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Abstract: - The population surge and geographical mass transit for survival and healthcare is increasing 
exponentially since the 1900 and climate change has made it inevitable. These geographical dynamics have 
mandated the requirement of contactless or non-invasive scalable and smart healthcare methods and techniques 
across the globe. The recent pandemic has obliged contactless sensing technologies in all the bio-sensing 
domains. In this work, the contactless bio-capacitive electrode for cardiological condition assessment has been 
addressed for researchers, technologists, scientists, and clinical professionals to understand the gradual 
innovation and enrichment in contactless bio-sensing techniques, methods, and materials, devices, and systems 
is exponentially increasing over the last seven decades. This work is a comprehension of major contributions in 
contactless capacitive bio-sensors and systems developed from 1950 to 2020. An overall of 500 articles in 
contactless capacitive bio-sensors and systems domain from top journals were selected for study; out of which 
100 have been referred in this work. Starting from bio-capacitive electrodes to IoT-based indigenous contactless 
smart nodes have been introduced in this article. 
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1 Introduction 
The term "biosensor" refers to a bio-electronic or 

electro-chemical instrument that can sense and 
measure life activities through some biological 
sensing element and may have a variety of other 
applications covered in that body of knowledge in [1, 
2] by M. Cremer et al (1906) and Soren Peder Lauritz 
Sorensen (1909) and onwards by Griffin and Nelson 
(1909-4922) in [3]. In 1962, the first biosensor 
system was invented by Clark and Lyons to measure 
glucose in biological samples that utilized the 
strategy of electrochemical detection of oxygen or 
hydrogen peroxide [3] and a sequence of experiments 
documented by Clarke et al [4] and Joseph et al in [5] 
and a comprehensive chronological verdict [6]. The 
ubiquity of impedance is mainly leveraged to realize 
the bio-transducers eloquent from the works [7, 8]. 
Formally, contactless impedance sensors being 
passive requires an external field excitation source to 
inject some energy into the observation specimen [9] 
explained by Birgette et al (1950). The feedback of 
this energy can have many numerical relationships 
with the induced signal termed a working response 
(capacitive coupling) [10]. For decades, capacitive 
impedance sensors have been well consolidated in 
the industry; thanks to their versatility and two key 
properties: they are (1) noninvasive and (2) 
contactless [11-15]. 

In this work, we will exclusively discuss bio-
capacitive sensing. Different names are used to 
realize the unique types of EEG capacitive electrodes 
and contactless bio-capacitive systems. This practice 
leads to transparency and resolution of conceptual 
complexities in recognizing the similarities and 
differences between contactless capacitive sensing 
systems and the contributions of new techniques. The 
contributions of this paper are chrono-logically 
comprehending: 
1. A scientific coherence to clarify and classify 

contactless capacitive electrodes, their  
fabrication, and assemblies. 

2. A guideline for CCEB generations based on their 
signal conditioning and data acquisition. 

3. A deta i led survey of  past  work and 
recommendations for EEG/ECG system design. 

4. EEG health platforms utilizing bio-capacitive 
sensors. The overall study carried out in this 
research is presented in figure 1. 
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