WD 02/ 104004 PCT/JP02/05890 1 DESCRI PTI1 ON PHOTOCSENSOR SYSTEM
AND DRI VE CONTROL METHOD THERECF 5 CROSS- REFERENCE TO RELATED APPLI CATI ONS
Thi s applwoakiiewod s based upon and clains the benefit of pamiseoi/asgod rom t he
prior Japanese Patent Applications No. 2001-183623, filed June 18, 2001;
and 10 No. 2002-042747, filed February 20, 2002, the entire contents of
both of which are incorporated herein by yeference. Technical Field The
present invention relates to a photosensor 15 system having a phot osensor
array constituted by two-dinmensionally arraying a plurality of

phot osensors, and a drive control_nethod in_ the photosensor system
Background Art One of convent i ofal® td: dt mensi onal© | ge readi%g 20
apparatuses for reading printed matter, a photograph, or a fine

t hr ee- di nensi onal shape such _as a fingerprint i s a photosensor system
havi ng a phot osensor array %g%%?ﬁﬂﬂ%; L d%%%$#$$§goelectric
converting elenents (photo? rSP Ih "'x. 25 As well known,
a CCD hag a structure in which photosensors such as photodi odes or thin
film transistors (TFT: Thin Film Transistor) are arranged in a matriXx,

and the amount of el ectg@isdoierdgiNG: (FHERELATED APPLICATIONS

This application is based upon and claims the
benefit of priority from the prior Japanese Patent
Applications No. 2001-183623, filed June 18, 2001; and

10 No. 2002-042747, filed February 20, 2002, the entire
contents of both of which are incorporated herein by
reference.

Technical Field

The present invention relates to a photosensor

15 system having a photosensor array constituted by
two-dimensionally arraying a plurality of photosensors,
and a drive control method in the photosensor system.

Background Art

One of conventional two-dimensional image reading

20 apparatuses for readigg printed matter, a photograph,
or a fine three-dimensional shape such as a fingerprint
is a photosensor system having a photosensor array
constituted by arraying photoelectric converting
elements (photosensors) arranged in a matrix.

25 As well known, a CCD has a structure in which
photosensors such as photodiodes or thin film
transistors (TFT: Thin Film Transistor) are arranged in

a matrix, and the amount of electron-hole pairs (the



WO 02/ 104004 PCT/JP02/05890 2 anmpbunt of charge) generated corresponding to
the anobunt of light entering a |ight receiving section of each

phot osenswp oego4et ect ed by a horizontal scanning circuit PamdPexessécal
scanning circuit to detect the 5 |l um nance of radiation. In a photosensor
systemusing such a CCD, it is necessary to respectively provide selective
transistors for causing the scanned photgsensor to assune a selected
state. This increases the systemsize as the 10 nunber of pixels
increases. In place of the conbination of the photosensor and the

sel ective transistor, % phot osensor t% be referreddfto is a double}ggte
phot osensor hePBPHEFT &5 GEFEL HERSTE STETeISHed SRINGEAS £% 5P%ed S t hi n
film215 transi f ' - cal | ouh| e-. r has both a
phot osensi ng féﬁggf'n%g%%m%néégé%tﬂﬁghﬁf3%%%?%ﬁgﬁk%%¥ﬁgéﬁ ?gaggggktional

view show ng t BeoHUdietdie 1 Dl ol 6,03l . INAULIMNUoakind G 268 15 a

circuit 20 diagram show ng the equivalént circuit of the doubl e-gate

phot osensor 103 The 140Ukl E£-@at8 Rh0lesens oy 10 (GNP iteeelet ecteRineonduct or
thin film211l formed of anorphous silicon or the like, n+-silicon |ayers 17

and. 18 pespectinwghnam® for mediiatitthe two ends of the sem conductor thin
film 11, source and drain electrodes 12 and 13 respectively forned on the
n+-silicon |ayers 17mand giht@drgatystem using such a CCD, it is
necessary to respectively provide selective transistors
for causing the scanned photosensor to assume a
selected state. This increases the system size as the
10 number of pixels increases.

In place of the combination of the photosensor and
the selective transistor, a photosensor (to be referred
to as a double-gate photosensor hereinafter) is now
being developed, which is formed of a thin film

15 transistor having a so-called double-gate structure and
has both a photosensing function and a selecting
function.

FIG. 26A is a sectional view showing the structure
of a double-gate photosensor 10. FIG. 26B is a circuit

20 diagram showing the equivalent circuit of the
double-gate photosensor 10.

The double-gate photosensor 10 comprises a
semiconductor thin film 11 formed of amorphous silicon
or the like, n*-silicon layers 17 and 18 respectively

25 formed at the two ends of the semiconductor thin film
11, source and drain electrodes 12 and 13 respectively

formed on the nt-silicon layers 17 and 18, a top gate



WO 02/ 104004 PCT/JP02/ 05890 3 el ectrode 21 forned above the sem conduct or
thin film 11 via a block insulating film 14 and upper gate insulating
film 15, wopraosesti ve insulating film20 provided on thePCOEPEAIS890

el ectrode 21, and a bottom5 gate el ectrode 22 provi ded bel ow t he

sem conductor thin film1l1l via a lower gate insulating film 16. The

doubl e-gate photosensor 10 is provided on @ transparent insulating
substrate 19 forned of glass or the like. I'n other words, the double-gate
phot osensor 10 10 includes an upper MOS transistor conprised of the

sem conductor thjn film1 ource el ectrode 12, drain el ectrode, 13, and
top gate el ect rotRE40dG 1a§‘f’6‘i9\% aRPEE t F ST SPbFORANBFPE e bR f

sem conductor thin fil mbéléksoumf el ectéo](_je %3 I%ai n el ectrode 13, and
bottom 15 gate et ett? ot T3CH AT AT 3hoWh Th-Fhe" e3fif vArRRt 98FFcuit of FIG
268, the doubl er,gal, phot 05P1R08 s 10,1 5,0 O0S] PET Bllsh 0ol Nk Ugler vy MOS

transistors having a co n chanhe eglion Tormne e~ sem conduct or

thin film11, T r 41 te ! ), S
(Source term naﬁyﬁ&éﬁﬁdg&?gt%?ng%gfﬁ%%%%ég%%@%}%éc?ﬁgegie}%% ating film

20, top gate elsed rofec@dodaPPerp et SabaSHt 8l NEhé | banlSon8hOEsr thin
insulating film214, and lower gate insulating film1l6 are all formed of a

mat eri al havi ngranhi gh 2bat4 answett ghee Disvistbhe Fight16or medivating the
sem conductor |ayer 11. Light entering the sensor from the top gate
el ectrode 21 sideupbssgsté hpbogbséheotop0 is provided on a transparent
insulating substrate 19 formed of glass or the like.
In other words, the double-gate photosensor 10
10 includes an upper MOS transistor comprised of the
semiconductor thin f£ilm 11, source electrode 12, drain
electrode 13, and top gate electrode 21, and a lower
MOS transistor comprised of the semiconductor thin f£ilm
11, source electrode 12, drain electrode 13, and bottom
15 gate electrode 22. As is shown in the equivalent
circuit of FIG. 26B, the double-gate photosensor 10 is
considered to include two MOS transistors having a
common channel region formed of the semiconductor thin
film 11, TG (Top Gate terminal), BG (Bottom Gate
20 terminal), S (Source terminal), and D (Drain terminal).
The protective insulating f£ilm 20, top gate
electrode 21, upper gate insulating film 15, block
insulating film 14, and lower gate insulating film 16
are all formed of a material having a high
25 transmittance of visible light for activating the
semiconductor layer 11. Light entering the sensor from

the top gate electrode 21 side passes through the top



WO 02/ 104004 PCT/JP02/ 05890 4 gate el ectrode 21, upper gate insul ating
film1l5, and block insulating film 14, and then enters the sem conductor
thin fil nwob2/1040e4 eby generating and accurul ati ng char ge®Crpes/i58%e hol es)
in a channel 5 region therein. FIG 27 is a schematic view show ng a

phot osensor system constituted by two-dinmensionally arraying double-gate
phot osensors 10. As shown in FIG 27, the 4 photosensor system conprises a
sensor array 100 that is 10 constituted of a | arge nunber of doubl e-gate
phot osensors 10 arranged in an n X mmatrix, top and bottomgate lines 101

d 102 that ti,vel t thet t inals -TG.and bojft
Gat e ter m nal s e 6 Eie BB e GRS TLGSa e IO e dci P Bt i o,
15 t d bot - [ ; 1 ti ted to th
Lop and bot {omeaace IRbe T, 00 L Ak TRRe e 105 % A T ecpect i vel y-

connect the draldh; doailicials thi9f Aifg daublegaly (QSRNSY Snkd 11 2

colum direction, and an output circuit section I30 20 connected to the

data lines 103-acldﬁnﬂ1@ti%é, Rl eand fhg tierr esarts)cant rolcrsi@ral s for
generating a reset pul se Ti and readout pulse OBi, respectively, which

wi Il be descrihegiloat @heraneh. gi pg represents a pre-charge pul se for
controlling the 25 timng at which a pre-charge voltage Vpg is applied. In

t he above-descri bed EIg.UuGUre =% desertedridwatsdrowime phiasersiswe
function is realized by
system constituted by two-dimensionally arraying
double-gate photosensors 10. As shown in FIG. 27, the
photosensor system comprises a sensor array 100 that is
10 constituted of a large number of double-gate
photosensors 10 arranged in an n X m matrix, top and
bottom gate lines 101 and 102 that respectively connect
the top gate terminals TG and bottom gate terminals BG
of the double-gate photosensors 10 in a row direction,
15 top and bottom gate drivers 110 and 120 respectively
connected to the top and bottom gate lines 101 and 102,
data lines 103 that respectively connect the drain
terminals D of the double-gate photosensors 10 in a
column direction, and an output circuit section 130
20 connected to the data lines 103.
In FIG. 27, ¢tg and ¢bg represent control signals
for generating a reset pulse ¢Ti and readout pulse
¢ Bi, respectively, which will be described later, and
¢ pg represents a pre-charge pulse for controlling the
25 timing at which a pre-charge voltage Vpg is applied.
In the above-described structure, as described

later, the photosensing function is realized by



WO 02/ 104004 PCT/JP02/05890 5 applying a predeterm ned voltage fromthe
top gate driver 110 to the top gate termnals TG while the readout
functi on we eaedopzed by applying a predeterm ned vol t age PCTamo/(5890bot t om
gate driver 120 5 to the bottomgate termnals BG then sending the output
vol tage of the photosensors 10 to the output circuit section 130 via the
data |lines 103, and outputting serial datsa Vout. FIGS. 28A to 28D are
timng charts showing a drive 10 control nethod of the photosensor system
and showing a detecting period (i-th row processing cycle) in the i-th

f th . 100. .Fi . hi gh- | I I I
pul'se: e, . vegR £ bile) BresptoEhinhal KORral oERoRs BBl PhuBbet he top

gate line 101 15.0f t izth w, _an ri et.~per i Teest, reset
operation for F%gﬁgrg?8gt%hghgoﬁggegag%e%%%gggég%sg?é &?8q§fE$%e i-th row

is executed. S n : [ [ | evel (e.g., Vtgl =
-15V) is appliggagguﬁhgh¥85§8§t2§I%%gﬁgg%d%%I,a?&é?gg? ?inishing the reset

period Trest apdegbabthifed GRALEGea¢THAULAL BELRBH QdtLad veki akot he
channel region’is charged. During the charge accunulating period Ta,

charges gpositiwethel BsS}tofmopaespeaeinigatie Bre ameuntealihiggltheent ering
each 25 sensor fromthe top gate el ectrode side are accunulated in the
channel regi onouthen, valpagechar gaepphse oegsshewn 0i noFitGe 283€put
circuit section 130 via the data lines 103, and
outputting serial data Vout.
FIGS. 28A to 28D are timing charts showing a drive
10 control method of the photosensor system, and showing a
detecting period (i-th row processing cycle) in the
i-th row of the sensor array 100. First, a high-level
pulse voltage (reset pulse; e.g., Vtgh = +15V) ¢Ti
shown in FIG. 28A is applied to the top gate line 101
15 of the i-th row, and during a reset period Tregt, reset
operation for discharging the double-gate photosensors
10 of the i-th row is executed.
Subsequently, a bias voltage ¢Ti of low level
(e.g., Vtgl = -15V) is applied to the top gate line
20 101, thereby finishing the reset period Tyegt and
starting a charge accumulating period Ta in which the
channel region is charged. During the charge
accumulating period Ta, charges (positive holes)
corresponding to the amount of light entering each
25 sensor from the top gate electrode side are accumulated
in the channel region.

Then, a pre-charge pulse ¢pg shown in FIG. 28C



WO 02/ 104004 PCT/JP02/05890 6 with a pre-charge voltage Vpg is applied to
the data Ilines 103 during the charge accunmul ating period Ta, and after a
pr e- char g&opend4aos Tprch for maki ng-the drain el ectrodes P8Tkeewsaschar ge,
a bias voltage (readout 5 pulse OBi) of high level (e.g., Vbgh = +10V)
shown in FIG 28B is applied to the bottomgate Iine 102. At this tine,
t he doubl e-gate photosensors 10 are turneds on to start a readout period
Tread During the readout period Tread, the charges 10 accumul ated in the

channel region serve to noderate a |owlevel voltage (e.g., Vtgl = -15\/)

whi ch has an Slt 0l ted in the channel

region and is apgﬁ edeglg e%({:ghrtc-%/op gg{%ﬁgg&rﬁl % %e&ef%}e an n-type

channel is forneddy 1de yolipgerid Jhah, ﬁam, 8t &4 o5 naly BG

the voltage VD at the datajllnes 1003 gr adua y reduces In laccor dance with

the drain currecay th 4apse piqd ige-@ald er % he f&f%ﬁ@ﬂ{%ecky@'d%Vpg i's
applied. More specifically, the tendency change in the voltage VD at

the data 20 |irasdifddepersisidgiomn tde i) gesH es wal eddng(petdad Ta and
t he amount of received light. As shown in FIG 28D, the voltage VD tends to

gradual | p r edugeivdeng Bihe dfndiidanl elvieght(e.gy.dambgh =€ 41 0&)s Elownateunt  of
light is received, and hence only small charges are 25 accunul at ed, whereas
t he vol t age VD RIEhdL 8B Ssuddgnlied redude: ihertdregatre i diere 160t Ats bri ght,
i.e., a large anount of light is received, and hence |arge charges
this time, the double-gate photosensors 10 are turned
on to start a readout period Tyegag-
During the readout period Tygszq, the charges
10 accumulated in the channel region serve to moderate a
low-level voltage (e.g., Vtgl = -15V) which has an
opposite polatity of charges accumulated in the channel
region and is applied to each top gate terminal TG.
Therefore, an n-type channel is formed by the voltage
15 Vbgh at each bottom gate terminal BG, the voltage VD at
the data lines 103 gradually reduces in accordance with
the drain current with lapse of time after the
pre-charge voltage Vpg is applied. More specifically,
the tendency of change in the voltage VD at the data
20 lines 103 depends upon the charges accumulating period
Ta and the amount of received light. As shown in
FIG. 28D, the voltage VD tends to gradually reduce when
the incident light is dark, i.e., a small amount of
light is received, and hence only small charges are
25 accumulated, whereas the voltage VD tends to suddenly

reduce when the incident light is bright, i.e., a large

amount of light is received, and hence large charges



WO 02/ 104004 PCT/JP02/ 05890 7 are accunulated. Fromthis, it is understood
that the anpunt of radiation can be cal cul ated by detecting the voltage
VD at t hewodavaodonfnes 103 a predeterm ned period after thecsrozosedo t he
readout period Tread, or by 5 detecting a period required until the voltage
VD reaches a predeterm ned threshold voltage. Inmage reading is perforned
by sequentially executing the above-descrybed drive control for each row
of the sensor array 100, or by executing the drive 10 control for each row
in a parallel manner at different timngs at which the driving pul ses do

t lap. Alth h t hot yst dopt s .t he, doubl e- gat

phot osensor as 5 HOOURALBY7n t REORHBVES b ot PTG S5VaR B Ahatbeensor
tosens oS8hSBr = .

operati on StepsEee TS T TR L A AL O 205, PG OBERE My oe

pre-charge oper@gi%ﬁé “yo 4€20h0049PLT 1A 0N, 10804 ﬂf@éeé‘eﬁhﬁﬁé&r?@'ﬂé{&

sequence. The conv I onal photosensor system as ‘above has the Toll ow ng

problenms. 20 | np#dds PHOtHSLPAS S F SYHE R a e @eﬁ@&%@fﬁgc@! oBIBRY S
formed on one surface of the transparent substrate such as a glass

substrates as deseddtety abeyeiocdndegul t@htuiSOUT Cehd SvPIOYGEedp on t he back
surface side of the transparent substrate. Light 25 emtted by the |ight
source irradi atssachssibg estedéteéngenedrtihesho ke)vpl-asgd. above the
phot osensor array. The reflected |light corresponding to the inage
Image reading is performed by sequentially
executing the above-described drive control for each
row of the sensor array 100, or by executing the drive
10 control for each row in a parallel manner at different
timings at which the driving pulses do not overlap.
Although the photosensor system adopts the
double—-gate photosensor as a photosensor in the above
description, even a photosensor system using a
15 photodiode or phototransistor as a photosensor has
operation steps: reset operation — charge accumulating
operation — pre-charge operation — reading operation,
and uses a similar drive sequence. The conventional
photosensor system as above has the following problems.
20 In this photosensor system, such a photosensor
array is formed on one surface of the transparent
substrate such as a glass substrate, as described
above, and a light source is provided on the back
surface side of the transparént substrate. Light
25 emitted by the light source irradiates a subjgct

(finger or the like) placed above the photosensor

array. The reflected light corresponding to the image



WO 02/ 104004 PCT/JP02/05890 8 pattern of a fingerprint or the like is
received and detected as brightness information by each photosensor,
readi ng twe ogabjoect i mage. | nmage readi ng operation of theCplBowEeNsor
array detects brightness information on 5 the basis of the anmount of
charges accunul ated in each photosensor during a period corresponding to a
set image reading sensitivity (charge accynulating period for the
doubl e- gat e photosensor). In the photosensor systemusing the 10
above-descri bed photosensor, factors including an environnental
illumnance in a use place Zych as an  indoor or,outdoor place and.the type

of subject chang@-CaEDenti s b%g%FﬁﬁénEnQFrBﬁﬁeL%keT%srE% e3vedbfRdt i mage

in vari ous use Vi rongent t he i mage.reading. 15 sensitivity. of the
?Q%%cg?%p%?f?rlg%Tne g inForma %% rbyn%%%hr %%F%aensor,

phot osensor nmnus usted. € p

sensitivity of £Q§diﬂ$g§1‘i’;§ Fa0) e&@a{ﬂ&?% P'ED%HQiryé‘gré’%%ﬁg?it 8{3‘%%59&?}1 tyens

such as an environnen nance. t he prior eretrore, a

circuit for deteglipgothSenSOYI & PAIENGSLELL UBENGRCS BLIST PE-AGMI 64 088! Iy
arranged. Alternatively, reading operation Is done for a standard sanple

pl aced ors the sensipgsssrdacendeimsenttbe sharseof a006NBI 2L889ENT €28MNY
operation, while the 25 reading sensitivity is changed to a plurality of

val ues. An optiprbtbiBgeor edh Ny SeNSetivit Yor EQ5HESPDAEI B & 0safbi ent
condi tions such as the
image reading sensitivity (charge accumulating period
for the double-gate photosensor).

In the photosensor system using the

10 above-described photosensor, factors including an
environmental illuminance in a use place such as an
indoor or outdoor place and the type of subject change
depending on a use environment. To read a subject
image in various use environments, the image reading

15 sensitivity of the photosensor must be properly
adjusted.

The proper image reading sensitivity of the
photosensor changes depending on ambient conditions
such as an environmental illuminance. In the prior

20 | art, therefore, a circuit for detecting the
environmental illuminance must be additionally
arranged. Alternatively, reading operation is done for
a standard sample placed on the sensing surface befo;e
the start of normal image readingyoperation, while the

25 reading sensitivity is changed to a plurality of
values. An optimal image reading sensitivity

corresponding to ambient conditions such as the



WO 02/ 104004 PCT/JP02/ 05890 9 environnental illum nance is obtained and
set on the basis of detection result or reading result. However, the
above- deswoiokaasops i or art suffers the follow ng probl ensPCHIPQY058¥en t he
phot osensor systemis applied to a fingerprint reading apparatus or the
like, the state of the skin surface |ayer of a finger (or human body)
serving as a subject varies depending on the gender and age of the person,
t he individual difference such as 10 the physical condition, or an external
environment such as a tenperature or humdity. This inhibits setting a

proper image re&ﬁ)i%rﬁr‘?&?éné%‘é"fltj}’um dd& d j[r‘?eacgiaf}ﬁi Sansif imidy i's set

based on readi ng operatio ore the start of normal 1nmage readl ng

operation. For i 1or r&ash i & ARNA FUS- dBd fCid QNS | N HdWGRIPT i Nt
collation processing or the Ii1ke. Mre specifically, if the skin surface

layer of the fimgeib@se-adsitbi B8dd ik ke alithi zedhethec iy | GhtNBsHg Of the
ridge pattern of the keratinized fingerprint is 20 observed hi gher than
that of a non-keraliemsged normal skin surface. The brightness difference
detected by the photosensor beconmes |arger than an original value. |If the
i mge readi ng sensiti{V) tWhes slod deasessamsdhi sysbem ghs nesslied otore | on, t he
i mge reading sensitivity 25 is set to a |lower value than an originally
appropriate vadivgersrimt esedding s edtus magetisrichiles, achd i sigereraht
cannot be accurately read, decreasing the
the skin surface layer of a finger (or human body)
serving as a subject varies depending on the gender and
age of the person, the individual difference such as
10 the physical condition, or an external environment such
as a temperature or humidity. This inhibits setting a
proper image reading sensitivity when the image reading
sensitivity is set based on reading operation before
the start of normal image reading operation. For this
15 reason, the apparatus malfunctions in fingerprint
collation processing or the like.
More specifically, if the skin surface layer of
the finger as a subject is keratinized, the brightness
of the ridge pattern of the keratinized fingerprint is
20 observed higher than that of a non-keratinized normal
skin surface. The brightness difference detected by
the photosensor becomes larger than an original value.
If the image reading sensitivity is set based on this
brightness information, the image reading sensitivity
25 is set to a lower value than an originally appropriate

value. As a result, a subject image such as a

fingerprint cannot be accurately read, decreasing the



WO 02/ 104004 PCT/JP02/ 05890 10 collation precision of the fingerprint. (2)
If a foreign substance deposited on the sensing surface of the photosensor
or a def ewDozgo40generated in the photosensor el enent in readiJre/Gswper ati on
before normal image readi ng operation, the direct use of a read result
contai ning an abnormal value causes a failure in setting a proper inmage
readi ng sensitivity. This inhibits accuratg reading operation of a subject
i mge. Wen this photosensor 10 systemis applied to a fingerprint reading
apparatus, the apparatus may mal function in fingerprint collation

processing. Di SCRE@%EE of Invention:gqiggr sent_invention provides an
advant age to set° P hroper T hEge’T € EEH 1Yty regardl ess. of the

i ndi vi dual differencg%Pflg guggggig§2%§$?$%¥%%q%§§$%%£§d gnpggéosensor

system havi ng a phot 6sensor ~array i mensronally

arraying a pluralid: S , o) i readi ng 20
Ying. 2 PLur@iddng AluRRLOSERSOLS pRhIh 0l Br DL OREECLERDS 9

sensitivity an tal qual ity I mage by nornal 1nmage

readi ng operat i SMEd Nid hendrEsencsMor abnardmt i xeladat@ caused by a
pi xel defect or  foreign matter. To achieve the above advant ages, a

phot osenspr 25 sSETB R ASOF S Ond Bmd 1€ i BS e 2 d IS NdH &P EOP) 1 58S a
phot osensor array constituted by two-dinensionally arraying a plurality of
phot osensors, afiiddmgeid€asif ng read result containing an abnormal
value causes a failure in setting a proper image
reading sensitivity. This inhibits accurate reading
operation of a subject image. When this photosensor
10 system is applied to a fingerprint reading apparatus,
the apparatus may malfunction in fingerprint collation
processing.
Disclosure of Invention
The present invention provides an advantage to set
15 a proper image reading sensitivity regardless. of the
individual difference of a subject or an environment in
a photosensor system having a photosensor array
constituted by two-dimensionally arraying a plurality
of photosensors, and to set a proper image reading
20 sensitivity and obtain a high-quality subject image by
normal image reading operation even in the presence of
abnormal pixel data caused by a pixel defect or foreign
matter.
To achieve the above advantages, a photosensor
25 system according to the present invention comprises a
photosensor array constituted by two-dimensionally

arraying a plurality of photosensors, an image reading



WO 02/ 104004 PCT/JP02/05890 11 section which reads a subject

pr edet er m ned

adj ust ment subj

phot osensor array is changed to a plurality of stages, an optinmal inmge

readi ng sensiti
sensitivity opt

ect image 5 while the inmage reading sensitivity in the

vity deriving section whichq derives an inmage reading
iml for reading operation of the subject inmage on the

i mge at a
i mge readi ng sensitivity by using the photosensor array,
sensitiviwg oadpaest ment i mage readi ng section which readsPaTgemnzisBvity

a

basis of 10 a pixel data group relating to an inage pattern of the subject

i mge read by t

readi ng sensit

readi ng section.

readi ng sensiti

conpri ses a standar

extracsas 20 a

sensitivity having a maxi num data range of

he sensi t.i Vit st ne readi ng secti

iﬁ(zil%é’ a%%éﬂ?g i #f@f’%‘\?ﬁ%ﬂﬁ& Vt%l%ée( ﬂgﬂ'o{: Qeljr?oi mage

egve’ the above tages; irst op

d inage reading senS|t!v!ty e ( .
@&ﬂwaf&admesé&@ﬂw@iﬁﬁnﬁ%myﬁzﬁan@nsa err eadyag

and . an

3 3
et i ol e ed L ki e S s Pt ene mar iRdao

i mage reading s
. I e : . el image
Yty def 19d NG SEELE P GEEOLALAY frﬁla)tgé hee RELSENELOYERTT ON

raction section which

he pi xel ata group on the

basi s of m pi xethpd e OkdOIr&88hng | SBGS: f BATk NGi Sernse t pNbtységEating to

the image pattern of the subject inage read by the sensitivity adjustnent

25 i mage readi ngrisectiomhangedrage 4 ealingl Sensof | stdyes coanesptbmasecti on
the standard image reading sensitivity on the basis of a

whi ch corrects
pr edet er m ned

10

15

20

25

image reading sensitivity deriving section which
derives an image reading sensitivity optimal for
reading operation of the subject image on the basis of
a pixel data group relating to an image pattern of the
subject image read by the sensitivity adjustment image
reading section, and an image reading sensitivity
setting section which sets the optimal image reading
sensitivity as the image reading sensitivity in the
image reading section.

To achieve the above advantages, the first optimal
image reading sensitivity deriving section according to
the present invention comprises a standard image
reading sensitivity extraction section which extracsas
a standard image reading sensitivity an image reading
sensitivity having a maximum data range of the pixel
data group on the basis of a pixel data group for each
image reading sensitivity relating to the image pattern
of the subject image read by the sensitivity adjustment
image reading section, an image reading sensitivity
correction section which corrects the standard image

reading sensitivity on the basis of a predetermined



WO 02/ 104004 PCT/JP02/05890 12 period-increase rate, and a section which
sets a value obtained by correcting the standard i mage readi ng

sensi ti viwg oagogobe opti mal image reading sensitivity. ThecCirarezosseadi ng
sensitivity correction section 5 corrects the standard i mage reading
sensitivity wuniquely or by the predeterm ned period-increase rate on the
basis of a result of conparing a nmean val ue of the pixel data group at the
standard i mage reading sensitivity with a predeterm ned reference val ue.
10 To achi eve the above advantages, the second optinmal image reading
sensitivity derjyvi section according.to th r.esent invetioncu rises

n
2 speci 11C datRe TERbVATCRET ot Wt CF hovest SpEaTTTe prset dalat fr om
t he pi xel data Jgﬂﬂf r i in sitivit ing to the
i mge pattern of the g‘&%ﬁ‘%ﬁ%ﬁ%ﬁ?&% b%t%ﬁ%géée]nigﬁ%/i%[?é%ij st ment

| mege 1 eadi ng seedionyi @ 480 1GIELAM SERRA | M4din XL ERCLE DRy SEOTT ON
whi ch extracts s an inmage reading 'sensitivity having a nmaxi nrum data range

of the pixel 20rgatanHOURA$iRY $IBIEL I LN NGosenst 1dyidycsubtable for
normal readi ng operation of the subject image on the basis of the pixel

data group for esehedtBgthd esithm@arsensade vidadin@naams ohi ey specific
pi xel data is renoved by the specific data renoval section, and a 25
setting secti omumhinedil seis hhethapgeedeasimned epsi 1 od+iycexdsactgde by t he
i mage reading sensitivity extraction section as the optinal image reading
on the basis of a result of comparing a mean value of
the pixel data group at the standard image reading
sensitivity with a predetermined reference value.

10 To achieve the above advantages, the second
optimal image reading sensitivity dériving section
according to the present invention comprises a specific
'data removal section which removes specific pixel data
from the pixel data group for each image reading

15 sensitivity relating to the image pattern of the
subject image read by the sensitivity adjustment image
reading section, an image reading sensitivity
extraction section which extracts s an image reading
sensitivity having a maximum data range of the pixel

20 data group as an image reading sensitivity suitable for
normal reading operation of the subject image on the
basis of the pixel data group for each image reading
sensitivity from which the specific pixel data is
removed by the specific data removal section, and a

25 setting section which sets the image reading

sensitivity extracted by the image reading sensitivity

extraction section as the optimal image reading



WO 02/ 104004 PCT/JP02/ 05890 13 sensitivity. The specific data renoval
section renoves, fromthe pixel data group obtained by the sensitivity
adj ust mrerworoeadionyg section for each image reading sensit iPCTPo2/(s8el dat a
having a maximumor 5 mininmumvalue or a plurality of pixel data
sequentially fromthe maxi mumor m nimumvalue. Even if the individual
difference of a subject or the external gnyironnent changes or pixel data
contains an abnormal val ue, these influences can be avoided to 10 properly
set the inmage reading sensitivity and obtain a high-quality subject inmage.
Addi t i onal advantqggs.of t he j.nvention.w | set_forth in the

b
description whitTHF O oW and'S erpea?thl%(ill?t%ereder/‘f%]usseﬁtbjrﬁ? he
description, or. gy be | r%rpecqlél's% efrcﬁ"acﬁég&&f the 4 nvention., The
he and’ o b

advant ages of t I nVenti on fiay ‘be realize alne neans of the

instrunentali tl&%ﬁh@%% partdowy 's}’e@@i %r Oég%ﬁ%ﬁg‘%?;t er. .

Brief Description e acconpanyl ng draw ngs,

incorporated iyb2nthsonstdtiwe @ parixof dde spacidd catdotmud [dustrate
enbodi nents of the invention, and together wth the general description

gi ven abgve andyidienumletaidethHesasiptd Ot Pfot el -edmb Qe HEe Nd Sqgidrviets DBy ow,
25 serve to explain the principles of the invention. FIG 1 is a block
di agr am show ngredm arthangamnim of miphoimsenses. system according to a

first enbodi nent

Even if the individual difference of a subject or
the external environment changes or pixel data contains
an abnormal value, these influences can be avoided to

10 properly set the image reading sensitivity and obtain a
high-quality subject image.

Additional advantages of the invention will be
set forth in the description which follows, and in part
will be obvious from the description, or may be learned

15 by practice of the invention. The advantages of the
invention may be realized and obtained by means of the
instrumentalities and combinations particularly pointed
out hereinafter.

Brief Description of Drawings

20 The accompanying drawings, which are incorporated
in and constitute a part of the specification,
illustrate embodiments of the invention, and together
with the general description given above and the
detailed description of the embodiments given below,

25 serve to explain the principles of the invention.

FIG. 1 is a block diagram showing an arrangement

of a photosensor system according to a first embodiment



WO 02/ 104004 PCT/JP02/ 05890 14 of the present invention; FIG 2 is a block
di agram showi ng an arrangenent of a controller applied to the first

enbodi nerwp 0Bhaoo8 is a flow chart showi ng an exanpl e of PCTIRGA/ESBWI t Yy

adj ustment/setting processing executed by the controller according to the
first enbodinment; FIG 4 is a view show ng an exanple of inmage data when a
fingerprint image is read in the first enbodinent; 10 FIGS. 5A to 5E are
graphs showi ng changes in |ightness data of respective rows in fingerprint
i mmge data obtained by sensitivity adjustnent reading operation in the
first enbodi ment; FIGS. 6A and 6B are tables show ng an exanple of 15 the
rel ationship beétweett tﬁifeescﬁfﬁérﬁrbv% ‘of lightness data for respective

rows obtained by sensidivi ty. adiystprent. s eading, nerallon Ly Lheefirst

enbodi nent, and a row nuihbér vs. inage r ng sensitivily Ccorréspondence

table; 20 FIGS. 1 [ ' cf ] [ o o , d
ap’ e og'%%tg%%@fe%éa%d&?%cﬁ%ﬂ%%dé@%ﬁd men{'RYE, and a

graph showi ng an ex 0 ness data of respective

colums at an image pfgadi ngs sensi di; Vel - WneoROE B | DBYRLT £a8E NG _
operation is performed at an inmage reading sensitivity obEt)al ned 25 wi t hout

executi ng peri ofb ¥l 0BRSS, GRITEHinait MHOCESTh Nroddsdihey fdtsduesdasy nent ;
FIGS. 8A and 8B are a view showi ng a fingerprint
the controller according to the first embodiment:;

FIG. 4 is a view showing an example of image data
when a fingerprint image is read in the first
embodiment;

10 FIGS. 5A to 5E are graphs showing changes in
lightness data of respective rows in fingerprint image
data obtained by sensitivity adjustment reading
operation in the first embodiment;

FIGS. 6A and 6B are tables showing an example of

15 the relationship between the dynamic range of lightness
data for respective rows obtained by sensitivity
adjustment reading operation in the first embodiment,
and a row number vs. image reading sensitivity
correspondence table;

20 FIGS. 7A and 7B are a view showing a fingerprint
image, and a graph showing an example of changes in
lightness data of respective columns at an image
reading sensitivity when normal image reading operation
is performed at an image reading sensitivity obtained

25 without executing period-increase correction processing
in the first embodiment;

FIGS. 8A and 8B are a view showing a fingerprint



WO 02/ 104004 PCT/JP02/05890 15 image, and a graph show ng an exanpl e of
changes in lightness data of respective colums at an inage reading
sensi ti viwg oahenonor mal i nage readi ng operation is perfoPcgdPet/05899 | nage
readi ng sensitivity obtained 5 by executing period-increase correction
processing in the first enbodinent; FIG 9 is a block diagram show ng an
arrangenent of a controller applied to ajsecond enbodinment; FIG 10 is a
fl ow chart showi ng an exanple of 10 sensitivity adjustnent/setting
processi ng executed by the controller according to the second enbodi nent;
FIG 11 is a block diagram showi.ng .an arrangenent .of rﬁaJ?p ot osenspr system

according to a %% d fErAeh g?h?W%r SR ety FPaASHIE 12 is a

bl ock di agram showi.ng an arr.angenent .a controller. applied to the third
enbodi nent; FI él tr?esssa 5w € al?(?sps%cggvﬁ n%j %érnliue@nasrrp te %‘? TSI ti vi ty

adj ust nent / sett f}ﬂj;%( %%gg q.pa[];{ . acc I.0g. t he
third embodi menﬂt; %C:)I ) 1?%@2%%11%1 ;}%/Oen}é%ﬁgpl pt egi%lé\/"?q{el\/rvs?é:s p%%}%lég
target region and af&xa &10fad eadidg Qpeiatd Qfkrldh ¢ SENSY o d¥ned

adj ust ment reading operation according to the third enbodi ment; FIGS. 15A
and 15B are congeptstadu bV SV Nith ¢ 2én SN diefe diailf Getp F &G O Addi @not her

exanpl e of reading operation in sensitivity adjustnment reading operation
accordi ng to thed hiirskterdodidennt ;

FIG. 9 is a block diagram showing an arrangement
of a controller applied to a second embodiment;

FIG. 10 is a flow chart showing an example of

10 sensitivity adjustment/setting processing executed by
the controller according to the second embodiment;

FIG. 11 is a block diagram showing an arrangement
of a photosensor system according to a third embodiment
of the present invention;

15 FIG. 12 is a block diagram showing an arrangement
of a controller applied to the third embodiment;

FIG. 13 is a flow chart showing an example of
sensitivity adjustment/setting processing executed by
the controller according to the third embodiment;

20 FIGS. 14A and 14B are conceptual views showing a
target region and an example of reading operation in
sensitivity adjustment reading operation according to
the third embodiment;

FIGS. 15A and 15B are conceptual views showing

25 another target region and another example of reading
operation in sensitivity adjustment reading operation

according to the third embodiment;



WO 02/ 104004 PCT/JP02/05890 16 FIGS. 16A to 16D are conceptual views

showi ng an exanple of a specific pixel data renoval operation nethod

appl i ed twotokaogohi rd enbodi nent; FIGS. 17A and 17B are vi @ag/JBmosag a 5
predet erm ned detection region of a photosensor array in the third

enbodi nent, and an exanple of a fingerprint inmage read within the
detection region by sensitivity adjustnentg readi ng operation when an
abnornmal pixel exists; 10 FIGS. 18A to 18E are graphs show ng an exanpl e of
changes in lightness data for respective rows of fingerprint imge data

obt ai ned by sensitivi dj.ust me readi ng operatjon, in the third

enbodi nent when an %]E) 'rajaéA ptr‘%efé%x‘?lé? scg‘léﬁlﬁ%i YA At 99B* 4rd" a graph
and tabl e show e | e of. 1. i i e dypam ¢ range
of |ightness da%lga‘?ﬁ(}re rcge&g%!e)c |evgeli§lows§%%&; ic%%sp%rﬁ%gfr%éeﬁgﬁ%ﬁobt ai ned

by sensi tivity adiyst et feading.,operath ofyhenan abnor mal pixel exists,

and a row 20 nunber vs. ‘I nmage reading sensitivity correspondence table;

FI GS. 20A and 20B argryd ewsyshow noyexaapl esepf stdeiddage pattern of a
fingerprint when a sensitivity setting nmethod according to the third

enbodi memt i s Rote S ARRIHRT Rt diSi PP Thh NS el g sdendBwe ¥ eadi ng
sensitivity using a photosensor array including an abnormal pixel;
in the third embodiment, and an example of a
fingerprint image read within the detection region by
sensitivity édjustment reading operation when an
abnormal pixel exists;

10 FIGS. 18A to 18E are graphs showing an example of
changes in lightness data for respective rows of
fingerpriﬁt image data obtained by sensitivity
adjustment reading operation in the third embodiment
when an abnormal pixel exists;

15 FIGS. 19A and 19B are a graph and table showing an
example of the relationship between the dynamic range
of lightness data for respective rows of fingerprint
image data obtained by sensitivity adjustment reading
operation when an abnormal pixel exists, and a row

20 number vs. image reading sensitivity correspondence
table;

FIGS. 20A and 20B are views showing examples of
the image pattern of a fingerprint when a sensitivity
setting method according to the third embodiment is not

25 applied and is applied in setting an image reading
sensitivity using a photosensor array including an

abnormal pixel;



WO 02/ 104004 PCT/JP02/ 05890 17 FIGS. 21A to 21E are graphs show ng an
exanpl e of changes in |lightness data for respective rows of fingerprint
i mge datwoabtiedoned by specific pixel data renoval operaPcCoaPIxosBée third
enbodi nent; 5 FIGS. 22A and 22B are a graph and table showi ng an exanple
of the relationship between the dynam c range of |ightness data for
respective rows obtained by perform ng specific pixel data renoval
operation in the .third enbodi nent for fingerprint inmge data which is 10.
obtai ned by sensitivity adjustnent reading operation when an abnor nal

bt ai ned by sensi hen ¢
Cor respondence {abl e E GGE 5501 BLBS By - TR NP ng GHAP s BH IR &n°F

I f d tyol 1 t
of " phot osensor YL art AckBY A A T (el pr cLar P ROER oS 1 o8 DaA to |

24) are timng £nard s, Show ﬂﬂaé@edd{éréétgﬁﬁé@'@ of @@lfi@g}[? 1 £ ERAI N,

sensitivity setting rret hod applicable to senS|t|V| y adj ust nent readl ng 20

operation in e%m%%@f@tlgﬂlcﬁl 2eh 191 2P JebSaihdhhg charts show ng
|

the second exanple of t mage readi ng sensitivity setting nethod
applicabl® to sensitrvgcsy 2agpushaemprgadi A9gropRr ahd 0babhe egigd & 0gh nent ;

25 FIG 26A is a sectional view showing the structure of a double-gate
phot osensor; Flé&xafB: isf atlee reeldt doaghtam Isdiomneeay tihe dynamic range
of lightness data for respective rows obtained by
performing specific pixel data removal operation in the
third embodiment for fingerprint image data which is
10 . obtained by sensitivity adjustment reading operation
when an abnormal pixel exists, and a row number vs.
image reading sensitivity correspondence table;

FIGS. 23A to 23J are timing charts showing an
example of a drive control method applicable to image

15 reading operation of a photosensor system according to
the present invention;

FIGS. 24A to 24J are timing charts showing the
first example of an image reading sensitivity setting
method applicable to sensitivity adjustment reading

20 operation in each embodiment;

FIGS. 25A to 25J are timing charts showing the
second example of the image reading sensitivity setting
method applicable to sensitivity adjustment reading
operation in each embodiment;

25 FIG. 26A is a sectional view showing the structure
of a double-gate photosensor;

FIG. 26B is a circuit diagram showing the



WO 02/ 104004 PCT/JP02/05890 18 equivalent circuit of the double-gate
phot osensor; FIG 27 is a schematic view show ng a photosensor system
consti t utwo opgogono- di nensi onal |y arrayi ng doubl e-gate pheCcogemnsss®; and 5
FIGS. 28A to 28D are timng charts showng the drive control nethod of a
doubl e- gat e photosensor system Best Mde for Carrying Qut of the
| nvention
t hereof according to the present invention will be described on the basis
of enbodi mrents shown in the several views of the acconpanying drawing. In
enbodi nents descri bed bel ow, a_ doub eﬁgatg p@ﬁtosensor %s aﬁglied as a

g of" RUBHE?P

phot osensor. HoWBVEF2 1§ he &t Fahyen®ht

Details of a photosensor systemgnd drive control 10 nethod

-9 eS et

bh is not

linited to the doublgsgabe pholosensgly;BubsLs 2h50:ApPLieABLE.LRB,

phot osensor system using ano

first embodi ”e”%%é’{elﬁ‘ & %@fﬁvﬁ‘fgﬁ %Sb%‘lgﬁ’mé‘z%ﬂaﬁéi‘g th{:leipgé\gse”t

invention wl|

e phot osensor .

ype o

descri ference to the severa of the

acconpanying dge¥h@sgatd GhdtbSeRsbLockadyagram showi ng an arrangement
of a photosensor system according to the first 25 enbodi nent. The

doubl e-gad e phot osensossshosn t8 28bGard6Aihsngnphayed sBorinfotnsensor,
arrangenent of the photosensor system shown in FIG 27

and t he

10

15

20

25

drive control method of a double-gate photosensor
system.
Best Mode for Carrying Out of the Invention

Details of a photosensor system and drive control
method thereof according to the present invention will
be described on the basis of embodiments shown in the
several views of the accompanying drawing. In
embodiments described below, a double-gate photosensor
is applied as a photosensor. However, the arrangement
of the present invention is not limited to the
double-gate photosensor, but is also applicable to a
photosensor system using another type of photosensor.
<First Embodiment>

A first embodiment of a photosensor system
according to the present invention will be described
with reference to the several views of the accompanying
drawings.

FIG. 1 is a block diagram showing an arrangement
of a photosensor system according to the first
empbodiment. The double-gate photosensor shown in
FIG. 26A is employed as a photosensor, and the

arrangement of the photosensor system shown in FIG. 27



WO 02/ 104004 PCT/JP02/05890 19 will be referred to if necessary. The sane
reference nunerals as in the photosensor systemshown in FIG 27 denote

t he sane werikag40end a description thereof will be sinplifPcedrarosem tted. 5
As is shown in FIG 1, the photosensor system according to this enbodi nent
conprises a photosensor array 100 including doubl e-gate photosensors 10
shown in FIG 26A that are arrayed two-dijsensionally, a top gate driver
110 for applying a predeterm ned reset 10 pulse to a top gate TG (FIG 27)
of each doubl e-gate phot osensor 10 at a predeterm ned timng, a bottom

gate driver 120 for ap re ter m ned rea uI se bottom
gate BG of t he e ké g‘g‘?% rp‘%ocflo e S RO {2y pr tea}’“}ﬁ n%%ttﬁlﬁﬁ an
output circuit n 3 C ge
switch 132, an Eiol i BF ]j%szeﬂg %@%%%%ar ge vo vf'lnagjzjle FEE)IEG‘L @
doubl e-gate phoigsans Or_fhemsa }Jﬁabds M 2 dald s nﬁﬂﬂﬁu vald Ages M

anal og/ di gital converter referred to as an A/ D converter

hereinafter) 140 fﬁmgﬁ_f:ﬁa/%‘ltld}&ﬁ.{@j.data vol tage of a readout anal og
signal into inmage data of a digital signal, a controller 150 which is

adopted t0 control tAe Dpes@bONOfFTEAd Notide SHBEESdnd SRSy yerh he
phot osensor array 100, and to exchange data with an external function

section 200, 2@ty clo cdnits dnbs@nsit idypsiedds ng photdeedddsst
enbodi nent, and a RAM 160 for tenporarily storing acquired inmage data
(pi xel data greupmay aD prroclessimy double-gate photosensors 10 shown
in FIG. 26A that are arrayed two-dimensionally, a top
gate driver 110 for applying a predetermined reset
10 pulse to a top gate TG (FIG. 27) of each double-gate
photosensor 10 at a predetermined timing, a bottom gate
driver 120 for applying a predetermined readout pulse
to a bottom gate BG of the double-gate photosensor 10
at a predetermined timing, an output circuit section
15 130 which has a column switch 131, pre-charge switch
132, and amplifier 133, applies a pre-charge voltage to
the double-gate photosensor 10, and reads out a data
line voltage, an analog/digital converter (to be
referred to as an A/D converter hereinafter) 140 for
20 converting the data voltage of a readout analog signal
into image data of a digital signal, a controller 150
which is adopted to control the operation of reading a
subject image by the photosensor array 100, and to
exchange data with an external function section 200,
25 and which controls sensitivity setting in the first
embodiment, and a RAM 160 for temporarily storing

acquired image data (pixel data group), and processing



WO 02/ 104004 PCT/JP02/ 05890 20 data or the like relating to sensitivity
setting processing (to be described |ater). The structures of the

phot osenswp oanomy4 100, top gate driver 110, bottom gate acinseo2/HE8®, and
output 5 circuit section 130 are the sanme as and have the sanme functions
as these of the photosensor systemshown in FIG 27. In addition to these
menbers, this enbodi nent adopts the A/ D canverter 140, controller 150, and
RAM 160 to enabl e various types of control as described 10 bel ow. The
controller 150 outputs predeterm ned control signals g and O bg to the

t d bott te dri .110_and, 120, tively, which, in turn,
ouLput  pr edet e RE et v BT abbé® (FELBE-pai & TRERhb L FEkonE LTS Bul se 4 Bi)
to the t t bl e- gat hot 10
uhi ch const {1 ut BT HEC BRGt bEanRer Tarr ey 100 AT EEbbet i vely. The control | or

150 also outputs a p@ﬁQeEEEHEEGQeEOBEVQhesgﬁeébsénESrteré_el@b?'EBgrge
swtch 132 to apply a pre-charge voltage 20 Vpg to the drain termnals D of

the doubl e- gat ega PO PEREE01 $0 1 OpoTREMCORE L Ok Eve250260NEA Q] SuBPut OPer ation
of detecting a drain voltage vb corresponding to the anount of charges

accunul ated in thecdoubtecgabe 1BhoLosensersak® &8 &RAHrBSPendgaceambth the
i mge 25 pattern of a read subject. An output voltage Vout read out by the

drain driver 13fuhsttonyesntethéntood thgipBbtoségnal siyatéhesAbbhconverter
140, and this digital

FIG. 27. In addition to these members, this embodiment
adopts the A/D converter 140, controller 150, and RAM
160 to enable various types of control as described

10 below.

The controller 150 outputs predetermined control

signals ¢tg and ¢bg to the top and bottom gate drivers
110 and 120, respectively, which, in turn, output
predetermined voltages (reset pulse ¢ Ti and readout

15 pulse ¢Bi) to the top gates TG and bottom gates BG of
the double-gate photosensors 10 which constitute the
photosensor array 100, respectively. The controller
150 also outputs a predetermined control signal ¢pg to
the pre-charge switch 132 to apply a pre-charge voltage

20 Vpg to the drain terminals D of the double-gate
photosensors 10. The controller 150 controls an
operation of detecting a drain voltage VD corresponding
to the amount of charges accumulated in the double-gate
photosensors 10 in correspondence with the image

25 pattern of a read subject. An output voltage Vgt read
out by the drain driver 130 is converted into a digital

signal via the A/D converter 140, and this digital



WO 02/ 104004 PCT/JP02/ 05890 21 signal is input as an inmage output signal
to the controller 150. The controller 150 has a function of executing

pr edet er mvoed/104v8ge processing for the inage output sign&CI/JRed8#0 ti ng or
readi ng the processed 5 signal into or fromthe RAM 160. The controller 150
al so functions as an interface wth an external function section 200 that
executes predeterm ned processing such asqnmage data identification

nodi fication, and the like. 10 The controller 150 has another function of
changi ng and controlling control signals to be output to the top and

bottom gate drivers 110 and 120 to setf _an optinmal_reading sensitivity for
readi ng a subj e%%gn?%a e Jir}?‘%tccaosr dHhce W T h° ?R/lif% O%Jh%rhé?is g%cﬁle

as 15 an

illum nance of 53%é¥5¥i%ﬂg@%ﬁgobgﬁiéuﬁﬁﬁp 4Rl 5 h?%%?%?ﬁﬁﬂggé iog period

for the double-gate 7 ( The external on tion 200 has
a function of executing 4 RA8 HHEGRSS! N §& b Ftd O n JOAL £ 1 6L | Ofts ge 20 OF

the like) for, e.g., 1nmage data acquired by the photosensor systemin

accordance W t hydhisu@pPldrat,| thd R POSEy b thea Phet osensorosyssem The
external function section 200 also has a function of nonitoring the

oper ati ors st at esidnd hei fhotasensod SYSIRAN 016@5 CIHY rédbhefo 1B anslo
outputting a calculation processing result or the like. Further, the
external functialso setdtbiori)Galao fnnet faons astamn gitd ot put i nterface

function section 200 that executes predetermined

processing such as image data identification,

modification, and the like.

10 The controller 150 has another function of
changing and controlling control signals to be output
to the top and bottom gate drivers 110 and 120 to set
an optimal reading sensitivity for reading a subject
image in accordance with environments such as

15 an illuminance of external light, i.e., an optimal
charge accumulating period for the double-gate
photosensors 10.

The external function section 200 has a function
of executing image processing (collation, modification,

20 or the like) for, e.g., image data acquired by the
photosensor system in accordance with the application
purpose of the photosensor system. The external
function section 200 also has a function of monitoring
the operation state of the photosensor system or

25 controller 150 and outputting a calculation processing
result or the like. Further, the external function

section 200 also functions as an input/output interface
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paraneters such as the default value of a charge accumul ating period Ta,
and a perwodritmpease rate and nmean conpare value (to bePdegeol/dsesh | at er)
in order to define the operation 5 state, calculation processing, and the
i ke. The detailed arrangenent and operation of the <controller applied to
t he phot osensor system descri bed above wdJJd be explained with reference to
the several views of the acconpanying drawngs. 10 FIG 2 is a bl ock

di agram showi ng an arrangenent of the controller applied to the

hot . ding to the first enmbodi nent. As shown in FIG 2,
the cont ol | er 450 PEHT S0 GHBbAHEHD G oV 965 B (oY (& ToribITer 151

for 15 controll ihng égﬁal%gr‘%i‘é)cﬁoﬁfﬁt&ga}%;tag@égm ié Jrelge? lé%zl?&)oﬂ om gat e

driver 120, anoF pr e-charge sw a contro or” nanagi ng
various data s ']Fftgg_ S Wite. Ig@glrfr %@‘%&t o, he RAM.
160, and a nai %?\%y%% er 1%?1\?&1?%%1 %ﬁ%%ﬁes t e(? co%?‘?%ﬁ%r(s%&l and
152 and interfacegiaddhgdie 18040 il Srnct 100 SeEfd Ot ) Qp e control | er

150 further conprises: a data conparator 154 for extracting naximum and
m ni mum sval uesstyt £omar d s £ 1eh ShZRseHiidd ghime@sshdataxd n 25 pixel data

contained in an inmage output signal on the basis of inage data input as a

digital signal fromtThe debel Dsensofawddmyntd0dnali apéhet MDD epnviest er 140,

and controller applied to the photosensor system described
above will be explained with reference to the several
views of the accompanying drawings.

10 FIG. 2 is a block diagram showing an arrangement
of the controller applied to the photosensor system
according to the first embodiment.

As shown in FIG. 2, the controller 150 in this
embodiment comprises a device controller 151 for

15 controlling the operations of the top gate driver 110,
bottom gate driver 120, and pre-charge switch 132, a
data controller 152 for managing various data such as
image data, write data, and readout data to the RAM
160, and a main controller 153 which supervises the

20 controllers 151 and 152 and interfaces with the
external function section 200.

The controller 150 further comprises: a data
comparator 154 for extracting maximum and minimum
values by comparing the sizes of lightness data in

25 pixel data contained in an image output signal on the

basis of image data input as a digital signal from the

photosensor array 100 via the A/D converter 140, and



WO 02/ 104004 PCT/JP02/ 05890 23 for extracting a maxi mum dynam c range from
cal cul ated dynam c ranges; an adder 155 for calculating a dynamc range
(data ramge)2fiom t he di fference between the maxi num andPeirpPeanssaal ues of
pi xel data extracted by 5 the data conparator 154; a data selector 156 for
receiving image data and processing data processed via the A/D converter
140, data conparator 154, and adder 155, @hd sw tching between
write/readout of these data in/fromthe RAM 160, re-input of these data to
the data 10 conparator 154 and adder 155, and output of these data to the

t | functi tion 200 via the d troller 152 if :
per i od-i nor easelVBgTSTERCC4BT Sif ek RBRASARBEr | bU2Pnc BaGeCPAPRI Toed to

cxecut Perl SSqlaSiease.corteclh ohulip besdeser ibetl, LBLeL) Bratgatte i

controller 153 r—an inmag Sénsiti Vi t he

dat a -comar at of 1,154, (Adder 155 apfoflal e 58l 6L PLndS0,a00.cA" [EsPONdS Lo

a maxi num dynam c Tange; an sensitivity setting register 1

setting the timagsn@h £9atHohifhanahsudd 6ft§i§@ﬂ b9 LRrbscouypyy from
the device controller 151 to the top and bottomgate drivers 110 and 120

on the bmsis ofh@ &HMY rOdbmsh aRbrousPHt af HOPHt He1datar coptFokl er 152
based on the imge reading sensitivity (optimal imge reading sensitivity)

havi ng under gonge25i Perid Olmd i @aBe &0dr PedbcONs iy 0deB8si pgoopesati enaby the
above-nmentioned controller will be explained with reference to the

the A/D converter 140, data comparator 154, and adder
155, and switching between write/readout of these data
in/from the RAM 160, re-input of these data to the data

i0 comparator 154 and adder 155, and output of these data
to the external function section 200 via the data
controller 152 if necessary; a period-increase register
157 which holds a period-increase rate used to execute
period-increase correction (to be described later) by

15 the main controller 153 for an image reading
sensitivity which is extracted by the data comparator
154, adder 155, and data selector 156 and corresponds
to a maximum dynamic range; and a sensitivity setting
register 159 for setting the timings of control signals

20 ¢tg and ¢bg to be output from the device controller
151 to the top and bottom gate drivers 110 and 120 on
the basis of a control signal output from the data
controller 152 based on the image reading sensitivity
(optimal image reading sensitivity) having undergone

25 period-increase correction.

Processing operation by the above-mentioned

controller will be explained with reference to the



WO 02/ 104004 PCT/JP02/ 05890 24 several views of the acconpanying draw ngs.
FIG 3 is a flowchart show ng an exanple of sensitivity

adj ust mrerwOget040ng processi ng executed by the controll er PapEPIREH8200 t he
phot osensor system 5 according to the first enbodinent. FIG 4 is a view
showi ng an exanple of fingerprint inmage data when the photosensor system
according to this enbodinent is applied bg a fingerprint readi ng apparatus
and a fingerprint is read while the inmage reading sensitivity 10 is
changed stepwi se every row of the photosensor array in sensitivity

adj ust nent readiqgao eration gaﬁlied to_sensitivjity .adjustnment processing.
FIGS. 5A to 5E raQT Y SsRIWTG AFSTYRSTHIG ed¥5tat a of respective

rows in fingerprint E}@g%i@;g&d t%j r}&ldﬂ}};% &eoﬁ&ﬁg%yﬁ%a%%l dj ust ment

readi ng operati on. are I"es e el at’i onshi p

bet ween t he dy%%’ﬂsfitirve}.’%gz?a %%Ef&mre%”c@%)e&fid(ﬁ %*gwl%%& o) %)Je?%la:re??)yti ve

rows obtained by sensitivity adjustnent rea oper at 1-on, w nunber

vs. image readigg %?)nst%iil%irwa?ﬁvl(i@d e3P AME MR ARG o r TRE JURFessi ng

operation will be explained w reference to the arrangénent of the

phot osensor sy tioh thleGCei rkt abodiimdhtf.or puari aus dat aigdech as
| i ghtness data, its dynam c range, and the charge accunul ati ng period, 25

only data of repiesent an ewgadlle, oHOAimgek2imt inmdn@d daanrd whést kHows are
illustrated. WO 02/ 104004 PCT/JP02/ 05890

photosensor system according to this embodiment is
applied to a fingerprint reading apparatus and a
fingerprint is read while the image reading sensitivity

10 is changed stepwise every row of the photosensor array
in sensitivity adjustment reading operation applied to
sensitivity adjustment processing. FIGS. 5A to 5E are
graphs showing changes in lightness data of respective
rows in fingerprint image data obtained by sensitivity

15 adjustment reading operation. FIGS. 6A and 6B are
tables showing the relationship between the dynamic
range {(data range) of lightness data for respective
rows obtained by sensitivity adjustment reading
operation, and a row number vs. image reading

20 sensitivity correspondence table. The processing
operation will be explained with reference to the
arrangement of the photosensor system shown in FIGS. 1
and 2. As for various data such as lightness data, its
dynamic range, and the charge accumulating period,

25 only data of representative 80th, 104th, 128th, 152nd,

and 176th rows are illustrated.



25 (Step S11) As shown in FIG 3, the main controller 153 starts
sensitivity adjustnent reading operation prior to normal reading operation
of a subjwoto2itemge. The main 5 controller 153 control s t h@CTIREA/dSBWI t Y
setting register 159 to set an inmage reading sensitivity for sensitivity
adj ust rent reading operation via the data controller 152. The main
controller 153 reads a subject image for the purpose of sensitivity 10
adjustnment. In general, this sensitivity adjustnent reading operation is
performed i medi ately before normal inmage reading operation. However,
sensitivity adj L$Ctm§§ readi ng operation is not necessarily executed at a
15 timng prior lr‘?'e? i mage readi ng operation, and may be

i ndependent |y perforgds}\% A d ffer erst td %’afﬂ ogan ?Ay n%gs%? gﬁg ng

operation, for exa en ‘an i nag€ reading sensi ‘be se

Simlar to nor @éngﬂﬂ%ﬂye 3%-,%%{@@(3%“?90 élo\q R0l ygd ment

r eadi ng operation 1Is achi’eve executl ng a series oOf 'processes: reset

operation --> ffiaf0e RGLUMY JddI%ORE ¥ o Slﬁjvd{wg& chalfe, opelatlHm
readi ng operation for doubl e-gate photosensors ich constitute the

phot osensor ar iyht A1 1Y S 33 antife L5 ehaseges acieHay alddgmeriod is
changed stepwi se by repetitively executing pre-charge operation and

readi ng oper atregyi stfepriexietiey atechr iiMangs fardires peatdive wiows AR
02/ 104004 PCT/ JP02/ 05890
sensitivity adjustment reading operation via the data
controller 152. The main controller 153 reads a
subject image for the purpose of sensitivity

10 adjustment.

In general, this sensitivity adjustment reading
operation is performed immediately before normal image
reading operation. However, sensitivity adjustment
reading operation 1s not necessarily executed at a

15 timing prior to normal image reading operation, and may
be independently performed at a different timing from
normal image reading operation, for example, when an
image reading sensitivity must be set.

Similar to normal image reading operation,

20 sensitivity adjustment reading operation is achieved by
executing a series of processes: reset operation —
charge accumulating operation — pre-charge operation —
reading operation for double-gate photosensors which
constitute the photosensor array. At this time, the

25 charge accumulating period is changed stepwise by
repetitively executing pre-charge operation and reading

operation at predetermined timings for respective rows



26 such that a higher imge reading sensitivity is set for a larger row
nunber in the photosensor array 100 in which doubl e-gat e- photosensors are
arrayed iwoaztregopd X of 256 rows X 196 col ums, as shown iPeTHP@/05890 | nage 5
data read at different inmage reading sensitivities for respective rows are
acquired by one reading operation of a subject inmage. An image readi ng
sensitivity for each rowis stored in thedormof a table (row nunber vs.
i mge reading sensitivity correspondence table) in 10 the RAM 160 in
correspondence with the row number. A |onger char ge accurul ati ng peri od

and hi gher .i mage d|n en5|t|v1t are sef fo rge rownunb
ridge/vall ey palferﬁtq?) gash e?pr %g?srefaecgdn%séer?s a%% £¥ %h%?tl n%]ée or

an al mst vt of bl o ofty | ARgec A5y nder Shsdathyencs, plycxbernal 1l oht

(upward in ‘hand, a "shorter charge dccumi atlng

peri-od and |Ov‘ﬁ)\?hié@%\ﬁ@gl(?.gtéeﬁﬁb%égéﬁéfor§r§r§e$r£9§eé shel | gL £ oW
nunber. The ridge/valley pattern of the fingerprint is read as a bl ackish

image 20 or an @ mMosé Fdtys Skbhysdaik uniBge acdewawar dn w1id.G4.4) tmaljet e that
a detailed nethod of setting an inmage reading sensitivity in sensitivity

adj ust mend r eaddaith opsd@taondi Meltebe Leses | beddlag esensnt i 61 €gbpsit nent,
the image reading sensitivity 25 is changed every row of the photosensor
array in sensitespdyt g usdwenire eackngrepasatoon. rdhéipgespatatiowenti on
is not limted to this, and the inmage readi ng WO 02/104004 PCT/ JP02/ 05890
of a subject image. An image reading sensitivity for
each row i1s stored in the form of a table (row number
vs. image reading sensitivity correspondence table) in
10 the RAM 160 in correspondence with the row number. A
longer charge accumulating period and higher image
reading sensitivity are set for a larger row number. A
ridge/valley pattern of a fingerprint is read as a
faint (light) image or an almost invisibly bright image
15 under the influence of external light (upward in
FIG. 4). On the other hand, a shorter charge
accumulating period and lower image reading sensitivity
are set for a smaller row number. The ridge/valley
pattern of the fingerprint is read as a blackish image
20 or an almost invisibly dark image (downward in FIG. 4).
Note that a detailed method of setting an image reading
sensitivity in sensitivity adjustment reading operation
will be described .later.
In this embodiment, the image reading sensitivity
25 is changed every row of the photqsensor array in

sensitivity adjustment reading operation. The present

invention is not limited to this, and the image reading



27 sensitivity may be changed stepwi se, e.g., every plurality of rows.
Alternatively, a subject inage may be read by one franme of the photosensor
array evew 02tid4oed t he i nage readi ng sensitivity i s change@CTIIRO2Z058%0r t |

i mage data suffices to be obtained at different inmage reading
sensitivities for one subject. (Step S12) Inage data read by the
above-descri bed sensitivity adjustment regging operation is converted into
a 10 digital signal via the anplifier 133 of the drain driver 130 and the
Al D converter 140. The digital si gnal is input to the data conparator 154
as pi xel data% ht ness dat a) image reading sensitiVvi ty t hat

corresponds to JDHE;Jn ¥ d%t% ]f)%tcf%?ﬂg%? ThePY55Suby eBt 7 i FRGEY More
ifically, 5A t t

white ana bl ace BEFRECY & e T be e Fhber € ol e B e ter Ha S rif e vD

in, e.g., the %6{'@ rtﬂ% e 1281H 394&% @“9 §Q&Qsc’39"‘§ri~§%2

phot osensor array 10 wn in FIG 4 ar converted I nt }E?ness dat a

val ues rangi ng £{.pm @hé olma?95e5,rmwga§@n9£@m§9y 18 thenddlth gqw, as
shown in FIG 5A the sensitivity iS set high, so that |ightness data

substantizml |y cemyer gesmdde tderalpper sl e8bt+6288) oBbadndd hat dhyrpesrhdes any
information as inmage data. In the 152nd row, as shown in FIG 5B, the

sensitivity is imeferedadinvegl yehsghivitgbiness datasulehetes the upper WO
02/ 104004 PCT/ JP02/ 05890
(Step S12)

Image data read by the above-described sensitivity

adjustment reading operation is converted into a

10 digital signal wvia the amplifier 133 of the drain
driver 130 and the A/D converter 140. The digital
signal is input to the data comparator 154 as pixel
data (lightness data) of each image reading sensitivity
that corresponds to the bright/dark pattern of the

15 subject image.

More specifically, as shown in FIGS. 5A to 5E, 256
gray levels are set between white and black on the
subject- image. Voltage changes in drain voltage VD in,
e.g., the 176th, 152nd, 128th, 104th, and 80th rows in

20 the photosensor array 100 as shown in FIG. 4 are
converted into lightness data values ranging from 0 to
255, which are graphed. 1In the 176th row, as shown in
FIG. 5A, the sensitivity is set high, so that lightness
data substantially converges to the upper limit (255)

25 and hardly provides any information as image data. 1In
the 152nd row, as shown in FIG. 5B, the sensitivity is

set relatively high, lightness data reaches the upper



28 limt on sone colums, and all the ridge/valley (bright/dark) patterns
of image data cannot be read. To the contrary, in the 128th row, as shown
in FIG %Qo02hght ness data does not reach either the upp@CTBPI2/0FB20 (255)
or lower Iimt (0) on all the colums, and is distributed between the
upper and lower limts. In the 104th row, as shown in FIG 5D, the
sensitivity is set relatively low, and lightness data is distributed

bet ween the upper and lower limts. However, |ightness 10 data reaches the
lower Iimt on some columms, and all the ridge/valley patterns of i mage
data cannot be eadt In the 80fh r ow, % fgmg lthe sensitivity
is set |ow, so tHETIPYhTHES sCURHSubRHAnt 9e Ebﬂ@%?%% %% the |ower
limt and hardl r Y. r nat (Ste s S13 &
S14) Lightness gaf 8¥{?§%¥€gfp%§d%@£$ %fa?ﬁg% %ggsen |ng dgnaX|num
val ue and |ightness t p g e ) p ting a

m ni mum val ue are nggx??éc%é§£¥ F$ah%%ggé %g#é %%p%§8§% % e data

conparator 154 f@i eseh 11@9&&@@%% S&@éétﬁattyeaéndel%putthé oy bhe, adder
155. As shown in FIG B6A Tightness data (pixel of highest gray level)

representy ng a I UM YSY USr aldlye 251 1h bt @FSoflah a1 (Ph&eko DimhOWNeshqgr ay
I evel ) representing a mninmmvalue are extracted for each row fromt he
| i ght ness dat a igfipatstoitbieedabar wasmpatiad oipp: 0244 04604 PCIA P92/ 05890
the 104th row, as shown in FIG. 5D, the sensitivity is
set relatively low, and lightness data is distributed
between the upper and lower limits. However, lightness
10 data reaches the lower limit on some columns, and all
the ridge/valley patterns of image data cannot be read.
In the 80th row, as shown in FIG. 5E, the sensitivity
is set low, so that lightness data substantially
converges to the lower limit and hardly provides any
15 information as image data.
(Steps S13 & S14)

Lightness data (pixel of highest gray level)
representing a maximum value and lightness data (pixel
of lowest gray level) representing a minimum value are

20 extracted from the lightness data input to the data
comparator 154 for each image reading sensitivity, and
output to the adder 155.

As shown in FIG. 6A, lightness data (pixel of

highest gray level) representing a maximum value and
25 lightness data (pixel of lowest gray level)
representing a minimum value are extracted for each row

from the lightness data input to the data comparator



29 154, and output to the adder 155. The adder 155 cal cul ates the

di fference between the maxi mum and m ni nrum val ues of |ightness data-for
each row,woDlhagobt ai ni ng a dynam ¢ range for each inmage 5PCEFABIZEH890
sensitivity. The adder 155 stores the dynamic range in the RAM 156 via the
data sel ector 160. The adder 155 executes dynam c range cal cul ation
processing for all the rows or a predeterdg ned nunber of rows. (Step S15)
10 Dynam ¢ ranges for respective imge reading sensitivities stored in the
RAM 160 are read out via the data selector 156, and input to the data
conparator 154 _The data conparator 154 extggécts a maxi mum value from

dynan‘:c c rialnges I3t ruid ettt Rt | hagkR? 3Ty sensitivities. Mre
ifi , i d.mni t d ical dat
oh The basi 3 of - i STEDUITEh ERANGRLCTIARr §nP iR AR EEELeRRer HabhetR o 1

on the basis of dis ges’in Ness respectiive rows

shown in FI GS. Af t0, ofy[yNam g § Sy @ g 20 £ £l afed T hom 1 h
3h

di f f erences between t)he maxi num an m ni num val ues: own i n G O6A,

the data range cgdapenss, o et V@:dﬁ%éﬂiégﬁaﬁg@t Bo Angs 1p211eh g& ows

because |ightness data reaches the upper limt and itS maxi mum value is

fixed to 255. IReddiend 0ddis Bty i2p, 80the rovder t 185 3¢ 8reangRe d@peAfisc on the

maxi mum val ue because |ightness data reaches the lower Iimt and its
m ni num val ue igaddeeth tehd. RAW 026 1049 08n PTAIH02£ 05806 160. The

adder 155 executes dynamic range calculation processing
for all the rows or a predetermined number of rows.
(Step S515)

10 Dynamic ranges for reépective image reading
sensitivities stored in the RAM 160 are read out via
the data selector 156, and input to the data comparator
154. The data comparator 154 extracts a maximum value
from dynamic ranges for respective imaée reading

15 sensitivities.

More specifically, maximum and minimum values are
extracted as numerical data on the basis of
distribution changes in lightness data of respective
rows shown in FIGS. 52 to 5E. Dynamic ranges are

20 calculated from the differences between the maximum and
minimum values. As shown in FIG. 6A, the data range
depends on the minimum value in the 176th and 152nd
rows because lightness data reaches the upper limit and
its maximum value is fixed to 255. In the 104th and

25 80th rows, the data range depends on the maximum value
because lightness data reaches the lower limit and its

minimum value is fixed to 0.



30 In the 128th row, the dynam c range depends on the difference between
t he maxi mum and m ni nrum val ues of |ightness data because the |ightness
dat a doeswpob/1040e6ch either the upper or lower limt. ThePCZ8PiR/(58% 5
provi des a |l arger data range than those of the 176th, 152nd, 104th, and
80th rows. In other words, lightness data of the 128th row is inmage data
with a good contrast corresponding to theggridge/valley pattern of a.
fingerprint, and an optimal image reading sensitivity 10 can be determ ned
to be set. (Step S16) An image reading sensitivity corresponding to the

maxi mum dynami c ran iS e t ted and set_ as a standar ere
sensitivity. 15 I\/brgﬁ’sptzﬁ XJI yrové’s %VQ‘VIP‘W‘JF? G ‘g ‘h‘g"g %g?i%ll ng

sensitivity set the 1 8th r QW, g Lar ccunulatln eriod
T128 of the dou ]%r nce Woeseennst(%lre i s X rac Hg& Vnal up g)fow

nmb t t 20 th
r!F!,lg\M igovzn thg%glgqsH IS O sngjarl'(;%l\r/]v%ﬁ%ud wéé,(%t%%t al\;ﬁ)ccgoé% & ynam Icn ©
range maxim zes.o{H &P tPkh) tHE JBHdY ONtTQlder it conffol s ddie 4af a

controller 152 so as to execute processing of 25 correcting the inmge
readi ng sensi tighdwidesd andanded MRoe st aNsiHds4 tyn) e thesthasis of a

predeterm ned period-increase rate set in advance in WO 02/ 104004

PCT/ JP02/ 05890 152nd, 104th, and 80th rows. In other words, lightness
data of the 128th row is image data with a good
contrast corresponding to the ridge/valley pattern of a
fingerprint, and an optimal image reading sensitivity

10 can be determined to be set.

(Step S516)

An image reading sensitivity corresponding to the
maximum dynamic range is extracted and set as a
standard image reading sensitivity.

15 More specifically, as shown in FIG. 6B, an image
reading sensitivity set for the 128th row, i.e., the
charge accumulating period Tq5g of the double-gate
photosensor is extracted by looking up a row number vs.
image reading sensitivity correspondence table stored

20 in the RAM 160 on the basis of a row number (128th row)
at which the dynamic range maximizes.

(Step S17)
The main controller 153 controls the data
controller 152 so as to execute processing of

25 correcting the image reading sensitivity (standard
image reading sensitivity) on the basis of a

predetermined period-increase rate set in advance in



31 the period-increase register 157. For exanple, the inmage reading
sensitivity which 1is set for the 128th row and exhi bits a maxi num dynam c
range corwepomdes to the charge accumnul ating period 5 T12@CFJ902/@890s, and
the period-increase rate set in advance in the period-increase register
157 is 32% In this case, a charge accunulating period used for rewite
of the sensitivity setting register 159 ija 32% period-increased
nunerical value: 10 91.2 x (1 + 0.32) 120 ns (2) This period-increase
correction processing increases by 1.32 tines the imge reading
sensitivity of_.the row which is ext L%Lcé,ﬁeed ifg;tep S16 and exhibits the

maxi mum dynam (;Chrear%eer.l e ¢ raeragsee accumul At i ng 15 period is prolonged by

1.32 ti to 4 f i tati i hed
Imes so as to gocr s J}é‘e t}?émigﬁ%%é) r@é‘&iﬁ&%%%ﬂﬂﬁt visi bl e

light) incident on each g-gate osensor. ertod-1ncrease rate

of about 32%is A Jurerd calpyal g whiGh hHas Laen, 10U nAs fuf S8 dmOE

various experinents by the present 20 inventors to be able to correct the

i mage reading SENE tdodddsgshdN wptina@lc M chusani @l ptpaelon
accurately read a tfingerprint even if the subject is a keratinized finger
(to be describad Jatergl im ridie arsengid ipdtdoddiustdmid apparsdiwisirand net hod

according 25 to the first enbodinent. (Step S18) The data controller 152
control s rew i taelvafndd el MR 2 /400N RCH e R / 5 rer 157 is 32%. In
this case, a charge accumulating period used for
rewrite of the sensitivity setting register 159 is a
32%-period-increased numerical value:
10 91.2 X (1 + 0.32) = 120 ms = (2)

This period-increase correction processing
increases by 1.32 times the image reading sensitivity
of the row which is extracted in step S16 and exhibits
the maximum dynamic range. The charge accumulating

15 period is prolonged by 1.32 times so as to increase the
amount of excitation light (visible light) incident on
each double-~gate photosensor. The period-increase rate
of about 32% is a numerical value which has been found
as a result of various experiments by the present

20 inventors to be able to correct the image reading
sensitivity to an optimal one which can relatively
accurately read a fingerprint even if the subject is a
keratinized finger (to be described later) in the
sensitivity adjustment apparatus and method according

25 to the first embodiment. |
(Step 518)

The data controller 152 controls rewrite of the



32 sensitivity setting register 159 to set the corrected inmage reading
sensitivity (charge accunul ating period). Sensitivity adjustnent

processi gOwasewoon sensitivity adjustnment readi ng oper aPCoIPexds? 5 After
that, normal inmage reading operation of a subject inage is executed based
on the optimal inmage reading sensitivity (charge accunul ati ng peri od)
determ ned by the above-described sensitiwysy adjustnent reading operation
and image reading 10 sensitivity adjustnent operation. The read i mage of a
fingerprint and the inmage reading sensitivity when the sensitivity

adj ust nent appar at.us. and nmethod of_the phot sor_syst.em are Lied to
2 fingerprint. PEd g SopariUS W IToBE R exehmid (10 WS I Perererte 1o

t he several vi . aCcC Ny r awm el .
period-incr easgw%qggce%ésﬁlg ssoég%c%ujt@%% m%&%%%ﬁ@%%%&)%lrom )
conparison in . ; ect.l f § Qd- i :
correction progeeggslrln%&z \r,%c%ﬂ%tsngé;% tcéfvc?/ty agj(%skt&)rr%]dt{ q%let 0 accolr%ﬁ/ng to

the first enbodiyEimedd GRadhPMbIB@I & eydeW showi ng the read inmage
of a fingerprint,” and a graph show ng |ightness data of respective colums

at an i mgge readi ng sEnst tivat y whefal 28nd@s "B adIRgeop&ash Iéh operation is
performed at the standard i mage reading sensitivity w thout executing
peri od-i ncreassuigEctindyriocesssngad dawed i ¢rstt WD R 0 0Mnage
PCT/ JP02/ 05890

reading sensitivity (charge accumulating period)

determined by the above-described sensitivity

adjustment reading operation and image reading

10 sensitivity adjustment operation.

The read image of a fingerprint and the image
reading sensitivity when the sensitivity adjustment
apparatus and method of the photosensor system are
applied to a fingerprint reading apparatus will be

15 exemplified with reference to the several views of
the accompanying drawing. A case wherein no
period-increase processing is executed will also be
explained for comparison in order to show the
effectiveness of period-increase correction processing
20 in the sensitivity adjustment method according to the
first embodiment.

FIGS. 7A and 7B are a view showing the read image
of a fingerprint, and a graph showing lightness data of
respective columns at an image reading sensitivity when

25 normal image reading operation is performed at the

standard image reading sensitivity without executing

period-increase correction processing of the first



33 enbodiment in the sensitivity adjustnment nmethod of the photosensor
system FIGS. 8A and 8B are a view showing the read i mage of a
fingerpriwo,02amdofr graph showi ng |ightness data of respee@Cirseox@Bwms at
an imge 5 reading sensitivity when the standard i mage reading sensitivity
under goes peri od-increase correction processing of the first enbodi ment in
the sensitivity adjustnent nethod of the g3hotosensor system and nor nal

i mge reading operation is performed at the resultant 10 i nage readi ng
sensitivity. FIGS. 7A and 8A show rough subject images when reading

operation is executed based n each predeterm ned i e readin
sensitivity. T ?‘iﬁd@%n or? itghe (sp§rb?jg%]t‘f3n5y r&Y GRY™ a{nefﬁh%%r%@iwei s
illustrated in ite (or iti.sh), h a i 15 (recessed. ion
of the finger prp% tcfs’séril??%w;?}%%tfee%' i ?lﬁnﬂ%% agix(%lr‘g%?%c%‘%shﬁ .&JAe"ga%io V\Hjﬁgi n )
no period-incregge i i dene. d a ensi ti vi j ust ment
nmet lﬁod w il be expxlpéaél)(%:%ﬁécg% %Aés_adescr?éb%bd%#st“' %@Z%r%pﬁ%élﬂ o%ﬁ%%%g%el at ed
Art™, —an approprdiifed Sege: 4 e@@'ﬁ@sﬁé‘&sﬁé Véd YuBy Dotabeisele 0 _
accordance with the state of the ski'n surface layer of a finger serving as

a subj ects i n_an-apPin¢ ad sk ©f vi th e otasensoin syed ed @ ardddaeg readi ng
apparatus. 25 The skin surface |ayer of a finger often keratinizes, the

amount of |i ghtsdrefdectegy bynddieydd slgee pasd+ DicBdasd heofiagerai nt

i ncreases, and the brightness is WO 02/104004 PCT/ JP02/ 05890
processing of the first embodiment in the sensitivity
adjustment method of the photosensor system and normal
image reading operation is performed at the resultant

10 image reading sensitivity. FIGS. 7A and 8A show rough
subject images when reading operation is executed based
on each predetermined image reading sensitivity. The
ridge portion (projecting region) of a fingerprint is
illustrated in white (or whitish), and the valley line

15 (recessed region) of the fingerprint is illustrated in
black (or blackish).

A case wherein no period-increase processing is
done in the above sensitivity adjustment method will be
explained.

20 As described in "Description of the Related Art",
an appropriate image reading sensitivity may not be set
in accordance with the state of the skin surface layer
of a finger serving as a subject in an application of
the photosensor system to a finger reading apparatus.

25 The skin surface layer of a finger often keratinizes,
the amount of light reflected by the ridge portion of

the fingerprint increases, and the brightness is



34 observed locally high. Conpared to a case wherein the fingerprint of a
finger wwth a non-keratinized skinis read, a relatively large dynamc
range carwbezobtoed ned at a relatively | ow inage readi ng PERTPOI/05820y Wit hin
a 5 short charge accunul ating period. An inmage reading sensitivity
(standard image reading sensitivity) corresponding to a maxi mum dynam c
range is extracted as an optimal inmage reading sensitivity on the basis of
the read fingerprint imge data. In this case, a |ower 10 imge readi ng
sensitivity than an originally optimal inmage reading sensitivity, i.e.,
shorter charge _.accumnu in eriod th an originally optinmal charge
accunul ati ng p«ﬁﬁkisoedr‘fesOll ?&??%cf%c}”a?qfﬂ‘ se me?efr‘?é)?‘?féla %/‘—i‘%%é’ﬁbeﬁ%n ?Ee}g%i ng
operation is execute d this i.mge. readi sensitivity, a subject
imge i s read )gln;ge?%$§§€v%$;5 arrkgé;llsmvsglgrﬂgn% I%%é ]?elqra%tgﬂblozrét#/osn%irh Jt"?ﬁe

| mege tends 0 e, dll seontinuops:y as SIOWYddFd Garddh chiecausg Lhe,char ge
accunul ating period is sef shorter than-an originally optimal charge
accumul ating pefd qd. 205 Thee 0 Std butd an < aet efdsdi € wfc Eghlingss, data
of an arbitrary row (e.g., st row) was examned for the ™ subject i1 nmage,
and found to exHdid @Afg@tmﬁﬁn@iﬁéﬂ&mi O Wridyd A @nglynani c
range, as shown in FIG 7B. This is because the presence of pixels 25

(col ums) havi ngrexdtenety bhdghdexd Mgl tesddig emgdimess:yat a under the
i nfluence of the ridge portion of a keratinized skin surface |ayer. This
di stributi on WoQ/d002H RECTY J RO2MHBEBO0n dynamic range is extracted

a

as an optimal image reading sensitivity on the basis of
the read fingerprint image data. In this case, a lower
10 image reading sensitivity than an originally optimal
image reading sensitivity, i.e., a shorter charge
accumulating period than an originally optimal charge
accumulating period is extracted and set. If normal
fingerprint reading operation is executed based on this
15 image reading sensitivity, a subject image is read as a
relatively dark image and the ridge portion in the
image tends to be discontinuocus, as shown in FIG. 7A,
because the charge accumulating period is set shorter
than an originally optimal charge accumulating period.
20 The distribution characteristic of lightness data of an
arbitrary row (e.g., 8lst row) was examined for the
subject image, and found to exhibit a lightness data
distribution with a large dynamic range, as shown in
FIG. 7B. This is because the presence of pixels
25 (columns) having extremely high maximum values of
lightness data under the influence of the ridge portion

of a keratinized skin surface layer. This distribution



35 does not accurately correspond to the original inmage pattern of the
fingerprint. Hence, a fingerprint cannot be accurately read, decreasing

t he preciwoDor/1efo04 fi ngerprint collation processing in thePeETLIROIXEBIG
function section. To the contrary, the sensitivity adjustnent apparatus
and net hod of the photosensor system according to the first enbodi nent
execute correction processing based on a 44 edeterm ned period-increase 10
rate (e.g., about 30% for an inage reading sensitivity (standard inage
readi ng sensitivity) which provides a maximum dynam c range and is

btained b A q ; di . d. q
obtal e BY Serfhthviad pSchuslIent Leading, aner 3t o a0d hmagergading
whose skin Suffgﬁﬁtéﬁ%eéf'éhekﬁiﬁgéPgEEHt.A Lgber én?gﬁgé%§9§99
sensitivity, i.€., ~a |longér charge accunul ating perio s7set I'n

compari son wi t holligol 0SSNy FLGag [ oc ool i NohY: p20c1 0GR Leadi ng

sensitivity closer to an origin y optimal 1 nagé reading sensitivity is

set. By execut ENgodpsFBht fEHULEPL LAt pE6aLE RN PER aLHhONexPBrHHE basis of
the corrected image reading sensitivity, a subject inmage is read as an

i mge having arghepesnbséghipess, and a high-quality i mage having 25
al nost no di scontinuous ridge portion can be attained, as shown in FIG
8A. The distributi ontehghactentsbir¢, ehel sghthessidat adgthisameatbitrary row

(e.g., 81st row) WD 02/104004 PCT/JP02/ 05890

apparatus and method of the photosensor system
according to the first embodiment execute correction
processing based on a predetermined period-increase

10 rate (e.g., about 30%) for an image reading sensitivity
(standard image reading sensitivity) which provides a
maximum dynamic range and is obtained by sensitivity
adjustment reading operation and image reading
sensitivity adjustment operation for fingerprint image

15 data of a finger whose skin surface layer is
keratinized. A higher image reading sensitivity, i.e.,
a longer charge accumulating period is set in
comparison with the image shown in FIG. 7A.
Accordingly, an image reading sensitivity closer to an

20 originally optimal image reading sensitivity is set.

By executing normal fingerprint reading operation
on the basis of the corrected image reading
sensitivity, a subject image is read as an image having
a proper brightness, and a high-quality image having

25 almost no discontinuous ridge portion can be attained,
as shown in FIG. 8A. The distribution characteristic

of lightness data of an arbitrary row (e.g., 8lst row)



36 was exam ned for the subject image, and found to exhibit a |lightness
data distribution with a relatively I|arge dynamc range, as shown'in FIG
8B. | n adaDtozomoo4 extreme |ightness data under the infl uelrCe/Joo2/@Es®

keratini zed skin surface | ayer was observed at neither rmaxi mum nor m ni num
val ues. A stable inmage accurately corresponding to the original inmge
pattern of the fingerprint was obtained. Ag a result, fingerprint

collation processing can be executed at high precision 10 in the external
function section 200. According to the sensitivity adjust msnt appar at us

d hod of the f di
ggergﬁt og |g pté'?a?or%%gﬁfgr%gtdoﬁnﬁﬁh i nSI%JthJVI t% epfnécﬂf ea : Rgge
reading operatig ‘%!}hlﬁﬂ "!‘&fgﬁ%eeé%ecz{% ﬂ?&kﬁ?&‘f&&' dw_'ér}’ 4 Sret(ﬁ_%gi?&e%y y

stepwi se for each row. row I n an o i'magé T eadi hg sta

det erm ned based, qn. t é?rylr@@a(‘ng{é'ﬂ‘”%‘s Uhowd 1GNIARSS it a A Lach oW and

an image reading sensitivity (standard | mage reading sensitivity) set 20

for the determdaiad-dw 1 Sydactatta helkr Gold egliQindy agessi ng based on
a predeterm ned period-increase rate is executed to set an optimal inage

readi ng ssensi tiasdin Even shien dherddd ghiynessyad cbhsdibiattat ghangesr
dependi ng on changes in environnmental 25 illum nance, or a fluctuation

factor or trendnexinins nakienitrariure vaidias duadl <iddler enceyofacc ety o
(i ndividual difference such as gender or age) or WD 02/ 104004
PCT/ JP02/ 05890 corresponding to the original image pattern of the
fingerprint was obtained. As a resulf, fingerprint
collation processing can be executed at high precision
10 in the external function section 200.

According to the sensitivity adjustment apparatus
and method of the first embodiment, sensitivity
adjustment reading operation is performed using an
actual subject prior to normal image reading operation,

15 while the image reading sensitivity is changed stepwise
for each row. A row in an optimal image reading state
is easily determined based on the dynamic range of
lightness data of each row, and an image reading
sensitivity (standard image reading sensitivity) set

20 for the determined row is extracted. Then, correction
processing based on a predetermined period-increase
rate is executed to set an optimal image reading
sensitivity. Even when the brightness of a subject
changes depending on changes in environmental

25 illuminance, or a fluctuation factor or trend exists

due to the individual difference of a subject

(individual difference such as gender or age) or



37 external environnent (tenperature, humdity, or the |l|ike), sensitivity
adj ust nent processing is uniquely executed by a sinple nethod to greatly
suppr ess wba2/104004 uence of the environnental illum nance eCTARIXISBA 5

| ight or keratinization of a skin surface layer. An optinmal imge reading
sensitivity can be set, and a subject inmage can be accurately read by
normal inmage reading operation. In this efpodi nent, sensitivity adjustnent
10 processing has been described for only the 176th, 152nd, 128th, 104th,
and 80th rows shown in FIGS. 5A to b5E as representative rows. Sensitivity

adj ustnent processing, may_be exec t?g for agl t he, 256 .r. £
constitute the %ﬁ€?5§8%58¥véFPQVGTgO F™Pore Bﬁ%ffhgmiglggmsofe B every
24 Fl t AR

croted "o o O TR ST LA PO oy

be extracted frogLLIRGS b5adl BgnoPENALLRKA! LESooLLLQr SLEBREEL! KRer oo,

sensitivity 20 adjustnent” processing IS execut speci roms

the nunber of dﬁﬁ@1§g§t805@dtﬁe én§§£b§ﬁeﬁ£alpiPE@%%hQHc@p%Eaék€8§n8§n be
greatly decreased to reduce the processing burden on the controller 150

and shorgen theighecesskagatinBzabe881 bEVht ykad] ystk-rBRE 25yeeadi ag
operation can quickly shift to normal reading operation of a subject

image. In this epbbdabedhage sgbfieny benget{tibgeepni bt ¥WO:0244840804
PCT/ JP02/ 05890
subject image can be accurately read by normal image
reading operation.

In this embodiment, sensitivity adjustment

10 processing has been described for only the 176th,
152nd, 128th, 104th, and 80th rows shown in FIGS. 5A to
5E as representative rows. Sensitivity adjustment
processing may be executed for all the 256 rows which
constitute the photosensor array 100 or for specific

15 rows (e.g., every 24 rows in FIGS. 5A to 5E).

When sensitivity adjustment processing is executed
for all the rows, a more optimal image reading
sensitivity can be extracted from image reading
sensitivities set for respective rows. If sensitivity

20 adjustment processing is executed for only specific
rows, the number of data subjected to a series of
processing operations can be greatly decreased to
reduce the processing burden on the controller 150 and
shorten the processing time. Sensitivity adjustment

25 reading operation can quickly shift to normal reading

operation of a subject image.

In this embodiment, a subject image (fingerprint



38 image) is read by the entire sensing surface of the photosensor array
100 in sensitivity adjustnment reading operation. The present invention is
not |im two okoo40dhi s, and sensitivity adjustnent processi rgTIRY2/(38%0done 5
by reading a subject inmage only in a detection region 40 formed froma
predeterm ned restricted region, as shown in FIGS. 15A and 15B in the
third enbodi ment (to be described later).384n this case, the reading tine
can be shortened, and the nunber of data subjected to 10 processing
operation can be further decreased to shorten the processing tine.

Sensitivity adystUents s eaghng, OPALALLOD GAYLDE £ OULEkLY SR LoLo nornal

readi ng operation | ect nage veZnentioned i ment, of

lightness 15 dﬁB@tQEeﬁ@éPe§££¥§ i@@slﬁCQEhgﬁélbztgea§5&gxhgxt g@bﬁih@ent

readi ng operation, an inage reading sensitivity s or a row having~a

mexi num dynam copargei 8Al quehy ppdecdeesnpeht9dni Ner gase1¢RRLEAt ken .
processing on the basis of a predeterm ned 20 period-increase rate set in

advance in the tﬁ@lél,06nd“§éﬁ§§€1ff§gyshaﬁuéﬁﬁentb%@&i@éss&hg REYSBBL done
invention is not limted to this. For exanple, e period-increase rate set

in the period-bgpcreasdéngegi stiejedb7imaygebenaybinrardeyeset ohyreddonnput
operation outside the photosensor system (or controller 150). This is
achi eved by opetft fognetiefrompat poatpiermnnedf aeetdévied frgtioshows) of the
WO 02/ 104004 PCT/ JP02/ 05890
shown in FIGS. 15A and 15B in the third embodiment (to
be described later). In this case, the reading time
can be shortened, and the number of data subjected to
10 processing operation can be further decreased to
shorten the processing time. Sensitivity adjustment
reading operation can more quickly shift to normal
reading operation of a subject image.
In the above-mentioned embodiment, of lightness
15 data of respective rows acquired by sensitivity
adjustment reading operation, an image reading
sensitivity set for a row having a maximum dynamic
range uniquely undergoes period-increase correction
processing on the basis of a predetermined
20 period-increase rate set in advance in the
period-increase register 157. However, the present
invention is not limited to this.
For example, the period-increase rate set in the
period-increase register 157 may be arbitrarily set by
25 input operation outside the photosensor system (or

controller 150). This is achieved by operating the

input/output interface device (not shown) of the



39 external function section 200, inputting an arbitrary period-increase
rate as nunerical data, and rewiting the period-increase register 157. As
an exanplwotoe/iiedch t he arrangenment of 5 arbitrarily rew PCIrIgox/(5890
period-increase value is suitable applied, the photosensor systemis
applied to a fingerprint reading apparatus. In this arrangenent, when the
type of subject is restricted or specifieddo a certain degree, and the
age or gender of an 10 individual serving as a subject or an external
envi ronment such as a tenperature or humdity is grasped in advance, a
proper period-in reas%Lr teis set in a (%dance 1%th such fluctuation

; t ’ T

factor or trend e?/la‘ :%CJ%Jrorbysﬁ%thu?rfi g a tal VAl Jlrhraf%Y
advance. A mor &%ﬁ%ﬁ?gﬁe‘;ﬁ%%%ﬁﬂ%ﬂ{éiyﬁ@ e?r?dsf‘gwmjlsr?gthe

i nfl uence of the in erence or external ehvironnent i

suppressed. A s&{:g?éricg@gfml%é)qf%{r@g el]y;read. Correction based on
r

t he period-increas ate is 20 always executed in the first enbodi nent,

but the present inveati@neisndod #d Myt ech tond hhsraf@imexanpte, in an
arrangenment in which the photosensor systemis applied to a fingerprint

readi ng appar atdiHi @k Opty dwritage Teadidg sendidyidy velextyacted and
set without 25 applying correction processing based on the period-increase

rate. Then, norgmiltsald egdpliwede theegehoit opesaEt | OPstan doneadml et fos m
fingerprint WO 02/104004 PCT/JP02/ 05890
a fingerprint reading apparatus. In this arrangement,
when the type of subject is restricted or specified to
a certain degree, and the age or gender of an
10 individual serving as a subject or an external
environment such as a temperature or humidity is
grasped in advance, a proper period-increase rate is
set in accordance with such a fluctuation factor or
trend every time or by inputting a numerical value in
15 advance. A more optimal image reading sensitivity can
be set while the influence of the individual difference
or external environment 1s suppressed. A subject image
can be accurately read.
Correction based on the period-increase rate is
20 always executed in the first embodiment, but the
present invention is not limited to this. For example,
in an arrangement in which the photosensor system is
applied to a fingerprint reading apparatus, an optimal
image reading sensitivity is extracted and set without
25 applying correction processing based on the
period-increase rate. Then, normal subject image

reading operation is done to perform fingerprint



40 collation processing. If the result is rejected, correction processing
based on the period-increase rate is applied to correct the imge reading
sensiti viwg.02A0400he corrected i mage reading sensitivity, mOTARI2/BG8RuUbj ect

i mge reading operation is executed again to performfingerprint collation
processing. In this case, nornmal subject image readi ng operation can be
qui ckly achi eved wi thout any processing tiyge of correction processing

unl ess the skin state of a 10 subject (fingerprint) is keratinized.
<Second Enbodi nent> The second enbodi nent of a photosensor system
according to the _present inventi,on w || ﬁhdescri ed with reference to the

several views 6P & FRGRATEI 15 M G SSHE P itk di agr am
showi ng an arran enent, rlof a ceonét.rnol | er eado;gjlni e toetk}Le haot gsensor__system
according to t F€ s&Cond "edodiFrent™? 'ﬁ‘?es Same refefence “ nuneral’s as'in the
first enbodine i I ot e r ; ;
description thgtrse(s%?)%meldn oe%sc}%pﬁ%qu %2% (tSL‘r?naE?}né‘l t%%@r%an%ﬁ%asrﬁ{lgrlﬁé
sensitivity adpyStiRNJINALy aGeYLIRG didd @%rfgirﬁ!:vieeg}y),oqic%&tl, the
second enbodi nent extracts the 1 nmage reading sensitivity of a 25 row

havi ng a smaxi MimpEeramigdRNGe dd Ry [degihtarash dat axLhiitdd Riydion wept ai ned
by sensitivity adjustnent reading opération. Then, whether to execute

peri od-increasgWodA FA4RAFRGH RAA1GS8I processing. In this

case, normal subject image reading operation can be
quickly achieved without any processing time of
correction processing unless the skin state of a

10 subject (fingerprint) is keratinized.
<Second Embodiment>

The second embodiment of a photosensor system
according to the present invention will be described
with reference to the several views of the accompanying

15 drawing.

FIG. 9 is a block diagram showing an arrangement
of a controller applied to the photosensor system
according to the second embodiment. The same reference
numerals as in the first embodiment shown in FIG. 2

20 denote the same parts, and a description thereof will
be simplified or omitted.

Similar to the sensitivity adjustment method
according to the first embodiment, the second
embodiment extracts the image reading sensitivity of a

25 row having a maximum dynamic range in a lightness data
distribution obtained by sensitivity adjustment reading

operation. Then, whether to execute period-increase



41 correction processing for the extracted imge reading sensitivity is
determ ned, and a nore optinmal inmage reading sensitivity is set. As shown
in FIG 9voazuaoendsoller 150 in the second 5 enbodi nent ce®cprIPexEss® devi ce
controller 151, data controller 152, main controller 153, data conparator
154, adder 155, data sel ector 156, period-increase register 157, and
sensitivity setting register 159, all of4gyphich have the same arrangenents
as those in the 10 first enbodi ment shown in FIG 2. In addition, the
controll er 150 conprises a nean conpare val ue register 158 whi ch holds a

I f I det .whet her t
xecute  per i o°TREFGAER DBPPEREIBY GPoL ROwArh BERERoRIEPC185 18 Por an

| mege reading senstiiyily i gyl oxtiacted by, the fatg qonparator 154,

adder 155, and a se cérrespon X mum dynam ¢

range. In the ggaggg Q%H§Q£H§EE t.he japan conpare value held in the nean
gl st

conpare value re IS un quely set based 20 on a maxi num dynam c

range out of a |ighhgegs gatan @I%Irlgbutal ednebbanaed 18Y) SeNYiHd Weldbnd
adj ustnent reading operation of a subject i mge. Processing operation by

the contpol | er ewbbliihentexphpirigdswat Qeketer enaerbo1khe 15avenakavi ews of
the 25 acconpanying drawings. FIG 10 is a flow chart show ng an exanpl e

of sensitivityoadirustaentbzet nbig poocesdiag esecutiadabyoPa@2AH24004
PCT/ JP02/ 05890
154, adder 155, data selector 156, period-increase
register 157, and sensitivity setting register 159, all
of which have the same arrangements as those in the
10 first embodiment shown in FIG. 2. In addition, the
controller 150 comprises a mean compare value register
158 which holds a mean compare value serving as a
reference value for determining whether to execute
period-increase correction of the main controller 153
15 for an image reading sensitivity which is extracted by
the data comparator 154, adder 155, and data selector
156 and corresponds to a maximum dynamic range. In the
second embodiment, the mean compare value held in the
mean compare value register 158 is uniquely set based
20 on a maximum dynamic range out of a lightness data
distribution obtained by sensitivity adjustment reading
operation of a subject image.
Processing operation by the controller will be
explained with reference to the several views of the
25 accompanying drawings.
FIG. 10 is a flow chart showing an example of

sensitivity adjustment/setting processing executed by



42 the controller applied to the photosensor system according to the
second enbodi nent. A description of the sanme processing steps as those in
t he firstwoanhegisrent shown in FIG 3 will be sinplified ecToP@iis8e0ed.
(Steps S21 to S26) As shown in FIG 10, simlar to steps Sli to S16 in the
first enbodinment, different inmage reading sensitivities are set for
respective rows at a tinmng 10 prior to ngfgral reading operation of a
subject. Sensitivity adjustnment subject image reading operation 1is
executed to obtain pixel data (lightness data) of each image reading

sensitivity that corresponds to the  bright/dark pattern of the subject
Tmge. | Li ot noas s U] 5 cRht T8 Fas e SO RE R s s ar o

extracted fromthe lightness data for . .each image. reading sensitivity
(e.g., for each ToM T HherS drt or SRERT bETUREH ThG" modi RRCARECHC i At

values is ' calﬁgﬁgigggé Abtal 0 A dgg 'cagagggéég{%£i§%6%gygf 20 reading

sensitivity, a t he am C rang% tored in maxi mum val ue

is extracted fromoynamie sEaR9esnfPicr esPeeii vise | 5RGS1 [ eadlngr _
sensitivities that are stored in the RAM 160, and a corresponélng i mge

readi ng sensitiyhivedgharge accunmul ating period) is 25 extracted. (Steps
S27 & S28) The main controller 153 controls the data WO 02/ 104004
PCT/ JP02/ 05890 (Steps S21 to S26)

As shown in FIG. 10, similar to steps S11 to 3816
in the first embodiment, different image reading
sensitivities are set for respeétive rows at a timing

10 prior to normal reading operation of a subject.
Sensitivity adjustment subject image reading operation
is executed to obtain pixel data (lightness data) of
each image reading sensitivity that corresponds to the
bright/dark pattern of the subject image. Lightness

15 data representing maximum and minimum values are
extracted from the lightness data for each image
reading sensitivity (e.g., for each row). The
difference between the maximum and minimum values is
calculated to attain a dynamic range for each image

20 reading sensitivity, and the dynamic range is stored in
a RAM 160. A maximum value is extracted from dynamic
ranges for respective image reading sensitivities that
are stored in the RAM 160, and a corresponding image
reading sensitivity (charge accumulating period) is

25 extracted.

(Steps S27 & S28)

The main controller 153 controls the data



43 controller 152 so as to cal cul ate the nean value of pixel data
(l'ightness data) corresponding to the image reading sensitivity at which

t he dynanwo ocamges naxim zes, i.e., the inmage readi ng senPCTiIPINOF8H
extracted in step S26, and to cal culate the nmedian value (nmean conpare

val ue) of the dynam c range. The cal cul ated nean val ue of |ightness data
is tenporarily stored in the RAM 160 via t4ge data selector 156. The nedi an
val ue of the dynamic range is held in 10 the nean conpare val ue register
158 via the data selector 156 and data controller 152. (Step S29) The main

contiol |t 193 EANERleLS M ils agom LS IRE e alg pUE B

processi ng of conparing he nean va

cal cul ated in step S27@and sfpededis agﬁaﬁ%ﬂﬁ&s&ﬁ@iﬂgetgeéﬁénmgaéue of

t he maxi num dynam c range whith 1s calculated in step S28 and held in the

nmean conpare VajaedidfHSILit 9By 28 | fnackerd iay2edi i pgREei s read as a
subj ect, the anount of I|ight ref¥ect ed by the ridge portion of the

keratini zed fi ngetinyed Ncr ease, tiaadihige by é&ghimgssenayciberpbser ved
|l ocally high, as shown in FIG 7B. In this case, |lightness data appears
| ocal |y b gh. Fextitddtsed?5in esisem, S26ghimneésso dad becwiaie rohe deeéianned to
have a maxi num dynam ¢ range under the influence of Kkeratinization nay be
merely a set ofvahe | (héayhtomsgsaind 02146008 RCT/JPO2AD5808nge .
The calculated mean value of lightness data is

temporarily stored in the RAM 160 via the data selector

156. The median value of the dynamic range is held in

10 the mean compare value register 158 via the data

selector 156 and data controller 152.
(Step S29)

The main controller 153 controlé the data
controller 152 so as to execute processing of comparing

15 the mean value of lightness data which is calculated in
step $S27 and stored in the RAM 160 with the median
value of the maximum dynamic range which is calculated
in step S28 and held in the mean compare value
register 158.

20 If a keratinized finger is read as a subject, the
amount of light reflected by the ridge portion of the
keratinized finger may increase, and the brightness may
be observed locally high, as shown in FIG. 7B. In this
case, lightness data appears locally high. For this

25 reason, lightness data of a row determined to have a

maximum dynamic range under the influence of

keratinization may be merely a set of small lightness



44 data except locally high data. Fromthis, when the nean val ue of

| ightness data is relatively small, even a row having a nmaxi num dynam c
range i s woteneioned to be a set of small |ightness data ®QEEP0Y/(5890

i nfluence 5 of keratinization. An inmage reading sensitivity corresponding
to this row can be determned to be |ower than an originally optiml inmage
reading sensitivity. Wether the nean val of lightness data in a row 10
exhibiting a maxi mum dynanmic range is small or large is determ ned by
conparing the nean value of lightness data with the nedian value of the

o oduct of he WG SHEQEPheL TSI HE By RATE. FangRrORSC AR (WERURRRT of
I . If th I fili . he. f { ght ness
Gata) 15 sml | SFSTRaR The REot HHRAPTEaree e hiohalt B kname thY HRES

product of ‘the ﬁéﬁ”hé(@iﬂﬁp&ﬂgaxirﬁ%ﬂ# Shi erﬂéH”E@%e{Q?m{%"%C@& be

determned to 2 ave an | nproper ess data distribution under the

i nfluence of kegatinizathensmhil theieROsSsVabtg hidelafgerinkNgefiow can be
determ ned to have a proper |ightness data distribution free from any

i nfluences of kesatkaizathopatIbe. f oAh ohAge PrEg8E8LENGeRBEER iR IS 25
executed based on this determnation result. (Steps S30 & S31) If the nean
val ue of |i ght nessrédapanaingntd meges Wb02£40400448€3 1 PREA 068 90e

lower than an originally optimal image reading

sensitivity.

Whether the mean value of lightness data in a row

10 exhibiting a maximum dynamic range is small or large is
determined by comparing the mean value of lightness
data with the median value of the dynamic range or
comparing the sum of lightness data of this row with
the product of the median value of the dynamic range

15 . and the number of columns.

If the mean value of lightness data (or the sum of
lightness data) is smaller than the median value of the
dynamic range (or the product of the median value and
the number of columns), the row can be determined to

20 have an improper lightness data distribution under the
influence of keratinization. If the means value is
larger, the row can be determined to have a proper
lightness data distribution free from any influence of
keratinization. The following processing operation is

25 executed based on this determination result.

(Steps S30 & S31)

If the mean value of lightness data at an image



45 reading sensitivity having a maxi num dynamc range is determned in
step S29 to be smaller than the nedian value of the dynam c range, the
mai n contwolokae40063 deternm nes that the |ightness data dipsTrPmssen at
this 5 inmage reading sensitivity is inproper. The main controller 153
controls the data controller 152 so as to execute period-increase
correction processing for the image readijig sensitivity having the dynamc
range on the basis of a predeterm ned period-increase rate 10 set in
advance in the period-increase register 157 or arbitrarily input and set
via an external function sectipn 200 or the |ike. A value corrected by

i ncreasi ng t he TRRAYERY S0P PHE T EEhE| RRVIRY, @ AR EHITRE AXRPILEefeRACst®p S26
d has the 15 ' ] .. by th i od- j te |
peri od- i nor ease EOT BRI Tan br 66RRSTAG TS RetBELHR: THlet PeaBPAY
itivity. That,is, h . ting perjod b
time | correspondthee 1ot ¢ papian: rERILLEN L 10 RELL OGO ErBILETEES *Y °
controller 152 femeif eéhl.ena’éef'ﬁétiﬂe%ﬁné%téﬁ'@ar@?é@?.%u%?gnt%sﬁgj(éshe

corrected image reading sensitivity arge accunulating period). t ep

S32) If the neapqyad Uee£dihd obEnessidatR Bt ARLIHBEL. 2Pnhieading
sensitivity having a maxi numdynam c range is determned in step S29 to be

l'arger than thecsmghanleral 5® 0bntheldypagi gatangsnttbelani nsgogsrosl er 153
WO 02/ 104004 PCT/ JP02/ 05890

to execute period-increase correction processing for

the image reading sensitivity having the dynamic range

on the basis of a predetermined period-increase rate

10 set in advance in the period-increase register 157 or
arbitrarily input and set via an external function
section 200 or the like.

A value corrected by increasing the image reading
sensitivity, which is extracted in step S26 and has the

15 maximum dynamic range, by the period-increase rate in
period-increase correction processing 1s set as an
image reading sensitivity. That is, the charge
accumulating period is prolonged by a time
corresponding to the period-increase rate.

20 Then, the data controller 152 rewrites the
sensitivity setting register 159 to set the corrected
image reading sensitivity (charge accumulating period).
(Step S32)

If the mean value of lightness data at an image

25 reading sensitivity having a maximum dynamic range is
determined in step S29 to be larger than the median

value of the dynamic range, the main controller 153



46 determ nes that the lightness data distribution at this imge reading
sensitivity is proper. The data controller 152 rewites the sensitivity
setting weoegraomps 159 wit hout perform ng period-increase PCETAPIXEB0N, and
sets the inmage reading sensitivity (charge accunmul ating period) extracted
in step S26. The sensitivity adjustnment apparatus and nethod of the

phot osensor system can determ ne whet her @ execute period-increase
correction processing for an extracted 10 i nmage reading sensitivity in
accordance with whether |ightness data at an inage reading sensitivity

having a maxi dynam c range i s .i,npr.oper unpder f.he i.nfluence of
keratinizationqﬁgkﬁxWVﬁﬁthﬁF &mf|%4§§?4§%ﬁn4§%%<§+§§%hﬁ%ﬁl%ﬂ 3% end such
as the individual. difference of a 15 suhject ar an extern environnment) in
i mge readi ng uEg}lelnssijtnllavqet feggﬁ&& r?eeg}sslg%!e‘?la ¥ on %fr?eet i ngﬂhéen opti mal

i mage readi ng §%%gti RSBV r quﬁ [ j0d); ..qn, t ggﬁ%s of the
dynam c range o g Q\tﬂr%sosll%g?al o?ﬁre eac easti neg%e%f%%sgﬁﬁa lgt nsglétq:l Vit

obtai ned by sensidiMidy 2% aditiRideNe AN NG QREIAII-OMEXELU ed prior to

normal inege reading operation. A proper inege reading sensitivity can be
set by executi ngeIdecd, OlindPRAeS HHY Qkge fladBihd Muperidige readi ng
sensitivity. 25 In the second enbodi nent, en whether to execute

peri od-i ncr ease( Y FRetdurhased ) e predetarmaactd pef gty aease rate
is determned for an inmage readi ng WO 02/104004 PCT/ JP02/ 05890
The sensitivity adjustment apparatus and method of

the photosensor system can determine whether to execute
period-increase correction processing for an extracted

10 image reading sensitivity in accordance with whether
lightness data at an image reading sensitivity having a
maximum dynamic range is improper under the influence
of keratinization of a finger or the like (fluctuation
factor or trend such as the individual difference of a

15 subject or an external environment) in image reading
sensitivity adjustment operation of setting an optimal
image reading sensitivity (charge accumulating period)
on the basis of the dynamic range of lightness data for
each image reading sensitivity obtained by sensitivity

20 adjustment reading operation executed prior to normal
image reading operation. A proper image reading
sensitivity can be set by executing correction
processing only for an improper image reading
sensitivity.

25 In the second embodiment, when whether to execute
period-increase correction based on a predetermined

period-increase rate is determined for an image reading



47 sensitivity having a maxi num dynam c range out of |ightness data for
respective inage reading sensitivities acquired by sensitivity adjustnment
readi ng operati®mn the nedi an val ue of the dynam c 5 rang@Crarwisguel y set
for conparison with the nean value of |ightness data at the inage reading
sensitivity. However, the present invention is not limted to this. For
exanpl e, the nedi an value of the dynam c rgnge 10 nmay be used as a default
val ue (reference value), and the nmean conpare value set in the nean
conpare value register 158 may be arbitrarily changed and set by input
operation outside tq§¥yhgt sensor %or controller. 150 r to the
5

. 15 Sim
peri od-i ncreases?%ég% ¥5 .Vld%%c !%ae%ll?‘ﬁ“t n?rfur%trge%%d?_ I nm?% at he nean
conpare val ue f:ﬁ%l{ &L 15 ézﬁ‘g’?%%&?ﬁm‘e Oﬂ%%écl P@a&fﬁ%t' nput / out put

interface device {not shown t he xt er nal tTon section 200,

I nputting an arQiddary, 20 JBal-GorPad & Zéré&?sﬁéi@%rél&%sﬁﬁ‘éﬁ and

rewiting the nean conpare val te regis 158. As an exanple to which the

arrangenent of dditd@rdpyrd€msh ! ik thed 1BRaNya COEPSF e Al &fnéxﬁ@ui table
applied, the photosensor systemis applied to a fingerprint reading

apparatuss 25 Idaidd Siari@n@esent setwWhedy feaaed plsoh woth ath®meddf ocessi ng
is executed in the external function section 200 by using as a reference
the ridge portivoaige. of , 1 VWO 494004 RET/ IR0 21105880reading
sensitivity. However, the present invention is not
limited to this.
For example, the median value of the dynamic range

10 may be used as a default value (reference value), and
the mean compare value set in the mean compare value
register 158 may be arbitrarily changed and set
by input operation outside the photosensor (or
controller 150).

15 Similar to the period-increase register 157
described in the first embodiment, the mean compare
value register 158 is rewritten by operating the
input/output iﬁterface device (not shown) of the
external function section 200, inputting an arbitrary

20 mean compare value as numerical data, and rewriting the
mean compare value register 158. As an example to
which the arrangement of arbitrarily rewriting the mean
compare value is suitable applied, the photosensor
system is applied to a fingerprint reading apparatus.

25 In this arrangement, when fingerprint collation
processing is executed in the external function section

200 by using as a reference the ridge portion (e.g.,



48 portions observed in white in FIGS. 7A and 8A) of the image pattern of
a fingerprint, the nean conpare value is set to arelatively |arge val ue
so as to wewoehiiget e execution of the above-descri bed per PedAPINI8HSE 5
correction processing. As another exanple, if the humdity is lowin an
arrangenment which allows grasping an external environnent such as a
tenperature in advance by a sensor or theggike, the nean conpare value is
set to a 10 relatively |arge nunerical value because the skin surface

| ayer readily keratinizes. This facilitates execution of period i ncrease

correction proc§§§£ggnsd £Qgg gﬁovgﬁte 1§tkiésan9kh§ ? thhe mean

conpare val ue set a relative | arge nunerlca

i ndi vi dual _exhi k?fngg@gﬁ;glt-&&%agfhsnmggkgg E?b@f?%lanXn al, wge;{{aﬁ

col l'ati on processi n_an arrangenen enabl es grasping t Peature

of an individualg §@£vwgaa§e9a§y%§9t 1R¥g8nyhD.cacd 95 therhike cdhks 20
also facilitates execution of the above-nentioned period-increase

correction procegstigionASEOEHENGbYveadBBECI BRI paLibARYACH-RAdEN]
sensitivity can be set to accurately read a subject inage while the

i nfluencesof ancopdévitoml pdotéesenge 25 or external environnent is
suppressed. <Third Enbodi nent> The third enbodi nent of a photosensor system
WO 02/ 104004 PCT/ JPOR605880Oher example, if the humidity is low in an

arrangement which allows grasping an external

environment such as a temperature in advance by a

sensor or the like, the mean compare value is set to a

10 relatively large numerical value because the skin

surface layer readily keratinizes. This facilitates

execution of period-increase correction processing

described above.

As still another example, the mean compare value

15 is set to a relatively large numerical value for an
individual exhibiting a low authentication probability
of fingerprint collation processing in an arrangement
which enables grasping the feature of an individual
serving as a subject by an ID card or the like. This

20 also facilitates execution of the above-mentioned
period-increase correction processing.

Accordingly, a more optimal image reading
sensitivity can be set to accurately read a subject
image while the influence of an individual difference

25 or external environment is suppressed.

<Third Embodiment>

The third embodiment of a photosensor system



49 according to the present invention will be described wth reference to
the several views of the acconpanying drawing. FIG 11 is a bl ock diagram
show ng twe oahedoes 5 arrangenent of the phot osensor systempPa®tOeodisay to t he
third enbodi ment. A doubl e-gate photosensor shown in FIG 26A is adopted
as a photosensor, and the arrangenent of the photosensor system shown in
FIG 27 wll be referred to, as needed. Thye sane reference 10 nuneral s as
in the photosensor systemshown in FIG 1 denote the sane parts, and a
description thereof will be sinplified or omtted. As shown in FIG 11,

imlar to the phot t hown. in FIG 1. hot t
15 aceor di ng | G URE THTE o BrABIIC o - CORbriSbe B8 THOCGERLor  ar  ay

100, a top gatg, dnj Vféfézdl%xc@ tér?énﬁ&?éfaijf'ié%ﬁslé gy &Jﬁ%@gﬁea S%{rg@'ht

section 130 which'is nma up of a colum sw pre-c
132, and amplifigr; 433, an A/D converter 140, a controller 20 150, and a

RAM 160 for tenporarily storing acquired imge data (pixel data group),

and processing data pfg, the 14 ke sRbaki APafPaBielBbFiNG N SELRITY
processi ng. The photosensor system further conprises a ROM 170 which

hol ds the cont rolraM@aak oSt the GsHY ¥ desod 5y 2Berandk Ve A DAS E€ONER S
data. Simlar to the first and second enbodi ments, the controller 150 has
a function of paiifod mmgodansitl ViA yd D D2+ JH4O 0dh HET 4 B2 05890 in
FIG. 26A is adopted as a photosensor, and the
arrangement of the photosensor system shown in FIG. 27
will be referred to, as needed. The same reference
10 numerals as in the photosensor system shown in FIG. 1
denote the same parts, and a description thereof will
be simplified or omitted.
As shown in FIG. 11, similar to the photosensor
system shown in FIG. 1, the photosensor system
15 according to the third embodiment roughly comprises a
photosensor array 100, a top gate driver 110, a bottom
gate driver 120, an output circuit section 130 which is
made up of a column switch 131, pre-charge switch 132,
and amplifier 133, an A/D converter 140, a controller
20 150, and a RAM 160 for temporarily storing acquired
image data (pixel data group), and processing data or
the like relating to sensitivity setting processing.
The photosensor system further comprises a ROM 170
which holds the control program of the controller 150
25 and various control data.
Similar to the first and second embodiments, the

controller 150 has a function of performing sensitivity



50 adjustnent reading operation for a subject, and controlling extraction
and setting of an inmage reading sensitivity capable of accurately reading
a subj ectwoimdag®oon the basis of the read i nage data. |n PCadeiyisssn, as

wi |l be described below, the controller 150 has a function of renoving
specific pixel data from inmage data (pixel data group) of a subject inage
read for sensitivity adjustnent in sensitjvity adjustnment reading
operation in order to prevent or suppress the 10 influence of abnor nal

pi xel data caused by a foreign matter such as dust deposited on the
sensing surface Qof tthe choto ensor_ array or trhe infg yence aofd an el enent
def ect present By [5‘}%’( DIEMHY rorpaey.atllhoé'l dfecf aid & ar{gerpent and
operation of t t 1ol anpli.e nhot i t .ccordi ng
to the third e%%é%?:n%%qr\{/aol%%re expna%r?tedci Sltérjlcecr%g{rbg &ae a?‘llm etshredrge (e}fggnce to

the several vi %%ﬁtikﬂ%%%Hl@BP%c@Mt@uy Rl&adildy 15 AuPlak di agram

showi ng an arrangenent of the controller applied to the photosensor

system accor dijighded drhithemodi SRyt RS shWniddyd a2, simlar to the
first enbodiment shown in FIG 2, the controller 150 in the third

enbodi ment conmpddsies ch, de GeLICoHd Adeirikil il b, can radddmg itde
operations of the top gate driver 110, bottomgate driver 120, and
pre-charge sw 0G0 133 = fudadta ot ddmervithp dmweciperd grimealg dartia ef reeadout
of WD 02/ 104004 PCT/ JP02/ 05890
image data (pixel data group) of a subject image read
for sensitivity adjustment in sensitivity adjustment
reading operation in order to prevent or suppress the
10 influence of abnormal pixel data caused by a foreign
matter such as dust deposited on the sensing surface of
the photosensor array or the influence of an element
defect present on a photosensor array.

The detailed arrangement and operation of the

15 controller applied to the photosensor system according
to the third embodiment will be explained in more
detail with reference to the several views of the
accompanying drawing.

FIG. 12 is a block diagram showing an arrangement

20 of the controller applied to the photosensor system
according to this embodiment.

As shown in FIG. 12, similar to the first
embodiment shown in FIG. 2, the controller 150 in the
third embodiment comprises a device controller 151 for

25 controlling the operations of the top gate driver 110,

bottom gate driver 120, and pre-charge switch 132, a

data controller 152 for performing write/readout of



51 data in/fromthe RAM 160 and ROM 170, and nmanaging various data, and a
mai n controller 153 which supervises the controllers 151 and 152 in

accor dancwo oaf104008 predet erm ned control program interfa®eT/IRIYIFS® an
external function section 200, and.exchanges control signals. The
controller 150 further conprises: a data conparator 154 for extracting
maxi mum and m ni rum val ues by conparing tshe sizes of initial pixel data
(to be also referred to as "original pixel data" 10 hereinafter for
descriptive convenience) contained in inmage data input as a digital signal

f th hot 00 via.t A/ 140 th i f
oi wel - data’ (to e ey FER i AP oF BB o e aPoti e nat cor
for descriptive 13 Ganven ence) abbalned. alden sRecid] G pi yel data

under goes renpbval  processi g by specific piXel data ~Tefmoval operation (to

be described | %ét%vei%dfa{e %#E@&fﬂél% & X [ Sy nam £ L anae, cal cul ated

by an adder 155; er. 155 for calculating a dynamc 20 range fromthe

di fference betwsah the readiarnaid JBAH BIMdldhesy of i pracessed pipigl data
extracted by the data conparator 154; a data selector 156 for receiving

i mage datsa and i esessingl dadrec i c essad o 20he MP etfdLrcdfidiodat a
conparat or 154, and adder 155, and 25 switching between wite/readout of

these data in/faigmalhe RAM lddh@asoneadad 0 rditpat @fmdhiesss :dat aldix t he
data conparator 154 and adder 155, and output of these WO 02/104004
PCT/ JP02/ 05890 comparator 154 for extracting maximum and minimum

values by comparing the sizes of initial pixel data

(to be also referred to as "original pixel data"

10 hereinafter for descriptive convenience) contained in
image data input as a digital signal from the
photosensor array 100 via the A/D converter 140, or the
sizes of pixel data (to be also referred to as
"processed pixel data" hereinafter for descriptive

15 convenience) obtained after specific pixel data
undergoes removal processing by specific pixel data
removal operation (to be described later), and for
extracting a maximum dynamic range calculated by an
adder 155; the adder 155 for calculating a dynamic

20 range from the difference between the maximum and
minimum values of processed pixel data extractedAby the
data comparator 154; a data selector 156 for receiving
image data and processing data processed via the A/D
converter 140, data comparator 154, and adder 155, and

25 switching between write/readout of these data in/from
the RAM 160 as needed, re-input of these data to the

data comparator 154 and adder 155, and output of these



52 data to the external function section 200 via the data controller 152;
and a sensitivity setting register 159 for setting the timngs of control
signal s Qvg oanato® bg to be output fromthe device controlpCarPamssen t he
top 5 and bottomgate drivers 110 and 120 so as to optim ze the inmge

readi ng sensitivity of the photosensor array 100 on the basis of a control
signal fromthe data controller 152. Theggin controller 153 has the
following function 10 of renoving specific pixel data. More specifically,
the main controller 153 wites, in a predeterm ned storage area of the RAM
160 via the data .selector 156, _only_a pixel data.group,except, specific

i xel data whiTH A SShadkt REer bt b S L0 SHE RN od by
t he data conpar . Qi : Vi ng i o) L N aam

val ue out of orcla%ﬁ‘%?l pellig’]té}zHa%&%s@%e%%ﬁ%yt%%t{n@%n%%ﬁto girgr%{SB can
generate a pi xel, dald (HpcessediRingl gatadnH QP IL,0M s WRigh ahhe phyel

data having a maxi num or ™ ninum value 20 1s renoved. Specific pixe ata

renoval operat it ¥ out Pt fork Ofd Aldrcd B3 +b1 Doy deseribadhd ngst ai

| ater. A nethod of setting an optinmal inmage reading sensitivity by the

sensitividy setdid@mdteisteitd S@river29 1ol DSess 0ds aF & ayptlidizd op gate
driver 110, and bottomgate driver 120 wll be described in detail. This

met hod al so comird sesaddersadingt efssiasi thogeot t WO PRO104004br array
PCT/ JP02/ 05890
100 on the basis of a control signal from the data
controller 152.
The main controller 153 has the following function
10 of removing specific pixel data. More specifically,
the main controller 153 writes, in a predetermined
storage area of the RAM 160 via the data selector 156,
only a pixel data group except specific pixel data
which is based on a predetermined condition and
15 extracted by the data comparator 154, e.g., pixel data
having a maximum or minimum value out of original pixel
data. As a result, the main controller 153 can
generate a pixel data (processed pixel data) group from
which the pixel data having a maximum or minimum value
20 is removed. Specific pixel data removal operation of
the main controller 153 will be described in detail
later.
A method of setting an optimal image reading
sensitivity by the sensitivity setting register 159 in
25 the photosensor array 100, top gate driver 110, and
bottom gate driver 120 will be described in detail.

This method also comprises the same steps as those in



53 the first and second enbodi mrents. That is, a dynamc range is

cal cul ated for each inmage reading sensitivity by conparing the sizes of

| i ght nesswoataowont ai ned in processed pixel data for eackCrameoss®adi ng
sensitivity 5 generated fromimge data (original pixel data) input from

t he photosensor array. An inmage reading sensitivity which yields a maxi num
dynanmic range is set as an optinmal value.s{rocessing operation by the
controller having the 10 above-nentioned arrangenent will be expl ai ned
with reference to the several views of the acconpanying drawi ngs. FIG 13

isafl har t, showj | e of i tjvity.adjustment/setti -
Ip?ogessiO\rllnge>6<1<raCJEJ]:BS%SWJO‘{/]"gt %gn E%e"%%rﬁ?? W}?é&ﬂﬁlﬁ% ‘%’/;edyT%a# ﬁjzs’gﬁgt %ilg?@%)egsystem
corana o er N/ ! app! .
Sreps asthose T et [P RPAU IR, ECSEA CLRR. Droa iy POTRREE O6LEFI 1D .
itted. 2 ies. | o ) i t i ted b
Poading o cont 3 STRESUEL G0 OO0 B o R TNt Tt et RAM 160

and executing the,-pso0s am by thecgoptrollen Irfye (R LRI RYLicRi HsvEhOWN in
FIG 13, the nmain controller 153 starts sensitivity adjuStment reading

operatiorg at a géhdkNGed!fobmt Dnd@s N@Lt 4 eagdi NG ORErBioON @hta) sihpeet WO
02/ 104004 PCT/ JP02/ 05890 .
from the photosensor array. An image reading
sensitivity which yields a maximum dynamic range is set
as an optimal value.
Processing operation by the controller having the

10 above-mentioned arrangement will be explained with
reference to the several views of the accompanying
drawings.

FIG. 13 is a flow chart showing an example of
sensitivity adjustment/setting processing executed by

15 the controller applied to the photosensor system
according to the third embodiment. A description of
the same processing steps as those in the first
embodiment shown in FIG. 3 will be simplified or
omitted.

20 A series of following processing steps are
implemented by loading a control program stored in
advance in the ROM 170 to the RAM 160 and executing the
program by the controller 150.

(Step S41)

25 As shown in FIG. 13, the main controller 153

starts sensitivity adjustment reading operation at a

timing prior to normal reading operation of a subject



54 image. The main controller 153 sets an image reading sensitivity for
sensitivity adjustnent reading operation in the sensitivity setting

regi ster Wod2mo4m04 t he data controller 152. The mai n cont r @CTaP02ABG89r eads 5
a sensitivity adjustment subject inage placed on a sensing surface defined
on one surface of the photosensor array 100. This sensitivity adjustnent
readi ng operation is performed while the gjyarge accunmulating period is
changed stepwi se every row of 10 the photosensor array 100 so as to
increase the image reading sensitivity for a larger row nunber, as shown

in FIG 4. Hence, | dat dat djiff ' di itiviti
are acaqui rec g;ﬁaéee”ﬁ‘ga -%ﬁ%ﬁ?caqr%fﬂﬁ%ff%% e%Q%%%r;{f@ag%e” iéié‘fr%%ejvhy' =
sensitivi a LA [ 0 igita

si gnal viaYtrmgé%ﬁ%?ﬁ%ﬁé@fggggf%%?ﬁgﬁﬂ&$g% %ﬁgﬁ?ﬁﬁéé?g%%$é}% te%porarily
tored in.th SVARF:P . 20: .1 t dat
iog: (raol : gr 122%%%%218{ Zlﬂ(?%éljfga%%g%g@agjyo?%%ﬁ? %Igg%%@é aglsg(l\?g tﬁegs

data) of each i{@Bag¥LachMgr-SENS 194 LY 410 1S Haten EAPREALDS3 Addqyi a
the data selector 156. (Step S$S43) 25 The data conparator 154 conpares the

si zes of 5 |i ghtyessh st v Of v | &PUEs Ofd 0t Nalbpexel ifadd pDiceacdh 4 mage
reading sensitivity. The data conparator 154 WO 02/ 104004 PCT/ JP02/ 05890
sensing surface defined on one surface of the
photosensor array 100. This sensitivity adjustment
reading operation is performed while the charge
accumulating period is changed stepwise every row of
10 the photosensor array 100 so as to increase the image
reading sensitivity for a larger row number, as shown
in FIG. 4. Hence, image data read at different image
reading sensitivities are acquired by one reading
operation.
15 (Step S42)
Image data read by sensitivity adjustment reading
operation is converted into a digital signal wvia the
A/D converter 140, and the digital signal is
temporarily stored in the RAM 160 via the data selector
20 156. Thereafter, the data controller 152 inputs the
digital data as original pixel data (lightness data) of
each 1mage reading sensitivity to the data comparator
154 via the data selector 156.
(Step S43)
25 The data comparator 154 compares the sizes of
lightness data of input original pixel data for each

image reading sensitivity. The data comparator 154



55 extracts specific pixel data which satisfies a predeterm ned condition,
i.e., pixel data having a maxinmumlightness data value or a plurality of

pi xel dawe oeno@escendi ng order of |ightness data val ues. PET(BI2FS®A4)

Pi xel data having a maxi num val ue extracted in step S43 or a predeterm ned
nunber of pixel data containing the maxi num value are renoved from an
original pixel data group for each image rgading 10 sensitivity. The

remai ning i nage data group is stored in a predeterm ned storage area of
the RAM 160, generating a pixel data group (processed pixel dat a)

obt ai ned by renoving the spec fIC data fr n1the i nal pixel data
group. A detai |t %ééﬁﬁﬂ%?%#lﬁ g f ATt gt F%ﬁg Bperation will

be descri bed éfé%éﬁtéﬁﬁfﬁédsﬁéméié%gﬂ Tre dat nSI?tag%geﬁagggg tracts the

processed piXx or each i mage readlng i Vi | oads t he

data into the‘%Hﬁﬂﬁﬁﬁnﬁqéﬁfﬁe§§4d¥t ¥ fﬁ9a59'§e§f££9¢1%§6ofT' ngta

conpar at or 154 ‘conpar es e sizes e processed pixel~data each

i mage reading gensiti V&éé’ceﬁ@f’ngxéf@@f So P ¥E4h 88E 8s ANt AGva IR .rmm and
m ni mum | i ght ness data val ues (Step S47) The adder 155 controlled by

the data zontroldwdp 462 cal cul ates the difference between the maxi mrum and
WO 02/ 104004 PCT/ JP02/ 05890

Pixel data having a maximum value extracted in
step S43 or a predetermined number of pixel data
containing the maximum value are removed from an
original pixel data group for each image reading

10 sensitivity. The remaining image data group is stored
in a predetermined storage area of the RAM 160,
generating a pixel data group (processed pixel data)
obtained by removing the specific pixel data from the
original pixel data group. A detailed example of

15 specific pixel data removal operation will be described
later.

(Steps 845 & 546)

The data controller 152 extracts the processed
pixel data for each image reading sensitivity, and

20 loads the data into the data comparator 154 via the
data selector 156. The data comparator 154 compares
the sizes of the processed pixel data for each image
reading sensitivity, and extracts pixel data having
maximum and minimum lightness data values.

25 (Step S47)

The adder 155 controlled by the data controller

152 calculates the difference between the maximum and



56 mi nimum | ightness data val ues of pixel data extracted for each inmage
reading sensitivity, thereby obtaining a dynam c range for each inage
readi ng swoIRuiddy. The result is tenporarily stored i nPCRAPRAFBNIG0 vi a
the 5 data selector 156. This dynam c range cal cul ation processing is
executed for respective inmage reading sensitivities. (Step S48) Dynam c
ranges for respective inmage reading 10 sensdtivities stored in the RAM 160
are read out via the data selector 156, and |oaded into the data
conparat or 154. The data conparator 154 conpares the dynam c ranges for
respective imge, reading, sensitiyities,,and extract 3.naxinun1d mc
%éq Of ir 9

range. 15 (Step SAYTT L3313 %%{Y?%g C RS %@ ?%F?% $ ten
(et e ooy oles 18000k, LIGE o) 10 S NI

. ; .a
correspondi ng to a ange as p i rage

readi ng sensitiyi . 5ﬁ§§i v dj eadi ion
$41) agpl i ed toal/\/‘l %m%%%/e- des%é%/bée%c%r%%%é%ﬂ%aﬁgg%r%%%ﬁ@%ﬁ#fﬁﬁé ((:r'gk?]%)ol | er

wi |l be expl ai n@@sﬁi‘tdféaﬂémpdﬂéﬂ%ﬁfﬁfgf@@ 10 the saveréd vigvenof the
acconpanyi ng drawi ng. 25 FI'GS. 14A and 14B are conceptual views showi ng a

target region aphansexarpde Ofgreadi ng operation in sensitivity
adj ust nent readi ng operation according to WO 02/ 104004 PCT/ JP02/ 05890

This dynamic range calculation processing is
executed for respective image reading sensitivities.
(Step S548)

Dynamic ranges for respective image reading

10 sensitivities stored in the RAM 160 are read out via
the data selector 156, and loaded into the data
comparator 154. The data comparator 154 compares
the dynamic ranges for respective image reading
sensitivities, and extracts a maximum dynamic range.

15 (Step S49)

The sensitivity setting register 159 is rewritten
via the data controller 152 to set an image reading
sensitivity corresponding to the extracted maximum
dynamic range as an optimal image reading sensitivity.

20 Sensitivity adjustment reading operation (step
S41) applied to the above-described processing
operation of the controller will be explained in detail
with reference to the several views of the accompanying
drawing.

25 FIGS. 14A and 14B are conceptual views showing a
target region and an example of reading operation in

sensitivity adjustment reading operation according to



57 the third enbodinent. FIGS. 15A and 15B are conceptual views show ng
anot her target region and anot her exanple of reading operation in
sensiti viwg oadpaest ment readi ng - operation according to tRETURIZE890
enbodi ment. 5 Sensitivity adjustnent reading operation applied to the
third enbodi ment is executed as follows. On the basis of control signals
and an inmage reading sensitivity which arg output fromthe device
controller 151 and set in the top gate driver 110, bottom gate 10 driver
120, and pre-charge switch 132, a sensitivity adjustnent inmage placed on

th i face i i t hi i i i on 30 f or med
From the | enti S SaHe i SUPTSERH- £ e Bhot bUbrET BTF a5 400 Pt b 1 1
FIGS. 14A and 14B {4 i t jon 40,f
or edet ermi ned oaeh Tartid AP RAEE AT AORLAE S PR MRt e

di i o A5 ' . ang; A 82di NG ging -
Cansi 11vi tres SEt o Bobl e e U bk COnnenr & 107 v LR Chaet 1T o E e

phot osensor ar r@yer0i 00 fyrben$alo tihdifd erq fEpR AR Ot her, e.g.,
stepwi se every row, every predeterm ned nunber of rows, or every reading

region sueh as ever ys@ﬁé@@iweyr@@?’u@@merﬁ@gj}@@d&@g06p@y@tyoge5;9§1i@<ﬂ]_ region
40. As a detailed driving nethod of the photosensor 25 10 in sensitivity

adj ust ment r eadisg:ioperiai tdremedbdindite IOVWExedutde phHofosEmsOr aymay 100
made up of 256-X 196 pixels may be sequentially read, as shown in WO
02/ 104004 PCT/ JPO2/899) of control signals and an image reading
sensitivity which are output from the device controller
151 and set in the top gate driver 110, bot tom gate
10 driver 120, and pre-charge switch 132, a sensitivity
adjustment image placed on the sensing surface is read
within an effective reading region 30 formed from the
entire sensing surface of the photosensor array 100, as
shown in FIGS. 14A and 14B, or within a detection
15 region 40 formed from a predetermined region restricted
and sef in advance within the effective reading region
30, as shown in FIGS. 15A and 15B.
Image reading sensitivities set in double-gate
photosensors 10 which constitute the photosensor array
20 100 may be set to differ from each other, e.g.,
stepwise every row, every predetermined number of rows,
or every reading region such as every effective reading
region 30 or every detection region 40.
As a detailed driving method of the photosensor
25 10 in sensitivity adjustment reading operation, all
the rows in the photosensor array 100 made up of

256 X 196 pixels may be sequentially read, as shown in



58 FIG 14A. Alternatively, every plurality of rows (in this case, every
10 rows) such as the 10th, 20th,..., 180th, and 190th rows nay be
sequent i awby2nemod as shown in FIG 14B. 5 For exanple, ZCI/IPim0ssowms in
the detection region 40 forned froma row range of 64th to 191st rows and
a colum range of 67th to 130th colums nmay be sequen- tially read, as
shown in FIG 15A. Alternatively, every gairality of rows (in this case,
every 10 rows) 10 such as 70th, 80th,..., 180th, and 190th rows may be
sequentially read, as shown in FIG 15B. In the third enbodi nent, a region

to b di | M di ti f ‘subj ect _.nay be, . di tl

sgt :sr:areb?onﬁgéffL%%Ivgg}%gg?%ggV%gfgﬁe%%Pﬁgp%ﬁr%gftngSnr¥%§?6hnZB?C Y
bi q erTel . i . ¥ .

?gg{gﬁte40fotﬁ39§%%%%éé%f %?X%?;fﬁg% %ggdéggh?%%r?%%?g%tﬁfoaﬁE%hSFggfLﬁg

ranges) rmay be $§4Jn SeIn@s1é lll‘aa\_‘gwé‘tmé%%é é‘e%ﬁhﬁ%ﬂﬂ?@@édma@i xel data

necessary to 20 satisfactorily execute process eration 1h specific
pi xel data renmoyiadyopPesakt@n g optimal i mage reading sensitivity setting
operation which are applied to this enbodinent. A region subjected to

sensitivigy adjustmendrreaghple PPerat tpa 2668" dhnghtogthecthbhdregdon
enbodinent is not limted to the setting region (128 rows from64th to

191st rows and ¢! fwised r oro 74 hrol ord3§é ho£ob4tmstool 91 be defreckn@nar egi on
40. A region WO 02/104004 PCT/ JP02/ 05890
column range of 67th to 130th columns may be sequen-
tially read, as shown in FIG. 15A. Alternatively,
every plurality of rows (in this case, every 10 rows)
10 such as 70th, 80th,..., 180th, and 190th rows may be
sequentially read, as shown in FIG. 15B.

In the third embodiment, a region to be read in
normal image reading operation of a subject may be
directly set as a region (effective reading region 30

15 or detection region 40) subjected to sensitivity
adjustment reading operation. As the detection region
40, the number of pixels included in the region (row
and column ranges) may be so set as to have at least
a minimum number of pixel data necessary to

20 satisfactorily execute processing operation in specific
pixel data removal operation and optimal image reading
sensitivity setting operation which are applied to this
embodiment. A region subjected to sensitivity
adjustment reading operation according to the third

25 embodiment is not limited to the setting region
(128 rows from 64th to 191st rows and columns from 67th

to 130th columns) of the detection region 40. A region



59 defined by narrower (smaller nunber of pixels) row and colum ranges
may be set. Setting of a mninmumregion which can be set as a detection
region wiwbobaosesrified later. 5 Specific pixel data rempCalJPaPEsBEx i on
(steps S43 and S44) applied to processing operation of the controller
will be exenplified. O specific pixel data renoval operation applied to
this enbodi nent, operation of extracting ege or a 10 plurality of pixel
data in descending order of |ightness data val ues can adopt the foll ow ng
met hod. More specifically, in step S43 descri bed above, the |ightness

dat I f 1.gi nal. pi xel dat d_intg th t t 54

Coma od 1 or _edbH T DA TERI T GO (73T e o I ol bWt a ar ¢
ted ind ' f1iqght d . St [ N RAM

160 via the dath Corbdamrbet LIS ShAh RGP b Shar Gagdr Tl

in the RAM 16Qvﬂlagcfaéé}9'k?é St dy. aé“&ef@é‘@for@ﬁeg}for@%i‘@@ v@:?iﬂ‘é&’ the

dat a conpar at or agal n, a predeterm ned nunber” of pixel data fromthe
first ton-th (ndsS-an arbitrary natural nunber) pixel data are uniquely
desi gnated and renoved in descendi ng order of |ightness data values from

an origimal pixel d%@eﬁﬁ@fﬂéﬁdﬂa&%iﬁeﬁ@@aﬁ Sr#lesesd | begepayseyery
i mage reading sensitivity. The remaining pixel data group (corresponding
to processed piaxel 3¥)a)apslilanded grdes 3N 02/ 30404 FCTd 8 Rbd 05890
controller will be exemplified.
Of specific pixel data removal operation applied
to this embodiment, operation of extracting one or a
10 plurality of pixel data in descending order of
lightness data values can adopt the following method.
More specifically, in step S43 described above,
the lightness data values of original pixel data loaded
into the data comparator 154 are compared for each
15 image reading sensitivity. The original pixel data are
sorted in descending order of lightness data values and
stored in the RAM 160 via the data selector 156.
In steps S44 to 546, when pixel data stored in the
RAM 160 to calculate a dynamic range are to be loaded
20 into the data comparator 154 again, a predetermined
number of pixel data from the first to n-th (n is an
arbitrary natural number) pixel data are uniquely
designated and removed in descending order of lightness
data values from an original pixel data group sorted
25 in the above-described way every image reading
sensitivity. The remaining pixel data group

(corresponding to processed pixel data) 1is loaded into



60 the data conparator 154. O the | oaded pixel data group, pixel data
having the | argest |lightness data value, , i . e . , pixel data second

| ar gest -wo othetoodesi gnat ed/ renoved pi xel data, and pi xel pdatjaotiesdong 5 t he
smal l est |ightness data value are extracted and read out via the data

sel ector 156. The adder 155 calculates the difference between the maxi num
and m ni num val ues of the pixel data, i.gp a dynamc range. 10 By this
si npl e processing of conparing pixel data and sorting themby their

si zes, -pi xel data having a maxi num|ightness data val ue (highest

|'i ght t i ned f pixel ta, in d ' d f

i Ot nese, dat a WAl S SRR ARy rehovel { Tt IR G VT i xel data
ness dat a AT (6 Tar ey refrovett S 6t i ned

St 1 het ed {1 om U haSE bl A artp o WA I FF ey et

| mege Teading SeNsltividies Al selcd ol aspertiyay am wdl be 20

expl ained. In step S103, 't sl zes of pilxe ata pi xel s adj acent to

each other on tfies Phtasensiorid ayi ot fta . igi-nal i xelngdatdg group
| oaded into the data conparator 154 every row, i.e., every inmage reading

25 sensity vity € it CURArEdasndds seaentd Bld yaextd:actact&d tand Pi Xel
data fromthe first pixel of the target row in descending size order. WO
02/ 104004 PCT/ 3R 0hB90Gria the data selector 156. The adder 155
calculates the difference between the maximum and
minimum values of the pixel data, i.e., a dynamic
range.
10 By this simple processing of comparing pixel data
and sorting them by their sizes, pixel data having a
maximum lightness data value (highest lightness) or a
predetermined number of pixel data in descending order
of lightness data values are uniquely removed from an
15 original pixel data group. In addition, pixel data
having maximum and minimum values are extracted from a
processed pixel data group.

A case wherein different image reading

sensitivities are set for respective rows will be
20 explained.

In step S103, the sizes of pixel data of pixels
adjacent to each other on the photosensor array out of
an original pixel data group loaded into the data
comparator 154 every row, i.e., every image reading

25 sensitivity are so compared as to sequentially extract,
e.g., pixel data from the first pixel of the target row

in descending size order.



61 More specifically, as shown in (a) and (b) of FIG 16, pixel data of
the first pixel (first pixel data) and pixel data of the second pixel
(second pwReb/1046t a) are conpared in the pixel data groupPCmJIpI2EsBIS dat a)
of one row to extract pixel data having a larger |ightness data val ue
(higher lightness). The extracted pixel data and pixel data of the third
pi xel (third pixel data) are conpared to gxtract pixel data having a

| arger |ightness data value. This processing is 10 executed up to the mth
pi xel data of the target row. By conparing pixel data of adjacent pixels,

only pixel data having a |ar | jght ness_dat a val e IS ySgextract ed
and subj ected to the" %(tsl%% Cf%jo%' PP ocER gt THi s and RERE

conpari son/ ext rAct| i Of}; pr oc)(fesl3|({}igca{ so§5d{eep§llllé,& \;E?iﬁy%fxfﬁﬂsetd,%%f he pi xel

data group of ore " row, Bxttac ng only

l'i ghtness data y. %at e %] 95&‘%%1 'dagﬁ Qﬁ@%hﬁ@ﬁé‘on@%ﬁf&“ﬂ(é%c{&%ﬁ%i d) of

FIG 16, pixel aving a a val ue

lightness) is duacted i dbGRA | SO RXtEAcd] A Pr escr i bed
above. Extracted pi er data are sequenti aIIy stored in a pr edet erm ned

storage & ea ofdatidle SAMASG- A a-d hexidad @ g@i;@@l datdthaWi@ra Pl xeder dat a

havi ng a maxi mum | i ghtness data value is 2 xtracted, the pixel data group
is | oaded into Tighitledss do¥arl0s Glﬁjégla@ﬁlmgk&rmé@)r t orideextracted

above-descri bed conparison/extraction processing, the first pixel data WO
02/ 104004 PCT/ JOH D589k and pixel data of the third pixel (third

pixel data) are compared to extract pixel data having a
larger lightness data value. This processing is

10 executed up to the m-th pixel data of the target row.

By comparing pixel data of adjacent pixels, only

pixel data having a larger lightness data wvalue is
always extracted and subjected to the next comparison
processing. This comparison/extraction processing is

15 repetitively executed for the pixel data group of one
row, extracting only pixel data having a maximum
lightness data value (highest lightness).

Then, as shown in (¢) and (d) of FIG. 16, pixel

data having a smaller lightness data value (lower

20 lightness) is extracted in comparison/extraction
processing described above. Extracted pixel data are
sequentially stored in a predetermined storage area of
the RAM 160 via the data selector 156. After pixel
data having a maximum lightness data value is

25 extracted, the pixel data group is loaded into the data
comparator 154 again. Similar to the above-described

comparison/extraction processing, the first pixel data



62 (pixel data having a |ower |ightness as a result of conparing the first
and second pi xel data) is conpared wth the second pixel data (pixel data
havi ng a woweno4ob4 ght ness as a result of conparing the thipca/JJpoxesioodat a 5
wi th pi xel data having a higher |ightness out of the first and second

pi xel data), extracting pixel data having a |larger |lightness data val ue
(higher [lightness). The extracted pixel ¢gagta is conpared with the third
pi xel data, extracting pixel data having a 10 larger |ightness data val ue.
This processing is executed up to the (ml)th pixel data of the target
row. In this nner,. prqcessing of_ al ways .extractin anl i.xel data

havi ng a | ar ger H:'ixgq‘?t r?{égcsa Z]ﬁtv alaugLoéf'seyr fSlg;’%eﬁﬁ %Sofa c%ﬁ%ﬁ‘r Tt pi xel
data in a remaini i.xel .da e} r ' X t Vi Xi mum
| i ght ness dat aé&%eﬁ(ﬁeﬁ%sﬁlxggh%%ésﬁ%qo% rm}évgeld%%ast%a}r gp%%oﬁb\%eﬁaey&a
executed. - Only \piptely lata haw g Lhe g8econd Jar agsts It 1988 val ue
is extracted for 20 the target i mage reading sensitivity (I{rbgﬁ I's pixel
data conpari son/iHurRcd QA R 0eesSIiNGd TdmRelidd teley traxeeWiedil ddwes (i
is an arbitrary natural nunber). A predeterm ned nunber of pixel data up
to the isth pixglth gatelarRexhacted d midgssendigie isderoaf di gHdess 25
data values. Setting of renoving only one pixel data having a maxi num

| i ght ness dat a Adadate dndmecvondr ipdixel qates)l, WA AG4004 RET HXXH 05890

having a larger lightness data value (higher
lightness). The extracted pixel data is compared with
the third pixel data, extracting pixel data having a

10 larger lightness data value. This processing is
executed up to the (m-1)th pixel data of the target
row.

In this manner, processing of always extracting

only pixel data having a larger lightness data value as

15 a result of comparing pixel data in a remaining pixel
data group from which pixel data having a maximum
lightness data value (highest lightness) is removed is
repetitively executed. Only pixel data having the
second largest lightness data value 1s extracted for

20 the target image reading sensitivity (row). This pixel
data comparison/extraction processing is repetitively
executed i times (i is an arbitrary natural number). A
predetermined number of pixel data up to the i-th pixel
data are extracted in descending order of lightness

25 data wvalues.

Setting of removing only one pixel data having a

maximum lightness data value from an original pixel



63 data group for each inmage reading sensitivity is effective for
elimnating the influence of abnormal pixel data caused by the el enent

def ect ofwe o2phwvosensor which constitutes a photosensor &CTapPo2/05s® 5
nunber of el enent defects occurred at actual product level in a

phot osensor system applicable to the third enbodinent is at nost one per
row which constitutes a photosensor arraygzSince a plurality of elenent
defects hardly occur in one row, the present invention 10 can
satisfactorily enploy a sinple nethod of renoving only pixel data having a

maxi mum | i ght ness, data val ue. A nethod of re ving a_p ede%ernined nunmber

of (plurality ?S?pgﬁgvpdg?ﬁ ?ﬁg§e§@3ﬁ3i58a§$a%r ] %?gﬁ Het§ data val ues

froman originalcpLxel,daka OLoOUR k[ 0F EAEN; hPROE Leadingpsenalilvity can
e effectively "applred to elrmnating the rnfluence of "a relatively large

foreign matter dep §i%QQaOB?EQ@dSSPS£HQ'éﬂéﬁéﬁg %g@egge phgt osensor array

or the influence of abnornma pi xef data cause y an el enent defect

generated over d@loggs@ﬂlyéal whYcRf cBh¥el sutE3ch prRLVGYeARBYI 8drhQ. t hene
above-nenti one specific pixel data renoval operation has been described

by exenpl §fyi ngnenbyraciethedent dBFgUelyoextrasti g andukenpvbagetfrom an
original pixel data 25 group, pixel data having a maxi mum|i ghtness data

val ue or a preteterninesd phobeseakopi xebtéat aphbavecagleatgethei ghiness data
val ues containing a maxi numvalue in the WO 02/104004 PCT/ JP02/ 05890
embodiment is at most one per row which constitutes a
photosensor array. Since a plurality of element
defects hardly occur in one row, the present invention
10 can satisﬁactorily employ a simple method of removing
only pixel data having a maximum lightness data value.

A method of removing a predetermined number of
(plurality of) pixel data in descending order of
lightness data values from an original pixel data group

15 for each image reading sensitivity can be effectively
applied to eliminating the influence of a relatively
large foreign matter deposited on the sensing surface
on the photosensor array or the influence of abnormal
pixel data caused by an element defect generated over a

20 plurality of pixels.

Each method applied to the above-mentioned
specific pixel data removal operation has been
described by exemplifying only a method of uniquely
extracting and removing, from an original pixel data

25 group, pixel data having a maximum lightness data value
or a predetermined number of pixel data having large

lightness data values containing a maximum value in the



64 presence of an abnormal pixel serving as a bright spot (bright spot
defect) owing to the elenent defect of a photosensor which constitutes a
phot osenswp oanomy4 variations in el ement characteristicsPCorPexEse®i ti on of
5 a foreign matter on the sensing surface. The present invention is not
limted to this, and only pixel data having a mninmum |ightness data val ue
or a predeterm ned nunber of pixel data hayving small |ightness data

val ues containing a mnimumvalue may be 10 uniquely renoved. Even if a
dark spot defect is generated by a foreign matter which is deposited on

the sensing surface and detected darﬁer. b ackeri than a surro nding i mge
pattern, abnor PRFSPFXEF FhtI i FPIHE 2 15P13r et hy KoY %3nabgrﬁﬁ?gu§P9

removed bef or e 1e; AT koo O agPLLIP! o) RGeS, s cedlng, SEDsL UIYELY: of o

extraction/setti'ng “operation. readirng sensitivi

prevented or 5;§§§€§§§Qs§fQH&P@%U@&&@%%@%%gggaEéﬁg%gge195£9£g§%%y proper

val ue. Hence, gh-quality subject obt ar ne nor mal

image reading epefations Mbem andh i ANGLOLPDe!sOf Pl X6k Qébésﬂ@&@ﬁ?éfy to
properly execute optimal image reading sensitivity extraction/setting

operati oms can bg eased @6l mac 28 Phedeher SaNethusherast . pi xgt gatsehh
descendi ng order of lightness data values and a predeterm ned nunber of

pi xel data in abgesatthen oideiopflimphéness datsa, vahdesnWp 24404004
PCT/ JP02/ 05890
data having a minimum lightness data value or a
predetermined number of pixel data having small
lightness data values containing a minimum value may be
10 uniquely removed.

Even if a dark spot defect is generated by a
foreign matter which is deposited on the sensing
surface and detected darker (blacker) than a
surrounding image pattern, abnormal pixel data in the

15 target pixel can be uniquely removed before the start
of optimal image reading sensitivity extraction/setting
operation. The image reading sensitivity can be
prevented or suppressed from being set higher than an
originally proper value. Hence, a high-gquality subject

20 image can be obtained in normal image reading
operation.

When a minimum number of pixel data necessary to
properly execute optimal image reading sensitivity
extraction/setting operation can be ensured, a

25 predetermined number of pixel data in descending oxrder
of lightness data values and a predetermined number of

pixel data in ascending order of lightness data values



65 may be renoved, as described above. In this case, the influence of both
bright and dark spot defects can be elimnated. The nunber of specific

pi xel datworemowabl e by the 5 above-described specific piPKEIIPeAIS890r enova
operation, and setting of a detection region in sensitivity adjustnent
readi ng operation will be exam ned. As described above, in specific pixel
data renoval operation according to the tdyrd enbodi nent, a 10

predet ermi ned nunber of (plurality of) pixel data having maxi num or

m ni mum | i ght ness data values are renoved froma pixel data group

(original pixel_ data rou for each i, readi ng sensitivity. Ta shorten
the readi ng opelRt it ??%‘P%%' sEhs ???ﬁltﬁfq‘go“i‘%%‘f%ntfrﬁé}?%%ﬁ opetation,
a target region, J. e i eq| 4 ﬂgy b t A
therefore the nr!Lunr%lelrﬁéﬁ%%j %f)iﬁe %prrba%/lgg{{etos% (Qsma ]f %?ﬁo%%@ésée? i%agﬁ%%
condition or rQ§ffﬁ%ﬁ%f%Q§'ln this case, however, a plurality of pixel data
are uni quely renove y 20 specific pixel data renmpval operation,
decreasing the nunbgge ofuRbOEeSEEsHPLXE] c A3 Re1 TASL AUPDRSv Q1 PI B¢l thdat a
used for optimal inage reading sensitivity extraction/setting operation

may becorge i nswddwd-edscrivedisigedorNOrgBtdy @xesutendhel pseeessidw, 25 To
prevent this, the region subjected to sensitivity adjustnent reading

operation nust del seittng hewea tdecantiet ©fgpbxeln dedms enbuighy t o properly
WO 02/ 104004 PCT/ JP02/ 05890
adjustment reading operation will be examined.
As described above, in specific pixel data removal

operation according to the third embodiment, a

10 predetermined number of (plurality of) pixel data
having maximum or minimum lightness data values are
removed from a pixel data group (original pixel data
group) for each image reading sensitivity. To shorten
the reading operation time in sensitivity adjustment

15 reading operation, a target region, i.e., detection
region 40 may be set narrow, and therefore the number
of pixels may be set small without setting any
condition or restriction. In this case, however, a
plurality of pixel data are uniquely removed by

20 specific pixel data removal operation, decreasing the
number of processed pixel data. The number of pixel
data used for optimal image reading sensitivity
extraction/setting operation may become insufficient,
failing to normally execute the processing.

25 To prevent this, the region subjected to
sensitivity adjustment reading operation must be set to

have the number of pixel data enough to properly



66 execute optimal inmage reading sensitivity extraction/ setting operation
even after a predeterm ned nunber of pixel data are renoved in specific

pi xel datworeemmowed operation. 5 More specifically,, accordiragorassihe

exam nation by the present inventors, the interval between the bright and
dark streaks (bright and dark patterns) of the fingerprint of an adult is
about 300 ,um when the photosensor system@according to the third

enbodi ment is 10 applied to a fingerprint reading apparatus. On the other
hand, the interval betmeen pixels (doubl e-gate photosensors) can be
manuf act ured as_smal | hot o en or rra%;C ggéled to the

bhot 0Sensor sy%%e%lta el SR fE HirfiPdoh e e oy 1B 8
detecting one byighl|gasksii eak QIIeﬂhgf{éngrg{*é&été PRORGCAMLE £ gpout

si x pixels. I mage reading sensrtivity hi gh

precision in th$1§Q9V§a€§”££Q“EQm89éH”?b sb@@ﬁﬁléeﬁﬂkéﬂ §§E§'Eéﬂb%¥1

extraction/setting operation 20 requires inhage data of about el ght
bright/dark stregksat{a@bout 48 pixels). Wen conditions are so set as to
renmove about 10 pixel data in order to elimnate the influence of abnornmal

pi xel datm caused bymaneekpsehnticdef@¢t apeodapngi tboohef egah®het gonnBit er
on the sensing 25 surface by the above-descri bed specific pixel data
renoval operatioie pteseastimvergoon, othabbnteb0api Ketseen. €he Ariggt on
correspondi ng to about WD 02/ 104004 PCT/ JP02/ 05890
and dark streaks (bright and dark patterns) of the
fingerprint of an adult is about 300 um when the
photosensor system according to the third embodiment is
10 applied to a fingerprint reading apparatus. On the
other hand, the interval between pixels (double-gate
photosensors) can be manufactured as small as about
50 um in a photosensor array applied to the photosensor
system according to the third embodiment. From this,
15 detecting one bright/dark streak of the fingerprint
image requires about six pixels.

Extracting an optimal image reading sensitivity
with high precision in the above-mentioned optimal
image reading sensitivity extraction/setting operation

20 requires image data of about eight bright/dark streaks
(about 48 pixels). When conditions are so set as to
remove about 10 pixel data in order to eliminate the
influence of abnormal pixel data caused by an element
defect or deposition of a foreign matter on the sensing

25 surface by the above-described specific pixel data

removal operation, at least a region of about

60 pixels, i.e., a region corresponding to about



67 10 bright/dark streaks (corresponding to a wwdth of about 3 mm is set
as a region subjected to sensitivity -adjustnent reading operation. Even
i f data oWObQ/1piosel s are renoved as pi xel data having | ar @eTBPOY/@FReNess
data val ues, pixel data of the nunber of pixels (about 50 pixels) enough
to ensure the extraction precision of an optimal inmage reading
sensitivity can be left. In this fashion, ghe nunber of pixels (or row and
10 colum ranges) contained in the detection region in the above
sensitivity adjustnment reading operation is set using, as paraneters, a

roci Sion of ah oBET IR/ Shabe reaitng Eonerop rdbientont BEFEF 15 an
| n | e Teddl g Sensrf: | F 5 ¢
et Pacti onf sot 11 ooy paral] ont Ad 2Tha ROPEEY ST SReEr T coprRar Gh T o be

renoved based .9n;hLbentseapensynQf osberenindef gols gengapledsin the
phot osensor array or the size of "a Toreign natter 20 deposited on the

sensing surfacejoNotgethaird hisno¥ad A3t hoRe Nagaxhbiied tREQLY an _
exanpl e when the phot osensor system according to the third enbodinent is

applied t» a finpghprésns deesdi wgluappapakss. ddbe OF eseatnimpent6en i s not

limted to 25 this, and the detection region is appropriately set in

accordance w t hpikels magieoyiat Serpinéla) sabpegh, td hensomautaest uri ng

preci sion of the photosensor, the use WO 02/ 104004 PCT/JP02/ 05890
extraction precision of an optimal image reading
sensitivity can be left.

In this fashion, the number of pixels (or row and

10 column ranges) contained in the detection region in the
above sensitivity adjustment reading operation is set
using, as parameters, a minimum number of pixels
necessary to ensure a sufficient extraction precision
of an optimal image reading sensitivity on the basis of

15 an image pattern serving as a subject in optimal image
reading sensitivity extraction/setting operation, and
the number of specific pixel data to be removed based
on the frequency of element defects generated in the
photosensor array or the size of a foreign matter

20 deposited on the sensing surface.

Note that this examination has exhibited merely an
example when the photosensor system according to the
third embodiment is applied to a fingerﬁrint reading
apparatus. The present invention is not limited to

25 this, and the detection region is appropriately set in

accordance with the image pattern of a subject, the

manufacturing precision of the photosensor, the use



68 environnment of the photosensor system or the like. The effectiveness
in an application of the -photosensor system according to the present

i nvent i orwotoe/1e40b4 nger pri nt readi ng apparatus w |l | be explrairIeae/ isg95

show ng sone experinental data in conparison with a conventional method.
Optimal inmage reading sensitivity extraction/setting operation (steps S$S46
to S49) wll also be described by referriggg to sensitivity setting
operation of the photosensor systemaccording to the 10 above-descri bed
enbodi ment. FIGS. 17A and 17B show an exanple of the image pattern of a

fingerprint when A, SUBLESt Jimage bSSNSILI L Adiyst 1Bnt fmage). | s read by

performing sensitivity adiustnent g operation in &0f5 predeterm ned

detection region of efeg(ﬂﬁété%r (gsﬁar A, | q_Jhan__oqp Songrhal  pi xel

caused by an el enent ke Tn % ot osensor system

according to t.heHfdndoem 't%ntacﬁr%ngl% tt@xe]-%'f:ce%re‘%ltgrlmt%@w ng

changes in pixéel data (lightness data) for respective 20 rows of

fingerprint image otiaigeed hntsersiding tppaditust ENL n@a@magpferoand
FIGS. 19A and 19B are a graph show ng changes in dynam c range base on

pi xel data (| igghiwiess sdakak xphirdimzedt fIr eatad of icogeapriistn wimge by
sensitivity adjustnent reading operation, and 25 a correspondence table
bet ween t he r owomyanerionbie medyroaini ¢ Qramngeyl amchoteherclankigey reesadiing.vity
sensitivity (charge accunul ating period). W 02/104004 PCT/ JP02/ 05890
extraction/setting operation (steps S46 to S49) will
also be described by referring to sensitivity setting
operation of the photosensor system according to the
10 above-described embodiment.
FIGS. 17A and 17B show an example of the image
pattern of a fingerprint when a subject image
(sensitivity adjustment image) is read by performing
sensitivity adjustment reading operation in a
15 predetermined detection region of the photosensor array
including an abnormal pixel caused by an element defect
or the like in the photosensor system according to the
third embodiment. FIGS. 18A to 18E are graphs showing
changes in pixel data (lightness data) for respective
20 rows of a fingerprint image obtained by sensitivity
adjustment reading operation. FIGS. 19A and 19B are a
graph showing changes in dynamic range based on pixel
data (lightness data) obtained from the fingerprint
image by sensitivity adjustment reading operation, and
25 a correspondence table between the row number, the

dynamic range, and the image reading sensitivity

(charge accumulating period).



69 FIGS. 20A and 20B show exanples of the image pattern of a fingerprint
when a fingerprint image is read by setting an i mage reading sensitivity
usi ng t hewophoowmsensor array includi ng an abnornmal pixel Wwcrhew/0s89appl yi ng
the sensitivity setting nmethod according to the third enbodi nent, and when
the fingerprint inage is read by setting an imge reading sensitivity
using the sensitivity setting nethod accgoding to the third enbodi nent.
FIGS. 21A to 21E are graphs showi ng 10 changes in pixel data (lightness
data) for respective rows of fingerprint inmge data obtai ned by specific

i xel data renoval o ti accor di to this nmbodLnent ., FIGS. 22A and

IC2)|2)I_§‘> are a graphvshovﬁoﬁ%‘g' C &ﬁg@%‘gl?ﬂd%%ﬁ ce¥%fﬁ%§e%a%tdt%% PI3&F data

i ght ness 15 t t al ned:by_speci fic .pixel data removal. operation

gclcgr dinng to tﬁ%%%ﬁr(r)rg ngrrb%g?lrrﬁé%ef P awrgéoﬁr(raes%o%%eeﬂ%%m% aBte Deteen t he
nber, th 1 C L e J eadi 'S Lt ar ge

ocumil ati ng. Sy Nty ANGnddl 1 IRIGS D0 SEIN i, (iRbard

(fingerprint) ofhAJdd8sr RGS8F Vidl9 @51 %{pj%ofﬂblgﬁ% W 8gs, ¢ eadi ng

operation is used as a sensitivity adjustnment | mge. ent charge

accunul atsi ng 106k Pren S B ed Ot PGP SENSON Sy GRe FIRSPELE bY@y Of 25 the
det ection regigﬁﬁz mﬁ?ch is defined 65 a rod?%ange (128 roﬁg) of 64th to

191st rows and thes AHEWY reiged {nfh tcoldimsyhef 674 hf 10gd30k thcolmas, iand i s
set in WO 02/104004 PCT/JP02/ 05890
read by setting an image reading sensitivity using the
sensitivity setting method according to the third
embodiment. FIGS. 21A to 21E are graphs showing

10 changes in pixel data (lightness data) for respective
rows of fingerprint image data obtained by specific
pixel data removal operation according to this
embodiment. FIGS. 22A and 22B are a graph showing
changes in dynamic range based on pixel data (lightness

15 data) obtained by specific pixel data removal operation
according to the third embodiment, and a correspondence
table between the row number, the dynamic range, and
the image reading sensitivity (charge accumulating
period).

20 As shown in FIG. 17A, the image pattern
(fingerprint) of a finger FG serving as a subject in
normal image reading operation is used as a sensitivity
adjustment image. Different charge accumulating
periods are set for photosensors on respective rows of

25 the detection region 40 which is defined by a row range
(128 rows) of 64th to 191st rows and a column range

(64 columns) of 67th to 130th columns, and is set in



70 advance within the effective reading region 30 of the photosensor array
100 made up of at |east 256 X 196 pi xels (photosensors). Then, sensitivity
adj ust mrerworoeadionyg operati on of reading the i nage 5 pattePoTaPo/d5890f i nger
FGis executed to obtain a fingerprint image in which the i mge readi ng
sensitivity changes stepw se every row in inmage reading operation of one
frame, as shown in FIG 17B. In this caseypassune that an el ement defect
(not shown) exists 10 in the photosensor array 100 shown in FIG 17A and
that a bright point defect IL which corresponds to the elenent defect and

t t 'y hj dat I d th
i ngerprint i nRQBSWFERTRCERG Bbfoct %ﬁtﬁga? K0 0028 Ban Pnots FI G 178,

In this flngerp t a e_Ls essed by 256
gray | evels. EE? R%ﬁ?ggen%gﬁ gkgm&tﬁ ﬂ%ﬁ%e régdgkoggégéhtness dat a
values in resp i ye t i, %gﬁ% , gégg¥% 20 176t h
rows for descr|g§Fv§ g%ﬁ%@%?%#%% H%gﬁﬁ%%gﬁ%gﬂi as Wi i n é?‘
illustrating chaa9@§tm@n£l 9888%5 ofataryahusri PehAend04hl HRAWeP xel dat a

having an extrenely high [ightnéss data value is obsérved at a col um
number Rpsin thgadPdth seW-EBEr f@ﬁg@@dFGglbOeﬁeaﬁtEQStbl eptwharg the bright

point defect IL shown in FIG 17B occurs. In the conventional sensitivity
setting nethod Wh§2r3p4004iREFLIPA2(AD8A0the image reading
sensitivity changes stepwise every row in image reading
operation of one frame, as shown in FIG. 17B. 1In this
case, assume that an element defect (not shown) exists
10 in the photosensor array 100 shown in FIG. 17A, and
that a bright point defect IL which corresponds to the
element defect and represents an extremely high
lightness data value is generated in the fingerprint
image within the detection region 40, as shown in
15 FIG. 17B.

In this fingerprint image, the lightness data
value is expressed by 256 gray levels. FIGS. 18A to
18E show the change trends of lightness data values in
respective pixels in the 80th, 104th, 128th, 152nd, and

20 176th rows for descriptive convenience. For example,
as shown in FIG. 18B illustrating changes in lightness
data value in the 104th row, pixel data having anA
extremely high lightness data value 1s observed at a
column number Rp in the 104th row corresponding to a

25 position where the bright point defect IL shown in
FIG. 17B occurs.

In the conventional sensitivity setting method



71 described above, maxi mum and m ni num |ightness data values are
extracted every row regardl ess of the presence/ absence of an abnor nal

pi xel (brwohe/1pwint defect IL) as shown in FIGS. 17B andPC&BPoIi5890dynarmi c
5 range is calculated fromthe difference between the maxi mum and m ni num
val ues. The lightness data value of the abnormal pixel saturates to
represent the maxi mumvalue owing to the joright point defect IL present
in the 104th row. As shown in FIGS. 19A and 10 19B, an apparent naxi num
val ue MA2 appears in the 104th row different froma col um nunber RCa at

which th d ' hi bi t i gi nal . [ I MAL., A

Feading sensi t (VIS (1o, 55 i GR Rt A0 IR CBUF | e IO DT h
h f ' ' I MAZ i

et ermned 1o B Bte o e O e T R mge

reading sensitigldded O /e Ot O dispStihal WPLe1 NALL 1 A0 qRiJ Rl T mage

readi ng sensitivity, as s n FIG 17B, nor I mage readi'ng operation

at the 20 errongousdy S6f 44Bgwheati NGreensi 1p Vady 1@sUl tehd MphalaE K,
| ow- qual ity subject inmage, as shown in FIG 20A. Fingerprint collation

processimg of camp ing ddiecuiestd ffngerehe ndif fegen v thetvdde-tiegi stered
fingerprint inmage and authenticating the fingerprint fails, and the 25
col | ati on precintd:oimuie careRIeisn inhon tel et r arye 1hghithes pholpsensarusyst em
and sensitivity setting nethod according to the present WO 02/104004
PCT/ JP02/ 05890 of the abnormal pixel saturates to represent the
maximum value owing to the bright point defect IL
present in the 104th row. As shown in FIGS. 19A and
10 19B, an apparent maximum value MA2 appears in the 104th
row different from a column number RCa at which the
dynamic range exhibits an original maximum value MAl.
An image reading sensitivity (i.e., charge accumulating
period T104 of the photosensor) set for the 104th row
15 representing the maximum value MA2 is determined to be
an optimal image reading sensitivity. When the image
reading sensitivity for the 104th row is set lower than
an optimal image reading sensitivity, as shown in
FIG. 17B, normal image reading operation at the
20 erroneously set image reading sensitivity results in a
dark, low-quality subject image, as shown in FIG. 20A.
Fingerprint collation processing of comparing the read
fingerprint image with a pre-registered fingerprint
image and authenticating the fingerprint fails, and the
25 coliation precision decreases.

To the contrary, in the photosensor system and

sensitivity setting method according to the present



72 invention, if the bright point defect IL occurs in a fingerprint inmage
due to an el enent defect present in the photosensor array, as shown in
FI G 17B,wohe/1o@bbve- descri bed specific pixel data renovalPCopeozisson 5

uni quely renoves one or a plurality of (one pixel data in FIGS. 21A to
21E; the position of renoved pixel data is indicated by an arrow in each
row) pixel data froma pixel data group fpf each image reading sensitivity
(each row), as shown in FIGS. 21A to 21E. Hence, at 10 |east pixel data at
a colum nunber Rp where the Iightness dat a value is observed extrenely
high is necessaril%Ereane n FIG cific |er dat a

r enoval operation %?%ing tBﬁetﬁgl% s%%%nan%n?FBn £e9893§ pi&e? dat a
havi 15

abror mal pixel [BLTeHe Do nt adrenrt| [f 2 ReEinion? IR¥erEeB-5iAT T
21E. Even in thige @toé@ﬁsofhéﬂggy”@ Di%w% hﬁndy@@m ¢7panggei N each row

does not greatly change, as shown in FIG 22A. The row nufber 20 RCa at

whi ch the dynamsotangesexhbbit §pé8§f9&5'191£'@1 daeyi puRbyah uspMpde £ be
accurately specified. An inage reading sensitivity (charge accunulating

period T176) sehif@el@ eonoespopdengrr&VH(erglit$76Eh (6AW) pERE1 B&ta
extracted and set as an optinmal inmage reading 25 sensitivity, as shown in
FIG 21B. If notmarIéeagelhAeadi YEppeEhat positsorxecutetoatd phksl opatsaal
i mage reading sensitivity, a high-quality WO 02/104004 PCT/JP02/ 05890
is indicated by an arrow in each row) pixel data from a
pixel data group for each image reading sensitivity
(each row), as shown in FIGS. 21A to 21E. Hence, at
10 least pixel data at a column number Rp where the
lightness data value is observed extremely high is
necessarily removed, as shown in FIG. 21B.
Specific pixel data removal operation according to
the present invention removes pixel data having a
15 maximum lightness data value even in a row free from
any abnormal pixel (bright point defect IL), as shown
in FIGS. 21A, 21C to 21E. Even in this case, the
change trend of the dynamic range in each row does not
greatly change, as shown in FIG. 22A. The row number
20 RCa at which the dynamic range exhibits the original
maximum value MAl can be accurately specified. An
image reading sensitivity (charge accumulating period
T176) set for a corresponding row (e.g., 176th row) can
be extracted and set as an optimal image reading
25 sensitivity, as shown in FIG. 21B.

If normal image reading operation is executed at

this optimal image reading sensitivity, a high-quality



73 subject imge can be obtained with a good bright/dark contrast of the

i mage pattern as a whole, as shown in FIG 20B. Errors in fingerprint

col | ati orwproeae®si ng can be prevented or suppressed. Thi PCHIRMIBNat an 5
appropriate i mage readi ng sensitivity can be set even in the presence of a
gi ven nunber of elenent defects in the photosensor array or deposition of
dirt on the sensing surface. In other worflg, the present invention can
provi de an effective techni que capable of 10 increasing the yield of a

devi ce such as a photosensor systemor sensor array and sinplifying

i nt t like., Siml t . d i hown jn FEl 22A,
e on VBTt heCy Ryt ahogb PR EXRAT Gy 22888 ETehE BA%%, 22
reading sensitiyihy, ex{rastion oReqation. dags,gol ghgaLlyaEhangg,eygn when
a plurality of "pixel data are renpved I'n descendi ng order o I'ght ness

data values in ﬁ’@?iﬁ'?%. pitlﬁlgfoﬁé‘t é‘nrE@n%g%pﬁ%aﬂ?@r%ii’é‘tﬁ%h”i:lcé&eé@_iﬁ&e

above- nenti oned exanp 20 row nu at whic e dynam c range ’

exhibits a maxpgHMbyabHevERPeBeoACEHPBLEEYegPeCThE §dneaRE 8Rat ORKI Mal
i mge reading sensitivity can be set. A photosensor array drive control

met hod i g each apgprépeiabovenggbodesrnhs WehkibevodegceaheBeWsth 2Hen
reference to the several views of the acconpanying drawing. FIGS. 23A to
23J are timng thaths shesenge avf WO §2¢204004bECTH I POREASRA0defects in
the photosensor array or deposition of dirt on the
sensing surface. In other words, the present invention
can provide an effective technique capable of
10 increasing the yield of a device such as a photosensor
system or sensor array and simplifying maintenance or
the like.
Similar to the dynamic range shown in FIG. 223,
the change trend of the dynamic range in each row
15 subjected to optimal reading sensitivity extraction
operation does not greatly change even when a plurality
of pixel data are removed in descending order of
lightness data values in specific pixel data removal
operation. Similar to the above-mentioned example, the
20 row number RCa at which the dynamic range exhibits a
maximum value can be accurately specified, and an
optimal image reading sensitivity can be set.
A photosensor array drive control method in each
of the above embodiments will be described with
25 reference to the several views of the accompanying
drawing.

FIGS. 23A to 23J are timing charts showing an



74 exanple of the drive control nethod applicable to i mage reading
operation of the photosensor system The drive control nethod wll be

expl ai nedwby2nefoesri ng to the

in FIG 27, 5

are sequentially applied froma top gate —driver 110 via top gate |ines

arrangenent of the phot oseR®€TIPEYEE®M sShown

as needed. As shown in FIGS. 23A to 23J, reset pulses O T1,
4 T2, ... , OTk, OTk+1, ... (k is a positive integer; k = 1, 2,...,

101. A reset period Trst 10 starts, and doubl e-gate photosensors 10 in
respective rows are initi aI i zed. Then, the reset pulses OT1, O T2,

O Tk, q)Tk+i,

and a

: f.all, d.T .
charge accunul zﬁ’?&%}%per? dg:thYr s n_Le resette};é) ({Ih%f e]sjgéag?Jee &e%elrn?ﬁ%ed

accordance wt
phot osensors 1
regions. As sh

drain driver 130 20 to start a pre-chare period rch in

f t
%.ﬁne@z%av%oﬂo'ﬁgﬂ“ taﬂné;%afﬁoi%% Gt Bl e

n-i)

in

Pl e gl wid 1 L g &d re‘fe&g:lr?% acIR;F 111}4?@ to a

charge accumul afdichRatdRd ot HRASHE R Y o 408, s\ﬁQﬂvﬂ Si @pptd e 0
drain lines 103 to perform pre-charge operation of causing the drai n

el ectrodes of t&he ngkidd e- gate photosensor 10 in respective rows to hol
25 predeterm ned vol tages. Readout pulses O Bl1, OB2,... , cp Bk, qg5Bk+l, ..
are sequentially amdistbin om a&led f AdsPate BT yered20 $0l 383 08/1194004

PCT/ JP02/ 05890

10

15

20

25

¢$T2,..., ¢Tk, ¢é6Tk+1l,... (k is a positive integer; k =
1, 2,..., n-1) are sequentially applied from a top gate
driver 110 via top gate lines 101. A reset period Trgt
starts, and double-gate photosensors 10 in respective
rows are initialized.

Then, the reset pulses ¢T1, ¢T2,..., oTk,
¢ Tk+1l, ... sequentially fall, the reset period Tygt
ends, and a charge accumulating period Ta starts.
Charges (holes) are generated in accordance with the
amount of light incident on the double-gate
photosensors 10 in respective rows, and accumulated in
the channel regions. As shown in FIG. 23I, a
pre-charge signal ¢pg is applied to a drain driver 130
to start a pre-chare period Tpreh in parallel to the
charge accumulating period Ta. A pre-charge voltage
Vpg is applied to drain lines 103 to perform pre-charge
operation of causing the drain electrodes of the
double~gate photosensor 10 in respective rows to hold
predetermined voltages.

Readout pulses ¢Bl, ¢B2,..., ¢Bk, ¢Bk+l,... are

sequentially applied from a bottom gate driver 120 to

to the

d



75 doubl e-gat e phot osensors 10 where the charge accunul ating period Ta and
pre-charge period Tprch end via bottomgate Iines 102 for respective rows
at tim ye oahiwh do not tenporarily overlap the 5 appli caCiraroxisatongs of
signals for reset operation, pre-charge operation, and readout operation
in other rows. Then, a readout period Tread starts, and changes 1in drain
vol tages VD1, VD2, VD3,..., VDmcorrespondiqig to charges accunulated in

t he doubl e-gate photosensors 10 10 in respective rows are simultaneously
detected by the drain driver 130 via the drain lines 103 and read out as

an out put vol tage ut of S or ar dat the drive control

nmet hod, the app f eki‘?ﬁ?‘?ge sfa(# "(bf%]f?/)&b%té\l%aeﬁ °Fhe reset pul ses
0Ti, 0 T2, 0 T3 1 d the
pre-charge si gnacf UCIF %é respecctlr ve a‘ri}?)(%vséa ey %g(?% lfz?(? J-”?1'(1)ngegr§'I t han

a total tine of,the, gdes 1 og, Tgsfognffcglheré Sl PHL. SESys t r eadout
period 20 Tread of t%e readout puf%es and t %?e eﬁarge p%r?%d Tprch of

the pre-charge signads Wit oh Td e *’cé‘fﬁﬁ&fbflir egser{dy tddis setting
i nhibits executing reset operation, pre-charge operation, and readout

operati o at 2%gdEriededdn Wﬁwﬁrdsapm Ngh dridll 9Sor FEdderopPRiti S,
processing cycles in respective rows can be made to overlap each’ ot her.
Readi ng oper at igare -6t s§ardpdaef iren W2/ A4 Réde 302005890 ther
rows. Then, a readout period Trgzg starts, and changes
in drain voltages VD1, VD2, VD3,..., VDm corresponding
to charges accumulated in the double-gate photosensors
10 10 in respective rows are simultaneously detected by
the drain driver 130 via the drain lines 103 and read
out as an output voltage Vout of serial or parallel
data.
In the drive control method, the application
15 timing interval (Tdly) between the reset pulses ¢ T1,
¢T2, ¢T3,..., the readout pulses ¢Bl, ¢B2, ¢B3,
and the pre-charge signal ¢pg for respective rows is
set equal to or longer than a total time of the reset
period Tpgt of the reset pulses, the readout period
20 Tyread ©of the readout pulses, and the pre-charge period
Torch of the pre-charge signal:
Tdly = Trst + Tprch + Tread (1)
This setting inhibits executing reset operation,
pre-charge operation, and readout operation at
25 temporarily overlapping timings. Further, part of
processing cycles in respective rows can be made to

overlap each other. Reading operation can start before



76 reset operation in all the rows ends. Wile two-dinensional inmage
readi ng operation is properly executed, the processing tinme of reading
oper at i orwoan/1040e4 great|ly shortened. 5 FIGS. 24A to 24J) aPeTuPom/osgochart s
showing the first exanple of an inage reading sensitivity (charge
accunul ati ng period) setting nethod which can be preferably applied to
sensitivity adjustnent reading operation-agcording to the present
invention. 10 As shown in FIGS. 24A to 24J, the reset pulses ~)TIl,
(iT2,..., ~ Tn are sinmultaneously applied to the top gate lines 101 each

of which connects top gate .termn TG of the doubl e-gate photosensors 10
in the row di rreecsf?%nc?g%aet%%%e . pagir;fo%%'hl'rg?wsét%? 3 1?012%%% t aneously on
the top gate I|i —%@&z : - o} i spective
rows are ini tief}ﬁ?ze . Df%{e]%}ﬁ;ﬁlem%%e 5%%28%8%§f€§é§&oé%r#§

si mul taneously Jald,cddhe Erkgéeérc[;@éréé)%qgﬂ@imgn&@’ r&8Qi n? b, €1 98an :

accunul ating periods T1, ., In-1,"and Tn of the doubl e-gate

phot osensors 1G.d nyeddtiPesKOmeensd mul taneously start. Charges (holes) are
generated in accordance with the anmount of light incident fromthe top

gate el ectrode side pnGshe2dpubd 2 gat erohoinsegsensred dlowingespective

rows, and accumul ated in the channel regions. The pre-charge signal O pg

and t he readoutfiptdts esx D DR/ A0 A0 4 R{Fd JIRORADDG9ensitivity (charge
accumulating period) setting method which can be
preferably applied to sensitivity adjustment reading
operation according to the present invention.

10 As shown in FIGS. 24A to 24J, the reset pulses
6T, ¢T2,..., ¢Tn are simultaneously applied to the
top gate lines 101 each of which connects top gate
terminals TG of the double-gate photosensors 10 in
the row direction. The reset period Tygt starts

15 simultaneously on the top gate lines 101, and the
double-gate photosensors 10 in respective rows are
initialized.

Then, the reset pulses ¢T1l, ¢T2,..., ¢Tn
simultaneously fall, the reset period T,g+ ends, and

20 the charge accumulating periods Tq, T2,..., Tp-1, and
Tp of the double-gate photosensors 10 in all the rows
simultaneously start. Charges (holes) are generated in
accordance with the amount of light incident from the
top gate electrode side on the double-gate photosensors

25 10 in respective rows, and accumulated in the channel
regions.

The pre-charge signal ¢pg and the readout pulses



77 Bl, 4) B2,..., Bn are applied such that charge accunul ating periods T1,
T2,..., Tn_1, and Tn set for respective rows change stepw se every row by
a predetwprehemodel ay tine Tdel ay, as shown in FIGS. 24APCH/IP@/ 4.
Accordingly, image data read at different inmage reading sensitivities for
respective rows which constitute a subject image, i.e., different inmage
readi ng sensitivities corresponding to the-nunber of 10 rows can be
acquired by reading a subject inmage (one frane) once in sensitivity

adj ust ment reading operation. FIGS. 25A to 25H are timng charts show ng

the second exapple o he |na eadin sen t|V|ty (charge 15
accunul ati ng pe &d) é%%trng’ o Hthi (HF RFSBtiA Tl i ed to

sensitivity adjustnent_ reading . operati accor ng to t ese
In the |HH’§L tlne%cpeqr S i Ihcggr Set%‘ingto

i nvention. ge'r ng Sensi |V|%’y set t g e accor

t hi I t, 0 T1,
(i I‘I'z ??(é,rrpoeTn ar%%:eque&ntﬁﬁ Pz?i%%é Osdt%%][z%y e‘}ér}gy r]ﬁ%ﬁ'gr Ual zi?sa
predet erm ned g)gﬂécyeﬁémr@@@éag g 10 op. Jgao%e dd %w&% eﬁa@s ofp yhi ch

connects the t gate termnals TG of bl e- gate photosensors 10 in
the row directiQn.o2p. The reset period Trst starts, and the doubl e-gate
phot osensors 10 in respective rows are initialized. Then, the reset pul ses

0T1, 0 T2, ..., Tn fAtdordO§LY 104RNHe RETEIPOLAOS890different image
reading sensitivities for respective rows which
constitute a subject image, i.e., different image
reading sensitivities corresponding to the number of
10 rows can be acquired by reading a subject image (one
frame) once in sensitivity adjustment reading
operation.
FIGS. 25A to 25H are timing charts showing the
second example of the image reading sensitivity (charge
15 accumulating period) setting method which can be
preferably applied to sensitivity adjustment reading
operation according to the present invention.
In the image reading sensitivity setting method
according to this example, as shown in FIGS. 25A to
20 25H, the reset pulses ¢T1l, ¢T2,..., ¢Tn are
sequentially applied at the time interval of a
predetermined delay time Tgejay to the top gate lines
101 each of which connects the top gate terminals TG of
the double-gate photosensors 10 in the row direction.
25 The reset period Tygt starts,'and the double-gate
photosensors 10 in respective rows are initialized.

Then, the reset pulses ¢T1l, ¢T2,..., ¢Tn fall,



78 the reset period Trst ends, and charge accunul ating periods TAL,
TA2,..., TAn_|I, and TAn sequentially start. Charges (holes) are generated
i n accor dap®e/1044 h t he anount of |ight incident from thePCopPeAIS8905

el ectrode side on the doubl e-gate photosensors 10 in respective rows, and
accunul ated in the channel regions. The pre-charge signal O pg and the

readout pulses OBn, OBn-l,..., OB2, ang g5B1 are applied such that 10
t he charge accunul ating periods TAlL, TA2,..., TAn-1, and TAn set for
respective rows change stepwi se every row by the predeterm ned delay tine

Tdel ay after th final reset se 5Tn falls s shown in EIGS. 25A to
253, 15 Byt hi £ PG rHARAS e L0e] et eadiih SRS Foie SRR s go

accurul ati ng pegf%$%éT%%thﬁ%FVké"Tﬁgvéﬁédgggiﬁﬁp 3&%%%%§j%ﬁ%§pctive r ows

i ncrease at a time interval €'t er m ne Tdel ay

| mage data r ea%t%frﬂ.”a%arrl%ae@ NSS! tcdae Sl Mt aﬁ%o%’rﬁae | tivity

adj ustnent wi dth of several” rows or nore n be acquired by adi ng

operation of ogedy ale anfRie UL ilfE iNRAQRAH NG Senrsiddy/idatd charge
accurnul ating period) setting nmethod "applied to sensitivity ad]ustnent

readi ng gper at isQR AGAMidIGd @n 2hd R up1eSeptd PHRIHIMdornato ligrited to
t he above-nenti oned exanpl es. For exanple, inage data of a subject imge
may be acquiredeatpoaditfifvey ertivd,magel \AR A ICARY iPCHhEPQHHB90

regions.

The pre-charge signal ¢pg and the readout pulses
¢Bn, ¢Bn-1,..., ¢B2, and ¢ Bl are applied such that

10 the charge accumulating periods TAj1, TAp,..., TAp_-71,
and TA, set for respective rows change stepwise every
row by the predetermined delay time Tgelay after the
final reset pulse ¢Tn falls, as shown in FIGS. 25A to
257.

15 By this sensitivity adjustment reading operation,
the charge accumulating periods TAq1, TAp,..., TAp_1,
and TA, set for respective rows increase at a time
interval twice the predetermined delay time Tgelay-
Image data read at image reading sensitivities set with

20 a sensitivity adjustment width of several rows or more
can be acquired by reading operation of one frame.

Note that the image reading sensitivity (charge
accumulating period) setting method applied to
sensitivity adjustment reading operation according to

25 the present invention is not limited to the

above-mentioned examples. For example, image data of a

subject image may be acquired at different image



79 reading sensitivities by serially repeating a processing cycle: reset

operation -k charge accunulating operation ---> pre-charge operation
readi ng oweratim®m whi | e sequentially changi ng the i nage PCTEREH/05§90
sensitivity. Alternatively, still another nethod can be adopted. The

phot osensor which constitutes a photosensor array is a double-gate

phot osensor in the above-descri bed enbodvggnts and exanpl es, but the 10
present invention is not limted to this. far as the photosensor which
constitutes a photosensor array perfornms inmage reading sensitivity
adj ustnent operation, the arrangenepnt of the _sensitivity adjustnent

SHEm RHd SERA°13

appar atus of tR82FAGLoSERSITITY SEfd 21 Ys SROSAENEy 3ad] ust ment

met hod accordin% to the Epsggp in% n%ig@ can be . preferably applied.
Addi ti onal advBhPS§ES8Fd S¥Satri ESCrEnSPWA Peadi FsaJé%ur to those

skilled in theFﬁehmnggﬁg%oggeraEggniayen}égghgpg%ygggéﬁgggﬁ aspects is not

limted to 20 € Speci tarl's and r%presen Y, Iments shown

and described herginy ApCOLAiRGl ¥iniYar isQUsentaditfic ai-0ns HYRY HRe jHa
rgm h th P

wi t hout "departing e spirit or scope o ~general “inventiv
concept gs defrbaaqngy ste?l%i%ﬁ%ﬁﬁ}zdl @:%A%lgaﬁla%a%ﬁfw 51804l Walehes. WO

02/104004 PCT/ JP02/ 05890 80 C A phot osensor system
conprising: method can be adopted.

The photosensor which constitutes a photosensor
array is a double-gate photosensor in the
above-described embodiments and examples, but the

10 present invention is not limited to this. As far as
the photosensor which constitutes a photosensor array
performs image reading sensitivity adjustment
operation, the arrangement of the sensitivity
adjustment apparatus of the photosensor system and the

15 sensitivity adjustment method according to the present
invention can be preferably applied.

Additional advantages and modifications will
readily occur to those skilled in the art. Therefore,
the invention in its broader aspects is not limited to

20 the specific details and representative embodiments
shown and described herein. Accordingly, various
modifications may be made without departing from the
spirit or scope of the general inventive concept as

defined by the appended claims and their equivalents.



a photosensor array constituted by two-dinensionally arraying a plurality
of photosensors; 5 an inmage reading section which reads a subject imge at
a predet ewpiopaaodsrage readi ng sensitivity by using the plReTraBei®ss% array;
a sensitivity adjustment imge reading neans for reading a sensitivity

adj ust nrent subject inmage while 10 the inmage reading sensitivity in the
phot osensor array is changed to a pluralityyof stages; an optinal image
readi ng sensitivity deriving means for deriving an i nage reading
sensitivity optinmal for reading operation of the subject inmage, on the 15
basis of a pixel data group relating hg an ha o[ pattern of the subject
image read by the sensitivity adjust ft & nge readi ng neans; and an i nmage

reading sensitivity ettAn hg@gg ng8£ s S£%%ng ﬁgglg?hg ma|rrage r eadi ng
[ [

sensitivity as the e rea I'ng se SIEivie ge reading

section. 2. A SYSte"%alngQEQéQHsBQ eri‘ég]p&ong‘@fﬁﬁ{:gdtﬂg optimal image

reading sensitivity I'ving neans rrses an i mg eadi ng sensitivity

correction nmeang,of@m&oLIsciing ébﬁayﬂﬁgearﬁﬁgk991§9néftbe%MsQﬂséP@ 25
basis of a predeterm ned period-increase rate. 3. A System accordi ng to

claim2, swerein theanoﬂﬁég@|ré§§ﬂﬁ r@é@tﬂ@nsﬁﬂ§bhl!thsdérbﬁbﬂGCHEans WO
02/194904 PCT/ JP02/ 05890 1 conprises a standard i mage reading
sensitivity extifede Gt a predetermined image reading sensitivity by
using the photosensor array;
a sensitivity adjustment image reading means for
reading a sensitivity adjustment subject.image while
10 the image reading sensitivity in the photosensor array
is changed to a plurality of stages;
an optimal image reading sensitivity deriving
means for deriving an image reading sensitivity optimal
for reading operation of the subject image, on the
15 basis of a pixel data group relating to an image
pattern of the subject image read by the sensitivity
adjustment image reading means; and
an lmage reading sensitivity setting means for
setting the optimal image reading sensitivity as the
20 image reading sensitivity in the image reading section.
2. A system according to claim 1, wherein the
optimal image reading sensitivity deriving means
comprises an image reading sensitivity correction means
for correcting the image reading sensitivity on the
25 basis of a predetermined period-increase rate.
3. A system according to claim 2, wherein the

optimal image reading sensitivity deriving means



means for extracting a standard inmage reading sensitivity on the basis of
a pixel data group for each 5 inage reading sensitivity relating to the

i mge patwermy/104b4 t he subj ect inage read by the sensitivi PgTAd)EBIENt

i mage readi ng neans, a correction neans for correcting the standard inage
readi ng sensitivity by the inmage reading 10 sensitivity correction neans,
and a setting nmeans for setting a value objjined by correcting the
standard i mage reading sensitivity as the optinmal imge reading
sensitivity. 4. A systemaccording to claim3, wherein the 15 standard

i mage readi ng ggnsi}igééy extraction neans conprises a data extraction

m 1 L. . .
nmeans for extrac?l%g nmaxi mum and m ni nrum val ues for each i mage readi ng

sensitivity from the BXek.dalauorouperabati og,Loctbechmge, gatignn of 20

t he subject imge read e senstrtivity adjustnen ge readi ng neans,

a data range calCihatign @RS ohgcal subabing ﬁna?é‘tf?eé@m& of the pixel
data group for each image reading sensitivity on the basis of the maxi num

and 25 m ni mum yahsesi @it hen pixelpat & §f oyPpi 28 @k LX§F a6 | obr NBAGE for
extracting the standard 1 mage reading sensitivity on the basis of a change

in WO 02/5104004im5dé¢ JPO2A D5P Wen 82t Dot oy r aouet {0¢ eacthé nbgegd east vgrn
sensitivity. 5. A systemaccording to claim4, wherein the
of the subject image read by the sensitivity adjustment
image reading means,

a correction means for correcting the standard

image reading sensitivity by the image reading
10 sensitivity correction means, and

a setting means for setting a value obtained by
correcting the standard image reading sensitivity as
the optimal image reading sensitivity.

4. A system according to claim 3, wherein the

15 standard image reading sensitivity extraction means
comprises

a data extraction means for extracting maximum and
minimum values for each image reading sensitivity‘from
the pixel data group relating to the image pattern of

20 the subject image read by the sensitivity adjustment
image reading means,

a data range calculation means for calculating a
data range of the pixel data group for each image
reading sensitivity on the basis of the maximum and

25 minimum values of the pixel data group, and
an extraction means for extracting the standard

image reading sensitivity on the basis of a change in



standard i mage reading sensitivity extraction neans conprises an
extraction neans for extracting as the 5 standard i mage reading sensitivity
an i mage weaditngo4 sensitivity having a maxi num dat a r ange PCItIPaX/058n a
ranges for respective imge reading sensitivities. 6. A systemaccording to
claim2, wherein the period-increase rate is arbitrarily set outside the
10 photosensor system 7. A system accordigy to claim2, wherein the inmage
readi ng sensitivity correction neans conpares a nean val ue of the pixel
data group at the standard inmage reading sensitivity with a predeterm ned
15 reference value, and exgcutes correction gased on r edet er m ned

t .
peri od- i ncr ease”7 &t eF ORIT hEChaSPE" 0t "29° chip +P§oﬁeP8§E5Y%g§: A system
according to clain175.mhgrgggtgﬁeﬁcég%Sgggcgovg#g?ﬁichggg§e§nngggan val ue
ata ¢ rd i nage

of the data 20 range of 't prxe oup a e §tanda

readi ng Se”Sitiy&éﬂda§?t$%§g§tﬁgéafﬁ rgéﬁgi%ﬁgﬁkngkgra$@§5ﬁiﬂeéﬂg :

reference value 1s ar y set outsi ot osensor system 25 10.

A system accor difigot Os& ahM dxt WHBE 8bA hEEns OPbL Bk LABEENECAEI e
sensitivity deriving means conprises a specific data renmoval neans for

removi ng 30 02/ 404004 PG §O24 05890y SSnspeciite BhXehagat acdapayt he pi xel
data group for each inage reading sensitivity relating to the inage
pattern sensitivity having a maximum data range out of data

ranges for respective image reading sensitivities.

6. A system according to claim 2, wherein the
period-increase rate is arbitrarily set outside the

10 photosensor system.

7. A system according to claim 2, wherein the
image reading sensitivity correction means compares a
mean value of the pixel data group at the standard
image reading sensitivity with a predetermined

15 reference value, and executes correction based on the
predetermined period-increase rate on the basis of a
comparison result.

8. A system according to claim 7, wherein the
reference value includes a median value of the data

20 range of the pixel data group at the standard image
reading sensitivity.

9. A system according to claim 7, wherein the
reference value is arbitrarily set outside the
photosensor system.

25 10. A system according to claim 1, wherein the
optimal image reading sensitivity deriving means

comprises a specific data removal means for removing



of the subject inmage read by the sensitivity adjustnment inage reading
means. 5 11. A system according to claim 10, wherein the optinmal imge
readi ng swWOIRtO4d4y deriving nmeans conprises an inage re®dTIgos@Eas tivity
extraction neans for extracting an inmage reading sensitivity suitable for
10 normal reading operation of the subject inage on the basis of the pixel
data group from which the specific pixel glata is renoved by the specific
data renmoval neans, and a setting nmeans for setting as the optimal inage
15 reading sensitivity the inmage reading sensitivity extracted by the
i mage reading sensitpvit .exirgctio means. 12.. A systen1a0ﬁgrdin% to
claim1l, wher ePRethe'Cifbdge r %B?ngrg@n TiRTES! et AT BHP nERhsSEGhpri ses
20 a data extraction neans for_extractin ' d i nj for
R ST S T s

each i mge read%%%g%ens? Fom a group he

SpeCifiC‘pixe'.Qﬁlﬁhei§u§€§8%:ﬁ%% o1 PELSPEGI L E 9@%@1%9@9¥?'?ﬁ§@§§me dat a

range cal cul ati on neans ating a “ 25 data range o pr xel data

group for each iﬂ@?@ r&£80099,88Asi tivity on the basis of the maxi num and
m ni nrum val ues of the pixel data group extracted by the WO 02/ 104004

PCT/ JP02/9)5890 84 fata £Xt{8€th0AcHBAASngaNd alaext 1@ct {yRBraeanshéor
extracting an 1 nage
optimal image reading sensitivity deriving means
comprises
an image reading sensitivity extraction means for
extracting an image reading sensitivity suitable for
10 normal reading operation of the subject image on the
basis of the pixel data group from which the specific
pixel data is removed by the specific data removal
means, and
a setting means for setting as the optimal image
15 reading sensitivity the'image reading sensitivity
extracted by the image reading sensitivity extraction
means.
12. A system according to claim 11, whefein the
image reading sensitivity extraction means comprises
20 a data extraction means for extracting maximum and
minimum values for each image reading sensitivity from
the pixel data group from which the specific pixel data
is removed by the specific data removal means,
a data range calculation means for calculating a
25 data range of the pixel data group for each image
reading sensitivity on the basis of the maximum and

minimum values of the pixel data group extracted by the



readi ng sensitivity having a maxi nrum data range out of data ranges of

pi xel data groups for respective inage 5 reading sensitivities that are

cal cul at ewOlwg/104084 dat a range cal cul ati on nmeans. 13. A sy®rCenPexesesodi ng to
claim 10, wherein the specific data renoval neans renoves at |east pixel
data having a maxi num or mni numvalue fromthe pixel data 10 group
obtained by the sensitivity adjustnment reagdi ng neans for each inmge
readi ng sensitivity. 14. A system according to claim 10, wherein the
specific data renoval neans renoves a plurality of pixel data sequentially
froma maxi mum yal ue fromthe 15 pi xel_data group obtained by the
sensitivity adf%%q%fﬁﬁtr?%gﬁﬁhdmﬁﬁh s 3 eagh iﬁage readingysensitivity.

15. A systen1accordiggiégk%%é%é%ég e%Q§r§£P éQ@{aéffgéfég 9&% renova

means renoves a plura a sequenti yZfroma i ni mum val ue

fromthe 20 pi Yot justaent o
romthne P el , S8t %%&RM%‘ W?QJPH% DengenRl 'é’éi%é’ %%%16;?20?& hg to

readi ng nmeans for each I nage readi ng sensitivity. syst

claim10, wher&iftd heansenSd iyityn adhUustdBOEpS oAt NG Spans; feafdpadde
sensitivity adjustnment Subject inmage only in a 25 detection region set in

advance W thi n psh@fd§cddrvei t Ieadi 9 Fiegt o Of cd N DR PSOPSHe adBy. 17. A
system according to claim 16, wherein the WO 02/ 104004 PCT/JP02/ 05890 85

detection regi ofange seild 0l 1@9imsavdhere the pixel data group from which
the specific pixel data is

13. A system according to claim 10, wherein the
specific data removal means removes at least pixel data
having a maximum or minimum value from the pixel data

10 group obtained by the sensitivity adjustment reading
means for each image reading sensitivity.

14. A system according to claim 10, wherein the
specific data removal means removes a plurality of
pixel data sequentially from a maximum value from the

15 pixel data group obtained by the sensitivity adjustment
reading means for each image reading sensitivity.

15. A system according to claim 10, wherein the
specific data removal means removes a plurality of
pixel data sequentially from a minimum value from the

20 pixel data group obtained by the sensitivity adjustment
reading means for each image reading sensitivity.

16. A system according to claim 10, wherein the
sensitivity adjustment reading means reads the
sensitivity adjustment subject image only in a

25 detection region set in advance within an effective
reading region of the photosensor array.

17. A system according to claim 16, wherein the



removed by the specific data renpval nmeans contains a mninmum nunber of
pi xel data necessary to normally 5 execute at |east reading sensitivity
setting oweratidem of the inmage reading sensitivity setti REgTARENES9018. A
system according to claim1, wherein reading operation of the subject
image in the sensitivity adjustnment inage reading neans i s executed by
setting 10 i mage readi ng sensitivities whiggh differ stepwi se for a
predet ermi ned nunber of rows in the photosensor array. 19. A system
according to claim1, wherein the sensitivity adjustnment inmage reading
means reads the

jtivity adjust t bj t, ] i thi ti 15
ef fective readiqﬁs$%§#%v%§a%ﬁbllg%ﬁ%&%sgﬁl%:qja?lf}rm e.weA )I%‘%‘/%ntlgjjr?ﬁ{% cIO;Si ng

to claimi1, m'egaq{%eil{]&spugtﬁge%ﬂ tv@kYiié[k}' &g% %é@ﬁl%?%c%? dqEans; £ eads the

sensitivity adjus I'mage onfy ina on regron set in

advance wt hi ndt?ér%&;éo&gkfi} y&g%%déi@ &[ﬁgé %lﬁ)&f.gpqﬂ | ng?cﬁrg%és){?gr ay. 21.

A system accor t aim1, rein t pi xel ‘dat a i ght ness

data correspongy g g tiiGnbd Mage Palderdud Adees3tbieolo iABgRa1 2. A system
according to claim1, wherein the 25 inage reading sensitivity of the

phot osensor ar réyediste St 18HEC R L DI A £ s dlys D st Nk 1o ThRr e eseLomll at i ng
period in the photosensor. WO 02/ 104004 PCT/JP02/ 05890 86 23. A system

aceording to clef mie whefeireddignghodrosenseol t fasesolig engengs dr ai n
el ectrodes

18. A system according to claim 1, wherein reading
operation of the subject image in the sensitivity
adjustment image reading means is executed by setting

10 image reading sensitivities which differ stepwise for a
predetermined number of rows in the photosensor array.

19. A system according to claim 1, wherein the
sensitivity adjustment image reading means reads the
sensitivity adjustment subject image within an entire

15 effective reading region of the photosensor array.

20. A system according to claim 1, wherein the
sensitivity adjustment reading means reads the
sensitivity adjustment subject image only in a
detection region set in advance within an effective

20 reading region of the photosensor array.

21. A system according to claim 1, wherein the
pixel data includes lightness data corresponding to the
image pattern of the subject image.

22. A system according to claim 1, wherein the

25 image reading sensitivity of the photosensor array is
set and controlled by adjusting a charge accumulating

period in the photosensor.



whi ch are forned on both sides of a channel |ayer formed froma

sem conductor |ayer, and first and second 5 gate el ectrodes which are
formed abwoazamdobel ow t he channel region via insulatingPCiTlJre/058%0t her one
of the first and second gate electrodes is set as a light irradiation
side, and charges corresponding to an anount of |ight 10 incident onto the
light irradiation side are generated and gecunul ated in the channel

region. 24. A drive control nmethod for a photosensor system which has a
phot osensor array constituted by two- dinensionally arraying a plurality of

hot , 15 ds bj ect 1| b h hot ,

Compri 51 ng: T eadi ndd ShePI A AT ABATS SUBT BRLL 1 HAGE b | o an | mag
di t t t h lit f
CTages, 20 deri vi ng %ﬁe.ﬁig@%ﬁg lﬂéf?%%n%%r?%?lénéu@?%ef? Sl ng’ °

operation of the, subiecl {ames, olh Lieibasi e Of ot o Plialndat g group refating

to an i mage pattern o ject 1nmage read fromthe sensitivity

adj ust ment  subj ﬁ%médmgleom Nk et SSldd ot hie%?@f | vaeh | e raadli fdcond
sensitivity as a reading sensitivity in reading operation of the subject

i mage. WG 02/ 104004 £(Jdhd D89 0-h &r & 5o And@t A0l @ coed dbdhw Ocigd ai m 24,

wherein deriving of the inmage reading sensitivity suitable for
channel region via insulating films,

either one of the first and second gate electrodes
is set as a light irradiation side, and
charges corresponding to an amount of light
10 incident onto the light irradiation side are generated
and accumulated in the channel region.

24, A drive control method for a photosensor
system which has a photosensor array constituted by
two—-dimensionally arraying a plurality of photosensors,

15 and reads a subject image by using the photosensor
array, comprising:

reading a sensitivity adjustment subject image

while an image reading sensitivity in the photosensor
array 1s changed to a plurality of stages;

20 deriving an image reading sensitivity suitable for
reading operation of the subject image on the basis of
a pixel data group relating to an image pattern of the
subject image read from the sensitivity adjustment
subject image; and

25 setting the derived image reading sensitivity as a
reading sensitivity in reading operation of the subject

image.



readi ng operation of the subject image conprises correcting the inage
reading sensitivity on the basis 5 of a predeterm ned period-increase rate.
26. A netwodzaewos ding to claim?25, wherein deriving of wPrha/Jeroayedr eadi ng
sensitivity suitable for reading operation of the subject inage conprises
extracting a standard i nage reading sensitivity on 10 the basis of the

pi xel data group relating to the image pattern of the subject inage read
by reading of the sensitivity adjustnment subject inage, correcting the
standard i nage reading sensitivity on the basis of the predeterm ned

peri od-increase rat 5 and settin val ue abtai ned by correcting the
st andard i nage reacﬁ%n'g ;Aeﬁnsqu’i(ﬁ ﬁ/ccé’g‘cflﬁég it arjérégallng st ivity
suitabl e for readi.ng operati.on .of th suhj ect_ | e, . . met

et \%é'}gpv%fﬂ the 19[1eaxc{e Gf\cetaéllm%fs%rkserﬁglt &r%grsﬁuta%le ﬂ)o.td

. ST L
according to claim erein racting i mage readi ng

sensitivity  CUBILSE BULANLNG MU ABNAAes Jor each

i mge readi ng sensi romthe pixel a grou ating to the

i mage pattern Qi the subi 64l I1RGR Fx%ﬁirgj’é d&adi gy afy the SrneddMd ty

adj ust mrent subj ect 1mage, calculating a data range of the pixel data group

WO 02/ 104004 PG JPQAHOR30ni8k d Pe@fh-inmags deadivrg, sensitivity on the

basis of the rmaxi mum and m ni nrum val ues of the pixel data group
26. A method according to claim 25, wherein

deriving of the image reading sensitivity suitable for
reading operation of the subject image comprises
extracting a standard image reading sensitivity on

10 the basis of the pixel data group relating to the image
pattern of the subject image read by reading of the
sensitivity adjustment subject image,

correcting the standard image reading sensitivity
on the basis of the predetermined period—increasé rate,

15 and

setting a value obtained by correcting the
standard image reading sensitivity as the image reading
sensitivity suitable for reading operation of the
subject image.

20 27. A method according to claim 26, wherein
extracting of the standard image reading sensitivity
comprises

extracting maximum and minimum values for each
image reading sensitivity from the pixel data group

25 relating to the image pattern of the subject image read
by reading of the sensitivity adjustment subject image,

calculating a data range of the pixel data group



extracted for each inmage reading sensitivity, and extracting the standard
i mage reading sensitivity 5 on the basis of a change in data range for each
i mge reaodingo®ensitivity. 28. A nethod accordi ng to cl aiPeTAP)2/088%r ei n
extracting the standard i nage readi ng sensitivity conprises conparing data
ranges for respective imge 10 reading sensitivities, and extracting as the
standard inmage reading sensitivity an inmgge reading sensitivity having a
maxi nrum data range. 29. A nethod according to claim 25, wherein the
period-increase rate is arbitrarily set outside the 15 photosensor system
30. A nethod according to claim25, wherein ,h correcti t. he j mage readi ng

sensitivity on‘tHe TSt s "B tHE P9 cftFIﬁch?]e‘éjs%y it s RARUt LY Hiked on
a result of C%}?{c}hﬁg a frean A L{f&ueva flhésgeo§'tel pgj?)%ﬁ_alnéga@go%]p at the

. (@)
standard i nage r€adi ng Sensitivity w predet reference val ue.

31. A nethod aceggt;]ldgage& Qs &l %ﬁﬁ%m%rféﬁfﬁﬁéﬁ%ﬁﬁ?@{éﬁi ardi ncl udes a

medi an val ue of the data range of t pI X a a i mage

reading 25 sensitivityrad2ind 41 Noda¢L0s di Rgyd OrLl @i M 30-n wher £f py t he

reference value is arbitrarily set outside the % 02/ 10%04 PCT/ JP02/ 05890

89 phot gsensororsyHEMashs JIFf MPIARM AL O Hdlgh t Fakd &l 1B R4ea WOl RIde
reading sensitivity.

28. A method according to claim 27, wherein
extracting the standard image reading sensitivity
comprises comparing data ranges for respective image

10 reading sensitivities, and extracting as the standard
image reading sensitivity an image reading sensitivity
having a maximum data range.

29. A method according to claim 25, wherein the
period-increase rate i1s arbitrarily set outside the

15 photosensor system.

30. A method according to claim 25, wherein
correcting the image reading sensitivity on the basis
of the period-increase rate is executed based on a
result of comparing a mean value of the pixel data

20 group at the standard image reading sensitivity with a
predetermined reference wvalue.

31. A method according to claim 30, wherein the
reference value includes a median value of the data
range of the pixel data at the standard image reading

25 sensitivity.
32. A method according to claim 30, wherein the

reference value is arbitrarily set outside the



deriving the inmage reading sensitivity suitable for reading operation of
the subject inmage conprises 5 renoving specific pixel data fromthe pixel
dat a gr ouwoO o2os40each i mage readi ng sensitivity rel ating t@crheo2/isssge
pattern of the subject image read by reading of the sensitivity adjustnent
subj ect image. 34. A nethod according to claim33, wherein 10 deriving the
i mage reading sensitivity suitable for reafding operation of the subject

i mge conprises renoving the specific pixel data, and extracting an inmage
readi ng sensitivity suitable for normal reading operation of the subject

i mage on the basis of the 15 pixel data group from which the specific pixe
data is rennvé%¥ﬂ§§69§?ﬁnﬁ¥ “cording to claim34, wherein extracting

t he i mage readi ng s%n_si tﬁzgxi\et%oscf‘!atcacbc%{difﬁ)% t(gméfﬂm rféfdidﬂ?exoeoier{ ation of the
el’ da

subj ect image conprises removi ng € speci fic piX a, and extracting

maxi mum and m oy "F}i’%l R fj{?ﬁ{}aegeéag_réai Bae 4 %‘Evi%?”éiitﬂéﬁlté’d%fm the

pi xel data group from specifi1T pixel data is renoved,

cal culating a dalgy1anashfaititg Rixelndalds-Moup nde fQimSacded mge reading

sensitivity on the basis of the maxi mum and m ni num val ues of the pixel
data group extraedweithd Mpach d ge T eadigr sensind Widel amt AN H243 04004

PCT/ JP02/ 05890 90 extracting an imge reading sensitivity having a

maxi mum dat a r aige eth ofmapd adgaaniges Hngi xebitatdelating to the
image pattern of the subject image read by reading of
the sensitivity adjustment subject image.

34. A method according to claim 33, wherein

10 deriving the image reading sensitivity suitable for
reading operation of the subject image comprises
removing the specific pixel data, and extracting an
image reading sensitivity suitable for normal reading
operation of the subject image on the basis of the

15 pixel data group from which the specific pixel data is
removed.

35. A method according to claim 34, wherein
extracting the image reading sensitivity suitable for
normal reading operation of the subject image comprises

20 removing the specific pixel data, and extracting
maximum and minimum values for each image reading
sensitivity from the pixel data group from which the
specific pixel data is removed,

calculating a data range of the pixel data group

25 for each image reading sensitivity on the basis of the

maximum and minimum values of the pixel data group

extracted for each image reading sensitivity, and



-groups for respective inmage reading sensitivities. 36. A nethod according
to claim 33, wherein 5 renoving the specific pixel data conprises renoving
at | eastwpiozab4o0iat a havi ng a maxi mum or m ni rum val ue fr @gT/JPonospeoxel dat a
group obtained for each inage reading sensitivity. 37. A nethod according
to claim33, wherein 10 renoving the specific pixel data conprises
processi ng of conparing sizes of all pixelggata contained in the pixel data
group for each inmage reading sensitivity, and sorting the pixel data, and
processi ng of renoving a predeterm ned nunber of 15 pixel data fromeither
end of a string of thg sg&{ed $ﬁx§l qgta. %8. A nethgd aﬁco dinﬁ to claim
33, wherein rennvin% %ﬁe sﬁ%%i iC Tﬁ%elr%% ﬁn%oﬁ%??ﬁ gVt %p At % 3

pr edet er mi ned Quﬂpﬁﬂ fgddres, p essi f ri | ZES al | pixel
data containe |n-€ﬁ§ %ﬁiel,d§%%(éggdgéf%%E%aﬁﬁggggdgpggggéfﬁagéa

sensitivity, and-&xtsagsi nﬁe%ﬁﬁ?@ﬂﬂ@gé’if@éd%ﬂ@tb REWE NG; @ JBXI mum or

m ni mum val ue. 39. A nethod according to claim erein 25 reading the

sensitivity adjustnment subi@tiod BOErEOMPrisesiseht3ng yRBgLifeading
sensitivities which differ stepwi se for a predeterm ned nunber of rows in

WO 02/ 104004 PGB HSED sidcithe piros DSERsH catp s e 40refovh §0gh
according to claim24, wherein the
least pixel data having a maximum or minimum value from
the pixel data group obtained for each image reading
sensitivity.
37. A method according to claim 33, wherein
10 removing the specific pixel data comprises
processing of comparing sizes of all pixel data
contained in the pixel data group for each image
reading sensitivity, and sorting the pixel data, and
processing of removing a predetermined number of
15 pixel data from either end of a string of the sorted
pixel data.
38. A method according to claim 33, wherein
removing the specific pixel data comprises
repeating a predetermined number of times
20 processing of comparing sizes of all pixel data
contained in the pixel data group for each image
reading sensitivity, and extracting and removing pixel
data having a maximum or minimum value.
39. A method according to claim 24, wherein
25 reading the sensitivity adjustment subject image
comprises setting image reading sensitivities which

differ stepwise for a predetermined number of rows in



pi xel data includes |ightnes-s data corresponding to the inmage pattern of
the subject image. 5 41. A nethod according to claim24, wherein the inage
readi ng swotniwdty of the photosensor array is set and ecmtyraddsedd by
adjusting a charge accunulating period in the photosensor. 42. A method
according to claim 24, wherein 10 the photosensor has source and drain

el ectrodes which are forned via a channelg;l ayer forned froma

sem conductor |ayer, and first and second gate electrodes which are forned
at | east above and bel ow the channel region via insulating films, 15
either one of the first and second gate electrodes is set as a |ight
irradiation side® FP HFHEY sponding to an anmount of |ight entering

fromthe Light irragatipon Sl A& RGeS oA 25F LA, Fehd e
pixel data includes lightness data corresponding to the
image pattern of the subject image.

5 41. A method according to claim 24, wherein the
image reading sensitivity of the photosensor array is
set and controlled by adjusting a charge accumulating
period in the photosensor.

42. A method according to claim 24, wherein
10 the photosensor has source and drain electrodes
which are formed via a channel layer formed from a
semiconductor layer, and first and second gate
electrodes which are formed at least above and below
the channel region via insulating films,
15 either one of the first and second gate electrodes
is set as a light irradiation side, and
charges corresponding to an amount of light
entering from the light irradiation side are generated

and accumulated in the channel region.



