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The present invention relates to a dot matrix printer and a method
for storing and retriewving bit map data.

To print patterns other than the graphics and characters
previously stored as character sets in a ROM of a printer, the
user must prepare patterns bit map data corresponding to the
characters to be printed, and store the prepared patterns -as
supplemental character data in a memory of the printer.

Usually, a part of a buffer memory, for example, in the printer,
is used for storing the supplemental character data. In this
case, it is necessary to provide in advance a memory having a
capacity sufficient for storing the data of the largest size
expected.

The amount of supplemental character data differs among users.
Some users require only a small amount of supplemental character
data, while others need a large amount of such data. In the
former case, a large part of the memory allocated for storing the
supplemental character data is not used and is wasted.

A technique for reducing the memory capacity of the memory used
for storing the data by compressing the bit map data of the
supplemental character data has been used for factory-installed
character patterns. However, it is difficult for general users to
employ such a method for storing supplemental character data since

special knowledge is required for carrying out such a method.

The present invention has been made in view of the above

circumstances, and has as an object the provision of a dot matrix
printer which can store supplemental character data prepared by a
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"The riresent i nvent i l eddot matrix printer and a nethod for '
staring and retrievr To print patterns other than the
graphi cs and char - Iy stored as character sets in a ROM of a

Printer, the user nust prepare patterns bit map data corresponding to the
characters to be printed, and store the prepared patterns as suppl enental

charagtgt nyﬁddiEEéEﬁEEYthahged@HﬁTf@Ated steps to be carried out by
the user. This object is solved by the dot matrix printer of
independent claim 1 and the method of independent claim-.7.
Further advantageous features, aspects and details of the
invention are evident from the dependent claims, the description
and the drawings. The claims are intended to be understood as a
first non-limiting approach of defining the invention in general

terms.

The invention allows that the user can store supplemental
character data prepared by the user after the data has  been
converted into compressed data without requiring any compressing
operation to be performed by'the user, and which can effectively
utilize the available memory.

The invention provides a dot matrix printer which stores bit map
data composed of characters and graphics provided by a user, and
which reads out the bit map data with code signals received from a
host computer. More particularly, the invention provides a dot
matrix printer employing an improved technique for storing and
reading out the bit map data.

The dot matrix printer of the invention has reduced bit map data
storage. '

To achieve the above and other aspects of the invention, according
to a specific aspect of the invention, a dot matrix printer
comprises means for compressing bit map data using a plural number
of  data compressing methods, means for selecting the data
compressed by the compressing method providing the smallest amount
of compressed data from among the plural items of data compressed
by the  plural number of compressing methods and which are
output from the compressing means, means for storing



'Usual'ly, a part of a burhis&eefmme&m@ dexarrpl e, inthe printer, is used

for.*storing the suppl ene data. In this case, it is
necessary to provide in ry having a capacity sufficient for
stor- ing the data of the expect ed. The amount of
suppl enmental character data differs anobng users. Sonme users require only a
smal | anmobunt of suppl enental character data, while others need a | arge
anount of thdcBofiptassed Haeaf selectedsBy 8hkasglecting means, and means
for restoring the compressed data read out of the storing means
to bit map data.
That is, in accordance with a specific aspect of the invention, the bit map
5 data is compressed using a plural number of compressing
methods. The amounts of the compressed data resulting from the
application of these compressing methods are éompared. The
compressed data having the smallest size is selected, and then
stored in to the storing means. Accordingly, the gupplemental
10 character data prepared by the user can automatically be stored
in the storing means in the form of compressed data having the

smallest size. Accordingly, the memory of the printer can be

.e - more effectively utilized.

15 The accompanying drawings, which are incorporated in
and constitute a part of this specification, illustrate
preferred embodiments of the inventioﬁ, and, together with the
following description, serve to explain the objects, advantages
and principles of the invention.

20 Fig. 1 is a block diagram showing the overall system of
a dot matrix printer constructed according to a preferred
embodiment of the present invention;

Fig. 2 is a block diagram showing the functions of the

control means used in the printer of Fig. 1, which can be incorporated by
means of a microcomputer.



part of the menory allocated TSR cedyppl emen- tal character data
I s-mot used and i s wast ed. i Er reduci ng the nenory capacity
of the menory used for storing npressing the bit map data of

the suppl enental character data has been used for factory-installed
character patterns. How ever, it is difficult for general users to enploy
such a method for storing supplenental character data since special
knowl edge is requigd Boiscar diaggasutshowimga the structure of a memory
area assigned to one supplemental character in a RaAM;
Fig. 4 is a diaéram showing an example of bit map data,
‘which is used for explaining the operation of the printer;
5 Fig. 5 is a flow chart showing a sequence of procedural
steps for a pre-compression process employed in the printer;
Fig. 6 is a diagram showing the bit map data after pre-
compression;
Fig. 7 is a flow chart showing a sequence of procedural
io steps of the data compression process carried out in a first
compression mode in the printer;
Fig. 8 is a diagram showing the sté.te of the data
- - compression achieved by the first compression mode;
Fig. 9 is a flow chart showing a sequehce of procedural
15 steps of the data compression process carried out in a second
compression mcsde ;
Fig. 10 is a diagram showing the state of the data
compression achieved by the second compression mode;
Fig. 11 is a flow chart showing a sequence of
20 procedural steps of the data compression process carried out in
a third compression mode; and

Fig. 12 is a diagram showing the state of the data

compression achieved by the third compression mode.



m;t hod. The present Thisghdet Has Bedn®splixe€n nmade in view of the above
ci rtunst ances, and has as provi- sion of a dot matrix printer
whi ch can store suppl emen”ﬂll"l?“ﬁﬁlﬂHﬁr data prepared by a user w thout
requiring any conplicated steps t0 De carried out by the user. This object
i s solved by the dot matrix printer of inde- pendent claim1l and the nethod
8]1: I ndependent claim 7. Further advantageous features, aspects and details
Fig. 1 is a block'diagram showing the overall system of
a dot matrix printer constructed according to a preferred
embodiment of the present invention.

5 In the figure, reference numeral 1 designates a control
unit composed mainly of a microcomputer, which receives
signals, such as supplemental character data and control
commands, from a host computer by way of an interface 2. . The
control unit 1 is connected to a memory 4 for sto¥ing control

10 programs to control the printer functions and a memory device
5 including a ROM for storing bit map data of characters and
patterns as defaults and a work RAM. The control unit 1 is

.- - further connected to a driver 7 for transferring bit map data
through another interface 6 to a print héad 8.

15 | Fig. 2 is a block diagram showing the functions
of the contmwl unit 1 (microcomputer) shown in Fid. 1. A data
analyzer section 10 analyzes signals received from the host
computer to produce supplemental character data, address
signals for the memory, memory select signals and control

20 signals.

The address signal output from the data analyzer
section 10 is applied to a RAM 17 and a ROM 16 in which fonts
as defaults are previously stored for addressing them. The
select signal and ccntrol__ signal from the data analfzer section

25 10 are applied to the ROM 16 and the RAM 17 for selecting the

RAM 17 or the ROM 16 and for controlling the read/write



the invention are evi den&hiismmm\fﬁﬁent clainms, the description and

t he*drawi ngs. The cl ains be understood as a first
non-limting approach of d i vention in general terns. The
Tinvention allows that the r

can store supple- nental character data
prepared by the user after the

operation of the selected one. The supplemental chéracter'data

from the data analyzer section 10 is input to a bit map data
generator section 11. The bit map data generator section 11,

which contains a buffer memory, generates bit map data of the

5 supplemental character data, and assembles a map of the bit map
data in an X-Y coordinate area of the buffer memory. The bit

map data mapped in the buffer memory of the bit map data
generator section 1l is read therefrom by a null-series removal
section 12. The null-series removal section 12 ;hécks whether

10 or not, of the bit map data (of Fig. 4, or example), grouped
data (referred to as data series) arrayed serially and in the
direction (vertical direction in Fig. 4) of arraying dot
.. - forming elements (e.g., print pins) of the print had 8 are all
the data (referred to as null data) not forming dots (viz.,

15 which is null). If data series (referred to as null data)
consisting of only null data is present, the null-series
removal section 12 removes the data (this removal process is

called a pre-compression process).

The pre-compressed bit map data output from the null-

20 series removal section 12 is input to a data compressor 13
operable in plural types of data compression modes. The data
compressor 13 compresses the pre-compressed bit map data in the
respective coﬁpression-modes. The bit map data (compressed

data) compressed in the compression modes, together with the

25 pre-compressed bit map data not yet compressed (referred to

uncompressed data), is transferred to a comparator 1l4. The
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comparator{compares the amounts of the compressed data and the
uncompressed data, and selects the compressed data or
uncompressed data having the smallest size. The selected data
is transferred to a register section 15. Then, the data,
together with information data attached thereto, such as half
information, left-space information, right-space information,
and compression mode information (as will be discussed in
detail later) is stored into the RaM 17.

The data read out of the ROM 16 or thé RAM 17 is
transferred to a compression mode discriminator 18. The
compression mode discriminator 18 discriminates the data
compression mode by which the compressed data was compressed,
determines whether or not the data is compressed, and transfers
the read-out data to one of restoring modules 1%a to 19d of a
compreésed-data restoring section 19 in accordance with the
result of the compression-mode discrimination. The compressed-
data restoring section 19 restores the compressed data from the
RAM 17 to the pre-compressed bit map data using the attendant
data of the half information, left-space information, right-
space information, and compression mode information. The bit
map data from the compressed-data restoring section 19 is input
to a null-series restoring section 20, which in turn adds the
null series, which was removed by the null-series removal
section 12, to the bit map data. As a result, the compressed

data is restored to the original bit map data. The original



data has been converted W ed data without requiring any
corrpreSS| ng operation t by the user, and which can
_effectively utilize t g & seH 1S SHENOr Y. The invention provides a
“dot matrix printer WhICh stores bit map data conposed of characters and
graph- ics provided by a user, and which reads out the bit map data with
code signals received froma host conput er.

bit map data is transferred through the interface 6 to the

print head 8 where it is printed out.

In the dot matrix printer thus constructed, when
receiving a supplemental-character-data request from the host

5 computer, the data analyzer section 10 acknowledges the request
and then enables the RAM 17 by a select signal. The
supplemental character data from the host computer is
compressed by the best data compression mode as stated above,
and transferred as compressed data to the RaM 17. ~'At the same

10 time, the RAM 17 is addressed by an address signal. The data
is written into the memory location of the specified addréss in
the RAM under the control signal. In this way, the compressed

.- - supplemental character data attendant with the information data
is registered in the RAM 17. Details of the processing of the

15 supplerhenta.l character data will be described hereinafter.

The bit map data generator section 11 converts the
supplemental charaéter data received from the host computer
into bit map data representative of a dot pattern.
Subsequently, the bit map data is transferred to the null-

20 series removal section 12 where the null series is removed from
the data (i.e., the data is pre-compressed).

The pre-compression is carried out as follows. The
number of successive null series is counted from the left end
of the bit map data. The counted number of the null series is

25 treated as left-side null data. The null series present

successively from the left end of the bit map data are removed



More particularly, the i ' t Plaged 2 dot matrix printer enploying
an ‘i nproved techni que for eading out the bit map data.
The dot matrix printer of has reduced bit map data storage.

"To achi eve the above and other aspects of the invention, according to a
specific aspect of the inven- tion, a dot matrix printer conprises neans
for com pressing bit nmap data using a plural nunber of data

in the counted number. Then, as for half information, the

null-series removﬁl section checks whether or not the null

series are present every second data series in the remaining

bit map data. If the null series are absent, the null-series

5 removal section turns off the half-dot present flag. If those

are present every secénd data series, the null-series removal

section turns on the half-dot present flag, and counts the

number of successive null series from the right end of the bit

map data treating the counted number of the null series as

10 right null information, and removes the counted number of the

null series present successively from the right end of the bit

map data. When the half-dot present flag is in an ON state,

- - for instance, the null series are removed. When the half-dot

present flag is in an OFF state, no further removal of null

is series is carried out. After the completion of the pre-

compression process, the number of bytes of bit map data is

counted.

Subsequently, the pre-compressed bif map data is

transferred to the data compressor 13 where it is further

20 compressed. In this embodiment, three data compression modes
are employed, which operate in the following ways.

A first data compressor (fifst compression mode) 1l3a

checks whether or not the pattern of the whole pre-compressed

bit map data is symmetrical with respect to the vertical center

25 line. If it is symmetrical, the data is divided, with respect



conpr essi ng net hods, equtﬂhg the data conpressed by the
conpressi ng nethod pro Ilest anmount of conpressed data from
.anong the plural ite essed by the plural nunber of
"~ conpressi ng met hods and mhlch are output fromthe conpressing neans, neans
for storing the conpressed data selected by the selecting neans, and neans
for restoring the conpressed data read out of the storing neans to bit
map dat a.to the center line, -into two portions, right and left data.

Only one of the right and left data is employed.

A second data compressor (second compression mode) 13b

calculates the exclusive-OR logical sum of the right and left

5 data bytes adjacent to each other (the data byte means the data
group forming one byte in the data series; in the case of Fig;

4, the upper half and the lower half of the data series are

respectively the data bytes) to check whether or not the data

bytes are equal to each other. If the adjacent data bytes are

10 the same, one (e.g., the right data) of the data bytes is

removed. If the two byte data are different, both byte data

are left.

A third data compressor (third compression mode) 13c
checks whether data byte (referred to as null byte) consisting
15 of only ﬁull data is present or absent. In this compression

mode, the symmetry and the equality of the adjacent data bytes

are not checked. If the null byte is present, the third
compressor removes the null byte and leaves the remaining
bytes.

20 The sizes (data amounts) of the data thus compressed in
the respective compression modes are calculated. The sizes of
the three compressed data, as well as the size of the
uncompressed data, are compared by the comparator 14. Of these
compression modes, the compression mode providing the smallest

25 data size is determined to be the best data compreésion mode.

The compressed data having undergone the best compression mode,

- 10 -



data is conpressed using a

That is, in accordance V\A“{"I
.amounts of the conpressed

e cen Beplacedoct of the invention, the bit
n H of conpressing nethods. The
t fromthe application of these

map

“conpressing nethods are conpared. The conpressed data having the snall est
size is selected, and then stored in to the storing neans. Accordingly,
mental character data prepared by the user can auto- matically be
stored i neddetisd®rivighnahes attéhdahor da@h, such as half information,

suppl e-
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left-null information, right-nhll information, and compression
mode information, is transferred to the register section 15 and
then stored into the RAM 17.

Fig. 3 is a diagram showing the structure of a memory
area assigned to one supplemental character in a RAM. As
shown, half information data is stored in a subaddress 0, left-
null information data in the subaddress 1, right-null
information data in the subaddress 2, and compression mode
information data in the subaddress 3. Removal byte information
is stored in the subaddresses 4 to m. The removal byte
information indicates the addresses of the data byte removed by
the best compression nmdé. The bits in this memory area
correspond to the byte addresses in the bit map data. Data "1”
is stoied in the bits of the addresses of the removed byte
data. The remaining memory area from the subaddresses (m + 1)
to n store the compressed data.

To print the supplemental characters registered in such
an order, the data analyzer section 10, which receives a
supplemehtal-character print request from the host computer,
sends select, address, and control'signals to the RAM 17. The
compressed data of the supplemental characters, and the
attached data of half information, left-null information,
right-null inforﬁation, and compression mode information, are
read out of the RAM 17, and transferred to the compression mode

discriminator 18. Upon receipt of the information data, the

- 11 -
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co ressed data having the Accordingly. the nenDry.of t he
rrp ﬁs nZ!?eElﬁﬁ

printer can be nore effectlv The acconpanyi ng draw ngs,
Which are incorpo- rated in l‘HMH‘ i&
illus- trate: preferred enbod

a part of this specification,
foll ov_\n ng description, serve to explain

i nvention, and, together with the

compression mode discriminator 18 transfers the supplemental
character data to the restoring module which corresponds to the
best compression mode. Specifically, when the data is
compressed by the first compression mode, the compression mode
S discriminator 18 transfers the data to the first restoring
module 19a. When the data is compressed by the second
compression mode, the data is transferred to the secoﬁd
restoring module 19b, and so on. The data, after being
restored by the compressed-data restoring secéion 19, is
10 transferred to the null-series restoring section 20. In the
null-series restoring section 20, the null series are restored
on the basié of the attendant data of half information, left-
- - null information, right-null information, and compression.mode
information. The original bit map data thus restored is sent

15 to the printer for printing out the bit map data.
A specific operation of the dot matrix printer as
stated above will be described using an example of the bit map

data shown in Fig 4.

An operation flow of the process (pre~compression

20 process) of removing the null series, which follows the
compression process, is shown in Fig. 5. The null-series
removal section checks the number of right null series. 1In

this instance, data series A and B8 are the left null series.
Accordingly, 2 as the number of null series is registered as
25 the left null information, and these null series are removed.

Then, the null-series removal section checks the remaining bit

- 12 -
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map data successively from the right side to the left side to
determine whether or not the null series is present every
second data series. In this instance, the null series "d-,

"b", ..., "F", and "D" are present every second data series, so

-that the half-dot present flag is turned on. Then, the null

series "e” and “"d" are detected, and these two null series are
registered as right null information and removed. Since the
half-dot present flag is in an ON state, the null séries~are
removed every other data series. 1In this way all the null
series are removed, so that bit map data as shown in Fig. 6 is
obtained. In this bit map data, half of one data series
corresponds to one byte. Accordingly, the data amount of the
bit map data is 28 bytes. Even-numbered byte addresses are
assigned to the upper data byte, and odd-numbered byte
addresses are assigned to the lower data byte.

Subsequently, the data of Fig. 6 is compressed by the
data compressor 13. Firstly, the first compression mode will
be described. The operational flow of the first compression
mode is shown in Fig. 7. The state of data compression is
shown in Fig. 8. The first compressor checks the overall
pattern of the bit map data to determine whether or not_ﬁhe
pattern is symmetrical with respect to the center line. If it
is symmetrical, the bit map data is divided into right and left
data, and a symmetrical flag indicating the symmetry of the
pattern is set. One (e.g., left data) of the right and left

data is selected, and the amount of data is calculated. If it

- 13 -



t he objects,

i obj advantagéﬂn%ﬁr dof the invention. Fig. 1is a
bl ock di agr am show ng t of a dot matrix printer
,constructed accordlng t red enbodi nrent of the present

i nventi on; 2 |s a block di agram showi ng the functions of
means used in the printer of Fig. 1, whi ch can be incorporated
by nmeans of a mcro-

cont r ol
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is asymmetrical, this compression mode does not compress the
data. A shaded portion in Fig. 8 indicates the data byte to be
removed by the compression process. In this instance, since
the amount of the data before compression is 28 bytes, the
amount of data after compression is half of the formexr, i.e.,
14 bytes.

The second compression mode will be described. The
operational flow of the second compression mode is illustrated
in Fig. 9. The state of data compression by“the second
compression mode is shown in Fig. 10. The second data
compressor compares the right and left data bytes to check
whether or not those data bytes are egual to each other. If

those data bytes are equal, one of the data bytes is removed.

If those data bytes are not equal, the second compressor -

advancés to the next data series and compares new adjacent data
bytes. A comparison is made of all palrs of adjacent data
bytes. In this example, when checklng the data from the left
side, the bytes at the addresses 0, 2, 4, 6, and 8 are not
equal, and hence are left as they are. The data bytes at the
addresses 8 and iO are equal, so that the data byte at the
address 10 is removed. The data bytes at the addresses 8 and
12 are not equal, and thus are left as they are. Then, the
data bytes at thg addresses 12 and 14 are compared. These
bytes are equal, so that the bytes at the address 14 is
removed. The comparing process progresses until finally the

bytes hatched in Fig. 10 are removed. In this instance, the

- 14 -
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" conput er. Fig. 3is a dlmigsmﬂlﬁbawn lacJa& structure of a mem ory
area assigned to one suppl ene a RAM Fig. 4is a
.diagram showi ng an exanpl e of

ata which is used for
expl ai ni ng the operation of. Fig. 5is a flow chart

showi ng a sequence of proce- dural steps for a pre-conpression process
amount of the original data is reduced by 6 bytes, so that the
amount of the compressed data is 22 bytes.
The third compression mode will be described. As seen
from the flow chart of Fig. 11, when the bits of the data byte
5 are all spaces, this compression mode removes the space bytes.
The removal process is applied to all data bytes. In this
instance, the bytes of which the bits are all space are only
the bytes at the addresses 7 and 21, which are thus removed.
Since the amount of the data before compression is thus reduced
10 by two types, the amount of the data after compression is 26
bytes.
' When comparing the amounts of the data after
e - compression by the first to third compression modes, it is seen
that the data amount achieved by the first compression mode is
15 the smallest. Accordingly, the data compressed by the first
compression mode is ﬁegistered in the RAM 17.
In the above-mentioned embodiment, the best compressing
method is selected from among the three compressing methods.
It is evident though that other compressing methods may be used
20 for the present invention. For example, the patterns of the
data bytes separated by one byfe from each other may be
compared for checking whether or not these patterns are equal.
Where three or more of the same pattern successively recur, the
first byte and the number of bytes having the same patterns as
25 that of the first byte may be registered as the compressed

data.

- 15 -



enployed in the printer; Fig. 6 is a diagramshow ng the bit map data
af ter pr econpr essi on; Fig. 7 i1s a flowchart show ng a sequence
of proce- dural steps of the data conpression process car- ried
*out in a first conpression node in the printer; Fig. 8 is a diagram
showi ng the state of the data conpression achi eved by the first

conpr essi on node;

As seen from the foregoing description, in the present
invention, the supplemental character data is automatically
compressed and registered in the memory, which is similar to
the normal procedure for preparing supplemental characters.

5 Therefore, the memory capacity can be effectively used.

The foreéoing description of a preferred embodiment of

the invention has been presented for purposes of illustration

and description.

- 16 -



gi’i?a (?olrr;rgsfs: g\r/]v Sr?ﬂgsiﬁhm ﬁlm r ngcgu?fl grgcgécond cg%?ummmllm&ﬂml l“l

Fig. 10is a dlagran1 ate of the data conpressi b

achi eved by the secon corrpre | node; Fig. 11 is a flow chart
show ng a sequence of pro- cedural steps of the data conpression
process car - ried out in a thirebBE4ressi on node; . and

1. A dot matrix printer comprising:

a plurality of data compressors (13a, 13b, 1l3c..) for
compressing bit map data each by a different data compressing
method;

a data selector (14) for selecting the data compressed by.the
one of said data compressors (13a, 13b, 1l3c..) which provides
the smallest amount of compressed data from among plural items
of data compressed by said plurality of data compressors and
output from said data compressors (13a, 13b, 13c..);

a memory (17) for storing the compressed data selected by said
data selector (14); and

a data restorer (19a,20) for restoring the compressed data,
read out from said memory (17) to bit map data.

2. The dot matrix printer according to <claim 1, further
comprising a bit map data generator (11) for generating bit
map data using pattern data of character/graphic patterns
received from an external device, and applying the generated
bit map data to said data compressors (13a, 13b, 13c..).

3. The dot matrix printer according to claim 1 or 2, further
comprising a pre-compressor (12) for removing null data
satisfying predetermined conditions from original bit map
data, bit map data output by said pre-compressor (12) being
applied to said plurality of data compressors (13a, 13b, 1l3c)
for compression thereby.

4. The dot matrix printer according to anyone of the preceding
claims, wherein said memory (17) stores compressed data
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di agram showi ng th mof a dot matrix printer constructed
according to a pre- ferred enbodi nent of the present invention.

together with compressing-method information indicative of the
selected data compressor (l3a, 13b, 13c..) and removed-data
information indicative of positions of data deleted by said

selected data compressor.

5. The dot matrix printer according to claim 4, in which said
data restorer (19a, 20) employs a plural number of data
restoring modules (19a, 19b, 19c...) corresponding to the
plural number of said data compressors (13a, 13b, 1l3c..), said
data restorer selecting a one of said restoring modules (19a,
19b, 19c..) corresponding to the selected dafa compressor
(13a, 13b, 13c) on the basis of compressing method information
read out of said storing means (17).

6. The dot matrix printer according to claim 5, wherein said data
restorer (l1l9a, 20) restores deleted data on the basis of
deleted data information read out of said storing means (17).

7. A method for storing and retrieving bit map data in a dot
matrix  printer especially according to any one of the
preceding claims, comprising the steps of:

compressing bit map data by a plural number of
different data compressing methods; selecting the data
compressed by the compressing method which provides the
smallest amount of compressed data; storing the selected
compressed data; and

reading out and restoring compressed data read out of said
storing means to bit map data.

8. The method according to claim 7, further comprising, prior to
said step of compressing, the step of generating bit map data
using pattern data of character/graphic patterns received from
an external device.



10.

11.

12.
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The method according to claim 7 or 8, further comprising,

prior to said step of compressing, pre-compressing said bit
map data by removing null data satisfying predetermined
conditions.

The method according to any one of <claims 7 to 9, wherein
said step of storing further comprises storing said compressed
data together with compressing-method information indicative
of the selected compressing method and removed-data
information indicative of positions of data deleted . in
said step of compressing.

The method according to any one of claims7 to 10; wherein, in
said step of compressing, one of said said plural number of
data compressing methods comprises the steps of:

checking whether or not a pattern of whole precompressed bit
map data is symmetrical with respect to a vertical center line
thereof;

if said pattern is symmetrical, dividing said precompressed
bit map data with respect to said center line into right and

‘left data; and providing only one of said right and left data

for said storing step.

The method according toc any one of claims 7 to 11, wherein, in
said step of compressing, one of ssid said plural number of
data compressing methods comprises the steps of: calculating
an exclusive-OR logical sum of right and 1left data bytes
adjacent to each other in the pre-compressed bit map data to
check whether or not the data bytes are egqual to eaéh other;
if the adjacent data bytes are the same, removing one of the
adjacent data bytes prior to said storing step; and if the
adjacent data bytes are different, providing both adjacent
data bytes for said storing step.
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In the figure, refen e 1 designates a con- trol. , Eﬂ""""
mainly of a m crocwm @E recel ves signals, such as
.character data and froma host conputer by way of an

interface 2. The control unit 1 |s connected to a mem ory 4 for storing
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data compressing methods comprises the steps of: checking
whether data byte consisting of only null data is present or
absent; and if byte data consisting of only null data is
present, removing the byte data consiting of only null data
prior to said storing step.

14. The method according to any one of claims 7 to 13, further
comprising, prior to said step of compressing, pre-compressing
said bit map data by the steps comprising: counting a number
of successive null series from the left end of the bit map
data and treating the counted number as left-side null data;
removing null series present successively from said left end
of said bit map data; checking whether or not null series are
present every second data series in remaining bit map data; if
null series are absent in said remaining bit map data, setting
a half-dot present flag in an OFF state, and if null series
are present every second data series, setting said half-dot
present flag in an ON state; counting a number of successive
null series from the right end of said bit map data and
treating the counted number as right null information;
removing the counted number of null series present from said
right end of said bit map data successively from said right
end of said bit map data; when said half-dot present flag is
in said ON state, removing said null series.



def aults and a V\DrkI‘tEo‘NHbetﬁkkEBeadiﬁpla@ﬂ unit 1 is further connected to a
driver 7 for transfe ata t hrough another interface 6 to a
print head 8. &'! Hﬂ d| agram showi ng the functions of the
control unit 1 (mcr onpu er own in Fig. 1. A data anal yzer section 10
anal yzes signals received fromthe host corrputer to produce suppl enent al
character data, address signals for the nenory, nenory select signals and
control signals. ABSTRACT

A bit map data generator section (l1) prepares bit map data on the
basis of data received from a host computer. A null-series
removal section (12) removes data series of null from the bit map
data. A data compressor compresses (13) the remaining bit map
data using a plurality of different compression modes. A
comparator (14) compares the sizes of the compressed data produced
by the different compression modes. Of the compressed data, the
compressed data of the smallest size is stored in a RAM (17). by a
register section (15). When the supplemental char;cter data is
printed out, the compression mode by which it was compressed is
discriminated by a compression mode discriminator (18). The data
is transferred to a compressed-data restoring section (19)
corresponding to the discriminated compression mode, and then to a
null-series restoring section (20). The null-series restoring
section restores (20) the data into the original bit map data,
" that is  the bit map data before compressed.
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present, the null-series renoval sedhis8hectHasB e¢ he data (this rermg}/
process is called a pre-conpression he pre-conpressed bit .
nmap data output fromthe null-series n 12 is input to a data
com pressor 13 operable in plural types of data conpression nodes. The
data conpressor 13 conpresses the pre conpressed bit map data in the

respective conpression nodes The bit nmap data (conpressed data) com’
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pressed in the conpressi on nodes, together ﬁﬁpressed bit map
data not yet conpressed (referred to unconp Is transferrg 9@%
a conmparator 14. The conparator conpares th he conpr essed ta

and the unconpressed data, and selects the conpressed data or unconpressed
data having the snallest size. The selected data is transferred to a

regi ster section 15. the daja, together with information data "
attached thereto, such as
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DOT MATRIX PRINTER AND METHOD FOR STORING AND
RETRIEVING BIT MAP DATA

The present invention relates to a dot matrix printer and a method
for storing and retrieving bit map data.

To print patterns other than the graphics and characters
previously stored as character sets in a ROM of a printer, the
user must prepare patterns bit map data corresponding to the
characters to be printed, and store the prepared patterns -as
supplemental character data in a memory of the printer.

Usually, a part of a buffer memory, for example, in the printer,
is used for storing the supplemental character data. In this
case, it is necessary to provide in advance a memory having a
capacity sufficient for storing the data of the largest size
expected. -

The amount of supplemental character data differs among users.
Some users require only a small amount of supplemental character
data, while others need a lJarge amount of such data. In the.
former case, a large part of the memory allocated for storing the
supplemental character data is not used and is wasted.

A technique for reducing the memory capacity of the memory used
for storing the data by compressing the bit map data of the
supplemental character data has been used for factory-installed
character patterns. However, it is difficult for general users to
employ such a method for storing supplemental character data since
special knowledge is required for -carrying out such a method.

The present invention has been made in view of the above

circumstances, and has as an object the provision of a dot matrix
printer which can store supplemental character data prepared by a
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In the dot matrix printer thus constructed, when receiving a

suppl enent al -character-data request fromthe host conputer, the data
analyzer section 10 acknow edges the request and then enables the RAM 17 by
a select signal. The supplenental character data fromthe host conputer is
conpressed by the best data conpression mbde as stated above, and
transferred as conpressed data to the RAM 17. At the sanme tinme, the RAM 17
i s addressed by an address signal. The data is

user without requiring any complicated steps to be carried out by
the user. This object is solved by the dot matrix printer of
independent c¢laim 1 and the method of independent claim 7.
Further advantageous features, aspects and details of the
invention are evident from the dependent claims, the description
and the drawings. The claims are intended to be understood as a
first non-limiting approach of defining the invention in general

terms.

The invention allows that the user can store supplemental
character data prepared by the user after the data has been
converted into compressed data without requiring any compressing
operation to be performed by the user, and which can effectively
utilize the available memory.

The invention provides a dot matrix printer which stores bit map
data composed of characters and graphibs provided by a user, and
which reads out the bit map data with code signals received from a
host computer. More particularly, the invention provides a dot
matrix printer employing an improved technique for storing and
reading out the bit map data.

The dot matrix printer of the invention has reduced bit map data

storage.

To achieve the above and other aspects of the invention, according
to a specific aspect of the invention, a dot matrix printer
comprises means for compressing bit map data using & plural number
of data compressing methods, means for selecting the data
compressed by the compressing method providing the smallest amount
of compressed data from among the plural items of data compressed
by the plural number of compressing methods and which are
output from the compressing means, means for storing

o . e
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witten into the menory |location of the specified address in the RAM under
the control signal. In this way, the conpressed supplenmental character data
attemdant with the information data is registered in the RAM 17. Details of
the processing of the supplemental character data will be described

her ei nafter. The bit map data generaBor section 11 converts the

suppl enental character data received fromthe host corrputer into bit map
data representative of a dot pat-

the compressed data selected by the selecting means, and means
for restoring the compressed data read out of the storing means
to bit map data.

That is, in accordance with a specific aspect of the invention, the bit map
data is compressed using a plural number of compressing
methods. The amounts of the compressed data resulting from the
application of these compressing methods are compared. The
compressed data having thé_smallest size is selected, and then
stored in to the storing means. Accordingly, the supplemental
character data prépared by the user can automatically be stored
in the storing means in the form of compressed data having the
smallest size. Accordingly, the memory of the printer can be

- more effectively utilized.

The accompanying drawings, which are incorporated in
and constitute a part of this specification, illustrate
preferred embodiménts of the invention, and, together with the
following description, serve to explain the objects, advantages
and principles of the invention. '

Fig. 1 is a block diagram showing the overall system of
a dot matrix printer constructed aécording to a preferred
embodiment of the present invention; |

Fig. 2 is a block diagram showing the functions of the

control means used in the printer of Fig. 1, which can be incorporated by
means of a microcomputer. '
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tem *Subsequently, the bit map data is transferred to the null-series
renmoval section 12 where the null series is renoved fromthe data (i.e

the data is pre-com pressed). The pre-conpression is carried out as
fol'l ows. The nunber of successive null series is counted fromthe left end
of the bit map data. The counted number &f =the null series is treated as
left-side null data. The null series. present successively fromthe |eft

end of the bit map

Fig. 3 is a diagram showing the structure of a memory
area assigned to one supplemental character in a RAM;

Fig. 4 is a diagram showing an example of bit map data,
‘which is used for explaining the operation of the printer;

Fig. 5 is a flow chart showing a sequence of procedural
steps for a pre-compression process employed in the printer;

Fig. 6 is a diagram showing the bit map data after pre-
compression; |

Fig. 7 is a flow chart showing a sequence of procedural
steps of the data compression process carried out in a first
compression mode in the printer;

Fig. 8 is a diagram showing the stéte of the data
compression achieved by the first compression mode;

Fig. 9 is a flow chart showing a sequeﬁce of procedural
.steps of the data compression process carried out in a second
compression mode; |

Fig. 10 is a diagram showing the state of the data
compression achieved by the second compression mode;

Fig. 11 is a flow chart showing a sequence of
procedural steps of the data compression process carried out in
a2 third compression mode; and

Fig. 12 is a diagram showing the state of the data

compression achieved by the third compression mode.
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data~are renoved in the counted nunber. Then, as for half information, the
nul | -series renoval section checks whether or not the null series are
pr.esent every second data series in the remaining bit map data. If the null
series are absent, the null-series renoval section turns off the half dot
present flag. If those are present every 3Zecond data series, the

nul | -series renoval section turns on the half-dot present flag, and counts
t he nunber of successive null series fromthe right end of

Fig. 1 is a block diagram showing the overall system of
a dot matrix 'printer constructed according to a preferred
embodiment of the present invention.

In the figure, reference numeral 1 designates a control
unit composed mainly of a microcomputer, which receives
signals, such as supplemental character data and control
commands, from a host computér:b} way of an interface 2. . The
control unit 1 is connected to a memory 4 for storing control
programs to coﬁtrol the printer functions and a memory device
5 including a ROM for storing bit ﬁap data of characters and
patterns as defaults and a work RAM. The control unit 1 is
further connected to a driver 7 for transferring bit map data
through another interface 6 to a print head 8.

Fig. 2 is a block diagram showing the functions
of the contml unit 1 (microcomputer) shown in Fid. 1. A data
analyzer section 10 analyzes signals received from the host
computer to produce supplemental character data, address

" signals for the memory, memory select signals and control
signals.

The address signal output from the data analyzer
section 10 is applied to a RAM 17 and a ROM 16 in which fonts
as defaults are previously stored for addressing them. The
select signal and control signal from the data analyzer section
10 are applied to the ROM 16 and the RAM 17 for selecting the

RAM 17 or the ROM 16 and for controlling the read/write
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the bit map data treating the counted nunmber of the nul

series as right

nul | information, and renoves the counted nunber of the null series present
successively fromthe right end of the bit nap data. Wen the hal f-dot
present flag is in an ON state. for instgnce, the null series are renoved.

When the hal f-dot present flag is in

This is the replacement sheet
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operation of the selected one. The supplemental character data
from the data analyzer section 10 is input to a bit map data
generator section 11. The bit map data generator section 11,
which contains a buffer memory, generates bit map data of the
supplemental character data, and assembles a map of the bit map
data in an X-Y coordinate area of the buffer memory. The bit
map data mapped in the buffef'ﬁemory of the bit map data
generator section 1l is read therefrom by a null-series removal
section 12. Thé null-series removal section 12 checks whether
or not, of the bit map data (of Fig. 4, or example), grouped
data (referred to as data series) arrayed serially and in the
direction (vertical direction in Fig. 4) of arraying dot
forming elements (e.g., print pins) of the print had 8 are all
the data (referred to as null data) not forming dots (viz.,
which is null). If data series (referred.to as null data)
consisting o©f only null data is present, the ﬁull—series
removal section 12 removes the data (this removal process is

called a pre-compression process).

The pre-compressed bit map data output from the null-
series removal section 12 is input to a data compressor 13
operable in plural types of data compression modes. The data
compressor 13 compresses the pre-compressed bit map data in the
respective compression modes. The bit map data (compressed
data) compressed in the compressibn modes, together with the
pre-compressed bit map data not yet compressed (referred to

uncompressed data), is transferred to a comparator 14. The
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-7- ran OFF state, no further renoval of null series is carried

comparator compares the amounts of the compressed data and the
uncompressed data, and selects the compressed data or
uncompressed data having the smallest size. The selected data
is transferred.to a register section 15. Then, the data,
together with information data attached thereto, such as half
information, left-space information, right-space information,
and compression mode information (as will be discussed in
detail later) is stored into the RAM 17.

‘The data read out of the ROM 16 or the RAM 17 J.S
transferred to a compression mode dlscrlmlnator 18. The
compression mode discriminator 18 discriminates the data
compression mode by which the compressed data was compressed,
determines whether or not the data is compressed, and transfers
the read-out data to one of restoring modules 19a to 19d of a
compreésed-data restoring section 19 in accordance with the
result of the compression-mode discrimination. The compressed-
data restoring section 19 restores the compressed data from the
RAM 17 to the pre-compressed bit-map data using the attendant
data of the half information, left-space information, right-
space information, and compression mode information. The bit
map data from the compressed-data restéring section 19 is input
to a null-series restoring section 20, which in turn adds the
null series, which was removed by the null-series removal
section 12, to the bit map data. As a result, the compressed

data is restored to the original bit map data. The original
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out. *After the conpletion of the preconpression proc- ess, the nunber of
byt es of bit map data is counted. Subsequently, the pre-conpressed bit
map data is transferred to the data conpressor 13 where it is further
conpressed. In this enbodinment, three data conpres- sion nodes are

enpl oyed, which operate in the follow ~ ieng’ ways. A first data
conpressor (first conpression node) 13a checks whether or not the pattern

of the whol e pre-

bit map data is transferred through the interface 6 to the
print head 8 where it is priﬁted out.

In the dot matrix printer thus constructed, when
receiving a supplemental-character-data request from the host-
computer, the data analyzer section 10 acknowledges the request
and then enables the RAM 17 by a select signal. The
supplemental character data from the host computer is
compressed by the best data éompress;on mode as stated above,
and transferred as compressed data to the RAM 17. At the same
time, the RAM 17 is addressed by an address signal. The data
is written into the memory location of the specified address in
the RAM under the control'signal. In this way, the compressed

| supplemental character data gttendant‘with the information data
is registered in the RAM 17. Details of the processing of the
supplemental character data will be described hereinafter.

The bit map data generator section 1l converts the
supplemental character data received from the host computer
into bit map data representative of -a dot pattern.
Subsequently, the bit map data is transferred to the null-
series removal section 12 where the null series is removed from
the data (i.e., the data is pfe-compressed).

The pre-compression is carried out as follows. The
number of successive null series is counted from the left end
of the bit map data. The counted number of the null series is
treated as left-side null data. The null series present

successively from the left end of the bit map data are removed
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conpressed bit map data is symmetrical with respect to the vertical center
line. If it is symmetrical, the data is divided, wth respect to the
center line, into two portions. right and left data. Only one of the right
and left data is enployed. A second data conpressor (second
conpression node) 13b cal cul ates the ex®l osive-OR | ogical sumof the
right and left data bytes adjacent to each other (the data byte neans the

data group form ng one byte in the

in the counted number. Then, as for half information, the
null-series removal section checks whether or not the null
series are present every second data series in the remaining
bit map data. If the null series are absent, the null-series
removal section turns off the half-dot present flag. If those
are present every second data series, the null-series removal
section turns on the half—@p;xpresent flag, and counts the
number of successive null series from the right end of the bit
ma? data treaﬁing the counted number of the null series as
right null information, and - removes ﬁhe counted number of the
null series present succéssively ffom the right end of the bit
map data. When the half-dot present flag is in an ON state,
for instance, the null series are removed. When the half-dot
present flag is in an OFF state, no further removal of null
series is carried out. After the completion of the pre-
compression process, the number of bytes of bit map data is
counted.

Subsequently, the pre-compressed bit map data is
transferred to the data compressor 13 where it is further
compressed. In this embodiment, three data compression modes
are employed, which operate in the foliowing ways.

A first data compressor (first compression mode) 1l3a
checks whether or not the pattern'of the whole pre-compressed
bit map data is symmetrical with respect to the vertical center

line. If it is symmetrical, the data is divided, with respect
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data’'series; in the case of Fig. 4. the upper half and the |ower half of

the data series are respectively the data bytes) to check whether or

not

the data bytes are equal to each other. If the adjacent data bytes are the
sane, one (e.g., the right data) of the data bytes is renoved. If the two
byte data are different, both byte data ¥ e left. A third data
(third conpression node) 13c checks whether data byte (referred

conpr essor
to as nul
this

This is the replacerhent sheet : This Sheet Has Been Reﬂlaced

Date:

byte) <consisting of only null data is present or absent. In

to the center line, into two portions, right and left data.
Only one of the right and left data is employed.

A second data compressor ‘(second compression mode) 13b
calculates the exclusive-OR logical sum of the right and left
data bytes adjacent to each other (the data byte means the data
group forming one byte in the data series; in the case of Fig.
4, the upper half and the lqw%n half of the data series are
respectively the data bytes) to check whether or not the data
bytes are equal to each other. If the adjacent data bytes are
the same, one (e.g., the right data) of the data bytes is
removed. If the two byte data are different, both byte data
are left.

A third data compressor (third compression mode) 1l3c
checks whether data byte (referred to as null byte) consisting
of only null data is present or absent. In this compression
mode, the symmetry and the equality of the adjacent data bytes
are not checked. If the nuli'byte is present, the third
compressor removes the null byte and leaves the remaining
bytes.

The sizes (data amounts) of the data thus compressed in
the respective compression modes are calculated. The sizes of
the three compressed data, ‘as well as the size o0f the
uncompressed data, are compared by the comparator 14. Of these
compression modes, the compression mode providing the smallest
data size is determined to be the best data compression mode.

The compressed data having undergone the best compression mode,

24 0CT 2008




conpressi on node, the symmetry and the equality of the adjacent data bytes
are not checked. If the null byte 1is present, the third conpressor renpves
byte and |eaves the remaining bytes. The sizes (data

t he nul |

anounts) of the data thus com pressed in the respective conpressi on nodes

are cal - culated. The sizes of the threeltonpressed data, as well as the

size of the unconpressed data, are com pared by the conparator 14. O
t hese conpression

This is the replacement sheet
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together with the attendant data, such as half information,
left-null information, right-null information, and compression
mode information, is transferred to the register section 15 and
then stored into the RaM 17.

Fig. 3 is a diagram showing the structure of a memory
area assigned to one supplemental character in a RAM. As
_shcwn, half information data is stored in a subaddress 0, left-
null information data in “the subaddress 1, right-null
information data in the subaddress 2, and compression mode
information data in the subaddress 3. Removal byte information
is stored in the subaddresses 4 to m. The removal byte
information indicates the addresses of the data byte removed by
the best compression modé. The bits in this memory area
correspond to the byte addresses in the bit map data. Data "1"
is stored in the bits of the addrésses of the removed byte
data. The remaining memory area from the subaddresses (m + 1)
to n store the compressed data.

To print the supplemen'{:é.xl characters registered in such
an order, the data analyzer section 10, which receives a
supplemental-character print request from the host computer,
sends select, address, and control signals to the RAM 17. The
compressed data of the supplemental characters, and the
attached data of half information, left-null information,
right-null information, and compression mode information, are

read out of the RAM 17, and transferred to the compression mode

discriminator 18. ©Upon receipt of the information data, the

WA
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nodes, the conpression node providing the smallest data size is determ ned

to be the best data conpressi on node.

t he best conpression node, together with the attendant data, such as hal

i nf ormati on,
node i nf or na-

Date:

compression mode discriminator 18 transfers the supplemental
character data to the restoring module which corresponds to the
best compression mode. Specifically, when the data is
compressed by the first compression mode, the compression mode
discriminator 18 transfers the data to the first restoring
module 1l9a. When the data is compressed by the second
compression mode, the data is transferred to the second
restoring module 19b, and scﬂ <;n. The data, after being
restored by the compressed-data restoring section 19, is
transferred to the null-series restoring section 20. In the
null-series réstoring section 20, the null series are restored
on the baéié of the attendant data of half information, left-
null information, right-null information, and compression mode
information. The original bit map data thus restored is sent
to the printer for printing out the bit map data.

A specific operation of the dot matrix printer as
stated above will be described using an example of the bit map
data shown in Fig 4.

An operation flow of the process (pre-compression
process) of removing the null series, which follows the
compression process, is shown in Fig. 5. The null-series
removal section checks the number of right null series. In
this instance, data series A and B are the left null series.
Accordingly, 2 as the number of null series is registered as
the left null information, and these null series are removed.

Then, the null-seties removal section checks the remaining bit

24 0CT 7

f

The conpressed data havi ng under gone

| eft-null information, rlghiznull i nformation, and conpression
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-8 -’»tion, is transferred to the register section 15 and then

map data successively from the right side to the left side to
determine whether or not the null series is present every
second data serieé. In this instance, the null series "d",
*b*, ..., "F", and "D" are present every second data series, so
.that the half-dot present flag is turned on. Then, the null
series "e" and "d" are detected, and these two null series are
registered as right null information and removed. Since the
half-dot present flag is in éﬁ dN state, the null series ‘are
removed every other data series. In this way all the null
series are removed, so that bit map data as shown in Fig. 6 is
obtained. In this bit map data, half of one data series
corresponds to one byte. Accordingly, the data amount of the
bit map data is 28 bytes. Even-numbered byte addresses are
assigned to the upper data byte, and odd-numbered byte
addresses are assigned to the lower data byte.

Subsequently, thé data of Fig. 6 is compressed by the
data compressor 13. Firstly, the first compression mode Qill
be described. The operational flow of the first compression
mode is shown in Fig. 7. The state of data compression is
shown in Fig. 8. The first compressor checks the overall
pattern of the-bit map Hata to determine whether or not the
pattern is symmetrical with respect to the center line. If it
is symmetrical, the bit map data is divided into right and left
data, and a symmetrical flag indicating the symmetry of the
pattern is set. One (e.é., left data) of the right and left

data is selected, and the amount of data is calculated. If it
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stored into the RAM 17.

Fig. 3 is a diagramshow ng the structure of a
ory area assigned to one supplenental character in a RAM As shown,

mem
hal.f information data is stored in a sub- address 0, left-null information
data in the subaddress 1, right-null information data in the subaddress 2,

and conpression node information data”i h4t ne subaddress 3. Renpval byt e

information is stored in the subad- dresses 4 to m The renoval byte
i nformati on indicates

This is the replacement sheet

Date:

is asymmetrical, this compression mode does not compress the
data. A shaded portion in.Fig. 8 indicates the data byte to be
removed by the compression process. In this instance, since
the amount of the data before compression is 28 bytes, the
amount of data after compression is half of the former, i.e.,
14 bytes.

The second compression mode will be described. The
operational flow of the second compression mode is illustrated
in Fig. 9. The state of data compression by the second
compression mode is shown in Fig. 10. The second data
compressor compares the right and left data bytes to check
whether or not those data bytes are equal to each other. If
those data bytes are equal, oné of the data bytes is removed.
If those data bytes are ﬁot equal, the second compressor
advances to the next data series and compares new adjacent data

bytes. A comparison is made of all pairs of adjacent data

bytes. 1In this example, when checking the data from the left

side, the bytes at the addresses 0, 2, 4, 6§, and 8 are not
equal, and hence are left as they are. The data bytes at the
addresses 8 and 10 are equal, so that the data byte at the
address 10 is removed. The data bytes at the addresses 8 and
12 are not equal, and thus aré left as they are. Then, the
data bytes at the addresses 12 and 14 are compared. These
bytes are equal, so that the bytes at the address 14 is
removed. The comparing process progresses until finally the

bytes hatched in Fig. 10 are removed. In this instance, the
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the addresses of the data byte renoved by the best conpression node. The
bits in this menory area corre- spond to the byte addresses in the bit map

data. Data

n 1"

is stored in the bits of the addresses of the renoved byte

data. The renmaining nmenory area fromthe subad- dresses (m+ 1) to n store
t he conpressed dat a. To print the skppt enental characters registered

in such an

order, the data analyzer section 10, which receives a

suppl ement al -character print request from

eI i

Date:

amount of the original data is reduced by 6 bytes, so that the
amount of the compressed data is 22 bytes.

The third compression mode will be described. As seen
from the flow chart of Fig. 11, when the bits of the data byte
are all spaces, this compression mode removes the space bytes.
The removal process is applied to all data bytes. In this
instance, the bytes of which the bits are all space'are only
the bytes at the addresses 7 and 21, which are thus removed.
Since the amount of the data before compression is thus reduced
by two types, the amount of the data after compression is 26
bytes.

When comparing the amounts of the data after
compression by the first to third compression modes, it is seen
that the data amount achieved by the first compression mode is
the smallest. Accordingly, the data compressed by the first
compression mode is registered in the RAM 17.

In the above-mentioned embodiment, the best compressing
method is selected from among the three compressing methods.
It is evident though that other compressing methods may be used
for the present invention. For example, the patterns of the
data bytes separated by one byfe from each other may be
compared for checking whether or not these patterns are equal.
Where three or more of the same pattern successively recur, the
first byte and the number of bytes having the same patterns as
that of the first byte may be registered as the compressed

data.
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t he host conmputer, sends select, address, and control signals to the RAM
17. The conpressed data of the supplenental characters, and the attached
dat.a of half information, left-null information, right-null information,
and conpression node information, are read out of the RAM 17, and
transferred to the conpression node di s-1€rrminator 18. Upon receipt of the
I nformati on data, the conpression node discrimnator 18 transfers the sup-
pl enental character data to the restoring nodul e which

As seen from the foregoing description, in the present
invention, the supplemental character data is automatically
compressed and registered in the memory; which is similar to
the normal procedure for preparing supplemental characters.
Therefore, the memory capacity cén be effectively used.

The foregoing description of a preferred embodiment of
the invention has been presented for purposes of illustration

and description.

This is the rep!a‘cerﬁent sheet
This Sheet Has Been Reﬂlaced

S TR




corresponds to the best conpression node. Specifi- cally, when '
conpressed by the first conpres- sion node, the conpressi onr!mm@ﬁﬂz‘“mmm ,
di.scrimnator 18 transfers the data to the first restoring ¢ ] ern
the data is conpressed by the second conpres- sion node, the data is '
transferred to the second restor- ing moddl € 19b, and so on. The data,

after being restored by the conpressed-data restoring section 19, is
transferred to the null-series restoring section 20. In

CLAIMS

1. A dot matrix printer comprising:

a plurality of data compressors (13a, 13b, 13c..) for
compressing bit map data each by a different data compressing

method;

a data selector (14) for selecting the data compressed by the
one of said data compressors (l3a, 13b, 13c..) which provides
the smallest amount of compressed data from among plural items
of data compressed by said plurality of data compressors and
output from said data compressors (13a, 13b, 13c..);

a memory (17) for storing the compressed data selected by said
data selector (14); and

a data restorer (19a,20) for restoring the compressed data,
read out from said memory (17) to bit map data.

2. The dot matrix printer according to claim 1, further
comprising a bit map data generator (ll) for generating bit
map data using pattern data of character/graphic patterns
received from an external device, and applying the generated
bit map data to said data compressors (13a, 13b, 13c..).

3. The dot matrix printer according to claim 1 or 2, further
comprising a pre-compressor (12) for removing null data
-satisfying predetermined conditions from original bit map
data, bit map data output by said pre-compressor (12) being
applied to said plurality of data compressors (13a, 13b, 13c)
for compression thereby.

4. The dot matrix printer according to anyone of the preceding
claims, wherein said memory (17) stores compressed data

acement sheet
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the null-series restoring section 20, the null series are restored on the
basis of the attendant data of half infor- mation, |eft-null ulmmmmum'l”“"'
ri.ght-nul | information, and conpression node infornation. '
map data thus restored is sent to the printer for printing out t he bit" 1:1)
dat a. A specific operation of the dofl8matrix printer as

together with compressing-method information indicative of the
selected data compressor (l3a, 13b, 13c..) and removed-data
information indicative of positions of data deleted by said

selected data compressor.

5. The dot matrix printer according to claim 4, in which said
data restorer (19a, 20) employs a plural number of data
restoring modules (1%a, 19b, 19c...) corresponding to the
plural number of said data compressors (13a, 13b, 13c..), said
data restorer selecting a one of said restoring modules (19a,
19b, 19c..) corresponding to the selected data compressor
(13a, 13b, 13c) on the basis of compressing method information
read out of said storing means (17).

6. The dot matrix printer according to claim 5, wherein said data
restorer (19a, 20) restores deleted data on the basis of
deleted data information read out of said storing means (17).

7. A method for storing and retrieving bit map data in a dot
matrix printer especially according to any one of the
preceding claims, comprising the steps of:

compressing bit map data by a plural number of
different data compressing methods; selecting the data
compressed by the compressing method which provides the
smallest amount of compressed data; storing the selected

compressed data; and

reading out and restoring compressed data read out of said
storing means to bit map data.

8. The method acdording to claim 7, further comprising[ prior to
said step of compressing, the step of generating bit map data
using pattern data of character/graphic patterns received from

an external device.
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9. The method according to claim 7 or 8, further comprising,
prior to said step of compressing, pre-compressing said bit
map data by removing null data satisfying predetermined

conditions.

10. The method according to any one of <claims 7 to 9, wherein
said step of storing further comprises storing said compressed
data together with compressing-method information indicative
of the selected compressing method - and removed-data
information indicative of positions of data deleted in
said step of compressing.

11l. The method according to any one of claims7 to 10, wherein, in
said step of compressing, one of said said plural number of
data compressing methods comprises the steps of:

checking whether or not a pattern of whole precompressed bit
map data is symmetrical with respect to a vertical center line
thereof;

if said pattern is symmetrical, dividing said precompressed
bit map data with respect to said center line into right and
left data; and providing only one of said right and left data

for said storing step.

12. The method according to any one of claims 7 to 11, wherein, in
said step of compressing, one of ssid said plural number of
.data compressing methods comprises the steps of: calculating
an exclusive-OR logical sum of right and left data bytes
adjacent to each other in the pre-compressed bit map data to
check whether or not the data bytes are equal to each other;
if the adJacent data bytes are the same, removing one of the
adjacent data bytes prior to said storing step; and if the
adjacent data bytes are different, providing both adjacent

data bytes for said storing step.
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st ated above will be described using an exanple of the b
in Fig 4. An operation flow of the process (pre- CO”mumm'mmE B';IE )
‘of renoving the null series, which follows the conpressién process, s
shown in Fig. 5. The nul | -series renoval section checks the number of
right null series. In this instance, da2@ series A and B are the left null
series. Accordingly, 2 as the nunber of null series is registered as the
left null information, and these null

13. The method according to any one of claims 7 to 12, wherein, in
said step of compressing, one of said said plural number of
data compressing methods comprises the steps of: checking
whether data byte consisting of only null data is present or
absent; and if byte data consisting of ohly null datae is
présent, removing the byte data consiting of only null data
prior to said storing step.

14. The method according to any one of claims 7 to 13, further
comprising, prior to said step of compressing, pre—comptessing
said bit map data by the steps comprising: counting a number
of successive null series from the left end of the bit map
data and treating the counted number as left-side null data;
removing null series present successively from said left end
of said bit map data; checking whether or not null series are
present every second data series in remaining bit map data; if
null series are absent in said remaining bit map data, setting
a half-dot present flag in an OFF state, and if null series
are present every second data series, setting said half-dot
present flag in an ON state; counting a number of successive
null series from the right end of said bit map data and
treating the counted number as right null information;
removing the counted number of null series present from said
right end of said bit map data successively from said right
end of said bit map data; when said half-dot present flag is
in said ON state, removing said null series.

ement gheet This Sheet Has Been R
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seri.es are renoved. Then, the null-series renoval sec- tion checks the
remaining bit nmap data successively fromthe right side to the left sid
to determ ne whether or not the null series is present every second dat
series. In this instance, the null series "d", "b" .... "F', and "D

present every second data series, so that __the half-dot present flag is

tur ned on.

Then, the null series "e" and

null series are registered as right null information and

This is th
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DOT MATRIX PRINTER AND METHOD FOR STORING
AND RETRIEVING BIT MAP DATA
ABSTRACT

A bit map data generator section (ll1) prepares bit map data on the
basis of data received from a host computer. A null-series
removal section (12) removes data series of null from the bit map
data. A data compressor compresses (13) the remaining bit map
data using a plurality of different compression. modes. A
comparator (14) compares the sizes of the compressed data prdduced
by the different compression modes. Of the compressed data, the
compressed data of the smallest size is stored in a RAM (17). by a
register section (15). When the supplemental character data is
printed out, the compression mode by which it was compressed is
discriminated by a compression mode discriminator (18). The data
is transferred to a compressed-data restoring section (19)
corresponding to the discriminated compressibn mode, and then to a
null-series restoring section (20). The null-series restoring
section restores (20) the data into the original bit map data,
that is, the bit map data before compressed.

FIGURE 2
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renmoved. Since the half-dot present flag is in an ON state, the nul
series are renoved every other data series. In this way all the nul
seéries are renoved, so that bit map data as shown in Fig. 6 is obtained.
In this bit map data, half of one data series corresponds to one byte.
Accordingly, the data amount of the bit kap data is 28 bytes.

Even- nunbered byte addresses are assigned to the upper data byte, and
odd- nunbered byte addresses are assigned to the |ower data byte.
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cal .flag indicating the symmetry of the pattern is set.

data) of the right and left data is sel ected,
calculated. If it is asymetri- cal.

One (e.g., left

and the anount of data is
this conpressi on node does not

conpress the data. A shaded portion in Fig. 8 indicates the data byte to be
since the anount of

renoved by the conpression process.

the data before conpres-

In<4 1 s instance,
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siontis 28 bytes, the anmount of data after conpression 1is half of the
former, i.e., 14 bytes. The second conpression node will be descri bed.
The operational flow of the second conpression node is illustrated in Fig.
9. The state of data conpression by the second conpression node i s shown
in Fig. 10. The second data conpressor Borpares the right and left data

" bytes to check whether or not those data bytes are equal to each other. If
t hose data bytes are equal, one

FIG. 5

(: PRE-COMPRESSION PROCESS t)

i 4

SEARCH THE NUMBER OF THE LEFT
NULL SERIES AND REMOVE THEM

A 4

HALF DOTS PRESENT ?

y

SEARCH THE NUMBER OF THE RIGHT
NULL SERIES AND REMOVE THEM

HALF DOTS PRESENT ? -

YES
REMOVE HALF DOTS

w

4

END
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of &.he data bytes is renpved. If those data bytes are not equal, the

second conpressor advances to the next data series and conpares new

adj acent data bytes. A conparison is nade of all pairs of adjacent data
bytes. In this exanple, when checking the data fromthe left side, the '
bytes at the addresses 0. 2, 4, 6. and-86are not equal, and hence are |left
as they are. The data bytes at the addresses 8 and 10 are equal, so that
the data byte at the address 10 is renoved. The data bytes at the

o

BYTE ADDRESS = C
SERIES NAME =

EVEN-NUMBERED
ADDRESS BYTES

0DD-NUMBERED
ADDRESS BYTES

BYTE ADDRESS =1 357 ———y
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Date: 24 0CT 200 \ _

This is the replacement sheet




addresses 8 and 12 are not equal, and thus are left as they are. Then, the
dat-a bytes at the addresses 12 and 14 are conpared. These bytes are equal,
so that the bytes at the address 14 is renoved. The conparing process

progresses until finally the bytes hatched in Fig. 10 are renoved. In this ,

I nstance, the anmobunt of the orig- inal 7data is reduced by 6 bytes, so that
the anobunt of the conpressed data is 22 bytes. The third conpression
node wi || be described. As

FIG. 7

C 1ST COMPRESSION MODE )

DATA PATTERN SYMMETRICAL ?

[ ves

" DIVIDE THE DATA INTO RIGHT AND LEFT
DATA AND SET A SYMMETRY FLAG

h 42

CALCULATE THE AMOUNT OF COMPRESSED

- DATA
v
. END
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seen fromthe flow chart of Fig.

al |* spaces,

process is

-which the bits are al

t hus reduced by two types,

byt es.
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this conpressi on node

applied to all data bytes.

11, when the bits of the

renoves the space bytes.

In this instance,
space are only the bytes at the addresses 7 and 21,
whi ch are thus renoved. Since the anount8of the data before conpression is
the anobunt of the data after conpression is 26

FIG. 9
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Wien*conparing the amounts of the data after conpression by the first to
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DOT MATRIX PRINTER AND METHOD FOR STORING AND

RETRIEVING BIT MAP DATA.
Description

The present invention relates to a dot matrix printer
and a method for storing and retrieving bit map data.

To print patterns other than the graphics and char-
acters previously stored as character sets in a ROM of
a printer, the user must prepare patterns bit map data
corresponding to the characters to be printed, and store
the prepared patterns as supplemental character data
in a memory of the printer.

Usually, a part of a buffer memory, for example, in
the printer, is used for storing the supplemental charac-
ter data. In this case, it is necessary to provide in
advance a memory having a capacity sufficient for stor-
ing the data of the largest size expected.

The amount of supplemental character data differs

- among users. Some users require only a small amount

of supplemental character data, while others need a
large amount of such data. In the former case, a large
part of the memory allocated for storing the supplemen-
tal character data is not used and is wasted.

A technique for reducing the memory capacity of
the memory used for storing the data by compressing
the bit map data of the supplemental character data has
been used for factory-installed character patterns. How-
ever, it is difficult for general users to employ such a
method for storing supplemental character data since
special inowledge is required for carrying out such a
method.

The present invention has been made in view of the
above circumstances, and has as an object the provi-
sion of a dot matrix printer which can store supplemen-
tal character data prepared by a user without requiring
any complicated steps to be carried out by the user.
This object is solved by the dot matrix printer of inde-
pendent claim 1 and the method of independent claim 7.
Further advantageous features, aspects and details of
the invention are evident from the dependent claims, the
description and the drawings. The claims are intended
to be understood as a first non-limiting approach of
defining the invention in general terms.

The invention allows that the user can store supple-
mental character data prepared by the user after the
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data has been converted into compressed data without
requiring any compressing operation to be performed
by the user, and which can effectively utilize the availa-
ble memory.

The invention provides a dot matrix printer which
stores bit map data composed of characters and graph-
ics provided by a user, and which reads out the bit map
data with code signals received from a host computer.
More particularly, the invention provides a dot matrix

- printer employing an improved technique for storing and
reading out the bit map data.

The dot matrix printer of the invention has reduced
bit map data storage.

To achieve the above and other aspects of the
invention, according to a specific aspect of the inven-

. tion, a dot matrix printer comprises means for com-
pressing bit map data using a plural number of data
_compressing methods, means for selecting the data
compressed by the compressing method providing the
smallest amount of compressed data from among the
plural items of data compressed by the plural number of
compressing methods and which are output from the
compressing means, means for storing the compressed
data selected by the selecting means, and means for
restoring the compressed data read out of the storing
means to bit map data.

That is, in accordance with a specific aspect of the
invention, the bit map data is compressed using a plural
number of compressing methods. The amounts of the
compressed data resulting from the application of these
compressing methods are compared. The compressed
data having the smallest size is selected, and then
stored in to the storing means. Accordingly, the supple-
mental character data prepared by the user can auto-

. matically be stored in the storing means in the form of

- compressed data having the smallest size. Accordingly,

the memory of the printer can be more effectwely uti-
lized.

The accompanying drawings, which are incorpo-
rated in and constitute a part of this specification, illus-
frate preferred embodiments of the invention, and,
together with the following description, serve to explain
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first byte and the nunber of bytes hav- ing the sane patterns as that of
the first byte pg be rsﬁ stered as the conpressed data. As seen from
t he foregoing descrl pti present invention, the suppl enental
character data is automatlcally conpressed and regi stered in the mem- ory,
which is simlar to the nornal procedure for prepar- ing supplenental
characters. Therefore, the nenory 3-

the abjects, advantages and principles of the invention.

Fig. 1is a block diagram showing the overall system
of a dot matrix printer constructed according to a
preferred embodiment of the present invention:;

Fig. 2 is a block diagram showing the functions of
the control means used in the printer of Fig. 1,
which can be incorporated by means of a micro-
computer.

Fig. 3 is a diagram showing the structure of a mem-
ory area assigned to one supplemental character in
a RAM:

Fig. 4 is a diagram showing an example of bit map
data, which is used for explaining the operation of
the printer;

Fig. 5 is a fiow chart showing a sequence of proce-
dural steps for a pre-compression process
employed in the printer;

Fig. 6 is a diagram showing the bit map data after
precompression;

Fig. 7 is a flow chart showing a sequence of proce-
dural steps of the data compression process car-
ried out in a first compression mode in the printer;
Fig. 8 is a diagram showing the state of the data
compression achieved by the first compression
mode;

Fig. 9 is a flow chart showing a sequence of proce-
dural steps of the data compression process car-
ried out in a second compression mode; _
Fig. 10 is a diagram showing the state of the data
compression achieved by the second compression
mode; '

Fig. 11 is a flow chart showina a seauence of pro-
cedural steps of the data compression process car-
ried out in a third compression mode; and

Fig. 12 is a diagram showing the state of the data

compression achieved by the third compression
mode.

Fig. 1 is a block diagram showing the overall system
of a dot matrix printer constructed according to a pre-
ferred embodiment of the present invention.
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In the figure, reference numeral 1 designates a con-
trol unit composed mainly of a microcomputer, which
receives signals, such as supplemental character data
and control commands, from a host computer by way of
an interface 2. The control unit 1 is connected to a mem-
ory 4 for storing control programs to control the printer
functions and a memory device S including a ROM for
storing bit map data of characters and patterns as
defaults and a work RAM. The control unit 1 is further
connected to a driver 7 for transferring bit map data
through ancther interface 6 to a print head 8.

Fig. 2 is a block diagram showing the functions of
the control unit 1 (microcomputer) shown in Fig. 1. A
data analyzer section 10 analyzes signals received from
the host computer to produce supplemental character
data, address signals for the memory, memory select
signais and control signals.

The address signal output from the data analyzer
section 10 is applied to a RAM 17 and a ROM 16 in
which fonts as defaults are previously stored for
addressing them. The select signal and control signal
from the data analyzer section 10 are applied to the
ROM 16 and the RAM 17 for selecting the RAM 17 or
the ROM 16 and for controlling the read/write operation
of the selected one. The supplemental character data
from the data analyzer section.10 is input to abit map
data generator section 11. The bit map data generator
section 11, which contains a buffer memory, generates
bit map data of the supplemental character data, and
assembles a map of the bit map data in an X-Y coordi-
nate area of the buffer memory. The bit map data
mapped in the buffer memory of the bit map data gener-

: ator section 11 is read therefrom by a null-series
removal section 12. The rnull-series removal section 12
checks whether or not, of the bit map data (of Fig. 4, or
example), grouped data (referred to as data series)
arrayed serially and in the direction (vertical direction in
Fig. 4) of arraying dot forming elements (e.g., print pins)
of the print head 8 are all the data (referred to as nult
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data) not forming dots (viz., which is null). If data series
(referred to as null data) consisting of only null data is
present, the null-series removal section 12 removes the
data (this removal process is called a pre-compression
process).

The pre-compressed bit map data output from the
null-series removal section 12 is input to a data com-
Pressor 13 operable in plural types of data compression
modes. The data compressor 13 compresses the pre-
‘Ccompressed bit map data in the respective compression

Modes. The bit map data (compressed data) com-
pressed in the compression modes, together with the

pre-compressed bit map data not yet compressed
(referred to uncompressed data), is transferred to a
comparator 14. The comparator compares the amounts
of the compressed data and the uncompressed data,
and selects the compressed data or uncompressed
data having the smallest size. The selected data is
transferred to a register section 15. Then, the data,
together with information data attached thereto, such as
half information, left-space information, right-space
information, and compression mode information (as wiil
be discussed in detail later) is stored into the RAM 17.

The data read out of the ROM 16 or the RAM 17 is
fransferred to a compression mode discriminator 18.
The compression mode discriminator 18 discriminates
the data compression mode by which the compressed
data was compressed, determines whether or not the
‘data is compressed, and transfers the read-out data to
one of restoring modules 19a to 19d of a compressed-
data restoring section 19 in accordance with the resuit
of the compression-mode discrimination. The com-
pressed-data restoring section 19 restores the com-
pressed data from the RAM 17 to the pre-compressed
bit map data using the attendant data of the half infor-
mation, left-space information, right-space information,
and compression mode information. The bit map data
from the compressed-data restoring section 19 is input
to a null-series restoring section 20, which in turn adds
the null series, which was removed by the null-series
removal section 12, to the bit map data. As a result, the
compressed data is restored to the original bit map
data. The original bit map data is transferred through
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the interface 6 to the print head 8 where it is printed out.
in the dot matrix printer thus constructed, when
receiving a supplemental-character-data request from
the host computer, the data analyzer section 10
acknowledges the request and then enables the RAM
17 by a select signal. The supplemental character data
from the host computer is compressed by the best data
compression mode as stated above, and transferred as
compressed data to the RAM 17. At the same time, the
RAM 17 is addressed by an address signal. The data is
written into the memory location of the specified
address in the RAM under the controf signal. In this way,
the compressed supplemental character data attendant
with the information data is registered in the RAM 17.
Details of the processing of the supplemental character
data will be described hereinafter.
The bit map data generator section 11 converts the
supplemental character data received from the host -
.computer into bit map data representative of a dot pat-
tern. Subsequently, the bit map data is transferred to the
null-series removal section 12 where the null series is
removed from the data (ie., the data is pre-com-
pressed).
The pre-compression is carried out as follows. The
number of successive null series is counted from the leit
end of the bit map data. The counted number of the null

_series is treated as left-side null data. The null series.
~'present successively from the left end of the bit mdp

data are removed in the counted number. Then, as for
half information, the null-series removal section checks
whether or not the null series are present every second
data series in the remaining bit map data. If the null
series are absent, the null-series removal section turns
off the half-dot present flag. If those are present every
second data series, the null-series removal section
turns on the half-dot present flag, and counts the
number of successive null series from the right end of
the bit map data treating the counted number of the nult
series as right null information, and removes the
counted number of the null series present successively
from the right end of the bit map data. When the half-dot
present flag is in an ON state, for instance, the nuil
series are removed. When the half-dot present flag is in
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an OFF state, no further removal of null series is carried
out. After the completion of the precompression proc-
ess, the number of bytes of bit map data is counted.

Subsequently, the pre-compressed bit map data is
transferred to the data compressor 13 where it is further
compressed. In this embodiment, three data compres-
sion modes are employed, which operate in the follow-
ing ways. .

A first data compressor (first compression mode)
13a checks whether or not the pattern of the whole pre-
compressed bit map data is symmetrical with respect to
the vertical center line. Iif it is symmetrical, the data is
divided, with respect to the center line, into two portions,
right and left data. Only one of the right and left data is
empiloyed. '

A second data compressor (second compression
mode) 13b calculates the exclusive-OR logical sum of
the right and left data bytes adjacent to each other (the

~ data byte means the data group forming one byte in the
data series; in the case of Fig. 4, the upper half and the
lower haif of the data series are respectively the data
bytes) to check whether or not the data bytes are equal
to each other. If the adjacent data bytes are the same,
one (e.g., the right data) of the data bytes is removed. If
the two byte data are different, both byte data are left.

A third data compressor (third compression mode)
13¢ checks whether data byte (referred to as null byte)
consisting of only null data is present or absent. In this
compression mode, the symmetry and the equality of
the adjacent data bytes are not checked. If the null byte
is present, the third compressor removes the null byte
and leaves the remaining bytes.

The sizes (data amounts) of the data thus com-
pressed in the respective compression modes are cal-

culated. The sizes of the three compressed data, as
well as the size of the uncompressed data, are com-
pared by the comparator 14. Of these compression
modes, the compression mode providing the smallest
data size is determined to be the best data compression
mode. The compressed data having undergone the
best compression mode, together with the attendant
data, such as half information, left-null information,
right-null information, and compression mode informa-
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tion, is transferred to the register section 15 and then
stored into the RAM 17.

Fig. 3 is a diagram showing the structure of a mem-
ory area assigned to one supplemental character in a
RAM. As shown, half information data is stored in a sub-
address 0, left-null information data in the subaddress
1, right-null information data in the subaddress 2, and
compression mode information data in the subaddress
3. Removal byte information is stored in the subad-
dresses 4 to m. The removal byte information indicates
the addresses of the data byte removed by the best
compression mode. The bits in this memory area corre-
spond to the byte addresses in the bit map data. Data
"1" is stored in the bits of the addresses of the removed

. byte data. The remaining memory area from the subad-

dresses (m + 1) to n store the compressed data.

To print the supplemental characters registered in
such an order, the data analyzer section 10, which
receives a supplemental-character print request from
the host computer, sends select, address, and control
signals to the RAM 17. The compressed data of the
supplemental characters, and the attached data of half
information, left-null information, right-null information,
and compression mode information, are read out of the
RAM 17, and transferred to the compression mode dis-
criminator 18. Upon receipt of the information data, the
compression mode discriminator 18 transfers the sup-
plemental character data to the restoring module which
corresponds to the best compression mode. Specifi-
cally, when the data is compressed by the first compres-
sion mode, the compression mode discriminator 18
transfers the data to the first restoring module 19a.
When the data is compressed by the second compres-
sion mode, the data is transferred to the second restor-
ing module - 19b, and so on. The data, after being
restored by the compressed-data restoring section 19,
is transferred fo the null-series restoring section 20. In
the null-series restoring section 20, the null series are
restored on the basis of the attendant data of half infor-
mation, left-null information, right-null information, and
compression mode information. The original bit map
data thus restored is sent to the printer for printing out
the bit map data.

A specific operation of the dot matrix printer as
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stated above will be described using an exampie of the
bit map data shown in Fig 4.

An operation flow of the process (pre-compression
process) of removing the null series, which foilows the
compression process, is shown in Fig. 5. The null-series
removal section checks the number of right null series.
In this instance, data series A and B are the left null
series. Accordingly, 2 as the number of null series is
registered as the left null information, and these nuil
series are removed. Then, the null-series removal sec-
tion checks the remaining bit map data successively
from the right side to the left side to determine whether
or not the null series is present every second data
series. In this instance, the null series "d", b", ..., "F",

and "D" are present every second data series, so that
‘the half-dot present flag is turiiéd on. Then, the nuill

.geries "e" and "d" are detected, and these two null
‘series are registered as right null information and
‘removed. Since the half-dot present flag is in an ON
. state, the null series are removed every other data
series. In this way all the null series are removed. so
that bit map data as shown in Fig. 6 is obtained. In this
bit map data, half of one data series corresponds to one
byte. Accordingly, the data amount of the bit map data is
28 bytes. Even-numbered byte addresses are assigned
to the upper data byts, and odd-numbered byte
addresses are assigned to the lower data byte.
Subsequently, the data of Fig. 6 is compressed by
‘the data compressor 13. Firstly, the first compression
‘mode will be described. The operational flow of the first
compression mode is shown in Fig. 7. The state of data
compression is shown in Fig. 8. The first compressor
checks the overall pattern of the bit map data to deter-
mine whether or not the pattern is symmetrical with
respect to the center line. If it is symmetrical, the bit map
data is divided into right and left data, and a symmetri-
cal flag indicating the symmetry of the pattern is set.
'One (e.g., left data) of the right and left data is selected,
and the amount of data is calculated. If it is asymmaetri-
- cal, this compression mode does not compress the
data. A shaded portion in Fig. 8 indicates the data byte
to be removed by the compression process. In this
instance, since the amount of the data before compres-
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sion is 28 bytes; the amount of data after compression
is half of the former, i.e., 14 bytes.

The second compression mode will be described.
The operational flow of the second compression mode
is illustrated in Fig. 9. The state of data compression by
the second compression mode is shown in Fig. 10. The
second data compressor compares the right and left
data bytes to check whether or not those data bytes are
equal to each cther. if those data bytes are equal, one
of the data bytes is removed. If those data bytes are not
equal, the second compressor advances to the next
data series and compares new adjacent data bytes. A
comparison is made of all pairs of adjacent data bytes.
In this example, when checking the data from the left
side, the bytes at the addresses 0, 2, 4, 6, and 8 are not-
equal, and hence are left as they are. The data bytes at
the addresses 8 and 10 are equal, so that the data byte
at the address 10 is removed. The data bytes at the
addresses 8 and 12 are not equal, and thus are left as
they are. Then, the data bytes at the addresses 12 and
14 are compared. These bytes are equal, so that the
bytes at the address 14 is removed. The comparing
process progresses until finally the bytes hatched in Fig.
10 are removed. In this instance, the amount of the orig-
inal data is reduced by 6 bytes, so that the amount of the

compressed data is 22 bytes. '

' The third compression mode will be described. As
seen from the flow chart of Fig. 11, when the bits of the
data byte are all spaces, this compression mode
removes the space bytes. The removal process is
applied to all data bytes. In this instance, the bytes of

"~which the bits are all space are only the bytes at the
addresses 7 and 21, which ara thus removed. Since the
amount of the data before compression is thus reduced
by two types, the amount of the data after compression
is 26 bytes.

When comparing the amounts of the data after
compression by the first to third compression modes, it
is seen that the data amount achieved by the first com-
pression mode is the smallest. Accordingly, the data
compressed by the first compression mode is registered
in the RAM 17.

in the above-mentioned embodiment, the best
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compressing method is selected from among the three
compressing methods. it is evident though that other
compressing methods may be used for the present
invention. For example, the patterns of the data bytes
separated by one byte from each other may be com-
pared for checking whether or not these patterns are
equal. Where three or more of the same pattern succes-
sively recur, the first byte and the number of bytes hav-
ing the same patterns as that of the first byte may be
registered as the compressed data.

As seen from the foregoing description, in the
present invention, the supplemental character data is
automatically compressed and registered in the mem-
ory, which is similar to the normal procedure for prepar-
ing supplemental characters. Therefore, the memory
capacity can be effectively used.

The foregoing description of a preferred embodi-
ment of the invention has been presented for purposes
of illustration and description.

Claims
1. Adot matrix printer comprising:

a pluraiity of data compressors (13a, 13b,
13c..) for compressing bit map data each by a
different data compressing method;
a data selector (14) for selecting the data com-
pressed by the one of said data compressors
(13a, 13b, 13c..) which provides the smallest
amount of compressed data from among plural
items of data compressed by said plurality of
data compressors and output from said data
compressors (13a, 13b, 13¢..);
a memory (17) for storing the compressed data
selected by said data selector (14); and
a data restorer (19a,20) for restoring the com-
pressed data, read out from said memory (17)
to bit map data.

2. The dot matrix printer according to claim 1, further
comprising a bit map data generator (11) for gener-
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6. The dot matrix printer according to claimb5, wherein

compressing method is selected from among the three
compressing methods. It is evident though that other
compressing methods may be used for the present
invention. For example, the patterns of the data bytes
separated by one byte from each cother may be com-
pared for checking whether or not these patterns are
equal. Where three or more of the same pattern succes-
sively recur, the first byte and the number of bytes hav-
ing the same patterns as that of the first byte may be
registered as the compressed data.

As seen from the foregoing description, in the
present invention, the supplemental character data is
automatically compressed and registered in the mem-
ory, which is similar to the normal procedure for prepar-
ing supplemental characters. Therefore, the memory
capacity can be effectively used.

The foregoing description of a preferred embodi-
ment of the invention has been presented for purposes
of illustration and description. s e e
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1. Adot matrix printer comprising:

a plurality of data compressors (13a, 13b,
13c..) for compressing bit map data each by a
different data compressing method;

a data selector (14) for selecting the data com-
pressed by the one of said data compressors
(13a, 13b, 13c..) which provides the smallest
amount of compressed data from among plural
items of data compressed by said plurality of
data compressors and output from said data
compressors (13a, 13b, 13¢..);

a memory (17) for storing the compressed data

selected by said data selector (14); and
a data restorer {(19a,20) for restoring the com-

pressed data, read out from said memory (17)
to bit map data.

2. The dot matrix printer according to claim 1, further
comprising a bit map data generator (11) for gener-
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said data compressors (13a, 13b, 13c..).

3.

£

The dot matrix printer according to claim 1 or 2, fur-
ther comprising a pre-compressor (12) for removing
null data satisfying predetermined conditions from
ariginal bit map data, bit map data output by said
pre-compressor (12) being applied to said plurality
of data compressors (13a, 13b, 13c¢) for compres-
sion thereby.

The dot matrix printer according to anyone of the
preceding claims, wherein said memory (17) stores
compressed data together with compressing-
method information indicative of the selected data
compressor (13a, 13b, 13c..) and removed-data
information indicative of positions of data deleted by
said selected data compressor. '

The dot matrix printer according to claim 4, in which
said data restorer (19a, 20) employs a plural
number of data restoring modules (19a, 19b, 19¢...)
corresponding to the plural number of said data
compressors (13a, 13b, 13c..), said data restorer
selecting a one of said restoring modules (19a, 19b,
19¢..) corresponding to the selected data compres-
sor (13a, 13b, 13c) on the basis of compressing
method information read out of said storing means

(17).

The dot matrix printer according to claim 5, wherein
said data restorer (19a, 20) restores deleted data
on the basis of deleted data information read out of

_said storing means (17).

A method for storing and refrieving bit map data in
a dot matrix printer especially according to any one
of the preceding claims, comprising the steps of:

compressing bit map data by a piural number
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of different data compressing methods; select-
ing the data compressed by the compressing
method which provides the smallest amount of
compressed data; storing the selected com-
pressed data; and

reading out and restoring compressed data
read out of said storing means to bit map data.

The method according to claim 7, further compris-
ing, prior to said step of compressing, the step of
generating bit map data using pattern data of char-
acter/graphic patterns received from an external
device.

The method according to claim 7 or 8, further com-
prising, prior fo said step of compressing, pre-com-
pressing said bit map data by removing nuil data
satisfying predetermined conditions.

The method according to any one of claims 7 t0 9,
wherein said step of storing further comprises stor-
ina said compressed data together with compress-
ing-method information indicative of the selected
compressing method and removed-data informa-
tion indicative of positions of data deleted in said
step of compressing.

The method according to any one of claims 7 to 10,
wherein, in said step of compressing, one of said
said plural number of data compressing methods
comprises the steps of:

checking whether or not a pattern of whole
precompressed bit map data is symmetrical
with respect to a vertical center line thereof;

if said pattern is symmetrical, dividing said
precompressed bit map data with respect to
said center line into right and left data; and pro-
viding only one of said right and left data for
said storing step.

The method according to any one of claims 7 to 11,
wherein, in said step of compressing, one of said
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conpressed data; *st ori tng
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said plural number of data compressing methods -
comprises the steps of. calculating an exclusive-
OR logical sum of right and left data bytes adjacent
to each other in the pre-compressed bit map data to
check whether or not the data bytes are equal to
each ather; if the adjacent data bytes are the same,
removing one of the adjacent data bytes prior to
said storing step; and if the adjacent data bytes are
different, providing both adjacent data bytes for said
storing step.

13. The method according to any one of claims 7 to 12,
wherein, in said step of compressing, one of said
‘said plural number of data compressing methods
comprises the steps of: checking whether data byte
consisting of only null data is present or absent; and
if byte data consisting of only null data is present,

~ removing the byte data consiting of only null data
prior fo said storing step.

14. The method according to any one of claims 7 to 13,
further comprising, prior to said step of compress-
ing, pre-compressing said bit map data by the steps

- comprising: counting a number of successive null

. . series from the left end of the bit map data and
treating the counted number as left-side null data;
removing null series present successively from said
left end of said bit map data; checking whether or
not nuil series are present every second data series
in remaining bit map data; if null series are absent
in said remaining bit map data, setting a half-dot
present flag in an OFF state, and if null series are
present every second data series, setting said half-
dot present flag in an ON state; counting a number
of successive null series from the right end of said
bit map data and treating the counted number as
right nuil information; removing the counted number
of nuil series nresent from said right end of said bit
map data successively from said right end of said
bit map data; when said half-dot present flag is in
said ON state, removing said null series.
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step of conpressing. 11. Thg;qe&;ggg“amcgfg&ng to any one of clains 7 to
10. wherein, in sai'd“‘s‘t’e"p"o? conpressing, one of said said plural

nunber of data conpressing nethods conprises the steps of.
checki ng whet her or notpglepattern of whole preconpressed bit nmap
data is symretri cal QO AN 1998 - |

o}

-3 -

SUBADDRESS FIG 3

0 HALF INFORMATION
1 RIGHT NULL INFORMATION
LEFT NULL INFORMATION

COMPRESSION MODE INFORMATION -
ADR?

1 4

5

2.3

on

- w -
P N
PO I
- - oo d

9 : 10

[
F-N

11212

Hmmmm—m—— A WN

m+1

COMPRESSED DATA

) e em e

FIG. 6
BYTE ADDRESS

=0246 26
SERIESNAME =CEGIKMOQSUWYac

EVEN-NUMBERED
ADDRESS BYTES |

0DD-NUMBERED
ADDRESS BYTES

BYTE ADORESS =1 3§ J-——mmimow N



. : qﬂgsheet . : :
with respect to a ve%g%tﬁgmu&acﬁ‘ t her eof : If said pattern is
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viding only one of saigghtet ght and &e_f data for said storing step.
12. The method according to af JA cI_aH'r_ns 7 to 11. wherein, in
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said plural nunber of datgs mr,@gﬁcg@gﬁeghgﬁs conprises the steps of:
cal cul ati ng an excl usi ve- | ogi cal sum of right and |left data bytes

adj acent to each other in the pre-conpressed bit map data to

check whether or not thdateia Meﬂﬂaﬂﬂﬁﬁequal to each other; if the
adj acent data bytes are the sane, gDV|ng one of the adjacent dat a
bytes prior to said storing step: and 7f the adjacent data bytes are
different. providing both adjacent data bytes for said

FIG. 5

(_ PRE-COMPRESSION PROCESS )

I

SEARCH THE NUMBER OF THE LEFT
NULL SERIES AND REMOVE THEM

I

HALF DOTS PRESENT ?

:

SEARCH THE NUMBER OF THE RIGHT
NULL SERIES AND REMOVE THEM

__ HALF DOTS PRESENT ?

YES
REMOVE HALF DOTS




storing step. 13 7Rk repiacesentisheptt o any one of clains 7 to 12,
wherein, in said step of conpressing, one of said said plural nunber

of data conpressing met hods conprises the steps of: checking whet her

data byte condpatet ng Ohfwﬁﬁ..ﬁﬁll data is present or absent; and

I f byte data consisting of ata is present. renoving the-
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counting a nunber of suguaesi vegngAN 1998

DATA BYTES OF
THE PRESENT AND PRECEDING
ADDRESSES 7THE SAME

NO

PROGRESS TO THE NEXT REMOVE ONE OF THE COMPARED
BYTE ADDRESS DATA BYTE

FIG. 10

0246 810121416 18 --ccoeeeee %

N
4

S T T 13194173 *s--..vui _




This is t~~ r~nlacement sheet

Date: QY JAN 1988

FIG. 11

(' 3RD COMPRESSION MODE )

e

YES
PROGRESS TO THE NEXT
BYTE ADDRESS REMOVE THE NULL BYTE
Te
TS THE LAST ADORESS REACHED ?
' YES

FIG. 12




senes fromgt he | ef t end of the bit map data and--t+eai

Az gt ed T eT
as |eft-side null dat a; Termovi ng- nuli T series preseﬁ ~3éﬁ%@'§/§§‘v “f om sal d

left end of said bit map et her! &Eﬁﬁ“?ﬁﬁ‘{‘l 9@%”1‘1 0, paeed 5
present every second dateln mmlug IIF% ni ng bl FapméRlt a PRESOn Ffé‘ém{es
are absent in said renai nl*ngcbl “set tii aamﬁ»)d@ﬁged ----- to paged ...

§ ,U/Abatract pag»d ..... to paged .7

‘ 16 MAR 1998
"-11- | DATE OF RECEIPT .oovvomiren

: ccmpressmg methed is selected frem among the three
comprassing methods. It is evident though that ather
comgressing metheds may be used for the present
invention. For . example the patterns. of the data bytes
separated by cne byte fram each other may be com-
pared for checking whether or not these patterns are
equal. Where three cr mara of the same pattern succes-
sively recur, the first byte and the number of bytes hav-
ing the same patterns as that of the first byte may be
registered as the compressad data. -~

As seen from the foregcing description, in the
present invention, the supplemental character data is
automatically compressed and registered in the mem-
ory, which is similar to the narmal procedure for prepar-
ing supplemental characters. Therefore, the memary
capacity can be effectively used.

The foregoing description of a preferred embodi-
ment of the invention has been presented for purpases
of illustration and description.

|REPLACEMENT SHEET

16 M2® 995




present flag in an OFF state, and if.null series are present every second _

data series, setting said half- dot pre ﬁ‘ﬁ\“ Hi n an lstate, counting a
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Claims

1. Adot matrix printer comprising:

a plurality of data compressors (13a, 13b,
"13c¢..) for compressing bit map data each by a
' different data compressing method;

- a data selector (14) for selecting the data com-
pressad by the one of said data compressars
(13a, 13b, 13c..) which provides the smallest
amount of compressed data from among piural
items of data compressed by said plurality of
data compressors and output from said data
compressors (13a, 13b, 13¢..);

a memary (17) for storing the compressed data
selected by said data selector (14); and
a data restorer (19a.20) for restoring the com-
pressed data, read out from said memory (17)
to bit map data.

2. The dot matrix printer according to ciaim 1, further
comprising a bit map data generator (11) for gener-
ating bit map data using pattern data or cnarac-
ter/graphic patterns received from an external
device, and applying the generated bit map data to
said data compressors (13a, 13b, 13¢..). o
3. The dot matrix printer according to claim 1 or 2, fur-
ther comprising a pre-compressor (12) for removing
null data satistying predetermined conditions from
original bit map data, bit map data output by said
pra-comprassor {12) being applied to said plurality
of data compressors (13a, 13b, 13¢) for compres-
sion thereby.

4. The dot matrix printer according to anyone of the
preceding claims, wherein said memory (17) stores
compressed data together with compressing-
method information indicative of the selected data
compressor (13a, 13b, 13c..) and removed-data
information indicative of positions of data deleted by
said selected data compressor.
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The ddt matrix printer according o claim 4, in which

said data restorer (19a. 20) employs a plural
number of data restoring modules (19a, 19b, 15¢...)
corresponding to the plural number of said data
compressars (13a, 13b, 13c..), said data restorer
selecting a one of said restoring modules (19a, 19b,
19¢..) coresponding o the selected data compres-
sor {13a, 13b, 13c) on the basis of compressing
methed information read out of said storing means
a7n.

The dot matrix printer according to claim 5, wherein
said data restorer (19a. 20) restores deleted data
on the basis of deleted data information read out of

_said storing means (17).

A method for storing and retrieving bit map data in
a dot matrix printer especially according to any one
of the preceding claims, comprising the steps of:

- compressing bit map data by a plural number

of different data compressing methods; select-
ing the data compressed by the compressing
method which provides the smallest amount of
compressed data; storing the selected com-
pressed data; and

reading out and restoring compressed data
read out of said storing means to bit map data.

The method according to claim 7, further compris-
ing, prior to said step of compressing, the step of
generating bit map data using pattern data of char-
acter/graphic patterns received from an external
device.

The method according to claim 7 or 8, further com-
prising, prior to said step of compressing, pre-com-
pressing said bit map data by removing nuil data
satisfying predetermined conditions.

The method according to any one of daims 7t0 9,
wherein said step of storing further comprises stor-

ina said compressed data together with comoress-
ing-method information’ indicative of the selected
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'compressing method and removed-data informa-
tion indicative of pasitions of data deleted in said
step of compressing.

11. The method according o any one of claims 7 o 10,
wherein, in said step of compressing, one of said
said plural number of data compressing methods
comprises the steps of:

checkin'g whether or not a pattern of whole
precomprassed bit map data is symmetrical
with respect to a vertical center line thereof;

if said pattern is symmetrical, dividing said
precompressed bit map data with respect to
said center line into right and left data; and pro-

viding only one of said right and left data for
said storing step.

12. The method according to any one of daims 7 to 11,
wherein, in said step of compressing, one of said
said plural number of data compressing methods
comprises the steps of: calculating an exclusive-
OR logical sum of right and left data bytes adjacent
o each other in the pre-compressed bit map data to
check whether or not the data bytes are equal to
each other; if the adjacent data bytes are the same,
removing one of the adjacent data bytes prior to
said storing step; and if the adjacent data bytes are
different, providing both adjacent data bytes for said
storing step.

13. The method according to any one of daims 7 to 12,
wherein, in said step of compressing, one of said
said plural number of data compressing methods
comprises the steps of: checking whether data byte
consisting of only null data is present or absent; and
if byte data consisting of only null data is present,

~ removing the byte data consiting of only ruil data
prior to said storing step.

14. The method according to any one of daims 7 to 13,
further comprising, prior to said step of compress-
ing, pre-compressing said bit map data by the steps
comprising: counting a number of successive null
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sens from the left end of the b:t map data and
treating the counted number as left-side nuil data;

removing null series present stccessively from said

left end of said bit map data; checking whsther or
not null series are present every second data sefes

in remaining bit map data; if null series are absent
in said remaining bit map data, setting a half-dot
presert flag in an OFF state, and if null series ara
present every second data series, setting said haif-
dat present flag in an ON state; counting a number
of succassive null series from the right end of said
bit map data and treating the counted number as
right null information; removing the counted number
of null series oresent from said right end of said bit
map data successively from said right end of said
bit map data; when said half-dot present flag is i
said ON state, removing said null series.
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DOT MATRIX PRINTER AND METHOD FOR STORING
AND RETRIEVING BIT MAP DATA

ABSTRACT

A bit map data 'gen,erator section (ll) prepares bit map data on the
basis of data rec_eived from a host computer. A null-series
removal section (12) removes data series of null from the bit map
data. A data compressor compresses (13) the remaining bit map
data using a plurality of different compression mades. A
comparator (l4) compares the sizes of the compressed data produced
by the different compression modes. Of the compressed. data, the
compressed data of the smallest size is stored in a RaM (17)' by a
register section (15). When the supplemental character data is
printed out, the compression mode by which it was compressed is
discriminated by a compression mode discriminator (18). The data
is transferred to . a compressed-data restoring section (19)
corresponding to the discriminated compression mode, and then to a
null-series restoring section (20). The null-series restoring
section restores (20) the data into the original bit map data,
that is, the bit map dat_a before compressed.

FIGURE 2
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