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i ncor por at ed Per/RIUB0DYs1GLAFECT/REHEheEE. BACKGROUND I magé sensors need to
overconme a nunber of obstacles when used in the presence of ambient |ight.

One such q@t%&;mgmgheggml. | ene in a
non- uni f orm nﬁm& In parti cu@g%néépgfugg%%&c{oﬁ%?}gmﬁﬁiaoﬁl ent i ght

source may cast shadows on the scene thereby degrading the imge quality.
Thi s .can be PACKGROWMDY problematic for nmachine vision systens which
attenpt to extract certain key features froman image. Wilst it mybe

possi bl e to post - pIAgRSEnd: hddBIS ovatedn®IY GBmbdSof BEhAGt Whédf usBP R WRi form
illum nation, the sens r itself must handle the full dynam ¢ range 20 of

light arrivi ije¥ePSmitambicatligh Qne snch ehsterle anibat sbico Gightaeaylumingige sensor
which is &l eschr® 16 HGRehifdirh thafiner. In particular, objects obstrueting 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 exiract certain key
features from an image, Whilst it may be poséiblc to post-process an image to reduce the
effects of non-uniform iflumination, the seﬁsor itself must haﬁdle the full dynamic range

20  of light arriving from the scene. |

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

" . discount the effects of ambient light at the pixe! level.

25 SUMMARY OF INVENTION

According to a first aspect of the present invention there is provided a sensor
for use with a controlled light source to generate an output signal, the sensor comprising.

a pbotodetector, a processing circuit and a storage circuit and being operable in first and

second phases, wherein:
30 in the first phase:
@ the photodetector senses ambient hght and generates an ambient light current in

response thereto; and
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controlled light source in such a way that the effect of illumnation by
anbient light is ‘discounted. It is also desirable to provide an actlilyMay 2006
pi xel sensor which. is able to discount the effects of ambient |ight at
the pixel level. 25 SUMVARY OF | NVENTI ON According to a first BEPpatin2eisihe
present invention there is provided a sensor for use wRbteiad06 Ndtdmber 2@I3K
source to generate an out-put signal _the sensor conprising a !
phot odet ector, a processing circuit and a storage circuit and being {
operable in first and second phases, erein: 30 in the first phase: (a)'
t he photodetector senses anbient |ight and generates an anbient |ight
current in response thereto; and AMENDED SHE REAL &4ld 11 May 2006

PCT/ AU02/ 01578} Redbs Rregfssifg NEVEHREE “@%@?ﬁgh{#e pfocessing circuit
menori ses the anbi gpinelsb@dplad:r ent; and in the second phase: (c) the

phot odet ect or senses anbient |ight a d??g. t fr i ?ﬁsgﬁ&r,ggd and
generates a t ddal |thgmh0tgdquc@ﬁﬁe‘F?§$ﬂg§ b]‘ if“ﬂél%{éqlt%aggﬁé(g t he sensor
generates a diffokanGaagi et @DleSRAReRg;t he di fference between the

anbient light "current and the total |ight current. ﬁg}] HiGvest @E age
circuit stoﬁes{d)char@esqyaf_g&aﬂ%“taﬁgﬂﬂ?‘ﬁcg%‘ rares tﬁ@ﬁi ercéaidré\l the sensor

al ternates béta}/}ﬁ%gt%ﬂg hiShd Beehte BigRGrdaRaaEs i n response to a strobe
si gnal:,. the strobe g

nal and the controlled |ight source being _
synchr oni sed, (end mwﬁmm@&@@?@qﬁﬁpﬁé?%mﬁé&%eﬁcﬁﬁ to output the
out put signal based on the stored charge. Br LA Hhedspmedgetor is
a phot odi ode. Pref eWbﬁF’?ﬁhﬁsﬁ‘@%ﬁrﬁfnémabﬁ%?m&ﬁgm%sSrenfyc}ngflo?%ai cative of the
intensity of aRicekipnal, i robd\Ghrdrad trvobthdleplight suetedoingsynclupgisedy 881 y, t he
total light signal 1S indicatjve of the intensi | @bl Qlafbgnt on 15
the phot odéecthestoragrsincpt 5 Gpmpieptyd o “ftgf?‘_g%?tf"%%}’&édoﬁtge and ta%g ambi ent
light. Preferably, the processing circuitry during the first phase uses a

S W' tched Preferably, the photodetector is a photodiode.

b  Preferably, the ambient light current is indicative of the intensity of ambient

! light incident on the photodetector.

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

Prefersbly, the processing circuitry durmg the first phase uses a switched

current source to memorise the ambient light current.

Preferably, the switched cutrent soutce is responsive to the strobing signal.

- Preferably, the switched current source includes at least one’ transistor and a
. 20 capacitance, tﬁe switched cutrent source being configured to memorise the ambient light
current by setting a voltage across the capacitance based on the ambient light current

flowing through"thetansistorinfth&ﬁrst—phase-,—and--‘usingﬁ_xe,ﬁgt‘_xgltz_agg_ 10 hold the

transistor on during the second phase.
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current source to nenorise the anbient light current. Preferably, the
switched current Source is responsive to the strobing signal. Prefdddfay2000
the switched current source includes at |eash one transistor and a 20

capaci tance, the switched current source being configured to reEImAUSE01ITS
anbient light current by setting a voltage across the Rapied 06NcenhREEH30N
the anbient light current flowing through the transistor in the first

phase, and using the set voltage to hold the transistor on during the
second phase, AMENDED SHEET | PEAI AU 11 May 2006 PCT/ AU02/ 01573 Received

06 Novenber 2003 6 Mdre preferably, the processing circuitry uses a switch
to route the difference signal for storage. Even nore prefer Ia/l, t he
switch i.s responsi Wore prefesblys theqieccssing reisbuitry g SRIED torete g giliFrenes, o
storage circuitry i s adapted el LOn@fio hanttadedl 5

di fference si&ﬁﬁ¥ﬁ”ﬁ@ﬁ@ap&g?gégﬁﬁ%gagﬁ%q%fﬁggggﬁ%#ggﬁﬁtry incorp%?gtes a

| i ght shiel d. iiFe®dder abl y, the storage circuitry conprises-a charge storage
circuit.. Pref.erably, the sensor alternates between the first and second

phases at |east once during an integration perjod of the s

Preferably, the prduefesblpghestorags WP&‘%@P@W@F?‘? HEFRRRS g‘ﬁd%ﬁ? ?@‘?&%Edr ror.

More 10 pr eé erd%%l‘éﬂﬁs sYQM. Alsze prefcktbly, {hb foRfedionle} Beépiratead lightshid ween t he
na p

first and seco ases and wherein the current mrror is adapted to
mnimse the variation in the voltage across the photodetector between the

first and second phmEsfesblyRhedtengdingitcy tropsisesolshatep sr#gs 4 ¥ind t he control | ed
i ght source are synchronised by ‘the strobing signal having a first |evel

and a second |evel and being at the first |evel 5 en .t |1 ed
li ght source is on %ﬂ@rawéiﬁasaﬂsoEﬁr@ﬂeﬁiﬁHW%@%ﬁfﬁ?&ﬁ% ¢ ngp@gsﬁfgﬂf gd i ght

source is of f ., By £kt AbhteralidiSefibd SHtho@nssi.gnal al ternates between the first
and second |l evels at™ |east once during an integration period of the

. Pref bly, _t i kst str.obi.ng.,si . i .hi gvel d th
o P T e el bR R el bbbl and (e

10 preferably, voliage across the photodetector varies between the first and second phases

and wherein the current mirror is adapted to minimise the variation in the voitage across

the photodetector between the first and second phases.

Preferably, ti'le strobing signal and the controlled light source are synchronised E
by the strobing signal having a first level and a second level and being at the first level
45 when the controlled light source is on and being 2t the second level when the coptrolled

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.

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

20 signal level is a low level.

Altematively, the first strobing signel level is a low level and the second

si:oi;i;g signal level is a high level.

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

According to a second aspect of the present invention there is pro'vided an array

25  of sensors as defined in the preceding paragraphs.
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Alternatively, the first strobing signal level is a low level and the
'second strobing signal level is a high level. Preferably, the sensdd May2006
defi ned above conprises an active pixel sensor. According to a second
aspect of the present invention there is provided an array 25 pofi/SE0BOI5S3
as defi'ned in the precedi ng paragraphs. AVENDED SHEET IHREANAD6INoWRY 2009
PCT/ AU02/ 01573 Recei ved ‘06 Novenber 2003 7 According to a third aspect of
the present invention there is provided an i mage sensing device _
conprising; a controlled Iight.source; apd an array of sensors, at |east
one of the sensors being adapted for use in anbient 5 light conditions
together with the c I o ( I uce a

di fference signal iﬁ%%@%?fgg of t %fgﬁ%g S|3&”%&hpﬁgﬁgﬂgﬁﬁﬁﬁgﬁ?ﬂ%ﬁ the at

| east one sengewingldpdencompridgemt rol l ed |ight source, the at | east one sensor
conprising a photodetector, a processing circuit and a storage circuit and
bei ng operational ifednirbifell ligRdoeeSad phases, wherein: .10(a)in the first
phase: the photodetector senses anbient |ight and generates an anbi ent

light current in response.theretq; and ) the processing circuit nmenorises
the anbient Iight cﬂf"r"’@ﬁ?f?eﬁ?‘?ﬂs’ i@f"’éS‘?"ﬁ"‘%ﬁ‘_@s gﬁﬁ“%ﬁq%@?fgﬂ?%“b%%et ect or

senses anbi Bntlight @hditicns togeihe Wit 1he BnkrbRed HgBHoursOand Being &d&?te&&ﬂ%c_&h@ﬁ a-total
l'i ght currentéi# resgg‘%fe thereto; (d) .the sensor generates a difference

si gnal repr es s tiEmel tdiopiiveef the Wiensiy b lightdnoidentonsthe 24 feashprecssisPent  and

the total |ightonCte citolledRght s@de, ot FafoAS Sendr bMbrisinalOpRBIGRAG:IE based
on the difference signal; 20 wherein the sensor alternates between the

first and secdf¥ePha é@“‘iaﬁgﬁé@ﬁﬁﬁmténd@ﬁﬁwgb@@%m?ndts'ﬁ@nét’hﬂ‘ﬁﬁe si gnal
and the contralHesh;| i ght source bei ng synchroni sed, and

10 in the first phase:

() the photodetector senses ambient light and generates an ambient light current in

response thereto; and
® the processing circuit memorises the ambient light current; and
in the second phase;

15 (c) the photodetector senses ambient light and light from the light source, and |
generates a total light current in response thereto; '

@ the sensor generates a difference signal representing the difference between the
ambient light current and the total light current; and
(e} the storage circuit stores chacge based on the difference signal;

- 20 _ wherf:ixi the sensor alternates between the first and second phases in response to
a strobe signal, the strobe signal and the controlled light source being synchronised, and
the storage cireuit is configured to output the output signal based on the stored charge.

Preferably; the-controHed-light source is selected-from the-group comprising: -
(=) a light-emitting diode;

25

AMENDED SHEET
IPEAJAU




the storage circuit is configured to output the output signal based on _the
stored charge. -- " Preferably, the-controlledlightsource - 11 May 2006
i s-sel ected-fromthe group- conprising* a light-emtting di ode; 25 AMENDED
SHEET | RgAlodblhsdiy Moy 2006 WO 03/ 044814 8 PCT/ AUO2/ 01573 _
super | um nescentilﬂ ight-emtting diodgg and (c) a laser oli‘(g%‘%&“zﬂl%?er ably,
the controlled |light source provides the strobing signal to the array of
sensors. 5 Preferably, the device defined in the precedi ng paragraphs
further gnclu L i, _'Sw .ed.to provide the strobing.signal
to the cdgﬂtrolc‘i’l%glgar gﬂ%cglgtalrggg% re?‘gf?%%%d the controlled light source is
taned on and off at |east once during an integration period of the array
of sensdep. 1Q@I1&MRFEHdEESCRI PTI ON OF DRAW NGS Preferred and ot her
enbodi nents of the invention will now be described, by way of non-limting
exanple only, wth reference to the acconpanyi ng draw ngs, in which;
Figure 1 is anﬁftﬁ@ y e opiigiledhlight squice peoyides the pigpbing Fignalie thy asahef
i nventi %gnsog inits sinplest form Figure 2 is a schematic diagramof a
preferred enbodi nent of the sensor of the present invention; and Figure 3
shows a timng diagramfor waveforns applied to the sensors of Figures 1
and & 20 DETArdfEBOIDERERIePTE Ohfifitd ARhé pretEding\diragihphRnhBCDEMERTEnfriegur e 1
is a schematic .di agram af sensor according to the present invention in
Tt ety et T e SRObRG si2Rr g0 ts SonhalieliaRogerne] uoe &
phot odetector 2, a switched current source 3, a swtch 4, a current mrror
5 and a clERbS! HeBRrslici Haht sfce if AEnGERSHA off &t'18R¢ bile diFlRS 2@ St T Obe
i nput 7 which pl?z)vi des a s;Hrggbi ng signal 8 (Fi gureé% g

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  inits simplest form;

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

present invention; and

 Figure 3 shows a tlmmg 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 1o both the switched current source 3 and the switch 4.

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



25 to both the switched current source 3 and the swtch 4. The strobin
signal 8 is synchfonised with a controlled |ight source 9 such that lii\gm%ﬂ%
2006 PCT/ AU02/ 01573'" Received 06 Novenber 2003 when the controlled Iight
source is on, the strobing signal is high and when the contropd¢EdubroMys
source'is-of the strobing signal is low. A waveform of Rbeiwl0neBNoRgnbesr@nal
8 is shown in Figure 3. During an integration (or "exposure") period, the
phot odet ector 2 produces a 5 photocurrent which is proportional to the
intensity of light incident upon the ppotodetector. Wen the controlled
light source 9 is off the light incidenl upon the photodetector w il
prinmarily be anbient light. Wen the control .ed i ht- SQur t he

| i ght inci denvhqypﬁm conjeolleth dERdREeL 18 it SHHE™ h“% al(E{frv‘}ol?'nn (g%t h the
controlled aneaqgﬁtcsgm@@ﬁ Jff, B swabing Bigadl Ingw Aaviﬁhibmseﬁﬁlerstmh@gdey gned
to operate |n two phases. As shown in Figure 1, during the first phase the
controlled Ilgm%@@h@@@ﬁg@"@ff and the strobl ng signal 8 is low During
this phase the photo current in the photodetector 2-is principally due to
anbient light . ("the arrbl ent J . hdigics tor s2bdue@ aSi gnal 8
Is lowit has the hogﬁ%rn“ékﬁg&g \)ﬂmﬁﬁg@%‘@? éﬂ?(tf) thlgt t he ambi ent
| i ght curraent thmcmhﬂtmmﬂoto Zhef mmlmyfthﬁhbd%d@hém%uﬂ?‘bhed
current source Duri n fir S tinonSERIN CE
adapts to theP%qi?‘lﬁiF@ﬂ?rl U?P%%%’d% egtl?\\édgttﬁbrﬁr%ﬁo%%gg St In t he
second phase m@abﬂr@m@md;ﬂ;gmmmwtgwmm @R@MégéttsP%?ﬁQ%l gnal’

Is-high. At this sta t he phot urren t el 64l B canttolled €ases in
proportion t othetight %g‘ﬁ’f“?% ‘EIB%% uﬁ("jtﬁ’tfh CE% gg:hector fromboth the

control | ed |i ghit s&@ed0é fiamcivbieat ligh0 anmbi ent |ight. W shall refer to this

conbi ned si gnal as a "total light current." Because the strobing signal 8
I's high,. swi tchgd ¢ EHbS 1€ BlsighO o e elae\mm o8 Af in6Rdl imFiRue L, difing he
phot ocurre , correspon I'ng m)rl se rrbl ent |i gn rren.t

current set byhetﬂ:lﬂpbdmth@dmtmuedilghtwutch%s i‘l‘i‘i’

menor i zed' by tﬂ{; ?aﬁwthf Bpi\gtqcug}éﬁ filthe @5{%&@.;@&@% ﬁ;&cﬂzaw aﬁe&b%{bieaf hgmr rent

correspondi ng eren etween t anbi ent tj%ﬁ.’current and

_the total Ii ghne anbient fight] signplll). | Bebansa terugtobing wigpa 1§ 14 %Béﬁ%
t bi 8. . Th edt t
o oo, o 0" g kBl o 8 B 88k it ClfchCl bk foaBiedr2 Tyanor al 2

current that i erenti current drawn thraough the

switch 4. 15’hehmghr1hmkwg®némmmwwthemmmﬂlmph3§?ﬂ5ﬁwétdéefl #in the

charge storag € ot Ler a%apts toqhe ambient light current 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 controtied light source and the

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

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

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

The current set by the photodetector in this phase exceeds the current memorized by the

switched cufrent source, and so a differential current corresponding to the

28 ~-di-ﬁ'ereneé-between...the_ambient_ﬁghtquugnt and the total light current is pulled through
switch 4, opened by the strobiﬁg signal 8. This in tumn causes the current mirror 5 to

generate a current that is related to the differential current drawn through the sw_itch 4,

The current generated by the current mirror 5 is stored in the charge storage circuit 6.

As the strobing signal 8 alternates between high and low signals during the
30 integration period, the difference signal is accumulated in the charge storage circuit 6.

im e e fwm— At e bm——m e
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As the strobing signal 8 alternates between high and | ow signals during the
30 integration period, the difference signal is accunulated in the éﬁﬁ@em%
storage circuit 6. WNDED SHEET | PEAI AU 11 May 2006 PCT/ AU02/ 01573

Recei ved 06 Novenber 2003 16 Since the difference signal is pregdrAUeeals7d o
| i ght ‘i nci dent upon the photodetector 2 due principal | Rebeivéds Norinbe!Jogtl

| i ght source, the accunul ated charge reflects the light incident on the

pi xel due to the controlled |ight source and effectively discounts the
impact of ambient light. 5 Figure 2 shoys a nore detailed schematic diagram
of a preferred enbodi nent of the sensor of the present invention. Conmon
features.-of Figgures n re referr . 10 i ; ral s. As
shown in Fi gurse ) e’tdﬁfec%ggejen& rghlsﬁr(?% %nsfgr%l tu%gi&%ﬁt%gg?%&%g,&d?'sm t ched
current sour ceritgipaily Savithec tontpllel Hght rseurte, rifier acowmiaterh chazgeciefiectse thetlizhige

circuit 6. The ¢ircuit 10 al inclu . ro [ ' ovi des a
st robi ng si‘gné‘ﬁ‘cl llt((fl"'i ﬁlpgcéﬁhet%qﬁ%f%@ﬁ%%g&m%% %gdgﬁ%?%%{as@%&rﬁ%e&% and t he
switch 4. As iimpdchef ambsianitight. of Figure 1, the strobing signal 8 is
synchronised with a controlled |ight source 9 such that when the _
controlled &ight s i . 4 QR NG Sl | Mol =ToTe n the
controll ed #i ght sgéd ciziﬂ?‘.’%f Ifl&?ﬁgﬁﬁsefiggdbl ntéc cglh%%glﬁf%%e{gg% 15“ﬂdgg§e again,
a wavef qr m of of the sgserelf hegreséng imykntios. Shromvon feahus of Figrd 2 aod Liapd refegedbodi nent ,
the swtched takes the formof transistors 11, 12 and 13,
the current mﬁ%g@%’%sﬁ%ﬁé@?ﬁ% formof transistors 14 and 15, and the
switch 4 takes the formof a single-transistor 16. As with the exanple of
Figure 1, the phot ogl $ewn hiFigdie 2 hSsemopinpludes RichdescamodiodO1 ) B ewitded r ent
which is proportional to the intensity of J{}@ghq i nci dent .ggo,g,hthe.

phot odi ode durPRGT T Pt WGteh 5 ANeRs PR 5 2D E Fhares SORBHITBYE Pe 49 $5§Wt sour ce
is off thetbi ghisolimtfiideleddirobsiagint TtvitcHReERE b eetdinglslghat Br(Figmaei3) 1o Yoth therhi ent

| ight. Wen the, controll.ed I'gpgt soyrce is on, the light incident upon the
phot odi ode wi ISPt GH@mtsﬂurF?% t?‘?%dbgth the controlled 1ight source and
from anbient light: 25 Again, the sensor is designed to operate in two

phases. As shown ingf {ngﬁ:l5 %xgnple of Figure 1, the strobing signal 8 is synchronised with a
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 ﬁgain,_ 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 a.mbrieptr 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; L

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 determined by ambient light
(“the ambient light current™). Because the strobing signal 8 is low it has the effect of
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during the first phase the controlled Iight source 9 is off and the

strobing signal 8 is low During this phase the photocurrent in thdlMay2006
phot odi ode 17 is determ ned by anmbient light ("the anbient |ight

current'). Because the strobing signal 8 is low it has the effeet/Alo201573
AVENDED SHEET | PEA/ AU 11 May 2006 PCT/ AU02/ 01573 ReceipeeslvQfoshaxemnbanoos
2003 turning transistor 11 on and switch 4 (transistor 16) off. During this
first phase the drain and-gate of transistor 12 areé connected together

t hereby causing transistor 12 to act'lilf a diode. After a short tine, the
circuit reaches equilibriumand the current through ‘'transistor 12 is

equal to the photo cuyrrent of the photodio 7. Transistor 13 -provides 5
addi ti onal caPHRE ERNEoLH PRl syish ddEagsistop ﬂé ‘%.o P%%a@ﬁ(ﬁsr%aﬁﬁﬁﬁf@ & to
support 3t h fo th{d_rgeﬁ}ofuﬁdais{of &b sérﬁéctéd&g%e_mar ﬁl&:e@ dﬁﬂsﬁxg_ﬁaMslt&\f%t&iwlﬂchemur ][ Ient
source 3 effectively nenprises the, K anbient |ight si ch.reflects
t he phot ocur r 8age. | ﬁﬁf‘hézg%ln@&i Bgectipyt geaghes o ﬁ%?’?‘{/}&'feo% ¥ i ght. In

the second phaggisioP®2 GhAI% the hbtbeirentssF ticGRoRdiode DN Britdlision @3 iovidd ng
signal 10 is high. At this stage thetﬁhot ocurrent in the @{1@3 odi ode 17

i ncreases i 9B cPRARIANGe Eddias prgsm i e orreReprdingsnline s & FBERE £ 1 om
both the cont foldngstod 1DNin BRUYFSEhE BWitdhRE c@fthi &tfce 3| dffdiively ASentRifds itiened

earlier, we shall refer to this conmbined signal as a "total |ight current
" When the cofabient| light siggtt [0swhick aeflpeissthe photoqygrentt i fhe rﬁ‘B°t34‘©4?a% 899 s high.
This causes LiRfsiiplQmbibniligh® turn off -and switch 4"to turn on. The '
vol tage across transistor 13 15 in the swtched current source 3 1is

mai nt ai neﬁ by \éi rtq&t&fse&h@gmz‘ Sb&ﬁ%ﬂ&lhlightﬁoﬁxﬁesﬂ ﬁmﬁrandih%s&ﬂ:iié‘ﬁgnatl hg o
current through transistor 12 remains e, sajf .wWhen the cont e i ght
source was!%f F.m@eé"éﬂ%%s“’tgﬁg‘%’%‘?%‘ﬂ‘?‘ﬁ@"%W&’Gﬁléﬂtg%ﬁe?ﬁ‘ﬂjﬁ?s‘PWE"PQ °’f£‘f’r0¥}é°d current
source now dr gy isideht upBisithe PRMEHodR frob IO EE bl Jdight, sofiBs AndSikamtbieag to the
menori sed anbient |ight, current. 20 The excsﬁs phot c,urrent,‘F%@rr spondi ng
to the differbthte Aomfioned falicnmy sl refop fr tisssombiped slggelii & Ptldient | ght
signal, is drawnt NHaLE he TohttdliBd fight GREELY ishh, th trétingOfinals & 19gal THs  Thi s,
in turn, causes a current to be_establjshed through bot h transjst&rs. 14 and

15 of the cuPEsstirapsistord ]l testurnQfT andrswitgh 4 tp meqn; Jhe Yoltagegcrgss FrRpsisigy

di f f er encets ugy 88 kwidhedcurrefd fié & ACRAiBRBBEDy virtddof Becapiditah ifrankiger cur r ent
mrror is that the voltage across the E)hot odi ode 17 . . .
-+ 13 so that the currént through transistor 1 remains the same as when the controlled light

soutce was off.

| 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 current.

20 The excess photocurrent, corresponding to the difference between the ambient light

signal and the total light signal, is drawn through switch 4, opened by the strobing signal

8. This, in turn, causes a current to be established through botf transistors 14 and 15 of

. the current mirror 5. As mentioned earlier we refer to this difference current as a
“difference siénél.”

25 The reffect- of the current mirror is fhat the voltage across the photodiode 17

remains approximately constant thus minimising the effect of parasitic capacitance an_d

_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

30 “HOLD” signal. When the reset condition is removed, the difference signal in the form
of current pulses from transistor 15 may be accumulated as charge during the integration
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remai ns a proxi mately_constant thus mn nusing the effect of parasitic
capaci tance and output inpedance of transistor 12 in the sw tched ddfMang006
source 3. The output of transistor 15 is connected to the charge storage

circuit GyobhhBsagpharge storage circuit is controlled by signal
i ndicated as "RST" and an optional 3Q,"HOLD" signal. V\heﬁpéﬁgﬁ&é‘g%’?’

condition is renoved, the difference signal in the form of current pul ses
fromtransistor 15 naybe accumnul ated as charge during the integration
AMENDED SHEET | PEA/ AU 11 May 2006 WD 03/044814 12 PCTI AU02/ 01573 peri od of
t he pi xel .pefihé of the@izel.oThafisal veltagcreay then basphsidd om sighal FOUT @y Ehaliling
enabling si @é . " The nunber of current pul ses used during the
integrati(ﬂ’g"ggr @W-i s deternined by the needs of a particul ar

i mpl enent ati on. The number of current pul ses chosen 5 shoul d bal ance the

dual needs of mmrﬂuﬁb@goeema}lﬁ@arsesdﬁ@dtm m@g&&%ﬁrﬁ@gbﬁ'ist&&emﬁmed

requi rements of the circuit. charge storage circul may 1 ncor porate
mechani syt thepreedz of at pasticilmt sgplemyntafiort h&he tronvwer dif fehaemnndsesidhogdn i n

order to pre t . or mninse degradation of the_ signal after the end of
Uhe i nttbgPaouiarPeRry e G Hee o emiiniE FvAerRh Custdaes msdion pith e
Publ i shed sBEeH [BalirMenfRRIthEaiduan No WO 01/ 63905 (Fossum E. et al), the
contents ©of which are herein i ncorporated by reference, these protection
mechani sms may include a light shield to prevent or mnimse a _
| i ght-i nduced siljnathafgeosiosdgeeciréuity 6t ey sinoorpdrates mpebinistBudd grotettetitei on

hani I i.ncl cl Qsi d band to, ted
Sonal | nauPets et PG GefRos Rend tn RaachiS peoveR o e degation gt | <
appr eci at ehd §idal angURbend of the !ﬁ&@@@g&% %ﬁiod%ﬁ%@fd?@ BiRal 364108Y qiﬁé @é%&l?oﬁg

i ncludi ng inverti n% the circuit an e strobing srgnal so that
st robity  di §nblished PCaWPaters hnplisatbaniNe VO1/639§h (FessemeB. ¢tal)ptheawdtess t hat

t he strobi . Sl I s. high n the controlled light.saurce is off. Al ong
the sane. (o HEiH £ ArsiscinOrporell ) sbiifesti he® rrieromdrosniate tay taids,
N-type di faflgsi @niemoogﬁewaﬁ SUBHifak e lightHnduees stalGbUsiaans haBofave! |
photo di.ode may al so be used provided the polarity of all transistors and

suppl y voFizage iSyck profgetipnamediatismgl pay |alsoaitglndecar; endiesing guaritbandytobe

prevent unwanted signal incursion from adjacent areas.

15 - Those skilled in the art will appreciate that a number of alternative
e'mbodiments are available, including inverting the circuit and the s’rrol_)in;g,r 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 controlted light source is off. Along the same lines, although it
is assumed that the photo diode D1 is an N-typé 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 mitror 5 may technically be
excluded from the circuit. The purpose of the current mitror 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




replicated many tines to forman array of pixels. Such an array of pixels

is included in the scope of the present invention. Furthernore, thdlMay2006
current mrror 5 may technically be excluded fromthe circuit The purpose
of the cwg@enpqagigrror 5 is to account for voltage 25 Cha@%ﬁ[}&m{ﬁ? circuit
by ensuring that the voltage drop acg{fss the current mrror s

approxi mately 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 mrror, but this feature nmaybe excluded. It will be appreciated
from t he &nplisgiiinsgwittire dhes s¢ann is Hatmotien prithsespeci to/ et inmge @Asarpynd in

oo § oA TEE AE P S EIHIE SoREe) ROGIR dePanah VS 26ie0hs ORh&Ie. t he
scene i s [HeaiB i WEWGE RIS @%pp%m§ 9,4?]4?,@12 r(@&én&ﬁpr%i?%g, d@;@%ﬁgmp@%ﬁi hppl ar

such as in notion sensing pens of the types desc n at ent
5, 051, 736(Lazaemnddt ¢t aly BCT dateat A pplisitioa (VeQt005 2377 (Silvartr&elk Ehatial), RQTF. ), US

(51 1 vePor B Reptistidy O Bobin Boshabin i ot 481 hevehGam geessh oF B acus,

C et al)pardhpeaniAiohd ofd «fahGs 48 HWRin RROGBIPRS HibEAld HlRANG

applications are herein i ncorporated by reference thereto. su
enmbodi mensushoémbpddiments fnthe i present iiovention iis ixd dedirahlel that hhd sedning dedicang

Lo bot h {TECRBIS B oy A 4 rodifh e SO oot copgole ~ o

present |ipsiRRbuRSalFBe REANoRR4EI bed with reference to a nunber of
preferred ~enbodi nents. wever, it will be appreciated by those skilled in

the art that a nunber of other enbodinents, differing fromthose
speci 19 cal | Thelpreaent hascention bhs hegodéssiibednivithireferanbe i pi muinbearnd msefeped of t he

present i niion asg, . described.herein. cordingly, .it. wll be understood

Phat -t he BRIl "FoNEaE 1t 300 Ricirbrgianed T hoseatines ihifoe b it f mptter

embodi mengfothér dtsodiréiRg differiiReiBMeBes spe ARG deabiree, wildalsydhigigacument s

i ncorporated by cross- reference as appropriate. 11 May 2006 PCT/ AU0O2/ 01573

" Recei ved 1865 anthagope 06 thepresent invention as described herein. Accordingly, it will be
understood that the invention is not intended to be limited to the specific embodiments

15 described in the present specification, including documents incorporated by cross-

reference as appropriate,




CLAIMS 1.. A sensor for use with a controlled Iight source to generate an
output signal, the sensor conprising a photodetector, a processing 1diMay2q06
and a storage circuit and being 5 operable in first and second phases,
wherein in the first phase: (a) the photodetector senses anbi erCTIANgIRIO18 M

generates ‘an anbient light current in response ther et o;Rea¢iced(ds)Ndvh@ber 2003
processing circuit nenorises the anbient light current; and 10 in the

second phase: (c) the photodetector senses anbient light and |ight fromthe

| i ght source, and- generates a total light current in response thereto; (d)
the sensor generates a difference signal representing the difference i
between the anbient 1ight current and the total light current; and 15 (e€)

the storage cCEBIMI stores charge based on the difference signal; wherein
the sensor alternates between the first and second phases in response to a

strobe signal, the St Sion a andoldigighnotmeolgentrits ghratpbiigneb hsei ng

synchroni sed, and 'the storage circuit is canfjqured t out put
si gnal based wmw@nsﬁml@mﬁtg@n?902%68%8‘”3%%%5‘{)?80?8&5%%‘%%5 erein the

phot odet ector j %feigﬁgigﬂis%ﬁdpﬁsm%&ﬁnsor of claim 1 wherein the anbient
light current Ts Indicative of 'the intensity of anmbient |ight incident on
t he phot odet ect or. iREedirstPhpecisensor of claim| wherein the total.light

current is indjcati " LRLERHidnY1ight addi g@hdratésrag antBiott light dufrent in
phot odet ect orf‘ﬂue ttgg%]%goﬁ tgﬁoerscon_t rolled |light source and the anbient

light 5. The sapssethektocdnidi m 1 wherein the processing circuitry during the
first phase use i1 ched GHRGRM hsAHiGeLEO cfipiidse t he anbi ent
o The Pl S 5P

| i ght current. e'’sens alm5 wherein the switched current source
i s responsii¥e to t hiatheseeonbilwee:si gnal . | AVENDED SHEET | PEPJAU 11 May 2006

PCT/ AU02/ 0157?(0) Recgl \f)ﬁ&o&w\ém%ﬁ&grﬁ@t and light from the light source, and

genetates a total light current in xesponse theteto; _
@ the sensor generates a difference signal representing the difference between the .
A ambient light current and the total light current; and _
1 5 (e) the storage circuit stores chatge based on the difference signal;
wherein the sensor alternates between the first and second phases in response to
a strobe signal; the strobe signal and the controlled Light source being synchronised, and

the storage circuit is configured to output the output signal based on the storedl charge.
20 2. The sensor of claim 1 wherein the photodetector is a photodiode.

3. The sensor of .claim 1 wherein the ambient light current is indicative of Fhe

intensity of ambient light incident on the photodetector.

|
|
|
l
|
I
|
| , o
| 25 4. The sensor of claim 1 wherein the total light current is indicative of the
i intensity of light incident on the photodetector due to both the controlled light source and
} the ambijentlight.
1
|
|
I
I
|
|
I
[

5. The sensor of claim 1 wherein the processing circuitry during the first phase

30  uses a switched current source to memorise the ambient light cucrent.

6. The sensor of claim 5 wherein the switched current source is responsive to the
strobing signal. '
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15 7. The sensor of claim5, wherein the switched current source includes
at |east one transistor and a capacitance, the switched current sodddday2006
bei ng configured to nenorise the anbient |ight current by setting a
vol t age across the capacitance based on the anbient 5 |ight cuPCEHAUGI@EINg
through the transistor in the first phase, and using th&esated6Nevgmbér@003
hold the transistor on during the second phase. 8. The sensor of claim1l
wherein the processing circuitry uses a switch to route the difference
signal toe generate a current for supply?ng the charge to the storage.
circuit for 10 storage. 9. The sensor of claim8 wherein the switch is
responsive to the strobe signal inverted. 15 10. The sensor of claim1l
wherein the storage circuitry is adapted'to m nimse degradation of the

stored differgnce shgsator ofldaimB@heasindmrswitthed lowrant spercoiselodss at 1p4k0m6t or age -
circuitry incorporates a light shield. .20 12 . f biRel Wherein
the storage cFPEFPtpaf LERHF &stﬁ%lsvi?'fg?dg%m?%tos?lggéﬁe%e%gﬂ te@ ﬁigeﬁ‘ll)'ﬁgg sensor
of claim1l whggghRehtlights0REOby siting & Roltags advess reeapatitaacdtiased pn grambiettond
phases at | east once during an jntegration peri : 5 14. The
sensor of & alight purieREiewing ‘8*?@%‘3“83@%‘5&’55‘ tg? ﬁ?{ﬁhg%yg{dtﬁlpﬁgﬁgﬁﬁﬂaﬁﬁés a
current 15. Thfq 68 aaistc? bn BhrdisMekdooniptiaed.n vol t age across the photodet ect or
varies between 30 the first and second phases and wherein the current
mrror is adapted to minimse the variation in the voltage across the
phot odet ect or gbet wegn sinag of blkist 1 #hkeiss &6 pRdessing siesitryAMENDEBhSHEET the PEA/ AU
11 May 2006 PCT/AU02/ 01573 Received 06 vengﬁr 2003 16,16, . Jheesensor of
claim | wher effifferenee signpldpiepmsray &mentfAsuPHRne 815 BETREGS g source are
synchr oni sgfl gxmége strobing signal having a first level and a second | evel

and ‘being at the first Ievel when the controlled. light source is on and
being at the second |evel 'when the controlled light source is off.

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

degradation of the stored difference signal, ' :

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

circuit. '

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

. phases at least once during an integration period of the sensor.
25

14..  The sensor of claim 1 wherein the processing circuitry further includ&s_ a current

polrk b o

15. The sensor of claim 14 wherein voltage across the photodetector varies between
30 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.
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5 17. The sensor of claim 16 wherein the strobing signal alternates between
the first and second levels at |east once during an integration perilddvay2006
the sensor. 18. . The sensor of claim 16 wherein the first strobing signal

| evel is a high level and 10 the second strobing signal |evel peTAU®W1573

| evel - +19." The sensor of claim 16 wherein the first stroiHeagveﬂlogmaJveﬁlebog
is a Iow | evel and the second strobing signal level is a high level. 15

20. The sensor of claim1 conprising an active pixel sensor. 21. An array

of sensors as clainmed in claim1. 22. An inmage sensing device conprising;

20 a control | ed | i ght source; and an ar?ay of sensors at Ieast one of the
sensors being adapted for use |In anbient ht co %I ons wth

the control | ed6 i ghithe SeRsPraf Sap Be"i”@?ﬁ"“aﬂ‘ﬁﬁf’@ ence

si gnal i ndi caiiyg a0fs g,,gggeonisea B knobRb s1|ghegbimgwﬂxﬁiﬂmelamﬂatséwncalevdl emlst one
sensor fromthe con | 1 ght sour]gsg the at, | eas negftgnsor
conprising a peieg sidbe &t lsvel whepshegopiolied light soprre 5 40 heine & By 5525 r cui t

and bei ng opefatjiaRathechntlolitSlenttcs feand phases, wherein: in the first
phase: (a) the photodetector senses anbient |ight and generates an anbi ent

light currént in response thereto; and 30 (b) the processing ci rcuit

menori ses the janbi efy, 4 f%rlg%mﬁnge sthoBin %a@ﬁmmmu fijst t he
phot odet ect or senses anpbient |ight and_ |ight

rom tE | i 8ht source, and
AVENDED SHEET and sopond Agyels 2t lgsyoreo diginparinfeaiompesedo ed 06 Novenber
2003 17 generates a total light current in response thereto; (d) the sensor

genérates a difference signal representing the difference E!ﬂtﬁﬁéeén ‘#he
ambi ent | i ght 18ur r €fite sesor afielaion ¢ wherein 14t ﬁ?qb&gts‘g“ﬁnﬁ’d(‘%ﬁ' 8t age

cireuit stQfesnalAhasRRRit-Atvkiies thiibRLeNCE Signal;

19. 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.

15 20. The sensor of claim | comprising an active pixel sensor.
21. An array of sensors as claimed in claim 1.

22, “An image sensing device comprising';
20 a controlied light source; and
an array of sensors, at least one of the sensors being adapted for use in ambie_nt
light conditions together with the controlled light source and being adapted to produce &
difference signal indicative of the intensity of light incident on the at least one sensor
from the controlled light soutce, the at least one sensor comprising a photodetector, a
25 'processing circuit and a storage circuit and being 'operational in first and sewnd phases,
" wherein: ) | '
in the first phase:—— . —

(@) the photodetector senses ambient light and generates an ambjent light current m

response thereto; and
30 @ the processing circuit memorises the ambient light current; and
in the second phase:
{©) the photodetector senses ambient Tight and light from the light source, and
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5 wherein the sensor alternates between the first and second phases in
response to a strobe signal, the strobe signal and the controlled I1lg#ay 2006
source bei ng synchroni sed, and the storage circuit is configured to output
the  out put signal based on the stored charge. 23. The device of pedraltiadds73
wherein the controlled light source is selected from the red&vaif(8Nbvember 2003
conprising: (a) alight-enmtting diode; (b) a superlum nescent
light-emtting diode; and (c) a |aser diode. 15 24. The device of claim 22
wherein the controlled |ight source proyjdes the strobing signal to the
array of sensors. 25. The device of claim24 further including timng

circuitry ada%g‘.%%t&gt&gﬁémq:ﬁu%@ St ro\%ﬂe%% signal to the controlled |ight
evi c

source. 20 26 réin the controlled |light source
is tamed on afd of fthe sensorgastates radﬁechnw shgnabraprisehtngribd diffetedee bit@ebnalic t he

array of sens %ﬁwnmgﬂt% total E&chrrent and
(&)  thestorage circuit stores charge based on the difference signal;-
5 wherein the sensor alternates between the first and second phases m response to
a strobe signal, the strobe signal and the controlied light source being synchronised, and
the storage circuit is configured to output the output signal based on the stored charge.

23. The device of claim 22 wherein the éontrolicd Hght source is selected from the
10 group comprising: _ '

@) a ljght-emitﬁng diode; ,

)] ~ asuperluminescent light-emitting diode; and

{c) a laser diode.

15 24, The device of claim 22 wherein the controlled hght source provides the strobing
signal to the array of sensors. ‘

28, The devwe of claim 24 further including timing cucu:xtry adapted to prowde the

, strobing signal to the controlled 11ght source.

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

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