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BACKGROUND Image sensors need to overcome a number of obstacles when used in the presence

of ambient light. One such obstacle is that ambient light may illuminate a scene in a non-
15 uniform manner. In particular, objects obstructing the ambient light source may cast
shadows on the scene thereby degrading the image quality. This can be particularly
problematic for machine vision systems which attempt to extract certain key features from
an image. Whilst it may be possible to post-process an image to reduce the effects of non-
uniform illumination, the sensor itself must handle the full dynamic range of light arriving

20 from the scene.

It is desirable to provide an image sensor which is able to be used with a controlled
light source in such a way that the effect of illumination by ambient light is discounted. It
is also desirable to provide an active pixel sensor which is able to discount the effects of

ambient light at the pixel level.

25 SUMMARY OF INVENTION

According to a first aspect of the present invention there is provided a sensor for
use in ambient light conditions together with a controlled light source, the sensor being
adapted to produce a difference signal indicative of the intensity of light incident on the
sensor from the controlled light source, the difference signal being substantially

30 independent of the intensity of light incident on the sensor from ambient light, the sensor

being operational in two phases and comprising:



| mrage sensors need to overcone a nunber of obstacles when used in the
presence of anbient light. One such obstacle is that anbient |ight may

i1l um natwoassesme in a non 15 uniform manner. I n parti culPam/AtwbjpeTs s
obstructing the anbient |ight source fay cast shadows on the scene thereby
degrading the image quality. This can be particularly problematic for
machi ne vi sion systens which attenpt to extract certain key features from
an i mage. Wi | $phdtbdendyorpupled o ploeedsingirstitnyrooupled tastotaga giectity;r educe t he
effects of non- uniformillumnation, the sensor itself nust handl e the
full dynamc range of light arriving 20 fromthe scene. It is desirable to
provi de an i magRl wkdsial inthé fbstpsasebl e to be used with a controlled |ight
source in such a way that the effect of illumnation by anbient light is

di scounted. It is also desirable to provide an active pixel sensor which
is able to di sgyuniheiphetodétbetor gerkiatesiiingbiént lighhdigedl; dnde pi xel |evel. 25
SUWMARY OF | NVENTI ON According to a first aspect of the present invention
there is provided a sensor for wuse in anmbient |ight conditions together
with a control {igd fh@Ricessmnk citcuitiyithesRAisarthdanbignt kgiapigadl,t o produce a
difference signal indicative of the intensity of light incident on the
sensor fromthe controlled light source, the difference signal being
substgntial ly ) wheepeitaotecohd phssel ntensity of |ight incident on the
sensor fromanbient |ight, the sensor being operational in tw phases and
conprising: WO 03/044814 PCT/ AU02/ 01573 5 a photodetector coupled to
processing cir itﬂmpﬁmb@aofgeﬁ@émmuigmﬁgﬂa]@; and wherein, in the
first phase: (a) the photodetector generates an ambient |ight signal; and
(b) the processing circuitry nenorises the anbient |ight signal, 5 and
wherein, in thea)segenFoPRSASE circGitryt fidtrafio tindateotissd gabienvligis sigiabfrem | i ght
signal; (d) the processing circuitry subtracts the nenorised anbient |ight
si gnal f thertetal light signal to produce the difference signal; and

(e) the storage circuitry stores the difference signal,

10 and wherein the sensor alternates between the first and second phases in response
to receiving a strobing signal, the strobing signal and the controlled light source being

synchronised.
Preferably, the photodetector is a photodiode.

Preferably, the ambient light signal is indicative of the intensity of ambient light

15 incident on the photodetector.

Preferably, the total light signal is indicative of the intensity of light incident on
the photodetector due to both the controlled light source and the ambient light.

Preferably, the processing circuitry during the first phase uses a switched current

source to memorise the ambient light signal.
20 Preferably, the switched current source is responsive to the strobing signal.

Preferably, the processing circuitry during the second phase uses the switched



the total light signal to produce the difference signal; and (e) the
storage circuitry stores the difference signal, 10 and wherein the sensor
al t er nat ewolwaowsen the first and second phases in respons@CTiAURSOCEBVI ng a
strobing signal, the strobing signal and the controlled |ight source being
synchroni sed. Preferably, the photodetector is a photodi ode. Preferably,
the anbient light signal is indicative of the intensity of anbient |ight
15 i nci dedten®Botiroe td belitede theahermoriRydedrabiait lyght tstpmal froml theitgtal lightgngdal,i s
indicative of the intensity of |ight inctgent on the phot.odetector., due to

|
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sour ce i fhels@sPOsighal énviefte.ne strobing signal. Preferably, the processing
circuitry during the second phase uses the sw tched WO 03/ 044814

PCT/ AU02/ 01573 6 current source to subtract the nenorised anbient |ight
si gnab from t herdf@tisly, theghdragd cinalitry is ddapeddyto Insinimisg degrdddtioarcdithe stoiaginal .
More preferably, the processing circuitry uses a switch ggo n@ te the

di f f er enéidfesengh sienalo Maere prefefablyEtherfiorpeacisritydpeqpyrates gdishhghicld, i s
responsive to the strobe signal inverted. 5 Preferably, the storage
circuitry is adapted to mnimse degradation_of the stqred difference
signal . Mre pPrfepblp the storge SirgHisyCoBIPrISeH & thargeFESAgFHE s a | ght shiel d.
Preferably, the storage circuitry conprises a charge storage circuit.
Preferably, the sensor alternates between the_first and second phases at

| east once duPrafierably, thatsersoseltermaise brigepen the; first and\sespnd plapses Arledshpnse ¢ he
rocessi .circuitry. furt.herj a current mrror. Mre r ef er abl
Dol ace. At AL Hldgtaich Bl b frdsebide> = P : .

vol t age ctor varies between the first and second phases
and wherein the current mrror is adapted to mnimse the variation in the
vol t 49e acr ossPtdf€rably, the processing circuitry further includes a current mirror. More

preferably, voltage across the photodetector varies between the first and second phases and
wherein the current mirror is adapted to minimise the variation in the voltage across the

photodetector between the first and second phases.

Preferably, the strobing signal and the controlled light source are synchronised by
15 the strobing signal having a first level and a second level and being at the first level when
the controlled light source is on and being at the second level when the controlled light

source is off.

Preferably, the strobing signal alternates between the first and second levels at

least once during an integration period of the sensor.

20 Preferably, the first strobing signal level is a high level and the second strobing

signal level is a low level.

Alternatively, the first strobing signal level is a low level and the second strobing
signal level is a high level.

Preferably, the sensor defined above comprises an active pixel sensor.

25 According to a second aspect of the present invention there is provided an array of

sensors as defined in the preceding paragraphs.



phot odet ect or between the first and second phases. Preferably, the strobing
signal and the controlled |ight source are synchronised by 15 the strobing
si gnal haworig/oassiid r st | evel and a second | evel and bei ng &CTtA®2/01373t | evel
when the controlled Iight source is @&n and being at the second | evel when
the controlled light source is off. Preferably, the strobing signal
alternates between the first and second levels at |east once during an

i ntegration peAtcddiag té hethirénspect oZAhdpasatt dhvontion hisert iis provadedodn mepgsi gnal

| evel is a_hi%h_level and the second strobing signal level is a lowlevel.
Al t er nat $opaing deYIRRCARTENGt r obi ng signal level is a low level and the
second strobing signal level is a high level. Preferably, the sensor

defi ned above E%Hﬁroillgc?ﬁ%lﬁ%ﬁﬁtejéﬁ pi xel sensor. 25 According to a second
aspect of the present Ifvention there is provided an array of sensors as

defined in the preceding paragraphs. WO 03/044814 PCT/ AW2/ 01573 7
According to a,l hi LA ASREGL Afeld%nBlFI6E n}s&‘!%@f gﬁe[ﬂaf)@:@rfﬁr b B Aypiegd an
i mage sensing devi‘ce conprising; a controlled It ght Source; and an array
of seBsolight @hditieas together ofithtthe coatslbadsligleisngrcadag tbethef alapied do ipnoduebiaent 5
i ght conditions together with the controlled. |ight source and bei

adapt ed disfepneg sigaalandigativeenf by mteisyy 8% hBLFdP@Q?I}tg’é‘ the aﬁﬁ%& °R EEPY @g%lf
|ight i n@'ﬁdc%%roﬁgh lib urdeSand atogégstsm%sgrr%g bP&ati Qi iR thv8 bHabhind
sour ce, e at | east one sénsor being operational in tw phases and
conpri si ggnprisigghot odect or coupled to processing circuitry coupled to
storage circuitry; 10 and wherein, in the first phase: (a) the

phot odet ect or generates an anbient |ight signal; and (b) the processing
circuitry nmenpaph&eddche caupled it ploteshing sirguiary coupled to storage circuitry;

10 and wherein, in the first phase:
(a) the photodetector generates an ambient light signal; and
(b) the processing circuitry memorises the ambient light signal,
and wherein, in the second phase:
(c) the photodetector generates a total light signal;

15 (d) the processing circuitry subtracts the memorised ambient light signal from
the total light signal to produce the difference signal; and

(e) the storage circuitry stores the difference signal,

and wherein the at least one sensor alternates between the first and second phases
in response to receiving a strobing signal, the strobing signal and the controlled light source

20 being synchronised.
Preferably, the controlled light source is selected from the group comprising:

(@) a light-emitting diode;



and wherein, in the second phase: (c) the photodetector generates a total
light signal; 15 (d) the processing circuitry subtracts the nenorised

anbi ent |wglw/osisghal from the total |ight signal to prodeca/Athendi78f erence
signal; and (e) the storage circuitry8stores the difference signal, and
wherein the at | east one sensor alternates between the first and second
phases in response to receiving a strobing signal, the strobing signal and

the cont@pl | edy dupeiiimidesveaelight@niigingdicienaty oni sed. Preferably, the
controlled light source is selected fromthe group conprising: (a) a
light-emtting diode; WO 03/044814 PCT/ AU02/ 01573 8 (b) a superl um nescent
| i ght -enfAti ngabﬁ%é@,deand (c) a laser diode. Preferably, the controlled

| i ght source provides the strobing signal to the array of sensors. 5

Preferably, thgfeyhee,deddiedd in{;}ﬂe Burd 566 thePMBHARBS fd i Fayl ofc! udes

timng circuitry addpted to provide the strobing signal to the controlled
| i ght sosehses. Preferably, the controlled Iight source is turned on and off
at | east once during an integration period of the array of sensors.

10
BRI EF_ DESCRI PT| ON NGS, Pr ef.err,ed and. ot her enbodi nent f the
i nven®i on wi | |Pfﬁ€%‘\?ﬁ% [t)gé\é\%‘fl?eo‘éﬁneﬂyn t‘%ﬁalgf%eg’“’r%owf?%rﬁ%i ﬂﬁ%&%ﬁ? YHRE  with
r ef er ence, dugrd NepRAGO PRI RIsEIHAE 88% tb the BreIld Ifhouseed 1S a schemtic
d|agran10¥ a sengor according to the present invention 15 in its sinplest

form Figure 2 is a schematic diagramof a preferred enbodi nent of the
sensor of Pieferahy,dbecntioHedlightsaurcamgturned on and off at least once during an

integration period of the array of sensors.

10 BRIEF DESCRIPTION OF DRAWINGS
Preferred and other embodiments of the invention will now be described, by
way of non-limiting example only, with reference to the accompanying drawings, in
which:
Figure 1 is a schematic diagram of a sensor according to the present invention

15 in its simplest form;

Figure 2 is a schematic diagram of a preferred embodiment of the sensor of the

present invention; and

Figure 3 shows a timing diagram for waveforms applied to the sensors of

Figures 1 and 2.

20 DETAILED DESCRIPTION OF PREFERRED AND OTHER EMBODIMENTS

Figure 1 is a schematic diagram of a sensor according to the present invention
in its simplest form. As shown in that Figure, the sensor 1 includes a photodetector 2, a
switched current source 3, a switch 4, a current mirror 5 and a charge storage circuit 6.
The sensor 1 also includes a strobe input 7 which provides a strobing signal 8 (Figure 3)

25  to both the switched current source 3 and the switch 4.

The strobing signal 8 is synchronised with a controlled light source 9 such that



Figure 3 shows a timng diagramfor waveforns applied to the sensors of
Figures 1 and 2. 20 DETAI LED DESCRI PTI ON OF PREFERRED AND OTHER EMBODI MENTS
Figure 1 weoaossierrati ¢ di agram of a sensor accordi ng to Pag/AL0SEITs
invention inits sinplest form As shown in that Figure, the sensor 1

I ncl udes a photodetector 2, a switched current source 3, a switch 4, a
current mrror 5 and a charge storage circuit 6. The sensor 1 also

i ncl udes a strohe inpu which provides.,a strobin i gnal .8 igure,3) 25
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signal is Hwignal isshawein Figere Tontrol led i ght source is off, the strobing
signal is low. A waveformof the strobing signal 8 is shown in Figure 3.
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phot ocur r enight §buiréteand FINPARbREE WEnt2 1S principally due to anbient |ight
("the anbient |ight signal"). Because the strobing signal 8 is lowit has

the effect of turning the switch 4 off, so that the current fromthe
phot odet®ct or 2 fihswensonisodasigmed %o gpgratelie twe phasent As showe iBFigoue Lrdyringi s
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source 9 i Dupihgahld ghase therphlbtoegrréhtdifahe photodetector 2 is principally due to ambient
light (“the ambient light signal”’). Because the strobing signal 8 is low it has the effect of
turning the switch 4 off, so that the current from the photodetector 2 flows into the
15  switched current source 3. During this first phase the switched current source adapts to

the ambient light signal and effectively memorises it.

In the second phase the controlled light source 9 is on and the strobing signal
is high. At this stage the photocurrent in the photodetector 2 increases in proportion to
the light incident upon the photodetector from both the controlled light source and the

20 ambient light. We shall refer to this combined signal as a “total light signal.”

Because the strobing signal 8 is high, the switched current source now draws a

fixed amount of the photocurrent, corresponding to the memorised ambient light signal.

The excess photocurrent, corresponding to the difference between the ambient light
signal and the total light signal, flows through switch 4, opened by the strobing signal 8,

25 into the current mirror 5 and on to the charge storage circuit 6. We shall call this
difference current a “difference signal.” The difference signal is indicative of the light

incident on the photodetector from the controlled light source.

As the strobing signal 8 alternates between high and low signals during the

integration period, the difference signal is accumulated in the charge storage circuit 6.
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circuit 6. The circuit 10 1 'also includes a strobe input 7 which provides

a st r oA0ng 1 sisgriatludes(aFitephe éniBif 7twhibloprovides a strabingisighat 8 (Fignte Hdaboth tBeand
the switch 4, in the ex l.e of Figure 1, the strobing signal 8 is
synchr oni sé‘ﬁlt%%?ﬁugem&?m%g%gghq?“élﬁ(fh‘gource 9 such that when the
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controlled light source 9 such that when the controlled light source is on, the strobing
signal is high and when the controlled light source is off, the strobing signal is low.

15  Once again, a waveform of the strobing signal is shown in Figure 3.

In this embodiment, the switched current source 3 takes the form of transistors
11, 12 and 13, the current mirror 5 takes the form of transistors 14 and 15, and the switch

4 takes the form of a single transistor 16.

As with the example of Figure 1, the photodiode 17 in this example produces a
20 photocurrent which is proportional to the intensity of light incident upon the photodiode
during the integration period. When the controlled light source is off the light incident
upon the photodiode will primarily be ambient light. When the controlled light source is
on, the light incident upon the photodiode will be due to light from both the controlled

light source and from ambient light.

25 Again, the sensor is designed to operate in two phases. As shown in Figure 2,
during the first phase the controlled light source 9 is off and the strobing signal 8 is low.
During this phase the photocurrent in the photodiode 17 is principally due to ambient
light (“the ambient light signal’”). Because the strobing signal 8 is low it has the effect of



15 Once again, a waveformof the strobing signal is showm in Figure 3. In
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15 in the switched current source 3 is maintained by virtue of the capacitance in transistor
13 so that the current through transistor 12 remains the same as when the controlled light

source was off,

Because the strobing signal 8 is high, the switched current source now draws a

fixed amount of the photocurrent, cotresponding to the memorised ambient light signal.

20 The excess photocurrent, corresponding to the difference between the ambient light
signal and the total light signal, flows through switch 4, opened by the strobing signal 8,

and into transistors 14 and 15 of the current mirror 5. As mentioned earlier we refer to

this difference current as a “difference signal.”

The effect of the current mirror is that the voltage across the photodiode 17
25 remains approximately constant thus minimising the effect of parasitic capacitance and

output impedance of transistor 12 in the switched current source 3.

The output of transistor 15 is connected to the charge storage circuit 6. The
charge storage circuit is controlled by a reset signal indicated as “RST” and an optional
“HOLD” signal. When the reset condition is removed, the difference signal in the form

30  of current pulses from transistor 15 may be accumulated as charge during the integration
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The output of transistor 15 is connected to the charge storage circuit 6.

The char gepesd cagagements ofifhe cirsuitont rol | ed by a reset signal indicated as
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i ncorporate mechanisms to protect the integrity of the stored difference
signal in adight shieldpoenrevent or minimise selightgndiged isignalofrom affecting the stored

signal. Such protection mechanisms may also include an enclosing guard band to

prevent unwanted signal incursion from adjacent areas.

15 Those skilled in the art will appreciate that a number of alternative
embodiments are available, including inverting the circuit and the strobing signal so that
the strobing signal is low when the controlled light source is on and so that the strobing
signal is high when the controlled light source is off. Along the same lines, although it
is assumed that the photo diode D1 is an N-type diffusion on P-type substrate, a P-type

20 diffusion in an N-well photo diode may also be used provided the polarity of all
transistors and supply voltage is changed accordingly. In addition, the circuit may be
replicated many times to form an array of pixels. Such an array of pixels is included in
the scope of the present invention. Furthermore, the current mirror 5 may technically be
excluded from the circuit. The purpose of the current mirror 5 is to account for voltage

25 changes in the circuit by ensuring that the voltage drop across the current mirror is
approximately equal to the voltage drop across the switched current source 3. The
inventors are of the opinion that the circuit works better with a current mirror, but this

feature may be excluded.

It will be appreciated from the foregoing discussion that the present invention

30 may advantageously be used to provide an improved image suitable for machine vision



the signal after the end of the integration period and before signal
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5 Patent Application WD 01/16872 (Faahraeus, C. et al). The contents of
each of these patent specifications and applications are herein

i ncor por awed3loy4snef erence thereto.' In such enbodi nents @CTtA®2p0163ent
invention it is desirable that the seHlsing device incorporate timng
circuitry adapted to provide the strobing signal to both the controlled

| i ght source and the array of pixels. 10 The present invention has been
described with reference to a nunber of preferred enbodinments. However, it
will be apgij@hg}ed by those skilled in the art that a nunber of other
enbodi nment ering fromthose specifically described, wll also fall
within the spirit and scope of the present invention as described herein.
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intensity of light incident on the sensor from anbient |ight, the sensor
bei ng operational .in hase nd co i Sin h et ect or . oupled to
processi ng ci r cu}Phgfo ‘i"é??ﬁ TEqup Z?B?oﬁﬁsén&@lctrgﬂtgﬁyr?u& %%I ISP G r?'h t he
first phase: (a) the phot odet ect or generates an ambient |ight signal; and
10 (b) the processj circujtr r’rﬁm)rl ses the anbient light signal, and
wherein, in the YEBEICHN ﬁ%lsé ¥¥e phot odetector generates a total |ight
signal; (d) the processing circuitry subtracts the nmenorised anbi ent |ight

signal fromt he(ag Ottile pkgt%ggtegtb ggllera't[te(?s d%ra(r)ndb gﬁ?mgllla]:lf aendence signal; and

10 (b) the processing circuitry memorises the ambient light signal,
and wherein, in the second phase:
(c) the photodetector generates a total light signal;

(d) the processing circuitry subtracts the memorised ambient light signal

from the total light signal to produce the difference signal; and
15 (e) the storage circuitry stores the difference signal,

and wherein the sensor alternates between the first and second phases in

response to receiving a strobing signal, the strobing signal and the controlled light source

being synchronised.
2. The sensor of claim 1 wherein the photodetector is a photodiode.
20 3. The sensor of claim 1 wherein the ambient light signal is indicative of the

intensity of ambient light incident on the photodetector.

4. The sensor of claim 1 wherein the total light signal is indicative of the intensity



15 (e) the storage circuitry stores the difference signal, and wherein the
sensor alternates between the first and second phases in response to
recei vi ngwe ostu4sini ng signal, the strobing signal and the eomtAwkRibedsl i ght
source being synchronised. 2. The seWsor of claim1l wherein the

phot odetector is a photodi ode. 20 3. The sensor of claim1l wherein the
anbient light signal is indicative of the intensity of anmbient |ight
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the switched current source is responsive to the strobing signal. 7.
sensor of whesiasvstcbed curadnis@ured treémorisedhpambiesslighy signekui try duri ng the
second phase uses the switched current source to subtract the nmenorised

anbient light signal fromthe total Iight signal, thereby |eaving a

di f f er erice 6si gnallhe séns8r of hlairs Snwhereipfthe bwitched cntrentesomrdehie rgsponseasiorthe
CII’CUItI’y s aswitch toroute the difference signal for storage. 9. The
sensor E'F% P& §0Herein the switch is responsive to the strobe signal

inverted 10. The sensor of claim1 wherein the storage circuitry is
adapted to m ni

15 d adapion of the stored difference signal._ 11.
The sensor Tof "ol AAmSERRALILAE T 16 Cetd Y BeEt L6 Py AE GRo0HA Be0 BF gh
shield.  1Z2ec0f9haRNaRE t}i%f sﬁk&feﬂ‘c&rr%%@ﬂc@ tb REbtPdcP HROB embliSed! ditieBOTgH | Ses
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signal from the total hght signal, thereby leaving a difference signal.

10 8. The sensor of claim 7 wherein the processing circuitry uses a switch to route the

difference signal for storage.

9. The sensor of claim 8 wherein the switch is responsive to the strobe signal
inverted.
10. The sensor of claim 1 wherein the storage circuitry is adapted to minimise

15 degradation of the stored difference signal.

11. The sensor of claim 10 wherein the storage circuitry incorporates a light shield.
12. The sensor of claim 1 wherein the storage circuitry comprises a charge storage
circuit.

13. The sensor of claim 1 wherein the sensor alternates between the first and second

20 phases at least once during an integration period of the sensor.

14. The sensor of claim 1 wherein the processing circuitry further includes a current
mirTor.
15. The sensor of claim 14 wherein voltage across the photodetector varies between

the first and second phases and wherein the current mirror is adapted to minimise the



13. The sensor of claim 1l wherein the sensor alternates between the first
and second 20 phases at |east once during an integration period of the
sensor. 1WO o3loesssensor of claim 1l wherein the processi ng ®CTALoR0yS7Burt her
includes a current mrror. 15. The s®nsor of claim 14 wherein voltage
across the photodetector varies between the first and second phases and
wherein the current mrror is adapted to mnim se the WO 03/044814
PCT/ AU02/ 0157 16 .vari.ation v cros r
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claim 16 V\Mepwneﬁﬁﬁcbhﬁsmeﬂighomm@ isioghal level is a h| gh | evel and the
second strobing signal level is a lowlevel. 10 19. The sensor of claim 16
wherein the first strobing signal level is a lowlevel and the second
strobing siignal e¥ekndos o chirgh 6lviwedin tROstrobigs sighslQllteniates Ibaiweed thofipsti Si ng
an active pixel sensor. 21. An array of sensors as clained in claiml. 22.
An i mage s@&ndpesgndiavielset kaninnice flvring amiptegrationmenpd efitheisgnsor.sour ce: and an
array of sensors, at |east one of the sensors being adapted for use in
anbient |ight c i r
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conprisin
i 10 g The sensor of claim 16 wherein the first strobing signal level is a low level and

the second strobing signal level is a high level.

20. The sensor of claim 1 comprising an active pixel sensor.
21. An array of sensors as claimed in claim 1. ’
22. An image sensing device comprising;

15 a controlled light source; and

an array of sensors, at least one of the sensors being adapted for use in ambient

. light conditions together with the controlled light source and being adapted to produce a
difference signal indicative of the intensity of light incident on the at least one sensor
from the controlled light source, the at least one sensor being operational in two phases

20 and comprising:

a photodector coupled to processing circuitry coupled to storage circuitry;

and wherein, in the first phase:

(a) the photodetector generates an ambient light signal; and

(b) the processing circuitry memorises the ambient light signal,



a phot odector coupled to processing circuitry coupled to storage circuitry;
and wherein, in the first phase: (a) the photodetector generates an anbi ent
| i ght sigwalo3/oasds (b) the processing circuitry nmenorises Pog/Admbioexts | i ght
signal, WD 03/044814 PCT/ AU02/ 01573 17 and wherein, in the second phase:
(c) the photodetector generates a total |ight signal; (d) the processing
circuitry subtracts the nenorised anbient light signal fromthe tota

light signal to .signal; and 5 (e) the storage
circuitry stores t 3“%%?%3?3%%%&§f§nag and wherein the at |east one sensor
alternates between the first and second phases in response to receiving a
strobi ng signal : Lled Iight source being
synchroni sed. ZS(H?'htﬁé @?g§%§ ggg%ﬁ?§§t§%egéﬁﬁﬁ#"é controlled Iight
source is selected fromthe 10 group conprising: (a) a light-emtting

di ode; (b) a SUp&f u ] I : a:|as i ode.
24. The(dQV|ce of clg%§1 %ﬁa%é%ggﬁat 2&%%%g?6ﬂkg§8P?%%? %gﬁ%%éh @%§ gs t he
strobi ng Tonsilgtatal tighttsighaborpayduek tisedisferenice Sipnal i@ devi ce of claim 24
further including timng circuitry adapted to provide the strobing signal
to the controlled Iight source. 26. The device of claim 22 wherein the
control I%d |ight (spurthestomge vitcuitly stora3nble ditferendt sighdlst once during an
integration period of the array of sensors.

and wherein the at least one sensor alternates between the first and second
phases in response to receiving a strobing signal, the strobing signal and the controlled

light source being synchronised.

23. The device of claim 22 wherein the controlled light source is selected from the

10  group comprising:

(a) a light-emitting diode;

(b) a superluminescent light-emitting diode; and
(c) a laser diode.
24. The device of claim 22 wherein the controlled light source provides the strobing

15 signal to the array of sensors.

25. The device of claim 24 further including timing circuitry adapted to provide the
strobing signal to the controlled light source.

26. The device of claim 22 wherein the controlled light source is turned on and off

at least once during an integration period of the array of sensors.



