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Abstract: The human body, once viewed merely as a biological entity, is emerging as a vital medium for wireless communication 

in wearable and implantable electronics. Body Communication Technology (BCT), also known as Intra-Body Communication 

(IBC), leverages the body's conductive tissues to transmit data signals, offering low-power, secure alternatives to traditional radio-

frequency methods. This review synthesizes the evolution, principles, challenges, and applications of BCT, drawing from 

biomedical engineering, signal processing, and IoT perspectives. We elucidate core mechanisms like capacitive and galvanic 

coupling in accessible terms, highlight performance metrics from recent studies, and explore integrations with modern devices such 

as smartwatches and neural implants. Through diagrams, tables, and case analyses, we demonstrate BCT's potential for energy-

efficient health monitoring and augmented reality. The aim is to guide researchers and engineers toward practical implementations 

amid growing demands for unobtrusive body-area networks. 
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I. INTRODUCTION 

 

In the era of ubiquitous computing, the human body serves not just as a user but as an active conduit for data. Traditional wireless 

technologies like Bluetooth and Wi-Fi, while versatile, suffer from high power consumption, electromagnetic interference, and 

security vulnerabilities in close-proximity scenarios [1]. Body Communication Technology (BCT) reimagines the body as a "living 

cable," using its ionic fluids and tissues to propagate electrical signals with minimal energy loss and external radiation [2]. 

 

This paradigm shift enables seamless integration of wearables, implants, and sensors into daily life—think continuous glucose 

monitoring without bulky batteries or gesture-controlled AR glasses powered by bio-signals. BCT addresses key limitations of 

body-area networks (BANs) by confining signals to the body, enhancing privacy and efficiency [3]. 

This paper provides a comprehensive review tailored for engineers, biomedical researchers, and IoT developers. Section 2 surveys 

the historical and contemporary literature. Section 3 demystifies BCT principles in straightforward language with examples. Section 

4 discusses applications and challenges. Section 5 concludes with forward-looking insights. 

 

II. LITERATURE REVIEW 

 

The concept of body-conducted communication traces back to the 1920s when electrical engineers explored bioelectric potentials 

for telegraphy [4]. However, modern BCT gained traction in the 1990s with the rise of wearable computing. Zimmermann (1995) 

pioneered the first systematic study of capacitive coupling through the body, demonstrating signal transmission up to 10 Mbps over 

1 meter [5]. 

Early 2000s research focused on medical telemetry: Song et al. (2004) introduced galvanic coupling for implantable pacemakers, 

achieving low attenuation (<10 dB) at frequencies below 1 MHz [6]. The IEEE 802.15.6 standard (2012) formalized BCT within 

ultra-wideband BANs, emphasizing power constraints [7]. 

Behavioral and physiological factors entered the discourse via Handa et al. (1997), who modeled body impedance variations due 

to posture and sweat [8]. Recent advances incorporate machine learning for adaptive modulation: Seyedi et al. (2013) reviewed 

channel models, highlighting frequency-dependent path loss [9]. 

https://iarjset.com/


IARJSET 

International Advanced Research Journal in Science, Engineering and Technology 

International Conference on Interdisciplinary Global Research in Adaptation, Transformation & Engineering 

INTEGRATE 2025 

Geetanjali Institute of Technical Studies (GITS) 

Vol. 12, SPECIAL ISSUE 2, NOVEMBER 2025                                                                          DOI: 10.17148/IARJSET/INTEGRATE.2025.12252 

© IARJSET                            This work is licensed under a Creative Commons Attribution 4.0 International License                            265 

ISSN (O) 2393-8021, ISSN (P) 2394-1588 

Contemporary works address integration with 5G/6G: Cañibano et al. (2021) explored hybrid RF-BCT for extended-range wearables 

[10], while Pun et al. (2010) analyzed security against eavesdropping [11]. Applications in prosthetics [12] and neural interfaces 

[13] underscore clinical potential. Surveys like [14] emphasize scalability challenges, and [15] integrates BCT with edge AI. Table 

1 timelines key developments. 

 

TABLE I   KEY MILESTONES IN BODY COMMUNICATION TECHNOLOGY 

 
Year Author(s)/Group Contribution Impact Area 
1995 Zimmermann Capacitive coupling model Wearable data transmission 

1997 Handa et al. Physiological channel variations Biomedical modeling 

2004 Song et al. Galvanic coupling for implants Medical telemetry 

2010 Pun et al. Security analysis Privacy in BANs 
2012 IEEE 802.15.6 Standardization for BANs IoT interoperability 
2013 Seyedi et al. Comprehensive channel review Signal propagation studies 
2018 Noury et al. Multi-node body networks Sensor fusion 
2021 Cañibano et al. Hybrid RF-BCT hybrids 5G integration 
2023 Wang et al. AI-optimized modulation Adaptive low-power systems 
2024 Kim et al. Quantum-secure BCT protocols Implant security 

 

III. CORE PRINCIPLES IN PLAIN LANGUAGE 

 

A. Building Blocks of BCT 

BCT systems boil down to four essentials: 

i. Transmitter (Tx): A small electrode pair sending modulated electrical signals (e.g., via voltage modulation). 

ii. Body Channel: The skin, muscles, and fluids acting as a waveguide (conductivity ~0.5–2 S/m). 

iii. Receiver (Rx): Another electrode pair detecting signals with amplifiers. 

iv. Modulation Scheme: Encoding data (e.g., BPSK) to fit low frequencies (10 kHz–100 MHz) [5]. 

 

B. Coupling Methods 

Two primary ways signals travel through the body: 

• Galvanic Coupling: Direct electrical contact; current flows via body resistance. Ideal for short-range (<1 m), low-

frequency (<1 MHz) implants. Attenuation: ~20–40 dB [6]. 

Example: A heart sensor to wrist monitor—signal "zips" through blood vessels like a wet wire. 

• Capacitive Coupling: Electrodes form capacitors with body/ground; fields propagate without direct current. Suited 

for higher frequencies (1–100 MHz), longer ranges (up to 2 m). Attenuation: ~10–30 dB [9]. 

Example: Armband to earpiece—signal "hops" via displacement currents, like wireless charging but internal. 

 

TABLE 2   COMPARISON OF COUPLING METHODS 

 
Aspect Galvanic Coupling Capacitive Coupling 
Frequency Range <1 MHz 1–100 MHz 

Range Short (<1 m) Medium (1–2 m) 

Power Use Very Low Low 

Interference Low (body-confined) Medium (external EMI) 
Applications Implants Wearables 

 

C. Signal Propagation and Challenges 

Signals attenuate due to tissue resistance, capacitance, and noise (e.g., ECG artifacts). Basic path loss model: 

PL(f,d) = 10 log10 ( 
1

𝑓𝛼𝑑𝛽
) + η 

Where f is frequency, d distance, α ≈1.5, β ≈ 2, η  noise [9]. 

Risk factors include motion artifacts (impedance changes with movement) and safety (signals <1 V/m to avoid tissue heating [7]). 
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Fig. 1  Body Channel Attenuation Curve 

 

D. Modulation and Error Correction 

Use simple schemes like Frequency Shift Keying (FSK) for robustness. Add FEC (e.g., Reed-Solomon codes) to handle bit error 

rates (~10^{-4} in noisy channels) [14]. 

 
Fig. 2  Basic BCT System Block Diagram 

 

IV. APPLICATIONS, CHALLENGES, AND FUTURE DIRECTIONS 

 

A. Real-World Applications 

 

• Health Monitoring: Continuous ECG via chest-to-wrist BCT reduces battery life by 70% vs. Bluetooth [12]. 

• Wearable IoT: Gesture recognition in smart gloves transmits haptic feedback through arms [10]. 

• Implants and Prosthetics: Neural signals from brain implants to limb controllers, enabling responsive prosthetics 

[13]. 

• AR/VR Interfaces: Body-relayed controls for glasses, minimizing external antennas [15]. 

 

TABLE 3   PERFORMANCE METRICS FROM RECENT STUDIES 

 
Study/Year Data Rate BER Power (mW) Range (cm) 
Song (2004) 64 kbps 10^{-5} 0.1 50 

Seyedi (2013) 1 Mbps 10^{-4} 5 100 

Wang (2023) 10 Mbps 10^{-6} 1 150 

Kim (2024) 5 Mbps 10^{-7} 0.5 80 

 

B. Key Challenges 

 

• Variability: Body composition (age, hydration) alters channels by 20–50% [8]. 

• Interference: Muscle contractions induce noise; solutions include adaptive filtering [14]. 

• Scalability: Multi-device networks risk crosstalk; time-division multiplexing helps [7]. 

• Regulatory: FCC/ICNIRP limits ensure <0.08 W/kg SAR [16]. 
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C. Future Directions 

Hybrid BCT-RF for extended BANs, bio-compatible nanomaterials for electrodes, and AI-driven channel estimation [15]. Ethical 

focus: data privacy in body-mediated sensing [17]. 

 

V. CONCLUSION 

 

Body Communication Technology recasts the human form as an efficient, secure "living cable," revolutionizing how electronics 

interface with biology—from low-power wearables to life-saving implants—by confining signals to conductive tissues and slashing 

energy needs by orders of magnitude compared to airborne wireless [1]. This review synthesizes a 30-year arc from Zimmermann's 

capacitive proofs to IEEE standards and AI-enhanced systems (Table 1), while distilling core principles—coupling methods, 

propagation models, and modulation—into an accessible toolkit with visuals (Tables 2–3, Figures 1–2) and examples that any 

engineer can prototype. Amid rising demands for unobtrusive health tech and immersive AR, BCT's body-confined nature curbs 

interference and eavesdropping, delivering bit error rates below 10^{-5} at Mbps speeds with sub-mW power, as evidenced in 

clinical trials [12, 13]. 

 

Yet challenges persist: physiological variability demands personalized models, while safety and multi-node scaling require 

innovative filtering and standards evolution [8, 16]. Future horizons gleam with nanomaterial electrodes for seamless tattoos, 

quantum-secure protocols against bio-hacking [18], and global education via open-source BAN kits to democratize bioelectronics. 

Ultimately, BCT is more than tech—it's a bridge to symbiotic human-machine futures, where the body whispers data as naturally 

as it breathes, empowering healthier, connected lives without the tether of batteries or broadcasts. 
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