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SOFT ROBOTICS
We generally think 
of robots as metal 
containers full of 
electronics—like 
C3PO, R2-D2, and that 
helpful robot from 
Lost In Space... 

But innovative  
design and creative 
thinking has opened 
up a whole new  
palate of materials 
from which robot  
creators are forming 
new and more flexible 
machines that can  
better emulate  
living organisms  
and therefore be  
more adaptive.
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Imagine rescuers searching for people in the rubble of a collapsed building. Instead of digging through the debris by 
hand or having dogs sniff for signs of life, they bring out a small, air-tight cylinder. They place the device at the entrance 
of the debris and flip a switch. From one end of the cylinder, a tendril extends into the mass of stones and dirt, like a 
fast-climbing vine. A camera at the tip of the tendril gives rescuers a view of the otherwise unreachable places beneath 
the rubble.

This is just one possible application of a new type of robot created by mechanical engineers at Stanford University, 
detailed in a June 19 Science Robotics paper. Inspired by natural organisms that cover distance by growing – such as 
vines, fungi and nerve cells – the researchers have made a proof of concept of their soft, growing robot and have run it 
through some challenging tests.

Stanford researchers develop a new type 
of soft, growing robot

A newly developed vine-like robot can grow across long distances without moving its whole 
body. It could prove useful in search and rescue operations and medical applications.

By Taylor Kubota

Graduate students Joseph Greer, left, and Laura Blumenschein, right, work with Elliot Hawkes, a visiting assistant professor from the 
University of California, Santa Barbara, on a prototype of the vinebot. (Image: L.A. Cicero)
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“Essentially, we’re trying to understand the 
fundamentals of this new approach to getting mobility 
or movement out of a mechanism,” explained Allison 
Okamura, professor of mechanical engineering and 
senior author of the paper. “It’s very, very different 
from the way that animals or people get around the 
world.”

To investigate what their robot can do, the group 
created prototypes that move through various 
obstacles, travel toward a designated goal, and grow 
into a free-standing structure. This robot could serve 
a wide range of purposes, particularly in the realms of 
search and rescue and medical devices, the researchers 
said.

A growing robot
The basic idea behind this robot is straightforward. 

It’s a tube of soft material folded inside itself, like an 
inside-out sock, that grows in one direction when 
the material at the front of the tube everts, as the 
tube becomes right-side-out. In the prototypes, the 
material was a thin, cheap plastic and the robot body 
everted when the scientists pumped pressurized air 
into the stationary end. In other versions, fluid could 
replace the pressurized air.

Graduate students Joseph Greer, left, and Laura 
Blumenschein, right, work with Elliot Hawkes, a visiting 
assistant professor

What makes this robot design extremely useful is 
that the design results in movement of the tip without 
movement of the body.

“The body lengthens as the material extends 
from the end but the rest of the body doesn’t move,” 
explained Elliot Hawkes, a visiting assistant professor 
from the University of California, Santa Barbara and 
lead author of the paper. “The body can be stuck to 
the environment or jammed between rocks, but that 
doesn’t stop the robot because the tip can continue 
to progress as new material is added to the end.”

The group tested the benefits of this method for 
getting the robot from one place to another in several 
ways. It grew through an obstacle course, where it 
traveled over flypaper, sticky glue and nails and up an 
ice wall to deliver a sensor, which could potentially 
sense carbon dioxide produced by trapped survivors. 
It successfully completed this course even though it 
was punctured by the nails because the area that was 
punctured didn’t continue to move and, as a result, 
self-sealed by staying on top of the nail.

In other demonstrations, the robot lifted a 
100-kilogram crate, grew under a door gap that was 
10 percent of its diameter and spiraled on itself to 
form a free-standing structure that then sent out a 
radio signal. The robot also maneuvered through the 
space above a dropped ceiling, which showed how it 
was able to navigate unknown obstacles as a robot like 
this might have to do in walls, under roads or inside 
pipes. Further, it pulled a cable through its body while 
growing above the dropped ceiling, offering a new 
method for routing wires in tight spaces.

Below: The vinebot is a tube of soft material that grows in one direction. 
(Image: L.A. Cicero)
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Difficult environments
“The applications we’re focusing on are those 

where the robot moves through a difficult environment, 
where the features are unpredictable and there are 
unknown spaces,” said Laura Blumenschein, a graduate 
student in the Okamura lab and co-author of the 
paper. “If you can put a robot in these environments 
and it’s unaffected by the obstacles while it’s moving, 
you don’t need to worry about it getting damaged or 
stuck as it explores.”

Some iterations of these robots included a control 
system that differentially inflated the body, which 
made the robot turn right or left. The researchers 
developed a software system that based direction 
decisions on images coming in from a camera at the 
tip of the robot.

A primary advantage of soft robots is that they can 
be safer than hard, rigid robots not only because they 
are soft but also because they are often lightweight. 
This is especially useful in situations where a robot 
could be moving in close quarters with a person. 
Another benefit, in the case of this robot, is that it 
is flexible and can follow complicated paths. This, 
however, also poses some challenges.

Joey Greer, a graduate student in the Okamura 
lab and co-author of the paper, said that controlling a 
robot requires a precise model of its motion, which is 
difficult to establish for a soft robot. Rigid robots, by 

comparison, are much easier to model and control, 
but are unusable in many situations where flexibility 
or safety is necessary. “Also, using a camera to guide 
the robot to a target is a difficult problem because 
the camera imagery needs to be processed at the 
rate it is produced. A lot of work went into designing 
algorithms that both ran fast and produced results 
that were accurate enough for controlling the soft 
robot,” Greer said.

Going big – and small
As it exists now, the scientists built the prototype by 

hand and it is powered through pneumatic air pressure. 
In the future, the researchers would like to create a 
version that would be manufactured automatically. 
Future versions may also grow using liquid, which 
could help deliver water to people trapped in tight 
spaces or to put out fires in closed rooms. They are 
also exploring new, tougher materials, like rip-stop 
nylon and Kevlar.

The researchers also hope to scale the robot much 
larger and much smaller to see how it performs. They’ve 
already created a 1.8 mm version and believe small 
growing robots could advance medical procedures. 
In place of a tube that is pushed through the body, 
this type of soft robot would grow without dragging 
along delicate structures.

Source: Stanford University

Below: The vinebot coming through a small opening to extinguish a fire. 

(Image credit: Kurt Hickman and Aaron Kehoe, from the video at https://youtu.be/oRjFFgAZQnk)

Taylor Kubota is a public 
information officer at 

Stanford University where 
she writes articles and 
press releases about 
research, faculty and 

student life in the science 
departments.
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The engineering team has designed and built a 
gripper that can pick up and manipulate objects without 
needing to see them and needing to be trained.  The 
gripper is unique because it brings together three 
different capabilities. It can twist objects; it can sense 
objects; and it can build models of the objects it’s 
manipulating. This allows the gripper to operate in 
low light and low visibility conditions, for example.

The engineering team, led by Michael T. Tolley, a 
roboticist at the Jacobs School of Engineering at UC 
San Diego, presented the gripper at the International 
Conference on Intelligent Robots and Systems (or 
IROS) Sept. 24 to 28 in Vancouver, Canada.

Researchers tested the gripper on an industrial 
Fetch Robotics robot and demonstrated that it could 
pick up, manipulate and model a wide range of objects, 
from lightbulbs to screwdrivers.

“We designed the device to mimic what happens 
when you reach into your pocket and feel for your 
keys,” said Tolley.

The gripper has three fingers. Each finger is 
made of three soft flexible pneumatic chambers, 
which move when air pressure is applied. This gives 
the gripper more than one degree of freedom, so it 
can actually manipulate the objects it’s holding. For 
example, the gripper can turn screwdrivers, screw in 
lightbulbs and even hold pieces of paper, thanks to 
this design.

In addition, each finger is covered with a smart, 
sensing skin. The skin is made of silicone rubber, where 
sensors made of conducting carbon nanotubes are 
embedded. The sheets of rubber are then rolled up, 
sealed and slipped onto the flexible fingers to cover 
them like skin.

The conductivity of the nanotubes changes as the 
fingers flex, which allows the sensing skin to record 
and detect when the fingers are moving and coming 
into contact with an object. The data the sensors 
generate are transmitted to a control board, which 
puts the information together to create a 3D model 
of the object the gripper is manipulating.  It’s a process 
similar to a CT scan, where 2D image slices add up to 
a 3D picture.

Soft Robotic Gripper
How many robots does it take to screw in a light bulb?  

The answer: just one, assuming you’re talking about a new robotic gripper developed by 
engineers at the University of California, San Diego.

The breakthroughs were possible because of the 
team’s diverse expertise and their experience in the 
fields of soft robotics and manufacturing, Tolley said.

Next steps include adding machine learning and 
artificial intelligence to data processing so that the 
gripper will actually be able to identify the objects 
it’s manipulating, rather than just model them. 
Researchers also are investigating using 3D printing 
for the gripper’s fingers to make them more durable

Source: UCSD.

Above: The gripper designed by engineers at the University of 
California San Diego can screw in a light bulb–and more. Image 
© UCSD
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Above: A Fetch Robotic arm complete with 3 soft pneumatic fingers. Image © UCSD 
 
Below: One of the soft flexible pneumatic fingers which can move when air pressure is applied and is covered with a smart, sensing 
skin made of silicone rubber and conducting carbon nanotubes. Image © UCSD
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Flexible “skin” can help robots & prosthetics 
perform everyday tasks by sensing shear force

By Jennifer Langston

If a robot is sent to disable a roadside bomb — or delicately handle an egg 
while cooking you an omelet — it needs to be able to sense when objects are 

slipping out of its grasp.

Yet to date it’s been difficult or impossible for most robotic and prosthetic 
hands to accurately sense the vibrations and shear forces that occur, for 

example, when a finger is sliding along a tabletop or when an object begins 
to fall.
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Now, engineers from the University of Washington 
and UCLA have developed a flexible sensor “skin” 
that can be stretched over any part of a robot’s 
body or prosthetic to accurately convey information 
about shear forces and vibration that are critical to 
successfully grasping and manipulating objects.

The bio-inspired robot sensor skin, described 
in a paper published in Sensors and Actuators A: 
Physical, mimics the way a human finger experiences 
tension and compression as it slides along a surface 
or distinguishes among different textures. It measures 
this tactile information with similar precision and 
sensitivity as human skin, and could vastly improve the 
ability of robots to perform everything from surgical 
and industrial procedures to cleaning a kitchen.

“Robotic and prosthetic hands are really based on 
visual cues right now — such as, ‘Can I see my hand 
wrapped around this object?’ or ‘Is it touching this 
wire?’ But that’s obviously incomplete information,” 
said senior author Jonathan Posner, a University of 
Washington professor of mechanical engineering and 
of chemical engineering.

“If a robot is going to dismantle an improvised 
explosive device, it needs to know whether its hand 
is sliding along a wire or pulling on it. To hold on to 
a medical instrument, it needs to know if the object 
is slipping. This all requires the ability to sense shear 
force, which no other sensor skin has been able to do 
well,” Posner said.

Some robots today use fully instrumented fingers, 
but that sense of “touch” is limited to that appendage 
and you can’t change its shape or size to accommodate 
different tasks. The other approach is to wrap a robot 
appendage in a sensor skin, which provides better 
design flexibility. But such skins have not yet provided 
a full range of tactile information.

“Traditionally, tactile sensor designs have focused 
on sensing individual modalities: normal forces, shear 
forces or vibration exclusively. However, dexterous 
manipulation is a dynamic process that requires a 
multimodal approach. The fact that our latest skin 
prototype incorporates all three modalities creates 
many new possibilities for machine learning-based 
approaches for advancing robot capabilities,” said co-
author and robotics collaborator Veronica Santos, a 
UCLA associate professor of mechanical and aerospace 
engineering.

The new stretchable electronic skin, which was 
manufactured at the Washington Nanofabrication 
Facility, is made from the same silicone rubber used 
in swimming goggles. The rubber is embedded with 
tiny serpentine channels — roughly half the width of a 
human hair — filled with electrically conductive liquid 
metal that won’t crack or fatigue when the skin is 
stretched, as solid wires would do.

When the skin is placed around a robot finger or end 
effector, these microfluidic channels are strategically 
placed on either side of where a human fingernail 
would be.

As you slide your finger across a surface, one side of 
your nailbed bulges out while the other side becomes 
taut under tension. The same thing happens with the 
robot or prosthetic finger — the microfluidic channels 
on one side of the nailbed compress while the ones 
on the other side stretch out.

When the channel geometry changes, so does 
the amount of electricity that can flow through them.  
The research team can measure these differences 
in electrical resistance and correlate them with the 
shear forces and vibrations that the robot finger is 
experiencing.

“It’s really following the cues of human biology,” 
said lead author Jianzhu Yin, who recently received 
his doctorate from Washington in mechanical 
engineering. “Our electronic skin bulges to one side 
just like the human finger does and the sensors that 

Image previous page: The flexible sensor skin wrapped around the robot finger (orange) is the first to measure shear forces with similar 
sensitivity as a human hand — which is critical for successfully gripping and manipulating objects. Photo by UCLA Engineering

Above: The bio-inspired sensor skin developed by University of 
Washington and UCLA engineers can be wrapped around a finger or 
any other part of a robot or prosthetic device to help convey a sense 
of touch. Photo: UCLA Engineering
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measure the shear forces are physically located where 
the nailbed would be, which results in a sensor that 
performs with similar performance to human fingers.”

Placing the sensors away from the part of the 
finger that’s most likely to make contact makes it 
easier to distinguish shear forces from the normal 
“push” forces that also occur when interacting with 
an object, which has been difficult to do with other 
sensor skin solutions.

The research team from the UW College of 
Engineering and the UCLA Henry Samueli School of 
Engineering and Applied Science has demonstrated that 
the physically robust and chemically resistant sensor 
skin has a high level of precision and sensitivity for 

light touch applications — opening a door, interacting 
with a phone, shaking hands, picking up packages, 
handling objects, among others. Recent experiments 
have shown that the skin can detect tiny vibrations 
at 800 times per second, better than human fingers.

“By mimicking human physiology in a flexible 
electronic skin, we have achieved a level of sensitivity 
and precision that’s consistent with human hands, 
which is an important breakthrough,” Posner said. 
“The sense of touch is critical for both prosthetic and 
robotic applications, and that’s what we’re ultimately 
creating.”

Source: UCLA

Liquid Metal  
Brings Soft Robotics A Step Closer

Scientists have invented a way to morph liquid metal into physical shapes.

Researchers at the University of Sussex and 
Swansea University have applied electrical charges 
to manipulate liquid metal into 2D shapes such as 
letters and a heart.

The team says the findings represent an 
“extremely promising” new class of materials that can 
be programmed to seamlessly change shape. This 
open up new possibilities in ‘soft robotics’ and shape-
changing displays, the researcher say.

While the invention might bring to mind the film 
Terminator 2, in which the villain morphs out of a pool 
of liquid metal, the creation of 3D shapes is still some 
way off. More immediate applications could include 
reprogrammable circuit boards and conductive ink.

Yutaka Tokuda, the Research Associate working 
on this project at the University of Sussex, says: “This 
is a new class of programmable materials in a liquid 
state which can dynamically transform from a simple 
droplet shape to many other complex geometry in a 
controllable manner.

“While this work is in its early stages, the compelling 
evidence of detailed 2D control of liquid metals excites 
us to explore more potential applications in computer 
graphics, smart electronics, soft robotics and flexible 
displays.”

The electric fields used to shape the liquid are 
created by a computer, meaning that the position and 
shape of the liquid metal can be programmed and 
controlled dynamically.

Professor Sriram Subramanian, head of the 
INTERACT Lab at the University of Sussex, said: 
“Liquid metals are an extremely promising class of 
materials for deformable applications; their unique 
properties include voltage-controlled surface tension, 
high liquid-state conductivity and liquid-solid phase 
transition at room temperature.

“One of the long-term visions of us and many 
other researchers is to change the physical shape, 
appearance and functionality of any object through 
digital control to create intelligent, dexterous and 
useful objects that exceed the functionality of any 
current display or robot.”

Source: University of Sussex

Above: A blob of liquid metal morphs into the letter S using programmable 
electrical charges © University of Sussex
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That is exactly what an interdisciplinary team of 
scientists from Florida Atlantic University and the 
University of Utah School of Medicine aims to do. They 
are developing a first-of-its-kind bioengineered robotic 
hand that will grow and adapt to its environment. This 
“living” robot will have its own peripheral nervous 
system directly linking robotic sensors and actuators. 
FAU’s College of Engineering and Computer Science 
is leading the multidisciplinary team that has received 
a four-year, $1.3 million grant from the National 

Institute of Biomedical Imaging and Bioengineering 
of the National Institutes of Health for a project titled 
“Virtual Neuroprosthesis: Restoring Autonomy to 
People Suffering from Neurotrauma.”

With expertise in robotics, bioengineering, 
behavioral science, nerve regeneration, 
electrophysiology, microfluidic devices, and 
orthopedic surgery, the research team is creating a 
living pathway from the robot’s touch sensation to 

Bioengineered Robotic Hand to Sense Touch
By Gisele Galoustian

The sense of touch is often taken for granted. For someone without a limb or 
hand, losing that sense of touch can be devastating. While highly sophisticated 
prostheses with complex moving fingers and joints are available to mimic 

almost every hand motion, they remain frustratingly difficult and unnatural for 
the user. This is largely because they lack the tactile experience that guides every 
movement. This void in sensation results in limited use or abandonment of these 
very expensive artificial devices. So why not make a prosthesis that can actually 
“feel” its environment?  
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the user’s brain to help amputees control the robotic 
hand. A neuroprosthesis platform will enable them to 
explore how neurons and behavior can work together 
to regenerate the sensation of touch in an artificial 
limb.

At the core of this project is a cutting-edge robotic 
hand and arm developed in the BioRobotics Laboratory 
in FAU’s College of Engineering and Computer 
Science. Just like human fingertips, the robotic hand 
is equipped with numerous sensory receptors that 
respond to changes in the environment. Controlled by 
a human, it can sense pressure changes, interpret the 
information it is receiving and interact with various 
objects. It adjusts its grip based on an object’s weight 
or fragility. But the real challenge is figuring out how 
to send that information back to the brain using living 
residual neural pathways to replace those that have 
been damaged or destroyed by trauma. 

“When the peripheral nerve is cut or damaged, it 
uses the rich electrical activity that tactile receptors 
create to restore itself. We want to examine how 
the fingertip sensors can help damaged or severed 
nerves regenerate,” said Erik Engeberg, PhD, 
principal investigator, an associate professor in FAU’s 
Department of Ocean and Mechanical Engineering, 
and director of FAU’s BioRobotics Laboratory. “To 
accomplish this, we are going to directly connect these 
living nerves in vitro and then electrically stimulate 
them on a daily basis with sensors from the robotic 
hand to see how the nerves grow and regenerate 
while the hand is operated by limb-absent people.”

For the study, the neurons will not be kept in 
conventional petri dishes. Instead, they will be placed 
in  biocompatible microfluidic chambers that provide a 
nurturing environment mimicking the basic function of 
living cells. Sarah E. Du, PhD, co-principal investigator, 
an assistant professor in FAU’s Department of Ocean 
and Mechanical Engineering, and an expert in the 
emerging field of microfluidics, has developed these 
tiny customized artificial chambers with embedded 
micro-electrodes. The research team will be able to 
stimulate the neurons with electrical impulses from 
the robot’s hand to help regrowth after injury. They 
will morphologically and electrically measure in real-
time how much neural tissue has been restored.

Jianning Wei, PhD, co-principal investigator, an 
associate professor of biomedical science in FAU’s 
Charles E. Schmidt College of Medicine, and an expert 
in neural damage and regeneration, will prepare the 
neurons in vitro, observe them grow and see how they 
fare and regenerate in the aftermath of injury. This 
“virtual” method will give the research team multiple 
opportunities to test and retest the nerves without 
any harm to subjects.

Using an electroencephalogram (EEG) to detect 
electrical activity in the brain, Emmanuelle Tognoli, 
PhD, co-principal investigator, associate research 
professor in FAU’s Center for Complex Systems and 
Brain Sciences in the Charles E. Schmidt College of 
Science, and an expert in electrophysiology and neural, 
behavioral, and cognitive sciences, will examine how 
the tactile information from the robotic sensors is 
passed onto the brain to distinguish scenarios with 
successful or unsuccessful functional restoration of 
the sense of touch. Her objective: to understand how 
behavior helps nerve regeneration and how this nerve 
regeneration helps the behavior.

Once the nerve impulses from the robot’s tactile 
sensors have gone through the microfluidic chamber, 
they are sent back to the human user manipulating 
the robotic hand. This is done with a special device 
that converts the signals coming from the microfluidic 
chambers into a controllable pressure at a cuff placed 
on the remaining portion of the amputated person’s 
arm. Users will know if they are squeezing the object 
too hard or if they are losing their grip.    

Engeberg also is working with Douglas T. 
Hutchinson, MD, co-principal investigator and a 
professor in the Department of Orthopedics at the 
University of Utah School of Medicine, who specializes 
in hand and orthopedic surgery. They are developing 
a set of tasks and behavioral neural indicators of 
performance that will ultimately reveal how to promote 
a healthy sensation of touch in amputees and limb-
absent people using robotic devices. The research team 
also is seeking a post-doctoral researcher with multi-
disciplinary experience to work on this breakthrough 
project.

“This National Institutes of Health grant will help 
our interdisciplinary team of scientists address an 
important challenge that impacts millions of people 
worldwide,” said Stella Batalama, PhD, dean and 
professor of FAU’s College of Engineering and Computer 
Science. “By providing a better understanding of how 
to repair nerve injuries and trauma we will be able 
to help patients recover motor functionality after an 
amputation. This research also has broad applications 
for people who suffer from other forms of neurotrauma 
such as stroke and spinal cord injuries.”

The early stages of this project were supported 
by the National Science Foundation and FAU’s 
Institute for Sensing and Embedded Network 
Systems (I-SENSE). Researchers also are working in 
collaboration with I-SENSE and FAU’s Brain Institute, 
two of the University’s research pillars, focused on 
institutional strengths.

Source: Florida Atlantic University 
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