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Abstract—With multi-frame image processing based on wireless sensor net-
work as research object, this study analyzes the problems existing in the two clas-
sic multi-node collaborative distributed image processing algorithms based on
wavelet transform using literature analysis, simulation experiment, data analysis
and other research methods, proposes a distributed image compression algorithm
based on SHIHT with the application of wireless sensor network, SPIHT algo-
rithm and wavelet transform to image compression as theoretical foundations,
and adopts the matrix laboratory to simulate the energy performance of the algo-
rithm. Through comparative analysis, the feasibility of distributed image com-
pression algorithm based on SHIHT presented in this study is verified.
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1 Introduction

Image is the visual expression of an object through the eyes, and is one of the major
ways to obtain outside information [1], which plays a remarkable role in environmental
monitoring, military applications, medical care and other fields. In view of the huge
image data amount, it is necessary to compress the data while ensuring the image qual-
ity in order to guarantee a high speed in the transmission process.

Wireless sensor network (WSN), a distributed sensor network that can inspect and
sense the external world, can realize the functions of data collection, processing and
transmission, which belongs to a special form of multi-hop self-organizing network [2].
In the process of image acquisition and transmission, especially when the amount of
acquired image information is large, distributed image compression technology is par-
ticularly important, as the large bandwidth and energy consumption of each node would
lead to the low efficiency of data collection and transmission.

Distributed image compression technology is one of the hot topics in wireless sensor
network studies, whose main idea [3] is to reduce the amount of wireless transmission
data by compressing data at sensor nodes, then the compressed data is sent to the con-
vergence node in a multi-hop manner, which will be decompressed when used. How-
ever, in the conventional centralized compression algorithms, the processing capacity
of a single sensor node is limited, the energy is easily exhausted, and the network life
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cycle is short [4]. The general distributed compression algorithm can improve the life
cycle of wireless sensor networks to a certain extent, but its energy consumption distri-
bution is uneven and the energy consumption of wireless transceiver is too large.

To sum up, based on the elaborations of the application of wireless sensor network,
SPIHT algorithm, and wavelet transform to image compression, this study analyzes the
problems existing in two classic multi-node collaborative distributed image processing
algorithms based on wavelet transform, proposes a distributed image compression al-
gorithm based on SHIHT, designs its processing structure in detail and finally obtains
experimental data through matrix laboratory simulation. The data are analyzed from the
aspects of the relationship between node energy consumption and the single-hop aver-
age distance, the relationship between total energy consumption and hop number, and
the relationship between network life cycle and node density, which verifies the feasi-
bility of the proposed SHIHT-based distributed image compression algorithm.

2 Research on Distributed Image Compression Algorithms for
Wireless Sensor Networks

Wireless Sensor Network (WSN), a distributed sensor network that can inspect and
perceive the external world, can realize the functions of data collection, processing, and
transmission, which is composed of processor, sensor, wireless communication and en-

ergy supply [5].

Table 1. WSN network development

Time Name Sensor network development
70s  |First generation sensor network Point-to-point transmission
80s [Second generation sensor network Ability to comprehensively process information
90s |Third generation sensor network Fieldbus technology is applied

to date [Fourth generation sensor network Data-centric, self-organizing sensor networks

Table 1 shows the history of WSN development [6]. The fourth generation sensor
network, also known as wireless sensor network, has been widely used in military,
medical, environmental monitoring and other fields. Distributed image compression
and data fusion technologies among others are the key technologies for wireless sensor
networks [7].

2.1  Application of wavelet transform in image compression

The wavelet transform mainly uses the locality and directionality after transfor-
mation to achieve the application in image compression, which belongs to the multi-
resolution analysis method [8]. It contains two parts, a high frequency subband which
occupies a small part of energy and a low frequency subband that occupies most of the
energy [9]. The image transformed with wavelet transform has higher compression ra-
tio and can better preserve the original image quality. Figure 1 shows the wavelet trans-
form image compression and decoding process [10].
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Fig. 1. Wavelet transform image compression and decoding process

2.2 Multi-node collaborative distributed image processing algorithm based on
wavelet transform

The image distributed compressed encoding method can reduce the energy con-
sumption of the compression processing of a single node, integrate the resources of
each node, and improve the network life cycle without increasing the network cost [11].
The realization of a multi-node collaborative distributed image processing algorithm
requires the cooperation and exchange of sensor nodes. The two classic multi-node col-
laborative distributed image processing algorithms based on wavelet transform are
shown in Figure 2 [12], both of which adopt the clustering structure commonly used in
sensor networks. Through the analysis of the two algorithms, it can be found that alt-
hough the algorithm b) can effectively reduce the energy consumption and improve the
compression effect compared with the algorithm a), both algorithms have the large en-
ergy consumption of wireless transmission between nodes, and unbalanced node energy
consumption [13-14].

Fig. 2. Multi-node collaborative distributed image processing algorithm based on wavelet
transform
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3 Design of Distributed Image Compression Algorithm Based on
SHIHT

3.1  Analysis of SPIHT algorithm

Embedded zero-wavelet coding (EZW), set partitioning in hierarchical trees
(SPIHT), and embedding block coding algorithm with optimized truncation points
(EBCOT) are three classic compression algorithms for images based on wavelet trans-
form [15], which make full use of the multiresolution nature of wavelet transforms. The
SPIHT algorithm is an improvement over the EZW algorithm, which, unlike the EZW
algorithm, defines a spatial direction tree structure [16]. As shown in Figure 3, the
wavelet pixels of each node are represented by coordinates, which effectively improves
the encoding efficiency.
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Fig. 3. Spatial Directional Tree Structure of SPIHT Algorithm

The SPIHT coding needs to record the coded set of nodes through three linked lists:
list of insignificant pixels (LIP), list of significant pixels (LSP) and list of insignificant
sets (LIS). Application of SPTHT encoding is divided into four processes: initialization,
sequential scanning, refine scan and next round of sequential scanning and refine scan
[17].
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3.2 Design of distributed image compression algorithm based on SHIHT
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Fig. 4. Distributed processing architecture

Inspired by the multi-node collaborative distributed image processing algorithm and
SHIHT algorithm based on wavelet transform, a distributed image compression algo-
rithm based on SHIHT is proposed in this study, which can perform distributed channel
compression on color images. Figure 4 shows the SHIHT-based distributed image com-
pression algorithm processing architecture [18]. The structure consists of three layers
of data streams. The S nodes and the cluster head node Ci responsible for collecting
and processing the images in separate channels form the first layer of data streams. The
second layer consists of Cj; nodes that are responsible for receiving images and per-
forming SHIHT compressed encoding. The images are compressed and sent to the next
layer of nodes through this layer. The third layer of data stream is composed of the
cluster head nodes of the next layer, whose function is to send the encoded stream of
the summary encoded processing node to the sink node in a multi-hop manner.
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3.3  Simulation of energy consumption performance of the algorithm

(1) Energy consumption model

Data acquisition, transceiving and processing are major parts of the energy consump-
tion of wireless sensor networks. There is little difference in energy consumption of
data acquisition, thus can be ignored. The differences in energy consumption of the
latter two are mainly considered.
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Fig. 5. Sensor wireless transceiver FORM energy consumption model

Figure 5 shows a common energy consumption model of wireless sensing network
radio, in which the receiving module (receiving circuit) and the transmitting module
are the main energy consumption points of the sensor nodes. The energy consumption
per bit of data (k) at the receiving terminal and at the transmitting terminal can be de-
termined by the following formula:

Sender : ETX = ETX — elec + Eamp (1)

Receiver:Erx=ERrx - etec

Where, Erx-ciec and Erx-eiec represent the received and transmitted energy consump-
tion per unit of bit, and Eump represents the energy consumed by the transmitting termi-
nal when sending data through the amplifier, which is proportional to the fourth power
of distance d, i.e.:

esxd®,d <do
Eamp: 4 (2)
Empxd ,d>d0

According to the transmission distance, choose Eanp=cs*d’, then
Erx = Erx - dectesxd® 3)

Energy consumption of image processing includes two parts: quantization coding
(Ecode) and wavelet decomposition energy consumption (Ecode), that is.
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Ecomp = EpmrtEcode (4)

(2) Performance simulation analysis

With the proposed distributed algorithm and the SPIHT algorithm based on wavelet
transform, this study selects the color images with a resolution of MxN and 8 bits per
pixel for matrix laboratory simulation, through which the relevant experimental data
are obtained. The energy consumption of each node is analyzed as follows:

Collect energy consumption of node S: Es = M x N x8x3x Erx
Processing node Cj energy consumption: Ecij = (M x N x8x ErctM x N x8x ET% +M x N x8x Ecomp)/4

Receive node C energy consumption : Ec = M x N x8x3x (Emx+Erx) /1
Distributed system total energy consumption : E1 = EstEp x4 x3+Ec

©)

If a centralized processing method is adopted, wherein the images at node S are first
collected and compressed and then transmitted, then the energy consumption at node S
is:

Ez:MXNX8X3XEcomp+MXNX8X3XET% (6)

Analysis of relationship between node energy consumption and single-hop av-
erage distance. Table 2 shows the relationship between energy consumption and sin-
gle-hop transmission distance in distributed and centralized processing acquisition
nodes when the compression ratio is 8.

The energy consumption at each node in the code cluster increases with the increase
of single-hop distance. The energy consumption at node S is the most obvious, while
the energy consumption at encoding node Cij is the least affected by the single-hop
distance. This is because the images acquired at the node S are uncompressed thus the
data amount is huge, and that the increase in energy consumption is proportional to the
square of the distance. However, after the distributed structure distributes the compres-
sion tasks evenly, the compressed encoding reduces the data transmission volume, thus
the data processing capacity of the encoding node Cij decreases. Through the above
analysis, in the distributed network structure, the node used for encoding processing
should be set near the node S so as to reduce the transmission volume and reduce the
energy consumption.

The total energy consumption of distributed compression is higher compared to cen-
tralized compression. When the single-hop distance is small, the energy consumption
among nodes is not much different, and the S node consumes the most energy. How-
ever, the energy consumption of centralized compression is all concentrated on node S,
and when the energy of centralized compression is exhausted, the whole compression
structure network will fail. Therefore, compared with the distributed compression struc-
ture, when the distance is small, the integrated compression structure has fast energy
consumption and short network life cycle.

When the single-hop distance is greater than 70m, compared with the integrated
compression structure, the distributed compression structure has larger total energy
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consumption and a shorter life cycle, thus does not have much advantages. However,
due to the fact that sensor network nodes are usually arranged at a distance of less than
70m, the use of a distributed system at this time is conducive to extending the life cycle
of the sensor network.

Table 2. Node energy consumption and single-hop transmission distance (J)

Single-hop distance | Snode | Cijnode | C node | Total energy consumption | Centralized
5m 0.3302 0.2941 0.0805 3.9441 3.2184
10m 0.3776 0.2048 0.0862 4.0027 3.2245
20m 0.5661 0.2968 0.1100 42388 3.2479
30m 0.8807 0.3301 0.1495 4.6322 3.2872
40m 1.3211 0.3046 0.2044 5.1827 3.3422
50m 1.8875 0.3105 0.2752 5.8903 3.4130
60m 2.5794 03175 0.3678 6.7556 3.4997
70m 3.3975 0.3265 0.4641 7.7779 3.6018
80m 4.3412 0.3361 0.5819 8.9576 3.7199

Analysis of the relationship between total energy consumption and hop num-
ber. With the transmission of a 512x512 color image as an example, and with a single-
hop average distance of 10m, and a range of 1 to 15 hops, this study compares the total
energy consumption required per bit for centralized SPIHT, distributed SPIHT com-
pression, and direct transmission. As shown in Figure 6 , since the uncompressed im-
ages in the distributed structure need to be transmitted to the encoding nodes for trans-
mission through the acquisition node, the total energy consumption of this structure is
higher when the compression ratio is the same compared to that of the centralized struc-
ture. This result is the same as the result shown in Table 2, but for this reason, the
distributed node reduces the energy consumption of the acquisition node, thereby in-
creasing the life cycle of the network. The energy consumption of the direct transmis-
sion image increases linearly and rapidly with the increase of the number of hops, while
in the integrated and distributed structure, the initial value of energy consumption is
high, and then linearly increases, with a low slope, indicating that the total energy con-
sumption of compression and transmission increases with the increase of the number
of hops.
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Fig. 6. Comparison of the total energy consumption per bit for transmitting an image

Relationship between network life cycle and node density. It is assumed that a
different number of sensor nodes with an initial energy of 10 joules are arranged in a
200%200 area. When the energy is exhausted, the network life cycle ends. The compar-
ison between the integrated model and the proposed SPIHT distributed structure algo-
rithm is conducted.
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Figure 7 shows the comparison of network life cycle between distributed and cen-
tralized structures, from where it can be seen that the life cycle of the distributed struc-
ture network increases with the increase of the number of nodes in the area, and the
influence of the reduction of compression ratio on the life cycle of the network can be
neglected. This is because the acquisition node in the distributed structure is the node
with the largest energy consumption, thus the energy consumed by compressed encod-
ing is not reflected in it, but the increase of node number has little effect on the life
cycle of the integrated structure, and that its life cycle also decreases to a certain extent
with the decrease of compression ratio.

4 Conclusions

Based on the references at home and abroad, this study discusses the distributed im-
age compression technology based on wireless sensor network in depth, with the multi-
frame image processing method based on wireless sensor network as the research ob-
ject. The specific conclusions are as follows.

1. A distributed image compression algorithm based on SHIHT is proposed in light
with the analysis of the problems existing in two classic multi-node collaborative
distributed image processing algorithms based on wavelet transform.

2. The structure of the distributed image compression algorithm based on SHIHT is
designed in detail, which divides the color image into blocks or channels for pro-
cessing.

3. Through the simulation experiment of energy consumption performance of the algo-
rithm, it is verified that the SHIHT-based distributed image compression algorithm
proposed in this study can effectively reduce energy consumption and extend the
network life cycle.
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