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Design of real-time data compression wireless sensor network
based on LZW algorithm
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Abstract; A real-time data compression wireless sensor network based on Lempel-Ziv-Welch encoding (LZW) algorithm is

designed for the increasing data volume of terminal nodes when using ZigBee for long-distance wireless communication. The

system consists of a terminal node, a router, a coordinator, and an upper computer. The terminal node is responsible for

storing and sending the collected data after the LZW compression algorithm is compressed; The router is responsible for the

relay of data in the wireless network; The coordinator is responsible for sending the received data to the upper computer. In

terms of network function realization, the development and configuration of CC2530 chips on terminal nodes, router nodes, and

coordinator nodes are completed using the Z-stack protocol stack, and the network is successfully organized. Through the final

simulation analysis and test verification. the system realizes the wireless acquisition and storage of remote data, and reduces the

network occupancy rate through the data compression, which has a certain practical value and application prospects.
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0 Introduction

In wireless sensor networks, the commonly used
ZigBee
technology, which has characteristics of low cost,

wireless communication technology is

low power consumption, good transmission stability,

[1]

and easy to use Under normal circumstances, the

processing core on the wireless sensor network
terminal node is MCU or STM32 and other low-
power processing chips, but it can only be applied to
the monitoring of the small amount of transmitted
data. If the amount of data generated is relatively
large, the use of the channel will be relatively high,
then the use of MCU processing core is no longer
suitable, which may affect the normal communication
of other devices in the network!.

For solving the field programmable gate array
(FPGA) is used as the processing core of the
terminal node in this design. In order to ease the data
processing pressure and ensure the integrity of the
data, the
technology to the collected datat.

design adopts lossless compression

Compared to
Huffman encoding, which is more complex to

implement on hardware, Lempel-Ziv-Welch (LZW)
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algorithm is simple to encode, and compression and
decompression are fast. After system testing, data
compression ratio can reach 1. 8 :+ 1 or more, the
effect is better, and it is easy to implement on
hardware. Therefore, a real-time data compression
wireless sensor network based on the LZW algorithm
is designed. This design provides new ideas for data
acquisition and application in certain special testing
environments such as industry, agriculture, and even

military-*.
1 Opverall design of system

When using wireless sensor network for data
transmission, if the amount of data is large, the data
should be optimized to avoid affecting the normal
communication of other nodes, reduce the use of
wireless bandwidth, and improve the performance of

5J. The system mainly consists of data

the system
acquisition module, LLZW data compression module,
data storage control module, data transmission
module, ZigBee network module and host computer
software. The overall design diagram of the system is

shown in Fig. 1.
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Fig. 1 General design diagram of system

To collect 4-channel analog voltage signals, the
signal changes from 0 to 5V, the signal frequency
range is 0 — 300 Hz, and the sampling quantization
precision is 8 bits. The quantized data is compressed
and stored in the FLLASH chip for data backup. At

the same time, the compressed data is sent to the dI.mt.lallze Tmport new string
. ictionary e .
upper computer through the wireless sensor dictionary, the tail
character of the current
network. string is the prefix of

2  LZW algorithm

In the LZW data compression algorithm, there are
three main objects: (D input data flow; @ output
coding stream; (@) a string table used to encode data
the compression that
L8] Input data flow refers to the original

during process, is, a
“dictionary
data to be compressed; The output encoding stream
refers to the output encoding generated after data
compression; The string table is also the index
number established for the data during the data

compression process. If it is the same data,

only the quotation marks of the data are output, so
The LZW data

compression coding process is shown in Fig. 2.

that the data is compressed™.

the next character

Last character?

New string-prefix

ontinue
encoding

Fig. 2 Data compression process for LZW

After the data is compressed through the LZW
compression algorithm, it needs to be decoded. The
LZW decoding process is shown in Fig. 3.

( Start

In the
A4 dictionary?
A -
g Prefix Prefix string=
v character=prefix+ prefix+first character of
Read encoding last character the current string

Import prefix string to the dictionary |

Output the string corresponding to the
current code

I Prefix code-current code I

|

Fig.3 LZW decoding process
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3 Hardware design of wireless sensor

network

With FPGA as the core chip, the main module
design of the hardware system is described, and the

optimization of LZW compression algorithm is

introduced emphatically.
3.1 Terminal node design

The terminal node structure diagram is shown in
Fig. 4.

Power module I

Voltage IR ¢3.3 v v25V a2y
i signals | A/D conversion ‘SPI
i provided by | chip
{ external i FPGA _ .|ZigBee

sensors FLASH memory|, N modeule e
........................ chip [«

%
Terminal |FPGA configure| | The clock Th;iggzlé of
node cireuit of PPGA module

Fig. 4 Terminal node structure diagram

As shown in Fig. 4, the terminal node uses the
CC2530 produced by Texas Instruments ( TI) to
constitute a wireless transceiver module. The module
is powered by +3. 3 V. The diagram of the CC2530
peripheral circuit is shown in Fig. 5.

Because the data will be sent by the FPGA through
the ZigBee module, the FPGA-processed data is

designed to export to the ZigBee chip through the
UARTO series on CC2530. The 17th pin(P0_2 port)
on the CC2530 chip is the receiving port of the ZigBee
module, and the 16th pin(P0_3 port) on the CC2530
When
designing the circuit connection, connect these two
pins to the corresponding 1/O port on the FPGA™,

is the sending port of the ZigBee module.
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Fig.5 (CC2530 and its peripheral circuits

3.2 Coordinator node design

The main function of the coordinator node is to
transfer the received data through the wireless
network to the host computer. Due to the low data

transmission speed of the ZigBee network and the
baud rate of the transmission of 115 200 bps, serial
port communication is used. The system uses the
CH340T serial port/USB conversion device as a
bridge to connect the coordinator and the host
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computer. The CH340T chip has a separate buffer
for receiving/sending data, and it supports multiple
types of asynchronous serial communications. When
asynchronous serial communication is performed, the
format of the data is: 1 bit of starting bit (low
level) , 5—8 bit of data bit, 1 bit or 2 bit of stop bit
(high level). In this design, the working voltage of

+3. 3 V is selected for the CH340T. Firstly, the
+5V voltage provided by the USB
connected to the host computer is used, and then the
voltage is converted to +3.3 V via the LM1117-3. 3
chip. The CC2530 and CH340T chips are powered.
The connection circuit between the CH340T, the
CC2530 and USB interface is shown in Fig. 6.

interface
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Fig. 6 Serial port/USB conversion circuit

3.3 Optimization design of LZW algorithm

Since the LZW algorithm is a dictionary based
algorithm, the retrieval of the dictionary has a great
impact on the compression speed of the data, In order

to raise the retrieval speed, the system uses multiple
hash structures to search, and establishes a hash
function so that its keyword K corresponds to its
storage location in the dictionary. Fig. 7 shows the

dictionary retrieval process for the hash structure.

Entry 1
i ~ Entry 2
| Current data processing x Hashing . eutry Ty
"Ask for a pointer pointer s
P=hash(Z, x) »{ Target entry
| Current data processing / Ent;—;; ~M_1
Entry M

Fig. 7 Dictionary retrieval of hash structures

In the LZW data compression algorithm, when the
compressed data is output, the compressed encoding
address of the
dictionary. Therefore, after the data is processed by

of the output is actually the

the LZW compression algorithm, the final encoding

length is related to the size of the designed
dictionary. Setting different sizes of dictionaries can
affect the final compressibility. The system selects
the original data with a size of 500 KB from the
existing project data. Then use MATILAB software
to write a computer based LZW data compression
algorithm, set the dictionary size to 2, 4, 8, 16 and
32 K, and compress selected raw data. Finally, the
most reasonable dictionary size is set by comparing

After

comparison, the relationship between the dictionary

the compressed data sizes. experimental

size and the compression ratio of the data is shown in
Table 1.

Table 1  Relationship between dictionary size and compression
ratio
Compressed Dictionary File size after Compression
data source size (K) compression (KB) ratio
2 322. 58 1.550 ¢+ 1
4 289. 18 1.729 + 1
Initial data
_ 288.52 1,733+ 1
(500 KB)
16 286. 37 1.746 + 1
32 282. 33 1.771+ 1

As seen from Table 1, the compression ratio of the
original data is also increasing as the dictionary

When the
dictionary size changes from 2 K to 4 K, the

setting size continues to increase.

compression ratio of raw data grows fastest. When
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the size of the dictionary gradually increases from 4 K
to 32 K, the increase in the compression ratio slows
down. Combining the above experimental results,
the setting size of the dictionary during this
compression process is 4 K, and in this dictionary,
the first 256 locations are placed from 0 to 255.

When the dictionary is full, it is automatically

4 System programming and functional
implementation
The FPGA program is written with the VHDL

language in the development environment Vivado of
Xilinx. Fig. 8 shows the flow chart of the entire

emptied. system.
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Fig. 8 FPGA internal program block diagram

4.1 LZW data compression module design

In this design, there are 4 channels of data that
need to be compressed. The design diagram of the
single LZW data compression algorithm is shown in
Fig. 9.

LZW 1
String table
Red
signal Write
“Damtove | | String table | | signal
Input data FIFO1 P : FIFOI
8bit'2 K) e String table | | Compressed g pip*) K

data
—

Empt: N
sighal ,| | String table

i

String table

Fig.9 LZW compression algorithm diagram

In order to prevent data confusion from causing
data invalidation, a frame head and a frame tail are
added to the data generated after each compression of
each channel. Since the compressed data is 12 bits,
the frame head and the frame tail are designed to be
12 bits. Table 2 lists the frame head and frame tail
flags for the 4-channel data.

Table 2 Frame head and end flags for four channel data

Number of channels Frame head Frame tail
1 0x111AAA 0x111FFF
2 0x222AAA 0x222FFF
3 0x333AAA 0x333FFF
4 0x444AAA 0x444FFF

When compressing the data of each channel, a
FIFO of 2 KB is set and the data in the FIFO is read
when the FIFO is half full.
module, if receiving the half-full signal of FIFO,
firstly output the frame head “Ox111AAA”. Here, it
should be noted that the added frame head is not
compressed, but directly controls the memory of the

In the compression

frame head symbol to the compressed output of
FIFO. After the last compression of the output data,
add the uncompressed frame tail “Ox111FFF”, and
the program control is stored in the FIFO with a
compression backend width of 12 bits. Fig. 10 is the
simulation result of adding the first frame head. As
seen from the figure, when the half-full signal of
FIFO is valid. the frame head flag “Ox11AAA” in the
first line is output to the back end of the FIFO during

the next clock cycle,

Fig. 10

Add first frame head simulation
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4.2 Data transmission module design

After the compression program has processed the
data, the data must be sent. Since the 4-channel data
uses four compression modules, the data
transmission process must be controlled, that is, the
arbitration of the sent data.

From the LZW data compression algorithm, it can
be seen that because the data on each channel is
different, and the time for finding different
characters is different, the time used by the 4-
channel data in the compression process is also
different. In this design, four different priorities are
set. When a compression module with a channel has
data, that is, when the

corresponding channel FIFO is empty, the priority of

compressed  the

the channel is set to the highest. In other words, the
compressed data in this channel is sent out firstly and
data detection is performed when reading data from
the FIFO of 12-bit. If it is detected that the frametail
sign of this channel composes of two consecutive 12-
bit numbers, it indicates that the data of this channel
has been temporarily sent, and then the data of the

The first 12-digit

next priority channel compression is ready to sent. If
one channel is in the process of sending data, another
channel is also compressed, then later completed
channel is set to the next priority and enters the
waiting state until the high-priority channel sends the
data. When the FPGA sends data to the CC2530, the
baud rate is set to 115 200 bps, and the original data
collected by the front tail is 32 768 bps. The
compressed data will be smaller and must be sent
within 1 s. Therefore, there is no redundancy in the
process of sending the data of these four channels.

At the same time, it should be noted that the
receiving end of the data is the UARTO serial port on
the CC2530. The data format is: 1 bit of start bit,
8 bit of data bit, no parity bit, 1 bit of stop bit.
When receiving the compressed data of 12-bit, two
12-bit data are used as a group, and the data are
received by three times. As shown in Fig. 11, the
serial port receive the high 8 bits data of the first 12-
bit data firstly, then receives the low 4 bits data of
the first 12-bit data and the high 4 bits data of the
second 12-bits data, and finally receives the low 8
bits data of the second 12-bit data.

The second 12-digit

(N N N N O O B

N N N I I O N

- AN

AN /

I
First send

Second send

I
Third send

Fig. 11 Data transmission set

In terms of clock matching, since the baud rate of
CC25307s serial port is set to 115,200 bps, the data
sender of the FPGA is set to match the baud rates of
two port. The system clock frequency is
29. 491 2 MHz, so 256 frequency division is needed.

4.3 Wireless network function implementation

To realize the function of wireless sensor network,

not only the function of the acquisition and
compression module on the terminal node is needed,
but also the development of the CC2530 chip is
required to make sure it can form network
successfully and realize the most basic network
communication. In wireless sensor networks, three
different types of network devices are installed,
namely, coordinators, routers, and terminal node
devices.

The coordinator is responsible for transmitting the
received data to the host computer;

The router node is responsible for relaying the

received data;
The terminal node device is responsible for sending
the collected and compressed data.

5 'Test validation

In order to verify the correctness of the real-time
data compression wireless sensor network, it is
necessary to conduct a comprehensive test and verify
of the system.

After multiple tests, the system sets the number of
dictionary hashes as 25 times and simulates it. As
shown in Fig. 12, when the clock is 100 MHz, it
takes 83. 632 ms to compress 64 KB random data,
with an average processing rate of 765. 1 kB/s, which
is much larger than the inflow rate of front-end data.

Multiple data collection and compression tests are
performed to record the changes of the compression
ratio. As shown in Table 3, the compression ratio of
data is also better.
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Fig. 12

Table 3 Compression test results

Compression effect diagram

Chipscope is used to test and verify the A/D

collection function on the terminal node. The results

Compression Compressed Frequency Compression
source source size (KB)  range (Hz) ratio are shown in Fig. 13. It can be seen that in the FIFO
A/D data 1 256 0300 Lel:l of caching the first and second channel data, the data
A/D data 2 - 0300 Lss: 1 is increasing, w}nch is the s.ame as the trend of sine
waves. There is no data in the third and fourth
A/D data 3 256 0—300 1.83:1
channels.
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Fig. 13 A/D capture function test

LLZW data compression module is the key of data
processing in this design, which is related to the
correctness and integrity of data. Fig. 14 shows the
by

Chipscope. As seen from the figure, the compression

test of the LZW data compression module

module has compressed the collected channel data and
output 12-bits data(hexadecimal display), and due to
the different time taken to consult the dictionary
during the compression process, the data output time
of each compression module is not uniform.

{8} Waveform - DEV:0 MyDevice0 (XC6SLX25) UNIT:0 MylLAO (ILA)

Bus/Signal x o R AN R R R e e e,
o~ /XLXI_27/Lzw0_out 1Fa| 1F9 2EF T 33F b 635 )l
o /XLXI_27/Lzwl_out 275| 275[5aE y 2E0 Y 300 y 2F1 W
o /XLXI_27/Lzw2_out 26F | 26F[ Y 4EC i 211 \ 134 W s
o /XLXI_27/Lzw3_out 181| 181[ sBE b 3IF2 b 418 ) SR S

Fig. 14 LZW compression module test

When directly observing the Chipscope snapshot of
the LZW data compression module, it is difficult to
the the

Therefore, the data received by the host computer is

judge accuracy of compressed data.
saved into the text file. Then analyze and verify the
data.

Fig. 15 shows the data received by the host
computer, from which the frame head and frame tail

of the compressed data of each channel can be found.

Frame tail of
channel 3

Frame head of
channel 1

54 B7 BF 8B\63 8C 67 F8 1E/B2 35 4D 26 D2 00
D3 BE 84 D8 §1 A9 D9 CB 0F 8A 63 6E 54 63 FD
14 72 D8 2E 43 8F DD 7D 8D 5B B3 BA 9E
2E 5F 85 2C 6F\D3 CB 2C p3 9F D7 B5 10 CD A8
3A1A 4101 10 00 5D 05 EO
AC 64 41 9F EE 74 A4 A5 D1 91 6B 10 CD 79 73
CE 84 A9 6F 6C C1 8F EF A4 6D EF 9F 5A 36 19
C5 20 1A 45 37 14 14 34 84 69 14 80 61 A6 91
7A 0A 40 79 76 AB 2B 5C EA 24 2F 25 9B 02 BD

93
2A
6E
c4
D2
F3
EA
-
B3

Fig. 15 Frame head and frame tail for receiving data
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The data is subcontracted and decoded by using the
upper computer, and the channel voltage waveforms
are finally drawn using the tracing method, as shown
in Fig. 16. It can be seen that the waveforms drawn
by the first channel and the second channel are
consistent with the data waveforms collected by
A/D, and the third and fourth channels are low-
level. From the test results, The validity and
accuracy of the real-time data compression wireless
sensor network are verified.

s i

AVATATARR:AVATATAY.

FL )

\ [ ) W 0 w0 S0 80

Start collect Stop collect Clear | Close |

Fig. 16 System test

6 Conclusion

Combining the advantages of ILZW algorithm for
real-time lossless compression of data, a wireless
transmission system is designed. Through several
tests, it is shown that the system can achieve real-

time compression with the compression ratio of more

than 1. 81 : 1. And it is proved that the real-time
data compression wireless sensor network has good
performance. After the actual test, the system is
stable and has a certain practical value.
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