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(57) Abstract

By exchanging the print head cartridge of an inkjet (bubble jet) printer (1) with a CCD image sensor (2), an apparatus capable of
scanning and digitising optical images - the reverse process of printing - is provided. While a document is fed into the printer (1), the
printer (1) is commanded to "print" by a host computer (4), passing the print head platform which holds the CCD image sensor (2) across
the document horizontally and feeding the document vertically. As the CCD image sensor (2) is scanning the document, images on the
document are digitised and fed to the host computer (4). The CCD image sensor (2) and its support circuitry are in a similar housing as the
print head cartridge, making it easily exchangeable. The printer (1) recovers its normal function when the print head cartridge is put back.
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SCANNER

The present invention relates to image scanners
of the type which scan an image and convert it to a
form which may be inputted to a computer. More
particularly, the invention relates to a scanner which
uses a known printer carriage to transport the scanning
device.

It ié known to use printer carriages to transport
scanner devices, however, these devices only provide a
line by line scan and thus are slow compared'to
dedicated scanners and provide reduced resolution.
Further with dot matrix and daisy wheel printers, the
actual printing mechanism is incorporated into the
printer carriage as only the ribbon need be readily
replaceable. This leads to complexity when disabling
or replacing the printer mechanism so that the printer
may act as a scanner as well as difficulty in mounting
the scanning device.

According to the present invention, there is
provided a scanning apparatus for use with a computer
comprising:

an ink jet printer having a print head platform
laterally displaceable relative to a paperfeed
mechanism carrying an image bearing medium;

said printer including a cartridge mounting means
for mounting interchangeably an ink jet printer

cartridge or a scanning array cartridge;

PCT/AU95/00170
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said scanning array cartridge including a scanner
array for sequentially converting portions of the image
bearing medium into digital signals;

logic circuitry interconnecting the scanning
array, an I/O port df a computer and an I/O port of
said printer;

said logic circuitry responsive to signals from
said computer and said printer to produce control
signals to cause said print head platform to scan said
image bearing medium and to couple digital signals
produced by said scanning array to said computer
through said computer I/O port.

The present invention uses an inkjet printer with
a changeable print head cartridge instead of a dot
matrix (impact) printer with a print head having
actuatable pins and a ribbon. The image sensor can be
hcused in a module similar to the inkjet head and can
face the document in a similar manner to the print
head. The image sensor can also be inserted and
removed with ease, in the same fashicn as the
replaceable print head module.

The present invention uses a CCD image array
scanning device which, typically, can sample 128 dcts
at a time, making it much faster and more accurate than
known systems which use a single optical sensor. For
example, to scan 128 lines, a single sensor has to make
128 passes, making it extremely slow. The scanner of

the present invention needs to make only one pass. The



WO 95/26607 PCT/AU95/00170
- 3 -

vertical resolution of the known system is restricted
to the smallest line feed the printer can make, whereas
the scanner of the present invention has no such
restriction.

5 The present iﬁvention does not use the "Strobe"
signal from the printer to trigger the sampling
process, thus it can have higher horizontal resolution
than the printer. When the "Strobe" signal is used to
trigger each sampling operation, the scanner can only

10 have horizontal resolution as high as the printer.

One form of the present invention uses‘the
printer port of the host computer as both the interface
for the printer and the scanner, making it more
economical and still useful even when the host computer

15 (such as a portable computer) cannot accommcdate any
more add-on cards.

The present invention also provides the ability
to de colour scanning.

Preferred embodiments of the present invention

20 will now be described, by way of example only, with
reference to the accompanying drawings, in which:

Figure 1 shows a pictorial representation cf the
configuraticn of the present invention;

Figure 2 shows a circuit block diagram of the

25 present invention;

Figure 3 shows a circuit block diagram of an

alternate embodiment of the present invention;

Figure 4 shows a flow chart of the operation
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sequence of mono scanning;

Figure 5 shows a flow chart of the operation
sequence of colour scanning;

Figure 6 shows a diagram of an optical system of
the CCD image sensor (90 degree); and

Figure 7 shows a diagram of further embodiment of
the optical system of the CCD image sensor (parallel) .

One form of the current invention is an add-on
device for an inkjet printer as shown in Figure 1. The
printer 1 can be used as an image scanner for a host
computer 4 when the add-on circuit box 3 is plugged
into the printer port 11 of the printer and the printer
cable is plugged into the other end of the add-on box
3. A printer port 41 of the host computer 4 is
ccnnected with the printer cable. The print head
cartridge is replaced by a CCD image sensor 2 having a
similar housing to the print cartridge. The CCD image
sensor 2 is connectad to the add-on box 3 by a flexible
cable (not shown). The cable is arranged so that it
will not obstruct the movement of the print head
platform.

Another implementation of the present invention
is to house the circuitry for scanning inside the
printer 1. Extra contacts and wirings are provided on
the print head platform for the CCD image sensor
inserted.

In operation, the document to be scanned is first

fed to the printer 1. Then the host computer 4 sends
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carriage movement commands to the printer. The printer
starts "printing" although nothing is printed because
there is no print head. When the printer moves its
print head platform from one end to the other, a
synchronisation sigﬁal from the print head platform is
intercepted and fed to the scanner circuit 3. Once the
host computer 4 detects this signal, it sends a command
through the printer port 41 to the scanner control
circuit 34, telling it to sample. The sampled image
signal of analogue form is coupled to an amplifier 31
and then to a A/D converter 32. Brightness and
contrast can be adjusted at this stage. The digitised
image is then sent to the host computer 4 via the
printer port 41.

For black and white or greyscale scanning, each
pass is followed by one line feed. The licht source 22
remains the same during the whole process.

For colour scanning, three passes are needed for
every line feed, red, green and blue light sources are
used, one for each of the three passes.

In one particular embodiment, in order to save
adding an interface card to the host computer (PC) 4,
the printer port 41 is used to input the digitised
image data to the PC as well as to control the printer
1. The scanner box 3 sits between the PC printer port
41 and the printer 1. One output line of the printer
port (from the PC’'s point of view) - the least useful

one - is nominated to set the scanner box 3 to "scan
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mode" or "print mode". In print mode, the scanner box
bypasses all the active signals using electronic switch
35 so that the PC can send commands to the printer as
usual. In scan mode, the printer is isolated from the
printer port using switch 35, the input and output
lines being used by the scanner to receive commands and

to send data to the PC.

Interfacing

The widest input register in an IBM PC printer
port (or compatible) is 5-bit. To read each 8-bit
image data from the scanner to the host PC, two input
operations are needed. The speed of this input process
must catch up with the scanning process because the
printer moves its print head platform at a set speed.
In other words, all the data generated by the A/D
converter 32 must be transferred to the computer during
each pass unless a buffer is implemented in the scanner.

Cne solution to transfer an 8-bit number through
the 5-bit input register is described as follows. For
an 8-bit number of XXXXYYYY, the higher nibble XXXX is
shifted 4 times to the right and "1" is added to the
5th bit, making one 5-bit number 1XXXX. Another 5-bit
number 0YYYY is made of the lower nibble YYYY and an
"O" being set to the Sth bit. These 5-bit numbers ars
presented to the input port, first the "1" leaders then

the "0" leaders, one after the other. The PC running
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the scanner driver program reads all these 5-bit
numbers into a memory buffer, separates the higher
nibbles and the lower nibbles according to the S5th bit
("0" or "1"), and reconstructs the 8-bit numbers to be
stored as the image;data. The scanner presents each
S-bié number to the input pert in a period of time that
is slightly greater than a read cycle of the PC so that
all 5-bit numbers can be read in, although some
redundant numbers are also read.

The redundant numbers can be filtered out by
checking the 5th bit. For example, there can be a
sequence of numbers as "1TTTT, QUUUU, 1VVVV, 1WWWW,
1YyYy, 0zZzzZ", after decoding and filtering input data
of "TTTTUUUU, VVVVXXXX, YYYYZZZZ" will be obtained.

Although the normal interfacing method such as
handshaking can be used, the one described above has
been fcund faster. The reason is that, for
hand-shaking, several slow I/0 operations are needed
for each 5-bit compared to the 1 to 2 operations needed
for each 5-bit in the described method. The overhead
of filtering is minute due to the fast nature of
mathematic cperations.

Referring to Figure 3, a second interfacing
method which may be used employs a memory buffer 36 of
size m*n, whers n is the number of elements of the CCD
imaging array, and m is the maximum number of
horizontal pixels. For each pass, data of m*n pixels

is generated and stored in the memory buffer 36.
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Because the memory buffer 36 is located in the circuit
box 3, the speed of this storing process can easily be
matched to the speed of the scanning process. Data in
the buffer 36 is transferred to the host computer 4
using conventional methods (e.g. handshaking) via the
printer port 41 during the scanning periocd and during
the carriage return. The reason a slower interfacing
method may be used is that more time is allowed to
transfer the m*n pixel data. In fact, there is no time
constraint at all.

A third interfacing method which may be used for
1-bit depth scanning is to shift four bits to a nibble
befecre transferring it to the host computer. That way
one I/0 operation can transfer four pixels.

For serial printers, computers with a parallel
port can still interface to the scanner while
cocmmunicating with the printer using the serial port.
When there is no conventicnal parallel printer port on
the host computer, another interface pert such as the
SCSI port, bidirectional printer port cr PCMCIA slot
may be used. Higher interfacing speed can be achieved
through these ports as they normally prcvide 8 bit or

wider transfer ability.

Synchronisaticn

The scanning process must synchronise with the

movement of the print head platform as it holds the CCD
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image sensor 21. The position of the print head
platform has to be known by the scanner circuitry 3 and
the host PC 4.

First, the host computer 4 sends commands to the
printer 1, asking it to print continuously from left to
right. After the printer 1 has moved its print head
platform to the beginning position, it sends high
voltage pulses through to the print head platform.
These pulsés are normally sent to the print head
cartridge to eject ink, but in the scanning mode the
print head is removed, so nothing is printed; Instead,
the first few pulses are intercepted by the scanner
circuitry 3 and sent to the host computer 4. The host
computer 4, knowing the position of the print head
platform, starts the scanning process. As the constant
speed of the print head platform is known by the host
ccmputer 4, it can calculate the positicn of each
digitised pixel and stop scanning when the print head
platform reaches to the end of a scan pass. The
carriage i1s resturned. For colour scanning, the light
source 22 is changed twice and the above process
repeated twice. If the CCD imaging array 21 has n
elements, and it samples m times in one pass, this pass
will scan an area of m*n pixels.

After m*n pixels are sent to the host computer 4,
the printer 1 will do a line feed of n pixels high.

The above scanning process is repeated for another m*n

area.
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Reducing from 128 to <128 pixels

A CCD imaging array 21 has a fixed number of
elements n, for exaﬁple 128. If m is the number of
horizontal pixels to achieve a certain resolution, m*n
pixels will have to be sent to the host computer 4 for
each pass. Without buffering, this has to be done
within the time of a one-way pass of the print head
platform. For a fast printer/slow computer
combination, this is impossible. The solution is to
reduce the number of vertical pixels per pass to Kk,
with k<=n, so that m*k pixels can be sent to the host
computer 4 during the pass. k is calculated and set by
the host computer 4 after obtaining the speed of the
printer 1 and the host computer 4.

It is known that for an n-element CCD imaging
array 21, n+d readout clock pulses must be applied in a
1-line readout pericd (d is the number of dummy
elements). In the preferred embodiment of the present
invention, two clcck spesds are used, one normal, one
very fast. For each 1-line readout, the clock pulse of
normal speed is fed k times, followed by n+d-k times of
fast clock pulse. k is adjusted so that m times of

1-line readcut can be accomplished with one pass.



WO 95/26607 PCT/AU95/00170

10

15

20

25

CCD Image Sensor

One form of the image sensor is made up of a
reduction type CCD imaging array 21, a lens 23 and a
lamp 22. As shown in Figure 6, the axial lamp 22
provides a uniform light source. The lens 23 and the
CCD array 21 are arranged to construct a reduction
focusing system, forming the image of the document
irradiated by the light source 22 on the CCD sensing
element surface. |

In the situation where the optical system cannot
be placed vertically to the surface of the document due
to the structure of the print head platform, a mirror
24 can be used to change the focusing direction as
shown in Figure 7.

In the case of colour scanning, three light
scurces of blue, red and green are used.

Other kinds of light source 22 can be light
emitting diode (LED) and fluorescent lamp.

A contact type sensor can also be used. One pass
colour scanning can be achieved when using a contact
type sensor with colour filters built in.

It will be appreciated that further embcdiments
and exemplifications of the invention are possible
without departing from the spirit or scope of the

inventicn described.
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THE CLAIMS DEFINING THE INVENTION ARE AS FOLLOWS: -
1. A scanning apparatus for use with a computer
comprising:

an ink jet printer having a print head platform
laterally displaceaﬁle relative to a paperfeed mechanism
carrying an image bearing medium;

said printer including a cartridge mounting means
for mounting interchangeably an ink jet printer
cartridge or a scanning array cartridge;

said scanning array cartridge including a scanner
array for sequentially converting portions of the image
bearing medium into digital signals;

logic circuitry interconnecting the scanning
array, an I/0 port of said ccmputer and an I/O port of
said printer;

said logic circuitry responsive to signals from
said ccmputer and said printsr to rroduce centrol
signals to cause said print head platform to scan said
image bearing medium and to cocuple digital signals
produced by said scanning array to said computer through
said computer I/0 port.
2. A scanning apparatus according to claim wherein
said logic circuitry is responsive to a signal
indicative cf movement of said print head platform to
commence scanning of said image bearing medium.
3. A scanning apparatus according to claim 1 or
claim 2 wherein said digital signals comprise a series

of 8-bit words and said words are divided by said logic
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circuitry into a first 5 bit portion containing a
control character and the four hicher order bits of said
8-bit word and a second 5 bit portion centaining a
further control character and the four lower order bits
of said 8-bit word, .said first and second portions of
each 8-bit word being sent sequentially to said I/O port
of the computsr, said comput;r rasponsiveto said centrol
charactaers to reform the two 5 bit porticns into said
eight bit word.

4. A scanning apparatus according to claim 1 or

claim 2 including memory buffer means located between

O

said scanner array and said I/ port cof the computer,
said memory buffer means being m*n bits in size, whera n
is the number of elements of the scanner array and m is

-

the maximum number of horizontal pixsls to ke scanned,

5. A scanning apparatus accerding to any one of the
preceding claims wherein said scanner array is a charcge
coupled device.

6. A scanning apparatus according to any one of the
preceding claims including a switch means selectively
cperable to bypass said lecgic circuitry and connect said
printer I/0 port directly to said computer I/0 port.

7. A ccanning apparatus according to any one of the
preceding claims further including a light source to

illuminate said portion of the image bearing medium.
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8. A scanning apparatus according to any one of

n

canning including rad, green

claims 1 to 6 for coclcur
and blue light sources cperable to seguentially

lluminate said porticn of the image bearing medium and

'J-

w
n

aid print head platfcrm beirng operable in response tce

contrsl sicmals frem said lccic cizcuitry te scan said

pcroicn cf the image bearing gperticn saguentizlly during
illuminaticn by each of said rad, green and Llue light
scurces

C 9. A scanning azpparatus substantially as

nerzinbefore described with refersnce tc Figures 1 and 2

cr Figurss 1 and 3 cf the accompanying drawings.

SUBSTITUTE SHEET (Rule 26)
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