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Thesis Title Development of Image data via Wireless Sensor Networks
Author Mr. Kittiwate Dechrungruang
Major Program Computer Engineering

Academic Year 2011

ABSTRACT

This thesis proposes the development of image transmission for wireless sensor
networks which have the resource constraints. The method used in this thesis is not complicated
and suitable to the embedded systems. We also introduce the method to optimize the image data
using the Background subtraction with non-continuous pixel noise detection. From the
experimental results, our method can perform seven times faster than the background subtraction
with continuous pixel noise detection. In addition, we found that the latency of image
transmission over 1- or 3- hop in wireless network was not different. However, the delay of image

transmission depends on the size of payload packet.

Keywords: Image transmission, Background subtraction, ZigBee, Wireless sensor networks
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Development of Wireless Image Sensor Networks

K. Dechrungruang, W.Suntiamorntut
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Prince of Songkla University. llat Yai. Songkhla 90112 Tharland
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Abstract— Wireless sensor networks for image transmission has
been widely used to capture an intruder or monitor any changes.
According to the low bandwidth in wireless sensor networks. the
wireless camera sensor node development 1s a challenge. In order to
reduce the amount of sending data, the background subtraction
technique has been applied and implemented on the sensor node. This
scheme gives a better transmitting time at about 2 times. In addition.
the latency of the image transmission when the hop-count is
increasing is also reported 1n this paper

Keywords: Image transmission, background subtraction, ZigBes,
Wireless sensor networks

L INTRODUCTION
A wireless sensor networks have been imtroduced and
applied in various fields such as physical environment
monitoring, health care monitoring and industrial automation
Energy consumption in this network 1s a critical 1ssue since
sensor node is only supplied from battery

The traditional wireless sensor networks focus only on low
cost, low power and low bandwidth sensors. Currently, a
wircless multimedia sensor network (WMSN) 1s widely used in
the video and audio application. Since wireless sensor node 1s
battery-powered. the limitation becomes the urgent research
issues

The embedded device including an availability of low cost
and low power CMOS camera such as CMUcam3 [1] has been
applied. The idea of image processing on a small device is
enable to reduce the amount of data transmitting which 1s
appropriated for an cnergy constrained deviee likes wircless
sensor networks. Unfortunately. the traditional low power
microcontroller in sensor node has not capability enough to
compute the image compression algorithms [2-4]

This paper. we propose an alternative image processing
using background subtraction and frame segmentation to
transmit the image information over the wireless sensor
network structure as shown in Figure 1. The image sensor
(CMOS camera) has been attached on a cluster head. The
image has been transmitted from one cluster head to another
cluster head. hop by hop until it can reach the base station.

R. Keinprasit
National Electronics and Computer Technology Center
Pathumthani, Bangkok, 12120 Thailand
rachaporn.keinprasiti@nectee.or.th

The remainder of this paper 1s organized as follows. The
related works of image processing and transmission in wireless
sensor networks are explained in Section 2. The architecture
and design of our 1image wireless sensor network 1s introduced
and described in Scction 3. The image processing on scnsor
node is proposed in Section 4. The experiment results are
shown in Section 5. Finally, we discuss and conclude our

research work in Section 6.
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Tigure 1. Image sensor network architecture

II.  RELATED WORK

Image compression has been introduced and applied in
wireless sensor networks which the resource constraints in
WSNs have to be addressed The image compressions
technique and processing algorithms have been applied to
reduce the number of data packet. There are two categories of
image compression in wireless sensor networks, local and
distributed processing and compression.

The local processing and compression has been used when
the whole process of compression and transmission consumes
less energy than a single transmission of a raw image data. The
examples of the compression technique used in a sensor node
are SPIHT [5]. SS [6] and DCT [7].

In distributed image compression, the stereo-image
compression technique has been applied. The overlap in the
image of neighboring nodes is identified [8] by computing over

the data which is flowed through a network.



In [9], the new technique called Image Subtraction with
Quantization of image (ISQ) was proposed o save lhe energy
consumpton of processing unit in sensor node. This technique
uses lhe video sublraction with quantization ol each [rame,
This will save a lot of energy consumption in sensor nodes as
well as saves the netw ork overhead.

Apart from the image compression for wircless sensor
nelworks, there are many exisling image sensor nodes which
consist of a camera, processor and communication module. The
examples of wireless camera node are eCAM [10,
iMote2+Cam [L1] and Cyclops [12]. Most of the existing node
uses the CC2420 or I'R1000 RF module which has not enough
transmission power. Only local image compression has been
applied on those nodes.

This paper introduces the wireless camera sensor node
platform which processing based on the concept of image
subtraction. Whilst the communication protocol is based on
ZigBee protocol using XBee platform. The detail of our
architecture and wireless camera sensor node design will be
cxplained in the next section.

I, THE ARCHITECTURE AND DESIGN
A.  Wireless Camera Sensor Node

Our camcra node platform consists of a CMOS imagce
sensor, 2-GB SD memory card and Friendly ARM board as can
be scen in Figure2. The Friendly ARM Mini2410 board [13] is
very popular and widely used in embedded syslem research
works. This board uses Samsung S3C2440 ARM9 processor
operating at 400 MHz. This CPU contains 64 MB SDRAM,
256 Byte and having 256 MB flash. The Linux OS has been
employved on this node. The touch screen has been attached
only for the performance evaluation of the image processing on
the node.

e

TFigure 2. Wireless camera sensor node

The low cost and low power CMOS camera has been
attached onto Friendly ARM Mini2440 board. It consists of
OV9620 Omnivision 1.3Meg Pixels CMOS Camera. This chip
set support video or snapshot operation. [t also supports image
sizes SXGA (1280x1024) or 640x480 VGA, 10-bit A/D
converter and operated at 15 lrames per second (SXGA) and
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30 frames per second (VGA). This CMOS camera chipset can
interface and communicale wilth ARM board via IO 20—pin.
The power requires less than 50mA in active mode and only
10 uA in standby mode.

According to the feature of OV9620 CMOS camera, the
wireless sensor node is targeted to complete both processing
and transmitting within 1430 second in order to support real—
time applications.

B.  Wireless Communication

In this paper, we choose ZigBee standard [11] which built
up on top of ITEEE 802.153.4 stundard. The IEEE 802.15.4
defines two physical layers, 2.1 GHz and 868415 M Hz band.
Moreover, ZigBee employs without any infrastructures. We
choose XBee platform as shown in Tigure 3 for the
Implementation.

Figure 3. Wireless communication part —~XBee

At data link layer, CSMA (Channel Sense Multiple

Access) heacon frames,

mechanism.

for transmitting
reliable

responses
synchronization and transmission
However, there is no quality of service or priority level of
netw ork traffic in ZigBee standard.

When ZigBec is deployed for image transmission, there is
a bandwidlth limitation. Even the packel size is limited to 127
bytes, each packet contains ne more than 89 bytes for the data
due Lo the overhead al the nelwork. The [ragmentation and
reassembly have to be handled in the application laver, when
the bit stream is larger than 89 bytes.

C. System Integration

For the lop view, lhe wireless camera sensor node acls as a
cluster head which can communication directly or multi-hop
to the base station. In our system, the maximum hop of the
cluster head is 3-hop. The image has to be transmitted as soon
as there is any change on it. We are aiming to deploy this
system to monitor any movement in the farm.

IV. IMAGE PROCESSING

According 1o the packet size limitation, the image has to be
fragmented and sent over the network several time. Thus, this
paper proposes to reduce the data before transmission. Most of
pleture captured from the camera is not much different.
Especially, the system that only monitored the movements,
there is no need to transmit the whele image all the time.

There is some object moving into the frame.



In this paper, background subtraction has been proposed in
order to reduce the redundant data for transmitting. The
concept of background subtraction is to find the difference
between two images. Only a new object will be spotted when
the background has been removed. However, there is some
noise such as light and color which is required to get rid of.
The example of noise in the piclure 1s shown in Figure 4. The
black pixel 1s the noise of the interest scgment.

=n==

__\

Tigure 4 LExample of noise on the picture — black pixel is a noise

Median filter has been widely used to get rid of the noise
[Towever. the time has been consumed il the median [ilter 1s
applicd on very pixel. For example, the image size 320x240
pixels requue 230.400 cveles to filter the noise i RGB. In
order to minimize the cycle time, we choose only | color for
the comparison in each pixel. This could reduce the clock
cycle for three times.
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Figure 5. Background subtract process.

Background subtraction algorithm executed on sensor node
is shown in Tigure 5. X and Y represent row and column,
respectively. 'The process of comparison has been repeated
until all pixels have been scanned in every row and column. If
there is a difference in one pixel. we will ignore and assume it
is a noise. When the dillerence has been found continuously,
the location of the pixels will be stored.
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V. EXPERIMENTRUSULTS
A. AT and API mode on XBee.
XBee platform can supporl (wo operaing modes, AT
command and API The API (Application
Programming Interface) mode 1s a frame-basc method or the

command

default transparent mode which allows the programmer to
change parameters without entering the command as same as
AT command. In addition, the RSSI and source address on a
packet by packet can be viewed. Thus API mode increases the
flexibility and functionality for the XBee developer.

TABLE L I'HE RELATION BETWEEN PACKET SIZE, TIME AND XB3L1E MODE
Packet Hime %
Size Average (ms) Min (ms) Max (ms)

(byte) AT | API AT API AT API AT API
1 61 42 29 31 141 57 100 100
5 64 43 31 30 145 38 100 100
10 62 42 33 31 158 34 100 100
15 66 40 31 35 157 61 100 100
20 68 49 30 34 160 63 100 100
23 67 48 34 31 159 61 100 100
30 71 41 30 30 162 59 100 100
35 71 48 34 29 161 38 100 100
40 70 45 36 36 160 61 100 100
45 72 45 38 30 160 60 100 100
50 75 40 39 35 160 67 100 100
35 78 44 40 34 162 63 100 100
60 80 47 43 32 164 63 100 100
75 79 49 43 33 161 67 100 100
80 82 50 49 30 162 69 100 100
85 82 51 58 34 159 71 100 100
90 83 48 57 39 162 75 100 100
95 84 33 59 35 162 79 5 100

100 - 95 - 80 - 100 0 100
110 - 91 - 81 - 100 0 100
130 - 920 - 79 - 100 0 100

In order to tind out the suitable XBee mode for the image
transmission, the first experiment has been set up. We will
transmit the varied packet size from 1. 5 bytes and adding up
by 3 bvles untl the percentage of transmitling success 1s nol
equal to 100%. Each case. we run on XBEE for ten times. The
experiments have been processed both in AT and API mode.
"I'he results are shown in Table L.

From Table I, we found that API can give the best results.
Therefore. we suggest the use of the APT mode when XBee




platform has been used i wireless camera sensor node. The
transmission rate o API is 90 ms/130 byles.

B.  Image Transmission without Background Subtraction

We capture the image from the camera size 27 KB (as the
picture shown in Figure 7-lefl) and divide 1t into 130 byles per
packet. I'rom the transmission rate as discussed in the previous
section. we can estimate the transmission time to be 18,692 ms.[ |

C. Image Transmission with Background Subtraction

From the above (ransmission lalency, the background
subtraction has been applied in this work. The algorithm as
described in the previous section has been developed on
Friendly ARM S3C2440 board. The first image has been
captured and transmitted to based-station. If there is no change
1 the picture, there 1s no need to transmit the new image. After
running the background sublraclion processing, there is a
change in the new image, only the changing area (red apple as
shown in Figure 6) has been sent to the base-station

New Inacs

=

e Resit 2|
Figure 6. Image transmission with background subtraction

TABLLE 1l THE RELATION BETWEEN PACKET SIZE AND TIME FOR IMAGE

TRANSMISSION WITH BACKGROUND SUBTRACTION

Packet Size total time Data Size Data Size + Header
(byte) (ms) (byte) (byte)
40 30.599 1.670 2.399
50 24,711 1.670 2.271
60 20.179 1.670 2.175
70 17,438 1,670 2,111
80 15,489 1,670 2,063
920 13,416 1,670 2.031
100 12,194 1,670 1.999
110 10,957 1.670 1.967
120 10,348 1.670 1,951
130 9.598 1,670 1.935
Table 1l shows the total tume which composcs of

background subtraction processing lime and (ransmilling lime
when the packet size is varied from 40-130 bytes. After
background subtraction has been deployed and only the
dillerent area has been senl oul. We found thal the image of
different area is 1.67 and uses about 9.5 seconds to complete
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the processing and (ransmission. By using this lechnique, the
system can reduce the lransmitling latency at about 2 imes.

D.  Image Transmission with multi-hop fashion

With the nature of wircless sensor networks, the network
will have no inlrastructure. This means that the mtermediate
node is required to forward the packet hop by hop until it
reaches the based station. Thus, we investigate the relation
between the latency and the hop counts when the packet size is
varied. The results of this experiment are shown in Table III.
The latency of the image transmission is shightly different
when the hop-count is increasing in every packet size.

TABLE T, THRRELATION BETWERN PACKET SIZR AND TIME FOR TVIAGR
TRANSMISSION WITII MULTI-IIOP FASIION USING 859 BYTE

1-hop 2-hop 3-hop
Packet Size total time total time total time
(byte) (mns) (ns) (1ms)

40 15,311 15,391 15.429
50 12,104 12.214 12,251
60 10.092 10.202 10.248
7 8,829 8,909 8,964
80 7,508 7,598 7,652
90 6,191 6,291 6,387
100 5.504 5.640 5,699
110 5,031 5,209 5,273
120 4,850 4,992 5,067
130 4.207 4,317 4,383

V. CONCLUSION

In this paper, we studied the problem of the image
transmission over wireless sensor networks which having the
The
proposcd in this paper which based on ARM S3C2440, XBee
and CMOS camcra. In additional, we have mtroduced the
processing method (o
subtracting the background and focused only the changing

limited bandwidth wireless camera sensor node is

reduce the (ransmitling dala by

area. By using our method, we can reduce the amount of

sending data 2 times. Morcover. the hop count - wireless
sensor nelworks cannot allect o the lalency ol the image

(ransmission.
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