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2002. 5 Background of the Invention The present invention relates to the
surgical lighting, table, and accessory arts, and, nore particularly, to a
surgical [lighting control systemproviding nultiple user interfaces,
centralized graphical control for various functions, advanced 10 canera
detection/signal routing, and closed |loop control of lanmp intensity. It
finds particular application in conjunction with providing a conprehensive
control systemfor a surgical operating room (OR) theater and wll be
described with particular reference thereto. It is to be appreciated,
however, that the invention also 15 finds application in other nulti-task
control applications and is not limted to the aforenmentioned operating
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centralized graphical control for various functions, advanced

10 camera detection/signal routing, and closed loop control of lamp
intensity. It finds particular application in conjunction with
providing a comprehensive control system for a surgical operating
room .- (OR) theater and will be described with particular reference
thereto. It is to be appreciated, however, that the invention also

15 finds application in other multi-task control applications and is
not limited to the aforementioned operating room environment.

Typically, in an operating room setting, large, high
lumen output lightheads are used to illuminate the surgical site.
Often, video cameras, are attached to the lightheads for

20 documenting the surgery, and to assist the surgeon in achieving
more optimal views. Some systems offer no control of the camera to
personnel in the OR. Without physically moving the
camera/lighthead, such systems only foer a single camera
orientation and zoom factor. Other systems offer control of the

25 camera and lightheads to personnel in the OR, but not to the
surgeon. The surgeon must request that a non-sterile circulating
nﬁrse adjust the lighting controls or the camera controls when

needed.



5 intensity with potential adverse effects on the surgical procedure or
increase light intensity causing a reduced lanp life. Additionally, nost
exi sti ng woaBese3zio not offer centralized control. Accordipagiusp3/oties
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and video control system with software adapted to interact with new
equipment through simple software parameter updates or settings.

The present invention provides new and improved methods

20 and apparatus that overcome the above referenced problems and

others to provide better, more comprehensive control of lighting

and video systems in surgical operating room applications.

Brief Summary of the Invention

25 The preferred embodiments of the present invention
provide a plug and play control interface that gives a user access
to multiple devices at one station, gives the surgeon control of
more devices within the sterile field, and makes control of the
system simpler and more intuitive.

30 The present invention improves user access to the system
by providing a graphical LCD display for use to control a plurality
of devices, such as overhead lighting, ambient lighting, cameras,
and other operating room accessories. The surgeon's control is
improved by a voice interface system, allowing the surgeon to

35 adjust lighting and other aspects by simply speaking. A foot pedal

interface and an infra-red remote control interface grant the



The preferred enbodi nents of the present invention provide plug and play
conpatibility, so that devices such as 5 caneras, entire |ightheads, task
| i ghts, awO0 oonkess surgi cal accessories can be switched i nramiiSos01168 t he
system as needed, w thout the need to update system software or control
protocol. This may occur as additi onab | i ght heads or other devices are
added to the system or when devi ces a e repl aced as by way of an upgrade
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el ectronic neans in a "plug and play" fashion. 25 Further,_service unctlon
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camera fiber optic task 1light, ambient light, and multiple
lightheads.
‘All medium and. large sized lightheads are preferably

20 camera ready. A camera module can be placed into any of these
lightheads as desired. The control system 1is adapted to,
automatically detect the particular lighthead in which the camera
is located and direct the signal to the wall control through
electronic means in a “plug and play” fashion.

25 Further, service function is incorporated into the
system that allows service or maintenance personnel to disconnect
entire lightheads for replacement with new lightheads. The control
system detects a new lighthead and downloads compatible software to
the lighthead (plug and play) as necessary. This decreases product

30 down time due to service calls. Each lighthead includes a micro-
controller adapted to send and receive control information from
the wall control and further adapted to respond to the switches on
the light handle bezel.

The micro-controller also provides closed loop control

35 for tight control over lamp power. The controller measures lamp

voltage and current and sets a duty cycle for a pulse width



- 4 nodulation (PW) circuit. This effectively gives consistent |ight by
conpensating for nost all sources of variation. The advanced control allows
all IightWwead®s9285t he system to be turned on/off from theCIwisosinibezel
input on any light in the 5 system Pushing and holding the '-' intensity
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provided ijn_the surgical [lighting systemaccording to the invention. A

graphi cal user
The control system provides several levels of redundancy

in order to minimize the potential loss of control of the lighting
system during surgical procedures. Either one of the two power

20 supplies in the control center is sufficient to maintain operation
of the microcontroller. If the microcontroller or switches in the
wall control unit fail, then ON/OFF and intensity control
functionality can be performed using just the lighthead-based
microcontroller and switches.

25 Video camera features are accessible through the user
interface, including at least power and zoom, rotate, brightness
and focus controls. Advanced camera controls are also accessible
through the user interface including white balance, picture freeze,
time and date display as examples. The camera module is adapted

30 for connection with any medium or large lighthead. The control
system of the subject system automatically detects camera module
presence and directs the video signal(s) to the wall control.

Many control features are provided in the surgical
lighting system according to the invention. A graphical user

35 interface, preferably, a LCD display provides for centralized

control of all components in the system. ON/OFF control of all



35 interface, preferably, a LCD display provides for centralized control of
all conponents in the system OV OFF control of all WD 03/059235
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i s a funcPrenafied| d8k Hiagrdivittlust ety aSYSten’lS according  to

15 invention.

Brief Description of the Drawings

The invention may take form in certain methods, parts,
and arrangements of parts, the preferred embodiments of which wil%
20 be described in detail in this specification and illustrated in the
accompanying drawings which forﬁ a part hereof and wherein:
FIGURE 1 is a perspective view of a surgical 1light
system in accordance with the present invention showing a first set
of surgical lighting equipment suspended from a primary spindle and
25 a second set of lighting eguipment suspended from a secondary
spindle, and a system control apparatus;
FIGURE 2 is a block diagram illustrating components of
the subject lighting control apparatus;
FIGURE 3 is a block diagram illustrating functional
30 blocks of an electronic module of the subject surgical lighting
system;
FIGURE 4 is a functional block diagram illustrating a
lamp controller board of the subject surgical lighting system;
FIGURE 5 is a flow chart illustrating a component auto-

35 detect function executed by the subject control system;



| anp controller board of the subject surgical lighting system FIGJIRE 5 is
a flowchart illustrating a conponent auto 35 detect function executed by

t he subj ewO 0cOs28D] system WD 03/ 059235 PCT/ US03/ 01138 @CTRISGMRE3S is a
view of a user's screen displayed by the 1lighting control apparatus of the
subject surgical lighting; and FIGURE./ is a view of the user's screen
displaying a sub-nmenu provided by the lighting control apparatus of the

subject 5 system @@b@kﬂ;e@lfeesceiml&naotsépes R&k eﬁreﬁs ARedi gent g, Wth
reference nom1to the drawi ng figures wherein the show ngs are purposes of
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| i ghtingy SdéVemes 18 supported at the ceiling 14 by a secondary spindl e hub
15 20. A lighting control apparatus 30 includes a master control unit 32
for operating the first set of I|ght|no deV|ces 12 and a second control
unit 34 for cont RAYEAGIRRS 5 2 f Egbodineaksi ng devi ces
18. A set of cormunweaﬁleé\f@&ceow td nes %@aw@@@nei:guxté@ewhlegmﬁ nghcont rol
apparatus 30 with the first ang sgco d 20 sg% t|n devi ces 12, 18
for contr8lCYHEFREF S APPSR 61 he* ud¥e Fro e oFBERFF Bl ow.
The fik&t thetimfertiight omy dedi tes £02 ﬁmpnmmEedeMﬂUhengp$mm3rWTSpRmdle hub
16 includgg.three r l 1.9 0- urgigal .t as | ght 46
and an opgr%%?ng rQ§ﬁ19%§|2%?g?¥{hp%%gégSI%Eac%ﬂmgﬁnﬁeasdﬁgfgal%1 %%heads
40- 44 arele@h¢4nﬂjd§ﬁlcas3@bﬁﬁ@§p@hﬂiﬁgogusp%nsndnnsyé%eﬂﬁ4@1Oéﬂratlng
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Each of the suSpension arns carry appropriate power

comuni cagfvBice T esrmwi e \m‘tl Fh%ecedésegl bedwel ercandrfiuspthadlenabi e
moveneny ob. 3Q thentightbrads 4054 éa%dseflﬁ&%dgg% n!aSQQI: éo%tr@&%éleé ected

positions relative to the oper ating roonlapp ‘I cation.
32 for operating the first set of lighting devices 12 and a second

control unit 34 for controlling operation of the second set of

lighting devices 18. A set of communication and power lines 36

connect the lighting control apparatus 30 with the first and second

20 set of lighting devices 12, 18 for control thereof in a manner to
be described in greater detail below.

The first set of lighting devices 12 supported by the

primary spindle hub 16 includes three (3) overhead lightheads 40-

44, a surgical task light 46 and an operating room ambient light

25 48. Bach of the surgical lightheads 40-44 are carried on a
corresponding suspension system 40'-44'. Similarly, the surgical
task light 1s carried on a suspension arm 46'. Each of the

suspension arms 40'-46' carry appropriate power and communication
cables which will be described below and further enable movement of
30 the lightheads 40-44 and of the task light 46 into selected
positions relative to the operating room application. Each
lighthead is provided with a set of manually operable light
intensity control buttons 124, preferably located adjacent the
lighthead handle of each device. The ambient light 48 is mounted

35 in a fixed location relative to the primary spindle hub 16. A



lighthead is provided with a set of manually operable light intensity
control buttons 124, preferably |ocated adjacent the |ighthead handl e of
each deviwe.o3fke3anbient [ight 48 is mounted 35 in a fixe@Cirasat/Hss
relative to the primary spindle hub 16. A WO 03/059235 PCT/US03/01138 - 7
single auxiliary lighthead 50 together with an auxiliary anbient. light 52
i s supported on the secondary spindl e Hub 20 by a suitable suspensi on arm
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10 appr, eciatre,glthaée‘;lhc% system s B?r jLi 9”8?11& o proyigde a high level of
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firmare whied 19 iexegsable thAct il ght bead.agthr kbght headss46; 44 and 50
each respectively include an electronics nodule 60-66 for executl el%e

progr avs PRAPERTGIEENER Wit SOt ddeb2rniteacdl GoAORAES EACAR ot
l'i ght headsti Retihedsity eed sysieem aiegadapbedt t Gacommami tadre duidinghe

Iightingc trol a,pparatu faor controlli ar iqus, |ighting functions
and to Q‘?%Fe 8t rugnoan g(P‘I afogébajbﬂ it q_@_l% coer%?unl %a i o% %ndaclpower
i nes 36 1n@1hnlthe1dsepar1a1desl |aghshzearchq@oweT/D©atxbceeer705ﬂ£@nyorar25 fettiheer i ng

power ff%&f@% d 9fid ng,cantnel, apparatus %9 to M‘evnd:n%‘ét@l}&fﬂ bgmag; heads.

In addition e conmuni cati on an ower i nes 36 include pair
conmuAiScat el tabl BACIBOS WIS cRér LagRFiRaTy 1S GhtRn @ raMddet aWH’sp djatcsa 138t ween
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end, the master ,GOMIOlie 1ighthead.

The lightheads 40-44 and 50 each respectively include an
electronics module 60-66 for executing programs in accordance with
20 predetermined algorithms. Each of the lightheads in the subject
system are adapted to communicate with the 1lighting control
apparatus 30 for controlling various lighting functions and to
provide for plug and play capability. The communication and power
lines 36 include separate lighthead power cables 70-76 for
25 delivering power from the lighting control apparatus 30 to the
individual lightheads. 1In addition, the communication and power
lines 36 include a pair of communication cables 80, 82 for carrying
command and status data between the lighting devices 12, 18 and the
lighting control apparatus 30. To that end, the master control
30 unit 32 includes an electronic controller board 90 for generating
signals to be carried on the communication cables 80, 82 between

the control unit and the lightheads 40-44, 50 and task light 46.
With continued reference to FIGURE 2, it is to be noted
that the embodiment of the subject surgical lighting system 10

35 includes a video camera 100. The video camera 100 is carried by



30 unit 32 includes an electronic controller board 90 for generating
signals to be carried on the communi cati on cables 80, 82 between the
control uwDto3ast3s he |i ght heads 40-44, 50 and task |ight 26T/0803%/4n18onti nued
reference to FIGURE 2, it is to be noted that the enbodi nent of the

subj ect surgi cal Ilghtlng system 10 35 includes a video canera 100. The

vi deo camera 100 is carried by WD 03/ 059235 PCT/ US03/01138 8 the |arge
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ooy iR kL oAl ad e Ve Sl ate! Bl LS REa 00
hub el ect cenecs BE@r doa(4 ‘almlcbugﬂnt othea wmsgand acm\rrp@ﬁemf 106 ofiathe

el ectroni ¢ ;£aPLEOLI £ alaaamt@ga Rhrod NETRILEL SO Bba bl {0 3%nqThE, V1 de0

card conpon adapte generate a conp e Vi eo S|gnapti08 and
an S-videa Vsdg@eﬂarﬂil@omn@ln@JRE@@Oéﬂ@%eﬁh@wonl@ bdD@‘@ﬂ@JdJeagbcamd (Slompft he

funct i opal,,conpanent sqaf 4 e el ecys oni eaemodule 64,97 Lheolange,

| i ght head 4 own In the el ectronics no |nc udes a

| anp cont@dﬁpéﬁdbé@r@?quateaacaﬁ@@Q§Mﬁ@dwﬂéeQZng@ﬁkxﬁO80Endnanuékhyd@perabIe
bul b i ntensijty1sMdches 124, a visual output lanp 126, preferably an LED,
a bul b change nechani sm 128 holding a primary 130 and a secondary 132
bul b, and a bul b chdR§BRED| éncitdt 16 3Bawf ol nefFlenti ndf dstnam chamgestiupon

failure ofruhhe: Phd MedhpBHEREs 180 i le1Rfcti-BESEs GRIMAReRYS & enknigpgLative
| ocal comunication wth the |lanp controller board 120. Operative

conmuni tati-8RtHEEH 44he @%gﬁW?%@JébﬁFQHBEaépaF%%u%l%ﬁFR9Q1§§ medatR 4 is

provi ded bycithes seha@h CRORRYN &ALLERG ad, POVERIn-hNgsa3& has) udisag & 20
differential video signal line 140, a Ianp seri al port S|gnal line 142 and

a system PORERLY @ﬁ&FalP}%é’uimmtfﬁélHYferértéh%? 5124\” Y60 SUST gHHIPUY hEmR40

del i vers ypdeo p&b@@ﬁék&lyf r£m Lﬂfte can®i®d nedige 3@enahosh he2é i ghtdng control
apparatus 30. The serial communication |ines 142, however, are

bi - dlrectPSﬁﬁFr%ﬁﬁ3 &PPyaZBGEHHW§Hd§35HﬂLHht&nﬁefmg%%Pt?ﬂ?qﬂeeéPFSH?b%
nodul & $4 13ad rbheeffd ghhigh@utontiggappaoat ¥si Bdre Tre wistempoweruls nes

144 conngglcat J?%?C%ﬁéégato SgﬁghtsanQQHJB Q%ggﬁgl local communication
with the lamp controller board 120. Operative communication with
the lighting control apparatus 30 (Figs. 1 and 2) is provided by
the set of communication and power lines 36 including a

20 differential video signal line 140, a lamp serial port signal line
142 and a system power signal line 144. The differential video
signal line 140 delivers video signals from the camera module 122
to the 1lighting control apparatus 30. The lamp serial
communication lines 142,'however, are bi-directional and carry

25 commands and data between the electronics module 64 and the
lighting control apparatus 30. The system power lines 144
communicate electrical power to the lighthead.

Closed loop control is provided for lamp power. To that
end, a bulb intensity controller 152 detects the current delivered

30 to the bulb 130 and the voltage signal at the bulb terminal. A
bulb feedback signal 154 is generated by the controller 152 and
delivered to the microcontroller 150 or use in calculating a
desired duty cycle for a PWM circuit 156. In this way, a

consistent lighting effort is realized.



Cl osed | oop control is provided for |lanp power. To that end, a bulb
intensity controller 152 detects the current delivered 30 to the bulb 130
and t he wibtoags233 gnal at the bulb terminal. A bulb feedb&ch/tsogyoaBs 154 i s
generated by the controller 152 and delivered to the mcrocontroller 150
or use in calculating a desired duty cycle for a PAMcircuit 156. In this
way, a consistent lighting effort is realized. WO 03/059235 PCT/ US03/01138

9 Further details e | .contrqller board, 120, of .the ct.roni cs
nmodul e 64 is provi dggdlrittﬁeﬁ%%éiﬁ. Oﬁhgh%am, cémtfﬁﬂcolreorcgﬁﬂ:%lﬁeo‘re Ongh?s in
oper at i ve edentunntat | ondwid h64l is obrdbhidedc oimpoRe®lE: pt evi cusl shavdentafi ed

above. The i crocontroll e, 150 s 3 adanted Lo, commnlcat e wWibh th

l'i ghting (r:n&r?trPSPnappar atus in "accordance w program code storedg%% a
menory pordompnnefts perevibesloc onentol lied. alvbree piiret mtet@rdnrother 150 is

m crocontrol ler .1 i S d exgcut e. ra t LIy out the

pl ug an% &%§§%e%ag°§biiﬁ"¥“?‘gg‘p% 't lfa)thsu jeec * utggﬁgca"%??gﬁt %ﬁggg?/%/ em ™10 The
control syscerfprovi delsh senpsraln Fegel stofed edurdair@pryi postder 5 Phai ni ze

the potentd;aloboss:Of1 60Nt NRJre0hat-heclight) Ngnesyst MU bNgeSUT ) cal
procedures. Either one of the two power Supplies in the control center is
suf fi ci ent9eBtRAI AP aPRe Pt RECIHRATof O 8Pl tri S 0o rUoltRer PLPF fRE Play

m crocont r@bkBL 1 Of i&Mdrchirs dubijthe d&r-gvadall cogitioly Wpktediai |, then ON OFF

and i nsity contr functi.onality can pbe perforned using just .the
gt nELa: baved  m GPScORFS BF P St Rers R £ 87 T brerar
i |l ustratiingoadeeviccainaui e déeeettwdqaénts eréceted By of hehacdnpbholher of

the preferfeden2@,embodi RACa1 Abr DONRIQN SEQchdhedd WH ithg €QBt bBler
apparatus 30 interrogates each of the mcrocontrollers 150 and each of the

| i ght headSYPRL6FSH 6 detHERinee i ot fwiit i e ¢nEi ‘h MR&VERITSPPEEAB1IOR he
gquantity off thghtheadsnthoihe .syst aMeShberddigitiosl &€ candwst e inabie any
other jnforpmation that can_be. derived at up.. One, 25 such .
det or i hatToR | SORFou doi by S damer i te bl i gHsl TTREI98  CEPETOR)
whi ch is rfeadtbynakiecyni earocont porfermetsugfngt heudtanghe lighthead-based

microcontroller and switches.
FIGURE 5 1is a flowchart i1llustrating a device
auto-detect sequence executed by the controller of the preferred
20 embodiment. At power on 810, the lighting control apparatus 30
interrogates each of the microcontrollers 150 and each of the
lightheads in order to determine a software revision level 812 and
the quantity of lightheads in the system 816, their size and style,
and any other information that can be derived at power up. One
25 such determination is provided by a camera detect signal line 136
(Fig. 3) which is read by the microcontroller 150 of the lamp
controller board 120 at power up. When a camera module 122 is
installed in the electronics module 64, the camera detect signal
line 136 is tied to a logical ground. In the absence of a camera
30 module, the camera detect signal line 136 is permitted to float and
represents a logical high value.
The microcontroller 150 includes program code to report
the status of the presence of a camera module 122 within the
electronics module 64 of the lighthead 44. Other information is

35 also reported by the microcontroller 150 to the lighting control



controller board 120 at power up. Wen a canera nodule 122 is installed in

the el ectronics nodul e 64, the canera detect signal |ine 136 is tied to a
| ogi cal ogwownas928h t he absence of a canmera 30 nodul e, thePcaArsNz0UBE ect
signal line 136 is permtted to float and represents a |ogical high val ue.

The m crocontroller 150 includes progr code to report the status of the
presence of a canera nodule 122 within"the electronics nodule 64 of the

| i ght head _44 er .hnfor | on_i - e t rQco ol l er
150 to thep}f)l g%‘?ng l(%ontrlgl’ll?{%/\o 85?6@%21%% Jéﬂﬁ%‘%&%/ ghlé% 8 ngém(ﬁ gppgprléat us
30. This bnfovast ivemsiiocladestddtly thgaridinegonheollsuf £RAr e T\b@r shbreexecut ed
oy the M glagonly 4t : A% ysmﬁ BHRIARG! cnsUr A GahaLE GNUDE Sstery 10, uses

this informafion be downl oad new execut a eto
m crocont dothcvacsmwmﬂe@umpdh@ @O@esm ttharel arecondonsl rac 6@ Weal haddee To

that end, g %gg Qﬁ%@%&&ﬁg %ec'oﬁedé:\)’}ﬂllggggd %%%ﬂwrgntdhethéqmw @gfemg ol

appar at'us separate el ectronics nodul es 60-66 usin

communi catlisoﬁoaﬁhoackﬁﬁ/\érl‘ll fhes B85 Badédnaipsr e det®ParALES ogo o’FOt‘Hée

i nstal | edgQuPONENt SecthQnSls, nbhe1 LONEI-Hd afsi$6! atlkS Rmmdhgostidm fxom
anong a group of algorithms for performng a control function. Wen a

vi deo camBpuer | 5infst é€ted, a canera control algorithmis selected S18, a

task light control Baég@mﬁ&hnhaa@t@ﬂmaﬁm@ﬂtoﬂ Itglt 1 6ordTdd @b@@bh&ﬂﬂm i's
sel ected at steﬁs S20 and S22 when those devices are det ect ed %/ 15(aéhe
ght'Hea

controt eF16i t APf CRRES/SEEM W ETS r ¥yad PY6 “e F5OP gF AT Fi
not ed abovegoaiMadd by ©drBirAesg ad eosup@nrﬂuadtbynt hmesystxemeoeaehera

preferably caontroll ed accordin arate dl stl n un
al gorit hrré.S %8%?%a?deend “HRe® ?%rflﬁ% %éjﬁ}%{% de erer(ﬁtﬁgdga% %e 2¥4 and
a small | ilgbhhecadlmm abcbozaltglmr atxddman samzﬁ)es’elleicgmd cspérola ai@@nrmnhlhl ght head

control algorjif nds 5%%%%%@3‘3%18,522&@% aagsléégm&e%tggeg&%

al gorit hmTs se upon t ght head type determ natl on
step SH. thé GOREtBoBltowyighiysefhs 8y sty 1V616thpr@§éﬁﬂe(§°oﬁh?héurﬁh‘ééﬂ3er

control uRkin8lefs,t Be dd@ht i Lont¥0li cRPPSF Atiws s 3 OkubPErted by the

system, each preferably controlled according to separately distinct

and tuned algorithms. To that end, the lighthead type 4is

determined at step S24 and a small lighthead control algorithm is

20 selected $26, a medium lighthead control algorithm is selected 828,

and/or a large lighthead control algorithm is selected 830, based
upon the lighthead type determination step S24.

FIGURE 6 shows a user’s display 160 presented on the

master control unit 32 of the lighting control apparatus 30 of the

25 subject surgical lighting system 10. Preferably, the master

control unit includes a monochrome graphics LCD with backlight and

a set of membrane contact switches 162. The contact switches 162

are used to obtain manual user input for controlling the subject

surgical lighting system. An ON pushbutton 164 and an OFF push

30 button 166 are provided together with a set of other control

buttons 168 positioned adjacent a display area 170 which is

programmed to solicit input from the user. The display area 170

essentially provides visual information to the human user regarding

the function of the adjacent buttons 168. The visual information



25 subject surgical lighting system 10. Preferably, the master control unit
i ncl udes a nonochrone graphics LCD with backlight and a set of nenbrane
cont act swtoslose3l62. The contact switches 162 are used PeTAlSKAIM3ISANUA
user input for controlling the subject surgical lighting system An ON
pushbutton 164 and an OFF push 30 butt 166 are provided together wth a
set of other control buttons 168 positioned adjacent a display area 170

whi ch is rg%gﬁ@eddtg sohd CLied Ut df amd e isel- aEhe di splaaanaa 170
essentlalfy rovi des vﬁéua. information to the ‘human “user regarding the
functi on ofdehimeadhacéntciant shstiePhyFhealiBalrentdriadedn WO 03/ 059235

PCT/ US03/ 01138 - 115 kSo@ENS ahedrPYs ! Neesefitpase dfrd Rgocopti@end is
useful to redefine the function of the physical buttons as needed. As

shown in BPOIRE 6ligHe dinsircay aredab?d PRERudBR allEeRidet 135" d™hdici a
or | abel ax@fieraN 11yht eNSiOFY” @fLD, adfcarkerranbient ahidght™ ONEERF" aedLa, a
"canera" area, and a "Eystcgm' qarea, An ?94ar reowr%‘?%da da %ndo carrow 174
are provi dedRfoHg"t hdother HPRpURTU: £ohs™ 1% P88t a9 ght head 15 om
anong t heigpwtip butAohsaticonsefedi t her lidiehepdor fxdownanoput thet t onsugl72, 174
causes afy ALLOW,1L0 A sflayied Aot heSeiodd BBLaNd a0l 0144 2BRELL AN,

t le fi 1/8. In ad

bet ween 16cone 0 ree sel ecta el ds ition, an intensity
decr ease arrow 80 dandlared mnehké¢ tysamdiensay dréOowo 18parerid ipnobedeskn f or

enablhﬂg 59% HﬁeEhﬁéeFggﬁééﬂapﬁéng'gfégerB.appg{Q&ﬂﬁiggnEOancgﬂ£éﬁgigJ“3
intensity of the particular |ghtJhea selected by the position of the
arrow 176de@Aseasirornrn BOGURE a6, iiggistifgathaneseran®vw3lBsy ayel peeedsy t he
arrow 176 d j ntensity.d toito J.evel 3. nbi li.ghtyop r
button 1969?5(3%?}2%11{% o%?éde%s%ﬁ asctehteﬁecolnfgxe{f?tl ngvvlcf ?ﬁ’é@l 1%@%% tgtg he3ro \?\%Qf h an
anmbi ent | Fghtrdlcdmel Anteesityi Spl He dresiselathdtl ohsee’d captechrd Phethenbi ent

light 48 9ps0f:i f br 88e dasihethe A BaMBEAd RRUFIAHE @n 19 thsaal S@upovi ded
adj acent a 20 canera icon in the display area 170 for, toggling canera
oper atitons 11 ASEPFEoR Y SPEMTMYuE 15 Gt EBh TSATPALY el GHedT SFVESers to
query the surgical ahi ghitidig syghemdwdr inntesnais®ms Allsbgbtbeadkd on
sel ected using the UP/DOMWN buttons 172, _ ‘ _ ,
the contact switches 162 together with an ambient light icon in the
display area so that users can turn the ambient light 48 on or off
as desired. A camera input button 192 is also provided adjacent a
20 camera icon in the display area 170 for toggling camera operation.
Lastly, a system inguiry button 194 is included for users to query
the surgical lighting system for information.
A lighthead is selected using the UP/DOWN buttons 172,
174 under the SELECT LIGHT display, the intensity is adjusted with
25 the LEFT/RIGHT buttons 180, 182 under the INTENSITY display. Seven
(7) predefined power levels are hard coded into a non-volatile
memory in the lighthead for each of the seven light intensity
levels. The power level definitions for various wattage lamp types
are stored in a set of power level tables in the lightheads. The
30 intensity indicators 206—208 shown in FIGURE 6, consist of a lamp
head number 210 followed by a progressive, seven bar segment
display 212. When the lamp is off, no segments are displayed.
When the lamp is at a maximum intensity level, all seven segments
are displayed. As shown in the FIGURE, lamp 1 is at full power,

35 lamp 2 is off, lamp 3 is at a low power setting, and lamp 4 is



174 under the SELECT LICGHT display, the intensity is adjusted with 25 the
LEFT/ RI GHT buttons 180, 182 under the INTENSITY display. Seven (7)

pr edef i neaopomen23s evel s are hard coded into a non-vol ati | @CTAsSo®oM38 n t he
| i ght head for each of the seven light intensity |evels. The power |evel
definitions for various wattage Iarrp_tﬁ)e;s are stored in a set of power

| evel tables in the lightheads. The 30 Tntensity indicators 200-208 shown

in Fl GURE CONSi . I unber .2 fo ro Si ve,
seven bar ngé%%frk %%fglthegry‘ gﬁ%‘ @\%ﬁ ?)he I %F’rplt?? o‘lf‘%é,)y\ﬁgng%%%ee%t s?%rﬁge
di spl ayedint§hertt/hesucmepsise atedmeniri Atitn fhirlrsiedy freelefhl Foseveht

segments yarg g SRavedind\SsRawhs i fenthai R GIRE, lanmp 1 is at full power,
35 lanp 2 is off, lTanp 3 is at a I(iw{gower settlneg'i, ang | a 4 is WD
03/ 059235 PCT/ US03/ 28382 oF2morq iLyRRFLSHHT GRE P HARY Ahp'S SEE the user

i ncr eases thamonn inTtcansi LydiGitee exsisl,vehsegnentse af BSURES praydidfingadl @it to

right wth all preceding,segnents r ini on. .. | .Or. mare .

|'i ght head%pﬁre}lg eccioél&rlgﬂ'i & 8y st e(r%nqrﬂae% ttq%e %LEV\E?%%D%%%% Sor Y14,
shown in sheeFtUREiagetiok SPI/ag@d boritohhel 13 ,gb¥ 4 comtarolths cYRESET WAGHT t he
ALL- LIGHIS. Lndica i | e d; usi he, {UR/; ROV ns 4 under
t he SELEC‘il?f?% ?ésplczgai}?écﬁhe%agnﬁ%nggﬁg :%rft e€!r113| ty %&tglgl %&étzggte%%s

| i ght head$oliors ongradpfeerd iapedabhuradt iS6ARPRSquéncent BKent MaPPythehen
the 10 ALkt GHifd ndhcai @i 1§ seleetadagndehent &t ensi byght glee 382uer up
button is selected, all |anps inedi at e!g%?i ncrease to the next i gher

h
| evel of PHEEPRI L5, SEbATEIGeldE! WRBRSt ABTRLFATSL80 1G°r8dwWn tar Fbw et
pressed, abfnhéampssdinothensystiem i medicately, decrrease Laft irsoensi tywh o t he

next |ower |evel. 15 Pri nmar nd secondary | s. for..the |ighthead are

desi gnat e@T52" "% BRSF SR ?I\J}/]t he L%{']Cq'ﬁe%ﬁag%ﬁdlénrms?tc%gge% C%ﬁé:eaf)(rei mary

| anp | ocatihoensity ttive thystem dbwehelpredf.er red embodi nent- as noted above,
the 'aigs are continpyoysly nnpi ts%rcggdgé%gg&qw@sf%fr whet hegndhey agge t urned

ON or F. Wien a lanp Is mssing or urned out, a lanp fault indicator
220 is di spFagertrechd s | 'FheddonB”aHdthf Fhat "2’ prest eti9edsEaee, 2pr Bferabl y
a two secep@nsah elaMd Nodation. In the system of the preferred embodiment. .

as noted above, the lamps are continuously monitored regardless of
whether they are turned ON or OFF. When a lamp is missing or

20 burned out, a lamp fault indicator 220 is displayed and flashes on
and off at a preselected rate, preferably a two second rate with a
fifty percent duty cycle.

With continued reference to the drawing figures, the
system automatically detects the installation of a manual task

25 1light as described above. To that end, a task light intensity
display 208 is provided together with a lamp life indicator 230.
The intensity indicator consists of a seven segment display 212 in
the form of a bar graph similar to the display provided for the
lightheads. As the user increases lamp intensity, successive

30 segments are displayed from left to right with all preceding
segments remaining on.

In addition, a task light lamp life indicator 230 is
presented to the operator to indicate the remaining life on the
lamp used in the manual task light. A progress bar meter 232 moves

35 to the right as shown in the drawing figure as lamp light

diminishes. The bar is calibrated preferably for 0 hours on the



fifty percent duty cycle. Wth continued reference to the drawi ng figures,
the systemautomatically detects the installation of a nmanual task 25

| i ght as wesnsf2esl above. To that end, a task |ight inten®coysdi/epbay 208
is provided together with a lanp life indicator 230. The intensity

i ndi cator consists of a seven segnment ;dj splay 212 in the formof a bar
graph simlar to the display provided for the |ightheads. As the user

i ncreases; d My ddt=BBShb¥rs StifGesshve R0 wegreshs. arerwirsphayed: fgmmpnl eft to
right with all precedi n% segment s_renaini n% on. bIn gdditi Qn, -4 str?Sl% l'i ght

|l anp |if ersatdiccat by 365 of bg\lgsjejrﬁeedt ® R ESpardtorto™ Y ndi cat’e’ the

remai ni nga | pf@icaeriieed| aape usedfenabhe aranualsdcask reght with pr ogridys bar
meter 232 noves 35.to the right [,n.t dr.aw figu ; np

i ght T R R smc%??br%??ﬁ"%"%?%f E?g_bfr 3*9?1‘3?% %o%rfiﬁglr# e Vo
03/ 0592354 RET/aYSO8/0 1888 withl 3 chasfst themk BEOUEBUFS 1PALFARAPRINEIRE ri ght .
After thespan graph .¢feachesnd0fhouwssnobs uld cbkEetod he npr 690 assuhar
begins to flashat a predeterm ned rate,,(?rtefergb%y a two seco]pc!L rate with
afifty pefaert 1adt §Peelis. TARE el 580 AStrE-o4r EPF eathed ™8 hr aphi®d® 5

di spl ay oficwrd amedwihhthe chassit hesket higughaiss eknekdst ed parde begiinsd
flashing to attract H]eitattenti on of the operator. At 500 hours, a fault

| og entryol?esrana(?e which indi cates that the nunber of |anp  hours used in
the méfual task |ight dvad téreecdbdchupradéaesy miidd 2Yope?atiSoRaFS$1 A% . 10
I'n addition,q:aRackupe bald8nY ndi S i €08 B Rpesented;. to display the
remaining |ife of 'the backup battery. FIGJURE 7 shows a, sub-penu 250
presented by the suBf&&E coRPFHI2 SOTBRT WM tpﬁgsﬁﬁ?ec%ﬁjybég%mf'f%emcanera"
icon 234 (FliGo16kystsn apehated bubsoshewsy 96l eetnéttiCticon day$ri@2,6)174 are
used to 15 change thedgosi tion of_ an %rrow. 176 to Z?%eczzltg var i ous_ carera
control obt i GREAHREN udthg HRer ST FEBRT YL St &l 2 256, 24° BFTGhthess
adj ustientn 28R el Bosareia docus 268w W7 O3£653236c PCTALSHSY 04438 a

control options including power 252, =zoom 254, rotate 256, a

brightness adjustment 258, and a camera focus 280.



- 14 Having thus described the preferred enbodi nents, the invention is
now clainmed to be: 1. A surgical |ight system (10) conprising: 5 a

| i ght headw(dd)pseeaipl ed to a suspension arm (41') adapted frem/uSopunsg ng to a
surface (14) of a surgical room a bulb (130) in said |ighthead; a
processor (120) in said |Iighthead opgr?giyely coupled with the bulb for
controlling an intensity of light of the bulb and 10 being adapted to

generate a |ight hea(ﬂia%&ﬁ&”%h§é 988l c/ieRResaAt %trbY@rréH Sndddifknst at Ufe OFf
said |ighthead; and, a control apparatus (32, 34) in operative

conmuni catiBANH P 1S APH BRSSP P said | i ght head, the control appar atus

receiving said |ighthead status S|gnal and selecting a set of control 15

al gorithnms from anong P Q rlth ased on.said lighthead status
A b R e

signal for controlling s %ﬂ%@lcap Ilght system

according to cbaﬂmwhﬁhﬂa@réﬂﬁl qyapﬂedﬂxsa statensioh @ d41) ghddread focl udes

a | east an@ﬂﬁt?ﬁg @a%ﬁ%ﬁr?&céahgg|bﬂhiﬂ%§gacéﬂ.&ﬂﬁ#ns'ty (154) of 1ight
fromsaid bulb; 5 a condition of said [b; a Tevel of current (150)

applied to sai @ BulB:; (130)| épePatt NGRERRRA( 150) applied to said bulb; an
i nt er nal tenp6babM68e§$m§aud0iIgh%headkuﬁ¢MEeSaﬂ&ﬁﬁﬂhvalyldﬁqﬂﬁﬁﬁh&tth a

presence %% Eu%Prfggﬁé QQ_tasgnlagpens %I %1g5%segcg Ofbglb an

controll ab ren he surglca stem accéord |ng to
claim 20 mhenelaﬁagﬂmddt@qnnﬁmbtappénahus&#BztaBu; a%gnadapQEKFaamtgeme¢ate a

query signak; ranth Rathe PF AGESSOLyKih2Q);i sh@dapted to generate said
| i ghthead status signal in response to receiving said query signal. WO

03/ 059235 PCT/@SGSP@T@S@pPariBuS 34) in operative communication with

said processor in said lighthead, the control apparatus receiving
said lighthead status signal and selecting a set of control
15 algorithms from among a group of algorithms based on said lighthead

status signal for controlling said lighthead.

2. The surgical light system according to claim 1 wherein
said first status of said lighthead includes a least a one of:

a size of said lighthead;
an intensity (154) of light from said bulb;

5 a condition of said bulb:
a level of current (150) applied to said bulb;
a level of voltage (150) applied to said bulb;
an internal temperature of said lighthead;
a presence of a vide camera;

10 a presence of a manual surgical task light; and,

a presence of a controllable ambient light.

3. The surgical light system (10) according to claim 2
wherein:
sald control apparatus (32, 34) is adapted to generate a guery
signal; and,
5 the processor (120) is adapted to generate said lighthead

status signal in response to receiving said query signal.



4. The surgical light system (10) according to claim3 further including a
serial data communication link (36, 80, 82) for <carrying said query signal
and sai d woghwheatl status signal between said processor aod/utsad/aiigont rol
apparatus. 5. The surgical light system (10) according to claim4 wherein
said control apparatus (32, 34) includeg an LCD display (160) for

di splaying said first status. 6. The surgical |ight system (10) according
to claim1l whgrei nipthe, control rsag;s%% | j8faeked:hongensr at g2 gommand
signal; and, 5 the processor int the to control the

i ntensi ty TBFChPHHMGLYIARE G aaRtE ﬂfﬂ?ﬁ ‘%q*?émébﬁ?@rfdl %F@Ea136 780THe ) st Hi cal

l'i ght Systcemga_c&@rs@llagq&@qplsagmllameeraquml@amaar 9ELEE0E 1 Rk Sakdwtéght head
i s adapted tg receive 8 8graq#code fromsaid control apparatus; and,
execute s&P4“ pPbyrHEiiCodB ﬁ8n§fﬁﬁy%9§FrFF@%t system according to claim
7 wherein said control apparatus is adapted to deternlne an operati onal
Compatibliity O S Pracessel Aiisald SuR0IGR) LlaBtasyst e Dased 4 on
said |ighthead status signal receilVved; he processor is not
conpatlblehﬁé?l®s§a4¢1%9ﬂ§r§&rgpﬁ%ﬂatqsldﬁ?rs?éieh?c%ﬁﬂﬁﬁ cdd 1§&i dierezut abl e
program cqdeol ordheyi Pnacess Haid9ridhe ssurgkcal |ight systemaccording to
claim1 further including a canera associated with said |ighthead and
operatively coupled with said control apparatus, the canera generating an
i mge signal a&daptetef urgonyersigrn bysarmasdori atedrdimeotaronldior Hevi ce
5 to a huppp,.Leadabl e image, the control apparatus including neans for
controlling ?unctlons of said canera including white bal ance, picture
freeze, time dit8pl eSntratdeRRAE tEP i1 aJ2P A0 03/1789735e PCTPUSHS] 619387 - 16
10. The sungjcal light systemaccording to cla|n19 wherein the control

apparatys IS a%%gt%go%gsggEegﬁ thrffgﬁ¥% 8fls adapted to control the
intensity of light in accordance with the command signal.
7. The surgical light system according to claim 1 wherein
said processor in said lighthead is adapted to:
receive program code from said control apparatus; and,

execute said program code.

8. The surgical light system according to claim 7 wherein
said control apparatus is adapted to determine an operational
compatibility of said processor in said surgical light system based
on sald lighthead status signal received; and,

when the processor is not compatible for use in the surgical

[@z]

light system, download said executable program code to the

processor.

9. The surgical light system according to claim 1 further
including a camera associated with said lighthead and operatively
coupled with said control apparatus, the camera generating an image
signal adapted for conversion by an associated video monitor device

5 to a human readable image, the control apparatus including means
for controlling functions of said camera including white balance,

picture freeze, time display, and date display.



canera and route said inmage signal to a port on the control apparatus
adapted for connection to the associated video nonitor 5 device. 11. The
sur gi cal wWpghwseyst em according to claim1 further includcCRgISoxofBs st
light intensity control button on said |lighthead and a second |ight
intensity control button on said contrpf apparatus, 5 said processor being
responsive to both said first and second light intensity control buttons.

12. The surgical I|ight systen1according to claiml further including a
surgi cal video_canera deV|ce Oé adapted to generate a video_signal,
wherein: said 6Poce§§8rsf%@6?' 1ght & St@ﬁtﬁ%ﬁﬁ“?§ga88pF§Hﬂ‘§ ¥Begeherate a

vi deo caneha ppesenl spgamadtusand, a&@pdecenbrabtappaaabusséﬁﬁa S4) shBd
adapted | RaLeLeLug (NG| 499,000BLa QUEREN 81 gnalo AN peLEE! cBn goper

control algori om sai d group orit ffor cont r |ng 5a

sur gi cal @péé%ﬂt%ﬂn§d§pdédlé@r(QQﬂmﬁctlgn ﬂduih?uﬁ@ﬁ@aha¢¢@ﬂﬂld§ysmenla@nording
to claign JR2yfagther including a human readabl e display (160) for

di splaying information relating to said |lighthead status signal and to
said video canera device.

11. The surgical light system according to claim 1 further
including:

a first light intensity control button on said lighthead and

a second light intensity control button on said control apparatus,

5 said processor being responsive to both said first and second light

intensity contrel buttons.

12. The surgical light system according to claim 1 further
including a surgical video camera device (100) adapted to generate
a video signal, wherein:
said processor (120) in said lighthead is adapted
5 to generate a video camera present signal; and,
said central apparatus (32, 34) is adapted to
receive the video camera present signal and select a
camera control algorithm from said group of algorithms

for controlling said surgical video camera device (100).

13. The surgical light system according to claim 12 further
including a human readable display (160) for displaying information
relating to said lighthead status signal and to said video camera

device.



