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APPARATUS AND METHOD FOR CONVERTING
BIT-MAPPED DATA FROM ROW ORIENTATION
TO COLUMN OR ORIENTATION

This is a continuation of Ser. No. 248,899, filed
Sept. 23, 1988, now abandoned.

TECHNICAL FIELD OF THE INVENTION

The present invention pertains generally to a device
and method that transforms row-oriented data read
from a Read Only Memory (ROM) device into column-
oriented data.

BACKGROUND OF THE INVENTION

Some types of graphics printers use a thermal print-
head to transfer image data stored in a computer mem-
ory onto a printing surface. The thermal printhead may
provide a single “column” of dots vertically oriented
with respect to the printing surface. Thus, image data is
printed one or more columns at a time. A thermal print-
head is made up of “‘dots” or resistive elements that heat
up a foil and transfer ink from a carrier (ribbon). The
areas to be printed have the dots heated up; the areas
left blank have the dots remain cool. Each dot can be
represented by a binary digit, wherein a binary “1”
means the corresponding dot is turned on and a binary
“0” means the corresponding dot is turned off. This
binary data is easily stored in a computer memory, but
the image data must be column-oriented for it to print
correctly on the vertically oriented printhead described
above.

Performance problems arise when printing Japanese
Kanji characters. Kanji character sets stored in ROM
are accessed by rows. Such a ROM device is the Hita-
chi 4 megabit HN62404, wherein a bit mapped Kanji
character set resides in 2 ROM chips. There are two
different character sets available from Hitachi, com-
prised of two different font sizes. One character set is
made up of 24 bit X 24 bit characters and the other set
is made up of 32 bit X 32 bit characters. In both cases,
each character is located in a 32 bit X 32 bit memory
space divided between the two ROM chips. Each char-
acter row in the device is accessed using an 18 bit ad-
dress. The most significant 13 bits of the address iden-
tify the Kanji character; the least significant 5 bits of the
address identify the rows making up the Kanji charac-
ter.

Each Kanji character resides in this device in a man-
ner described by FIG. 2. Half of each Kanji character is
located in each of two ROMs: the “left” half in ROM 18
and the “right” half in ROM 19. Both 18 and 19 are is
divided into two halves, 20/21 and 22/23 respectively.
Although each row of 18 and 19 is comprised of 16 bits,
data is read from the device one byte at a time.

A software program could be used to read directly
the row-oriented Kanji character data in the ROMs, but
for printing the image data must be column-oriented.
Therein lies the problem. If the software simply reads
directly the row-oriented data in the ROM, then to
create one byte of column-oriented data the ROM must
be read eight times and consecutively mask off seven
bits. The problem, then, is speed of conversion. It has
been estimated that it may take software from 2 to 5
milliseconds to convert a 32 bit X 32 bit Kanji charac-
ter. If the image has 200 characters in it, then:
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If it takes 0.4 seconds per image to convert 200 Kanji
characters from row orientation to column orientation,
then the printer is drastically slowed down. What is
needed is a fast method of converting the row-oriented
Kanji character into a column-oriented image.

SUMMARY OF THE INVENTION

The present invention provides an apparatus and
method for converting row-oriented ROM data into
column-oriented data.

BRIEF DESCRIPTION OF THE DRAWINGS

In the drawings, where like numerals refer to like
elements throughout the several views,

FIG. 1is a flow diagram describing the method of the
present invention;

FIG. 2 is a detailed drawing of the physical imple-
mentation of a row-oriented Kanji character stored in
ROM;

FIG. 3 is an illustration of how a 32 bit X 32 bit Kanji
character is viewed as 16 separate 8 bit X 8 bit matrices;

FIG. 4 is a block diagram of the hardware used to
convert row-oriented data into column-oriented data;

FIG. § is an illustration of the row-orientation of an 8
bit X 8 bit matrix prior to conversion;

FIG. 6 is an illustration of the column-orientation of
an 8 bit X 8 bit matrix after conversion.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENT

In the following detailed description of the preferred
embodiment, reference is made to the accompanying
drawings which form a part hereof, and which is shown
by way of illustration a specific embodiment in which
the invention may be practiced. It is to be understood
that other embodiments may be utilized without depart-
ing from the scope of the present invention.

The preferred embodiment converts, in hardware, a
32 bit X 32 bit row-oriented Kanji character into a
column-oriented Kanji character. The Kanji character
is treated as 16 separate 8 bit X 8 bit matrices as shown
in FIG. 3. The row orientation of the data in the 8 bit X
8 bit matrix is shown in FIG. §, wherein each bit is
labeled as 67 through 74. Each data bit D7 is on the
“left” side of the matrix and each data bit D0 is on the
“right” side of the matrix. Conversion of an 8 bit X 8 bit
matrix is performed by reading all 8 rows of data in a
particular matrix from the ROM and writing the data
into 8 separate 8 bit latches. The L8273 latches are
shown in FIG. 4, labeled as 41 through 48. Once the
data for the 8 bit X 8 bit matrix is held outside the
ROM, it can be manipulated as required without read-
ing of the ROM again. As shown in FIG. 4, conversion
from row orientation to column orientation is done by
selecting each 1.S244 line driver, labeled in FIG. 4 as 57
through 64, in turn, and writing the selected data into a
First-In-First-Out (FIFO) register 66 that is deep
enough to hold the entire 32 bit X 32 bit Kanji charac-
ter (i.e., 128 separate 8 bit registers). The column orien-
tation of the data in the 8 bit X 8 bit matrix after conver-
sion is shown in FIG. 6, wherein each byte is labeled as
75 through 82. Thus, the row-oriented data is converted
into column-oriented data.
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Note that all of the lines or interconnects between the
1.§273 latches, 41 through 48, and the LS244 ports, 57
through 64, are not shown in FIG. 4. Only 8 intercon-
nects are shown, labeled as 49 through 56 in FIG. 4, to
maintain clarity in the drawing, because 64 intercon-
nects exist between the latches and ports. The intercon-
nects required for converting bits in column 75 are fully
shown.

FIG. 1 is a flow chart describing the operation of a
peripheral device built to perform this conversion. In
the preferred embodiment, software running on a host
computer makes a request to access the peripheral. The
host computer passes the 18 bit Kanji character address
to the peripheral. The peripheral receives the request
(10) and uses the most significant 13 bits of the address
to identify the character location (11). The peripheral
executes a loop to access the 16 separate 8 bit X 8 bit
matrices in order (12). The peripheral executes a loop to
access the 8 separate 8 bit rows in order (13). Each row
is read from the ROM (14) and stored in an 8 bit latch
(15). Once the entire 8 bit X 8 bit matrix has been read,
the matrix is converted into column-oriented data (16).
As each column of the matrix is converted, it is stored
in the FIFO register (17). When the conversion of the
entire Kanji character is completed, 128 bytes reside in
the FIFO register. The peripheral indicates the comple-
tion of the operation by storing a specfic value in a
status byte register. The host computer, which monitors
the status byte register, recognizes the completion and
issues a read request to the peripheral for each of the
128 bytes (9). When all of the data is transferred to the
host computer, the peripheral signals, via the status byte
register, that it is available for another conversion oper-
ation.

The preferred embodiment can convert a Kanji char-
acter in 128 microseconds. The speed is limited by the
access time of the ROM (i.e., 200 nanoseconds). Thus,
in the preferred embodiment hardware conversion pro-
vides a performance multiple of 15.63 over software

conversion.
(Software) 0.002 seconds 15.63
(Hardware)  0.000128 seconds ~

Although a specific configuration has been illustrated
and described for the preferred embodiment of the pres-
ent invention set forth herein, it will be appreciated by
those of ordinary skill in the art that any arrangement
which is calculated to achieve the same purpose may be
substituted for the preferred embodiment shown. This
application is intended to cover any adaptations or vari-
ations of the present invention. Therefore it is mani-
festly intended that this invention be limited only by the
claims and the equivalents thereof.

What is claimed is:

1. Apparatus peripheral to a computer for converting
data from a row-orientation to column-orientation,
comprising:

() a memory device storing a plurality of bit-mapped

characters;

(b) input signalling means for receiving a first address
having a first number of bits from the computer
identifying one of said bit-mapped characters
stored in said memory device;

{c) first Jooping means for selecting and accessing in
order, at a second address from said computer, said
second address being a second number of most
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significant bits from said first address, wherein said
first number of bits is greater than said second
number of bits, each bit matrix of a plurality of bit
matrices comprising said bit-mapped character;

(d) second looping means for selecting and accessing
in order each row of a plurality of rows comprising
said bit matrices;

(e) latching means for storing said selected row of a
selected bit matrix into one of a plurality of latches;

(f) conversion means for converting said selected
matrix stored in said latches from a row-orientation
into a column-orientation suitable for use by the
computer, wherein a plurality of bits are selected
and read from said latches according to their posi-
tion in said latches;

(g) buffering means for storing said selected and read
bits into one of a plurality of memory locations in a
FIFO register;

(h) output generating an output signal to signal means
for signalling the computer when the conversion is
complete and said bit matrices of said bit-mapped
character are stored in said FIFO register ready for
transfer to the computer; and

(i) data transfer means, in response to a data transfer
request signal from the host computer, for transfer-
ring said bit-mapped character from said FIFO
register to the computer, and resetting said output
signal when ready for the next conversion.

2. A method of converting data from a row-orienta-
tion to column-orientation with a device peripheral to a
computer comprising:

(a) receiving a first address having a first number of
bits from the computer identifying one of a plural-
ity of bit-mapped characters stored in a memory
device;

(b) selecting and accessing in order, utilizing said
address at a second address from said computer,
said second address having a second number of
most significant bits from said first address, where
said first number is greater than said second num-
ber, each bit matrix of a plurality of bit matrices
comprising said bit-mapped character;

(c) selecting and accessing in order, utilizing said
address, each row of a plurality of rows comprising
said selected bit matrix;

(d) storing said selected row of said selected bit ma-
trix into one of a plurality of latches;

(e) converting said selected bit matrix stored in said
latches from a row-orientation into a column-orien-
tation suitable for use by the computer, wherein a
plurality of bits are selected and read from said
latches according to their position in said latches;

(f) storing said selected and read bits into one of a
plurality of memory locations in a FIFO register;

(g) generating an output signal to signal the computer
when the conversion is complete and said bit matri-
ces of said bit-mapped character are stored in said
FIFO register ready for transfer to the computer;
and

(h) transferring, in response to a data transfer request
signal from the host computer, the character from
said FIFO register to the computer, and resetting
said output signal when ready for the next conver-

sion.
* * * * *



