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ABSTRACT 

Humans use touch to understand and engage with the physical world, but turning this complex 
sense into digital technology is still a big challenge. This work introduces Digit 360, an artificial 
fingertip that combines high-resolution visuotactile imaging with pressure, vibration, 
temperature, and gas sensing in a compact hemispherical design. The fingertip features a 
silver-coated elastomer interface, custom optics, and better lighting, along with on-device neural 
network processing for quick responses.  

Digit 360 shows outstanding performance, resolving spatial features as tiny as 7 μm, detecting 
normal and shear forces with millinewton accuracy, and capturing vibrations up to 10 kHz. These 
abilities support the precise classification of materials, object states, and interactions. This 
highlights its potential uses in robotics, prosthetics, telepresence, and immersive virtual 
environments. By making Digit 360 available as an open research platform, this work lays the 
groundwork for improving digital touch as a key sensing ability in artificial intelligence and 
human-machine interaction. 

1. INTRODUCTION 

The sense of touch is crucial for human 
perception. It helps us recognize the 
properties of objects, like their shape, 
texture, flexibility, and temperature. Touch 
also provides important feedback for precise 
movements. Unlike vision and hearing, 
which we can easily replicate in machines, 
mimicking the complexity of human touch is 
still a challenge. Traditional tactile sensors 
usually only measure a few types of touch, 
such as pressure or vibration. They often 
struggle with low spatial accuracy, limited 

frequency range, or delays. These 
shortcomings prevent robots and prosthetic 
devices from interacting with their 
environment in a complex, human-like way. 

To tackle these issues, researchers created 
Digit 360, an artificial fingertip designed to 
capture touch accurately. This device 
combines several sensing methods, 
including high-resolution visuotactile 
imaging, pressure and shear detection, 
vibration capture, thermal measurement, and 
gas sensing, all in a small hemispherical 
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shape. The fingertip also includes custom 
optics, improved lighting, and a built-in 
neural network accelerator to allow for 
quick responses within milliseconds. 

 

 

 

 

 

By combining these technical innovations, 
Digit 360 reaches nearly superhuman 
sensitivity. This opens up new opportunities 
for use in robotics, prosthetics, telepresence, 
and immersive virtual environments. This 
seminar report gives an overview of the 
system’s design, experimental evaluation, 
key results, and possible impacts on 
improving artificial intelligence and 
human-machine interaction.. 

 

  

 

 

 

 

 

 



2.APPLICATIONS 

The development of Digit 360 as an 
artificial multimodal fingertip opens up 
many opportunities in fields where accurate 
tactile perception is crucial.  

Robotics:   

In robotics, the sense of fine surface details, 
forces, vibrations, and temperature greatly 
improves dexterous manipulation and object 
handling. Digit 360 allows robots to grasp 
delicate items like glassware or biological 
samples more precisely and safely. It also 
supports complex tasks such as assembly, 
inspection, and quality control in industrial 
settings. 

Prosthetics:   

For prosthetic devices, integrating 
multimodal tactile sensing is a significant 
step toward restoring a natural sense of 
touch for amputees. By detecting 
microforces and thermal or textural cues, 
Digit 360 offers users richer sensory 
feedback. This enhances both the 
functionality and the feeling of connection 
in prosthetic limbs. 

Telepresence and Virtual Reality:   

In telepresence and immersive virtual reality 
applications, Digit 360 allows the 
transmission of tactile sensations over 
distance. This creates more authentic 
interactions between humans and machines. 
This feature is especially important for 
remote collaboration, medical consultations, 

or training scenarios where direct physical 
contact is not possible. 

Healthcare and Surgery:   

In medical robotics, precise tactile sensing is 
essential for surgical interventions, 
diagnostics, and minimally invasive 
procedures. The fingertip's high spatial and 
force resolution aids in the careful handling 
of tissues and instruments, improving 
accuracy and patient safety. 

 

 

 

Consumer and E-commerce Applications:   

By digitizing touch, Digit 360 opens up new 
possibilities for e-commerce and consumer 
technologies. Users can virtually experience 
the texture, stiffness, or weight of products 
before making a purchase. This tactile 
aspect could transform the digital shopping 
experience by adding trust and realism. 

 

In summary, the versatility of Digit 360 
extends well beyond a single field. Its ability 
to combine multimodal sensing with quick 
processing lays the groundwork for 
next-generation systems in robotics, 
healthcare, telepresence, and consumer 
technologies. This marks a significant step 
forward in the digitization of touch. 

 

 

  



3. MATERIALS AND METHODOLOGY 

The design of Digit 360 combines various 

materials, optical parts, electronic systems, and 

computing methods to imitate the complex feel 

of human touch. The approach taken during its 

development can be outlined through key 

elements, as described below. 

3.1 Elastomer Interface​
At the center of the fingertip is a flexible 
elastomer layer that mimics the softness and 
shape-changing ability of human skin. This 
layer has a thin silver film on top, created 
through a controlled chemical deposition 
process. The reflective coating enhances 
optical contrast for visuotactile imaging 
while keeping its flexibility. By adjusting 
factors like thickness, stiffness, and surface 
texture, the elastomer interface allows for 
sensitivity to tiny features and forces at the 
millinewton scale. 

3.2 Optical and Illumination System​
To achieve high-resolution tactile imaging, 
Digit 360 uses a custom hyper-fisheye 
solid-immersion lens paired with a 
high-frame-rate CMOS image sensor. This 
sensor can capture images at 240 frames per 
second. A well-designed illumination 
system scatters light through the reflective 
elastomer. This setup creates uniform 
background intensity and high-contrast 
surface contact patterns. As a result, the 
system reaches a spatial resolution of about 
7 μm, which greatly exceeds what 
conventional tactile sensors can do. 

3.3 Multimodal Sensing Subsystems 

Beyond imaging, Digit 360 includes other 
methods:​

Pressure and shear sensing for quantifying 
contact forces. 

●​ Surface-audio microphones 
capable of capturing vibrations up to 
10 kHz. 

●​ Thermal sensors for detecting 
temperature variations across contact 
surfaces. 

●​ Gas sensors for identifying volatile 
compounds, enabling detection of 
object states such as freshness or 
contamination. 

●​ Inertial measurement units (IMUs) 
to track fingertip motion and 
orientation during interactions. 

3.4 On-Device Neural Processing​
To reduce latency in robotic control loops, 
the fingertip has an embedded neural 
network accelerator. This on-device 
processor allows for real-time feature 
extraction and inference directly at the 
sensor. As a result, it reduces 
action-response latency to about 1.2 
milliseconds. This reflex-like ability is 
crucial for robotic manipulation tasks, where 
detecting and correcting slip must happen 
quickly. 

3.5 Evaluation Methodology​
The performance of Digit 360 was validated 
through a series of experimental evaluations: 

●​ Spatial resolution testing using 
calibrated micro-indenters. 

●​ Force measurement benchmarks 
with tribo-indenter equipment to 
assess normal and shear force 
precision. 



●​ Dynamic response analysis to 
measure vibration sensing and 
frequency bandwidth. 

●​ Multimodal classification tasks, 
involving a four-finger robotic setup, 

to evaluate material, state, and object 
recognition accuracy. 

●​ Latency measurements, comparing 
on-device versus host-based 
inference pipelines. 

This structured methodology ensured 
rigorous characterization of Digit 360 across 
its multimodal sensing capabilities,  

establishing benchmarks that highlight its 
advancement over prior tactile sensor 
designs. 

 

4. TECHNOLOGIES VS. REALITY 

The pursuit of digitizing touch has been 
driven by advancements in tactile sensing 
technologies. However, there are significant 
challenges in connecting theoretical 
capabilities with practical use. Traditional 
tactile sensors, like capacitive arrays, 
resistive films, and piezoelectric devices, 
can capture limited modalities such as 
pressure or vibration. While these 
technologies work well in controlled lab 
settings, they often face problems with 
scalability, durability, and combining 
multiple modes when used in real-world 
situations. 

4.1 Limitations of Prior Technologies​
Most current tactile sensors do not have the 
spatial resolution needed to capture the tiny 
surface details that humans easily notice. In 
addition, delays in data transmission and 
processing make them less useful for 
real-time tasks like robotic grasping or 
surgical procedures. Many devices also face 
issues with material wear, sensitivity to 
interference, and challenges in combining 
multiple sensing channels into a small 
design. Consequently, the shift from tactile    

 

research prototypes to strong, usable 
systems has been limited. 

4.2 Advancements with Digit 360​
Digit 360 solves these issues by combining 
various sensing methods, including 
visuotactile imaging, force detection, 
vibration capture, temperature, and gas 
sensing, into a single hemispherical 
fingertip. Unlike earlier technologies that 
concentrated on just one or two methods, 
Digit 360 imitates the rich, multimodal 
nature of human touch. With its tailored 
elastomer interface, improved optical 
system, and built-in neural processing unit, 
the platform reaches almost superhuman 
sensitivity while keeping low latency and 
high durability. 

4.3 Practical Implications​
By bridging the gap between technology and 
practical use, Digit 360 marks an important 
step in making tactile sensing a dependable 
and scalable skill. Its open-source release 
allows researchers and engineers to modify 
the platform for various real-world 
applications, such as robotics, prosthetics, 
telepresence, and consumer technologies. 
While earlier tactile sensing systems were 
mostly experimental, Digit 360 shows a way 
to turn research advancements into working 
solutions. 



5. CONCLUSION 

The development of Digit 360 represents a 
major step forward in digitizing touch. It 
combines high-resolution visuotactile 
imaging with other methods, including 
force, vibration, thermal, and gas sensing. Its 
unique elastomer interface, custom optical 
design, optimized lighting, and built-in 
neural processing allow the fingertip to 
detect spatial sensitivity at the micrometer 
scale, sense forces at the millinewton level, 
and respond with reflex-like, low-latency 
reactions. These features go beyond normal 
human tactile perception, making Digit 360 
a platform with superhuman sensing 
abilities. 

The impact of this work is extensive. In 
robotics, Digit 360 facilitates skilled 
manipulation and safer collaboration 
between humans and robots. In prosthetics, 
it offers the possibility of restoring a natural 
sense of touch for users, enhancing both 
functionality and quality of life. In areas 
such as telepresence, virtual reality, and 
healthcare, the ability to send and 
understand detailed tactile signals improves 
the experience and accuracy of remote 
interactions. 

By open-sourcing the platform, the creators 
of Digit 360 have set the stage for teamwork 
and innovation across various fields. This 
effort speeds up advances in tactile sensing 
technologies and encourages new uses that 
blend artificial intelligence with 
human-machine interaction. In summary, 
Digit 360 sets a new standard for artificial   

 

 

 

tactile systems and lays the groundwork for 
achieving the long-held goal of fully 
digitizing the human sense of touch. 
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