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論文内容要旨

 Thepopu嬢ionofelder孟ypeopleisrapidlyincreas血g鋤(iitisest㎞a』tedt薮atthiswillco鍛tinueto沁。鷲aseinthe
 血ture・㎞Ja幽幽ecu∬entelderlyp・pulat呈・nisabo凱20percentofitst・面P・gulation.脳selderlype芸centage
 wi皿cont短uetohlcreaseto35percen輩by2050.ThehcPeas血9Populationofelder!y,existenceofseverale14erly
 proble磁s,an(lthelackofcaregiversIeadtothedevelopme飛ofdevicesa頚dapplicationsthatwi皿sロgportorassist
 e1(1erly加徴eせdailyacもまvides・Oneproblemoftllee1(ierlyismobiHtyand樋scannotbetreatedme{薮canyor
 su幽1y.Mobilit卿ssuchasconvention謡w盛ers纐eco㎜onlyused畑dd罫esselderlymobili取proble瓜It
 pτovi(leswa㎞gstab姐ityto癒e登ser,buttherearesitua鍍onsthat面eaforementioneddevice三s沁adequatefor
 e1(le薮yuse。Italsorequ丘estheusertohavegoodjud倉主nent,vis量on,andend凱ance,whichare(ii伍culttosatisfyfbr
 anag㎞guseLThe、血creas勧gtechnology血ズoboticsa簸(1仕1eneedtoaugmen重some釦ncdonstotheconve拾donal
 wa撫ers}ea(ito癒edevelopmentofroboticwa爆ngsupPortsystem

 Thecロrrentresearchesonroboticwa1㎞1gsロpportsystema婁efocused鎗augmcntinghig11-1evelbnc板01}ssuchas
 obs毎cleavoidance,guidance,andhe誕th無onito血9.Thesehig姦一1evelhnct圭onsaremean短91essiftheuseぎcannot
 properlycontrolthewa皿鋤agsupportsystem」Althoug熱severalresearcheshavebeenreportedonroboticwa㎞g

 、s資pportsystem,buもstudiesinadaptingusercもaracte丘s薮cshadnotbeenrepo鵬dJtisthema並。切ectiveof懸s
 studytodevelop&newcontrolapproach,whic蓋w丑1try生。&(1aptuser,scontfollingchamcterist圭。&Thecontrol
 apProac薮a㎞stohelpuseヂswhohaved櫛culties短contro臨9廿1ehlwa避くeLIha(idition,tra止血gisnor斑allydone
 priortotbeactualusageofconventionalwalkeLThisis(lone簸otonlytoconventionalwalkerbutalsotoother
 ass至語vedevまces.Thisimpliesthatrepetitivetrainingwi皿bepe魚}mleduntiI極euserisprof1c量entinus1ngthenew
 deviceJnthisapproach,the荘sertdestomodelandad&pttheassis昼vedovice:Desま即沁gasyste魚thatcanchange
 itscharacteHsdcst・adaptuser'sc・雄・ningab通tywillbe・fgreat鎗terestanditw圭翻soaddress血echanging
 con従o皿血gcharacter玉s琶csofauserd縦etoag血9.

 Thiss額巳dyproposesa燕ewcontrolapgroach£or&robo嫉cw&繭gs犠pportsystemtoadaptusefscontrolling
 characteristics.Thecontrolapproachchangesthe㎞ematicstmc継reofthewa臨gsupportsystemandthisw量11be
 ㎞plementedbyvary血9廿1ecenterofrotado焦Oneadvan毎geofv3⑳gthecen亡e郵ofrotationtoadapt廿1euseガs
 controllingcharacte廊dcsisthat癒emaneuverabilityof癒esystemo翻ychangeswhenthereisa越serintentionか
 whichw封11berepresen重edbyapplied£orceltorq慧e.The葺ewcontfolagproach証mstohelpusersw姦ohave
 醐c蝋ies沁controll量ng磁eirwalkingsupgortsystem.

 Chapterldiscussesthemodvationando切ectiveofthestu醇WepresenttheIiteraturerev1ewonmobilebase
 platfomらhuman-roboticwa1㎞gs叩portsyste盈ihte鹿ce,andexist血groboticwalke1s.hchapter2,{hehardware
 andsystemdescガpdonofanewrobo盛cwa1㎞gsupportsystemrefbrredas“W訓血gHelper"isdiscussed.There
 a£etwovers玉onsofwa]kingsupportsystem登sedinthisstudyn㎝ely,“W温面gHelper耳"and``WalkingHelperH".
 Thesystemサsarchi亡ectureandcontrolalgorith憩ofthetworoboticwalkingsupp硫sys重emsarei(ien鍍ca1.However,
 thesesystemsdiffbri煎hemobilebasegeomet盤cs伽ctureandforceltorquesensingimple搬entation.
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 “W&lkingHelperI"isanactlvetypeofwalkings叩po鷲
 system.Ithas&nomni(lirection撮mobllebase,supportframe.
 comp縫tersystem,analogtodigitalanddigitaltoana屡09
 conve齢rs,andwlrelessEtheme重module.“WalkingHe墨per王"
 isalso組stalledw呈鵬aforce/torq雛esensor,whichisused亡o
 measureαsefsin亡e面onsinthe参ormofapplie(iforce/torque。
 Thefαce/torquesensordata呈susedtodenvethecom鵬a鷺d
signalstotheroboticwalkingsupportsystem'smotion
 controller.Theomnidirection』mobi玉ebaseof“W3王kipg
 Helper圭"isimplementedus孟㎎£ourMecanumwheels麗ven
 byaDCmotorwithanencoder.Themobilebasealso琵a鷺d璽es
 thewe呈ghtofthesensorsand雛ebody翌rame,whichs績pports・
 the越ser.Duetothewheelstruc勧re,itまspossibleto
 imp董ementanomnidirectiona】mobilebaseeveほt熱oughthe-
 whee}position圭ngisacaf-1ike,Themobilebasekinematic
 eq毯at呈onsarederivedbasedonanarb…trarypo圭n童calledcenter

 ofro重ation.

 “WalkingHelperII"圭sanenhancementofthefirstversion
 andthisis曲owninFig.LThissystem量sinstalledwitha
 bodyforce!torquesensorforsafetypu穫}osesandfori箆
motioncontrolalgorithmThegeneralmotioncontroI

 Fig.1``WalkingHelpe』"

 algorithmofthewalkipgsupportsystemisbasedonimposedap?are搬(iynamlcs.丁難eapplied玄orce!torq纏eisfedto
 theapparentdynamlcstogetthesupporξsystem'sdesiredvelocltya諺dthisis5edtot翫emot量oncontroIlerfbr
 rcgulation.Theforce/torquesensorisins毛allednearthemob簸ebaseacnlators.TheapPro&chininstal恥gthe
 ギofceltorquesensomeaτthe丑ctuatorsleadstoalargercontrolba蕪dwidthsincethisαeatesasmallamomtof-delay
 bαweensensingan(iact級ating、Thenewroboticwalkingsuppo震systemis&1soinsta韮薫edwithseveralsensor§一『such

 as工aserrangefindersandthisisusedtoi鵬plementthehigh-leveifunctio盤softhCsystem.
 Cbapter3dlscussestheconceptofrelocatedcenterofrotation.Wede伽eanddifferentiatecenterof.r6餓tion鋤d
 instantaneouscenterofro毛ation.Thesepointsarenotthesamebasedonuserlsintentio無andwalkings鰭pp磁『§ys¢m
 nor搬a董operatlon,Forceltorquetransfo㎜at玉。無isalsopresentedandth玉sdete㎜inest熱enewforcelto麺ue-of街e
 sys重cm&tthenewcenterofrotation.Thedesiredvelocityatthenewcenterofmtationis毎kenbased6ntheimposed
 app鍵entdynamまcs.This玉s£0110wedbyveloc圭tytransfomationwhercthedesircdve}㏄まtyatthenewcenterof
 rotatlonistrans薪omedbacktotheohginalcenterofrotation.haddi廿on,wepresen幡egeneralcontrolfr&m6蜘ork
 ofrelocatedce搬erofrota宅lo瓶Thiss重artsfro憩applicationofuser'sintentiontowhee至velocityregulatlon.We&1so
 prese鰍hetralectoryevaluationusingnewcenterofrotations、Wetrytoevaluatetheef艶ctofrelocatingthecenter
 ofro戯ionto語esystem'smaneuverabilityandthisisimplementedbyallowingtheusertousethewa玉kingsupport
 sys敏nwithrelocatedce継erofrotation.㎞theevaluation,theuseronlyappliesforcea董ongX.axis、・知&
 non-relocatedcenterofrot&tionsit戯呈on,thes慧pportsystemwillonlyhaveatrans玉ationalmotionalongX一&xls.We

 showthatwitぬrelocatedcentemfro重ation,t熱esystemcanhavebothtrans玉ationaiandrotationalmotion.
 Chapter4dまscussestheprocessindetermi簸ingnewcenterofrotation.Wehaveatrainingstagetoevaluate盆nd
 adapωser甲sco瓢rollingcharacteristics.Thisisimplementedbya難owing由euseズtofollowsometrain玉ngpaths.In
 theeventlargepathen・oroccurs,aIeamingalgorithmisusedtovary出ecen輩erofrotationofthesuかportsystem
 unt鋳掛eusercansuccessfunyfo110wthetrainingpath.Theabovemethoddeschbesanonlineapproachin
 determininga熱ewcenterofrotation郵orace甑intrainingpa崩andthetrainingblockdiagramisshowninF呈g,2.
 Theτe董ationsh量pbetween飴euserin重entinthe∫o㎜ofapPliedforce!重orquea澱dnewcenterofrotation呈stakenby
 cons…deringseveraltrainingpaths、Th圭srelationshipisusedto圭mplementava護ablecenterofrotationcontrolofthe
 robotlcwalkingsupportsystemIntheimpleme慧tationofthevariablecenterofrotation,thenewcenterofrota{io難is
 afunct量onoftheapPliedtorque、This玉s〔ionesincetheapPliedtorque韮shighlyco1Telatedtotheheadinga戯91eof由e

 syste瓜
 Themeanoftheabsoluteerror(MAE)isusedasacritehontoeva至uatethcnewcenterofrotationforacertain
 trainingpathJ童representstheaver&gedeviationofthewalkingsupportsysteminfollowingatrainingpathor
 des圭redpaths駐。ぬasS-pathもasedonusefsco雄011ingch&racteristics.TheMAEistakenbyallowingtheuserto
 fo110watrainingp耳thorS-p&thusingtheohgin&lcenterofrotation,whichisIocatedattheoriginofthewalk呈ng
 supportsystemcoordinate蹴dthenewcenterofrotationJnaddition,environment-base(itrainingis&lsopresen重ed
 asanal{emativc鞘ethodlndeteminingnewcen重erofrotation.Thistrainingapproachuseenvlronmentinfo㎜atlon
 suchasposltio嶽andorient&t玉onofthesuppoズtsystemwithrespecttow哀11s,edges,andotherIandmarks.
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Environment-based training eliminates the process in preparing 
the training path but this is limited to the structure of the 
environment. This approach is useful in detennining the new 
center of rotation for straight path and specifrc curves. In the 
current implementation, there is still a trainjhg stage and not all 
environments are used as a training environment, 
Chapter 5 discusses a second method in deterDaining new 

center of rotation and it is based on an offline approach. This is 
used to reduce the number of traihing in detennining the new 
center of rotations and it uses an envifonment-based training. 
The offline approach is implemented by allowing the user to 
use the walking support system from a start point to a goal point 
in a training environment and path following algorithm is 
employed. The user's intention represented by applied 
force/torque is logged duririg training. The logged data is 
segmented to correspond to a straight and curve segnents in the 
training environment. The data is used to regenerate the path of 
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Fig. 2 Training block diagram 

the robotic walking support system. The error between the regenerated and the desired path is taken. In case large 
path error exists, an optirnization program is employed to change the center of rotation until the sum of the square of 
the path error is minimized. A variable center of rotation controller as a function of applied torque is designed based 
on the new center of rotation. This is augnented and used in the actual control of the robotic walking support system. 
The new center of rotation controller based on offline approach is evaluated using S-path following and the mean of 
absolute of error is taken. 

Chapter 6 discusses the high-1evel functions of the robotic walking support system "Walking Helper H". Aside 
from its motion control algorithm that adapts user's controlling characteristics, we also develop some high-1evel 
functions that are useful in the daily activities of a user. We consider a high-level function as a modular component 
of the overall control algorithm. Based on the state or situation of a user, a certain high-level function can be called 
to address the situation. High-level functions are important in enhancing the capability of the support system. First, 
we present the safety function of the support system, which is based on body force sensor. This is implemented by 
installing a force sensor between two plates. In normal obstacle collision, the reaction force of the hit object will 
cancel out the applied force of the user to the support system. This prevents the robotic walking support system from 
moving towards the obstacle. In addition, ambulatory function emulation is presented. 
We also present a high-level function of the new robotic walking support system in assisting a user in a Sit-to-Stand 
movement. A Sit-to-Stand movement is a common activity of an elderly and we try to explore possible ways on how 
our new robotic walking support system can assist a Sit-to-Stand movement to a certain user. We present and 
analyze two approaches in implementing an assist to Sit-to-Stand movement. The first method we consider is a 
passive support. In this method, the support system is positioned in front of the user. The user then uses the support 
system's handle to execute a Sit-to-Stand movement. The second approach is active support and we try to support 
part of the knee torque. In this approach, a motion control algorithm is introduced such that the support system 
moves based on the desired support knee torque. The implementation and evaluation of the two methods are also 
discussed. 

Chapter 7 discusses the summary of the study. It also discusses the future works and research direction of 
"Walking Helper H". As an example, research direction in estimating and predicting user's state (e.g. posture) based 
on relative position between the user and the support system, and user's intention in the fom of applied force/torque. 
The estimation and prediction of user's state will i:nprove human-robotic walker interaction. 
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 論文審査結果の要旨

 社会の高齢化を背景として、高齢者を対象とした歩行支援を実現する、知的歩行器に関する研究は数
 多く行われているが、従来から提案されているシステムは、非ホロノミックな拘束条件を持つ運動特性
 を有しており、高齢者や障害者の多岐にわたる障害に適応した、高い操作性を実現することは難しい。

 本論文では、歩行器の移動ベースに全方向移動機構を用いることによって、その運動特性を利用者に応

 じて変化させることにより、高い操作性を実現する、歩行器の新しい運動制御手法を提案するものであ

 り、全編7章よりなる。

 第1章は序論であり、本研究の背景と目的を述べている。

 第2章では、全方向移動型歩行器とその基本的な運動制御システムを提案している。提案しているシ

 ステムは、人間の操作力に基づき直感的に操作が可能な歩行器を実現するために有用なシステムである。

 第3章では、歩行器の操作力に対するみかけの回転中心(COR、CenterOfRota撮。簸)が制御可能な
 運動制御システムを提案するとともに、その操作性がCORの位置によって大きく変化することを示し、

 CORを可変にすることの有効性を実験により確認している。提案されたCORの位置に注目した歩行器の

 運動特性制御手法は、従来にない画期的な手法である。

 第4章では、利用者の障害や癖等に応じて歩行器のCORの位置を制御し、その操作特性を利用者に適
 応させることによって、高い操作性を実現することが可能な新しい制御手法を提案している。提案する

 手法は、トレーニング環境を用いてシステムに利用者の特性を学習させ、実時間でCORの位置を制御し、
 操作性を改善する独創的かつ有用な手法である。

 第5章では、一般的な環境で歩行器を利用する際に、その環境情報、運動情報、および歩行器に加え

 られる操作力情報を記録して、オフラインにて適切なCORの位置を決定する手法を提案している。蓬の

 手法は、トレーニング環境等を用意することなく、日常の使用に基づいてCORの位置を更新していくこ

 とが可能となる実用的な手法である。

 第6章では、開発した歩行器を用いることによって、歩行器の高機能化が実現できることを示じてい

 る。具体的には、ボディーフォースセンサを用いた歩行器の安全性向上システムの提案や、杖や非ホロ

 ノミック拘束を有した車輪付歩行器などの歩行支援デバイスを模擬するための制御手法の提案、利用者

 の離床支援法の提案等を行っている。これらは歩行器の実用化に向けた必要不可欠な技術である。

 第7章は結論である。

 以上要するに本論文は、全方向移動機構を利用した歩行器を提案するとともに、その運動特性を利用

 者に応じて制御し操作性を向上することを目的とした新しい運動制御手法について論じたもので、機械

 工学、ロボット工学および福祉工学の発展に寄与するところが少なくない。

 よって、本論文は博士(工学)の学位論文として合格と認める。
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