
90 

AcknoWledgments 

I would like to express appreciation to my exceedingly lovely wife and son for their 

encouragement, Iove and patience in making this research possible. 

I would like to thank my supervisor Professor Ishimatsu whose patient guidance and 

support have been invaluable. I have been inspired by his vision, passion and commitment 

towards making Nagasaki a better place for the elderly and disabled, and at the same time making 

his family a priority in his life. 

I am also mdebted to the members of the Nagasaki Hillside Assocration Group and Aging 

Society Research Group for their sharing and realizing Professor Ishimatsu's vision.. 

I would like to express my sincere thanks to the members of the dissertation committee, 

Professor Toru Shigechi and Professor Mineo Tsuji who took time to evaluate my thesis and 

provide essential guidance in creating the finished product. 

I would like to express appreciation to Professor Ishimatsu's previous secretary Ms U. 

Takesue and current secretary Mrs. E. Shibata (current secretary) for their assistance on the 

administrative side not to mention numerous cups of coffee and green tea. 

l am appreciative to Mr. K. Imai who has been kind enough to order parts both locally and 

from overseas and guide me in the art of tidying up. 

I am very thankful to Professor Takashi Takeda for his encouragement in getting this 

research started and for his assistance in filing for patent. 

I would like to express thanks to Kiyomi Matsuo for his advise as a veteran wheelchair 

user and rehabilitation engineer. 



91 

References 

[l] 

[2] 

[3] 

[4] 

[5] 

[6] 

[7] 

[8] 

[9] 

[ I O] 

[ll] 

[ 1 2] 

[13] 

[ 1 4] 

[ 1 5] 

[ 1 6] 

[ 1 7] 

[18] 

[ 1 9] 

[20] 

Wheelchair ramp information, Northeast Rehabilitation Health Network, (2002, Oct 1 6), 

[Onlinel ･ Available : http://v~.northeastrehab.com/Articles/ramps.htm 

Wheel, Oxford Paperback Encyclopedia, C Oxford University Press 1 998 

Ancient wheels, (2002, Oct 1 6), [Online] . Available : 
http ://wwsN.education.eth .net/enrich/inventions/ccorner invention4.htm 

K. Yoneda, Y Ota, and S Hirose; "Development ofa Hi-Grip Stair Climbing Crawler with 

Hysteresis Compliant Blocks'~ Proc. of 4th International Conference on Climbing and 

Walking Robots (CLAWAR 200 l), pp.569-576, 2001 
I. Yoneda, "Particular about wheels - dynamics of a wheelchair's wheel," in Proc. 6th 

Japanese Rehabilitation Engineering Society's Wheelchair SIG conference, Sasebo, Japan, 

pp. 25-47 (in Japanese), 1997. 

Honda P3 robot negotiating stairs, Kids Web Japan, (2002, Oct 1 9), [Online]. Available: 

htt p ://j in jcic.onjp/kidsweb/news/O0-08/p3,html 

M. Nishikawa, N. Ozawa, "System for detecting and controlling the position of a mobile 

robot," US patent 5,737,217, Apr. 7, 1998. 

Y. Suzuki, "Control apparatus for legged mobile robot," US patent 6,377,013 B2, Apr. 23, 

2002. 

M. Kurihara, S. Ota, Nagasaki Emergency vehicles and rehabilitation - from emergence 

medical services toward local care, Shodosha (in Japanese), 1 999. 

Lecture and practical session on wheelchair handling and assistance for staff, Nagasaki 

Junshin Catholic University, March 20 2001 . 

Eliminating stairway barriers, Max-Ability Inc., (2002, Sept 24), [Online]. Available: 

htt p ://www.sonic.net/jtfig/maxability/stair-lift2.html . 

Access partner, Meiden Kohsan Co. Ltd, (2002, Nov 22), [Online] . 
htt p ://wvrw.meidenkohsan .co j p/ pages/index.html 

Stair lift platforms, Garventa Accessability, (2002, Nov 22), LOnline] . 
htt p ://vrww.garaventa.ca/sl/index.html 

Wheelchair ramps and lifts, American Wheelchairs, (2002, Nov 22), [Online]. 
htt p ://w¥~v.americanwheelchairs.com/default.htm 

Stair-Chair SC-1 (earlier version CDM-2), portable wheelchair lifter, track based 

wheelchair transporter, Sunwa Ltd., 571 Negishi, Sayama-shi, Saitama-ken, Japan 
350-1325. 

Retrofit wheelchair lifter, Tennessee Mobility, (2002, Nov 22), [Online] . 
htt p :/A~vw,tennesseemobility.com/tennesseemobility/web/2 jozb70s.html 

Curb ski p per, Shoprider Co. Ltd, (2002, Dec 4), [Online] . Available: 
htt :/A~vw.arabmedicare.com/curbski er.htm 

S. P. Levine, D. A. Bell, L. A. Jaros, R. C. Simpson, Y. Koren, J. Borenstein, "The 

NavChair Assistive Wheelchair Navigation System," in Trans. On Rehab. Eng., vol. 7, No. 

4, pp. 443-45 l, 1999 

H. B. Wang, T. Ishimatsu, J. Mian, et al., Vision-guided navigation for a wheelchair, Proc. 

IASTED Int. Conf. Robotics and Manufacturing, Honolulu, Hawai-USA, pp. 145-148, 
1996. 

H. B. Wang, C. U. Kang, T. Ishimatsu, et al., Auto-navigation of a wheelchair, Int. J. 

Artificial Life and Robotics, pp. 141-146, 1997. 



92 

[2 1 J 

[22] 

[23] 

[24] 

[25] 

[26] 

[27] 

[28] 

[29] 

[30] 

[3l] 

[32] 

[33] 

[34] 

[35] 

[36] 

[37] 

[38] 

[39] 

[40] 

[4 1 J 

STEERlNG CLEAR OF BUMPS: New Navigation System to Help Wheelchair Users, 
(2002, Se pt 24), [Online]. Available: 
http ://w¥~v j inj apan.org/trendsOO/honbun/tj O I 02 1 O.html 

Pride Jazzy XL 1 170, Al Mobility Co. Ltd, (2002, Dec 4), [Online]. Available: 

htt ://www.almobilit .com/wheeltoc.shtml 

World's first 4WD scooter, Serio Co. 2-2-23 Hagunishi, Hanamatsu, Shizuoka Prefecture, 

433-8 1 1 1 , (2002, S e pt 24), T [Online] . Available: 
http ://www.fukushi.com/yougu/data/files/serio/ I .html 

S. Hirose, T. Sensu, S. Aoki; the TAQT Carrier.' A Practical Terrain-Adaptive 
Quadru-Track Carrier Robot, Proc. IEEE/RSJ Int. Conf. on Intelligent Robots and 
Systems, Tokyo, pp.2068-2073, 1992 

Stair assist wheelchairs and carrier, Hospimedia group, (2002, Sept 24), [Online]. 
Available: http ://w¥~v.hospimedicaintl .com/chair.htm 

Scalamobile, Ulrich Alber GmbH + Co. KG, Signraringer Str. 100, D-72458, Albstadt, 

Germany. 
KSC-A-1 l, KSC-A-12 & KSC-C-lO, Kyowa Elect. Industry Corp., l0-2 Kawaguchi-cho, 
Nagasaki, Japan 852-8 108. 

Nagasaki Hillside Association, (2002, Sept 18), [Online]. Available: (in Japanese) 
http ://w~~N I .odn.ne j p/nha/ 

RH-200 IA, (2002, May 20). [Online]. Available (in Chinese): 
htt p ://www.runsoft.com.cn/twzx/f ivzx4(wij d).htm 

K. Cox, "Battery powered stair-climbing wheelchair," US Patent 6,484,829 Bl, Nov. 26, 

2002. 

D. Kamen, R. Ambrogi, R. Heinzmann, "Transportation vehicles and methods," US Patent 

5,975,225, Nov. 2, 1999. 

INDEPENDENCETM iBOTTM 3000, John Williamson's Now this is an electric powerchair 

that I will buy with my own money ! , (2002, Se pt 24), [Online] . 
Available:htt p ://wsNw.dyno power.freeserve.co.uk/home pages/newchair.htm 

Tomo Co. Ltd, Tamagawa University. (2002, May 20). Freedom. [Online]. Available (in 

Japanese only) : http://wsNw.tomo-co.co jp/free.htm 

Overhead stair lifter, Outa Co.Ltd, (2002, Nov 22), [Online] . 
http ://www.ohta-shokai .co j p/index2 .html 

Welcab, Toyota Co. Ltd, (2002, Nov 22), [Online] . 
htt p ://w~~v.toyota.co j p/welcab/index.html 

Government Weighs Sales Of Wheelchair That Can Climb Stairs, Primedia newsroom, 
(2002, Nov 2 1 ), [Online] . htt ://wwsv.worknews. l.com/healthcare.htm 

C. Doman, P. Rowe, L. Tipping, A. Tumer, E. White, "Tools for living," (2002, Sept 27), 

[Online e-book] . Available: http://vrww.elsevier-international.com/e-books/pdf/3 1 .pdf 

Hiwin Corp, (2002, May 20). LAH Series linear actuators [Online]. Available: 
htt p ://wsvw.hiwin.com 

P. Wellman, W. Krovi, V. Kuma, W. Harwin "Design of a Wheelchair with Legs for 
People with Motor Disabilities," in IEEE Trans. Rehab. Eng., vol. 3, pp. 343-353, 1995. 

R. Misawa, "Stair-climbing vehicle for wheelchair," Japan Patent 8-286753, Oct. 29, 1 996. 

R. Misawa, "Stair-climbing vehicle for wheelchair," US Patent 6,158,536, Dec. 12, 2000. 



93 

[42] 

[43] 

[44] 

[45] 

[46] 

[47] 

[48] 

[49] 

[50] 

[5l] 

Tracked stair-climber Taj imi Station, Media Park Himawari volunteer group (2002, Sept 

19), [Online]. Available: (in Japanese) 

htt p ://www.media park.ne j p/himawari/98takayama2 .html 

T. Ishimatsu, K. Sugiyama, M. Kurihara, "Development of a stairclimbing machine in 
Nagasaki," Proc. 3'd International. workshop of Advanced Mechatronics, Kanwon, Korea, 

pp. 214-217, 1999. 

M. Lawn, T. Sakai, M. Kuroiwa, T. Ishimatsu, "Development and practical application ofa 

stairclimbing wheelchair in Nagasaki," Journal of HWRS-ERC, Int. Journal of 
Human-friendly Welfare Robotic Systems, pp. 33-39, 2001 . 

M. Lawn, "A robotic hybrid wheelchair for operation in the real world," in Computer 
Science Center, Nagasaki Institute of Applied Science, No. 8, pp. 65-77, 1 997. 

M. Lawn, T. Takeda, "Development of a 20 DOF wheelchair for operation in a barrier 

present environment," Proc. 8th ISMCR Int.1 Symp. Measurement and Control in Robotics, 

Prague, Czech Republic, pp. 41 1 -416, 1998. 

Alias Wavefront. 

M Lawn T Ishimatsu T Takeda "Towards a "Barrier Free" wheelchair," Proc. 1 6th 
IMEKO World Congress, Vienna, Austria, vol. 7, pp. 63-67, 2000. 

M. Lawn, T. Takeda, "Design of a robotic-hybrid wheelchair for operation in barrier 

present environments," Proc. 20th IEEE/EMBS Int.1 Conf., Hong Kong, ROC, vol. 20, pp. 

2678-2681, 1998. 

Macromedia Flash 5J 

T. Jozaki, M. Tanaka, M. J. Lawn, T. Ishimatsu, "Motored wheelchair applicable to a 

variety of disabled," Proc. Int.1 Conf. on Control, Automation and Systems, Jeonbuk, 

Korea, pp. , Oct. 2002. 



94 

Curriculum Vitae 

Applied Science. 

multimedia in education and the use of Virtual Reality in rehabilitation training 

Murray J. Lawn received a B.E (hons) at Canterbury University, 

Christchurch, New Zealand in 1989. After 1 2 years as a technician and later 

engineer for New Zealand Railways worked for New Zealand Telecom as a 

Communications Consultant. In 1994 he came to Japan and currently is an 

assistant professor teaching Computer Science at the Nagasaki Junshin 

Catholic University and a visiting Lecturer at the Nagasaki Institute of 

Studies and interests include the development of Stair~limbing devices, 



95 

A ppendiceS 

A Background to the high step and stair-climbing mechanism design concept.................. .. 96 

B High step and stair-climbing mechanism - computer controlled scale model................... 106 

C Image processing based guidance system - further application ........................................ I 14 

D Improved accessibility and mobility administration in Nagasaki ................................... .. 1 1 8 



96 

Appendix A Background to the high step and stair-clitnbing mechanism 

design concept 

A side view of the initial high step and stair-climbing mechanism proposed in 1 997 is 

shown in Fig. 7 1 . Fig. 72 shows photos of a life size model of the mechanism in barrier free 

mode and stair-climbing modes respectively [45]. 
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Fig. 7 1 First high step stair-climbing proposal (side view) 

The proposed system of actuators was based on the use of oil hydraulics, at that time 

( 1 996-7) this represented the only relatively lightweight and cost effective means to provide the 

linear output torque required for leg actuation. 

Most ofthe initial design effort was in designing legs that would be sufficiently compact 

to maintain a standard wheelchair base height (approx. 45 cm), but at the same time be able to 

articulate the legs to raise the wheelchair and occupant I .2 meters. The initial modeling process 

was mainly carried out by working with actual size 2D articulated card models over a 35 degree 

stairway taped to an office floor. The modeled components were based on low cost components 

available at that time. The process consisted of several hundred iterations, ranging from intuitive 

to calculated. The actuators were based on low pressure (30kgf/cm2) 40 mm cylinders providing a 

maximum output of -450kgf. Although a hydraulic pump and associated equipment represented 

significant weight it was a fraction of the weight and cost of the main alternative which was to 
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use　clectric　cylinders、At　thaUime　each　hydraulic　cylinder　reprcsented　about　lkg　in　weight　and

per　cy］inder　valves（clcctric）「〔）r　switched　hydraulic　control　also　about　lkg，the　pump　and

associated　common　cquipment　weighed　about20kg．This　c〔）mpared　t（〕electric　p｛）wer　cylinders

that　werc　ovcr　lOkg　each，and　lackcd　the　high〔）utput　pressure　and　speed　required．Furthermore

the　cost　ofsuch　cylinders　at　that　time　was　very　high（built　to　order）．

（a）barricr　free　m｛）de （b）st且ir《11mbingm（）de

Fig、721nitial　high　step　and　stair－clifnbing　mechanism－pr（〕p（｝sed

窪蕾 日
業
，

■　■
　　　　　　鵬

　　　■　■
■

審
（a）baπierfreec（｝nfiguration
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(b) variable track width mechanism, max. stability 

Fig. 73 Second proposed high step mechanism plan views 

Negative attributes ofthe initial design (Fig. 7 1 and Fig. 72) were quickly apparent. The 

narrow tread or footprint provided unacceptable lateral stability margins. The initial work-around 

for this was to add an extra degree of freedom at the base of each leg, thus permitting adj ustable 

tracking width. This is illustrated in Fig. 73(b). While variable tracking did provide lateral 

stability it also introduced significant control complexity, the proposed control schematic is 

shown in Fig. 74 [46]. 

Overall kinematical feasibiiity during the stair climb was modeied in 3D CAD animation 

software [471 on a Sun workstation. A further problem was noted, that was the fact that while the 

mechanism could in fact board a van it required about 30 cm head clearance to do so. Verification 

of how much head clearance was actually available when considering the average van and 

occupant seated in the wheelchair found the actual available clearance to be close to zero. This 

led to a long period of reeonsideration of the leg articulation structure. Until that time the legs 

both front and rear were symmetrical, this ensured equal operating ability in stair ascent or 

descent in either direction, however in order to enter a van with "near zero head clearance" the 

rear legs could not fold under the wheelchair base. 
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This led to the concept of folding the iegs behind the chair shown in Fig. 75. This rear leg 

redesign led to two significant outcomes, firstly vehicle boarding became possible with "near 

zero head clearance" shown in Fig. 76 and secondly it became possible to bring the front wheels 

out to the edge of the chair increasing the front tread width sufficiently to no longer require the 

variable track mechanism [48]. 

.s;'~ ~ig*l~~{e~ 

~.~j'~~ tp ba~ ~mj~~ ~{c ~~#~~~ 

P+~ipn~ pard~, ng 

P~c~~ c{c*~~~~' e P~s ty~~~: 

Fig. 75 Third proposed high step and stair-climbing mechanism 

"~-~~~*. 

Tr: Nea~ lctc ele;afsnee 
head to ee~iing 

$tep' 

~~seern 

Fig. 76 Third proposed high step and stair-climbing mechanism - near zero head clearance upon 

van entry 
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　　　　　　Shortly　a負crしhe　third　proposed　mcchanism　was　presented　in　2000，it　was　noted　that

electrically　a¢iustab］e　beds　were　starting　to　c（〕me（〕ut　using　lightweight　high　power　low　duty

cycle24V　DC］inear　actuators．Initia］enquires　to　the　cylinder　Illanufacturcrs　wcre　that　the

cyhndcrs　were　not　available　outside　the　bed　manufacturing　industry．Howcver　in　early2001the

actua眠）rs　become　conllnercially　avai］able［381．

Fig、

　　　噸！

璃鴨r魎r・軋

　　　　　　　　　（a）frontright　　　　　　　（b）rearright

77Third　prop（〕sed　mechanism　modeled　with　e］ectric　actuators－barTicr　free　m〔）de

　　　　　　As　soon且s　a］ightweight　high－p〔）wer　e］ectrical］mear　actuator　was　n〔）ted　as　being

manufactured　thc　third　pr｛）posed　mcchanism　was　redesigned　to　catcr　fbr　the　di「「erent　actuator

c（〕n員gurations　and　m〔）deled　in　lifh　size、This　is　shown　in　Fig、77barrier　free　operation　and　Fig，

78stairてhmbing・peration，

　　　　　　Thcpr・P・sedmeans・fmaintainingba］anccduringstepPingisexplainedwithregardt・

Fig、79to　Fig、81．Upon　encountering　such　as　a　step，whcels　would　step（〕ne　at　a　time　as　shown　in

Fig・80ascendingandFig、81descending，

　　　　　　For　the　front　whcels　to　step　the　comb］ncd　vchicle「s　and　useドcenter　of　gravity（COG）

wou］d　bc　a］tered　tG　within　the　shaded　area　in　Fig．79（a）、and「or　a　rear　wheel　to　step　the　COG

would　bc　altered　to　withinしhe　shaded　area　in　Fig、79（b｝、In　order　to　achievc　thc　high　step　shown

］nFig・80‘h）sma11pr・trusi・nsfr。mthcf・・trestswerepr・P・sed，t・takcthechairanduser
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weighしwhile　the倉ont　whcels　were　R〕lded　in（ascending）．lllustrations　Fig、79to　Fig、81are

vide（〕frames　fヤom　a　vide｛）created　using　an　articulatcd　flat　paper　model　uscd　to　simulate　thc

stairdimbing　action、A　vide｛）camera　was　sct　to　takc　still　photos　and　replay　them　in1／8sec〔）nd

sequence、Thc　resuit　was　a　simp］e　animation　ofthc　stair－climbing　acti〔）n．

　禰雌

議
．譲

　　　　　　　　　　　　　　　　　　　　　　（a）　　　　　　　　　　　　　　（b）

Fig．78Third　proposed　mechanism　m（〕de］ed　with　electric　actuators－stair－climbing　mode

”
駄
瓦

　
八
　
S

並
噺al・山へMalごU“SM　IA

　　、／

　Ch胡一
　1卜urhnc

（a）front　whee］step

　　　　　Fig．79C］imbm

　
一
［
　
一

　　　　　　　　　　　　　　　（b）rear　whee］stcp

odc　sしability　margins－plan　view
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Fig. 80 Stair ascent - Third proposed stair-climbing mechanism 

However regarding achieving the fine balance necessary was considered very complex 

and the stability margins too low for practical consideration. After re-visiting the target stairs 

such as those shown in Fig. 63 the need for 4 points of contact with the ground at all times was 

reconsidered. 
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Fig. g I Stair descent and high step - third proposed stair-climbing mechanism 
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The resultant redesign was to replace the alternately stepping leg mechanism with wheei 

clusters, thus providing at least four continuous points of contact with the ground at all times. 

While inclusion of wheel clusters increased the lower section complexity the number of 

articulated legs reduced from four to two thus significantly reducing control complexity in the 

upper section. 

The resultant mechanism outlined in Section 3 was targeted at providing autonomous 

operation on stairs, as well as providing autonomy in the negotiation of a single high step such as 

that encountered when entrance to a van is required. 
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Appendix　B　High　step　and　stair－climbing　mechanism

　　　　　　　　　　－computercontronedscalemo“el

　　　　Acomputcrcontrolledll625sca］em（｝delofthehighstepandstair｛1imbingmechanism

was　built　Two　sing］e　chip　CPUs　were　uscd　to　providc　a　minimal　c（〕ntr〔）l　system　The　purpose　of

the　scalc　model　was　t〔）verify　the〔）verall　practicalit｝・of　thc　design　as　well　as　provide　an

experimcntal　base　f（〕r　a　minimal　control　system、Expe面ments　were　successfuhn　the　ascent　and

descent　or　mode］st盆irs　and　in　the　boarding　and　disembarking丘om　a　m｛）del　van．

　　　　This　Section　pr〔）vides　details　rcgarding　the　m〔）deling　and　bui］ding　process　of　the

computercontr・1］edm（｝de］highandstcpstair－climbingmechanism．

（a）front　casters　and　front　lcg　mcchanism　visib］e　　　（b）rcar　lcg　mechanism　visible

　　　　　　　　Fig、82High　step　and　stairdimbing　scale　lllodel　in　b＆rrier　free　mode

　　　　Fig、82picturcs　the　scale　model　in　barricr　fヤec　mode、That　is　the　m〔）de　ofoperation　used

〔）n　nat　ievel　surfaccs、The　c〔）ntrol　system　and　associated　peripherals　are　located　whcre　thc　chair

（model　chair）shollld　be、The　verticany　orientated　circuit　b（〕ard　visible　in　Fig，82（a）is　the　radio

c（〕ntr〔）l　link，bchind　that　is　the　battery　for　the　servo　mot（〕rs．The　horizonta11y　oricntated　circuit

b〔）ard　is　thc　main　circuit　including　thc　CPU　l／O　etc．Visible　in　Fig，82（b）is　a　sccond　battery

under　thc　chair　f〔）r　the　electronics　and　an　RS232p（〕rt　for　computcr　interfゑcc，aboveしhat　are　tw（〕
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mercury angle sensors. 

The scale model was modeled precisely as per the numerical model but slightly exceeded 

the numerical model in width. This was due to the use of mechanical components that were not 

available in an appropriate scale. 

The high step mechanism modeled used eight Futaba S3 1 03 RC servos. ASI eight servo 

motors were modified for continuous rotary operation. The position potentiometers were replaced 

by external potentiometers for centering adj ustment. The linear actuators such as that seen in Fig. 

8 5 were made by connecting a threaded shaft (M5) to the servo output. Appropriate swivel 

mounts were provided on the servo bodies and the shafts operating into appropriately threaded 

pins as shown. The maximum operating speed of the S3 103 is about I .5 rps (revolutions per 

second - S3 1 03 servo spec. O. I I sec/ 60~ @ 4.8 v) providing a linear actuation speed of about I .2 

mm per second. The servos output I .2 kgf!cm was well in excess of that required by all actuators 

except the wheel cluster rotation motors. Particularly the rear cluster motor, due to 3 of the 8 

servos and associated gear trains being mounted on the rear wheel cluster, compared with only 

one motor being mounted on the front wheel cluster. 

The linear actuators were modeled based on recent availability (at the time of writing) of 

low cost, Iightweight linear power actuators (Max. 6000N, 5mm/sec no load, 3mm/sec max. Ioad, 

24v, weight 2.S kg, duty cycle loelo). Initiai papers C45Jr46lt48] and t491 were written based on 

the use ofhydraulic cylinders powered by a single hydraulic pump. Such lightweight, high power 

linear electric actuators were initially developed for hospital bed articulation. 

Scale model 

The model pictured in Fig. 82(a) and (b) is based on the I to 6.25 scale. This choice was 

influenced by the ready availabiiity of 4 cm pneumatic tires (used on RC model aircraft) and 

miniature (S3 103 servo 2 1 .8 x I I x 1 9.8 mm) RC servos. The leg design is based on that shown 

in Fig. 75 r48j, with the addition of the wheel clusters to overcome the need for precise balancing. 

Initially a calibrated 2D (two dimensional) articulated paper model was created and checked for 

basic kinematics. This was then modeled in 2D animation software t50], to provide step by step 

visual feasibility analysis, 1 90 frames provided sufficient resolution to cover the 8 basic phases of 

operation, which are as follows: 
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Entrytt）astair－climb

Stair｛］imbing

Stair－dimb　to　a　Ianding

Entry　to　stalr嘱」csccnt

Descending　stairs

Stair－dcsccnttoalanding

Boardinga　vehicle（high　step）

Discmbarking　fr〔）m　a　vehicle（high　step）

One　ofthe　l90animatcd　frames　is　sh〔）wn　in　Fig．83in　thc　cnvironmcnt　in　which　it　was　created，
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Fig．832D　So負waτe　m〔）deling

　　　　　F｛）］］（〕wing　thc2D　m（｝deling　initially　a　simple　f｛）rm〔）「3D　m（〕deling　was　employed　to

providebasic3Dfeasibilityanalysis，thismodelispicturedinFig，84．

　　　　　With　regard　to　creation　of　the　controlled　sca］e　m｛）del　mechanism，parts　were　collccted　on

abesteff・丘basist・pr・videsca］edpa宜sthatcl・selymatchedthecharacteristics・fthe卿sthey
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were　representative　of．In　this　regard　h虻）wever　notable　parts　that　could　not　be　scaled　were　the

wheel　cluster　rotation　mechanisms．The　very　high　torque　requ玉rcd－peakrcarclustcrdrivc　torque

轟160kg〃cm　based〔）n　R；5cm　sprocket＠220kg　loading－pe歌k，for　a　fu1］size　mechanism　would

m・sttypicallybechaindriven，howcvcranapPr・priate］ysca］edhight・rque－2．2kg∬cmt〔）a5

mm　radius　sprocket，chain　was　not　avai］able　R）rthe　sca］e　size　mechanism．

Fig、84Simple3D　feasibility　modcl

Thus　as　can　be　seen　in　Fig、85a　modined　w〔）rm　drive　gear　boxcs（Tamiya）were　emp1〔）yed．

H〔）wevcr　thc　high　fricti〔）nsencountcrcd　made　operation　close　to　the　maximum　output　of　the　rear

servo　motor（L2kgfγcm）．The　friction　appeared　to　be　due　to　thc　miniature　worm－drive　gearb（｝x

used　lacking　any拙nti－frictivc　thrust　mechanism　and　resultcd　in　ovcrheating　of　the　rear　c］uster　RC

servo　when　used　for　continuous　stair　climbs．RC　servo　motors　arc　designed「（｝r　p〔）siti｛）n　c（｝ntro］，

that　is　they　will　r｛）tate　t〔）and　maintain　any　requested　angle．However　the　requirements「〔）r　al］RC

servo　motors　for　the　high　stcp　mechanism　was　to　providc　continuous　rotary　operation．Therefore

all　RC　scτvom（〕tors　wcrc　modi5ed「｛）r　c〔）ntinuous　operation，the　c｛）ntr（｝］signal　provided　precisc

spccdc・ntr・］ratherthanp・siti・nc・ntr・1、ltmustben・tedthatn・・difyinganRCscrv・t（）

c・ntinu・usr・tary・perati・nnu］1i行esanymanufacturerwaπanties，adutycyclespccincati・nis

not　provided　but　in　the　caseし）fthe　Futaba　S3103experience　w〔）u］d　indicate　sub50％．Furthcr　not

all　RC　servo　motors　can　be　modi行ed　for　continu（〕us［）peration．Most　RC　scrvo　motors〔）utput
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i45' or ~:90', thcrefore the rlnal output cog on some scrvos is providcd with only 180' of tccth 

In thc casc of the Futaba S3103 360' of tccth arc provided but the unused 180' of teeth are about 

l/3 thc width of the used 1 80' sidc This has resulted in a high failure rate of the output cogs 

Fi g 

L inear actuator RC servD1 shaft 
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85 Scale model high stcp and stair~climbinlrg mechani~m viewed from below 
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86 High step ~tair~:limbing sca]e model in stair negotiate climb modc 
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Stair asccnt is pictured in Fig. 86(a) and dcsccnt in (b) 

dcsccnt are provided in Sections 3 4 and 3 5 rcspective]y. 

Dctails rcgarding stair asccnt and 

(a) front caster positioning 

~~ 

(b) fr()nt cluster boarding 

~~･~ 

¥. 

** 

** 

+ 

+" 

(c) weight on temp. rest point (d) rear cluster boarding 

Fig 87 High step and stair~]imbing sca[e model boardlng a van 

The stages of boarding a van are pictured in Fi g 87(a) to (d). Details regarding this 
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Section 3.7.4. A simplified version of this controi system was implemented on the RC model. The 

rotation correction required is theoretically linear, however in the system actually built shown in 

Fig. 88, the combined characteristics of both the RC controller chip and the RC servo-motors was 

measured and are shown in Fig. 89. The characteristics are far from linear and asymmetrical with 

regard to motor direction. The compensation required with regard to speed and direction was 

calculated, converted to closest match values, and implemented on the BS2 chip using a lookup 

table. The result was no visual error (drift) in wheel position during cluster rotation in either 

direction. 
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In summary the scaie model provided significant insight regarding the kinematics as weli 

as controllability. The scale model high step stair=climbing mechanism successfully ascended and 

descended scaled model stairs. The model also successfully boarded and disembarked from a 

scaled model van. 
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Apoendb【C Im獄ge　proceSSing　base｛l　guidance　syStem

－further　application

　　　　The　ability　to　control　any　wheelchair　is　a　relatively　complex　task．The　task　is　relatively

simple　fbr　persons　witb　fulI　upper　body　functionality　However　many　wheelchah’users　have　great

difficulty　in　operating　such　as　the　joystick　which　is　used　to　control　most　powered　wheelchairs．

The　directional　guidance　system　outlined　in　S㏄tion4．44has　been　used　to　provide　guidance　data

for　a　standard　powered　wh㏄lchaiL　The　task　of　providing　a　directional　assistive　device　fbr　a

commercial　wheelchair　presented　a　m句or　problem　in　that　the　manufacturer　of　most　wheelchair

controller　systems　will　not　permit　any　modification　to　the　controller｛ievice．Any　modification　to

the　controller　system　immediately　voids　any　waπantee．　Furthemnore　altering　the　controller

electronics　to　facilitate　such　as　a　computer　assisted　interface　is　a　very　time　consuming田sk，and

understandably　not　recommended　by　manufactures　in　light　of　the　very　high　standards　that　must

be　adhered　to　in　the　m㎝ufacture　ofsuch　safbty　critical　systems．

（a）　Link　module
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（b）Model　oflink　mechanism

x

Fig・90Generalpurposejoystickinter魚ceprototype

　　　　A　very　simple　and　low　cost　means　of　providing　a　general　purpose　joystick　system

interface　was　proposed　and　prototyped．The　interface　is　pictured　in　Fig．90（a）and　the　kinematical

model　illustrated　in　Fig・90（b）・The　inter飴ce　consisted　of　a　pahl　of　two　section　linkages　each

conn㏄ting　to　an　RC　servo　motoエThe　electroデmechanical　interface　provided　fhll　operation　of　the
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joystick without any interference to the controller electronics. The link module was installed onto 

the joystick of a conventional powered wheelchair as shown in Fig. 90(a). 

Kinematical control of the mechanism referred to as the link module is described below. 

This module is composed of a closed link mechanism actuated using two servomotors. The 

module moves the tip of the joystick with two-dimensional freedom. 

In Fig. 90(b) a simplified model of the proposed link mechanism is shown. Links Ll and 

L3 are rotated by the servomotors el and 03 respectively. L2 and L4 connect the controlled 

links ~ and 43 to the tip ofthe joystick the resulting angles are 02 and g4 . Point A denotes the 

tip of the joystick. In order to realize the desired two-dimensional movement of the tip of the 

joystick, it is necessary to calculate the desired rotating angles el and e!3 ' 

Firstly, calculating x - y~ 

x~ = L~ cos4 + L~ cos(0~ + ~2) ( 1 8) 

y~ = L. sin ei + Lb sin(~ +6!2) ( 1 9) 

where we consider L. =L~ =L3 . L.b =1;2=L4 we obtain coordinates xl and yl ' 

Lb = {Lb sin(el + 02)}2 + {Lb cos(ol + 02)}2 . Substituting the above relationships into Eqs.(18) and ( 1 9), we 

obtain 

yl sin~ +x~ cese~ = x2 + yl2 + 1_2" - L2b (20) 
2L. 

When we define asin~ + bcos4 = c ~ the above relationships give 

rT and 3m(~4)=~~~~bTTb~c2 ip=tan~1(a/b)~ cos(c-~)= c 
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Whereei is 

tan~~ ~: ~7T7 
~=tan~ -

b 

Command Aceeleration 

rTIll~l Computer 

ContrO1 signal 

Environmental 
Information C 

camera 

Fig. 91 Closed link module system diagram 

The closed link mechanism consists of two identical mechanisms. Therefore x - y3 may 

be solved similarly. Therefore, we obtain 

fTT7_,2 
~yl tanl+~y~- +xl= ~c~~ (22) ~ = tan~ -

xi cl 
rTTl~ e tan=~ y2 - tan1 + ~ y2 + x2 - c~ (23) 

x2 

2 2 where c' - (x, +yi +L2a~L2b) (i lor3) 

2L* 

The co-ordinates of point A are calculated using Eqs.(22) and (23) reference points being 
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o] and o~ respectively. The experimcntal modulc links were designed around L~ = 50 [mm] 

and L,, = 80 [mm] 

The overall dircctional guidance system is illustrated In Fig. 91 and experimental system 

shown in opcration in Fig 92 The user interfacc consistcd of an accelerometer locatcd on the 

user's hcad as s hown The control signals wcrc: tilt forward for forward operation, tilt to the left 

for turning left and tilt right to go right and tilt back ror stop. A red line provided route 

Inibrmation and an additional short yc]]ow line prepared the system for an intersection When the 

Intcrsection was encountered the direction der]ned by the users' head bearing was chosen. 

// . ~~ 
/ 

Fi_~. 92 Auloilavigation usin_g image proce~, s ing 

Variations of the above closcd link navigntion system werc expcrimented wlth, they 

included remotc monitoring of thc CCD camera via a TCP/IP based link, opcrating the 

wheelchair purcly from the head mountcd inclinometer data and using a teaching and playback 

system to rccord and repeat opcration of the powercd wheclchair 

A Iow co~t nlechanism capable of providing a navigation interface for most powered 

whcclchairs was realizcd [5 1 I 
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Appendix D Improved accessibilitv. and mobility administration 

in Nagasaki 

Background - Nagasaki 

Nagasaki is bui]t on the slope~ s urrounding the beautiful Nagasaki Harbor, while the 

viel;L's from the hillsidcs are magnir]cent difficulty In ncgotiating the s]opes has g'radua]]y left 

many eldcrly and or disabled persons houscbound or faced with leaving their world of familiarity 

This was thc f~Indin_g of a team of med]cal pcrsona] who conducted longitudinal studies on the 

Nagnh, aki hillside rcsidcnts - particularly strokc vlctims - Ccrcbral apop]exy, often resulting in 

partial paralysis [91 20c/f of Nagasaki Hlllsidc rcsidents are over 65 as at 1999, cf National 

average of 17% oi' Japaneh, e persons ovcr 65 [9] While the ¥.tairi:limbing would seem most 

suited t() the young, It is the younger pcoplc who have been first to leave the hillside areas, to 

relocate to placcs of grcater conveniencc, that is areas with more immediate vehicular access, 

-::15r~ 

Fig 93 Typical Nag:asaki hillside -Suwa suburb 

Thc rccommendat]ons of emergency mcdlcal grouph, servicing the hilisidc arcas was t() 



l 19 

seek long term assistance addressing both transportation technoiogy issues as well as 

administrative issues, that is the support provided by various care groups, care workers and 

volunteers as weli as requesting support from the prefectural government. Specific steps taken in 

Nagasaki in relation to local terrain induced welfare needs was to initially create a number of 

volunteer support groups. 

Monorail vertical feed access Vehicle access 

CiC~D 

[~[]Cli 

Vehicle access stair and slope capable vehicle horizontal feed access 

Fig. 94 Image ofa hillside residential area employing monorail and stair-climbing vehicles 

The Nagasaki Hillside Association t28] is one such support group. Other support groups 

include the Nagasaki Aging Society Research Group (consisting largely of retired engineers), this 

group seeks practical support for the elderly themselves as well as running workshops and 

symposiums for the public regarding raising the Quality of Life (QOL) for the aging etc. The 
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〔）rganizatlons　work　t〔）gether　t〔）arTange　a　constant　calcndar　of　cvents　for　thc　Nagasaki

c〔）mmunitics，withthesupP｛）齢fbca］Schools、Universiticsandmcdicalinstituti〔）ns．

　　　　　Central　in　the　agenda　of　the　Nagasaki　Hil］side　Ass〔）ciation　and〔）ther　gmups　has　been　the

rcalization　o「the　need　for　a　cost　cffective　means　t〔）transport　m〔）bi］ity　impaired　persons　to　and

from　h〔）mes　in　the　Nagasaki　areas　where　access　is　difficu］t．

真Ionorail　or　Slope　ele、・ator　access

　　　　　　Access　to　some　hi］］side　residential　arcas　in　Nagasaki　has　been　c｛）nsidered　impractica］

even　using　the　stair－climbingヤehicles　discu∬ed　in　thc　Scction4、In　areas　inv〔）lving　f（〕r　examp］e

・veronehundredstairs，t・thenearcstr・ad，accessisc（〕nsidereddifncultR）rany（）ne．Assuchthc

issue〔）f　access　in　such　areas　has　been　broken　up　into　two　parts，nrst］y　a　L嚇vertical　feed　system「叶

and　then“horizontal　feed　sub－systems』うThis　concept　is　mustrated　in　Fig．94、an　overhead

m（〕n（〕rail（〕r　slope　ele、’ator　system　has　bcen　proposed　to　pr（〕vide　main　vertical5eeds．A

sub禾ystem　of　horizontal『eeds　is　then　proposcd．The、・ertical　feed　would　pr〔）vide　a　high　level　of

accessibilityt・thegcnera］P・pulationintherespectiveresidentia］areas，thehorizontalfeeds

w・uldthenbemadcavailablet・mobilitydisablcdpers〔）nst・“mlinthegaps鴨．

（a）M｛）noraiレTenjin　Machi　　　〔b｝Slopじelevatし）r－Kita｛）ura　Chiku

　　　　　　　　　　Fig、95Vertical　access　fced　mechanisms－Nagasaki，Japan
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The overhead monorail and slope elevators targeted at providing vertical feed access 

support are shown in Fig. 95(a) and (b) respectively-

Mobility adm inistration 

This thesis has focused on the technical side of providing mobility. However an issue 

which must be considered at least as equal is the administrative aspects of making mobility 

readily available to persons when and where required. Until recently this responsibility had been 

shared by a number of volunteer groups in the case of Nagasaki. However more recently the 

aspect of mobility was taken up at a Prefectural Govemment level and assistance is now provided 

for persons certlfied elrgible for the "Mobility Assistance Service" - IsouShienSa-bisu in 

Japanese. The person requiring mobility assistance makes a single phone call and one or two 

persons come to assist, a small fee is payable about 70 cents US (80 Yen as at May 2002) for one 

assistant for under 30 minutes or $ I .40 US for two persons under 30 minutes. The actuai cost of 

service provision is covered mainly by the compulsory National Health Insurance fund. In the 

case for example ofcaliing a taxi, two taxis will come, one with a wheelchair, both drivers then 

take the person in the wheelchair up or down stairs as necessary to then board one of the taxis (a 

minimum of 20 stairs has been decided upon to make use of this service), again a small extra 

surcharge is added to the taxi fee for this service but is mainly covered by the Health Insurance. 

A copy of the brochure that was circulated explaining this service is provided in Fig. 96 - Fig. 99 

(in Japanese). 
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Fig' 96 Mobility assistance service brochure' front page 



123

信頼できる移送介護員が、あなたのま

Qへ
製
適

－　’ 』
零

要支援・要介護認簸を受けた方で、唐

宅から車等によリ自力で移動可能な

場所までの闘に坂や階段等（墨準あり）

があって、移動に介助が必要な汚。

　　　　　1ノ　　　　　　　　　　　　　『　　　　　1

　　　　　　　　　　　　　　丸二
　　　　　　　　　　　　　　いσ）有1

　　　　　　　　　　　　　　　イ

口

巴m
　　固田

淑

　　　　　通院

　　　　　通所サービス・
　買い物

お

短期入所サーヒス

　　鍵欝翻謄において）
　　　　　　　　　　　　　　　　，ノ

◎錘講蘂款釜）

　傷憩讐灘《だ轡い｝　　　　　　　　　　　　　鮒一・

Fig，97Mobility　assistance　service　brochure，center　le長
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3出かけをお手伝い。rさあいこ～で！」

鵬

　　ヘルバー3級以上で長嶋市が走催する

　　研修会を終了した移送介護員が自宅か

　　ら率道までの間を1人、または複数で

鋤し織　　　ダ
レ

‘r

o

Wび）　　　層、

　o
｛　叫，o

　　　【利用回数について】

⑫通所介護（テイサービス）、短期入所

　サービス（ショートステイ）諄は、サ

　ービス計画に定められた回数。

顧〉通院・買物等1ま月16圓

　（平成13年3月までは肩8回｝

　　【利用者負握について】

移送介護貴1人につき30分未満を1回

として移送介護員乖人につき1回あた

リ80円の負担になります。

例えば、移送介護員2人（30分未満）な

らば

　　　　　　　　　灘160円

繍

（
＠

卜
砥

　　　（（
⑭＠

燦溜

Fig、98Mobility　assistance　service　brochure，centerright
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筆
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真

認蜜されるとr移送支援サービス利嗣者証i
が交付されます。

、

利嗣する臼が決まりましたら、r移送支援サーヒス、1

の予約をします、

予約は、撞当の「介護支援専門貰1ケアマネーシヤー1」

へ連絡してください。
瞬護刻鵬門貝かいない場禽は市捲劃累瞳探へこ臨蝋たaい，，

嬬藍

ハ　　　　　　　　　　　　　　ハ

Qへ　o莇
㌔｛’
1婦

Fig．99Mobility　assistance　service　bmchure，back　page


