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Abstract

In order to generate an efficient common bitmap in single bitmap block truncation coding
(SBBTC) of color images, an improved SBBTC scheme based on weighted plane ( W-plane) method
and hill climbing algorithm is proposed. Firstly, the incoming color image is partitioned into non-o-
verlapping blocks and each block is encoded using the W-plane method to get an initial common bit-
map and quantization values. Then, the hill climbing algorithm is applied to optimize an initial com-
mon bitmap and generate a near-optimized common bitmap. Finally, the quantization values are re-
calculated by the near-optimized common bitmap and the considered color image is reconstructed
block by block through the common bitmap and the new quantization values. Since the processing of
each image block in SBBTC is independent and identical, parallel computing is applied to reduce
the time consumption of this scheme. The simulation results show that the proposed scheme has bet-
ter visual quality and time consumption than those of the reference SBBTC schemes.

Key words: block truncation coding (BTC) , common bitmap, parallel computing, hill climb-
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0 Introduction

With the rapid development of the Internet, the
number of digital images used by the public has risen
sharply. As a result, a large amount of storage space is
required for digital images and the transmission of these
images through limited bandwidth channel is time con-
suming. Therefore, image compression techniques have
become a kind of necessary ways to resolve these is-
sues. Image compression refers to the process of repre-
senting an image in a compact way by reducing various
redundancies in the image and it is generally classified
into 2 categories: lossless compression and lossy com-

") Lossless compression techniques provide

pression
excellent visual quality of reconstructed images since
there is no distortion introduced in their processes, but
the compression ratio of them is low. So far, many al-
gorithms used in lossless compression techniques have
been proposed, such as run length encoding'®’, Huff-

man coding®' | chain codes''.

These techniques are
generally used in some special fields such as medical

images and military images. Lossy compression tech-

niques provide high compression ratio and good visual
quality of restored images. There are quite a few lossy

. hni h .. [5]
compression techniques,such as vector quantization ",

[6]

fractal image compression’" , wavelet transform cod-

ing'”", block truncation coding'®’. These techniques
are usually used to compress general-purpose digital
images. Since most of the images used by the public
are general-purpose digital images, the lossy compres-
sion has become one of the hot topics. As one of the
lossy compression techniques, block truncation coding
is famous for its simplicity which makes it appropriate
to be applied in the compression of general-purpose
digital images.

Block truncation coding ( BTC) was proposed by
Mitchel and Delp'® for grayscale image compression.
Due to the advantages such as low computational and
fault tolerance, BTC has also been used in many
fields, such as image retrieval®' | data hiding'"", im-

"' In BTC, the grayscale image is

age authentication
divided into non-overlapping blocks and each block is
encoded with a representative set of quantization val-
ues. Many schemes were proposed to improve the bit

rate and visual quality of BTC. For instance, Mitchell
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et al. "' proposed the absolute moment block trunca-
tion coding (AMBTC) , Hui'"' proposed the adaptive
BTC, Haung et al. "' proposed the hybrid BTC.
These 3 typical schemes all have better visual quality
than BTC dose. Later, BTC was extended to the com-
pression of color images.

Color images are typically composed of 3 chan-
nels, i. e., R, G and B. Apparently, color images
contain a lot of data which are triple the data in
grayscale images. Conventionally, BTC is used to code
3 channels separately. However, the scheme has a low
compression ratio. Therefore, it is important to utilize
the correlation among 3 channels to reduce the bit rate.
To achieve the goal, some schemes have been pro-
posed. Wu and Coll'™' proposed the single bitmap
BTC (SBBTC) scheme, which preserved the spatial
details of the color image by using a common bitmap for
3 channels. In the scheme, the weighted plane ( W-
plane ) method which has low complexity and good per-
formance regarding the mean square error (MSE) was
proposed. Kurita and Otsu'"® used an adaptive one-bit
vector quantization algorithm to generate the common

1. """ proposed a new SBBTC scheme.

bitmap. Tai et a
The scheme used the Hopfield neural network to gener-
ate a common bitmap. Later, Tai et al. "’ proposed
another new scheme using the genetic algorithm and
the absolute moment BTC ( GA-AMBTC). The scheme
had a better performance than the earlier scheme did.
Chang and Wu'"! employed the gradual search algo-
rithm with BTC to generate the common bitmap ( GS-
BTC). The scheme had low complexity and acceptable
visual quality. Cui et al. "™’ described a new scheme
which incorporated the cat swarm optimization algo-
rithm for generating the common bitmap ( CSO-BTC).
Recently, Li et al. " employed the binary ant colony
optimization with BTC to generate the common bitmap
(BACO-BTC). Both GA-AMBTC and CSO-BTC are
combined with the intelligence optimization algorithms,
and they can be used to find the global optimal com-
mon bitmap after multiple iterations of the intelligence
optimization algorithms they employed. However, the
time consumption for them to find the global optimal
common bitmap is enormous. GSBTC and BACO-BTC
have low computation complexity and can be employed
to generate effective common bitmaps which have ac-
ceptable visual quality.

An improved scheme based on W-plane method is
proposed. According to the characteristics of BTC, a
hill climbing algorithm is employed to generate a near-
optimal common bitmap and parallel computing is used
to reduce the time consumption. The simulation results
show that the proposed scheme has lower time con-

sumption and better visual quality than the reference
schemes.

The remainder of this paper is organized as fol-
lows. Some related work is presented in Section 1.
Section 2 describes the proposed scheme in detail.
Simulation results are summarized in Section 3, and
the conclusions are given in Section 4.

1 Preliminaries

1.1 Absolute moment block truncation coding
AMBTC is computationally simpler than BTC
while preserving the same compression rate as BTC.
The basic steps of AMBTC are as follows.
Step 1 Partition a grayscale image into nonover-
lapping m X n blocks of which mean intensity can be
computed by

iz ——3 Yo (1)

m X n =

where x; is the value of pixel at position (7, j) in each
block.

Step 2 Generate bitmap B and 2 quantization
values x; and x;. Each pixel block is classified individ-
ually into 2 levels. For each pixel x; in one block, if x;
< x, it is assigned to the level of low and the value of
which is set to O at position (i, j) in the bitmap; oth-
erwise, the pixel is assigned to the level of high and
the value of which is set to 1 at position (i, j) in the
bitmap. The two quantization values can be computed

Xy = Xy (2)

X, = ]729% (3)

where ¢ is the number of pixels with a value higher
than x. The bitmap is generated by
by = {1 i Bic (4)
0 x; <=
Step 3 Reconstruct each block of grayscale im-
age M as follows

mo= {0, (5)
Xy, b:- =0

1.2 W-plane method

Unlike traditional BTC of color images, SBBTC is
used to compress the color image as one bitmap. W-
plane method is one of the traditional SBBTC schemes.

In the W-plane method, the original color image
is also partitioned into nonoverlapping m x n blocks.
Let R;, G; and B;; denote the pixel value of the R, G
and B channels respectively in each block, x; = (R;,



HIGH TECHNOLOGY LETTERSIVol.25 No.4|Dec. 2019

357

Gy, Bij) denotes the pixel vector. The weighted plane
of each block is constructed by
R.+G. +B.
w, = Br Gt By (6)

and the mean intensity of each weighted plane can be
computed by

_ 1 R
w = ZZ“’/

7
m X nis = (7
Then, the common bitmap of each block can be
constructed according to w; and w. Each bit of the com-
mon bitmap is determined by
b = {1 wy =
ij

=w
0 wy; < w

(8)

According to the common bitmap, the quantization
vectors X, and x, can be computed :

1
X, = zxi,- (9)
q bi=1
1
X, = i (10)

T mxn—gq 20
where ¢ is the number of b, which equals 1.
Finally, each block of color image C can be re-
constructed as follows
¢, = {xl b, =1
x, b, =0

y

(11)

1.3 Hill climbing algorithm

Hill climbing algorithm attempts to compute a lo-
cal optimal solution of the target function f(x). The
process of hill climbing algorithm can be summarized
as follows:

Step 1 Select an initial point x, and record the
The set of the neighbour-
hood points for x,, is denoted as ' = N(x, ).

optimal solution x,,, = x,.

Step 2 Stop the algorithm and output x, ., if T' =
@ (@ denotes the empty set) or other stopping criteri-
ons are reached. Otherwise, go to Step 3.

Step 3 Select one point x, from T and calculate
f(x,). Setx,,, =x,, T =T —x, and go to Step 2 if
f(x,) is better than f(x, ). Otherwise, keep the value
of %, setT = T - x, and go to Step 2.

2 The proposed scheme

An improved method based on W-plane method
using parallel computing and hill climbing algorithm is
proposed. The proposed scheme consists of 5 phases as
Fig. 1 shows.

Partition the color image into nonoverlapping

blocks
—Parallel computing ——Parallel computing—
A y N
Perform W-plane method Perform W-plane method Perform W-plane method
on each block on each block on each block

v

v

v

Compute the final common

Compute the final common

Compute the final common

bitmap based on hill bitmap based on hill bitmap based on hill
climbing algorithm climbing algorithm climbing algorithm
Adjust the Adjust the Adjust the
quantization values quantization values quantization values
Channel
G
4
Channel R———— Rec"““;g‘;;he color g Channel B
End

Fig.1 Flowchart of the proposed scheme
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2.1 Partition the color image into nonoverlapping
blocks
In the proposed scheme, the original color image
should be divided into a series of nonoverlapping
blocks at first and the number of the nonoverlapping

blocks is recorded as B Since the subsequent opera-

tions for each block are identical and there is no inter-
action between these operations, these blocks can be
processed independently. Therefore, the proposed
scheme uses parallel computing for the operations of
these blocks to fully utilize the CPU resources and re-
duce the time consumption.

Partition the blocks evenly into several parts ac-

cording to the number of the cores on the machine so

2.3
24+ —&— Parallel computing

—%— No parallel computing
2.31 1
22F

2.1f

i M
Loy /\E/\/
1.8}
1.7 [
1.8}

Time(s)

1.9 : - - . - -
Papper  Fruits Baboon Tiffany Lenna Frymire
Images
(a) with 4 X 4 block size

that the parallel computing can be used. Assuming the

machine has C_  cores, then the number of blocks al-

located to each core can be calculated :
B

CBnum = Ci ( 12 )

To confirm the effectiveness of the parallel compu-
ting, the time consumption of the parallel computing is
compared with that of no parallel computing for the
proposed scheme. Fig.2(a) shows the result of com-
parison with 4 X 4 block size and Fig. 2(b) shows the
result of comparison with 8 x 8 block size. It is obvious
that the proposed scheme using the parallel computing

has less time consumption.

2:5
2471
2.31

22t
211 \/\/\,
19}
1.8}

1.7¢
1.8}

—&— Parallel computing
—%—No parallel computing

Time(s)
[ ;8]

9 I L L 1 1 L
Papper  Fruits Baboon Tiffany Lenna Frymire
Images
(b) with 8 X8 block size

Fig.2 Comparison for the time consumption of the parallel computing with that of no parallel computing

2.2 Performing W-plane method on each block
For each block, W-plane method is used to gener-

ate the initial common bitmap B The quantization

initial*

values X gy, Xp;, %oy, Xgp, %y and xp, for the R, G and

B channels are calculated according to B, ., respective-
ly, as shown in Eq. (13).
1
Xpg = — z Rij
q v;=1
o
RL = mxn - g i
1
Xey = 72 Gij
q by=1 ( 13)
1
y = —————— G.
Xer X T — qb;o i
1
xBH - ;hijzl v

1
e S

m Xn = {q5;=o

where R, G;and B are the pixel values at position (i,

i

Jj) of the R, G and B channels; b, is the value at posi-
tion (i, j) in the initial common bitmap; ¢ refers to the
number of b; that equals to 1; m and n stand for the
size of each block.

2.3 Computing the final common bitmap based
on hill climbing algorithm

The initial bitmap which is generated by W-plane
method always results in poor visual quality. To over-
come the problem, the proposed scheme uses hill
climbing to generate the final bitmap.

Considering the enormous time consumption when
optimizing the entire bitmap at once using intelligent
optimization algorithms and the independent effect
when changing different bit of bitmap independently,
the proposed scheme optimizes each bit of the bitmap
separately. The detailed steps are as follows.

Step 1 Create an empty matrix BF. Calculate
the initial MSE of M using the initial bitmap B by
Eq. (14).

initial



HIGH TECHNOLOGY LETTERSIVol.25 No.4|Dec. 2019

359

MSE = Z (xij _xL>2 + Z (xij _x11)2 (14)

[)U:O ]’ij:()
where x; = (R;, G;,

the block, x; = (wpy, %gy, %py) andx, = (2, 2¢,

B;) stands for the pixel vector in

%, ) are 2 vectors consisting of 6 quantization values.

Step 2 Select one element b, at position (m, n)
in B, and initialize the optimal solution b
get function f( b,,,) with b

Step 3 Find the neighbourhood points of b,,.
is {0,11,

Hence,

b and tar-

and M respectively.

mn

Since the range of each element in B

initial

there is only one neighbourhood point of b

mn*

neighbourhood point ¢ of b, is calculated as follows
t=1-5b, (15)
Step 4 Construct a temporary bitmap BT by
Eq. (16) and calculate f(¢) by Eq. (17). Note that
there is only one difference between BT and B,,,,,
which is located at position (m, n).
b[l‘f - {bu (L’]) ;é(m’ n) (16)
t (i,j) = (m,n)
f(t) = Z (xij _xH)z + z (xij _x/,)2 (17)
b[,j:l bt,»j»:O
Step 5 Update b,,, as follows:
WUREY O )
bmn f( bnm) g f( t)
Step 6 Update the final bitmap BF according to
the position of b, as follows :
b‘f;nll = bbest (19>
Step 7 Repeat Step 2 to Step 6 until all the ele-
ments in B.

initial

When all the elements in B.

initial

ed, all elements in BF are assigned. Up to this point,

best

have been selected.

have been select-

the final bitmap is obtained.
The main procedure of this part can be summa-
rized as Algorithm 1.

Algorithm 1
map based on hill climbing algorithm

Computation for the final common bit-

Input. Block C,,, of the original color image, 6
quantization values Xy, Xpy» %en»> ¥eL> Xpy»> g the

initial common bitmap B, ., of C,,, ;-

Output: Final common bitmap BF of C,,,,.

1. Set M as the initial MSE ;

2. Set BF as an empty matrix;

3. Set BT as a temporary bitmap;
4. fori; =1 tomdo

5. forj:; =ltondo

6. by, < by;

7.

f(by> «— M;

8. t«1-b;

9. bty i

10.  f(i) «—new. MSE computed according to BT
1. if f(b;) < f(i) then

12. bf; < by,

13. else
14. b, «t;
15, bf; < by,;
16. end if

17. end for

18. end for

There is an example in Fig. 3. The selected ele-
ment of initial common bitmap is b,, and the target
function f(b,,) is 1.2. First, find neighbourhood point
t of by, and construct the temporary bitmap. Second,
the result of target function f(¢) is 1.3 according to the
temporary bitmap. Then, the optimal solution b,,, is
updated to b,, since f(b,,) is smaller than (7). In the
end, the final common bitmap is updated by setting bf,,
to b

best*

1 0 0 0

0 1 0 0

0 0 1 0

1 1 1 1

b,=1, f(b,,)=1.2
Initial common bitmap

1 ofo0] O 1 ofof o

0 1 0|0 0 1 0| o0

0| o0 1 0 0| 0 1 0

1 0 1 1 1 1 1 1
t=0, f(¢)=1.3 bf,=1

Temporary bitmap Final common bitmap

Fig.3 An example for Algorithm 1

2.4 Recalculating the quantization values

The quantization values are one of the main com-
ponents in BTC. To reconstruct the color image, the
quantization values need to be recalculated. According
to the final common bitmap BF which is generated in
subsection 2. 3, the quantization values can be recalcu-

lated by Eq. (20).
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1

qcof=1

1
w = SR,

ij
m Xn = {q.j=o

1

q.if;=1
1

Co = Z G,
m Xn — 917520

L

9erjy=1
1

ey = —————> B,

L
m Xn = {q.j=o

i

i

(20)

i

where ¢y, Criy Cons Cos Cpyand cp, denote 6 quantiza-
tion values; bf;; stands for the value at position (i, j) in
the final common bitmap BF; and ¢, is the number of
bf; which equals to 1.

2.5 Reconstructing the color image

After getting the final common bitmap and the
quantization values, the color image can be reconstruc-
ted as follows:

R = {CRH of, =1
ey, bf; =0

G, = {CGH by =1 (21)
cg. bfy; =0

B, = {CBH of. =1
cp, bf; =0

An example for this section is shown in Fig. 4.

Assume that the quantization values gy, cpy Cons Cor s
cyy and cp, are equal to 235, 226, 182, 156, 255 and
250. According to the final common bitmap in Fig. 4,
the 3 channels can be reconstructed. Channel R is re-
constructed by ¢z, cp,. Channel G is reconstructed by
Cens Cgr- Channel B is reconstructed by cgy, cp;.

1 0)]0] 0
oOf1]0]0
00| 1 0

Final common bitmap
235( 226 226 226 182] 156 156 156 255|250 250 250
226| 235| 226 226 156| 182 156| 156 2501 255 250 250
226 226 | 235| 226 156| 156| 182| 156 250 250 [ 255 250
235( 235| 235( 235 182] 182 182 182 255|255 255 255
Channel R Channel B Channel G

Fig.4 An example for the reconstruction of the color image

3 Simulation results

The proposed scheme is simulated by Matlab
2016a and the simulation environment is a PC with 8
GB RAM and Inter Core i3 3.4 GHz CPU. The color
images used to evaluate the performance of the pro-
posed scheme are shown in Fig.5.

T

Fruits

Lenna

Fig.5 Color test images

In Table 1 and Table 2, the proposed scheme is
compared with W-plane method. MSE is used to meas-
ure the performance of 2 schemes, and it is defined as

follows :
1 m n
MSE = — — Z jzl
(R, -R,))* + (G, - G,)* + (B, -B;)’
3
(22)
where R, G; and B stand for the pixel values of the 3

channels in the original color image at position (i, j)

and R, G.

iis Yijs

nels in the reconstructed color image at position (i, j) ,

B refer to the pixel values of the 3 chan-

m and n are the size of the color image.

Table 1 shows the comparison of MSE between the
W-plane method " and the proposed method. The
block size of the comparison is4 x4. It is seen that the
proposed scheme has better MSE performance than W-
plane method on each color image. Table 2 shows the
comparison of MSE, with the block size of 8 x8. It is
obvious that the MSE performance of the proposed
scheme is also better than W-plane method on each
color image. These results show that the improvement
in the proposed scheme based on the W-plane method
is efficient.
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Table 1 MSE for images reconstructed by W-plane method
and the proposed scheme with block size 4 x4 To further verify the validity of the proposed
Images W-plane-BTC' ™ Proposed scheme scheme, the proposed scheme is compared with other 3
Pepper 11. 1420 10.4732 related schemes, GA-AMBTC'"® | GSBTC!"', BACO-
Fruits 19.5508 16.9042 BTC'*'. The parameters of GA-AMBTC are set ac-
Baboon 95.9592 90. 7869 cording to Ref. [18].
Tiffany 19.2256 12.7839 Table 3 and Table 4 show the comparison of MSE
Lenna 19.9605 18.7415 among 4 different schemes. The block size of the color
Frymire 254.1143 213.5660 images used in Table 3 and Table 4 is 4 x4 and 8 x8,
respectively. From 2 tables, it is apparent that the
Table 2 MSE for images reconstructed by W-plane method MSE of the proposed scheme is lower than that of the
and the proposed scheme with block size 8 x 8 other 3 related schemes, which means that the pro-
Images W-plane-BTC' ™ Proposed scheme posed scheme is better.
Pepper 32. 8668 29.8279 Table 5 and Table 6 show the comparison of struc-
Fruits 35.9711 30. 6846 tural similarity ( SSIM ) index among 4 different
Baboon 145. 6842 135.5581 schemes with block sizes of 4 x4 and 8 x 8, respec-
Tiffany 31.7653 22.9966 tively. SSIM is a method for measuring the Simﬂarity
Lenna 38. 6159 35. 6669 between 2 images. It can be calculated by Eq. (23).
Frymire 468. 8183 394.8130
Table 3 MSE for images reconstructed by 4 schemes with block size 4 x4
Image GA-AMBTC ™! GSBTC™’ BACO-BTC™" Proposed scheme
Pepper 10.5770 13.2820 10. 5253 10.4732
Fruits 18. 1500 19. 1409 16.9901 16.9042
Baboon 94.6031 98. 5005 90. 7963 90. 7869
Tiffany 12.9141 24.1907 14.9055 12.7839
Lenna 19. 0081 20. 1871 18.7826 18.7415
Frymire 223.9071 336.0331 226.0877 213.5660
Table 4 MSE for images reconstructed by 4 schemes with block size 8 x 8
Image GA-AMBTC!®! GSBTC! BACO-BTC! Proposed scheme
Pepper 30. 9609 35.4107 29.9243 29.8279
Fruits 33.3320 35.3892 31.2399 30. 6846
Baboon 146.9367 146.2950 136.1672 135.5581
Tiffany 24.1108 35.0836 26.0522 22.9966
Lenna 37.3787 36.5837 35.4927 35. 6669
Frymire 400.9378 551.3695 414.1567 394.8130
SSIM(X. V) = 2(uxpy + C)) Loy + Cy) Table 7 and Table 8 show the comparison of time

(py +py + C) (o3 + 0y +Cy)

(23)
where X is the original color image, Y is the reconstruc-
ted color image, uy and u, refer to the average of the
two images respectively, oy, is the covariance of the
two images, oy and o, stand for the variance of X and
Y respectively, C, and C, are two default constants.

In Table 5 and Table 6, the proposed scheme has
higher SSIM values than the other 3 schemes. The re-
sult shows that the proposed scheme has better visual
quality.

consumption among 4 different schemes. To reflect the
differences in time consumption among 4 methods more
intuitively, the size of the test images is set to 1 024 x
1 024. The block size in Table 7 and Table 8 is 4 x4
and 8 x 8 respectively. Consistent with the analysis in
the introduction, time consumption of GA-AMBTC in 2
tables is significantly higher, and the time consumption
of GSBTC and BACO-BTC is relatively low. It is obvi-
ous that the proposed scheme takes the least amount of
time. Therefore, the proposed scheme is more effi-

cient.
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Table 5 SSIM for images reconstructed by 4 schemes with block size 4 x4

Image GA-AMBTC!®! GSBTC! BACO-BTC!! Proposed scheme
Pepper 0.9925 0.9911 0.9925 0.9926
Fruits 0.9798 0.9790 0.9804 0.9806
Baboon 0.9015 0.9029 0.9059 0. 9060
Tiffany 0.9863 0.9758 0.9838 0.9865
Lenna 0.9867 0.9855 0.9867 0.9867
Frymire 0.9445 0.9218 0.9449 0.9471

Table 6 SSIM for images reconstructed by 4 schemes with block size 8 x 8

Image GA-AMBTC!! GSBTC! BACO-BTC!" Proposed scheme
Pepper 0.9875 0.9768 0.9790 0.9791
Fruits 0.9619 0. 9606 0.9636 0.9641
Baboon 0.8523 0.8598 0. 8640 0.8645
Tiffany 0.9762 0.9639 0.9740 0.9769
Lenna 0.9758 0.9760 0.9767 0.9767
Frymire 0.8946 0.8633 0.8927 0.8970

Table 7 Time consumption for images reconstructed by 4 schemes with block size 4 x4

Image GA-AMBTC™®! GSBTC™’ BACO-BTC™" Proposed scheme
Pepper 202. 8485 s 3.7854 s 2.2714 s 1.8382 s
Fruits 201.0195 s 3.6766 s 2.1161s 1.9070 s
Baboon 198.7589 s 3.7595 s 2.0913 s 1.8402 s
Tiffany 197.0844 s 4.0321 s 2.1336 s 1.9122 s
Lenna 235.8694 s 3.9194 s 2.0971s 1.8118 s
Frymire 206.3119 s 3.3775 s 2.0989 s 1.8770 s

Table 8 Time consumption for images reconstructed by 4 schemes with block size 8 x 8

Image GA-AMBTC!®! GSBTC! BACO-BTC!! Proposed scheme
Pepper 123.0612 s 3.3418 s 2.4626 s 1.8939 s
Fruits 125.5615 s 3.0716 s 2.6581 s 1.7678 s
Baboon 120.9918 s 3.3420 s 2.4037 s 1.7847 s
Tiffany 124.1227 s 3.6489 s 2.3483 s 1.7616 s
Lenna 112.3930 s 3.3900 s 2.4105 s 1.6931 s
Frymire 104. 6438 s 2.8749 s 2.6115 s 1.7639 s

4 Conclusion

An efficient scheme for the compression of color
images based on W-plane method is proposed. Since
there is no interaction among the operations for each
block in BTC, parallel computing is used to reduce
time consumption. To obtain a near optimal common
bitmap, hill climbing algorithm is employed in this
scheme. The simulation results show that the proposed
scheme has better visual quality and time consumption
than those of the reference schemes. Therefore, the
proposed scheme is efficient for color image compres-

sion and beneficial to storing and transmitting color im-

ages. In the future, this scheme can be further im-
proved and used in other fields.
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