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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 reading 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



phot osensors such as photodi odes or thin film transistors (TFT: Th'-“?'i'uhnmos
Transistor) are arranged in a matrix, and the amount of el ectron-hol e

pairs (the - 7 JUN 2006 2 anpunt of charge) generated corresponding to the
amount  of light entering a |ight recei ving section of each photosensor is
detected by a horizontal scanning circuit and vertical scanning circuit to
detect the 5 lum nance of radiation. In a pﬁotosensoy system using such a
CCD, it is necessary to respectively provide selective transistors for
causi ng the scanned photosensor to assunme a selected state. This increases

the system size asotie ofOcharbher SEndixebs J:BEf@é‘?Sﬁdiﬂx@t%aEﬁe g%rg%grgténsor

conbi nati on of the photosensor and the selective transistor, a

(to be referred of olaghta et engad el Phiot 0580801 HET sbpR{ LErd£i S 09w bei ng
devel oped, which is formed of a thin film 15 transistor having a so-called

doubl e- gate strRMQE@SemIOr hts dotdrteephoy 0§ehﬂ§tﬁgorﬁtl§lpté@£h@ﬂ@?a sel ecting
function. FIG 26A-is a sectional view showing the structure of a

doubl e- gat e photUserser amd g icwHB scarning caitcud th agsesashgw ng the
equi valent. circuit of the double-gate photosensor 10. The double-gate

phot osensat 10 g‘d'}?b’r’?a,ﬂe%e I seadicniductor thin film 11 fornmed of anorphous

il he like,_n+-silicon |ayers 17 and 18 respectively
silicon or t In a photosensg; system using such a CCD, it is

necessary to respectively provide selective transistors

fofncausing 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



25 fornmed at the two ends of the sem conductor thin film 11, soutqe ;andgos
drain electrodes 12 and 13 respectively fornmed on the n+-silicon layers 17
and 18, a top gate 3 electrode 21 forned above the sem conductor thin film
11 via a block insulating film 14 and upper gate insulating film15, a
protective insulating film20 provided on the top gate el ectrode 21, and a
bottom 5 gate el ectrode 22 provided bel ow t Be sem conductor thin film11
via a lower gate insulating film 16. The doubl e-gate photosensor 10 is
provi ded on a transparent insulating substrate 19 fornmed of glass or the

like. In other wdredsirdde Houbdmraghtabphot Oise nsérii ddhddd: At woe st a upper
MOS. transistor conprised of the sem conductor thin film 11, source

el ectrode 12, drldi wizlediode irSulaidingpf ght el £] aed rasise 2lgatand a | ower
MOS transistor conprised of the sem conductor thin film 11, source

el ectrode 12, dridiswlategia odielm 3,5,ared miodt et 1% g e ld teiaig ofieliR 20 As i S
shown in the equivalent <circuit of FIG 26B, the doubl e-gate photosensor
10 i s consi der &FAV0-d4at IV Ravd Mo atarsl etoredaadi ngrad a demronchannel
region formed of the sem conductor thin film21l, TG (Top Gate term nal),
BG (Bottdm Gat @3¢ (FSATHA%e & ESaFided &9k ol Hhe ErnITqRiwdtoL driimal ) .

The protective insulating film20, top gate electrode 21, upper gate
insulating fil mf?}é’,m 31100‘1%5‘ ithstl"ath B %S 1S aBime 1ot Ifat e Thesul ati ng

I/: !5|mbllg | ?;ﬁ t a:c lcc)irofugag %F—\dgaagengﬂ‘to:ﬁ tseerni s%lr hlaOVi insg parohvi’igJ]edZSOr;[ raantsrrgr;[stpa}anrceentOf
insdlating 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 film 11, source electrode 12, drain
electrode 13, and top gate electrode 21, and a lower
MOS transistor comprised of the semiconductor thin film
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 film 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



sem conductor layer 11. Light entering the sensor from the top gatq Jyn 2006
el ectrode 21 side passes through the top 4 gate el ectrode 21, upper gate
insulating film15, and block insulating film 214, and then enters the

sem conductor thin film 11, thereby generating and accunul ating charges
(positive holes) in a channel 5 region therein. FIG 27 is a schematic view
showi ng a photosensor system constituted by two-di nensionally arraying
doubl e- gat e photosensors 10. As shown in FIG 27, the photosensor system
conprises a sensor array 100 that is 10 constituted of a |arge nunber of

doubl e-gate phghteerdecs rbdearnangehdm @Rt N iX sHIRLMNGX £ 11aP 13Nd 4ot t om
gate lines 101 and 102 that respectively connect the top gate termnals TG
and bott om gat ebilecki nalss1BEingf ftilen dayblaerdyathenpleotesensdes 10 in a row
direction, 15 top and bottomgate drivers 110 and 120 respectively
connected to théemdgoaduchort Ginigatfe lm ids tOkreby HRAeradding langes 103
that respectively connect the drain termnals D of the double-gate
phot osensors 102FRURULaELDAN chreesi dposdnd van hodesut ici mcwhansedt i on 130
20 connecéed to the data lines 103. In FIG 27, 4 tg and O bg represent
control sPgnal sTSE8PNgEREFSEng a reset pulse O Ti and readout pulse O Bi,
respectively, which w_l| Ee described later, and Opg represents a
pre-charge pul se for E&6nt #dl LiSng Sifdemas G vilgy showiingh sa phogoskasge
voltage Vpg is aggkied. In _the aboyve-described structure, as described

S em 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 photdsensing function is realized by



| ater, the photosensing function is realized by - 7 JUN 2006 5 applyinﬂ ﬁbﬁ
predeterm ned voltage fromthe top gate driver 110 to the top gate JU
terminals TG while the readout function is realized by applying a
predeterm ned voltage fromthe bottomgate driver 120 5 to the bottom gate
termnals BG then sending the output voltage of the photosensors 10 to
the output circuit section 130 via the dat2 |ines 103, and out putting
serial data 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 proces@pdyinle)piaetrermiined vavi aafe tieonsertsort o ryt&L00.
First, a high-level pulse voltage (reset pulse; e.g., Vtgh = +15V) 0 Ti
shown in FIG 28Kiveragdl(d ¢ ttdiet Hopt q@ tumttes dnimea 10 ITA,5 wifi tdheHe t h row,
and during a reset period Trest, reset operation for discharging the
doubl e- gat e phof&a&esdr Funpd ieh titse Heald aasiviys appeElquitrad.a Subsequently, a
bias voltage O Ti of low |level (e.g., Vtgl = -15V) is applied to the top
gate line 20 18Fedeferdiyed modihiass threm dde hastion dptestdrime stl@% i ng a
charge acgunul ating.periqd Ta in which the channel region is charged.
During th& char éé’ Q@cu?r‘ﬁ?rlté’ﬂ 95 tFeiedd PR L S B gdh rpsandivg fidiees)
correspondi ng ta_the.,anpynt of |ight entering each 25 sensor fromthe top
°u§€“§r &6 &?r?moi-jt g&’e PG éeg’r?é%ﬁ?eﬂoretga die output

gate el ectrode Ssi
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 Trest, 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 Trest 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



Then, a pre-charge pulse 4)pg shown in FIG 28C - 7 JUN 2006 6 wth a
pre-charge voltage Vpg is applied to the data |lines 103 during the7char g6
accurrul ating period Ta, and after a pre-charge period Tprch for nmaking the
drain electrodes 13 keep a charge, a bias voltage (readout 5 pulse q)Bi)
of high level (e.g., Vbgh = +10V) shown in_ FIG 28B is applied to the
bottomgate line 102. At this tinme, the déﬁble-gate phot osensors 10 are
turned on to start a readout period Tread During the readout period Tread,
t he charges 10 accunul ated in the channel region serve to noderate a
| ow | evel vol t afetReagprevehprge- 16Vfaghi ¥hghas anplopgosibt ehpobataty of
charges accunul ated in the channel region and is applied to each top gate
termnal TG ThePefotB3 @HrhngypeechARRER RSCHBHARELDG PReivdl Tageand Vbgh
at each bottomgate termnal BG the voltage VD at the data |ines 103
‘gradual Iy reduc®stfh Ackbraghneedsi PariPeTdrannfetrpaking thel dpsénof time
lied. More specifically, the

after the pre-charge voltage Vpg is a g
t endency of chah %c€ﬁ°¥ﬂ§ €3|F§§§ @Epﬁgggﬁe fabPia290vPikage163eadpends upon
Shown | n ET G SH0EEnd Kol T d S LS, I o Y 7 CEAD v e
hence only omal | 2hat g2s'5r 3B5STC kR PPCR - Bk, eafli s offe B fenas
to suddenly reduce Wige, tbRei AGLGLOLGLEGNENLBoRELIEEs 10Care 2L BNOS
on to start a readout period Tyezqg-
During the readout period T, ez4, the charges
10 accumulated in the chgnnel region serve to moderate a
low-level voltage (e.g., Vtgl = -15V) which has an
opposite polarity 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



amount of light is received, and hence |large charges 7 are accunul a edy, §
Fromthis, it is understood that the amount of radiation can be cal cu atgy
by detecting the voltage VD at the data |lines 103 a predeterm ned period
after the start of the readout period Tread, or by 5 detecting a period
required until the voltage VD reaches a predeterm ned threshold voltage.

| mage reading is perfornmed by sequentially ' executing the above-descri bed
drive control for each row of the sensor array 100, or by executing the
drive 10 control for each rowin a parallel manner at different timngs at
whi ch the drivi agepaicsasudatecst. oFermaphisp tihough unkie r3eices ars@ t3)st em
adopt s the doubl e-gate photosensor as a photosensor in the above

descri ption, evémoansheffosaddartioysicam e gglauldtpkobydidedearing the

phot ot ransi stor as a phot osensor has operation steps: reset operation -~
char ge accumul at'iPd¢298pdPagitofshe. dagee léngsgd 08per aricsietermiemdi pgriod
operation, and uyses a siml|ar drive sequence. The conventi onal

phot osensor sys@gﬁ@éétQSo@éaﬁésoﬁhéhﬁoFPéﬂpﬁé PESBIOENT r 201/ @1t hoiys
photosensgr sys hot osensor , array i.s formed _on one surface of

the trans arenth%géﬁggﬁgtg Eggﬁogsrgquggg Yibdtr &€ vad t@@scMbbed above
and a |ight sourgce h% provig dton Eh% b %k urface side of the transparent
substrate. Light 25°&n ft &4 gﬁ £hE PI&h? §8§ﬁ8éd|VP&&@5Fes a subj ect
ot orr espondi ne) AhaBEcdea00Ys L° IR, AfihesH1gy of! ot e
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 transparent substrate. Light
25 emitted by the light source irradiates a subject

(finger or the like) placed above the photosensor

array. The reflected light corresponding to the image



- 7 JUN 2006 8 pattern of a fingerprint or the like is received andy yun 2008
detected as brightness information by each photosensor, reading the

subj ect image. | nage reading operation of the photosensor array detects
brightness information on 5 the basis of the amobunt of charges accumul at ed
in each photosensor during a period corresgonding to a set image reading
sensitivity (charge accunul ating period foP the doubl e-gate photosensor).
In the phot osensor system using the 10 above-descri bed photo sensor,
factors including an environnental illum nance in a use place such as an

i ndoor or outdogratfierre ahd thienggper it sabj €leé Theges dependidgamd a use
environnent. To read a subject 1inmage in various use environnents, the

i mge readi ng 15&f@wrfiad \dg yooigh tree phot nEensat i omsby beaph opest ysemsh st ed.
The proper inmage reading sensitivity of the photosensor changes depending
on anbi ent condi%§aHNg sifth P iscenmagmrenimigé | temihagcepetat idwe @fi or
20 art, therefore, a circuit for detecting the environnental illum nance
nust be additi ordl9 PROHISEFRE i3 Rt 8@l Y, br kol mes openformat ien dome
for a standard sanple placed on the sensing surface before the start of
nor mal i rrg’ge r edtdth 5Pt &5 g @RIw G Rt 2‘%‘4% rReeansl 2ted tin isachanged
to a plurality of_ .val ues. ﬁg}aptin&l i mge reading sensitivity

correspondi ng t &S5 A Fort Tithe RIPH AL GPeresponding to a’set

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 before
the start of normal image reading operation, while tﬁe

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

corresponding to ambient conditions such as the



7 JUN 2006 9 environnmental illum nance is obtained and set on the _basjs of
detection result or reading result. However, the above-described pr ofUNa 006
suffers the following problens. 5 (1) Wien the photosensor systemis
applied to a fingerprint readi ng apparatus or the like, the state of the
skin surface layer of a finger (or human b% serving as a subject varies
dependi ng on the gender and age of the person, the individual difference
such as 10 the physical condition, or an external environment such as a
tenperature or humdity. This i nhi bits setting a proper inmage reading
sensitivity wheRPVASOPRE§ELeddilnginsansi tisviobyaigedeandased on téadi ng
operation before the start of normal image reading operation. For this 15
reason, the appﬁﬁéﬂﬁsOﬁapﬁﬁﬁéﬁﬂeﬁsrﬁﬁuﬂtn@ér6ﬁﬁﬁﬂngcéﬁﬁdﬂton Povewssi ng or
t he Iike Mor e BECI ically, if the skin surface |ayer of the finger as a
subject is kerag Ri 2 8vefHQSSFFBﬁ@n8§§Oro?th§u¢¢&§é phet éra leringe
keratinized fin is 20 observed higher than that of a
non- kerati ni zed ﬁBBEﬁWS *skin surface. The brightness difference detected by

t he phot osensor beco er tha n_origi nal alue | f _the inmage
reading s@nsitivity Rg% gﬁ 538 8RO ?ﬁ??ns% i FHISTE anPQP&&FFoﬁo £he i mage

ooropiate vatunbeRBrifraghekond LRHRLAr Bl es BE AkE LA Kk P
cannot be aCCUf@B@'¥k&ﬂagurggﬁée§§&99 biea 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 conditiqn, 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 islkeratinized, 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



- .7 JUN 2006 10 coll ation precision of the fingerprint. (2) If a forfej@gn 2006
subst ance deposited on the sensing surface of the photosensor or a defect
is generated in the photosensor elenent in reading 5 operation before
normal image readi ng operation, the direct use of a read result containing
an abnormal value causes a failure in setgbng a proper image reading
sensitivity. This inhibits accurate readin operation of a subject imge.
When this photosensor 10 systemis applied to a fingerprint reading
apparatus, the apparatus may mal function in fingerprint collation
processi ng. Di s€odd@td onf prerdmstiioon ofhéher dsemgte ripmiantt.i on provi des an
advantage to set 15 a proper image reading sensitivity regardl ess of the

i ndi vi dual difference%of I sulfjdeiasr sapssariqeosapasiitied mpHdteosensor
system havi ng a phot.osensor_array constituted by two-di nensionally
arraying a pl ur S DHFUSKECEs 8hsbhe, Phvdosenser #rpros@isatads readi ng 20
sensitivity and aqbtain hi_ gh- uagity subj ect _i mage by normal inmage

readi ng operati8ﬁn§5€ﬁe%nlph5hgr8 OSSP O LaBASFRRL Pk &1eagddy caused by a

pi xel defect or rei.gn tter. To achi,eve the ahove advantages, a
photosens%r 2-§E§§§F§ PabE6PEP NGO EBathd 508 ERECIRTe APESR tdoRpr itE8s a

Do cemeor s A rEETS Ll L0 ADY bl AT AR i G B TR A Y O
value causes a failure in setting a proper image
reading éénsitivity. 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 subiject 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



- 7 JUN 2006 11 section which reads a subject inmage at a predeternip?d

i mage reading sensitivity by using the photosensor array, a sensitivi‘fl{P"z006
adj ust rent i nage readi ng section which reads a sensitivity adjustnent
subject inmage 5 while the imge reading sensitivity in the photosensor
array is changed to a plurality of stages, ?n optimal i nmage reading
sensitivity deriving section which derivedlan i mage readi ng sensitivity
optimal for reading operation of the subject inage on the basis of 10 a

pi xel data group relating to an inmage pattern of the subject imge read by
t he sensitivity sgditisnnwht chmagedsr eadiubg eséctimage and sapriotRge rieaddng
sensitivity setting section which sets the optinal inage reading
sensitivity as tRéIen&gediagdised sddnigiittivvibyy uisanghéhes phragsensadi ng
section. To achi eve the above advantages, the first optinal inage reading
sensitivity der BFERYssBcFrPHF1AeVatd ¢ IUGtnERE pragentreianiang iseatdonpri ses
a standard i mage. .r adin% sensitivity extraction section which extracsas 20
a standard inag@hﬁEngﬁé SeAsPENFLY VAR Yi RElgEstBgatn§ubse@ssi timaigey havi ng a
naxinun1dgta range oft%he.ﬁixel dat.a group.on the basis of a pixel data
group foreach “Phige PEadMAgSsEReAing SErsdtavity i8 {he Phegesgasesrn of
t he subject image_read by,the sensitivit dj ust rtent 25 i mage reading
section, an inaggr?gaaﬁnéhggﬁgl F?iﬁyplB%Fié%Vi8%E§§€9F5n ® CRtéBRLect s

the standard inﬁﬂﬁger?@gh@ﬂgsEQ%QEE!%&¥yOQeEQ%ig%SE%c%&o% akgggternined

derives an image reading sensitivity optimal for
reading operation of the subject image on the basis of

10 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

15 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

20 a standard image reading sensitivity an image reading
sensitivity having a maximum data range of the pikel
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

25 image reading section, an image reading sensitivity
correction section which corrects the standard image

reading sensitivity on the basis of a predetermined



- 7 JUN 2006 12 period-increase rate, and a section which sets a valfugyn 2006
obt ai ned by correcting the standard i nage reading sensitivity as the
optimal image reading sensitivity. The imge reading sensitivity
correction section 5 corrects the standard i mage reading sensitivity

uni quely or by the predeterm ned period-ingcrease rate on the basis of a
result of conparing a nean value of the prXel data group at the standard
imge reading sensitivity with a predeterm ned reference value. 10 To

achi eve the above advantages, the second optinal inmage reading sensitivity
deriving secti oreraedoivicngase trhdepr esdnt EreEnbnomhdchpsiesas aavapeaei fic
data renoval section which renoves specific pixel data fromthe pixel data
group for each PREénPEaBYngorsesthspt thpt ytrafardngmaget readdmge pattern
of the subject inmage . read by the sensitivity adjustnent inmage reading
section, an ihaﬁ@n?gbthﬁyséﬁsFPFVPP§1mé%tFQ@Q?Oﬁeéééﬂgoﬁeﬂﬁﬁéhvékynacts S
an i nage readinﬂh sensitivity,havin% a_nmaxi rum data range of the pixel 20
data group as an’Pndlj@89FeiGPHI SeAENELYLVIt¥UFPEBRELEBR SRELARN readi ng

operation.of the subject [nmage_on the, basis of ,the pixel data group for
each i mag2 readFﬁﬁreégﬁsFb?vggﬁngﬁ6a1ﬁﬁ?@ﬁ tRedipecrereipivétydata is

Wi ch sets the TegectEaiPndy’ EBRePrrOREs BRredcrefiihy-Thc radger Foadl ng
sensitivity eXEﬁaEBEOBaéggtB?naa§egnftogkigghpgg?gg geﬁggggvalue of
the pixei.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 deriving 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 sensifivity 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



7 JUN 2006 13 sensitivity. The specific data renoval section renoves, from
the pixel data group obtained by the sensitivity adjustment readind JUN 2006
section for each inmage reading sensitivity, pixel data having a maxi num or
5.m ninmumvalue or a plurality of pixel data sequentially fromthe maxi num
or mnimum value. Even if the individual difference of a subject or the
ext ernal environnent changes or pi xel dat aléontains an abnornal val ue,
t hese influences can be avoided to 10 properly set the inmage reading
sensitivity and obtain a high-quality subject imge. Additional advantages
of the inventiofenslitivétyset Ther tpeicd ftike ddesc reploven whaicgh 5ol | ows, and
in part wll be obvious fromthe description, or may be | earned 15 by
practice of therPRO¥REIofiromhshadpamedgestafl gioap obteanhiean byay Hee real i zed
~and obtained by neans of the instrunentalities and conbi nations

particul arly poffil€dtigatyhapdraameat. readéhgDesctiipni dorokabhadimags 20 The

acconpanyi ng dramﬁggs, which are incorporated in and constitute a part of
the specificati bR291PP| GEPPAF&VeRiodPHERLs datat haviingent mep imand oroget her
with the 9enera%.descri§tion given ibov .and the detailed description of
the enbodi nent s"gI'vEH"pERORE 95 8ePvBTRo1ENpPEi RikRé PrtAcsphuensiailhg
i nvention. Fl r mi§ha bl ock diagran1shomﬁng an arrangenent of a

il

phot osensor sys e%1acc%r@?ﬁme3 T f T EtTMERbBai-HEnt

Even if the individual difference of a subject or
the extefﬁal 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



7 JUN 2006 14 of the present invention;, FIG 2 is a block dlagran1 Gf @
an arrangenent of a controller applied to the first enbodi nent; 3
a flow chart showi ng an exanple of 5 sensitivity adjustnent/settlng
processi ng executed by the controller according to the first enbodi nent;
FIG 4 is a view showi ng an exanpl e of inagg data when a fingerprint inmage
isread in the first enbodinent; 10 FIGS. "5A to 5E are graphs show ng
changes in lightness data of respective rows in fingerprint inmage data
obtai ned by sensitivity adjustnent reading operation in the first

enbodi ment; FI G8f &heapdesBnir énvgbltéonghowi ng an exanple of 15 the
relatlonshlp bet ween t he dynanlc range of |ightness data for respective

rows obtained by sendilG-vi¢t yS adj fHaead R opPerhtEab Ry TR st
enbodi nent, and _a row nunber vs. gﬁ readln sensitivity correspondence
table; 20 FIGS. °¥A2aff@"FEC41ETa a@P&We héw rdiea ﬂFﬁ&eﬁ&qqqlqu$age and a

graph showi ng an exa f chan ess data of respective

col uims at an i mage %& dlndssén QR?Wﬁé%“WHfﬁh@qrﬁﬁﬁFH é
operation. is perfor readi_ng sensitivity obtain wi t hout
executlngSperloﬁenﬁ%?gasg core ectlgﬁtzﬁggg SR R N b %|Q§ﬁpq§ﬁﬁg Yent ;

FIGS. 8A and SBtﬂ c%n% %Wl%qoghggrélgan%fQ%!n%lrst 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




15 image, and a graph shomﬁng an exanpl e of changes in |ightness da?alﬁg
. . . SR . JUN' 2006

respective colunms at an inmage reading sensitivity when nornal inmage
readi ng operation is perfornmed at an inmage reading sensitivity obtained 5
by executing period-increase correction processing in the first
enbodinment; FIG 9 is a block diagram showi_ng an arrangenent of a
controller applied to a second enbodinent;ﬁFlG. 10 is a flow chart show ng
an exanple of 10 sensitivity adjustnent/setting processing executed by
the controller according to the second enbodinent; FIG 11 is a bl ock
di agr am show ngimagesr raanyearettaphofsheowihad osensamslst @fn atenges ngnt o a
third enbodi ment of the present invention; 15 FIG 12 is a bl ock diagram
showi ng an arr anighvtnstss ofate cohtregnegt Hppl ¢eunns téae ami idagerbodi nent |
FIG 13 is a flow chart show ng an exanple of sensitivity _
adj ust ment / set t49RFIPI%D S gl eiket RN BPrihk Eerde of $ad1agceparaien t he
third enbodi nent; 20 FIGS. 14A and 14B are conceptual views show ng_ a
target region and REFISERRS el MRy IR R oreRHl t 5BhkY t PR {ned
adj ust nment reaﬂéng operation according to the third enbodi menf; FJ]GS. 15A
and 15B are comept uRﬁQﬂwP%ﬁ&ﬂé?ﬁP Mot PEr et Bt PR tPFRGEIF AR Anot her
exanpl e of reaqu operation.in sensitivity adjustnent reading operation
according to th %ﬂﬁ%gginﬂﬂﬁﬁ?&ﬂﬁ? -7 JUN 2006

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;



16 FIGS. 16A to 16D are conceptual views showi ng an exanple of a spgcjyN 2006
pi xel data renoval operation mnethod applied to the third enbodi nent; FIGS.
17A and 17B are views showing a 5 predeterm ned detection region of a

phot osensor array in the third enbodi nent, and an exanple of a
fingerprint image read within the detectio? region by sensitivity

adj ust nent readi ng operation when an abno ﬁal pi xel exists; 10 FIGS. 18A
to 18E are graphs show ng an exanple of changes in |ightness data for
respective rows of fingerprint inmage data obtained by sensitivity

adj ust nent readi ng opélFati dRAI ot RGDt kined comsditverit vishen sdrowAlngo @mal

pi xel exists; 15 FIGS. 19A and 19B are a graph and tabl e showi ng an
exanpl e of the e8pEPLEONSHI P BéﬁﬂeéﬁctﬁéxéanQﬁU§ r&Rgdalofopeirgiitingss dat a
for respective rows of fingerprint inmage data obtained by sensitivity

adj ust nent r eadPR§1o8pBPRLEEA HRelkgn tABASY PEICOSIIRENtexi sts, and a row 20

nunber vs. inmage reading sensitivity correspondence table; FIGS. 20A and
20B are vi ews showﬁnglggangﬁésa89 1%@e%ﬁﬁnﬁiﬁ%ﬁté§9¥%ﬂgz?fingerprint when
a sensitiyity setti net hqd .according to.the third.enbodi nent i s _not 25
applied and s BpBPPEATTANSE: EFRG kAP Eso PeadinG PLERERA ity WA a
photosensor arrgy Lpgl Ui g 8RpoARRCHTE! RSl ekahfYe??%0 s

fingerprint image read within the detection region by

sensitivity adjustment 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;



17 FIGS. 21A to 21E are graphs show ng an exanple of changes in Lighhﬂpg@m
data for respective rows of fingerprint inmage data obtained by specific

pi xel -data renoval operation in the third enbodinent; 5 FIGS. 22A and 22B
are a graph and table showing an exanple of the relationship between the
dynam c range of lightness data for respegtive rows obtained by

perform ng specific pixel data renoval operation in the third enbodi nent
for fingerprint inage data which is 10 obtained by sensitivity adjustnent
readi ng operation when an abnormal pixel exists, and a row nunmber vs.

i mage readi ng sensitiEVCEy @3Ar éopdrderde snhs ShGBiNg3AY ¢X28P 18 €1t i i ng
charts showing an exanple of a drive control method applicable to imge

15 readi ng oper 6hpoASEf 18 phEhEEERSoFAaSPsEOR F€EBEGATSt O%Sh@Ipr esent
invention; FIGS_ 24A to 24J are timng charts show n t?e fi,rst exanpl e of
an i mage readi n§188RSPELRLt yTSEEL FAG2 ﬁ@Fﬁ&@eﬁpHWiEQgFé & EiS '@éﬁﬁy '

i ng chart o SKOMPRGL REeL8506Rd JExarR ST0F § MECOHTE Edadi ng. Sensitivi ty
celiing, gethioo anolld o SRIP o ATt B30 et Lar 17
?Uaogggg-gate p%%%%%%gs%r?tﬁEGre%%%ﬂdﬁéifﬂ'Hé@dée%i%%%a@yﬂyﬁMdﬂiék%% -7
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 sensitiv;ty 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



18 equivalent circuit of the double-gate photosensor; FIG 27 is g jyn 2006
schemati c vi ew showi ng a phot osensor system constituted by

t wo-di nensional ly arrayi ng doubl e-gate photosensors; and 5 FIGS. 28A to
28D are timng charts showing the drive control nethod of a double-gate
phot osensor system Best Mode for CarryiqﬁﬁCMt of the Invention Details
of a photosensor system and drive control 0 nethod thereof according to
the present invention will be described on the basis of enbodi nents shown
in the several views of the acconpanying drawing. In enbodinents

descri bed bel ovequal dold te-gjiat @u ph ot Dseing oroulh ke appt ¢ ephako aepdor bsensor
However, the arrangenent 15 of the present invention is not limted to the
doubl e- gat e phot osen8b§; blUtissaapcbenpplfcabfe $kowinghat BEehe8ENEYEt em
usi ng anot her type of photosensor. <First Enbodinent> A first enbodi nent
“of a phot osenso?Y St cPRPEL MR di by FeoTREIPREERPR I NVRRERBRPRI | | be
described wth reference tg the several views of the acconpanying

drawi ngs. FI G doWRler IR IPRPEYGFERTFIRDN A% an arrangenent of a

photosenser syet oM asgrd g, L DEpTLES 38 SIPRRAAER! coThegoukLe 02t ¢
arrangement of { e Phot 0SE0SOf e SYS4 e8F S2OU4Bub fe Fy St e 2ndPosensor
system.
Best Mode for Carrying Out of the Invention
Details of a photosensor system and drive control
10 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. Howéver, the arrangement
15 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
20 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
25 embodiment. The double-gate photosensor shown in
FIG. 26A is employed as a photosensor, and the

arrangement of the photosensor system shown in FIG. 27



will be referred to if necessary. The sane reference nunerals as i® Th@gN 2006
phot osensor system shown in FIG 27 denote the sane parts, and a
description thereof will be sinplified or omtted. 5 As is shown in FIG

1, the photosensor system according to this enbodi nent conprises a

phot osensor array 100 including doubl e-gat¢ photosensors 10 shown in FIG
26A that are arrayed two-dinensionally, 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 photosensor 10 at a predeterm ned tinigg, a bottgn1%ate
driver 120 for %pplyPRgrafprEaet BPntheQSFBE[BEY - pulf8E SEBarBbEE AT Hat e BG

of the doubl e-gate phpotosensor 10 t . a predetermned tinmn ouf put
circuit section“%%eg% Smﬁ?cﬁnhgéeaprFa n§ﬁft§ﬁg§§T,s ngcﬁgrggGswéfch
132, and amplifier 133, applies a _pre-charge voltage.to he dpubl e-gate
phot osensor 10,d%ﬂﬂg?e5H§ gﬁ?eapaﬁgﬁ’ Fpﬁegng?ﬁbégEéﬂnaﬁéFBS? iﬁff%l
converter (to b% refe;rgd Lo_as_an, eQ converter hereinafter) 140 for 20
converting the gt 2tVBrt b% of "a"teadouf anal og signal into inage data of

a digitalgsignal, a ggn&§3%hemn1§9 FWEKC@,i%hédgﬂb%gs%8569nkg§£eﬁhe

operation of reading a j ect image by the photosensor arr 100, and to

exchange data “é&@oﬁaiﬁ?t€6nﬁhiéuﬁﬁbbgﬂm§ﬁ€tE@ﬁp%@ges 85paRdovbhshrcontrol s
sensitivity setting in the first enbodinent, and a RANIEGO for tenporarily

Zgggigg acqui rgdrhprgeodahal (Rixg! ddabae95aHR) phaBdsBhe6@§Sl 0gshownJUN
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



data or the like relating to sensitivity setting processing (to be
described later). The structures of the photosensor array 100, top 'JEQW“ZWB
driver 110, bottomgate driver 120, and output 5 circuit section 130 are

the sane as and have the sane functions as these of the photosensor system
shown in FIG 27. In addition to these ers, this enbodi nent adopts

the A/D converter 140, controller 150, an M 160 to enabl e various types
of control as described 10 bel ow. The controller 150 outputs predeterm ned
control signals g and t bg to the top and bottomgate drivers 110 and
120, respectiveldtavhrchlei hiker Reldttpdit topPetRt btk hedSSbttBges (reset

pulse O Ti and readout /15 pulse OBi) to th op, gates TG and bottom gates
BG of the douH@Egﬁ%félbﬂofBgeHgo?gs%ﬁlQﬁécﬁaéﬁggtitute the photosensor

100, ti . Th trol 150 al tputs d i ned

control sl gnal ) pg. TBY eREGEFETERaPGotsi BARERIS PHE ApET o a P e. ERRr o
't 20 Vpg to. the drai i D_of the. doubl - ph

10 The aont r o 98re 8 kBR Fofs BAPtEn e Rt e oHE S PO RO 00 e BUPRIE Vo age

VD cor r espondi ng; 103 LNEA0RURL 19h £harpRs agckumukaled AdvLhepdovbhe- oate

phot osensors 10 1Tn correspondence w e |1 mage pattern of a rea

subj ect. An OUtPURclobhadgsVRHEECRE 0Lt phY:bOEndbal By gt bxeindahl 1A
gital signal via the A/D converter” 140, and this
digital 7 JUN 2p96.237. 1In 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 <bBi).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 Vyut read
out by the drain driver 130 is converted into a digital

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



signal is input as an inmage output signal to the controller 150. Thd JuN 2006
controller 150 has a function of executing predeterm ned i nage processing
for the image output signal, and witing or reading the processed 5 signal
into or fromthe RAM 160. The controller 150 also functions as an

interface with an external function sectis#p 200 that executes

predeterm ned processing such as imge data identification, nodification
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 andSigB2iol8einPyh %Et?ﬁa%mﬁgﬁdPH§p§5n§F9P%it9OfBhereadlng a

subject image in accordan wWth envir h as 15_an il | um nance of
external |ight, cpngro?g igpnalyh%hﬁ?ﬂgrggg igﬁ RS pr FBACEOPR tﬂg
doubl e-gat e photoseﬁsors rna unction sec

function of ex&8Gtt bngnﬁﬁgdﬁ?%ﬁﬁ§gl 91?88F|QFPSﬁSSﬁB%I%PEafFSHlmaQS or
the like) for, SPgBU p%?§ g?thQCQPiEgggb tESaBE §°§§QS§203¥§%SH"n

accordance with pur pose o osSensor systéem The

ext er nal functgggngﬁdhﬁlﬁ 890f@5aotnasRﬁMf%gt'O@hgf cfRELLPIER1 shhe

oper ation state o ot osensor system or 5 confro
outputting a cagngakhﬁet959§e§§lga {FESUELCRT yiBR hhKextBuRLher, the

external function section 200 also functions as an 1 nput/output interface
7 JUN 2006 22 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
aﬁ 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 cr 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



for inputting and setting various paraneters such as the default ~al i 2006
a charge accunul ating period Ta, and a period-increase rate and nean
conpare value (to be described later) in order to define the operation 5
state, calculation processing, and the like. The detail ed arrangenent and
operation of the controller applied to tfﬁ@z phot osensor system descri bed
above will be explained with reference to"the several views of the
acconpanyi ng drawings. 10 FIG 2 is a block diagram showi ng an arrangenent
of the controller applied to the photosensor system according to the first
enbodi nent. As EWoWNRUWTHING and t3rEEdid realiqus FRIanatess swivdisent
conprises a device controller 151 for 15 controlling the operations of the
top gate driverthaclefapht ot lg €3 vEra a9, 2 et idakpr ied t'ér 132, a
data controller 152 for mapagi ng various data such as inage data, wite
data, and readdift ﬁt%ﬁ@qusﬁﬁt%rﬂl‘g MRATh CERAS 1L U3 Shich

supervises the 20 contrqllers 151 and 152 and interfaces wth the external
function sectidif Z%bscﬁaﬁée{()]wﬁtr% | et 1565 % ur %é{]e%rﬁgeesqpeara(ﬁogl

conpar at Cg 154 é‘orteextcra1 cctlhn .rroaxi mum ansgli m niarlr,lu v val.ues by conparing the
sizes of 1ight esd HatF 1A 6} el O dEt T ContH] necm nlJa il mage out put

oo "5 3 Sofle) PO BBy S e O\ o e
controller applied to the photosensor system described
above will be_éxplained 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



for extracting a maxi num dynam ¢ range from cal cul ated dynam c rang@sjuNaiog
adder 155 for calculating a dynamc range (data range) fromthe difference
bet ween the maxi num and m ni mrum val ues of pixel data extracted by 5 the
data conparator 154; a data selector 156 for receiving i nage data and
processi ng data processed via the A/D congﬁrter 140, data conparator 154,
and adder 155, and swi tching between witefreadout of these data in/from
the RAM 160, re-input of these data to the data 10 conparator 154 and adder
155, and output of these data to the external function section 200 via the
data control | efor52xitfraptdegsar paxamper dydamicr gasger dgiost @alch3atwlli ch
hol ds a period-increase rate used to execute period-increase correction
(to be descri bedYnarér) rhyges it k& REIAR Lcakdr dlorecalsylpdringn 8 fagemicadi ng
sensitivity which is extracted by the data caonparator 154, adder 155, and
data sel ector 136n48d (Egtre$FEIE3 fFGmatﬁﬁx@#E%ﬁéﬁﬁ§@i@eﬁﬁﬁﬁé;t&ﬁd a
sensitivity setting register 159 for setting the_timngs of control

signal's 20 O t g™&¥dTM G Co M 18\ e HESmOth & Tk B8 teoststdrcded P¥1 to

the top and bottom gate drivers 110 d 120, on the basi f control

signalpou put fr ad&PQ%aE%ﬁFFbP% v f5§a%§s§§q8ﬁ%Pﬁgiﬁ%a§grreading
itivit ti | i dj iLtivity), havj d 25

ber T od | e ease ESPRdrToATaBRocEts: A0S FEPRaTH T e SEFELAeR: Fafed

controller will tl?x% EAX/FH %io@l%rvt\fietzh 1r4%f,erdgi%%e cto%ptar}%t'or7 1‘]5LJ|>I 2:191%16 a%%er

155, and switéhing between write/readout of these data
in/from the RAM 160, re-input of these data to the data
10 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



several views of the acconpanying drawings. FIG 3 is a flow chart shoyangus
an exanple of sensitivity adjustnent/setting processing executed by the
controller applied to the photosensor system5 according to the first
enbodinment. FIG 4 is a view show ng an exanple of fingerprint inage data
when the photosensor system according to % is enbodinent is applied to a
fingerprint reading apparatus and a fingefprint is read while the inage
readi ng sensitivity 10 is changed stepw se every row of the photosensor
array in sensitivity adjustnent reading operation applied to sensitivity
adj ust nent processengl Fi&8s 5A tbe5Ecarmpagyapls dgRewngg-changes in
| i ghtness data of respective rows in fingerprint inmage data obtained by
sensitivity 15 adju§tfent Eéadi Adoypehatitoshoming @A X el &fe tabl es
showi ng the relationship between the dynam c range (data range) of
|i ght ness dat a FE6RSiLEaBesY 387 UPERENEVERILHEBIDPLEERSSLTE B SaHtRst R¥nt
readi ng operation, and a rom/nunbi[ VS. | e headin 20 sensitivity
correspondence t8BI EONFRELPRECBERIAGY SRelaFi BR WSSO etyiSLi®ed wit h
reference_to the arran enen% of _the phg%psensor sy%ﬁ m shown in.FIGS. 1
and 2. As°for véFF86§lB§t§°s PR ESTPlgRMRESI TR a, i ?' zyﬁgmasﬂ%gwge, and
the charge accunul ating_period, .25 _@nl.y _data _of ,representat.i Ot h,. 104t h,
128t b, 182nd.  SRAVERE RO GUETRIE O GPORTRE Nt FagE HG0E S %@6 S11)
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 adjdstment 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.



As shown in FIG 3, the main controller 153 starts sensitivity adjtrJT;[rrent
readi ng operation prior to normal reading operation of a subject iiegdiUN 2006
The main 5 controller 153 controls the sensitivity setting register 159 to
set an image reading sensitivity for sensitivity adjustnment reading
operation via the data controller 152. The_.main controller 153 reads a
subj ect image for the purpose of sensitivi 10 adjustnent. In general,
this sensitivity adjustnent reading operation is perforned i medi ately
before normal inmage reading operation. However, sensitivity adjustnent
readi ng operati dirtie® dtl)necessarily executed at a 15 timng prior to
normal 1 mage readi ng operation, and na be independently perfornmed at a
different tining froftS G Ji%ﬁd@-re%di’qffge dbEmatGUH: rdore e x| aniteen an
i mage reading sensitivity nust, be set. Simlar to normal image reading
operation, 20 sEFSSHNHIELF YadusSiaet tr 5AHg D ppeaatd®n et dwed by
executing a series of processes: reset operation - charge accunul ating
operation -4 pr&FHElgd G0 G PER L AtdLM r?gg@pér”é’tjie&jf flFRrXfoubl Ty g n

phot osensgrs whi i e th otgsensor agrray. At this time, the 25
char ge acgurrul atcl%ﬁé:r%ceirq%tgdtli% 88&%&%@%&%%@%1 eFetS&GhAY executing
pr e- charge operat.| d,radin operatjon at pr.edeterm,ned timngs for
respective romsé%gqgﬁgﬁ &ﬁgtqg %F&h%% ﬁ%%ﬁ%fﬁgﬁgﬁﬁg SENST '3ﬁ%ﬁ¥i %éet for

a larger rO“’”“%Q%%iEEVHQ? Qﬁﬂh%%ﬁ%%Qrf@gaiﬁglggéﬂgtion 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 is 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



whi ch doubl e-gate photosensors are arrayed in a matrix of 256 rows X lf 605
colums, as shown in FIG 4. Image 5 data read at different inmage reading
sensitivities for respective rows are acquired by one readi ng operation

of "a subject inmage. An image reading sensitivity for each rowis stored in
the formof a table (row number vs. image,geading sensitivity
correspondence table) in 10 the RAM 160 in correspondence with the row
nunber. A |onger charge accunul ati ng peri od and hi gher inage reading
sensitivity are set for a larger row number. A ridge/valley pattern of a
fingerprint is el BBah afhigher| igAeY rﬁaaénar SgRSALANALY Avi SBBI §obri ght
i mge 15 under the influence of_ external upward in FIG 4). On the
ot her hand, a sﬁo}?éﬁeﬁhﬁ?@enuﬁéﬁﬁnﬁPaFPEQPBEFP g"and Powey Pﬁﬁgénreading
sensitivity are f,or w_nunber. The ridg e/vall ey gattern of

Shost nuer bri o 38h afinle 288kt OFﬁBSSrﬁoaSF 26 8PREst " AVTSFOH dark
g (downuerd,EnoELGof).  Nije dhaia delal e, e o of gt

I mage r eadi ng senS| IVITY 1I'n senS| IVI ment 't ed ng ‘ope on

Wil be describadelatesy Le pbise ?EH?diﬁsgé rgaslhgagens§i 39 8gNSLLI Vi ty

25 i s changed every row o Rotosenso array | sensifivify adjust ment

2000 S eSO, kBN SEMLSReU IO LBk LS
every pluralitygof EQMﬁecelEﬁé@@t'Vﬁhy1m§g§u?EﬁaﬁnBWQQQSQEXV1ty for
each row is stored in the form of a table (row number
vs. lmage 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 photosensor array in
sensitivity adjustment reading operation. The present

invention is not limited to this, and the image reading



be read by one frane of the photosensor array every tinme the imge reading
sensitivity is changed. In 5 short, imge data suffices to be obtai"néduat 2006
different inage reading sensitivities for one subject. (Step S12) | mage
data read by the above-described sensitivity adjustnent reading operation
is converted into a 10 digital signal via $he anplifier 133 of the drain
driver 130 and the A/D converter 140. The digital signal is input to the
data conparator 154 as pixel data ,(lightness data) of each inmage reading
sensitivity that co resgonds to the bright/dark pattern of the 15 subject

i mge. Mre speﬁ???&éPV%,ya@aghgﬁncpﬂnﬁﬁ StERWi§enES-gh6 eyeray | evel s are

set between mhitfuaggi | ack on the iubLect,inT%e. Vol t age changes in drain
vol tage VD in, Pe*f%  tHeC176P0S - 15BhHeTR38iKeLlYpaphSURABCE0LRaBBWEAYN 20

t he phot osensor, ar 1 shown in_F|G 4,are converted into |ightness
data val ues ran%?n%g 908 Ogﬁ% ?E%%? VﬁibheapgogPﬁﬁﬁéaF PRTEKe®Y®EYh row, as

shown in FIG @fMetPHeS§@§%%i¥££¥i£§ §8£F9%gg%}§g%g2§hahég tneggovdata

substantially converges e upper’lrm Y i des any

informatimn as insge, dfi‘ﬁlé‘gelﬂatthﬁﬁﬁf?gﬁrgw’ b8SoBRQRe N, F! &gégﬁggpe_ ,

sensitivity is set relatively hi ght ness data reaches _
JUN 2006 28 |inihage s688ik¢ yomsitapde 8kl Ebe bhdoglwalley (bright/dark)

patterns of inmage data cannot be read.
(Step S12)

Image data read by the above-described sensitivity

adjustment reading operation is converted into a

10 digital signal via 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 biack 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



To the contrary, in the 128th row, as shown in FIG 5C |[|ightness data
does not reach either the upper 5 limt (255 or lower limt (0) on |4UN2mﬁ
the columms, 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 between theygpper and |ower linits. However,

| i ghtness 10 data reaches the lower |imt on sonme columms, and all the
ridge/vall ey patterns of inmage data cannot be read. In the 80th row, as
shown in FIG 5E, the sensitivit is set low, so that |ightness data

substantially cdivér §8s S99 KELBRSr BNG @ldndhrardidgeivadildas any 15
information as inage.data. .. .(Steps S13 S14) Lightness data (pixel of

hi ghest gray | ev(ar%‘ghr%ef;ﬂ%é:@nﬁaﬁge&“ﬁ’aﬁ%nﬂﬁa\%ﬂ CEhEFFngtt s sreret-a (pi xel
of | owest gray |evel )Tor reesentti ng.a m_nium Vdir_ e are 20 extracted from
the lightness data input to the'datda *¢o TR0 P helge readi ng

sensi Livi v, angrcouigut 1Lk adiet 15s. A3 shawy in FLG_ 64, | 1ght ness

data (pixel of “highest gray 1evel) répresenti €5

| i ght nesssdat a (Rpipel (@fsshowgsy y1hevel ) snepresenting a mni num val ue
are extracted for each row fror%g{egelflﬁ\giﬁt e s%él]at%gqi r%‘%t %O?W’d

conparator 7 JUNs20Q6+t29nk34d 8BEweHEPYh! Qe adden (1a5 (The adder, 155

cal cul ates the difference between
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 lowgr 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 813 & 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



t he maxi num and m ni nrum val ues of |ightness data for each row, thu@ ms'
obt ai ning a dynam c range for each image 5 reading sensitivity. The adw%?
155 stores the dynamc range in the RAM 156 via the data selector 160. The
adder 155 executes dynami c range cal cul ati on processing for all the rows
or a predeterm ned nunber of rows. (Step 5) 10 Dynam c ranges for
respective inage reading sensitivities stored in the RAM 160 are read out
via the data selector 156, and input to the data conparator 154. The data
conmparator 154 extracts a maxi mrumvalue from dynam c ranges for respective
i tage readi ng 15°$end?d| FEres. tapilke spddeti tably, maxi num and mi ni mum

val ues are extracteg as_nynerical data_on the basis of distribution
changes in |ightness H%t%d%?rr%%%e@?@VBlaFéﬁstbﬁoﬁhfﬁﬁrEnGS.bEAweanSE
Dynam c ranges are 20 calculated, fromthe differences between the nmaxi num

and i ni mum var des R IR i TR 6 1P 9t Al 9AkEess depbAdEodNn t he

m ni mum val ue i e 6t d.,152nd. rows because |ightpness data, reaches

t he upper Iinitg%%% ?%g'réhﬁghﬁRE&ﬂ?ﬁp$saf?&%ﬂm%% 53BJ€ | ROF hgag4imaghd 25
80th ro t he ; on i al ue because |ightness
dat a regg%es t he %ﬁg$qgﬁﬁgﬁggﬂgé¥ts $Q§n$§%%£vg$%esF%r?FxEﬁe;gy@@g#cJLN
2006 30 In the 42850 rownd hendynasm ¢ £ ange depends) o0, §hey off 11 rgnce

bet ween t he maxi num and m ni mum val ues o
adder 155 executes dynamic range calculation processing

for all the rows orhé predetermined number of rows.
(Step S15)

10 Dynamic ranges for respective 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 image 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. 5A 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.



| i ght ness data because the |ightness data does not reach either LQe @gg&k
or lower limt. The 128th row 5 provides a |arger data range than t'hd

the 176th, 152nd, 104th, and 80th rows. In other words, lightness data of
the 128th rowis inmage data with a good contrast corresponding to the
ridge/valley pattern of a fingerprint, ang,an optimal image reading
sensitivity 10 can be determned to be set.  (Step S16) An image reading
sensitivity corresponding to the naxi numdynam c range is extracted and
set as a standard ipage reading sensitjvity. 15 More specifically, as
shown in FIG 6B, an??nﬁaﬁ ?géﬁgiﬁ@wseﬁgﬁtﬂvpﬁyl§efapéﬁ flgpendst Anr bhe

i doubl e-gate phot osensor

i.e., the charge ccungla%ig erjod T128 of th (
is extracted by f%€%¥%ﬁ Tp°% g%_ ntﬁ%e?a§§mumlﬁﬁ eMFBAlHAgVaERRF tPHity
CoLeRPOncence, § Ak EnSLRra 20,0 nable AN 16000 LUSQ0ESI 3,01 gon murver
Cont Lol 193 EORLE oL ALE PALoobR0 L8l SHedo8 a0 e PR o | rnge
L550)10 2L ESAGRR st ot e te gt LB B B Doteye ol
exanpl e, the inpgend cadyNoh seasdt sNELYr¥ECh Ih 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 Tjsg 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



is set for the 128th row and exhibits a maxi nrum dynam c range correquggzgm
to the charge accunmul ating period 5 T128 = 91.2 ns, and the period-incr
rate set in advance in the period-increase register 157 is 32% In this
case, a charge accunul ating period used for rewite of the sensitivity
setting register 159 is a 32%period-incrgased nunerical value: 10 91.2 X
(1 + 0.32) - 120 ns (2) This period-increase correction processing
increases by 1.32 tines the inage reading sensitivity of the row which is
extracted in st S nd _exhibits _the maxi dynam c range. The charge
accumul at i ng 15€%%r%§5§95 pPGFBRGEATBY 1282 53%%5 so as to increase the
anount of excitationglig Lhsib li,ght) incident on ,each double-gate
phot osensor. The perFég-P%gﬁégéé %g elggpeaﬁgﬁgl§§%ﬁﬁgsétﬁHﬁEViHﬁpcbalue
whi ch has been fouad: as.arhgesybi.f xarious experinments by the present 20
i nventors to be ab?e toégoFbgc?bﬁh@ F%ggéggeSHﬁﬁglkEeﬁsW?F¥WP9 ggnamic
opti mal one whighganc-EelatbyghyY +8CEHLA ead a fingerprint, even if the
subject is a kerat?ni%ed %%%ger (%% ggéd%§%¥9%e§gF3P8;? A9t R8T 188nsitivity
adj ust merg appar pf yis=and. peL 800236 CEREI POy 1 3]-4 i epppdi ment .
(Step S18) The da % control | er 152 cont?o é re&ﬁ?%ggg% %%£e s%th& 2006 32
sensitivity setddvanc€gist ehe 158r16dSehctbgseOLLgeLed, | BROE M eadi ng;
sensitivity (charge accurnul ati ng period).

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 S18)

The data controller 152 controls rewrite of the



Sensitivity adjustnent processing based on sensitivity adjustnent reading
operation ends. 5 After that, nornmal inage reading operation of a =subjdc006
image i s executed based on the optimal image reading sensitivity (charge
accurul ating period) determ ned by the above-described sensitivity

adj ust rent readi ng operation and i nmage reaggng 10 sensitivity adjustnent
operation. The read image of a fingerprint“and the inmage reading
sensitivity when the sensitivity adjustnment apparatus and nethod of the
phot osensor systemare  applied to a fingerprint reading apparatus wll be
15 exenplified ﬁFPﬁlFéVéF&néétFénﬁhée§é§gﬁél1§9eﬁ9 sttt the socoampanyi ng
drawi ng. A case,wherein no period-increase processing is executed wll

al so be explaiﬁ@ﬁg?oFe@gﬁﬁar?§BﬁthVéFdeﬁCbérgﬁoﬁP€H@Ulétﬁegtpeeheé$.of

peri od-increase corrgctLgn grocessin 20 in the sensitivity adjustnent
met hod accor di ngeFa FAEtYi ALY USHBERE nBROCeRFERI PASEAJORBSaRPE1 ALV BW

showi ng the read ;i f_a_fingerprint, and graph show ng |ight ness
dat a of respecggbgggﬁ Bﬁnge g1y Pﬁﬁﬁ@EF8§dFﬂ Ssensitivity when 25 nornal

( - tion i f t .the st d i .ead
i mage reagling opera h?@eESthE,OEggﬁaﬁi%gﬁgg:gggggﬁgcégg%gﬁﬁggeéggﬁg of the

sensitivity wthout executing 'period- s&"C¢ _
the phot osensor eyetem TRTCor sR‘aRd BB Srocd UherrEraMENGE. 1ABes%"
reading sensitivity_(charge accumulating period)
determined by the above-described sensitivity
adjustment reading operation and image reading
10 sensitivity adjustmeqt 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



the read image of a fingerprint, and a graph showing |ightness data of
respective colums at an image 5 reading sensitivity when the stand&r@d JUN 2006
i mge reading sensitivity undergoes period-increase correction processing
of the first enbodinent in the sensitivity adjustnent nethod of the

phot osensor system and nornal i nmage readi%g operation is perforned at the
resultant 10 inmage reading sensitivity. FI'GS. 7A and 8A show rough subject
i mges when readi ng operation is executed based on each predeterm ned

i mage reading sensitivity. The ridge portion (projecting region) of a
fingerprint is epppadsneatedni khahpersibivithytédhystment tthethvadl ef thae 15
(recessed regioné of the fingerprint is illustrated in black (or

bl acki sh). A caBBOGWRBERFAT ndYpEPNod- FREPealR MBS Ag & svieonshowminge
above sensitivity adjustpent nethod will be, explained. 20 As described in
"Descri ption oftgﬁerhéaa%%ﬂgﬁr?f,a AhNEGPPP BT at @4 N ger RS oW ERGISi ti Vity
may not be set .| ccordance th the state of the skin surface |ayer of

a finger servinb#nggﬁe§ﬁb Bty %% SRSBPPH EAt FORIBHS Fheaphbidgensor system
cer ati ni o0s, UhE GHBRRECRH L ghRy [ eRr Rt B BT q | MRSDOEIOHG he
hi g, Corpared Tors Eaie inetde BOLRE PFFRRutpirans corrageronitha
non-keratini zed,8ké8ss$ng 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 sensitiyity. 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



read, a relatively large dynanic range can be obtained at a relat!veby Iogms

i mage reading sensitivity within a 5 short charge accumul ating peri od. AN

image reading sensitivity (standard inmage reading sensitivity) _

corresponding to a nmaxi numdynamic range is extracted as an optinal inage

reading sensitivity on the basis of the rgad fingerprint image data. In

this case, a lower 10 inmage reading sensitivity than an originally optinal

i mage reading sensitivity, i.e., a shorter charge accunulating period than

an originally o Einal chﬁr e_.accunul ating period is extracted and set. If
P Sdi ﬁ%

normal  finger pPPAEIVE adp¥r BiLpBn i §oBRedEded ohasea sen viheire 15 theage
ind the ridge pofPESAPFIRENET PregBoeenta tho Specar KesALimIGEs. SkimsHown i n
or i nal 1y opt | Ea0enar 68 A5 TEIVa PAgep BYRB: S26 “PRE. GREt Hepabiarned
exam ned for tha® Subrbarirsage ofnilRaanaops  Bon e Lh s HaL iatin
because the presancs of erkuretyuiaEife BR 30810 b ke FEardonax: mum
Keratinized ki s eserace ayorendpfd' SnabEEeAR b 8 SERTBE) 25" 1oes o
accurately correspeagpbfdihg ebi i RakihlRIBynRALEELANGE thefingarpyi nt.

Hence, a fingerprint
as an optimal image reading sensitivity on the basis of
the read fingerprint image data. 1In this case, a lower
10 image reading sensit;vity 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 discontinuous, as shown in FIG. 1A,
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



cannot be accurately read, decreasing the precision of fingerprint
collation processing in the external 5 function section. To the cohfﬁdﬂ&ﬁmﬁ
the sensitivity adjustnment apparatus and nmethod of the photosensor system
according to the first enbodi ment execute correction processing based on a
predet erm ned period-increase 10 rate (e.g.,. about 30% for an inage
reading sensitivity (standard inmage readiﬁé sensitivity) which provides a
maxi mrum dynam ¢ range and i s obtained by sensitivity adjustnment reading
operation and i mage readi ng sensitivity adjustnment operation for

fingerprint i mag®eslRdategairad Sfliyngor nempnd ki e fadey iraylerinsge
keratinized. A higher inmage reading sensitivity, i.e., a |longer charge
accunul ati ng pe@addS §e‘>fqtihr¢ Logsanat wi tHendee iandgegshgwinim FIG 7A.
Accordingly, an inmage reading sensitivity closer to an 20 originally

opti mal image r&é’tﬁ’i“%& e FAGuFate Livs r§@[<£/, W reasdmy idrenraeed i fiamgerfpri nt
readi ng operati%n on_the basii of the corrected inmage reading sensitivity,
a subj ect i mage FEIEERF AL S llREdOThAROTES A NG ety iegtieeed, and a

hi gh-qual isty i Qe @Lvi ng Zé.al nost no di scontinuous ridge portion can be
attained, > as showt 10 FPES8A™ The distribution characteristic of

| i ght ness data of an Wtrary.row (e.q., 81lst. . row) - 7 JUN 2006 36 was
exani ned for the subj@?qenggé,trgﬁ 't SUISy SIS TN 2RI usgHeidss data

di stribution w th-a.elat bY@l %ethod 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)



| arge dynam c range, as shown in FIG 8B. In addition, extrene Iigbbnjﬁi 6
data under the influence of a 5 keratinized skin surface |ayer was obs J@
at neither maxi mum nor m ni numval ues. A stable inage accurately
corresponding to the original image pattern of the fingerprint was
obtained. As a result, fingerprint coIIatggn processi ng can be executed at
hi gh precision 10 in the external function~Section 200. According to the
sensitivity adjustnment apparatus and nethod of the first enbodi nent,
sensitivity adjustnent reading operation is perfornmed using an actual

subj ect prior t¥3FolFEMINREyd OFe&dlien§ubpecat iirgelrs ane Ifourttk tiatage r eadi ng
sensitivity is ch%n ed stgpmﬁse for each row., A row in an optiml image
readi ng state dit| ¢ ddOBtRESSd PBhsedish riketdpRamity angeleftively
lightness data of eacg row, and an image readi,ng_ sensitivity (standard

i mage reading sefsifi VP§P1§eFa§§eﬁoFs?ﬁQ°H8téPnﬁH&ﬂ 8w i dredddEiea.,
Then, ti i b d 1 ned i od-i t
o oxeout ed t o SECIEHSo R aREr S ga e ARG ThEnari Ve BVerd when the -
bri ght f i . h di h i i tal 25
11 o nange. or KSYRETE 2o 4R9R° HERERY B0, 2% GORIBBR T R dual

JUN 2006 37 ext e RaT BnoeFoRmoRToH EaSirstur B Sramid oS iy,
sensitivity adjH%&EEQEOBH@%%S§Bn9hESo%@hﬁﬂghyimage pattern of the
fingerprint was obtained. As a result, 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



a sinple method to greatly suppress the influence of tbe
2ﬁ$?$gﬁgeg¥al iIrEninance of external 5 light or keratinization of S7SNthms
surface layer. An optinal image reading sensitivity can be set, and a -
subj ect image can be accurately read by nornal i mage reading operatlpg.d
this enbodi nent, sensitivity adjustnent lg processing has been desgél EA
for only the 176th, 152nd, 128th, 104th, ﬁq 80th rows shown in Fl b'
to 5E as representative rows. Sensitivity adjustment processing nay e100
executed for all the 256 rows which constitute the photosensor array
or for specific®*I5TRahsepaigonmensr y tedpeows uire, FhGRi d3A 0 53 hWhen
sensitivity adj s%nent processing is executed for a[l thg rows, a nore
opti mal imge rié Bhg SSBASFLVtYyadansbeenkt paoted sfingmiismage gueagi ng

itiviti [ itivity 20 adj ustnment
sensitivities set for respective rows. |f sensitivi
keGbEgdr by

processing i s ex BnFyMBp8cIeLBodr BRsgrens liusbepressdaha

j i i i | y decreased to
subjected to a of rocessing operations_can be great
reche t he procggg?ﬁén%ﬁragnggﬁ ?HEQEBEP?BFPErliégmaﬁén§ﬁopfeﬁxthenal

. . et . . . i ckly
rocessing tinejy. Siti adi ust ment 25 reading ogperation can quic
ghift to %ornall%éggi%% M%%é?é?#6ﬁ£b?naogu%j%E%nlﬁﬁﬁ@?cﬁnlﬁMEQ-enﬁodlnent,

a subj ect inﬁgeoﬁﬁiﬂﬂfrfﬁé8é iegdfkglggggi §v£€§gg%nigerggg,bgnéh§ entire
sensi ng surface of the
subject image can be accurately read by normal image
reading operation.
| In this embodiment, sensitivity adjustment
10 processing has been dgscribed for only the 176th,
152nd, 128th, 104th, and 80th rows shown in FIGS. 5A to
SE 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



phot osensor array 100 in sensitivity adjustnent reading operation. The
present invention is not limted to this, and sensitivity adjustment! JUN 2008
processing nay be done 5 by reading a subject image only in a detection
region 40 forned froma predetermned restricted region, as shown in
FIGS. 15A and 15B in the third enbodiment (to be described later). In this
case, the reading tine can be shortened, fd the nunber of data subj ect ed
to 10 processing operation can be further decreased to shorten the
processing time. Sensitivity adjustnment reading operation can nore quickly
shift to normal imegadi ng omerdatiyorthef emtsidy esdndimagesudfaddef the
above- nenti oned enbodi nent, of |ightness 15 data of respective rows
acqui red by senghotyisenscadjarstayeitOlr dadisegn stpeirEttyord jars imeage 1reesadiirig
sensitivity set for a row having a maxi num dynani c range uni quely undergoes
peri od-i ncr ease AP&TAdddron Theodeesiand omveant isusiis ofota Jgmddetcertd ned 20
period-increase rate set in advance in the period-increase register 157.
However, the prédddt Ny &RNSHt ivd tyordJiuftmant Prasiessimg meyams alonee
peri od-i nlgrease rate set in the . peri,od-increase register 157 may be
arbitrari Py set 9y re283ng, & S&S@Fs&‘% AR Srde tife pRGTESEHSH 8@t (or
controller 150)., .This is hi eved b perating the .input/output interface
devi ce (not shO\ﬁ/_rQ) 8%“&%31‘%%@ %@é%@rwﬁ‘ﬁzﬂesﬁfﬁ&tie&n r&8¢{A%on 200,
I nputting an arg%% [¥n FIGS. 15 and 15B in the third embodiment (to
be described later). 1In 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



period-increase rate as nunerical data, and rewiting the period-i-NEr@asfis
regi ster 157. As an exanple to which the arrangenent of 5 arbitrarily
rewiting the 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 ecified to a certain degree,
and the age or gender of an 10 individual Sérving as a subject or an
external environnment such as a tenperature or humdity is grasped in
advance, a proper period-increase rate is_set in accordance with such a
fluctuation facestespalt fupgtéonr §eeraenoL0fy FRPULELRg & n@FPAit&alryval ue
in 15 advance. A nore opti nmal inage reading sensitivity CEC be set while
the influence oPeFREIABLYEASSI TAFPf 8PeRUBCIdFadxfElFRal 2BAY FPYRAEANY s
suppressed. A subject Lnggg can be accuratel§ read. Correction based on
the period-i ncr E88§ePRELEATdNCE8aPWaFS 18 & utled in the first embodi nent,
but the present invention is ngt i m eq:tqj}hgs. ﬁor %ﬁ%ng§L in an
arrangement in whi ch®th@pRSEESERs6° S dniS 2AFFPEEESFS £% i nger pri nt
readi ng apparatus, .an_oqptimal i di : Qihgi i S 1§t ract ed and
set mﬁthogt 25 358H$Fﬁ§lég??8¥5?g§9 r%@%éggﬁé%gase réﬁg%hg% g%%fbd-increase
rate. Then. norggh (3YRELEGLNTRAC +hRAGHA QRGLAL! QD stEnlane Jpinel A
fingerprint - 7g§6ﬁ%§ 6 %8 co?fatlongbroce55|ng. ?F t he resEﬁ% (S
rej ected, 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 orx
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 is 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




correction processing based on the period-increase rate is applied?tjgNn 2006
correct the inmage reading sensitivity. At the corrected i mage reading
sensitivity, normal 5 subject inmage reading operation is executed again to
performfingerprint collation processing. In this case, normal subject

i mge readi ng operation can be quickly achjgved w thout any processing time
of correction processing unless 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 invention will be descri bed
with reference @@llﬁﬁl@@v@r%ewm-ofIghéhgc?é@mbhymgrelscaeém ng. FIG 9
is a block diagram show ng an arrangenent of a controller applied to the

g : !
phot osensor sysE@rFeaEtdr dPRECEDSiRe BeEBRd°RNbRI Rt od Thecsaager E2kfence
numerals as in the fiiSt enbodi nent . shown.in FIG é.ZO denot e.t he sane
parts, and a destr?PRibRdt FRreoFIGrtl tRBelBrdpl TP G r SORPLELY t%inil ar to
the sensitivity ﬁd{ustnent net hod accordig to the firét enbodi nent, the
t

second enbodi N %?t?%ff%cY%% 1hage F%%%l% SRR EHVT ¥’0?05m§ r ow
havi . . ol q . Ut | Cai ned
by sens; (i ty i dee mearad0at pdifty bBLERERS (B Rex ChaLEL Wha O B8 Te

dr ng 0 execute

period-i ncrease,ay fo iMNe 2008r 411 50T LEE LPDORT BFEES5DENE 0T thergXLract ed
i mge readi ng
case, normal subject image reading operation can be
quickly achieved without éhy processing time of
correction processing unless the skin state of a
10 subject (fingerprint)ﬂis 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



sensitivity is determned, and a nore optinmal inmage reading sensitivi&mqb®6
set. As showmn in FIG 9, a controller 150 in the second 5 enbodi nent
conprises a device controller 151, data controller 152, main controller
153, data conparator 154, adder 155, data selector 156, period-increase

of which have the
sane arrangenents as those in the 10 first enbodi ment shown in FIG 2. In
addition, the controller 150 conprises a nmean conpare val ue register 158

whi ch hol d I ' f I f
det ot mi ni ng_ whetHEF=T o\ &4 RER 8 SBERRofoF nEhEaS8-EBFFERt 1 BTG ZPRE: A n

regi ster 157, and sensitivity setting regigter 159, all

I 0k Pot°F ncheaSE - Eort et 1B
Che data conpararar- Lt Rantr dEarhaflsdgaznd o) el OBl

extracted by

is
5B24ndme8Fr esponds

to a naxinun1dyﬁ@g&fn%agggsiéﬂvgpg igegggd_enbodinent, t he nean conpare
e mnean co I i

value held in t npare v

ue régister 158 is uniquely set based 20

on a_maxi mum dynani ca£agge, UL n0k1a. | BNLNESR.Ag e dh shr ik uLhan gbtauned

by sensitivity adjustnment reading operation o

operations by thensominoht koMbl sbs acyel ataedomtth116ke
several views of the 25 acconpanying drawi ngs. FIG 10

a subj ect
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IS a

I MmAge.

rocessi ng
p;the
ow chart

showi ng an exanpbetedl1l6£ns62| vinhYnadpstHENEFSEE S| NGaPEOEBHSh PG 8¥ecut ed
by 7 JUN 2006 42 the controller applied to the photosensor system
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. 1In 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



according to the second enbodi ment. A description of the same processing
steps as those in the first enbodinent shown in FIG 3 will be simplifUNedlb
or 5 omtted. (Steps S21 to S26) As shown in FIG 10, simlar to steps Sl
to S16 in the first enbodinent, different inmge reading sensitivities are
set for respective rows at a timng 10 prig& to normal reading operation of
a subject. Sensitivity adjustnent subject “i'mage reading operation 1is
executed to obtain pixel data (lightness data) of each imge readi ng
sensitivity that corresponds to the bright/dark pattern of the subject

i mage. Li ght nes$NEs CORLA Oldre d@Rlilng exitiemPied oFeRSArMsyAtess are
extracted fromthe Iightness ata for each image reading sensitivit

(e.g., for each3C&RFI1PFe Loyithee 58508 dh SROSI MRS -madi MeRCHI® thion @fm

val ues is calcg%?ted to attain.a dynamc rangﬁ)fon,ea?h itage 20 reading
sensitivity, andFh&FnERCESPINGE B S80S TP S S ‘RANMIE6 1 2R thaxi num val ue

[ t ted f d ' f [ [ .eadi
sensitivi ties t AAPOCARE 5t SPEH 7t A CraM 160 Rd A BITAS0m ng | mage

readi ng sensitiyity,(gharge accunulating period) is 25 extracted. (Steps
S27 & S28) The main controller 153 controls the data - 7 JUN 2006 43
control ler 152 s@@pst @26alqulsalg the mean val ue of

As shown in FIG. 10, similar to steps S11 to S16
in the first embodiment,>aifferent image reading
sensitivities are set for respective rows at a timing

10 prior to normal readipg 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 & S828)

The main controller 153 controls the data



pi xel data (lightness data) corresponding to the image reading sensift JyN t2906
at which the dynamc range neximzes, i.e., the inmage reading sensitivity
5 extracted in step S26, and to calculate the nmedian value (nean conpare
val ue) of the dynamc range. The calculated nean value of |ightness data
is tenporarily stored in the RAM 160 vi a thﬁ data selector 156. The nedi an
val ue of the dynamc range is held in ? e nean conpare val ue register
158 via the data sel ector 156 and data controller 152. (Step S29) The main
controller 153 controls the data controller 152 so as to execute
processi ng of comparphderisSeheomaan tealcad cuflattieghhreBsadava luki off is
calculated in step S27 and stored in the RAM 160 with the nmedi an val ue of
the naximum dynBArelr dage URLERtNSSEaratrdt €@rrirRPePEpng28caklichémaden the
mean conpare value register 158. 20 If a keratinjzed fin is read as a
subj ect, the aﬁﬁéﬁtln@f bF’P@HtL*r"éitlyeé‘fte&’th Nt f&er FYgamGr trg‘b‘ﬁ‘:of t he
keratinized fin .y increase, %nd t he brlgggness nag be observed

| ocal | y high a§ﬁ8%ﬁeﬁn ) elﬁm@ﬁﬁsre &9 FP&ﬁ kd¥dtdat a appears

| ocal 'y hj For t hi 5,reason, ht ness dat determned to
nave & i munPaFEAREED: 4Rg8 ERISE O nEPEECUGAIE 3R ok STg: MREAAR on mmy be
et g' ny‘ofnez hf’fs S{;{*ﬁ" et 08%Rare” vATNF0%2 IR BRI EeRG N Rca! Iy high

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 valqe register 158 via the data

selector 156 and data controller 152.
(Step S29)

The main controller 153 controls 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. 1In 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




mean val ue of |ightness data is relatively small, even a rom1haV|n9 @ﬂ 2006
maxi mum dynam c range is determined to be a set of small lightness'd N
under the influence 5 of keratinization. An imge reading sensitivity
corresponding to this row can be determned to be Ilower than an originally
optimal image reading sensitivity. Wiethe é-the mean val ue of |ightness
data in a row 10 exhibiting a maxi mum dyn %1c range is small or large is
determ ned by conparing the nmean val ue of |ightness data with the nmedi an
val ue of the dynam c range or conparing the sumof |ightness data of this
row with the piladacexofpt heoaell anhvghudabé. t hBrdynbhis, rahge th& and t he
nunber of columms. If the nmean value of lightness data (or the sum of

| i ght ness dat a)m¢an syl $erof hbhdh teepeddaha vas ueebitivelydyhatie eedge (or
t he product of the nedian value and the nupber of colums), the row can be

"~ determined to 28 H%Veh%ﬁln%p@o@%ﬁlm?@h@h%é@laaf%na?s%?|BﬁFPBﬁlﬁﬁéeFothe

i nfl uence of keratlnlzatl i r ans v lue is. |lar %Te row can be
determined to HA%e?aSpr op Sm? Hht hal n%ﬁ?a dr3¢ PREGEI b efFE FFBRT any

i nfl uence_ of kerat nlzatlon The fg% oW n ocessin atl nis 25
execut od baced Bh KAFECHL B HIOR | AP bhafe PERETERL "deBBEt RN % e rean
val ue of lightness _data t an e -_7 JUN 2Q06d4§ readlggtsegsitivity
havi ng a HBX|nu%?H§%%%?% +%%g%°n€ﬁls row can Dbe determine © be

lower than an originally optimal image reading
sensitivity.

Whether the mean value of lightness data in a row

10 exhibiting a maximum gynamic 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 wvalue 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




determined in step S29 to be smaller than the nmedian value of the gyfamlczms
range, the main controller 153 determnes that the |lightness data
distribution at this 5 image reading sensitivity is inproper. The main
controller 153 controls the data controller 152 so as to execute

peri od-increase correction processing for ghe i mge reading sensitivity
havi ng the dynam c range on the basis of‘%.predeternined peri od-i ncrease
rate 10 set in advance in the period-increase register 157 or arbitrarily
i nput and set via an external function section 200 or the like. A value
corrected by i nradigiqieenel t abey reading aseasinini dynamhechaigeexsract ed
in step S26 and has the 15 maxi mum dynamic range, bg t he geriod;increase
rate in period-defeemabeed ot est ¢S PP oeeske ngmaslest thanghhej RegdeaReadi ng
sensitivity. That_is, the charge accunulating period is prolonged by a
time correspontRiee tof t Hee pRYIIBLF nErEde Fhrem2dD FRRRTOLABT dhP3
controller 152 rewites the sensitjvity setting register 159 to set.the
corrected i magtereHM S sEMRFtFIFL l%%ﬁﬁ?ﬁﬁ QégﬁnagﬁthBu &P oRT. tRE%t ep
S32) If the mean val ue of.light ngﬁ%data at an_ina r eadi

sensitivily havifPQa Heai it Gyhanttvt ahgesi TP hR & i ﬁiﬁe@‘ﬁgé{‘]gp S29 to be
e e e B e T Bhat PR BTSSR R, e abl o 150
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 is 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




this image reading sensitivity is proper. The data controller 152 r_e\.?/r\L e?ﬂﬁ
the sensitivity setting register 159 without perform ng period-increa
correction, and sets the image reading sensitivity (charge accunul ating
period) extracted in step S26. The sensitivity adjustnent apparatus and

nmet hod of the photosensor system can det %(rlfm ne whet her to execute

peri od-increase correction processing for ‘@an extracted 10 i mage readi ng
sensitivity in accordance with whether |ightness data at an inmage reading
sensitivity having a maxi numdynam c range i s inproper under the influence
of kerati ni zat idgatesfmimdd fget drhe Helghtkeegd ldataiatishribdectar ar trend
such as the individual difference of a 15 subject or an external

envi ronnment) i Fhiifag@agmdigrfinge bans i ivd by) istaraneoper®¢ on of setting
an optimal image reading sensitivity (charge accunul ating period) on the
basis of the d CATHGRL IFT | phtiRvesl kR Lo rserstdh VinayeSe et oig
sensitivity obtained by sensitivity 20 adjustnent readi ng operation

execut ed pri or &8 orifall>d medd TadiSigt N iR T R) Privpe 2§ $rage readi ng
sensitiviity can be set, by executin orrection ocessing only for an

i mpr oper i mage qpera?ﬁ%gm%’er‘?ﬁ i%ﬁtt%t *I?qufler%ég{:‘d}ﬁj Séﬁfg’d‘ﬁ?éﬁw when
whet her to execut.e eriod-increase correction based, on a pre rm ned
peri od-i ncr ease&]‘%}éatr § S Gt Tt R R r’%’gcerarcztée(ﬂ ng* f‘gﬁNd%gﬁ 47

sensitivity having ap{@xiIgun dynan ¢, A0 Hlparatus 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



lightness data for respective imge reading sensitivities acquired By jun 2006

sensitivity adjustnent reading operation, the nedian value of the dynam<c
5 range is uniquely set for conparison with the nmean value of |ightness
data at the image reading sensitivity. However, the present invention is
not limted to this. For exanple, the nedjan value of the dynam c range
10 may be used as a default value (reference value), and the nean conpare
val ue set in the nean conpare value register 158 nay be arbitrarily
changed and set by jnput, operation outside the photosensor (or _controller
150). 15 Simil atetdtl \élfpSéE’iao‘aU?%c% JARRLPWY; yRAMYG L ande cPRbedfin t he
first enbodi nme the nean conpare value register 158 is rewitten by
operating the n#%%%ﬁ??ﬁﬁ[éhtq:%éﬁf%ﬁ%?%%@?%% YIRYC sHoWhI"3f the externa

function sectiqﬂaﬁggtié{gﬂ%%&ﬁ&ﬁég%%%bg§rgéxsfgkgy néggnggge val ue as

nuneri cal dat a, Few i an’ conpar e va 1Y 158. As an

exanpl e to ahichaihes arsangenmnt ofc RDLLEATVLY.L S| LhD0abhenTEan

conpare value is sult appl 1 ed, ot osensor systemt1s applied to a

fingerprint reagifge appaiptdifel ¥osdf L ScAhpAPISHRNE: £ MheRe fhager pri nt
collation processing is executed in the external function section 200 by

using as a refesenge dhel 14wl POrdion 4€. the ImdddN 200848 portions
observed in white in FIGS.” 7A and 8A) of the
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 valué 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.,



i-mage pattern of a fingerprint, the nean conpare value is set to a

relatively large value so as to facilitate execution of the = 7 JUN 2006

above-descri bed period-increase 5 correction processing. As anot her

exanple, if the humdity is lowin an arrangenent which allows grasping an

external environment such as a tenperaturggin advance by a sensor or the

| i ke, the nmean conpare value is set to a 10 relatively |arge nuneri cal

val ue because the skin surface layer readily keratinizes. This facilitates

execution of period-increase correction prqcessing _descrjbed above. As

still another eXSFFEENS RESFENTCIMpae trartte FIES i JA&NA 824 dl &devel y

| arge nunerical ,val ue f L a0 Endi%hdual exhi biting a | ow authentication

probability of ¥AFePFHRE et & i &r?gﬁrr(%&@i'néhien”%naﬁo&}?@éﬁeﬁta Yshi ch

_~enabl es grasping_the.feature qf .an i.,ndi.vi dual _.serving as a suhj.ect by an
ID card or the %Fké%tT%%§a26elﬁﬁ§W%£% ﬁﬁfgﬁega&%gbﬁFﬁ%ﬁ %P F% 1itate

above- ment i oned o ek qd] B §A8€ HULELIA BLACERSLNG ; Ascardingly, a
y

. . rease
nore OptII’TB.| I mage readi ng sensitivit can be set to accurat@ly read a

subj ect igmage wijl.e Lhe &%Hgﬂﬁﬁ _an individual difference 25 or
W@ ) n %b oS d&

external environnment IS suppr . <Third Eﬁbodinent> The thirq enbodinent
of a phot osensor systemah ot 2QBGiE ACGE GHH0 Hifhildie Priesendy, 1ipvenRfion

wi || be described

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 suppreésed.

<Third Embodiment>

The third embodiment of a photosensor system



with reference to the several views of the acconpanying draw ng. Fl Juk1HMb
is a block diagram show ng the whole 5 arrangenent of the photosenso

system according to the third enbodi ment. A doubl e-gate phot osensor shown
i'm” FIG 26A is adopted as a photosensor, and the arrangenent of the

phot osensor system shown in FIG 27 wl| pg referred to, as needed. The
sanme reference 10 nunerals as in the photosensor systemshown in FIG 1
denote the same parts, and a description thereof will be sinplified or
omtted. As shown in FIG 11, simlar to the photosensor system shown in
FIG 1, the pho@%@%ﬁ@b?GSQQtEhﬁlBrgééﬁFd%ﬂgeﬂ 1pRewihirbeed®odtriead roughly
conprises a photosensgr array a gate driver 110, a bottom gate
driver 120, an Bttputeterenre E%cFF%nsﬁgﬁrﬁhlﬁheW§ ofnilBe UBCEPNBAR Y BEM

switch 131, pre; charge switch 132, and anplifier 133, an A/ D converter
140, a controll%?aﬁb 950, and a RAM 160 for tenporarily storing acquired

. ! n I
oy et g Eraddelhy 3 BeR T 84 R dus? §v§¥*8ﬁﬂ?arwhef Eﬁmﬁzi o3
ROM 170 h h 150

vari ous c%ﬂl?olQPL$§gé£§%$F§%r hepéggélrs?gg%dggéggﬁgogﬁg%ﬁfﬂ%n%g eﬁﬁe
control ler 150 pgs, g éx‘dﬂ?&m@?{?f PEr§ ggggsgsbﬁb%gxnsoz LI, 2006 50

adj ust rent readi ng operation a su jec
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



controlling extraction and setting of an inmage reading sensitivity_pggg@lﬁma
of accurately reading a subject inage on the basis of the read i mage

In 5 addition, as will be described below, the controller 150 has a
function of renoving specific pixel data from image data (pixel data

group) of a subject inmage read for sensitiyity adjustment in sensitivity

adj ustnent reading operation in order to prevent or suppress the 10

i nfluence of abnornal pixel data caused by a foreign matter such as dust
deposited on the sen surf ce of -the photosensor array or the influence
of an el ement ﬁgﬁﬁﬁf HEsEﬁ? ﬂgaoBﬁ6?6§8ﬁséPraPr§y 3?ﬁ§ dérdi| ed

arrangenent and_o | er .applied tq the photosensor

ORE ; n éheﬁ%S cont rol er
system accor di ng é ?hF? r3fboarnéne Rer-ipg Efpﬁgl A8@9en LRBFENIdet ai
th f f _th d FIG 12
L Lfogrkegfgg%‘%%égﬁlwer§%P%*P?%na§n~sﬁﬁl§3%§f9"?ﬁs Bt PoPPER SRl i ed o
Lhe photosensorifygtesh BAEORALNG Lo LALS-EAROSLIRAL uafs ShOEn 1N BLG 12
he

simlar to the i men own I'n céntrofler 150 in the

third e”de'”E”£d89€P6hse§sawng'E§ a@ekggbgafbé%éwtOEh%5c8§ggoﬁg%5“9 the

operations of the top gate driver 110 ottomgate driver

pre-charge switthol82s a rdateisANbEOLLRbvViE fg%wcﬁ%&&%qg@@ WekLekrggpdout
of 7 JUN 2006 51 data in/fromthe RAM 160 an 170, and nmanagi ng
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 déposited 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



various data, and a main controller 153 which supervises the contgqllgﬁqnm
151 and 152 in accordance wth a predeterm ned control program inte# aces
with 5 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 num val ues by conpari ng tgg 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
fromthe photosensor array 100 via the A/D converter 140, or the sizes of
pi xel data (to Hetal $o/feber tbe RBMagd 60" pndc @S¥ed 7Pi,x @nddaeaagiagei naf t er
for descriptive 15 conveni ence) obtained after specific pixel data

under goes renovidkrppusedsitag BRdspedipfiinc oenkaloldgtra l53ewbvgh operation (to
be described later), and for extracting a_naxi numdynanic range cal cul ated
by an adder 155uPEKBlg@gethessonsroddieds dbilngnd dyrariic a8GOrE3gEet rom t he
di fference between the maxi mum and m ni mum val ues of processed pixel data
extracted by th¥ltBaaPE6REaRATSREEs£ONS I@dt RTOGLERY ort NESE fRGES #dEPvi ng

i mge data and processing_data processed via_the AAD converter 140, data
conpar at of 154,a§n8X§858%11§5Pc H@R25 e Skt ehi2AG  bBORe EF SRAMCEF E8856 L of

these data in/from the 160 as eded,.re-input of these data to_the
dat a conpar at or °18%24fd a grcf§%Fogﬁ8roﬂ§8u&u %Fﬁééﬁmpr?sfﬁN 5086%32 dat a

to the eXternalC%HBSEEQQrS%%%i%ngQQt%%%tH%% qg&%mum 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 extracted.by 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



controller 152; and a sensitivity setting register 159 for settingztjyQ 2006
timngs of control signals g and O bg to be output fromthe device
controller 151 to the top 5 and bottom gate drivers 110 and 120 so as to
optimze the image reading sensitivity of the photosensor array 100 on
the basis of a control signal fromthe datSa21 controller 152. The main
controller 153 has the follow ng function 0 of renoving specific pixel
data. More specifically, the main controller 153 wites, in a
predet erm ned storage area of the RAM 160 via the data sel ector 156, only
a pi xel data grdaire excepgie spedfial pfwett dan aseehich 280 basedtlon data
predeterm ned condition and 15 extracted by the data conparator 154, e.g.
pi xel data haﬁQﬂfﬁﬁlﬁﬁﬁrﬁﬁﬁ(namﬁrﬁrﬁﬁ@&hﬁh@lBMtS%ﬁtbmggiﬁ@ds@ﬁRel59data
As a result, the main controller 153 can_ generate a pixel data ( rocessed
pi xel data) gr dRF f5Einthi Ee thenihael oflatan kot nglanadi mid C£1
value 20 is renoved. Specific pixel data renoval operation of the naln
control | er 153 %4 178 OGRS rF By he el Fe FapeFo %@ﬁe%%%dt%ft%%t§?$g an

opti mal rrage r eadi sensitiv %/ {; sen L 6/It settin egj ster 159
in 25 tRe phot r{%‘%‘r %{?r%@t‘?LCfgr Y%%S jfe% ‘§ 1&' 15 a%nﬁob‘gﬁ’ Hﬁ’rﬁ%te
driver 120 will _be described.jn detai] Thi Pethod a SO conpri ses the

same steps as tHose 3 {]W%GS%%’S%%%VWYS? ahd® sREBheS Ehbodi Hert%. That

I's, a dynamc 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



range is calculated for each inmage reading sensitivity by conparing the
sizes of lightness data contained in processed pixel data for each § Qitlel06
reading sensitivity 5 generated frominmage data (original pixel data) input
fromthe photosensor array. An inmage reading sensitivity which yields a
maxi mum dynam c range is set as an opti naé3 val ue. Processing operation by
the controller having the 10 above-nentioned arrangenent w |l be explai ned
with reference to the several views of the acconpanying drawings. FIG 13
is a flowchart showi ng an exanple of sensitivity adjustment/setting
processi ng exeduted byst 13nd heeeond ronPedinppffed That hks phat @¥eaBbE system
according to the third enbodinment. A description of the same processing
steps as those §adn9dfel§isatculatrdi Feht ©3RBWINEAC FFEad3nGi $eNHEL Y HPY i fi ed
or omtted. 20 A series, of follow ng processi n(ég stg s are ipplengnted by
Toading a cont Y PPERAEMNStBFRdSH#ES adbaneen RS Ehe 902 B¢ her RAM 160
and executing the %%qgranlgg the co trolleh 150. (Step, $41 25.€$ shown in
FIG 13, the mETPToMroIPHFcis®tatrfseds s%‘f‘?%t’;‘/e%@i%%t $1 7 Bht hg
operation at a _timn rror to normal, reading,operatio f subject - 7
JON 2006 54 § mETHES ot FOBGHET ST | € 155 5EPATRR FHbGe Febtl nb 0T
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 S541)
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




sensitivity for sensitivity adjustnent reading operation in the
sensitivity setting register 159 via the data controller 152. The med QUN 2006
controller 153 reads 5 a sensitivity adjustnent subject inmage placed on a
sensi ng surface defined on one surface of the photosensor array 100. This
sensitivity adjustnment reading operation %% performed while the charge
accunul ating period is changed stepwi se every row of 10 the photosensor
array 100 so as to increase the image reading sensitivity for a |arger row
nunber, as shown in FIG 4. Hence, inmage data read at different inage
readi ng sensitiineges aTbeamthr@dnbyoégérrééaiﬁgtépéﬁa@mége regdi8gep S42)
| mage data read by sensitivity adjustnent reading operation is converted
into a digital SFPRRAFiIViAYtReTr AEDSébaVettepdiuermgnd tReddnrgital signal is
tenporarily stored in the RAM 160 via the data selector 20 156._ Thereafter,
the data ¢ontroPPBF259n; hputBet RENSHF4VEAY §8Fh1RBS BFEYPREF gﬁQeraata

(l'ightness data) of each im readiLng sepsitivity tot da co rat or
154 via the datghgeﬁ@E?oFOTESgE%SFegg243)TES FReNJGPRTES SFahgﬁ fgggs

compares dhe sizes ol cLLobiness dela-o LouL oLhaynal BLcsl gaa for each

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 via the
A/D converter 140, and the digital signal is
temporarily stored in the RAM 160 via the data selectcr

20 156. Thereafter, the data controller 152 inputs the
digital data as original pixel data (lightness data) of
each image 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



extracts specific pixel data which satisfies a predeterm ned conditjon
i.e., pixel data having a maxi numlightness data value or a pIuraF?tWUBfﬂmﬁ
pi xel data in descending order of |ightness data values. 5 (Step S44)

Pi xel data having a maxi mum val ue extracted in step S43 or a predetern ned
nunber of pixel data containing the nmaxi ngg val ue are renoved from an
original pixel data group for each inmage ré&ading 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 data)

obt ai ned by renmewxitrgctise speediffiicc phixed! dddtaa wihriarh tdae i offiied real pi xel data
group. A detailed exanple of 15 specific pixel data renoval operation wll
be described | aredeteSmépsdS4orRiis4®n, The edat ® ikt d@iteerhatShgext ract s t he
processed pixel data for each inmage reading sensitivity, and 20 |oads the
data into the daexisvfpaiahdners4 ogta Mad Ugatlod SelPdeticrl 56 0T x@¢dt a
conparator 154 conpares the sizes of the processed piXxel data for each

i mge reading §étsi v ideyCeRfd Nk OrEEEs Ofi Xeighdares shaldtdy VatadEsShrum and

m ni mum | ight ness data values. 25 (Step S47) The adder 155 controlled by
the data €ontrolS&€P $44)cal cul ates the difference between the maxinmum and

- 7 JUN 2006 56 , , . .
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 S45 & S46)

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



I m ni mum | i.ght ness data val ues of pixel data extracted for each inmage
readi ng sensitivity, thereby obtaining a dynanic range for each inmageJUN 2006
reading sensitivity. The result is tenporarily stored in the RAM 160 via
the 5 data selector 156. This dynam c range cal cul ation processing is
executed for respective image reading sensitivities. (Step S48) Dynamic
ranges for respective inmage reading 10 sensitivities stored in the RAM 160
are read out via the data selector 156, and | oaded into the data
conparator 154. The data conparator 154 conpares the dynam c ranges for
respective i nagelriagnngiobenessi 9ptaecsalufng ekt pages dawaxprtrrayfadn c
range. 15 (Step S49) The sensitivity setting register 159 is rewmitten
via the data con®¥ofdeR iBageorspding FPRAEJeLFEa8YngtheEmbYt PRFRYNiNg &
corresponding to the extracted maxi num dynam ¢ range as an optimal i nage
readi ng sensitiYYR§N120r &RAS| £PYi ??/C%diﬁﬂiléﬁeﬁfﬁa?éaai RG8perAt F8n (ShEp

S41) applied to the abopve-described processin e i of ,the_controller
w1l Do expl al HECPTHE OF o FTOGr e LUrBrred £ thE BBUeraP VisnEntr the
acconpanyi ng draw ng. .25, Fl 14A and 14B are conceptual views showi ng a
target region & ﬂt%ngﬁkﬁﬁﬁ?EGE?Greading operation in sensitivity

adj ustment readi ng OPﬁigtEQHa%ESOEQBQQ Egchlggwo%oggocessing 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 registe; 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 enbodi nent. FIGS. 15A and 15B are conceptual views ah?whmgzms
anot her target region and anot her exanple of reading operation in
sensitivity adjustnment reading operation according to the third

enbodi ment. 5 Sensitivity adjustnent reading operation applied to the
third enbodi nent is executed as follows. 7 t he basis of control signals
and an inmage reading sensitivity which are’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

t he sensing surtheethsrdeadbodimhnh. anFéfsSectlidde andadioBg aregiconcdptiied med
fromthe entire sensing surface of the photosensor array 100, as shown in
FI GS. 14A and 14Bewer shpvhng andéhestFenges regiion a0df sppEderr eraaprle
predetermned region restricted and set in advance within the effective
readi ng region Ogo¥eé§l§ﬁo@ﬁeifﬁtF:PGS.lnléﬂnéﬁélYSEY PREYE LFERd r§ading
sensitivities set in double-gate photosensors 10 ﬁgich constitute the

phot osensor arr%?eréélﬁéoaﬁﬁQrﬁéngeFotBhﬁiFBéFdfFB 84BRDSt her, e. g.,

st epwi se every row, evergégredeternin d nunmber qf rows, _qr every .reading

region suth as every?@FF V& Yr 83dPRgMe gF@ﬁdéﬁngpgﬁéFﬁC&ePQ PGH_region
40 oo 2 detal Led SELYL 9, L hodof e, B aneag 1 28,1000 SepRLLI V1L
mede up of 256 X,196.0hxeLs MBY. P61 SEIYRANEALLY LRAnagR QMR - 7 ILN
sensitivity which are output from the device controller
151 and set in the top gate driver 110, bottom 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 seﬁ in advance within the effective reading region
30, as shown in FIGS. 15A and 15B.
7 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 i FIG 14A. Alternatively, every plurality of rows (in this case ever%
10 rows) such as the 10th, 20th,..., 180th, and 190th rows may be = 7 JUN 2006
sequentially read, as shown in FIG 14B. 5 For exanple, all the rows in
the detection region 40 forned froma row range of 64th to 191st rows and
a colum range of 67th to 130th col ums y be sequen- tially read, as
showmn in FIG 15A Alternatively, wevery 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 enmbodi nent, a region
to be read in HkboEnaldRhraghlEendphgveper acvenYoPlarsdbtecoingpvise (idirectly
set as a region (effective reading region 30 15 or_detection region 40)

subj ected to sehBifi GREG, QUPLEt ABnEOVEadSHER0BEr &PR0AOtAs £RENdet ect i on
region 40, the_nunber of pixels included in the region (row_ and col um

" ranges) ray be $BUEBt %@dtggﬂﬁgerawsl@égtbﬁ ﬁ?ﬁPﬁﬁﬁgﬁ&%ﬁeFeéﬂ'p?ﬁel dat a
necessary to 20 satisfac% il xecut e processing operation in specific

pi xel data renmoV3P"BpePa ?én gﬂg‘optinal imge reading sensitivity setting

operat) ony whi ch are BB Ledehpelnis) SHIOULIENL, AEeHgR BB ECLSloho
cobodlent = B8, AR e SFL AR SELRR I8 SO YAMEA A0 o
40. A region 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
j 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



- 7 JUN 2006 59 defined by narrower (smaller nunber of pixels) row and 6
columm ranges may be set. Setting of a m nimumregion which can trel BN @E
a detection region will be verified later. 5 Specific pixel data renoval
operation (steps S43 and S44) applied to processing operation of the
controller will be exenplified. O specifigqpixel data renmpval operation
applied to this enbodi nent, operation of extracting one or a 10 plurality
of pixel data in descending order of |ightness data val ues can adopt the
following method. Mdre specifically, in step S43 described above, the

| i ght ness dat a dafired Py or@ BT 4T pi KBR L Y& anrpagedofi piselRe gavaand
conparator 154 are conpared for each 15 inmage reading sensitivity. The
original pixel GRHEArEANER/F BYY | e de8kendrRftordePiof MiPhTHESECAAPR
values and stored in the RAM 160 via the data selector,liG. In stﬁfs S44
to S46, when pi%etCRHat SRore8ti AaSthedCRARF18D F8ILaRcHiatePd U§hamt€drange
are to be Ioang 20 into the data conparator 154 again, a predeterm ned
nunber of pi xel Yt h fromthe first to n-th.(n is an arbitrary natura

nunber) WXl dala skgount el SopL ouatedoo0 LoIRLedokr (deasendugg or
e o Oone eI SIS Yo AR 5RO R Ve TORp o 0
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.
1 In steps S44 to S46, 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) is loaded into



= 7 JUN 2006 60 i the data conparator 154. O the | oaded pixel data 3}0%
pi xel data having the |argest |ightness data value,- i.e., pixel'H&t N’ 2006
second | argest to the designated/renoved pixel data, and pixel data having
5 the small est lightness data value are extracted and read out via the
data sel ector 156. The adder 155 cal cul at the difference between the
maxi mum and m ni nrum val ues of the pixel data, i.e., a dynamc range. 10
By this sinple processing of conparing pixel data and sorting them by
their sizes, pixel data having a maxinmumlightness data val ue (highest
| i ght ness) or d&hepcedet eamneak mmberd of f xehe deeadeh Rfester@R ™ order  of
| i ght ness data val ues are untgyely renmoved froman 15 origi nal pixel data
group. |n addi tGiremp pibdeteldatara FEMIg fedd mad @Rt d Hmins 2l ek are
extracted froma processed pixel data group. A case wherein different
i mage reading VedNEt itvidireP B LT oTETILHec TIRST o WiF1 be 20
explained. In step S103, fhe sizes of pixel data,of, pixels djacent to
each other on (349G r?%ed?o‘é?r‘fé%/“ﬁj]t %ﬁ‘ta'ana%(?i%}’g%? - §<aefh 141728 gr oup
| oaded into the data .conparatqr. 154 eyery ro i.e.,_every image reading
25 sensi ?’i vi ty e sé‘l?]ét?%ar]e]cp W8sP sc}e/%ﬁ%n\f?ig{??ya%%er’é%’fa}gteeq gfgr,’d pi xel
data fromthe first Dixgl; Of &A@ 481y 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.



Fn descending size order. 7 JUN 2006 61 More specifically, as shown in (a)
and (b) of FIG 16, pixel data of the first pixel (first pixel datal JNd2006
pi xel data of the second pixel (second pixel data) are conpared in the

pi Xxel data group (m pixel 5 data) of one row to extract pixel data having a
| arger |ightness data val ue (higher Iight ?SS)' The extracted pixel data
and pi xel data of the third pixel (third g'xel data) are conpared to
extract pixel data having a larger |ightness data value. This processing
is 10 executed up to the mth pixel data of the target row. By conparing
pi xel data of adjaceMbrpi spkesifankylypieel stava havi(eg andar@er dfi ght ness
data value is always extracted and subjected to the next conparison
processi ng. Thi EIGonpéari pdoreéxtrast Péntheoddgsitnglixells fiasdt iptixed! y
executed for the pixel data group of one row, extracting only pixel data
havi ng a maxi mu@etéi ganfAepsxdat daval gé (hieglkesond ghesdsd)secPhen pigelshown
in (c) and (d) of FIG 16, pixel data having_a snmaller |ightness _data

val ue (1 ower 20dat@ht ABSsFOMBaEREr ABt £ RiEGApERTSoNFERPr d&t Pdrel

processi ng descri bed above. Extracted. pixel dat% re gg yentially stored
in a predeterni Aab2st BfagBearay 6P SEhéRAMPEES lvifdtendadary Sel8CE6F 156.

e PLxel, e SaeNLag rmlminl ahuasee e lie 19,25 xtreniad,
to the above_deSELEEegata 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 value 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 (c) and (d) of FIG. 16, pixel

data having a smaller lightness data value (lower

20 lightness) 1is 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



conpari son/ extraction processing, the first pi f(el gata - 7 JWN t2g06-f '(75r2.ﬂlN 2006
Snd Second pix6l data) |e compared w th the second pixel data (pixel data
having a lower lightness as a result of conparing the third pixel data 5
b el "data), extracting pixel data’ havinga |arger 1ightnese data val ue
(higher [lightness). The extracted pixel data is conpared with the third
Thi's processt ngls Sre BETA der Uo7t hevEm 1) ShCpPSal 28abarBPotheot ar got
havi ng a | ar gort PTG HERcs it B var uen Aot 50R BLUPE 8 CRbNbAr FREPBFREI data
| ght ness. dat a Vel et GRECH| PARTheRes=| PP EREVaRTRanaFEpaLr HORFS
exeouted. Only Pigglygal o hayipgcile osecondal ahgeatel Lottness, dal g vl e
o an arBtrary ol ear AR SR e LERE ATl PSP TRE tha e up o
the i-thpixel rdala e sxtsagton.in descendiho, oLfen,of: khghhpess 25 data
val ues. Setting of renoving only one pixel data having~a

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 is 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 values.

Setting of removing only one pixel data having a

maximum lightness data value from an original pixel
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photosensor array. Since a plurality of element
defects hardly occur in one row, the present invention
can satisfactorily 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
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
plurality of pixels.
| Each method applied to the above-mentioned
specific pixel data removal operation has been
described by exemplifying only a method of uniguely
extracting and removing, from an original pixel data
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



- 7 JUN 2006 64 presence of an abnormal pixel serving as a bright g 5 2006
(bright spot defect) owing to the elenent defect of a photosensor igﬁ
constitutes a photoserisor array, variations in elenment characteristics, or
deposition of 5 a foreign nmatter on the sensing surface. The present
invention is not limted to this, and only_pixel data having a m ni num

| i ght ness data value or a predeterm ned nunber of pixel data having smal

| i ght ness data val ues containing a mnimum value may be 10 uni quely
removed. Even if a dark spot defect is generated by a foreign matter which
i s deposited orPi$®eereasphganseprareahndideleceedioar ker a( biragker ppbhan a
surroundi ng i mage pattern, abnormal pixel data in the 15 target pixel can
be uni quel y ren8W%Hg%Ef6P%ttﬁ%f%@5}towbﬂgoﬁpiﬁﬁ? PhEHenteddfAgtsefisptivity
extraction/setting operation, The inage reading sensitivity can be
prevented or suppY e38USPF o bel ngoRet L hREREr 2t RRATARCNSPFgRREARYY proper

val ue. Hence, a high-qualit syb'ect 20 i mage can,be obtained in nornal

i mage readi ng Gpetattons V%eﬁ %&%?Fiﬂﬂﬁ?ﬁﬁgﬁéFsBﬁcﬁix@F gapashtéessafy to

prover | execut SRLLIEL LIP0E, TSR0 SERRLbL LY, it a8l opLseL o
e g oSl b ST TR NEICE BB BB s ner o
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-quality 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 order

of lightness data values and a predetermined number of

pixel data in ascending order of lightness data values



7 JUN 2006 65 nmay be renoved, as described above. In this case, the

i nfluence of both bright and dark spot defects can be elimn nated.=TheUN 2006
nunber of specific pixel data renovable by the 5 above-described specific
pi xel data renoval operation, and setting of a detection region in
sensitivity adjustnment reading operation w_ll be exam ned. As descri bed
above, in specific pixel data renoval operdtion according to the third
enbodi ment, a 10 predeterm ned nunber of (plurality of) pixel data having
maxi mum or mni mum | i ghtness data values are renoved froma pixel data
group (origi nalmpyxkk damavedroap) descrebehl iaaye .r eddi ngisenrSistd, vichg. To
shorten the reading operation tinme in sensitivity adjustnment 15 reading
operation, a tatBétupegroAf pobh bdégdst ipon deedi epodl defiedies set bar row,
and therefore the nunber of pixels my be set small w thout setting any
condition or reStiPePRbRI-In this case, however, a plurality of pixel data

are uni quely renoved gy 20 specific pixel data renpval operation,
decreasing the nunbéfCoPUBr§Ee8dedPsicidil cdatize lTka tiumsaroveto si Yol theat a

used forﬁgptinal inagﬁ readgna sensitivity extraction/setting operation
may becort i nsufPPEREAESCIigeti ARSCOTAGr Rarry SréQuTreMONa lpepesssing, 25 To

prevent this, thedregkgn subjpected to _,sensitivity adjustnment reading
operation nust PesBECt0"9n3ve?t AETRGHDEP SFIpPRelNdSEASERETGRYt 0 properly

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. 1In 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 image reading sensitivity extraction/ setting opef g Ofios

even after a predeterm ned nunber of pixel data are renpoved in specific

pi xel data renmoval operation. 5 More specifically, according to the

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 gm when the photosensor systenlg cording to the third enbodi nent

is 10 applied to a fingerprint reading apparatus. On the other hand, the

i nterval between pixels (double-gate photosensors) can be manufactured as
smal | as about &Reguténopt phaiosmager rerdapgapphised itvd tiyhexplrecédengor

system according to the third enbodinent. Fromthis, 15 detecting one

bri ght/dark streaktbrgteeeffhgePpeVAD PHAGE ﬁe@eneﬂ@s};emmltedsmmbe%epé
Extracting an optinal inmage reading sensitivity wth high precision in the

above- nentlonedpbb?inﬁﬁtalﬁﬁ@er?@ﬁaﬁﬁgl§eﬁ§ﬁFP¢ﬂFyP@%@ﬁagﬁténF§@PW?ﬁg

operation 20 requires,imge data of about eight bright/dark streaks (about

48 pixel s). VWhePPebhbiPTons are so set as to renove about 10 pixel data in

order to elimnate t

el ement Uefect or dQBB§:gE%%§ ﬁggg%%%F%%ng%qﬁhqﬁ%ﬁ g%ﬁé%%ﬁb?§ gﬁrface
by the above- desgp bed sheci e alxe, daka piatonal aneiall 9, shlsest @
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 pm 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



10 bright/dark streaks (corresponding to a width of about 3 nm i§‘f§@ B8
a region subjected to sensitivity adjustnent reading operation. Even y
data of 10 pixels are renoved as pixel data having large 5 |lightness data
val ues, pixel data of the nunber of pixels (about 50 pixels) enough to
ensure the extraction precision of an optinal imge reading sensitivity
can be left. In this fashion, the nunber oﬁ7pixels (or row and 10 colum
ranges) contained in the detection region in the above sensitivity

adj ust ment reading operation is set using, as paraneters, a m ni mum nunber
of pixels nece3B8abyibhtenaurke sa raufkfsi cloentremtiarakiticort preeciizitdn ofof an
opti mal inmage reading sensitivity on the basis of 15 an image pattern
serving as a subpect Bnmoptiimalsetmage a regdiory sepsdtied tho sensitivity
extraction/setting operation, and the nunber of specific pixel data to be
renoved based -ed]juhémEnéquercyingf opleg@dritordef dten geheledteedfin t he

phot osensor array or the size of a foreign matter 20 deposited on the

sensi ng surfacelONpi&etlra rehirenevad fdt iRk Hasabenhilstiew fergey an
exanpl e when the photosensor system according to the third enbodinent is
applied t® a fihgePprPAE Feddi NG Efparitids. e frfeddit NyRRSHt iodn is not
limted to 25 this, _and the detection region is appropriately set in

accor dance wi t hPthB1PnEgedt & R ide 18 s AR theENSHRfuftd& uri ng

precision of the hot%sensor, t.he use 68 envinonﬁ?nt of thecphotosensor
system or the ?ﬁggac ion 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 regicn 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 operaticn, 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 fingerprint 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



The effectiveness in an application of the photosensor systen1aCCOLdjggNtﬂm
the present invention to a fingerprint reading apparatus wll be explalneé
by 5 show ng sone experinental data in conparison with a conventiona

met hod. Optinmal inmage reading sensitivity extraction/setting operation
(steps S46 to S49) will also be described Ry referring to sensitivity
setting operation of the photosensor system according to the 10
above-descri bed enbodi ment. FIGS. 17A and 17B show an exanpl e of the image
pattern of a fingerprint when a subject inmage (sensitivity adjustnent
image) is read Bpvpaohoemtn®l $&esiphokiase rsd)ustdmm,r eadithe dpidisation in a
15 predeterm ned detection region of the photosensor array including an
abnormal pi xel causedhsy edifed esfefigrtan @APRHCaGiIan % tHee phot osensor
system according to the third enbodinent. FIGS. 18A to 18E are graphs
showi ng changéBRPhOSEREC Td s tEM §itt Raty) T HESRG iV ST 1Bs of a

FIGh T0A and 108 8r & 1O GERIN S HEATS SIMRIEE tr aprdnie (I Thecedon
g;ﬁg!tiS?%a (Iig@%&gﬁg %g%@ ﬁp?}aLnedterQ%ﬁpe fiqggr ri.nt ig%%g by
y adj B PO fG ORI G, S 25 & TBPShdEdE 3 abl e
bet e {1 T OUCIUINGTs A, (RN BN PN SIS I sy
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 1BE 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).



t FIGS. 20A and 20B show exanples of the image pattern of a fingerprint
when a fingerprint inmage is read by setting an inmage readi ng semnsiltJUN 2806
usi ng the photosensor array including an abnornmal pixel w thout 5 applying
the sensitivity setting nmethod according to the third enbodi nent, and when
the fingerprint inage is read by setting $§ i mge reading sensitivity
using the sensitivity setting nethod according to the third enbodi nent.
FIGS. 21A to 21E are graphs showi ng 10 changes in pixel data (lightness
data) for respective rows of fingerprint inmge data obtai ned by specific
pi xel data renoval op&f&ti 8ARaendr d0Bgshowt kikempeérbodifnthe. 1FRGE. 22A and
22B are a graph showing changes in dynam c range based on pixel data
(lightness 15 datblyeobtaf nedfbpospreintcwperer dangerendial 1BperatFon
according to the third enbodi nent, and a correspondence  table between the
row number, ther@ydapycsehhyBy andimpEe rRagéngealnAgtsBasyt PSLRG tBAarge
accunmul ating period). 20 As shown in FIG 17A _the ipage pattern
(fingerprint) oPR@tPFRAREPr F&rseYvinglas1a9san) ebnorRalnBial FiageUFeadi ng
operation is used is,a sensitivitg. ag%ustngmt 'nagg. D'ffergnt cgarge
accunul ati ng pePPodLNgr ENEefeREl L hROF$s8R5HFBIoREFR8ReeEFOEIrBESt8f 25 t he
det ection regionh40 mhigh i gefin d by .a omlggng§. &128 nogs of 64th to
191st rows and B%oflith r%ﬂ%g (B4 kol BHAsY"6 FhttBITSBEA Col TIRAS, *8nd i s

set in - 7 JWN gggg 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 photosenspr uR' S0y
100 made up of at |east 256 X 196 pixels (photosensors) Then, senS|t|V|ty
adj ust mrent readi ng operation of reading the inage 5 pattern of the finger
FGis executed to obtain a fingerprint image in which the i mge readi ng
sensitivity changes stepw se every row in gage reading operation of one
frame, as shown in FIG 17B. In this case, assune that an el enent defect
(not shown) exists 10 in the photosensor array 100 shown in FIG 17A and
that a bright point defect I|IL which _corresponds to the  elenent defect and
represents an efBVBREPyVAEHAD Fpﬁhﬁﬁ§§§tégﬁar@§@&§gl§e§éﬁ§r§pe8 in the
fingerprint |nage within the detecti regi.on qomn in 15 FIG 17B
In this fingerpF ﬁtppﬁﬁ@éenﬁﬁe PF§HVng§§ E%F& u@apge @ﬁﬁFessed by 256

gray |evels 18 sh the cha e tr ds of ht ness dat a
val ues in respggfsl veAjp%?etf &lﬁ!‘ ?f?l T, i%’?%dt T 20 176t h

f d F I haown
| [Vustrati ng chARGHSEIAT ?S‘ﬁﬁ iEg O§raera ST r%sads-t MBoRE 0501 wel dat a

havi ng ang extfgggggfﬂ gt Lhahthegs dada ; \éalel}%%gg%e(&b%%r wedaap @ colum

nunber Rp inth row corréspondi ng Yo 4 position where the bright

poi nt def ect f§58§%ﬁE§86th5g%7@no%gq%% th Lhegeonvertingnal sensitivity

setting nethod
sensitivity changes stepwise every row in image reading

operation of one frame, as shown in FIG. 17B. In 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 1s 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 an
extremely high lightness data value ie 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 mninmum |ightness data values are =7 jun 2006
extracted every row regardl ess of the presence/ absence of an abnor nal

pi xel (bright point defect IL) as shown in FIGS. 17B and 18B. The dynam c
5 range is calculated fromthe difference between the maximum and m ni num
val ues. The lightness data value of the apnormal pixel saturates to
represent the naximmvalue owing to the bright 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 colum nunber RCa at
whi ch the dyn&@fschidffe abaVdi /2 BHYRi YA aripbRAAuR vatves drdataAn i nage
reading sensitivity (i.e., charge accunulating period T104 of the

phot osensor) sét2 S (e 109 TR TRF 13 2 EYr 88Nt PoRr dhes frekf nbi® val ue MA2 is
determ ned to be an oe;inal i mage reading sensitivity. Wien the inmge
readi ng sensi t iIRAKSFIST AHEIGH P r 7 “gﬁTaioQk¥e%h TGt opPiMel | mage
readi ng sensitiyi shown .in FIG n | i readi ng operation
at the 20 erroﬁgﬁ%%#y%@ﬁt'ﬁ?ﬂﬂfgwpédﬁ?Héﬂgahs?ige??anggultﬁh?ng%p BaF K,

| ow- qual i.ty subject i.mge sho in Fl.G 20 Fingerprint collation
processiég of 3%% %1%%f§%&§§2%&F3¢?%6%r%??ﬁ%lfﬁ%ﬁ n%§$%£ w%ﬁ%-?@%istered

fingerprint | Rgm ARl Ayt hentieah i the f1ager Pty Lal! g andibe 25

col l ation precision decreases. contrary, 1Tn osensor system

and  sensi ti Vi tyr $§1d IMhdBANOD ACPT S A\ 4 0 b heo PEESEDL it TN 2006

maximum value owing to the bright point defect IL
present in the 104th row. As shown in FIGS. 19%A 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 collation 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 inmge
due to an el enent defect present in the photosensor array, as shown? iJON 2006
FIG 17B, the above-described specific pixel data renoval operation 5

uni quely renoves one or a plurality of (one pixel data in FIGS. 21A to
21E; the position of renoved pixel data i@zindicated by an arrow in each
row) pixel data froma pixel data group for each inage reading sensitivity
(each row), as shown in FIGS. 21A to 21E. Hence, at 10 | east pixel data at
a colum nunber Rp where the |ightness data value is observed extrenely
high is necessanveptionpved, the SHowht PREING IR CtSIdcidq s ¥l dat a
renoval operation according to the present invention renoves pixel data
havi ng a 15 maxiEAOSErPHDRedSa@s AUkltife BVven aMeE [RE FGeLIFTHAT ady

abnor mal pi xel gbright poi nt defect IL), as shown in FI.GS. 21A, 21C to
"21E. Even in tht8ecREELOSRE SOth &G Yrr éitl VIO he- dynin ¢ ©Bande’S n each row
does not greatly change, as shown in FI G, 22A.  The row nunber 20 RCa at

whi ch the dynamag’oﬁ’&ﬁggs RDE% SHAR FdL 98 MR UERKEE T be
accurately specified. .An_ i mage readi ng sensitiwvity (charge accumlating
period T176) sEMASFLY E@Wé’%ﬁor%engogo%é}egr .%ltf%évtﬁ &5%) pclaxneLi bCJe‘_ﬂal

B o5e P o FcRn A T AEOS /LA £ IS RS2 | "

FIG 21B. If normal "i'magé readl ng operati‘on 1 s execute

i mage readi ng S?LgSiitnid\iicta%’edaﬂy QJ}; %H:%d\} Yin Jac}PNo%ﬂo@ixel 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
T17¢) 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 inmage can be obtained with a good bright/dark contrast_of the
i mage pattern as a whole, as shown in FIG 20B. Errors in fingefrpfiJHN 2006
collation processing can be prevented or suppressed. This neans that an 5
appropriate i mage readi ng sensitivity can be set even in the presence of a
gi ven nunber of element defects in the phoiosensor array or deposition of
dirt on the sensing surface. In other words, the present invention can
provi de an effective techni que capable of 10 increasing the yield of a
devi ce such as a photosensor system or sensor array and sinplifyin

mai nt enance or S@hée¢tkémagﬁnFPﬁrb?oopﬁéla§ﬁaHiéhrén@@oghéﬁﬁgbﬁ/ﬁﬁég 22A,
the change trend of the dynam c range in each row %5 subj ected to,opti mal
readi ng sensitiSPRyraxtratt FBA 6EéﬁgtP6ﬁt8685aﬁo? Yre&fr y 2EnhSAGE evBn when
a plurality of ixe# gata are rennvgd in descinQim _gtder of Iightness
data val ues in gg%ci PR pi REFOGSt 4%y EABISFPLOPEr SPH-OALLSINPERFeEE P e
above- nenti oned_ex l e, the, 2Q row nunber at,, which_t he nam c range
exhi bi te & < naxPROnP R heVEaneRe R SUPREBFS Specl P R8d8RA SHECoB

i mage reading sensitivity can 4+ A ph n array,dri rol

met hod i%geach a%?r?ﬁﬁl%%%véméﬁgoggégﬁPg ﬁ?%?igé%gé cribe gmf%ﬁ gggg

reference to the, sexergloylews gt Lheacaounaing: diakng- oErGS:< 23 to

23) are timng ¢ ow ng an -
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. 22A,
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
j 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 1 exanple of the drive control nethod applicable to inmage readin
operation of the photosensor system The drive control nethod mﬁll'ge“m 2006
explained by referring to the arrangenment of the photosensor system shown
in"FIG 27, 5 as needed. As shown in FIGS. 23A to 23J, reset pulses O T1,
c T2, ..., OTk, O Tk+l, ... (kis a posighve integer; k = 1, 2,..., n-1)
are sequentially applied froma top gate driver 110 via top gate |lines
101. A reset period Trst 10 starts, and doubl e-gate photosensors 10 in
respective rows are initialized. Then, the reset pulses (P.T1, 4 T2,...

g5 Tk, Tk+l,..exseplencifalthg falive chatredemeydadodrridcabdfd§C amadds
charge accunul ating period Ta starts. 15 Charges (holes) are generated in
accor dance mﬁthrehglnanﬁﬁﬁﬁaéﬂomi@ﬁtthﬁcp@@ﬁpsﬁﬁﬁpﬁésd§ﬁﬁpe-g fg drive

phot osensors 10 in respective rows, and accunula%gﬁ i% t he chann
regions. As sho@ANERCOREI BetPod vallyPe. exRlge n&yMy 16 ﬁ&rﬁ§gaﬁBIF§8 to a
drain driver 130 20 to start a re-ghare period Tprch inwpanal ﬁh t97the
charge accunul aBFR§EEFREE PE RSP péﬁﬁﬁﬁgqﬁﬂ%X%;fm'9ﬁﬁ Fslgp% rad“t'e
drain lines 103 to perform pre-charge operation of causing the drain

el ectrodesd of tfé& nESQSFe-gate phot osensor 10 in respective rows to hold

B e e e VoL SIS eI 0, B R By s Bt
¢6T2,..., ¢Tk, ¢Tk+l,... (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

10 starts, and double-gate photosensors 10 in respective
rows are initialized.

Then, the reset pulses ¢Tl, ¢T2,..., ¢Tk,
¢ Tk+1l,... sequentially fall, the reset period Tygt
ends, and a charge accumulating period Ta starts.

15 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

20 to start a pre-chare period Tprch 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

25 . predetermined voltages.

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

sequentially applied from a bottom gate driver 120 to



~ 7 JUN 2006 75 doubl e-gate photosensors 10 where the charge accunul_ati n%
period Ta and pre-charge period Tprch end via bottomgate |ines 102 Tf YN 2006
respective rows at timngs which do not tenporarily overlap the 5
application timngs of signals for reset operation, pre-charge operation,
and readout operation in other rows. Themga readout period Tread starts,
and changes in drain voltages VD1, VD2, VD3,..., VDmcorresponding to
charges accunul ated in the doubl e-gate photosensors 10 10 in respective

rows are sinultaneously detected by the grai n driver 130 via the drain
lines 103 and reerbletdats BRObREPUEOLDI LUgBPOHE: CBF SBRFEP or parallel

data. In the drive control nethod, the agplicat'on 15 timng,.interval

(Tdly) between 3¢ Fes2t1 g BREIRY 142 NF2PIH~¢ érgg_p?r}ﬂg Teaabut Bul ses
0Bl 032 0B3 ... , andthe, pre- rge _signal O for respective rows
irs] set equal t%l%rb‘i’Bhﬁrérg?Eﬁnf%\R?ﬁtgﬁgt?ﬁﬁ BgSPﬁ‘éQngei’owﬁe??gd Trst of
the reset pulses, the readout .peripd 20 Tread,of the.rea t pul ses, and

the pre-charge pEFtod ¥RrcH @ ?%g B?%PSﬁngéysPﬁﬁg}ésTgﬁé :pTrst + Tprch

soer ot on Thng SaLoit 108 LORLARLOGEXEEURLT] EBRCLCO0EY BhLOBLIoR! o onar g

operation, and 3% oper ation”at nmporarrly overl apprng fiI hings.

Further, part of DL ggéiBQefé(EiSﬁ,iQnEie?QQSBh’éeg?Q\_“@t%ﬂ bg gRAerto

overl ap each other. Reading operation can start before
rows. Then, a readout period Treazq 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 Tygt of the reset pulses, the readout period
20 Tread ©f the readout pulses, and the pre-charge period
Tprch ©f 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



~ 7 JUN 2006 76 i reset operation in all the rows ends. Wile

t wo- di nensi onal inage reading operation is properly executed, the ! JUN 2006
processing time of reading operation can be greatly shortened. 5 FIGS. 24A
to 24J are timng charts showing the first exanple of an inage reading
sensitivity (charge accunul ating period) ﬁgtting met hod whi ch can be
preferably applied to sensitivity adjustne reading operation according
to the present invention. 10 As shown in FIGS. 24A to 24J, the reset pul ses
T, 0T2,..., 0 Tn are simultaneously applied to the top gate |ines 101
each of which coesett speoptganeint eddi fdles rT@sofendse ddilisile gat e
photosensors 10 in the row direction. The reset period Trst starts 15

si mul t aneousl y twotkémespigagd Himpes IERIiGH opee atdoublis FaaPSiHot osensors
10 in respective rows are initialized. Then, the reset pulses 0 T1l, O

T2,..., 0 Tn' skHBCuiREoushy PEOCESEHET dddte vt iTGRIHNG WIS EI4Hd €390 t he
charge accunul ating periods T1, T2,..., Tn_1, and Tn of the doubl e-gate
phot osensors 10Pen 9&ER tlle SPORS €%l t aneousl y start. Charges (hol es) are
generated_in accordance w_th the unt of, light .incident fromthe top

gate el ecBrode side &i%he dfduti%-afat &5fhot S RS Hti ve

rows, and accun%Lated in the channel., regions,, C e
irst examplé of an image’ reading sensitivity (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
6Tl, ¢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 ¢Tl, ¢T2,..., ¢Tn
simultaneously fall, the reset period Tygt ends, and

20 the charge accumulating periods Ty, Tp,..., Tp-1, and
T, 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



The pre-charge signal 4 pg and the readout pulses 7 JUN 2006 77 Bl, -~
B2,..., ~ Bn are applied such that charge accunul ating periods T1,~T2JUN 2006
Tn-1, and Tn set for respective rows change stepw se every row by a
predeterm ned delay time Tdelay, as shown in FIGS. 24A 5 to 24J.
Accordingly, inmage data read at different 'gage readi ng 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 nent readiprEL, ope@rat.i.on. ¢BGSar25Appdi28Hsare thetnghehgets show ng
the second exanple of the inmage reading sensitivity (charge 15
accumul ati ng peacodypusatinggpaetihdd EhicB2can-beTpraf erabl ¥nappki é8rto
sensitivity adjustnent reading operation according to the present

i nvention. |n thespeegeveesadWAgChbanset PEEPY 166t EVREYNECHORY &ccording to
this exanple, as shown in FIGS. 25A to 20 25H, the reset pulses O T1l, -~
T2,..., ~ Tn arkredguesniarfydappyi Edmgt Tokéayy ndSi AREWRaftNof 185 24A
predeterm ned delay tinme Tdelay to the top gate lines 101 each of which
connects *he top°g fé-terminals TG of the doubl e-gat e photosensors 10 in

the row direction. 25 The reset period Trst starts, and_the _doubl e-gate
phot osensors 10 in r8SERECIPEIMondMaPE [RitRi AFPFedt Wtreen lmage

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 ¢Tl, ¢T2,..., ¢Tn are
sequentially applied at the time interval of a
predetermined delay time Tdelay 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 Tyrgt starts, and the double-gate
photosensors 10 in respective rows are initialized.

Then, the reset pulses ¢Tl, ¢T2,..., ¢Tn fall,



Then, the reset pulses 0 T1, 0 T2,..., O Tn fall, 7 JUN 2006 78 the reset
period Trst ends, and charge accumul ating periods TAl, TA2,..., TAT Q4 JURNHEQs
TAn sequentially start. Charges (holes) are generated in accordance wth
the amount of light incident fromthe top gate 5 el ectrode side on the
doubl e-gat e photosensors 10 in respective750m5, and accunmul ated in the
channel regions. The pre-charge signal O pg and the readout pulses 4)Bn,
4 Bn-1,..., OB2, and OBl are applied such that 10 the charge
accunul ati ng periods TAl, TA2,..., TAn_1, and TAn set for respective rows
change st epw setbBeergsetorely othé rpre@dosr nigfed cairgy wEiopmpdaltaydafter the
final reset pulse OTn falls, as shown in FIGS. 25A to 25J. 15 By this
sensitivity adj B8FAEAE FBadi AG2operat L8n-1 t R& S Fdngseqdeniladtliyng peri ods
TAL, TA2,..., TAn_ 1 and TAn set for respective rows increase at a tine
“interval twce Fﬁérbr edeParfArRedNdersy Effe IFRETEY ST Hig@ CFREAANERd at

i mge reading sensjtivities set with 20 a sensitivity adjustnent w dth of
sevgral romsgorwhﬁbethEaﬁm88n508§1ﬁéS%EylP§&§@H§ 5%§%hﬁgént8p GRESi 1 ane.
Note that_the i e, readi ng ;sensi tivit har accunul atin riaqd

ot £ ng bt hod BLBEFEGRE0 S gBrER: Fhbt SO ERE o ST hony sotst 9t 3
according to 25 the present inventiqn is o%glinit%% to.the

. TespecrivVe rows, and accumula in e channel
above-nenti oned exgnp 84> For éxanpl e,” i'mage gta of "a

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 TA71, TAp,..., TAp-1,
and TAp set for respective rows change stepwise every
row by the predetermined delay time Tdelay 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 TAy1, TAp,..., TAp-1,
and TAp 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



subject inmage may be acquired at different inmage 7 JUN 2006 79 readin
sensitivities by serially repeating a processing cycle: reset oper&tf guN 2006
--> charge accunul ating operation --> pre-charge operation reading
operation while sequentially changing the image 5 reading sensitivity.
Alternatively, still another nethod can bg adopted. The phot osensor which
constitutes a photosensor array is a doublg-gate phot osensor in the
above-descri bed enbodi nents and exanples, but the 10 present invention is
not limted to this. As far as the photosensor which constitutes a
phot osensor arr agadpecf cems iitiwge iesadiyng esadilty wepe addjngs tavent
operation, the arrangement of the sensitivity adjustment apparatus of the
phot osensor syspeapcasnginkge cYslsengiesier opsadtustment chetrbed according to
the present invention can be preferably applied. Additional advantages and
nodi'fi cat i ons WRFFUMHEAEINg OPeFatien NoserskFhpEESi APERETAPR. ~Therefore,
the invention in its broader aspects.is not limted to 20 the specific
details and repFr&s€Afat PPETEEOH Whritle SmRR taid lde SOABEd hdhs image
Accordingly, various nodifications may be nmade w t hout, epartin%~fron1the
spirit or’scopef&ROLRE GERSLALViliVent AlE SCaRdepielas Stefiinédd Ahnethe
appended cl ains _and their %%uival nts. 7 JUN 2006 80

method can 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.



CLAI MS 1 A photosensor systemincluding: a photosensor ar
constituted by two-dinensionally arraying a gluraIPty of photo?eag%ﬁ§UN %pﬁ
an image reading section which reads a subject inage at a predeternihed
image reading sensitivity by wusing the photosensor array; a sensitivity
adj ust ment i nage reading neans for reading a sensitivity adjustnent

subj ect image while 10 the image readingggensitivity in the photosensor
array is changed to a plurality of stages; an optimal inmage reading
sensitivity deriving nmeans for deriving an optimal inmage reading
sensitivity for reading operation of the s qge t image, on the 15 basis of
a pixel data group relating to an indaeL %a t r% of the subject inmage read

by the sensitivity adjustnent image readin ; an i mage d
sensitivi%y setthg hearfs ?Qﬁto%iﬂ%#?mf¥?E9%p??ﬁ%fu?ﬁﬁgé readi%g Feating
sensitivity as the 20 image readin NSkt Lvj I he 1 mage readin
section the opti mal ?ﬂ@ﬁﬁtg%%ﬁ?%ﬁ %%ﬂéft?éé%%iﬁgkégi%% neags includ?ng

correction neans for. correcti t j I I i s
pattern of the CWQIBT B nsilrr%réée, n%%%)gil aggﬁflgra%%ﬁ%@s%ﬁsﬁ?w??@%%hg' | TRge

gé;;?f?Sﬁ%;nOEP?ng?S%%rfﬁ? §§¥§£§fﬁgd§éét96@“@hicﬂefé¥ﬁﬁgaaﬁubﬂage readi ng
o | g opgratlpn of the ;ubject i mage. T JUN 2006
image at 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 optimal image reading sensitivity
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 image reading sensitivity setting means for
setting the optimal image reading sensitivity as the
20 image reading sensitivity in the image reéding section
the optimal image reading sensitivity deriving
means including corréction means for correcting the
pixel data group relating to the image pattern of the
subject image, and the image reading sensitivity
25 extracted on the basis of the pixel data group,
deriving an image reading sensitivity optimal for

reading operation of the subject image.



2. A systemaccording to claim1l, wherein the correction neans includes an
i mage reading sensitivity correction means for correcting the indbg JUN 2006
reading sensitivity extracted on the basis to the pixel data 5 group, on
the basis of a predetermnmined period-increase rate. 3. A system according
to claim2, wherein the optimal inage reading sensitivity deriving means
conprises 10 a standard inege reading senghtivity extraction nmeans for
extracting a standard i nage reading sensitivity on the basis of a pixel
data group for each inmage reading sensitivity relating to the inmage

Feading moans, a StAbdartl TREGE FEREN T et (T VIVY HorTER Ton CHeans for

Sensi Livi Ty o Baiigr Ohaes and D0t | eI TP o Vol ue

opt |l | mhge FESRRTE ST (5L £ T Aeeor e e AT e,

Compri Ses 8 dat e BK PR B reae Tor ont et T mo | miman T o qurm

values for eachyiimge §eadidG,$£N$14# Vd tyrddOfe riniidl 20061 82-increase
rate.

3. A system according to claim 2, wherein the
optimal image reading sensitivity deriving means
comprises

10 a standard image reading sensitivity extraction
means for extracting a standard image reading
sensitivity 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

15 image reading means,

a standard image reading sensitivity correction
means for correcting the standard image reading
sensitivity by the image reading sensitivity correction
means, and

20 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
standard image reading sensitivity extraction means

25 comprises

a data extraction means for extracting maximum and

minimum values for each image reading sensitivity from



the pixel data group relating to the inmage pattern of the subject inmage
read by the sensitivity adjustment immge reading neans, a data rantd JUN 2006
cal cul ation neans for calculating a 5 data range of the pixel data group
for each inmage reading sensitivity on the basis of the maxinum and

m ni mum val ues of the pixel data group, and an extraction means for
extracting the standard image reading semgsitivity on the basis of a change
in 10 data range for each image reading sensitivity. 5. A system according
to claim4, wherein the standard imge reading sensitivity extraction

nmeans conprises an extraction neans for extracting as th ang i mge
readi ng sensi tith& Piaiel Age rBatithg ols Seisi vtlk}eg JLhma‘_’l\rcfengpaatﬁgmax| ?r‘ﬂ% datg

range out of data ranges for respectiyve . e readi n jtdnities. 6.
system accor di g% SHE T 2M3Fersias the tp}{egraigsoe -slelgcgllr@gc eegrlgi%é%éﬂ@s A

arbitrarily set, outside éggggsensor system 20 7. A system according

he
to claim 2, whéNQQFt§ﬁ9é%%%ge yeanng sensitivity correction neans
conpares a nean Va'é’.e?%EatP&cgé xel1 431 & B5QUR B s L ASr SEANERL & 1 hgrge

reading sensitivity Wi a predeternined reference value, and executes
correction basegd, on E%@goﬁr%tﬁiﬁﬁ%@@ré@&m neseasech aiga®® the basis

of a conparison result”. 8 A systemaccording to claim7, wherein the 7
JUN 2006 83 reading sensitivity on the basis of the maximum and
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

10 data range for each image reading sensitivity.

5. A system according to claim 4, wherein the
standard image reading sensitivity extraction means
comprises an extraction means for extracting as the
standard image reading sensitivity an image reading

15 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
photosensor system.

20 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
reference value, and executes correction based on the

25 predetermined period-increase rate on the basis of a
comparison result.

8. A system according to claim 7, wherein the



reference value includes a nedian value of the data range of the pixel

data group at the standard image reading sensitivity. 9. A system = 7 JUN 2006
according to claim?7, wherein the 5 reference value is arbitrarily set
outside the photosensor system 10. A system according to claim1l1, wherein
the correction nmeans includes a specific data renmoval neans for renoving
specific pixel data fromthe pixel 10 datgszgroup for each image reading
sensitivity relating to the image pattern of the subject inmage read by the
sensitivity adjustnent inage reading means. 11. A systen1according to claim

10, wherein the optimal i sen5| IVIt deri
conprisesdani|ﬁ%ﬁ?§%ﬁﬁﬁrﬁf sﬁqgiﬂ4%% on &ﬁ§h§) QQMQE {ractlng an
i mge reading sensiti sui.t abl e, f.or M. r f the
subj ect image dﬁ‘?rigr‘?eo S fof* e[qhedap%axeq%gfta gr oup from %I %ée) specific
20 pixel data is r an%&Hp h%ﬁEPEC'f'C data renoval neans, and a setting
means for settﬁhf‘ He op I mage reading sensitivity the i mge

reading sensitivity qextg BYather-dimge: s eadi g senshdoihyclextraction
25 means. 12. A systen1aca§$§?%g ?o c|a¥§?11 wherein’ the i mage readi ng

sensitivigy extyraed i SrBans,EoPrd8est rari WWN2OWu B de the
photosensor system.

10. A system according to claim 1, wherein the
correction means includes a specific data removal
means for removing specific pixel data from the pixel

10 data group for each image reading sensitivity relating
to the image pattern of the subject image read by the
sensitivity adjustment image reading means.

11. A system according to claim 10, wherein the
optimal image reading sensitivity deriving means

15 comprises
an image reading sensitivity extraction means for
extracting an image reading sensitivity suitable for
normal reading operation of the subject image on the
basis of the pixel data group from which the specific
20 pixel data is removed by the specific data removal
means, and
a setting means for setting as the optimal image
reading sensitivity the image reading sensitivity
extracted by the image reading sensitivity extraction
25 means.
12. A system according to claim 11, wherein the

image reading sensitivity extraction means comprises



a data extraction neans for extracting maxi mumand m ni mum val ues for each
i mage reading sensitivity from the pixel data group from which the 7 JUN 2006
specific pixel data is renoved by the specific data renoval neans, 5 a
data range cal cul ati on nmeans for calculating a data range of the pixe

data group for each image reading sensitivity on the basis of the maxi mum
and mni mum val ues of the pixel data grogp extracted by the data
extraction nmeans, and 10 an extraction means for extracting an inage
readi ng sensitivity having a maxi nrum data range out of data ranges of

pi xel data groups for respective ijmage reading sensitivities t
cal cul ated by the dat &2¥afye &l tr?edarfl%e%?g.e%ral%?lr}l? s@as)flemc%%(?di ng

to claim 10, wherein the . specific data renov : EOVES; t
plbi(e! dgtg hﬁ\}‘ilﬁbm&l%‘ﬁﬁ%ﬂﬁ% ormenalcarburﬁr{/aa{gtje&lfar omL‘{ ﬁseé pi xejl%dg)% aﬁﬁgfoup
obt ai ne y t sensi tivi adj rent i adyse 4 Of 5 he d reger
readi ng sensiti e[;}?l’%eol 1 .taA r;/bZL{ em aocnﬁ:or |ér}g t_’t%@cl aién%%rlloc?a&v&%%lei n tahe

specific data riegm}yeqlll?{%%r}%hretq{g)v & Plurddid yrfovdl x@lagat a sequential ly

from a maxi mumval ue pi Xel data group obtained by the sensitivity

adj ustment  readi ng neghs, f QI gaChy ] FROL 1 @Adheh Senst teéyidyla@bnd5. aA
system according to claim 10, wherein the specific data renoval neans

removes a pluralidy ofngdixel ciatg seguentd ajtyud roon eeadini imeyeal ue from
the - 7 JUN 2006 85
reading sensitivity on the basis of the maximum and
minimum values of the pixel data group extracted by the
data extraction means, and

10 an extraction means for extracting an image
reading sensitivity having a maximum data range out of
data ranges of pixel data groups for respective image
reading sensitivities that are calculated by the data
range calculation means.

15 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
group obtained by the sensitivity adjustment reading
means for each image reading sensitivity.

20 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
pixel data group obtained by the sensitivity adjustment
reading means for each image reading sensitivity.

25 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



pi xel data group obtained by the sensitivity adjustment reading negns for
each image reading sensitivity. 16. A system according to clain1107$mﬂ€*gaﬁ
the sensitivity adjustnent inmage reading neans reads the 5 sensitivity
adj ust ment subj ect image only in a detection region set in advance within
an effective reading region of the photosensor array. 17. A system
according to claim 16, wherein the detecgison region is set to a region
where the pixel 10 data group fromwhich the specific pixel data is
removed by the specific data renpoval neans contains a mninmum nunber of

pi xel data necessary to nornmally. execu at_ | east r.eadi.ng, sensitd vl

set EI ng oper Sjt iR}ﬁelofdlettr?e 95 %W‘FQ& 2hsitd Vi rlySlgte i g ar%i“{nésﬂ.rﬁ/él ty18. A
system according to claim 1, erei n readi td af. 1.ne, subj ect
|n??¢ in the sé@ﬁqﬁQﬂtWFaQﬁﬁﬁghrﬁﬁéhi%@%%g8§§§ﬁ%%?%§ﬁ%;gﬁy{§zkuted by
setting inmage reading sensitiyviti I | f . Stepw y
predet er m ned nunb g]‘of r&*SF?ﬁt%é?ﬁ)of%@é%%é%ﬁg¥f553 ggﬁnguk§3§Ztem

according to Clsegﬁgi]tiw eal&ﬁﬁ eﬁ%édé{iﬁé@@{@&ﬁm rmge treadi ng

means reads the —sensit ty adj ustnment subject inage within an entire

effective r eadié@ﬁéﬁ?ﬁ%}@%%cﬁﬁ%%@%ﬁj@c@rf@ge 26h1:A Bysd em accor di ng

to claimil, wherein 5 sensitivity adjustnent reading neans reads the
sensitivity adjstd@ntosubiecin i smgei oMyvanca wiket actaoefegiviveet in
advance within an effective - 1 JUN 2006 86
reading region of the photosensor array.
17. A system according to claim 16, wherein the
detection region is set to a region where the pixel

10 data group from which the specific pixel data is
removed by the specific data removal means contains a
minimum number of pixel data necessary to normally
execute at least reading sensitivity setting operation
of the image reading sensitivity setting means.

15 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
image reading sensitivities which differ stepwise for a
predetermined number of rows in the photosensor array.

20 19. A system according to claim 1, wherein the
sensitivity adjustment image reading means reads the
sensitivity adjustment subject image within an entire
effective reading region of the photosensor array.

20. A system according to claim 1, wherein the

25 sensitivity adjustment reading means reads the

sensitivity adjustment subject image only in a

detection region set in advance within an effective



Teading region of the photosensor array. 21. A system according toscla| ,
wherein the pixel data includes |ightness data corresponding to tﬁeda42g%e
pattern of the subject image. 5 22. A systemaccording to claim1, wherein
the inmage reading sensitivity of the photosensor array is set and
controlled by adjusting a charge accunulating period in the photosensor.
23. A systemaccording to claim1, whereiggl0 the photosensor has source
and drain electrodes which are fornmed on both sides of a channel |ayer
formed froma sem conductor layer, and first and second gate el ectrodes
whi ch are formed above and bel ow the _channel region via insulating filns,

15 ei ther one.éEQQ%§9i4%&iQﬂuP§; PHHE Ut Odés " is set as a |ight
irradi ati on side, dc a%3§§5%9§%§§j§ﬁ%#£qI§Qﬂ%ﬂg?mquh“fgeﬂﬂgﬁﬁe i nci dent

onto the light irr&di-ati ted "and acdcumulated in the

channel region. .20 24dat'6é dfﬂé’l%&e@tfﬁl}ﬂg%ﬁ%gﬂ &MW rSY&tem

whi ch has a phéPﬁgghsor array consti two-di nensional |y arraying a

pllural ity of PhQLOReIsa. Kl ygadsys bl sdad mge by using the

photosensor array, conprising: 25 reading a sensitivity adjustnment subject
image while an inmage reading SensdddMding idb tdien ot osanssin atha@y is

changed to a plurality of stages; 7 JUN 2006 87
image reading sensitivity of the photosensor array is
set and controlled by adjusting a charge accumulating
period in the photosensor.
23. A system according to claim 1, wherein

10 the photosensor has source and drain electrodes
which are formed on both sides of a channel layer
formed from a semiconductor layer, and first and second
gate electrodes which are formed 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
incident onto the light irradiation side are generated
and accumulated in the channel region.

20 24. A drive control method for a photosensor
system which has a photosensor array constituted by
two-dimensionally arraying a plurality of photosensors,
and reads a subject image by using the photosensor
array, comprising:

25 reading a sensitivity adjustment subject image
while an image reading sensitivity in the photosensor

array is changed to a plurality of stages;



deriving an imge reading sensitivity suitable for reading operatior pf

the subject image on the basis of a pixel data group rela?ing to an iﬁggg 2008
pattern of the subject image read fromthe sensitivity adjustment 5

subj ect image; and setting the derived inmage reading sensitivity as a

reading sensitivity in reading operation of the subject image, the

deriving the imge reading sensitivity 10gguitable for reading operation of
the subject image including correcting the pixel data group relating to

the image pattern of the subject inage, and the inmage reading sensitivity

extracted on the basis of the pixel data,grou t hereby deriv] | mage
rzgadkng 1‘\; Zensi ti \éiqvjo‘bjtr?%rg)fjd?aqeeaﬁ$%lqb%e$éarﬁth}hl%er/}f h%ﬂes/éurg?%c OJI% mage.
) nmet hod according to claim24 erej,n. the . correcti i
(2:8r recti gg_ t he 5SGe T fi F - b 1517 397 e{%elr%aa J|squE)fﬂge p%é@dfe'étjg(?frri ned
period-increase rate, .26. tQ%% ridi t i wher ed
deriving of t hé i egl rcwle"’lata‘/’\!i n%f%sk[egsa I vﬁ?@)sﬁ% [%blgn%oé? ESHr%%:ﬁ ng ogggleati on
of the subject ]Rae. compdses.AXIFAG! 100 Saiandard: § rgp.seading
sensitivity on “the basis of the pixel data group relating to the inmage
pattern af the &act 4 . rgagl by reading of the sensitivity adjustnment

subj ect image, - JUN 2006 88
setting the derived image reading sensitivity as a
reading sensitivity in reading operation of the subject
image,
the deriving the image reading sensitivity
10 suitable for reading operation of the subject image
including correcting the pixel data group relating to
the image pattern of the subject image, and the image
reading sensitivity extracted on the basis of the pixel
data group, thereby deriving an image reading
15 sensitivity optimal for reading operation of the
subject image.

25. A method according to claim 24, wherein the
correcting includes correcting the image reading
sensitivity on the basis of a predetermined

20 period-increase rate.

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
25 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 i mage reading sensitivity on the basis of th
predeterm ned period-increase rate, and setting a value obtained by'$ JUN 2006
correcting the 5 standard inmage reading sensitivity as the inage reading
sensitivity suitable for reading operation of the subject inage. 27. A

nmet hod according to claim26, wherein extracting of the standard image
reading sensitivity 10 conprises extractiggg maxi mum and m ni num val ues for
each image reading sensitivity fromthe pixel data group relating to the

i mge pattern of the subject inage read by reading of the sensitivity

adj ust nent subject ima

15 c cul ati data r | ata
group forI each :crragfeogléed% %lﬁ?ﬁ%‘c}r l“tlah(g blgés]%lr?% %%?Sﬂn%\a’%ﬂm and
m ni mrum val ues of the pixe F%g r cheddmge Feadi ng
sensitivity, arfd’® emer %% ng diﬁ G? ndar n%lggéfg)éd&og@?eny tivity 20 on
the basis of a change in data range for each imge reading sensitivity.
28. A net hod accordlng to claim 27, wherein extracting the standard i nage

reading sensitivity g &@@Pﬁ@S§Sv&9@@aébﬂglﬂ@&abya@@@ﬁe&@in@esm@ctive i mage
25 reading senS|t|V|t|es and extracting as the standard inmage reading

jﬁ&s'ng\é'%g an émaf&aﬂhé@e sensdinyi $oms hawvi Ngy aa sredtienuimalge areadgey 1
sensitivity suitable for reading operation of the
subject image.

27. A method according to claim 26, wherein
extracting of the standard image reading sensitivity

10 comprises
extracting maximum and minimum values for each
image reading sensitivity from the pixel data group
relating to the image pattern of the subject image read
by reading of the sensitivity adjustment subject image,
15 calculating a 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 for each image reading sensitivity, and
extracting the standard image reading sensitivity
20 on the basis of a change in data range for each image
reading sensitivity.

28. A method according to claim 27, wherein
extracting the standard image reading sensitivity
comprises comparing data ranges for respective image

25 reading sensitivities, and extracting as the standard
image reading sensitivity an image reading sensitivity

having a maximum data range.



29. A nmethod according to claim25 wherein the period-increase rate is
arbitrarily set outside the photosensor system 30. A nethod accor dilndun @006
claim 25, wherein 5 correcting the inmge reading sensitivity on the basis

of the period-increase rate is executed based on a result of conparing a
mean val ue of the pixel data group at the standard image reading
sensitivity with a predeterm ned referencggval ue. 10 31. A nmethod according
to claim30, wherein the reference value includes a nedian value of the
data range of the pixel data at the standard i nage reading sensitivity.

32. A method according to claim30, wherein the .15 f - IS
alr bi t rzzazfi I z\hset. out?ﬁi de & HE bt T<Eisor Syt € a%.i‘r& ﬁ'sek?%geﬁlﬁ;géc}g%di ng to
claim 24, wherein t Q_,correctin i ncl udes. VA ifd i dat a
I:‘)otmhet ihrerapl xeli?tﬁt%fi g‘;lb‘iﬁbeh 337 b’éqg%% Theye lr{elg%gl)lnigypgseesntgiect%{/él%@%}% el ati ng

he image pattern of the ject image read by reading of the
sensitivity adﬁﬂgﬁﬁﬁﬁn%ﬁﬁﬂ%i%%#ﬁhge. 34. A net hod accorging to claim 33,

wherein deriving t !nq@gmé@ﬁggr§b§@g§iﬁ%vﬁ5yc§é&ﬁfﬂﬁﬁawMérei@ading
operation of the subject image conprises 25 renoving the specific pixel

data, and extractiAg-@hgi Rdeinsasi hgasengi $énvé1yi sty abh etfierbask sal
reading operation of the subject inmage on the basis of the - 7 JUN 2006 90
of the period-increase rate is executed based on a
result of comparing a mean value of the pixel data
group at the standard image reading sensitivity with a
predetermined reference value.

10 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
sensitivity.

32. A method according to claim 30, wherein the

15 reference value is arbitrarily set outside the
photosensor system.

33. A method according to claim 24, wherein the
correcting includes removing specific pixel data from
the pixel data group for each image reading sensitivity

20 relating 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
deriving the image reading sensitivity suitable for
reading operation of the subject image comprises

25 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



‘pi xel data group fromwhich the specific pixel data i

met hod according to claim34, wherein exltoracti ng thlesi mragtram\rlggdi ﬁg- PN 2008

sensitivity suitable for 5 normal reading operation of the subject image
conprises removing the specific pixel data, and extracting maxi mum a%d

m ni mum val ues for each image reading sensitivity fromthe pixel data

group fromwhich the specific pixel datagpgs removed, 10 calculating a data
lr)an_ge of the pixel data group for each image reading sensitivity on the
asis of the nmaxi mum and m ni mrum val ues of the pixel data group extracted

for each inmage reading sensitivi and. extr [ L TAge ek
. . . * , ] Ct i '
Zen5| tivity hawigla daB rﬁa@&i"%ﬁ;rﬁ%‘?ﬂ a’'ta getkgeutéé(}fg:lg%tda rangfés ofélgﬁ(el
at a OI_groups for respective image reading sensitivities. 36. A nethod
according to clZBMR B} wherein renovi ng the specific pixel data conprises

removing at | east xel  data having, Ay i o L A TUGRR ue
. . f
pi xel data group ob? i néd If‘%‘l_’an%cgc QI mage eadr%]géllgneﬂiﬁ ti v?/]?%/ 37.r0? rzrgt}]gg

according to claim33..werein; i ng- i £ i :
- 3. ;s Yhergl n; L eaovi Agihhesspect fvet pi xeitalata Conprise
processi ng of c%%ﬁ??ngxgl 788 Of (Z?F pi xel “data 25 contained in thengi xel >

B oD g R L Mrbor or 1 DU 2006, 01
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,

10 calculating a 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 for each image reading sensitivity, and

extracting an image reading sensitivity having a

15 maximum data range out of data ranges of pixel data
groups for respective image reading sensitivities.

36. A method according to claim 33, wherein
removing the specific pixel data comprises removing at

least pixel data having a maximum or minimum value from

20 the pixel data group obtained for each image reading
sensitivity.
37. A method according to claim 33, wherein

removing the specific pixel data comprises
processing of comparing sizes of all pixel data
25 contained in the pixel data group for each image
reading sensitivity, and sorting the pixel data, and

processing of removing a predetermined number of



‘pi xel data fromeither end of a string of the sorted i xe
met hod according to claim33, wherein renoving the spgcificdgyiél%gauQN 2008
conprises 5 repeating a predeternned nunber of times processing of
conﬁarlng sizes of all pixel data contained in the pixel data group for
ﬁac_ i mage reading sensitivity, and extracting and renoving pixel data
V\zvmg a maxi mum or m ni mum val ue. 10 39. oA method according to claim 24
erein reading the sensitivity adjustment subject inage conprises ’
setting image reading sensitivities which differ stepwi se for a

predeterm ned nunber of rows in  the photosensor, ar

according to clmixmR4latshel e g eh %fgtaa ﬁthxg I{Lfggosf ﬂ%ﬁﬁ%ﬁé@a;\gd
corresponding to the inmmge pattern of the subject image. 41. A nethod
according to clmi¥ebslalherein the image reading sensitivity of the

phot osensor array is_ 20 i -
accunul ating pe?ioﬂSin %ﬁﬁé%ﬁggdégg Egi*ﬁdtgny§HHS§3PQWﬁeﬁgﬁﬁge

. nsor. 42. A nmethod according to cl ai

24, wherein the photpsensor ha C d i hi are |
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formed via a ch%ﬁﬁ%Yl?%y%?ef%?%%§9¥§0§%§Q 2%£§%n$co§d%i?§r Iaye:?haﬁ&efirst

and second gate el ectr .Whi ch
channel reégion via .%sﬁ?gﬁﬁ’g & F%,@e?@"iﬂ‘%%ﬁ%g%%a% abovémand bel ow the

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.

10 39, A method according to claim 24, wherein
reading the sensitivity adjustment subject image
comprises setting image reading sensitivities which
differ stepwise for a predetermined number of rows in
the photosensor array.

15 40. A method according to claim 24, wherein the
pixel data includes lightness data corresponding to the
image pattern of the subject image.

41. A method according to claim 24, wherein the
image reading sensitivity of the photosensor array is

20 set and controlled by adjusting a charge accumulating
period in the photosensor.

42. A method according to claim 24, wherein
the photosensor has source and drain electrodes
which are formed via a channel layer formed from a

25 semiconductor layer, and first and second gate

electrodes which are formed at least above and below

the channel region via insulating films,



‘either one of the first and second gate electrodes is set as a |light
irradi ation side, and charges correspondi ng to an anount of Iight‘g%dUQﬂWﬁ;
fromthe light irradiation side are generated 5 and accunulated in the
channel region.
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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

5 and accumulated in the channel region.



