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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards bodies (ISO
member bodies). The work of preparing International Standards is normally carried out through ISO technical
committees. Each member body interested in a subject for which a technical committee has been established has
the right to be represented on that committee. International organizations, governmental and non-governmental, in
liaison with 1SQ,_ also take part in the work 1SO collaborates closely with the International Flectrotechnical
Commissipn (IEC) on all matters of electrotechnical standardization.

Internatiorjal Standards are drafted in accordance with the rules given in the ISO/IEC Directives,|Part 3.

Draft Interpational Standards adopted by the technical committees are circulated to the member bodies for voting.
Publication as an International Standard requires approval by at least 75 % of the member bodies castjng a vote.

Attention is drawn to the possibility that some of the elements of this International-Standard may be the subject of
patent rights. ISO shall not be held responsible for identifying any or all such patent rights.

Internationjal Standard ISO 15887 was prepared by the Consultative Commiittee for Space Data Systems (CCSDS)
(as CCSDIS 121.0-B-1, May 1997) and was adopted (without modifications except those stated in clause 2 of this
Internationjal Standard) by Technical Committee ISO/TC 20, Aircraft, and space vehicles, Subcommittee SC 13,
Space datp and information transfer systems.
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INTERNATIONAL STANDARD ISO 15887:2000(E)

Space data and information transfer systems — Data systems —
Lossless data compression

1 Scope
This Internjational Standard specifies the requirements for lossless data compression in space data angd information
transfer systems. The purpose of this document is to establish common requirements for a source{coding data-
compression algorithm applied to digital data and to specify how these compressed data’shall be |inserted into
source pagkets for retrieval and decoding.

The scop¢ and field of application are furthermore detailed in subclauses 1.2 @nd 1.3 of the enclgsed CCSDS
publication.

2 Reqgulirements

Requirements are the technical recommendations made in the following publication (reproduced on Jthe following
pages), which is adopted as an International Standard:

CCSDS 121.0-B-1, May 1997, Recommendation for space,data system standards — Lossless data compression.

For the ppurposes of international standardizationy the modifications outlined below shall apply to] the specific
clauses and paragraphs of publication CCSDS 121.0-B-1.

Pages i to|v
This part i$ information which is relevantto the CCSDS publication only.
Page 1-2
Add the following information-to the references indicated:

[1] Document CCSDS 101.0-B-3, May 1992, is equivalent to ISO 11754:1994.

[2] Document€CSDS 102.0-B-4, November 1995, is equivalent to ISO 13419:1997.

[3] Document CCSDS 701.0-B-2, November 1992, is equivalent to ISO 13420:1997.

3 Revision of publication CCSDS 121.0-B-1

It has been agreed with the Consultative Committee for Space Data Systems that Subcommittee ISO/TC 20/SC 13
will be consulted in the event of any revision or amendment of publication CCSDS 121.0-B-1. To this end, NASA
will act as a liaison body between CCSDS and ISO.

© I1SO 2000 — All rights reserved 1
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AUTHORITY
I ssue: Blue Book, Issue 1
Date: May 1997
Location: S0 José dos Campos
SéoPato, Brazit

This document has been approved for publication by the Management Council of the
Consultative Committee for Space Data Systems (CCSDS) andrepresents the consgnsus
technigal agreement of the participating CCSDS Member Agencies.> The procedure for r¢view
and authorization of CCSDS Recommendations is detailed intfle Procedures Manual for the
Consultative Committee for Space Data Systems (reference{B1]), and the record of Agency
participation in the authorization of this document can be obtained from the CCSDS Secretariat
at the gddress below.

This Recommendation is published and maintained by:

QCSDS Secretariat

PBrogram Integration Divisiony(Code MG)
National Aeronautics and Space Administration
Washington, DC 20546, USA

CCSDS121.0-B-1 Pagei May 1997
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STATEMENT OF INTENT

The Consultative Committee for Space Data Systems (CCSDS) is an organization officially
established by the management of member space Agencies. The Committee meets periodically to
address data systems problems that are common to all participants, and to formulate sound
technical solutions to these probl ems. Inasmuch as part|C| pation in the CCSDS is completely

' ered bi ndlng on any Agency.
This[Recommendation isissued by, and represents the consensus of, the CCSDS Plenary body.
Agercy endorsement of this Recommendation is entirely voluntary. Endersement, hgwever,
indicgtes the following understandings:

0 |Whenever an Agency establishes a CCSDS-related standard, thisstandard will bejn
accord with the relevant Recommendation. Establishing such a standar d does not
preclude other provisions which an Agency may develop:

0 |Whenever an Agency establishes a CCSDS-related standard, the Agency will provide
other CCSDS member Agencies with the following information:

--  Thestandard itself.

--  Theanticipated date of initial opérational capability.
--  Theanticipated duration of operational service.

0 |Specific service arrangements shall be made via memoranda of agreement. Neitmer this

Recommendation noryany ensuing standard is a substitute for a memoranglum of
agreement.

No lgter than five years from its date of issuance, this Recommendation will be reviewed by the
nged to
[ired or

, 3 related
Agency standards and |mplementat|ons are not negated or deemed to be non-CCSDS
compatible. It is the responsibility of each Agency to determine when such standards or
implementations are to be modified. Each Agency is, however, strongly encouraged to direct
planning for its new standards and implementations towards the later version of the
Recommendation.

CCSDbS121.0-B-1 Page ii May 1997
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FOREWORD

This Recommendation establishes a common framework and provides a common basis for a
L ossless data compression algorithm applicable to several different types of data.

Through the process of normal evoI ution, itis expected that expans on, deletion, or modification

management and change control procedures WhICh are defi ned in the Procedures Manual-for the
Consultative Committee for Space Data Systems (reference [B1]). Current versions,ef CCSDS
documents are maintained at the CCSDS Web site:

http://www.ccsds.org/ccsds/

Questipns relating to the contents or status of this document should be addressed to the CCSDS
Secretgriat at the address indicated on pagei.

CCSDbS121.0-B-1 Pageiii May 1997
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At time of publication, the active Member and Observer Agencies of the CCSDS were

Member Agencies

— Agenzia Spazide Italiana (ASl)/Italy.

— British National Space Centre (BNSC)/United Kingdom.

— Canadian Space Agency (CSA)/Canada.

—_Centre National d'Ftudes Spatiales (CNES)/France.

—+ Deutsche Forschungsanstalt fur Luft- und Raumfahrt e.V. (DLR)/Germany.
—+ European Space Agency (ESA)/Europe.

+ Instituto Nacional de Pesquisas Espaciais (INPE)/Brazil.

+ Nationa Aeronautics and Space Administration (NASA)/USA.

+ Nationa Space Development Agency of Japan (NASDA)/Japan.

+ Russian Space Agency (RSA)/Russian Federation.

Obsgrver Agencies

+ Austrian Space Agency (ASA)/Austria.

+ Central Research Institute of Machine Building (TsNIIMash)/Russian Federation.
+ Centro Tecnico Aeroespacial (CTA)/Brazil.

+ Chinese Academy of Space Technology (CAST)/China.

+ Commonwealth Scientific and Industrial Research Organization (CSIRO)/Australja.
+ Communications Research Laboratory (CRL)/Japan.

—+ Danish Space Research Institute (DSRI)/Denmark.

+ European Organization for the Exploitation of Meteorological Satellites
(EUMETSAT)/Europe.

+ European Telecommunications Satellite Organization (EUTELSAT)/Europe.

+ Federal Service of Scientific, Technical & Cultural Affairs (FSST& CA)/Belgium
+ Hellenic National Space Committee (HNSC)/Greece.

—+ Indian Space Research Organization (ISRO)/India.

—+ Industry Canada/Communications Research Centre (CRC)/Canada.

+ Institute of Space and Astronautical Science (ISAS)/Japan.

+ Institute 6f-Space Research (1K 1)/Russian Federation.

+ KFKIResearch Institute for Particle & Nuclear Physics (KFKI)/Hungary.

+ MIKOMTEK: CSIR (CSIR)/Republic of South Africa.

+ Korea Aerospace Research Institute (KARI)/Korea.

+ -Ministry of Communications (MOC)/Israel.

— Nationa Oceanic & Atmospheric Administration (NOAA)/USA.

— Nationa Space Program Office (NSPO)/Taipei.

— Swedish Space Corporation (SSC)/Sweden.

— United States Geological Survey (USGS)/USA.

CCSDS121.0-B-1 Page iv May 1997
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INTRODUCTION
PURPOSE

The purpose of this document is to establish a Recommendation for source-coding data-
compression algorithm applied to digital data and to specify how these compressed data shall be
inserted into source packets for retrieval and decoding.

Source coding for data compression is a method utilized in data systems to reduce the vo

ume of

digital

c

12

The

miss
band
code

a) reduction of transmission channel bandwidth;

b) reduction of the buffering and storage requirement;

datato achieve benefits in areas including, but not limited to,

reduction of data-transmission time at a given rate.

SCOPE

characteristics of source codes are specified only to\the extent necessary to ensure
on support capabilities. The specification dees not attempt to quantify the

vidth reduction, the merits of each approach.discussed, or the design requireme
s and associated decoders. Some performanee information isincluded in reference [

This

data-rate reduction constrained to allew no distortion to be added in the data comp

decol
outlif

1.3

This
pack
comy

rangEof digital data, both imaging and-non-imaging, where the requirement is for am

Recommendation addresses only Lossless source coding, which is applicable to

pression process. The decompression process is not addressed. See reference [B
ne of an implementation.

APPLICABILITY
Recommendation applies to data compression applications of space missions antig

atible' €CESDS Agency standardsin this field, based on good engineering practice.

P multi-
elative
pnts for
B2].

a wide
oderate
on/

for an

ipating

btized telemetry cross support. In addition, it serves as a guideline for the development of

14

The concept and rationale for the Lossless source coding for data compression algorithm

RATIONALE

described herein may be found in reference [B2].

CCSDS121.0-B-1 Page 1-1 M
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1.5 BIT NUMBERING CONVENTION AND NOMENCLATURE

In this document, the following convention is used to identify each bit in an N-bit field. Thefirst
bit in the field to be transmitted (i.e., the most Ieft justified when drawing a figure) is defined to
be ‘Bit 0'; thefollowing bit is defined to be ‘Bit 1" and so on up to ‘Bit N-1'. When thefield is
used to express a binary value (such as a counter), the Most Significant Bit (MSB) shall be the
first transmitted bit of thefield; i.e, ‘Bit O'.

bit 0 bit N-1

A 4 b 4

N-Bit Data Field

first bit transmitted = MSB

In accgrdance with modern data communications practice, spacecraft, data fields are pften
grouped into 8-bit ‘words’ which conform to the above convention. Throughout this
Recommendation, the following nomenclature is used to describe this grouping:

8-Bit Word = ‘Octet’

1.6 REFERENCES

The following documents contain provisions which, through reference in this text, congtitute
provisipns of this Recommendation. (At the time of publication, the editions indicated |were
valid. All documents are subject ta.revision, and users of this Recommendation are encoufaged
to invegtigate the possibility ofcapplying the most recent editions of the documents indicated
below.| The CCSDS Secretariat maintains a register of currently valid CQSDS
Recomnendations.

[1] Telemetry Channel Coding. Recommendation for Space Data Systems Standards, CGSDS
101.0-B-3: _Blue Book. Issue 3. Washington, D.C.: CCSDS, May 1992.

[2] Packet Telemetry. Recommendation for Space Data Systems Standards, CCSDS 102.(

B Py n 1. Lo V.| \Alachinatan—IDC - OCOCIHC Nl L 1. 00L
UT DUUR. TooUT 5. VV A TTIYLUT, J.C.. UOUoU O, INUVTITIUTTE 1LIJJ9.

B-4.

[3] Advanced Orbiting Systems, Networks and Data Links: Architectural Specification.
Recommendation for Space Data Systems Standards, CCSDS 701.0-B-2. Blue Book.
Issue 2. Washington, D.C.: CCSDS, November 1992.

CCSDS121.0-B-1 Page 1-2 May 1997
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OVERVIEW
GENERAL

This Recommendation defines for standardization a particular adaptive source coding algorithm
that has widespread applicability to many forms of digital data. In particular, the science data
from many types of imaging or non-imaging instruments are well suited for the application of
this algorithm.

Ther¢ are two classes of source coding methods: Lossless and Lossy.

AL

the data source.

com
disto
The

numk
necey

Ont
conte

ess source coding technique preserves source data accuracy and removes.redun

cy in

In the decoding process, the original data can be reconsiructed from the

ressed data by restoring the removed redundancy; the decompression’ process gdds no

price it pays is generally a lower Compression Ratio, which is defined as the rati
er of original uncompressed bits to the number of compressed bits including overh
isary for signaling parameters.

nt along with the redundancy. The original data cannot be fully restored and data di

occuts. However, if some distortion can be tolerated, :0ssy source coding generally ach

highe
this
span.

This
theor|

r compression ratio. By controlling the amount of acceptable distortion and comp
echnique may enable acquisition and dissemination of mission data within a critic

Recommendation addresses only Lossless source coding and does not attempt to exp
y underlying the operation of the agorithm.

rtion. This technique is particularly useful when data integrity cannot be compromised.

of the
bits

ne other hand, a Lossy source coding method remaves some of the source infolmation

stortion
ieves a
on,
al time

ain the

2.2 |THE SOURCE CODER
The Lossless source coder’ consists of two separate functional parts: the preprocessor and the
adaptive entropy coder, as shown in figure 2-1.
Input
bata oV -
Block ‘ |
X~y Preprocessor 5 Adaptive oy
| Entropy | coded
Coder " Block
|
ffffffffffffffffff _
X = X1, Xo, X d= 51, 62, 5J
Figure2-1: Schematic of the Source Coder
CCSDS121.0-B-1 Page 2-1 May 1997
© 1SO 2000 — All rights reserved
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The inputs to the source coder are
X = Xq, Xoy « + 2 X

which isablock of J n-bit samples, where n is a constant value.

Preprocessor:

The pregprocessor applies a reversible function to input data samples x, to produce a * pretierred
source'f

8261,62,...6“...6\]

where gach 9, is an n-bit integer, 0 < §; < (2"-1). For an ideal preprocessing stage, & willl have
the follpwing properties:

al the{g} isstatistically independent and identically distributed;

b) the preferred probability, pm, that any sample &-will take on integer value m is a
nonincreasing function of valuem, form=0,4,: .. (2-1).

The preprocessor function is a reversible operation, and, in general, the best Logsless
preprogessor will meet the above conditions and produce the lowest entropy, which is a mgasure
of the gmallest average number of bits that caribe used to represent each sample.

This Regcommendation does not attempt to explain methods for choosing a preprocessing stage.
This Recommendation does provide the definition of a basic preprocessing stage that may be
suitable for many applications. However, it isimportant that the user carefully address this|issue
since careful selection of an appropriate preprocessing stage is essential for efficient comprassion
and depends on the source-data characteristics. Interested users should refer to reference [BR].

Adaptive Entropy‘Coder:

The fupction’of the Adaptive Entropy Coder is to calculate uniquely decipherable, variable-
length codewords correspondi ng to each bl ock of samples mput from the preprocessor The
entropyceae = = C . s 3 over
different yet overlappl ng ranges of entropy The coder eelects the codr ng optlon that glves the
highest compression ratio among the various options on the same block of J samples. A code-
option ‘identifier’, requiring only afew bits, is attached before the first codeword bit in a coded
block to signal the coding option to the decoder for proper decompression. Since the block size J
is small (16 or fewer samples) and a new code option is selected for each block, the overall
coding can be adjusted to adapt to rapid changes in data statistics.

CCSDbS121.0-B-1 Page 2-2 May 1997
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PACKETIZATION OF CODED DATA

The variable-length encoded bit stream representing a J-sample block forms a Coded Data Set
(CDS). CCSDS telemetry source packet structure is recommended to transport the CDSes,
which will be contained in the source data field of the packet. The information related to, for

exam

ple, the sensor, mission, time, and other mission-specific details necessary for the routing

and accounting of the packets, will be contained in the Packet Primary Header and (if present) in
the Packet Secondary Header (see references[2] and [3]).

24

ERROR CONTROL

Indiviidual channel bit errors have greater consequences when data are compressed. Eveén then,

the ¢
utiliz

a

b) use packetized telemetry as described in references[2] and [3].

pnsequences need not be catastrophic. For this reason, to limit error’propagatiop when
ng the source coding algorithm described in this document, the following is recommended:

use telemetry channel coding as described in reference [1];

CCSDS 121.0-B-1 Page 2-3 May 1997
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3 ADAPTIVE ENTROPY CODER

3.1 CODE SPECIFICATION

3.1.1 Figure 3-1 represents the general-purpose Adaptive Entropy Coder with a preprocessor.
Basically, such a coder chooses one of a set of code options to use to represent an incoming
block of preprocessed data samples, 8. A unique identifier (ID) bit sequence is attached to the

code block to indicate to the decoder which decoding option to use.

T 777777777777777 |l
| Code Option |
Selection |
| : A Selected
) Option
| Zero-Block [ Code |
Option |
| ) Option
| 2nd Extension_ 4~ \ 4 |
\ ) Option \ ' |
| FS — \ |
X=Xq,%g}...,X; 8=01,5,...,0; _ o v
)| Preprocessor | > ?{pf'ol” T* s\ >
| =
Option / \
| . 7
S
° |
\
) Option
‘ No Compression {— |
- - - . - - = ] |
Adaptive Entropy Coder
Figure3-1: The Adaptive Entropy Coder with a Preprocessor
NOTE| - Figure® 3-1 illustrates the principle of the Adaptive Entropy Coder wjth a
préprocessor; it does not illustrate an implementation.

3.1.2 The basic code selected is a variable-length code that utilizes Rice’'s adaptive coding
technique (refer to reference [B2]). In Rice's coding technique, several algorithms are
concurrently applied to a block of J consecutive preprocessed samples. The algorithm option
that yields the shortest codeword sequence for the current block of data is selected for
transmission. The zero-block option is a special case in that a single codeword sequence
represents one or more consecutive blocks of J preprocessed samples (see 3.4.3). In al other
options, the codeword sequence represents a single block of J consecutive preprocessed samples.
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3.1.3 Thefollowing variables are required by Rice' s adaptive coding technique:
— block size, J;
— resolution, n (number of input bits/sample);

— theID hit sequence of the selected code option.

3.1.4 The following constraints shall apply to the Entropy Coder’s variable-length adaptive

coding-scheme:

J = 8 or 16 samples per block;

n = resolution with a maximum of 32 bits per
sample with digital signal values from-0 to
2n-1, or from —2"-1to 2n-1-1,

3.2 |[FUNDAMENTAL SEQUENCE

The most basic option is a variable-length Fundamental Sequence (FS) codeword, which ¢onsists
of m|zeros followed by a one when preprocessed sample &, = m. Table 3-1 illustrateg the FS
codefvords. A Fundamental Sequence is the coneatenation of J FS codewords.

Table 3-1: Fundamental Sequence Codewords As a Function of the Preprocessed Samples

Preprocessed
Samgple Values, & FS Codeword

0 1

1 01

2 001

2n-1 0000 . . . 00001
(2"-1 zeros)

3.3 SAMPLE SPLITTING

3.3.1 The kth split-sample option is obtained by removing the k least-significant bits (L SBs)
from the binary representation of each preprocessed sample, &;, and encoding the remaining bits
with an FS codeword (see figure 3-2). This produces a varying codeword length. The FS

CCSDbS121.0-B-1 Page 3-2 May 1997
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codewords for the current block of J preprocessed samples are transmitted along with the
removed LSBs, preceded by an ID field indicating the value of k. This process enables the
adaptation of codeword length to source-data statistics.

3.3.2 TheFSoption described in 3.2 isa special case of sample splitting where k = 0.

~&————  n-bit preprocessed sample, d; —

(n—K) bits to be coded by FS codeword k split bits

MSB LSB

Figure 3-2: Split-Sample Format

34 LPOW ENTROPY OPTIONS

341 |GENERAL

The twp code options, the Second-Extension option? and the Zero-Block option, provide|more
efficient coding than other options when the preprocessed data are highly compressible.

34.2 |[THE SECOND-EXTENSION OPTION

When the Second-Extension option is selected, each pair of preprocessed samplesin a J-sgmple
block i transformed and encoded using-an FS codeword. Let & and j+1 be adjacent pdrs of
samples from a J-sample preprocessed data block. They are transformed into a singlg new
symbol| y by the following equation.

Y= (O + 0j+1) (&i + dj+1 +1)/2+ dj+1

The J/2 transformed<symbols in a block are encoded using the FS codeword of table 3-1.| The
above process reguires J to be an even integer which the recommended values in 3.1.4|obey
(J=8aqar 16).

34.3 | “ZERO-BLOCK OPTION

3.4.3.1 The Zero-Block option is selected when one or more blocks of preprocessed samples are
all zeros. Inthis case, a single codeword may represent several blocks of preprocessed samples,
unlike other options where an FS codeword represents only one or two preprocessed samples.

1Thefirst extension of a preprocessed sampleis the preprocessed sample itself.
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3.4.3.2 The set of blocks between consecutive reference samples, r, as described in 4.3, is
partitioned into one or more segments. Each segment, except possibly the last, contains s blocks.
The recommended value of sis 64.

3.4.3.3 Within each segment, each group of adjacent all-zeros blocks is encoded by the FS
codewords, specified in table 3-2, which identify the length of each group. The Remainder-Of-
Segment (ROS) codeword in table 3-2 is used to denote that the remainder of a segment consists

of five or more all-zeros blocks.

35

Thel
blocK

3.6

The 4
that |

Table 3-2;

Zero-Block Fundamental Sequence Codewor ds As a Functien
of the Number of Consecutive All-Zeros Blocks

NO COMPRESSION

CODE SELECTION

num

Number of All-Zeros Blocks FS Codeword
1 1
2 01
3 001
4 0001
ROS 00001
5 00002
6 0000001
7 00000001
8 600000001
63 0000 . . . 0000000001

(630sandal)

ast option is not to apply any data compression. If it isthe selected option, the preprpcessed
of samples receives.an attached identification field but is otherwise unaltered.

A\ daptive Entropy Coder includes a code selection function, which selects the coding option
performs best on the current block of samples. The selection is made on the basi$ of the
to code the current block of samples. A

ID bit sequences are shown in table 5-1.
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4 PREPROCESSOR

4.1 PREPROCESSOR FUNCTION

4.1.1 Two of the factors contributing to the performance measure in the coding bit rate
(bits/sample) of a Lossless data compression technique are the amount of correlation removed
among data samples in the preprocessing stage, and the coding efficiency of the entropy coder.

The functlon of the preprocessor |s to decorrelate data and reformat them |nto non- negatlve

perfornpance.

4.1.2 A preprocessor containstwo functions, prediction and mapping, as showninfigure4-1] The
preprogessor subtracts the predicted value, ¥, from the current data value,Xj. The resyltant
(n+1)-kit prediction error, Aj, isthen mapped to an n-bit integer value, &;,-based on the preglictor
value, %. When a predictor is properly chosen, the prediction errortends to be small, ard for
some spurces, has a probability distribution approaching Laplacian, for which the Adgptive
Entropy Coder is optimal. There are several preprocessing techniques, of which only ong, the
Unit-Delay Predictor as described in 4.2, is presented in this‘'Recommendation (see refefence
[B2] fof predictor examples).

Prediction Error
7AY

Input data block
X M \ O
- > Mapper >
— Preprocessed
Samples
% A

Predicted Value

Predictor

Figure4-1. A Preprocessor

4.2 PREDICTORS

421 PREDICTION TECHNIQUES

Several preprocessing techniques can be used with the Adaptive Entropy Coder. One technique,
using the Unit-Delay Predictor, is specified in 4.2.2 below. An application-specific predictor

may be used instead of the unit-delay predictor, but such a predictor is unique and not specified
in this Recommendation.
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UNIT-DELAY PREDICTOR

The unit-delay predictor technique illustrated in figure 4-2 uses the one-sample delayed input
data signal as the predictor for the current data signal, and the prediction error is passed to the
following mapper along with the predictor value for mapping to an integer.

Prediction-Etror
HeeHcHOR=H0H

+ Prediction 5

4.3

A ref
is bag
signg
from
prepr
referg
when
anin
descr]

(| - Error
— Mapper Preprocessed
Samples

Unit
Delay 4
Predictor X;

Figure 4-2: Preprocessor UsingaWUnit-Delay Predictor

REFERENCE SAMPLE

erence sample is an unaltered input’data sample upon which succeeding sample pre
bed. When a unit-delay predictor’or other higher-order predictors that use the previc
in prediction are used, references are required by the decoder to recover the samplg
decoded predictor errors. When the reference sample is inserted, there are
pcessed samples in the CDS. The user must determine how often to insert reference
pnce sample intervaly T, is limited to a maximum value of 256 CDSes (e.g., 4096 S
J=16). Whenreference is not required in the preprocessor, parameter r serves tg
lerval of inpot-data sample blocks that will be further segmented in the zero-block
jbed in 3.4.3:2.

4.4

diction
us data
values
J-1
S, The
amples
define
option

PREDICTION ERROR MAPPER

The Prediction Error mapper takes the prediction error values and maps them into non-negative
integers suitable for the Adaptive Entropy Coder. The prediction error Aj resulting from taking
the difference between a signal value, x;, and a predictor value, ¥;, both n-bit integers, will have
an (n+1)-bit dynamic range of [-2"+l, 2"-1]. However, for every predictor value, there are only
2" possible prediction error values. With a properly chosen predictor, the most probable
prediction error value is zero, followed by +l and -1, +2 and -2, ..., etc. The smallest prediction
error value is the difference between the minimum signal value, xmin, and the predictor value, ¥%;:
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Xmin — Xj. The largest prediction error value is the difference between the maximum signal
value, Xxmax, and the predictor value, ¥i: Xmax — %. To map the possible 2" prediction error
values into non-negative integers, the following equation is used:

[ 24 0<A <8
d=[2Ial-1 —0<A<0
[ b+ |a otherwise
where
0 = minimum(¥; — Xmin, Xmax — %)
and for|signed n-bit signal value,
Xmin = —2™1, Xmax = 21-1;
for nontnegative n-bit signal value,
Xmin = 0, Xmax=2"-1.
CCSDS121.0-B-1 Page 4-3 May 1997
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DATA FORMAT

5.1 LOSSLESSDATA STRUCTURES

511

GENERAL

Several parameters are required in order to transfer the adaptive variable-length losslessly coded
data between the coder and the telemetry channel packet formatter.

5.1.2

5.1.7
sam

OPTION IDENTIFICATION

Table5-1: Selected Code Option Identification Key

.1 The ID Field specifies which of the options was used for the accompanying set of
les. The ID-code keys for each of the options are shown in table 5-1.

Option n<8 8<n<16 16<n

Zero Block 0000 00000 000000

Second Extension 0001 00001 000001
FS 001 0001 00001
k=1 010 0010 00010
k=2 011 0011 00011
k=3 100 0100 00100
k=4 101 0101 00101
k=5 110 0110 00110
k=6 — 0111 00111
k=7 — 1000 01000
k=8 — 1001 01001
k=9 — 1010 01010
k=10 — 1011 01011
k=11 — 1100 01100
k=12 — 1101 01101
k=13 — 1110 01110
k=14 — — 01111
k=15 — — 10000
k=29 — — 11110
No compression 111 1111 11111

NOTE —‘—' indicates no applicable value.
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5.1.2.2 For applications not requiring the full entropy range of performance provided by the
specified options, a subset of the options at the source may be implemented. The ID is always
required, even if a subset of the optionsis used.

5.1.3 REFERENCE SAMPLE

When the preprocessor is present and the reference sample is required, the first CDS of the
Source Packet Data Field shall contain a reference sample. References shall then be inserted in
the Soprce Packet Data Field at least every 256 CDSes as specified in 4.3. When the
preprogessor is absent, or it does not require a reference sample, the reference sample'sha|l not
be inserted in the CDS.

5.1.4 |CODED DATA SET FORMAT

5.1.4.1 The CDS format when a sample-splitting option is selected is shown in figure 5-1.
Figure [5-1a shows the case where there is a reference sample; figure 5-1b shows the format
when rjo reference sample is present. The CDS has the following structure when a sarnple-
splitting option is selected: 1) ID bit sequence optionally followed by an n-bit reference sample,
2) comgrmd data, and 3) concatenated k least-significant bits from each sample.

a) Format with sample-splitting and referencé sample:

Option n-bit FS codes for e e
ID reference Jelsamples k' (3-1) split bits field

Coded Data Set

(variable-length field)

b) Format with sample-splitting option without a reference sample:

Option FS codes for -
ID J samples k « J split bits field

Coded Data Set
(variable-length field)

Figure5-1: CDS Format When Sample-Splitting Option | s Selected

5.1.4.2 When the no-compression option is selected, the CDS is fixed length containing the
option ID field, optionally followed by an n-bit reference sample, and J preprocessed samples.
The case where areferenceis present is shown in figure 5-2a; the non-reference case is shownin
figure 5-2b.
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a) Format with preprocessed (J-1) samples and reference sample:

" | i | premossad -1y samps
< Coded Data Set -y
(fixed-length field)

b) Format with preprocessed J samples without reference sample:

Opl)gon preprocessed J samples
< Coded Data Set -
(fixed-length field)

Figure5-2: CDS Format When No-Compression Option | s Selected

3 When the Zero-Block option is selected, the:CDS contains the option ID field, opfionally
ived by an n-bit reference sample, and a required FS codeword specifying the number of
htenated zero valued blocks or the ROS condition as described in 3.4.3. The case \here a
bnce is present is shown in figure 5-3a; (the non-reference case is shown in figure 5-3b.

5.1.4
follo
conc
refer

a) Format with reference sample:

Option n-bit FS codeword
ID reference

Coded Data Set
P

(variable-length field)

b)“\Format without reference sample:

Oﬁ)gon FS codeword
- Coded Data Set -
(variable-length field)

Figure5-3: CDSFormat When Zero-Block Option |s Selected
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5.1.4.4 When the Second Extension option is selected, the CDS contains the option ID field,
optionally followed by an n-bit reference sample, and required FS codewords for % transformed

samples. The case where areference is present is shown in figure 5-4a; the non-reference case
isshown in figure 5-4b. In the case when areferenceisinserted, a‘0’ sampleisadded in front of

the J-1 preprocessed samples, so% samples are produced after the transformation.

AN = - W} = (] (] (] d Il
a) FUITIal Wit Fo COUTWUTUS allu d TEICTCTILE Salllpic.

Option
ID

n-bit
reference

J
FS codewords for > transformed samples

Coded Data Set

e

(variable-length field)

b) Format with FS codewords and without a reference sample;

Option
ID

J
FS codewords for 3 transformed samples

Coded Data'Set

e

(variable*length field)

52 P
521
Lossleq

and [3]
or mor

ACKET FORMAT

LOSSLESS PACKET FORMAT

force the packet to end on an octet boundary.

Figure 5-4: CDS Format When the Second-Extension Option Is Selected

s data compression packets shall be formatted as shown in figure 5-5 (see referencgs [2]
. The packet formatter uses the parameter provided by the source data coder to form one
p CDSesto determine the packet size in octets. Fill bits of zero value may be needed to

CCSDS
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Packet Secondary | CDS#1 i
Primary Header | (with n-bit CDS # Fill
Header (optional) | reference) Bits
Figure5-5: Packet Format for | CDSes
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PACKET REQUIREMENTS
1 A Source Packet Data Field must meet the following requirements:
a CDS within a packet must meet the format requirements defined in 5.1;

when the reference sample is used, the Source Packet Data Field shall begin with
that contains this reference, followed by one or more CSDes; when the reference

(Talaldalal

aCDS
sample

il‘ notrocu Ii V‘ﬁl‘l in +I“\ﬁ nronroococony _or +hf\ 0 Ya'a a'ald i(“ ’\I‘\Mﬂ“‘ ) l‘ﬂFNMf\f\ [alala'al
o TIOT T COUT U T e Prepgrottoso U trCPrepgrottoso roadoSerGgarerercrcesam

not be inserted in the first CDS in the Source Packet Data Field;

several CDSes can be put in sequence within a source packet;

fill bits are allowed only at the end of the Source Packet Data field, not within the
compressed data;

each packet must end on an octet boundary.

order to end a packet on an even-numbered-octet boundary.

2 Unlessthe option to use the CIP is chosen'{(see section 6), in order to decode pack

e shal

body of

NOTE — Some implementations may require an adequate number of fill bits be afided in

ets that

may include fill bits, several pieces of information must be communicated to the decoder & priori.

This
(API

nformation will be mission specificsand fixed for a given Application Process Id
D) per mission:

|, the number of CDSes that'are in a packet;
r, the reference sampleinterval, equaling the number of CDSes counted from of
containing a reference sample up to but not including the next consecutiv

containing a reference sample;

n, the resolution;

J, thenumber of samples per block.

entifier

e CDS
> CDS

) relate

5.2.2.4 The use of the Grouping Flags in the Packet Sequence Control Field is optional and can
be used, for example, to signal a group of compressed data packets. Their use is governed by
reference [2].
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6 COMPRESSION IDENTIFICATION PACKET (OPTIONAL)
6.1 COMPRESSION IDENTIFICATION PACKET STRUCTURE

6.1.1 When the compressed data are transmitted as grouped source packets, a Compression
Identification Packet (CIP) is an optional packet that, if used, shall precede and provide
configuration information for a group of compressed application data packets. The CIP will be
transmitted from an application process in space to one or several sink processes on the ground.

6.1.2

6.1.3

sequenge: Packet Primary Header and the Packet Data Field. Seefigure 6-1.

6.1.4

config
managi
automa

The CIP shall be the first packet of the group.

The CIP shall consist of two major fields positioned contiguously in the,follo

The CIP shall contain information that would allow the decompressor to be automat
red to acquire a group of compressed application data packets-without the neg
ng a-priori information. The CIP shall be utilized to configure the decompr
tically only if thereisareliable system for file transfer.

wing

cally
0 for
BSSOr

- Packet Data Field L
- Source Data Field L
Clp Grouping |Compression{s Reference
Pagket SeHc;oanddearry Data Technique Sample Source Configuration
Primary (optional) Length Identification Interval Field
Hedder P Field Field Field
< 16 bits #>=<-8 bits P 38 bits = variable length >
Figure 6-1: Compression Identification Packet Structure
6.2 CJ|PPRIMARY HEADER
6.2.1 |GENERAL
The Packet Primary Header is mandatory for the CIP and its structure shall conform tp the
CCSD$ Packet-Telemetry Blue Book, reference [2]. The CIP Packet Primary Header Field|shall
contain|the:source data APID. The use of the CIP will be mission specific and fixed for a given
APID.
6.2.2 GROUPING FLAGS

6.2.2.1 TheGrouping Flagsareinthe packet Sequence Control field, asspecifiedin reference [2].
Thefield islocated in the Packet Primary Header of packets encapsulating compressed user data.
Asindicated below, thefield isalways ‘01’ for the CIP Primary Header.
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