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Asaresultofyearsand througheffectivenaturalselection,nature testedeveryfieldofscienceand
engineeringleadingtoinventionswithsolutionsforeverythingthatcanworkwell,adaptandlastlong.
Theevolutionofnatureledtoresolveofmanyresearchanddevelopmentchallenges.Biomimeticsasan
emergingareaofresearchdevelopmentthatstudiesandexaminesnature,itsmodels,elements,processes,
systems,structures,mechanisms,etc.totakeinspirationfrom,oremulate,nature’sbestbiologicalideas
andproductsinordertosolvemodernscienceandengineeringproblems.Biomimeticsincorporates
materials,behaviors,structures,concept,sensingandtechniquesdrawnfromnaturallymadesubstances,
andresemblestheaspirationofbiologicalsystemsinstructure,mechanismand/orfunction.Biologically
inspiredapproacheswillcreatenewrealitywithgreatpotential.Inaddition,biomedicalroboticsresearch
anddevelopmentareaisevolvingrapidlywithanincreasingnumberofroboticsystemswithdifferent
capabilitiesthatperformwidevarietyoftasks,suchas,surgicalrobots,rehabilitativeandprosthetic
devices,neurosurgery,preparationofbonesurfaces,biomedicalimageanalysis,image-guidedprenatal
cardiacinterventionsandtelesurgery,assistingliving.Inaddition,robotshavealsobeendevelopedto
improvetheaccuracyofradiationtreatment,organizinganddispensingfoodanddrugs,aswellasother
materialswithinthehospitalorhealthcare.Finally,theuseofroboticsprovidesaremotepresenceof
aphysician.

Thishandbookincludes20chaptersthatcontributewiththestate-of-artandup-to-dateknowledgeon
researchadvancementinthefieldofbiomimeticsandbiomedicalrobotics.Thechaptersproviderelevant
theoreticalknowledge,practices,technologicalevolutionandnewfindings.Furthermore,thehandbook
helpstoprepareengineersandscientistswhoarelookingtodevelopinnovative,challenging,intelligent,
bioinspiredsystemsandvalueaddedideasforautonomousandsmart interdisciplinaryproductsand
systemstomeettoday’sandfuturemostpressingchallenges.

Chapter1istitled“BiomimeticsandtheEvolutionofRoboticsandIntelligentSystems.”Thischapter
presentsbiomimeticsasanevolvinginterdisciplinaryareaofresearchdevelopmentthatstudiesandex-
aminesnature,itsmodels,elements,processes,systems,structures,mechanisms,etc.totakeinspiration
from,oremulate,nature’sbestbiologicalideasinordertosolvescientificandengineeringproblems.Italso
highlightssomeofthechallengesandconsiderationsforfuturedevelopmentinthefieldofbiomimetics.

Chapter2istitled“InvestigationofHumanLocomotionWithaPoweredLowerLimbExoskeleton.”
Thischapterstudiedlowerlimbexoskeletonbothasameasurementdeviceforstudyinghumanlocomo-
tionandasanassistivedevicethatrestoreshumanabilitytowalk.Inaddition,thechapterconsidered
thewaythegeometryofthesupportingsurfaceaffectsthesensorysystemoftherobotthroughdifferent
developmentofnewfootdesignstructures.
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Chapter3istitled“ActiveAssistiveOrthoticSystem:(Exoskeleton)EnhancingMovement.”Active
orthosis(exoskeleton)isassistivedevicewithawearablestructuretohelpgeneratingthenaturalhuman
motion.Thechapterfocusesondevelopinganactive/assistiveorthosissystem(AOS)withenhanced
movement.Thedesignisbioinspiredbymusculoskeletalsystemofhumanupperandlowerlimbs,and
mimicsthemuscle-tendon-ligamentstructure.Itwasfabricatedusinglightmaterialsandpoweredby
pneumaticartificialmuscleswithmorethanfifteendegreesoffreedom.AOScanoperateinthreemodes.

Chapter4istitled“HybridExoskeletonsforUpperLimbStrokeRehabilitation.”Thischapterpres-
entsareviewonthestateoftheartofupper-limbhybridexoskeletonswithaparticularfocusoncurrent
needofstrokerehabilitationandhowthehybridexoskeletonscanprovideasolutiontodifficultiesin
thisfield.Thechaptershowsinparticularthatmoreinvestigationisneededwithregardstothepotential
benefitofhybridexoskeletonsasapatient-monitoringandrehabilitationassist-as-needtool.

Chapter5istitled“ModelingaPredictiveControlofHumanLocomotionBasedontheDynamic
Behavior.”Thisworkpresentsthedevelopmentofalowerlimborthosisbasedonthecontinuousdynamic
behaviorandontheeventspresentedonthehumanlocomotion.Computationalmodelwasdeveloped
toapproachthedifferentfunctioningmodelsrelatedtothebipedalanthropomorphicgait.Virtualmodel
wasimplementedanditskinematicanddynamicmotionanalyzedthroughsimulationofanexoskeleton,
aimedatlowerlimbs,fortrainingandrehabilitationofthehumangait,inwhichitisalreadydevelopedthe
dynamicmodelofanthropomorphicmechanismandpredictivecontrolarchitecturewithrobustcontrol.

Chapter6istitled“TowardsCost-OrientedUser-FriendlyRoboticSystemsforPost-StrokeRehabilita-
tion.”Thischapterdealswithroboticsforassistingpatientsintheirrecoveryafterstrokewithfocuson
keyphysiotherapistmovementsthatareneededinpost-stroketreatment.Inaddition,itdiscussessetsof
experimentaldatafordefiningthemainspecificationsforpost-strokerehabilitationdevices.Alsothe
chapterpresentskeyachievementsinthefield,criticalanalysisandsolutionsconcerningrehabilitation
roboticsforpost-stroketreatmentaimingatthedefinitionofnewconceptsfordevelopingcost-oriented
user-friendlyroboticsystem.

Chapter7istitled“The‘Arm’LineofDevices:ForNeurologicalRehabilitation.”Thischapterintro-
ducesthedevelopmenteffortofalineofprototypaldevicesfortherehabilitationoftheupper-limb,called
“Arm”.Armdevicesfocusonthemainfeaturesrequestedbyarobottherapist:mechanicaladaptationto
thepatient,rangingfrompassivemotiontohightransparency,assist-as-neededandresistivemodalities;
properuseofsensorsforperformancemonitoring;easy-to-use,modularandadaptabledesign.These
desirablefeaturesarecombinedwithlow-cost,additivemanufacturingprocedures,withthepurposeof
meetingtherequirementscomingfromresearchonneuro-motorrehabilitationandmotorcontroland
couplingthemwiththerecentbreakthroughinnovationsindesignandmanufacturing.

Chapter8istitled“LithotripsyofRenalStonesWithAvicennaRoboflexRobotic-AssistedRetrograde
Intra-RenalSurgery(RA-RIRS).”Theworkinthischapterintroducesanoverviewonroboticassistance
forRIRSwithfocustointroduceELMED’sroboticdevicewithitseffectsonsurgicalperformancebased
ontheIDEAL(idea,development,evaluation,assessment,long-termstudy)framework.Also,thechapter
presentstheroboticdevice,AvicennaRoboflex,isateleoperatedrobotconsistingofasurgeon’sconsole
(MasterControlConsole–MCC)andmanipulatorarm(MA)tohouseandcouplewiththeFURS.It
providesasuitableandsafeplatformforroboticassisted(RA)RIRSwithsignificantimprovementsin
ergonomicsandpotentiallyprolongsequipmentdurability.

Chapter9istitled“BrachytherapyNeedleSteeringGuidanceUsingImageOverlay.”Thischapter
presentsaphysicalsimulatorforneedlesteeringinbrachytherapy.Astheuserinsertstheneedleina
phantomtissue,imagesoftheneedleandprostateshapereconstructedfrom2Dtransverseultrasound
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imagesaredisplayedonlineinasemi-transparentmirror.Astheuserinsertstheneedleinaphantom
tissue,imagescanbeseenastheuserisfloatinginsidethephantomaccountingforscaleandorientation.
Theultrasoundimagesoftheneedlearecombinedwithaneedle-tissueinteractionmodelthatpredicts
theneedledeflectionfurtheralongtheinsertionprocess.Thisplatformallowstheusertotestdifferent
manualandroboticallyassistedneedlesteeringtechniques.Reportedexperimentalresultsconfirmthe
accuracyofthesysteminreconstructingandoverlayingimagesontothephantom.

Chapter10istitled“NeuralNetworkstoSolveNonlinearInverseKinematicProblems.”Thischapter
proposesanewneuralbasedlearningapproachtosolvenonlinearinversekinematicproblems.Theef-
fectivenessoftheproposedapproachisdemonstratedthroughsimulationsusingkinematicmodelsofa
legmodulewithseriallinkstructureandanindustrialrobot.

Chapter 11 is titled “Ant-Like Walking Behavior of MEMS Microrobot With Artificial Neural
Networks.”ThischapterexplainsthedevelopmentofMEMSmicrorobotsystemandhowtomimicthe
alternatingtripodgaitofantwalkingbehaviorusingshapememoryalloy-typerotaryactuatorandthe
linkmechanism.Themicro-electrosystemsmimictheelectricalactivityofbiologicalneuralnetworks
usingtheartificialneuralnetworksIC.TheresultsshowMEMSmicrorobotsystemcouldperformthe
ant-likewalkingbehaviorbyaspeedof20mm/min.

Chapter12istitled“Bio-InspiredSnakeRobots:Design,Modelling,andControl.”Thischaptergoal
istointroducethecomplexityandthefundamentaldesign,modellingandcontrolapproachesforefficient
snakerobotlocomotioninclutteredenvironments.Asacontribution,thechapterpresentsshape-based
modellingapproachesandanumberofavailablecontrolschemesforoperationinunknownenvironments
arepresented,whichaimstomotivatescholarstostartworkingonsnakerobots.Someideasaboutfuture
researchplansarealsoproposedtohelpoperatinginrealworldenvironment.

Chapter13istitled“ReviewofFrictionandSurfacePropertiesofSnakeskin.”Naturalsystemstend
toconserveenergy;assuchitisnecessarytomitigatetheeffectsoffrictionduringmotion.Thischapter
attemptstoreviewthemajorfindingsaboutthetribologyoftheleglessreptilesobtainedthroughthe
lasttwodecades.

Chapter14istitled“KinodynamicMotionPlanningforaTwo-Wheel-DriveMobileRobot.”This
chapterpresentsthedevelopmentofkinodynamicmotionplanningtosupportconvergenceofthestates
ofthetwo-wheeledmobilerobottoanarbitrarytargetpositionwhileavoidingobstaclesbycombining
thecontrolbasedontheinvariantmanifoldandtheHPF.

Chapter15istitled“DiscriminationofDual-ArmMotionsUsingaJointPosteriorProbabilityNeural
NetworkforHuman-RobotInterfaces.”Thischapterdescribesanoveldual-armmotiondiscrimination
methodthatcombinesposteriorprobabilitiesestimatedindependentlyforleftandrightarmmovements,
anditsapplicationtocontrolaroboticmanipulator.Withthismethod,allthedual-armmotionsconsist-
ingofeachsingle-armmotioncanbediscriminatedthroughleaningofsingle-armmotionsonly.The
methodwasappliedtothediscriminationofupto50dual-armmotionsandtheresultsshowedthatthe
methodenablesrelativelyhighdiscriminationperformance.

Chapter16istitled“Off-LineCalibrationofAutonomousWheeledMobileRobots:FromTheory
toExperiment.”Thischapterprovidesanoverviewofwheeledmobilerobots(WMRs)mechanisms,
differentialdriveandomnidirectional.Inaddition,itintroducesanodometry-basedmethodtocorrect
themotionofbothtypesofWMRs.Experimentalresultsonfourrobotsexhibitedthatpositionalerror
wassignificantlyimproved.

Chapter17istitled“AReal-TimeCompressiveTrackingSystemforAmphibiousSphericalRobots.”
AnimprovedRGB-Dvisualtrackingalgorithmwithdualtrackersisproposedandimplementedinthis
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chapter.Compressivetracking(CT)wasselectedasthebasisoftheproposedalgorithmtoprocesscolor
imagesfromaRGB-Dcamera,andaKalmanfilterwithasecond-ordermotionmodelusedtopredict
thestateofthetarget,selectcandidatepatchesorsamplesandreinforcethetracker’srobustnesstohigh-
speedmovingtargets.Avisibleandinfraredfusionmechanismorfeedbackstrategyisintroducedinthe
proposedalgorithmtoenhanceitsadaptabilityandrobustness.MicrosoftKinect,whichisacombination
ofcoloranddepthcameras,wasadoptedforuseinaprototypeoftherobotictrackingsystem.

Chapter18istitled“Self-PoweredHeightSensorWithZigBeeNetworksforIntelligentSystems.”A
self-poweredheightsensingsystemwithZigBeetechnologyispresentedinthischapter.Itspecifically
targetstoreplaceanoriginalwiredsystemwithanintegratedwirelesssensorwhichiscomprisedofall
necessaryparts:sensingmodule,processingmodule,RFtransceiverandpowersupply.Experiments
severalwereconductedtotestandanalyzethefeasibilityofthedevelopedsystem.

Chapter19istitled“AnalyzingtheGoal-FindingProcessofHumanLearningWiththeReflection
Subtask.”Thischapterpresentsexperimental resultsonanalyzing thehuman’sgoal findingprocess
incontinuouslearning.Theobjectiveofthisresearchistomakeclearthemechanismofcontinuous
learning.Tofillinthemissingpieceofreinforcementlearningframeworkforthelearningrobot,the
authorsfocusontwohumanmentallearningprocesses,awarenessaspre-learningprocessandreflection
aspost-learningprocess.Toobservementallearningprocessesofahuman,theauthorsproposeanew
methodforvisualizingthembythereflectionsubtaskforhumantobeawareofthegoalfindingprocess
incontinuouslearningwithinvisiblemazes.Thetwo-layeredtaskisintroduced.Firstlayeristhemain
taskofcontinuouslearningdesigningtheenvironmentalmasterytasktoaccomplishthegoalforany
environment.Secondlayeristhereflectionsubtasktomakeclearthegoalfindingprocessincontinuous
learning.Thereflectioncostisevaluatedtoanalyzeit.

Chapter20istitled“DesigningtheLearningGoalSpaceforHumanTowardAcquiringaCreative
LearningSkill.”Thischapterintroducesthewaytodesignthelearningsupportsystemtowardacquir-
ingacreativeskillonlearning.Therearetworesearchgoals.Oneistoestablishdesigningthecreative
learningtaskandtheotheristomakeclearthehumansenseofcreativity.
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