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Abstract: Run Length Encoding (RLE) compression algorithms is one of the lossless data compression algorithms. RLE is considered
an easy and simple method to reduce the original data bits into a lesser number of bits. This paper proposes a modified architecture and
implementation of RLE algorithm. The modification in the architecture was by applying 3-bit instead of 8-bit register as a counter to the
repletion of identical consecutive data elements. The implementation of this algorithm is based on FPGA by using Verilog HDL. The
proposed architectures prepared in Verilog hardware description language (HDL). The modules of Verilog HDL were simulated and
synthesized using Xilinx ISE 14.7. The result showed that the compression ratio was 1.282 by using counter of 3-bit comparing to 1.0037

when the counter was of size of 8-bit .
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1. Introduction

Data Compression classifies into two ways lossless
compression and lossy compression. Lossless compression
is a kind of data compression algorithm that permits the
information to be totally compressed and decompressed
without any loss of the original information. The first data
and the data that outcome from compression and
decompression are totally the equivalent on the grounds that
no part of the information is lost in the process [1]. Lossy
data compression is the class of data encoding strategies that
utilize estimated approximations and partial data discarding
to represent the content. These methods are utilized to lessen
data size for storage, dealing with, and transmitting content.
Lossy compression has a higher compression ratio than
lossless compression so lossy methods are most often used
for compressing images, videos and sound. While lossless
methods are most often used for compressing text and data
files. So, the compression technique is one of the most
important parts to increase system performance. To perform
lossless data compression run length encoding RLE [2] is
well prospered.

2. Related Work

In this section, some of RLE architectures and
implementations by using FPGA are reviewed. In [3], S.
Sarika, et. al, improved a method for data compression by
utilizing bit stuffing to break bigger groups and reduce the
number of bits to represent the run value and reduce the
memory stack and thus speeds up. With a little modify in the
compressor architecture, the compression ratio significantly
affected. The author in [4], used lossy data compression to
purpose modified run length encoding using Verilog HDL.
The author proposed that if the next data is equal or greater
by 1 or less by 1 than the first data it's considered in run and
counter will be increased. By using the architecture that
mentioned, the work in [4] achieved a high compression
ratio but suffering from loss data after compression and
decompression. In [5], the authors used RLE in certain way
that the identical data (runs of data) are stored as a data
value 8 bit and count value 16 bit that mean a maximum
value of count equal to 2. That method improved the

compression ratio when the input sequence has very large
identical data.

3. RLE

RLE is a very simple and easy method of lossless data
compression, in which the sequence of equal data is stored as
a single data value and a single count. This is useful for data
that contains great identical data [6]. For example, if the
input data is [35,35,35,35,40,40,72,72] then the output data
sequence will be [(35,4), (40,2), (72,2)]. The Compression
Ratio (CR) is denoted by the mathematical formula [7] : CR
Uncompressed size

compressed size
So, the compression ratio of this example will be:
number of uncompressed data = number of bits

number of compressed data = number of bits
8«8 G4
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4. Architecture of the proposed Modified
RLE

The architecture of modified RLE is presented in the next
subsection. Firstly, the architecture of compression phase
will be described with the flowchart that clears the sequence
of events followed to achieve the purpose. Secondly, the
architecture module of decompression of modified RLE is
described with the flowchart.

Compression and Decompression

Generally, the main goal of using RLE is to decrease the
memory used for data storage purposed and to improve
the compression ratio. The proposed RLE compression
architecture uses four main registers for certain function
for each one and with different number of bits. Table 1
shows the mentioned registers with description for their
functions.

Figurel shows the block diagram of the compression of
the Modified RLE. In general, there are set of registers
with different sizes where used in the architecture module
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proposed in this work, these
description were listed in Tablel.

registers with their

Initially, the stream of input elements (or characters) with
size of 8-bit for each is delivered in a register I-temp
according to a specified clock. If the next input element is
equal to I-temp then I-counter register will be
incremented by 1. if not, then I-temp will copy out to
register ouput, while I-counter will copy out to counter,
then store the next data element in I-temp and so on until
reaching the end of data stream that is indicated by data-
read. The indicator last is used to define the desirable
output where it's set to 1 with each desirable output.

The modified RLE uses register counter with 3 bits only
to store the number of repetition, so the highest value of
the counter is 7. That means, the proposed architecture of
modified RLE suggests that the maximum repetition of a
certain data element is 7. In fact, this will lead to
decrement the number of bits in the resulted output data
stream. The results showed that using counter with larger
than 3 bits will reduces the compression ratio of the
modified RLE.

The compression ratio of the modified RLE can be
studied through applying the same example presented in
section 3 above. The elements of input data
[35,35,35,35,40,40,72,72] contains 8 elements and the
size of each element is 8 bits, then the output data
sequence will be [(35,4), (40,2), (72,2)] according to the
proposed RLE. The first number in the sub parentheses
represents the element itself while the second one is the
count of repetitions for that element. In fact, the result is
the same of that example shown above but the difference
is in the number of bits required to represent the count
numbers of the resulted data stream. Here we just need 3
bits instead of 8 bits that was needed to represent the
count and the compression ratio will be:

cp= Pumberofuncompressed data * number of bits

number of compressed data * number of bits

23 Gd

== —— = —=103
3=843=3 33

comparing to 1.33 that represent CR when the number of
bits was equal to 8 for representing the repetition of certain
element. Figure 2. shows the flow chart of the compression
algorithm considered by the proposed architecture of
modified RLE. Similarly, Figure 3. Demonstrates the block
diagram of the decompression of the Modified RLE that
uses the same registers used in the compression phase but
with opposite order. In the same way, Figure 4. illustrates
the decompression algorithm for the architecture of modified
RLE. Really, the way that the decompression takes on is the
reverse of that used by compression side and is detailed in
Figure 3.
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Figure 1:Block diagram of modified RLE compression
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Figure 2: Flowchart of the compression.

Table 1: Description of registers used in modified RLE

Register Description # of bits
I-temp Intermediate_ register, and stores the current 8
element that is compared to the next element
Intermediate register, stores the intermediate
I-counter 3

count of identical consecutive elements

data-Read | Stores the count of the total number of 16
elements read

Indicator used to define the Desirable output.

last \Where it's set to 1 with each Desirable output| !
counter | Stores the final count of identical elements 3
output Stores the value of identical elements 8
. Stores the value of the each element before
input - 8
entering the system
o
imgut (7:0) —— RLE stpet (T:0)
Comter (249) DECOMPRES SION

| —
Figure 3: The Block Diagram of Modified RLE
Decompression
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Figure 4: Flow chart of decompression.

5. Implementation and results

Modified RLE  compression and  decompression
architectures were designed using Verilog HDL. The
designed modules are simulated and synthesized using
Xilinx ISE 14.7. In this technique, a finite-state machine
(FSM) is used. The maximum operating frequency of
compression RLE used is 171.737MHz. This design is
implemented in XA Spartan®-3E FPGA platform. XPS
synthesis report of implementation of modified RLE
compression is presented in Table 2. Also, Figure 5 shows
the output signals of the Modified RLE compression
module.

Table 2: XPS Synthesis Report of the implementation of
Modified RLE Compression

RLC Project Status (02/26/2020 - 14:27:09)

Project File: RUN_LENGTH_ENCODING. xise Parser Errors: No Errors
Module Name: RLC Implementation State: Synthesized
Target Device: xc35500e-5fg320 +Errors: No Errors
Product Version: ISE147 +Warnings: Mo Warnings
Design Goak: Balanced *Routing Results:
Design Strategy: Yilin Default (unlocked! +Timing Constraints:
Environment: System Settings + Final Timing Score:
Device Utilization Summary (estimated values) 8]
Logic Utilization Used Available Utilization

Humber of Sices

465

Mumber of Slice Flip Flops

9312

umber of 4inputLUTs

9312

Humber of bonded 108s

232

Humber of GCLKs
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Figure 5: Output Signal Of RLE Compression Module

Figure 6 shows the Register-transfer level of modified RLE
compression architecture.

Figure 6: RTL of Modified RLE Cression Architecture

The maximum operating frequency of decompression
RLE applied is 308.356MHz. This design is implemented
in XA Spartan®-3E FPGA platform. XPS synthesis report
of implementation of modified RLE decompressionis
presented in Table 3. Figure 7 shows the output signal of
run-length encoding decompression module.

Table 3: XPS Synthesis Report Of The implementation Of
Modified RLE Decompression

decom Project Status (02/26/2020 - 14:44:17)

Project File: decompression. xise Parser Errors: NoErrors
Module Name: decom Implementation State: Synthesized
Target Device: xc3s500e-5g320 *Errors: NoErrors
Product Version: I5E 147  Warnings: Mo Warnings
Design Goak: Balanced * Routing Results:
Design Strategy: Xiinx Default (urlodked + Timing Constraints:
Environment: System Settings + Final Timing Score:

Device Utilization Summary (estimated values) B
Logic Utilization Used Available Utilization
Number of Shees 1 4656 0%
Humber of Slice Fiip Flops 18 312 0%
Number of 4input LUTs # 9312 0%
Number of bonded I0Bs il m 8%
Humber of GCLKS 1 bl %

Figure 7: Output Signal Of Modified RLE Decompression
Module
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Figure 8 shows the Register-transfer level of run-length sequence is encoded by using 8 bits for data value and 3
encoding decompression architecture. bits for counter value to improve the compression ratio,
thus, it improved the performance of the system.
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Figure 8: RTL OF Modified RLE Decompression
Architecture

The proposed architecture depending on the modified RLE
was applied to the Akiyo News image size of 480 * 640 * 3
that is shown in figure 9 and the compression ratio was
obtained with respect to different sizes of register counter.
The results were presented in Table 4. From Table 4 its can
be noted that the highest value obtained of the compression 6
ratio is 1.2878 when the counter size is a 3 bit . [6]

(s 4

Figure 9: Akiyo News Image

Table 4: Compression ratio for different sizes of register
counter
The number of bits of counter | Compression Ratio
8 1.0037
1.0664
1.2112
1.1305
1.2722
1.2878
1.2062

N hlOO|N

6. Conclusion

In this paper, modified RLE is proposed to design more
efficient compression and decompression by using
Verilog HDL. The designed modules are simulated and
synthesized using Xilinx ISE 14.7. The given data
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