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Abstract  

This paper describes the analysis of color transforms for 

lossless compression and proposes a line-based lossless frame 

memory compression using a color transform. Line-based 

compression methods are required to save frame memory in 

display devices. A color transform is not included in the 

existing lossless frame memory compression based on the 

modified Hadamard transform (MHT) and adaptive Golomb-

Rice (AGR) coding. Here we propose a color transform for 

the existing method by use of analyzing candidate color 

transforms such as YCoCg-R and RCT. Experimental results 

indicate that the proposed method gives a shorter bitrate 

compared with the existing method.  

Keywords: Lossless compression, Color transform, Display 

devices 

 

INTRODUCTION  

Compression is a necessary technique to efficiently store and 

transmit large amounts of image data. Especially, a low-

complexity compression is key condition to overcome the 

limited resources of 3-dimensional display devices [1-4]. 

Compression methods are divided into lossy and lossless. The 

lossy compression causes irreversible quality loss. Thus, the 

lossless compression is suitable for keeping image quality 

untouched on the display devices. 

Several frame lossless compressions have been discussed to 

propose low computational-complexity algorithms for display 

devices. Block-based frame compression methods have been 

studied which are also used in video coding standards [5-13]. 

However, these methods cause extensive memory traffic 

because the frame memory in display devices is transmitted 

line by line.  

Line-based algorithms are required since the frame memory in 

a display device is processed line by line. Thus, line-based 

lossless compressions have been addressed [14-17]. Among 

those studies, lossless compression for LCD devices has been 

proposed for the first time [14]. This method uses 8-point 

MHT for band separation and AGR for entropy coding. This 

method achieved a good performance in terms of compression 

ratio [17]. However, this method does not consider a color 

transform in a preprocessing step. 

Applying a color transformation to a compression method 

increases the compression ratio because it converts redundant 

components in the RGB to less correlated components. 

Normally a color transform converts RGB components into 

one luminance and two chrominances. The color transform 

applied for lossless color image compression must be 

reversible, thus it should be implemented by an integer 

operation. During a color transform, a component range 

expands, which means that the number of bits required to 

store the transformed pixel increases. Thus, it is necessary to 

consider the component range expansion when applying a 

color transform to the existing compression. 

In this paper, we present a method of applying color transform 

for a lossless frame memory compression providing a line-

based processing method. Analysis of color transforms 

describes that they lead to better compression by reducing the 

correlation of RGB components. Based on the analysis, we 

propose a modified method of the existing method 

considering a component range expansion from a color 

transform. Lossless color transforms included in this analysis 

are YCoCg-R used in JPEG XR and RCT used in JPEG 2000. 

Experimental results show that the proposed method can 

reduce bitrate of code by 20% compared to the existing 

method without a color transform. 

 

LOSSLESS COLOR TRANSFORM 

Karhunen-Loeve Transform (KLT) has been used to optimize 

the decorrelation of color components. However, applying 

KLT to compression is not feasible because computational 

complexity of KLT is very high. Thus, color transforms based 

on KLT have been proposed. The color transforms must be an 

integer-reversible so that they can be performed in lossless 

frame compression. Furthermore, an analysis of component 

range expansion and complexity of transforms is required to 

predict the efficiency of the transformation. 
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𝐶𝑣 = 𝑅 − 𝐺                                    𝐺 = 𝑌 −  ⌊(𝐶𝑢 + 𝐶𝑣)/4⌋                      

𝐶𝑢 = 𝐵 − 𝐺                           ⇔     𝑅 = 𝐶𝑣 + 𝐺                                                               
𝑌 = 𝐺 +  ⌊(𝐶𝑢 + 𝐶𝑣)/4⌋              𝐵 = 𝐶𝑢 + 𝐺                             (3) 
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The YCoCg-R is a color transform used in JPEG-XR, the 

integer-reversible equation is (1), and the transformation is (2) 

[18]. Each component of RGB is converted into Y, Co, and 

Cg, respectively. The YCoCg-R transform, approximated to 

KLT, calculates the green channel at the highest ratio, 

considering human perception. In this transform, one bit of 

component range expansion occurs in the chrominances. Four 

add operators and two shift operators are required per pixel, in 

terms of computational complexity. 

The RCT is used in JPEG 2000. The forward and inverse 

RCTs are operated by (3) and the transform is given by (4) 

[19]. Each component of R, G and B is converted into Y, 

which is a luminance component, and Cu, Cv, which are 

chrominance components. One bit of component range 

expansions occurs in the chrominance components. In terms 

of complexity, there are four add operators and one shift 

operator per pixel.  

Component range expansion is inappropriate when transforms 

are performed in a limited data space. Thus, mRCT is a 

version of RCT with a modular operation, which is a color 

transform without component range expansion [20]. However, 

this transform has trade-off between component range 

expansion and complexity. 

 

 

Figure 1: Signal flow of 8-point MHT. 

 

EXISTING METHOD 

Conventional lossless frame memory compression without 

color transform is a method for line-based processing and 

display devices [14]. The line data of the input image becomes 

a bit stream segment after this compression. This method uses 

8-point MHT with a lifting scheme for decorrelation. Lifting 

schemes is well known for fast wavelet transforms [21]. Fig. 1 

shows a signal flow when a size of 8 points block is input. 

The overall flowchart of the existing method is depicted as 

Fig. 2. This method performs a total of two 8-point MHTs. 

After performing the first MHT, only the DC components are 

collected and the 8-point MHT is applied one more time. This 

process provides high compression efficiency by reducing the 

correlation of DC components. 

AC components are entropy coded through Adaptive Golomb-

Rice (AGR). Rice mapping converts a negative number to a 

non-negative number since AGR coding can not process a 

negative number, defined as (5).  AGR coding uses a different 

binary code of k for each line, which is a value that can 

maximize compression performance. The value of k is 

calculated as (6), where length of k minimizes the sum of GR 

code lengths. 

 

𝑣 =  {
2𝑐,      𝑐 ≥ 0

−2𝑐 − 1, 𝑐 < 0
                              (5) 

 

𝑙𝑒𝑛𝑔𝑡ℎ = 𝑘 + 1 + 𝑣/2𝑘                         (6) 

 

The final step is packing as a bit stream, which is done in 

the following order. The value of k is packed with 3-bit fixed 

length coding (FLC) in the far-left position.  Next, DC 

components are packed with 8-bit FLC and AC components 

packed with AGR code. 

 

 

Figure 2: Existing method for Y component (method1). 

 

PROPOSED METHOD 

In this paper, we apply a color transform to existing methods 

and propose modified methods accordingly. U and V 

components contain negative numbers when the RGB 

components are converted to YUV components through the 

color transform. It is not appropriate that U and V components 

are input as they are in the existing method, since the existing 

method only processes non-negative numbers.  

The flowchart of the modified compression method 

considering the negative number of U and V components is 
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shown in Fig.3. Separating the band into two 8-point MHT is 

the same as the existing method. DC and AC of U and V 

components are coded with AGR unlike DC are packed with 

FLC in the existing method.  The Existing method is defined 

as method1 and the modified method is defined as method2. 

A flow chart of the proposed method is illustrated in Fig.4. 

After the color transform, the value of Y is processed through 

method1, and the values of U and V are processed through 

method2. The process of band separation in entropy coding is 

depicted in Fig.5. Fig. 5 (a) is the band separation of method 1 

and Fig. 5 (b) is the band separation of method2. Fig. 5 (c) 

shows the whole band separation process when method 1 and 

method 2 are applied to YUV components, respectively. 

 

 

Figure 3: Modification for U and V components (method2). 

 

 

Figure 4: Flowchart of the proposed method. 

 

 

(a) 

 

(b) 

 

 

(c) 

Figure 5: Subband decomposition of the entropy coding. (a) 

method1, (b) method2, (c) proposed method with method1, 

method2 

 

EXPERIMENTAL RESULTS 

An experiment for obtaining the bitrate was conducted to 

evaluate the proposed method. The input images were 10 

images released for the compression study of color image by 

Kodak corporation. Table 1 shows the bitrate obtained by the 

existing method and the bitrate obtained by the proposed 

method applying the color transform of YCoCg-R or RCT. 

The bitrate is the value of compressed file length divided by 

the pixel size of an input image and defined as (7). It is a 

value indicating the number of bits required for one pixel. The 

bitrate of the uncompressed image is 24 bit/pixel. 

𝑏𝑖𝑡𝑟𝑎𝑡𝑒 =
𝐶𝑜𝑚𝑝𝑟𝑒𝑠𝑠𝑒𝑑 𝑏𝑖𝑡𝑑𝑎𝑡𝑎 𝑠𝑖𝑧𝑒

𝑝𝑖𝑥𝑒𝑙𝑠
                           (7) 

Experimental results show that the bitrates of the proposed 

methods are shorter than those of the existing method. The 

average bitrate of RCT was 20% shorter than that of the 

existing method. The bitrate of RCT was slightly shorter than 

that of YCoCg-R. This experiment shows that color 

transforms can improve compression performance by 

eliminating redundancy and correlation of RGB components. 

 

Table 1: Bitrate 

Kodak Existing 

method 

[14] 

Proposed 

Method1 

(YCoCg-R) 

Proposed 

Method2 

(RCT) 

1 18.96 14.31 14.12 

2 15.52 14.20 13.60 

3 14.96 12.70 12.49 

4 16.26 14.15 13.57 

5 19.65 15.40 15.37 

6 16.47 12.85 12.64 

7 16.16 13.43 13.21 

8 20.76 15.79 15.73 

9 15.78 12.29 12.32 

10 16.09 12.74 12.77 

Average 17.06 13.79 13.58 
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CONCLUSION 

This paper has proposed a method of applying color transform 

to lossless frame compression for display devices. Analysis 

was performed to select color transforms suitable for lossless 

compression. The proposed lossless frame compression 

method considers the component range expansion generated 

by the color transform. Experimental result shows that the 

reduced bitrate by applying color transform. 
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