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Abstract— This paper proposes a novel flexible fluid actuator 
with a long cylindrical structure, aimed at creeping smoothly 
even on rugged and narrow terrain. Since only the tip goes 
forward by drawing out the outer skin from its inside, the 
actuator creeps without moving against the outer environment, 
just like the plant’s growing process. The actuator is composed 
of the plural flexible flat tubes, placed around the cylindrical 
slippery cloth in parallel, whose tips are bent to cut off the fluid 
passage. Moreover, it is designed to be capable of steering the 
direction actively by curving its tip, while the outer shape 
formed before remains constant. The developed prototype 
named “Grow-hose-I” creeps at the maximized speed of 
500mm/s with generating the driving force of 40N in linear 
motion. Finally, its feasibility for search and rescue operation is 
discussed, aiming to make it carry small cameras and 
microphones as smoothly as possible at the disastrous site. 

I. INTRODUCTION 
A stick equipped with a camera and a fiberscope have been 

mainly used up to now for the inquiry of the rescuer left inside 
the collapsed houses caused by disaster. Although they are 
applicable for searching in the linear path or in the near area 
from the operator, it is hard to insert them into the deep area in 
the complex and curved path. Moreover, in addition to the 
search function, the function of conveying fresh water, air and 
medicine is also requested to prevent the crash syndrome for 
the rescuer. 

On the basis of these facts, this study discusses the desired 
mobile method of the flexible and long cylindrical structure, 
which we call the hose-shaped structure after this, aimed at 
carrying the probe unit and the tube into the remote area 
through the narrow and curved path. 

Previously, various mobile methods of the hose-shaped 
structure have been investigated. They are classified into two 
categories, such as i)a method to move the whole body at the 
same speed and ii)a method to move each part of the body at 
each different speed periodically. As for the method of i), 
several types were proposed. For instance, the robot moved by 
the actively driven wheels arranged along the body[1-2], the 
robot moved by vibrated thin hair around the body[3], and so 
on. The common problem in this method is that the moving 
direction of the whole body tends to be unstable especially on 
the rugged terrain, for the driving direction at each contact 
point on the ground varies due to the bumpy surface. With 
regard to the method of ii), various types of robots were also 
proposed, which advances with making the moving part leave 
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from the ground, referring to the behavior of an earthworm 
and an inchworm[4-8]. The problem in this method is how to 
enable the moving part to leave from the rugged ground 
without causing the sliding friction.   

In order to solve the above mentioned problems, a novel 
mobile method totally different from both i) and ii) is 
considered.  Namely, referring to the tip growth movement of 
a root and a stem of the plant, a new type of actuator is 
developed which advances with drawing out the outer skin 
from the inside(Fig.1,2). Additionally, the steering method 
and the method of carrying the probe unit are also discussed. 
Finally, the developed prototype named “Grow-hose-I” is 
introduced, and the validity of the proposed method is 
experimentally verified.  

 
 
 
 
 
 
 
 
 

 
Fig.1 Tip growth movement of the initial prototype with steering. 

 
 
 
 
 
 
 
 

Fig.2 Zoom view of the tip of the initial prototype. 

II. BASIC DESIGN CONCEPT 
The plant’s root grows and extends with forming its new 

outer skin at the growing point on the tip, while the base and 
the middle part do not almost extend. Taking advantage of 
the tip growth like this allows the root to extend in the deep 
area in the earth with reducing the friction against the soil.  

From this point of view, we consider how to design a 
creeping actuator based on the tip growth movement, whose 
growing speed is accelerated to be practical for the mobile 
robot. In other words, we aim to develop a hose-shaped 
structure which can go forward by drawing out the outer skin 
from the inside.  Since the drawn outer skin does not move 
against the outer environment, it can be expected to reduce 
the slide friction against the ground and to propel smoothly 
even on the rugged and curved path.  
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E. W. Hawkes, L. H. Blumenschein, J. D. Greer and A. M. Okamura. A soft robot that navigates its environment through growth.
Science Robotics, 2(8):eaan3028, 2017.

Soft Growing Robots



Question: How do you steer a growing robot?
Answer 1: You don’t!

E. W. Hawkes, L. H. Blumenschein, J. D. Greer and 
A. M. Okamura. A soft robot that navigates its 
environment through growth. Science Robotics, 
2(8):eaan3028, 2017.

N. Naclerio, D. Goldman, E. W. Hawkes. Soft Robotic 
Burrowing Device with Tip-Extension and Granular 
Fluidization. IROS 2018.



Question: How do you steer a growing robot?

Answer 2: Pre-form it

N. Agharese, T. Cloyd, L. H. Blumenschein, M. Raitor, E. W. Hawkes, H. Culbertson, A. M. Okamura. HapWRAP: 
Soft Growing Wearable Haptic Device. ICRA 2018

Design and assembly instructions
for pre-formed vine robots:
VineRobots.org



Question: How do you steer a growing robot?

Answer 3: Use the environment to help

J. D. Greer, L. H. Blumenschein, A. M. Okamura, E. W. Hawkes. Obstacle-Aided Navigation of a Soft Growing 
Robot. ICRA 2018.
J. D. Greer, L. H. Blumenschein, R. Alterovitz, A. M. Okamura, E. W. Hawkes. Design and Path Planning for 
Obstacle-Aided Navigation of Soft Growing Robots. In preparation.
N. Naclerio, E. W. Hawkes. In preparation.



Question: How do you steer a growing robot?

Answer 4: Network them (Pneumatic Reel Actuators)

Z. Hammond, E. W. Hawkes, N. S. Usevitch, and S. Follmer. Pneumatic Reel Actuator: Design, modeling, and 
implementation. ICRA 2017.

Networked PRASingle PRA Controllable Stiffness



Hawkes et al., Sci. Robot. 2, eaan3028 (2017)     19 July 2017
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navigate their environments, such as certain fungi and plants. To under-
stand the behavior of the rate of lengthen ing in our system, we measured 
the rate as we varied the internal pressure (Fig. 3C). Because of the energy 
losses caused by everting the membrane, we see a behavior characteristic 
of a Bingham plastic, in which there is a minimum required pressure 
before yield, and a monotonic relationship between the rate of length-
ening and pressure (28). This is the same behavior observed in growing 
plant cells, which soften and then stretch because of internal pressure 
before new material is added to rethicken the walls (29–32). In plants, 
the relationship between rate and pressure is described using an inverse 
viscosity, termed “extensibility,” φ (fig. S5; see Supplementary Text for 

discussion) (33, 34). Our system has an extensibility that is seven orders 
of magnitude higher than in plants and only one order of magnitude 
higher than in invertebrates that use the same mechanism of length-
ening (Fig. 3, C and D). Our peak bursting pressure is lower than that 
in a plant cell, resulting in a maximum rate of lengthening roughly five 
orders of magnitude higher than that in plant cells, with a maximum speed 
over short distances of 10 m/s. Although our implementation allows for 
considerably faster tip movement than that of natural cells, real-time 
branching, as seen in fungal hyphae in a mycelium (1, 35), is not cur-
rently possible. However, a handful of preset branches are possible (fig. 
S4), and because the robot body is inexpensive and disposable, many 
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Fig. 3. Principle of asymmetric lengthening of tip enables active steering. (A) Implementation in a soft robot uses small pneumatic control chambers and a camera 
mounted on the tip for visual feedback of the environment. The camera is held in place by a cable running through the body of the robot. (B) To queue an upward turn, 
the lower control chamber is inflated. (C) As the body grows in length, material on the inflated side lengthens as it everts, resulting in an upward turn (see Materials and 
Methods and Fig.  5 for details). (D) Once the chamber is deflated, the body again lengthens along a straight path, and the curved section remains. (E) A soft robot can 
navigate toward light using a tip-mounted camera. Inset: The view from the camera shows the target to the right. Electronically controlled solenoid valves inflate the 
control chamber on the left side of the robot body, resulting in the tip reorienting to the right and forming a right turn. (F) The target is straight ahead, and the robot steers 
straight. (G) The target is to the left, and the robot steers left. (H) The robot reaches the target. (I) Position of the target along the horizontal axis of the camera as the robot 
lengthens toward the target.
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Question: How do you steer a growing robot?
Answer 5: Locally lengthen material on one side (non-reversible)



Question: How do you steer a growing robot?
Answer 6: Uniformly shorten one side (reversible w/ pull strings)

L. H. Blumenschein, N. S. Usevitch, B. Do, E. W. Hawkes, A. M. Okamura. Helical actuation on a soft inflated 
robot body. RoboSoft 2018. 
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Question: How do you steer a growing robot?
Answer 7: Uniformly shorten one side (reversible with pouches)

J. D. Greer, T. K. Morimoto, A. M. Okamura, and E. W. Hawkes. Series 
Pneumatic Artificial Muscles (sPAMs) and Application to a Soft 
Continuum Robot. ICRA 2017. A Soft, Steerable Continuum Robot 
that Grows via Tip Extension. Soft Robotics, in press.



Growth to arbitrarily 
long lengths

Teleoperated steering using 
series pouch motors

Mounting of wired camera at tip 
using hard cap and zipper pocket

M. Coad, L. Blumenschein, J. Reyna, S. Cutler, N. Naclerio, H. El-Hussieny, U. Mehmood, J.-H. Ryu, E. Hawkes, and A. M. 
Okamura. Teleoperated Navigation of a Long, Portable Soft Growing Robot, In preparation, 2018.

Long Teleoperated Vine Robot



Long Teleoperated Vine Robot

Demonstrated at RoboSoft 2018 Soft Robot Navigation Competition 
and WIRED 25’s “Robot Petting Zoo”



Archeology Expedition (Chavin, Peru, July 2018)

Simulations courtesy of Jee-Hwan Ryu’s group (KoreaTech)



Thank You

This work supported by: NSF NRI Award
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See our interactive vine robot demonstration and this 
video about the archeological expedition at Poster #1
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