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introduction
During the last few years, a new generation 

of hardware was developed under the general 
description “neuromorphic.” It is hardware 
specially created to fulfill computation 

of neural networks in the way the biological 
system works.



The biological neural system involves much 
more than the brain. Neurons are located 

at any pre-referral part of the system, 
including the eyes, skin, and ears. This natural 
architecture makes the human biological 
system highly efficient. As bio-neurons receive 
incoming signals, only a small portion 

of those signals need to be handled 

by the central brain system. 

The senses extract useful insights 

at the source, so only a small fraction 

of the total incoming signal information needs 
to proceed to the brain for decision making.



Creation of hardware that can replicate 

that process – that can efficiently receive raw 
data signals and extract the useful information 
to be moved to the next point 

in the distributed computing architecture – 

is the driving force behind Neuromorphic 
Front End (NFE). An examination of NFE 

is the purpose of this paper.

Leveraging the Neural Network
In the last decade there has been significant 
development of sophisticated mathematical 
models and frameworks in powerful 
computers aimed at simulating a neural 
network digitally. However, this direction has 
limitations, especially when it comes 

to the exponential growth of power

consumption.



The use of analog neuromorphic cores – 

as a physical implementation of a neural 
network with true parallel data processing – 

is several orders of magnitude more efficient 
than digital systems performing deterministic 
calculation of a neural network mathematical 
model. This approach enables new solutions 

for neuromorphic preprocessing of raw data 

at the sensor level as a part of sensor node 
designs and implementations. In a standard 
sensor node, the Analog Front End (AFE) 
consists of analog signal conditioning circuitry

that uses sensitive analog amplifiers, often 
operational amplifiers, filters, and sometimes 
application-specific integrated circuits. 

This makes it possible for sensors and other 
digital circuits (such as MCU, DSP, etc.) 

to support a configurable and flexible 
functional block needed to interface with each 
other. 



The Analog Front End is the element 
responsible for conditioning an analog signal 
before transmitting it to the digital portion, 
whether DSP, MCU, or others. The NFE 

is a logical next level of AFE, offering signals 
processed in analog by using an analog-based 
neural network to extract useful information 
from raw signals in a very native manner. 

If AFE could be considered as conditioning 
between the sensor and digital processor, 

the NFE adds the data pre-processing.
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AI at the Sensor
NASP NFE is a new element which 

is placed directly at the sensor to allow 
neuromorphic extraction of useful data 
from the sensor signal, with truly parallel 
neuromorphic analog processing of raw 
sensor data. The signal propagation in NFE 

is wavelike, similar in operation to signal 
propagation through networks of neurons 
and axons of the human sensory system.



The weights in the fixed portion 

of NASP are represented by resistors, 
providing up to 8-bit precision, 

and are deposited during chip 
manufacturing. Similar to the axons 

of the human peripheral neural system, 
which transmit the spikes of voltage  
between neurons that then process 

these spikes, these resistors have fixed

values for the lifespan of the chip. 

The operational amplifiers in NFE play 

the role of neurons, being similar in nature 

to biological neurons. 



NFE is sensor implementation agnostic 
(model or vendor) and can be used 

with both analog and digital signals 
coming from the sensor. Adapting to any 
input signal, it extracts useful information, 
completed in one single instance,

in contrast to digital systems 

that compute information 

as a consecutive set of commands. 

The analog method of information 
processing allows for ultra-low operational 
power at microwatt level and ultra-fast 
inference time of several microseconds.
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Neuromorphic analog systems are truly parallel systems, unlike digital spiking networks, 
computing-in-memory, and solutions-based TPUs or GPUs. Spiking networks allow only 
limited parallelization; TPUs and GPUs are parallel to some extent but require a power-
consuming constant exchange between memory and processor; and the in-memory 
option is parallel but at the cost of redundant connections in the crossbar with area 

and power overhead.



The neural network in NASP can be separated into a fixed and a flexible part. This is based 
on the concept of transfer learning, which implements that separation in a neural network 

with weights that are represented by resistors in the fixed portion and as a flexible digital 
model at the MCU/CPU/etc. at the edge or cloud, where classification and interpretation 
would be implemented. Extraction of embeddings from the raw data is accomplished 

in a single propagation (inference) through the network of operational amplifiers 

and resistors in a way that is similar to the operation of biological neurons upon some level 
of excitation.

Most frequently the NASP hybrid solution is used with Autoencoder neural networks, 
however, almost all Convolutional Neural Networks (CNN) and most Recurrent Neural 
Networks (RNN) can be addressed as well.
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The Compiler – a Unique SW Tool 

for NFE Development

An important role in NFE development 
and deployment in real applications 
involves the automation tools, 

which enable significant reduction 

of the production cycle. Otherwise, 

new models may come faster 

than the semiconductor industry could 
adapt. 



In many use cases, the trained neural 
network is sparse and an unpredictable 
size. This is where the NASP Compiler 
comes in. This tool, responsible 

for conversion of a neural network 

into an analog structure, changes 

the connections into dense packing 

by applying several methods, including 
pruning. This makes the resulting  

structure much more efficient for analog 
implementation and allows maximum 
optimization in its final size.



In contrast to in-memory designs, 

where each neuron is connected to each 
neighboring neuron, the NASP approach 
simplifies the chip layout. This design 
especially suits CNNs, where connections 
are very sparse, as well as RNNs, 
Transformers, and Autoencoders. 

In addition, NASP chip design tools offer 
area utilization close to 100%, and equal 

to 8-bit precision per weight to cover 

a broad variety of applications. 

This approach yields a faster time 

to market, lower technical risks, and better 
performance.
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Conclusion

The paradigm of a Neuromorphic Front End works well for a broad range of sensor nodes, 
including vibration monitoring, sound processing, human body vital parameters 
determination, and human gaze detection. The Neuromorphic Front End approach 
enables a new class of products and applications where always-on measurements and 
energy harvesting-based sensor nodes are involved, such as smart tires for automotive, 
human health monitoring for insurance companies, or continuous monitoring 

of machines with low bandwidth data transfer.




In contrast to digital circuits, the analog Neuromorphic Front End extracts 

the meaning, which can be embeddings from the raw data stream and delivers them 
almost instantly in one super-spike. The simultaneous operation of all neural core 
elements is the key to the unrivalled power efficiency of NFE.

Neuromorphic Front End can be hybrid – consisting of a fixed portion, implemented 

by operational amplifiers and resistors, and a flexible portion performed via a general-
purpose processor that could run at any point of presence either in the cloud 

or at the edge.



NFE demonstrates clear advantages: extremely low power operation, ultra-low latency, 
and a low-cost manufacturing process, thereby giving the means to a wide range of thin 
edge AI applications with microwatt power consumption, accuracy, size and cloud 
connectivity constraints.


