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Questing scientists go fishing for a better type of 
muscle 
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As any aquarium owner will tell you, the problem with fish is that they tend to die if you 
don’t feed them. 

 
But not the electronic fish 
from Eamex of Japan. These 
primitive robots swim by 
flexing artificial muscles in 
their tails. 

They may cost more than 
conventional fish, but you 
won’t find them floating at 
the top of the tank – at least 
until their batteries run out. 

Artificial muscles represent 
the holy grail for robotics 
researchers. Today’s robots 
look blocky and are 
restricted by the size and 
flexibility of their motors. 

Take the Asimo, Honda’s 
flagship bipedal robot. It can 
run, recognise obstacles and even shake hands but it cannot flex its electronic 
motorised limbs as fluidly as people. 

Modern robots use electric actuators for muscles. Mark Cutkosky, a professor at the 
Dextrous Manipulation Lab at Stanford University in California, describes their 
limitations: “What we’re able to do is constrained by the actuators we’re able to bring to 
bear. 

“Look at the power density, the power-per-unit weight you can achieve with 
conventional electromagnetic actuators. It’s quite limiting.” 

Instead of hydraulics and electric motors, researchers are looking into using more 
flexible materials, says Yoseph Bar-Cohen, a senior research scientist at the 
Nondestructive Evaluation and Advanced Actuators lab at Nasa’s Jet Propulsion 
Laboratory. “We are at the dawn of a new era,” he says. “We are developing plastic that 
responds as if it’s a biological muscle. We are confident that we can make robots that 
will run like cheetahs.” 

Electroactive polymers (EAPs) are the most practical solution to date. These plastics 
can be made to flex in a muscle-like way, theoretically enabling a new class of robotic 
movement. 
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Eamex’s fish are a primitive example, but in the future, we might see everything from 
androids with more human-like faces and limbs, to smaller robots with more strength 
than today’s larger counterparts, which could assist them in tasks such as climbing. 

But there are challenges. EAPs divide into two main categories, says Mr Bar-Cohen: 
those powered by electricity and those that use chemical processes involving the 
displacement of ions that are distributed through the material. 

The problem is that neither delivers perfect performance. 

Electrically charged EAPs have stronger, faster movements, but use high electric 
voltages. The ionic group is traditionally weaker and slower, 1,000 times slower than 
human muscle. On the other hand, these polymers require minimal voltages to work. 
Ideally, robotics researchers at companies such as Honda want muscles that deliver the 
best characteristics of both groups. 

Honda’s research and development lab is funding research at the Massachusetts 
Institute of Technology to help crack the problem. Professor Sidney Yip and 
postdoctoral associate Xi Lin believe that it will be possible to build polymers that move 
1,000 times faster than human muscle. Polymers that work using ion displacement are 
slow-moving because the ions used to flex the material are heavy. 

Instead, using mathematical models Prof Yip and Mr Lin have shown how polymers 
could be created that flex in response to light being shone on them at a single point. 
They re-evaluated the characteristics of the polymer from the ground up using quantum 
equations in order to arrive at their conclusion. 

The difficulty now is actually building one, says Prof Yip: “It’s a gap between concept 
and what’s realistic. There could be a big hurdle there. At least we can say now, 
scientifically speaking, that we know of a way it could be done.” 

In the meantime, other researchers claim to have produced practical solutions to the 
problem, and have even launched companies to sell them. 

Mohsen Shahinpoor, research professor of surgery in the neurological surgery division 
of the University of New Mexico school of medicine, is also the director of the Artificial 
Muscle Research Institute and chief scientist at Environmental Robots Incorporated. 

He has developed ionic polymer metal composite (IPMC) muscles that he says offer the 
best of both worlds. 

“Our muscles are actually 10 times faster than human muscles, with reaction times of 
milliseconds in actuation,” he says, claiming power density greater than human muscle. 

That, at least, is one thing that is easy to test. In March this year, at a conference held 
by the International Society for Optical Engineering, Mr Bar-Cohen organised an arm-
wrestling competition with a difference. Three robotic arms – including one designed by 
Prof Shahinpoor – were pitted against 17-year-old San Diego school student Panna 
Felsen. 

She felled two of them within three seconds, but Prof Shahninpoor’s IPMC-based arm 
stood up to her for 26 seconds before throwing in the towel. 

Clearly, we have some way to go before robots can flex bionic biceps with the same 
strength and freedom of movement as the rest of us, but researchers are making 
progress. 

Perhaps one day, we will see a Mars rover that can bound across rocky plains on two or 
more legs, rather than inching slowly across the landscape on wheels. Until then, the 
labs will continue fishing for more positive results. 

  

Page 2 of 3FT.com / Home UK - Questing scientists go fishing for a better type ...

12/13/2005http://news.ft.com/cms/s/ef76c0c6-6bca-11da-bb53-0000779e2340.html



 

 

EMAIL ARTICLE PRINT ARTICLE MOST POPULAR   

 

 = requires subscription to FT.com

   Home
World | Business | Markets news | Markets & funds data | Industries | Lex | Your money 

Comment & analysis | Reports | Arts & Weekend | Sport | In today’s FT | Media inquiries

© Copyright The Financial Times Ltd 2005. "FT" and "Financial Times" are trademarks of the Financial Times. Privacy policy | Terms | Advertising | Cor

Page 3 of 3FT.com / Home UK - Questing scientists go fishing for a better type ...

12/13/2005http://news.ft.com/cms/s/ef76c0c6-6bca-11da-bb53-0000779e2340.html



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /ENU (Use these settings to create PDF documents with higher image resolution for improved printing quality. The PDF documents can be opened with Acrobat and Reader 5.0 and later.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


