SURGICAL S IEREO VISION SYS IEMS AND METHODS FOR MICROSURGERY James K. RAPPEL
CROSS-REFERENCE TO RELATED APPLICATION(S) [0001]The present non-proyjsignal patent
application SIS HRSHE Y8 1€ Provisional Patent Application Serial No. 61/537,55;2%\‘%%3\' eptember
21, 2011 and entitled "A Surgical Stereo Vision System for Microsurgery,” the contents of which are

incorporated Gy reESeCIICS MEFE® SKONDSYEENSVANYT IRRTIA0GeR iz RS (Fld BRart of the

present disclosure pertains to surgical vision systems and methods, and more particularly, to surgical
stereo vision systems and methods for microsurgery that enable hand-eye collocation, high resolution,

and a large field of view. BACKGROUND Olf]érnlﬁelg IQ\I\AEII\DIB-IRN

CROSS-REFERENCE TO RELATED APPLICATION(S)

[0001] The present non-provisional patent application claims priority to U.S.
Provisional Patent Application Serial No. 61/537,592 filed September 21, 2011 and
entitled “A Surgical Stereo Vision System for Microsurgery,” the contents of which are

incorporated by reference herein.

FIELD OF THE INVENTION

[0002] Generally, the field of art of the present disclosure pertains to surgical vision
systems and methods, and more particularly, to surgical stereo vision systems and methods
for microsurgery that enable hand-eye collocation, high resolution, and a large field of

view.

BACKGROUND OF THE INVENTION

[0003] Micromanipulations such as microsurgery require a distortion free magnified
and binocular stereoscopic view of its operating field 101. Surgical Loupes, Surgical Light
Microscope (SLM) and its digital adaptation, namely, Digital Stereo Microscope (DSM)
provide such views of the operating field 101. SLMs have a number of optical elements
that provide magnification, working distance and distortion correction. SLMs have an
objective lens for collecting the light from the subject, a pair of oculars for viewing the
subject and a number of optical elements which enhances the view through magnification
and correction of distortion. SLMs are improvements on the classical double barreled
binocular microscope to address issues of distortion, limited working distance, limited field
of view, and brightness. An exemplary prior art SLM/DSM 100 is illustrated in FIG. 1.
To increase magnification, either an objective lens 102 is changed or zoom lens system
104 is moved. The pair of oculars provides views having the required parallax to the right

and left eye. SLMs provide instant stereo view for depth perception to the human visual
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[0003]Micromanipulations such as microsurgery require a distortion free magnified and binocular
stereoscopic view of its operating field 101. Surgical Loupes, Surgical Light Microsc é%( ) and its
digital adaptoﬁfﬂfﬁ?yn%?ﬂéelw%igﬁ?ﬁ% Stereo Microscope (DSM) provide such views of t%o [?'elpa ing field 101.
SLMs have a number of optical elements that provide magnification, working distance and distortion

correction. Sidshaygenitingierive s pesaadactinauidre ishhiramsthedrbiesh mMpabnolrcHirys for
viewing the subject and a number of optical elements which enhances the view through magnification and

correction ot HREHHGHPE ORULH QiR roVerh L RETATA L HaaHak NSTRSK BSAlRan BHBHAR WiiBroscope to
address issygssobpigrorjeds imitehpesking filisiamees ftoiiarfieidrpigviryve RnatipgireashIR€Xxemplary

prior art SLM/DSM 100 is illustrated in FIG. 1. To increase magnification, either an objective lens 102 is
changed or 2d8R1§&UBR-ATS104 is moved. The pair of oculars provides views having the required

e
parallax to the right and left eye. SLMs provjde instant stereo view for depth percepti e human
sl syﬁtefhséfpkera{ﬁéﬁéwﬁ%ggﬁi&df #{mﬁﬁgﬂ @%WS%?&@{]&% %_&m&,ﬁ@iﬁéﬁigfﬂpm |
oupes shoule depsv2@2iskctd Regornf, DiefmerruiRhBRDD SsEpRcat onanBulefidins lenked D3 ¢hebjects In
the operating field and optippally sharing the. operating field with one.or more collaborators. [0004]FIG. 2
lustiates HHATAHONST AR ADoK HBIeCCRDB R oA SRR KITHln, 1 of the
lens 202, s_eﬁarcﬁmbr\/ieﬂv Gdﬂ@,l@r&gﬂfﬁﬂ?\?dqmweiMD ;t:|g||3fr|lls:tdnltgee(gv1)ag&j|: th?sificglﬁeriedl)a(r\}s)righé
eye views in a stereoscopic view. Field of View , Depth of Fie 0 i istance an
anifoatiOh ) B B AR YStESr <R o aR LA PP e B CHAS i ot view
and depth ddrfiettbpghoet iéelded. déarsassiconaeintio ransystéonal aystenethod niethedaddrd aptiedl elements
to rectify these. limitations but the key dependency between FoV and Z remains. Ad tical elements
2150 incread TR A R L SR ANy L K T 8 T et bt Highting
innovationsrimiias.inchaitke tbhptriak drmenes nadso dnavehseckind Bir¥ aridiFedeperdenyms sipticamains.
[0005]Using the current microscopes, it is not possiple to view .a lacation that is pot in the optical path
through the BHEE GHAEbs Trch e Sim e dato e B e B B R e B brecr
(example, psiieriytohelrtain draiebackooh Bovdtiret Amiglenicdeackstibiveptarsscal construction of the
microscope allows very limited numbers of oculars. Optical microscopes do not allow additional content to
be added td#65}iew bisérhtineczitrantvieisrogsichpess nsisratbpossiblerotutton a[@oaBAdhHidnally inhere are
many usability iSSUes | ' [ [ i ' r qf jsual fatigue
because théﬁéxﬁ%@il%@gigé%ﬁn% I(?)[S(%@re Feri%érﬂ Islaseté\c/)gr% lé?’n%%?t%a%@ré? r8n o%Je%q% rlg)gs{ll gﬁ %Egvo server
causes motiearianthtnéielo) et viewu bisstviexpmpleapetienty hosobtitabprviero Soopemnishdsarglearhed skill. It

uses moterenthiekist e DU osatisabrer =d sk
e U] B BB s e e B et

lows viewing through both eye pieces at the
same time tOptsallivicrobeajesidsibls stieraagrditiqnaljeententio toethedestiioshT iswnaikershsnerstscopic

viewing thrqu\W, Wﬂﬁwéﬁg%gg&%pﬁm@g@ s and tiring. Each time, when the eyes are taken away from

the binocular eye pieces a roug there is a certain degree of eye muscle adjustment to be
made beforgolii]  Additionally, there are many usability issues in performing micro

manipulations using SLMs. A user of a SLM gets visual fatigue because the exit pupil
diameter of the ocular lens is very small and lateral movements of the observer causes
motion in the field of view. Viewing stereo through surgical microscopes is also a learned
skill. 1t takes significant amount of practice to be able to find the right combination of eye
muscle coordination and inter-pupillary distance setting of the microscope that allows
viewing through both eye pieces at the same time to result in a brain-fusible stereo pair
projected on to the retina. This makes stereoscopic viewing through binocular microscope
tedious and tiring. Each time, when the eyes are taken away from the binocular eye pieces

and brought back; there is a certain degree of eye muscle adjustment to be made before the
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view becomes stereoscopic. This inconvenience adds to the operational time and operator fatigue.
[0007]Another limitation is the narrow field of view. Microscope construction makes LIBS H%ﬂtarge number
of optical el&HEAT BRFEHILS in°&barrel. The large number of optical elements narrovx/é(i‘?O ield of view.
FoV gets further reduced as the magnification is increased. Narrow field causes the surgeons to lose the

visual contexefiesieenibs AebepicapfOrreridvin@rienithte a0eMdttetefintohackHesarigeraaid then
zoom in to achieve magnification while maintaining the tool or tissue in the field of view. This too adds to

the operatiofﬁHQHf%e and operator fatigue. Surgeons cooperate with human assistants who share the

k th ..Ih istant should vi hat th iS viewing, in order to be of
operational RE0@ancd N T EGHEN el QYA Lo MREAPRROIPEHA O i assistant.

In addition, eskchf sUeggenwhberdihepticitdependeatrangidlrod vevendithe saypeiatdadfoprichly
controlling the lighting, contrast apd magnification, [0008]Many surgeries last hours apd the fixed posture
{ooking trGIFTEHS EREMIBCS oM RS GRS (AR FERE Lo ERT ) lgbate. In =
lengthy surdetyeasudltipasto@efiokel aradsassiistasisgetmy timéoseuttipleisualdoonieat dediprattdn ofahe
microscope, should be done to &et coritinuiri(?/. Th?uﬁzbma nifi%(‘j[ﬁigw IS a si n'fi%ﬁnt surgical aid, due to
the above IRSALTEHTNATHEN KLFgeSit P LIPS Beis i8?8t§6lig%}‘é/,t 8 L8758 it uses
21'ié:;rolscopeach{@mgilng?_ﬂeigieaamlmgmsimg_'eﬁmgs Wiiih@tqal Igsmmuirg itel Bkliso{Q068] Refeﬁrtng (t?r?k to

. 1, conventiona ) S use high resolution and speed imaging sensors sych as (Charge
Coupled DETEBS D SR El N (R a S PHE S BN T8 Ak oMU WA maging
sensors at anseyanackeol2@rttidieméhsoriepaice santhosargeneoJdepissistanitcahduld viava disgtlay
processor 114 to view the FoV of an o 'ticét6 Zot?fgecificallg the gCDs 0ca rece;"hve he vi?w from

- ourg

beam splittetr§ J?Eig%%’%dﬁe"t'%"&% 'Sié)é B?{%'so Is?é?és E%Q*,Coepic v?é%ﬁgcpenc e Quch as
passive steigo\|assesscaphy e gieraibyshilivier giksags tndrautssitrensico podiisplayschSsutgetire imagery
s acquired gnd dhsplayed digitall, (hese micgosconss sre caieddligiiatsierca mictoseppes (BSM)- A
commercial'example s the digital stereo mlcroscope%y ra&Visiontm. WHen l}’smg £ FieVisionTm
microscopelightipgpooctnastithd mhagkifioatiayh binocular barrels of the optical microscope as in the case of
the traditional microscope or look away at the stereoscopic screen to view the workspace. The
disadvantad@8a8]the flangrsuwgertesHastvwalscanly e figéscpestide |l dokilgtéhraeghintseyitg, as the

display 112 | t . the. . j d
compromis e co ALt e, (08 B P S B 3 A Y e
view. In addititgeysimaee! tinde saspedied st atsistantisapayrtichesmidtipleoldjsivitdialotalibratinionbHBLM, it

suffers ma”%(\u%%'s‘@o 'E‘Eﬁ&?ﬁs&f %e'_sWg@?%%ﬂﬂﬁﬂi&ff‘”i?ﬁoﬂ?&%%&ﬁﬁ‘é&*\ﬂ@ﬂ '3 SRRITRES 2

variable resolution vision. The resolution drops
surgical aid, due to the above limitations only very few surgeons are able to perform micro

surgery, the surgery that uses microscopes, though there are far more surgeons with

excellent surgical skills.

[0009] Referring back to FIG. 1, conventional SLMs/DSMs 100 use high resolution
and speed imaging sensors such as (Charge Coupled Devices) CCDs 110 to supplement the
oculars. The SLM/DSM 100 is retrofitted with imaging sensors at an eye piece 120 and
then the view is sent to a stereoscopic monitor 112 via a display processor 114 to view the
FoV of an object 120. Specifically, the CCDs 110 can receive the view from beam
splitters 122 before the eye piece 120. Surgeon uses stereoscopic viewing techniques such
as passive stereo glasses, active stereo shutter glasses and auto stereoscopic displays.
Since the imagery is acquired and displayed digitally, these microscopes are called digital

stereo microscopes (DSM). A commercial example is the digital stereo microscope by
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from the foveal vision to the peripheral vision. The visual acuity deteriorates from central (-1,+1) degree
visual field to the (-59, +110) degree visual field. Roughly, the (-2, +2) degree visualﬂg@im half the
resolution o‘f\ﬂ?é”@i'?gr%ftd\éogzré_’ég\()isual field, (-5, +5) degree visual field has half the resSoltti sﬁ of the (-2,
+2) visual field and (-12, +12) has half the resolution of the (-5, +5) visual field. However, SLMs or DSMs
do not proviggi@psigaual githéd laightaaiisvalibeselwmiernyaRnserfeenfeaming &Uebr aifabdm resolution
without depth distortion effects is alsQ a challenge. [0011]Stereo mjcroscopes without oculars are another

conventiondl'89SHi#h PRIEIS:Of dBerriHSA! tHiGPoEaRe Bt 15 6Rserthd R JRCAHRM R HRERPESRGPH and left

eye without|pakiagan Ky diaeroScHpRy rtais iciercorRe iRt Plate iicadsarsgrealigned to the
projected space to be able to see sterea. While the apove system affords some freedom of head

movement, tAESFABRIBH S AUE AIIGATS e AUIPEHIEeR-is!B ARG WRFER Y 15U B §aBE% LdPedHRIBA. This
Systgem alsqu@gqua@cmyi@_gﬁwmlﬁe,_ @ﬂg@@ﬁnléééﬁrﬂgéim,rﬁh&&)@ l?@mdﬁ@ﬁedﬁdadﬁskT%fsaﬂgning eyes
to the projected space. Peripheral vision can easily djstract the eyes from seeing stereo. These
microseopeSHRRASEROMRTATHGRE SR ALIHAT, TRESRelo, I SrESTEHS MARCMRYADRAR g industry
for inSpeCtiQﬁa%ﬁﬁi%%&ﬂgeWQHi‘amed‘T, @m@@tlgeroasieiamazoeflet?twmmmnmmﬁg aFéIEtﬁe%ﬁMM?F;Y OF
THE INVENTION [0012]Jn, an exemplary embodiment, a digital stereo microscope apparatus includes a
display unit EHENUEA i Mol STEES Be AT AR Bk LR A Bndor tools n the
area of inter d views,a magnified and augmented live stereq view of the area interest with eyes of
the human S0 or ha AT S AR BRI AR e I B A
operator; arfionage de@aywicimated the peliishaiale/sidhe Tisplayuahdonity thiteyi dinetas figinifiezhaald
augmented Jiye stereo view: a ical system an image acquisition system located,ig pajt on a
second side@ffﬁi %‘?gﬁ?gyvﬁmqpﬁg\}/%?ﬂéﬁ&ggg ’cJéqp u egé% %nghé ;tﬁl:&e o'?ﬂli@ﬁyeghc?f ‘ﬁ?ergzﬁt; and a
processing dygtesvisoadfiskitatvely teupkadutiothefithadd actjuilsiien sisstdfidad theHshaggreksplay
providing the. ma]g]pifligtgI anﬁl ﬁul%mentqd tlive sit%eo \zje\ivz o the i age disp, a]}ébﬁﬁgr?n }]h firtnage capture
and the daté”cszlé%tu'ree of e aren of Interesl om ?h% opti angl/@Qr'n arft the image castjlséll(iion Eéystem,

wherein theregutiotibeystén abd-theviseaddieldquittiavay SkMs o codigscaniat provide dhg \nsagle capture
with adjustme ]('s to eride the ae%nilfi d and au meptep live stereﬁ) view, performed b)(Nthﬁ: B{ocessing

0 mdrek the visual resolution varranee. ~Per orming sy varlf%pﬁe reso lﬁlop 1thg
system. [00‘1 In another exemplary embodiment,”an operating“system with a digital’ Stereo microscope
includes andapitudattedtmmetfectpissilsg a cispEngenounting system; a display unit connected to the display
mounting system; an operating site over which the display unit is located such that a human operator

places hand8@iid/or totdeein nhierogearay iteuhrituliiy s mzajhifiiccbayentiogrhsystainivelseseeo view of
the operati ie: wi rator [ i tant ith the hands
and/or tool%?tﬁé%?m%@?@e%{g@ar?%@i (ﬁgge& |s%[f@l' L%%‘%?éﬁw g%ﬁz:?sét @Eﬁf %ﬁﬁ%ﬁfgﬁ%}?ﬁ% {providing
the magnifié@d\dnd augyaeiteel lidcuses Rfahirm] ciosoprateysteplasedhmuisatsgryetceligoribiodhstem

ocated on %3560 S ob e ARPBLNIARYRITASSEAR AR ABIA A RAIR gperaing

site; and a essing system communicatively coupled to the image acquisition system and the image
display providatgnieramaghities] pioitelad riganeds il tstorsowaanddithe ¢aside dliplayt kadeldaens the image

capture andihe [g{a GRPIYHRCLRERRIA TGRS HRMIMEBRIERARY UGN FReGilRPSAcRHisiion

system.
usage there is a task of aligning eyes to the projected space. Peripheral vision can easily

distract the eyes from seeing stereo. These microscopes have not found a home in
operating theatres yet and are used in the manufacturing industry for inspection of printed

circuit boards and other miniature electronic assemblies.

BRIEF SUMMARY OF THE INVENTION

[0012] In an exemplary embodiment, a digital stereo microscope apparatus includes a

display unit located over an area of interest such that a human operator places hands and/or
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[0014]In yet another exemplary embodiment, a method using a digital stereo microscope includes
positioning and adjusting a display unit above an operating site; enabling the display_uni Iterein the
display unit%ﬁ?ﬁ%ﬁ%@ﬁ%@p‘[i %OZystem and an image acquisition system located oﬁ%ﬁﬁﬁ f the display
unit adjacent to the operating site, and wherein the display unit comprises an image display on a side of

the display wisopp@sitade dhertislesfasing isesapaigind&itan@rgeissdmage serplvaanéHaia capture of
the area of interest via the optical system and the image acquisition system; processing the image

capture ancPfR® BREEANHNEYRA T RS HLTRHY WA YoM Y SIS HAM S ARSI IICN the

operating siteaiiesaadnéRiioeE dieHéIRIrBaRYSERAINaNa MR Misplepllesatecbmaningrsigeldntheat the image
display; and presenting a magnified and aygmented live stereq view of the operatir[gﬁésite via the image

display basSSRAHE BRI i JRagapiare A0 PHANS AL JUESIRIER (APNirabPRNSE 5 6 Mnterest

from the optipal sysieayanddhritioaas aeativitaadcysteart BRIEERIGHRIE DIOINCispl{ RAWING(S)
[0015]Exemplary and non-limitin %rwrkiodiments of t?e present disclosure are illustrated and described
herein with FESAEIGS B9 B Eh A B AR ER AL e cere AARIRS bR AERESHRE% ISR steps

and/or systeghframpeniRls, dasslestivahs mmahinasdiipfiti AGI6lENant destribgs displgr mo\vidiM/DSM
system with o tional_gié?g)tal daptationi)
r

replacing th lars b ir of i d
stereoscopil BiZHE)!T[Hfo AAERIID U )(BEES{%%%%Y&‘?&%%%?BH@%@Mﬁ%@gﬁ% gg@%ngeobject,

focal capture and the data capture of the area of interest from the optical system and the image
acquisition system, wherein the optical system and the image acquisition system is
configured to provide the image capture with adjustments to provide the magnified and
augmented live stereo view performed by the processing system.

[0013] In another exemplary embodiment, an operating system with a digital stereo
microscope includes an articulated arm comprising a display mounting system; a display
unit connected to the display mounting system; an operating site over which the display
unit is located such that a human operator places hands and/or tools in the operating site
and views a magnified and augmented live stereo view of the operating site with eyes of
the human operator having a view substantially collocated with the hands and/or tools of
the human operator; an image display located on a first side of the display unit providing
the magnified and augmented live stereo view; an optical system and an image acquisition
system located on a second side of the display unit providing image capture and data
capture of the operating site; and a processing system communicatively coupled to the
image acquisition system and the image display providing the magnified and augmented
live stereo view to the image display based on the image capture and the data capture of

the operating site from the optical system and the image acquisition system.

[0014] In yet another exemplary embodiment, a method using a digital stereo
microscope includes positioning and adjusting a display unit above an operating site;
enabling the display unit, wherein the display unit comprises an optical system and an
image acquisition system located on a side of the display unit adjacent to the operating site,
and wherein the display unit comprises an image display on a side of the display unit

opposite to the side facing the operating site; providing image capture and data capture of
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length of the lens, separation of lenses and the disparity of the image pixels in the left and right eye views
in a stereoscopic view; [0018]FIG. 3 describes a digital stereo microscope with imag tation
capabilities ALRBINIRGHE AP exefiplary embodiment; [0019]FIG. 4A describes one pé‘éﬁ%@ﬁraﬂgement
of image sensors in the back-side of the display unit according to an exemplary embodiment; [0020]FIG.

4B describepapeef prefestadaaii@oparapsypimagerennage amaifieobisaem fixerdamstaad
according to an exemplary embodiment; [0021]FIGS. 5A-5B describes a hand-eye collocated stereo

display with!FPRES SAPEKCs A HERC HBIAS APEERe W ACREPERES WS (RIHSRnPRYE BRI &rishhg 48blay and
FIG. 5B desgiptnadbRr GisphayopeanaenaratvanickinslifeliNieying assosdipesthanmyxamnplaniregbodiment;

collocated manner looking at the image display; and presenting a magnified and
augmented live stereo view of the operating site via the image display based on the
processed image capture and the processed data capture of the area of interest from the

optical system and the image acquisition system.

BRIEF DESCRIPTION OF THE DRAWING(S)

[0015] Exemplary and non-limiting embodiments of the present disclosure are
illustrated and described herein with reference to various drawings, in which like reference
numbers denote like method steps and/or system components, respectively, and in which:

[0016] FIG. 1 describes a prior art SLM/DSM system with optional digital adaptation

by replacing the oculars by a pair of image sensors and stereoscopic display;

[0017] FIG. 2 describes the prior art relationship between distance to the object, focal
length of the lens, separation of lenses and the disparity of the image pixels in the left and

right eye views in a stereoscopic view;

[0018] FIG. 3 describes a digital stereo microscope with image augmentation

capabilities according to an exemplary embodiment;

[0019] FIG. 4A describes one preferred arrangement of image sensors in the back-side

of the display unit according to an exemplary embodiment;

[0020] FIG. 4B describes another preferred arrangement of image sensors on a flexible

arm fixed to a stand according to an exemplary embodiment;

[0021] FIGS. 5A-5B describes a hand-eye collocated stereo display with FIG. 5A
Fig.5.a describing a schematic of the system with two users sharing a display and FIG. 5B
describing the display arrangement and indirect viewing according to an exemplary

embodiment;
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[0022]FIG. 6 describes a multi-camera system achieving high magnification and high resolution using an
optical lens assembly, an image sensor, a display frame processor and a flat panel ? cording to
an exemplaﬁtgﬁﬂ%dé%%w?'é 4¥D023]FIG. 7 describes the user interface for config %%%igital
microscope. DETAILED DESCRIPTION OF THE INVENTION [0024]In various exemplary embodiments,

surgical stefgoagipion pystesnfesiithssethndls femeieropitcaeaciaaaiig Mighdrelaifieiasativg, Kigh
resolution, and a large field of view. Multiple multimodality sensors, including image sensors, capture

properties JEEM SHAUSIMGRP ARUGALIESraFRE Y YA HRAYH L0 ARl ETS RSSOt object. The

captured livRatiginés igpraeaiestiviil @aia dsemsensefhanitnextesnal databases to aid real-time micro
manipulation of the object. The system provides multiple views on one or more flat-panel stereoscopic

displays, coftaiasjativeriGniplekativeoththesobjattfaeaftinenfigasutcimedigitandipascipg.and tilting of the
field of view without moving the object. The system supports microsurgical manipulations to be performed
on a patient by a group of surgeons and imparts training to surgeons by recording and replaying the
surgical manipulations with a phantom object in the field of view. The system includes a DSM that
provides augmented and collocated live stereo views to rectify the limitations of conventional systems.

The system uses optical em”ﬁ?@ﬁ?ﬂ%ﬂf'ﬁ@g&ﬁﬁﬁBﬁ E’I‘E Lppaagwgwoﬂgital computing for
IC Vi addit

processing, a_nd digi_tal displays for sfereoscopic viewing. In dition to the opti(_:al ima_ging, the_ system
of andt mterieu it A Bl oL So e S o e B ot e
methods is foraEiteasIGEM parhieinarbeitionl aativiaghiicassiulissd aMdardpsae. frelid aiciirs achieving
continuous gaQhSIREIAMMARISENGINGHIRIS) SrhsHS QRbo RE BRI ARIFEUVS gD Brag; ocular
without the use of intermediate lens assembly.

under the view of the system and the user’s micro manipulations of the object. The

captured live view is augmented with data from sensors and external databases to aid real-

time micro manipulation of the object. The system provides multiple views on one or

more flat-panel stereoscopic displays, collaborative manipulation of the object, real time

measurements, and panning and tilting of the field of view without moving the object. The

system supports microsurgical manipulations to be performed on a patient by a group of

surgeons and imparts training to surgeons by recording and replaying the surgical

manipulations with a phantom object in the field of view. The system includes a DSM that

provides augmented and collocated live stereo views to rectify the limitations of

conventional systems. The system uses optical elements and imaging sensors for image

capture, digital computing for processing, and digital displays for stereoscopic viewing. In

addition to the optical imaging, the system includes multimodality sensors and different

image augmentation schemes for improving the visualization of and interaction with the

operated site.

[0025] An objective of the surgical stereo vision systems and methods is to achieve
SLM parity in resolution and magnification used in surgery. This includes achieving
continuous zoom using a movable intermediate lens assembly between the objective lens

and ocular without the use of intermediate lens assembly.
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[0026]Another objective includes a reduction in viewing latency to be unnoticeable to the human eye. Due
to the indirect viewing of the real scene, latency introduced between what happens ?5 eljating site
and what is’SEERMMIAEKiNEO Btthe live interaction which may disrupt the surgical p o’(%ld%ﬁe. [0027]Yet
another objective is to provide better functionality than conventional SLMs and DSMs by providing scene

augmentatigpoaeyl altesnatReyisvjsctideliiipdaiity sensasn anditnags1aensore o fimxilecann gan be used
to provide augmentation and alternate views. The video streams are stored and replayed to allow surgical

training in tHECSAHER SYfrohfert K AndirsetvdexindPE g drp! f56%) IR HdEEee RrtMeElurgical

stereo visioyRxstepseandimetipdrimtp HeWae ReHeicieanomies eidierep indenastiprefactieng surgeries
through a hand-eye collocated sterepscopic display with support for pan, variable zoom, and tilt of the

field-ofview YAKAMEA,EISTIRN e SERERIRIBIREMEG will not be lost by moving the head. Still yet another
objective is w cqQljaboration in.the surgery having multiple surgeons and surgery assistants to
cimeitaneol 0 dhare Y TUCLURE ALIFRHE I NGB ED LA e B R RS dbsing
stereopsis ratate&s Ny ays plo0 NG elamii gugntelitatBnraad sxanydavieambodiniensdalinjosénsiagram
illustrates a digital stereo microscgpe.system 300. The digital stereo microscope system 300 jncludes an
optical syt 3005 FREE Q0o QTS0 2 U052 U OHIGR FURHR RO AL A B cisplay
system 308viEhg.inTdgevidenisitamsyséesto@ddaimt kepés/edcnllettansof gibie ctainipeity thersaars 312, a

collection of lightin regoug%%sqfﬁé]a d ?1 collection of image sensors 316, in data communication with
the image d?Qﬁfé?f‘&fs'ﬂ i i %C%Jr%cséjégﬁ%' system 306 and connected to the optical system 302
through the acqulisiti M 304. The opti e C res the,fi iew and sends
an optical irﬂ@geg fo thzkﬁ?l%%g §éﬁé§£&§3ﬁ6 lLoer S%Eééggtic%ﬁ%fo Tw}égﬁ%gs%% @?d%ﬁa ir%tﬁé%éoFtt?é] scene.
The image pengdes [B1@cangowodes withsteretimittetiactj dDMQ'S|00E BUrpérate vibitaig s en sarsl-aykra-red
pbichanty e e I e R e R R e e

view. Advantageously, a stereoscopic view will not be lost by moving the head. Still yet

another objective is to allow collaboration in the surgery having multiple surgeons and

surgery assistants to simultaneously share the live view and multiple surgeons to cooperate

sequentially without causing stereopsis related delays.

[0029] Referring to FIG. 3, in an exemplary embodiment, a block diagram illustrates a
digital stereo microscope system 300. The digital stereo microscope system 300 includes
an optical system 302, an image acquisition system 304, a processing system 306, and an
image display system 308. The image acquisition system 304 includes a collection of
object property sensors 312, a collection of lighting resources 314, and a collection of
image sensors 316, in data communication with the image display system 308 via the
processing system 306 and connected to the optical system 302 through the image
acquisition system 304. The optical system 302 captures the field of view and sends an
optical image to the image sensors 316 for generation of high resolution digital image of
the scene. The image sensors 316 can include, without limitation, CMOS, CCD, , photo-

voltaic sensors, , infra-red sensing elements, and the like.

[0030] The image processing sub-system 320 includes signal data processors 321,
control data processors 322 and image data processors 325. The human operator 350 places

the display units 341 and sensing elements 313 to yield a stereo view of the operating site
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control data processors 322 and image data processors 325. The human operator 350 places the display
units 341 and sensing elements 313 to yield a stereo view of the operating site using.t g—*tlllg_l'@l:zlay control
323. The lightiHgPeR8dRt &Y 3P4 re configured to provide variable amounts of visiblgbi% the field of
view. The object property sensors 312 are used to provide data to the processing system 306. The object

property senspig &2 diaplapchiigsorigaaut irnkafigimgiTadeddeansceivps scorfigureding thasnaeeivers, laser
transceivers, light field cameras, depth sensing cameras, and the like. E)031]Referring to FIGS. 4A-4B, in

exemplary MHHRIFASIALNGS QfagRe g5t RAEET IR ply/IRMAgd Re ARISCLIRICRBIBY SEEctA4rats FIG. 4A,

componentgsdthe pielicaé Aase mbe3sdresl e aacacduisitubpysteneRd santie dispesed on a
back side of the unit 400 with a djsp}l{&iunit 320 on the front side of the unit 400. Further, each of the

various senSiil'@emlifou KRR HINfFRIESEnHERRAP F ColldtHaai)h e SRBF Y e hulBS§T operator

330. As is dgasstat ReIRR tletidesigmefdbsitiisphvdnaoa S8canethmiike00 is critical to enabling
hand-eye collocation as the display 320 is placed over an object of interest while hands of the human

operator 33{(DoxpipulRefthengbiecticiSntkesB, Thesanslay elestitacdilsy, a3didgriay #lthenmnid sensing
rays such ag.visible light, ultrasoun infra-red, collect sensing ragys, or both emit and collect sensing
rays. [0032 LMD AT AR SEAST QU ALks 48 P4 HS G R e S8 oK RELRIE o PREBhown in
FIG. 4B anchssamigliyt 302:mdpkeatingsideqUibitiopeyateng 30 caclbel efsposcbiedth afbdekvsafetlod testem 300
and outside the field of view.of the s 300, Sqame, of. the sing.elements 312, 314 s as the
Visible ight KA AN S AT oA, E ML S ol (Mot IPL o Hh P back sice of
the display uvaiict3Gehhiaguangmiedit2)f 3birara keimsspendeaadtigtioe rceatisstivelpnayritm Hédnlpyaacurve. The
arrangements can also pe g A line or alpng a curved surface as to aid increasing the field of view.
The position SA BB AR Bt oS 1 Hres S G R ) 8 SR St operator
Also, the imé@feisensized &iléndbknigghdrebayees BdchtmndiotiibelicplegBaMpartyced nersad ibjean be
arranged on pne of the flexible arms 420 which can be maved to focus, to the gperating site_with manual
mssistance. B AR e BN R BET . Ao R 5 P T B vl that ave

not possibleseniing @temiagtaBit2paivhimgyoéithercumie sérisdid) odyd eucHay @gdriedighthelsetboodloding portion

of a tissue can abe Hw%gﬁ visible .onl throu%ht%ré al.tterngte_ﬁ\%qle of.view. It requires either moving the

patient or tiIhnEj the ’imageé: SEnao| }%X% hked o ThePack siae s he (e a00. By tilting the camera, the

addional MO CenespL B e e 2 R e e A i the
current vievaingaoimérts M&qndtbmmhst@aapalw_aiéngbi&inérdleropemtmplsitalinpbﬂmd@fmgﬁrs 316
sl L R e i

sensing elements 312, 314 such as the visible light camera and infra-red camera may be

placed on both the flexible arm 420 and the back side of the display unit 400. The

arrangement of camera elements and other sensors may be along a curve. The

arrangements can also be along a line or along a curved surface, so as to aid increasing the

field of view. The position and orientation of one or more sensing elements may be

controlled by the human operator. Also, the image sensors 316, the light sources 314,

and/or the object property sensors 312 can be arranged on one of the flexible arms 420

which can be moved to focus to the operating site with manual assistance. These additional

sensing elements on the flexible arms 420 are used to obtain views that are not possible

with zooming and panning of the current field of view. For example, the self-occluding

portion of a tissue can be made visible only through an alternate angle of view. It requires

either moving the patient or tilting the image sensors 316 fixed on the back-side of the unit

400. By tilting the camera, the current view of the operating site is lost, i.e. hand-eye
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of the unit in a surgery system 500 with a hand-eye collocated stereo display. FIG. 5A shows a schematic
of the system 500 with two users sharing the system 500 and FIG. 5B shows the disgl gement
and indirect\ TN 87 HL tisptaY unit 400. Specifically, a human operator 330 initiaﬁy%élg&inthe display
unit 400 along with the mounted sensing elements above an operating site 502 to view the operating site

502. An anai@imaicalofiawIesitbatPRREAIND At B2 Hawirgi sdetigiienHerdige|sonusrs 406 ARedte human
operator 330 can give control commands to zoom, pan, focus, etc. The operating site 502 can be an area

of interest oErHFKIEIP R34t R HADY R ERRERE SAEDASRA LTHIR GRSt HVE LS S99 of the

display unit ARErAE3IAtIRecRICSS Ho B Isstem s arRNSatERmEormimane sdeserest®ar Mgeaose of the
sensing elements 312, 314, 316 in response to the human operator's 330 commands. The human

operator 336‘%353‘)35cﬂﬁ§??h@5rﬁ’@é'ht Zhg UBUGHAG SHy R ShenR e Aad ahith B RS RIBIAVEIGAT the

processing gyigin SPbafraigexample, the system 500 can include an articulated arm 504 and a display
mounting system 506 that allow adjusting the position of the display 400 at convenient viewing height and
angle as welbea3leavimefuffitent WaKitpbBaircexdaskdyonthedivients) diagrates'#I8s80aveysing and

king dist nfi tion, and the indicati f th ti ite 502, the.. ti fel ts 312,
314, 316 el TN LSRRy THD IO LT By S SRS S Al G o operating
ite 502 maghbessral sohtenabiy pfaject cho8awit Dvntediveskadng tid &00pahG336 th
E:J?SOI’ toThe dggirﬁ{d Iaite Tﬁeplocatit:)y??t e cgglerz-}ltin%vsite Sfﬁla?ng ?IS?EE%ZB@(:%?;.% ?mle thn?;ﬁS °
operetl_tlct)r 3?“8% 3 aﬁi‘ﬁf/;;g&&&?ﬁf&&;&ﬂﬁfﬁﬁ%&ﬂ (%i'i E@u %amﬁm e pﬁgg 6 B;c;gerati%ns of
an, tilt andrmaoam C viial i [ofs] ey aratont rms the
gan, tilt and %oom ggigggone or mote of.Eh%)ﬁ%IIowin?%vnﬁithods. The kLur? operator 330 qm: use a

control knot5 6 Knbbe L8 S ARANIRNA e Gt o' w/ifks RELAUAY Yekcrlase dLaMl e ¥ ameters.

C
The humanafiteeadpera@gsiy b82 ia prdjeateanbpatd ejdisHdyamih40Scamntthe bantaoldpergarad@ters.

Multiple methods are(g)nrgglged for conyenience and fsafety. The ﬁ]ﬁman oa%ﬁratsotre% may ad'%\ust the

disparity andthd" YN LENIEEH eoeyz/gogﬁop e o‘?%‘d?aﬁtﬁzo e & o viE. %e@e finer

adjustmentaeee afdneresingvinentochtiheodispliay thmet ctiitris| wodtgetan@036¢hhe sypeific80a, the0 may be

operated in three es,.the pre-operative mode where manual control as well as control knobs is used
to position tég@f}g%(%ra g%éqﬁ%pqﬁ\ﬁ%ﬁ%@'surgical operation mode, the fine controls are done using the

postoperati e, o e e o e e e B e O AR S Pt

[0037]The iseagngetesoests B3 2 atilhdlidanveasparsedmtrabwnivicroparatoe’ pasitionednands. The
human operator 330 may adjust the height and viewing angle of the display unit 400
without invoking the processing system 306. For example, the system 500 can include an
articulated arm 504 and a display mounting system 506 that allow adjusting the position of
the display 400 at convenient viewing height and angle as well as leaving sufficient
working distance. Based on the human operator’s 330 viewing and working distance
configuration, and the indication of the operating site 502, the selection of elements 312,

314, 316 and its orientation is decided by the processing system 306.

[0035] The location of the operating site 502 may be indicated by projecting a cursor
510 onto the scene. The human operator 330 moves the cursor to the desired site. The
location of the operating site 502 may also be indicated by the human operator 330 by
entering the anatomical location of the operating site 502 and then perform operations of
pan, tilt and zoom to select the view and desired magnification. The human operator 330

performs the pan, tilt and zoom using one or more of the following methods. The human
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various locations in the system 300, the display unit 400, and the surgery system 500. In an exemplary

embodiment, the surgical vision systems and methods operate with the various camer f acquiring
images of af' o8 iRt 2% maximum magnification and the associated reduct?ﬁr'?& gnification
being done in software via the processing system 306. Of course, the surgical vision systems and

methods cagpalagred3PmignEaasefiatlkuiEonNrRNsBE Ao ERIEE Wl hamexaoPiaineiediigent, some
of the cameras are fixed on the back side of the display unit 400. In another exemplary embodiment,

some of the®e5rFR S ChARERH A HNHETR, Pith, IR CORS G ardthBIa¥xbiR Aalr KidbeRishEnt, some

of the camepasjastednenitird doediffese boideAtiPRS far Hitefusg U RYSTE M&RBHs oare thr dliRlRIBYfoINIL, €.9.
ceiling, walls, etc. In yet another exemplarig embodiment, some of the cameras are movably attached to

the flexible SPREASHCSARHFEDanbHSEY AIUmED diverrlusb e Sn:ARd e siFRtein a linear

or curved cagi@isRLfRYe e haaurRedisprPBIIRNGHEaE BantesRlaied oftheddinaoiagustmpntdansly, the
cameras are all communicatjvely cou Ieolgto the processing system 306 for presenting live streams which
ithien et

can be manfiNIBHSHY Irl)'@e%rs'iﬁ gy WF9ELhlay to many different users simultaneously
including dif i diff imul ly. T b llectivel iti d
ek g v vl ool et QR A e o o
_[0038]Refew\'vhg;é:)LaénmlmFttﬁgBoliTﬁwsximpwimb?mﬁegtfgngEmer syeLiwB00ABEDas (ié(aié)
Image sensQrs mountea, on .pack O | ay uni acamera (l.e., an jm Sensor
mounted or e 5061 AR A eLAli B R s BTl PEaelPie 109 1 WELELaREL stem a6,

d di tte 400uad drig ¢b 13013 isteed 306. thbdighotsi bemna366 h
22vet;g?hlﬁgl?e%wroces ors ?grle ortgcfes1 ﬁnmmgﬁg?éﬁ& ratted Iite ;glam.zmvé%iﬁ%z v heI pfgcnes;\éz
Sy stem 306 JLELBe IO G Ealch DT the AUt o L 1 100 Bt (e 08

stereoscopichestgvs on the image display system 308 for hand-eye collocation at the operating site 502.
Stereoscopic views include one exemplary presentation on the image display system 308. Others are

also conten]p&éH for Previdagg skstivp@t6ejatidnc itk leapiasetaing) as ey sty b eiposstiehednioman

tor 33 iewi ' ispl . iption of
cystom usmi DL A T R M e S e B 58 M coveat by
the inventoraof exempésynerappdivadon, thaldigelApik @0 S90S aartt emitiaails AN dNR GIUNIG (DEVICE AND
METHOD. This.ptiat- : ical_limitati f ' ' that th
Hld-ofview oo herd Sl ApiT Rl EBE SRarHaaP b ks M eRGrbaUstRRear 2
surgical maaiutheigssot hiedsitedudtinn demagnif@airclesingndens osqitwsibleidvibecprasethidGystem
lied on th tti t [ ' ' i th
optical it T e e B e e s
inherited in dssatsd il thaaaous rigntrrasselh &6 axdeplaty ichodinreelr\somireqfr tseearnevahtion

liminates t ritations. : ) 0 el ) h
Cinal roceeea e Bei Bl b AT 2o EO T e e e f "
processors $18¢ al_fdﬂmﬁsp@ﬁiﬁm@é%mfﬁ [BBERAVEiM®IY, ﬂﬁéhpt'dbe@tsind_ rswterangt_benﬂem@med to
Process CO@M@EI&H&E%&@W%&%M%% Wﬁ@f@ﬁ‘?@ﬁ@raﬂqdﬁﬁg@mm&%&m@&s such as

via an external object property system 352 as well as for processing ject property sensor data from
the propertyb88rfsas the Zishey digitaeiroesiisar\@dle, cbennhliyRiaaaciber esamplaneamizeinetfuisition
System 30sdie SPRECLARGESSTRAR BAEIS Bpciniacedishe faifyealialadt which
communicates and interfaces with the human operator 330. [0040]In an exemplary émbodiment, the
control proc@¥opday emiples sl g QB R ObIBACRNIES IS 1D OdERASB AU \RECHREBIGIEYE SPbcessors
346 resides g A0Sy G B IAbRLOFE SRR AL SHE R AR it RIRRIR RRS U IR asidgs in a large
number of processors attached to the CPU through an interface, i.e. a bus Such as Peripheral Component
InterconnectXipredsatvElE corRed dmme miceastngctyiien RBstforueseitingelive Mraastewtbcessors
can be verycireguehli GRAfIay ailo BrorbiSTr AR oiRR s ieinghy L ifsksrd igiguoment the
display 329, the host CPU provides the displaysignal to the projector."The system 300 can also include
multiple dispiBiyiroeedsyringhdisartiderentiviene dataifrserisusnts sipuianepustythd hsteaagEsr a
network 354 coppedipRills HoalnBiosRISRis 3RO AIRAISOSAmERURsAVR Y SAtReR-IRILBg:disPlay
320. [0041]For initial configuration, the system 300 is powered on and the display units 400 are moved to
the site of ti@ LAY ViRdBeseprsatii@Wieare visible in the display 320, the human operator 330 picks
sensors from the set of sensors presented on the display 320 and places them in the three dimensional
(3D) space. When sensors are connected, the (Izjlatalvlvill ggz displayed at those positions. Once the human
operator 330 view operations are completed, the' Sensor icons are removed from the display 320 by user
interaction.



[0042]Once the first display unit 320 is calibrated to convenience, the second display unit 320 is
calibrated by another respective user to suit the view parameters. The disparity for tla)e séglrj pairs may
be different PPIRE L2887 dRser*Rowever, the camera movements are now arrested th @ir operation
results in building disparity computation matrix that affects only the processing of the stereo pairs. The

relative canTgpagnoverRerRtsisy BAeRtes Gthe SRGPNEeRRIAPfRHBRANTIA, Y RGERHINI0EEtRs Which is
applied to the incoming viewing pairs. When both camera units are calibrated, further fine tuning of the

calibrations {¥® G88BIESWEE: baTHBfs PRI LS B L P aMIETEd AR HRechary&d ithe Hispla AL vdctor. This
can be repegfiedrto(iaddiipnabyseensI03EMultipit-austcorSTRRELRSSIFADED Mapresksyiate tha system to

their visual comfort and store the caljbration against their named icons, Then d_urin8 the sugery, the

respective SHREYEHHRTEAR 2S5 RIS EENTNY 300 AP ey Y A0 RMG-EDn

parametersiSSHigannsessinlg ajseie IeE0gMRE Glx.dsnsy Siererth 36 bapiciaedriseteesloniiimed he
transformation vector may be either stored in the local glj lay processor 350 or in the processors 348).
B SR epeeg s plbe

When the trBiRSRSANHOR DERGETI% B tAM i dElRHR PYGEEL soP8EH Y p Bt ALAETEHUR fuse the

information ¢§hetreedacdeqingassetbbiethi/dumanirishiahsyiteige abacesthenvayiaus caonesag associated
with the system 300, the unit 400, and the system 500 f@rz all car(?éurin%ﬁﬁrtions of t ? area of interest, the
BYRIEi

processing J5REEHE U EOSAAPLC LB TP LA AR iER A% QrARRUER) RPHRRREnt displays
320. For eagie viperdtiegopies b0 MBterbondpito weaihdame s wWhahilerptheisonatiords wewing or an
independent viewéthr%é;h anot% r se%?(ﬂc camera) or a combliérigﬁ n of the VieV§ on the same screen.
Generally, tHEa'gﬁs e W%%l on éu‘?@oe{/‘fa A2 GANETe 3858%'98}& ﬁ%‘B %Fsm'%'capturea
whole area WmeaméﬁeﬁGﬁgOﬂ@m@{ﬁc' ;\nd\m@, Sﬂemmﬁmgmsorﬁw@w §lastes ft%r vi@whiegprocessing
system 306, [0044]With respect to -eye collocation, the human operator 330 performing a surgery at
the operati BB PSR a2 SR ARSI A ARG PAAGTRFBnt gl
without the [gmitatinbedoiaUrs gty P ghdization NoaSIG1CAEE)8P 410 tragviéintidiy thevinuehisr ldfe looking
th h a glass. Of the displ it 320 cont t ificafi ' f th
magnfying B4 CHONAMICHE s B RS P S LD P AL e NG NG eofocated
view. The opéNBIOMBIBIO®N Crtiopeito-yiewystonuies sdrind@iaschiblimiatidmoadtatisibtedfopeicakre to look
th h the gl del, le the sid th Kk faci f h tor. Th
systom 3001 S0 LOTE AT E A ML i e L AT 0 A Ao A L e vaable t
the operatocanitbioaw titin @ pbeascosiee ot sgijecmaisuiatioh ugfethe \sietagienin argeyd Bvem with the
direct collocgted view, th il al b lusion due, to th tor h tools hiding th k
area, Once GHMEEr BRI e SLER Gl G EAY) S G S DA RE O A Burved
surface or fetsreaparasitiadaresmg\epredestionioztynushien cedtor $psicehlthatatiens ofltsqrioan be
inimized. [0p45]C ing the signal inf tion f the i isition .system 304, with the li
Stream crspidy B G 0 S Chah GO MDA el GE B S S BLTED A itormetion i

streamed indgstbmpandessing lyysaedas andhwing aéviceungerpoimapsacessatotheimigatesponsible

for the porti%n of Jive s%ream data indexes the signal information and fuse them into the common display.
Qse ||m|ta 100S, .

A second stepncludes performing

[0039] The processing system 306 can include various processors such as signal
processors 340, control processors 342, display control 344, storage processors 346, data
processors 348, and display processors 350. Variously, the processing system 306 is
configured to process configuration and control commands, perform storage and retrieval
of object properties such as via an external object property system 352 as well as for
processing the object property sensor data from the property sensors 312. The signal
processors 340 communicate and control the image acquisition system 304. The control
processors 342 communicate and interface with the display control 344 which

communicates and interfaces with the human operator 330.
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various processing techniques bon the information by the processing system 306 prior to sending the
processed information to the display 320. [0046]The system 300 can be controlled b and
non-contact HYARS PILG NB‘p%%‘ﬁion and gesture are used to enter into command m%ﬁ%@?example,
during a surgery, surgeon needs to change the magnification or select an opposite view. Surgeon can

move the topitianip a PiRsticaRiRTRRRE aRiRRiplasedha oatislrokuisuroBtze MiclssIap aRtbhaving a
specific pattern and touches it. This switches the system 300 to command mode and brings up virtual

widgets whithiec RSN Y PERCRSSAD 240 ¥ 08 SIRQIRARRFRSAiO P4 Fhtldet dUengsis EBtbiled by
up/down moyesasitts @fiths iaati@Peomannte et e rsdastiarty3ier casnriaifederlign nthnbatdsret brings

up a palette of cameras and yser selects them by movement. The_tooltip and the virtual obé'ect must be

easily recogfREIREmARRES tHRaHea T shaMiaNl RiorREERsh the datd ot ddkiny. T8RNl other

control operggigipihdhel rRaiseirRen Etgies APTUS CtinethenvifumICEESh UsingeariepktiT Fay Sharthe
information for future Hase to aid a collabboratin ser. The annotation may aJso m € an jinstruction to

the collaborafiy TR RIPERSSA AR AR FUFRIERTONS, SHNHBURHEPTVUMIE 1B HASE RISt les and

e R B O D e B e i s
Operatlon, the user ma an or tilt the field of view or zoom a selected sub-field of the field of view. For
o YL i T PR to LU AT GAB AR e T B R B AL e aBe. A

alternate viewneaoiie teetidasiedonitassdrsngnagngdttiee wiatiaatinterfaetoenexanypie 382eceurgenonmay mark a
portion of the tissue in the comm Sﬁ mode and request it to be zgomed. The zoomed portion may be
Ciaplayod ad i DYRRAT HE S0 o Ao ST R s D RS e [0049]The
system 300 contemplates.variqus methods for,command.input by the human rator 330, such as hand
veraction, 100 HedalE LA g LB L0 e B L L B TRCTBE Ry Wi operator'
330 hand or0foése Faveramihie sttecod pier 3tog&30 Carteisieremdviens arr gisH ooitHedisplap@2@mmands to
the system 300 in addition to the foot pedal based cqntrol or. the like. This could be dpne b first
touching a DB BHACR b L P R G TE A TP SR O e PRy §PRrator 330
returns to nanchplatesddoy ionbe tigeerdioeckiogath(@ Bpemaat 0Bjbetn sensors are connected, the data

will be displayed at those positions. Once the human operator 330 view operations are

completed, the sensor icons are removed from the display 320 by user interaction.

[0042] Once the first display unit 320 is calibrated to convenience, the second display
unit 320 is calibrated by another respective user to suit the view parameters. The disparity
for the stereo pairs may be different for the second user; however, the camera movements
are now arrested. The user operation results in building disparity computation matrix that
affects only the processing of the stereo pairs. The relative camera movements suggested
by the second user is factored into a processing vector which is applied to the incoming
viewing pairs. When both camera units are calibrated, further fine tuning of the
calibrations is possible with both display adjustments results in changes in a transformation

vector. This can be repeated for additional users.

[0043] Multiple surgeons and assistants may calibrate the system to their visual
comfort and store the calibration against their named icons. Then during the surgery, the
respective surgeon can bring the calibration by touching and activating their stored
configuration parameters. Surgeons could also be recognized by the system through

biometric recognition. The transformation vector may be either stored in the local display
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[0050]In an exemplary embodiment, the display 320 can provide a high definition stereoscopic display of
the field of view, and can include a 1920x1080 pixel stereoscopic display. The displ ;?n also
display addfiBHAFSHAEE! Wemetts. For example, the display 320 may show controlae\fllagég[\i in a
designated portion of the display 320 and movements in this portion of the display is treated as

commands.pfhsisPEB0 #0riMaY pIosasiaB P etHIPRRI IRHSoHRIsHErebo e Sitvaety Brnsors 312.
For example, the temperature at an operating site may be displayed in a separate area. It may also be

displayed afP5H RIERIZY. RIBEPEFPheSatspily BERFEFAIe I M5, R IR Ao Mah 8%Rd pigyP820 of

another usesrdceseyabyPiRe husph NRYANGREEIO BIHe ey it ardream asstresiadifierant display
than the collaboratar in a special display mode. In the normal disglay mode, all views are shared. [0052]In

an exempla?yS&iibadin g, YAE éggnﬁlﬁ{/é@ SYaiRgbiaqh e allstamusty AW 8k e 13%augh only a
magn?gcatiqnt@ffegt:,) tmé}??)c@mgowm'glmsmem%ueew tbll_esmﬁ@si_zr\éhlimffér@ﬁthugggtmmm Flligher
magni ications are use I ropot guided surgery or other a Ications. e system contemp ates
ittt i A S i b e R e
magnificatiafs sEed dAviethee perafpnamiiicalionimeet e vl peiit sy sam (BR0ugses atheprmlementary

metal-oxide-semiconductor (CMOS)/ charge-coupled device (CCD) sensor. The CMOS/CCD sensor can
e S FGTENSIoh T TBEL D SO EN el DB PRSI oS ol E TR P R8r0x1080

pixels. The soalésfasidigisred tia eveanabbsvwithepinesitoptined awrvitntadadiiiore apiaalezamm may be
employed to increase the magnification of selected tissue sections fqr surgeon'stﬁie\%.y[0054t]n'l'ehe system
(v

300 overcoM8¥ niAn{itist BYERSSEVG 4 IPafmission ERcdrgR s view on via

processing system 306.

[0044] With respect to hand-eye collocation, the human operator 330 performing a
surgery at the operating site 502 will see the display 320 as if the display 320 was a
magnifying transparent glass without the limitations of a magnifying glass. In a basic case
of no magnification, it would be like looking through a glass. Of course, the display unit
320 contemplates magnification and augmentation of the magnifying glass. However, the
systems and methods described herein are not limited to a collocated view. The operator
330 can choose to view an area of interest that would not be visible if he were to look
through the glass model, for example the side of the work area facing away from the
operator. The system 300, 500 could have cameras arranged in such a way to image those
and make them available to the operator without tilting the scope or the subject. This is a
huge advantage in surgery. Even with the direct collocated view, there will always be
occlusion due to the operator hand and tools hiding the work area. Once again cameras can
be placed (multiple statically placed cameras on a plane or a curved surface or few cameras

that are moved electronically using motors) such that the occlusion can be minimized.

[0045] Composing the signal information from the image acquisition system 304 with
the live stream displayed on the display system 308 involves a two-step process. In a first
step, the information is streamed into the processing system 306 including device memory
and processors that are responsible for the portion of live stream data indexes the signal

information and fuse them into the common display. A second step includes performing
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in conventional systems. For example, the system 300 constructs a stereo view and let the human visual
system compose a 3D object through stereopsis. A very high resolution of the live i tream is
necessary fOFPAHTCFEREBAEEN of the 3D object in fine details. Especially, in mic%?ﬁé\; , Where
surgical manipulations are done on a highly magnified object, the distortions are minimized to gain fine

details of thgpReEREERMGAZATHGUESSRIHIOR IBRIIFRMANbINGTERT6c it maAcsIication required.
For a magnification of 3x, the high definition (HD) resolution (1920 x 1080 with 24 bits deep) is the
minimum retiiY FROTGRTBT BY A AHe O el i€ sensors can be at 30 frames/sec, giving rise

to 30 x 192 80 x_3 bytes, which is approximately, 178 MB - 200 MB per second per_sensor. With an

average of AU EhmerErEoHERS ACH\EAA th ELER . ST BB RAETE PSP The high

bandwidth rpegitiement gansesaroanydcladieagito Thamdntbenoé neomexyrtiplastendrihatsargepgrmitted in a

frame operation must be limited to avoid caysing delays, [0055]For example, if the memory bus is 512
dhoe LR TR e i

bits wide artt ISP eRok T8 i HIEIHCARON, Singf it BT RRER S ! HERUE'HEER theoretical
memory threhegtuoltiistd GlglastiO Gefeberizax ébjed w126 B) theJeldR/BowW e theonitiosddpansfdr rate is not

achieved, because it assymes a single memory transaction, with negligibl up and terminates costs. It
Oy serves Y M A0R T BIAUIE SHHAIS eI e H IS D & LB A0 e BE B Bt e based
on the accessdpaiiteys ufheinuahbadgdtenehiomyctiatsactonhaserdadtes onugpstaigheMagmieaigorithms that
process to produce stereo pairs are ysed to have aligned memory access, for.the device to reduce the
Pumber of AGHER SHETR SOt RS M B Y LTS O e ORI aVETBL G operations
on the steresip#adyStereamenaselee fiwnotheedibyavringsnaryaspaatth of fanalrbsrayith dséixesleats a baseline
with a baseline distance B apart.and collects incident light an an object placed at a distancg D. The two
cameras wall BTOCL VS TR 11 Rel M KOS By Lol SEIED B MReche B petned ron

video stream and should be prioritized in the data processing.

[0047] Another control operation is that a user annotates an object in the visual field
using a tool tip for sharing information for future use to aid a collaborating user. The
annotation may also may be an instruction to the collaborating user and used immediately.
For example, an operator is able to measure angles and distances in the visual field

between identified points and identified lines.

[0048] In another control operation, the user may pan or tilt the field of view or zoom a
selected sub-field of the field of view. For example, a surgeon may want to see a portion
of the current operating site occluded by a tissue. An alternate view can be requested
without moving the patient. In another example, the surgeon may mark a portion of the
tissue in the command mode and request it to be zoomed. The zoomed portion may be

displayed as an overlaid or as a separate a picture in a designated portion of the screen.

[0049] The system 300 contemplates various methods for command input by the
human operator 330, such as hand interaction, foot pedals, etc. Also, gestures are
contemplated in the area of interest, i.e. by the operator’s 330 hand or tools. For example,
the operator 330 can use ordinary surgical tools for issuing commands to the system 300 in
addition to the foot pedal based control or the like. This could be done by say first
touching a special unique object in the field of view and thereafter using tool gestures. The

operator 330 returns to normal mode by once again touching the special object.
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[0057]The point object produced two image points, one for the left image and another for the right image.
Their difference in their position in the image is an indication of the relative depth of%b 'I%T t. Finding
the correspONAIRE FARE MPeaéilof the images and thereby finding the disparity or t é&g ie horizontal
shift is essentially the stereo computation problem. The problem is solved by finding the pixel with least

difference ingosensity.|fhis ixemsrsignaiveoeRmpitate g iBgolasse srilidee sonite sl ermel tigh memory
bandwidth. [0058]Typically, find the SSD (sum of squared differences) between the right and |eft image

intensities tS'RIBMFRPIAS SRBY B8 SI5HAOh oW tAROLTRB| 1RIHYE B LrePKBBR-ELH0HHPIEANE left and

right imagesiisppiyeagid eplayesnunianuans disbyajugitidiraiesacrandigaiatconrespaagpneaiair. The
computation js neagﬁ ir?%ractical to be done at live streams at high resolutions such as HD resolution.

SSDx3, =[i, §{SPRY -3¢t 0¥ o A RHe! pdRe &G e gREER ARTHAN AE M &SRR 3PS must be

searched fomsuemehsduatisid pistances the adpgnisdiéteranassomingriesatapgiRmayhesyvegameras, the
lighting, can fall contributE_to ambi ui_té/ in %%%rminri@ %%rres ondence in the image glane. For live
streaming ot 'SPeFABIARCIIRTE REPREHED & Y SRS RIOBRYYi TR ML T &R &y m 300

uses selectienpepaessiag Of @R dosieoinagelry diEpRyegians thegangechredbe Hpsaiedisaobe frequently
are processg_d l‘%ymore numbgr of processors in the processing system 306. Specifically, the selective
processing B5R Y&t 38 YhRYGERY patterned objects in the subject area (e.g., patterned clothes, reference

acsocimton TR the oL TR Gl LB ToR St e ATl B LA SO ORR uniculy
patterned obpects-or hespiieat gemantayhehposatich gldamro paayvsit (806 Qhisoatidessy statiffd@dican include

techniques that,inflate the de erception on a gradient with a focus point as its centre. The jdea is to
e greatel ST AT LSRRG ORISR, QAR e e S RRIEY AUy 1 focus,
This allows Yoevgperediearddorocessing efficiency while focusing where it is important, the focal area of the

operating site 502.
[0052] In an exemplary embodiment, the zoom levels available in the system 300 are

from 6x to 12x though only a magnification of up to 5x is used commonly in surgery due
to the dexterity limits of human hand. Higher magnifications are useful for robot guided
surgery or other applications. The system 300 contemplates use in manual surgery, and

manual surgery with tremor reducing devices which limit the operable magnifications.

[0053] Another type of magnification occurs when the system 300 uses a
Complementary metal-oxide—semiconductor (CMOS)/ charge-coupled device (CCD)
sensor. The CMOS/CCD sensor can be 5cmx5cm in dimension with 1920x1080 pixel read
out for display on a 22 inch screen of 1920x1080 pixels. The scale factor is of the order of
5 without using optical zoom. In addition, optical zoom may be employed to increase the

magnification of selected tissue sections for surgeon’s view.

[0054] The system 300 overcomes many data processing and transmission challenges
in conventional systems. For example, the system 300 constructs a stereo view and let the
human visual system compose a 3D object through stereopsis. A very high resolution of
the live image stream is necessary for faithful reproduction of the 3D object in fine details.
Especially, in microsurgery, where surgical manipulations are done on a highly magnified
object, the distortions are minimized to gain fine details of the operating site 502. The

resolution requirement increases with the magnification required. For a magnification of
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[0061]The system 300 offers special operations such as removing occlusion of the tissue due to bleeding
by selecting the IR camera sensor elements and processes the streams originating fro, # te? IR and
visible light SEAEIRGRIRHNRs Sfd862]As described herein, the processing system 30%’%& 8' divided into
five data processing modules, the signal data processors 340, the control data processors 342, the image

data procesgger Béighedeipiaam QII0F IessRIB4R . (2020the1dEP Mt PrRceRsalscgpds THeertisiphayrcontrol 344

module is also part of the processinﬁ system 306. The signal data processars 340 receive, via the

elements 319946, HEATHARGE QEHSMESHAMIE GISEA SIeerrieRoRe ah S L aRer 58l Yignals from

other sensingetersenta dnetarogmk Basl ek thehiipiiakpis teematerg37eeiBr ke seagisast skabals may
indicate the current temr&_erature of the operating site or pressure, pulse rate, ECG etc, These are

monitored HBFfuiiEibha BB&QlPé‘[%r%Q?dofﬁBOEﬁ NY8YHE iRFHM AL R AR HER i MG heeds
surgeon's aggitioiitit RanebesLgUOThEOHgHISHTRRWEIENY reyureiesine toes IRfanm atiameijes operating view of
the surgeon and away from the o eratirr{l%site. [0063}Information such as signal data, {:ne_as rement data,

and control W& Fh B B SjRsERIS R REERRIFRHHRY dReol B A BRSHAY AR THL JES B R tthage

processor iniRi Sandpgwegspair of images send to the display unit. Alternatively, such information may
be projected by a tiny projector mounted on the back side of the display and the combined image stream
may be professsld by Foe exwgpl¢latatheoceasmy K364] 52 bitstaniSancar ey alseledsetbsznsor

stream of s%%aa{n@%trig ﬂs?r?gd(fgusbeleitdata rate RAM, then the peak theoretical memory throughput is
1017 x 106 x 512 x 2 /( 8 x 10243) ~ 130 GB/sec. The theoretical transfer rate is not
achieved, because it assumes a single memory transaction with negligible setup and
terminates costs. It only serves as a guide. In practice different elements of the memory
segments are accessed and based on the access pattern, the number of memory transactions
needed is much higher. Hence algorithms that process to produce stereo pairs are used to

have aligned memory access for the device to reduce the number of memory transactions.

[0056] Another problem is the computation needed to perform operations on the stereo
pairs. Stereo pairs are produced by two cameras, each of focal length f, fixed on a baseline
with a baseline distance B apart and collects incident light on an object placed at a distance
D. The two cameras will produce the image pixel which differs by a distance d for the
point object.

p==" &)
[0057] The point object produced two image points, one for the left image and another
for the right image. Their difference in their position in the image is an indication of the
relative depth of the object. Finding the corresponding points in each of the images and
thereby finding the disparity or the relative horizontal shift is essentially the stereo
computation problem. The problem is solved by finding the pixel with least difference in
intensity. This is an extensive computation requiring large CPU resources and high

memory bandwidth.
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with the image of the surgical site to simulate conditions of actual surgery by using the training surgical
specimens mounted at the operating site. [0065]In addition to the camera and lightin ts mounted
on the back’&faE"dt YeeEidtay it 400, a number of camera and lighting elements a{gﬁg‘ ided in a
spoke-andhub arrangement, mounted on the flexible arms 420 to provide alternative views of the

operating sifeds@2- Theypiedr dak B S ERASERIBE Bl fiesnde)hsirese e yie\wsdVih the views
from the camera elements mounted on the back-side of the display units 400 to provide views from a

different andlRRGDOBERFHHES pkt alfieg iy JBB P eln ROFE HRARIARCGirt D al R R Rr AiE¥aitlentibiRy the views

of the images mpsgsbieRagPIL RS RTFKEnFNCHHD iBadnesa FyStath TigesUBE NI FHANYSSDOK Epllthe patient
by using a virtyal control Wi_%%z:t which results in cpmbinin%t)gthe views from multjple of the spoke-and-hub

camera systBHCE56 6 FAREISHE P HEPAPIOLESBR B4 g e B RY EHRTH S BeaEt% BPRIALHEAL YRS pairs using

multiple imagmy @visdraraaine sarginesiamenisigidiam ik idisghay mounted sensing elements and
from the spoke and hub sensing elements. The display unit 320 is optionally able to perform adjustments

to the received steggqggi}r s whenall dfgpi'dy UEETl?ﬁ r_ec;g[yir_lg ]aaﬂ}jastereo pairs. @)

i=Xx—wW &j=y—h

[0059] If the pixels are to be corresponded, then the stereo images must be searched for
sum-of squared distances. In addition, differences in the focal length of the two cameras,
the lighting, can all contribute to ambiguity in determining correspondence in the image
plane. For live streaming of stereo, the difficulty is in performing the processing in real
time. The present system 300 uses selective processing of regions to avoid delay. The
regions that need to be updated more frequently are processed by more number of
processors in the processing system 306. Specifically, the selective processing can include
uniquely patterned objects in the subject area (e.g., patterned clothes, reference frames,
tools, etc.) to help match the two views. That is, the system 300 can make use of the
constraints associated with the operating site 503 for additional information that can be
used to make fast - uniquely patterned objects in the subject area to help match the two

views.

[0060] Also, the system 300 can include techniques that inflate the depth perception on
a gradient with a focus point as its centre. The idea is to have greater clarity at the focal
area and gradually decreasing clarity at areas further away from focus. This allows for
speed and processing efficiency while focusing where it is important, the focal area of the

operating site 502,

[0061] The system 300 offers special operations such as removing occlusion of the
tissue due to bleeding by selecting the IR camera sensor elements and processes the

streams originating from both IR and visible light sensing elements.

[0062] As described herein, the processing system 306 can be divided into five data
processing modules, the signal data processors 340, the control data processors 342, the

image data processor 348, the storage processors 346, and the display processors 350. The

Page 18 of 28



[0068]Registration and calibration of the system 300 can be performed before the surgery by using a
phantom object to establish the relationship between multiple sensor elements are t%e'r rrent positions.
It may also é&‘ﬁﬂfﬁ&?@%’\‘ﬂx 2Y&4l object or a marker placed in the field of view. Alo é‘\T/\jﬁNﬁosition of the
imaging, property sensing elements, the correspondence between the object coordinates and image

coordinatesgpiehieyatidhmuomeggistiatinsoodaiseehenpresssi e figisrobyew tdhegmir@agope.
[0069]The live video data, signal processing data, gbject property data, and collaborating user's input are

to be combiPF§RE et 0aieReVifrUdRSHE SRR Brédénte R (AR sIBIRSS SN0 Qiiglsray o @ there are

different pragigraingistessop® & fiveti stepitteivitas Faia dtren sandii e kamemararelimRgshfosoverlapping
pairs of views and, corrected for matchinﬁilgspa_ritg. The disparity must match the XY zoom. The

combining JPBHERYRE ROIBIFEIHEREM DM BIAEGSHONAE S WAYAIRISHReR RSN TEMRARRHFE Bt tor

projects thetp@tgpkttai iesper@cpresationpuss that tredwesidewrhikdrame i roredipg ddiderial another
method, the combining of the data is performed by the data processor 348. [0070]The data processor 348
divides the SRfreiia o Rt HERFUY BNRS, HHEEetinIO LA Ui RAY) Bl B8 B iary input

signal such gagentie it egkingbaugiatdsurgesnt oiealaiciviianstiehiaparadatiantefdperatingal field.
Division mag_also divide the Visr‘@' fieldi'nto tEe o}s)eratingstﬁeld and command field. Some of the data are
to be proced4e Y406 SRR BNGAREY AATHEE QREIANNY, H command field data must be processed

before the ing field. Based on the natur the data, each chunk of data js given a collection of
procossors TR e DO EIULA i o AR e HOERn e 1060 CoLoy AR oAt
componentgij¢becdyste th8@perdenyaikengyvetmtiiridgstiayirmaged @Y. thbamge @racgsssitimbosystem 304
can include CMIOS C%CD SEnsors 602 mo%nte?@%%th? disElgly Lf‘%i{tn4 0. I'I'he oBtic Irasstembl 302 can
include zoor 1efisas 60AHNY Jgfgg?ﬁ/éel% §%§ Bt éah 8% i%%%iysﬂ%lt.' RELE" S Pdhents 602,
604, 606 caremayede:tgoetigipfofetiothenopetatiog SitcbatiR dinldhef tatalipptmessoithSd@nimeld performs
processing to form stereoschg)ic views \g%i)(/:%zélr%rovid{ad to the display processors 350 for display on the

displays 32051 T SIS PABESS® ge data processor.
[0064] The system 300 can fuse a selected sensor stream of surgical motion and fuse it

with the image of the surgical site to simulate conditions of actual surgery by using the

training surgical specimens mounted at the operating site.

[0065] In addition to the camera and lighting elements mounted on the back side of the
display unit 400, a number of camera and lighting elements are provided in a spoke-and-
hub arrangement, mounted on the flexible arms 420 to provide alternative views of the
operating site 502. The image data processor 348 combines these newly presented views
with the views from the camera elements mounted on the back-side of the display units

400 to provide views from a different angle.

[0066] The operating surgeon is able to perform virtual tilting of the patient using the
views of the images produced by the spoke-and-hub camera system. The surgeon virtually
tilt or roll the patient by using a virtual control widget which results in combining the

views from multiple of the spoke-and-hub camera system.

[0067] The image data processor 348 is able to compose sets of image stereo pairs
using multiple image views from the sensing elements both from the display mounted

sensing elements and from the spoke and hub sensing elements. The display unit 320 is
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[0072]Referring to FIG. 7, in an exemplary embodiment, a screen diagram illustrates a screen shot 700 of
the display 320 of the system 300. As described herein, the screen shot 700 can incr#gj(ﬁlé? reo view
702 of the IPEPHINPLHEDNS2 2840 ell as other data 704 which can include sensors a o%ﬁjﬁration data
presented as widgets on the screen shot 700. [0073]There are several advantages to the system 300.

AdvantagesoptR MR ebiedtdiciior Y athiRARALIOAHE RLEREDIBE ey GIghSUBRHY AN QM-S RS
advantages will be present in other applications. Since the system 300 allows hand-eye-collocation, both

the gaze andl hETa Y EMUMIEIRO Ridtiinated and eye gaze is towards the hand movement, the
surgeon's strain is reduced. [0074]Large, field. of view is presented to the surgeon thrqugh th
Sterbascop DN hiop 5 eSS R VB e AU R B ST EVE T, The
field of viewsamde, ey esingnif pimntesoloibiect ab egrbtisi ties odlidtionshie Hargeshetdudd viesetalses away the
need for constant zoom%n-.zoom-out needed E mair;cjain context. The ﬁ}tereo copic,view is immediate and

does not ne 8%9%‘? @?gﬁfﬁ%tep@?ét%@te 389 8%9(:‘}1‘?)% 5&%(\4\" SHER)E Eﬂi%%mé%%rm surgical
operations Ipyatsokinghthfizld bfaviover @doagevithchasijisiiog tiei migingcprp aopkumsmgritdmeflys, it can be

used in other surgeries where the surgepn is not trained in micrgsurgery. The.system 300.improves the
Vbt of 016 GLTERY A, RATURAN e RPUCI g G BN QLT EGH By ESIn B8 eon.
[0076]Anothiereadiiastagenttothef disiNey mbkéidaltpafierd offoisnatibiheuibraschpart

[0069] The live video data, signal processing data, object property data, and

collaborating user’s input are to be combined into the same virtual space and presented in

the stereoscopic display 320. There are different processing steps. In a first step, the video

data from multiple cameras are clipped for overlapping pairs of views and corrected for

matching disparity. The disparity must match the XY zoom. The combining of other data

is performed in one of the following ways. In one method, a light projector projects the

data into the correct locations so that the live view will have the combined data. In another

method, the combining of the data is performed by the data processor 348.

[0070] The data processor 348 divides the entire data into predefined chunks. The
definition of division may be based on auxiliary input signal such as motion tacking, or
may be based on static division such as gradation of the visual field. Division may also
divide the visual field into the operating field and command field. Some of the data are to
be processed faster than the other data. For example, the command field data must be
processed before the operating field. Based on the nature of the data, each chunk of data is

given a collection of processors.

[0071] Referring to FIG. 6, in an exemplary embodiment, a block diagram illustrates
components of the system 300 interworking with the display unit 400. The image
acquisition system 304 can include CMOS/CCD sensors 602 mounted on the display unit
400. The optical assembly 302 can include zoom lenses 604 and objective lenses 606
mounted on the display unit. These components 602, 604, 606 can provide image data

from the operating site 502 to the data processors 348 which performs processing to form
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rate, which can be displayed either as direct numbers or as levels along with the same display unit or as a
graph. This information may be displayed at a depth in the field of view of the surge ithout
obstructing HENAPEFHASperating site. Other pre-surgery imagery of the operatin%pé y also be
overlaid with the live stream with correct alignment to aid in the surgery. [0077]The live stream may be
processed tadEYidRigUHRRCQHIdR RS plovieBgUtAtaN ARl ANpiocaiseld eIBIRiAisHa$ WaaRs is able to
change the view angle without moving the patient and is able to have views from different angles at the
same time. TR oo HsRlay H[H{fég[l@ for integrating sensors and a method of combining the
sensor information with the live vi the surgery, The hand movement of the surgeon and the live
vioo streatbit the nTEVEHG oo BEASCAMANR TGEETAG SUES) HROGTTILRAE & feel of the
real operatiggredteshstii7itedigpaysprijsaae st tw Hrssen80An AxpREcadbdChapRT Al isctbensigical
rocedure f a remote site with som lay in the hand mo ents and its vid ream and provide
structions (A2 GBEIAIR LET ORGP HE RRHTB B B0 eS8 HESA A8 tHaiing faciity
wherein thecarprtigiergamore@ndwetiniy tinetiopekat presartdaeasnivitigkacbhyheastheof #i@tE00iNg surgeons

who have the display units with the remote stereo views being integrated with the local movements. In
such applicddord, the Thepdaayausat esad laldvemiagetotontisenspstesieded irAdyentemesfaratssmddd fmvmbine the

scenes by adjusting th mera positions and overlaying the received.images and local video. During
operation, %%sf%%%@ne% gbtllge?}) bﬁ;)grea{ 8%5&”%&&@ '&%E?ér%riﬁg&’%\%n 1@&%&5@’3@}3@% \f’rlﬁls %s%tisfies the
sterile requipeesanritiofdtie rogmrladatopenvisomes ¢ sySany SO0satian 1 bensbeps ablufigticatidoghtthbring the
stereo display._to_thej ettin n i u i ti ' ong
curaton sctgs O TR Lt S A B SR U T SRR e ey
include onesorgpars gararris trdgpedialized processors ("one or more processors") such as
microprocessors, digital signal processors, customized processors, and field programmable gate arrays
(FPGAs) an@QUrttiue ditorgel ety einviestigopissentriclioding Bogesoftivacgaibefisteeasenisatlabntrol the

one or mor to. impl ﬁf&%fﬂ ion wi ' 3 fCuit , most, or
all of the fuﬁjcﬁpgfgz %?ﬁ% %ﬂ% S gﬁ églr systerr%élp eﬁﬁﬁﬂ@rﬁgﬂ%ﬁ@%ﬁ%ﬁ@%@?‘@r‘nﬁr‘gﬁ all functions
may be impriiaweepbld davate Hmbsimeepeiubas Ao swastpresphranstihgitaige dialll eie/svmore

application %8&9”59\}5}939{@%&%%‘i%%éh?%d@%‘-i?&ﬁ%ntf%%éﬁ‘ iof m&wm&%‘mﬂg certain of

the functions are implemented as custom logic. Of course, a combination e aforementioned
approachesSHEPISONIs &t WIS reoved i derarddasmprineetibiaingents may be implemented as a
non-transitory computer-readable storage medium having computer readable code stored thereon for

programmil§® ebmpGieestiesysiaipIR0Raloge\nek requira Bk BS WM ERIRIRG 1A dhEerpYeEEdbr to
perform me %i@ﬁgﬂﬁﬁ%ﬁ?&ﬁg@ﬂ%ﬁ%\%ﬁi&%E%Bbe@mejﬁﬁmtgsmemﬁm&?e’ﬁsﬁ%meoﬁtmége

mediums include, but are not limited fo, a hard disk, an optical storage device, a magnetic storage device,

a ROM (Re 8o drigmieiend N L BRICMqesien diars s taean dsrdptiainesyn BICEISHIGAW (EFh8able
Programmag|edread ity M0 oRy) v i ey BQe @;&6%{%@'Bféra%b'%ﬁﬂﬂéam@@&é?mmy

Memory), Flash memory, and the like. When stored in the non-transitory computer rea medium,
software cafYRItdSdEarEed AoARSBIREERAIBROBS a processor that, in response to such execution, cause a

processor or ang other circuitry to perform a set of operations, steP_s, methods, processes, algorithms,
etc. [0076] Another advantage is the display of critical patient information such as heart

rate, which can be displayed either as direct numbers or as levels along with the same
display unit or as a graph. This information may be displayed at a depth in the field of view
of the surgeon, but without obstructing the view of the operating site. Other pre-surgery
imagery of the operating site may also be overlaid with the live stream with correct

alignment to aid in the surgery.

[0077] The live stream may be processed to provide guidance in terms of mensuration

and anatomical recognition. A Surgeon is able to change the view angle without moving
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[0080]Although the present disclosure has been illustrated and described herein with reference to
preferred embodiments and specific examples thereof, it will be readily apparent toﬂg f ordinary skill
e ZYY

in the art thALSIRet RN e

and examples may perform similar functions and/

e like results.

All such equivalent embodiments and examples are within the spirit and scope of the present disclosure

and are intepgqifierReuse Ve rRtly e doliRwinerGirigngerbrtARYRs\Whiicis flaima isTHe éydligital stereo

microscope apparatus, comprising%: __adisplay unit located over an area of interest such that a human

operator pl

RHRs 2t 0L 08,

CoriBRMEAARGRERSBFSr e 2rESBPthiRl AR Hea%5Ghified and

augmented jieraigfion WRWBE theangarbinterasigenh ayehahdhadveman epeiatufaine@riew
substantially. collocated with the hands, tools, or combination thereof of the human operator;

display locat®d HI5%irdrean BF the nidMial AHARV it SRR Yer AL Un ACHGEARkN el e Bereo view:

an optical systgeongetan fardas ardrigitgRSyRieRItosaiedHe MaplgnmBeorid asieaiHMe display unit
providing image capture and data %apture_ of the aréaa of interest; and

expert can cooperate In the surgical procedure from a remote site with some delay in the

hand movements and its video stream and provide instructions to the operating surgeon.

[0078] The remote collaboration feature also offers teaching facility wherein the expert
surgeon conducting the operation can be mimicked by each of the training surgeons who
have the display units with the remote stereo views being integrated with the local
movements. In such applications, the display unit is able to perform simple stereo image
transformations to combine the scenes by adjusting the camera positions and overlaying
the received images and local video. During operation, the surgeon is able to operate the
system using virtual configuration objects. This satisfies the sterile requirement of the
operating environments. Surgeons can use saved configurations to bring the stereo display
to their own preferred settings, when multiple surgeons time multiplex during a long

duration surgery.

[0079] It will be appreciated that some exemplary embodiments described herein may
include one or more generic or specialized processors (‘“one or more processors”) such as
microprocessors, digital signal processors, customized processors, and field programmable
gate arrays (FPGAS) and unique stored program instructions (including both software and
firmware) that control the one or more processors to implement, in conjunction with
certain non-processor circuits, some, most, or all of the functions of the methods and/or
systems described herein. Alternatively, some or all functions may be implemented by a
state machine that has no stored program instructions, or in one or more application
specific integrated circuits (ASICs), in which each function or some combinations of
certain of the functions are implemented as custom logic. Of course, a combination of the
aforementioned approaches may be used. Moreover, some exemplary embodiments may
be implemented as a non-transitory computer-readable storage medium having computer
readable code stored thereon for programming a computer, server, appliance, device, etc.

each of which may include a processor to perform methods as described and claimed
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a processing system communicatively coupled to the image acquisition system and the image display
providing the magnified and augmented live stereo view to the image display based Jﬂﬁe |page capture
and the daté‘té%rﬁ'ﬂljaoﬁlfwoéra%%f interest from the optical system and the image aégq% ' hﬁ] system,
wherein the optical system and the image acquisition system is configured to provide the image capture

with adjustragnim toExE[sles thesitkotifias RRdAaMesiae i melaine wewdreHotmechbythei@iocessing
system. 2. The digital stereo microscope apparatus of claim 1, wherein the optical system and the image

acquisition &sfelraoHi BRI A YREE MR/ BRI S19Ea9s: ddcinatUdnErad0MNe digital
stereo micragenpReyGPRArFRONT clalishlaigsrin thadPied) SYatemrie inagprOMIS(ERasayRiem, and
the processlizar})% sgstem Provide continuous zqom without an intermediate lens assemblg with the

continuous BERAG' B R RSEa K ST Br8b kiR G B SIMn Bl il st sallfe B TRERBERBYE apparatus

of claim 1, whateDrilye Idetitsl/$y sasn anehibs/imagetRcqudsitionVsysteiatar 6 e andigivietrdase@pyure image
data at a maximum reso!ution with augmentation, magnification, and reductigg{of the image data being

performed BT EO Sl @%ﬁ@%i%l‘@ ® IS X B PARNE LY L RERTEES Wherein the

image displeyacampesensesieraonexpitfion dispian panektorbalaysthesc mavgmesdtdine Reman
operator withfout Iosingaa stereos%(])‘%% view of the area of interest. 6. The digital stereo microscope

apparatus of PRAFYORS eSO rocesseSeAlgPBiETS Gerty sensor capturing data related to the
area of inter d communicating the captured data tq the processing system. wherein the. processing
Syetemis oA B req (3 IBLUR GBIt I R BT LB BT St e rmage
display in adefittend® thepnedgmnifiedrainetangmeatet] dperisiereraviles Therbef diigitad btére oeatddyoscope
apparatus of claim 1. wherein the image display,comprises a first image display, and further comprising:
o sscont inTRE I e SR SRITHG SHeptey Urhehe e ety Seped e
processing pydiam, siindeeifutictisecand/imagealisdiay ieadsociatédusitheguesiomdemirodimeptsrator,

wherein the second image dis ha omprises an independent magnjfied and augmented live stereo view
from the e RS IR arU B O Bs et S e TEn e
independenbeageaitedatie foifpmengesddins.stereo view is formed by the processing system.
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8. The digital stereo microscope apparatus of claim 1, further comprising: a display control controlling
the processing system responsive to the human operator for zoom, pan, and focus S!;Alﬁe ?\épiical system
and the ima)E 5% RARERNY/st8 via the processing system, wherein the zoom, pan, andrOtus is
performed virtually by the processing system. 9. The digital stereo microscope apparatus of claim 8,
wherein the display control is configured to track gyameyements of the human operator and generate
commands to configure the optical system and the image acquisition system accordingly. 10. The digital
stereo microscope apparatus of claim 9, wherein the eye movement is approximated to the movement of
the head and trackgghatlid clHiv@digital stereo microscope apparatus of claim 8, wherein ambient light
intensity and direction of the light is controlled by the display control. 12. The digital stereo microscope
apparatus of claim 8, wherein the area of interest is remote from the human operator such that hands of

the human qperatox angitglystsred therusoone gnsiatas vsmprtially collocated. 13. The digital stereo
microscope apparatus of claim 1, further corr%irising: cameras capturing a left e%e vie[\g and a right

eye view of a field D58 yof'ﬂﬁtejlgi:ég PHREAL AT G af GRS oY § WG 0 time
synchronizenthedefbee sievncanmbithgioghherefviewhionreEesenittdien andhddmageatigniiyd and

augmented live stereo view of the area of interest with eyes of the human operator having a
view substantially collocated with the hands, tools, or combination thereof of the human
operator;

an image display located on a first side of the display unit providing the magnified
and augmented live stereo view;

an optical system and an image acquisition system located in part on a second side
of the display unit providing image capture and data capture of the area of interest; and

a processing system communicatively coupled to the image acquisition system and
the image display providing the magnified and augmented live stereo view to the image
display based on the image capture and the data capture of the area of interest from the
optical system and the image acquisition system, wherein the optical system and the image
acquisition system is configured to provide the image capture with adjustments to provide
the magnified and augmented live stereo view performed by the processing system.

2. The digital stereo microscope apparatus of claim 1, wherein the optical system and
the image acquisition system comprises at least one objective lens and at least one image

Sensor.

3. The digital stereo microscope apparatus of claim 1, wherein the optical system, the
image acquisition system, and the processing system provide continuous zoom without an
intermediate lens assembly with the continuous zoom being performed by the processing

system.
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14. The digital stereo microscope apparatus of claim 13, wherein the processing system is configured to
utilize a sum of squared differences algorithm to identify pixel correspondence betwee Eﬁ‘ meras;
wherein the’ S OF LEr N diftéPences algorithm selectively processes different re}é&.ﬁ fe area of
interest based on which regions are updated more frequently. 15. The digital stereo microscope

apparatus of claimthefdigiel semprinieesscop@hipasitonefiaxiriel aimaein saliptrepayately rem the
display unit to the area of interest, wherein the at least one flexible arm comprises at least one component

of the imagd ScdflRIROACIYSEINN F¥S1HRe YR)iCAHEBHEE IR GaRBISE APBdPafiilto@EIAnT X HE kN the

processing FSHRINOBOMRASESYMentAfRIPEYiAhRiT OGS SIS Fealdieduse tyistabEepkesendalipn of a
property of objects in the area of interest as a time varying graphical view or as a time varying number

display for REHRIYER BYNRRIGSETRBESYSeMcontrol data processors that process commands from the
human operator for configuration and orientation of the optical system and the image acquisition system;

storage processors that store and retrieve data in an external storage system; and displ rocessors
that producsa sterSeF VSMEK It RIEHORERE APRRAISE P InfUA B on IREFE RIS DR th the

visual represemisiiens ctdhepaneriatatiRisgcoanelr i tHNegecRIOARARPIBHD HFORECRUATRAUGMENted

stereo view. . i . .
operator without losing a stereoscopic view of the area of interest.

6. The digital stereo microscope apparatus of claim 1, further comprising:

at least one property sensor capturing data related to the area of interest and
communicating the captured data to the processing system, wherein the processing system
is configured to process the captured data and display portions of the captured data on the

image display in addition to the magnified and augmented live stereo view.

7. The digital stereo microscope apparatus of claim 1, wherein the image display
comprises a first image display, and further comprising:

a second image display located apart from the display unit and communicatively
coupled to the processing system, wherein the second image display is associated with a
second human operator, wherein the second image display comprises an independent
magnified and augmented live stereo view from the magnified and augmented live stereo
view of the first image display, and wherein the independent magnified and augmented live

stereo view is formed by the processing system.

8. The digital stereo microscope apparatus of claim 1, further comprising:

a display control controlling the processing system responsive to the human
operator for zoom, pan, and focus of the optical system and the image acquisition system
via the processing system, wherein the zoom, pan, and focus is performed virtually by the

processing system.
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17. The digital stereo microscope apparatus of claim 1, wherein the processing system is configured to
present the magnified and augmented live stereo view with sufficient disparity between ﬁﬁ Ig?ft and right
eye view imaJULRUAF NI eHIman operator sees a three dimensional represental?i‘ ugh
stereopsis. 18. An operating system with a digital stereo microscope, comprising: an articulated arm
comprising a display mounting system; a display unit connected to the display mounting system; an
operating site over which the display unit is located such that a human operator places hands, tools, or a

combinatiorPtheredfh Bl ERIERA JUROSHAS AR AR Q) Al sh vAEE Rette RS £REAis of the
operating sigenfitiieden ofribR Bidnad RRREALOTINYIN GanyiaVe peassariallyaritarateshwithdbedands,

tools, or a combination thereof of the human operator; . . an image display located on a first side of the
display unit (RN RROPHSRHEE M A GG HEA%E FTRMLHNR 8YSteM.accordinglical system and an image

acquisition system located on a second side of the display unit providing image capture and data capture

of the operating site; and .. = a processing system communicatively coupled to the image acquisition
cystem and e imd 6 AT ETEQ BRI GHORRABRAELIS A SAUT AP 58 EVEVRRYETHHE tnage

display basegppoxintaisaagearcapsrenant shendatasaniiadkethe operating site from the optical system and
the image acquisition system.
11.  The digital stereo microscope apparatus of claim 8, wherein ambient light intensity

and direction of the light is controlled by the display control.

12.  The digital stereo microscope apparatus of claim 8, wherein the area of interest is
remote from the human operator such that hands of the human operator and eyes of the

human operator are virtually collocated.

13.  The digital stereo microscope apparatus of claim 1, further comprising:
cameras capturing a left eye view and a right eye view of a field of view of the area
of interest, wherein the processing system is configured to time synchronize the left eye

view and the right eye view for presentation on the image display.

14.  The digital stereo microscope apparatus of claim 13, wherein the processing system
is configured to utilize a sum of squared differences algorithm to identify pixel
correspondence between the cameras;

wherein the sum of squared differences algorithm selectively processes different

regions of the area of interest based on which regions are updated more frequently.

15.  The digital stereo microscope apparatus of claim 1, further comprising:
at least one flexible arm adjustable separately from the display unit to the area of
interest, wherein the at least one flexible arm comprises at least one component of the

image acquisition system.
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19. The operating system of claim 18, wherein the optical system and the image acquisition system
comprises at least one objective lens, at least one zoom lens, and at least one imag and
wherein the’S[tiesf B?/@f‘étrﬁoaznﬁpfﬂe image acquisition system provide continuous zo?ré‘%ﬁﬁjut an
intermediate lens assembly; wherein the image display comprise a stereoscopic flat display panel that

allows headigovementigfithiestiwnaniopecairr apibriidassinthsicrnrseopihyipwebihr) argasf interest.
20. A method using a digital stereo microscope, comprising: positioning and adjusting a display unit

above an off8P3kHSite:  enabling the display unit, wherein the display unit comprises an optical

system and an imagepreguigtioprRoIJogatedronueside ukcreispiatativhadiagepidisetie eperating
site, and wherein the display unit comprises an image display on a side of the display unit opposite to the
operating SEEIECIS B} RRcHT PhARIETESAS o eI ERVANG-ASRHAH MEMREZSR HiRe et YIRS AL'BBRical system

and the imagiep3gg EisitiRpI1ay o1& e pregRsSiggdire image capture and the data capture via a processing
system,; positioning ? ugser's hands, tog|s, or a combinati()?.rﬁ{ge eof in the operating site while
e

maintaining the us&'d A RPN Tk RERSEACARTERIE: FE¥RnE S THEH RPEI9hIAY and

presenting adnfigmviigenand arignativadtive sietieal vigeaidhe taperalipgsiiasittohs/smage display based
on the processed imaége cehgture anﬁ%the Broce‘ased_datadI capture of the ?rea of interest from the optical
system and the imgﬁ R AIRSARSATS aLgtore and retrieve data’in an external storage system; and

display processors that produce a stereo view of the area of interest and user
interaction therewith and combine with the visual representations of the property data

processors and storage processors to produce an augmented stereo view.

17.  The digital stereo microscope apparatus of claim 1, wherein the processing system
is configured to present the magnified and augmented live stereo view with sufficient
disparity between the left and right eye view images such that the human operator sees a
three dimensional representation through stereopsis.

18.  An operating system with a digital stereo microscope, comprising:

an articulated arm comprising a display mounting system;

a display unit connected to the display mounting system;

an operating site over which the display unit is located such that a human operator
places hands, tools, or a combination thereof in the operating site and views a magnified
and augmented live stereo view of the operating site with eyes of the human operator
having a view substantially collocated with the hands, tools, or a combination thereof of
the human operator;

an image display located on a first side of the display unit providing the magnified
and augmented live stereo view;

an optical system and an image acquisition system located on a second side of the
display unit providing image capture and data capture of the operating site; and

a processing system communicatively coupled to the image acquisition system and

the image display providing the magnified and augmented live stereo view to the image
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display based on the image capture and the data capture of the operating site from the

optical system and the image acquisition system.

19.  The operating system of claim 18, wherein the optical system and the image
acquisition system comprises at least one objective lens, at least one zoom lens, and at least
one image sensor, and wherein the optical system and the image acquisition system
provide continuous zoom without an intermediate lens assembly;

wherein the image display comprise a stereoscopic flat display panel that allows
head movement of the human operator without losing a stereoscopic view of the area of

interest.

20. A method using a digital stereo microscope, comprising:

positioning and adjusting a display unit above an operating site;

enabling the display unit, wherein the display unit comprises an optical system and
an image acquisition system located on a side of the display unit adjacent to the operating
site, and wherein the display unit comprises an image display on a side of the display unit
opposite to the operating site;

providing image capture and data capture of the area of interest via the optical
system and the image acquisition system;

processing the image capture and the data capture via a processing system;

positioning a user’s hands, tools, or a combination thereof in the operating site
while maintaining the user’s eyes having a view in a collocated manner looking at the
image display; and

presenting a magnified and augmented live stereo view of the operating site via the
image display based on the processed image capture and the processed data capture of the

area of interest from the optical system and the image acquisition system.
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