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Abstract: In the recent era, digital contents are exchanging over the internet and it has increased exponentially.
Sometimes, we need small sizes to share the real world, because of narrow bandwidth. Hence, the data compression
concept came in limelight to utilize the storage capacity and available bandwidth efficiently. This paper presents an
analysis of Arithmetic and Huffman compression techniques based on a hybrid combination of the DWT-DCT
techniques. The input image is decomposed up to the 3™ level by using the DWT and then Arithmetic & Huffman
coding is applied separately on quantized sub-bands on 2™ as well as 3" level coefficients from approximation sub-
bands to get a high compression ratio and high peak signal-to-noise ratio values. On the third level approximation sub-
band, the DCT method is applied to reduce the blocking effect. Simulation results show that the Arithmetic coding
exhibits higher CR than Huffman coding, but smaller PSNR values.

Index Terms: Discrete Wavelet Transform; Discrete Cosine Transform; Arithmetic Coding; Huffman Coding; PSNR;
MSE; CR.

1. Introduction

Due to the rapid growth of the Internet and the advancements in digital camera technology in recent times, it
creates a big challenge for storage requirements of images. Such images need more disk space to store them and higher
bandwidth to transmit them over the Internet. Due to this reason, we need different compression techniques for image
compression that can be used to save our disk space and bandwidth. The compression method compresses the image as
much as possible so that the size gets reduced. Compression and decompression methods are very useful to compress
our multimedia contents in a very effective way and also it is in a reversible form so that the signal can be reconstructed
without loss of value.

Generally, lossless and lossy compression methods are used to compress our media contents [1]. The lossless
compression scheme is useful to removed redundant information from input signals. That’s why the original signal can
be easily recovered completely. In this technique, the compression ratio (CR) is low, but recovered information has no
loss. The lossless compression method is one of the best approaches in the compression area. The lossy compression
technique has higher compression values but there are some losses of data during decompression. It means that the
media content is not exactly achieved after decompression [2].

There are various techniques for image compression in the literature based on Discrete Wavelet Transform (DWT)
[3-6], Vector Quantization (VQ) [17-19], and Discrete Cosine Transform (DCT) [6-9]. VQ is a lossy technique whereas
the other two are lossless. This paper presents an analysis of Arithmetic [10-13] and Huffman [14-16] based variable-
length coding for compression.

The rest of this paper is organized as follows: Section 2 presents the summarization of related works. Section3
presents the methodology of the compression scheme and performance matrices. Simulation results and analysis are
given in section 4. Finally, section 5 sums up the conclusions and future work.

2. Literature Review

In this section, we summarized the compression related work which has attracted by many researchers in recent
time are as below:
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Chen [20] has proposed a novel bit-rate-reduced approach for reducing the memory required to store a remote
diagnosis and rapid transmission. They adopted an 8>8 DCT approach to perform the sub-band decomposition. The
technique performs well in high-speed image coding and transmission using the DCT-CSPIHT technique. It provides
less computational complexity using wavelet decomposition and the quality of the decompressed image has improved.

Corinthios et al. [5] proposed an improved hybrid technique (DWT-DCT) for compression. In this technique, two
thresholds are taken to improve the compression. In terms of PSNR, the hybrid technique outperforms the DCT based
technique. This technique also gives better results (in terms of PSNR) in comparison to DWT-improved but only in the
case when the transform coefficients are below 20 percent.

Starosolski [21] presented simple color space transformations for lossless image compression and a couple of their
variants. The three sets of test images and significantly different compression algorithms are: predictive JPEG-LS,
DWT-based JPEG2000, and DCT-based JPEG X. RDgDb and A2 have a disadvantage in terms of the expansion of one
bit, in the dynamic range of chroma component.

Kumar et al. [27] have proposed DWT based scheme for embedding the watermark after the compression of
speech signals. Kumar et al. [28] have proposed speech watermarking techniques based on the LSB method. In this
paper, they used the compression method for embedding the watermark.

Kumar et al. [29] proposed video watermarking techniques based on the DWT method for finding the quality of
signals. They used the quantization process for compressed his file. Kumar et al. [30] proposed a technique for image
compression based on DWT-DCT using arithmetic and Huffman coding with low complexity. Simulation results show
that the technique has a better compression ratio than conventional arithmetic encoders.

After reviewing the literature, we have concluded that the Arithmetic and Huffman coding along with
transformation techniques are frequently used in lossless image compression schemes; therefore it is imperative to test
which compression coding gives optimum results. This paper presents the analysis of Arithmetic and Huffman
compression techniques using DWT and DCT.

3. Methodology

Two-color images (Lena and Baboon) fewer than two different extensions (.jpeg and .bmp) are taken for the
analysis of the compression technique. After compressing these two images the decompression is performed to analyze
the performance of the technique in terms of evaluation parameters (PSNR and CR). The various steps of the technique
(compression and decompression) as given in Fig.1.

| Innut color imaaes (1_ena and Bahoon) |

v
| 3" level DWT is aoplied on extracted components of the inout color imaae |
v
| By rounding the coefficients’, HL2, LH2, HH2 and HL3, LH3, HH3 sub-bands are quantized |
v
Arithmetic/Huffman encoding is applied on 2" level & 3" level sub bands
v
2D-DCT technique is applied on LL3 subband
v
Compressed image
v

2D-IDCT technique is applied on LL3 subband

Avrithmetic/Huffman decoding is applied on 2™ level & 3 level sub bands

v

IDWT is applied up to third level on image

v

Decompressed or decoded image

v

Compare the PSNR & CR correspondinag of imaaes with original Lena and Baboon imaaes

Fig. 1. Flow diagram of the compression and decompression schemes.
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Various steps to implement the compression, are as given below
Step 1. Input a color image (size 512*512).
Step 2. Red, Green, and Blue components are extracted from the colored images, and DWT is applied up to the
third level.
For First level DWT:
[Ca, Ch, Cv, Cp] = DWT(Components, ‘filter name’);
For Second level DWT:
[CA]_, CH]_, CV]_, CD]_] = DWT(CA, ‘ﬁlter_name’);
For third-level DWT:
[CAg, CHZ: CVZ’ CDg] = DWT(CAl, ‘ﬁlter_name’);
Step 3. Quantization operation is performed on sub-bands of 2" level (Ca1, Ch1, Cvt, Cpy) & 3" evel (Ca2, Ch2,
CVZ, CDZ)-
For an level (CAlx Cu1, Cwa, CDl):
[Chig: Cvags Cpigl = round(Cryz, Cy1, Cpa);
For 3rd level3 (C/_\g, Cha2, Cvz, CDZ):
[Chizgs Cvag, Cpzgl = round(Ciyz, Cv2, C);
Step 4. Arithmetic & Huffman coding is applied on sub-bands of 2" level (Ca1, Ch1, Cyg, and Cpp) & 3" Jevel (Cazs
Cha2, Cvz, and Cp,) separately.
For Arithmetic encoding:
R1 = AC(Chiq, Cvig: Co1g);
For Huffman encoding:
R2 = HC(Cng, Cvgq, Cqu);
Step 5. 2D-DCT technique is applied to the Ca, sub-band.
DCT(Ca; sub-band);
Step 6. The output of step 5 is the compressed image.
For decompression, the steps are as given below:
Step 1. 2D-IDCT technique is applied on the LL3 sub-band.
Inverse_ DCT(Ca, sub-band);
Step 2. Arithmetic & Huffman decoding is applied on sub-bands of 2" level (HL2, HL2, and HH2) & 3" level
(HL3, HL3, and HH3) corresponding compressed bands.
For arithmetic decoding:
Ry = AC(Cqu, Cvig Cqu);
For Huffman decoding:
Rz = HC(Chzg, Cv2g: Co2g);
Step 3. IDWT is applied on extracted RGB up to the third level.
For first-level inverse DWT:
[Ca, Ch, Cy, Cp] = Inverse_DWT(Ry, ‘filter_ name’);
For second-level inverse DWT:
[CAln Cu1, Cwa, CDl] = Invel’se_DWT(CA, ‘ﬁlterﬁname’);
For third-level inverse DWT:
[CAz, Ch2, Cv2, CDZ] = |nverse_DWT(CA1, ‘ﬁlterﬁname’);
Step 4. Decoded image = cat(3, components);

A. Performance Matrices
For a good quality image after decompression, PSNR should be high. PSNR is defined as [22- 25]:

MAXiz)

PSNR = log10 (=

@)

Where MAX? is the maximum pixel intensity values. And MSE is the Mean square error among original and
decompressed image and is defined as:

MSE = ﬁz?ﬁgl ?:[{X(i.j) -y, D¥] @)

CR formula is defined as [22-23]: CR is a parameter by which measure the how many times image compressed.

Size of the original image
CR= T ©)

" Size of Compressed image
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4, Simulation results

4.1. Result of Arithmetic and Huffman Coding & DWT-DCT Technique on Lena’s Images

The original colored image of Lena is extracted into its three components, i.e., red, green, and blue as shown in Fig.
2. Each of the components is compressed using Arithmetic & Huffman coding and DCT-DWT based hybrid technique.
Figs. 3 and 4 show the decoded Lena image for arithmetic and Huffman coding with .jpg and .bmp file extensions,
respectively. From Figs. 3 and 4 it is clear that the blocking effect is eliminated in the decoded images (green and blue
components) and more effective.

Fig. 2. Extracted Lena image (a) Red (b) Green (c) Blue

(b) ' ©

@) (b) ©

Fig. 5. (a) Original Lena color image (b) Decoded image using Arithmetic coding (c) Decoded image using Huffman coding
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Fig. 5 compares the original Lena image with the decoded images using Arithmetic and Huffman coding
techniques. Table 1 represents the comparison between filters for RGB color images (.jpg and .bmp) by using
Arithmetic and Huffman coding.

Table 1. Result of Arithmetic and Huffman based on DWT-DCT technique (Lena image)

Based on the Arithmetic and DWT-DCT Based on Huffman and DWT-DCT
Image name ) Colour technique technique
- Filter image
and extension
MSE PSNR(dB) CR MSE PSNR(dB) CR

. db9 RGB 159.8641 25.1873 2.0014 73.2984 28.4798 2.0018

Lena (.jpg)
haar RGB 109.3705 26.3412 2.0001 191.2389 245152 2.0006
db9 RGB 158.7496 25.0231 2.0011 161.2452 25.1553 2.0011

Lena (.bmp)
haar RGB 109.3464 26.4422 2.0004 199.0584 24.3415 2.0005

Table 1 shows the compression result for Lena image using Arithmetic coding and Huffman coding based on DWT
and DCT methods. In this table, we have evaluated the values of the RGB Lena image using two different filters with
two different extensions. The Lena (.jpg) image using the haar filter gives a high PSNR (26.4422) value and the Lena
(.jpg) image using the db9 filter gives a high CR (2.0014). The Lena (.bmp) image using the db9 filter gives a low
PSNR (25.0231) value and the Lena (.jpg) image using haar filter gives low CR (2.0001). For Huffman coding, the
Lena (.jpg) image using db9 gives a high PSNR (28.4798) value and the Lena (.jpg) image using db9 gives a high CR
(2.0018). The Lena (.bmp) image using the haar filter gives a low PSNR (24.3415) value and the Lena (.bmp) image
using the db9 filter gives low CR (2.005).

4.2. Result of Arithmetic-Huffinan Coding and DCT Technique on Lena’s Images

The original image of Baboon is extracted into its three components, i.e., red, green, and blue as shown in Fig. 6.
Fig. 6 and 7 show the decoded baboon image using arithmetic coding in .jpg and .bmp format, respectively. Fig. 8 and 9
show the decoded baboon image using Huffman coding in .jpg and .bmp format, respectively. After compression, each
of the components is compressed using Arithmetic & Huffman coding and DCT-DWT based hybrid technique. From
Figs. 6, 7, 8, and 9, it is clear that the green and blue parts of the image are more affected due to the reason of removing
using DCT of the blocking effects.

Fig. 6. Decoded Baboon image using Arithmetic coding (a) Red (b) Green (c) Blue

Fig. 7. Decoded Baboon image using Arithmetic coding (a) Red (b) Green (c) Blue
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Fig. 8. Decoded Baboon image using Huffman coding (a) Red (b) Green (c) Blue

Fig. 9 shows the comparison between the original colored image of Baboon with the decoded images using
Arithmetic and Huffman coding techniques.

(b

Fig. 9. (a) Original Baboon color image (b) Decoded image using Arithmetic coding (c) Decoded image using Huffman coding

Table 2. Result of Arithmetic and Huffman and DWT-DCT Technique (Baboon image)

Based on the Arithmetic and DWT-DCT Based on Huffman and DWT-DCT
Image name ) Colour image technique technique
and extension | Filter
MSE PSNR(dB) CR MSE PSNR(dB) CR
Baboon db9 RGB 211.9374 23.4564 19180 | 5898.4554 10.4234 2.0006
(pQ) haar RGB 238.8621 24.3493 21218 | 5869.4571 10.4448 2.0006
Baboon db9 RGB 211.9844 24.8678 2.0108 | 5897.9344 10.4238 2.0005
(-omp) haar RGB 238.8681 24.3492 2.3428 5869.4571 10.4448 2.0006

Table 2 represents the comparison between filters for RGB color images (.jpg and .bmp) by using arithmetic and
Huffman coding. Table 2 shows the compression results of RGB color images after compression using the arithmetic
coding and Huffman coding based on DWT and DCT methods. This table evaluated the values based on two filters for
two images of two different extensions. The Baboon (.jpg) image using the db9 filter, gives a high PSNR value. The
Baboon (.bmp) image using a haar filter gives high CR values and using the haar filter gives a low PSNR value. The
Baboon (.jpg) image using the db9 filter gives low CR. For Huffman coding, the Baboon (.jpg) image using the db9
filter gives high PSNR values and the Baboon (.bmp) image using haar filter gives high CR. The Baboon (.bmp) using
db9 filter gives low PSNR and the baboon (.jpg) using haar filter gives low CR.

5. Conclusion and Future Work

In this paper, a hybrid image compression scheme based on the DWT-DCT using Arithmetic and Huffman coding
has been discussed. These schemes use the features of DWT and DCT transformation schemes to achieve the
compression requirements. The simulation result gives a good combination of PSNR and CR for standard images using
MATLAB. DWT-DCT schemes produced higher PSNR and CR values using encoding and decoding methods. In this
paper, we have evaluated the PSNR and CR values for standard color images. DWT-DCT based image compression
schemes such as arithmetic coding perform a very high compression ratio by using haar filter and for Huffman coding
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by using db9 filter. The simulation result of this paper is acceptable because the lossless technique of CR is varying
from 2 to 8 [26]. As future work, these methods can be implemented for video files.
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