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Abstract

In this paper, a baseline JPEG encoder soft Intellectual
Property (IP) is proposed together with a memory efficient
preprocessing (trchitec}ure for scanner to solve the
bandwidth problem between PC and scanner. This JPEG
IP features that its quantization tables are re-configurable
at run time and compile time. It is a modularized and fully
pipelined design with friendly interface, which makes it
easier to be integrated into various application systems. It
is silicon proven to run up to 40MHz at 3.3V. With the
optimized preprocessing unit feeding data smoothly into
JPEG core, it is a low cost and competitive solution for

scanner to have compression function embedded.

I. Introduction

While scanning an image, compressing images in the
PC side just solves the storage problem, but left the
transmission problem between scanner and PC unsolved.
Slow scanning speed is now users’ chief complaints. As
the maximal scan size extends to A3, and the color depth
is expected to be 36-bit for color images in the future. The
transmission bottleneck between scanner and PC will be
more severe. For a A3-size color image with 600dpi, total
data will be about 1,600 Mbits (16.54x11.69x600x600
x3x8). Such a large amount of data of just only one image
will cost several minutes to transmit. By moving the
compression scheme into scanner, 20 to 40 times or even

higher time saving is easily achicved with reasonable’

JPEG [1] compression ratio. Compression inside makes a
scanner more competitive and will be inevitable in the
near future. To implement this idea, either using
- microprocessor with a large frame memory or integrating
a single chip JPEG encoder in the board level is not cost
effective. Hence, we proposed a low cost solution based
on JPEG IP integration in chip level combining the
customized preprocessing circuit.

The remaining parts of this paper are organized as
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follows. In section II, the proposed JPEG soft IP is
introduced. Then memory efficient architecture for
preprocessing unit is described in section III. Design and
simulation results are shown in section IV, and finally the
conclusion is given in section V.

Compress Here

Fig. 1 Compression inside scanner concept

II. JPEG Encoder Soft IP

Different from once off design [2], the JPEG encoder
soft IP [3] is proposed for reuse. The block diagram of the
JPEG encoder IP is shown in Fig. 2. It is highly
modularized and fully pipelined. Interfacing is always the
most concerned problem of IP integration. Pixel-level
stoppable mechanism is adopted in this design in the view
of easy system integration. Compared with block-level
processing design [4], it is more flexible and pfovidcs a
user-friendly interface. Every register in this IP core can
stall for any period at any time controlled by the PAUSE
signal. PAUSE signal may be enabled due to the bus busy
situation, which is very common in real application
environment such as a scanner connected to PC. Adopting
the policy of separating JPEG core and interface design,
input/output buffers with overflow control are considered
independently. That makes it easier and cost effective to
be customized for different IP users’ requirements. To
meet different requirements of compression ratio and
image quality trade-off, quantization scheme is re-
configurable both at compile time and run time for user to
define different quantization tables.
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Fig. 2 Block diagram of the JPEG encoder IP

I1I. Preprocessing Unit

A memory efficient preprocessing unit needed for JPEG
encoder IP core to be integrated into a scanner is described
in this section. In Fig. 3, a functional block diagram of a
scanner with an embedded JPEG encoder IP core is
depicted, and the proposed architecture of preprocessing is
shown in Fig. 4. The preprocessing circuit is responsible
for feeding smoothly the JPEG encoder with the proper
data. Three main functions are considered in this circuit.
They are Line Spacing Re-alignment, RGB-to-YCbCr
Color Conversion, and Raster-to-Block Scan Converter.
Due to the low cost constraint of the scanner product, the
memory used is expected to be as low as possible. The
detail analysis and design of the three functions are in the
following sub-sections.
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Fig. 4 Proposed preprocessing unit architecture
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A. Line-Spacing Re-alignment

In a scanner with Charge Coupled Device (CCD) as its
sensing elements, there are three linear-array CCD sensors
responsible for the sensing of Red(R), Green(G), and
Blue(B) color components respectively. Due to the
spacing between each linear array, the RGB outputs from
CCD are not well aligned. The phenomena with line
spacing of 4 and 8 pixels are shown below.

line spacing = 4:

Ry, Gsys By Ry Gsg By gy Ry 55 Gy By
line spacing = §:

Rl,l i GB'I ’ B)7,I 4 R!,Z > G‘).Z 4 817,2 4 Rl,l ' G‘),J 4 BW.] Forrrneneneente
(where R, ;i is line number, j is pixel number in a line)
To re-align these components, i.e. to recover the order

into Ry, Gy;, By, Ry Gy Bs...., 2N lines of B
components and N lines of G components have to be
buffered until the first line of R components of this image
are inputted. Therefore, a buffer of size 3Nx(ImageWidth)
is needed, where N represents the line spacing.

B. RGB-to-YCbCr Color Conversion

JPEG itself is color blind, but according to the industrial
JPEG File Interchange Format (JFIF) [5] specified for
interoperability, the color coordinate used should be
YCbCr color space. The conversion equations between
RGB to YCbCr specified in CCIR 601 are shown below,

Y =0.299(R - G)+ G +0114(B - G)
Cb=0564(B - Y)+128 ‘
Cr=0713(R - Y)+ 128

and it can also be expressed in matrix form below.

Y 0.299 0587 0114 § R
Cb-128|={ ~0.169 ~-0331 05004 G .
Cr-128 0500 -0419 -008t§ B

‘Since the coefficients of the transform are fixed,
multiplication can be realized by hardwired multiplier. To
implement the conversion, matrix form needs seven
hardwired multipliers and two right-shift operations, while
direct implementation of the CCIR601 Formulas needs
only four hardwired multipliers as shown in Fig. 5. Table I
shows the comparisons of different implementations.
Compared with the design in [6] and the patent of [7], our
design still needs less logic cells. The reason is that both
the input and output of RGB-to-YCbCr module are in
serial form. Parallel processing of the three components is



not necessary since the memory chosen is only one read

and one write in one clock cycle, and the timing constraint.

in this functional block is not so critical in scanner
application. For color images with 2:1 sub-sample in both
horizontal and vertical, averaging operation of two
adjacent lines is necessary. Therefore, two lines of buffer
are needed for this averaging operation, and for pingpong
mode switching, another two lines are added. That is, we
need totally four lines of buffer for each component.

'...,.Cr.Cb,Y

-~ Fig. 5 RGB-to-YCbCr color conversion

Table 1 RGB-to-YCbCr implementations

Hardwired- oo Barrel Adder/ REG
ML shifter {_Subtracter

Matrix Form 7 2 0 2/0 6
Sanyo (6] 0 0 12 12 6
Winbond 1{7] 4 2 0 4/2 6
Winbond 2 {7] 4 2 0 4/2 8
Winbond 3{7] 4 2 0 ¥4 6
Direct Form (Qurs) 4 [¢] 0 24 5

C. Raster-to-Block Scan Converter

Due to the block-based processing characteristics of
JPEG, there must be a converter to transfer the original
raster scan order to block-based order. For gray level
images, the Minimum Coding Unit (MCU) defined in
JPEG standard is a block (8x8 pixels), and the buffer size
needed is 8x(ImageWidth)x2, where x2 is the result of
pingpong mode operation. For color images with 2:1 sub-
sample both in horizontal and vertical (4:2:0 format), the
MCU consists of four luminance blocks followed by two
chrominance blocks. Then, the buffer size needed is
16x(ImageWidth)x2 and 8x(ImageWidth/2)x2x2 for
luminance and chrominance, respectively.

IV. Design and Simulation
The overall memory size after the detail analysis and
optimization described in section Il is much smaller than
the frame size. That is, it is not necessary to store the

whole image before these preprocessing. The memory size
needed only depends on the image width. For line spacing
8, a Ad-size image at 600dpi (5104-pixel wide) and 4:2:0
format, buffer totally needed is 5104*84=428,736 bytes,
hence a 512kx8 memory is sufficient. The memory map is
shown in Fig. 6 conceptually. With a parameterized
address generating circuit to generate the required access
patiern, it is able to. accomplish the three pre-processing
functions described above, and feeds the JPEG encoder
with preprocessed data smoothly.

The overall system is simulated with mis-aligning
images shown in Fig. 7 as the input to the preprocessing
circuit, then the preprocessed data are sent to the JPEG
encoder for compression. The HDL simulation output is a
JFIF compatible JPEG file with file header added
automatically. It is verified by decoding the compressed
file through any software decoder available on PC.

For silicon verification, the JPEG encoder IP is
synthesized with COMPASS 0.6 pm standard cell library,
and fabricated by TSMC SPTM process. The chip
specification of this prototype is summarized in Table II,
and the chip microphotograph is shown in Fig. 8.
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V. Conclusions

An TP-based JPEG encoder integration with a memory
efficient preprocessing architecture for scanner is
proposed in this paper. This JPEG encoder IP features that
the quantization table is re-configurable, and the whole
design is highly modularized, fully pipelined, and with
friendly interface, which makes it easier for system
integration. The optimized preprocessing unit with low
memory requirement can feed the embedded JPEG IP core
with data smoothly. The proposed embedded JPEG
encoder IP core with this memory efficient preprocessing
circuit is a low cost and competitive solution for scanner

to have compression function inside.

Table 11 JPEG encoder chip specification

Cell Library COMPASS 0.6um
Technology TSMC 0.6um 1P3M CMOS -
Core Area 5.38 mm x 5.35 mm

Gate Count 33,120 (RAM excluded)
Transistor Count 170,190

Clock Frequency 40 MHz

Power Dissipation 310mW @ 40 MHz, 3.3V
Package 144 -Pin CQFP
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Fig. 8 JPEG encoder chip microphotograph’
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