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ABSTRACT 
 
The advent of wireless technologies nowadays gives high 
impact toward many users to communicate to each other. 
Wireless Sensor Net-work is a network of nodes which 
connect to each other by using a device. In addition, 
transmitting and receiving messages and files are common in 
most users. There are many platform of network which 
contributes the same aim that is communication purposes. A 
ZigBee network is known as one of a platform with its own 
Standard (IEEE 802.15.4). Unfortunately, ZigBee has a low 
data rate which limits the capacity of storage in transmitting 
data. Thus, a large multimedia such as image data are hard to 
transmit via ZigBee network. Therefore, image compression 
are necessary in transmission process due to the ability in 
reducing dimension size and removing redundant image data. 
In this paper, three method are observed which are 
stand-alone DWT, stand-alone Huffman, and Hybrid of DWT 
and Huffman Coding. After conducting a comprehensive 
observation, it is found that DWT technique are able to 
compress the image data with less time taken while Huffman 
technique are suitable in maintaining the quality of image but 
need a long time to process. Hence, hybrid of DWT with 
Huffman method are proposed to support each other in terms 
of compression, computing time and quality of image.  
 
Key words: DWT, Huffman, Image Compression, ZigBee.  
 
1. INTRODUCTION 
 
Wireless Sensor Network (WSN) is a communication process 
where the data signals are transmitted through the air by 
using computers or devices [1]. In addition, most of users 
nowadays gain and exchange information via wireless 
network in terms of text data, graphical data, audio data [2] 
and etc. Image is a two dimensional (2-D) array of pixels 
which commonly presented as analog form which are then 
converted to digital form for storage purpose, processing and 
 

 

transmission [3] through electronic device or computer 
application. Consequently, rapid development of wireless 
network technologies are essential [4] especially in 
transmitting a good quality of image data. 
 There are several platform of WSN are used in industrial 
and commercial applications including ZigBee platform 
which are compatible for high-level communication protocol 
and support multi-hopping concept [5]. Although ZigBee 
only used a low power consumption, however, it has 
limitation in transmitting huge data such as image due to its 
small protocol which have a low data rate [6]. A high quality 
of image usually contain a large storage capacity and required 
more time to transmit an image without any loss. Thus, other 
than denoising an image [7], image compression plays an 
important role to reduce the size of image data before 
transmitted and improve the computing time [8] to receive the 
image data with lowest amount of data loss. Hence, a suitable 
method of compression technique are proposed to investigate 
the effectiveness of compressing an image to reduce the data 
capacity in storing and transmitting the image.  
 
1.1 Discrete Wavelet Transform 
 
Discrete Wavelet Transform (DWT) is categorized in lossy 
compression method which has the ability in reducing the 
matrix size of image [9] with low amount of resolution loss 
[10]. Commonly,  a lossy compression usually have some loss 
during compression, however in DWT technique, it offers less 
computational complexity rather than sacrificing the quality 
of image [11]. The input of digitized image are decomposed 
into a sequence of wavelet coefficient. Besides, DWT has the 
advantage in computing the process in a short amount of time 
with less errors produced.  
 
1.2 Huffman Coding 
 
Huffman coding is an entropy-based algorithm which are 
capable in breaking down a long data strings into shorter ones 
[8]. Furthermore, image compression which uses the 
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Huffman coding technique has been improved for the last 
three decades due to its advantage which categorized in 
lossless technique [12]. Huffman coding are able to rely on the 
analysis of the frequency of symbols in an array which can be 
used to compress all sorts of data efficiently. Moreover, it has 
the ability in choosing the representation for particular 
images which results in a prefix code. Thus, Huffman coding 
is the most efficient design in the process of storing images 
due to the ability in maintain the image data without any loss. 
 
1.3 Existing Research on Image Compression 
 
Nowadays, the application employs on image compression 
are spreads widely. Thus, a literature study on existing 
research are conducted to observe the performance related on 
this work. Table 1 shows the performance of some existing 
research work which used Lena image as the input image. 
There are some research worked on stand-alone method and 
hybrid method [12]. Besides, the result are listed to observe 
the performance in terms of compression ratio (CR), Mean 
Square Error (MSE), Power Signal to Noise Ratio (PSNR), 
Structural Similarity Index (SSIM) and time to compute the 
process. 
 A high compression ratio gives the meaning that the 
storage size can be save after applied the compression method. 
Based on the existing research result, the work done by V. 
Basavanthaswami and T. Somasekhar [13] able to obtain very 
high compression due to the stand-alone DWT method. 
Commonly, DWT has the ability in reducing the image size 

due to filtering concept in DWT method. Other than that, the 
computing time of image compression are also important in 
supporting some application that required fast compression 
time such as face recognition and remote sensing [14] 
application. 
 Next, MSE contribute to the amount of error which affect 
the PSNR value. The value of PSNR is opposite to the result 
obtained in MSE value. PSNR values ranged between 30dB ~ 
60dB are acceptable values in lossy compression. In addition, 
SSIM value also affect the quality of reconstructed image by 
matching the similarity between compressed and 
decompressed image. The metric returns the real value ‘1’ 
and ‘less than 1’ which donates to identical image and 
different image, respectively [15]. The author H. Naaz et.al 
[16] investigates that both stand-alone DWT and hybrid 
method can produce good quality of image with an acceptable 
amount of PSNR and SSIM value that near to ‘1’. 
 Basically, a research done by H. Singh and S. Rana [12] 
investigates the performance in each stage of compression 
(DWT-DCT-Huffman). The quality of image are able to 
maintain after first stage with less than one seconds to 
compress. However, there are many error after DCT method 
is applied while the following stage, Huffman can compress 
without any data loss but took long time to complete the stage 
which affect the overall hybrid compressions. As conclusions, 
stand-alone DWT method can provide effective performance 
compared to hybrid method. Despite of that, both technique 
supports each other in certain aspect which depends on the 
matter of application used. 

 
Table 1: Comparison of results based on existing research work on Lena image 

Ref
. METHOD 

RESULT 
Advantage Limitation CR MSE PSNR 

(dB) SSIM Time 
(s) 

[10] DWT 31.99 - 40.53 - - DWT can produce high compression 
and good quality of image - 

[13] DWT 80.510 - 52.1220 - - 
Very high image quality and high 

compression resulted by using DWT 
method 

- 

[17] 
DWT 29.817

2 
29.31

5 33.4599 - - High compression and high quality of 
image for both DWT and DCT method - 

DCT 24.515
6 

2.815
2 43.6357 - - 

[12] 

DWT - 0.426
0 51.87 - 0.3958 

Stand-alone DWT can produce better 
image quality within short time than 

hybrid method 

Overall hybrid 
method need 
long time to 

compute 

DCT - 169.5
6 25.87 - 0.1637 

Huffman - 169.5
6 25.87 - 31.730

2 

[16] 
DWT - - 32.605 0.929 - Both stand-alone DWT and hybrid 

method can produce good quality of 
image 

- WPT-BDCT - - 34.724 0.956 - 

[18] DWT 32 - 33.26 - - DWT can produce high compression 
and good quality of image - 
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2. METHODOLOGY 
 
Basically, the aim of this work are implementing a good 
compression method for image storing and transmission 
purpose wirelessly via ZigBee network. In this work, the 
method are divided into three section which are: (i) Stand 
Alone DWT Technique; (ii) Huffman Technique; and (iii) 
Hybrid of DWT and Huffman Coding Technique. 
 Figure 1 shows the flowchart of image compression process 
by using DWT with Huffman Coding Technique. An input 
image are tested by selecting a 512x512x3 (width x length x 
layer) dimension size of coloured Lena image. The process 
starts by dividing the image into Red (R), Green (G) and Blue 
(B) part or RGB layer. After that, Forward-DWT 
Compression is applied in each RGB layer, followed by 
Huffman Encoding process. Next, compressed image is stored 
or transmit wirelessly via ZigBee network. At the receiver 
stage, the process starts by applying Huffman Decoding 
process and followed by Inverse-DWT process. Then, the 
decompressed image are regrouped from RGB layer to 
become single coloured image as the original image. The 
output image are displayed and end the process. 
 

 
Figure 1: Flowchart of DWT with Huffman Encoding Technique 

 

2.1 Stand-Alone DWT Technique 
 
A 2-Dimensional (2D) DWT techniques applied the concept 
of filtering process and minimize the complexities in its 
architecture [8]. Besides, it transform the image between time 
and frequency domain which an appropriate adaptive band 
are selected based on signal characteristic and improve the 
time-frequency resolution whenever the frequency band 
match the signal spectrum [19]. 
 There are many levels of DWT where it depends on the 
filtering stage of the transformation’s occurrence can be 
made. Based on Figure 2, the selected image are divided into 
half which carry out the process of High Pass Filter (HPF) and 
Low Pass Filter (LPF) [8]. The process of separating image 
into half which based on row and column wise filter to 
produce smaller sub-bands are also known as level of 
decomposition [20]. The process of decomposition are then 
continued as the level increased which are visualized in 
Figure 3 and Figure 4. 
 

 
Figure 3: First Level of Decomposition 

 

 
Figure 4: First, Second and Third Level of Decomposition 

2D 
Signal

HPF ↓2

LPF ↓2

HPF ↓2

LPF ↓2

HPF ↓2

LPF ↓2
HPF ↓2

LPF ↓2

HPF ↓2

LPF ↓2

HPF ↓2

LPF ↓2

HL

HH

LH

LLHH

LLHL

LLLH

LLLH

First Level Transformation

Second Level Transformation
 



Mumtaz binti Anwar Hussin et al., International Journal of Advanced Trends in Computer Science and Engineering, 9(1.4), 2020, 117- 123 

120 
 

 

Figure 2: Filtering Stage for First and Second Transformation Level of 2D DWT Technique 
 
2.2 Stand-Alone Huffman Technique 
 
Number Huffman techniques is the process of shortening an 
array of data by encoding the data into another character of 
data by implementing a binary tree concept [21] as sample 
shown in Figure 5. A binary tree method gives a minimal 
encoded stream of data by generating an optimal tree from 
selected data [21]. The probabilities of occurrence are 
assigned to trace the path from the root to the end character or 
destination of the character which makes the path of Y is 
‘110’ shown in Figure 5. As the height of root increased, the 
length of encoded data also increased. 
 

 

 
Figure 5: Binary Tree Concept 

 
2.3 Hybrid of DWT with Huffman Coding 
 
In this method, the process of DWT techniques are hybrid 
with Huffman Coding and tested in each level of DWT until 
level 6. Although DWT itself are proved in producing high 
quality and better performance of image compression, 
however Huffman Coding are certainly required in this work 
due to its ability in shortening a large string of data. In this 
work, the advantage of Huffman can be seen on the encoded 
data which represented as binary data. 
 Binary data are very essential in the application of ZigBee 
network because ZigBee lack in processing the image data 
which displaying several character that hard to programmed 
by ZigBee. Hence, a binary data are much easier for ZigBee 
network to process. Furthermore, applying a stand-alone 
Huffman techniques required long time to compute and large 
storage data to transmit wirelessly. Hence, hybrid of DWT 
with Huffman Coding are proposed in this work. Other than 
encoding the image data, it fasten the computing time and 
saving more data in memory and ease transmission process. 
 
2.4 Evaluation of Performance 
 
In this work, the performance of each method applied are 
evaluated in terms of dimension size, compression ratio (CR), 
Mean Square Error (MSE), Power Signal-to-Noise Ratio 
(PSNR), Structural Similarity Index (SSIM) and Computing 
Time. Most of past paper such as author H. Naaz et.al [22] 
and R. Kumar et.al [23] evaluated their performance of image 
in terms of MSE and PSNR only. However, in this paper 
observes performance in several terms in order to determine 
the best results based on method applied. The calculation of 

CR, MSE and PSNR value are expressed as the following 
equation: 

  

 
(1) 

 
(2) 

for m  = row of image (in pixel) 
for n   = column of image (in pixel) 
for K  = Noisy approximation 
for I   = Noise free (m x n) monochrome image 

 

 
(3) 

for MAXI  = Maximum possible pixel value of 
image  

 
3. RESULT AND ANALYSIS 
 
Essentially, result of each test are evaluated by observing the 
performance to determine the quality of image in each method 
and indicate the suitable method to store and transmit via 
ZigBee. 
 
3.1 Stand-Alone DWT Technique 
 
In this work, image compression are observed until DWT 
Level 6. Table 2 shows the result of image compression by 
using DWT techniques from Level 1 until Level 6. The 
compression ratio increased as the level of DWT rise due to 
the dimension size of DWT image became smaller after 
divided into half which attribute to the concept of filtering 
image after applied DWT techniques.  Other than that, PSNR 
value reduced as the level of DWT increase which due to the 
augmented value of error (MSE). As the dimension size of 
DWT smaller, the information of image data are reduced for 
every transformation done. This is due to the concept of 
decomposition which removes HPF data and took LPF data to 
continue making smaller sub-bands. 
 The reconstructed image shown in Table 4 observed that 
the quality of image are reduced as the level of DWT arise. In 
addition, the similarity index also reduced which proves that 
as the level of DWT increased, there are more difference 
between reconstructed image and original image. Next, 
although the computing time are longer as the levels 
increased, however the time taken to process the DWT 
method for all tested DWT levels are less than one seconds 
which makes DWT method is essential and gives large benefit 
in image compression. 
 
3.2 Stand-Alone Huffman Technique 
 
Based on Table 2, the result of applying Huffman techniques 
are very exciting due the classification of Huffman Coding 
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lies in lossless compression where there are no error and 
makes infinity result in PSNR value. Furthermore, the SSIM 
value is 1.0000000 which proves that the original image are 
equal to the reconstructed image. Despite of   having no data 
loss, the time taken to encode and decode the image data is 
very different to DWT with 623.333150 second (10.39 
minutes) to process. Other than that, the encoded image data 
are very large which makes compression ratio for Huffman is 
higher than original image data. This is due to the process of 
binary tree concept which need an assumption of range of 
values so called as dictionary to keep the information of 
coordination of pixel’s value in each RGB layer. Hence, 
Huffman required more time to process and produce a lossless 

output. 
 
3.3 Hybrid of DWT with Huffman Coding 
 

In The result in Table 3 shows the original dimension size 
of RGB layer when it has converted in array data are 
compared with dimension size of DWT with Huffman 
Coding. As the level of DWT increased, the compression ratio 
also increased which denotes from the DWT’s concept. Next, 
the MSE value from Hybrid L1 decreased until Hybrid L4 and 
started to rise again after Hybrid L5 which can be observed in 
Table 4. 

 
Table 2: Stand-Alone DWT Technique and Stand-Alone Huffman Technique 

Method 
Original Dimension Size Dimension Size of DWT 

CR MSE PSNR 
(dB) SSIM Computing 

Time (s) RGB Layer Total Size RGB Layer Total Size 

DWT L1 
512x512; 
512x512; 
512x512 

786432 
257x257; 
257x257; 
257x257 

198147 1 : 3.9689 12.25 37.43 0.9868504 0.090754 

DWT L2 
512x512; 
512x512; 
512x512 

786432 
130x130; 
130x130; 
130x130 

50700 1 : 15.5115 28.86 33.54 0.9529756 0.084469 

DWT L3 
512x512; 
512x512; 
512x512 

786432 
66x66; 
66x66; 
66x66 

13068 1 : 60.1800 39.17 32.21 0.9374498 0.080460 

DWT L4 
512x512; 
512x512; 
512x512 

786432 
34x34; 
34x34; 
34x34 

3468 1 : 226.7682 55.97 30.67 0.9174238 0.071826 

DWT L5 
512x512; 
512x512; 
512x512 

786432 
18x18; 
18x18; 
18x18 

972 1 : 809.0864 71.11 29.64 0.8991200 0.115606 

DWT L6 
512x512; 
512x512; 
512x512 

786432 
10x10; 
10x10; 
10x10 

300 1 : 2621.44 85.49 28.84 0.8771708 0.105680 

HUFFMAN 
512x512; 
512x512; 
512x512 

786432 
1x1910502; 
1x1998894; 
1x1840621; 

5750017 7.3115 : 1 0 Infinity 1.0000000 623.333150 

 
 
 
 

Table 3: Hybrid of DWT with Huffman Coding Technique 

Method 
Dimension Size Without 
Compression Technique 

Dimension Size of DWT with 
Huffman Technique CR MSE PSNR 

(dB) SSIM Computing 
Time (s) RGB Layer Total Size RGB Layer Total Size 

Hybrid L1 
1x262144; 
1x262144; 
1x262144 

786432 
1x96904; 
1x92774; 
1x72574 

262252 1 : 2.9988 74.53 29.60 0.6957650 12.443923 

Hybrid L2 
1x262144; 
1x262144; 
1x262144 

786432 
1x31539; 
1x34285; 
1x27377 

93201 1 : 8.4380 90.51 28.60 0.8576353 6.926243 

Hybrid L3 
1x262144; 
1x262144; 
1x262144 

786432 
1x10912; 
1x11960; 
1x9581 

32453 1 : 24.2330 56.44 30.62 0.9145333 3.534152 

Hybrid L4 
1x262144; 
1x262144; 
1x262144 

786432 
1x4015; 
1x4369; 
1x3587 

11971 1 : 65.6948 55.34 30.72 0.9127064 1.968395 

Hybrid L5 
1x262144; 
1x262144; 
1x262144 

786432 
1x1603; 
1x1676; 
1x1451 

4730 1 : 166.2647 72.17 29.57 0.8970646 1.323474 

Hybrid L6 
1x262144; 
1x262144; 
1x262144 

786432 
1x725; 
1x754; 
1x680 

2159 1 : 364.2575 85.55 28.84 0.8769561 1.492217 

 
Consequently, the highest PSNR value with least error 
contribute in Hybrid L4. In addition, the result of SSIM value 

for Hybrid L3 is 0. 9145333 which by about 0.18% higher 
than Hybrid L4 with 0.9127064. Hence, both Hybrid L3 and 
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Hybrid L4 achieve a good quality of image. Other than that, 
time taken to compute all hybrid level became faster as the 
level increased. The maximum computing time is 12.44 
seconds for Hybrid L1 while the minimum computing time is 
1.49 seconds for Hybrid L6. This shows an improvement in 
computing time for hybrid method by about 50 times shorten 
compared to stand-alone Huffman method. 
 
4. CONCLUSION 
 
In this work, DWT method shows good compression ratio and 
computing time while Huffman method shows the ability in 
producing high image quality without loss. Despite of that, 
DWT method created some loss while Huffman method lack 
in computing time. Thus, hybrid method are necessary in 
producing better performance. Furthermore, it is proved that 
hybrid method in level 3 and level 4 obtained better 
performance than other hybrid level. In conclusion, hybrid of 
DWT with Huffman technique are essential in storing and 
transmitting image data via ZigBee network. 
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