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DESCRIPTION
' PHOTOSENSOR SYSTEM AND DRIVE CONTROL METHOD THEREOF

Technical Field
The present invention relates to a photoseasor
system having a photosensor array constituted by

two—dimensionally'arraying_a'plurality of photosensors,

and a drive control method thereof.

Background Art .

Imaging apparatuses snch as electronic still
cameras, video cameras, énd-the like haﬁe come to be
very widely used. These imaging apparatuses employ
a solid-state imaging device, such as a CCD (Charge
Coupled Device), which ser&es as a phoﬁoelectric
converting device for converting an image of a to-be-
photographed subject into an image signal. As well
known, the CCD has a structure in which photosensors
(light receiving elements) such as pnctodiodes, or
thin film transistors (TFT: Thin Film Transistor) are
arranged in a matrix, and the amount of electron-hole
pairs (the amount of charge) generated corresponding
to the améunt of light.entering the light receiving
section of each sensor is detecfed by a horizontal

scanning circuit and vertical scanning circuit to

~detect the luminance of radiation.

In a photosensor system using such a CCD, it is



WO 01/35638 . | o PCT/IP00/07279

10

15

20

25

necessary to respectively provide scanned photosensors
with selective transistors for causing the scanned
photosensor to assume a selected state. 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 transistor

having a so-called double-gate structure and has both

~ a photosensing function and a selecting function.

. FIG. 31A is a sectional view showing the structure
of a double-gate photosensor 10. FIG. 31B is a circuit
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, source and
drain electrodes 12 and 13 respectively formed on the
n*t-gilicon layers 17 and 18, a top gate electrode 21
formed above the semiconductor thin film 11 via a block
insulating film 14 and upper gate insulating film 15,

a protective insulating film 20 provided on the top

- gate electrode 21, and a bottom gate electrode 22

provided below the semiconductor thin £film 11 via

a lower gate insulating film 16. The double-gate

. photosensor 10 is provided on a transparent insulating

substrate 19 formed of glass or the like.

In other words, the double-gate photosensor 10
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includes an upper MOS transistor comprised of the
semiconductor thin f£ilm 11, source electrode 12, drain
electrode 13, and top gate electrode 21, and a lower
MOS transistor comprised of the semiconductor thin film
11, source electrode 12, drain electrode 13, and bottom
gate electrode 22. As is shown in the equivalent
circuit of PIG. 31B, 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
terminal), $ (Source terminal), and D (drain Terminal).
The protective insulating film 20, top gate
electrode 21, ﬁpper gate insulatin§ film 15, block
insﬁlating film 14, and lower gate insulating film
16 are all formed of a meterial having a high

transmittance of visible light for activating the

. semiconductor thin film 11. Light entering the sensor

from the top gate electrode 21 side passes through the
top gate electrode 21, upper gate insulating film 15,
and block insulating film 14, and then enters the
semiconductor thin film 11, thereby generating and
accumulating charges (positive holes) in the channel
region.

| FIG. 32 is a schematic view showing a photosensor
system constituted by twoédimensionally arraying
double-gate photosensors 10. As shown in FIG. 32,

the photosensor system comprises a sensor array 100
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that is 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,
top and bottom gate drivers 111 and 112 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 113

connected to the data lines 103.

In FIG. 32, ¢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
timing at which a pre-charge voltage Vpg is applied.
In the above-described structure, as described later,
the photosensing function is realized by applying a
predetermined voltage from the top gate driver 111 to
the top gate terminals TG, while the readout function
is realized byrapplying a predetermined voltage from
the bottom gate driver 112 to the bottom gate terminals
BG, then sending the butput voltage of the photosensors
10 to the output circuit section 113 via the data lines
103, and outputting serial data Vout.

FIGS. 33A to 33D are timing charts showing

a method of controlling the photosensor system, and
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showing a detecting period (i-th roﬁ processing cycle)
in the.i-th row of the sensor array 100. First, a
highflevelfpulse voltage (reset pulse; e.g., Vtg =
+15V) ¢ Ti shown in FIG. 33A is applied to the top gate
line.101 of the i-th row, and during a reset period

Tregsetrs 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., Vtg = -15V) is applied to the top gate line 101

-of the i-th row, thereby finishing the reset period

Treset 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

sensor from the top gate electrode side are accumulated

in the channel region.

Then, a pre-charge pulse ¢pg shown in FIG. 33C
with a pre-charge voltage Vpg is. applied to the data
lines 103 during the charge accumulating period Ta, and
after a pre-charge period Tprch for making the drain
electrodes 13 keep a charge, a bias voltage. (readout
pulse ¢Bi) of high level (e.g., Vbg = +10V) shown in
FIG. 33B is applied to the bottom gate line 102 of the

i-th row. At this time, the double-gate photosensors

'10 of the i-th row are turned on to start a readout

period Tread-

During the readout period Tread. the charges
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accumulated in the channel region serve to ﬁoderate
a low-level voltage (e.g., Vtg = -=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

Vbg 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 lines
103 depends upon the charges accumulating period Ta and
the amount of received light. As shown in FIG. 33D, -
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
accumulated, whereas the tend to suddenly reduce ﬁhen
the incident light is bright, i.e., a large amount
of light is received, and hence large charges are
accumulated. From this, it is understood that the
amount of radiation can be calculated by detecting the
voltage VD at the data lines 103 a predetermined period
after the start of the readout period Treazdqr ©r by
detecting a period required until the voltage VD
reaches a predetermined threshold voltage.

Image reading is performed by sequentially
executing the above-described drive-control for each

line of the sensor array 100, by executing the control
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for each line in a parallel manner at different timings
at which the driving pulées do not overlap.

Although the case of ﬁsing-the'double-gate
photosensor as a photoéensor-has been described above,
even a photosensor system using a photodiode or
phototransistor as a photosensor has operation stepS:
reset operation — charge accumulating operation —
pre-charge operaﬁion--ﬁ'reading operation, and uses
a similar drive sequence. The conventional photosensor
system as above has the following problems.

(1) To read a subject image in various use

‘environments in a photosensor system using the above-

.described photosensor, the reading semsitivity (charge

accumulating period) must be properly set. The proper

charge accumulating period changes depending on changes

* in . ambient conditions such as the illuminance of

external light in a use environment, and also changes
when the characteristics of the photosensor change.

In the prior art, therefore, a circuit for detecting
the illuminance of external light must'be édditionally
arranged. Alternatively, reading operation (to be
referred to as pre-reading operation hereinafter) of
changing the-charge accumulating periods to a plurality
of stages before the start. of normal reading operation
of a subject image must be executed to obtain the
optimal value of the chargé accumulating period from

the read result. However, a reading sensitivity
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setting method of uniquely and automatically setting
a proper charge accumulating period based on a read
result every charge accumulating period that is
obtained by pre-reading operation has not been
developed yet.

(2) If a foreign substance attaches to the sensing
surface of a photosensor or a defect is generated in a
photosensor element in setting the reading sensitivity
based on the result of pre-reading operation, and a
read result obtained every charge accumulating period
by pre-reading operation is directly used, an abnormal
value is contained in the read result to fail in
setting a proper charge accumulating period and
inhibiting accurate reading operation of a subject
image. For example, when this photosensor system
is applied to a fingerprint reading apparatus, the
apparatus may malfunction in fingerprint recognition
processing.

Disclosure of Invention

It is an object of the present invention to
provide a reading sensitivity setting method of
uniquely and automatically setting a proper reading
sensitivity on the basis of read results obtained
immediately before the start of normal reading
operation of a subject image in order to accurately
read a subject image in various use environments in

a photosensor system having a photosensor array
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-constituted by two-dimensionally arraying a plurality

of-photosensors. It is another object of the present
invention to prevent any malfunction in setting the
reading sensitivity even if a foreign substance

attaches to the sensing surface of a photosensor, or

~a photosensor element becomes defective.

. To .achieve the above objects, a photosensor

system according to the present invention comprises

‘a photosensor array constituted by two-dimensionally -

arraying photosensors, a driver circuit for supplying
a drive signal to the photosensors, a controller for

controlling reading operation of a subject image and-

sensitivity setting, and a RAM for storing read image

data, data relating to sensitivity setting proceésing,
and the like.

To achieve the above objects, according to the
first reading sensitivity setting method of the present
invention, pre-reading operation of éhanging-the charge
accumulating périod at a plurality of stages for, e.g.,
respective rows is executed before the start of normal
reading operation of a subject image. A row in

which the dynamic range of lightness data for each

row is maximum, or a row in which the displacement
(differentiated value) of lightness data between rows
in a specific column direction is maximum is extracted
from read image data. An image reading sensitivity set

for the extracted row.is set as an optimal sensitivity.
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This can reduce the data amount to be processed,
simplify sensitivity setting processing, and shorten
the required time. Even when the ambient light or the
characteristics of the photosensor change, an optimal
image reading sensitivity can be set in accordance with
the changes.

To achieve the above objects, according to the
second reading sensitivity setting method of the
present invention, pre-reading operation of changing .
the charge accumulating period at a plurality of stages

for, e.g., respective rows is executed before the start

. of normal reading operation of a subject image. A row

in which the dynamic range is maximum and the linearly
differentiated value of the dynamic range is minimum .is
extracted from the dynamic ranges of lightness data of
read image data for respective rows, or the dynamic
ranges of lightness data for respective rows from which
high-frequency components upon changes in the dynamic
ranges. of the rows are removed. An image reading
sensitivity set for the extracted row is set as

an optimal sensitivity. A row corresponding to an

. appropriate image reading sensitivity can be extracted

without any influence of an abnormal pixel generated
by a foreign substance attached to the sensing surface
of the photosensor arfay, a defect of the photosensor
element, or the like. The.present invention can

provide a reliable reading sensitivity setting method.
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Brief Description of Drawings

FIG. 1 is a . block diagram showing an arrangement

of a photosensor system according to the present

invention;

FIG. 2 is a block diagram showing an arrangement

‘of a controller applied to the first embodiment;

FIG. 3 is a flow chart showing the operation of

‘the first embodiment;

FIG. 4 is a view showing an example of image data

‘when a fingerprint image is read by pre-reading

operation in the first embodiment;

'FIGS. 5A to 5E are graphs each showing changes in
lightness data in a specific row that are obtained by
pre-reading operation in the first embodiment;

FIGS. 6A and: 6B are views showihg the relationship
between a table representing the dynamic range of
iightness data of each row that is obtained by
pre-reading operation in the first embodiment, and a
corresponding row number vs. image reading sensitivity
correspondence table; .

FIG. 7 is a-view showing another example of image
data when a fingerprint image is read by pre-reading
operation in a modification of the first embodiment;

FIGS. BA to 8E are graphs each showing changes in
lightness data in the column range of a specific region
in a specific row that are obtained by pre-reading

operation in the modification of the first embodiment;
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FIGS. 9A and 9B are tables showing the
relationship between a table representing the dynamic
range of lightness data of each row that is obtained by
pre-reading operation in the modification of the first
embodiment, and a corresponding row number vs. image
reading sensitivity correspondence table;

FIG. 10 is a flow chart showing the operation of
the second embodiment;

FIG. 11 is a view showing an example of image data
when a fingerprint image is read by pre-reading
operation in the second embodiment;

FIGS. 12A and 12B are graphs, respectively,
showing the value of lightness data in a predetermined
column that is obtained by pre-reading operation in the
second embodiment, and the differentiated value of
lightness data between rows;'

FIGS. 13A and 13B are views showing the relation-
ship between a table representing the differentiated
value of lightness data between rows in a predetermined
column that is obtained by pre-reading operation in the
second embodiment, and a corresponding row number vs.
image reading sensitivity-correspondence table;

FIG. 14 is a flow chart showing the operation of
the third embodiment;

FIG. 15 is a view showing examples of image data

and a sensitivity determination range when a finger-

_print image 'is read by pre-reading operation in the
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third embodiment;

FIG. 16 is a graph showing changes in lightness
data of a specific row in the sensitivity determination
range of image data read_by pre-reading operation in
the third embodiment; |

FIGS. 17A and 17B are graphs showing the
relationship between changes in the dynamic ranges of
respective rows of image data read by pre-reading
operation in the third embodiment, and changes in the
linéarly differentiated values of the dynamic ranges of
respective rows;

FIGS. 18A and 18B are views showing the relation-
ship between a table representing the dynamic range
of each row and the linearly.differentiated value of
the dynamic range that are obtained by pre-reading
operation in the third embédiment, and a corresponding
row number vs. image reading sensitivity correspondence
tabie; _

FIGS. 19A and 19B are views showing the relation-
ship between a table répresenting the dynamic range
of each row and a corresponding row number vs. image .
reading sensitivity correspondence tabie when the first
embodiment is applied to image data read by pre-reading
operation in the third embodiment;

FIG. 20 is a view showing a case wherein
an abnormal value exists in read image data of

a fingerprint image in pre-reading operation in the
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third embodiment;

FIG. 21.is a graph showing changes in the dynamic

ranges of respective rows when an abnormal -value

exists in read image data of a fingerprint image in
pre-reading operation in the third embodiment;

FIGS. 22A and 22B are graphs showing the
relationship between-changes in the dynamic ranges
of respective rows, and changes in the linearly
differentiated values of the dynamic ranges of
respective rows when an abnormal value exists in read
image data of a fingerprint image in pre-reading
operation in the third embodiment:;

FIG. 23 is a flow chart showing the operation of
the fourth embodiment;

.FIG. 24 is a block diagram showing an arrangement
of a controller applied to the fifth embodiment;

FIG. 25 is a flow chart showing the operation of
the fifth embodiment;

FIG. 26 is a view showing a case wherein an
abnormal value across a plurality of rows exists in
read image data of a fihgerprint image in pre-reading
operation of the fifth-embodiment;

FIG. 27A is a graph showing changes in the dynamic
ranges of respective foﬁs_when an abnormal value across
a plurality of rows exists in read image data of a
fingerprint image in pre-reading operation of the fifth

embodiment, and the dynamic range discretely varies for
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respective rows;

FIG. 27B is a graph showing the dynamic range
distribution of lightness data of respective rows after
abnorﬁal'value removing operation in the fifth
embodiment; _

FIGS. 28A to 28J are timing charts showing the
first embodiment of an image reading sensitivity
setting method applied to pre-reading operation in each
embodiment;

 .FIGs.-29A to 29J are timing c¢harts showing the -
second embodiment of an image reading sensitivity

setting method applied to pre-reading operation in each

- embodiment; -

FIGS. 30A to 30H are timing charts showing an

.embodiment when an effective voltage adjusting period

is set after pre-reading and image reading periods in

'a photosensor system drive control method according to

the present invention;

FIG. 31A is a sectional view showing'the structure

of a conventional double-gate photosensor;

FIG. 31B is an equivalent circuit diagram showing
the double-gate photosensor; '
| FIG. 32 is a schematic view showing a photosensor
system constituted by two-dimensionally arraying
double-gate photosensors; and -
FIGS. 33A to 33D are timing charts showing

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

Methods of controlling a photosensor system
according to the present invention will be described
in detail with reference to the several views of
the accompanying drawings. Although in embodiments
described below, a double-gate photosensor is applied
as a photosensor, the present invention is not limited
to the double-gate photosensor, but is also applicable
to a photosensor system using another type of
photosensor.

FIG. 1 is a block diagram showing an arrangement
of a photosensor éystem according to the present
invention. The double-gate photosensor shown in
FIG. 31A is used, and the arrangement of the
photosensor system shown in FIG. 32 will be referred
to if necessary. The same reference numerals as in
the photosensor system shown in FIG. 32 denote the same
parts.

As is shown in FIG. 1, the photosensor system
according to an embodiment comprises a photosensor
array 100 including double-gate photosensors 10 shown
in FIG. 31A that are arrayed two-dimensionally, a top
gate driver 111 for applying a predetermined reset
pulse to a top gate terminal TG of each double-gate
photosensor 10 at a predetermined timing, a bottom gate

driver 112 for applying a predetermined readout pulse
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to a bottom gate terminal BG of each double-gate

photosensor 10 at a predetermined timing, an output

circuit section 113 constituted by an amplifier 116,

and a column switch 114 and pre-charge switch 115 for
reading a data line voltage and applying a pre-charge
voltage to each double-gate photosensor 10, respec-
tively, an analog/digital converter (to be referred to
as an A/D converter hereinafter).117 for converting the
read data voltage as an-énalog signal into image data
as a digital signal, a controller 120 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, and which controls .
sensitivity setting in the present invention, and a RAM
130 that stores;-for example, read image data, data
relating to setting of a reading sensitivity described
later.

The structure including the photosensor array 100, -
top gate driver 111, bottom gate driver 112, and output
circuit section 113 is the same as and has the same
function as the photosensor system shown in FIG. 32.

In addition to this structure, this embodiment adopts
the A/D converter 117, controller 120, and RAM 130 to
enable various types of control as described below.

The controller 120 outputs control signals ¢étg
and ¢bg to the top and bottom gate drivers 111 and

112, respectively, which, .in turn, output predetermined
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voltages (reset pulse and readout pulse) to the top
gate terminal TG and bottom gate terminal BG of each
double-gaté photoSensor 10 of the photosensor array
100, respectively. The controller 120 also outputs

a control signal ¢pg to the pre-charge switch 115 to

control execution of the operation of reading a subject

image. A data line voltage read from the photosensor

array 100 via the column switch 114 and amplifier 116

is converted into a digital signal by the A/D converter

117, and supplied as image data. The controller 120

also has a function of executing predetermined image

-processing for image data, writing or reading image

data into or from the RAM 130. The controller 120
serves as an interface with the external function
section 200 that executes predetermined processing
such as image data identification, modification, and
the like.

The controller 120 has another function of
controlling control signals to be output to the top
and bottom gate drivers 111 and 112 to set an optimal
reading sensitivity fof.reading a subject image in
accordance with ambient environments such as the
illuminance of external light, i.e., an optimal

charge accumulating period for each double-gate

photosensor 10.

As will be described below, photosensor system

drive control methods according to embodiments of the
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present invention are based on the arrangement of this
photosensor system.
<First Embodiment>

The first embodiment of the photosensor system
drive control method aCcording.to the present :invention
Will be described with reference to the several views
of the.accompanying-drawing.

FIG. 2 is a block diagram showing an  arrangement
of a controller 120 applied to the first embodiment.
As shown in FIG. 2, the controller 120 comprises a

device controller 121 for controlling a top gate driver

111, bottom gate driver 112, and output circuit section

113, a data controller’122:for managing various data -
such as image ‘data, write data, and readout data to the
RAM 130, and a main controller 123 which supervises the
controllers 121 and 122 and interfaces with an external
function section.

The controller 120 further comprises a data
comparator 124 for comparing the sizes of specific
measurement data based on image data input as a digital
signal from a photosensor array 100'via an A/D
converter 117 to extract maximum and minimum values,
an adder 125 having a function of calculating, e.g.,
the difference between measurement data, a data
selector 126 for receiving processed image data via the
A/D converter 117, data comparator 124, and adder 125,

and switching write/readout in/from the RAM, re-input
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" to the data comparator 124 and adder 125, and'output to

the external function section via the data controller
122 in accordance with the received data, and a
sensitivity setting register 127 for changing control
signals to be output from the device controller 121 to
the top and bottom gate drivers 111 and 112 so as to
optimize the reading sensitivity of the photosensor

array on the basis of a control signal from the data

gcontroller 122.

The operation of the first embodiment in the
operation control method of the photosensor system
using the above controller will be explained with
reference to FIG. 3. FIG. 3 is a flow chart showing an
operation up to read of a subject image with an optimal -
sensitivity according to the first embodiment in
operation control of the photosensor system. :This
operation will be described by properly referring to
the arrangement of the photosensor system shown in
FIGS. 1 and 2.

In S11 (pre-readiﬁQJStep) of FIG. 3, the main
controller 123 controls to set an image reading
sensitivity for pre-réading operation in the

sensitivity setting register 127 via the data

 controller 122, 'and pre-reads a subject image prior

to normal reading operation of a subject image.
Similar to normal image reading operation, pre-reading

operation is done by executing a series of processes:
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reset operation - charge accumulating operation — pre-

-charge operation — readout operation. In pre-reading

operatian, the image reading sensitivity is changed
stepwise for, etg.,-reépective rows of a subject image
so as to read one subject image at a plurality of

different sensiti?ities. The image reading sensitivi-

 ties of respective rows are stored in the RAM 130 in,

e.g., a table format (row number vs. image reading
sensitivity correspondence table) in correspondence
with row numbers. A detailed image reading sensitivity
setting method will be described later..

In S12 (image data conversion step) of FIG. 3, the
image data read by pre-reading operation is converted
into a digital signal via the amplifier 116 and A/D

converter 117, and input as lightness data correspond-

ing to the bright/dark pattern of the subject image to

the data comparator 124. In this case, the lightness
data is expressed by, e.g., 256 gray levels.

In 513 (step.of extracting. the maximum and minimum
values of each row) of FIG. 3, the data comparator 124
extract§ the maximum and minimum values of each row
from the lightness data input to the data comparator
124, and outputs them to the adder 125. That is, the

data comparator 124 extracts lightness data represent-

. ing .a maximum value (gray level value of. the brightest

pixel) contained in each row, and lightness data

representing a minimumavalue (gray level value of the
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darkest pixel).

In S14 (step of calculating the dynamic range
of each row) of FIG. 3, the adder 125 calculates as
a dynamic range the difference between the maximum and
minimum values of lightness data of each row, and
stores the dynamic range in the RAM 130 via the data
selector 126. The adder 125 executes dynamic range
calculation processing for all the rows.

In S15 (step of extracting a row number having a
maximum dynamic range) of FIG. 3, the dynamic ranges of
respective rows stored in the RAM 130 are read out via
the data selector ‘126, and input to the data comparator
124, which extracts a row number having the maximum
dynamic range among the dynamic ranges of the
respective rows.

In S16 (sensitivity referring/extraction step) of

- FIG. 3, the row number vs. image reading sensitivity

correspondence table stored in the RAM 130 is looked
up based on the row number having the maximum dynamic
range, and an image reéding sensitivity, i.e., charge
accumulating period seﬁ fér this row is extracted.

In 817 (extracted-éeﬁsitivity setting step) of
FIG. 3, the data contr@llér 122 rewrites the
sensitivity setting reéister 127 to set the image
reading sensitivity in the sensitivity setting register
127 to the extracted im;ge reading sensitivity.

In S18 (subject image reading step) of FIG. 3,
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normal reading operation of a subject image is executed
at the extracted image reading sensitivity set in the
sensitivity setting register 127.

- An example of applying the first embodiment of
the photosensor system driVe.control method using the
above-described controller to a fingerprint reading
apparatus will -be described with reference to FIGS. 4
to 6B.

FIG. 4 is a view showing an example of fingerprint
image data when a subject (fingerprint) image is read
while the image'réading sensitivity is changed stepwisé
for respective rows in pre-reading operation. FIGS. SA

to 5E are graphs each showing changes .in lightness data

.in a specific row that are obtained by pre-reading

operation. FIGS. 6A and 6B are views for illustrating
tables showing the relationship between the dynamic
range of lightness data of each row that is obtained by
pre-reading operation, and a row number vs. image
reading sensitivity correspondence table. Assume

that image data is read out in units of matrices of

256 rows X 196 columns. A larger lightness data value
represents a brighter image, and a smaller lightness
data value represents a darker image. In pre-reading
operatioﬁ, the image reading sensitivity is set higher
(charge accumulating period is set ldnger) for a larger
row number (upward in FIG. 4), and lower (charge

accumulating period is .set shorter) for a smaller row
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number (downward in FIG. 4). - In FIG. 4, as the row
number increases (upward in FIG. 4), the ridge/valley
pattern of the fingerprint becomes weaker under the
influence of external light, and at last is read as
an almost invisibly bright image. On the other hand,
as the row number decreases (downward in FIG. 4), the
ridge/valley pattern of the fingerprint becomes darker,.
and at last is read as an almost invisibly dark image.
The lightness data level is expressed by 256 gray
levels, and its lower and upper limit values are set to
0 and 255, respectively.

In this image data, changes in lightness data
in the 176th, 152nd, 128th, 104th, and 80th rows are
extr#cted, and plotted as shown in FIGS. 5A to SE.
In the 176th row, as shown in FIG. 5A, the sensitivity
is set high, so that lightness data substantially
converges to the upper limit value and hardly provides
any information as image data. In the 152nd row, as

shown in FIG. 5B, the sensitivity is set relatively

"high, lightness data reaches the upper limit value in

-some columns, and all the ridge/valley (bright/dark)

patterns of image data cannot be read. To the
contrary, in the 128th row, as shown in FIG. 5C,
lightness data does not reach either the upper or lower
limit value on all the:columns, and is distributed
between the upper and lower limit values. In the 104th

row, as shown in FIG. 5D, the sensitivity is set
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relatively low, and most of lightness data is

distributed between the upper and lower limit values.
However,'lightnesé data reaches the lower limit value
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 value and hardly provides any information as
image data.
Maximum and minimum values are extracted as

numerical data on the basis of changes in the lightness

‘data distribution of each of the respective rows shown

in PIGS. 5A to 5E, and the dynamic range is calculated

_as the difference and listed on a table as shown in

FIG. 6A. In the 176th and 152nd rows, lightness data
reaches the upper.limit. Since the maximum value is
fixed to 255, the dynamic range depends on the minimum
value. In the 104th and 80th rows, lightness data
reaches the lower limit. Since the minimum value is
fixed to 0, the dynamic range depends on the maximum .
value. 1In contrast, in the 128th row, lightness data
does not reach eiﬁher the upper or lower limit, and
thus the dynamic range depends on the difference
between the maximum and minimum values of the lightness
data. ‘- The 128th row can attain the largest dynamic
range, compared to the 176th, 152nd, 104th, and 80th

rows. In other words, it can be determined that
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lightness data in the 128th row is image data having
a fine contrast corresponding to the ridge/valley
pattern of a fingerprint, and an optimal image reading
sensitivity is set.

The RAM 130 stores the row number vs. image
reading sensitivity correspondence table shown in

FIG. 6B, and stores image reading sensitivities, i.e.,

‘charge accumulating periods T3 to Ty5¢ for respective

row numbers. '

‘The row number vs. image reading sensitivity
correspondence table is looked up for the 128th row
having the maximum dynamic range, thereby obtaining an
image reading sensitivity, i.e., charge accumulating
period Tj2g set for the 128th row.

If a subject (fingerprint) image is read using the

obtained charge accumulating period Tj2g, the image can

.be satisfactorily read.

The first embodiment has exemplified only the
176th, 152nd, 128th, 104th, and 80th rows as rows
subjected td extraction and calculation. processes of -
the dynamic range of lightness data. As a matter of
course, the same procesées can be executed for all 256
rows. When extraction and calculation processes of the
dynamic range of lightness data are performed not for
all the rows but for only selected specific rows, like

this embodiment, the number of data to be processed can

‘be decreased to simplify processing and shorten the
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time required for sensitivity setting processing, and
the operation can quickly shift to normal reading
operation of a subject image.

- A modification of the first embodiment will be
described with reference to FIGS. 7, 8A to 8E, 9A,
and 9B.5 FIG. 7 is a view showing another example of

fingerprint image data when a subject (fingerprint)

. image is read while the image reading sensitivity is

changed stepwise for respective rows in pre-reading
operation. FIGS. BA to 8E are graphs each showing
changes in lightness data in the column range of

a specific region in a specific row that are obtained

- by pre-reading operation. FIGS. 9A and 9B are tables

showing the relationship between the dynamic range

of lightness data of each row that is obtained by
pre-reading operation, and a row number vs. image
reading sensitivity correSpondence tablé. In this
modification, unlike the first embodiment, lightness
data of each row used to extract maximum and minimum
values is limited to the column range of a specific
region, and maximum and minimum values in thié column
range are extracted.

‘More specifically, in reading-the ridge/valley
pattern of a fingerprint as a subject image, the
peripheral portion of a finger (region representing - -
the edge of a finger in FIG. 7) touches an image

reading surface weaker than the center of the finger.
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In addition, the ridge/valley pattern of the peripheral
portion is not clear, and is influenced by external
factors such as external light incident via the
semitransparent layer of a skin surface layer. This

degrades the uniformity and relevance of image data.

~ To prevent this, the modification processes lightness

data limited to a column range around the center of

a finger which is relatively hardly influenced by
external factors and has a clear ridge/valley pattern,
thereby achieving approptiate extraction processing of
maximum and minimum values.

As shown in FIG. 7, the reading sensitivity of a
subject image is set higher (charge accumulating period
is éet longer) for a larger row number. For example,
changes in lightness data in a predetermined column
range (85th column to 112th column) in the 176th,
152nd, 128th, 104th, and 80th rows are extracted
and plotted as_shown in FIGS. 8A to BE. Similar to
FIGS. 5A to 5E described above, only in the 128t row,
lightness data does not reach either the upper or lower
limit value in the entire column range partially
limited, and is distributed between the upper and lower
limit values. 1In the remaining rows, lightness data
reaches the upper or lower limit value, and all the
ridge/valley patterns of image data cannot be read.

FIG. 9A shows the;reSults of extracting maximum

and minimum values as numerical data on the basis of
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changes in lightness data distribution of each row,
and calculating the-dynamic range from the difference.
It can be determined thét‘the-dynamic range of
lightness data in the 128th row is maximum, and that
image data having a fine contrast corresponding to thé

ridge/valley pattern of a fingerprint is obtained.

‘That is, an optimal imége'reading sensitivity can be

determined to be set.

As shown in FIG. 6B, the row number vs. image
reading sensitivity correspondence table stored in the
RAM 130 stores charge accumulating periods T3 to T35¢

for respective row numbers. As shown in FIG. 98, the

- row number vs. image reading sensitivity correspondence

table is looked up for the 128th row having the maximum .

dynamic range,. thereby attaining an image reading
sensitivity set for the 128th row, i.e., charge

accumulating period Tj33g of the double-gate

‘photosensor.

The sensitivity setting method of this modifica-
tion can determine a row in an optimal image reading
state .on the basis of the dynamic range of lightness
data in a predetermined column range for each row in
setting an optimal image reading sensitivity based on
the results of pre-reading operation. Accordingly,
the data amount to be processed can be decreased to
simplify sensitivity getting processing and shorten

the required time.
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<Second Embodiment>

The second embodiment of a photosensor system
drive control method to which the same controller as in
the first embodiment can be applied will be described
with reference to the several views of the accompanying
drawing.

FIG. 10 is a flow chart showing an operation up to
read of a subject image with an optimal sensitivity

according to the second embodiment in operation control

. of the photosensor system. This operation will be

described by properly referring to the arrangement of
the photosensor system shown in FIGS. 1 and 2.

In S21. (pre-reading step) of FIG. 10, prior to
normal reading operation of a subject image, a main
controller 123 controls to set an. image reading
sensitivity for pre-reading operation in a sensitivity
setting register 127 via a data controller 122, and
executes pre-reading operation of reading a subject
image at a plurality of different sensitivities while
changing the image reading sensitivity stepwise for

respective rows of the subject image. The image

"reading sensitivities of respective rows are stored as

a row number vs. image reading sensitivity correspon-
dence table in a RAM 130 in correspondence with row

numbers. This pre-reading operation is the same as

. the operation in the first embodiment, and a detailed

method of setting the image reading sensitivity (charge
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accumulating period) will be described below..

- In 822.(image data conversion step) of FIG. 10,
the image data read by pre-reading operation is
converted into a digital signal via an amplifier 116
and A/D converter 117, and input as lightness data
corresponding to the bright/dark pattern of the subject
image to a data comparator 124. .In this case, the
lightness data is expressed by, e.g., 256 gray levels.

In S23 (data extraction step in the column
direction) of FIG. 10, the data comparator 124 extracts
lightness data on a selected column, and outputs it to
an adder 125,

In S24 (differentiation processing step in the
column direction) of FIG. 10, the adder 125 calculates
the displacement (differentiated wvalue) of each row in
the columh direction of the extracted luminance data,
and stores the displacement in the RAM 130.

In S25 (step of extracting a row number having
the maximum differentiated value) of FIG. 10,-thé
differentiated values of lightness data stored in the
RAM 130 are read out via the data selector 126, and
input to the data'comparator-124,'which extracts a row
number having the maximum-differentiated-value among
the differentiated values of 1i§htness.daté;

In S26 (sensitivity referring/extraction step) of
FIG. 10, the row number vs. image reading sensitivity

correspondence table: stored in the RAM 130 is referred
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based on the-row-humber having the maximum differenti-
ated value, and an image reading sensitivity, i.e.,
charge accumulating period set for this row is
extracted.

In S27 (extracted sensitivity setting step) of:
FIG. 10, the data controller 122 rewrites the
sensitivity setting register 127 to set the image
reading sensitivity in the sensitivity setting register
127 to the extracted image reading sensitivity. 1In s28
(subject image reading step) of FIG. 10, normal reading
operation of a subject image is executed at the
extracted image reading sensitivity set in the
sensitivity setting register 127.

An example of applying the second embodiment
of the photosensor system drive control method to
a fingerprint reading apparatus will be described with
reference to FIGS. 11 to 13B.

FIG. 11 is a view showing an example of
fingerprint image data when a subject (fingerprint)
image is read while the image reading sensitivity is
changed stepwise for reSpective rows in pre-reading
operation. FIGS. 12A and 12B are graphs, respectively,.

showing the value of lightness data in a predetermined

‘column. that is obtained by pre-reading operation, and

the displacement (differentiated value) of lightness
data between rows.. FIGS; 13A and 13B are tables

showing the relationship between the displacement of
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lightness data between rows in a predetermined column
that is obtained by pre-reading operation, and a row
number vs. image reading sensitivity correspondence
table. Assume that image déta is read out in units

of matrices of 256 rows X 196 columns. A larger
lightness data value represents a brighter image, and a
smaller lightness data value represents a darker image. -

In pre-reading operation, the image reading
sensitivity is set higher (charge accumulating period
is set longer) for a larger row number - (upward ig
FIG. -11), and lower (charge accumulating period is set
shorter) for a smaller row number (downward in
FIG. 11). For example, -lightness data of respective-
rows (lst to 256th rows) on the 98th column are
extracted and plotted as shown in FIG. 12A. -

In a region having a small row number, the image
reading sensitivity is set low, and lightness data
converges to the lower limit value. In a region having
a large row number, the image reading sensitivity is
set high, and lightness data converges to the upper
limit value. To the contrary, in a region around
the central row (128th row), lightness data does not
reach either the upper or lower limit value, and is
distributed between the upper and lower limit values.
Further, lightness data tends to change from the lower
limit value to the upper limit value. -

- pifferentiated values.representing the
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displacements of lightness data of respective rows are
calculated based on changes in lightness data of these
rows, and plotted to obtain a distribution as shown in
FIG. 12B. The distribution of the differentiated value
of lightness data shown in FIG. 12B is listed on

a table as shown in FIG. 13A. From this table, the

differentiated value is observed to maximize between

the 125th and 126th rows, and image data having a fine

‘contrast corresponding to the ridge/valley pattern of

the fingerprint is determined to be obtained. That is,
an optimal image reading sensitivity can be determined
to be set.

Similar to the table shown in FIG. 6B, the row

nhumber vs. image reading sensitivity correspondence

table stored in the RAM 130 stores charge accumulating
periods Tj to Ty5¢ for respective row numbers. This
table is looked up for the 125th and 126th rows having
the maximum differentiated value to acquire image
reading sensitivities set for the 125th and 126th rows,
i.e., charge accumulafihg periods Ti25 and Tjz2¢ of the
photosensor. The sensitivity'setting register is
rewritten to set a set v&lue determined based on the
two charge accumulating.ﬁeriods Ty25 and T12¢6, i.e.,
the average of the chaﬁge;accumulating.periods T125 and
Ty12¢- A subject (fingerpxint) image is read at this-
optimal image readingiéehéitivity.

Similar to the modification of the first
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.embodiment, the column number of lightness data to be

processed is desirably specified to a column around

the cent;al portion of a subject (finger) which is
relatively hardly influenced by external factors and at
which the bright/dark pattern (ridge/valley pattern) of
a subject image can be read clearly.

In éetting-an optimal image reading sensitivity
based on the results of pre-reading operation, the
sensitivity setting method of the second embodiment can
easily determine a row in an optimal image reading
state on the basis of the displacement of lightness
data of each row in a specific column, and can set an
image reading sensitivity (charge accumulating period)
set for this row as an optimal sensitivity. Lightness
data to be processed suffices to be one column (i.e.,
several rows), and data to be processed -in sensitivity
setting processing can be greatly decreased to further
simplify sensitivity setting processing and shorten the

required time.

‘<Third Embodiment>

The third embodiment of a photosensor system drive
control method according to the present invention will
be described with reference to the several views of the
accompanying drawings.

The arrangement of a controller applied to the
third embodiment  has the same arréngement block as that

in the first and secq?@[gmbodiments shown in FIG. 2.
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In addition, an adder 125 calculates a dynamic range
from the difference between the maximum and minimum
values of measurement data, and calculates the
difference between respective dynamic ranges, i.e.,
linearly differentiated value. A data comparator 124
has a function of extracting the maximum value of

a -dynamic range calculated by the adder 125, and the
minimum or maximum value of the difference (linearly
differentiated value) between dynamic ranges.

FIG. 14 is a flow chart showing an operation up .
to read of a subject image with an optimal sensitivity
according to the third embodiment in the photosensor-
system operation control method using the above
controller. This operation will be described by
properly referring to the arrangement of the
photosensor system shown in FIGS. 1 and 2.

In S31 (pre-reading step) of FIG. 14, prior to
normal reading operation of a subject image, a main
controller 123 controls to set an image reading

sensitivity for pre-reading operation in a sensitivity

.setting register 127 via a data controller 122, and

executes pre-reading operétion of réading a subject
image at a plurality of different sensitivities while
changing the image'readiﬁg7sensitivity stepwise for
respective rows of the subject image. The image
reading sensitivities of respective rows are stored

as a row number vs. image reading sensitivity
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correspondence table in a RAM 130 in correspondence
with row numbers. This pre-reading operation is the
same as the operation in the first embodiment, and

a detailed method of setting the image reading
sensitivity (charge accumulating period) will be
described below.

In S32 (image data conversion step) of FIG. 14,

'~ the image data read by pre-reading operation is

converted into a digital signal via an amplifier 116

-and A/D converter 117, and input as lightness data

corresponding to the bright/dark pattern of the subject
image to a data comparator. 124. In this case, the
lightness data is .expressed by, e.g., 256 gray levels.

In S33 (step of extracting the maximum and minimum
values of each row) of FIG. 14, the data comparator 124
extracts the maximum and minimum values of lightness
data of each row, and outputs them to an adder 125.
That is, the data comparator 124 extracts lightness
data representing a maximum value (gray level value of
the brightest pixel) contained in each row, and
lightness data representing a minimum value (gray level
value of the darkest pixel).

In S34 (step of calculating the dynamic range of
each row) of FIG..14, the adder 125 calculates as
a dynamic range the difference between the maximum and
minimum values of lightness data of each row, and

stores the dynamic-réqggﬁin the RAM 130 via the data
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selector 126. The adder 125 executes dynamic range
calculation processing for all the rows.

In S35 (step of calculating the linearly
differentiated value of the dynamic range) of FIG. 14,
the dynamic ranges of respective rows stored in the RAM
130 are read out via the data selector 126, and input
again to the adder 125, which calculates the difference
(linearly differentiated value) between the dynamic.

ranges of adjacent rows. The results are stored in the

-RAM 130 via the data selector 126.

In S36 (step of extracting a row number having

a maximum dynamic range and minimum linearly

- differentiated value) of FIG. 14, data of the dynamic

ranges of respective rows and data of the linearly
differentiated values of the dynamic ranges which are
stored in the RAM 130 are read out via the data
selector 126, and input to the data comparator 124,
which extracts a row number at which the dynamic range
maximizes and the lineafif;differentiated-value of the
dynamic range minimizés_kto 0 or a value close to 0).
In 837 (sensitivity:feferring/extraction step) of
FIG. 14, the row number vs. image reading sensitivity
correspondence table stored in the RAM 130 is looked up

based on the extracted row number, and an image reading

-sensitivity, i.e., charde accumulating period set for

this row is extracted.

In $38 (extracted sensitivity setting step) of
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FIG. 14, the data controller 122 rewrites the
sensitivity setting register 127 to set the image
reading sensitivity in the sensitivity setting register
127 to the extracted image reading sensitivity. In S39
(subject image reading step) of FPIG. 14, normal reading
operation of a subject image is executed at the
extracted image reading sensitivity set in the
sensitivity setting register 127.

An example of applying the third embodiment of

the photosensor system drive control method to a

. fingerprint reading apparatus will be described with

reference to FIGS. 15 to 18B. -

- FIG. 15 is a view showing an example of image data

.when a subject (fingerprint) image is read while the

. image reading sensitivity is changed stepwise for

respective rows in pre-reading operation. FIG. 16 is a
graph showing changes in lightness data of respective
piiels of a specific row in the column direction that
are obtained by pre-reading operation. FIGS. 17A and
17B are graphs showing the relationship between changes
in the dynamic ranges of reséective rows and changes in
the linearly differentiated values of the dynamic
ranges of respective rows. FIGS. 18A and 18B are views
for illustrating tables showing the relationship
between the dynamic range of each row and the linearly
differentiated value of the dynamic range: that are

obtained by pre-reading operation, and a row number vs.
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image reading sensitivity correspondence table.

Assume that image data is read out in units of matrices
of 256 rows X 196 columns. A larger lightness data
value represents a brighter image, and a smaller
lightness data value represents a darker image.

In pre-reading operation, the image reading
sensitivity is set higher (charge accumulating period
is set longer) for a larger row number (upward in
FIG. 15), and lower (charge accumulating period is

set shorter) for a smaller row number (downward in

.FIG. 15). 1In FIG. 15, as the row number increases

. (upward in FIG. 15), the ridge/valley pattern of the

fingerprint becomes weaker under the influence of
external light, and at last is read as an almost

invisibly bright image. On the other hand, as the row

-number decreases (downward in FIG. 15), the ridge/

valley pattern of the fingerprint becomes darker, and
at last is read as an almost invisibly dark image.
The lightness data level is expressed by 256 gray
levels, and its lowerjaﬁd'upper limit values are set to
0 and 255, respectively;J_

-In this image'daﬁa; é sensitivity determination

range used to extract a row having an optimal

- sensitivity is preferably limited to a region having a

fine contrast corresponding to the ridge/valley pattern
of the fingerprint. This embodiment will exemplify

sensitivity setting processing when a row/column range
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defined by 64th to 191st rows and 67th to 130th columns
is set as the sensitivity determination range.

In the sensitivity determination range shown in
FIG. 15, for example,  changes in lightness data in

the 64th, 96th, '160th, and 191lst rows are extracted

' and plotted as shown in FIG. 16. 1In the 191st row

(represented by the broken -line in FIG. 16) and 160th
row (represented by the thin line in FIG. 16) within

the row range, the sensitivity is set high, and

- lightness data converges to a large value (about 220 to

225) and hardly provides any information as image data.

In the 96th row (represented by the thick line in

. FIG. 16), lightness data does not converge to either

"the upper or lower limit value on all the columns, and

exhibits a relatively large vertical displacement
corresponding to the bright/dark pattern of image data.
In the 64th row (represented by the chain line in
FIG. 16), the sensitivity is set low, so that lightness
data converges to a small value (about 35) and hardly
provides any information-aS'image data.

Maximum and minimum values are extracted from
the lightness data distribution of each row, and the
difference is calculated to obtain a dynamic range.
Obtained dynamic ranges are plotted for row numbers

to attain a distribution curve having a maximum value

'MA in a predetermined row, as shown in FIG. 17A.

Further, linear differentiation for the dynamic range
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distribution, i.e., the slopes of the dynamic range
distribution éurve for respective rows are calculated,
and plotted for row numbers. As shown in FIG. 17B,
a linearly differentiated value MB is 0 in a row
exhibiting the maximum value MA.

It can be determined that lightness data in the
row exhibiting the maximum dynamic range and minimum

linearly differentiated value is image data having

‘a:-fine contrast corresponding to the ridge/valley

pattern of a fingerprint, and an optimal image reading

sensitivity is set.

Maximum and minimum values are extracted as
numerical data on the basis of changes in the lightness
data distribution of each row shown in FIG. 16, and
a dynamic range calculated from the difference and
a linearly differentiated value calculated from the
difference of the dynamic range of each row are listed
on a table as shown in FIG. 18A. |

In FIG. 18A, when the dynamic range maximizes at
Rk in FIG. 18A, and the iinear1y differentiated value
minimizes at Dy_; in fig..lsA, rows Lyx.3 and Lx are
extracted as row-numberé_at which the dynamic range
maximizes and the linearly differentiated value
minimizes.

As shown in FIG.*CE;’the RAM 130 stores a row
number vs. image reading sensitivity correspondence

table within the sensitivity determination range, and
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_stores image reading sensitivities, ‘i.e., charge

accumulating periods Tgyq to Tj191 for respective row
numbers.

This row number vs. image reading sensitivity
correspondence table is looked up for the extracted -
rows to extract image reading sensitivities, i.e.,
charge accumulating periods Tx_j; and Ty set for the
rows Lix_j and Lk, which are determined as optimal
values.  The sensitivity setting register 127 is
rewritten to set, as an optimal image reading
sensitivity, a set value determined based on the two
extracted charge accumulating periods Tk_j and Tk,
i.e., the average of the charge accumulating periods
Tk-1 and Tx. A subject (fingerprint) image is read at
this optimal image reading sensitivity.

Note that in the distributions of the dynamic
range -and linearly differentiated value shown in
FIGS. 17A and 17B, the linearly differentiated value
of a row whose dynamic range has the maximum value MA
is 0. In practice, however, a row whose linearly
differentiated vaiue is 0 may not exist. Thus, as

conditions for extracting a row set to an optimal

sensitivity, a row exhibiting the maximum dynamic range

and the minimum linearly differentiated value (value
nearest to 0) is extracted.
As will be described below, the third embodiment

can effectively prevent any malfunction in optimal
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sensitivity extraction processing even when lightness
data contains an abnormal value due to a small foreign
substance attached to the fingerprint reading surface
of the photosensor, a defect of the photosensor, or
the like. This will be explained with reference to
FIGS. 19A to 22B.

FIGS. 19A and 19B are tables showing the
relationship between the dynamic range distribution of
respective rows and a row number vs. image reading
sensitivity correspondence table when the first
embodiment is applied as another setting method of
setting the optimal sensitivity of the photosensor
system. According to this setting method, the optimal

value of the image reading sensitivity is determined

‘using a row whose dynamic range has the maximum value

MA in the dynamic range distribution (see FIG. 17A) of
lightness data in sensitivity setting processing
described above. .

In this sensitivity setting method, as described
above, the dynamic range-ié calculated based on the
lightness data distribution (maximum and minimum
values) of each row'in'FIé; 194, a row (Lx in FIG. 192)
having the maximum valuef(é.g., Rk in FIG. 1934) is
extracted, and an image réading sensitivity (charge
accumulating period Tk)“éét for the row Ly is extracted
and determined as an 6§tiﬁa1 value.

Operation processing when lightness data contains
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an abnormal value, and comparison with the third
embodiment will be explained.

FIG. 20 is a view showing still another example of
image data when a subject (fingerprint) image is read
while the image reading sensitivity is changed stepwise
for respective rows in pre-reading operation. FIG. 21
is a graph showing changes in the dynamic ranges of
respective rows. FIGS. 22A and 22B are graphs showing
the relationship:betWeen changes in the dynamic ranges
of respective rows, and changes in the linearly
differentiated values of the dynamic ranges of
respective rows.

As shown in FIG. 20, the sensitivity determination

range is set to a row/column range defined by 64th to

191st rows and 67th to 130th columns, similar to

FIG. 15, as a region having a fine contrast correspond-
ing to the ridge/valley pattern of a fingerprint in
order to extract a row having an optimal sensitivity
from image data of the fingerprint. In this case, if
an abnormal pixel ILl exists in a row L within the
sensitivity determination range owing to a foreign
substance attached to a fingerprint reading surface,

a defect of the photosensor, or the like, lightness

. data of the abnormal pixel ILl may exhibit an excessive

value in comparison with peripheral pixel data.
This occurs when, for example, a black point exists on

the white background, or:a white point exists on the
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black background. 1In the distribution of a dynamic
range calculated based on the maximum and minimum
values of lightness data, the dynamic range of the row
L containing the abnormal pixel IL1 appears greatly
apart from the change trend of the entire distribution.
If the setting method of the first embodiment in which
an image reading sensitivity corresponding to a row
having the maximum dynamic range is adopted as an
optimal value is applied to pre-read image data, the
dynamic range of the row L containing the abnormal
pixei IL1 that is irrelevant t6 an original maximum
value MAl in the change trend of the dynamic range
distribution is extracted as  a maximum value MA2, and
an image reading sensitivity set for the row L having
this dynamic range is determined to be an optimal
value. In this case, an improper image reading
sensitivity (e.g., charge accumulating period longer
than an optimal value) is set in the photosensor
system.  In normal reading operation, accurate reading
operation may fail suéh that a subject image becomes -
white. a

To the contrary, thé sensitivity setting method of
the third embodiment sets an optimal image reading
sensitivity using conditioﬁs of extracting a row number
at which the dynamic ra#ée exhibits the maximum value
MAl and the linearly differentiated value of the

dynamic range exhibits a minimum value MBl within



WO 01/35638 PCT/IP00/07279

10

- 15

20

25

47

a range where the dynamic range coincides with the
entire dynamic range change trend. For this reason,
the third embodiment does not extract, as a row
corresponding to an optimal reading sensitivity,

the row containing the abnormal pixel IL1l in which

a dynamic. range value MA2 in FIG. 22A deviates from
the dynamic range change trend and is a maximum value,
but a linearly differentiated value MB2 of the dynamic
range in FIG. 22B is not a minimum value.

Hence, even.when a subject image contains the
abnormal pixel IL1 due to a foreign substance- attached
to a fingerprint reading surface, a defect of the
photosensor, or the like, a row having -a fine ‘contrast

corresponding to the ridge/valley pattern of a finger-

print can be reliably extracted to determine an optimal

charge accumulating period.

According to the sensitivity setting method of the
third embodiment, pre-reading operation is executed
while the image reading sensitivity .is changed stepwise
for respective rows. A row in an optimal image reading

state is easily and properly determined based on the

. dynamic range value of each row to lightness data and

the linearly differentiated value of the dynamic range.
An image reading sensitivity (charge accumulating
period) set for the row can be set as an optimal

sensitivity. Normal image reading operation of a

subject image can be?iéﬁfbrmed at a proper sensitivity
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without being influenced by an abnormal pixel generated
by a foreign substance attached to a fingerprint
reading surface, a defect of the photosensor, .or the
like. '

The third embodiment executes sensitivity setting
processing in a sensitivity determination range limited
to a row/column range defined by 64th to 191st rows and
67th to: 130th columns. However, the present invention
is not limited to this, and is applicable to the entire

region of image data without limiting the sensitivity

- determination range.

<Fourth Embodiment>

The fourth embodiment of a photosensor system
drive control method according to the present invention
to which the same controller as in the third embodiment
can be applied will be described with reference to the
several views of the accompanying drawing. The fourth
embodiment determines=ﬁhe£her an abnormal pixel exists
in image data by applYingfthe sensitivity setting
method of the third embédiment.

. FIG. 23 is a flow;¢hart showing an operation up to
detection processing of ‘an abnormal pixel according to
‘the fourth embodimentsih £he photosensor system
operation control method using the above-mentioned
controller.. '

In S41 (pre-reading step) of FIG. 23, prior to

normal reading operation of a subject image, a main



WO 01/35638 PCT/IPOO/07279

10

15

20

25

49

controller 123 controls to set an image reading
sensitivity for pre-reading operation in a sensitivity
setting register 127 via a data controller 122, and
executes pre-reading operation of reading a subject
image at a plurality of different sensitivities while

changing .the image reading sensitivity stepwise for

- respective rows of the subject image. The image

reading sensitivities of respective rows are stored as
a row number vs. image reading sensitivity correspon-
dence table in a RAM 130 in correspondence with row
numbers. This pre-reading operation is the same as

the operation in the first embodiment, and a detailed

‘method. of setting the image reading sensitivity

(charge accumulating period) will be described below.

In S42 (image data conversion step)} of FIG. 23,

the image data read by pre-reading operation is

converted into a digital signal via an amplifier 116
and A/D converter 117, and input as lightness data
corresponding to the bright/dark pattern of the subject
image to a data comparator 124. In this case, the
lightness data is expressed by, e.g., 256 gray levels.
In S43 (step of extracting the maximum and minimum
values of each row) of FIG. 23, the data comparator 124
extracts the ﬁéximum and minimum values of lightness
data of each row, and outputs them to an adder -125.
That is, the data comparator 124 extracts lightness

data representing a ﬁakimum value (gray level value
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of the brightest pixel) contained in each row, and

lightness data representing a minimum value (gray level

- value of the darkest pixel).

In 544 (step of calculating the dynamic range of

each row) of FIG. 23, the adder 125 calculates as a -

.dynamic range the difference between the maximum and

minimum values of lightness data of each row, and
stores the dynamic range in the RAM 130 via the data
selector 126. The adder 125 executes dynamic range
calculation processing for all the rows.

In 845 (step of calculating the linearly
differentiated value of the dynamic range) of FIG. 23, .

the dynamic ranges of respective rows stored in the RAM

- 130 are read out via the data selector 126, and input -

again to the adder 125, which calculates the difference
(linearly differentiated value) between the dynamic
ranges of adjacent rows. ;The-results are stored in the
RAM 130 via the data éeleétor 126.

‘In S46 (step of g#?faéting.a row number having
a maximum dynamic ranéé}éhd maximum linearly
differentiated value);of”FIG. 23, data of the dynamic
ranges of respective réﬁS]and data of the linearly
differentiated values offﬁhe dynamic ranges which are
stored in the RAM 130;;teiread out via the data
selector 126, and input to the data comparator 124,
which extracts a row number at which the dynamic range

maximizes and the linearly differentiated value of the
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dynamic range maximizes.

In S47 (step of determining presence/absence of
an extracted row) of FIG. 23, whether a corresponding
row number has been extracted in step S46, i.e.,
whether a row which satisfies extraction conditions '
exists ‘is determined. If a corresponding row number is
determined based -on the determination result to have
been extracted, an abnormal pixel is determined to
exist in the image data read by pre-reading operation.
If no corresponding row number is determined to have :

been extracted, no abnormal pixel is determined to

‘exist.

This abnormal pixel deteétion-processingacan
determine the presence/absence of a foreign substance
attached to the read surface for a subject or the
subject itself, or the presence/absence of a defect of
the sensor element constituting the photosensor array.
If an abnormal pixel exists, this can be notified with
an alarm or the like to execute proper action, and
normal reading operation of a subject image can be
appropriately done in S48.

More specifically, as shown in FIG. 20, a prede-
termined sensitivity determination range is set on
image data of a fingerprint. At this time, if.

the abnormal pixel IL1l exists in the sensitivity

_ determination range due to a foreign substance attached

to a fingerprint rea@iﬁngurface, characteristic
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changes and defects of the photosensor, or the like,
lightness data of the abnormal pixel ILl exhibits an
excessive value in comparison with peripheral pixel
data. In this case, a dynamic range calculated based
on the maximum and minimum values of this lightness
data, and its linearly differentiated value appear
greatly apart from the remaining normal distribution
trend, as shown in FIGS. 21, 22A, and 22B. When the
abnormal detection method of the fourth embodiment is
applied to this situation, a row number L at which the
dynamic range exhibits the maximum value MA2 and the
linearly differentiated value of the dynamic range
exhibits the maximum value MB2 is extracted to
determine that the abnormal pixel ILl1 exists in the
image data. As a result, proper action of, e.g.,
cleaning the sensing surface to remove the foreign
substance can be instructed prior to normal reading
operation of a subject image.

Note that the'abné:ﬁé} detection method of
the fourth embodiment ﬁé&ﬁbe executed singly for
a predetermined subjecﬁ:image, or may be executed in
parallel with the abové;déSCribed sensitivity setting
method. .
<Fifth Embodiment>

The fifth embodiméﬁifbf a photosensor system drive
control method according to the present invention will

be described with reference to the several views of the
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accompanying drawing.

The detailed arrangement and operation of a
controller applied to the fifth embodiment will be
explained with reference to the several views of the
accompanying drawing.

FIG. 24 is a block diagram showing an arrangement
of the controller applied to this embodiment. As will
be described below, this controller has almost the same
arrangement as the controller.shown in FIG. 2, and the
same reference numerals denote the same parts.

As shown in FIG. 24, a controller 120a in the
fifth embodiment comprises a device controller 121 for
controlling a top gate driver:lll, bottom gate driver
112, and output circuit section 113, a data controller
122 for managing .various data such as image data,
write data, and readout data to a RAM 130, and a main
controller 123 which supervises the controllers 121 and
122 and interfaces with an external function section.

The controller 120a further comprises:

an abnormal value removing section 128 constituted
by a Fourier transformation section or circuit 128a for
Fourier-transforming specific measurement data based on
image data input as a digital signal from a photosensor
array 100 via an A/D converter 117, a filtering section
or circuit 128b for removing a high-frequency component
corresponding to an abnormal value from the Fourier-

transformed measurement data, and an inverse Fourier
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transformation section or circuit 128c for inversely
Fourier-transforming the measurement data from which
the high-frequency component is removed; .

a data comparator 124 for extracting maximum and
minimum values by comparing the sizes of measurement
data from which abnormal values are removed by the
abnormal value removing section 128, and for extracting
the maximum value of a dynamic range calculated by
an. adder 125 (to be described below) and the minimum
value of the difference (linearly differentiated value)
between dynamic ranges;

the addef-125'for calculating a dynamic range from
the difference between the maximum and minimum values
of measurement data, and calculating the difference
between dynamic ranges, i.e., linearly differentiated
value;

a data selector 126y£or receiving measurement data
processed via the A/D.coﬁQerter 117, abnormal value
removing section 128,-dé§§1comparator 124, and adder
125, and switching write/#éadout'in/from the RAM 130,
fe-input to the data éomééiator 124 and adder 125, and
output to the external_fﬁﬁdtion section 200 via the
data controller 122 in'aédbrdance with the received
data; and B

a sensitivity setting register 127 for changing

‘control signals to be output from the device controller

121 to the top and bottom gate drivers 111 and 112
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so as to optimize the reading sensitivity of the

photosensor array on the basis .of a control signal from

the data controller 122.
The operation of the fifth embodiment in the
5 operation control method of the photosensor system
using the above controller will be explained with

-reference to FIG. 25. FIG. 25 is a flow chart showing

an operation up to read of a subject image with an
optimal sensitivity according to the fifth embodiment
-10 in operation control of the photosensor system.
This operation will be described by properly referring
to the arrangement of the photosensor system shown in-
FIGS. 1 and 24.
In 851 (pre-reading step) of FIG. 25, prior
15 - +to normal reading operation of a subject image, the .
main controller 123 controls to set an image reading
sensitivity for pre-reading operation in -the
sensitivity setting register 127 via the data
controller 122, and executes pre—reading operation of
20 reading a subject image at a plurality of different
sensitivities while changing the image reading

sensitivity stepwise for respective rows of the subject

image. The image reading sensitivities of respective
rows are stored as a row number vs. image reading
25  sensitivity correspondence table in the RAM 130 in

correspondence with row. numbers. This pre-reading

operation is the same’#s:‘the operation in the first



WO 01/35638 o . ' . PCT/IP00/07279

10

15

20

25

56

embodiment, and a detailed method of setting the image
reading sensitivity (charge accumulating period) will
be described below.

In S52 (image data conversion step) of FIG. 25,
the image data read by pre-reading operation is
converted into a digital signal via the amplifier 116
and A/D converter 117, and input as lightness data
corresponding to the bright/dark pattern of the subject

image to the abnormal value removing section 128.

In this case, ‘the lightness data is expressed by, e.g.,

256 gray levels.

In S53 (Fourier transformation step) of FIG. 25,

‘the lightness data input to the abnormal value removing

section 128 is Fourier-transformed by the Fourier
transformation section 128a on the basis of the
dynamic range of lightness data of each row to obtain

a frequency distribution representing the variation

- width of lightness data of each row number.

In S54 (high-frequén¢y component removing step)
of FIG. 25, a high—fréqﬁeﬁcy component equal to or
higher than a predetefminéd value is removed from
the lightness data freéuency distribution converted
by the Fourier transformation section 128a. More
specifically, a predetéimined high-frequency component

is removed by passingéthe data through the filtering

"section 128b formed from, e.g., a low-pass filter.

In S55 (inverse Fourier transformation step) of
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FIG. 25, the frequency distribution from which the
high~frequency component is removed is inversely
Fourier-transformed by the inverse Fourier transforma-
tion section 128¢c to obtain lightness data of each row
number again. -

A series of abnormal value removing operations of

.the abnormal value removing section 128 remove from

original lightness data a high-frequency component,

. i.e., abnormal value which has a steep variation and

deviates -from the main change trend of lightness data,
and extract only the main component of the lightness
data in which the dynamic range changes smoothly for
each row. The lightness data from which the abnormal
value is removed is input to the data comparator 124.
In S56 (step of extracting the maximum and minimum
values of each row) of FIG. 25, the data comparator 124
extracts for each row the maximum and minimum values of

the lightness data from which the abnormal value is

- removed, and outputs them to the adder 125. That is,

the data comparator 124 extracts lightness data
representing a maximum value (gray level value of the
brightest pixel) contained in each row, and lightness
data representing a minimum value (gray level value of
the darkest pixel).

In S57 (step of calculating the djnamic.range of.
each row) of FIG. 25, the adder 125 calculates as

a dynamic range the-diggérence between the maximum and
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minimum values of lightness data of each row, and

temporarily stores the dynamic range in the RAM 130 via

the data selector 126. The adder 125 executes dynamic
range calculation processing for all the rows.

In S58 (step of calculating the linearly
differentiated value of the dynamic range) of FIG. 25,
the dynamic ranges of respective rows stored in the RAM
130 are read out via the data selector 126, and input
again to the adder 125, which calculates the difference
(linearly differentiated value) between the dynamic
ranges of adjacent rows. The results are stored in the
RAM 130 via the data selector 126.

In S59 (step of extracting a row number having
a maximum dynamic range and minimum linearly

differentiated value) of FIG. 25, data of the dynamic

ranges of respective rows and data of the linearly

differentiated values'éfiﬁhe dynamic ranges which are
stored in the RAM 13015ré;fead out via the data
selector 126, and input_#é;the data comparator 124,
which extracts a row nﬂ@#é} at which the dynamic range

maximizes and the linearly differentiated value of the

~ dynamic range minimizes (to 0 or a value close to 0).

In S60 (sensitivity. referring/extraction step) of
FIG. 25, the row number vs. image reading sensitivity

correspondence table stored in the RAM 130 is looked up

‘based on the extracted row number, and an image reading

sensitivity, i.e., charge accumulating period set for
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this row is extracted.

In S61 (extracted sensitivity setting.step) of
FIG. 25, the data controller ‘122 rewrites the
sensitivity setting register 127 to set the image
reading sensitivity in the sensitivity setting register
127 to the extracted image reading sensitivity. In S62
(subject image reading step) of FIG. 25, normal reading
operation of a subject image is executed at the %
extracted image reading sensitivity set in the |
sensitivity setting register 127.

An example of applying the fifth embodiment of
the photosensor system drive control method to a
fingerprint reading apparatus will be described with
reference to FIGS. 26 to 27B. -

As will be described below, the -fifth embodiment

can effectively prevent any malfunction in optimal
sensitivity extraction processing even when image data
read by pre-reading operation contains an abnormal
value, and the abnormal value exists on not only one

pixel but across a plurality of pixels. This

embodiment can also be effectively applied to .a case

wherein image data does not contain any abnormal value,

"which will be described first.

Pre-reading operation in the fifth embodiment is
the same as that in the above embodiments. The fifth
embodiment will exemplify a case wherein. image data

read by pre-reading'éﬁg%étion is the same as image data
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shown in FIG. 15, and the sensitivity determination

. range is defined to a row/column range of 64th to 191st

rows and 67th to 130th columns. .

The result of extracting changes in lightness data
in the 64th, 96th, 160th, and 191st rows in the
seﬁsitivity determination range and plotting them is
the same as FIG. 16.

In accordance with the above-mentioned abnormal
value removing operation, the lightness data distribu-
tion of respective rows is Fourier-transformed to
obtain a frequency distribution for the row number,

a high-frequency component corresponding to an abnormal
value or noise is removed, and the resultant data is
inversely Fourier-transformed to extract only lightness
data representing a main change trend in the lightness:
data distribution of respective rows. In this case,
image data does not cénthiﬁ any abnormal value.

Thus, even if the'highef;éQuency component of lightness
data is removed, the lightness data distribution trend
does not especially chaﬁéé; Hence, the dynamic range

distribution of respecﬁi?ejrows is the same as that

- shown in FIG. 17A. chéﬁéés in the linearly differenti-

-ated values of respectivejrows to this dynamic range

distribution are also the same as those shown in

FIG. 17B. For this reason, a row number extracted

‘under conditions that the dynamic range is maximum and

the linearly differentiated value is minimum is the



‘WO 01/35638 . PCT/IP00/07279

10

15

20

25

61

same. as in the third embodiment, and an optimal image
reading sensitivity based on the extracted row number
is also the same as in the third'embodiment.

- The following description concerns sensitivity
setting operation when image data contains an abnormal
value owing to a foreign substance attached to
a subject or the sensing surface of the photosensor
array, a defect of the sensor element constituting
the photosensor. array, or the like.

- . FIG. 26 is.auview showing an example of image data
when a subject (fingerprint) image is read while the
image reading sensitivity is changed stepwise for
respective rows in pre-reading operation. FIG. 27A is
a graph showing the dynamic range distribution of
lightness. data of respective rows when-a subject image
has a component corresponding to a. foreign substance
or the like. FIG. 27B is a graph showing the dynamic
range distribution of lightness data of respective rows
after abnormal value removing operation according to
the fifth embodiment.

As shown in FIG. 26, similar to the above-
described case, a row/column range of 64th to 191st
rows and 67th to 130th columns is set as a sensitivity
determination range for read fingerprint image data.

In this case, if an abnormal pixel IL2 relatively large
enough to overlap a plurality of rows (LA to LB rows)

exists in the-sensitiﬁity-determination range owing to
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a foreign substance attached to the sensing surface of
the photosensor array, a defect of the photosensor
element, noise contained in image data, or the like,
the lightness data of the abnormal pixel IL2 may
exhibit an excessive value in a plurality of rows in
comparison with peripheral pixel data, i.e., a value
deviating from the change trend of peripheral pixel
data. This occurs when, e.g., a relatively large black

point exists on the white background, or a relatively

. large white point exists on the black background, and

more specifically, when the variation width or dynamic
range of lightness data discretely varies in respective
rows, or abnormal pixel data MC due to a foreign
substance attached to the sensing surface or a defect
of an element exists across a plurality of rows (LA ‘'to
LB rows), as shown in FIG. 27A.

If the sensitivity &étting method of the third
embodiment is applied:wiﬁﬁout performing abnormal value
removing operation, tﬁié;éensitivity setting method
extracts a row in whiéh?the dynamic range of lightness
data for each row is mﬁ#iﬁum and the linearly
differentiated value is minimum as a row having
an optimal image readihg;éensitivity. Thus, the
dynamic ranges of rowé'ﬁﬂfwhich the abnormal pixel IL2
continuously exists may be recognized to exhibit a
maximum value with respect to the main distribution

trend of the whole dynamic range. 1In addition, the
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linearly differentiated value in a region representing
a -continuous change exhibits a value close to 0, and
may be recognized to bé a minimum wvalue. As a result,
a row (row between LA and LB) containing the abnormal
pixel IL2 irrelevant to a row having an original
optimal image reading sensitivity may be mistaken as
a row corresponding to an optimal image reading
sensitivity. In this case, an impioper image reading
sensitivity (e.g., charge accumulating period longer
than an optimal value) is Set.in the photosensor
system. In normal reading operation, a subject image
may become, e.g., white.

To the contrary, the sensitivity setting method
of the fifth embodiment can remove any abnormal value
contained in lightness data by performing Fourier
transformation to remove a high-frequency component
corresponding to an abnormal value or noise prior to
processing of obtaining the optimal value of the
reading sensitivity based on the dynamic range of
lightness data. As shown in FIG. 27B, an abnormal
value greatly deviating from the dynamic range:
distribution trend of lightness data for the row number
is eliminated, and only smoothed lightness data MD
representing a main change trend is extracted. On the
basis of the extracted lightness data MD, a row
corresponding to a maximum value MA3 of the dynamic

range shown in FIG. 2

s extracted as a row having an
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optimal .image reading sensitivity under the conditions
that the dynamic: range is maximum and the linearly
differentiated value of the dynamic range is minimum.
Even when a subject image contains the abnormal
pixel IL2 relatively large.enough to overlap a
plurality of rows owing to a foreign substance attached
to the sensing surface of the photoéensor array,
a defect of the photosensor element, noise contained
in image data, or the like, a row having a fine
contrast corresponding to the ridge/valley pattern of
a fingerprint can be reliably extracted to determine

an optimal charge accumulating period. The fifth

. embodiment can therefore provide a fingerprint reading

apparatus capable of reading a high-quality fingerprint
image with almost no malfunction.

Note that the fifth embodiment executes
sensitivity setting processing while the sensitivity
determination range -is limited to a row/column range of
64th to 191st rows and 67th to 130th columns. However,
the embodiment is not 1iﬁited to this, and can also be

applied to a case whereingsensitivity setting

" processing is executed:fpr the entire region of image

data without limiting-thé sensitivity determination
range.

Accordihg to thefééﬁéitivity setting methods of -
the above embodiments; é subject image is pre-read

while the image reading sensitivity is changed stepwise
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-for respective rows. A row in an optimal image reading

state can be easily determined based on the dynamic
range distribution of lightness data of respective rows
or the linearly differentiated value of the dynamic
range. An image reading sensitivity (charge accumulat-
ing period) set for this row can be set as an optimal
sensitivity. Hence, the sensitivity can be set by
a 'simple method.

Moreover, a row in an optimal image reading state

can be easily determined based on lightness data

.obtained after an abnormal value deviating from the

main change trend of lightness data is removed.

An image reading sensitivity“(charge accumulating
period) set for this row can be set as an optimal
sensitivity. Normal image reading operation of

a subject image can be done at ‘a proper sensitivity
without any influence of an abnormal pixel generated by
a foreign substance attached to the sensing surface of

the photosensor array, a defect of the photosensor

- element, or the like.

Since sensitivity setting processing can be
executed using an actual subject prior to normal image
reading operation, no standard sample or the like need
be used. Even when the brightness of a subject changes
depending on changes in ambient light, an optimal image
reading sensitivity can be set in accordance with

changes‘in.ambientﬂlfgiiﬁ'and'no-dedicated circuit for
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detecting ambient light need be installed.

Even if the characteristics of the photosensor
change, processing of obtaining an optimal sensitivity
from image data éttained by the photosensor can be
performed to greatly suppress the influence of
characteristic changes.

An image reading sensitivity (charge accumulating
period) setting method applicable to pre-reading
operation in the above-described embodiments will be
described with reference to the several views of the
accompanying drawing.

FIGS. 2BA to 28J are timing charts showing the

first embodiment of the image reading sensitivity

-(charge accumulating period) setting method. This

method will be explainedjby properly referring to the
arrangement of the photbééhsor system shown in FIGS. 1,
2, and 31a. s

According to the iﬁéée reading sensitivity setting
method of this embodimeﬁﬁ;ias shown in FIGS. 28A to
28D, reset pulses ¢T1,:¢J§, «+, ¢Tn are simultane-
ously applied to respééti;é top gate lines 101
connected to the top gate terminals TG of double-gate
photosensors 10 in the row direction, thereby
simultaneously starting a reset period Trggetr and
initializing the double-gafe photosensors 10 of
respective rows.

The reset pulses ¢T1, ¢7T2, -+, ¢Tn
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simultanecusly fall to end the réset period Treset-
Then, charge accumulating periods T3, T2, "y Tp-1s, Tn
of the double-gate photosensors 10 on all the rows
simultaneously start, and charges (holes) are generated
and accumulated in the channel regions in accordance
with light guantities entering the double;gate
photosensors 10 of respective rows from their top gate
terminal side. .

As shown in FIGS. 28BE to 28I, a pre-charge pulse
¢pg and readout pulses ¢Bl, ¢B2, -, ¢Bn are applied
to change stepwise the charge accumulating periods T),

Ty, ***, Tp=1r Tn Set for respective rows by a predeter-

mined delay time Tgelay for respective rows. -In this

case, the delay time Tgelay is equal to or longer than
the total time of the reset period Tyggetr Pre-charge
time Tprch, and readout time Tread-

Hence, image data read at reading sensitivities
different for respective rows constituting a subject
image can be attained by one reading operation of the
subject image in pre-reading operation performed prior
to sensitivity setting processing as described in the
above embodiments.

'FIGS. 29A to 29J are timing charts showing the

second embodiment of the image reading sensitivity

(charge accumulatlng perlod) settlng method. Thls
method w111 be explalned by properly referrlng to the

arrangement of the photosensor system shown in. FIGS. 1,
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2, and 31A.

- - According to the image reading sensitivity setting
method of this embodiment, as shown in FIGS. 29A to
29D, the reset pulses ¢T1, ¢T2, -, ¢Tn are
sequentially applied to the respective top gate lines
101 connected to the top gate terminals TG of the
double-gate photosensors 10 in the row direction at

a time interval of a predetermined delay time Tgelay-

. thereby starting the reset period Trggetr, and

initializing the double-gate photosensors 10 of

- respective rows.

The reset pulses_¢T1, ¢T2, ***, ¢Tn fall to end
the reset period Treget- Then, charge accumulating
periods TA;, TAp, **, TAp.i, TAp sequentially start,
and charges (holes) are generated and accumulated in-
the channel regions in ‘accordance with light guantities
entering the double-gate photosensors 10 of respective
rows from their top gaﬁé:ferminal side.

As shown in FIGS. 29E to 29I, the pre-charge pulse
¢pg and readout pulses ¢Bn, éBn-1, -, ¢B2, ¢Bl are
applied to change stepﬁisé the charge accumulating
periods TA;, TAy, '**, TAp_1, TAp set for respective
rows by the predetermined delay time Tdelay for
respective rows after the final reset pulse ¢Tn falls.
In this case, the delay time Tgelay is equal to or
longer than the total time of the reset period Tyrgget:

pre-charge time Tprch, and readout time Tread-



WO 01/35638 PCT/IP00/07279

10.

15

20

25

69

By this pre-reading operation, the cparge
accumulating periods TAj, TAz, ‘', TAp.1, TAp set for
respective rows increase at a time interval twice the
predetermined delay time Tgelay, and thus image data
read at reading-sensitivifies set at a sensitivity
adjustment width of several rows or more can be
obtained by reading operaﬁion of one frame.

The image reading sensitivity (charge accumulating
period) setting method applied to sensitivity setting
processing according to the present invention is not
limited to the above embodiments. As far as image data
of a subject image'cén be obtained at different reading
sensitivities, e.g., a series of processes described in
the prior art: reset operation — charge accumulating
operation — pre-charge operation — readout operation
can be repeated a plurality of number of times at
different reading sensitivities, thereby obtaining
image data at different reading sensitivities.
Alternatively, any other methods may also be employed.

The effective voltages of signals applied to the
top and bottom gates TG and BG of the double-gate
photosensor 10 will be described.

- As is apparent from FIGS. 2BA to 28H, 29A to 29H,
and 33A to 33C, the top gate TG receives -a high-level
signal voltage Vtgh as a reset pulse only for a very

short time (Treget), and a low-level signal voltage

Vtgl for the remainiﬁdffélatively long period in
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pre-reading operation and image reading operation.

In the pre-reading operation and image reading periods,

- the effective voltage applied to the top gate TG

greatly shifts to the low-level side. Since an optimal
charge accumulating period set for image reading
operation is changed and set in accordance with the
ambient illuminance or the like if necessary, the
effective voltage applied to the top gate TG inevitably
varies. |

In pre-reading operation and image reading

.operation, the bottom gate BG receives a high-level

signal voltage Vbgh only for a very short time (Tread):

‘and a low-level signal voltage Vbgl for the remaining

relatively long period. In the pre-reading and image
reading periods, the effective voltage applied to the
bottom gate BG also greatly shifts to the low-level
side. Since an optimal charge accumulating period set
for image reading operation is changed and set in
accordance with the ambient illuminance or the like if
necessary, the effectivé'voltage applied to the bottom
gate BG inevitably varies.

If such a voltage shifted to a voltage of
a specific polarity is képt applied to the gate
electrode, the gate elégtxode traps holes to degrade
the element characteristics of the double-gate
photosensor and change the sensitivity characteristics.

To prevent this, an effective voltage adjusting
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period for correcting effective voltages applied to
the top and bottom gates TG and BG is set after the
pre-reading and image reading periods. During the
effective voltage adjusting period, e.g., predetermined
correction signals for se;ting an effective voltage
applied to the top gate TG tb an optimal value Vte of
the effective voltage on the top gate side set in
accordance with the sensitivity-characteristics of the
double-gate photosensor, and an effective voltage
applied to the bottom gate BG to an optimal value Vbe
of the effective voltage on the bottom gate side are
applied. This can suppress changes in sensitivity
characteristics caused by degradation.in_the-element
characteristics of the photosensor, and can improve
the reliability of the photosensor system.

- A photosensor system drive control method

according to the present invention when the effective

voltage adjusting period is set after the pre-reading

" and image reading periods, as described above, will be

described with reference to FIGS. 30A to 30H. '

FIGS. 30A to 30H are timing charts showing an
embodiment when the effective voltage adjusting period
is set after the pre-reading and image reading periods.

As the drive control method during the pre-reading
period, the drive contrql method in FIGS. 29A to 29H
described above is applied. The same reference

numerals denote the Séﬁé*parts, and a description
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thereof will be omitted. The reset pulses ¢Tl, ¢7T2,
*y ¢Tn are pulse signals whose high and low levels

are signal voltages Vtgh and Vtgl, respectively. The

- readout pulses ¢Bl, ¢B2, -, ¢Bn are pulse signals

whose high and low levels are signal voltages Vbgh and
Vbgl, respectively. As the drive control method during
the pre—reading period, the operation shown in
FIGS. 28A to 28H may be applied. The present invention
is not limited to these methods.

The drive_cqntrol method during the image reading
period is based on the conventional photosensor system

drive control method shown  in FIGS. 33A to 33D.

‘To shorten the operation time, photosensors are driven

by overlapping the charge accumulating periods of
respective rows at timings so as not to overlap reset,
pre-charge, and readout pulses. That is, as shown in
FIGS. 30A to 30C, the reset pulses ¢T1, ¢T2, ', ¢Tn
are sequentially applied to the respective top gate
lines 101 connected to the top gate terminals TG of
the double-gate photosensors 10 in the row direction,
théreby starting the reset period Tyggetr and initial-
izing the double-gate phbfbsensors 10 of respective
rows. Similar to the'abové-described-pre—reading
operation, the reset pﬁ_l‘ée_é: 6T, ¢T2, -, ¢Tn are
pulse signals whose hiQh:and low levels are the signal
voltages Vtgh and Vtgl} réspectively. Except for

timings at which the reset pulses ¢T1l, ¢T2, -, ¢éTn
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of high-level Vtgh are applied, the low-level signal
voltage Vtgl is applied.

. The reset pulses ¢T1, ¢T2, ', ¢Tn fall to
end the reset period Treget. Then, optiﬁal'light
accumulating periods Ta obtained by each embodiment -
for respective rows based on pre-reading operation
sequentially start, and charges (holes) are generated
and accumulated in the channel regions in accordance
with light guantities entering the'QOuble-gate
photosensors 10 from their top gate electrode side.
As shown in FIG. 30G, pre-charge operation of applying
the pre-charge signal ¢pg to start the pre-charge

period Tprchr and applying the pre-charge voltage Vprech

‘to the data line 103 to cause the drain electrode of

the double-gate photosensor 10 to hold .a predetermined -
voltage is performed during the light accumulating

period Ta. As shown in FIGS. 30D to 30F, the readout

pulses ¢Bl, ¢B2, ‘**, ¢Bn are sequentially applied

in units of rows to the bottom gate lines 102 of
double-gate photosehsors 10 in which the optimal light
accumulating period Ta and pre-charge period Tprch end.
Then, the readout period Tyoaq Starts, and voltage
changes VD corresponding to charges accumulated in the
double-gate photosensors 10 are read out from the
output circuit section 113 via the data lines 103, as
shown in FIG. 30H. Similar to pre-reading operation

described above, theireddout pulses ¢Bl, ¢B2, ', ¢Bn



WO 01/35638 ' PCT/AIP00/07279

10

15

20

25

74

.are pulse signals whose high and low levels are at the

signal voltages Vbgh and Vbgl, respectively. Till
timings at which the readout pulses ¢Bl, ¢B2, -, ¢Bn
of high-level Vbgh are applied, the low-level signal
voltage Vbgl has been applied.

After image reading operation is completed for all
the rows, effective voltage adjustment operation of
adjusting the shifts of the effective voltages of
signals applied to each gate electrode in the pre-
reading and-imagé reading periods and optimizing the
effective voltages is executed in the effective voltage
adjusting period. More specifically, as shown in
FIGS. 30A to 30C, the top gate line 101 of each row
receives a correction signal having a high-level period
(Ttph) and low-level period (Ttpl) so as to attain a-
predetermined effective voltage capable of adjusting
the effective voltage of a signal voltage applied to
the top gate line 101, i.e., top gate terminal TG of
the double-gate photosensor 10 in response to a reset
pulse in the pre—readiﬁé ?nd image reading periods to
an optimal value Vte sgp;in advance in accordance with
the sensitivity charaétéiistics of the double-gate
photosensor 10. o

Similarly, the béttéh gate line 102 of each row
receives a correction. 51gna1 having a high-level period
(Tbph) and low-level perlods (Tbpla and Tbplb) so as to

attain a predetermined effective voltage capable of
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adjusting the effeétive.voltage of a signal voltage
applied to the bottom gatefliﬁe 102, i.e., bottom gate
terminal BG of thé double-gate.photosensor 10 in
response to a readoﬁt pulse £o an optimal value Vbe
set in advance in.accordancefwith the sensitivity
characteristics of the double-gate photosensor 10.

-As a result, the effective values of voltages
applied to the top'and boﬁtom.gates TG and BG of the
photosensor element can be set to optimal values to
suppress changes in sensitivity characteristics caused
by degradation in the élement:characteristics of the
photosensor, and to improve the reliability of the

photosensor system..
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CLAIMS

1. A photosensor system comprising

a photosensor array (100) constituted by
two-dimensionally-arraying a plurality of photosensors
(10), and

image reading means for reading a subject image at
a predetermined reading sensitivity by the photosensor
array (100), characterized by further comprising:

pre-reading means for reading the subject image
prior to image reading operation while changing an
image reading sensitivity of the photosensor array
(100) at a plurality of stages;

optimal reading sensitivity extraction means for
extracting an optimal image reading sensitivity
suitable for the image reading operation on the basis
of a predetermined measurement amount relating to an
image pattern of the subject image read by said pre-
reading means; and

reading sensitivity setting means for setting the
optimal image reading sensitivity to a reading
sensitivity of said imaée-reading means.

2. A system according to claim ‘1, characterized

in that said reading by the image reading means

. is executed by setting different image reading

- sensitivities stepwise for respective rows of the

photosensor array (100) and reading the subject image.

3. A system according to claim 1, characterized
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in that the predetexﬁinedgmeasurement amount in said
reading sensitivityféxtraétion'means is lightness data
corresponding to ﬁhé'image pattern of the subject image
read by pre-reading'dpera£ion.

4. A system acéording to claim 1, characterized
in that the image reading:sensitivity of the
photosensor array {1@0’ is set by adjusting a charge
accumulating period'pf thé photosensor. -

5. A system accordiﬁg to claim 1, characterized
by . further comprisiﬁg in_éaid image. reading means and
said pre-reading meéns'in;the-photosensor array (100)
effective voltage ‘adjustment means for applying to each
photosensor a correction:signal for setting to optimal
values effective voltages of signal voltages applied to
the each photosensor (10).

6. A:system'accordihg to claim 1, characterized
in that said reading-sensitivity extraction means
comprises: |

measurement’ amount comparison means for extracting

maximum and minimum values of the measurement amount

relating to the image pattern of the subject image for
each image reading sensitivity on the basis of the
subject image read by pre-reading operation;

dynamic range calculation means for calculating

a dynamic range of the measurement amount on the basis
of the maximum and minimum values of the measurement

amount extracted fortégéﬂ image reading sensitivity;
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and

maximum dynamic range extraction means for
extracting an image reading sensitivity having
a maximum dynamic range among dynamic ranges of
measurement amounts calculated for each image reading
sensitivity. .

:7. A system according to claim 6, characterized
in that said measurement amount comparison means
extracts the maximum and minimum values of the
measuremen£ amount in a predetermined column range of
each row.

8. A system according to claim 1, characterized
in that said reading sensitivity extraction means
comprises:

displacement calculation means for calculating-

a displacement of the measurement amount relating to

- the image pattern of the subject image between image

reading sensitivities on the basis of the subject image
read by pre-reading operation; and
maximum displacemént extraction means for

extracting an image readihg sensitivity having a

‘maximum displacement among displacements of measurement

amounts between image fééding sensitivities.

9. A system accoiding to claim 8, characterized
in that said displace@éﬁ£ calculation means calculates
a differentiated valuéFOf Ehe measurement amount on

predetermined columns of each row.
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10. A system according to claim 1, characterized
in that said reading sensitivity extraction means
comprises: o .

measurement émoun£ comﬁarison means for extracting
maximum and minimum values_af the measurement amount
relating to the image_pattefn of the subject image for
each image reading sensitivity-on-the basis of the
subject image‘read-b§ pre—réading operation;

dynamic range calculation means for calculating
a dynamic range of theimeasdrement amount on the basis

of the maximum and minimum values of the measurement

.. amount extracted for each image reading sensitivity;

and -

maximum dynamic  range éxtraction means for
extracting an image reading sensitivity at which the
dynamic range of the.measﬁrement amount for each image
reading sensitivity maximizés and a displacement of
the dynamic range between image reading sensitivities
minimizes.

11. A system according to claim 1, characterized
by further comprising abnormal value removing means for
removing an abnormal value deviating from a main change
trend of the measurement amount, from the measurement
amount relating to the image pattern of the subject
image read by pre-reading operation.

12. A system according to claim 11, characterized

in that said abnormal’¥value removing means removes the

s T
i
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abnormal value by performing Fourier transformation for
the measurement amount and removing a predetermined
high-frequency component from the frequency-converted
measurement .amount.

13. A system according to claim 1, characterized
by further comprising:

‘measurement amount comparison means for extracting
maximum and minimum values of the measurement amount

relating to the image pattern of the subject image for

each image reading sensitivity on the basis of the

subject image read by pre-reading operation;

dynamic range calculation means for calculating
a dynamic range of the measurement amount on the basis
of the maximum and minimum values of the measurement
amount extracted for each image reading sensitivity;

specific value extraction means for extracting
for each image reading sensitivity a specific value
at which the dynamic range of the measurenent amount
for each image reading:sensitivity maximizes and a
displacement of the dyiémi; range between image reading
sensitivities maximize?}“and

abnormality dete#hihation means for determining
presence/absence of anJabnprmality contained in the
subject image on the basis of the specific value.

14. A system according to claim 1, characterized

- in that

each photosensor (10) has a source electrode (12)
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and drain electrode (13) formed via a channel region

made from a semiconductor layer, and a top gate

electrode (21) and bottom gate electrode (22) formed at

least on and below the.chanpel region via insulating
f£ilms, | '

either of the top gate electrode (21) and bottom
gate electrode (22) is used as a light irradiation
side, and | |

charges correspoﬁding.tO“a light gquantity
irfadiated from the light irradiation side are
generated and accumulated in the channel region.

15. A drive control method for a photosensor
system having a photosensor array (100) constituted by
two-dimensionally afraying a plurality of photosensors
(10), characterized by comprising the steps of:

executing pre-reading operation of reading
a subject image while changing an image reading
sensitivity of the photosensor array (100) at
a plurality of stages;

extracting an image reading sensitivity suitable
for reading operation of the subject image on the basis
of a predetermined measurement amount relating to
an image pattern of the subject image read by the
pre-reading operation;

setting the extracted image reading sensitivity as
a reading sensitivity in the reading operation of the

subject image; and
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executing image reading operation of reading the
subject image at the set reading sensitivity.:

16. A method according to claim 15, characterized
in that the pre-reading operation is executed by
setting different image reading sensitivities stepwise
for respective rows of the photosensor array (100) and
reading the subject image. -

17. A method according to claim 15, characterized
in that the predetermined measurement amount is
lightness data corresponding to the image pattern of
the subject image read by the pre-reading operation.

18. A method according to claim 15, characterized
in that the image reading sensitivity of the

photosensor array (100) is set by adjusting a charge

" accumulating period of the photosensor (10).

19. A method according to claim 15, characterized
in that the step of extracting the image reading
sensitivity comprises the steps of:

extracting maximum and minimum values of the
measurement amount relating to the image pattern of the
subject image for each image reading sensitivity on the
basis of the subject image read by the pre-reading
operation;

calculating a dynamic range of the measurement
amount on the basis of the maximum and minimum values
of the measurement amount extracted for each image

reading sensitivity; and
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extracting an image reading sensitivity having
a maximum dynamic range among dynamic ranges of
measurement amounts éalculated for each image reading
sensitivity.

20. A method according to claim 15, characterized
in that the step of extracting the image reading
sensitivity comprises the steps of:.

calculating-.a displacement of the measurement
amount relating to the imagé pattern of the subject
image between image reading sensitivities on the basis
of the subject image read by the pre-reading operation;
and

extracting an image reading sensitivity at which
a displacement of the measurement aﬁount between image
reading sensitivities maximizes.

21. - A method according to claim 15, characterized
in that the step of extracting the image reading
sensitivity comprises the steps of:

extracting maximum and minimum values of the
reasurement amount relating to the image pattern of
the subject image for each image reading sensitivity on
the basis of the subject image read by the pre-reading
operation;

calculating a dynamic range of the measurement
amount on the basis of the maximum and minimum values
of the measurement amount extracted for each image

reading sensitivity; ‘an
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extracting an image reading sensitivity at which
the dynamic range of the measurement amount for each
image reading sensitivity maximizes and a displacement
of the dynamic range between-imége reading
sensitivities minimizes.

22. A method according to claim 15, characterized
in that the step of extracting the image reading
sensitivity comprises the steps of:

extracting maximum and minimum values of the
measurement amount relating to the image pattern of
the subject image for each image reading sensitivity on
the basis of the subject image read by the pre-reading
operation;

calculating a dynamic range of the measurement

amount on the basis of the maximum and minimum values

- of the measurement amount extracted for each image

reading sensitivity;

extracting a specific value at which the dynamic
range of the measurement amount for each image reading
sensitivity maximizes éﬁdia displacement of the dynamic
range between image réading sensitivities maximizes;
and

determining presence/absence of an abnormality
contained in the subjedﬁ image on the basis of the
specific value. .

23. a method-accofﬁing to claim 15, characterized

in that the step of extracting the image reading
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sensitivity comprises the step of:

removing an abnormal value deviating from a main
change trend of the measurement amount, from the
measurement amount relating to the image pattern of the
subject image for each image reading sensitivity.

24. A method according to claim 23, characterized
in that the step of removing the abnormal value from
the measurement amount comprises the step of:

performing Fourier transformation for the measure-
ment amount and removing é'predetermined high-frequency
component from the freduency-converted measurement
amount.

25, A method according to claim 15, characterized

in that-

each photosensor (10) has a source electrode (12)
and drain electrode (13) formed via a channel region
made from a semiconductor layer, and a top gate
electrode: (21) and bottqm gate electrode (22) formed at
least on and below the channel region via insulating
films,

either of the top gate electrode (21) and bottom
gate electrode (22) is used as a light irradiation
side, and

charges corresponding to a light quantity
irradiated from the ligh£ irradiation side are

generated and accumulated in the channel region.




