11 JUL 2005 SENSOR CROSS- REFERENCE TO RELATED APPLI CATI ONS Thi s pat ent

“application relates to a sensor technol.ogy which may be utilized in pguengs5S
“assi st wheel chairs such as those shown in U S. Patent Application Ser. No.

09/ 886,874 (the '874 application) entitled "POAER ASSI ST VEH CLE" that wa

.

filed on June 21, 2001, the disclosure of which is incorporated by

reference in its entirety herein.. BACKTRIBNB OF THE | NVENTI ON 10 (1) Field
of the Invention This invention relates to position sensing, and nore
particularly to rotational position sensing within a restricted range. (2)

Description of the Rel aigh£%.REVBRENGE 90R BEATEROA PEARSATESNGt | ncl udi ng

many optical sensors. Exanples of optical 15 sensors are given in US

Pat ent s 3938890Thi pah8applixdfiai9ilates3d @ sit¥or 1&xhh 8IS whiditma BB &Bizéd iBRbwEr-
SUMVARY OF THE | NVENTI ON Rel ative angul ar Iposi,ti on of first and second
el enenfs rAE§sbeherdehainsishel apipogetiormipy.- & PaientdrpdicplianwasiNe.i 095486874 @econd

col ors of .LLght passed f.rom. k, .and-.a,20.filj.e ne of
o on o Ere b PaTRR el BT PORER ARSIST MR R AR PR R St dis 200 afe of
which is guhsdaobl dhich if in@ddrak@by Meerbiee iRGtsGRAPhELRITENt . The bal ance is
indicative of the relative orientation of the filter and nask and thus of

the elenents. The relative orientation of the elenents nay be indicative of
a torque between the el enments | i i C iance between the

el ements. 25 A key applicati %e@@%.%%ﬁﬂwﬁﬁﬂbﬂet ween a wheel chair
handr iy g a’l‘i’)ﬁeﬁdo?‘ﬁﬁtﬁgbé}hi‘%ﬂ wheel . The sensor neasures the deflection of the
handrimrelalTve (0 € eel. A conpliant coupling has the appropriate
stiffness so th®hizsanvenntion aeigits & padaidnesending) andonsre gpitdkarlydo tdiaichas poston

maxi mum t orque, Nbst of the sensor is advantageously in the body of the
chair, wi tSIHTEHED arestBeied 1818t he wheel | handrim The sensor nay al | ow the .

drive and 2&;53:%& oPIRL REBsdOafpe substantially independent. The sensor

permts a rque to be neasured with no electrical

connecti on bet weanytdrgubechsimyf medne exibaintluding Ay optizhbientg s \ExaaiplesByf dpsicalg

AN Pl v siven 1 08 Fatents 1638880, 4509681725 074" So5 56, Yo 306, 208 ¢
6318817.

BRIEF SUMMARY OF THE INVENTION
Relative angular position of first and second elements may be determined by detecting a
balance between first and second colors of light passed from a source through a mask and a

20  filter, one of which is substantially fixed re]atilve to the first element and the other of which is
substantially fixed relative to the second element, The balance is indicative of the relative
orientation of the filter and mask and thus of the elements. The relative onientation of the
elements may be indicative of a torque between the elements in view of a given compliance
between the elements.

25 A key application is detecting the torque between a wheelchair handrim and its
associated wheel, The sensor measures the deflection of the handrim relative to the wheel. A
compliant coupling has the appropriate stiffness so the maximum angular deflection
corresponds to the desired maximum torque, Most of the sensor is advantageously in the body
of the chair, with minimal elements on the wheel/handrim. The sensor may allow the drive and

30  sensing systems to be substantially independent. The sensor permits a small deflection or

torque to be measured with no electrical connection between the body of the chair and the

rotating wheel. By using an optical method to sense and transmit the data, the sensor may avoid



111 JUL 2005 the problens found in other non-contact nethods including
“slip rings, radio links, inductive |inks, and/or capacitive |inks. ThdUL 2005
‘details of one or nore enbodi ments of the invention are set forth in the
. acconpanying draw ngs and the description below. Qher features, objects,
~and advant ges of 5 the invention will be apparent fromthe descrl ption and
. dr awi ngs, ﬁarqblaﬁﬁtf%@dcméﬂhﬁ nopoRtc DESERIPE ingripHE gDRAVONGEs hduidtive s a
schemati c 1l glt di nal thg?(nal view of a sensor according to principles of
the inventi Y@ 'iv§ Seni - schematic open end view of a Iight source
and photo detec espective
pl an vi ews of tggé g%%\?f%ﬁ%@ rg?}ﬁe’};[%ﬁ{aodgg I@% &vﬁ?gé]}': eﬁgon%‘%&s%ﬁ%ﬁ{ﬁ%&; FI G 1.
FIGS. 4A- Gerempeacyihy drawispound tie destpiptibrrpesed Omks Heaids, Whfts, whid ddviahegahgel
turned 15 fully to the left, centered, and fully to t he rlght Li ke
ref er efice themEngonvlldhssipgaent 5pa thadesawrier instdrvingai angdromdicdtions! i ke
el ements. DETAILED DESCRIPTION FIG | shows a V\/neel chair drive wheel 20 and
coaxi al handrim 22. The wheel and 20 handri m have concentri c inner and
outer hub tube portions 30 BB @%rﬁqg . The wheel hub
tube 30 is carried wthin aﬁﬁrr%]ﬁ Irglﬁve tl?g\é 4. The r|ve tube 34 is held
for rotation abKutl ishechehstiShagitedind isetichel tibe ofadynset atdoeding ecpriviviples of
(e.g., relative to the structural conmponents 36 of a transm ssion unit) via
bearings 38¢IAY¥f&Y4Pi ve tube is coupled to a motor (not shown) to drive the
wheel j@bout the [ t
wheel chalr |ncrﬁﬁlzﬁééggﬁltlrgllﬁé&#ectrgﬁ#igﬁwé ]%‘6??&# Lﬁd Otéggeé:&n‘? pc)rf %
t hose di scdeﬁSxﬁCbﬂB‘IG the '874 application. A quick rel ease mechanl sm ( not
shovvn) permts the wheel and handrim assenbly to be di sengaged fromthe
transni ssi on unFiCyi3d && rerciesrsstive plen Eiepsed tharhgdeypeaskand thegplarghegh oithe
tube 34. Th smeﬁ*l d handrimare rotationally coupled via a conpliance 40
(e.g., an elastoner or a coil spring). Upon relative rotation of the handrim
and wheel from HIGQQAmﬁcbﬁéctxﬂﬂPlfsh@b Y sup&ipoed, miskené Wiek) Wiils theprio@lnasdan
increasing resistive torque at l[east up until a substantially hard stop at

each éAd ofully tp dhg lefle centerednapd foily smamaht- not i on. An exenpl ary

Like reference numbers and designations in the varjous drawings indicate like elements.

DETAILED DESCRIPTION
FIG 1 shows a wheelchair drive wheel 20 and coaxial handrim 22. The whee] and

20  handrim have concentric inner and outer hub tube portions 30 and 32 having a common axis
500. The wheel hub tube 30 is carried within a main drive tube 34. The drive tube 34 is held for
rotation about the axis 500 relative to the body of the wheelchair (e.g., relative to the structural
components 36 of a transmission unit) via bearings 38. The drive tube is coupled 1o a motor
(not shown) to drive the wheel about the axis 500. Various non-illustrated details of the

25 wheelchair, including control electronics and algorithms, may be similar to those disclosed in
the ‘874 application. A quick release mechanism (not shown) permits the wheel and handrim
assembly to be disengaged from the transmission unit via extraction of the wheel hub tube 30
from the dnve tube 34. The wheel and handrim are rotationally coupled via a compliance 40
(e.g., an elastomer or a coil spring). Upon relative rotation of the handrim and wheel from an

30 initial neutral orientation, the compliance produces an increasing resistive torque at least up
until a substantially hard stop at each end of a restricted range of angular motion. An exemplary

range is +/- 1° from the neutral orientation. An exemplary peak measurable torque magnitude is



range is +/- 1 fromthe neutral orientation. An exenplary peak rreasura?
‘torque magnitude is 2 1 1 JUL 2005 10-20 I b-ft at the hard stop. At ¢& 2005
inboard end, the tube 30 carries a shadow nask 44 (described below). At its
own i‘nboard end, the handrimhub tube 32 carries a color wheel 46 in close
facing proximty to or contacti ng the shadow nmask 44. Behind (outboard of)
the col or Mhaklb- ﬁatﬂﬁhatﬂhetopafﬁdﬁs inbbenth end) Blee BDe A rcannes 2 ahaduoh alakly 44 ywemibed c
conmer reflectar 4 ."?vir.g a.-| inboard-facing reflective surface, In a
preferredbé iment, the reflector 48 is nounted to the outboard surface

of Lhe col o uheel o Thenicol b nbeslpi AR TRSK.A £t ATIASRURLY 25,

cl ose as p055|ble O mnimzeée distor gqurte con

so as to guéthf ploxi@Pho 8NCori ARG he é@ﬁdéﬁ&%k%@e&ﬁ@(oﬂﬁ%@&voﬂﬁﬁgcé‘l%wh&?

transm ssion unit carries a light source and sensor assenbly 5
exenpl ary %sﬁ’@rhﬂnﬁnﬁﬂutbombc B@ems e uplidhayeundicasome Blettavi Dy vogen and .
e walls, the housing

i nner wal l.s, 54 ,and 56, res t
carves a IIPRard- ?ﬁi‘f‘%é"‘qeﬁnv Br E&Ffﬁgﬂg 5?41F’§nbfhengg%ﬂo%1%ISrTE‘EPIF‘ng‘HﬁhC

gt SensuriErs g‘k’??ﬁ)"éﬁ?%%?%r@?ﬁ‘ (i el IS8 ety T AP S B RRRNES 2

62. Shown digsefas q)bbﬁbled@hﬁnimitza dfsioRich witheutphnt eﬁlru@dmg e6h bihet wd& fehesli odes
62A having a preferential sensitivity for green |ight and phot odi odes 62B
having a preeépédemage-sensitivity for red light. The preferential

! i od o (i cul
chom 4011 62 serprrdErase Ghokh iR B le yREREEt AL clR LR VERERS e cmd somati ng
filters wﬂs%blzlsbsrw&x@hrblmfdswn%yed)Eo:h 58 2RRP-sBEEdRUsin $2thaving outer anSdG

respectlvely The LEDs are shielded fromthe 20 photodi odes by the wall
acting as iangrapdllsei4 4@, mespectvelyeBhaveen geuvadlss thedwousing §2 sppies ¢dighbspureesn

O b R e R S AT

shadow nags @BHohiifg eaties avﬂ*gaﬁéens&fbe phbte @ewcton RS the Tawn Bf 4 pRIrAlity o@f:h&@&hﬁc@ns
70 substantially opaque to |ig in general (or at least to the two

sel ecléd &3 5hgwp AR forthed dgrraden Fi(ﬁ 2 the Pé‘?%ﬁﬁltﬂdéﬁ $2 medpdgmdotrgiodss &ﬂélhawg@f
portions 726ise DA 's;’i‘.birg’ ﬁ‘éh‘?'%{]d {39& &mé‘&sé ﬁaﬂﬂ%ﬁ EE{% ‘éﬁﬂa]-gg%n vity for

exenplary 15°0As > Are |ng ra sect s of
a di sk, eae@ ligBC tTHE phgerepti ﬂfseﬁﬁﬁﬁl}a{ﬂﬁy bd hahidvd@ nid mbhomﬂfdﬂeﬁh@ﬁlﬁgbmlcuﬁpan

simlarly, chterr::?stggsl S%LSJ\?QS?!, svjlc% l:grl])? Lzy \%S\S;\set gfanr:ailrglcpehrgcod?gdets %aagl%g%lﬁ:rgw ](()‘.;lt 'ons,
substantially filter all but green and red light, respectively. The LEDs are shielded from the
20  photodiodes by the wall 56 acting as a baffle. LEDs make excellent sources for this application
as they are monochromatic sources, are stable for a long time, and run cool (e.g., they draw
about 75 milliwatts).
FIGs. 3A & B respectively show the shadow mask and the color wheel. The shadow
mask has plurality of portions 70 substantially opaque to light in general (or at least to the two
25  selected colors (red and green in the example)) and another plurality of portions 72
substantially transparent (or translucent) thereto. The exemplary portions are formed as
alternating radially-extending sectors of a disk, each sector being of substantially identical
circumferential span. Similarly, the color wheel 46 includes translucent or transparent portions,
74 and 76 which, respectively pass green and red light, filtering out other colors. For
30  1illustration 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



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 segrieht/8L 2085
‘preferred wheel chair encoder has 2 segnents providing a 2 range (+/- 1
froma center or neutral point) as described below. FIG 4B shows the shadow
mask and col or wheel in superposition in a neutral orientation. In this

ori ent at i eilset frenr eashadher by hald ther 4rgpies pheh okbn stdiers dadhisosicofativheathopzgue 3

11 JUL 2005 offset from.e other by _.half the. angul ar pitch of the .
sectors.  ISACIER7 S ogF ugRt &K f&?f,cor}éa&‘hoffﬁh%%%w e BACPUGEIoAA AT hile
each of a | ' : 7 | ck

Cr anspar oneeLURpE e Htonts RS paldet BFY SE R el Gl o APt of
adj acent RaitbrOf4 as@es.ar SubfAnAillly dfhal bihosib T giabn @d i¢d ¢igHbreNBIBREStheduglr een
and red light are projected throu 5 di e superposer| cnnbirathn, and the
wheel ¥iew @ISti!mmoss-dfcbirﬂaiz@ﬂinh,wndég@)ws@drimriera,sut‘ﬂteemlertdechelscd mahrgr,dhe net
percei ved yellow colaor. If .fromthis peutral orieptatjon, the wheel and
mesk are TFORNEA Rray iy solthilot Wi PeRE iSRSt ThY PORE TASISh aGuo
sectors 7Quielilre QBOL AL, ARk Bpﬁalfg? ik, &Q%P% %9ct9{sy709\gi1§§&§\ﬂre%nl§'ﬁbnr nd

76 while the transparent sectors 72 w1l pass t on from the other.

Thus in Flgiodof the gredradrired secadraZd and G6 wislesheharispatntaetiprs Ewill pdst lipktyonpass
10 through the conbination_while in FIG4C it is rotated by the same anount
in the oppaamitke odier déwp snFiSo4Arbg redativg rgiaiiemof isgheh that oy sed gt maydest i on,

t he cojor el rotates with. th I.m_and. t dow, .rotates. with
the afPvediegeh ¢F bRl Pou BeREAC - PeReas GrarR - TRay i Bdiby
where it SReddAteisalolf Shadom: psipasBot h colors will pass through the

portions 72 and be bl ocked by 15 the portions 70 provi di ngj an initial 50%
reduction in tobedpepatinmetheldolpmmwhstl rotates wish thel hendrim apd dhethadpyimask fefates

encounters_th ttiqns, 74 d 76,, the re td ve.col ors | i ght ssi ng
only throtigh ﬁ?%@??"ﬁt@%g‘&@@rgﬂbﬁpﬁng r%ee?jfi%%sdm}@lly gm?ﬂé Dgg?toe dtqb}%eﬁgﬁ
portions afRomtersafié khaRW: madRe Bedders ailtphass BRaigh @ie shrfi GhATLAR Be Wbckeh By
red/ green color wheel relative to the shadow nmask, the bal ance of red/green

filtelfng thhapgss 7Pmueviding apénitipl HP6redusrionin total apssed bghtafahe e srdorsol or s
d th h, | lLowill. d d ati '
DS o P b 681 SrARES bl P A 50 ARof oL G SR) S5 8RRy

portion ofthidi@hlpéit ebedtive pdiitink 74 ahaviarsl tiresttdnh Suthipprivorseint ned ocpléd. on back
i nboard. The reflected Iiglght then passes again through t he col or wheel and
mask. Si ndecrRameme gisthegagyandisplagpmesat of theaed/erspp Rolox wheel selablgitophg Shades not

af fect thecq) of, DALANGE 00y Bhet iy A3 PR LOSAbREBTo berad B rbictil 15

then detec
20  colors passed through the color wheel will depend on the relative displacement. 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 light then passes again
through the color wheel 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 62 A 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-yetlow, 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 returned 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



25 by the phot odi odes 62, the bal ance of output of the green photodlod2@
and red photodi odes 62B being indicative of the bal ance of I|ight pés L2W5
and, ,therefore, the direction and degree of rotation. To the eye, the color
woul d change fronlred to red-yellow, to yellow, to yellowgreen, to green

as the ha

conpli ancgaq% %P%g}f? qWc])[(riilelg Eezlrséﬁocs% 19?%%1‘?;?% ltgé(;d%h?qgﬁé of %cglrg%ay t hus
be used tqlr;i%@&fmmn§43§ecma<ﬂétﬁjcea£} rﬁeaade@&uﬁm ghiandr i m and Wheel The
returned amount of light will be small. The phot odi ode outputs will be small

so the anplif Hé)nesse(nnmtshghm/m:) very lmmlmtkébgn qlestfugal poiverapdisheptd gadiate no EML
El ectronics (notteﬁsJ eﬁ% 4 1 1 JUL 2005 advan a%eousl nount g{d with the
sensor cup to refudst %ﬁ%ajﬁl%o‘iﬁ?“tof)‘meé%?g %‘5 AME 2 [?é’?@"it &M Fhses)
could ked r mune

u F qﬁﬁehﬁ&t&?&f’%ﬂ% é’rg?% }sfoalvnﬂg Hhain é&ﬁpé@?%&d}c}??@yé Hxlgﬁ ( S, |

fromelectri noi se have an

anal og out put, BRPSABbLRInidRandanBcdor Whee] 0at idte Ewﬁmarblﬁwcnsttﬁetwmkamron
anplifier as used with a strain gauge. or could have a digital output. The

shadow rras%tlmld ChmwﬂwemmgprO@aﬁlom@péteé aad geeendight trernsatmvb If e ittensity of
wheel chai r thout @gﬂc&n@ t he r tive %tl on§ d r‘ﬁnd green |i
transmttene ‘ScOI‘%éce s yPEFum hc 2PEGh eé E& 1358t °ﬁ-°b’E' ESpett P
changes, tvt?'&llﬂ %é/f%@qﬁse&]am’e 1§ a%ﬁmsl tﬁbé&%zssm}?oﬁ}’g?ﬁ %mxfﬁa‘a%wncﬂﬁ? b@bely

insensitive to changes in the transmssion of light,” so if the boundary
bet weéfi 10ht tisvelnhit end thictwizeed goteel it dity, g‘mesamlaietdﬂdeﬂchtrcmwom&moteﬁmngmt e of

defl ection would not, change. The entire sensi assenbl dvant ageousl y
be renoved frorﬂd %@“Hﬁﬁwwgeasaemblylcm Yaafaéaowfﬁﬁbwefrwaﬁéfrp gePB At CEB

Wi t hout OHS{%% ‘{)Hﬁtg{\%ver %% ) WﬁTguteéﬁéﬂﬂx?rﬁ‘?mﬂﬁﬁveOf the present inventi on

have been e ess] e understood that various
nodi fi cati ons may be nade w thout departing fromthe spirit and scope of
the invention. For exanple, nodifications to the col or wheel ,and shadow nask

may be made, Fo@n@sewareeemémmsﬂtStorﬂéhweseﬁwg@shan}aaaéﬁcnc Frecilosd: Neyagthedess, 72,
|
74, ang 7@r%199&un9&st%ham@g SLSS:HS&] 2 ncgﬁ ‘%\é'n\ﬂ'ﬁn Iéfaﬁgﬁuﬁ% rﬁgﬁépéﬂ;ﬁ:”a

transparent areas In the s ow mas
i ncrease sadscopeof e ifeaticnHod cuseplef xhedxﬁZ%mrmk}eme:Mraml}eebmidxhsdow breask

recei ver could be on.the o i de th the so on the and ne
Coul d al sk Ba s emﬁi S p b D Bars D eh OB PR f%gga% %Zﬁan&h{
may be suqf eifptiabied sﬁé}?:ﬁstb)p}%ﬁw&‘x%ea%e ok D& g6 ReXspafin? arehd Bhnt Hiqvheel 1's

pl aced, or that a shaft rudes
mask and color whec] 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 shafl 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 1lluminating 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.



fromthe wheel and is inserted into the gearbox. One or nore unfiltered
-phot odi odes (sensitive to both color conponents) nay be used by al t1e1' g%z@g
illumnating the red and green LED s and 25 neasuring the phot odi ode ol
synchronously at very high speed (e.g., several kHz or nore). Accordingly,
.at her enbodi nents are within the scope of {:}giﬂpjgllowi ng clains. 51 1 JUL
2005 CLAIMS What is Clained is: ] . A device r sensing relative position
or orientatwgpy ;o1 fie$ts-and second nenbers 5 conprising a source of |ight
having first and secondS col or conponents; a filter having first and second
portions respectively preferentially passing said first and second col or
conponents, and substantially fixed relative to the first nenber; a mask,
having first and éagerier penstipredative ppaiden oredrientasioatol fisit ynd seqepg aramrterst o and
10 opaque to bath said first and second col or conponents, and substantially
fixed rél at'PVPB"#88t he second nenber; and a sensor for detecting the first

and second col or, Sgﬁﬁg%?%gfgf?ﬁﬁ@%%?m Steh‘% Jﬁ&kco?r{b%gérngl filter are nounted

al ong one or nore [igh t ween e source and sensor; and a
change in said pdHtd hevingfirstrdndistadind Qorinal S&peaive il prefegentialippisihgaaidl fitstin0
of said first _and second filter portjigns gc{ sai d second mask portions so as
to vary a reIoREicoloT spmperetymngfsubsiantiglly fixed relaiyede e s'IBEBP onponent s
detected by the_s 0f..,:20 The deyice of cl ai. asu a.force
o tor que bet ved i ther iR a0 See0R 6B &I MR b B2 AR e

resistimg phgheabdpaesaid ifRiaAd B&BhE LOBr mtneRiR! #id DBstastialiexcdeVlate: t0fthe
claim1 wherein: the conbination of first and second nenbers is carried by a
t hi rd menbeecondsnerhlgersand ce and sensor are nounted to the third menber so

t hat the conbi nation ve relative to the source and sensor; and the
devi ce further iarfﬁpi?&g@ydaﬂ%‘fnlgéé‘f gF{ @ﬁﬁgf‘@@tﬁfﬁ“&?@p& erﬂatﬁ’e first and second
menbers anghepqsi tioned so that the light path extends fromthe source to

the sensor via the reflector and . i
the mask and the filter are mounted along 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.

1 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,



maki ng at | east 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 JUL 2005
filter. 6 1 1 JUL 2005 5. The device of claiml 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 rel &8ive TRe BRBcd bSHinPNIHEREPNE AFRMRE Ec0nd nfembEReard QU GRIRE 56 hﬁ& fe>
wherein the first and second portions of the mask and filter are eac

al t er nat i npasge trosaéd pésitom @amomdntsioaris slibskntially lithBedievtletveofotatian abolt asheisei n
the source_conprises gne or nore substantially discrete first sources of
the first DEFHISRENE lakhg feHANGrserdgnenbdEant i al |y di screte second sources of
the 10 second conponent. 8. The device of claim7 wherein the first and
second sources are first and second light emtting diodes. 15 9. The device
of cl akm & wher BhdddvieSir Adich §mensh thedhét 2881sbdond $oHioRsl 8 thRNBadkedd FMdr SE €N,
respectively. 10. The device of claim|l wherein said sensor is sensitive to
sai d firsteaghdltermeungisectiropf a anmudirseortdsskand sai d source is operated to
altematingly generate said first and second color 20 conponents. 11. The
device of claim 10 wherein there is a single photodi ode synchronously
sensing the 11 16¢qaRt SREGRM GRERN BRTBAREBlMpriaR ohfor MR ABYLEGG st ™ 1
wherein said change in said position or ori entation i s substantla Y

const r ai nefirsbyoust 3 theofilecorhpdicht MdodiR-odiniore Siltakially\oiserettesdcoral@arced 8f thd he
device of claim 12 wherein said one-di nensi onal two-ended range is a

r ot at #8nal seconrghg@mpiepet ween 0. 5and 10.0. 30 14. The device of claim 12
wherein sai d one-di nensi onal two-ended range is a rotational range of

bet ween 1.0and 3.0 and wherein a conpliance tends to center the relative
rotation 8 thi Thedé&hcd @Y&m 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 1 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, The device 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. The device 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-¢nded 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.



=7 IT JUC 2005 15, A wheelchair conprising: a seat; a frane; 5 left and
right notors; left and right drive wheels drivingly coupled to the left and
right nmotors, respectively ; left and right hand rinms concentric W t/HL 2600
coupled to the left and right drive wheels, respectively; left and right
devices of claiml respectively associated with the left and right drive 10

- -wheel s wherein the first and second nenbers are respective hub portions of

t he associ ated drive wheel and hand rim and a control system coupling the
| eft devi dé. andAnhesichairdompghgdevi ce and notor so as to drive the left
nmotor responsive to at |east a torque sensed by the left device and drive
the right nnto?s?ﬁsponsive to at least a torque sensed by the right device.
15 16. A nethod, &g9f,sensing a drive torque applied by a user to the handrim
of a wheel chair cohprising: detecting a bal ance between first and second
col or s sof i ght lepaggiatptt e, source through a mask and a filter, one of
which is substantially fixed relative to the hand rimand the 20 other of
whi ch i s subst alefii 2ud yght idrze whetladilviaglysoaplgdity thevpf and Bgkigopiars despittivelyhe
hand rim the relative .qrientation of.the drjve eel, and hand,ri.m bejn
i cat fve of SEHEIIEYCH s GRResPIis ™0 GisheCBlk P Bt ad Heb ORT SheAe
bei ng indh@%kkﬁ@e@* the relative orientation of the filter and mask. 25 17.
The nmethod of clarim] 6 wherein: the first ,and second colors are red and
green; the bal akgiearidsrigheldaticesoftchaia Inespactvely assdciatednvitinthetlet knd night drivei al | y

equal amounts _of red and green |light are so passed; .and,the detecti,on has a
range '8f ngheRot WherRm the Tt ST B TRATR Frave%Paﬁmet%u(bmom@S 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 fo at least a torque sensed by the left device and drive the right
molor 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
comprisimng:
detecting a balance between first and second colors of light passed from a source
through a mask and a filter, one of which 1s 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 aﬁd green;
the balance is relative to a nentral 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 nevtral condition.



