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Foreword

ISO (the International Organization for Standardization)-and IEC (the Inter-
national Electrotechnical Commission) form the Ispecialiged system for
worldwide standardization. National bodies that aré.member$ of ISO or IEC
participate in the development of International/Standards through technical
committees established by the respective orgamization to dedl with particular
fields of technical activity. ISO and IEC jtechnical committeps collaborate in
fields of mutual interest. Other international organizations, governmental and
non-governmental, in liaison with ISQland IEC, also take part if the work.

In the field of information techriology, ISO and IEC have ef

tablished a joint

technical committee ISO/IECJTC 1. Draft International Stanflards adopted by

the joint technical committee are circulated to national bq
Publication as an International Standard requires approval by af
national bodies casting.avote.

International Standard ISO/IEC 10918-1 was prepared by Joint
mittee ISO/IECYTC 1, Information technology, Subcommittee
audio, picturé; multimedia and hypermedia information, in c
the CCITT . The identical text is published as CCITT Recomme!

ISOIEC 10918 consists of the following parts, under f
Information technology — Digital compression and coding of
still images:

— Part 1: Requirements and guidelines
— Part 2: Compliance testing

Annexes A, B, C, D, E, F, G, H and J form an integral pa
ISO/IEC 10918. Annexes K, L and M are for information only.

Patents

)dies for voting.
least 75% of the

Technical Com-
BC 29, Coding of
bllaboration with
hdation T.81.

he general title
[ continuous-tone

t of this part of

Durimgtire preparatiomof this partof 1SOAEC 10918, informat

ion was gathered

on patents upon which application of the standard might depend. Relevant
patents were identified as belonging to the patent holders listed in annex L.
However, ISO/IEC cannot give authoritative or comprehensive information
about evidence, validity or scope of patent and like rights. The patent holders
have stated that licences will be granted under reasonable terms.
Communications on this subject should be addressed to the patent holders (see
annex L).
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Introduction

This part of IS(
Joint Photograp

Experts Group

progressive enc

This part of ISC
for continuous-

coded represe!

D/IEC 10918 was prepared by CCITT Study Group VIII and the
hic Experts Group (JPEG) of ISO/IEC JTC 1/SC 29/WG 10. This
was formed in 1986 to establish a standard for the sequential
pding of continuous-tone grayscale and colour images.

/TEC 10918 sets out requirements and implementation guidelines
tone still image encoding and decoding processes, and for the
tation of compressed image data for interchange between

applications. These processes and representations are intended to be generic, that
is, to be applicgble to a broad range of applications for colour and grayscale still
images within Jjommunications and computer systems. ISO/IEC 10918-2 sets out

tests for dete

the various e
ISO/IEC 10918

The requirem

e
image commInications applications such as facsimile,

audiographic ¢
intent is that
incorporated i
for these appli

In addition to
committee has
applications as

and scientific iI’I

This Specifical
on Rules for pr

iv

ining whether implementations comply with the requirements for
hcoding and decoding processes specified in this patt of

ts which these processes must satisfy to be useful for specific
Videotex and
pnferencing are defined in CCITT Recommendation T.80. The
the generic processes of Recommendation T.80 will be

tions.

r%E the various CCITT Recommendations-for terminal equipment

e applications addressed by the CEITT and ISO/IEC, the JPEG
developed a compression standard to meet the needs of other
well, including desktop publishing, graphic arts, medical imaging
aging.
on aims to follow (the guidelines of CCITT and ISO/IEC JTC 1
esentation of CCITD | ISO/IEC common text.
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INTERNATIONAL STANDARD

CCITT RECOMMENDATION

INFORMATION TECHNOLOGY -DIGITAL COMPRESSION
AND CODING OF CONTINUOUS-TONE STILL IMAGES -
REQUIREMENTS AND GUIDELINES

1 Neope
This CCITT Recommendation | International Standard is applicable to continuous-tone — grayscale or,eolopir — digital

still imagg data. It is applicable to a wide range of applications which require use of compressed-images. It is not
applicablq to bi-level image data.

This Specffication

L specifies processes for converting source image data to compressed image/data;

L specifies processes for converting compressed image data to reconstructed image data;
- gives guidance on how to implement these processes in practice;

L specifies coded representations for compressed image data.

NOTE - This Specification does not specify a complete coded image representation. Such representations [may include
certaic pagameters, such as aspect ratio, component sample registration, @nd colour space designation, which are|application-
dependent

2 Normative references

The folloying CCITT Recommendations and International Standards contain provisions which, through Tfercnce in
this text, fonstitute provisions of this CCITT Recominendation | International Standard. At the time of publication, the
editions ipdicated were valid. All Recommendations and Standards are subject to revision, and parties to fagreements
based on this CCITT Recommendation | International Standard are encouraged to investigate the possibility jof applying
the most|recent edition of the Recommendations and Standards listed below. Members of IEC and ISP maintain
registers pf currently valid International Standards. The CCITT Secretariat maintains a list of currently valid CCITT
Recommgndations.

L~ CCITT Recommendation T.80 (1992), Common components for image compression and communication

— Basic principles.
3 Definitions, abbreviations and symbols
3.1 Definitions and abbreviations

For the purposes of this Specification, the following definitions apply.

3.1.1 abbreviated format: A representation of compressed image data which is missing some or all of the table
specifications required for decoding, or a representation of table-specification data without frame headers, scan headers,
and entropy-coded segments.

3.1.2 AC coefficient: Any DCT coefficient for which the frequency is not zero in at least one dimension.

3.1.3 (adaptive) (binary) arithmetic decoding: An entropy decoding procedure which recovers the sequence of
symbols from the sequence of bits produced by the arithmetic encoder.

3.14 (adaptive) (binary) arithmetic encoding: An entropy encoding procedure which codes by means of a
recursive subdivision of the probability of the sequence of symbols coded up to that point.

3.1.5 application environment: The standards for data representation, communication, or storage which have been
established for a particular application.

CCITT Rec. T.81 (1992 E) 1
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3.1.6 arithmetic decoder: An embodiment of arithmetic decoding procedure.
3.1.7 arithmetic encoder: An embodiment of arithmetic encoding procedure.

3.1.8 baseline (sequential): A particular sequential DCT-based encoding and decoding process specified in this
Specification, and which is required for all DCT-based decoding processes.

3.1.9 binary decision: Choice between two alternatives.
3.1.10  Dbit stream: Partially encoded or decoded seqdence of bits comprising an entropy-coded segment.
3.1.11 block: An 8 x 8 array of samples or an 8 x 8 array of DCT coefficient values of one component.

3.1.12  block-row: A sequence of eight contiguous component lines which are partitioned into 8 x 8 blocks.

3.1.13 yte: A group of 8 bits.

3.1.14 yte stuffing: A procedure in which either the Huffman coder or the arithmetic coder inserts’azefo byte into
the entropy-coded segment following the generation of an encoded hexadecimal X’FF’ byte.

3.1.15 arry bit: A bit in the arithmetic encoder code register which is set if a carry-over in the cqde register
overflows|the eight bits reserved for the output byte.

3.1.16 [eiling function: The mathematical procedure in which the greatest integer(value of a real number [is obtained
by selectipg the smallest integer value which is greater than or equal to the real number.

3.1.17 [lass (of coding process): Lossy or lossless coding processes.

3.1.18 [ode register: The arithmetic encoder register containing the least significant bits of the partially] completed
entropy-cpded segment. Alternatively, the arithmetic decoder registef\containing the most significant bits of a partially
decoded entropy-coded segment.

3.1.19 poder: An embodiment of a coding process.

3.1.20  koding: Encoding or decoding.

3.1.21 oding model: A procedure used to convettinput data into symbols to be coded.

3.1.22 [(coding) process: A general term forreferring to an encoding process, a decoding process, or both
3.1.23 [colour image: A continuous-ton¢-image that has more than one component.

3.1.24  [columns: Samples per line in"a component.

3.1.25 [component: One of the two-dimensional arrays which comprise an image.

3.1.26 |compressed data; Either compressed image data or table specification data or both.

3.1.27 |compressediimage data: A coded representation of an image, as specified in this Specification.

3.1.28 |compression: Reduction in the number of bits used to represent source image data.

3.1.29

S, hange of MPS and L.PS probabili
interval is greater than the

nge: The interchang :
interval (in arithmetic coding).

3 izelof the LPS
ze of the MP.

si
3.1.30  (conditional) probability estimate: The probability value assigned to the LPS by the probability estimation
state machine (in arithmetic coding).

3.1.31 conditioning table: The set of parameters which select one of the defined relationships between prior coding
decisions and the conditional probability estimates used in arithmetic coding.

3.1.32 context: The set of previously coded binary decisions which is used to create the index to the probability
estimation state machine (in arithmetic coding).

3.1.33  continuous-tone image: An image whose components have more than one bit per sample.

3.1.34 data unit: An 8 x 8 block of samples of one component in DCT-based processes; a sample in lossless
processes.

2 CCITT Rec. T.81 (1992 E)
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3.1.35 DC coefficient: The DCT coefficient for which the frequency is zero in both dimensions.

3.1.36  DC prediction: The procedure used by DCT-based encoders whereby the quantized DC coefficient from the
previously encoded 8 x 8 block of the same component is subtracted from the current quantized DC coefficient.

3.1.37 (DCT) coefficient: The amplitude of a specific cosine basis function — may refer to an original DCT
coefficient, to a quantized DCT coefficient, or to a dequantized DCT coefficient.

3.1.38 decoder: An embodiment of a decoding process.

3.1.39  decoding process: A process which takes as its input compressed image data and outputs a continuous-tone
image.

3.1.40  default conditioning: The values defined for the arithmetic coding conditioning tables at the beginning of
coding offam image.

3.141 (dequantization: The inverse procedure to quantization by which the decoder recovers a representhtion of the
DCT coeffficients.

3.142 (differential component: The difference between an input component derived from:the source imgge and the
corresporjding reference component derived from the preceding frame for that compement (in hierarchical mode
coding).

3.1.43 (differential frame: A frame in a hierarchical process in which differential components are either|encoded or
decoded.

3.1.44 |(digital) reconstructed image (data): A continuous-tone image which is the output of any decodef defined in
this Specification.

3.1.45 |(digital) source image (data): A continuous-tone image used as input to any encoder defiped in this
Specification.

3.1.46 [(digital) (still) image: A set of two-dimensional arrays of integer data.

3.1.47 |[discrete cosine transform; DCT: Either the forward discrete cosine transform or the inverse dis¢rete cosine
transform.

3.148 |downsampling (filter): A procedure)by which the spatial resolution of an image is reduced (in hierarchical
mode coding).

3.1.49 |encoder: An embodiment of an encoding process.

3.1.50 |encoding process: A'process which takes as its input a continuous-tone image and outputs comprgssed image
data.

3.1.51 [entropy-codéd: (data) segment: An independently decodable sequence of entropy encodefl bytes of
compressed image data.

3.1.52 |(entropy-coded segment) pointer: The variable which points to the most recently placed (or fetched) byte in
the entroTy encoded segment.

3.1.53 entropy decoder: An embodiment of an entropy decoding procedure.

3.1.54  entropy decoding: A lossless procedure which recovers the sequence of symbols from the sequence of bits
produced by the entropy encoder.

3.1.55 entropy encoder: An embodiment of an entropy encoding procedure.

3.1.56  entropy encoding: A lossless procedure which converts a sequence of input symbols into a sequence of bits
such that the average number of bits per symbol approaches the entropy of the input symbols.

3.1.57 extended (DCT-based) process: A descriptive term for DCT-based encoding and decoding processes in
which additional capabilities are added to the baseline sequential process.

3.1.58 forward discrete cosine transform; FDCT: A mathematical transformation using cosine basis functions
which converts a block of samples into a corresponding block of original DCT coefficients.

CCITT Rec. T.81 (1992 E) 3
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3.1.59 frame: A group of one or more scans (all using the same DCT-based or lossless process) through the data of
one or more of the components in an image.

3.1.60 frame header: A marker segment that contains a start-of-frame marker and associated frame parameters that
are coded at the beginning of a frame.

3.1.61 frequency: A two-dimensional index into the two-dimensional array of DCT coefficients.

3.1.62 (frequency) band: A contiguous group of coefficients from the zig-zag sequence (in progressive mode
coding).

3.1.63 full progression: A process which uses both spectral selection and successive approximation (in progressive
mode coding).

3.1.64 ayscale image: A continuous-tone image that has only one component.

3.1.65 ierarchical: A mode of operation for coding an image in which the first frame for a given component is
followed Yy frames which code the differences between the source data and the reconstructed data from the previous
frame for that component. Resolution changes are allowed between frames.

3.1.66 ierarchical decoder: A sequence of decoder processes in which the first frame for each component is
followed Hy frames which decode an array of differences for each component and adds.it to the reconstructed data from
the preceding frame for that component.

3.1.67 ierarchical encoder: The mode of operation in which the first frame' for each component is fpllowed by
frames which encode the array of differences between the source data andsthe’ reconstructed data from the| preceding
frame for that component.

3.1.68 horizontal sampling factor: The relative number of hofizontal data units of a particular comppnent with
respect to [the number of horizontal data units in the other components.

3.1.69 Huffman decoder: An embodiment of a Huffman decoding procedure.

3.1.70 Huffman decoding: An entropy decoding procedure which recovers the symbol from each varigble length
code prodficed by the Huffman encoder.

3.1.71 Huffman encoder: An embodiment of a Huffman encoding procedure.

3.1.72 Huffman encoding: An entropy encoding procedure which assigns a variable length code to pach input
symbol.

3.1.73 Huffman table: The set'of variable length codes required in a Huffman encoder and Huffman decogler.
3.1.74 jmage data: Either source image data or reconstructed image data.

3.1.75 Interchangé ‘format: The representation of compressed image data for exchange between ppplication
environments.

3.1.76 terleaved: The descriptive term applied to the repetitive multiplexing of small groups of data [units from
each comtoncm in a scan in a specific order.

3.1.77 inverse discrete cosine transform; IDCT: A mathematical transformation using cosine basis functions
which converts a block of dequantized DCT coefficients into a corresponding block of samples.

3.1.78  Joint Photographic Experts Group; JPEG: The informal name of the committee which created this
Specification. The “joint” comes from the CCITT and ISO/IEC collaboration.

3.1.79  Ilatent output: Output of the arithmetic encoder which is held, pending resolution of carry-over (in arithmetic
coding).

3.1.80 less probable symbol; LPS: For a binary decision, the decision value which has the smaller probability.
3.1.81 level shift: A procedure used by DCT-based encoders and decoders whereby each input sample is either

converted from an unsigned representation to a two’s complement representation or from a two’s complement
representation to an unsigned representation.

4 CCITT Rec. T.81 (1992 E)
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3.1.82 lossless: A descriptive term for encoding and decoding processes and procedures in which the output of the
decoding procedure(s) is identical to the input to the encoding procedure(s).

3.1.83 lossless coding: The mode of operation which refers to any one of the coding processes defined in this
Specification in which all of the procedures are lossless (see Annex H).

3.1.84 lossy: A descriptive term for encoding and decoding processes which are not lossless.

3.1.85 marker: A two-byte code in which the first byte is hexadecimal FF (X’FF’) and the second byte is a value
between 1 and hexadecimal FE (X’FE’).

3.1.86 marker segment: A marker and associated set of parameters.

3.1.87 MCU-row: The smallest sequence of MCU which contains at least one line of samples or one block-row from
every component in the scan.

3.1.88 minimum coded unit; MCU: The smallest group of data units that is coded.
3.1.89  modes (of operation): The four main categories of image coding processes defined in-this Specificption.

3.1.90 more probable symbol; MPS: For a binary decision, the decision value which has’the larger probability.

3.1.91 on-differential frame: The first frame for any components in a hierarchical encoder or dgcoder. The
components are encoded or decoded without subtraction from reference components, The term refers also ¢ any frame
in modes jother than the hierarchical mode.

3.1.92 on-interleaved: The descriptive term applied to the data unitprocessing sequence when the scan has only
one comppnent.

3.1.93 arameters: Fixed length integers 4, 8 or 16 bits in lengthy'used in the compressed data formats.
3.1.94 oint transform: Scaling of a sample or DCT coefficient.

3.1.95 |precision: Number of bits allocated to a particular sample or DCT coefficient.

3.1.96 |predictor: A linear combination of preyiously reconstructed values (in lossless mode coding).

3.1.97 |probability estimation state machine: An interlinked table of probability values and indices whigh is used to
estimate the probability of the LPS (in arithmetic coding).

3.1.98 |probability interval: The probability of a particular sequence of binary decisions within the ordered set of all
possible §equences (in arithmetic\coding).

3.1.99 ((probability) sub-interval: A portion of a probability interval allocated to either of the two pospible binary
decision yalues (in arithmetic coding).

3.1.100 |procedure} A set of steps which accomplishes one of the tasks which comprise an encoding ¢r decoding
process.

3.1.101 |process: See coding process.

3.1.102 progressive (coding): One of the DCT-based processes defined in this Specification in which each scan
typically improves the quality of the reconstructed image.

3.1.103 progressive DCT-based: The mode of operation which refers to any one of the processes defined in
Annex G.

3.1.104 quantization table: The set of 64 quantization values used to quantize the DCT coefficients.
3.1.105 quantization value: An integer value used in the quantization procedure.
3.1.106 quantize: The act of performing the quantization procedure for a DCT coefficient.

3.1.107 reference (reconstructed) component: Reconstructed component data which is used in a subsequent frame
of a hierarchical encoder or decoder process (in hierarchical mode coding).

CCITT Rec. T.81 (1992 E) 5
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3.1.108 renormalization: The doubling of the probability interval and the code register value until the probability
interval exceeds a fixed minimum value (in arithmetic coding).

3.1.109 restart interval: The integer number of MCUs processed as an independent sequence within a scan.
3.1.110 restart marker: The marker that separates two restart intervals in a scan.

3.1.111 run (length): Number of consecutive symbols of the same value.

3.1.112 sample: One element in thq two-dimensional array which comprises a component.

3.1.113 sample-interleaved: The descriptive term applied to the repetitive multiplexing of small groups of samples
from each component in a scan in a specific order.

3.1.114

3.1.115 scan header: A marker segment that contains a start-of-scan marker and associated scan pardnigtdrs that are
coded at the beginning of a scan.

3.1.116 sequential (coding): One of the lossless or DCT-based coding processes defined in thi§-Specificatiop in which
each component of the image is encoded within a single scan.

3.1.117 dequential DCT-based: The mode of operation which refers to any one of the processes defined in Annex F.

3.1.118 dpectral selection: A progressive coding process in which the zig-zag sequénce is divided into bands of one
or more cdntiguous coefficients, and each band is coded in one scan.

3.1.119 dtack counter: The count of X’FF’ bytes which are held, pending resolution of carry-over in the |arithmetic
encoder.

3.1.120 dtatistical conditioning: The selection, based on priof)coding decisions, of one estimate out ¢f a set of
conditiona]l probability estimates (in arithmetic coding).

3.1.121 4tatistical model: The assignment of a particular conditional probability estimate to each of ghe binary
arithmetic|coding decisions.

3.1.122 4tatistics area: The array of statistics binsfequired for a coding process which uses arithmetic coding.

3.1.123 statistics bin: The storage location.where an index is stored which identifies the value of the ¢onditional
probability estimate used for a particular arithmetic coding binary decision.

3.1.124 guccessive approximation:“A progressive coding process in which the coefficients are coded with reduced
precision in the first scan, and precision is increased by one bit with each succeeding scan.

3.1.125 table specification data: The coded representation from which the tables used in the encoder and decoder are
generated jand their destinations specified. '

3.1.126 franscoder:) A procedure for converting compressed image data of one encoder process to compregsed image
data of angther encoder process.

3.1.127 (umiform) quantization: The procedure by which DCT coefficients are linearly scaled in order [to achieve
compression.

3.1.128 upsampling (filter): A procedure by which the spatial resolution of an image is increased (in hierarchical
mode coding).

3.1.129 vertical sampling factor: The relative number of vertical data units of a particular component with respect to
the number of vertical data units in the other components in the frame.

3.1.130 zero byte: The X’00’ byte.

3.1.131 zig-zag sequence: A specific sequential ordering of the DCT coefficients from (approximately) lowest spatial
frequency to highest.

3.1.132 3-sample predictor: A linear combination of the three nearest neighbor reconstructed samples to the left and
above (in lossless mode coding).

6 CCITT Rec. T.81.(1992 E)
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3.2 Symbols

The symbols used in this Specification are listed below.

A probability interval

AC AC DCT coefficient

AG;i AC coefficient predicted from DC values

Ah successive approximation bit position, high

Al successive approximation bit position, low

Ap; ith 8-bit parameter in APP, segment

APP, marker reserved for application segments

B current byte in compressed data

B2 next byte in compressed data when B = X’FF’

BE counter for buffered correction bits for Huffman coding inthg/successive approximation
process

BITS 16-byte list containing number of Huffman codes of ‘€ach length

BP pointer to compressed data

BPST pointer to byte before start of entropy-coded segment

BR counter for buffered correction bits for, Huffman coding in the successive approximation
process

Bx byte modified by a carry-ovet

C value of bit stream in code register

G component identifier for frame

Cy horizontal frequency dependent scaling factor in DCT

Cy vertical frequency dependent scaling factor in DCT

CE conditienal exchange

C-low low order 16 bits of the arithmetic decoder code register

Cm; ith 8-bit parameter in COM segment

CNT bit counter in NEXTBYTE procedure

CODE Huffman code value

CODESIZEW) code size for symbol V

COM comment marker

Cs conditioning table value

Csi component identifier for scan

CT renormalization shift counter

Cx high order 16 bits of arithmetic decoder code register

CcX conditional exchange

dji data unit from horizontal position i, vertical position j

djik d;; for component k

D \ decision decoded

CCITT Rec. T.81 (1992 E) 7
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Da in DC coding, the DC difference coded for the previous block from the same
component; in lossless coding, the difference coded for the sample immediately to
the left

DAC define-arithmetic-coding-conditioning marker

Db the difference coded for the sample immediately above

DC DC DCT coefficient

DG; DC coefficient for ith block in component

DCx kth DC value used in prediction of AC coefficients

DHP « define hierarchical progression marker

DHT define-Huffman-tables marker

DIFF difference between quantized DC and prediction

DNL define-number-of-lines marker

DQT define-quantization-tables marker

DRI define restart interval marker

E exponent in magnitude category upper bound

EC event counter

ECS entropy-coded segment

ECS; ith entropy-coded segment

Eh horizontal expansion parameter.in EXP segment

EHUFCO Huffman code table for encoder

EHUFSI encoder table of Huffman.code sizes

EOB end-of-block for sequential; end-of-band for progressive

EOBn run length category for EOB runs

EOBx position,0f EOB in previous successive approximation scan

EOBO, E(QB], ..., EOB14 run length categories for EOB runs

EOI end-of-image marker

Ev vertical expansion parameter in EXP segment

EXP expand reference components marker

FREQ(V) frequency of occurrence of symbol V

Hj horizontal sampling factor for ith component

Hmax largest horizontal sampling factor

HUFFCODE list of Huffman codes corresponding to lengths in HUFFSIZE

HUFFSIZE list of code lengths

HUFFVAL list of values assigned to each Huffman code

i subscript index

I integer variable

Index(S) index to probability estimation state machine table for context index S

j subscript index

J integer variable

8 CCITT Rec. T.81 (1992 E)
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JPG marker reserved for JPEG extensions

JPG, marker reserved for JPEG extensions

k subscript index

K integer variable

Kmin index of 1st AC coefficient in band (1 for sequential DCT)

Kx conditioning parameter for AC arithmetic coding model

L DC and lossless coding conditioning lower bound parameter

L element in BITS list in DHT segment

L;i(t) element in BITS Iist in the DHT segment tor Hulfman tablie t

La length of parameters in APP, segment

LASTK largest value of K

Lc length of parameters in COM segment

Ld length of parameters in DNL segment

Le length of parameters in EXP segment

Lf length of frame header parameters

Lh length of parameters in DHT segment

Lp length of parameters in DAC segment

LPS less probable symbol (in arithmeti¢/coding)

Lq length of parameters in DQT<$egment

Lr length of parameters in.DRI segment

Ls length of scan headerparameters

LSB least significant bit

m modulo 8 counter for RSTr, marker

m numberiof V;; parameters for Huffman table t

M bit'mask used in coding magnitude of V

Mn nth statistics bin for coding magnitude bit pattern category

MAXCODE table with maximum value of Huffman code for each code length

MCU minimum coded unit

MCU; ith MCU

MCUR number of MCU required to make up one MCU-row

MINCODE table with minimum value of Huffman code for each code length

MPS more probable symbol (in arithmetic coding)

MPS(S) more probable symbol for context-index S

MSB most significant bit

M2, M3, M4, ..., M15 designation of context-indices for coding of magnitude bits in the arithmetic coding
models

n integer variable

N : data unit counter for MCU coding

N/A not applicable
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Nb number of data units in MCU

Next_Index_LPS new value of Index(S) after a LPS renormalization
Next_Index_MPS new value of Index(S) after a MPS renormalization

Nf number of components in frame

NL number of lines defined in DNL segment

Ns number of components in scan

OTHERS(V) index to next symbol in chain

P sample precision

Pq quantizer precision parameter in DQT segment

Pq(t) quantizer precision parameter in DQT segment for quantization table, t
PRED quantized DC coefficient from the most recently coded block of the’componen
Pt point transform parameter

Px calculated value of sample

Q;i quantizer value for coefficient ACj;

Qw quantization value for DCT coefficient Svy

Qoo quantizer value for DC coefficient

QAC;; quantized AC coefficient predictedfrom DC values

QDCk kth quantized DC value used 1 prediction of AC coefficients
Qe LPS probability estimate

Qe(S) LPS probability estimate for context index S

Qk kth element of 64 quantization elements in DQT segment
vy reconstructed image sample

R length of run of zero amplitude AC coefficients

Rwy dequantized DCT coefficient

Ra reconstructed sample value

Rb reconstructed sample value

Rc reconstructed sample value

Rd roundingimpredictioncateutatron

RES reserved markers

Ri restart interval in DRI segment

RRRR 4-bit value of run length of zero AC coefficients

RS composite value used in Huffman coding of AC coefficients
RSTy, restart marker number m

Syx reconstructed value from IDCT

S context index

Sva DCT coefficient at horizontal frequency u, vertical frequency v
10 CCITT Rec. T.81 (1992 E)
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SC context-index for coding of correction bit in successive approximation coding
Se end of spectral selection band in zig-zag sequence

SE context-index for coding of end-of-block or end-of-band

SI Huffman code size

SIGN 1 if decoded sense of sign is negative and 0 if decoded sense of sign is positive
SIZE length of a Huffman code

SLL shift left logical operation

SLL o B logical shift left of o by P bits

SN context-index for coding of first magnitude category when V is negative
SOF, baseline DCT process frame marker

SOF; extended sequential DCT frame marker, Huffman coding

SOF, progressive DCT frame marker, Huffman coding

SOF3 lossless process frame marker, Huffman coding

SOFs5 differential sequential DCT frame marker, Huffmar'coding

SOFs differential progressive DCT frame marker, Huffman coding

SOF7 differential lossless process frame marker,-Huffman coding

SOFq sequential DCT frame marker, arithmetic coding

SOFo progressive DCT frame marker;.arithmetic coding

SOF11 lossless process frame marker, arithmetic coding

SOF13 differential sequential DCT frame marker, arithmetic coding

SOF 14 differential progressive DCT frame marker, arithmetic coding

SOFj5 differential lossless process frame marker, arithmetic coding

SOI start-of~image marker

SOS start-of-scan marker

Sp context-index for coding of first magnitude category when V is positive
Sqvu quantized DCT coefficient

SRL shift right logical operation

SRL o B logical shift right of o by B bits

Ss start-of spectral-sefectionband-in-zig-zag-sequence

SS context-index for coding of sign decision

SSSS 4-bit size category of DC difference or AC coefficient amplitude

ST stack counter

Switch_MPS parameter controlling inversion of sense of MPS

Sz parameter used in coding magnitude of V

SO context-index for coding of V = () decision

t summation index for parameter limits computation

T temporary variable
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Ta; AC entropy table destination selector for jth component in scan

Tb arithmetic conditioning table destination identifier

Tc Huffman coding or arithmetic coding table class

Td; DC entropy table destination selector for jth component in scan

TEM temporary marker

Th Huffman table destination identifier in DHT segment

Tq quantization table destination identifier in DQT segment

Tqi quantization table destination selector for ith component in frame

U DC and lossless coding conditioning upper bound parameter

A" symbol or value being either encoded or decoded

Vi vertical sampling factor for ith component

Vij jth value for length i in HUFFVAL

Vmax largest vertical sampling factor

Vi temporary variable

VALPTR list of indices for first value in HUFFV AL-for each code length

\'2 symbol value

V2 symbol value

Xj number of columns in ith component

X number of samples perline in component with largest horizontal dimension

X; ith statistics bin for coding magnitude category decision

X1, X2, X3, ..., X15 designation-of context-indices for coding of magnitude categories in the
coding'models

XHUFCQO extended Huffman code table

XHUFSI table of sizes of extended Huffman codes

X’values values within the quotes are hexadecimal

Yi number of lines in ith component

Y number of lines in component with largest vertical dimension

ZRL value in HUFFV AL assigned to run of 16 zero coefficients

7ZZ(K) Kth element in zig-zag sequence of quantized DCT coefficients

ZZ(0) quantized DC coefficient in zig-zag sequence order

4 General

arithmetic

The purpose of this clause is to give an informative overview of the elements specified in this Specification. Another
purpose is to introduce many of the terms which are defined in clause 3. These terms are printed in italics upon first

usage in this clause.
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4.1 Elements specified in this Specification

There are three elements specified in this Specification:

ISO/IEC 10918-1:1994(E)

a) An encoder is an embodiment of an encoding process. As shown in Figure 1, an encoder takes as input
digital source image data and table specifications, and by means of a specified set of procedures
generates as output compressed image data.

b) A decoder is an embodiment of a decoding process. As shown in Figure 2, a decoder takes as input
compressed image data and table specifications, and by means of a specified set of procedures generates
as output digital reconstructed image data.

application environments.

) The interchange format, shown in Figure 3, is a compressed image data representation whith includes
all table specifications used in the encoding process. The interchange format is for exchange between

Encoder
TISO0650-93/d001
Source Table Compressed
image data specifications image data
Figure 1 - Encoder
Decoder >
TISO0660-93/d002
Compressed Table Reconstructed
image data specifications image data

Figure 2 — Decoder

Figures 1 and 2 illustrate the general case for which the continuous-tone source and reconstructed image data consist of
multiple components. (A colour image consists of multiple components; a grayscale image consists only of a single
component.) A significant portion of this Specification is concerned with how to handle multiple-component images in

a flexible, application-independent way.
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TISO0670-93/d003

Figure 3 — Interchange format for compressed image(data

must be pfovided to a decoder to reconstruct that image. However, this Specification does not specify how

plications

These figires are also meant to show that the same tables specified for-an-encoder to use to compress a parti%:lar image

should asdociate tables with compressed image data, nor how they/should represent source image data gene
their specific environments.

Conseque

are incl

tion environment, A, is passed to :aldifferent environment, B, by means of the interch

The inter¢hange format does not specify a complete coded image representation. Application-dependent i
e.g. colouf space, is outside the scope of this ‘Specification.

4.2

This Speq

[Lossy and lossless compression

ly within

htly, this Specification also specifies the interchange format shown in Figure 3, in which table spgcifications
ultl:zd within compressed image data. An.image compressed with a specified encoding prodess within
one appli

e format.
formation,

ification specifie§ two classes of encoding and decoding processes, lossy and lossless processes. Those based

on the discrete cosine-transform (DCT) are lossy, thereby allowing substantial compression to be achieved while
producing a reconstricted image with high visual fidelity to the encoder’s source image.

The simplest DCT-based coding process is referred to as the baseline sequential process. It provides a capal
is sufficignt for many applications. There are additional DCT-based processes which extend the baseling sequential
process to a broader range of applications. In any decoder using extended DCI-based decoding processes, the baseline
decoding process is required to be present in order to provide a default decoding capability. '

ility which

The second class of coding processes is not based upon the DCT and is provided to meet the needs of applications

requiring lossless compression. These lossless encoding and decoding processes are used independently of any of the
DCT-based processes.

A table summarizing the relationship among these lossy and lossless coding processes is included in 4.11.

The amount of compression provided by any of the various processes is dependent on the characteristics of the
particular image being compressed, as well as on the picture quality desired by the application and the desired speed of
compression and decompression.

14
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DCT-based coding

Figure 4 shows the main procedures for all encoding processes based on the DCT. It illustrates the special case of a
single-component image; this is an appropriate simplification for overview purposes, because all processes specified in
this Specification operate on each image component independently.

8 x 8 blocks

DCT-based encoder

R

/

SR

Entropy

FDCT Quantizer

encoder

Bk Rt

In the encpding process the input component’s samples are grouped into 8 X 8 blocks, and each block is tran

the forwa
DC coeffi

Each of
(determin
in this S

characteriktics, display devices, and viewing conditions.

After quantization, the DC coefficient and the 63 AC coefficients are prepared for entropy encoding, as

Figure 5.

The quantized coeffi¢ients are then passed to an entropy encoding procedure which compresses the data furt]

two entrd
specificat
specificat]

Figure 4 — DCT-based encoder simplified diagram

d DCT (FDCT) into a set of 64 values referred to as PCT coefficients. One of these values is referrg
rient and the other 63 as the AC coefficients.

.niou fee Table Table Compressed
impge data specifications specifications image data
TISO0680-93/d004

sformed by
d to as the

bd by one of the table specifications show#'in Figure 4). No default values for quantization tables
pecification; applications may specify values which customize picture quality for their partic

py coding/procedures can be used, as described in 4.6. If Huffman encoding is used, Huf]
ons must be provided to the encoder. If arithmetic encoding is used, arithmetic coding conditi
ong’'may be provided, otherwise the default conditioning table specifications shall be used.

e specified
lar image

the 64 coefficients is then quantized using one of 64 corresponding values from a quanti;{tion table

shown in

The previous quantized DC coefficient is used to predict the current quantized DC coefficient, and the
differencq is encoded. The 63quantized AC coefficients undergo no such differential encoding, but are conv
one-dimepsional zig-zag sequerice, as shown in Figure 5.

brted into a

her. One of
fman table
ning table

Figure 6 shows the main procedures for all DCT-based decoding processes. Each step shown performs essentially the
inverse of its corresponding main procedure within the encoder. The entropy decoder decodes the zig-zag sequence of
quantized DCT coefficients. After dequantization the DCT coefficients are transformed to an 8 x 8 block of samples by
the inverse DCT (IDCT).

4.4

Lossless coding

Figure 7 shows the main procedures for the lossless encoding processes. A predictor combines the reconstructed values
of up to three neighbourhood samples at positions a, b, and ¢ to form a prediction of the sample at position x as shown
in Figure 8. This prediction is then subtracted from the actual value of the sample at position x, and the difference is

losslessly

entropy-coded by either Huffman or arithmetic coding.

CCITT Rec. T.81 (1992 E)
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DC ACy, AC 7
DC; ., DC; (g /
Block;.y | Block; | . . .
DIFF=DC;-DC;j.
TISO0690-83/d005
Differential DC encoding Zig-zag order

Figure 5 — Preparation of quantized coefficients for entropy encoding

DCT-based decoder
: i

g2 =
@ Entropy D ti ;
—%—-b decoder equantizer IDCT i

TS00700-43/d006
Compressed Table Table Rgconstru cted
image data specifications specifications image data
Figure® - DCT-based decoder simplified diagram
Lossless encoder
Predictor
4
Source Tgblg Compressed
image data specifications image data

Figure 7 — Lossless encoder simplified diagram
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TISO0720-93/d008

Figure 8 — 3-sample prediction neighbourhood

This encgding process may also be used in a slightly modified way, whereby the precision of thecinput|samples is
reduced bly one or more bits prior to the lossless coding. This achieves higher compression than the lossless process (but
lower comipression than the DCT-based processes for equivalent visual fidelity), and limits the réconstrucfed image’s
worst-casg sample error to the amount of input precision reduction.

4.5 [Modes of operation

There ar¢ four distinct modes of operation under which the various ecoding processes are defined:| sequential
DCT-bas¢d, progressive DCT-based, lossless, and hierarchical. (Implementations are not required to prgvide all of
these.) THe lossless mode of operation was described in 4.4. The other modes of operation are compared as fgllows.

For the spquential DCT-based mode, 8 x 8 sample blocks are typically input block by block from left tq right, and
block-row by block-row from top to bottom. After a block has-been transformed by the forward DCT, quantized and
prepared for entropy encoding, all 64 of its quantized DCT, coefficients can be immediately entropy encoded and output
as part of|the compressed image data (as was described in'4.3), thereby minimizing coefficient storage requifements.

For the pfogressive DCT-based mode, 8 x 8 blocks are also typically encoded in the same order, but in multiple scans
through |]t11]c image. This is accomplished by adding an image-sized coefficient memory buffer (not shown]n Figure 4)
between {he quantizer and the entropy encoder. As each block is transformed by the forward DCT and qyantized, its
coefficierjts are stored in the buffer. Thé DCT coefficients in the buffer are then partially encoded in each|of multiple
scans. THe typical sequence of imag¢ presentation at the output of the decoder for sequential versus progregsive modes
of operation is shown in Figure 9,

There ar¢ two procedures(by which the quantized coefficients in the buffer may be partially encoded within a scan.
First, only a specified band of coefficients from the zig-zag sequence need be encoded. This procedure is-called spectral
selection| because each band typically contains coefficients which occupy a lower or higher part of the frequency
spectrum| for that'8 X 8 block. Secondly, the coefficients within the current band need not be encoded fo their full
(quantizefd) acCuracy within each scan. Upon a coefficient’s first encoding, a specified number of most significant bits is
encoded [first,,In subsequent scans, the less significant bits are then encoded. This procedure is called successive
approximution-Eitherprocedure-may-be-used-separaicty;-or-they-may-be-mixed-m-tle tble-combinations

In hierarchical mode, an image is encoded as a sequence of frames. These frames provide reference reconstructed
components which are usually needed for prediction in subsequent frames. Except for the first frame for a given
component, differential frames encode the difference between source components and reference reconstructed
components. The coding of the differences may be done using only DCT-based processes, only lossless processes, or
DCT-based processes with a final lossless process for each component. Downsampling and upsampling filters may be
used to provide a pyramid of spatial resolutions as shown in Figure 10. Alternatively, the hierarchical mode can be used
to improve the quality of the reconstructed components at a given spatial resolution.

Hierarchical mode offers a progressive presentation similar to the progressive DCT-based mode but is useful in
environments which have multi-resolution requirements. Hierarchical mode also offers the capability of progressive
coding to a final lossless stage.
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Progressive

TISQ0730-93/d009

Sequential

Figure 9 — Progressive versus sequential presentation

TISO0740-93/d010

Figure 10 — Hierarchical multi-resolution encoding

4.6 Entropy coding alternatives

Two alternative entropy coding procedures are specified: Huffman coding and arithmetic coding. Huffman coding
procedures use Huffman tables, determined by one of the table specifications shown in Figures 1 and 2. Arithmetic
coding procedures use arithmetic coding conditioning tables, which may also be determined by a table specification. No
default values for Huffman tables are specified, so that applications may choose tables appropriate for their own
environments. Default tables are defined for the arithmetic coding conditioning.
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The baseline sequential process uses Huffman coding, while the extended DCT-based and lossless processes may use
either Huffman or arithmetic coding.

4.7 Sample precision

For DCT-based processes, two alternative sample precisions are specified: either 8 bits or 12 bits per sample.
Applications which use samples with other precisions can use either 8-bit or 12-bit precision by shifting their source
image samples appropriately. The baseline process uses only 8-bit precision. DCT-based implementations which handle
12-bit source image samples are likely to need greater computational resources than those which handle only
8-bit source images. Consequently in this Specification separate normative requirements are defined for 8-bit and
12-bit DCT-based processes.

For lossleps processes the sample precision is specified to be from 2 to 16 bits.

4.8 Multiple-component control

Subclausds 4.3 and 4.4 give an overview of one major part of the encoding and decoding processes — those which
operate op the sample values in order to achieve compression. There is another major part as well — th;:jproccdurcs
which con[trol the order in which the image data from multiple components are progessed to create the compiessed data,
and which ensure that the proper set of table data is applied to the proper data units in the image. (A daja unit is a
sample fof lossless processes and an 8 x 8 block of samples for DCT-based processes.)

4.8.1 Interleaving multiple components

Figure 11| shows an example of how an encoding process selects between multiple source image component$ as well as
multiple dets of table data, when performing its encoding procedures. The source image in this example cogsists of the
three components A, B and C, and there are two sets of table specifications. (This simplified view does not distinguish
between the quantization tables and entropy coding tables.)

A —e

B Encoding
process

e L

] Compressed
image data Table speci-| [Table speci- image data
fication1 fication-2
TISO0750-9%/d011

Figure 11 - Component-interleave and table-switching control

In sequential mode, encoding is non-interleaved if the encoder compresses all image data units in component A before
beginning component B, and then in turn all of B before C. Encoding is interleaved if the encoder compresses a data
unit from A, a data unit from B, a data unit from C, then back to A, etc. These alternatives are illustrated in Figure 12,
which shows a case in which all three image components have identical dimensions: X columns by Y lines, for a total
of n data units each.
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— X —p “«— X —>» «— X —>»
4 [ai]a, By |B, ci|c,
Y Y Y
' An Bn Cn
TISO0760-93/d012

Ay, Ag..A, By, Ba..By, Cy,Cyp..Cp

Scan 1 Scan 2 Scan 3

Data unit encoding order, non-interleaved
A1, B1 3 C1 :AZl BZv CZ: ----An: Bnl Cn

Scan 1
Data unit encoding order, intereaved

Figure 12 — Interleaved versus non-interleaved encoding order

These trol procedures are also able to handle cases in which the source image components have different
dimensiofs. Figure 13 shows a case in which two of the components, B and C, have half the number ;ihorizontal

samples relative to component A. In this case, two data units'from A are interleaved with one each from B and C. Cases
in which| components of an image have more complex’ relationships, such as different horizontal apd vertical
dimensions, can be handled as well. (See Annex A.)

“«— X > «XR» “X2»>

53
=<
<

An B2 Cr2

TISO0770-93/d013

A1, Az, B1, C‘, A3, A4, B2, Cz, ""Al'l-1' An, Bn/2, Cn/2

Scan 1
Data unit encoding order, interleaved

Figure 13 ~ Interleaved order for components with different dimensions
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4.8.2 Minimum coded unit

Related to the concepts of multiple-component interleave is the minimum coded unit (MCU). If the compressed image
data is non-interleaved, the MCU is defined to be one data unit. For example, in Figure 12 the MCU for the non-
interleaved case is a single data unit. If the compressed data is interleaved, the MCU contains one or more data units
from each component. For the interleaved case in Figure 12, the (first) MCU consists of the three interleaved data units
A1, By, Cy. In the example of Figure 13, the (first) MCU consists of the four data units Ay, Az, By, Ci.

4.9 Structure of compressed data

Figures 1, 2, and 3 all illustrate slightly different views of compressed image data. Figure 1 shows this data as the
output of an encoding process, Figure 2 shows it as the input to a decoding process, and Figure 3 shows compressed
image data in the interchange format, at the interface between applications.

Compressed image data are described by a uniform structure and set of parameters for both classes’gf encoding
processes|(lossy or lossless), and for all modes of operation (sequential, progressive, lossless, and, hiefar ical). The
various parts of the compressed image data are identified by special two-byte codes called markers. Some markers are
followed py particular sequences of parameters, as in the case of table specifications, frame cheader, or sqan header.
Others ar¢ used without parameters for functions such as marking the start-of-image and end“of-image. Wh¢n a marker
is associafed with a particular sequence of parameters, the marker and its parameters COmprise a marker segment.

The data ¢reated by the entropy encoder are also segmented, and one particular marker - the restart marker |- is used to
isolate enfropy-coded data segments. The encoder outputs the restart markers, intefmiixed with the entropy-coded data,
at regulag restart intervals of the source image data. Restart markers can be(identified without having to|decode the
compressed data to find them. Because they can be independently decoded;.they have application-specific uges, such as
parallel epcoding or decoding, isolation of data corruptions, and semi-random access of entropy-coded segments.

There are]three compressed data formats:
a) the interchange format;
b) the abbreviated format for compressed image data;

c) the abbreviated format for table-specification data.

4.9.1 Interchange format

In additi¢n to certain required marker segments and the entropy-coded segments, the interchange format shall include
the marker segments for all quantization and entropy-coding table specifications needed by the decoding pfocess. This
guarantegs that a compressed image(can cross the boundary between application environments, regardless ¢f how each
environment internally associates, tables with compressed image data.

4.9.2 Abbreviated format for compressed image data

The abbreviated formatfor compressed image data is identical to the interchange format, except that it does|not include
all tableq required for decoding. (It may include some of them.) This format is intended for use within fpplications
where alfernativesinechanisms are available for supplying some or all of the table-specification data|needed for
decoding|

4.9.3 Abbreviated format for table-specification data

This format contains only table-specification data. It is a means by which the application may install in the decoder the
tables required to subsequently reconstruct one or more images.

4.10 Image, frame, and scan

Compressed image data consists of only one image. An image contains only one frame in the cases of sequential and
progressive coding processes; an image contains multiple frames for the hierarchical mode.

A frame contains one or more scans. For sequential processes, a scan contains a complete encoding of one or more
image components. In Figures 12 and 13, the frame consists of three scans when non-interleaved, and one scan if all
three components are interleaved together. The frame could also consist of two scans: one with a non-interleaved
component, the other with two components interleaved.
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For progressive processes, a scan contains a partial encoding of all data units from one or more image components.

Components shall not be interleaved in progressive mode, except for the DC coefficients in the first scan for each
component of a progressive frame.

4.11 Summary of coding processes

Table 1 provides a summary of the essential characteristics of the various coding processes specified in this
Specification. The full specification of these processes is contained in Annexes F, G, H, and J.

Table 1 — Summary: Essential characteristics of coding processes

Baseline process (required for all DCT-based decoders)

PDCT-based process

Bource image: 8-bit samples within each component
Bequential

Huffman coding: 2 AC and 2 DC tables

Pecoders shall process scans with 1, 2, 3, and 4 components
[nterleaved and non-interleaved scans

Extended DCT-based processes

DCT-based process

Source image: 8-bit or 12-bit samples

Sequential or progressive

Huffman or arithmetic coding: 4 AC and 4 DC.tables
Pecoders shall process scans with 1, 2, 3, and'4/components
[nterleaved and non-interleaved scans

Lossless processes

Predictive process (hot DCT-based)

Source image: P+bit'samples (2 < P < 16)

Bequential

Huffman or-arithmetic coding: 4 DC tables

Decoders, shall process scans with 1, 2, 3, and 4 components
[nterleaved and non-interleaved scans

Hierarchical processes

Multiple frames (non-differential and differential)

Uses extended DCT-based or lossless processes

Decoders shall process scans with 1, 2, 3, and 4 components
Interleaved and non-interleaved scans
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5 Interchange format requirements

The interchange format is the coded representation of compressed image data for exchange between application
environments.

The interchange format requirements are that any compressed image data represented in interchange format shall
comply with the syntax and code assignments appropriate for the decoding process selected, as specified in Annex B.

Tests for whether compressed image data comply with these requirements are specified in Part 2 of this Specification.

6 Encoder requirements

oc () 0 DINDPIEC CA 1Magec

An encoding prace : e image data s 4 age dats specifies a
number of distinct encoding processes for its particular mode of operation.

An encodg¢r is an embodiment of one (or more) of the encoding processes specified in Annexes F, G, H,or J. |In order to
comply wijth this Specification, an encoder shall satisfy at least one of the following two requirements:

An encoder shall

h)  with appropriate accuracy, convert source image data to compressed image data which comply with the
interchange format syntax specified in Annex B for the encoding process(es) embodied by the ¢ncoder;

b) with appropriate accuracy, convert source image data to compressed image data which comply with the
abbreviated format for compressed image data syntax specified4n” Annex B for the encoding jprocess(es)
embodied by the encoder.

For each ¢f the encoding processes specified in Annexes F, G, H, and.J, the compliance tests for the above refjuirements
are specified in Part 2 of this Specification.

NOTE — There is no requirement in this Specification that'any encoder which embodies one of the encodifig processes
specified ih Annexes F, G, H, or J shall be able to operate for all ranges of the parameters which are allowed for that|process. An
encoder is [only required to meet the compliance tests specified i’ Part 2, and to generate the compressed data format pccording to
Annex B f¢r those parameter values which it does use.

7 ‘l:)ecoder requirements

A decodifg process converts compressed’image data to reconstructed image data. Each of Annexes F, (§, H, and J
specifies 4 number of distinct decoding’processes for its particular mode of operation.

A decodet is an embodiment of one (or more) of the decoding processes specified in Annexes F, G, H, or J.|In order to
comply with this Specification; a decoder shall satisfy all three of the following requirements.

A decodef shall

a) with-appropriate accuracy, convert to reconstructed image data any compressed image| data with
parameters within the range supported by the application, and which comply with the interchgnge format
syntax specified in Annex B for the decoding process(es) embodied by the decoder;

b) accept and properly store any table-specification data which comply with the abbreviated format for
table-specification data syntax specified in Annex B for the decoding process(es) embodied by the
decoder;

c) with appropriate accuracy, convert to reconstructed image data any compressed image data which
comply with the abbreviated format for compressed image data syntax specified in Annex B for the
decoding process(es) embodied by the decoder, provided that the table-specification data required for
decoding the compressed image data has previously been installed into the decoder.

Additionally, any DCT-based decoder, if it embodies any DCT-based decoding process other than baseline sequential,
shall also embody the baseline sequential decoding process.

For each of the decoding processes specified in Annexes F, G, H, and J, the compliance tests for the above requirements
are specified in Part 2 of this Specification.
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Annex A

Mathematical definitions
(This annex forms an integral part of this Recommendation | International Standard)

Al Source image

Source images to which the encoding processes specified in this Specification can be applied are defined in this annex.

A.l.1  Dimensions and sampling factors

As shown i in Figure ) ¢ ; A ) pique identifier
C;, is defjned to consist of a rcctangular array of samples of x; oolumns by y; llnes The component dimensions are
derived tf¥‘m two parameters, X and Y, where X is the maximum of the x; values and Y is the maximum-of the y; values

for all ponents in the frame. For each component, sampling factors H; and V; are defined relating [component
dimensions x; and y; to maximum dimensions X and Y, according to the following expressions:

H; Vi
x; = Xme and y; vamax,

where Hpax and V pax are the maximum sampling factors for all components\in the frame, and [ | is |the ceiling
function.

As an exgmple, consider an image having 3 components with maximum _dimensions of 512 lines and 512 damples per
line, and ith the following sampling factors:

Component 0 Hy =4, Vy =1
Component 1 H =2 V=2
Component 2 Hy =1 V, =1

Then X =(512, Y = 512, Hpax =4, Vinax = 2, and x;and y; for each component are

Component 0 X =512, y, = 256
Component 1 Xp'= 256, y, = 512
Component 2 X, = 128, y, = 256

INOTE — The X, Y, H;,"and V; parameters are contained in the frame header of the compressed image data| (see B.2.2),
whereas tHe individual compdgnert dimensions x; and y; are derived by the decoder. Source images with x; and y; dimensions which
do not sati3fy the expressions above cannot be properly reconstructed.

A.1.2  [Sample precision

A samplg is an, integer with precision P bits, with any value in the range O through 2P -1, All samples of all
componefts\within an image shall have the same precision P. Restrictions on the value of P depend otimtﬁa mode of
operationtas—spccﬂ‘:m

I h o Wa IR D"
HIroD.2WboH./.
A.l13 Data unit

A data unit is a sample in lossless processes and an 8 X 8 block of contiguous samples in DCT-based processes. The
left-most 8 samples of each of the top-most 8 rows in the component shall always be the top-left-most block. With this
top-left-most block as the reference, the component is partitioned into contiguous data units to the right and to the
bottom (as shown in Figure A .4).

A.1l4 Orientation

Figure A.1 indicates the orientation of an image component by the terms top, bottom, left, and right. The order by
which the data units of an image component are input to the compression encoding procedures is defined to be left-to-
right and top-to-bottom within the component. (This ordering is precisely defined in A.2.) Applications determine
which edges of a source image are defined as top, bottom, left, and right.
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a) Source image with multiple components b) Characteristics of an image componlant

Figure A.1 - Source image characteristics

A2 Order of source image data encoding

The scan header (see B.2.3) specifies the order by which source image data.units shall be encoded and placeq within the
compress¢d image data. For a given scan, if the scan header parameter Ns = 1, then data from only |one source
componeIt — the component specified by parameter Cs; — shall bepresent within the scan. This data is non{interleaved

by defini

on. If Ns > 1, then data from the Ns components Csjthrough Csn;s shall be present within the scap. This data

shall alwgys be interleaved. The order of components in a scan shall be according to the order specified i the frame

header.

The ordefing of data units and the construction of mifiimum coded units (MCU) is defined as follows.

A.2.1  [Minimum coded unit (MCU)

For non;’xterleavcd data the MCU is-one data unit. For interleaved data the MCU is the sequence of data ufits defined

by the sampling factors of the components in the scan.

A.2.2 |Non-interleaved-order (Ns =1)

When N = 1 (wheré Ns is the number of components in a scan), the order of data units within a scan shall be left-to-
right and| top-to-bottom, as shown in Figure A.2. This ordering applies whenever Ns = 1, regardless of the values of

H; and Vj;.

Top
R RS R = o
Left | e4rF—-e——e— o —a=pe | Right
u}a" oo o
Fe—F

Bottom  TISO0780-93/d015

Figure A.2 - Non-interleaved data ordering
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A.2.3 Interleaved order (Ns > 1)

When Ns > 1, each scan component Cs; is partitioned into small rectangular arrays of Hy horizontal data units by Vi
vertical data units. The subscripts k indicate that Hy and Vi are from the position in the frame header component-
specification for which Cx = Cs;. Within each Hx by Vi array, data units are ordered from left-to-right and top-to-
bottom. The arrays in turn are ordered from left-to-right and top-to-bottom within each component.

As shown in the example of Figure A.3, Ns = 4, and MCU] consists of data units taken first from the top-left-most

region of Cs;, followed by data units from the corresponding region of Csz, then from Cs3 and then from Cs4. MCU,
follows the same ordering for data taken from the next region to the right for the four components.

CQ."H"—Q V"—Q CQ:'Hn:Q Vo=1 Csa:H, =1, V=2 CsyeH =1V, =1
2 3 4 5 o 1 2 3 4 5 0 2 o1 2

rovara il === BN N =
ir<d

® | e o I 2 f ® I
TISO0800-93/d016
o0 o 3 ®

MCU, = dfo dgy djo diy dpo d§1 do a0 dog,

MCU, = déz d&a d112 d113 d%z dgs dg1 d?1 dfiu

MCU, = dc1)4 d(1)5 d114 d115 d54 d§5 dgz d?z dgzv
di

-
o

MCU, = dj, dj, diy iy d3od%y dig,d3%
N\

(

Cs, data units Css Cs; Csy

Figure A.3 — Interleaved data ordering example

A2.4 [Completion of partial MCU

For DCT-pased processes the data unit.issa block. If x; is not a multiple of 8, the encoding process shall [extend the
number of columns to complete the{ right-most sample blocks. If the component is to be interleaved, the encoding
process shall also extend the number of samples by one or more additional blocks, if necessary, so that the|number of
blocks is 4n integer multiple of Hy. Similarly, if y; is not a multiple of 8, the encoding process shall extend {he number
of lines td complete the bottom<most block-row. If the component is to be interleaved, the encoding procesp shall also
extend th¢ number of lines by one or more additional block-rows, if necessary, so that the number of blocktrows is an
integer myltiple of Vi

OTE =\It-is recommended that any incomplete MCUs be completed by replication of the right-most colymn and the
bottom ling of each'component.

For lossleks—proce

s-processes-the-datay a-sampleIf the componentis-to-be-interleaved,the encoding process-shall extend
the number of samples, if necessary, so that the number is a multiple of H;. Similarly, the encoding process shall extend
the number of lines, if necessary, so that the number of lines is a multiple of V;.

Any sample added by an encoding process to complete partial MCUs shall be removed by the decoding process.

A3 DCT compression

A3.1  Level shift
Before a non-differential frame encoding process computes the FDCT for a block of source image samples, the samples

shall be level shifted to a signed representation by subtracting 2P ~ 1, where P is the precision parameter specified in
B.2.2. Thus, when P = §, the level shift is by 128; when P = 12, the level shift is by 2048.
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After a non-differential frame decoding process computes the IDCT and produces a block of reconstructed image
samples, an inverse level shift shall restore the samples to the unsigned representation by adding 2P~! and clamping
the results to the range 0 to 2P~ 1.

A.3.2  Orientation of samples for FDCT computation

Figure A4 shows an image component which has been partitioned into 8 X 8 blocks for the FDCT computations.

Figure A 4 also defines the orientation of the samples within a block by showing the indices used in the FDCT equation
of A.3.3.

The definitions of block partitioning and sample orientation also apply to any DCT decoding process and the output
reconstructed image. Any sample added by an encoding process to complete partial MCUs shall be removed by the
decoding process.

( ) i Soo So1 ® hd ) So7
[~ . S0 Sy1 ® ® ® Sy
: L4 14 °
Left , Right
, . . .
L
' [ ) o [ )
! S0 \S71 ® b ® sy
'
LU DU I S E ' TIS00810-93/d017

Figure A.4 — Partition and orientation of 8 x 8 sample blocks

A.3.3 [FDCT and IDCT (informative)

The folloying equations specify the ideal furictional definition of the FDCT and the IDCT.

INOTE — These equations contain 'teérms which cannot be represented with perfect accuracy by any real implementation.
The accurdcy requirements for the combined FDCT and quantization procedures are specified in Part 2 of this Specification. The
accuracy requirements for the combined dequantization and IDCT procedures are also specified in Part 2 of this Specifichtion.

77
_ 1 Qx+lun _ Q2y+Dvn
FDCT: Spu = 1 Cc, C, xf_lo 2_)0 §yx COS 16 cos 16
= y_
_ 1 L7 (2x +1un Qy+Dwe
IDCT: Sy = g .Eo VE Cy Cy Sy 08 == cos =<
where
c,.C, = l/ﬁ for u,v = 0
C,,C, =1 otherwise
otherwise.

A3.4  DCT coefficient quantization (informative) and dequantization (normative)

After the FDCT is computed for a block, each of the 64 resulting DCT coefficients is quantized by a uniform quantizer.
The quantizer step size for each coefficient Sy, is the value of the corresponding element @y, from the quantization
table specified by the frame parameter Tq; (see B.2.2).
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The uniform quantizer is defined by the following equation. Rounding is to the nearest integer:

S
Sq,, = round | =% )
dvu ( 0.,

Sqvu is the quantized DCT coefficient, normalized by the quantizer step size.

NOTE - This equation contains a term which may not be represented with perfect accuracy by any real implementation.
The accuracy requirements for the combined FDCT and quantization procedures are specified in Part 2 of this Specification.

At the decoder, this normalization is removed by the following equation, which defines dequantization:

Rvu = quu X Qvu

NOTE - Depending on the rounding used in quantization, it is possible that the dequantized ¢oefficient may be outside
the expectgd range.

The relatipnship among samples, DCT coefficients, and quantization is illustrated in Figure A.S5.

A.3.5  Pifferential DC encoding

After quantization, and in preparation for entropy encoding, the quantized DC coefficient Sqoo is treated separately
from the $3 quantized AC coefficients. The value that shall be encoded is the difference (DIFF) between th¢ quantized
DC coefficient of the current block (DC; which is also designated as Sqoo) and that of the previous block ¢f the same
component (PRED):

DIFF =DC; — PRED

A.3.6 [LZig-zag sequence

After quaptization, and in preparation for entropy encoding, the quantized AC coefficients are converted to the zig-zag
sequence] The quantized DC coefficient (coefficient zero in the array) is treated separately, as defined in A.3|5. The zig-
zag sequence is specified in Figure A.6.

Ad [Point transform

For varioys procedures data may be optionally divided by a power of 2 by a point transform prior to coding There are
three pro¢esses which require a point transform: lossless coding, lossless differential frame coding in the lfierarchical
mode, and SUCCessive approximation coding in the progressive DCT mode.

In the lossless mode of operation the point transform is applied to the input samples. In the difference coding of the
hierarchical mode of operation the point transform is applied to the difference between the input component samples
and the reference component samples. In both cases the point transform is an integer divide by 2Pt, where Pt is the value
of the point transform parameter (see B.2.3).

In successive approximation coding the point transform for the AC coefficients is an integer divide by 2Al, where Al is
the successive approximation bit position, low (see B.2.3). The point transform for the DC coefficients is an arithmetic-
shift-right by Al bits. This is equivalent to dividing by 2Pt before the level shift (see A.3.1).

The output of the decoder is rescaled by multiplying by 2Pt. An example of the point transform is given in K.10.
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Figure A.5 — Relationship between 8 x 8-block samples and DCT coefficients
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0 1 5 6 14 15 27 28

2 4 7 13 16 26 29 42

3 8 12 17 25 30 41 | 43

9| 11 18 24 31 40 44 53

10 19 23 32 39 45 52 54

20 22 33 38 46 51 55 60

21 34 37 47 50 56 59 61

35 36 48 49 57 | 58 62 63

Figure A.6 — Zig-zag sequence of quantized DCT coefficients

rithmetic procedures in lossless and hierarchical modes of operation

In the los§less mode of operation predictions are calculated with full precision and without clamping of eith
or underflow beyond the range of values allowed by the precision of the input. However, the division by two which is

part of so

The two’s

coding in

e of the prediction calculations.ghall be approximated by an arithmetic-shift-right by one bit.

the hierarchical modeof operation are calculated modulo 65 536, thereby restricting the precisi

differences to a maximum of }6'bits. The modulo values are calculated by performing the logical AND oper
two’s conmpplement difference; with X'FFFF’. For purposes of coding, the result is still interpreted as a 1
complemgnt difference. Modulo 65 536 arithmetic is also used in the decoder in calculating the output from
the prediction and this two’s complement difference.

30

er overflow

complement differences which are coded in either the lossless mode of operation or the differeptial frame

bn of these
ition of the
b bit two’s
the sum of
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Annex B

Compressed data formats

(This annex forms an integral part of this Recommendation | International Standard)

This annex specifies three compressed data formats:
a) the interchange format, specified in B.2 and B.3;

t) the abbreviated format for table-specification data, specified in B.5.

B.1 descrr‘inPcs the constituent parts of these formats. B.1.3 and B.1.4 give the conventions for symbols.and figures used
in the formhat specifications.

B.1 General aspects of the compressed data format specifications

Structurally, the compressed data formats consist of an ordered collection of paramieters, markers, and entfopy-coded
data segments. Parameters and markers in turn are often organized into miarker segments. Because al]l of these
constituent parts are represented with byte-aligned codes, each compressed data format consists of an orderefl sequence
of 8-bit bytes. For each byte, a most significant bit (MSB) and a least significant bit (LSB) are defined.

B.1.1 Constituent parts

This subclause gives a general description of each of the constituent parts of the compressed data format.
B.1.1.1 Parameters

Parameteqs are integers, with values specific to the’encoding process, source image characteristics, and other features
selectable|by the application. Parameters are assigned either 4-bit, 1-byte, or 2-byte codes. Except for certajn optional

groups of] parameters, parameters encode critical information without which the decoding process canngt properly
reconstrugt the image.

The code [assignment for a parameter shall be an unsigned integer of the specified length in bits with thq particular
value of the parameter.

For paramjeters which are 2-bytes (16 bits) in length, the most significant byte shall come first in the comprefssed data’s
ordered s¢quence of bytes. Parameters which are 4 bits in length always come in pairs, and the pair shall always be
encoded ih a singlebyte. The first 4-bit parameter of the pair shall occupy the most significant 4 bits of the byte. Within
any 16-, §-, or 4-bit parameter, the MSB shall come first and LSB shall come last.

B.1.1.2 arkers

Markers serve to identify the various structural parts of the compressed data formats. Most markers start marker
segments containing a related group of parameters; some markers stand alone. All markers are assigned two-byte
codes: an X’FF’ byte followed by a byte which is not equal to 0 or X’FF’ (see Table B.1). Any marker may optionally be
preceded by any number of fill bytes, which are bytes assigned code X’FF’.

NOTE — Because of this special code-assignment structure, markers make it possible for a decoder to parse the
compressed data and locate its various parts without having to decode other segments of image data.

B.1.1.3 Marker assignments
All markers shall be assigned two-byte codes: a X’FF’ byte followed by a second byte which is not equal to 0 or X’FF’.

The second byte is specified in Table B.1 for each defined marker. An asterisk (*) indicates a marker which stands
alone, that is, which is not the start of a marker segment.
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Table B.1 - Marker code assignments

Code Assignment Symbol Description
Start Of Frame markers, non-differential, Huffman coding

X FFCO’ SOF, Baseline DCT
X’FFCI’ SOF; Extended sequential DCT
X’FFC2’ 3852 Progressive DCT
X’FFC3’ 3 Lossless (sequential)

Start Of Frame markers, differential, Huffman coding
X’FFC5’ SOFs Differential sequential DCT
X'FFCé6’ SOFs Differential progressive DCT
X'FFCT’ SOF, Differential lossless (sequential)

Start Of Frame markers, non-differential, arithmetic coding

X’FFC8’ JPG Reserved for JPEG extensions
X’FFCY’ SOFy Extended sequential DCT
X'FFCA ggglo Progressive DCT
X’FFCB u Lossless (sequential)

Start Of Frame markers, differential, arithmetic coding
X’FFCD SOF3 Differential séquential DCT
X’FFCE’ SOFy4 Differentiakprogressive DCT
X’FFCF| SOFs Differential lossless (sequential)

Huffman table specification
X'FFC4’ DHT Define Huffman table(s)
Arithmetic coding.conditioning specification
X’FFCC DAC Define arithmetic coding conditioning(s)
Restart interval termination
X’FFDO’| through X’FFD7 RST,* Restart with modulo 8 count “m”
Other markers
X’FFD8’| SOI* Start of image
X’FFD9’ EOI* End of image
X’FFDA SOS Start of scan
X'FFDB DQT Define quantization table(s)
X’FFDC DNL Define number of lines
X'FFDD DRI Define restart interval
X’FFDE DHP Define hierarchical progression
X’FFDF EXP Expand reference component(s)
X’FFEQ’|through X’ FFEF APP, Reserved for application segments
X’FFFO’ [through X’FFFD’ JPG, Reserved for JPEG extensions
X'FFFE’ COM Comment
Reserved markers
X'FF01’ TEM* For temporary private use in arithmetic coding
X’FF02’ through X’FFBF’ RES Reserved
32 CCITT Rec. T.81 (1992 E)
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B.1.1.4 Marker segments

A marker segment consists of a marker followed by a sequence of related parameters. The first parameter in a marker
segment is the two-byte length parameter. This length parameter encodes the number of bytes in the marker segment,
including the length parameter and excluding the two-byte marker. The marker segments identified by the SOF
and SOS marker codes are referred to as headers: the frame header and the scan header respectively.

B.1.1.5 Entropy-coded data segments

An entropy-coded data segment contains the output of an entropy-coding procedure. It consists of an integer number of

bytes, whether the entropy-coding procedure used is Huffman or arithmetic.
NOTES

1

used, if ngcessa

Makmg entropy-codcd scgments an mtcger number of bytcs is performed as follows for Huffma.n cod.mg, 1-bits are

alignment fis performedm tbc procedurc whlchtcrmnatcs the cntropy -coded segment (see D.1. 8) o

2
either a Hy
followed H

B.1.2

In B2
specifica

The orde
figures 1

In order to ensure that a marker does not occur within an entropy-coded segment, any X'FF byte

iffman or arithmetic encoder, or an X’FF’ byte that was generated by the padding of 1-bits described in NOT]
y a “stuffed” zero byte (see D.1.6 and F.1.2.3).

Syntax

Td B.3 the interchange format syntax is specified. For the purposes ,of this Specification,
on consists of:

the required ordering of markers, parameters, and entropy-coded Segments;
identification of optional or conditional constituent parts;

the name, symbol, and definition of each marker and parameter;

the allowed values of each parameter;

any restrictions on the above which are specific to the various coding processes.

ring of constituent parts and the identification of which are optional or conditional is specified by
h B.2 and B.3. Names, symbols, definitions, allowed values, conditions, and restrictions afe specified

immediately below each syntax figure.

B.1.3

Conventions for syntax figures

figures in B.2 and B.3 are a part of the interchange format specification. The following d

The syntﬁx
illustrategl in Figure B.1, apply to these figures:

coding, byte

benerated by
E 1 above, is

the syntax

the syntax

onventions,

parameter/marker indicator: A thin-lined box encloses either a marker or a single paramefer;

segment indicator: -A thick-lined box encloses either a marker segment, an entropy-
segment, or combinations of these;

parameter length indicator: The width of a thin-lined box is proportional to the parametd
8, or 16'hits, shown as E, B, and D respectively in Figure B.1) of the marker or parameter it ¢
width.of thick-lined boxes is not meaningful;

optional/conditional indicator: Square brackets indicate that a marker or marker segm
optionally or conditionally present in the compressed image data;

coded data

r length (4,
ncloses; the

ent is only

ordering: In the interchange format a parameter or marker shown in a figure precedes all of those

shown to its right, and follows all of those shown to its left;

entropy-coded data indicator: Angled brackets indicate that the entity enclosed has been entropy

encoded.

[Optlonal ]

segment (B]

Segment

TISO0830-93/d019

Figure B.1 - Syntax notation conventions
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B.1.4  Conventions for symbols, code lengths, and values

Following each syntax figure in B.2 and B.3, the symbol, name, and definition for each marker and parameter shown in
the figure are specified. For each parameter, the length and allowed values are also specified in tabular form.

The following conventions apply to symbols for markers and parameters:
—  all marker symbols have three upper-case letters, and some also have a subscript. Examples: SOI, SOFy;

—  all parameter symbols have one upper-case letter; some also have one lower-case letter and some have
subscripts. Examples: Y, Nf, H;, Tq;.

B.2 General sequential and progressive syntax

This clausg-specifies-the interchange format syntax whi CT-based,
progressive DCT-based, and lossless modes of operation.
B.2.1  High-level syntax

Figure B.2 specifies the order of the high-level constituent parts of the interchange format for”all non-hjerarchical
encoding grocesses specified in this Specification.

Compressed image data

SOl Frame EOI
R Frame
DNL
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I I
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Figure B.2 — Syntax for sequential DCT-based, progressive DCT-based,
and lossless modes of operation

The three markers shown in Figure B.2 are defined as follows:

SOI: Start of image marker — Marks the start of a compressed image represented in the interchange format
or abbreviated format.

EOI: End of image marker — Marks the end <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>