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ABSTRACT

Non-camera captured images (also known as compound im-
age) contain a mixture of camera-captured natural images and
computer-generated graphics and texts. Nowadays, there are
more and more applications calling for non-camera captured
image/video compression scheme. However, current video
coding standards, which are designed for natural video, treat
non-camera captured video less carefully. For example, the
state-of-the-art video coding standard High Efficiency Video
Coding (HEVC) may blur or even remove edges in tex-
t/graphic region. A lot of schemes are proposed to preserve
direction property of texts and graphics, such as palette-based
intra coding. In this paper, a novel palette coding scheme is
proposed for palette-based intra coding in HEVC. The palette
in a block is predicted from an adaptive palette template,
which records the statistical non-local spatial correlation of
an image. Every block chooses its own palette using the
palette template as the prediction in a rate-distortion opti-
mized manner. Experimental results show that the proposed
scheme can achieve up to 5.2% bit-rate saving compared to
the state-of-the-art palette-based coding scheme in HEVC.

Index Terms— Compound image compression, palette-
based coding, palette prediction, HEVC.

1. INTRODUCTION

With rapid and continuous advancements made in network-
ing, communications, displays and devices such as tablets
and smartphones, many applications call for High Efficiency
Video Coding (HEVC) based coding solutions that can effi-
ciently compress non-camera captured video content at high
visual quality, which includes wireless display, tablets as sec-
ond display, screen/desktop sharing and collaboration, ezc [1].
How to efficiently compress non-camera captured images, or
compound images, has become a prevalent and critical prob-
lem. However, current image coding standards (JPEG [2],
JPEG 2000 [3]) and video coding standards (H.264/MPEG-
4 AVC [4], HEVC [5]) aim at compressing natural camera-
captured video, which will cause a lot of artifacts when used
to encode and decode non-camera captured sequences [6].
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Therefore, it is very important to develop efficient compound
image coding tools. A lot of algorithms have been proposed to
deal with this problem. In general, the algorithms can be cate-
gorized into bit-allocation approaches, layer-based approach-
es and block-based approaches.

The bit-allocation approaches didn’t change the coding
structure, they simply gave more bits or finer quantization
steps to the text/graphic areas [7, 8]. But these approaches
could not deal with the situation which most of the image
was text/graphic region. The layer-based approaches (for ex-
ample DjVu [9]) segmented an image into foreground layer
and background layer using a binary mask and encoded three
layers independently. These approaches could achieve signif-
icant gain over natural image coding schemes, but the perfor-
mance was sensitive to segmentation method. So they could
not handle the situation where the image was hard to be seg-
mented. The block-based approaches firstly divided an image
into blocks and classified the blocks into several types, each
type was coded with a specific method. These approaches
worked well for natural image and at the same time demon-
strated significant gain for compound image. In [10], a nov-
el method was proposed to represent a text/graphic block by
several base colors (called palette) and an index map. This
scheme could improve compression efficiency of compound
image significantly. Algorithms in [11] and [12] followed this
design and incorporated the scheme into H.264/MPEG-4 and
HEVC with some modifications.

In this paper, the proposed scheme adopts the block-
based approach and introduces a new palette coding scheme
to fully exploit the local and non-local spatial correlation.
An adaptive palette template is used to predict the palette
of current block and each block chooses its own palette in a
rate-distortion optimized (RDO) manner. It is introduced as a
new intra coding mode into HEVC and compared with other
modes in the RDO sense.

The rest of the paper is organized as follows. Section 2
gives a briefly introduction on the current palette-based cod-
ing system and lists the current drawbacks of this system.
Section 3 presents the proposed palette coding scheme in de-
tail. The experimental results are shown and analyzed in sec-
tion 4. Finally, section 5 draws conclusions.
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Fig. 1. BCIM representation.

2. RELATED WORK

In natural video coding, it is assumed that high frequencies
are not that important to the human perception and therefore
can be quantized strongly or even be removed. But the oppo-
site is valid for non-camera captured content, assuming that
an observer is more interested in text symbols than in accu-
rate reconstruction of the background. So we have to deal
with the sharp edges introduced by letters and symbols which
are designed to be high contrast against the background.

Compound images have some properties that we need to
consider when designing compression method. First of all,
because of the strong anisotropic of compound images, trans-
forms are not efficient. Secondly, the geometries of edges are
usually complicated, the block level directional prediction in
HEVC cannot adapt to the complex structure, which makes
the prediction residual energy usually becomes very large and
is difficult for coefficient coding algorithm in HEVC. Finally,
the number of colors of a block in compound image usually
is limited.

Based on the analysis, base colors and index map mode
(BCIM) was proposed in [11] and incorporated into HEVC in
[12] with modified multi-stage index map coding. In BCIM
representation, the compound image blocks are regarded as a
combination of color components and structure components.
As shown in Fig. 1, the input image block is first decomposed
into major colors and index map using color quantization al-
gorithms. The index map will be entropy coded to achieve
better coding performance. At the decoder side, the major
colors and index map will be decoded and combined together
to generate the reconstructed block.

In [13], another palette mode was proposed to HEVC as
an additional intra mode. Different from BICM, the scheme
in [13] also transmitted the residual together with the palette
information and index map.

In general, these kinds of methods are called palette-based
coding method, they always have a palette to represent the
major colors of a block and an index map to specify colors
of each position. Then, at decoder side, the original block
is approximated using the palette and the index map with or
without the help of residual. These methods can preserve the
edge precisely, which make them very useful and popular in
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compound image compression.

In previous works, palette was generated by exploiting lo-
cal spatial correlation. Each block generated the palette and
index map based on its own pixel values. The palette of each
block was encoded using a fix-length entropy coder. Each
base color required b bits to encode where b represented the
color bit-depth of the compound image. However, in com-
pound images, different blocks may share same background
colors and foreground colors, their palettes may have similar
values, so there exists redundancy when coding palette di-
rectly without taking other palettes into consideration. The
correlation among different palettes is called non-local spa-
tial correlation which could be exploited to do palette predic-
tion. In our proposed scheme, not only the local spatial cor-
relation but also non-local spatial correlation are exploited.
The palette of the current block is predicted from an adap-
tive palette template generated from other blocks to remove
redundancy. Thus, additional coding gain can be achieved
compared to the state-of-the-art non-predicted palette-based
coding approaches.

3. PROPOSED PALETTE CODING SCHEME

For palette-based coding method, palette should be generated
and encoded for transmission. In palette generating process, t-
wo aspects should be considered: Firstly, the palette should be
chosen to well match to the pixel values of a block. Second-
ly, the index map corresponding to the chosen palette should
be easily compressed. In this paper, we adopt the index map
coding method proposed in [14], so the problem is simplified
to the generation of the best palette for a particular block.

The palette of a block involves two aspects: palette length
K and K base color values p;,k = 1,---, K. In general,
the larger the palette length K is, the less the distortion of
the approximation will be, but the index map will be more
complex, which needs more bits to encoded. So when gen-
erating a palette, we should do a trade-off between distor-
tion Dy and bit-rate Rx. Similar to the RDO process of
HEVC, a Lagrange multiplier A which controls the trade-off
between rate R g and distortion D g is introduced to construc-
t the Lagrange optimization objective function, which can be
expressed as:

J(K,\) = Dk + ARk, (1)

where D and Ry are the distortion and rate given palette
length K. For a fixed ), different K will result in different .J,
the optimal palette length K,,; should satisfy

Kope = argmin J(K, \).
1<K <2b

)

Since there are a lot of possible colors in the compound im-
age, the number of calculating J (K, \) will be very large. To
simplify the design, K, is predefined as the upper limit of
palette length to decrease complexity. The final problem can



be formulated as:
min

S.t.

J(K,\)
1<K < Kiae. 3)
To solve the optimization problem in equation (3), Dg
should be optimal given K. For an IV pixels block, our pur-
pose is to find K numbers optimally representing the N pixels
in the sense of sum of square difference (SSD). Assume that
xz;,1 = 1,---, N, is the pixel value of a color component or
the block, x; can be a scalar or a three dimensional vector, py,
is the k-th palette value and has as the same dimension as z;,
Py is a set of pixels whose color are mapped to pg, then D g
can be calculated as

Do llm—pll- 4)
1<k<K z,EP;
For R, it is calculated as:
Rk =R, + R;, (5)

where R, is the rate to encode the palette and I2; is the rate to
encode the index map.

However, it is quite complicated to derive the optimal K
and its corresponding palette and index map at the same time.
To simplify the optimization process, the optimization prob-
lem is decomposed into two stages. At first stage, D is min-
imized respect to every K and get the palette and its index
map correspondingly. Then R, and R; are calculated by en-
coding each palette and index map to get Rx. J(K,\) for
each K is then calculated to select the K, and its palette
and index map.

As discussed in the previous section, each palette is gen-
erated from its own block pixel information and is encoded
independently respect to other blocks, which means the exist-
ing palette-based coding methods only consider the local spa-
tial correlation. For a compound image, palettes of different
blocks may have similar properties, such as foreground col-
ors of different blocks may be similar or background colors
of different blocks may be similar, we can call this property
as non-local spatial correlation. This means that there exists
redundancy among the palette of different blocks. To exploit
the non-local correlation, we need to find the major values of
palettes, and then construct a palette template to predict the
palette of each block. To do this, assuming the size of palette

template is 7" and its elements are ¢;,7 = 1,---,7. The
problem can be express as
M K,
mm}j}j[ﬂﬁ—mmm (6)
i=1 k=1j=1

where M stands for the number of palette blocks in one frame,
K; represents the number of palette of block ¢ and pfc repre-
sents the color of k-th palette element in ¢-th block. The so-
lution can be derived by solving an equivalent problem. The
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equivalent problem is designed as follows. Firstly, Assemble
all pi, into a set S. In S, the elements are categorized accord-
ing to their pixel value, S(w) means the count of pixel value
wis S(w).

M K;
w)=>_ > (1= llw—pillo). @)
i=1 k=1
The optimal palette template values t;,1 < j < T are
T
max 308
j=1
s.t. L # t5,Ym, j,m # j. ®)

The equivalent problem is a convex problem and can be easily
solved.

From the above analysis, we know that a two-pass coding
is needed to construct an optimal palette template, the whole
frame must be coded firstly to get all palette elements. To
achieve one-pass coding, an adaptive palette template con-
struction method is proposed. The most frequently used pix-
el values for all the previously coded blocks are chosen to
approximate the optimal palette value. In this case, the set
of palette elements just contains element of previous coded
palette block, we call this set S’, the constructing method of
S’ is same as S, so different palette block have different S’.
S’ can be expressed as

1 Kn

(1 = [lw = Pllo),
1k=1

%

©

n

where ¢ represents the index of the current palette block.
Then, the palette template of block 7 can be derived by equa-
tion (8). But in this way, all the palette elements of previous
block must be stored. To save memory, an adaptive palette
template is designed to approximate the optimal palette tem-
plate. For each element in the palette template, a counter is
used to record the number of times it appears in the palette of
previously coded blocks. The palette template and the coun-
ters are updated each time a palette coded block is processed.
By this approach, only the palette template is needed to be
stored. The detail algorithm is described in Algorithm 1.

For compound image, current block may have little rela-
tionship with the blocks far away, so time effect should be
considered in the adaptive palette template constructing. As
described in Algorithm 1, the counters c[j],j = 1,---,T
are decreased by a time effect constant 7 while encoding or
decoding process of a palette block is finished. By this ap-
proach, the elements that haven’t been used recently will have
a small counter and can be easily replaced. After the old ele-
ments eliminating operation, the first step is to strengthen the
elements which appear in current palette. The strengthening
way is to increase the corresponding counters by a constant
A. € is a threshold to represent tolerance for assessing “same



Algorithm 1: Constructing palette template

Algorithm 2: Palette coding process

Data: Palette of current block P[K]
Result: Palette template PT'[T]
initialize palette template and counter at first block;
if current block is palette base coded then
for1 < j <Tdo
| dil-=7
forl1 <:< K do
for 1 <j5<Tdo
if || P[i] — PT[j]|| < e then
| i+ =A

for1 <j <Tdo
if ¢[j] < a then

PT[j] are replaced by new elements of P[K];
- clil = A

element”. After strengthening the frequent elements, next
step is to wash out the rare elements. The elements whose
counter values are less than a threshold « are recognized as
rare elements and are replaced with new elements in the cur-
rent palette.

As discussed before, RDO is needed when selecting the
palette length K, the detailed palette length selection algo-
rithm is given in Algorithm 2. When doing RDO process, we
also take palette prediction into account. After doing palette
prediction, the un-predicted palette values would be written
directly into bit-stream. For the predicted palette values, be-
cause same operation of palette template constructing are per-
formed at the encoder side and decoder side, only the predic-
tion flag and prediction difference are written into bit-stream.
By the above means, bit-saving can be achieved.

4. EXPERIMENTAL RESULT

The proposed method is integrated into the HEVC Range Ex-
tension reference software HM-10.1 + RExt-3.0 [15]. K az
is set to 16, A is as the same as the Lagrange multiplier in
HEVC, the size of palette template 7" is 8. Time elimination
factor 7 is set to 1, frequent element strengthening factor A
is set to 2, Same element assessment factor € is set to 3, old
element assessment factor « is set to 2. In the simulation,
we just choose 4 standard screen content test sequences from
HEVC Range Extension common test condition [16]. BD-
Rate [17] is regarded as the performance measurement of the
proposed method. A negative value of the BD-Rate implied
that the proposed approach achieves coding gains. The M-
BCIM frame work proposed in [14] and the HM-10.1 + RExt-
3.0 [15] are chosen as the comparative algorithms. The simu-
lation results are shown in Table 1. Encoding time of the three
methods are the same.
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Data: Result of dynamic programming P[K] and
palette template PT'[T]
Result: Array of palette prediction and prediction
difference
initialization: palette length K = 1;
for 1 < K < K4 do
forl1 <i:< K do
for 1 <j53<Tdo
if || P[i] — PT[j]|| < e then
PPred[i] = 1,
PDIff[i] = P[i]| — PT[j];
else
L PPred[i] = 0;

| Calculate Dy and Ry Jic = Dy + ARx.
Find the optimal K which minimizes Lagrange object
function Jg

Table 1. Objective comparison of comparative method and
proposed method.

Test Sequence MBCIM[14] | HM-10.1 + RExt-3.0
sc_cad_waveform -4.9% -56.4%
sc_pcb_layout -5.2% -71.3%
sc_ppt_doc_xls -4.4% -41.8%
sc_cg_twist_tunnel -4.1% -52.3%
Average -4.7% -55.5%

From the simulation results in Table 1, we can conclude
that the proposed method outperforms current HEVC Range
Extension software by 55.5% BD-Rate reduction and outper-
forms the state-of-the-art palette based coding method (M-
BCIM) by 4.7% BD-Rate reduction, while maintaining simi-
lar complexity.

5. CONCLUSION

In this paper, a palette coding method which fully exploits
local and non-local spatial correlation is proposed. An adap-
tive palette template is constructed at the encoder and decoder
side to exploit the non-local spatial correlation. Taking advan-
tage of palette template, palette prediction can be performed,
less palette elements are encoded into bitstream, which re-
duces the bit-rate. Simulation results show that under the
same complexity, the proposed method outperforms current
HEVC Range Extension software by 55.5% BD-Rate reduc-
tion and outperforms the state-of-the-art palette based coding
method (MBCIM) by 4.7% BD-Rate reduction.
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