Chapter 3
Why Evolutionary Robotics Will Matter

Kenneth O. Stanley

Abstract. While at present Evolutionary Robotics (ER) is generally not studied in
mainstream robotics, the main idea in this article is that ER has the opportunity to
gain relevance by taking seriously its natural inspiration. The chasm that separates
the behavior of robots today from the robustness and fluidity of organisms in nature
is most naturally addressed by an approach that indeed respects the process through
which such organisms originated. Yet the challenge is to identify the elusive missing
ingredient that would allow ER to realize its full potential.

3.1 Joining the Mainstream

Evolutionary Robotics (ER) is not a mainstream topic in robotics. It is easy to find
syllabi for “Introduction to Robotics” courses on the Internet without even a mention
of ER in the entire semester schedule. Yet ER should be important to robotics as
an active subcommunity that aims to address many of the same challenges. The
question is how this divide between mainstream robotics and ER will ultimately be
bridged. This article attempts to address this question by looking mainly forward
toward the promise of ER and how that promise will make it increasingly relevant
to robotics as a whole.

An important goal for robotics in general is to avoid the stereotypical stilted,
jittery motion of awkward machines and move instead towards fluid, natural behav-
iors. In this light, it is interesting to note the tools with which mainstream robotics
proposes to address this challenge. The 2007 Introduction to Robotics syllabus at
Stanford University [ﬁ] gives a sense of what these tools are in the mainstream
view: spatial descriptions, forward kinematics, Jacobians for velocities and static
forces, computer vision, inverse kinematics and trajectory generation, acceleration
and inertia, dynamics, PID control, joint space control, operational space control,
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and force control. Note that nowhere in the syllabus is ER mentioned. The classic
ER book Evolutionary Robotics [@] is rarely cited as a textbook or even an auxiliary
reference in robotics courses either. The day when ER genuinely impacts robotics
and not only evolutionary computation remains ahead.

Yet even a cursory look at nature hints at why ER does have the potential for
dramatic impact. After all, every organism on Earth is the product of evolution, and
no robot yet created through conventional means even comes close to the stealth
of a lion, the grace of a bird, or the balance of a human. Even in simulation such
capabilities are not convincingly reproduced, so it is not just a matter of mechanical
limitation. Both the robustness and fluidity of natural movement remain symbols of
how far we have to go.

For example, when a human sprains an ankle, he or she may walk with a limp,
but the entire motor system recalibrates almost instantaneously to compensate for
the disability without the risk of falling. Throughout childhood the body changes in
height and proportion, yet walking remains seamless. At the same time, although
it is a qualitative observation, the fluidity of natural movement is unmatched. One
need only watch horses at play or monkeys swinging from branches to appreciate
the gaping chasm between natural fluidity and robotics today.

If ER could produce robots with the same robustness and fluidity, it would earn
its place as a canonical topic in mainstream robotics. Yet the problem is that ER
does not presently produce such behavior any more than mainstream robotics does.
For example, a survey of evolved bipeds, while impressive for the progress that it
demonstrates so far, shows that the products of ER today are nevertheless still brittle
and highly stereotyped compared to nature’s flexible solutions , d,19,14, ].

3.2 Bridging the Gap

The future of ER lies in taking this achievement gap seriously. We need to acknowl-
edge that when applied to robotics, evolutionary algorithms should produce artifacts
that remind us of nature, which provides our primary inspiration for running evolu-
tion in the first place. That does not mean that human-level intelligence is necessary
to achieve, but fluid motion and robustness belong more realistically within scope.
If evolutionary computation can offer nothing else, at least it should offer that.

The almost-magical elegance and grace of the products of natural evolution is
rarely acknowledged within the technical-minded confines of the research commu-
nity yet nevertheless deserve our attention as a source of inspiration and indeed as
a proof of what is possible through ER. It is exactly that magical ingredient that
mainstream robotics seems to lack. That exquisite, seamless fluidity of motion that
unfolds without apparent effort is a clue to what may be possible. By ignoring this
elusive facet of life on Earth, mainstream robotics risks missing what ER is posi-
tioned to gain.

Then what does it mean that ER does not today exhibit that same magic? The
answer is that ER is poised at the brink of opportunity; the essential prerequisite to
our progress as a field is to acknowledge that something fundamental is missing. Yet
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whatever that missing ingredient is, it is closer to our purview than to the traditional
tools of mainstream robotics. Rather than a negative sentiment, acknowledging this
missing link suggests a profound opportunity for change just over the horizon.

3.3 Realizing the Promise

Of course, the natural next question is what shape that change may take. Someday,
we should hope to evolve e.g. a single biped (or quadruped) neurocontroller that
works in almost any biped morphology, just as our brains allow us to walk as our
body grows and changes. Rather than starting life walking right away, as almost
every evolved biped does today [|I| , , @ Iﬁ], it should learn on its own the
dimensions and dynamics of its new body and rise from the ground to walk after
some experimentation. In effect, the hypothesis is that the robustness and fluidity of
nature is earned at the expense of a period of adaptation and habituation that occurs
early in life, just as babies learn to walk.

If this hypothesis is right, it suggests that adaptation, which in artificial neural
networks follows from synaptic plasticity, may be an important part of any model
that approaches the elusive superiority of nature. Yet synaptic plasticity remains an
open area of investigation in neuroevolution [E, BI, , , , , ]. Recent
work in our research group aims to combine synaptic plasticity with the indirect
encoding in HyperNEAT [é, ], which would allow regular patterns of plasticity
rules to be distributed across the network [@]. At present, although there is already
precedent for incorporating synaptic plasticity into simple ER models (e.g. in con-
trolling wheeled Khepera robots [@]), it has not yet been combined with controllers
that must attempt feats like learning to walk with variable morphology during their
lifetime.

In any case, simply combining neuroevolution 13,122, 24] and synaptic plasticity
alone is not a complete answer. The model of plasticity will likely need to be es-
pecially sophisticated and refined to be able to support unprecedented robustness.
Furthermore, new computational abstractions of evolution may need to be devel-
oped that capture the open-ended process through which the products of nature were
discovered ,, ]. Thus significant research lies ahead. Yet these research di-
rections provide a hint of where opportunity may lie.

The important point for this article is that if we can evolve a controller that
wakes up inside any body and learns to make it work, all without the need for any
traditional analysis whatsoever, there is the potential to revolutionize mainstream
robotics. It happened in nature and it should therefore be possible in ER. So while
today some in the mainstream may see ER as unnecessary or suboptimal, its promise
is in its inspiration, which encompasses the most robust robotic systems on Earth:
nature.



40

K.O. Stanley

References

(1]
(2]

(3]
(4]
(3]
(6]

(7]
(8]

(9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

Allen, B., Faloutsos, P.: Complex networks of simple neurons for bipedal locomotion.
In: IEEE/RSJ International Conference on Intelligent Robots and Systems, IROS (2009)
Baxter, J.: The evolution of learning algorithms for artificial neural networks. In: Green,
D., Bossomaier, T. (eds.) Complex Systems, pp. 313-326. I0S Press, Amsterdam
(1992)

Floreano, D., Diirr, P.,, Mattiussi, C.: Neuroevolution: from architectures to learning.
Evolutionary Intelligence 1, 47-62 (2008)

Floreano, D., Urzelai, J.: Evolutionary robots with online self-organization and behav-
ioral fitness. Neural Networks 13, 431-443 (2000)

Gauci, J., Stanley, K.O.: Autonomous evolution of topographic regularities in artificial
neural networks. Neural Computation (to appear, 2010)

Hein, D., Hild, M., Berger, R.: Evolution of biped walking using neural oscillators and
physical simulation. In: Visser, U., Ribeiro, F., Ohashi, T., Dellaert, F. (eds.) RoboCup
2007: Robot Soccer World Cup XI. LNCS (LNAI), vol. 5001, pp. 433—-440. Springer,
Heidelberg (2008)

Khatib, O.: Introduction to robotics (CS223A) syllabus. Stanford University (2007)
Lehman, J., Stanley, K.O.: Exploiting open-endedness to solve problems through the
search for novelty. In: Bullock, S., Noble, J., Watson, R., Bedau, M. (eds.) Proceed-
ings of the Eleventh International Conference on Artificial Life (Alife XI). MIT Press,
Cambridge (2008)

McHale, G., Husbands, P.: Gasnets and other evolvable neural networks applied to
bipedal locomotion. In: From Animals to Animats 8 (2004)

Mouret, J.-B.: Novelty-based multiobjectivization. In: Proceedings of the Workshop
on Exploring New Horizons in Evolutionary Design of Robots IEEE/RSJ International
Conference on Intelligent Robots and Systems (2009)

Niv, Y., Joel, D., Meilijson, 1., Ruppin, E.: Evolution of reinforcement learning in un-
certain environments: A simple explanation for complex foraging behaviors. Adaptive
Behavior 10(1), 5-24 (2002)

Nolfi, S., Floreano, D.: Evolutionary Robotics. MIT Press, Cambridge (2000)

Nolfi, S., Parisi, D.: Learning to adapt to changing environments in evolving neural
networks. Adaptive Behavior 5, 75-98 (1996)

Reil, T., Husbands, P.: Evolution of central pattern generators for bipedal walking in a
real-time physics environment. IEEE Transactions on Evolutionary Computation 6(2),
159-168 (2002)

Risi, S., Stanley, K.O.: Indirectly encoding neural plasticity as a pattern of local rules.
In: Doncieux, S., Girard, B., Guillot, A., Hallam, J., Meyer, J.-A., Mouret, J.-B. (eds.)
SAB 2010. LNCS, vol. 6226, pp. 533-543. Springer, Heidelberg (2010)

Risi, S., Vanderbleek, S.D., Hughes, C.E., Stanley, K.O.: How novelty search escapes
the deceptive trap of learning to learn. In: Proceedings of the Genetic and Evolutionary
Computation Conference, GECCO 2009. ACM Press, New York (2009)

Soltoggio, A.: Neural Plasticity and Minimal Topologies for Reward-Based Learning.
In: Proceedings of the 8th International Conference on Hybrid Intelligent Systems, pp.
637-642. IEEE Computer Society, Los Alamitos (2008)

Soltoggio, A., Bullinaria, J.A., Mattiussi, C., Diirr, P., Floreano, D.: Evolutionary ad-
vantages of neuromodulated plasticity in dynamic, reward-based scenarios. In: Artificial
Life XI, pp. 569-576. MIT Press, Cambridge (2008)



3

[19]

[20]

(21]
(22]

(23]

[24]

Why Evolutionary Robotics Will Matter 41

Soltoggio, A., Diirr, P., Mattiussi, C., Floreano, D.: Evolving neuromodulatory topolo-
gies for reinforcement learning-like problems. In: Proceedings of the IEEE Congress on
Evolutionary Computation (2007)

Stanley, K.O., Bryant, B.D., Miikkulainen, R.: Evolving adaptive neural networks with
and without adaptive synapses. In: Proceedings of the 2003 IEEE Congress on Evolu-
tionary Computation, CEC 2003. IEEE Press, Canberra (2003)

Stanley, K.O., D’ Ambrosio, D.B., Gauci, J.: A hypercube-based indirect encoding for
evolving large-scale neural networks. Artificial Life 15(2), 185-212 (2009)

Stanley, K.O., Miikkulainen, R.: Evolving neural networks through augmenting topolo-
gies. Evolutionary Computation 10, 99-127 (2002)

Van de Panne, M., Lamouret, A.: Guided optimization for balanced locomotion. In:
Terzopoulos, D., Thalmann, D. (eds.) Sixth Eurographics Workshop on Animation and
Simulation, pp. 165-177. Springer, Heidelberg (1995)

Yao, X.: Evolving artificial neural networks. Proceedings of the IEEE 87(9), 1423-1447
(1999)



	Why Evolutionary Robotics Will Matter
	Joining the Mainstream
	Bridging the Gap
	Realizing the Promise
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 149
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /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
  /CropGrayImages true
  /GrayImageMinResolution 149
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /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
  /CropMonoImages true
  /MonoImageMinResolution 599
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /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 (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /DEU <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice




