VARI ABLE VI EW ARTHROSCOPE W TH CHARGE COUPLED DEVI CE
RELATED APPLI CATI ONS This application is a

w@onsiomrst i on-in-part of U S. App. No. 09/ 650, BR1/S2004/035551
entitled "Variable View Arthroscope,” filed August 30,
2000, and invented by WlliamE. Durell, which is
i ncorporated herein by this reference. FIELD OF
I NVENTI ON The ‘i nvention rel ates generally to variable
vi ew art hroscopes, endoscopes, and simlar optica
| VARIMBOEVIEWA RPHRGSEOPH WATH/ CHARGE COUPLED ®DEVICE
art hroscopes usi ng charge-coupl ed devi ces (CCDs).
BACKGROUND OF THE | NVENTI ON Art hroscopes and ot her
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used in nedical applications, such as surgery and
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Al t holgghbﬁg%ggdi 1r?ent()lgtlfc;)hf?attohe1 r egznt i ne}felnt ion are enie
“Nprmblel View Arthrobeopps”ddehAugps B0c20000and inverited by William Bf Durell,

urgi.cal arthroscopes,. enbodi nents of the present
WﬁlﬁégsrfPF%‘Ro tl?éelﬁgéﬁq}fi reggrrengﬁ. her applications and the

present invention is intended to enbrace all suitable

vari ations. Over the HBED OF INWENTIONOr e years, the
nature of surgery has changed substantially, wth

mnimally invasive sur er%/ becom ng a standard of
car el hejipyentionirglates ﬂ?%%‘!%l ocvariplle yiew ArtyQsqopgyicagoscopes, and

siﬁ.@g“ﬂﬁﬁﬂﬂytrﬂﬂ&téi i e %;ggﬁﬂ:iaﬂyﬁg vaaNSe bﬁ%ﬂm&&%&es using

comon surgical pro ures urgery using suc
chaegehougled sleviced @¥SDgpai nful for the patient and, in
nost instances, can be perforned nore quickly and

fely th ith .t ' i t
Thvas, on of 1 helgSoraRPHER P RV FIHL %, R
anest hesia associated wwth arthroscopy and sim| ar

- pr ocaAhioecopes andEStheCsilhi Ricalinsthiments; 88¢h &f dndoidopes, are used
. and_can bhe handl ed on an outpatient, basis. Patients
in pagdiiah 2pRIICABPR P PUCH; 28 SUTESFYANG K ARIRALIOR S FHdL3si 1P AN Speghcal

r‘ .

e patfis R o AL Ahe B PO RS BoscROR i present
apphvaminie tleurogexy obdurginsl drthrosbepes cembkdiugants of the present invention

capabi lities, i .oved surgical technigues, and
b W aE QBeARPLCHiona Aol B rereRBXENIOR S intghdgd to embrace al
sulthble WRfidtensnvasi ve techni ques derives fromthe

technical limtations of the arthroscopes, endoscopes

and ot her 1pr i nci pal optical instrunents
Over the last fifteen or more years, the nature of surgery has changed

substantially, with minimally invasive surgery becoming a standard of care. Within the
orthopedic field, in particular, arthroscopy and similar techniques have become the most
common surgical procedures. Surgery using such techniques is less painful for the patient
and, in most instances, can be performed more quickly and safely than with techniques
that require greater invasion of the patient’s body. Furthermore, the anesthesia associated
with arthroscopy and similar procedures is less complicated, more cost effective and can
be handled on an outpatient basis. Patients return to normal life more quickly, and
hospital stays may be reduced in length or even eliminated. However, all of these
benefits are available only if minimally invasive surgery allows for better diagnostic

capabilities, improved surgical techniques, and reduced iatrogenic damage.



enpl oyed. In particular, one significant limtation is

the limted field of view afforded by even the best
waeeomesicsal |y avail able instrunments; in sone rBSpPES1084/035551

these instruments and techni ques have not changed

significantly since the 1980s. Inprovenents in the

field of view provided by an arthroscope or |ike

i nst runent iprove t utilit f.such devices .
soverF PR TSP Bl ey e Rbial B B £ e ccomnica
liniitdiioas 60MhE aitBIEERs, Endodcopds dhdRiiie? pliavipalagtidal instruments
proposed. Cenerally, such proposals have entail ed the

eHiRied g Ibparticyny; opé pigpifisantgnisasion is thedisitegyfighd pEwigw afforded by
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design chalTenges’ and often resul’ting i1n various

tgnhaljuesBavesioc bhanged sigaifshmtiy sificeathe $9804¢ inprovepieariin ki@ Yield of

of relative novenents, space requirenents, optical

Vs Prowided §,anéﬁgfcéf5?l?ﬁ 91 ke dpstmtahenss TRl e thirbfiltof such

delighd . There is a need for an inproved arthroscope

that affords the user a broadened effective field of

view and that does not require novenent of the entire

ar t hiSe¥erabiechniquea fgr wideniag dhppeview ofifiead. byTdrthrescopicéindoscapic

.need for,_an,arthroscope W th an .i nprov desi r .

G5 nep R naff na R EEEP Gierhlly e PSR hvE eh e e nopiing of

atpheraBiyRE MEtREbIR| 1848 or prikend iafdthe AipuhERBEORE instBARSL, pOEng

shoul d be interpreted to include an endoscope or any

ngmgEqus dpsign ghallepggs and often pespitingiip sameys preldems.guch as precision of
, : ' The.. .

cBEloh, BreciioibeRye PV Dar itk RPUBUER i Hions.

amd tlimmapbn pfindeyiraf “amtéevtnijgtosi tions in a vi ew ng

range between a first end view ng position and a

d view ition. | tal odi rents, .a
var | dBFE yp 5rbior Ap SERioe® Mo et tat allueh de WaLA bripdehed
efféutivediedd bOVIBW aHd it do@dict réfite Mbve ARHE of8 A€ entfB g'rkltﬁﬂiééope to

lens and a mirror in the housing for obtaining _
vanydtsescops] efotiew afibierg ipalse apeed fop e sithngs¢apa svitheandimpro@d design

' [ fur d relaying the.,i e
Pl ¥ BB AR P s b P PR g e
“arthrasdope’f meansainy ishould be inepyetad totihcludd ahémpecpe or kily other like

sone,. enbodi nents, a variable view arthroscope includes
opf1gal fiiTumenty HhEthgr weed ifoPUAST Y ARPIGYIFRl axis and an
i nput end, an input lens and a CCD in the housing for
capturing and rel ayspsmiRY ORIRVENERIN | 0 certain
enbodi nents, the tubul ar housing hasa | ongitudi nal

axis _and an input end and the input |ens and CCD are
mount Bel pregendinvenpon is directed to a variable view arthroscope with a plurality of

viewing positions in a viewing range between a first end viewing position and a second
end viewing position. In certain embodiments, a variable view arthroscope includes a
tubular housing having a longitudinal axis and an input end, an input lens and a mirror in
the housing for obtaining an image object, and a prism, a focusing lens, and a CCD in the
housing for capturing and relaying the image object. The input lens and mirror are

movable around an axis for varying the view of the arthroscope.

In some embodiments, a variable view arthroscope includes a tubular housing
having a longitudinal axis and an input end, an input lens and a CCD in the housing for

capturing and relaying the image object. In certain embodiments, the tubular housing has
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| ens holder in the input end of the housing. The input
| ens and the CCD are novable for varying the view of
WO bmsast7ey oscope. The CCD converts the object POEYS2004/035551
into a digital imge that can be viewed, for exanple,
on a TV or CRT screen. The CCD can be used to repl ace
a field and relay system or additional focusing
. . r r. | . .
= AR A i R oo R e AT 5 B8 OGS o b RLHin an inpu
leme bolder inrtbe mant dnel girth/halsohgf dtherimpit iknstahé tiepCCDadre movable for
el ements, including the CCD in sonme enbodi nents, to
vaFging the,wey; FRECATHIROORE. oscope. BRI EF DESCRI PTI ON OF
THE DRAW NGS For a fuller understandi ng of the present
| nverhé oD Everteihe ¥bjeehivigd iR8 aBsienl ifaddBad @hlbeWidveed, for
detail ed description taken 1 n connéction with the

exampdearsy T Yigr ERdwicrass,; ThoCChr cambetvsed toateplace o fipldi agd relay

e sane..l.ef er.ence nuneral s indicate the sane .or
ssfefp R AR 0 ] PO BediTEY B Eonleioth 3R dGerGR 5 copt ana
cotapleRiby 6f avRIabRNiEW QRERREopR O NairiouS irRehdnisndCdarbddaéHded for

with an enbodi ment of the present inventiaon; FI 21is |
mgvinghe epticrl dements. ippludinghedfCPria some icahodimangs,to vary the view

O%Eg&g‘?’%ﬂ’g' of FIG ; FIG 3 is a sectional elevation

Vi ew obj ect input end of the arthroscope of
FIG 1, showi ng portions of an object input assenbly
construct ed i BRIEEQERCREPTEONOBAHEDBAWBNGS of t he
present invention, adjust for a mddle view, FIG 4 is

a sectional elevation view of the object.input.e of

e B Ber B HnoRit o B b terh BeBN G Fets Pk anEIG Helpace to
the HeNd wiglg BRi1ed@estriptRdiStakein'cdhnéWidn tith the bédmpaafing Arawings,
constructed in accordance wth an enbodi nent of the
nqfdayeinto Scalgeift Wiygh thesamegeferenge nymeralsipdisats dhe sagegr similar

e i.an view of the object input end of the
p%rst%@%ljggpépe of FIG 1, showi ng portions of an object

I nput assenbly constructed in accordance wth an
al t eFl€atliiv e pbmboeiv wE atvandbl¢ Miewparsestopéd comsirtictediin accordance

justed for a. .mddle view. andFIG 6 is a sectional
W@H@Qﬁﬂ%ﬂ“’?ﬁn&ﬂf@f’pfeﬁgntdBYeé‘E‘Pni nput end of the
arthroscope of FIG 5, adjusted for a mddle view,

ShowFly 2tib e sédijoubl dieasiof REWEIhE ORridtl vieW Gk dsd6pesE FIG. 1;
accordance with an enbodi nent of the present

i nvention.
FIG. 3 is a sectional elevation view of the object input end of the arthroscope of
FIG. 1, showing portions of an object input assembly constructed in accordance with an

embodiment of the present invention, adjust for a middle view;

FIG. 4 is a sectional elevation view of the object input end of the arthroscope of
FIG. 3, adjusted for a middle view, showing the input lens control and the mirror control,

constructed in accordance with an embodiment of the present invention;

FIG. 5 is an alternate sectional elevation view of the object input end of the
arthroscope of FIG. 1, showing portions of an object input assembly constructed in
accordance with an alternative embodiment of the present invention, adjusted for a

middle view; and



DETAI LED DESCRI PTI ON OF THE | LLUSTRATED EMBODI MENTS A
vari abl e view arthroscope in which various enbodi nents
w@booskel7pF esent i nvention can be incorporated PCT/Bhmos1035551
in FIG. 1 and 2. Although shown and descri bed herein
as an arthroscope providi ng up-down view variability,
an arthroscope having a simlar configuration could be
ori e@%@% RQ R&idil aé%ioﬂevl of i otb c§i fit éﬂd the arthroscope of
variability or view variab |tya ny ot er axis.
FIG. §iadmsted dok ahmlckilmylewt]mcmbpgdte 1nlsutﬂmsralad asiD otmtedf constructed
hat cI u n ax ray at. the optical center
"b‘?"ycf’H{?“‘EPoYV@ T“EP‘?S}F@ %ftath?ﬁ S%‘E}t"éYe“é‘a’é*es or rims of
the object imge. A variable view arthroscope,
genepHTAMILEDESCRIPAIONOF THE TLEESTRATEHID EM@QIMENTS
housi ng tube 31, with an object input end 32, and
control end 33, that extends along a central
| ong#x Yadiiahlel view pehrosgaperin sthinhevagious erobedimenisof et piesent
r. a .
1n§8£%«|51?| ng 1}13:0 %rggg rl]{gio eﬁ(ﬁlgg.?l %n%ayz.e})gﬂh@h%h wn aH% described

hexeineds ammﬂhmhomrbv:amgaﬁ ddwraviehr asiabibiey, mmﬁ&fge@;&l Haying a
an object is captured, at object i nput end 32 of
Sy lag ngﬁ&%@ns:fu drba ofipatedisg a8 dhprogideghidesty-sidgyiew variability or

r
B B ey B AU RerEME T dormed of abjec
rasls thee inchBlecaraxipd ray & tlanalaticdl centep of theatbjeet rmdnayaht thy peter edges
el.ectri.cal .connector w ins that are gold .or. ar
O OB 1 obiF<t BPiee o a0 P e ge e sl a0
iRl heldBEATE héBidtubed 8atH &h S8t itdut 8AdI3B33na% control end 33,
arthroscope 30. Control end 33 connects to an outer

thebewtenss abengtd esntrablongisidina pxisn e‘\lrum‘escapeci{hmpbldes gruewea@ntrol
pgrtl?&ll '3991{058 %ﬂ;elﬁt laﬂ]ncg %pe sr?\é% c?.]l cKNniaé tJo?grgcf) st | ex?%n% into

ocu3|ng BNS Casse

the@uites cﬁﬁtr(ﬂrﬂohiwﬁmm&rﬁﬁoscl;p'&ml Géndrallig aﬂﬁbﬁﬁﬂlk Yaptaed at object
i ncl ude for exanp a focusing lens, a zoom|l ens,

inpHbend 3 of hoysing 6‘l'b§ 3] ll:&é%iﬁ@ il end 3&rarlyeqasdassa displayed
frOR cﬁg ce§ @éfrﬁleg{gﬁ% SockiBd QGRS nggscb i eIn' sBHféten%‘Einﬁgnt? socket 38

art hroscope . Incertain e ment's, outer controdl
cqudret 4 siandRbd mitoda‘tdbﬂa)mechpd t$e elesticalroohuebes \utlppm‘s thanare gold or
ting asse 42.. forned froma light .s
oo eaft-pladsh pebo B in otine eicgion B0 i B opguCaly'sSded n
coat@Ntadgs3 as&eiFd¥péd30i | | um nates a vi ewi ng area beyond
obj ect input end 52 of housing tube 31. In the

illustrated enbodi nent, the viewwng area is an area in
f r onEoptrolsm 33 conmastst to@n Putsp comtral pertion: Hr haicwpeinchudg mcontrol,

su%ﬂ%ﬁta shide, 36 xgz{dglgs%mg ?Jxeo\yi’e\&l%? laﬁﬂ%aé&fwg'g@?gnﬁﬁ(f %uﬁfxg Hglg assembly

arthroscap t o abo ats apbove
(noostgivin) donaljumg sheofocay dfturthsasapge 30 bléocaﬁmg lens assembly may

include, for example, a focusing lens, a zoom lens, and their controls. Focusing lens
assembly focuses the object rays onto a CCD located in the input end 32 of arthroscope
30. In certain embodiments, outer control portion 35 of arthroscope 30 also includes a
portion of a lighting assembly 42, formed from a light source 41 that is connected to a
light relay assembly 43. Lighting assembly 42 illuminates a viewing area beyond object
input end 32 of housing tube 31. In the illustrated embodiment, the viewing area is an

area in front of object input end 32 of the arthroscope, from about 15 degrees below the



Referring nowto FIGs. 3 and 4, object input end 32

i ncl udes an object input assenbly 50. Cbject input
wa@s®snobl7ys 50 i ncl udes an i nput wi ndow 52, an iPQEIUS10e4635551

54, a first mrror 56, a focusing |lens 60, a prism 59

and a CCD 61. Input end 32 of housing tube is

preferabl y bevel ed and cl osed by input w ndow 52.

loh 1%néﬁ”a9ﬁ%‘f’tl%2ar{ d%{;ﬁi@%é‘@”%ﬁ)o%? Eéfﬁ{éréé"s a%BU@fHefCI&%%%té]dinal

n| scus lens an i SO that t vatures o
aoubEarthmostopartube 3sur f aces are concentric to each ot her
around a common centerpoint. |Input wi ndow 52 may be

for d. of ass Qr. s t her suitab rial. .lnp
GleRinerhoe dls: ot Seebiccs bt Sl £ Meikn haied fapur
as@étﬁﬁly%y Giffect Bijue st&ﬁbfyowﬂn@lua@aa&? Ap6t WRHH® SQOEn intﬁﬁt lens 54, a
end of houSing tube Preferably, input end

firsbmsrersd 6, a iﬁ@cumgllgmf@r apdsS9tandta GER 6¢ diyput and 3~20<ofshongmg tube

h fil h
31 Bt P88 o BBy ol oGRS B2 s pferaiy o
cdﬂcﬂﬂﬁ&vslﬂiérfbﬂ aédisvud lénd and f(ﬁ*ﬁ{eﬁ%b tiiut ety ire$ Of thBRuter and

wi ndow 52 wi thout interfering with the input object
mfl%&ﬁé‘ffé‘ﬁﬁslaﬁ%;c%@m&? topachiothar @FUed @eamae ceptegpoint. Input window

52449y 6 la's§1 nY@ %ﬂ&%ﬁﬁg}ﬁé Ic'naperrﬁj ej;@ﬁ{[ %bn%tgwt fiﬁs fixed in

cen ne o an ax on 't
placmf, lsunhtasrbg agdhesiag endaﬂls«ﬁ m”aslbe msa[led)to fofin aavaled sloahs Cfor the end of

eferab t opt i cal [ | ens 54.
disios ot p‘% ’F"rfaq’i‘f InRHS §Rd a3 A wsyzg e ébéﬁ [BeLeP 'é‘ﬁt the edges
oﬂﬂ'ﬂ)ﬁsmg Bite 31813%e QRAAgeRim A t8 thPproARSHAMN of 1ﬁl§1ﬂtxbl‘ﬂﬂ§\b'59 and

is maintai ned between the refractive angl e
exitend heyoly] e surfagesofaspuit mpmdow 82 & Hlordtheegreftessiprotostian toanput
ition. .As .a. res factlonoft
wisloREP' Wi ek it e 1S obR-E35% e g inetalni Bifhroscope
30.espect to input |lens 54 and distortions are reduced.
The di nensions of input window 52 preferably are

selected to maxim ze the range of view of arthroscope
30 i Hhecsaisaraant Ynput rndate S%tsfmrsfeéab&@@] the cgntefly of an axle 90,

winPh &%n ﬂh@ Bidht éﬁ%&ffg éﬁrfaﬁ? 1hﬁ1's or R %cﬁ% a?s%%;réﬂefa%iy on the

mrror are nova ousmgtuean
op(tlodpaeusaaf iiptyerfsipdc tf ﬁma caxster_porm af mpuowiratoy $his positionaf on the

ln%lf hr (0] @g{oﬁ%%?soagggsgq% ﬁgttl(u}tﬁ %@E%uar‘lfelgfbgﬁbt S%Lg]e%%fs %‘[:tlige angles

of ithd BputBUjé@ka ﬁfas paelede i meaf@frﬁﬁ&&foﬁ% %bénﬁﬁﬁ'ﬁ‘n& a@ésult, the
I nput Iens and first mrror ut l'ens of

refsagtiontof ithepinputpbieshinyy tlsouglsmpgtswmd@w iis gemsgant anumpect to

ube. an | rrat n
m@ﬂq%a%%%%ld%qﬁgggs e I délv(\:ﬁ&j ;gﬁ% Sf ﬁgt wglﬁgw Sg aqreferably
ard €9s®& to maximize the range of view of arthroscope 30 in cooperation with the

other elements of the object input assembly.

Both input lens 54 and first mirror 56 are movable within housing tube 31 and
cooperatively function as a means to vary the view of arthroscope 30 and direct the
captured object rays to prism 59. Axle 90 around which both input lens 54 and first
mirror 56 move defines a preferred alignment of input lens 54 and first mirror 56. Input
lens 54 of object input assembly 50 is positioned inside input end 32 of housing tube 31
and is proximate to input window 52. Although shown as doublet of two spherical lenses

in the embodiments illustrated in FIGs. 3 and 4, input lens 54 can consist of any suitable
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in the enbodinments illustrated in FIGs. 3 and 4, input

| ens 54 can consist of any suitablelens. Input |lens 54
WO eabesshet ween a maxi mum upward vi ew posi t i OPCEIS2084/035551

maxi mum downwar d vi ew position, approxi mately

corresponding to and limted by the field of view

af forded by input wndow 52. FIGs. 3 and 4 illustrate

1] FiBhe 1eAPSH r RSB YorPPmiatioh i P! e P BSLiEib P Bndd maximum
thi s range o¥ view ng positions. In the ustrategl
dewntoeatid iveavt poditiqpy ipprersndbely icerrésprading tormdlimitedby the field of view

B o 5 L 20 Pt PO ARTE 205 2S00 b

midiPPSsitfor SRS rhfRSor Hbvahg POSHGR] 120E iRLMLES Sh¥#ent, input
axl e 90 at the other end and is noved by a contro

lene2hisrfiedly momted be as ifpat legs framn88d Imput fams ditamedhifksis a swing arm
frane 80 sych that t optic centerline or.axis of

top T5ts BRI S0 okl Tl e Mt i BPMET g TeRLS 24 hgpea and

pi98ks aFdundtax¥ 90 2 thedéthérend @6 iPinB® dbPLSddti? ARGhasm. Input lens
reflect the object rays received frominput lens 54 to

S4isinaornal ongapeinenssframe 89 sughi thajtherppticst caerfing ot axis of input lens
59&%“?9<9%hﬁgﬁgm kﬁh%(g%&ig%.conplenentary to that of
| npu Tens oo

e centerline of axle 90 is copl anar
wth the front reflecting surface of first mrror 56.
As i FipsttmitrenS§6 SAcouardag]y pdsitiqnod itd refliectothe bbject raysteceived from

. mrror st. ch .t.o. eserye the i.red orientatjon
infp{ RS DR s SA SIS it QUGB OF AP GFE 90, in
mgg&h %ﬂg,{ﬂgmeﬁ@ﬂ% thdt R idRAY 1en§ 54 eFheCerdiéBHE Bf MIE HOs é’Mp%dnar with

e theangle change in the reflecting plane 0
the firenhiefleeting swlape ekfinhmirrertdd. My input lenst 24 movés; thepwsition of the

] sition to a secgnd, position.. Co guent |
| porfpys e V7 R AOsRRE! drlcsl RISy Due o e
gdoate€ryQf nfifgLt, te apBRGEnGS in\Wihg FefleBRU frdn® A snifrér Will B &Suble the
around axle 90, Therefore, as input lens 54 rotates
anglehaaseal the gdlechngpplghe af the mirror sugheasgyhenghea mipgr rotates from a
: r s
fis Boshidf et RARhy CRRRIER Y o o SE I Ea iR RRe 50 a
halfthatrate of arfgulatchangerad which inputiespdndiangl arourcit axiee®0. Therefore,

o5 ORHTIE & /PR FERTAE SUAPI B R T APEIRSA OB OR i TTor 56

piV&8 arovfid akRDO'tRicAEH @Re@hdfah g8 lof PathlidH thabis YalfiugStitsPehgle of
view of arthroscope 30. In alternative enbodi nents,

rofatipnt | ens 54 and first mrror 56 may be noved between
a series of pre-defined positions or nay be noved to

e B 9 6 ERORRR o R o
andraahaxi Ay dovoninire diewnpesition. SWitHitlie @bvéhetef &fpuileds 84, the

control. is used to adjust the position of first mrror,
rotggion of, figst girtpr dRvaries dbe WEN S ; coperd0; pin alternative embodiments,

input lens 54 and first mirror 56 may be moved between a series of pre-defined positions
or may be moved to any position within the range of arthroscope 30. In the illustrated
embodiment, first mirror 56 is preferably mounted on a first mirror frame 86 and a control
is used to adjust the position of first mirror 56. In the illustrated embodiment, in the
middle view of object input assembly 50, the reflecting surface of first mirror 56 is
horizontal with respect to longitudinal orientation of tube 31 and input lens 54 is

positioned such that the optical axis of input lens 54 is at an angle 45 degrees up from the



m ddl e vi ew of object input assenbly 50, the

reflecting surface of first mrror 56 is horizontal
wowdk/osespect to |ongitudinal orientation of tROBUSIN4/035551

input lens 54 is positioned such that the optical axis

of input lens 54 is at an angle 45 degrees up from

t hepl ane of mrror 56. As shown in FIGs. 3 and 4, for

f I

FRREP Wiol 35 A Pchin BFICHC) RAE 6 il St Refr ot Atmiaale

viayhis 451degifies up tﬁqom:themaylsomﬂt Bé. ntéd lertgitodighl axipof tube A

54, first mrror and prism59, are preferably

rel ayed ut er, control portion 3 t he arthrascope

50, oHRe ohigef f&éﬁg?tﬁgeﬁ o @EiniO0esy, Bt ifie? 5 Ha DHRRS9, are

piéferaBl/aelaly@d tofotRetofiroBpdi@bys RIS aRhB8EdYe)30 Vil tHeSocusing lens
referred that the rays are relayed in a manner that

6Pread £1GIR 81t REDyGkmiay yepdacet fos exzraple, @reéamlfsm apserakly. It is preferred
ﬁ{erra 8@% ag{(’f 1%'5‘ rﬁglnel?' ¢HAf flfe e{,r@gsl t){e z)iﬁg oI‘ &18 f*?lfaI & gnd
ure rays 1n OCusi d %

ndnrnazésl aberrpicmal |P€:ismt 39 is lpecforablydaded ax raleef the Qﬁptﬁteﬁg)b_] ect rays
?s 60. The optical ~axis of focusing |l ens 60 is,
Heta gpusingdens i Hrertion paralie) to the qpaﬁglaﬁmfrfmusm& lgns(ﬁo The
f
PGS RED f KER PR LB ROLF P BB Bl 16 RNl axis of
hosingtibh 3. Eoew@lﬁm 60 aqmef6rah&y whaxehpithtesaxdd)rey teflected from

. t I RI nge ocat ed on
PR SCRETH  EretBioh ot 6h8 QL ciforeR dnes e b apinge upon
itf TYSD &N §s Joesed 8f 1R infa86 PRI bf fo’éﬁﬁné 1&1% 6@§Dcr6ﬂaat fie %ject rays are
CCD 61, the captured inage is then rel él!: to control

foqygedaan fesepten ¢ BYA oB@&@éb Fropu€CDe6ks tiscaphrtedrimagsris then
r n%(/eﬂrtﬁ cgﬁtg&%ggs |fﬁra41£pq$1§ lﬂac?uo?gﬁn % 1efr‘1Ps§4e ? bOt 1h %? are rPé%wded in

front XD 1tdnd argboth meoviabledh cydréitiation, ra&B&ﬁ;ed @ﬁlh@ﬂ@ ni¥intained on
(ﬁb xi mum upwar d and maxi rum downward position. In
g} 9léghetﬁﬁ &aﬁlﬁéwglgdﬁnaer@@ﬁp?ﬂ/bﬁthedﬂm@ugwelmd and maximum

dBWhRdd ﬁoﬂe used interchangeably for prism59. In
certai od| ments, the use of prism59 rather than a
second mrror allows for a reduction in the i nput | ens
syst &nalfesnate embn@imnasmf themprvents, i seeged quiebr Czyx belused

IHQQICQAnﬁaa }(g(g Hrﬁfno g]gliﬁe}'t%%ﬁbo %Ct C ! agﬁ% ‘Eﬁ%(ﬂi aﬁs%ﬂ:ﬁgdfi&ler than a

sdc@nd nidor ANmvsAoLa t&fuh@@ﬂ Rtthé Pt fen§ Systdh Focal leAfthtadd improves
prism59. The novenent of input |lens 54 and first

Hﬂ?g*:r%llah% Inpbeiping pECH Bvagsgthsebiect mys pass{ram thssdepiag area into
b
112) r 0SC ope‘i@r}ﬁ{&gkgﬁp&gkeﬁégﬁ eén%%%t‘éﬁeg%% r 01%11# ﬁgs{ mirror 56 to prism

52djusts input lens 54 and first mrror 56 adjusts them
congruently to

The movement of input lens 54 and first mirror 56 allows the viewing position of
arthroscope 30 and thus the particular object captured in arthroscope 30 to be variable.
The control that adjusts input lens 54 and first mirror 56 adjusts them congruently to
maintain the desired alignment. In the illustrated embodiment, a push rod 70 directs the
motion of input lens 54 and first mirror 56. The position of input lens 54 is adjusted by
push rod 70 engaging input lens frame 80 through an input lens connecting rod 74. Input
lens connecting rod 74 is connected to input lens frame 80 through an input lens frame

pin 78. As push rod 70 moves back and forth along the longitudinal axis of housing tube
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mai ntain the desired alignment. In the illustrated
enbodi nent, a push rod 70 directs the notion of input

wo enws/0bsand first mrror 56. The position of PEPUS2004/035551
lens 54 is adjusted by push rod 70 engagi ng i nput |ens
frame 80 through an input |ens connecting rod 74.
I nput | ens connecting rod 74 is connected to input

3(:)),Sc§ﬁn<{cgg o §ﬂ?ft§)g19§)o§’iﬁola Bf’}hltpt Lﬁﬂffrfxré@?g,e Hdhehe, ofthe input

noves
leho fid)i ‘ll"hmlpmmthormﬁ farsohirtoybsiingdjusiedBP pushand §6tenpaging Ars? firror

shifts the S|t|on of |n ut lLens frane 80, and. hen .
frame 18% éhrPH ‘F % H%‘"Sﬂconﬁﬁ%‘ f@?o nglEf'F HFFP%‘%OI‘I‘FF?t}“@rmg 32 18
cdn%e&gdl Hﬁﬁlf‘sﬁ r&y 7045ush96d ;&eemﬁgydm u‘; Z‘ﬁt YBké piRs 78 LATY7 are

6 through a first  mrrof connéectin I rst
dlﬂpcrse(b on oppesate tsideg of pushgad yeke: Gharslcare doaxaalp llfstlst mtmbrbonnectmg

72 b ok 77. . Yok [
o A2 oneEsa e i ARt o Birfud s o) St Bimd Bal As push
rodd b Rs badk i forthi fisst mifrér Dnn&@ABE6d B adjud tilargke of first
connected to first mrror frane 8 through a first

QIS frame pin 84. As push rod 70 nmoves back and
forth, first mrror connectlng rod 82 adjusts the

angl g Qs efrﬁﬂoﬁimgﬂtrﬁx‘g{ mg—gor c'oH bg I ed(.j@? %i f?ﬁ@ﬁed bl tﬂesé)ugh rod yoke

m rror connecting rod e pushr
7% atiyoke piral7 yrakthe mput Eas amdletﬁmg fodpidtis k:emnectedmm ehetyotkg at yoke

4|s connectedtoth ke at o |n 76. Yok
P‘B%% PKe D Heangdy 76 g 59613%«5 a\é& BOnSA r%@oﬂsynéémn"“ﬂy'
Pﬂé?e‘f@ol?}’tﬂ@ st%@é‘ ot axliE 60 & @b hx}but Ieh? fxﬁhﬁtp@rﬂ?ﬁlsf({n%rﬂaﬁ%h@

to the input lens frane pin 78 is oné half
dlelnaettqaﬁn@ra akledi) taxthefig0 mimor finemd pindi4. MAs the radimsamféh@mput lens arc

i gt o ety ik BF i i o hE R par SRRl oF i 1l 54 pleiabiy

tWitPhe ah@ulsr dngd oPfili Birdd 6. PisE fod 7’03111&? ge b@érat’éh%@&ﬁy suitable
of first mrror 56. Push rod 70 may be operated by any

meeliapisnn Bichat AaHIS AT Herer Xl ERe Y Gefnepipd fo a rotating control

R 8 TR SRR Sl od B o008 e E0RBcing
r0|ds 34,82 axle H0pinpttlencirmne pin 78y andflsst Mrroﬂﬂamaphw@lﬁrcferably

I f 78, d f f 84
Y RIS Oy PR DB AR pans. HOOP B ReipRE B any

m@&lﬁﬂﬂ:ﬁﬁarrdn%geﬁ@ﬁ’t%hgt @sei"sfbg RHeSdedrel ée!lﬁﬁetﬁ@s)bﬂ”fﬁ@ Hﬁ'i%&é’)l prism(s),

arrangenent that preserves the deSired geonetries o
andrthe mpnt leng(sy), is [S)lﬂll®hi’( £9r,examglle; hord thpuoné pusiyred )maysbe used to
nore than one push rod may be

mEPleleéHeqqgnl ﬁgﬁfté‘f?ecr?f’FEL effective control. To mnim ze

distortion in the recorded i mage, preferably, the
obj eTé misiynifedibottisigh e feedfdedimaRsp@idratily, thbebjéceray hth

1e1t1;:rg]tgs raerrrtlal;rg ggn%?a%? ag/ t%relv?esw 0;’ trl]lg a?tlkiljroggotpeav)z(l{'lgsl ’Ir‘l?eyob?gct axial ray 62
passes through the optical center of input lens 54 to the center of first mirror 56. This
distance is fixed because the center of first mirror 56 is fixed on the centerline of axle 90
around which input lens 54 rotates with a constant radius. Object axial ray 62 then
reflects from the center of first mirror 56 to prism 59, which is fixed with respect to first
mirror 56. The axial ray then reflects from prism 59 along the optical axis of focusing
lens 60. From focusing lens 60, the object axial ray passes to the CCD. As each segment
of object axial ray 62 has a fixed length, the length of object axial ray 62 from input lens

54 to focusing lens 60 remains constant as the view of arthroscope 30 varies. Object rim
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passes through the optical center of input lens 54 to

the center of first mrror 56. This distance is fixed
whewansesi he center of first mrror 56 is fiXxePCDOS100£035551

centerline of axle 90 around which input |ens 54

rotates wth a constant radius. Object axial ray 62

then reflects fromthe center of first mrror 56 to

0 e . [ .

g5 63 rollh Fipul oo SR bR 0AL ol 65 s ekl bith he

optival ai$ oCmbutdensS4hfallfobfresiimgayebbare@ymhrtetiin dhonustiniray 62. As

lens 60,.the object axjial ra asses to. the . As
loog i al QhjsEreYD e 1o Sheplstelodsy rapeipsdlsmornY @lfne normal to
a7|£i§l"lg§l B2, Subk ad RIS 168fs ATH&RIngALAS4O, Hﬁ%’le(g%th bram dbﬂ’@lgzg}ays remain

ens” 54 to focusing |l ens 60 remai ns constant as
cozistat. ofin sametendwdopent8of the present iignéon, thisfe@umysaysdlow the view
ss through input lLens.54 to first mrror 56. As
i RRee PG naddR S Boh ok e el i s of i nput
lens 54, all object rimrays 64 are symetric about

axi aRefedingdnbw ASFIARNY ad® 6 dihlan Qbb@etivd ébodment, eldCD be e
or refracted symmetrically to any plane normal to )
maupigdl op ipuglens Sigrte &8s GHIR Rihas  rqcepior Hirface O34 dp cpatrast with
0 [ _ .
gDy 5 13, Ak, RN, AT, 9059 i
lehe 60 hive teay elinlirawed. HEhe\plsenicot efR@DO2vdatites ICID 92 ng asbstitute for

in distortion and inage quality. Referring nowto
sqepccel. (hese alements wl efluces oRFiminalss thrsithdiose clomeiss.g6CD

rebSptoDNRia 8994 id dﬁ@%&seﬁ i—’rf‘t%eff&ﬁﬁﬁlaﬁé)of \ 1885 58SIndhis embodiment,
receptor surface 92A. In contrast with the enbodi nent

inpht IEnsGR4 isdotinah inputdndrfocusbg, lems for te inizel ebjedt;appurédsiny

e OB AL 3 AR PRSP BB s tion o

ea®B e budhnBsahél eMmReposifidng, etledHg te ddthnbehal @ 43k between
need for those elenents. CCD receptor surface 92A is

thems gogeldvary, When maparedanpputdens; frase 8¢, drmnt dens Shrand (GED
re %Bg%ung 962n/5§ g’%’or o#'zﬁ)gé?xrﬁrlgragvc'eo%j e‘%:}li@gggﬁﬁrg{les dt‘?%ge 80 rotates around

axde 90 anbmiqies Rfwedksa mapiniunh epwarddiem dnCohaxaaeptdownward view
surface 92A are fixed |.n rel atj er su

.on each ot h
DR SRS MG e TP RAng s hed Livies Bus g Beeol iy dfiied by

inpyind6w NI e RESVERRAL SMBPAL 18R BRhe BRANowMAERieMHEb&Gtion of
on input lens frame 80, input lens 54 and CCD receéptor

arthyescape3@2nd ghus thepartitdaningutimage aaptared i arthrosgope 3Detodbe

fr 0 rotat arqun 90 .and rotates .between a
v ERCs A Bond oA 0 82 Al R hR Gy g Ve, £ocused
infA@8 i mointaifAITOke CUR oM the b Radwigg rhge AR endd by hed
by, the field of view afforded by input w ndow 52. The
magpaFewR Wy apd maximengdopngiged BBIGAN ows t he vi ewi ng
position of
In this embodiment, object rays pass through input window 52 and are refracted

through input lens 54 and create an image plane on CCD receptor surface 92A. The
image corresponding to the object rays is then relayed to control end 33. In the
embodiment shown, the input lens frame 80 is fixed to a push rod yoke 72. The position
of the input lens 54 is adjusted by the push rod 70 engaging the input lens frame 80
through an input lens connecting rod 74. The input lens connecting rod 74 is connected
to the push rod 70 by yoke pin 76. Input lens connecting rod 74 is connected to the input

lens frame 80 through an input lens frame pin 78. As the push rod 80 moves back and
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arthroscope 30, and thus the particul ar input inmage
captured in arthroscope 30, to be variable. Because

w0 npen417ens 54 and CCD 92 are bot h synchr onousb@r/us2004/035551
novabl e, a focused inage is nmaintained on the CCD
through the total view ng range defined by the maxi mum
upward and maxi nrum downward position. In this

. , . U . .
TGRS ond B SHIEUEHRRRR ¥ Pl Ront 08 28 s te
positigreofihputdefrB80 ewdpf ioputdensf@lce 92A. The i mage
corresponding to the object rays is then relayed to

control .end 33. In the enbadi nen hown he i nput .
" ons 1 igngsentlyadcas ] taseihR FiGoly Bidutdsa tif gource 41 with
aP@&binaPptRhl £kt 1igRPElidé RNSanRhitl @hadi tne gt elayldd@niBly B3 that
rod 70 engagi ng the input |lens franme 80t hrough an
extapgdsting eseopredl. | Ay eenyerdonalrppdeinablight jsewrse and light guide may

egtingyrod, 74 .i.s,connect.ed to t ush r,od, .70 .
of BRA° v Wit enf ARSI ebgtia 4055 T Bttt anp axis of
héwidgh@ibé BPULighting adsembBy A0mh ireugle addntéaei leh€fSfobiisAght from

pin 78. As the Fush rod 80 nopves back and 9forth al ong
extermal sowERer4ldanathednpy egd ofthgdightrelayasseanblyge Light relay assembly

47 PR TR orc R iche Sl BRLGgRRE, 1 RnmbBbenls i elay
as$@mblys43i ik laniepticdl Ether bundleGhatxtands taitpst end 32g¢ftarthenstoge 30. In
with. an external —optical fiker ]ight quide to transmt
afSrigive ooy MR efdscedilhgh i indlhde Selepurusainetthey
optidafiPs14RAgIe30. Any conventional external |ight source
and |ight guide nay be used. Typically, external |ight
source 41 is connected at an angle oblique to the axis

of hEGH Glgcanyses the objectjimagadntassbigitdl jmage thas canrhel vieeds for

r u | ght f t
CGAMENRETHSRERIT e Ly O B0k PR 58 e
systegi)tor bédidynA $sanig)lentds amlymirfurh, tbe&rey @e@Easiniprtie cost and

optical fiber bundles, In sonme enbodinents, light .
cqrpleyitnfseyasiaplevey arthroseqpe; Ay spitaRle Sy aarebe e, with
SOt 1 2B PR RS0E bt g apscon.
CChcf luprefesablyi bashigh resphuion t dndrgoog coloatectptiver. Inwadhies.

.61 conuerts. the obj.ect | i.nto a digit Wy .
erp g S Aldaehle 1 3 ad ARtECiny b FoSesd npgdyfor SRlizaion of
meicfAquipaidat. 6h deintnboiddedts witRk! AGt&hdwh] @nde @M image from
relay system or additional focusing |enses and
CeDx ¢ lotouter isentslyposiéarn Fa shnegrtainemhodimentsy aconmgoentiin puist control

p(ﬁ’géeﬁggjj \;ﬁ\?{xﬁer\é itﬁe\’\éi&{atl IPJ % §i%8£ep'roé%rs]§6r %%lg.aﬁl ﬁte%%rt)e gﬁgo&%ents,

wireless communication techniques may be used to convey data from CCD 61 to outer

control portion 35 or to a suitable display device.

The language used herein is used for purposes of reference and not limitation.
While the invention has been particularly shown and described with reference to preferred
embodiments, it will be apparent to those skilled in the art that various modifications and
alterations can be made in the device of the present invention without departing from the

spirit and scope of the invention.
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di mensi ons appropriate to fit in the tubular housing

at the input end of an arthroscope. CCD 61 preferably
whamshighks resol uti on, and good col or recepti onPCT/IIS2004/035551

certain enbodi ments, CCD 61 is able to w thstand

aut ocl aving, a process used for sterilization of

nmedi cal equi pnent. In certain enbodi nents, wres, not

shown, convey the inmage from CCD 61 to outer control

portion 35. In certain enbodi nents, a connector in

outer control portion 35 transfers the signal to a

si gnWhapiset@ssdis: cabl e. I n al ternate enbodi nents,

wirel ess comTuni cati on techni ques rray be used to

160 ata fr ortion or
@u#f’a‘?g fi Y| °e?§f°P&FeV1 ‘&81’ “fﬂé‘yP H&u P‘Efété‘H‘SH‘éFéFrWlP% range
USReivdefifa fREH dASASWiIAL ﬁbﬁﬁ@lﬁ BREL set0fd B@d vk{vi‘ﬂ%l%sitﬁﬂl comprising:
Wil e the invention has been particularly shown and
described wth reference to preferred enbodi nents, it
wi | | 2 Bbules Bausing having plpsgitedingl|axis and apHepugendy hat
various nodifications and alterations can be nmade in
the Qﬁfn‘ G 1nttH@1r%'h?§iﬁf bt th ﬁdgofhevi‘h}%llﬁ%ﬂs b% oHtMe around
fromt spirit an scopeo e 1 nvention 'S
a Gfshiaxis delative th.thethowainigabl e vi ew arthroscope wth a
plurality of view ng positions in a view ng range
between a first e tlanadasec
o ewd T2 s net sl g e i tion PG e R FrsaGtighe first
aﬂgf&j}%&@meﬁﬂusﬁéiﬁldand an input end; an input lens in
the input end of the housing, the input |ens being
rotatable around a first axis relative to the housing;
mi & 6D infhe hensing, the AR havingraesrpirisngace he i rror
be| ng rotatable around the first axis relative to the
houstReeintithrficA 3 1 defified Qiéf BerafiR AL tend
receptormsur c v&1ere|ﬁnean oplﬁggafe ?ﬁglcs defq& dnpu en
pass thoughethe umuelnns,rraﬂw froethe euirmat aummplmgnnn madeq@gsx surface,
thr he flect mthe mrror
%ﬁ%&t ket of Bitgprlensiiy R tmigv et s View of the
it of the input lens and the first mrror varies
the view of the arthroscope. 2. The variable view

arthroscope of claim1, further conprising a prism
2.diThg yaueble wieprasthepicrpaef dainh L dBrhRicamprisingiafrism disposed in the

t RBti&H pERERIweE N th@fiffrror and the receptor surface.

3. The variable view arthroscope of claim 2, wherein the prism is fixed.

4. The variable view arthroscope of claim 1, further comprising a focusing lens disposed

in the optical path between the mirror and the receptor surface.

5. The variable view arthroscope of claim 4, wherein the focusing lens and the CCD are
arranged so that the object rays are focused from the focusing lens onto the receptor

surface of the CCD.

6. The variable view arthroscope of claim 5, wherein the optical axis of the focusing lens

is parallel to the longitudinal axis of the housing tube.
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3. The variable view arthroscope of claim2, wherein

the prismis fixed. 4. The vari abl e view arthroscope
wo@booshoai7es 1, further conprising a focusing | enBCT/US2004/035551

di sposed in the optical path between the mrror and

the receptor surface. 5. The variable view arthroscope

of claim4, wherein the focusing lens and the CCD are

ar . e 3 .

77 SBRRREIP ikl ek tp0t St i MR Dol AR Hsp B in he
Thptiva padibeewsenathe atitror ariohp eceptochdfaees5, wherein the
optical axis of the focusing lens is parallel to the
I ituydinal axis of the housing tube. 117. e i

8vgﬁ1%é{8rlgble VIR AFHTRSGORE ags‘sla@r 7oV Hersindbe piistp el the focusing lens are
CQfahaed S3%ha cﬂ?&?éc? PRyd k SRLEHEm the pitén HRb kifAocB@hdNens.
between the mrror "and the receptor surface. 8. The
vari abl e view arthroscope of claim7, wherein the

9.priibervatiakle vieaw arduassiopg of daisn &rwheaeindhe fagusiog ldmatis coaxial with
o(ly’leecrt1 rays reflect fromthe prisminto the focusing
| ensP' ™" The variabl e view arthr oscope of claim8,
wherein the focusing lens is coaxial with the prism

10.Che Vadablavleabirehrvsoope of ¢1hind $ coRgeiftheleapth of.a i @bRctray from
the | englth of a _rimobject .raﬁlﬁfromthe JInput lens to
t hige inpy leas torfe €5 Rbisithe same ipthe pIRralify off vigw g negitions.
positions. 11. The variable view arthroscope of claim

1L Ghe WaBEKRE QieWﬁtHrS&%g@ %%étl)ajm €0, tWiRrdih %a@hgﬁ%f EYvol iR Bbject

the input lens to t I's the sane In e plurality

ofraysifeoui tite ipputilensgnghe CCD iFithe sameiineepluiabity of viewing positions.
arthroscope of claim11l, wherein the length of the two

R T S R e —

alriyRra66 eqaBtodack betieRinlthe pheslay of Viewifg pesitichsr ror is
rotatabl e by approxi mately 30 degrees between the

first end view ng positjon and the second end view n
1%3@!&%&36 Yigw _O%P? abflam | eHheaF P HROUEb TR is §<Pt55ah% by

1 appfoRinedi&ly B0Qle Bleab&wkl EWe T3stRAE vidwAR FGsifi&? and &Wsé&nd end
range is a?, an angl e about 45 degrees % omthe

| yreingipdsiadn.axi s. 15. The variabl e view arthroscope
of claim1l, wherein the viewing range is greater than

16, The variable view arthroscope.of .. .
14 e NG Rl ctbronEey B 080 Enliofefa e A PRE PRy ngpiion in the
viewing range is at an angle about 45 degrees from the longitudinal axis.

15. The variable view arthroscope of claim 1, wherein the viewing range is greater than

100 degrees.

16. The variable view arthroscope of claim 1, wherein the input lens has a first angular
change between a first viewing position and a second viewing position and first
mirror has a second angular change between the first viewing position and the second

viewing position, and the second angular change is half the first angular change.

17. A variable view arthroscope with a plurality of viewing positions in a viewing range

between a first end viewing position and a second end viewing position, comprising:

a tubular housing having a longitudinal axis and an input end;
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change between a first view ng position and a second
view ng position and first mrror has a second angul ar
W@ basger7bet ween the first view ng position andpe1®s2004/035551
second vi ewi ng position, and the second angul ar change
is half the first angul ar change. 17. A variable view
arthroscope with a plurality of viewing positions in a
Vi eWpRGh R A8 iPGk) efid bf the hoBd ,Yh@ifﬂlpﬁglei?@ﬁdxﬁ%gg?fcﬂaﬂplane,
a second end view ng position, conprising: a tu ar
theonputrgnstmingngtatabloredativedo thel hoaging; @xdd an i nput end;
12an input lens in the input end of the housing, the

i nput s having a,fpcal pl.an i nput | ens bei

ot ag i T B 0 6By BP R poRuRE e OB AP s s Riot hcfide

dispesed ig Btié folal tpliie b0 el ifput 18R @B ¥ialdblArel 158 186 fie housing;

surface disposed in the focal plane of the input Iens

and being rotatable relative to the housing; wherein

an opthercan apeptical path & detingd surbrhatriiecs Kjys egceivag gt the input end
! N . _ : )

PARFoKEE R il ere MR Bl BT, LR ah P12

muovemoendf thd inphelensydt thé ©CD eariksttievieRdf ey ardsodcbpe.vi ew

of the arthroscope. 18. The vari abl e view arthroscope

f.claim17, wherein the distance and, the angle

1 TR o h BRropERg SLATE NG, e b getapds g Anele

t hRtweeWh® InpibRn A Hhe TXAD Ao ndt V) wkidn tHeDviewh € the arthroscope is

variabl e view arthroscope of claim 17, wherein the

i iggied] ens and the CCD are nmounted on an input |ens

frame and the input lens frame pivots around a first

r r .

1920 PR} DS B 17 BESRSRP fpufRh, Tife cD
I npodntédorsahmpuelehs frame and thedniput iandeanixepivere arcunt iarfibt axis to
Vi ewi tg)g\posi i on End a second view ng position and the
COBrHEE VIEw e BRATAINSEMRSr change between the first

viewi ng position and the second view ng position, and
2(?'i'1£}§:tsvaaﬁr}g§w |]\_1ng GHRBER B BH IR 1385 EinaRIIHpA! 1eBNRRILAAR! Sngular
change between a first viewing position and a second viewing position and the CCD
has a second angular change between the first viewing position and the second
viewing position, and first angular change and the second angular change are the

same.
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