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Abstract: In this paper, we developed a high compression
ratio image coding (HCRIC) for frame memory reduction
in LCD overdrive to reduce motion blur. We have used the
characteristic of human visual system (HVS) to separate the
luminance data and chrominance data, firstly. And then use
different methods to compress them. The image codec can
reduce the frame memory to 1/6, and by using a new
architecture it can reduce the line buffer to 50% without
any image degradation. The simulation results show that it
can gain the mean image degradation of 35.27dB in peak
signal to noise ratio (PSNR). The image codec is
implemented by the Verilog HDL and synthesized by the
Synopsys design compiler using 0.13um Samsung Library.
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1. Introduction

Nowadays, liquid crystal displays (LCD) have been
significantly considered to have many advantages in
comparison with Cathode Ray Tube (CRT) displays in
respect of resolution, power consumption, size, thickness,
and other critical parameters. However, LCD has a
drawback of motion-blur in various display units both in
industrial and consumer fields as in [1].

One of the causes of motion blur is the hold-type
rendering method of LCD together with the motion
pursuing function of human visual system (HVS), which
was analyzed in [2-3]. This type of motion blur can be
reduced by Inserting black data between every two input
frames [4], flashing backlight [5], doubling the frame rate
[6], and motion compensated inverse filtering [7-8].
Another cause of motion blur is the slow reaction of the
liquid crystal (LC) cell to the change in the pixel value as in
[9], and slow response was the main cause of LCD motion
blur as in [10]. Therefore, a lot of efforts have been put into
speeding up the response of LC materials. This can be done
by applying better materials, or by improving LC cell
design as in [11]. There is also a well known method for the
response time improvement based on video processing
called overdrive as in [12]. The technique of overdrive
reduces motion-blur by enlarging the desired change of the
pixel value in order to force the LC material to react faster
as in [13]. The illustration of overdrive mechanism in LCD
is shown in figure 1.

Since LCD overdrive compensates for a non-linear effect
of the LCD panel, it should preferably be placed at the end
of the video processing chain, right before the LCD panel
as in [10]. The frame memory is used to store the previous
frame, and a lookup table is used to generate the overdrive

voltage by comparing the previous frame and the current
one as in [14]. A simple block diagram of general overdrive
circuit is shown in figure 2.

+overdriving correction
Qo | | desired
Ol®
% o — - — - — response
Qo / :
£le ; \ overdrive
£lz VA A N
5|5 / N od response
2 /1, AN
AN
° /- N~
y
1 1 1 1 1
-1 1 2 3

Time (frame period)

Figure 1 Illustration of overdrive mechanism in LCD.
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Figure 2 Block diagram of general overdrive circuit.

However, the conventional overdrive technique stores
the current frame in the dynamic random access memory
(SRAM) which is large and expensive. It is desired to
reduce the cost of the system by compressing the data
stored in the SRAM as in [15] and [16]. The errors in the
decompressed image cause the errors in the amount of
overdrive correction and have an effect on the reduction of
motion blur. It is necessary to develop an effective
compression method to reduce the errors in the
decompressed image by the general compressing methods
such as quantization, sub-sampling and block truncation
coding (BTC). We have developed a novel hybrid image
coding (HIC) which was proposed in our previous research
including a proposed adaptive quantization coding (AQC)
to reduce the errors in decompressed image for the
reduction of frame memory to 1/3 as in [17]. To apply the
motion blur reduction by doubling the frame rate, there is a
demand to double the compression ratio. In this study, we
proposed high compression ratio images coding (HCRIC)
which can double the compression ratio.
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2. Proposed HCRIC

2.1 Architecture of HCRIC

The human visual system (HVS) is less sensitive to color
than to luminance (brightness), so that we have proposed an
algorithm of HCRIC. First the HCRIC converts RGB color
space into YCbCr color space and uses 1/4 down sampling
for the chrominance data. Then it uses an efficient coding
method of the developed AQC to compress the luminance
data which is more sensitive to HVS than color as well as
the conventional simple method of BTC to compress the
chrominance data. To get more high compression ratio, the
min one of the outputs of AQC is compressed by AQC
again. The block diagram of the encoder in the HCRIC is
shown in figure 3 and that of the decoder in the HCRIC is
shown in figure 4.
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Figure 3 Block diagram of encoder in the HCRIC.
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Figure 4 Block diagram of decoder in the HCRIC.

Considering the hardware implementation, we use a
new architecture to improve the down sampling module and
up sampling module. We separate the down sampling into
the horizontal down sampling and vertical down sampling.
In this way, the line buffer can be reduced to half without
any image degradations. The same way can be used for up
sampling module. In hardware implementation, line buffers
which use on chip dual port SRAM memory usually occupy
60-70% of chip size. As the codec is to reduce the system
cost by reducing the needed frame memory, the line buffers
are critical to the codec design.

2.2 Algorithm of the HCRIC

Figure 5 expresses the algorithm of the HCRIC encoder in
view of data flow. We transform the input RGB data to

YCbCr in last order, firstly. And then use a line buffer to
convert serial data into parallel data for block based
compress processing. For sensitive luminance data Y, we
select 4x4 AQC to compress them. And to achieve the
compression ratio 6, we used 8x1 AQC to compress the min
data which is one of the outputs of 4x4 AQC. In case of
chrominance data which is less sensitive to the HIV, we use
1/4 down sampling first and then use 8x1 BTC to compress
them.

The proposed algorithm is implemented with software
in C language and with hardware in the verilog HDL, and it
is also synthesized with the synopsys design compiler using
0.13pm Samsung Library.

32x4 Output C1
—

R.GB | yeren 4 line | block 8x(4x4) AQC
Encoder Buffer Y|  Encoder 8x1 AQC | Output C2
For min
Output C3

L

8x1 BTC
Encoder

8x1 BTC

Output C4
—»
Encoder

Figure 5 Algorithm of encoder in the HCRIC.

3. Results of Simulation

3.1 Image of Simulation and Evaluation

To evaluate the proposed algorithm of the HCRIC, the
following two types of images are used for simulation:

1. General test image.

2. Computer graphic Image.

The simulation has been carried out in three coding
methods: the 32x4 HCRIC is the proposed algorithm of
HCRIC of 32x4 block; the 16x8 HCRIC is the proposed
algorithm of HCRIC of 16x8 block which uses 4x4 AQC
for luminance data Y, 4x2 AQC for output min from 4x4
AQC, and 4x2 BTC for chrominance data; the 8x8 BTC
uses the BTC of 8 x 8 block to compress the RGB data. The
compression ratios are 6.09, 6.09 and 6.4, respectively.

3.2 Evaluation of general test image

The evaluations of general test images have been carried
out in the 32x4 HCRIC, the 16x8 HCRIC, and the 8x8 BTC,
respectively. The figure 6 shows the simulation result of
PSNR, and the figure 7 shows the simulation results of SD
of error.

In figure 6, we can see that the PSNR of the 16x8
HCRIC is a little higher than that of the 32x4 HCRIC and
the PSNR of the 32x4 HCRIC is much more higher than
that of the 8x8 BTC in case of every test image, though the
PSNRs of each method are different in these images. The
average PSNRs of these images are 36.336dB, 35.596dB
and 28.404dB for the 16x8 HCRIC, the 32x4 HCRIC and
the 8x8 BTC, respectively. It is said that the 32x4 HCRIC
needs only 50% of SRAM line buffer while having a
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decrease of 0.740dB in PSNR in comparison with the 16x8
HCRIC. The PSNR of the 32x4 HCRIC can be increased to
7.192dB than that of the 8x8 BTC.
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Figure 6 compression ratio of the HCRIC.

Figure 7 indicates that the SD of the 16x8 HCRIC is
smaller than that of the 32x4 HCRIC and the SD of the
32x4 HCRIC is much more smaller than that of the 8x8
BTC in case of every test image, though the SD’s of each
method are different in these images. The average SD’s of
these images are 4.271, 4.622 and 11.104 for the 16x8
HCRIC, the 32x4 HCRIC and the 8x8 BTC, respectively. It
is said that the 32x4 HCRIC needs only 50% of SRAM line
buffer while having an increase of 8.2% in SD in
comparison with the 16x8 HCRIC. The SD of the 32x4
HCRIC can be reduced to 58.4% than that of the 8x8 BTC.
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Figure 7 compression ratio of the HCRIC.

3.3 Evaluation of geometrical pattern image

The evaluation of computer graphic test images has been
carried out in the 32x4 HCRIC, the 16x8 HCRIC, and the
8x8 BTC, respectively. The figure 8 shows the simulation
results of PSNR, and the figure 9 shows the simulation
results of SD of error.

In figure 8, we can see that the PSNR of the 16x8
HCRIC is a little higher than that of the 32x4 HCRIC and
the PSNR of the 32x4 HCRIC is much more higher than
that of the 8x8 BTC in case of every test image, though the
PSNRs of each method are different in these images. The
average PSNRs of these images are 35.475dB, 34.777dB
and 27.177dB for the 16x8 HCRIC, the 32x4 HCRIC and
the 8x8 BTC, respectively. It is said that the 32x4 HCRIC

needs only 50% of SRAM line buffer while having a
decrease of 0.698dB in PSNR in comparison with the 16x8
HCRIC. The PSNR of the 32x4 HCRIC can be increased
7.599dB than that of the 8x8 BTC.
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Figure 8 compression ratio of the HCRIC.

Figure 9 indicates that the SD of the 16x8 HCRIC is
smaller than that of the 32x4 HCRIC and the SD of the
32x4 HCRIC is much more smaller than that of the 8x8
BTC in case of every test image, though the SD’s of each
method are different in these images. The average SD’s of
these images are 4.566, 4.935 and 11.927 for the 16x8
HCRIC, the 32x4 HCRIC and the 8x8 BTC, respectively. It
is said that the 32x4 HCRIC needs only 50% of SRAM line
buffer while having an increase of 8.1% in SD in
comparison with the 16x8 HCRIC. The SD of the 32x4
HCRIC can be reduced to 58.6% than that of the 8x8 BTC.
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Figure 9 compression ratio of the HCRIC.

Table II Compare the image coding methods and block sizes.

Line buffer Frame

Block size PSNR(dB) SD (K) memory (M)

No
compression XX 0.0 0 ~48
4x2 BTC 30.150  8.133 180 ~16
4x2 HIC 40.084 2.581 180 ~16
8x8 BTC 27913 11.433 720 ~8
16x8 AHIC 35991 4.389 720 ~8
32x4 AHIC 35268 4.747 360 ~8

Table II shows the comparison of the image coding
methods and block sizes. In total, the 32x4 HCRIC needs
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only 50% of SRAM line buffer while having a decrease of
0.740dB in PSNR and an increase of 8.1% in SD in
comparison with the 16x8 HCRIC. Considering about the
hardware implementation cost, 32x4 HCRIC is the best
tradeoff option to reduce the system cost.

4. Conclusion

In this paper, we proposed a high compression ratio images
coding (HCRIC) for the reduction of the frame memory in
LCD overdrive. The HCRIC uses a scheme of color space
transform first, and then uses the proposed adaptive
quantization coding (AQC) to compress luminance data as
well as the BTC to compress chrominance data which is
down-sampled. The simulation results of the various test
images show that the proposed algorithm HCRIC have
gained an average improvement of 7.355dB in PSNR and
an average reduction of 58.5% in SD in comparison with
the BTC. And the line buffer can be reduced 50% by using
new architecture without any image degradation. The
proposed algorithm can efficiently reduce the image data
stored in the frame memory to 16.6%. It reduced the error
in decompressed image significantly and achieved more
accurate overdrive data with low complexity. The technique
can be used to reduce the cost of frame memory in
reduction of motion blur in LCD in TV applications and
desktop.
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