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Abstract

A Weather Wireless Sensor Network (WWSN) has many limitations related to
node throughput (NT), node power (P), and node energy (E). To address the
limitations of WWSN, a mixed-byte LZW scheme is proposed. Mixed-Byte reduces
the size of the sensed data by merging every two readings of data from the sensor
into a single byte. The merged bytes would be highly frequent, which made them
appropriate for compression by the Lempel Ziv Welsh (LZW) scheme. The result
shows that the proposed Mixed-Byte-LZW gives the best compression ratio (CR)
(0.01) for humidity and the best saving compressing rate (SR) (99%) for humidity
and pressure. The simulated result shows that the Mixed-Byte-LZW scheme gives
the best NT (580 Kbps) for humidity, the highest power saving (PS) (15.98 Kw) for
pressure, and the lowest E (0.39 Kj) for transferring humidity data.

Keywords: Data Compression, Node Energy, Node Throughput, Power
Consumption, Weather Wireless Sensor Network.
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1. Introduction

This paper proposes a scheme that reduces the size of the sensed weather data by merging
any two sequenced readings of data from the sensor into a single byte. The merged bytes
would be highly frequent, which made them available for compression by the Lempel Ziv
Welsh (LZW) [1] scheme. The computed result pointed to the ability of using the proposed
scheme (Mixed-Byte-LZW) to improve the performance and energy of WWSN better than
previous work (DVM-LZW). The main contribution of the proposed work is to increase the
lifespan of WWSN.

2. Related Work

Many researchers proposed variant ways to decrease the size of transmitted data, which
would improve the performance and energy consumption of the network. Moreover, for
WWSN, a Data Value Minimizing (DVM) scheme is proposed by Zahra and Saif [1] that
reduces the sensed weather data by keeping the amount of incremental reading data instead of
keeping the whole real data. The DVM scheme aims to improve WWSN’s throughput and
energy by minimizing the transmitted data by LZW. A scheme by Sawalha and Al-Naymat
[2] counts similar successive data of WWSN, then sends the data with its own number of
occurrences to minimize the amount of transmitted data, which leads to improved WWSN
performance and energy. In [3], Ibrahim et al. proposed a scheme to optimize the data size of
WWSN. The scheme uses either data aggregation, compression, or prediction techniques to
improve the node’s performance and energy based on the state of the sensor. In [4], Gao et al.
proposed a scheme that uses the same idea of Huffman as a base to compress WSN data for
energy improvement. In [5], Liang and Li proposed a scheme called S-LEC to work on both
smooth WSN data and dynamic WSN data. It focuses on exploiting temporal information that
remains in the residue series. Kolo et al. [6] proposed a scheme that breaks data into blocks
and then deals with each block separately. It depends on multiple code options for
compressing WSN data. Xue et al. [7] introduce an improved Huffman for environment data
compression that utilizes a multi-scale wavelet for compressing data at the wireless channel
level. Maulunida and Solichin [8] proposed a modification to the dictionary of the LZW
scheme to improve the compression ratio. The proposed modification is using variable-length
code in a dictionary instead of fixed-length code. In [9], Alalak et al. modified the indexes of
codes in a dictionary using the LZW scheme to improve the data compression ratio. The index
is represented by its exact size. The size of an index in a dictionary is recognized by its class.
Indexes are classified according to their size.

3. Theoretical Background
3.1. WSN Applications

The WSN is deployed in many life applications because it consists of small sensors that
are connected by a wireless network. The size of sensors and the nature of connectivity
among them enable people to use this type of network in many fields like environment,
military, structural monitoring, health, and transposition. WSN is appropriate for narrow,
deep, sharp, polluted, and non-accessible places. The WWSN helps researchers and weather
monitors collect accurate data on weather for many different environments, like forests,
deserts, oceans, mountains, etc. [10] [11].

3.2. Sensor Node’s Design Issues

The WSN faced many challenges related to its design during its deployment. They are
fault tolerance, scalability, production cost, sensor network topology, and power
consumption. Moreover, the use of nodes in a wild environment has many reasons that would
lead to the nodes of the network failing, such as hardware and physical damage and battery
halts. The biggest challenge is transmitting data over a wireless channel that consumes and
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exhausts the sensor node’s energy. However, many techniques are implemented to increase
the life of the sensor node by reducing the energy consumed for its activities. Furthermore,
data compression, aggregation, and prediction are reducing the amount of transmitted data,
which means keeping batteries longer to increase node life [12].

3.3. Structure of Sensor Node

The standard structure for a sensor node includes four main parts (units), which are the
sensor, microprocessor, transmitter, and power supply. The other parts depend on the function
of the node sensor, for example, position acquisition and mobilization. Moreover, the sensor
unit is responsible for acquiring data from outside and then converting the analog signal of the
sensor into a digital signal to be understood inside the sensor node. The processor unit is
dealing with a small amount of memory to implement the major tasks of the sensor node
through sensing and passing data to other nodes. A transmitter unit is responsible for sending
and receiving messages from and to other nodes in the network via a communication channel.
A power unit includes a battery to provide power to the sensor node. The important issue with
wireless sensor nodes is to keep them alive as long as possible by consuming power
efficiently. Many algorithms are implemented in WSN to minimize the consumption of power
for implementing sensor nodes' tasks [13].

3.4. Structure of WSN

The WSN s structured into three main topologies, which are star, mesh, and hybrid star-
mesh. Furthermore, the star topology connects a single base station to multiple sensor nodes
via wireless communication. This type of topology allows the base station to transmit
messages with sensor nodes; however, the sensor nodes are prohibited from transmitting
messages with each other. This type of topology is simple, and it provides low power
consumption and low latency for message transmission between the sensor node and base
station. The sensor nodes should be in communication with the base station [14].

The second structure is mesh topology, which communicates base station and sensor nodes
to each other in the network, enabling each node to transmit messages to other nodes. When
the sensor node lies out of range of communication with the base station, the node sends a
message to its neighbor node to pass it to the base station, which is called multi-hop. This
type of topology supports network scalability and data redundancy. Moreover, the topology
allows adding many other nodes to the network that are lying out of base station range. The
base station would receive messages through more than one route to overcome the fault route.
However, mesh topology consumes more power than star topology, especially in the multi-
hop nodes, which decreases its life.

The third type of topology is a hybrid star-mesh network, which mixes star and mesh
topologies. It includes the advantages of both star and mesh topologies. Furthermore, some
nodes would transmit messages with low power, and other nodes would forward messages.
The forwarding of messages from low-power nodes to other nodes would consume node
power, so this type of node needs to be supported by a high-power battery [15].

3.5. WSN Data Compression

Data compression is one of the popular methods in WSN to optimize the size of
transmitted messages. Data compression is an operation that runs a process (compressor) that
converts the source data into its target data, where the source data is larger than the target
data. Furthermore, the compressor is coding source data in a manner that enables other
processes (the decompressor) to retrieve the source data from the target by decoding target
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data into source data. The way or procedure in which the coding operation is done is called
the compression algorithm.

There are two main types of compressing algorithms: lossy and lossless. The lossy
compressing algorithms are eliminating unimportant data. However, lossless compressing
algorithms retrieve the original source data without losing a bit after decompressing the target.
Many algorithms are considered by researchers to reduce the size of transmitted data over a
network. The reduction of data size leads to improvements in many WSN metrics, for
example, WSN performance and WSN life. [12] [16] Moreover, the most popular lossless
data compression algorithm is LZW, which falls under the dictionary-based data compression
family. It appeared in 1984 as an upgraded version of the LZ78, which was found in 1978.
The idea of the algorithm is simple. Furthermore, each 8-bit character is encoded into a single
token in the dictionary for all possible 256 characters. For each new input, one token is added
to the dictionary after creating a new string by concatenating the new input with the old
string. If the string from concatenation exists in the dictionary, then it is kept as an old string
and another new input is read as explained in the encoder algorithm [17].

Encoder Algorithm:

Begin

For i<0 to 255

Dictionary[i] < Dictionary_code (i)
End For

Prev < empty

While true

Begin

Input < read (1-byte)

If (Input + Prev) is not in Dictionary
10. Output (Dictionary_code (Prev))

11. Dictionary[i++] € Dictionary_code (Input + Prev)
12. Prev < Input

13. Else Prev €< Input + Prev

14. End If

15. End While

16. End

CoNoA~WNE

On the decoder side, the work is reversed. Furthermore, after initializing the dictionary
with 256 codes, the input is decoded from the dictionary to get its original string. A new
string is added to the dictionary after each input. The new string is computed by concatenating
the new input with the previous string, as explained in the decoder algorithm [17].

Decoder Algorithm:

1. Begin

2. Fori<0to 255

3. Dictionary[i] < Dictionary_code (i)
4. End For

5. Prev < read (data)
6. Output(Dictionary_decode(Prev))
7. C € empty

8. While true

9. Begin

10. Input < read (data)
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11. If (Input) is not in Dictionary

12. Then S < Dictionary_decode(Prev) + C
13. Else S < Dictionary_decode(Input)
14. Output(S)

15. C < first_character (S)

16. Dictionary[i++] < Prev +C

17. Prev < Input

18. End While

19. End

4. Proposed Work (Mixed-Byte-LZW)

The proposed work is called Mixed-Byte-LZW. Its idea is based on the nature of the
weather data gathered by the sensor node. A sensor node senses data (d min 1, d min 2, ...)
of weather every minute, then sends the collected data for one hour to the base station. After
one minute, the sensed weather data (d_min_i) is changed by decreasing or increasing its
value. Furthermore, the amount of difference between any two sequenced sensed weather data
points (d_min_i, d_min_i+1) is between -7 and +7 for each minute because the weather is
changed slowly. For example, if the sensed temperature of the weather at two consecutive
minutes is represented as a pair (temperature, minute) = (33, 1) and (34, 2), it means the
weather temperature is 33° at the first minute and 34° after one minute. Then the difference
between two sensed temperatures is +1. Moreover, this work suggests a scheme to store the
sensed data in a novel way, where the size of the stored data would be less than the size of the
original data. The scheme supposes that the sensed data (d_min_i, min_i) will be computed
relative to the previous one (d_min_i-1, min_i-1) as shown in Eg. (1). In the beginning, the
first sensed data (d_min_1) is stored without change, then Diffl and Diff2 are computed,
which are the differences between the first and second sensed data as shown in Eq. (2) and the
difference between the second and third sensed data as shown in Eq. (3). The new value Wrd
(with one byte size) is used to replace d_min_2 and d_min_3. Wrd is computed by mixing
Diff_1 and Diff_2, as shown in Eq. (4). The magnitudes of Diffl and Diff2 must be between -
7 and +7 because the change in the weather is very slow at one minute. A flow chart in Figure
1 shows how the proposed scheme (Mixed_Byte) works for one hour (36 readings).

d; = d;_y + diff (1)
Where d ;: reading data in minute i, d_j.1: reading data in minute i-1.

diffi =d, — d; )

diff, =d;, — ds 3)

Wrd = diff, U diff, 4)

In more detail, it is possible to code the values of Diff 1 and Diff_2 into one byte, as
illustrated in Figure 2. As explained above, the value of (Diff_1 and Diff_2) is from -7 to +7,
so that the value of Diff_1 and Diff 2 would be concatenated into one byte. The value of
Diff_1 is considered the left part (4 bits) and Diff_2 the right part (4 bits) of the code byte.
The code byte consists of two parts (left and right), which are computed by concatenating the
code of Diff_1 (4 bits left part) and Diff_2 (4 bits right part) as shown in Figure 2-a. The
computing of a left code (L) from Diff_1 or a right code (R) from Diff_2, where there is a
unique code for each value of Diff_1 or Diff 2, Concatenating the left and right parts results
in a hexadecimal code byte (Wrd), which is illustrated in Figure 2-b. Some examples of
coding Diff_1 and Diff_2 are shown in Figure 2-c. The above demonstration is applicable to
other readings from the sensor.
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Figure 1: Flow Chart of Mixed-Byte

Input: bytes from Sensor

Output: mixed bytes Diff_,, | Hex Diff_1 | Diff_2 c"Hd:xi"
1 Begin (1] 0ox0 5 -3 0x5b
2 set i€0 1 Ox1 0 1 0Ox01
3 data_i €read from sensor 2 0x2 -7 -1 0xf9
4 save (data_i) 3 0x3 4 2 0x42
5 repeat (18 times) 4 0ox4 (c): Examples
6 repeat (2 times) 5 0x5
7 i€<i+l 6 Ox6
8 data_i€read from sensor 7 0ox7
9 End repeat (2 times) -1 0x9
10 Diff_1< data_i-2— data_i-1 -2 Oxa
11 Diff_2€< data_i-1—data_i -3 Oxb
12 Left € Code (Diff 1), Right € Code (Diff_2) -4 Oxc
13  Wrd<Union (Left, Right) -5 Oxd
14 save {(Wrd) -6 Oxe
15 End repeat (18 times) -7 0xf
16 End
(a) Proposed Algorithm (b): Coding of Diff_, anddiff_»

Figure 2: Mixed-Byte Scheme

5. Methodology of the Research

To measure the impact of the Mixed-Byte-LZW on the WSN, two directions are examined
(data reduction and network performance). The data set for examining the Mixed-Byte-LZW
is weather data, which consists of readings from eight sensors. The readings of the sensors
are: apparent temperature, dew point, humidity, pressure, temperature, visibility, wind
bearing, and wind speed. The data set readings are a time span of one minute for one year of
house appliances in the weather conditions of that special area. The data set is taken from a
web site [18].
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5.1. Data Size Reduction

In this part, two experiments were accomplished. The first experiment includes three tests.
The first test compares the size of the original data to the data from DVM and mixed-byte.
The second test compares the size of LZW compressed data to data compressed by DVM-
LZW and Mixed-Byte-LZW. The third test computes a compression ratio (CR) for
compressed data for LZW, DVM-LZW, and Mixed-Byte-LZW. The fourth test computes a
saving rate (SR) for LZW, DVM-LZW, and Mixed-Byte-LZW. The data in the first
experiment includes readings from eight sensors for one, two, three, four, and five hours. In
the second experiment, the data set includes the readings from eight sensors for 1 year
(503911 minutes). The second experiment examines the same three tests from the first
experiment with different data sizes. The metrics for data reduction parts are CR and SP.
They are computed by Egs. (5) and (6), respectively.

CR="2 (5)

Where CR: compression ratio, DA: data size after compression, DB: data size before
compression

SR=1-CR x100% (6)
Where SR: Saving rate
When the CR is 1, it means that the compressing scheme performs zero-bit data compression.
On the other side, when the value of CR is decreased, then the compressing scheme is going
better. The increasing SP rate means the compressing scheme is going better, and vice versa.

5.2. Network Performance

The measured metrics for wireless sensor nodes include node throughput (NT), node
power saving (PS), and energy (E) for data transmission, which are computed by Equations 7,
8, 9, and 10, respectively. Two experiments were implemented, each with a different size of
data set. The data set of the first experiment contains readings of weather for 5 hours, and the
second experiment contains readings of weather for one year. Each experiment has three tests.
The network is simulated by considering XbeeS2C [19] with the configuration from Table 1.

NT = g (7)
Where NT: Node throughput, D: Transferred Data, T: Time
SP = Pop — Pcp ¢))

Where SP: Node saving power, Pop: Original data transferred power, Pcp: Compressed data
transferred power

P=1XxV 9)
Where P: Data transferred power, I: Current, V: Voltage
E=1*X Ry, XT (10)

Where E: Data transferred Energy, I: Current, Rsh: shunt resistor, T: Data transferred time

Table 1: Sensor Node Configuration

Feature Value
Band 2.4 GHz
Channels 16
Tx Current 33 mA
Rx Current 28 mA
Distance 30m
Environment outdoor
Baud rate 115200
RTL 0.079s
VDC 3.3
Rsh 9 Q
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6. Result and Discussion
The result of the experiments includes two parts: the first is related to data size reduction,
and the second is related to network performance.

6.1. Result of Data Size Reduction

In the data size reduction part, the result of the first test from the first experiment is
illustrated in Figure 3. The size of sensed data (weather for one hour) is reduced by using a
mixed-byte scheme (the proposed scheme) better than the DVM scheme (the previous work).
For the data reading during two, three, four, and five hours, the size of sensed data is more
reduced by a mixed-byte model than a DVM.

In the second test of the first experiment, the impact of mixed-byte-LZW on the size of
sensed data is measured in Figure 4. When the Mixed-Byte-LZW scheme is used, the size of
the original sensed data is reduced more (less size) than in DVM-LZW (previous work) and
LZW. Normally, when the LZW scheme is used to compress data, the size of the compressed
data is based on the nature of the original data because LZW depends on the number of
frequent strings. The Mixed-Byte-LZW is going to reduce the size of the original data and
increase the frequency of strings that reduce the compressed data. The third test of the first
experiment computes the compression ratio (CR) of LZW, DVM-LZW, and Mixed-Byte-
LZW. Figure 5 illustrates that the CR for the sensed data in 1 hour is 0.29 with LZW, 0.2 with
DVM-LZW, and 0.12 with Mixed-Byte-LZW. The CR of Mixed-Byte-LZW is better (less)
than DVM-LZW and LZW for compressed sensed data (2...4) hours. In 5 hours of sensed
data, the CR decreased from 0.22 (LZW) to 0.13 (DVM-LZW) and then to 0.08 (Mixed-
ByteLZW).

In the second test of the first experiment, the impact of mixed-byte-LZW on the size of
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Lw
DUN-ZW (1)
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Time (Hour]

Figure 3: One to Five Hours Sensed Data Figure 4: Size of One to Five Hours

sensed data is measured in Figure 4. When the Mixed-Byte-LZW scheme is used, the size of
the original sensed data is reduced more (less size) than in DVM-LZW (previous work) and
LZW. Normally, when the LZW scheme is used to compress data, the size of the compressed
data is based on the nature of the original data because LZW depends on the number of
frequent strings. The Mixed-Byte-LZW is going to reduce the size of the original data and
increase the frequency of strings that reduce the compressed data. The third test of the first
experiment computes the compression ratio (CR) of LZW, DVM-LZW, and Mixed-Byte-
LZW. Figure 5 illustrates that the CR for the sensed data in 1 hour is 0.29 with LZW, 0.2 with
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DVM-LZW, and 0.12 with Mixed-Byte-LZW. The CR of Mixed-Byte-LZW is better (less)
than DVM-LZW and LZW for compressed sensed data (2...4) hours. In 5 hours of sensed
data, the CR decreased from 0.22 (LZW) to 0.13 (DVM-LZW) and then to 0.08 (Mixed-
ByteLZW).

In the second test of the first experiment, the impact of mixed-byte-LZW on the size of
sensed data is measured in Figure 4. When the Mixed-Byte-LZW scheme is used, the size of
the original sensed data is reduced more (less size) than in DVM-LZW (previous work) and

LZW. Normally, when the LZW scheme is used to compress data, the size of the
compressed data is based on the nature of the original data because LZW depends on the

Zw -

e '
2 o
o - i i i ]
015 % i =DV
0.15 DVM-LZW [1] 5 1l /4——*"‘ i
01 Mixed-Belzw| | = Mot Bre Ly

1 2 3
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Figure 5: CR of One to Five Hours Figure 6: SR of One to Five Hours
Sensed Data Compressed Sensed Data

RATE

number of frequent strings. The Mixed-Byte-LZW is going to reduce the size of the original
data and increase the frequency of strings that reduce the compressed data. The third test of
the first experiment computes the compression ratio (CR) of LZW, DVM-LZW, and Mixed-
Byte-LZW. Figure 5 illustrates that the CR for the sensed data in 1 hour is 0.29 with LZW,
0.2 with DVM-LZW, and 0.12 with Mixed-Byte-LZW. The CR of Mixed-Byte-LZW is better
(less) than DVM-LZW and LZW for compressed sensed data (2...4) hours. In 5 hours of
sensed data, the CR decreased from 0.22 (LZW) to 0.13 (DVM-LZW) and then to 0.08
(Mixed-ByteLZW).

The fourth test computes SR when LZW, DVM-LZW, and Mixed-Byte-LZW are used to
compress sensed data. The result is illustrated in Figure 6, which shows that the SR is
70.41%, 79.09%, and 87.65% when LZW, DVM-LZW, and Mixed-Byte-LZW are used to
compress one-hour sensed data, respectively. In comparison to LZW and DVM-LZW, the In
the second experiment, the tests were applied to the data set for about 1 year, and each item
was tested separately. The result of the first test is illustrated in Figure 7-a, which measures
the size of the data (8-item weather) after processing it by Mixed-Byte and by DVM. Figure
7-a shows that the size of eight different data sets is decreased after processing them by
Mixed-Byte less than by DVM. In the second test, the size of the data is measured after
compressing it with LZW, DVM-LZW, and Mixed-Byte-LZW. Figure 7-b shows that the size
of compressed data by Mixed-Byte-LZW is less than LZW and DVM-LZW. In Figure 7-b,
the implementation of DVM-LZW to the 7th (windBearing) item leads to a change in the
nature of data that makes LZW better than DVM-LZW (previous work); however, Mixed-
Byte-LZW gives a better result than DVM-LZW and LZW.
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The third test of the second experiment measures CR. Figure 8 illustrates that the value for
CR of compressing eight weather items is decreased when the data is compressed by Mixed-
Byte-LZW more than by DVM-LZW, which means that Mixed-Byte-LZW is better than
DVM-LZW. The fourth test measures SR when data is compressed by Mixed-Byte-LZW and
by DVM-LZW. The use of Mixed-Byte-LZW increases the SR rate compared to DVM-LZW
when compressing the eight weather items, as illustrated in Figure 9.
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Figure 7: Data Size of 8-Item Weather Before and After Compression
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6.2. Result of Network Performance Part

In this part, network performance metrics are measured. In the first experiment, the
measurement is applied to sensed data during 1, 2,... 5 hours. The measured result proves that
the proposed scheme, Mixed-Byte-LZW, increases NT and SP and decreases E for data
transfer. Furthermore, it is useful to decrease the size of sensed data to increase NT by
decreasing the transfer time for sensed data. Figure 10 shows that the use of Mixed-Byte-
LZW increases NT higher than using DVM-LZW and LZW for compressing various size-
sensed data. Figure 11 illustrates that Mixed-Byte-LZW increases the saving power for
transferring sensed data compared to DVM-LZW and LZW. Figure 12 shows that E for data
transmission with Mixed-Byte-LZW is less than with DVM-LZW and LZW. In the second
experiment, the measurement is applied to a separate data set of eight weather items that is
sensed over a period of one year to evaluate the impact of the proposed scheme on a huge
amount of data. The result proves that Mixed-Byte-LZW provides a better result than DVM-
LZW and LZW in terms of NT, SP, and E. Furthermore, when the node uses Mix-Byte-LZW
to reduce its data size, its throughput is higher than when using DVM-LZW and LZW. The
Mix-Byte-LZW gives the highest NT improvement for humidity data because its values are
more frequent than others. However, Mix-Byte-LZW gives the lowest NT improvement for
wind bearings, as illustrated in Figure 13. The PS of the node for data transfer using Mix-
Byte-LZW is highest for the pressure data set and lowest for wind bearing, as illustrated in
Figure 14. The consumed E for transferring data of the node that uses Mix-Byte-LZW is
lower than that of the node that uses DVM-LZW and LZW. When the node uses Mix-Byte-
LZW, the lowest E is measured for humidity data and the highest for pressure, as illustrated in
Figure 15.
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7. Conclusions

Mixed-Byte-LZW is a good scheme to optimize the size of the transmitted messages over
WWSN. Compared to other schemes, it benefits by making most of the contents of the
message frequent, which enables it to implement a high compression ratio with LZW. The
mixed-byte LZW depends on the nature of the data in its work. It exploits the slowness of
changes in weather to save two weather readings into a single byte. The Mixed-Byte-LZW
scheme improves the performance of WWSN in terms of network throughput, sensor power
savings, and energy consumption; it also improves compression ratio and saves compressing.
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