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two or more LUTs corresponding to the number of data
converting modes by block units, each block including a
plurality of sub-LUTs corresponding to the number of
converting levels defined 1n each corresponding converting
mode. The device also has an address generator for gener-
ating an address for accessing the memory device by an
input data, by the data selected among the output data read
from the memory device and by the data for selecting a
converting level 1in each converting mode, the address being
generated repeatedly a number of times which corresponds
to the number of LUTs stored in the memory device, to
thereby minimize the bulk of the memory device, and thus
enable the mimaturization of the data converting device.

4 Claims, 6 Drawing Sheets
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FIG.3

256 BYTES(CONDITION 1: 0)
256 BYTES(CONDITION 1: 1)
. - FIRST LUT
256 BYTES(CONDITION 1: 2)
256 BYTES(CONDITION 1: 3)
256 BYTES(CONDITION 2: 0)
256 BYTES(CONDITION 2: 1) -
SECOND LUT
256 BYTES(CONDITION 2: 2)
256 BYTES(CONDITION 2: 3)
256 BYTES(CONDITION 3: 0)
256 BYTES(CONDITION 3: 1)
THIRD LUT
256 BYTES(CONDITION 3: 2)
256 BYTES(CONDITION 3: 3)
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DEVICE FOR CONVERTING DATA USING
LOOK-UP TABLES

Matter enclosed in heavy brackets [ ] appears in the
original patent but forms no part of this reissue specifi-
cation; matter printed in italics indicates the additions
made by reissue.

BACKGROUND OF THE INVENTION

The present invention relates to a data converting device
for converting 1nput data such as image data or voice data
according to a user’s request, and more particularly, to a data
converting device for converting data by employing a mul-
titude of look-up-tables (LUTs) composed of converting
data corresponding to mput data.

In the conventional image output apparatus such as a
color printer or facsimile, when 1mage quality 1s compen-
sated for brightness, contrast or tint by employing LUTs, an
LUT for compensating each image characteristic, defined by
cach compensation mode, has to be stored in a discrete
ROM. For example, when image quality 1s compensated by
three kinds of compensation modes, three memory devices
are needed for storing three kinds of LUTs.

FIG. 1 1s a block diagram showing a data converting
device using LUTs 1n a conventional color printer. First,
second and third ROMs 12, 14 and 16 are memory devices
for storing LU'T data for each converting mode. First, second
and third latches 11, 13 and 15 latch the data input to each
latch so as to output the latched data 1n accordance with a
clock signal. First and second delays 17 and 18 generate a
delayed clock signal for controlling latches 13 and 15
connected to the output of ROMs 12 and 14 respectively.

When 1nput data 101 1s mput periodically, first latch 11
latches 1nput data 101 and outputs the latched data to first
ROM 12 1n accordance with clock signal 110. Output data
102 from first latch 11 serves as a lower address of first ROM
12. First condition data 107 determines a converting level
with respect to the LUT stored 1n first ROM 12 and serves
as an upper address of first ROM 12. That 1s, an address for
accessing first ROM 12 consists of a lower address, 1.c.,
output data 102 of first latch 11, and an upper address, 1.¢.,
first condition data 107. Data 103 output from first ROM 12
1s data which 1s converted by a first LUT according to input
data 101 and first condition data 107.

A first delay 17 delays clock signal 110 by a time period
equal to the time delay between the input and output of first
ROM 12 and generates the delayed clock signal 111 to be
output to second latch 13. Second latch 13 connected to an
output of first ROM 12 outputs to second ROM 14 the
latched data 103 output from first ROM 12 according to the
delayed clock signal 111. An address for accessing second
ROM 14 consists of a lower address, 1.e., output data 104 of
second latch 13, and an upper address, 1.€., second condition
data 108. Data 105 output from second ROM 14 is data
which 1s secondly converted by a second LUT according to
second condition data 108 and data 104 which 1s firstly
converted by the first LUT.

Second delay 18, third latch 15 and third ROM 16 operate
as described above. Then, the data 113 thirdly converted by
a third LUT of third ROM 16 according to the secondly
converted data 106 and third condition data 109 1s finally
output.

The relationship between first, second and third condition
data 107, 108 and 109 and the LLUTs stored in first, second
and third ROMs 12, 14 and 16 can be explained as follows.

First condition data 107 determines a conversion level with
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respect to the converting mode of the first LUT and 1is
generally given by a user. For example, if input data 1s 8-bit
image data, the first LUT stored in first ROM 12 1s for
controlling the brightness level of an 1mage, and the bright-
ness level can be controlled by four steps, the number of

input data is 2°=256, that is, from 0 to 255. The first LUT
consists of 256 byte (256x8 bits) data by steps, and the first

condition data consists of 2-bit data for representing the four
steps.

FIG. 2A to FIG. 2C 1illustrate the data structure of the

ROM employed for the conventional data converting device.
Each LUT can compensate data in accordance with four
steps 1n each converting mode, and the memory capacity of
cach ROM 1s divided into four regions, and converting data
in accordance with each step 1s stored 1n each divided
region.

As described above, the conventional data converting
device connects 1n series a number of ROMSs equal to the
number of the required LUTs and sequentially reads LUT
data stored in each ROM, to thereby perform a data con-
version. In general, a plurality of devices included in the
peripheral control circuitry of ROMs can be miniaturized
into a single chip such as an application specific integrated

circuit (ASIC), but ROMs for storing LU'Is are not included
in an ASIC, in consideration of any necessary modification

of ROM contents.

Accordingly, device miniaturization 1s restricted and the
volume of the required hardware and manufacturing cost are
increased since memory devices are needed 1n accordance
with the number of LUTs according to the kinds of convert-
ing modes.

SUMMARY OF THE INVENTION

Accordingly, 1t 1s an object of the present 1nvention to
provide a data converting device for storing a multitude of
LUTs 1 a single memory device to convert data.

To accomplish the above object, there 1s provided a data
converting device for generating, with reference to two or
more LUTs sequentially, a converted output data corre-
sponding to mput data and converting level selected by each
LUT, the data converting device comprising;:

a single memory device for storing two or more LUTs
corresponding to the number of data converting modes
by block units, each block including a plurality of
sub-LUTs corresponding to the number of converting
levels defined 1n each corresponding converting mode;
and

an address generator for generating an address for access-
ing the memory device by an input data, the data
selected among the output data read from the memory
device and the data for selecting converting level 1n
cach converting mode, the address being generated
repeatedly a number of times corresponding to the
number of LUTs stored 1n the memory device.

BRIEF DESCRIPTION OF THE DRAWINGS

The above objects and other advantages of the present
invention will become more apparent by describing in detail
a preferred embodiment thercof with reference to the
attached drawings 1n which:

FIG. 1 1s a block diagram showing the constitution of the
conventional data converting device;

FIG. 2A to FIG. 2C are data structure diagrams of the
ROMs shown 1n FIG. 1;

FIG. 3 1s a data structure diagram of a ROM applied to the
present 1nvention;
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FIG. 4 1s a block diagram of a data converting device of
the present mvention;

FIG. 5 1s a detailed block diagram of the data converting,
device shown 1n FIG. 4; and

FIG. 6A to FIG. 61 are timing diagrams for 1llustrating the
operation of the data converting device shown in FIG. 5.

DETAILED DESCRIPTION OF THE
INVENTION

FIG. 3 1s a data structure diagram of a ROM applied to the
present mvention.

The entire memory capacity of a memory device 1s
divided into blocks corresponding to the number of LUTs
required for the kinds of converting modes, and a memory
capacity of each divided block 1s divided into sub-blocks
corresponding to the number of conversion levels of the
corresponding LUT. Converting data 1s stored 1n the divided
blocks and sub-blocks according to the corresponding con-
verting mode and conversion level.

An embodiment of the present invention governs the case
where the mput data 1s image data consisting of eight bits,
and each LUT is defined by a converting mode (for example,
brightness, contrast, etc.) for controlling image quality, and
the 1mage quality can be controlled by four conversion
levels 1n each converting mode.

In applying the present invention, if the number of bits of
input data, the kinds of converting modes and the number of
conversion levels are different from those of the embodi-
ment of the present invention, the memory capacity of the
blocks and the sub-blocks of a memory device can be
divided appropriately. In addition, 1f the memory capacity
occupied by each LUT 1is different, the memory blocks for
cach LUT can be divided into equal capacities or can be
variably divided for an efficient use of memory capacity. For
the latter case, a problem in data accessing caused by a
variable constitution of memory capacity has to be consid-
ered.

In addition, LUT data stored in a memory device mcludes
various converting data required for the apparatus to which
the present invention 1s applied, for example, audio or
temperature compensation data as well as 1mage compen-
sation data.

FIG. 4 1s a block diagram of a data converting device of
the present invention. The data converting device comprises
a ROM 49 for storing a plurality of LUTs in the format
shown 1n FIG. 3, a first address generator 45 for generating
a first address 453 for sequentially selecting an LUT accord-
ing to a converting mode, a second address generator 43 for
generating a second address 433 for selecting a sub-block 1n
the LUT selected by first address 453 according to a con-
version level, a third address generator 41 for generating a
third address 413 for selecting converting data i1n the sub-
block selected by first and second addresses 453 and 433,
and a sync controller 47 for generating a sync signal 473 for

synchronizing first, second and third addresses 453, 433 and
413 mnput to ROM 49,

A clock signal 451 1s a pulse signal whose period equals
the time 1nterval between the 1nput of single input data 411
and the output of the data finally converted by all LUTs
stored in ROM 49. Clock signal 451 1s synchronized with
mput data 411 and input to first address generator 45 and

sync controller 47 to thereby synchronize addresses 453,
433 and 413 for accessing ROM 49.

First address generator 45 receives clock signal 451 and
ogenerates first address 453 for sequentially selecting the
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4

desired LUT stored in ROM 49. Second address generator
43 generates, according to condition data 431 for determin-
ing a conversion level defined for each LUT, second address
433 for selecting a sub-block within the LUT selected by
first address 453. Third address generator 41 receives input
data 411 and feedback output data 493 and generates third
address 413 for selecting converting data within the selected
sub-block. In other words, mput data 411 1s generated as
third address 413 when data i1s converted by the first LUT,
and the feedback output data 493 1s generated as third
address 413 for other cases. Accordingly, an address for
accessing the data of ROM 49 has the order of first, second
and third addresses 453, 433 and 413.

FIG. § 1s a detailed block diagram of the data converting,
device shown 1n FIG. 4. This embodiment 1s for the case
where three LLUTs are stored in ROM 59,

A first address generator 51 comprises a counter 551 for
generating four pulses during one cycle of the mput clock
signal 561. The generated signal 550 1s output to ROM 59,
a second MUX 531 and a decoder 513.

A second address generator 53 comprises a second MUX
531 having a three-to-one multiplexer for selecting and
outputting one among three types of condition data 541, 542
and 543 according to pulse signal 550 1nput from counter
551 and a second latch 532 for latching data 545 output from

second MUX 531 and outputting the latched data to ROM 59
according to sync signal 570.

A third address generator 51 comprises a decoder 515 for
ogenerating the signal 525 for controlling first MUXS11
according to pulse signal 550 mput from counter 551, a first
MUX 511 made up of a two-to-one multiplexer where 1nput
data 521 and the feedback output data 590 are iput for
selecting and outputting one of the input signals 521 and 590
according to control signal 525 generated from decoder 5135,
and a first latch 513 for latching data 523 output from first

MUX 3511 and outputting the latched data to ROM 359
according to sync signal 570.

A sync controller §7 comprises first, second and third
delays 571, 572 and 573 for outputting clock signal 561
which 1s delayed by a delay time determined by the data
access time of ROM 59, and an OR gate 575 for performing,
a logical OR operation on clock signal 561 and the delayed
signals 582, 583 and 584 and thereby generating sync signal
570. The generated sync signal 570 1s mput to second latch
532 of second address generator 533 and first latch 513 of
third address generator 51.

FIG. 6A to FIG. 61 1llustrate the operational timing of the
data converting device shown in FIG. 5. Operation of the
device will be explained according to a time sequence and
with reference to the reference numerals of FIG. 5.

FIG. 6A 1llustrates a wavetform of clock signal 561, 6B
illustrates a waveform of input data signal 521, 6C illustrates
a wavelorm of sync signal §70, 6D 1llustrates a waveform of
first address signal 550 output from counter 551, 6E 1llus-
trates a waveform of third address signal 510 output from
first latch 513, 6F 1illustrates a waveform of second address
signal 530 output from second latch 532, 6G 1illustrates a
waveform of output signal 582 of first delay 571, 6H
illustrates a waveform of output signal 583 of second delay
572, and 61 1llustrates a waveform of output signal 584 of

third delay 573.

Sync signal 570 1s generated by performing a logical OR
operation on clock signal 561 and the first, second and third
delay signals 582, 583 and 584 which are delayed by a
predetermined time with respect to clock signal 561. Four
pulses are generated during one cycle of input data signal
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521 and are employed for synchronization with addresses
input to ROM 59.

Operation during a first cycle of sync signal 570 can be
explained as follows. Counter 551 outputs first address
signal 550 for accessing the first LUT of ROM 59 according
to the clock signal. Second MUX 3531 selects first condition
data 541 with respect to a conversion level of the first LUT
and outputs the selected data to second latch 3532. The
latched data 1s output as second address signal 530 for
addressing ROM 59. Decoder 515 generates a control signal
that makes first MUX 511 select input data 521, and first
MUX 511 selects mput data 521 according to the control
signal of decoder 515 and outputs the result to first latch 513,
and the latched data 1s output as third address signal 510 for
accessing ROM 359. Accordingly, data of the first LUT of
ROM 359 1s accessed by the first, second and third address
signals 550, 530 and 510, and the 1nput data 1s converted by
the first LUT and the first-converted data 1s fed back and 1s
input to first MUX 511.

Operation during a second cycle of sync signal 570 can be
explained as follows. Counter 551 outputs first address
signal 550 for accessing the second LUT of ROM 59
according to the clock signal. Second MUX 531 selects
second condition data 541 with respect to a conversion level
of the second LUT and outputs the selected data to second
latch 532. The latched data 1s output as second address signal
530 for accessing ROM 59. Decoder 515 generates a control

signal that makes first MUX 511 select the feedback first-
converted data 5§90, and first MUX 511 selects the feedback
first-converted data 590 according to the control signal of
decoder 515 and outputs the result to first latch 513, and the
latched data 1s output as third address signal 510 for access-
ing ROM 59. Accordingly, data of the second LUT of ROM
59 1s accessed by the first, second and third address signals
550, 530 and 510, and the feedback first-converted data 1s

converted by the second LUT and the second-converted data
1s fed back and 1s 1nput to first MUX 511.

Operation during a third cycle of sync signal 570 1s the

same as that during the second cycle of the sync signal. Data
of a third LUT of ROM 59 1s accessed by first, second and

third address signals 550, 530 and 510, and the feedback
second-converting data 1s converted by the third LUT and
the third-converted data 1s fed back and 1s input to first MUX
511.

During a fourth cycle of the sync signal, first MUX 511
selects the feedback third-converted data 590 and outputs
the selected data to first latch 513. The latched data 1s output
as finally converted data 510.

According to the present invention, input data 1s sequen-
tially converted by all LUTs during one clock cycle, to
thereby generate final output data. Accordingly, when the
number of LUTs for data conversion 1s increased, output
data 1s fed back so as to convert data through all LUTs.
Theretore, the clock cycle 1s increased 1n proportion to the
delay time of the ROM. However, such a problem can be
solved by reducing the access time of the ROM.

As described above, a plurality of LUTs are stored i a
single memory device and a data converting device adopting
the same 1s provided, so that the data converting device can
be miniaturized by reducing the bulk of the memory device.

What 1s claimed 1s:

1. A data converting device for generating output data
converted corresponding to input data and a conversion level
selected by look-up-tables (LUTs) with sequential reference
to three or more LUTs, said data converting device com-
prising:
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6

a smgle memory device for storing at least three LUTs
corresponding to a number of data converting modes by
block units, each of said block units including a plu-
rality of sub-LUTs corresponding to a number of con-
version levels defined 1n each corresponding conver-
sion mode; and

an address generator for generating a series of addresses
for accessing said memory device, a first address of
said series of addresses being determined according to
first conversion level data and mput data, each address
of said series of addresses following said first address
being determined using corresponding conversion level
data and data read out from one of said LUTs using a
next previous address of said series of addresses, the
number of addresses 1n said series being equal to the
number of LUTs stored in said memory device, wherein
a 1inal address of said series of addresses indicates a
location 1n said memory device where final output data
1s stored.

2. A data converting device according to claim 1, wherein

said address generator comprises:

a first address generator for generating a first portion of
cach of said series of addresses to sequentially select an
LUT stored 1n said memory device;

a second address generator for generating a second por-
tion of each of said series of addresses to seclect a
sub-LUT corresponding to the conversion level
selected 1n the converting mode for said selected LUT;

a third address generator for receiving the output data read
from said memory device, and for generating a third
portion of each of said series of addresses for selecting
converting data corresponding to said mnput data when
said mput data 1s converted according to a first con-
verting mode and for selecting converting data corre-
sponding to the output data read from said memory
device when said input data 1s converted according to
a converting mode which 1s other than said first con-
verting mode; and

a sync signal generator for synchronizing said generated
first, second and third addresses so as to access data 1n
said memory device.

3. A data converting device for generating output data
converted corresponding to input data and a conversion
level selected by look-up-tables (LUTS) with sequential
reference to two or more LUIS, said data converting device
COMprising:

a single memory device for storing at least two LUIs

corresponding fto a number of data converting modes
by block units, each of said block units including a
plurality of sub-LUIs corresponding to a number of
conversion levels defined in each corresponding con-
version mode; and

an address generator for generating a series of addresses
for accessing said memory device, a first address of
said series of addresses being determined according to
first conversion level data and input data, each address
of said series of addresses following said first address
being determined using corresponding conversion level
data and data read out from one of said LUITs using a
next previous address of said series of addresses, the
number of addresses in said series being less than or
equal to the number of LUIs stored in said memory
device, wherein a final address of said series of
addresses indicates a location in said memory device
where final output data is stored.

4. A data converting device according to claim 3, wherein

said address generator comprises:
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a first address generator for generating a first portion of data when said input data i1s converted according 10 a
each of said series of addresses to sequentially select first converting mode and for selecting converting data
an LUT stored in said memory device; corresponding to the output data read from said

a second address generator for generating a second memory device when said input data is converted
portion of each of said series of addresses to select a > according to a converting mode which 1s other than
sub-LUT corresponding to the conversion level said first converfing mode; and
selected in the converting mode for said selected LUT; a sync signal generator for synchronizing said generated

a third address generator for receiving the ouiput data first, second and third addresses so as to access data in
read from said memory device, and for generating a . said memory device.

third portion of each of said series of addresses for
selecting converting data corresponding to said inpuf k% %k
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