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Abstract

The Consultative Committee for Space Data Systems
(CCSDS) has recommended an image data compression
standard, CCSDS 122.0-B-2. This paper presents a software
implementation of CCSDS 122.0-B-2 in Golang. There are
few existing software implementations which are
recognized by CCSDS Community. However, turn-around
time for decompression is the bottleneck with increase in
image size. To reduce the turn-around time, the concept of
concurrency methodology is used to parallely decompress
segment wise data. As a consequence, the performance of
the software improved notably by 300% with respect to the
existing software implementations. A detailed design is
explained and the experimental results suggest that this
implementation is competitive with existing approaches.
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1. Introduction

From decades, the modern on-board payload data
processing has faced the dilemma as the data rate of
contemporary payload cameras is increasing, while the
bandwidth is limited. The Consultative Committee for
Space Data Systems (CCSDS) establishes a recommended
standard for a data compression algorithm applied to two-
dimensional digital spatial image data from payload
instruments and to specify how this compressed data shall
be formatted into coded segments to enable decompression
at the receiving end. Data decompression has multi-fold
advantages which includes among other things reduction in
channel bandwidth, storage and buffering rate and data
transmission time.

The Consultative Committee for Space Data Systems
(CCSDS) has recommended three Image Compression
standards to cater to these requirements of high data rate:

e CCSDS 121.0-B: Lossless data compression [1]

e CCSDS 122.0-B: Standard for Image data compression
(2]

e CCSDS 123.0-B: Lossless compression of multi-
spectral and hyper-spectral images [3]
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e CCSDS 124.0-B: It is at the conceptual stage which is
used for compression of fixed length housekeeping
data [4]

Among these, CCSDS 122.0-B is the recommended
standard for Image compression. This standard was released
in two versions, one in 2005 [5] [6] and the other in 2017
[2]. There are various software implementations of CCSDS
122.0-B-2 that are available [7] [8]. However, the
performances of these implementations are slow with
respect to high data rate systems.

An attempt is made in this direction to exploit and use
the concept of Golang concurrency to develop image
decompression software which optimizes the performance
of decompression. This paper presents a software
implementation of decompression algorithm for CCSDS
122.0-B-2 Image compression standard.

The software provides different features that can be
controlled by means of command line parameters. These
parameters can be passed as arguments for program,
selecting some of the algorithms that the application
incorporates. The decompression technique can be used to
decompress both lossy compression and lossless
compression.

The paper is organized into seven sections. Section 1
provides introduction. Section 2 briefly describes the
existing implementations on CCSDS decompression.
Section 3 presents software design in detail, including the
architecture and modules of the software. Section 4 gives
configuration of the system that was used to test the
implementation and used to compare the performance of the
implementation with that of other two existing
implementations. Section 5 provides the implementation
results with respect to existing software implementations.
Section 6 gives the analysis and comparison of the results.
Section 7 summarizes the work carried out.
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2. Literature Survey

Literature compares various compression approaches
on satellite imagery. [9] describes data compression as the
process used to reduce the amount of data in order to
represent information. These approaches are divided
broadly into two categories based on de-correlation [9].
These two categories are:

e Prediction based compression methodologies: These
methods exploit the redundancy in the data and the
compression is achieved using predictive coding.
According to [23], redundancy is a characteristic which
is related to predictability, smoothness and randomness
among other things. An image of constant gray level is
fully predictable if the gray level of the first pixel is
known. On the other hand, a white noise random field
is totally not predictable and may require every pixel to
be stored to reproduce the image from data. Differential
Pulse Code Modulation (DPCM) and Adaptive DPCM
are examples that can be can be classified as prediction
based.

e Transform based compression methodologies: In
this technique, the compression is achieved by an
energy preserving transformation of the given image
data into another array such that the maximum
information is packed into a minimum number of
samples. Because of this, these are also known as
Transform coding and these are related to non-causal
representations. Discrete Cosine Transform (DCT)
based compression and Discrete Wavelet Transform
(DWT) based compression are two examples that fall
under this category.

Any compression model in general, includes encoder and
decoder block [10]. Encoder comprises three modules
namely,

e A prediction module (in case of prediction based
methodologies) or forward transform module (in
case of transform based methodologies): It performs
spatial decorrelation

e Quantization module: It reduces the range of errors

o  Entropy encoding module: This module reduces
coding redundancy

A typical decompression model consists of
e Decoding and

L Inverse transform

According to [10], DCT-based compressions are most
commonly used onboard image compression. A survey of
about 40 space missions were investigated and it was
revealed that more than half (55%) of onboard systems are
transform based. According to another research [10] there
is increase in DWT based systems after the implementation
of CCSDS-IDC, i.e., after 2005.

Our area of interest currently lies in CCSDS-decompression
methodologies. The compression technique described in
CCSDS 122.0-B-2 Recommended Standard is used to
produce both lossy and lossless compression. The
compressor consists of two functional parts, a Discrete
Wavelet Transform (DWT) module that will be used to
perform decorrelation and a Bit-Plane Encoder which
encodes the decorrelated data as depicted in Figure-1[12].

Input

Data Discrete Bit-Plane
— > _Wavelet > Encoder
Transform Coded

Data

Figure 1 CCSDS Image Compression Model

There are various implementation approaches that are
studied by the researchers while implementing CCSDS
Image decompression standard. Broadly we can classify
them as three categories [22] [21] [13], namely software,
hardware and software-hardware. Software-hardware
approaches include implementing the algorithm on Field
Programmable Gate Array (FPGA). Application Specific
Integrated Circuited (ASIC) based implementations come
under hardware category, while software implementations
consists of implementing them on general purpose personal
computer. Literature says [18], approximately 40% of
onboard satellite image compression strategies are ASIC
based systems due to their higher throughput. Various
researchers have proposed their implementation
methodology on FPGA [14] [18] [19]. As the complexity of
algorithm increases, the FPGA implementation complexity
increases drastically. The present work falls under the
category of software implementations.
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Various software implementations are proposed by
researchers which can be executed at ground stations for
quick decoding. As part of this, two prominent
implementations are described below. First, a C language
implementation was developed at University of Nebraska.
This provides an implementation of CCSDS 122.0-B-1
recommended standard, which is based on wavelet
transform and bit plane scanning. The software was last
updated in March, 2008 [8]. The second one, a Java
implementation by Univsrsitat Autonoma de Barcelona,
called as TER. TER software is an implementation of
CCSDS 122.0-B-1. It not only implements CCSDS
recommendations, but also new features are added to the
standard. TER is distributed with General Public Licence
(GPL) also [7].

With the increase in data rate, the turn-around time to
decompress the data is increasing with the existing software
implementations. The present research work is targeted to
achieve a robust, scalable software based implementation of
CCSDS image compression with better turn-around time.

3. Proposed Methodology

Object Oriented Design Principles (OOPS) were used to
design this software, which has the following advantages.

e Principles of encapsulation makes code more readable
and maintainable

e Concepts of inheritance with detailed component
characteristics helps in implementation

e Easy to implement changes

e Superior performance for medium to high volume
environments

The first step in decompression is to read the data from file.
As CCSDS Image compression is segment based, we read
segment wise data. We assign each segment of data to a
Goroutine, which is a lightweight thread. The responsibility
of this Goroutine is to decompress the segment that is
allocated. The number of parallel go routines (threads) can
be configured in the software. The next step is to generate
DC coefficients for each bitplane, refine if required, and to
generate AC coefficients. At the end of bit planar decoding,
we are serializing these parallel go routines to form a 2D
matrix. This serialization happens in bunch of segments.
We wait for 1024 segments and serialize them and give it
as input to Inverse Wavelet Transform module. The number
of serializable segments is chosen as a trade-off middle
point between time and the memory consumed. This
number is one of the configurable parameters in the
software.

Segmeni-wise Parallel Processing

Figure 2 Work Flow of CCSDS Image Decompression

To improve the speed, the implementation language should
have good concurrency features, along with good multi-
threading support. A feasibility study of 5 languages were
carried out based on the above requirements and Golang
was chosen to develop the software. Go is open source
language developed by Google in 2007. It has in built
Automatic Memory Management or Garbage collection.
And  Built-in  Concurrency  features based on
Communicating Sequential Processes (CSP). Goroutines
are probably the best feature of Go. They are lightweight
computation threads, distinct from operating system threads
[17]. With Golang have the scalability benefits of
asynchronous programming with a  synchronous
programming model.

The core concept of this paper is to decompress segment-
wise data. As shown in Figure 2, we read segment-wise data
and parallely process further steps. Each module is
explained in detail below:
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File Reader: This module is responsible to read data from
file. In the compressed data, we have various headers such
as Part 1A, 1B, Part 2, Part 3 and Part 4. This module reads
part 1A of header and checks for other headers. Based on
their flag details, each of these headers is read. All the
header parameters are initialized to a structure. The data and
this header information is passed on to further processing
modules. As explained above, each thread has a segment of
data and its corresponding header information associated
with it.

Decompress Segment: This module runs as go routine. In
other words, for each segment of data, decompress segment
module is called once. As part of this, we calculate DC
coefficients, refine them if required, for each bitplane,
resolution level and gaggle, we have to calculate the AC and
DC coefficients and refine them. This module has sub
modules namely, Decode, RefineAC, DecodePlane etc.
which generates AC and DC coefficients.

Assemble Segments: This module serializes all the DC and
AC coefficients which are generated from all the segments.
Before, Inverse Wavelet Transform operation is performed;
we will serialize coefficients as per standard format like
Low-High (LH), High-High (HH), High-Low (HL) and
Low-Low (LL). We will wait till decoding and computation
of DC and AC for 1024 segments is completed and then
performs this operation.

Inverse Discrete Wavelet Transform: This module is
responsible for both float and Integer IDWT. This module
will run for multiple 1024 segments concurrently.

Inverse Weighing: Custom weights are an optional header
parameter in Part 4 of compressed data. Based on the
provided weights in header, inverse weighing is applied on
the data after IDWT operation. The header parameters can
be overwritten using command line arguments.

Padding Rows and Image Generation: Based on the
image size provided in the header, rows would be padded if
required and image is generated.

4. System Configuration

The configuration of the system that was used to test and
compare all the three implementation is given below in
Table-1 and Table-2.

Hardware Configuration is depicted in Table - 1

Software Configuration is denoted in Table - 2

Description Configuration

High-End PC Fujitsu Workstation

CPU Intel Xeon(R) Gold 6140
@2.3 GHz*72

RAM 128 GB

Disks 8*1.2 GB

Hard Disk 8 TB

Ethernet 4 Nos (2*1Gbps,
2*10Gbps)

Table-1 Hardware Configuration

Description Configuration

Operating System Redhat

Enterprise Linux 7.5

RAD Tools VS Code and Golang

Database Server MySQL Server 5

Table-2 Software Configuration

5. Results

As explained in Section 2, several software
implementations are available which are recognized by
CCSDS [13]. A C language implementation was developed
at University of Nebraska. Another implementation in Java
was developed by University of Barcelona under the
direction of Prof. Joan Serra. We tried to evaluate our
implementation with the existing two implementations and
the results are explained in detail in this section. The
implementation has been evaluated for the test images
namely, SAR, Solar, Lunar, and Europa from CCSDS
Image set [24]. The compression ratios are set to 1.5, 2, 5
and 8 for SAR, Solar data sets. And compression ratio is set
to 1.5, 2 and 5 for Lunar and Europa data sets. The
performance of the model is evaluated using three
parameters namely, Peak Signal to Noise Ratio (PSNR),
Maximum Absolute Error (MAE) and Mean Squared Error
(MSE) [16] [11]. Table-3 describes the results for these
parameters at different compression ratios.
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The images in the dataset are compressed to respective
ratios and PSNR, MAE & MSE are calculated with original
image vs decompressed image. The results in table-3 shows
that PSNR values decrease with increase in compression
ratio. On other hand, MSE and MAE increase gradually
with increase in the compression ratio. Results inherently
reveal that the developed software is on-par with the
existing methodologies. The time taken to execute 90MB
dataset by three software’s was compared on 128GB RAM
workstation whose configuration was given in Section 4. It
was observed that developed software out-performs by 300%
efficiency with file size 12MB onwards. The number of
lines of code has reduced to 2369 as compared to Java Code
with 5743 lines.

a) Original Image b) Output of Go

¢) Output of TER

d) Output of BPE

Figure 3 Comparison of Original Image and Decompressed
Images with all three software implementations at Compression
ratio of 2

6. Analysis and Comparison

Validation of the implementation is carried out using the
data sets provided in the CCSDS website [ 24].
Sample original image taken for comparison of results is
shown in Figure 3(a), Original Image was taken and

compressed with compression ratio of 2.0 using Barcelona
CCSDS compression software. This image is decompressed
using Barcelona decompression implementation and the
decompressed output obtained is shown in Figure 3(c). The
decompressed output image from Nebraska implementation
is depicted in Figure 3(d) and decompressed image output
from Golang software implementation is depicted in the
Figure 3(b).

Values for three statistical parameters used for
comparison of the three implementation namely PSNR,
MSE and MAE of the four different data sets, Solar, SAR,
Lunar and Europa, are computed for varying compression
ratios. And the results obtained are tabulated in Table-3 for
easy comparison.

From the Table-3, we can observe the following relations
between compression ratio and PSNR, MSE, MAE.

As compression ratio increasing the PSNR value is
decreasing for all the three implementation. This relation is
following a trend that is expected for all the four test images.

The values of MSE increasing for all three software
implementation with increase in compression ratio for
Lunar and Europa test images. The values of MSE are very
close for different compression ratios in case of Solar and
SAR test Images for three implementations.

The values of MAE are increasing with increasing
compression ratio for all four test images namely Solar SAR,
Lunar and Europa for all three software implementations,
which is as per trend expected.

7. Conclusion

The developed software is verified with CCSDS Test
image data sets for four types of images namely Solar, SAR,
Lunar and Europa and with varied compression ratios
ranging from 1.5 to 8. From the results presented in the
section 5, images shown in Figure 3 and the results for
various image data sets tabulated in Table-3, we conclude
that the research work successfully demonstrated the
implementation of CCSDS Image Decompression Standard
CCSDS 122.0-B-2 in Golang.

The software performs satisfactorily, even with voluminous
data and with considerable reduction in turnaround time for
the image data sizes 12 MB and more.

Hence, we can conclude that this implementation can be
considered as viable alternative to the existing
methodologies/implementations
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Test CR [PSNR MSE MAE
Image
IVebraska |Barcelona |Go INebraska |Barcelona |Go WWebraska |Barcelona (Go
mplementation Implementation Implementation

Solar 8 17.735  W@7.752 47.758 3.866 3.900 3.900 41.152 28.07 28.072
5 47.742  |7.755 17.774 3.860 3.896 3.895 36.357 22.886 [22.887
D 17.750  W@7.778 47.779 3.874 3.880 3.880 7.215 1.843 4.839
1.5 W|7.758 H7.781 47.782 3.881 3.871 3.874 5.325 4.309 1.306

SAR 8 39.007 B3.829 39.423 6.510 6.570 6.618 16.782 18.268  K6.705
5 39.795 B5.054 39.771 6.199 8.290 6.610 36.873 38.953 B8.134
D 40.249  39.853 39.953 6.886 6.483 6.512 35.402 38.653 [36.654
1.5 H|0.432 @0.192 10.006 7.182 6.395 6.436 5.347 1.708 4.795

Lunar 38.479 8.457 37.843 0.227 0.276 8.984 12.198 25.97 32.027
D 41.07 10.97 38.965 5.078 5.193 1.683 38.965 23.695 [27.246
1.5 [70.8611 [69.649 68.806 .005 .0070 .00496 1.539 3.153 4.263

Europa |5 28.479  128.457 28.794 9.275 9.279 9.186 42.193 42.973  42.072
2 31.07 30.97 30.965 5.078 5.493 5.036 38.928 37.695 [38.264
1.5 #40.8611 [39.649 40.086 0.005 0.007 0.006 4.693 4.513 4.503

Table-3: Performance Evaluation Parameters
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