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Abstract: Biosensors are important to a current healthcare system because they provide the possibility of 

continuous observation of physiological and biochemical parameters. Nevertheless, biosensors pose a 

challenge to the reliable storage of its output because of the low amplitude, noise sensitive and time 

varying nature of bio signals. The smart healthcare applications will thus require efficient interconnection 

between biosensor outputs and memory devices to ensure integrity of data and offline analysis and smart 

decisions. This essay is a system level analysis of incorporating biosensor results into embedded memory 

devices. The paper analyses an architecture that integrates signal conditioning, analog-to-digital 

conversion, data formatting and structured memory interfacing to facilitate proper and low-energy 

storage of biosensor data. The design considerations that are motivated by low-power logic and memory 

architecture are presented with the intent of reducing switching activity and enhancing reliability in 

performing memory write and read operations. The suggested framework offers flexible and scalable 

reference architecture that can be scaled to the various kinds of biosensors and memory technologies. 

The paper shows the suitability of such an integrated solution to wearable and embedded healthcare 

systems and its possibilities of being expanded to other more sophisticated memory technologies and 

smart processing platforms in future smart healthcare products. 
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Introduction 

 

The use of biosensors has become crucial enabling technology of the new health care systems, as it allows 

real-time monitoring of physiological and biochemical values, which include glucose level, temperature, 

pressure, impedance and bio-potentials. As the need of round-the-clock health tracking is becoming more 

and more urgent, wearable and portable medical devices are also being based on the usage of biosensors 

to obtain reliable and accurate biological data [1], [2]. These are the sensors that are the initial layer of 

smart healthcare architectures which transform biological responses into measurable electrical signals. 

Depending on the principle of operation, biosensors may be generally categorized into electrochemical, 

piezoelectric, thermal, optical, and bio signal-based sensors. Glucose and metabolite detection with 

electrochemical biosensors are characterized by high sensitivity among other uses whereas piezoelectric 

sensors are used to sense pressure and mechanical deformations. Biosensors (optical biosensors) have 

great specificity and can withstand electromagnetic interference, but bio signal sensors (ECG, EMG, EEG 

electrodes) are applied to record the electrical activity of the human body [1], [3]. In spite of their benefits, 

biosensor responses are generally low-intensity, noisy, and time-varying and require effective signal 
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conditioning and stable data processing methods. Signal conditioning, analog-to-digital conversion, and 

storage of analog sensor output is required to convert biosensor data to digital form ready to perform 

long term analysis of the data and digital processing. Signal conditioning circuits enhance the weak bio 

signals and eliminate noise whereas analog-to-digital converters (ADCS) convert conditioned signals to 

digital form that can be processed by embedded processing systems [4], [7]. Memory devices are critical 

towards reliable and efficient storage of biosensor data. Diverse memory types can be used depending on 

the requirements of the application like SRAM, DRAM, EEPROM, Flash memory and emerging low-power 

memory. Volatile memories such as SRAM are fast accessing and volatile in nature and they lose their data 

when power is removed whereas non-volatile memories such as EEPROM and Flash stores their 

information without the need of power and are therefore more appropriate in wearable and portable 

healthcare devices [5], [8].  

Embedded systems have been adopted in recent years to form the basis of biomedical monitoring 

platforms and thus, allow an easy combination of sensors, processing units, memory devices and 

communication modules [6]. Wearable and implantable medical devices are of low-power design special 

concern since energy efficiency has a direct impact on device lifetime and usability. Therefore, energy-

conscious system design policies, such as effective memory write and read operations, have been 

acquiring growing significance in the biomedical electronics studies [9]. Besides, as more healthcare 

systems become IoT-enabled, biosensor data are being stored, transmitted, and processed across 

interconnected systems. This tendency excites issues connected to the data reliability, data integrity, and 

safe manipulation of biomedical data, particularly, when sensor data are kept directly on the computer 

before transferring them [10]. Therefore, it is critical to combine the outputs of biosensors with the 

memory devices in a systematic and effective way to facilitate the reliable, scalable, and secure smart 

healthcare systems. 

 

Related work 

Recent research has demonstrated significant progress in the development and application of biosensors 

for healthcare monitoring. Several review studies highlight the widespread adoption of biosensor 

technologies in medical diagnostics, continuous health monitoring, and wearable healthcare systems, 

with electrochemical, optical, and bio signal sensors identified as dominant sensing modalities [1], [2]. 

These works primarily emphasize sensor materials, sensitivity, and application-specific performance, 

while comparatively limited attention is given to the systematic storage and management of biosensor 

data within embedded platforms. 

A number of studies have focused on biomedical signal acquisition and interfacing techniques. Research 

on sensor-based biomedical signal acquisition discusses challenges such as low signal amplitude, 

susceptibility to noise, and the need for real-time processing [3]. To address these issues, current-mode 

interfaces and analog front-end circuit designs have been proposed to improve signal integrity and reduce 

power consumption in biosensor systems [4].  

 

Table 1. summarizes representative related works on biosensor technologies, biomedical signal 

acquisition, embedded systems, and memory integration, highlighting the research gap addressed in this 

study. 
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Ref. Focus Area Key Contribution 
Memory 

Integration 
Limitation 

[1] 
Biosensor 

technologies 

Review of biosensor 

applications in 

healthcare 

Not addressed 
Focuses mainly on sensor 

materials and applications 

[2] 
Wearable 

biosensors 

Analysis of wearable 

biosensor trends and use 

cases 

Not addressed 
Data storage aspects not 

discussed 

[3] 
Biomedical signal 

acquisition 

Challenges in biosignal 

acquisition and 

processing 

Limited 
Emphasis on sensing and 

processing only 

[4] 
Analog front-end 

design 

Low-noise and low-

power biosensor 

interfaces 

Not addressed 
Memory handling not 

considered 

[5] 
Embedded 

medical systems 

Integration of sensors in 

medical devices 
Limited 

Lacks structured memory 

architecture 

[6] 

Biomedical 

embedded 

systems 

Role of embedded 

systems in health 

monitoring 

Not addressed 
Storage strategies not 

analyzed 

[7] 
ADC for 

biomedical signals 

Energy-efficient ADC 

architectures 
Indirect 

Focuses only on 

conversion stage 

[8] ADC and memory 
ADC design for 

biomedical applications 
Partial 

No system-level memory 

integration 

[9] 
Wearable low-

power systems 

Energy-aware wearable 

medical electronics 
Indirect 

Storage organization not 

discussed 

[10] 
IoT healthcare 

systems 

Secure handling of 

healthcare data 
Not addressed 

Focus on communication 

and security 

Anticipated 

work 

Biosensor-to-

memory 

integration 

System-level framework 

for biosensor data 

storage 

Explicitly 

addressed 

Study-oriented 

architecture 

 

Embedded systems have become central to modern biomedical monitoring platforms by enabling the 

integration of sensors, processing units, and peripheral modules within compact architectures. Prior 

studies have examined embedded sensor systems in medical devices, highlighting constraints related to 

power efficiency, reliability, and scalability [5], [6]. While these works underscore the importance of 

efficient system integration, they generally focus on sensing and processing components, offering limited 

insight into structured memory architectures for reliable biosensor data retention. 
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Analog-to-digital conversion represents another critical stage in biomedical data acquisition systems. 

Several low-power ADC architectures designed specifically for biomedical applications have been reported 

to achieve high energy efficiency and reduced conversion noise [7], [8]. These ADC designs facilitate 

accurate digitization of bio signals, however, the interaction between ADC outputs and memory devices, 

particularly in terms of data buffering, write efficiency, and memory access latency remains insufficiently 

explored in existing literature. 

Recent studies have also investigated energy-efficient wearable medical systems, including the use of 

energy harvesting techniques to extend device lifetime [9]. Such approaches further emphasize the need 

for low-power data storage mechanisms that complement energy-constrained biosensor platforms. In 

parallel, the increasing adoption of IoT-enabled healthcare systems has raised concerns related to reliable 

and secure handling of biomedical data within interconnected environments [10]. Nevertheless, most 

existing works focus on communication protocols and security frameworks rather than on the 

foundational integration of biosensor outputs with memory devices at the system level. 

From the reviewed literature, it is evident that while substantial advancements have been achieved in 

biosensor design, signal conditioning, ADC architectures, and embedded biomedical systems, a unified 

framework that explicitly addresses the integration of biosensor outputs with embedded memory devices 

is still lacking. This research gap motivates the present work, which focuses on a system-level architecture 

for reliable and low-power storage of biosensor data, effectively bridging sensing, digitization, and 

memory integration for smart healthcare applications 

 

 

Proposed System Architecture 

The overall structure of the proposed biosensor output integration framework with an embedded 

memory device is illustrated in Fig. 1. The primary objective of this architecture is to ensure reliable 

acquisition, digitization, and storage of biosensor data while maintaining low power consumption and 

scalability. Unlike conventional biosensor systems that primarily emphasize sensing and signal 

conditioning, the proposed framework explicitly incorporates structured memory integration as a core 

component of the biomedical data acquisition pipeline. 

 
Fig. 1. System architecture illustrating biosensor signal acquisition, analog-to-digital 

conversion, and embedded memory integration. 

As shown in Fig. 1, the system consists of five major functional blocks: the biosensor, signal conditioning 

unit, analog-to-digital converter (ADC), controller/processing unit, and memory device. The biosensor acts 

as the primary sensing element, generating an analog electrical signal corresponding to the measured 

physiological or biochemical parameter. Since biosensor outputs are typically low in amplitude and 

susceptible to noise, the signal conditioning unit amplifies the signal and suppresses unwanted noise 

components to improve signal integrity [3], [4]. 
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The conditioned analog signal is then converted into digital form using an ADC. Low-power ADC 

architectures are particularly suitable for biomedical applications, as they enable accurate digitization of 

bio signals while minimizing energy consumption [7], [8]. The digital output from the ADC is forwarded to 

the controller or processing unit, which manages data formatting, timing control, and address generation 

required for memory operations. 

The final stage of the system is the memory device, where the digitized biosensor data are stored for 

subsequent processing, analysis, or transmission. Depending on application requirements, different 

memory types such as SRAM, EEPROM, or Flash memory can be employed. Volatile memory provides 

faster access for real-time monitoring, whereas non-volatile memory ensures data retention in power-

constrained wearable and portable healthcare systems [5], [8]. By incorporating memory as an integral 

part of the system design, the proposed framework supports continuous monitoring, historical data 

analysis, and reliable biomedical data management. 

Overall, the architecture depicted in Fig. 1 offers a modular and scalable solution for integrating biosensor 

outputs with embedded memory devices. The design principles adopted in this framework make it 

suitable for low-power biomedical applications and facilitate future extensions toward intelligent 

healthcare and IoT-enabled medical systems [6], [9], [10]. 

 

Method, Experiments and Results 

The principle of operation of the proposed biosensor output integration framework frame work is founded 

on acquisition, conditioning, digitization, and storage of biomedical signals in a sequential manner as 

shown in Fig. 1. The methodology presents a systematic data flow that is proposed to be used in the low-

power wearable and portable healthcare systems. The biosensor first detects a given physiological or 

biochemical measurement, and generates a proportional analog electrical signal. This signal can be in the 

form of low-level voltage or current depending on the kind of biosensor used. Since biosensor signal is 

usually weak and prone to noises, the raw signal cannot be used directly by digital processing or storage 

[1], [3]. The resulting analog signal is then taken through the signal conditioning unit which has 

amplification and filtering stages. Amplification phase magnifies the signal to a suitable scale whereas the 

filtering phase reduces unwanted noise and interference parts. This converts the biosensor output to be 

ready to be digitized further [4]. After signal conditioning, the analog signal is modified into a digital 

transform by an analog-to-digital converter (ADC). The ADC uses a fixed sampling rate and resolution to 

convert the conditioned signal into a digital data stream that is proportional to the biomedical parameter 

monitored. In biomedical systems, low-power ADC architectures are normally implemented to trade 

energy efficiency and accuracy [7], [8].The ADC provides the digital output which is sent to the controller 

or processing unit. The unit forms the data formatting, timing control and address generation needed in 

memory access operations. Before the storage, the controller orders the digitized biosensor data and this 

aids in systematic data management within the system [6]. At the last phase, the digital information in 

the required format is stored in an inbuilt memory chip. Volatile or non-volatile memory may be used 

depending on the application requirement like SRAM, EEPROM or Flash memory. Volatile memory has the 

benefit of rapid access to real time monitoring unlike non-volatile memory, which will retain data even in 

event of power failure, which would be valuable in continuous healthcare monitoring applications [5], [8]. 

The data stored can be later retrieved and analyzed, diagnosed or sent to other healthcare platforms. In 

general, the mentioned methodology presents an integrated approach to biosensor data collection and 
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memory unification. The framework is an integrated approach to sensing, digitization, and storage in one 

architectural movement, which offers a scalable reference design to embedded biomedical data collection 

in smart healthcare systems [9], [10]. 

 

The section presents design issues and architectural aspects of proposed framework of biosensor-to-

memory integration at the system-level. The discussion is more on data flow organization, memory 

integration strategies and architectural flexibility as applied in biomedical data acquisition systems and 

not on hardware level evaluation and performance measurements. The incorporation of a signal 

conditioning unit before the analog to digital conversion takes care of the inherent properties of the 

biosensor output which is usually low in value and prone to noise [3], [4]. The architecture of this 

biosensor signals pre-digitization amplification and filtering, by placing these stages before digitization, 

demonstrates the significance of signal preparation in biosensors before further digital processing in 

embedded systems. In the same vein, the application of architectures based on ADCs that are applicable 

to biomedical systems is consistent with the realization of digitization accuracy as well as energy efficiency 

of healthcare-engineered designs [7], [8]. The process of memory integration is considered to be a focal 

design feature of the suggested framework. The discussion reflects upon the embedded memory devices 

(SRAM, EEPROM, and Flash memory) usage to serve various biomedical application cases. Fast-access data 

buffering can be done using volatile memory in the real-time monitoring scenario whereas data retention 

during power failure can be done using non-volatile memory which is most applicable when dealing with 

wearable and portable health-related equipment [5], [8]. This memory centric view emphasizes to 

memory storage concerns the general organization of the system and its suitability to application. 

 

System architecture perspective, the proposed framework is in a way modular in nature, and each 

functional block: sensing, signal conditioning, digitization, processing, and storage may be taken 

separately. This modularity makes it easy to accommodate any type of biosensors and memory 

technologies without the need to make any fundamental architectural modifications. Access to memory 

and data organization with a controller is another valid example of structured data processing methods 

used in the embedded biomedical systems [6], [9]. 

 

Discussions 

In comparison to the traditional biosensor acquisition systems, which are largely concerned with sensing 

and signal processing, the proposed framework specifically includes memory integration as an 

architectural element. This design methodology allows the following cases: storage of historical data, 

offline analysis, and interaction with higher-level healthcare systems. Besides, the framework is 

conceptually equal to IoT-based healthcare settings, where local data storage and categorized data 

processing are vital aspects of consideration [10]. 

Conclusions 

The signal conditioning unit which is added before the analog to the digital conversion consideration takes 

care of the intrinsic characteristics of the biosensor output that is often small and subject to noise [3], [4]. 

The signal preparation in biosensors prior to further digital processing in embedded systems by locating 

these steps before digitization is shown by the architecture of this biosensor signal pre-digitization 

amplification and filtering. Similarly, the use of architectures grounded in ADCs which can be applied to 
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biomedical systems is in line with the achievement of digitization accuracy and energy efficiency of 

healthcare-engineered designs [7], [8]. 

 

The introspective design feature of the proposed framework is termed as the memory integration process. 

The conversation ponders on the in-built memory devices (SRAM, EEPROM, and Flash memory) 

application to support the application suitable cases within the biomedical. The volatile memory can be 

used to do fast-access data buffering in the real-time monitoring case but the non-volatile memory can 

be used to retain data during power failure which is most suitable when working with wearable and 

Portable gadgets with health-related functions [5], [8]. This memory centric perspective focuses on the 

fact that memory storage pertains to the overall structure of the system and its applicability. Another valid 

example of structured data processing methods is access to the memory and data organization with a 

controller as is present in the embedded biomedical systems [6], [9]. The proposed framework explicitly 

makes reference to memory integration as an architectural component because the traditional biosensor 

acquisition systems are mostly interested in the sensing and signal processing aspects. In addition to it, 

the framework is effectively analogous to the IoT-based healthcare environments, in which the local data 

storage and the categorized data processing are considered to be the critical points of the consideration 

[10]. Overall, the discussion highlights how a biosensor-to-memory integration framework can serve as a 

reference architecture to embedded biomedical data acquisition systems with the focus of design 

organization, scalability, and applicability, other than quantitative metrics of performance. 
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