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1. Image Processing Functionality of MFP L
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2. Trends of ASIC Size %
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4. Structure of Image Processing =
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5. Using Method of Memory in the Image Processing S
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Filter Delay adjust Table Buffer
(DIN[7:0]) 3x3matrix | (DIN[7:O]> [(hystgram buffer]
L ,I n Line delay Address[7:0] @
_’ET' Ly FIFO 1 | RAM (256w x8bit) 1din[7:0] | address[7:0]
= RAM
_,| T (256w x8bit)
FIFO —PI function g l““m/ | l o |
a 4
N FIFO.n [ DIN(address) dout:<|jout+1
datal[7:0]
Yy )
(DAOUTU:OD (DBOUTU:OD

> Filter-type . Space filter processing based on the FFT.

» Delay adjust-type . Delay adjustment among image processing modules.
> Table-type . Characteristic conversion of image data.

> Buffer-type . Memory cell for image processing operation.
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6. Trends of Random Gate and Memory Size -
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7. Percentage of Memory-type in the Image Processing N
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8. Tag Generation & Image Correction of Documents

W
. IKONICA MINOLTA
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v v ! ! | Image Image
RGB conversion '
Tag Generation RGB—>sRGB,sV
Delay Adjustment Original
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Image Correction
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9.Document tag generation

(Rin(7:0] { Gin[7:0] | Bin[7:0] )
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| Delay Adjust |

vV V. VY

RGB conversion
RGB—->sRGB,sV

Delay Adjust

Image Correction
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10. Detection of Text-line Width -
(Texttag ) ( YMCKin[7:0] )

v Correction
Level Black Text Color Text
Adjust Normal | i |« <
E S\ LS
L 4 | =

Detection of Text Width

( Text Width )
Signal

4 e 7N S

. | PIAIS.

Image _ <Decision to FACTOR for LINE-WIDTH > Thin ?-»{’ P oy
Correction - MAXadj1=(Max-Din)*al.” MINadj1=-(Din-Min.)*al ARV N

*MAXadj2= (Max-Din)*a2./ MINadj2=-(Din-Min.)*a2

et T,
}‘é-ané i
] 3 *
-

*MAXadjN= (Max-Din)*aN.””MINadjN=-(Din-Min.)*aN
((MAX/MINadj1 | MAX/MINadj2 ) --- (MAX/MINadjN )
SEL |

Image Correction Table + v e we

Tag Output '
TextEdge-Thick : (YMCK +Edge Enhancement)+MAXadj | YMCK Correction

TextEdge-Thin : (YMCK+ Edge Enhancement)-MINad ]

A\ 4 A\ 4

YMCKout[7:0
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11.Color-Space Conversion A
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Stepl. Color space mapping [Technique for data compression]
S~ To divide RGB space of 256 gradations Normal mapping
into the RGB space (cubes) of 16 @ LuTo O LuT4
255 .
gradations. @ LuTI @ LUT5
~ To save data of the eight vertexes on @ Lum2 O LuTe
the cubes into memory. O Lurs O wm
39,304 byte/LUTO~7
(=17x17x17x8)
255
Step2. Search cube and tetrahedron mapping
To select a cube that includes a pixel.
To select a tetrahedron including the pixel
from six tetrahedrons in the cube. @ LuTo O LuT4
w7 T @ LuTi @ LuT5
| T ] @ LUT? O LuTe
S S S O LuT3 O LuT?

729 byte/LUTO (=9x9x9)
648 byte/LUT1,2,4(=9x9x8)
576 byte/LUT3,5,6(=9x8x8)
512 byte/LUT7 (=8x8x8)

D3 To calculate each volume of four spaces among
four points (DOUT-D1-D2-D3,DOUT-D0-D2-D3,
DOUT-D0-D1-D3 and DOUT-D0-D1-D2)

D2 TO=Volume of space among DOUT,D1,D2,D3.
T1=Volume of space among DOUT,D0,D2,D3. E A . .
T2=Volume of space among DOUT,D0,D1,D3. * '} Compression ratio : 12.5%
T3=Volume of space among DOUT,D0,D1,D2.

DOUT = (TO*DO +T1*D1 +T2*D2 +T3*D3)/(TO+T1+T2+T3)

Total:4,913byte/LUTO~7

~~--————'
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12. Automatic Correction of Background-Level &
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13. Image Skew Correction S
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14 .Effect of Image Skew Correction
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Scan input(skew : 8) Low resolution correction High resolution correction

TESTCHART TESTCHART- TESTCHART

NG: discontinuity of image | - Resolution step: 1/4096
- Skew adjustment: Bi-cubic
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15.Next Generation Structure
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16. Trends in the CPU Performance of MFP
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17. Utilize GPU in the future ~
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To cover Image-processing Function in MFP

Converting to the File Formats of Scan Document
(Compact-PDF / Searchable-PDF)
Layer separation and Integration
= Separation of Text-Area and Graphic-Area

4) Instruction with Animation of MFP-Operation

5) Mixing of the Documents
= Water-Mark

= Display on the LCD-Panel
= Jpeg-Conversion

Color-Space Conversion
Filtering
= Reproduction Processing for Printing
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18. Performance by Changing Processing from HW to SW %

SCREEN
PROCESSING

COLOR
CONVERSION
PROCESSING

Casel.:
Case2:
Case3:
Case4:
Caseb:
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Performance Estimation of Image Processing by Software

0 50 100 150 200 250

PROCESSING SPEED (ppm)

Sequential processing on CA72 Single Core@1.6GHz Single Core

Parallel processing on CA72 Dual Core @1.6GHz

Parallel processing on CA72+SIMD Dual Core @1.6GHz

Parallel processing on Next Gen CPU+SIMD Dual Core @2.2GHz

Parallel processing on Next Gen CPU+SIMD Dual Core @2.2GHz and GPU(SC=8~16)
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19. Memory reduction in next generation ==
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“ Memory reduction by using SW
and GPU
7 Memory reduction by using DDR

Internal memory size

200,000
m Buffer
S 150,000
X< Delay Adjust
100,000
50,000 Table
0 . ' m Filter
6th Generation Next
6th generation Next generation
; \9 7% \\\
<& . 37.7%
NEENNE |

1.56%
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Abstract: 7
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Hardware architecture that is employed on MFP controller is realized by integrating 3 function
blocks; 1. Controlling function using ARM core that is applied to devices such as Smartphone, 2.
Memory controlling function that inputs, deliveries, prints and storages image, 3. Imaging processing
function that corrects, edits and converts imaging data, and then making SoC.

When thinking of employment technology of system controlling function, how fast you can acquire
and use leading-edge technology is an important R&D requirement. However, since it has generic
architecture following technology trend of semiconductor as its base, there is no technology difference
between companies, and so the commoditization is in progress. Also, looking at memory controlling
function, architecture itself has the same function with generic data bus technology represented by
PCI-Express even image data compression and decompression technology differ from company to
company.

On the other hand, looking at imaging processing function, each company develops unique
algorithm from the early stage of MFP digitizing to make a hardware as a design asset to improve its
performance and function. This hardware asset is a combined structure of controlling functions of
large-sized and divided local memory group and pipe-line following image processing flow, and the
structure can be looked very unique when looking from other industries.

In this report, we are focusing on the imaging processing in MFP and explaining the background of
our R&D and future direction from a viewpoint of ASIC design.

Main Contents:

- Gate size of ASIC/SoC development, change of memory capacity
-Basic block and image flow of image processing

-Method of using memory in image processing function

- Future direction of image processing function
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Abstract: L
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