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Two control bits are provided to the scale unit 43 by the margin unit 57
advance dot and advance litre. The advance dot bit allows the state machine
t o gener ave onigbgsipl e i nstances of the sane dot data (usef ulcTiavooagss
mar gi ns and WO O1/8981 -10 PCT/ AU00O/ 00~16 creating dot data for
over | appi ng segnents in the pant head) The advance line bit allows the
state machine to control when a particular |ine of dots has been finished,
thereby allowi ng truncation of data according to punter nmargins It also
saves the scale unit fromrequiting special end-of-line logic. The input to
the scale unit is a full line buffer. The line is used scale factor tines
to effect vertical up-scaling via line replication, and within each |ine,
“each value is used scale 5 factor tinmes to effect horizontal up-scaling ma
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9. The LLFU
f data For the
p first LineSync

pul se

3Rist occur this period of time after the LLFU has started. This

allows the i nmmadrnglrnamh 6T in V@l 6,85 résEondie eralln:luQ advakke Hdn@d ARxte 190ngbas tvRlide t o
be r eady t gthaenatlrngcgs@sCLm'[ @WU;@%toEEl@Hﬁ:B%I sfgﬁﬂ'bﬁcﬁﬁ the page margins of the current page. it 1s also

responsible for generating the end of page condition. The MU keeps a counter of dot and linc across the page Both are

set to 0 at the beginning of the page The dot counter is advanced by 1 each time the MU receives a dot advance signal

25

from the DMAU. When the MU receives a line advance signal from the DMAU, the line counter 1s incremented and the

dot counter is reset to 0 Each cycle, the current line and dot values are compared to the margins of the page, and

appropriate output dot advance, ltne advance and within margmn signals are given based on these margins. The DMAU

contawns the only substantial memory requirements for the HCU.

In FIG. 81s seen the line loader / format unit (LLFU) It receives dot information from the HCU, loads the dots

30

for a given print line 1nto appropriate buffer storage (some on chip, and some 1n external DRAM 34) and formats them

into the order required for the pnnt head A high level block diagram of the LLFU 1n terms of its external interface s
shown in FIG. 9. The input 67 to the LLFU 15 a set of 6 32-bit words and a DataVahd but, all generated by the HCU. The

output 68 is a set of 90 bits representing a maximum of 15 print head segments of 6 colors. Not all the output bits may be
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W thout |iming the invention to any one,gnbodi ment or specific collection
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The data being wrntten to E or F 1s color 1 data generated by the HCU, and color 2-6 data from buffer D (supphied
from DRAM) Color | data is wntten to EF whenever the HCU's QutputValid flag 1s set, and color 2-6 data 1s written
40 dunng other times from register C.
Buffer OE; 81 in FIG 9 1s a 32-bit register used to hold a single HCU-generated set of contiguous 32 dots for
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ColorNAdr = adr
If (adr == 39)
adr=0
Else
5 adr =adr + |
EndIf
Else
ColorNWriteEnable = FALSE
Endlf
10 If (HCU_OutputValid)
firstEncountered = NOT(firstEncountered)
Endif
EndWhile
Address generation for reading is trickier, since 1t 1s tied to the timing for DRAM access (both reading and
15 writing), buffer EF access, and therefore color 1 generation. It is more fully explained below.

Address generation for buffers C, D, E, F, and colorN are all tied to the iming of DRAM access, and must not
1terfere with color 1 processtng with regards to buffers E and F The basic principle 1s that the data for a single segment
of color N (either odd or even dots) 1s transferred from the DRAM to buffer EF via buffer CD  Once the data has been
read from DRAM those dots are replaced based on the values in ColorBufferN This 1s done for each of the colors in odd

20 and even dots. After a complete segment’s worth of dots has accumulated (20 sets of 64 cycles), then the process begins
again Once the data for all segments in a given printhne has been transferred from and to DRAM, the current address for
that color’s DRAM buffer 1s advanced so that 1t will be the appropniate number of lines until the particular data for the
color’s hne 15 read back from DRAM In this respect then, the DRAM acts as a form of FIFO. Consequently color N
(cither odd or even) 15 read from DRAM nto buffer D while copying color N (same odd/even sense) to buffer C. The

25 copying of data to buffer C takes 20 or 21 cycles depending on whether the QutputValid flag occurs during the 20
transfers. Once both tasks have finished (typically the DRAM access will be the slower task), the second part of the
process begins. The data in buffer C is written to DRAM (the same locations as were just read) and the data in buffer D 1s
copied to buffer EF (again, no color N data is transferred to buffer EF while the OutputValid flag 1s set since color 1 data
15 being transferred) When both tasks have finished the same process occurs for the other sense of color N (either odd or

30 even), and then for each of the remarnung colors. The entire double process happens 10 times The addresses for each of
the current lines n DRAM are then updated for the next line’s processing to begin

In terms of bandwidth, the DRAM access for dot data buffers consumes the great majority of all DRAM access
from PEC. For each print line we read an entire dot line for colors 2-6, and write an enttre dot line for colors 2-6. For the
maximum of k5 segments this equates to 2 x 5 x 15 x 1280 bits = 192,000 bits (24,000 bytes) per print hne For the fast-

35 est printing system (30,000 lines per second) this equates to 687 MB/sec For | page per second printing the bandwidth
required 15 312 MB/sec. Since the bandwidth 1s so high, the addresses of the various half-lines for each color m DRAM
should be optimized for the memory type being used In an RDRAM memory system for example, the very first half-line
buffer 1s aligned for each color to a 1KByte boundary to maximize page-hits on DRAM access As the various segments
are processed it 1s necessary to ensure that if the start of the next segment was going to be aligned at byte 960 within the

40 1KByte page, then the 640-bit access would span 2 pages Therefore the variable DRAMMaxVal 1s used to check for this

case, and 1f it occurs, the address 15 rounded up for the next half-hne buffer to be page-aligned. Consequently the only
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waste 1s 64 bytes per 13 segments, but have the advantage of the 640-bit access completely within a single page
The address generation process can be considered as NumSegments worth of 10 sets of: 20 x 32-bit reads followed
by 20 x 32-bit writes, and 1t can be seen 1n the following pseudocode
EFStartAdr=0
5 Do NumSegments times-
For CurrColor = 0 to MaxHalfColors
DRAMStartAddress = ColorCurrAdr[CurrColor]

While reading 640 bits from DRAMStartAddress into D(>= 20 cycles)
10 ColorNAdr =0
While (ColorNAdr '= 20)
1f (NOT HCU_OutputValid)
Transfer ColorNBuffer[ColorNAdr|CurrCotor_bit0] to C[ColorNAdr]
ColorNAdr = ColorNAdr + 1
15 EndIf
EndWhile
EndWhile - wait until read has finished

While writing 640 bits from C into DRAMStartAddress (>=20 cycles)
20 ColorNAdr=0
EFAdr = EFStartAdr
While (ColorNAdr 1= 20)
If (NOT HCU_OutputValid)
Transfer D[ColorNAdr] to EF{CurrColor|[EFAdr]
25 If ((ColorNAdr = 19) AND (CurrColor == NumHalfColors))
EFStartAdr = EFAdr + 1
Else
EFAdr = EFAdr + 1
EndIf
30 ColorNAdr = ColorNAdr + 1
EndlIf
EndWhile
EndWhile - wait until write has finished

35 If (DRAMStartAddress == DRAMMaxVal)
ColorCurrAdr{currColor] = round up DRAMStartAddress to next 1KByte page
Else
ColorCurrAdr[currColor] = DRAMStartAddress + 640 bits
Endlf
40

If (Segment == maxSegments)
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10 Wait until next Advance signal from PHI
Note that the MaxHalfColors register is one less than the number of colors in terms of odd and even colors treated
separately, but not including color 1. For example, 1n terms of a standard 6 color printing system there are 10 (colors 2-6
in odd and even), and so MaxHalfColors should be set to 9.
The LLFU requires 2NumSegments cycles to prepare the first 180 bits of data for the PHI Consequently the print
15 head should be started and the first LineSync pulse must occur this period of time after the LLFU has started. This allows
the imtial Transfer value to be valid and the next 90-bit value to be ready to be loaded into the Transfer register
The print head interface (PHI) 1s the means by which the processor loads the print head with the dots to be printed,
and controls the actual dot printing process It takes input from the LLFU and outputs data to the print head itself The
PHI will be capable of dealing with a variety of pnnt head lengths and formats  The internal structure of the PHI should
20 allow for a maximum of 6 colors, 8 segments per transfer, and a maximum of 2 segment groups This should be sufficient
for a 15 segment (8.5 inch) printer capable of printing Ad/Letter at full bleed.
Throughout the specification the aim has been to describe the preferred embodiments of the invention without
limiting the invention to any one embodiment or specific collection of features Persons skilled in the art may realize

variations from the specific embodiments that will nonetheless fall within the scope of the invention.
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a half- tonerlcomposztor to dither any contmuous tone 1mage planes and composite bi-level image plane

data with any output plane, and

10 a print head drniver to output the composite to a print head.
2. A prnint engine/controller as claimed 1n claim | wherein the interface 1s a hugh-speed senal interface.
3 A print engine/controller as claimed in claim 1 wherein the contone image decoder 15 a JPEG decoder
4 A pnint engine/controller as claimed i1n claim | wherein the contone 1mage decoder outputs the separate color
planes of the decoded image to separate buffers in a front end to the halftoner/compositor.
15 5 A print engtne/controller as claimed 1n claim | wherein page data in each contone image plane 1s scaled n the
halftoner/compositor.
6 A print engine/controller as claimed in claim 1 wherein the bi-level decoder 15 a Group 4 facsimile decoder
7 A pnnt engine/controller as claimed tn claim | wherein the bi-level decoder decodes any compressed bi-level
image plane in the recetved compressed 1mage plane to respective buffers in a front end to the
20 halftoner/compositor.
8 A print engine/controller as claimed in claim 1 wherein the page data in the bi-level image plane is scaled 1n
the halftoner/compositor
9 A pnnt engine/controller as claimed in claym 1 further including an infrared tag encoder to produce an
infrared image plane to place infrared ink pnnted tags into a pninted page
25
10. A prnint engine/controller to dnive an ink drop print head comprising
a contone tmage decoder to decode any compressed continuous tone image planes in the received compressed
page data,
a bi-level decoder to decode any compressed bi-level image plane, and
30 a halftoner/compositor including a dot merger unit controlled by a color mask to effect integration of the image
planes with what inks are provided 1n the print head.
11 A print engine/controller to dnve an ink drop print head comprsing.
a contone 1mage decoder to decode any compressed continuous tone 1mage planes in the recerved compressed
page data;
35 a bi-level decoder to decode any compressed bi-level image plane, and
a halftoner/compositor including a margin unit to apply margin data to the respective image planes during the
composite process.
12 A pnnt engine/controller chip to interface with an ink drop pnint head compnsing:
an interface at which to recerve compressed page data,
40 a contone 1mage decoder to decode any continuous tone image planes in the recerved compressed page data;

a bi-level decoder to decode any bi-level image planes in the received compressed page data;
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a half-toner/compositor to dither any continuous tone 1mage planes and composite bi-level image plane data with
any output ptane, and
a print head dniver to output the composite to a print head.
13. An ink drop printer driven by a print engine/controller comprising:
5 an interface at which to receive compressed page data;
a contone 1mage decoder to decode any continuous tone 1mage planes tn the received compressed page data,
a bi-level decoder to decode any bi-level image planes 1n the received compressed page data,
a half-toner/compositor to dither any continuous tone tmage planes and composite bi-level image plane data with
any output plane,
10 a pnnt head driver to output the composite to a print head, and
a print head.
14. A method of operating an ink drop printer compnsing’
recelving compressed page data
decoding any continuous tone 1mage planes in the recerved compressed page data to generate output planes,
15 decoding any bi-level image planes in the recetved compressed page data to generate an output plane;
dithenng any continuous tone image planes
compostttng any bi-level image plane data with any output plane,
and

forwardmg composited data to a print head.



