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Brief description Wearable and implantable medical devices that are capable of continuously monitoring 

the vital parameters, are seen as the engines driving the preventive healthcare paradigm. Specifically, 

wearable medical devices can be used for long-term continuous health and lifestyle monitoring in an 

unobtrusive manner. These wearable devices, possessing sensing, signal processing and communication 

capabilities, form a body area network (BAN), with each device being a wireless sensor network (WSN), 

leading to connected health. To enable wide spread usage of such devices, it is important to maximize 

their functionality while requiring minimum intervention from the users, with extended life time and 

minimize size and cost. While a small form factor wearable healthcare device increase the aesthetics, 

wearability, and comfort, it severely the battery size, putting severe constraints on the power budget of 

such devices, thereby necessitating 1 the need for the design of ultra-low power circuits and systems.  

To ensure high quality signal acquisition, the analog front end (AFE) needs to be low noise and 

simultaneously satisfy the stringent requirements of having high common mode rejection ration (CMRR), 

large DC differential electrode offset (DEO) rejection in case of biopotential acquisition, all while 

consuming as low power as possible. Moreover, the requirement for long term monitoring leads to large 

amounts of data that need to be processed and transmitted, which results in significant energy 

consumption. Early reduction of data rate in the signal processing chain can lead to significant power 

savings in the subsequent stages, thereby leading to reduced overall power consumption of the system. 

This tutorial aims at introducing the challenges and approaches in addressing the challenges for the 

design of ultra-low power biosignal acquisition and processing systems.  

Towards that end, the tutorial begins with the discussion on conventional AFE architectures focusing on 

ultra-low power, highly noise efficient instrumentation amplifiers (IA), low power analog to digital 

converters (ADCs) and other signal processing blocks such as filters. State-of-the-art IA architectures 

are reviewed, including the emerging trend of digitally-assisted IAs in small scale technologies. The 

focus is mainly on the biopotential acquisition, thereby panning the signals ranging from 

electrocardiogram (ECG), electroencephalogram (EEG) to neural signals including local field potentials 

(LFP) and action potentials (AP). The challenges such as the low noise, low power design, while meeting 

the stringent requirements on CMRR and DEO rejection will be discussed along with the circuit and 

system level approaches tackling the same. Finally, on the instrumentation front, the emerging optical 

sensing modality of photoplethysmogram (PPG) will be discussed, including the challenges involved 

such as the high LED power consumption and large static photocurrent rejection along with the possible 

solutions. The other aspect of the tutorial involves the tackling the challenges of overwhelming amounts 

of data that needs to be processed by the digital back end (DBE) in such ultra-low power biosignal 

processing systems. To address this issue, early data rate reduction techniques that leverage on analog 

pre-processing, thereby leading to analog-assisted processing systems will be introduced.  

Two popular early data rate reduction techniques, adaptive sampling and compressive sampling, will be 

introduced from a theoretical perspective and the state-ofthe-art biosignal acquisition and processing 

systems that exploit the early data rate reduction based on adaptive sampling and compressive sampling 



will be presented. Finally, the tutorial concludes by introducing the emerging trend of sensor fusion for 

biosignal acquisition and processing. This sensor fusion, leads to both lowering the overall system power 

while simultaneously increasing the signal quality.  

To demonstrate the ideas of sensor fusion, system architectures leveraging on ECG assisted PPG 

acquisition for cuffless blood pressure monitoring and systems capable of motion artifact reduction in 

ambulatory conditions will be presented. 


