medical purposes where reliability and 

accuracy are highly vital [14]. 

The primary purpose of the IoT-based system is real-time monitoring of the primary 

health parameters [2], [6]. The system contains a SEN11547 pulse sensor for 

capturing heart rate and an LM35 temperature sensor for monitoring body 

temperature [3]. The sensors measure the physiological readings in real time and 

transmit them wirelessly for remote monitoring [3]. The system is greatly beneficial 

to patients with chronic illness, older patients, and those requiring long-term medical 

monitoring [6]. Through the quick provision of health information, the system 

enhances patient care and enables early medical intervention when necessary [12], 

[15].  

2 Antenna Design and Methodology 

The project comprises designing a microstrip patch antenna [11], which would be 

employed in IoT-based healthcare monitoring systems. The antenna is frequency 

reconfigurable for both single-band and dual-band operation based on the usage of a 

PIN diode integrated with it [16]. The antenna is realized on an FR4 substrate, 

yielding a dielectric constant of 4.4 along with economic fabrication. The compact 

nature of the antenna makes it portable and wearable and can be implemented directly 

in IoT devices to access immediate health monitoring [14], [6], [13]. 

The antenna can operate in dual-band mode at 2.4 GHz and 6.0 GHz frequency [9]. 

By integrating a PIN diode, the antenna can switch between single-band and dual-

band operation [16]. When the diode is in an ON state, the antenna resonates at 2.4 

GHz and 6.04 GHz frequencies, providing dual-band operation. In the OFF state, the 

antenna functions within a 5.8 GHz band only. This dual-band operation is 

accountable for the flexibility of the antenna that makes it suitable for IoT 

applications like health parameter monitoring and wireless communication systems 

[6], [9], [10]. 

 
Fig. 1. Antenna Design 

The antenna is designed in a rectangular patch configuration in an attempt to offer 

efficient performance for the two frequency bands [6], [9], [11], [12]. A second 

rectangular patch is included to enable dual-band operation [9]. A PIN diode is placed 

between the two patches to switch in order to enable the desired frequency band to be 

used [11]. The antenna design is intended to offer high gain, stable radiation patterns, 

and low return loss over the operating frequencies. 

The antenna is sized at 40 x 35 mm2 to be compact and portable for IoT devices. Due 

to its compact nature, it can be integrated into wearable healthcare systems without 
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impacting performance [13]. FR4 substrate with a thickness of 1.6 mm is utilized to 

meet mechanical robustness and electrical performance requirements for stable 

operation within the target frequency bands [10], [11], [4]. 

The PIN diode is also responsible for regulating the frequency bands of the antenna 

[16]. When the diode is in conduction mode, both patches are shorted and the antenna 

operates at 2.4 GHz and 6.0 GHz. The circuit equivalent is an inductor (L) of value 

0.7 mH, a resistor (R) of 2kohm, and a capacitor (C) of 0.05 uF. At the OFF state, the 

diode disconnects the secondary patch such that the antenna is isolated and resonates 

separately at 5.8 GHz. The circuit configuration is the same but the resistance value is 

adjusted to 10kΩ to create an effective isolation. This switchable mechanism can 

improve the IoT healthcare multi-frequency applications adaptability of the antenna 

[16]. 

3 Results and discussions 
3.1 S11 Parameter Analysis in ON and OFF States  

The S11 parameter, or reflection coefficient, is a key parameter employed in antenna 

performance assessment. For the ON state, the dual-band antenna designed resonates 

at 2.485 GHz and 6.021 GHz with reflection coefficients of -19.9584 dB and -36.7890 

dB, respectively, which are perfect impedance matches, which facilitate maximum 

signal retention with the least loss and efficient radiation.  

 
Fig .2. S11 for ON state 

 
Fig .3. S11 for OFF state 

In the OFF state, the S11 parameter varies with the antenna’s resonating frequency 

being 5.749 GHz with a reflection coefficient of -33.407 dB. It indicates tremendous 

minimization in lower-frequency resonance as well as suggests blocking some parts 
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of the frequency bands. Lower bands with impedance mismatch reduce efficiency in 

that specific range, which is indicative of the extent to which the antenna is 

reconfigurable. The OFF-state operation ensures the system’s capability of selectively 

switching on/off specific bands, and the system becomes robust for various operating 

conditions in biomedical and IoT applications. 

3.2 2D Radiation Patterns: 

In the ON state, the radiation pattern of an antenna is examined at two frequencies, 

2.485 GHz and 6.021 GHz. At 2.485 GHz, the pattern in the E-plane radiates in two 

directions, meaning that the single is powerful in those directions. The H-plane 

pattern is uniform, occupying a wider area. The gain in this frequency is 0.9988 dB, 

which indicates that the antenna sends signals efficiently. 

 
Fig .4. 2.485 GHZ for ON state 

 
Fig .5. 6.021 GHz for ON state 

. 

Fig. 6. 5.749 GHz for OFF state 
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The E-plane pattern becomes sharper at 6.021 GHz, i.e., the signal is intense in some 

directions that assist in far-distance communication. The H-plane pattern is still large 

but with varying characteristics to ensure a strong connection. Gain at this frequency 

is 2.4387 dB, i.e., improved performance and greater signal transmission. 

Under the OFF state, the 2D radiation pattern of the antenna at the 5.749 GHz 

frequency is investigated. The directionality is determined by the E-plane pattern, 

where the signal intensity is higher in some directions without being scattered in all 

directions uniformly. This improves the concentration of the transmitted signal to 

where it needs to be strongest. The H-plane pattern spreads the signal over a larger 

surface area. Gain at this frequency is 1.9208 dB, representing adequate signal 

transmission with some fluctuations in various directions. 

3.3 3D plot: 

3D gain plots are utilized to analyze the radiation pattern of the antenna in ON and 

OFF conditions. For ON state 9.30 dB gain possesses and an equally distributed 

radiation pattern. Smooth outward delivery of the signal and reduced loss occur that 

prevent unstable operation conditions and provide uniform output. In OFF state, the 

gain is decreased to 9.03. 

 

Fig .7. 3D plot for ON state 

 
Fig .8. 3D plot for OFF state 

3.4 VSWR 

When the antenna is ON, VSWR is extremely high at lower frequencies, i.e., signal 

transmission is inefficient because of impedance mismatching. With increasing 

frequency, VSWR decreases gradually with increasing transmission efficiency. There 

is a slight oscillation around 2.5 GHz, but it is observed to improve impedance 

matching overall. After 3.75 GHz, the VSWR is close to 1, so there is minimal signal 
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loss with proper communication. The antenna overall performs optimally in higher 

frequencies when in ON position, with stable and effective communication. 

Fig. 9. VSWR for ON state 

Fig. 10. VSWR for OFF state 

When the antenna is in OFF position, the VSWR is very high at lower frequencies, 

reflecting poor signal transmission because of impedance mismatch. With increasing 

frequency, the VSWR goes down, reflecting better transmission efficiency. At 

approximately 2.5 GHz, the VSWR becomes constant, reflecting better impedance 

matching. Beyond 3.75 GHz, it comes close to 1, reflecting negligible signal loss and 

good performance. In general, the antenna works best at higher frequencies when in 

the OFF state, providing consistent and efficient communication. 

4 Conclusion 

The introduced dual-band antenna provides efficient wireless communication for 

medical monitoring. In a compact structure, the satisfactory impedance matching, and 

high-order radiation features, it is highly appropriate for IoT-based medical devices. 

Frequency tenability is assured by aPIN diode-based structure with superior 

adaptability in varied healthcare setups. Further directions for potential work can 

include gain improvement and flexible substrates for wearable devices. 
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