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Asian Scientist(web)

[Brittle Stars inspire new generation robots able to adapt to physical damage]
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All Latest News () The invention of a robot made to adapt to unexpected physical damage is a

- significant breakthrough for hi made to fi in tough
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Focus On... o Researchers at Tohoku
University and Hokkaido Prodator Bactane
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bfeaklhrough as robots

(a) Overview of a brittle star (left) and photographs of
locomotion when it lost one of its arms (right). (b)
Overview of the brittle star-like robot PENTABOT Il (left)

are i cted
to function in tougr
environments under
hazardous conditions.

About ResearchSEA
Asia Research News

and photographs of locomotion when one of the arms
was destroycd (right). The robot could keep movng by

Conventional robots tend
to require a considerable
amount of time (several
tens of seconds) to adapt
when they incur pected physical d: To add this probl

led by Prof Akio Ishiguro of the R h Institute of Electncal Communication at
Tohoku University, focused on a brittle star - a primitive echinoderm with five flexible
arms. Brittle stars lack a sophisticated central nervous system, yet are able to
immediately adapt to an arbitrary loss of their arms and still move by coordinating the
remaining arms.

di g the g arms approp
Copyrrghl Ishiguro-Kano Laboratory

Our Services

Based on behavioral exy ing brittle stars whose arms were amputated
in various ways, the hers proposed a simple d lized control
in which each arm kicks the ground only when it obtains an assistive reaction force,
This ism was il d in a brittle star-like robot to demonstrate that it can
adapt to unexpected physical damage within a few seconds, like its biological model.

The researchers hope that this finding will help develop resilient robots that can work
ininh i its such as areas. It also provides insights into the

essemalmechanrsm derlying resilient animal k

(e

\

R bue thes

s prcp
Schematic of the proposed control scheme. First, each
arm moves ly to obtain a from the

environment. If the reaction force assists propulsion, the
arm pushes itself against the ground, after which the
arm lifts off from the ground and moves forward. When
the reaction force impedes propulsion, no further action
is generated.
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[Brittle Stars inspire new generation robots able to adapt to physical damage]
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Brittle stars inspire new generation robots
able to adapt to physical damage

TOHOKU UNIVERSITY
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IMAGE: (A) OVERVIEW OF A BRITTLE STAR (LEFT)
AND PHOTOGRAPHS OF LOCOMOTION WHEN IT
LOST ONE OF ITS ARMS (RIGHT). (B) OVERVIEW OF
THE BRITTLE STAR-LIKE ROBOT PENTABOT II
(LEFT)... view more >

CREDIT: ISHIGURO-KANO LABORATORY

Researchers at Tohoku University and Hokkaido University have, for the first time, succeeded in
developing a robot capable of immediately adapting to unexpected physical damage.

This is a significant breakthrough as robots are increasingly expected to function in tough environments
under hazardous conditions.

Conventional robots tend to require a considerable amount of time (several tens of seconds) to adapt
when they incur unexpected physical damage. To address this problem, researchers led by Professor
Akio Ishiguro of the Research Institute of Electrical Communication at Tohoku University, focused on a
brittle star - a primitive echinoderm with five flexible arms. Brittle stars lack a sophisticated central
nervous system, yet are able to immediately adapt to an arbitrary loss of their arms and still move by
coordinating the remaining arms.

Based on behavioral experiments involving brittle stars whose arms were amputated in various ways,
the researchers proposed a simple decentralized control mechanism in which each arm kicks the
ground only when it obtains an assistive reaction force. This mechanism was implemented in a brittle
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[Brittle Stars inspire new generation robots able to adapt to physical damage]

" & (NAEEIES )

ScienceDalily

Your source for the latest research news

Science News from research organizations
Brittle Stars inspire new generation of robots able to adapt
to physical damage

Date: December 14, 2017
Source:  Tohoku University

Summary:  The invention of a robot made to adapt to unexpected physical damage is a significant
breakthrough for machines made to function in tough environments.

share: f W G+ P in &

FULL STORY

(a)

Moving
direction
N o s i
Amm - (-y\
Arm loss L4
> Time
Moving
direction
P Time

(a) Overview of a brittle star (left) and photographs of locomotion when it lost one of its arms (right). (b)
Overview of the brittle star-like robot PENTABOT Il (left) and photographs of locomotion when one of
the arms was destroyed (right). The robot could keep moving by coordinating the remaining arms
appropriately.

Credit: Ishiguro-Kano Laboratory



Researchers at Tohoku University and Hokkaido University have, for the first time, suc-
ceeded in developing a robot capable of immediately adapting to unexpected physical
damage.

This is a significant breakthrough as robots are increasingly expected to function in tough ervironments
under hazardous conditions.

Conventional robots tend to require a considerable amount of time (several tens of seconds) to adapt
when they incur unexpected physical damage. To address this problem, researchers led by Professor Akio
Ishiguro of the Research Institute of Electrical Communication at Tohoku University, focused on a brittle
star - a prirmitive echinoderm with five flexible amrms. Brittle stars lack a sophisticated central nervous sys-
temn, yet are ahle to immediately adapt to an arbitrary loss of their anms and still move by coordinating the
remaining arms.

Based on behavioral experiments involving bnttle stars whose anns were amputated in various ways, the
researchers proposed a simple decentralized control mechanism in which each armkicks the ground only
when it obtains an assistive reaction force. This mechanisrm was implemented in a brittle star-like robot to
demonstrate that it can adapt to unexpected physical damage within a few seconds, like its biological
rmodel.

The researchers hope that this finding will help develop resilient robots that can work in inhospitable envi-
ronments such as disaster areas. It also provides insights into the essential mechanism underlying resilient
animal locomotion.

Story Source:

Matenals provided by Tohoku University. Nofe: Confent may be edifed for style and length.

Journal Reference:

1. Takeshi Kano, Eiki Sato, Tatsuya Ono, Hitoshi Aonuma, Yoshiya Matsuzaka, Akio Ishiguro. A brittle
star-like robot capable of immediately adapting to unexpected physical damage. Royal Society
Open Science, 2017; 4 (12): 171200 DOI: 10.1088/rs0s.171200

Cite This Page: )
MLA APA Chicago

Tohoku University. 'Bnttle Stars inspire new generation of robots able to adapt to physical damage.' Sci-
enceDaily. ScienceDaily, 14 Decermnber 2017.
<www.sciencedaily.comfreleases/2017/12/171214100840.htmz=.
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SAVL:
Researchers at Tohoku L andt L have d: ped a robot that Is 10%
capable of ing to pecled physical d:

This Is the first time that a robot of this kind has been
developed. The lechnology is a significant breakthrough
because robots are expected to function in more tough
environments and hazardous conditions

Conventional robols can require a significant amount of lime

(tens of seconds) to adapt when they incur unexpedled physical
damage. In order to address this problem, the researchers, led
by Professor Akio Ishiguro of the Research Instiute of Electrical
Communication at Tohoku Unwversity, focused on the bnttle star.

{a) Overview of a brittle star (left) and photographs
of locomotion when it lost one of its arms (right],

; ebmpapst
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The EC Aura
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The britie star IS a primitive echinoderm that nas five fiexible {b) Overview of the brittle star-like robot PENTABOT Date | Event Location

. I (32t) anat photographs of locomotion when one
arms_ Brittle stars don't have a sophisticated central nervous St amis Wb (right), The could PRT. SIGGRAPH Veicouver
system, but they are able to immediately adapl (v the loss of keap moving by coordinating the remaining arms. Aug 2015 | 2018 Canaca
arms and can still move by coordinating the remaining arms. appropriaialy. Source; ishiguro-ano Laberatory

14 The Battery Nowi
7 ) Ses 201 Shows of Nosth Michigsn
The researchers studied brittle stars through behavioral experiments where the animal's arms were America 2018
ampulated in various ways. They then proposed a simple, decentralized conlrol mechanism where each
: 2 . ? i R 27 Bey TechDay Los The Reef,

arm kicks the ground, only when it has an assistive reaction force. This mechanism was putinto a brittie Angeies G o

star-ike robotin order lo demonstrate that it can adapt to unexpected damage within a few seconds, justlike
the echinoderm.
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Tha vs§9ard1els.hope that th'xs development will hglp robots to beoome‘morg re.s«lxgnl and can workin bk EE——— A EL
inhospilable environments, fike disasler areas. This research also provides insightinic the essential ves201g | International
mechanism underlying resifient animal lccomotion
A paper on this research was published in Royal Sociely Open Science. Datasheets360
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[Brittle Stars inspire new generation robots able to adapt to physical damage]
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Brittle Stars inspire new generation
robots able to adapt to physical damage
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» ‘Mother rabot’ bulds children thet evolve and per befter with each new generetion
» Firet Robot able to Mimic Water Strider Jumps

» Sony Unleashes New 4ibo Robot Dog

« Off totheFuture with a New Soccer Ronct

« Hoaloha Rototics: Tandy Trower's New Heglthcare Robatics Company

ieszarchers at Tohoku University and Hokkaido Liniversity have, for thefirst time, succeaded in

developing a rcoct capable of immediately adapting to Lnexpected physical damage:

This is a s gnificant breakthrough as rcbcts areinc

qly expectad tofuncticn in taugh

environmeants under hazardous conditions

conventional re ; tend to reguire a cong

hen they Incur unexpectad p a damage Toaddressthis problem, researchersled by

quro cf the R essarch Insitute of Electrical Communication at Tohoku University focused on
ters |

L toan arbitrary loss of ther arms and still move by

1ck @ sophist cated contral

v echincdearm with fiveflexible arms. Britle

coordinating the remaining arms



RFID Robot TORY - Efficient
automated inventory

Simplify your stocktaking process with
TORY: Autonomous, fast and efficient.

Ad v metralabs com

Leam more

Based on behavioral experiments involving brittie stars whose arms were amputated in various ways,
the researchers proposed a simple decentralized control mechanism in which each arm kicks the
ground only when it obtains an assistive reaction force. This mechanism was implemented in a brittle
star-like robot to demonstrate that it can adapt to unexpected physical damage within a few seconds,
like its biological model.

The researchers hope that this finding will help develop resilient robots that can work in inhospitable
environments such as disaster areas. It also provides insights into the essential mechanism
underlying resilient animal locomotion.

“ Brittle Stars inspire new generation robots able to adapt to physical damage have 224
words, post on www.eurekalert.org at 2017-12-14 12:21:15. This Is cached page on
Technology Breaking News. If you want remove this page, please contact us

Aduarticamante
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Phys.org (web)
Cockroaches build spatial maps of olfactory stimuli to track potential mates |
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Cockroaches build spatial maps of olfactory
stimuli to track potential mates

9 February 2018

finely tuned odor sensors on their antennae and
periplangne-8 MB neural circuits that convey spatial information to the
5 brain. Using microelectrodes, the researchers
recorded the electrical activity of pheromone-
B sensitive interneurons in male American
sensory cockroaches that relay signals of female-producing
sex pheromones in the antennal lobe to higher-
order centers.
S

The team identified twelve key interneurons for
sensing pheromones, each of them tuned to
receive signals only from a certain portion of the
cockroach's antenna. One neuron is large in size,
and responds to stimuli along the entire length of
the flagellum. Three have a medium-sized
receptive field, and receive signals from a third of
AL the flagellum. The remaining eight neurons are
more finely tuned, responding to stimuli only on a
limited part of the antenna. Importantly, there is
large overlap in the receptive fields of neighboring

Spatial ‘”('{grsnl’\lam" dete“fd by °”a°'°’yd5:*”tsh°r y neurons, which ensures complete coverage over
n s
neurons S) on an antenna Is carrie (¢} e ‘he en“re ﬂage"um

mushroom body (MB) in the brain via macroglomerulus
(MG). Credit: Nishino H. et al., Current Biology, February
8, 2018

antenna

derdrites

BEEErIEEC

s
Male cockroaches can sense the spatial -l J
distribution of female pheromones to locate a ; 9 A\_. /\.. /\-../\.. —-/\ A
mate, according to researchers from Hokkaido i - >
University and the University of Konstanz. —_ ez
Cockroaches are nocturnal and heavily rely on
olfaction for finding food and mating partners in the
dark. However, plumes emitted from an odor Eight projection neurons (S1-S8) with spatially tuned
source are not smooth or continuous, and have no  receptive fields in the right brain hemisphere. Their
clear concentration gradient. They are rather receptive fields on the right antenna are distinct but
composed of filaments (clusters of odor molecules) overlapping. Credit: Nishino H. et al.. Current Biology,
of various sizes (> mm) and concentrations February 8, 2018
interspersed with regions of clean air.

Researchers from Hokkaido University and their

colleagues found that male cockroaches can The researchers also investigated how pheromone

sense the fine structures of odor plumes, thanks to signals are transmitted through the olfactory circuit
in the brain. As in mammalian olfactory systems,

1/3
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2018/6/28 Sniffing out a mate with precision - Scienmag: Latest Science and Health News

TRENDING P ‘Ring around bathtub’ at giant volcano field shows movement of subterranean magma [ O signin
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Sniffing Out A Mate With Precision

BIOLOGY

dengdrites

S5mm antenna
Credis: Nishino H. et al, Current Blology, February 8, 2018
Male cockroaches can "see” the spatial distribution of female pheromones to locate a sexual mate,
according to researchers from Hokkaido University and the University of Konstanz.

Cockroaches are nocturnal and heavily rely on olfaction for finding food and mating partners in the dark.
However, plumes emitted from an odor source are not smooth or continuous, and have no clear
concentration gradient. They are rather composed of filaments (clusters of edor molecules) of various
sizes (> mm) and concentrations interspersed with regions of clean air.

Researchers from Hokkaido University and their colleagues found that male cockroaches can "see” fine
structures of odor plumes, thanks ta their finely tuned odor sensors on their antennae and neural circuits
that convey spatial information to the brain,

Using microelectrodes, the researchers recorded the electrical activity of pheromone-sensitive

interneurons in male American cockroaches that relay signals of female-pr ing sex pt inthe
1 lobe ional h log to the lian offactory bulbj to higher-order centers.

The team identified twelve key i ons for sensing ph , each of them tuned to receive
signals only from a certain portion of the cockroach's antenna, One neuron is large in size, and responds to
stimuli along the entire length of the flagellum. Three have a medi ized receptive field, and receive
signals from a third of the flagellum. The remaining elght neurons are more finely tuned, responding to
stimuli only on a limited part of the antenna. Importantly, there Is large overlapinthe receptive fields of
neighboring neurons, which ensures complete coverage over the entire flagellum.

The researchers also investigated how pheromone signals are transmitted through the olfactory circuitin
the brain. As in mammalian olfactory systems, sensory neurons responsive to the same kinds of odors
converge in a spherical structure called the glomerulus. The macrogiomerulus (MG) in the cockroach,
which receives convergent axonal input from pheromone-responsi is ivided into layers
according to their spatial origins in the antenna. The 12 key neurons exploit this layered map with
precision: their dendrites {input sites) occupy distinct but partly overlapping layers within the
macroglomerulus according to their receptive fields in the antenna. The signals processed by these
neurons are carried to distinct regions in the mushroom body {invelved in spatial memory formation).
suggesting that the spatial information about pheromones are maintained from the surface of the antenna
up to the mushroom body.

The team suspects that the read-out of combinatory activity of small neurons in the mushroom bady
allows the cockroach ta evaluate the sizes and shapes of odor filaments. Since the size and density of
filaments differ depending on the distance from the source, such information might provide clues as to

comisniffing-out-a-mate-with-precision/ 172
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Sniffing out a mate with precision

How male cockroaches detect tha spatial distridution of famals pheromanes to focate 3 sexus! mate?
By Amit Matewar - Fetruary 9, 2018

>
" - > ¥

-

Image: Pixabiy

[ are nig! and vig depend on olfaction for discovering sustenance and
mating accomplices oblivious, Be that as it may, tufts discharged from 2 scent source are not

smooth or and have no i fixation They are made

out of fibers (groups of small particles) of different sizes (> mm) and focuses scattered with
locales of clean afr.

Analysts from Hokkaido Universtty and thelr partners found that mele cockroaches can
distingulsh fine structures of scent crest, because of thelr finely tuned smell sensors on their
recoption apparatuses and neural circuits that pass on spatial data to the ceredrum.

Spstial information detected by olfaciory
sensory Newons (OSNS) on an antetm i
Covried £ the mushvoom dody (M8) in the
brain via macroglomenius (MG).

Utilizing microelectrodes, the scientists recorded the electrical movement of pheromone-toudhy
intemeurons In male American cockroaches that hang-off signs of female-creating sex
pheromones in the antennal flap (practical hamolog to the mammalian olfactory kneb) to higher-
arrange focus.

The group twelve key for detecting each of them tuned
to get flags just from 3 specific bit of the cockeoach's ratio wire, One neuron Is vast In size and
reacts to boosts akang the whole length of the flagellum. Three have & medium-sized responsive
field and get signals from 33% of the flagelium.

The staying eight neurons are all the more finely tuned, reacting to boosts just oo a constrained

plece of the reception apparatus. Essentlally, there is huge cover in the open fields of
nelghboring neurons, which guarantees finish scope over the whole flagellum.

S5 s4 53 s2 51
\
3

A
£ rrInaeT A nay=anaity

Jez s
o Nigelar 2256 (o) @

hitps:/iww.techexplorist.com/sniffing-mate-precision/11561/
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Sniffing out a mate with precision

Date: February 8, 2018
Source: Hokkaido University
Summary: Male cockroaches can 'see’ the spatial distribution of female
pheromones to locate a sexual mate, according to
researchers.

share: f W G+ P in

FULL STORY

These are eight projection neurons (S1-S8) with spatially tuned receptive
fields in the right brain hemisphere. Their receptive fields on the right
antenna are distinct but overlapping.

Credit: Nishino H. et al., Current Biology, February 8, 2018

Male cockroaches can "see" the spatial distribution of
female pheromones to locate a sexual mate, according to
researchers from Hokkaido University and the University of
Konstanz.

Cockroaches are nocturnal and heavily rely on olfaction for finding foed and
mating partners in the dark, However, plumes emitted from an odor source
are not smooth or continuous, and have no clear concentration gradient.

They are rather d of (cl of odor molecules) of
various sizes (> mm) and concentrations interspersed with regions of clean
air.
from F ido University and their found that male
k can "see" fine of odor plumes, thanks to their finely
tuned odor sensors on their antennae and neural circuits that convey spatial
information to the brain.
Using des, the ded the electrical activity of
h itive i in male i res that relay
signals of female-p ing sex ph in the | lobe (functional

homolog to the mammalian olfactory bulb) to higher-order centers.

The team identified twelve key i for sensing ph: each
of them tuned to receive signals only from a certain portion of the
cockroach's antenna. One neuron is large in size, and responds to stimuli
along the entire length of the flagellum. Three have a medium-sized
receptive field, and receive signals from a third of the flagellum. The
remaining eight neurons are more finely tuned, responding to stimuli only on
a limited part of the antenna. Importantly, there is large overlap in the
receptive fields of neighboring neurons, which ensures complete coverage
over the entire flagellum.

The also | igated how p signals are transmitted
through the olfactory circuit in the brain. As in mammalian offactory systems,
sensory neurons responsive to the same kinds of odors converge ina

1cedaily.com/releases/2018/02/180208141228.htm
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Sniffing out a mate with precision

February 08, 2018

Male cockroaches can "see” the spatial distribution of female pheromones to locate a sexual mate, according to researchers from Hokkaido University and the
University of Konstanz

Cockroaches are nocturnal and heavily rely on oifaction for finding food and mating partners in the dark However, plumes emitted from an odor source are not
smooth or continuous, and have no clear concentration gradient. They are rather composed of filaments (clusters of odor molecules) of various sizes (> mm) and
conc ions intersp d with regions of clean air.

Researchers from Hokkaido U ity and their colleagues found that male cockroaches can "see” fine structures of odor plumes, thanks to their finely tuned
odor sensors on their antennae and neural circuits that convey spatial information to the brain

Using microelectrodes, the researchers recorded the electrical activity of phero it ons in male American cockroaches that relay signals of
female-producing sex pheromones in the antennal lobe (functional homolog to the mammalian olfactory bulb) to higher-order centers.

The team identified twelve key ir ons for sensing p , each of them tuned to receive signals only from a certain portion of the cockroach's antenna.
One neuron is large in size, and responds to stimuli along the entire length of the flagellum. Three have a medium-sized receptive field, and receive signals from a
third of the flagellum The ining eight are more finely tuned, responding to stimuli only on a limited part of the antenna. Imporiantly, there is large

overlap in the receptive fields of neighboring neurons, which ensures complete coverage over the entire flagellum

The researchers aiso investigated how pheromone signals are transmitted through the olfactory circuit in the brain. As in mammalian olfactory systems, sensory
neurons responsive to the same kinds of odors converge in a spherical structure called the gic The macrog (MG) in the cockroach, which
receives convergent axonal input from pheromone-responsive neurons, is subdivided into layers according to their spatial origins in the antenna The 12 key
neurons exploit this layered map with precision: their dendrites (input sites) occupy distinct but partly overlapping layers within the macroglomerulus according to
their receptive fields in the antenna. The signals processed by these neurons are carried to distinct regions in the mushroom body (involved in spatial memory
formation), suggesting that the spatial information about pheromones are maintained from the surface of the up to the hroom body

The team suspects that the read-out of combinatory activity of small neurons in the mushroom body allows the cockroach to evaluate the sizes and shapes of
odor filaments. Since the size and density of filaments differ depending on the distance from the source, such information might provide clues as to where the
source is located. Moreover, cockroaches might be able to create stereotypical images of the odor plume in the body via p sampling of the odor
signals, as antennae of cockroaches move voluntarily.

"Spatially tuned receptive fields tiled on the antenna are reminiscent of those in the visual system. Thus, mapping the spatial distnbution of odors will be an
imporiant strategy to successfully navigate using odors because cockroaches that walk in obstacle-rich environments have fewer occasions to be in contact with
odor fil ts,” said A it Prof Hiroshi Nishino of the research team

-end-

Hokkaido University
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[Querida 'amiga' cucaracha: asi nos protege el insecto més odiado]
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201816128 Querida 'amiga’ cucaracha: asi nos protege el insecto mas odiado

Querida 'amiga’ cucaracha: asi nos protege el insecto mas odiado

La secuenciacién de su genoma explica parcialmente su exitosa adaptacién a todo tipo de entornos y su resistencia a los intentos de acabar con ellas
21 marzo, 2018 - 02:55

(N WSECTOS FLAGAY GENETICA

Laura Chaparrs » W

Con lallegada de la primavera y el delas peraturas h imales y plantas salen de su letargo
invernal y cobran mas protagonismo, tanto en campos como en ciudades. Las plantas con flores son una delicia para

los sentidos pero el calor también activa a unos insectos con muy mala fama: las cucarachas.

"Buscan temperaturas clidas para vivir, niveles importantes de humedad y prefieren la oscuridad”, explica a EL
ESPANOL M. Dolors Piulachs, investigadora del Instituto de Biologia Evolutiva (CSIC-UPF) de Barcelona.

Segiin la entomdloga, en verano los cambios térmicos no son tan acentuados y les permiten méas movilidad,
aunque siguen buscando zonas oscuras. En el Archivo de Especies de Cucarachas, un catalogo taxonémico que incluye a
todas las del mundo, aparecen registradas alrededor de 4.600

P

Piulachs detalla que las mas cosmopolitas son Blatella germanica (cucaracha rubia), Blatta orientalis (cucaracha
negra) y Periplaneta americana (cucaracha americana), aunque depende de la zona geogréfica en cuestion.

Para controlar las temidas plagas, los expertos recomiendan evitar estrategias de aniquilacion indiscriminada, pues estos
insectos tan poco queridos realizan una funcién crucial en los ecosistemas,

Genética adaptada a las ciudades

A pesar de su nombre, la cucaracha americana no es nativa de ese continente, Su origen se remonta a Africa y se introdujo en
Estados Unidos a principios del siglo XVI. Desde ahi se ha extendido por todo el mundo, incluyendo a Espafia.

hitps:/iwww.elespanol.com/cienciafinvestigacion/20180321/querida-amiga-cucaracha-protege-insecto-odiado/293471028_0.htm|
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