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Annotation: Operating environment has 

remarkable influence on bio potential amplifier. This 

paper analyses various noise sources showing their 

impact on amplifier performance. Main design 

considerations (input impedance, common-mode 

rejection ratio, bandwidth and frequency response) are 

considered to meet stringent requirements of clinical 

experiments. A detailed survey of hardware and 

software noise reduction techniques is provided. The 

importance of each technique is evaluated on the basis 

of severity of noise, cost and computational burden. 

Adaptive filter is also applied to day-to-day application 

to reduce motion artifact noise. 

Medical diagnostic systems employ bio 

potential amplifiers to extract physiological 

information from weak biopotential signals. These 

signals are emitted by various physiologies present in 

the human body and their analysis provides vital 

information concerning the health of the patient. The 

problem arises when the amplifier is situated in noisy 

environment. Under such circumstances, the bio 

potential amplifier picks up multiple noise emanating 

from various sources. These noise corrupt the 

biopotential signals and make them undecipherable. It 

is therefore important to analyse these noises for 

solution. Several techniques, both hardware and 

software, exist to alleviate such noise but their 

importance has to be reanalyzed for specific 

applications. 
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1. Introduction to Bio Potential Amplifiers 

Bio potential amplifiers are advanced electronic devices that have been specifically crafted to 

meticulously record electrophysiological signals within a controlled, low-noise environment. 

These specialized instruments provide invaluable services in capturing a variety of vital signals, 

such as the electrocardiogram (ECG), electromyogram (EMG), and electroencephalogram 

(EEG). Each of these bio potential signals carries crucial physiological information, which plays 

a foundational role in a wide range of medical diagnosis procedures and treatment strategies. As 

a result, the effective amplification of these signals requires the use of a meticulously designed 

recording instrument that ensures not only accurate data extraction but also facilitates further 

analysis and interpretation of this highly significant information. The entire process involved in 

creating an efficient and effective bio potential amplifier is indeed a demanding and complex 

task, primarily due to the presence of a multitude of noise sources that can adversely affect 

sensitive electrophysiological signals during the recording process. These potential noise sources 

can originate from both internal system components and external environmental factors, thereby 

creating significant challenges when it comes to maintaining excellent signal quality throughout 

the data acquisition phase. Therefore, engineers engaged in the design of bio potential amplifiers 

must carefully and methodically address these multifaceted challenges to successfully develop 

amplifiers that are capable of delivering reliable and precise data, which are critically necessary 

for various healthcare applications and innovative medical solutions. [1] [2][3][4] 

2. Understanding Bio Potentials 

Bio potentials constitute a variety of physiologic signals essential for medical diagnosis. 

Substantial progress, including band-tunable and multiplexed integrated circuits for simultaneous 

recording and stimulation [1] , wireless multichannel biopotential recording with FM telemetry, 

and CMOS analog front-end ICs for portable EEG/ECG monitoring, has broadened their utility. 

A necessity therefore exists to optimize amplification of bio potentials in the presence of 

interference. 

Enhancement demands specific considerations from the signal-acquisition front end. A high-

input impedance [5] encourages low signal distortion. Amplifiers intend to maintain a 

sufficiently high common-mode-rejection ratio despite noise interference. Additionally, a 

suitable operating frequency interprets all components accurately. 

The article reviews noise sources which corrupt the integrity of bio-potential recordings in 

ordinary environments and identifies potential design considerations for biopotential amplifiers. 

2.1. Types of Bio Potentials 

Bio potential computation operates as a vital and essential method in the realm of medical 

diagnostics, particularly because human muscles are constantly generating a wide array of bio 

potentials. This continuous production of signals plays a significant role in understanding bodily 

functions. Among these signals, the increasing demand for advanced ECG and EEG technologies 

has surged dramatically in recent years, especially for their applications in non-clinical contexts 

such as portable or wearable devices designed for personal health monitoring. These 

technologies provide valuable data that can empower individuals to track their health effectively. 

In addition to ECG and EEG, other commonly used signals like electrooculography (EOG) and 

electromyography (EMG) also provide essential insight into the intricate workings of the human 

body, enabling deeper understanding and better diagnostics of various conditions. [5]  

2.2. Importance of Bio Potentials in Medical Applications 

Bio potentials are fundamentally important for a wide range of medical diagnostics as well as 

biomedical applications, playing an undeniably critical role in advancing healthcare technology 

and improving patient care outcomes. Body signals, which include electroencephalogram (EEG), 

electromyogram (EMG), and electrocardiogram (ECG), originate from the intricate 
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electrochemical tone found within various tissues and cells that compose the human body. 

Monitoring these bio signals enables the effective diagnosis of numerous medical conditions, 

thus allowing healthcare professionals to detect and address issues such as epilepsy, dislocations, 

various injuries, and abnormal heartbeats in a timely manner. In addition to these primary 

measurements, the analysis of acceleration and vibration signals can provide supplemental 

information about vital physiological parameters, thereby enhancing the understanding of a 

patient's overall health status and well-being. However, detecting these bio potentials is a 

complex and challenging process that involves capturing and accurately recording extremely 

weak signals, which typically range from microvolt to millivolt levels. To achieve reliable and 

consistent measurements, bio potential amplifiers must be meticulously designed and carefully 

characterized under stringent conditions, which require thorough attention to detail. The 

topology of these amplifiers must be thoughtfully selected to adequately address the multitude of 

challenges that are inherent in this specialized field of medical technology. It is crucial to 

overcome both amplifier design constraints and environmental noise, as these two factors can 

significantly impact the quality and integrity of the data obtained from bio potential signals. 

Effective strategies for noise minimization are absolutely vital for ensuring that reliable, 

actionable information is extracted from bio potential signals, ultimately supporting improved 

diagnostic capabilities and enhancing better patient outcomes in various healthcare settings. 

[6][7]  

3. Noise Sources in Bio Signal Acquisition 

The acquisition of weak physiological signals exclusively by use of electrical sensors in real-life 

situations is a challenging measurement task [8]. There are several noise types, such as 

physiological noises and those caused by electronic devices in the environment, that restrict the 

detection of the required biosignals from given sources and consequently their need to be 

suppressed. Specific attention has been given to the noise-sources of electrical origins because 

they are directly in contact with bio potential electrodes. Although the electrical nature of noise 

sources makes it facile to understand their behaviour under normal operations, monitoring the 

extracted signals deserves the addition of a couple of electronic components because 

measurements might be carried out under unshielded environments. 

In many countries the main noise source comes from power lines that lie between 50–60 Hz. 

Upon these noise paths two noise-types can be observed; one is the direct coming noise often 

called power-line interference and the other one is the common-mode signal both induced by EM 

sources. Another noise-source, which is generated by the patient as a result of body movements, 

is named as the motion artefact. This is especially critical for ambulatory equipment and is 

independent from the choice of measurement volume. 

The positioning of the acquisition instrumentation near or on the body is the main reason why 

the impedance of the power line acts directly upon the sensors. Because there are multiple paths 

to the sensor, evaluation of the total power-line resistance is a complicated process. Reducing 

power line interference to a negligible level requires addressing several factors related to the 

overall setup. This includes electrode types and polarisation potentials, input impedance, 

capacitive mismatches, shielding, the use of electrolytes, and the distribution of test subjects’ 

environment; the structural and electrical properties of measured materials; the type and 

positioning of sensors; and the fundamental protection that the sensing setup provides to the 

device. 

The common-mode potential in various electrical environments can often be as high as several 

thousand volts, which poses significant challenges for electronic systems. The power line 

induced component, which is a form of noise interference, can reach 1 V at the input level and 

can subsequently rise to around 20 V under certain conditions. To effectively combat this issue, 

rigorous electronic design steps are needed in order to provide robust protection against 

electrostatic discharge and defibrillators, both of which can introduce potentially damaging 
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voltage spikes. In order to reduce the adverse effects of common-mode signals, it is common to 

employ instrumentation amplifiers that possess a high common mode rejection ratio (CMRR). A 

CMRR value in the range of 80–136 dB has been reported in various studies, indicating effective 

performance in suppressing unwanted signals. Furthermore, utilizing battery operation 

minimizes capacitance effects, which is crucial for maintaining signal integrity in sensitive 

applications. It is essential that the total input-bias current of the instrumentation amplifier, as 

well as the input current used to charge the input capacitor, be kept as low as possible. This 

precaution is vital because large currents flowing through ground or input shielding leads can 

significantly influence the input-mode signal and affect the reference voltage adversely. 

Additionally, the use of matching components, along with amplifiers that exhibit the same drift 

characteristics, is highly recommended in these designs. By implementing these strategies, along 

with appropriate processing techniques and the incorporation of high-pass filters, the system's 

resilience against common-mode noise can be notably enhanced. 

3.1. Electromagnetic Interference 

The detection of weak biopotentials can often be corrupted by various sources of unwanted 

noise, making the design and implementation of a bio potential amplifier a notably challenging 

task. Multiple types of interfering signals can be identified at the input stage of a bio potential 

measurement system. Given the low amplitude of these bio potential signals paired with the high 

impedance of the sensing electrodes, interferences can exhibit an intensity that is either 

comparable to or even exceeds that of the actual bio potential signals. One of the primary noise 

sources contributing to this issue is electromagnetic interference, which can significantly impact 

the accuracy of measurements. Additionally, subject motion and movements of the 

keratoprosthesis can generate artifacts that closely resemble the authentic bio potentials. This 

further complicates the detection process, as these artifacts can mimic the desired signals. 

Moreover, high-frequency interference generated by power lines can also pose a substantial 

challenge, adding to the complexity of capturing clear and precise biopotentials effectively. 

[3][9][2] 

3.2. Motion Artifacts 

Motion artifacts occur when the electrode moves relative to the skin, distorting the measured 

signal. The skin–electrode interface resembles an RC circuit. When the electrode is pressed, its 

electrical characteristics remain approximately unchanged, but acceleration or pulling on the 

electrode causes skin stretching. That affects the impedance of the skin and introduces additional 

noise. The variance of the skin–electrode impedance is highly correlated with the amplitude of 

the motion artifact. Variations in the skin–electrode contact may also be important [10]. 

Dry and textile electrodes are particularly prone to alterations in the skin–electrode contact and 

impedance during motion. For example, dry electrode impedance decreases with sweat and salt 

deposition on the contact surface, and remains low until the sweat evaporates. Textile electrodes, 

on the other hand, reduce the contact area when the tattoo bends or deforms due to the stretching 

of the textile substrate. 

Users’ movement can be divided in two groups: periodic and occasional. Periodic movement 

often produces signals within the desired frequency range (e.g., ECG or EEG), so it is difficult to 

remove it in hardware or software without distorting the measured bio potential itself. 

Occasional movement, on the contrary, produces high-amplitude signals with energy 

concentrated in a wide frequency range. that overlaps with that of the bio potential. Therefore, 

the amplitude of the signals is often used to detect occasional movements and mark the affected 

segments to be rejected. 

Generally, the sources of motion artifacts cannot be avoided during measurements. Therefore, a 

bio potential amplifier designed to operate in the presence of these noise sources is required. An 

additional special circuitry or processing algorithm is employed for the suppression of the 
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motion signal effects [11]. 

3.3. Power Line Interference 

Power line interference is a prevalent noise source that severely degrades the quality of bio 

potential signals, particularly in neurophysiological recordings. Its amplitude often exceeds that 

of the signal of interest by several orders of magnitude. The interference is typically time-

varying, exhibiting fluctuations in frequency, amplitude, and phase [12]. A fast, effective 

algorithm has been proposed to suppress such disturbances without compromising the integrity 

of the underlying bio potentials. The approach employs an adaptive notch filter to estimate the 

fundamental frequency of the interference and generates harmonics using discrete-time 

oscillators. Amplitude and phase parameters of each harmonic are then determined through a 

recursive least squares algorithm and subtracted from the recorded signal. This method obviates 

the need for a reference signal and can simultaneously track frequency, phase, and amplitude 

variations. It surpasses existing techniques in noise immunity, adaptation speed, and output 

signal-to-noise ratio, achieving convergence in less than 100 ms and exceeding 30 dB, even in 

the presence of additional noise, harmonic distortion, and frequency drifting. The algorithm’s 

parameter-free nature and straightforward adjustments render it particularly suitable for real-time 

implementation in wearable and implantable devices. Alternatively, dedicated hardware 

solutions, such as high common-mode rejection ratio (CMRR) analog front ends and driven-

right-leg (DRL) circuits, have been explored to mitigate interference. Although these methods 

improve common-mode rejection, they are susceptible to stability issues and increased power 

consumption. Digital signal processing techniques provide more robust suppression capabilities. 

Digital notch filters at the power line frequency represent a common choice due to their 

simplicity and low computational demands. Nonetheless, they exhibit limited efficacy against 

time-varying disturbances and frequency deviations, potentially introducing signal distortion and 

resulting in inadequate interference removal [13]. The desired solution, therefore, must 

effectively eliminate non-stationary power line interference while minimally affecting the 

frequency spectrum of interest. It must also be computationally efficient to enable real-time 

deployment on resource-constrained wearable platforms. 

4. Design Considerations for Bio Potential Amplifiers 

BIO potential amplifiers process bio potentials generated by various physiological structures. 

These signals are frequently corrupted by noise sources, including electromagnetic interference, 

motion artifacts, and power line interference. The presence of noise influences the design 

requirements of such amplifiers—specifically, parameters like noise level, input impedance, 

Common Mode Rejection Ratio (CMRR), and the bandwidth of the input stage. 

BIO potentials convey vital and essential information regarding the operating status and 

functionality of various components within the human body; any abnormal activities or signals 

generated can reveal faulty, irregular, or unusual behaviors in critical areas such as the brain, 

heart, or other important regions. The noise that is generated by the surrounding environment 

during the crucial process of signal transmission and acquisition can significantly obscure the 

desired signals, thereby diminishing the overall quality of the information that is obtained and 

complicating accurate analysis, diagnosis, and prognosis of health conditions. Among the 

prominent sources of noise that adversely affect BIO potential amplifiers, there are various 

different types such as electromagnetic disturbances, movement artifacts caused by muscle 

contractions or external movements, and interference from power lines that can disrupt the 

integrity of the signals being measured. [14][15][16] 

4.1. Input Impedance Requirements 

Bio potential amplifiers are employed for the amplification of biopotentials across an extensive 

range of medical applications and wearable devices. The following sections discuss the principal 

noise sources and the technical requirements necessary for the successful design of bio potential 
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amplifiers in noisy environments. 

Bio potentials give rise to a spectrum of electrical signals representative of various physiological 

activities such as cardiac function, muscular contractions, and neuronal communication [5]. 

Signal amplitudes range from approximately 10 μV to 100 mV, and frequencies span up to 

several tens of kilohertz in the most demanding scenarios. Consequently, biopotentials constitute 

a critical parameter in the monitoring of human health conditions and accordingly must be 

preserved in their undistorted form from electrode to final storage or diagnostic platform. 

Defines three primary noise sources capable of corrupting bio signals: electromagnetic 

interference (EMI), motion artifacts, and the ubiquitous power-line interference. EMI typically 

emerges from the interaction between ambient electromagnetic field radiation and the lead wires 

of the monitoring equipment, introducing considerable high-frequency noise components. 

Physiological movement or mechanical motion translates into dynamic modulation of lead wire 

electrical parameters such as capacitance and resistance, thereby generating motion artifacts. The 

continuous presence of a 60-Hz (or 50-Hz) power-line signal ensures interference of this 

frequency when posited near the data acquisition setup. 

Diverse noise mitigation methods have been proposed centered on circuits developed for the 

reduction of uncorrelated noise types and based upon the extension of adaptive filtering 

techniques to unknown noise models [17]. An examination of the most prominent methodologies 

is conducted before presenting the requirements and design considerations of the amplifier stage, 

whose criterion is pivotal to the noise reduction process. 

4.2. Common-Mode Rejection Ratio 

Bio potential signals that are generated by various biological entities, such as muscle cells and 

neurons, are extremely weak and are typically on the order of microvolts. This low level of 

signal strength can pose significant challenges during the processes of acquisition and 

amplification, as environmental noise and interference of a similar magnitude can easily distort 

the true bio potential signal. To effectively counteract this issue and improve the fidelity of the 

signals being measured, an instrumentation amplifier that features a high common-mode 

rejection ratio (CMRR) is employed. This specialized amplifier plays a crucial role in enhancing 

the signal-to-error ratio of the bio potential signals, making them easier to analyze and interpret 

correctly. The design of the instrumentation amplifier often incorporates the use of a triple 

operational amplifier architecture. This architecture, in conjunction with the specially designed 

input stage, works together to establish the common-mode gain of the amplifier, ensuring that 

unwanted noise influences are minimized while accurately capturing the desired bio potential 

signals. [5][17]  

4.3. Bandwidth and Frequency Response 

The bandwidth and frequency response of bio potential amplifiers are of critical importance in 

the design of high-performance integrated bio potential acquisition analog front ends. The 

bandwidth must be selectable and must allow all bio potential signals of interest to be acquired. 

The bandwidth as well as the gain must also be stable when input impedance or common-mode 

voltage changes [18]. Bio potential acquisition systems are always required in medical fields, for 

the detection of cardiac, neural, and muscle activity. The quasi-static bio potential signals are 

frequency-limited signals and can easily be lost if the bandwidth of the amplifiers is not broad 

enough [5]. 

5. Noise Reduction Techniques 

Biopotential signals gathered from human and animal subjects are often contaminated with 

various types of noise, which can degrade the quality of the recorded signals and introduce errors 

in analysis. Both hardware circuits and digital post-processing methods can mitigate noise 

effects. Adaptive filtering is an effective noise removal technique widely adopted to reduce 
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motion artifacts, power line interference, and other correlated noises from biopotential 

recordings. Implementing these noise reduction methods in a complementary manner can 

effectively improve biopotential signal quality within noisy environments [19]. 

5.1. Hardware Solutions 

The high power PSRR of the amplifier makes it relatively noise insensitive to supply noise and 

significantly influences the choice of noise reduction techniques. The large bandwidth of 

wireless systems prevents effective use of high order low-pass filters for noise removal, 

highlighting the importance of optimal analog and digital noise reduction methods. The low 

frequency response, from DC to approximately 200 Hz, complicates high pass filtering of motion 

artifacts, which often overlap with the frequencies of μVR signals [5] [20]. 

5.2. Software Filtering Approaches 

Software approaches for noise removal often rely heavily on advanced digital signal processing 

techniques. Various strategies, including Finite Impulse Response (FIR) and Infinite Impulse 

Response (IIR) filtering methods, are employed to enable effective bandpass and notch 

electronic filtering. Through these techniques, digital filters provide numerous advantages, such 

as the capability for precise specifications regarding band and slope, the convenience of 

programmable adjustments to enhance performance, and a significant reduction in thermal noise 

when compared to traditional hardware filters. These features make digital filtering an essential 

tool in modern signal processing applications. 

5.3. Adaptive Filtering Techniques 

Adaptive filters are widely employed to reduce background noise and interference in biomedical 

signal measurements. They have been applied as preprocessing front-ends to extract the desired 

physiological signal from background interference before entering the main stage of a processing 

pipeline [21]. In biomedical sensing applications, the noise to desired TSNR ratio can range from 

0.1 to 10 [22]. Hence, if the noise is the dominant term, adaptive filter convergence may be 

significantly delayed, which can degrade the TSNR. Figure 5.12 illustrates an LMS adaptive 

filtering process for bio signal enhancement. In this arrangement, adaptive filtering exploits a 

reference signal from the same sensor combined with electromagnetic (EM) interference at a 

specific frequency to derive secondary input for the algorithm. The adaptive filtering algorithm 

is implemented on an application-specific integrated circuit (ASIC), digitizing analog signals 

from the sensor and a reference, subsequently computing filter coefficients. The reference feed is 

adjusted based on these coefficients, superimposed on the bio sensor to remove interference 

depicted in the primary input signal. The absolute difference between the primary and reference 

inputs is utilized to update the algorithm continuously throughout the process. 

6. Case Studies of Bio Potential Amplifiers in Noisy Environments 

Biopotential amplifiers are required to maintain a desired frequency response in the face of large 

out-of-band interference. In a clinical environment the interference sources are numerous and 

include incumbent persons, lighting, smoke evacuation and X-ray devices. In a wearable setting, 

biopotential amplifier design must contend with a number of motion artifacts generated by the 

varying electrode/skin conditions, changes in hydrostatic pressure and proximity to possible 

collision. 

Great care must be taken when designing biopotential amplifier front-ends to account for the two 

sources of environment noise that readily mask the desired signal. In addition, as the 

physiological signals of interest fall in the 0.05 Hz to 100 Hz frequency range and noise often 

falls into the same bandwidths, sometimes below, amplification without an ability to reduce the 

interference will only yield an unusable signal trace. The additional constraint of ultra-low power 

to protect the patient and maximize wearable battery-lifetime further restricts possible circuit and 

system design approaches. For both clinical and wearable biopotential acquisitions, advanced 
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circuit design and noise suppression techniques must be employed to achieve a signal path 

capable of acquiring signals or tracking trends in noisy or emergency environments. 

Biopotential amplifier design is still a very active research topic within the biomedical 

engineering community both at the circuit and system levels. Both the reduction of signal 

contamination and system reliability can be enhanced by the implementation of amplifier front-

ends with specific specifications and innovative techniques, and these are detailed in this 

document [5]. 

6.1. Clinical Applications 

Biomedical signals play a crucial role in the field of clinical diagnosis, as they significantly aid 

in making accurate therapeutic decisions that can improve patient outcomes. Among these 

signals, cardiac and neuronal signals stand out as prime examples of bio-potential signals. Each 

of these signals reflects the variation over time of electrical potential measured at specific 

locations across the body. In essence, bio-potential signals manifest as minute voltages, typically 

ranging from femtoamperes (fA) to microamperes (μA), while the useful signal frequencies 

extend from direct current (DC) all the way up to 10 kilohertz (kHz). The design and 

implementation of a bio-potential amplifier are fundamental components in the development of 

portable medical devices. Such an amplifier needs to exhibit several key characteristics: it must 

have high-input impedance to accurately capture weak signals, a high common-mode rejection 

ratio (CMRR) to mitigate interference, high gain at low frequencies to ensure signal integrity, 

low noise to minimize signal distortion, and an appropriate bandwidth to effectively process the 

desired frequencies. However, acquired bio-potential signals are often contaminated with various 

types of noise. This noise can include interface noise, which arises at the contact point between 

the electrode and the skin, motion artifacts caused by patient movement, thermal noise generated 

from resistance in the system, electromagnetic interference (EMI) noise from surrounding 

electronic devices, and power-line interference noise from electrical grids. To achieve the 

necessary clarity and fidelity in bio-potential signals, it is imperative that this noise be effectively 

removed from the bio-potential amplifier. This step is essential for paving the way toward the 

future development of advanced portable medical devices that can offer accurate and reliable 

biomedical monitoring in various healthcare settings. [20][5]  

6.2. Wearable Health Monitoring Devices 

Wearable devices for health monitoring commonly employ cuff-less architectures based on the 

detection and processing of bio potentials [23]. Growing attention to the monitoring of 

cardiovascular diseases has consequently stimulated interest in electrocardiography (ECG) 

acquisition techniques, which allow continuous long-term monitoring in environments where 

standard systems such as those found in a hospital cannot be employed. Moreover, wearable 

equipment can offer benefits both to patients and the healthcare system by lowering costs and 

risks of infection. A mobile and long-term recording of biomedical signals, such as EEGs and 

ECGs, may indeed improve both the diagnosis and the monitoring of diseases [13]. To ensure 

comfort and multiparametric acquisition, wearable systems rely on ultra-low-power solutions 

characterized by small size, light weight, and wireless connectivity. Satisfying these features 

while guaranteeing high-quality signal acquisition is particularly challenging because the 

recorded signals are usually characterized by low amplitude, wide frequency spectrum, and 

vulnerability to several sources of interference. Among these, the Power Line Interference (PLI) 

represents the worst source of noise and the presence of artifacts affects the performance of the 

recording system by altering the underlying physiological information; therefore, the 

performance of real-time filtering techniques is of primary importance when mobile devices are 

used for an accurate healthy assessment. 

With the aim of reducing costs and improving the comfort of signal acquisition, much attention 

has recently been devoted to ECG devices with dry-contact electrodes that guarantee good signal 

quality and increased wearability. These features, however, must be combined with a proper 
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reduction of interference in order to maintain diagnostic features: among the available solutions, 

those based on a driven right leg (DRL) circuit represent a good trade-off between performance 

and power consumption. 

7. Future Trends in Bio Potential Amplification 

The advent of the Internet of Medical Things (IoMT) and continuous patient monitoring have led 

to a transformation in the healthcare industry. While formal healthcare benefits from advanced 

sensor and communication technology, assisted living and fitness become more affordable for 

users. Potential bio-potential signals measured using electrodes attached to or inserted into the 

body can all be susceptible to feature depression caused by electrode-skin motions and contacts. 

Appropriate action should be taken for feature preservation while amplifying the signal. When 

using a traditional instrumentation amplifier to amplify the weak bio-potential signal, one of the 

electrodes must be connected to a body ground. Floating ground line for the electrode will cause 

a large input offset, and the amplifier can no longer amplify the weak signal. 

Hardware devices characterized by a notably high input impedance, such as a voltage follower 

circuit, are strategically positioned before traditional instrumentation amplifiers. This setup is 

crucial as it significantly diminishes the offset that can be introduced by the presence of a 

floating ground line, which is a common challenge in sensitive measurements. In this context, an 

effective technique employs low-cost, high-input-impedance operational amplifiers (OPA) 

within the back-end circuitry. This configuration is specifically designed to amplify the weak 

biosignal, catering to both ambulatory settings and clinical applications. The innovative proposed 

circuitry is capable of amplifying the bio-electric potential in three distinct ways, all managed by 

the simple act of controlling just analog switches. This feature not only simplifies the design but 

also ensures greater versatility. By doing so, the system can effectively enhance the bio-electric 

potential signal, making it far more suitable for subsequent measurements and recordings. 

Importantly, this advanced system achieves its objectives without necessitating alterations to the 

existing architecture, which eliminates the need for replacing hardware components. Instead, it 

utilizes a selectable-gain voltage amplification scheme tailored explicitly for bio-potential 

signals, thereby providing a practical solution that leverages the existing framework efficiently. 

[24][25][26][27] 

7.1. Integration with IoT Devices 

Bio potential amplifiers hold critical roles in medical diagnosis, especially in noisy 

environments. Applications are widespread, from clinical environments to wearable and 

implantable systems [13]. Because biological signals are susceptible to numerous noise sources, 

the design of devices and associated circuits has to incorporate strategies to mitigate noise 

impact [6]. Given this, further examination is warranted on one specific aspect of integration, 

namely, the connection with Internet-of-Things (IoT) devices. 

Current medical infrastructures have embraced the utilization of the IoT for the “pervasive 

monitoring of patients and the assistance to caregivers”. This step has several advantages, among 

them an overall reduction in the costs associated with patient observation. The complexity of the 

technology has encouraged the creation of still more complex situations involving many 

different devices. Still, it unsurprisingly poses technical challenges on the part of the developers. 

The principal components for IoT-based Wellness Monitoring (IWM) applications include smart 

sensors, local managers, and a cloud server for storage. 

The integration of sensors with various economic and energy-efficient devices has become 

increasingly feasible and practical with the advent of the Raspberry Pi platform. This innovative 

device allows sensors to deliver outputs that communicate directly and seamlessly with the 

standard interface pins present on the Pi. Essentially, the Raspberry Pi plays a crucial role as a 

local monitoring agent or data accumulator, proficiently storing a wide range of valuable 

information and ultimately broadcasting this important data to the users in real time. The 
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capabilities of the Pi are quite impressive; it is not only able to detect but also record the 

presence of both static and moving objects, even in conditions of poor lighting. Moreover, it 

provides insightful and useful statistics on when an event might have transpired or occurred. This 

wealth of information serves as a complementary aid for effectively detecting and alerting users 

about particular events within a remote monitoring system, greatly enhancing the overall 

functionality and efficiency of the monitoring process. [28][29][30] 

7.2. Advancements in Signal Processing Algorithms 

Adaptive filtering presents promising solutions for artifact removal from biomedical signals [22]. 

Several adaptive noise cancellers combine the main input signal containing the original 

waveform plus noise sources and a reference input signal correlated with unwanted disturbance. 

The reference signal is adaptively filtered to generate an analog noise replica that is subtracted 

from the main input to extract a noise-free version. Adaptive digital filters primarily comprise 

finite impulse response models with weights adapted by the LMS algorithm. These filters 

approximate the power-line interference and its harmonics by combining the main input with 

synthetic sinusoids. The adaptive filter adjusts the internal frequency and phase corresponding to 

the disturbance signals, for attenuation of the interference from the main input. Although the 

standard LMS algorithm demonstrates simple implementation and low computational 

complexity, it can experience low convergence speed for noisy construction signals, as the 

algorithm constraints on estimated quantity and coefficient vectors are neglected. Consequently, 

the filter coefficients might take extended time to settle at minimum values. Besides, the 

coefficients depend on the estimated input signal that incorporates low correlations in filter 

coefficients and delayed convergence. To improve performance, variations based on the LMS 

are employed [20]. 

8. Regulatory and Safety Considerations 

Biopotential amplifiers are essential front-end components for measuring and acquiring voltage 

signals developed on the skin surface or within the body. They find wide applications in 

electrophysiology, biomedical, health monitoring, neuroscience, and various bionic systems [5]. 

These amplifiers require high gain, low noise, high input impedance, and high common-mode 

rejection ratio (CMRR) to protect against unwanted signals and maintain signal fidelity [8]. 

Measurements of biopotentials are often contaminated by noise from various sources such as 

electromagnetic interference, motion artifacts, and power-line interference. Consequently, 

megabit levels of embedded storage are necessary in many contexts because critical parameters 

cannot be calculated in real time, especially when noise is present. Adaptive filtering can be 

employed to reduce noise and extract relevant features in environments where real-time 

computation is challenging. 

The neural front-end system requires careful design of the frequency response, such as gain and 

low cut-off frequency, to handle bioelectric signals and noise components simultaneously. 

Selecting an appropriate frequency response is crucial to attenuate noise without compromising 

the desired bioelectric signals. Performance evaluations based on simulations and measurements 

demonstrate that a well-designed amplifier increases the performance of electroencephalogram 

(EEG) signal acquisition in noisy surroundings. 

8.1. Standards for Medical Devices 

Within the medical domain, standards exist to support the implementation of medical electrical 

equipment. Their application to specific categories of devices should help ensure appropriate 

specifications and design guidelines that enable such equipment to support patient treatment and 

monitoring and to interact effectively within the patient care environment. ANSI/AAMI 

ES60601-1, CENELEC EN 60601-1, and IEC 60601-1, third edition, collectively address the 

safety, essential performance, and electromagnetic compatibility of medical electrical equipment 

and systems, including alarms and software aspects. 
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Devices intended to monitor biological signals or deliver energy to the patient are outfitted with 

sensors, active or passive electrodes, which provide the interface between the equipment and the 

patient’s body. IEC 60601-2-XX specifications covers particular requirements for the basic 

safety and essential performance of various types of medical electrical equipment, including 

those with biopotential inputs. Where relevant to a specific device, the requirements concern 

aspects of the patient-electrode interface, protection against electrical injury, and the 

performance of the equipment when subject to electromagnetic disturbances. 

The IEC 60601 series specifies the tolerance for electrode impedance and conditions for test 

signals. These values may be taken in conjunction with the tolerances provided in IEC 60601-2-

XX for equipment related to certain medical applications to determine expected operating 

conditions for the electrode-patient interface and the impedance levels relating to calibration and 

performance assessment. [20] [5] [13] 

8.2. Testing and Compliance 

Compliance testing of bio potential amplifiers is performed according to specifications listed in 

standards such as IEC 60601-1-2. This particular standard is dedicated to testing the safety 

performance of electrical equipment. Additional tests can be performed as described in CISPR 

11 and CISPR 13. The standard IEC 60601-2-47 is used as a design guideline for specialized 

devices such as the electrocardiogram. The guidelines of the Federal Communications 

Commission (FCC) also provide methods for testing and limiting electromagnetic interference. 

For European manufacturers, the European Commission (EC) is responsible for the standards 

related to electromagnetic compatibility. 

Even though current regulations do address specific aspects of bio potential signal acquisition, 

there remain numerous challenges that are inherently difficult to overcome. One of the most 

pressing issues is the integration of bio potential measurements into wearable technology while 

existing in the noisy and chaotic everyday environment that surrounds users. For instance, when 

at home, wearables often find themselves exposed to a variety of external sources that contribute 

to signal disruption. These include the powering of household appliances, the complex network 

of electrical wiring, various radiating sources, as well as telephony control and data channels. All 

of these factors combine to produce high levels of electromagnetic interference, which adds 

significant noise to the environment. Consequently, this interference can severely degrade the 

quality of the bio potential signals being measured and directly impacts the overall functionality 

and reliability of the wearable device being utilized. [31][32][33] 

9. Challenges in Real-World Applications 

Bio potential amplifiers have been widely used for biopotential signal acquisition. They can 

acquire even biopotential signals with very low amplitude. Such signals are affected by noise 

easily and the most challenging is to use the amplifier in real-world applications [5]. In 

challenging environments the existing applications cannot be used for recording the signals since 

detects noise to a larger extent and shows the major impact on signals [8]. The motion artifacts 

and stray signals prevent the acquisition of bio potentials of subjects who have undergone real-

time experiments. Therefore, real-time experiments should be performed in a quiet environment 

to acquire the signal for specific period. 

9.1. User-Centric Design Issues 

The increase in battery-operated consumer products and wireless communication devices has led 

to the design, construction, and study of portable bio potential amplification, signal conditioning, 

and transduction systems [8]. A variety of biopotential sensing instrumentation amplifiers and 

front-end amplifiers have been proposed and implemented; however, many of the previous 

studies have focused mainly on the conductance increase of the electrode–skin interface and on 

high CMRR bio potential amplifiers. Noise problems, which degrade system performance, have 

been less frequently considered [20]. Various noise components, together with microvolt 
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amplitude or low-frequency components, deeply affect statistics-based signal processing for 

diagnostic systems. The respiration of the patient and standing facility waves generated in the 

remote measurement system (RMS) introduce relatively large noise. Moving artifacts and 

electrode impedances produce transient noise. High-quality chronically implanted devices could 

remain in the rat vasculature for up to 36 weeks of normal activity. Even considering the 

advances in enhancement of the biological front-end and noise cancellation techniques, 

challenges still remain in meeting the requirements of biopotential instrumentation. 

9.2. Environmental Factors Affecting Performance 

Bio potential amplifier performance is often critically reduced by noise generated by the 

environment. Ambient noise arises from various sources during signal acquisition, distribution, 

and processing. The primary sources of ambient noise in bio potential amplifiers include 60-Hz 

power line noise, electromagnetic interference, motion artifacts, and noise emanating from 

electronic components during signal processing; it is difficult for these noise components to be 

eliminated [20]. 

Suitable solutions for the noise problem are necessary for proper acquisition of bio potentials 

because the magnitude of these signals is on the order of microvolts or millivolts. An array of 

existing techniques employed to reduce ambient noise and smoothen the sensor output includes 

use of shielding equipment, enhancement of the common mode rejection ratio, minimization of 

the circuit noise, selection of appropriate signal processing methods, regulation of electrode-skin 

impedance, and use of proper electrodes that are specifically designed for each type of bio 

potential [34]. [2][35] 

10. Conclusion 

Bio potential amplifiers are essential for medical examination and operation in hospital and 

home care environments. The amplifier picks up weak signals of electrical potential by biogenic 

sources such as brain, heart, muscle, and nerve, and amplifies them into measurable levels for 

further diagnosis. One of the key implementation challenges, especially for low-level signals, is 

to always keep the amplifier immune to noise to avoid signal quality degradation and 

misdiagnosis in a practical wide-field use. This paper comprehensively examines methodologies 

and perspectives on the problems and challenges of using a bio potential amplifier in a real-time 

setting. 

A technique to reduce the input referred noise of the OTA without increasing power dissipation 

involves decreasing the Cascode current source transconductance (gm). A current splitting 

branch reduces the Cascode device current for any bias current. Implementation in 65 nm CMOS 

technology and post-layout simulations demonstrate a 30% noise reduction and 30 dB voltage 

gain at a 2 V power supply. Most modern microelectrode arrays (MEAs) use signal acquisition 

schemes based on time-division multiplexing (TDM) algorithms, which allow a single 

acquisition channel to serve multiple electrodes, thereby reducing area and power consumption. 

Proper layout is necessary to limit crosstalk caused by parasitic capacitances and the spatial 

arrangement of wires. Each electrode’s low-noise amplifier (LNA) exhibits different voltage 

offsets due to transistor mismatch, creating artifacts when sampled by TDM that may saturate the 

analog-to-digital converter (ADC) or degrade the signal-to-noise ratio (SNR). An alternative 

design approach sidesteps additional digital signal processing power and avoids dynamic range 

issues by modeling all noise sources and TDM artifacts. Simulations identify the optimal gain 

threshold at which TDM artifacts become negligible compared to electronic noise, thereby 

maximizing input SNR and ADC dynamic range . 
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