
Webology, Volume 18, Special Issue on Computing Technology and Information 

Management, September, 2021 

341                                                      http://www.webology.org 

GPU based Image Compression with Scaling-Hard-Threshold Using 

HWT (Haar-Wavelet-Transform) + RL (Run-Length) Pair 

Encoding 
 

Huda Khurshed Shawkat Aljader 

Continuous Education Center, Middle Technical University, Baghdad, Iraq. 

E-mail: huda.aljader1@gmail.com, hudajader12@mtu.edu.iq 

 

Received March 12, 2021; Accepted June 28, 2021 

ISSN: 1735-188X 

DOI: 10.14704/WEB/V18SI04/WEB18133 

 
Abstract 

 

In 5G MASSIVE MIMO the main problem for better video communication is of transmission 

bandwidth issues which in turn reflects in video conferencing, Mobile-learning, gaming, 

graphics applications etc. However, in regard to a versatile framework i.e. a computerized 

camera with web and correspondence office, at that point the transmission capacity for 

correspondence and additionally stockpiling are of genuine concern. Tremendous valuable 

data must be put away and recovered proficiently for down to earth purposes. This is the 

novel methodology that scaling technique has proposed for 2D Haar wavelet transform 

based compression of picture utilizing parameter CR- ratio of Compression with PSNR 

improvement, with maintaining picture quality, less bandwidth usage with better 

compression ratio which increase by increasing speed with the help of NVIDIA GPU. 
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Introduction 

 

We have arrived at a sophisticated epoch in which communication is heavily reliant on the 

mercantilism of computerized intelligence on data systems. As a sender who sends a 

polished record to a receiver, correspondence is often beautiful. This record travels from a 

source to a destination, and in order to maintain fast and efficient communication, we'll 

need an encryption system that must be compelled to be reliable, simple, and safe. 

Compression is that the important stress in fashionable area. Because the image is 

compacted to an often increasing degree, less proportion of limit is needed in elastic steady 

systems that during this manner create it saving and furthermore extreme. Mechanical 
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movement i.e. HDTV, Satellite Communication, computerized limit of videos place 

technologists in an exceedingly mind-blowing check wherever the image and what is 

additional knowledge weight of high degree is basic. Regardless, on the grounds that the 

metal is broadening PSNR is a drop-off. On these lines, an exchange off ought to be there. 

Bounty learning will be disposed of in an image while not ruining the possibility of the 

picture to a dazzling mensuration (storer 1987). Record the size of the picture decreases 

which might be spared in an exceedingly almost no territory and sent through the on the 

web and recovered inside the required spot with shorter time. The principal plan behind any 

picture weight is to examine an impelled picture an arrangement of numbers or structure. 

Each picture contains different minor squares alluded to as pixels for example picture 

sections. A JPEG weight technique examines miracles with 8rowsx8columns and a matrix 

for each square. Weight approaches can be divided into two categories. 

 

1. Lossless-Compression-Calculation, also known as entropy committal to writing, is a 

technique for compressing data without losing quality.  

2. Lossy-Compression-Calculation. Run-Length-Encoding and Huffman-Encoding are 

well known lossless compression procedures. Change the compression of two different 

types of data. DFT (Discrete-Fourier-Transform), and DCT (Discrete–Cosine-

Transform). Discrete - Cosine-Transform is the most well-known transformation. After 

transformation, apply quantization using table dividing the transformed coefficient 

obtained quantized coefficient where the non-zero low energy coefficient is arranged 

before the high energy coefficient. The first coefficient (dc) is encoded which provides 

critical picture essentialness. Entropy-coding which depends upon the output of the 

quantizer has a true characteristic that adds extra weight (Z. 1952).                                   

Wavelet-Transformation involves continuous development in the domain of picture 

examination. 
 

JPEG Standard Image Compression Algorithm (Storer 1987) 
 

• A Square Matrix say 256*256 Image is partitioned into 8*8 pixels of a block. 

• Apply DCT to all the rows (width) and to all the columns (height). 

• Apply quantization to each block of 64 coefficient (dividing by using a constant 

quantization tables). 

• Apply entropy encoding which includes zigzag scan and run level (R-L pair) coding. 

• Finally compressed output is obtained and represented in terms of digits for manual 

evaluation. 

The remainder of the article is addressed as follows. Image compression techniques are 

covered in Section II. Literature-Survey is discussed in Section III. Existing and proposed 
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methods, as well as all experimental statistical evidence, are presented in Section IV. The 

fifth section discusses the inference (Z. 1952). 

 

Reducing the data to a kind so it can be represented more compactly is known as 

information compression. In the case of lossless compression, the original data can be 

recovered from the compressed version, then it is considered non-lossy compression. 

Otherwise, it is called lossy compression. The speculative establishment of information 

compression strategies is robust and stable. It is traced back to Shannon's main work which, 

in the greater section a century ago, gave a definite categorical focus on executing any             

non-loss compression count: this isolation point is the source entropy that we have to pack. 

There are several different methods for information compression, depending on the type of 

data that needs to be compressed and the type of compression being used. In this article, we 

will look at various approaches to compression, taking into account all factors, such as the 

compression systems used, for example. (Run-Length-Encoding), (Huffman-Encoding), 

(Arithmetic-Encoding), (LZW-Encoding), and (JPEG-Compression), and (JPEG2000-

Compression). (Run-Length-Encoding) (RLE) is one of the most common compression 

methods, like any repeated continuous running of characters is coded using only two 

segments: the first serves as a clock, which keeps the tracking of the string's degree, and the 

second is the repetitive component that reconstruct the string. If a data thing happens 

repeatedly in the knowledge flow, (RLE) replaces the occasions with a single join nd (storer 

1987). Huffman implemented (Huffman- Coding) in 1952. In Huffman's encoding, images 

with a large occurrence of similar characteristics are assigned shorter codepoints while 

random ones are given a variable-length code (Z. 1952). (Huffman- Coding) is an entropy 

encoding technique that reduces a message to a single number: Accuracy is an optional 

feature in which (Huffman-Coding) has a limit: Every source character must be coded 

without a single piece being shortened (Witten et al. 1987). This requirement does not have 

any significant impact on Huffman crunching Coding. Printed substitution systems, 

consistently called dictionary strategies or Ziv-Lempel procedures after the important 

papers by Ziv-Lempel, keep up a constantly appearing of progress word reference of strings 

on adaptation a deluge of characters pack by replacing the primary sub-strings with records 

in the word reference (Ziv et al. 1977, Ziv et al. 1978). In 1984 (Welch et al 1984) 

appropriated wherein he depicted a down to business use of the technique portrayed out in 

(Ziv et al. 1978). This operation is known as (LZW-Compression), and it is the compression 

method used in the (UNIX) Pack program and earlier versions of the (MS-DOS) rotational 

segment program. The modified images can be defined as a collection of two-dimensional 

varieties of entire number data (precedents) that are processed with a certain number of bits 

per segment. Because of the numerous uses of cutting-edge images, the organization's 
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various methodologies require picture compression. (JPEG) is probably the most widely 

used standard (a condensation of Joint Photographic Specialist Gathering, the casual name 

of the Institutionalization Board of trustees that best in class the standard see (Pennebalker 

et al. 1992). (JPEG) has four different movement techniques. One of the best options for 

compressing or expanding the image files without loss of detail is the Expand process JPEG 

no longer serves as the de facto as the primary compression tool for demonstrating a picture 

compression strategy that incorporates (JPEG) along with (Harr-Wave Transform) for these 

images, but used here as a showcase for a lossless technique that also produces sharper 

results. We use (JPEG) as an example of a lossy compression method for the compression 

standard. (JPEG) compression is still extremely common today, no matter how you look at 

it. (JPEG-2000-Compression) a high-definition image quality picture compression format 

developed by the Joint Photographic Specialists for still image coding. The aim of the 

criterion is to provide incredible access to the image while still in the stuffer zone (Singh 

2013). 

 

Pictures can be accessed, managed, modified, distributed, and stored in a compacted casing 

in this manner. The standard's lossless strategy is similar to the accredited top tier of lossless 

image compression. (Harr-Wavelet-Transform), (Hard Edge), and (Hard Edge) have been 

applied to a standard jpeg image (Run-Length-Coding). The paper's yield reduces the 

number of encoded bits required, resulting in a higher compression ratio (Sahoor et al. 

2014). The result shows a significant improvement in terms of the number of bits required, 

despite the compression ratio. The paper, Entropy-based picture division with                      

wavelet-transform compression for essentiality gainful (LTE) systems, discusses the 

division using wavelet transition (Mittal et al. 2016). Working with field radiology images 

and using wavelet transition, a wavelet compression of radiological images is subjected to 

as much compression as possible (Codrika et al. 2015).  

 

For spatially related colossal (MIMO) structures, a wavelet compression dependent channel 

input display is shown. This paper proposes a wavelet-transformation-based channel input 

that has the potential to reduce the analysis stack by manipulating relationship features 

among massive scale mechanical assembly bunches (Wang et al. 2015). This research takes 

advantage of a constant line compression count for disintegrating a dynamically or 

continuously composed matrix in order to pack an image addressed by a wavelet transition 

(Hadachk M. et al. 2014). According to (Kumar Gaurav et al. 2016), picture compression 

reduces the amount of data needed to address a mechanized image. The aim of this paper is 

to examine the execution of picture compression using a structured exploratory evaluation 

of wavelet work, discrete cosine transition, and neural structure in terms of held 
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imperativeness, top banner to disturbance degree, yield picture gauge, and so on. (Seddeq 

Ghrare et al. 2014), including extraction techniques, are linked to get features that will be 

useful in picture request and confirmation. Feature extraction techniques are useful in a 

variety of situations, such as character confirmation. As features depict the lead of a picture, 

they demonstrate its location, the degree to which that limit taken, viability in 

representation, and unmistakably in time usage. In this article, we addressed different types 

of features, extraction methods, and determining the features extraction technique is best in 

which circumstances. Following that, in this article, we will discuss features and feature 

extraction systems in the context of character affirmation. The article Comparative Analysis 

of Image Compression Using (Haar-Wavelets) on (MATLAB) and (DSP) by Rao V 

Srinivasa et al. 2016), shows that the speed of picture compression is faster on Digital Signal 

Processors as compared to General Purpose Processors. To achieve fast data trade over the 

web or any channel, the creation of speed and the reduction of the extent of a picture in 

view of pressure is useful. When differentiated with Discrete Cosine Transform, (DWT) 

generates an image with a high bore. Since (DWT) arranged propelled images at various 

goals. In comparison to other pressure methods, Nashat Ahmed et al. (2016),                   

Discrete-Wavelet-Transform (DWT) is considered to be unusual. It describes a logical 

method for encoding data so that it can be layered using detail measurements (Starosolski 

2015, Yang et al. 2014, senapati et al. 2012, Zhang et al. 2014). 

 

1. Objective 

 

1. In 5G Massive MIMO, to reduce the transmission issue capacity or bandwidth is an 

important factors for better video communication, video conferencing, e-learning, 

gaming etc. 

2. How to utilized lesser bandwidth? By increasing the CR. 

3. How about picture quality? By improving PSNR. 

4. How to improve speed? By using NVIDA GPU. 

 

2. Conceptual Model  

 

Method I – DCT based Compression (Singh 2013) (Current) 

 

  
Figure 1 Block Diagram of DCT– Method I (Singh 2013) 
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Figure 2 Zig-Zag Reordering Coefficients 

 

Step 1: Take the input Image (cameraman. tif), and partitioned into 8*8 pixels of a block 

shown in Table1. 

Table 1 – Input 8x8 of Luminance 

113 32 2 36 68 108 205 235 

86 4 9 34 63 113 197 229 

82 20 21 43 70 118 199 227 

61 19 17 37 67 121 203 230 

39 14 8 28 64 122 206 233 

33 19 10 29 66 125 207 233 

29 14 5 26 66 126 208 235 

20 13 5 28 69 127 208 237 

  

Step 2: Apply DCT and quantize by using standard quantization tables shown in Table2. 

Table 2 – Quantization Coefficients 

16 11 10 16 24 40 51 61 

12 12 14 19 26 58 60 55 

14 13 16 24 40 57 69 56 

14 17 22 29 51 87 80 62 

18 22 37 56 68 109 103 77 

24 35 55 64 81 104 113 92 

49 64 78 87 103 121 120 101 

72 92 95 98 112 100 103 99 

  

Step 3: Table 3 shows the output of quantization 

Table 3 – Quantized Output Coefficients 

93 -102 60 3 3 3 - 1 1 

4 10 5 2 3 1 0 0 

0 0 2 1 1 0 0 0 

0 0 1 0 0 0 0 0 

0 0 0 0 0 0 0 0 

1 1 0 0 0 0 0 0 

0 0 0 0 0 0 0 0 

0 0 0 0 0 0 0 0 
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Step 4: Entropy encoding is used, which involves the zigzag scan shown in Figure 2 and 

traditional run level coding shown in Figure 1. 

 

Table 3's Entropy coding performance, which includes zig-zag scan and traditional run level 

coding:- 

 

(0,-102)(0, 4)(1,10) (0,60) (0,3)(0,5)(4,2)(0,2)(0,3) (0,3),(0,3)  

(0,1)(0,1)(1,1)(1,1)(2,1)(0,1)(0,-1)(0,1) (0,0). 

 

As a result, Digits obtained from Huffman Entropy coding is 41 digits with CR= 0.64063 

and PSNR = 62.78db (Sahoor et al. 2014). 

 

Both techniques I and II make contributions in the form of an 8x8 block of a cameraman.tif 

image with a resolution of (256x256). We used the same picture as a guide for our 

experiment, which is divided into eight blocks of eight rows and eight columns each. Both 

techniques I and II are applied to each block's equivalent (8x8) pixels. If 

IN=cameraman.jpg, choose a randomly chosen block that is PI=IN (l28:135). The DC 

coefficient (first coefficient) and the remaining AC coefficients in the DCT output 

coefficients are mathematically expressed by equation 1,  

 

[0, N1-1] x [0, N2 -1], 

1 2

1 2

1 1
1 2

1 2 1 2 1 2
0 0 1 2

( , ) 4 ( , ) cos (2 1)cos (2 1) ,
2 2

N N

C
n n

k k
X k k x n n n n

N N

− −

= =

 
 + + 

 

   1 2 1 2 1 2( , ) 0, 1 0, 1 ; , ( , ) 0.Ck k N x N Otherwise X k k − − 
(Storer 1987). 

 

The DCT premise capacities for size 8 x 8 are appeared in equation (1). The mapping 

between the numerical qualities and the hues (dark dimensions) is equivalent to in the DFT 

case. Every premise work possesses a little block; the blocks are then orchestrated into as 8 

x 8 mosaic. Not like the DFT, where the most incredible frequencies occur close to, and the 

most notable frequencies of the DCT occur at the most incredible records. After obtaining 

the DCT output, each DCT coefficient is quantized using the standard Quantization table 

shown in Table-2. 
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3. Current Method II / Proposed Method III 

 

Method II – HWT based Compression [8] (Current) 

 

 
Figure 3 Block Diagram of HWT– Method II [9] 

 

Step 1: Take the input Image (cameraman. tif), and partitioned into 8*8 pixels of a block 

shown in Table 1. 

113 32 2 36 68 108 205 235 

86 4 9 34 63 113 197 229 

82 20 21 43 70 118 199 227 

61 19 17 37 67 121 203 230 

39 14 8 28 64 122 206 233 

33 19 10 29 66 125 207 233 

29 14 5 26 66 126 208 235 

20 13 5 28 69 127 208 237 

 Input 8x8 of Luminance (Same as Table 1) 

 

Step 2: Apply HWT and Hard Threshold. 

Table 4 – HWT Encoded Output Coefficients 

93 63 0 62 21 0 27 0 

0 0 0 0 13 0 0 0 

0 0 0 0 0 0 0 0 

0 0 0 0 0 0 0 0 

0 0 0 0 0 0 0 0 

0 0 0 0 0 0 0 0 

0 0 0 0 0 0 0 0 

0 0 0 0 0 0 0 0 

  

  

Step 4: Encrypt the data using Entropy encoding, which involves a zig-zag scan 

accompanied by Conventional-Run-Length encryption.  

Output table 4:- 

(O,63)(4,62) (7,21) (1,13) (10,27) (0,0) 

  

As a result, Digits obtained from Entropy coding is 13 digits with compression ratio 0.20313 

and PSNR = 65.59db (Sahoor et al. 2014).  
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 Method III – Proposed  

 
Figure 4 Block Diagram of Proposed Method III 

  

 

Step 1: Take the input Image (cameraman.tif), and partitioned into 8*8 pixels of a block 

shown in Table 1. 

Table 5 – HWT + Scaling Encoded Output Coefficients 

113 32 2 36 68 108 205 235 

86 4 9 34 63 113 197 229 

82 20 21 43 70 118 199 227 

61 19 17 37 67 121 203 230 

39 14 8 28 64 122 206 233 

33 19 10 29 66 125 207 233 

29 14 5 26 66 126 208 235 

20 13 5 28 69 127 208 237 

Input 8x8 of Luminance (Same as Table 1) 

 

 Step 2: Apply HWT, Scaling and Hard Thresholding. 

93 63 7 31 0 0 0 0 

0 0 0 31 0 0 0 0 

0 0 0 0 0 0 0 0 

0 0 0 0 0 0 0 0 

0 0 0 0 0 0 0 0 

0 0 0 0 0 0 0 0 

0 0 0 0 0 0 0 0 

0 0 0 0 0 0 0 0 

 

Step 5: Apply Entropy encoding, which involves a zigzag scan and Conventional Run 

Length coding. Output table 5:- 

(0,63)(4,7)(0,31)(7,31)(0,0) 

As a result, Digits obtained from Entropy coding is 11 digits with compression ratio 0.17187 

and PSNR = 70.01db  

 

Compression-Ratio = No_of_Digits * 1024 / (Width * Height). The following equation for 

a Scaling Techniques is applied for above: 

 

(|Nalpha * F(u,v)|)/HT ………………….. (Z. 1952) 
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Where   

Naplha is Scaling factor = 0.1 to 0.5 F(u,v) is HWT output coefficients matrix 

HT is Hard Threshold =15 

 

 
Figure 5 Compressed cameraman Proposed III 

 

 
Figure 6 Compressed Brain Proposed III (0, 48) (0, 42) (1, 33) (2, 3) (0, 0) PSNR = 72.01db 

 

 Table 6 Comparative Study of Quality Parameters 
Method Algorithm Used 

 

Digits CR PSNR 

 

I. DCT+ Quantization+ Entropy  

Coding which includes 

(Zig-Zag-Scan + (CRL)  

Conventional-Run-Level [9] 

 

41 

 

0.64063 

 

 

62.78db 

 

II. Haar-Wavelet+HardThreshold 

+ Entropy Coding includes  

(Zig-Zag scan + (CRL)  

Conventional-Run-Length [9] 

 

13 

 

0.20313 

 

 

65.59db 

 

III. Haar-Wavelet + Scaling with  

Hard-Threshold + Entropy Code  

(Zig-Zag scan + Conventional 

Run-Length (CRL) Coding  

 

11 

 

0.17187 

 

 

70.016db 
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Comparative study of Method I, Method II and Proposed Method III as shown in Table 6 

and compressed image quality shown in Figure 5 and Figure 6. 

 

 
Figure 7 CPU time vs. GPU time of Proposed Method III 

 

 
Figure 8 GPU Speed up of Proposed Method III 

 

Conclusion 

 

In 5G Massive, MIMO the main problem for better video communication is transmission 

bandwidth issues which in turn reflect in video conferencing, Mobile-learning, gaming, 

graphics applications. Since in this proposed technique III, the PSNR better than in 

technique I and II, the image reconstructed is of better quality shown in Table.4 As the 

number of bits needed to send decreases, bandwidth usage decreases. With reference to 
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speed GPU time is fast compare to CPU time for the proposed Method III is shown in Figure 

7 and Figure 8 describes the GPU speed up of the proposed technique III for various 

resolutions from 256*256 to 4K*4K resolution. 
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