. applicatio

. ; STe3eFC( D68T, 2 SENSOR Thi s patent .application relates to a sensor

t echnol ogy i utilized i'n powerassi st wheelchair: suc t hose
shown i n UJW“\\W\\m“wmppl ication Ser. No. 09]886,874 “mﬂm\\w\ﬁm\“

en |50I2*ed "PONER ASSI ST VEHI CLE" that was fi 1,
2001, the discl'§8Ure of which is incor SENSGRI by reference i msit®9s entirety
" herein.. BACKGROUND OF THE | NVENTION 10 (1) Field of the Invention This
invention relates to position sensing, and nore particularly to rotational

position sensing wthi rbﬁggg%lg Cﬁ%?%%%wﬁqcﬂﬁl sof t he Rel ated

Art Many torque sensing ans "éxr’st rncludi opti'cal” sensors.

Exanpl es of optyxa atént%ggﬁé‘ﬁibh&elﬂ%@tcga ¥eRiBor t8cHaD1dEstvailEis m3P B8 80zed4hBIGRL
5723974, 5907106, 5918286, and 631$817. BRI EF SUMVARY OF THE | NVENTI ON

Rel ati¥e asisil-eheciedairs sunh astthdseskewmindU Se Eatedt Applination SeradioheP/ 86, &14itheed by

cource ¢ o Bl Salfied B bAR AESISR R CER: et e aled BB 750 e e
rel ative tycidifrd éMohicEieMBstpoaRd tylterepdndein RE et hetein.subst antial l'y fi xed

relative to the second elenent. Thé balance is indicative of the relative
orientation of the filter and nask and thus of the elenents. The rel ative

orientation of the elenents Y. indicati e between the
el enents in view of a given w&%h@]%@mﬁéﬁ%@@b nts. 25 A key
appl i ggti S0 ' fhe torque between a wheel chair handrimand its
assoc?gt eg[})\/\;:l%lét‘i ‘.%tﬁ H‘}}gn&gr nmeasures the deflection of the handrim
rel ative to theThibanlentidh mdatpd foaiosition sgisingy ahdmotdparapparhpioiratation! ipbkities s
so the maxi mum angul ar defl ection corresponds to the desired maxi mum
t or que. I\/6§'E‘51%$“‘t‘q%}§‘%6ﬁ§'&ﬁmqr§“éﬁivant ageously in the body of the chair, with:
m ni mal el 9?5@%&1;%’8@%&&*@9@#&@“ m The sensor may allow the drive and
30 sensi né S ially independent. The sensor permts a
smal | defl ecti dWany tdrquesensing nixansedsinddding mnyepéta stnsosaExgoples of optival
bet ween the body of the chair an r Ln I usj n _gptical
met hod>t o %@Wgéa@rﬂm%i%? 91691%&%@%@53 4?@%29%33/3‘?%0'2% géﬂﬁgﬁ obl ens
found in qilt HgEl-ﬂon-cont act nmethods including slip rings, radio |inks,

i nks,

i nductive and/ or capacitive links. The details of one or nore
enbodi ments of the inventi oBRIEE SBUMARY I0F FTHEHNVAND@MNyi ng dr awi ngs and

he description_ bel.ow. O her f. . pbjects, and ad ; .
vent i on v | | RO porion of St sRCTiePpt FISTeRNA A e e b F e
cl ai ms BRIGRESERI AN 0 sikdnd B NGt beAed flom AsiaiRhipS a nPEishgdi nal

sectional view o% sensor according to principles of the invention. 10,
FIG 20is fHtaeone sfohieinhis mbepatnllyrfked irdativf tozthé figgh elegisot ang theothphef which is

det ector cup of ..the_sensor. of FICA 1., FIGs A.& B are_t. eCl.ve n
views of t S‘éﬂ%‘g(/ﬁmg'i?i) 18 1? E’& SE%?PSFF%%‘& fOAAREC Eé%@‘g?qtpv&éfﬁed‘“’%mﬁ Gs.
4A- C 1 espeghdntion sTIRWAltACarURAK 2D SRR Gf BRSH erdBists \ITRGEIaWA ¢ Sridritstionfifehe
turned 15 fully to the left, centered, and fully to the right. Like

ref erence elembeissnayrie indicadyeanf adomue hetvresn vhe ¢loments imview S 2igivencanyliantee

el enents. DETAI LED IPESCRI PTION FIG 1 shows a wheelchair drive wheel 20 and
coaxi al ha‘?‘FdY"F?’hE’ff.eWS'V\heel and 20 handri m have concentric inner and
outer b tube i 3n 208t 4inh M B8R HeRIREN ) WidekchalfGandiif avbh@el hub

t ube gg is carrﬁg{cf&v?ﬁﬁﬁ?%g mai n drEi ve talube 34. The drive tube 34 is held
for rotatiasocbiedtwienk The isensbOheasrentthey deflestivh of thedandrmirtletivitedhe wheel. A

(e.g., relative to the structural conpanents 36 of.,a transm ssion unit) via
bearings 38CmpAnt §PRRANENES Ehe WPPIRHS egﬁ‘ SS&F%‘g? By %@Wf%ﬁfﬁl%‘ri ve the

wheel abou i ‘e f?Htﬁn .y : & i

wheel chai réorl}ér%gfﬁdé: tﬁéﬁggeﬁ%rf o?‘{ag ect ?%}HF%:SM gﬁﬁ?ﬁﬁgﬁﬁhﬁdm@i e&gg@é}iggnhﬁ %ordyt o]
t hose di scbPhedhhin witemifirdl aleplenhs ahitbawhéelfiandhmr Fhesssorneghdiomwstine dnigt and
shown} permts the whee| and han?r_i rcp assenb to be di sengagﬁﬂféromthe

t ransm@si SARSng SYSieMs tR Re Fewtangall vmaerradeite e FRSOR RAFATISH S| $ECB T ve
tube 34. T Ll re.aratat] I [ ' e 40
(o g. . an Lrale ARG i Befrta BphafBh infHihalodyct iR SRTRRL
handr i m angbtyirgeivhédl OBY asingen optidal alethddus satlse and eahshit e, datah ehecongolr ntayaoid
produces an increasing resistive torque at |least up until a substantially
hard stop at each end of a restricted range of angular notion. An exenplary
range is -+ 1 fromthe neutral orientation. An exenplary peak neasurabl e
torque magnitude is 2 1 D20 Ib-ft at the hard stop. At its inboard end,
the tube 30 caries a shadow mask 44 (descri bed




below). At its own inboard end, the handrim hub tube 32 carries a color
wheel 46 in close facing proximty to or contacting the shadow nask 44.
Behind (outboard of) the color wheel 46, the handrimhub tube 32 carries a
" radially symetric conmer reflector 48 having an i nboard-facing reflective
_surface. ke proplepisefoundl iretthedhorettntact methods Iretiding 9 rirgsmadivtliztts tiadudhiee

out board surface of the color wheel. The color wheel and shadow mask are
advant age ks, endédr capasativeslingsssi bl e to mininmize distortion wthout quite
contacting each.other, sq as to control. wear .and_damage. 10.lphoard of the
shadow nask 44%%‘23%1455’2%?%?‘%3 Em{’? TG Pég‘ednﬁr’é‘ﬁg ageosﬁ?goé&éﬂg‘esensor
assenbly 30 i {dnBRIBY, IGiBer fBathitél, GRS dnd'aahiigesd
havi ng out e?oéﬁ)%%%laga 4 ar%mg%n respect i v%y Bet heen t{:e vvaP?es t he
housi n§ S5Zhemventten will bghppasen fioen ihe dedveinfion andfrasmpdsyaral from dof rgrsen and
red light emtting diodes (LEDs) 58 and 60. Wthin the wall 56 the housing
carries a light sensor or photo detector in the formof a plurality of

phot odi odes 15 62. Shown i t My A WIH@S phot odi odes 62

i ncl ude phot odi odes 62A ha\%l{rl[g{:?%%@g?g?#[i%ﬁ]ngél ivity for green |ight
and phot odi odesFI62 B ifiaviheehatic porphtRbipal deafiorb iz ofd deyisdraccarditg ko gitticiplEnel
preferential sensitivity may be achieved via use photodi odes having

parti cul arthe He¥hEeR.i es sensitive to such light or via use of neutral

phot odj,odes havy f.] [S i S : A d
| i ght ?br especti li:/feETg)% .lé Lf%%“t%mép%%g% %@%%’% #%M*%E%B%%BF%{E idg%gtgp B@&htég
wal | 56 acdehstit A¥1G paffle. LEDs nmake excellent sources for this
application as they are nonochromatic sources, are stable fox a long tine,
and run cool (eFlgs, 3An%P ate ssspatsvstplaeviews of thashadey maskanddhe gpley wheel of the
respecti veIx sgﬁh{}nhg shadow mask and the col or wheel. The shadow mask has
plurality i SQd' I 70 substantially opaque to light in general (or at
least to the tweiRdAaeteedpestiady SHow the SeheRifthoBed@iask shd Wikeeb i heWhesd Ained
another plurality of portions 72 substantially transparent (or translucent)

t heretld. Thilyds repledr senprped.iapd Sully o thovigtd as al ternating
di al | y- ext endj t LSk .. ¥ .hei i
Genti cal o r cutperSffond hufbe 4 ighEhs PGk Lol Dby Bos Al Rerhobis

transl ucent or transparent portions, 74 and 76 which, respectively pass

green and red light, filtering out other caolors. For 30 illustration the
mask and wheel are shown with 5 JeBRARED DESERIFEIQRd wheel chair encoder

has 2 segnents i di {,+ f -gﬂ@&, : i nt)
as descri bed beﬁﬁzﬁ %IO% a}é& s??f%@é%é@ﬁé&gv# ?ra@g%nan g%?g{z.mggp@élxr?ﬂ @
super pasi t hgidrind havd \@nkérahic dirlet Bhdbuterhubltibd porony 3Gkmidaa luving he@utmepeadsi ve
interfaces between the sectors of the tw are 3. offset fraqom egch oth(li by
eéﬁﬁﬂg for

hal f the afQfulThe wheethulpiube38 isearvied withing maindriyeituhs 34 The dige

sector 70 d j i f .

sectors 7aTRPt NP SE J0REE0e s Bt oif SLERAGUCRE (e & reBERED BESri i
from one habthpérienesddioDd tramsndsicacenit) viebeurings 3% dhenisive futerisicaipled tb 2 motor

he. super pibahehmytorrahe yhed ReowHaS Srie 590- HeOoaot- bt def feteistins O
def ocused gRINCLar iAGuGRE CohGUidorofic8aRPERINEL, &) bOWnGRL W thold disdI6Rin
a e and ma h

this n€utral orreritati on, eel are"turned relative to eac

other by halef*398 applécafiohCA quickeclens methadah (nct sEOwn) permite tiedseebarnid/hamdeim
group of the green or red sectors 74 and 7G whil.e the transparent sec%grﬁ

72 will pagssembinto badigerrzaged from the Wansmissipsunitvir exiraction of therhest hjhtu

rotation of. is.sugch that red, i ght ,may . . | i on
while in FEER e ""'if@g‘i %‘ﬁ?t%d"*ﬁﬁ‘ adadie %"ﬁ%ﬁ%{"}ﬂglﬁ’ F%“g’lﬂ%g"p‘%gf%?’g‘gg?{r%?ﬂ on
so that On'(aé.%ﬁ%ras!oh&'ﬂor HR¥il RpFSe). TRorPRAVE rétBtior SEthe BhRTrintBeWhéd fivhtan

wi th the handrimand the shadow mask rotates with the drivewheel. Light

from ra@ aimitiagpenl ooeratiomiths @inpliaheepreduses ae insagaging/mesivive torgne JUpASEER

t he shadow k. Both colors wll pass, through the portions 72.and b

bl ocked by upy ﬁ‘ébsb%’}’ﬁﬁ}s h%fdf@%?t&\?ﬁhfwg"@ﬁcﬁqﬂﬁeﬁ é@%@é}ﬂ%‘gﬁd{‘ﬁg‘b" : P‘H Hemplery
passed |ig ri‘ﬁrtg%fis Ly oL 40 GRM Sdutral 18GRAn! AR Bkerh IRy [RAR HALRESIe IdIuedMbERiRIS is
74 and 76, the respective colors of I'1ght passing only through their
respective portions 74 and 76 to the extent such portions are not occl uded.
Dependi ng on the angul ar di spl acenent of the redl green col or wheel relative
to the shadow mask, the bal ance of redlgre%n filtering changes. Thus the
net proportion or balance of the two 20 colors passed through the col or
wheel will depend on the relative displacenent. After passing through the
color wheel, the light is reflected by an outer portion of the reflector
radially inward and then by a central portion back inboard.. The reflected

S o ~



S instrumentation anplifier as used with a strain gauge. or could have a
digital output. The shadow mask and the col or wheel can rotate as a unit
relative to the wheel chair without changing the relative proportions of red
., and Been light transmitted, rf the intensity of the |light source (but not
its spect r : i ; 3

woul d be. [ars [ R EE e PO RO RECR SR (R, (8830 CRer AR thafk MY (effibed

t he boundssiywhet ween 10 the drive unit and the wheel got a little dirty,
the estimate of deflection would not charnge. The entire sen?ing assenbl y

cant advant agedhis gwpénhaspderdi the hnndimeiungtike3% earges a ¢olpryhesl 4§ in close

| agesry 2 . . ne .
of the. priacBRProaNh ohetlsbelbons HRLR R REYES (oald oI FBCRRT e °
under st oogk thekandaini Rustube dh etk h QREaINEYniRetTB deme fefiestbr duparihy iy from

the spirit and scope of the invention. For exanple, nodifications to the
col or wheisbozrdefasingaflectiue kurfrry. Ina prefdepd Eobodimgnt e refprionts ishrounies tosheses
t hrough the, portigns 7 72, 74 d 76 m,gh e.elimnated such as

bt ovi di ngo SRR asceat Hder wheal Theshl iRt i snReo] Hiek e ARk shnc
col or wheglse %gio%simegmtt?]iﬂ%ﬁe ARESrRES RithONSHulte Ebhtict{pCeaR BiHer Y55 18{cBRHro0)20
conpl enentary colors, the receiver could be on the outside wath the source
on the i necateandalachagee coul d al so use a white |ight source, The drive wheel
nounting arrangenment be such.that a shaft, protrudes fromthe ar box
ont o Wh/cr t hotiReB) o516 wage&gm%r ﬁﬁttraasrgﬁapﬁuﬁifwgﬁél o r

and is in r

(sensiti v%)%'g3 %G%o%q;ﬁgg%g‘%ng%%ogé?@g gﬁg@pgggsﬁasdeﬁg étl)]y}g é;dI tef ir?llgt eZI y'v&%%%ter and

i 'l um nat inmgr tvaBs 4 dndhél respectively-Besvaendh@walis dshousig gtSBeapiustadigho sieirain put

h | t hi gh d . 0. | | Kkl -l Cxyrag s
AT AP WY WETPE NI S
claims. SsgufdidNG %es'zﬁi@} @éﬂggldoﬂdﬁibto]detec&’r i e o8m foP b pREATYY ph&b@olie

position or orientdation of rst and second nenbers S conprising a source
of light bB2awshegf inrfatthantitakEndic 2,chophotadodes t@nndudepldtddiedes @i hayingia st

d d ti, g tively. f tiall i id first.
Second coPELTEBME SR (2h aren iR e 2 Fevae Ropdegnbrlathefgly o
menber;  ardPgdtn. TRVIBRrditiablenSiity tﬁﬁ%@_awe&éd% ul 1638 Vi Ipaiticu Rt Y

transparent t©o and '10 opague to b0 said first and second color
conponent sheraisthes skrsitare toahtly lightos tiausk af newral phethdiodescmvihg@ltess whish: and a

sensor for detecti t first and cond col.or nts, rein: .the
A R S e R R e R
sour cgp 15 gﬁ&@ldﬁﬁem iheaPl1 §6 EHRRAS aiAFRAT BDB ke IeRELIRAL kB M thRRAppALGES a
varying relative occlusion of said first and second filter POI"[I ons by said
second nasktheyrre mosochoomatic souveasyare stablefol a/kong tigpeo end ni oopl @ag.dthey drsw and
second col ﬁr q@r@ﬁﬁen detected by the sensor. 20 2. The device of claim1l
used to m33%Wk B or torque between the first and second nenbers in
view of a POWD|PIG§.%&eﬁ'rﬁhﬁﬁzeﬁadh%ﬂh@ﬂ%pwf]n@klﬁdIﬂ%d_:dlbmh@:ﬂ.’ﬂfelsﬁﬂddﬁl on.
3. The device of claim1l wherein: the conbination of first and second
nenber s i snaskhes phirdlity af pértiods 70 sutistantiallnague todight én gensral éersaieast o thotim ed

to the third nenb that the conbinat. 2| ative ta.th
and. shsorelestit o (e Feberen Pribe cravaniod ad anahetPhERl Y o delfom 78, "one of
the first GRAaRBAYWNREORSr PORIREH) theRRAE dhe @xéhiplary fstibhodit fétaied s8xt ends

fromthe source t0 the sensor via the reflector and neking at |east one
pass t hr owiternatieg redsdlyesxderfding sactorSef 1diskilvachiseetor deing of subistargially idestical t he

|'i ght path, nakes t asges..thrqugh.th . .
gnt p circum?erenha span. ?rm]ar?y, theLolor wphegfifg m%ﬂlges translucent or transparent portions,

74 and 76 which, respectively pass green and red light, filtering out other colors. For
30  illustration the mask and wheel are shown with 5° segments. A preferred wheelchair encoder
has 2° segments providing a 2° range (+/- 1° from a center or neutral point) as described below.
FIG 4B shows the shadow mask and color wheel in superposition in a neutral

orientation. In this orientation, the respective interfaces between the sectors of the two are

3



alter. 6 5. The device of claim1.wherein the first and second nmenbers
~are constrained so that the change in said position or orientation is
_substantially limted to relative rotation about an axis fixed relative to
-the first and second nmenbers. 5 6. The ~ieviee of claim5 wherein the first

and second el b sacRbiieh 8y ABIF theangulht pitdtess 1A cR€ I BHid &Eaﬂ&tidﬁgea%ﬁ%ﬁ’@ of
an annulus or disk. 7. The device 0 f claim 1l wherein the source conprises

one or norsectouds pacitided dng haifod eadheo ffanraslfacstyraoed goden the rdd sestorcBhgndrisnhignd

one or nore substantially discrete second, sources of the 10 second )
component €38N rgRRPaERIY SeQLorof Rqr@FtﬁP‘?SS%Fe?fglgiﬁ lgfﬂ’é‘ qqegxgltf of rerhsaf 38 md) asent pais of

are first i ): f1d. | . i l,ai m

aher o v RS RS NS O LR o3RSt DI Bl el
respecti vehy sxgﬂ@posﬁhen%sﬂaden,cahd thewhiel viderden B sefficéndp Befotuded ntRARSH thieyigr t O
said first and second col or conponents and said source is operated to

al t er nat i F§FY igernereaivedsysillawrdoas If ffem slis oenirad ofientatixe, therwhesbauhmesk atd.  The

devi ce of i,m erejn.t IS si.ngl hot odi ode nghr anousl

dovi oo of WhAkTB8ISLEh Do PBL R SecSiRg 6. BPL O e N SRS one
wher ei n saireul BaMRGrtdh Gakd st T4 @id 96 wallk ! teinkSitent Seciold S aRilipald ght only
constrained by stops_to be within a one-dinensional twa-ended range.” 13.
The devi ceremn the eihar Thugindrlst AA s dlative rettiemefi io sidh thayenisnrd dightmeepiss a

rotati.gnal, ran of between 0.5a 10.0.. 30 1 he device of claim 12

wher el sdni B int o RoMic Rue B RRG s At by Bisag il in i Gerouit

bet ween 1.4§akeors sO 11 SnWBESI Ibhenag PRt ance tends to center the relative
rotation within such range. 7 157 "A wheel chair conprising: a seat; a fram

e; 5 left and ringiperatisnpthe;coloeMtheaTdtatasghith the ihemdrish e theathadawnlask weangsl ed
to the left,and right or respectively . left an,d right hand rins
concentri chvﬁl%}FF ‘i&h‘%wét?gﬁé&ﬁffe}“&fﬁ ap \g‘_tce‘é%’&Drsilﬁlﬁf‘nﬁF?‘(?é %ﬂg@\rg)”hercl“
respect i vedntouhtefstth @ MhdodRhskd BYIHCRYord il hasthrbu ﬁxl’e'?_ﬁﬁio‘ﬁ@'?! aaéﬁeslogﬂéa%y

with the left and right drive 10 wheels wherein The first and secon
menberld artbe pegisas 70\psoViding pornitial)% fedupgoindotal passad light véthettwelcolarsd hand

rim and coni + al stem coupd i ng..t he, ] ef.t vi ce and tor d tight

evl co and HERH] L STRerRaRif Do FREORER o P e B TIre br G pesstie pty
torque senagshghthdiheesh&dtive PeMione 72864 U6 to/e eR@nt dugR borfiBh® hrerRs PIMSdede t O at
| east a torque sensed by the right device. 15 1 G A nethod for sensing a

drive tor doersagiig ethepngulasdisplacsmentofithe md/greest coadorwhes! reddtivieito teshadosy ng:

d i b fi | f Ligh d

Cource |0 et vl e ok R erbhd SloiiR SR it Rk e BRREEPr hE RS °

rel atizge teplél gaﬁs@a ¢hriouph BiR@oldh Whéed ml_hﬁﬁem oMb ¢Elative displadenitnt. Afley pidsihgd
rv

relative to s e wheel associated with the hand rim the rel ative

ori ent at i ohrahithecelpr wheslhige lightrig rafleated by ensuter gostioniof the refeaor rediatly t or que
g MBI A R A PR RS Gkl 1
wherein:  through the color whee] and mask. Since there is the same degree of occlusion, this second pass
does not affect the color balance although it does reduce the intensity. The light is then detected
25 by the photodiodes 62, the balance of output of the green photodiodes 62A and red photodiodes
62B being indicative of the balance of light passed and, therefore, the direction and degree of
rotation. To the eye, the color would change from red, to red-yellow, to yellow, to yellow-green,
to green as the handrim moved from —1 degree to 1 degree. In view of the known compliance
(whether linear or otherwise) the photodiodes’ output may thus be used to determine the torque
30  between the handrim and wheel. '
The retwrned amount of light will be small. The photodiode outputs will be small so the

amplifiers (not shown) will likely require very high gain. Electronics (not shown) are



. the first and second colors are red and green; the balance is relative to a
neutral condition in which substantially equal amounts of red and green

| ight are so passed; and the detection has a range of no nore than +/- 2

. $omthe neutral condition. .A@A A S Au,.ANY. A2. A@QA(Y [w~4| E %

‘LAc| {vql g-b]mptaarw]lm]ouaqedap&ahe aqrsel] @) te aydusy saise Ajoms B elqrsistlesita) ca] ca

OCQ]A;:% ise\ ‘JZPT‘&%\‘?’]&T§§?‘& CE% '&}Eggﬁagg%@é\ajﬁ]@ﬁ Ca] ca] ca] ca] ca] ca] ca] ca] ca
] Ca] cajcaJcalc Lg%%%@&?ﬁu?fi)@%&% he ot ded se.Rink)shodd taatatd fio EME - - -

|.."/500@12_ 2 X cal ca] ca ca] ca] ca] ca] ca] ca] ca] caj ca] ca] ca] ca] ca]
ca] ca] ca] ca] ca]l‘ba]s;zﬁ@mm]zyal]wa]ana]zajag oatpuia pppepung tf@%@@/asﬂﬁibuﬂnm FHEH555R66
6778d8881 999999>: } xsni d_Z] ] ca] ca] ¢a] ca] ca] ca] ca] c‘;] i:alrca]d ca ca] ca] ca] ca]
cal ca]Ta] baeEEailionpRRfiSs] %Sa]sé‘a]”é‘g acﬁg]aah%%} d)é]ce € a'digital outpu

: <0<<=" === >K>
ca] caj ca] cga] caj ca]sca%]nc%]@crg%%ai cai cai cai caj cg]mcgféh} ]) calca é?ca a%:] g:}
ca] ca! CCsiwitRolrRthhEme e’ tetitiR e pEEHBNEob EREB A CAVIRIB Chusmited. 4T fhe aftendityadfc a]
ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal ¢al ca]rga] cal ca]
ca] ca] ca] Be[lighlt owog (gnp) its sprewuplLghanpessieysd/greeh W@G%ea&ol]( € system
S#10% &
Z[ 9! k. 213%98@‘8 Qﬂ%ﬂﬁﬁ}‘%} (910 hangeain the transmigsipg pflieht, s if the houndagy botwecn s 0os

-U- U1 () - tHeRUMA P A whie! p61 QY ditty, @hO¥EE A9 of d&%&&'ﬁ( would Qof.éhange.
101t. &10%& ()-E % dEUV73 S# L10%GE () - @&LOYCE () - g10%ck:

109658 () - | Llofymae(cpnrelmg(a)scmbly tapRd VR mRYsly bemwe}iﬁom ghe_drive (eg.

Tovee () HErRAIF 7 OiEeaEre ot Jg ek oo e fhvse ()

Y@$10%5& () $39M0USE () -  #10%& ()- | 3PaBUV78$L0%E ()- 6310%& ()-
| K3ZYA0YGGE () - 1" 10%G& () - 90#10%G& ()- |."10%G& ()- whd #10%& 9 t 1098 (
1098 () - 3#10%& Qde or MOG enEdiGissibyeesetiryeatn '‘brggdeseyibed. eveﬂheless,

1070 A0 QoS AR AR, e yigy oo fom e i
and scope of the invention. For example, modifications to the color wheel and shadow mask
may be made, For example, one of the two passes through the portions 70, 72, 74, and 76 might
be eliminated such as by providing apertures or additional transparent areas in the shadow
mask and color wheel. This might help increase sensitivity. One could use other

20  complementary colors, the receiver could be on the outside with the source on the inside, and
one could also use a white light source. The drive wheel mounting arrangement may be such
that a shaft protrudes from the gearbox onto which the wheel is placed, or that a shaft protrudes
from the wheel and is inserted into the gearbox. One or more unfiltered photodiodes (sensitive
to both color components) may be used by alternately illuminating the red and green LED’s and

25 measuring the photodiode output synchronously at very high speed (e.g., several kHz or more).

Accordingly, other embodiments are within the scope of the following claims.
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a filter having first and second portions respectively preferentially passing said first and

second color components, and substantially fixed relative to the first member;
a mask, having first and second portions respectively relatively transparent to and
10 opaque to both said first and second color components, and substantially fixed relative to the
second member; and
a sensor for detecting the first and second color components,
wherein:
the mask and the filter are mounted slong one or more light paths between the source
15  and sensor; and
a change in said position or orientation causes a varying relative occlusion of said first
and second filter portions by said second mask portions so as to vary a relative proportion of

said first and second color components detected by the sensor.

20 2. The device of claim 1 used to measure a force or torque between the first and second

members in view of a compliance resisting said change in said position or orientation.

3. The device of claim 1 wherein:
the combination of first and second members is carried by a third member;
25 the source and sensor are mounted to the third member so that the combination may
move relative to the source and sensor; and
the device further includes a reflector carried by one of the first and second members
and positioned so that the light path extends from the source to the sensor via the reflector and
making at least one pass through the mask and filter.
30
4, The device of claim 3 wherein the light path makes two passes through the mask and
filter.
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5 6. The device of claim 5 wherein the first and second portions of the mask and filter are

each alternating sectors of an annulus or disk.

7. The device of claim 1 wherein the source comprises one or more substantially discrete
first sources of the first component and one or more substantially discrete second sources of the

10  second component.

8. The device of claim 7 wherein the first and second sources are first and second light

emitting diodes.

15 9. The device of claim 8 wherein first and second light emitting diodes are red and green,

respectively.

10.  The device of claim | wherein said sensor is sensitive to said first and second color
components and said source is operated to alternatingly generate said first and second color

20  components,

11.  Thedevice of claim 10 wherein there is a single photodiode synchronously sensing the

first and second color components,

25 12.  Thedevice of claim 1 wherein said change in said position or orientation is

substantially constrained by stops to be within a one-dimensional two-ended range.

13.  Thedevice of claim 12 wherein said one-dimensional two-ended range is a rotational
range of between 0.5°and 10.0°.

30
14.  The device of claim 12 wherein said one-dimensional two-ended range is a rotational

range of between 1.0°and 3.0° and wherein a compliance tends to center the relative rotation

within such range.
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5 left and right motors;
left and right drive wheels drivingly coupled to the left and right motors, respectively ;
left and right hand rims concentric with and coupled to the left and right drive wheels,
respectively;
left and right devices of claim 1 respectively associated with the left and right drive
10  wheels wherein the first and second members are respective hub portions of the associated
drive wheel and hand nm; and
a control system coupling the left device and motor and right device and motor so as to
drive the left motor responsive to at least a torque sensed by the left device and drive the right
motor responsive to at least a torque sensed by the right device.
15
16. A method for sensing a drive torque applied by a user to the handrim of a wheel chair
comprising:
detecting a balance between first and second colors of light passed from a source
through a mask and a filter, one of which is substantially fixed relative to the hand rim and the
20  other of which is substantially fixed relative to a drive wheel associated with the hand rim, the
relative orientation of the drive wheel and hand rim being indicative of said torque in view of a
given compliance and the balance being indicative of the relative orientation of the filter and

mask.

25 17.  The method of claim 16 wherein:
the first and second colors are red and green;
the balance is relative to a neutral condition in which substantially equal amounts of red
and green light are so passed; and

the detection has a range of no more than +/- 2° from the neutral condition.



