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ISO/IEC 10918-1:1994(E) 

Foreword 

IS0 (the International Organization for Standardization) and IEC (the Inter- 
national Electrotechnical Commission) form the specialized system for 
worldwide standardization. National bodies that are members of IS0 or IEC 
participate in the development of International Standards through technical 
committees established by the respective organization to deal with particular 
fields of technical activity. IS0 and IEC technical committees collaborate in 
fields of mutual interest. Other international organizations, governmental and 
non-governmental, in liaison with IS0 and IEC, also take part in the work. 

In the field of information technology, IS0 and IEC have established a joint 
technical committee ISO/lEC JTC 1. Draft International Standards adopted by 
the joint technical committee are circulated to national bodies for voting. 
Publication as an International Standard requires approval by at least 75% of the 
national bodies casting a vote. 

International Standard ISO/lEC 10918- 1 was prepared by Joint Technical Com- 
mittee ISO/lEC JTC 1, Informafion technology, Subcommittee SC 29, Coding of 
audio, picture, multimedia and hypermedia information, in collaboration with 
the CCITT. The identical text is published as CCITT Recommendation T.81. 

ISO/lEC 10918 consists of the following parts, under the general title 
Information technology - Digital compression and coding of continuous-tone 
still images: 

- Part I : Requirements and guidelines 

- Part 2: Compliance testing 

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

Patents 

During the preparation of this part of ISO/IEC 10918, information 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/lEC 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 ISO/IEC 10918 was prepared by CCIl’T Study Group VIII and the 
Joint Photographic Experts Group (JPEG) of ISO/IEC JTC l/SC 29/WG 10. This 
Experts Group was formed in 1986 to establish a standard for the sequential 
progressive encoding of continuous-tone grayscale and colour images. 

This part of ISO/IEC 10918 sets out requirements and implementation guidelines 
for continuous-tone still image encoding and decoding processes, and for the 
coded representation of compressed image data for interchange between 
applications. These processes and representations are intended to be generic, that 
is, to be applicable to a broad range of applications for colour and grayscale still 
images within communications and computer systems. ISO/IEC 10918-2 sets out 
tests for determining whether implementations comply with the requirements for 
the various encoding and decoding processes specified in this part of 
ISO/IFX 10918. 

The requirements which these processes must satisfy to be useful for specific 
image communications applications such as facsimile, Videotex and 
audiographic conferencing are defined in CCITT Recommendation T.80. The 
intent is that the generic processes of Recommendation T.80 will be 
incorporated into the various CCITT Recommendations for terminal equipment 
for these applications. 

In addition to the applications addressed by the CCITT and ISO/IEC, the JPEG 
committee has developed a compression standard to meet the needs of other 
applications as well, including desktop publishing, graphic arts, medical imaging 
and scientific imaging. 

This Specification aims to follow the guidelines of CCITT and ISO/IEC JTC 1 
on Rules for presentation of CCllT 1 ISOIIEC common text. 

iv 
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ISO/IEC 1091&lr1994(E) 

INTERNATIONAL STANDARD 

CCITT RECOMMENDATION 

INF’ORMATION TECHNOLOGY - DIGITAL COMPRESSION 
AND CODING OFCONTINUOUS-TONE STILL IMAGES- 

REQUIREMENTS AND GUIDELINES 

1 Scope 

This CCI’IT Recommendation I International Standard is applicable to continuous-tone - grayscale or colour - digital 
still image data. It is applicable to a wide range of applications which require use of compressed images. It is not 
applicable to b&level image data. 

This Specification 

- specifies processes for converting source image data to compressed image data; 

- specifies processes for converting compressed image data to reconstructed image data: 

- gives guidance on how to implement these processes in practice; 

- specifies coded representations for compressed image data 
NOTE - This Specification does not specify a complete wded image representation. Such representations may include 

certain parameters, such as aspect ratio, component sample registration, and colour space designation, which are application- 
dependent. 

2 Normative references 

The following CCITI Recommendations and International Standards contain provisions which, through reference in 
this text, constitute provisions of this CCITI’ Recommendation I International Standard. At the time of publication, the 
editions indicated were valid. All Recommendations and Standards are subject to revision, and parties to agreements 
based on this CCITT Recommendation I International Standard are encouraged to investigate the possibility of applying 
the most recent edition of the Recommendations and Standards listed below. Members of IEC and IS0 maintain 
registers of currently valid International Standards. The CCITT Secretariat maintains a list of currently valid CCITT 
Recommendations. 

- CCIlT Recommendation T-80 (1992), Common components for image compression and communication 
- Basic principles. 

3 Definitions, abbreviations and symbois 

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 coeffkient for which the frequency is not zero in at least one dimension. 

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

3.1.4 (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: Choke between two alternatives. 

3.1.10 bit stream: Partiahy encoded or decoded sequence 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 byte: A group of 8 bits. 

3.1.14 byte stuffing: A procedure in which either the Huff&n coder or the arithmetic coder inserts a zero byte into 
the entropy-coded segment following the generation of an encoded hexadecimal X’FF’ byte. 

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

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

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

3.1.18 code register: The arithmetic encoder register containing the least significant bits of the partially completed 
entropy-coded segment. Alternatively, the arithmetic decoder register containing the most significant bits of a partially 
decoded entropy-coded segment. 

3.1.19 

3.120 

3.131 

3.1.22 

3.123 

3.124 

3.12s 

3.1.26 

3.127 

3.128 

3.139 

ceder:.An embodiment of a coding process. 

coding::Encoding or decoding. 

coding model: A procedure used to convert input data into symbols to be coded. 

(coding) process: A general term for referring to an encoding process, a decoding process, or both. 

colour image: A continuous-tone image that has more than one component. 

coiumns: Samples per line in a component. 

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

compressed data: Either compressed image data or table specification data or both. 

compressed image data: A coded representation of an image, as specified in this Specification. 

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

conditional exchange: The interchange of MPS and LPS probability intervals whenever the size of the LPS _ _ 
interval is greater than the size of the MPS interval (in arithmetic coding), 

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

3.131 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). 

3.133 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 p xwesses; a sample in lossless 
processes. 
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3.1.35 DC coefIicient: 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. 

3.137 @CT) 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. 

3.1.3g decoder: An embodiment of a decoding process. 

3.1.39 decodiig 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 
cocimg of an image. 

3.1.41 dequantization: The inverse procedure to quantization by which the decoder recovers a representation of the 
DCT coefficients. 

3.1.42 differential component: The difference between an input component derived from the source image and the 
corresponding reference component derived from the preceding frame for that component (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 decoder defined in 
this Specification. 

3.1.45 (digital) source image (data): A continuous-tone image used as input to any encoder defined 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 discrete cosine 
transform. 

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

3.1.49 encoder: An embodiient of an encoding process. 

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

3.1.51 entropy-coded (data) segment: An independently de&able sequence of entropy encoded bytes of 
compressed image data. 

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

3.153 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. 

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

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

3.1.57 extended @CT-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; FDC’I’r A mathematical transformation using cosine basis functions 
which converts a block of samples into a corresponding block of original DCT coefficients. 
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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 twodimensional 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 grayscale Image: A continuous-tone image that has only one component. 

3.1.65 hierarchkal: A mode of operation for coding an image in which the fast frame for a given component is 
followed by 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 hierarchical decoder: A sequence of decoder processes in which the first frame for each component is 
followed by 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 hierarchical encoder: The mode of operation in which the first frame for each component is followed by 
frames which encode the array of differences between the source data and the reconstructed data from the preceding 
frame for that component. 

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

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

3.1.70 Huffman decoding: An entropy decoding procedure which recovers the symbol from each variable length 
code produced 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 each input 
SpbOI. 

3.1.73 Huffman table: The set of variable length codes required in a Huffman encoder and Huffman decoder. 

3.1.74 image data: Either source image data or reconstructed image data. 

3.1.75 interchange format: The representation of compressed image data for exchange between application 
environments. 

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

3.1.77 inverse discrete cosine transform; IDCX A mathematical transformation using cosine basis functions 
which converts a block of dequantized DCX 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 CClTI’ and ISO/IEC collaboration. 

3.1.79 latent OU@~: 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. 

3.111 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. 
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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 tbe input to the encoding procedure(s). 

3.1.83 iossless 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). 

3.1J4 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 MC&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&I 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 Specification. 

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

3.1.91 non-differential frame: The fast frame for any components in a hierarchical encoder or decoder. The 
components are encoded or decoded without subtraction from reference components. The term refers also to any frame 
in modes other than the hierarchical mode. 

3.1.92 non-interleaved: The descriptive term applied to the data unit processing sequence when the scan has only 
one component. 

3.1.93 parameters: Fixed length integers 4, 8 or 16 bits in length, used in the compressed data formats. 

3.1.94 point 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 previously reconstructed values (in lossless mode coding). 

3.1.97 probabiiity estimation state machine: An interlinked table of probability values and indices which 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 sequences (in arithmetic coding). 

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

3.1.100 procedure: A set of steps which accomplishes one of the tasks which comprise an encoding or decoding 
proC%TSS. 

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). 
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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 miniium value (m 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 the 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 scan: A single pass through the data for one or more of the components in an image. 

3.1.115 scan header: A marker segment that contains a start-of-scan marker and associated scan parameters 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 this Specification in which 
each component of the image is encoded within a single scan. 

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

3.1.118 spectral selection: A progressive coding process in which the zig-zag sequence is divided into bands of one 
or more contiguous coefficients, and each hand is coded in one scan. 

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

3.1.120 statistical conditioning: The selection, based on prior coding decisions, of one estimate out of a set of 
conditional probability estimates (in arithmetic coding). 

3.1.121 statistical model: The assignment of a particular conditional probability estimate to each of the binary 
arithmetic coding decisions, 

3.1.122 statistics area: The array of statistics bins required 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 conditional 
probability estimate used for a particular arithmetic coding binary decision. 

3.1.124 successive approximation: A progressive coding process in which the coefficients are coded with reduced 
precision in the fast 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 and their destinations specified. 

3.1.126 transcoder: A procedure for converting compressed image data of one encoder process to compressed image 
data of another encoder process. 

3.1.127 (uniform) quantixation: The procedure by which DCT coefficients are linearly scaled in order to achieve 
compression. 

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

3.Ll29 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’OO’ 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). 
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3.2 Symbols 

‘he symbols used in this Specification are listed below. 

A 

AC 

AC+ 

Ah 

Al 

APi 

App, 

B 

B2 

BE 

BITS 

BP 

BPST 

BR 

Bx 

C 

Ci 

C” 

G 

CE 

C-low 

Cm; 

CODE 

CODESIZE 

COM 

cs 

csi 

CT 

cx 

cx 

dji 

djik 

D 

probability interval 

AC DCT coefficient 

AC coefficient predicted from DC values 

successive approximation bit position, high 

successive approximation bit position, low 

itb &bit parameter in APP, segment 

marker reserved for application segments 

current byte in compressed data 

next byte in compressed data when B = X’PP 

counter for buffered correction bits for HuftInan coding in the successive approximation 
pr- 

16-byte list containing number of Huffman codes of each length 

pointer to compressed data 

pointer to byte before start of entropy-coded segment 

counter for buffered correction bits for Huffman coding in the successive approximation 
prooess 

byte modified by a carry-over 

value of bit stream in code register 

component identifier for frame 

horizontal frequency dependent scaling factor in DCT 

vertical frequency dependent scaling factor in DCT 

conditional exchange 

low order 16 bits of the arithmetic decoder code register 

ith 8-bit parameter in COM segment 

bit counter in NEXTBYTE procedure 

Huffman code value 

code size for symbol V 

comment marker 

conditioning table value 

component identifier for scan 

renormahzation shift counter 

high order 16 bits of arithmetic decoder code register 

conditional exchange 

data unit from horizontal position i, vertical position j 

dji for component k 

decision decoded 
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Da 

DAC 

Db 

DC 

JX 

WI: 

DHP 

DHT 

DIPP 

DNL 

DQT 

DRI 

E 

EC 

ECS 

ECSi 

Eh 

EHUFCO 

EI-IUFSI 

EOB 

EOBn 

EOBx 

EOBO, EOB 1, . . . . BOB14 

EOI 

Ev 

HUPPCODE 

HUFFSIZE 

HUFFVAL 

i 

I 

Index(S) 

j 

J 

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 

define-arithmetic-coding-conditioning marker 

the difference coded for the sample immediately above 

DC Ix!T coefliciellt 

DC coefficient for itb block in component 

&rh DC value used in prediction of AC coefficients 

define hierarchical progression marker 

defineHuffman-tables marker 

difference between quantized DC and prediction 

define-number-of-lines marker 

definequantization-tables marker 

define restart interval marker 

exponent in magnitude category upper bound 

event counter 

elltropy-axied segment 

ith entropy-coded segment 

horizontal expansion parameter in EXP segment 

Huffman code table for encoder 

encoder table of Huffman code sizes 

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

run length category for EOB runs 

position of EOB in previous successive approximation scan 

MI length categories for EOB runs 

end-of-image marker 

vertical expansion parameter in EXP segment 

expand reference components marker 

f?equency of occurrence of symbol V 

horizontal sampling factor for ith component 

largest horizontal sampling factor 

list of Huffinan codes corresponding to lengths in HUPPSIZE 

list of code lengths 

list of values assigned to each Huffman code 

subscript index 

integer variable 

index to probability estimation state machine table for context index S 

subscript index 

integer variable 
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Jml 

k 

K 

Kmin 

Kx 

L 

L 

J-i(t) 

La 

LASTK 

Lc 

Ld 

Le 

Lf 

Lh 

LP 

LPS 

I-4 

Lr 

Ls 

LSB 

m 

mt 

M 

Mn 

MAXCODE 

MCU 

MCUi 

MCUR 

MINCODE 

MPS 

MPS(S) 

MSB 

M2, M3, M4, . . . , Ml5 

n 

N 

N/A 

marker reserved for IPEG extensions 

marker reserved for IPEG extensions 

subscript index 

integer variable 

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

conditioning parameter for AC arithmetic coding model 

DC and lossless coding conditioning lower bound parameter 

element in BITS list in DHT segment 

element in BITS list in the DHT segment for Huffman table t 

length of parameters in APP, segment 

largest value of K 

length of parameters in COM segment 

length of parameters in DNL segment 

length of parameters in EXP segment 

length of frame header parameters 

length of parameters in DI-IT segment 

length of parameters in DAC segment 

less probable symbol (in arithmetic coding) 

length of parameters in DQT segment 

length of parameters in DRI segment 

length of scan header parameters 

least significant bit 

modulo 8 counter for RST, marker 

number of V;j parameters for Huffman table t 

bit mask used in coding magnitude of V 

nth statistics bin for coding magnitude bit pattern category 

table with maximum value of Huffman code for each code length 

minimum coded unit 

itb MCU 

number of MCU required to make up one MCU-row 

table with minimum value of Huffman code for each code length 

more probable symbol (in arithmetic coding) 

more probable symbol for context-index S 

most significant bit 

designation of context-indices for coding of magnitude bits in the arithmetic coding 
models 

integer variable 

data unit counter for MCU coding 

not applicable 
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Nb 

Next-Index-LPS 

Next-Index-MPS 

Nf 

NL 

Ns 

OTHERS(V) 

P 

h 

m(t) 

PRED 

Pt 

Px 

Qji 

QVU 

QOO 

QACji 

QKk 

Qe 

Qm 

Qk 

rvu 

R 

RW 

Ra 

Rb 

Rc 

Rd 

number of data units in MCU 

new value of Index(S) after a LPS renormalization 

new value of Index(S) after a MPS renormalization 

number of components in frame 

number of lines defined in DNL segment 

number of components in scan 

index to next symbol in chain 

sample precision 

quantizer precision parameter in DQT segment 

quantizer precision parameter in DQT segment for quantization table t 

quantized DC coefficient from the most recently coded block of the component 

point transform parameter 

calculated value of sample 

quantizer value for coefficient ACji 

quantization value for DCT coefficient SW 

quantizer value fop DC coefficient 

quantized AC coefficient predicted from DC values 

kth quantized DC value used in predictiun of AC coeffkienrs 

LPS probability estimate 

LPS probability estimate for context index S 

&b element of 64 quantization elements in DQT segment 

reconstructed image sample 

length of mn of zero amplitude AC coefficients 

dequantized DCT coefficient 

reconstructed sample value 

reconstructed sample value 

reconstructed sample value 

rounding in prediction calculation 

reserved markers 

restart interval in DRl segment 

4-bit value of mn length of zero AC coefficients 

composite value used in Huffman coding of AC coefficients 

restart marker number m 

reconstructed value from IDCT 

context index 

DCT coefficient at horizontal frequency u, vertical frequency v 
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SC 

se 

SE 

SI 

SIGN 

SIZE 

SLL 

SLLap 

SN 

SOFo 

SOFl 

SOF2 

SOF3 

SOFs 

SOF6 

SOF7 

SOF9 

SOFlo 

SOFl 1 

SW3 

SW4 

SOFIT 

so1 

SOS 

SP 

sqw 

SRL 

SRLao 

ss 

s!3 

ssss 

ST 

Switch-MPS 

sz 

so 

t 

T 

context-index for coding of correction bit in successive approximation coding 

end of spectral selection band in zig-zag sequence 

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

Huffman code size 

1 if decoded sense of sign is negative and 0 if decoded sense of sign is positive 

length of a Huffman code 

shift left logical operation 

logical shift left of a by p bits 

context-index for coding of frost magnitude category when V is negative 

baseline DCT process frame marker 

extended sequential DCT frame marker, Huffman coding 

progressive DCT frame marker, Huffman coding 

lossless process frame marker, Huffman coding 

differential sequential DCT frame marker, Huffman coding 

differential progressive DCT frame marker, Huffman coding 

differential lossless process frame marker, Huffman coding 

sequential DCT frame marker, arithmetic coding 

progressive DCT frame marker, arithmetic coding 

lossless process frame marker, arithmetic coding 

differential sequential DCT frame marker, arithmetic coding 

differential progressive DCT frame marker, arithmetic coding 

differential lossless process frame marker, arithmetic coding 

start-of-image marker 

start-of-scan marker 

context-index for coding of frrst magnitude category when V is positive 

quantized DCT coefficient 

shift right logical operation 

logical shift right of a by f! bits 

start of spectral selection band in zig-zag sequence 

context-index for coding of sign decision 

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

stack counter 

parameter controlling inversion of sense of MPS 

parameter used in coding magnitude of V 

context-index for coding of V = 0 decision 

summation index for parameter limits computation 

temporary variable 
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Taj 

Tb 

Tc 

Tdj 

TEM 

Th 

Tq 

Tqi 

U 

V 

Vi 

Vij 

vmax 

vt 

VALPIR 

Vl 

v2 

Xi 

X 

Xi 

Xl, x2, x3, 

XHUFCO 

XHUFSI 

X’values’ 

Yi 

Y 

=W) 

zz(O) 

4 General 

AC entropy table destination selector for@ component in scan 

arithmetic conditioning table destination identifier 

Huffman coding or arithmetic coding table class 

DC entropy table destination selector for@ component in scan 

temporary marker 

Huffman table destination identifier in DHT segment 

quantization table destination identifier in DQT segment 

quantization table destination selector for itb component in frame 

DC and lossless coding conditioning upper bound parameter 

symbol or value being either encoded or decoded 

vertical sampling factor for itb component 

jth value for length i in HUFFVAL 

largest vertical sampling factor 

temporary variable 

list of indices for first value in HUFFVAL for each code length 

symbol value 

symbol value 

x15 

number of columns in itb component 

number of samples per line in component with largest horizontal dimension 

itb statistics bin for coding magnitude category decision 

designation of context-indices for coding of magnitude categories in the arithmetic 
coding models 

extended Huffman code table 

table of sizes of extended Huffman codes 

values within the quotes are hexadecimal 

number of lines in ith component 

number of lines in component with largest vertical dimension 

value in HUFFVAL assigned to run of 16 zero coefficients 

Kth element in zig-zag sequence of quantized DCT coefficients 

quantized DC coefficient in zig-zag sequence order 

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 fust 
usage in this clause. 
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4.1 Elements specified in this Specification 

There are three elements specified in this Specification: 

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. 

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

Encoder 

A 
I 

TlSOO65&WdOO1 

SOUrCe 
image data 

Table 
specifications 

compressed 
image data 

Figure 1 - Encoder 

compressed 
image data 

Recotlsttucted 
image data 

Fire2 - 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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Application environment 

Compressed image data, including table specifications 

Appliition environment 

SOO670-WdOO3 

Figure3 - Interchange format for compressed image data 

These figures are also meant to show that the same tables specified for au encoder to use to compress a particular image 
must be provided to a decoder to reconstruct that image. However, this Specification does not specify how applications 
should associate tables with compressed image data, nor how they should represent source image data generally within 
their specific environments. 

Consequently, this Specification also specifies the interchange format shown in Figure 3, in which table specifications 
are included within compressed image data. An image compressed with a specified encoding process within 
one application environment, A, is passed to a different environment, B, by means of the interchange format. 
The interchange format does not specify a complete coded image representation. Application-dependent information, 
e.g. colour space, is outside the scope of this Specification. 

4.2 Lossy and lossless compression 

This Specification specifies two classes of encoding and decoding processes, Zossy and lossless pmcesses. Those based 
on the discrete cosine transform @CT) are lossy, thereby allowing substantial compression to be achieved while 
producing a reconstructed image with high visual fidelity to the encoder’s source image. 

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

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 s ummarizing 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. 
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4.3 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. 

DCT-based encoder 

SCUrCe 
image data 

cullpressed 
image data 

7lS-Wydoo4 

Figure4 - DCT-based encoder simplified diagram 

In the encoding process the input component’s samples are grouped into 8 x 8 blocks, and each block is transformed by 
thefonvurd DCT@DCT) into a set of 64 values referred to as DCT coeficienfs. One of these values is referred to as the 
DC coeflcient and the other 63 as the AC coeficienfs. 

Each of the 64 coefficients is then quantized using one of 64 corresponding values from a quanfizufion fable 
(determined by one of the table specifications shown in Figure 4). No default values for quantization tables are specified 
in this Specification; applications may specify values which customize picture quality for their particular image 
characteristics, display devices, and viewing conditions. 

After quantization, the DC coefficient and the 63 AC coefticients are prepared for entropy encoding, as shown in 
Figure 5. The previous quantized DC coefficient is used to predict the current quantized DC coefficient, and the 
difference is encoded. The 63 quantized AC coefficients undergo no such differential encoding, but are converted into a 
one-dimensional zig-zag sequence, as shown in Figure 5. 

The quantized coefficients are then passed to an entropy encoding procedure which compresses the data further. One of 
two entropy coding procedures can be used, as described in 4.6. If Huffman encoding is used, Hu@nun fable 
specifications must be provided to the encoder. If arithmetic encoding is used, arithmetic coding conditioning table 
specifications may be provided, otherwise the default conditioning table specifications shall be used. 

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 dequunfizution the DCT coefficients are transformed to an 8 x 8 block of samples by 
the inverse DO @CT). 

4.4 Lossless coding 

Figure 7 shows the main procedures for the lossless encoding processes. A predicfor combines the reconstructed values 
of up to three neighbourhood samples at positions a, b, and c 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. 
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DC 
\ 

DCi.1 DC, 

J J 

. . . 

DlFF=DC,-DCi., 

Differential DC encoding 

AC 01 AC07 

d4 J 

7 
AC70 

7 
ACT-I 

Zig-zag order 

Figure 5 - Preparation of quantized coeffkients for entropy encoding 

DCT-based decoder 

-WdOOS 

cGfrlpressed 
image data 

llSOO7OOWdOC6 

ReccMlstNcted 

image data 

Figure6 - DCT-based decoder simplified diagram 

Lossless encoder 

SOUrCe 
image data 

compressed 

Figure 7 - Lossless encoder simplified diagram 
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Fire8 - J-sample prediction neighbourbood 

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

4.5 Modes of operation 

There are four distinct modes of operation under which the various coding processes are defined: sequential 
DCT-bused, progressive DCT-bused, lossless, and hierarchical. (Implementations are not required to provide all of 
these.) The lossless mode of operation was described in 4.4. The other modes of operation are compared as follows. 

For the sequential DCT-based mode, 8 x 8 sample blocks are typically input block by block from left to 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 ended and output 
as part of the compressed image data (as was described in 4.3). thereby minimizing coefficient storage requirements. 

For the progressive DCT-based mode, 8 x 8 blocks are also typically encoded in the same order, but in multiple scans 
through the image. This is accomplished by adding an image-sized coefficient memory buffer (not shown in Figure 4) 
between the quantizer and the entropy encoder. As each block is transformed by the forward DCT and quantized, its 
coefficients are stored in the buffer. The DCT coefficients in the buffer are then partially encoded in each of multiple 
scans. The typical sequence of image presentation at the output of the decoder for sequential versus progressive modes 
of operation is shown in Figure 9. 

There are 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 
selecfion, 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 to their full 
(quantized) 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 
approximation. Either procedure may be used separately, or they may be mixed in flexible combinations. 

In hierarchical mode, an image is encoded as a sequence of frames. These frames provide reference reconstructed 
componenrs which are usually needed for prediction in subsequent frames. Except for the fust frame for a given 
component., diflerentiul 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 upsumpling 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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Figure9 - Progressive versus sequentiallpresentation 
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Figure 10 - Hierarchical multi-resolution encoding 

4.6 Entropy coding alternatives 

Two alternative entropy coding procedures are specified: Huffman coding and arithmetic coding. Huffinan 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 Huftinan 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 Huffmau 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 
1Zbit 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 
1Zbit DCT-based processes. 

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

4.8 Multiple-component control 

Subclauses 4.3 and 4.4 give an overview of one major part of the encoding and decoding processes - those which 
operate on the sample values in order to achieve compression. There is another major part as well - the procedures 
which control the order in which the image data from multiple componefhs are processed to create the compressed data, 
and which ensure that the proper set of table data is applied to the proper dara units in the image. (A data unit is a 
sample for 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 components as well as 
multiple sets of table data, when performing its encoding procedures. The source image in this example consists 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.) 

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 inferleaved 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 coEumns by Y lines, for a total 
of n data units each. 
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A,, A,, . . ..A.. B,, B2. . . . . B,, C,, C2, . . . . C, 

uu 
scaJl1 scan2 scan3 

Data unit enco&g order, non-interleaved 

Ai, Bl, Cl, A29 B2, C2, . . ..A.. B,, Cn 

scan1 

Data unit encoding order, intetkaved 

Figure 12 - Interleaved versus non-interleaved encoding order 

These control procedures are also able to handle cases in which the source image components have different 
dimensions. Figure 13 shows a case in which two of the components, B and C, have half the number of horizontal 
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 and vertical 
dimensions, can be handled as well. (See Annex A.) 

f-XX 4-x/2+ 4-x/2+ 

T Cl c2 

Y 

1 B d2 

TLSOO770Wd013 

A,, AZ, B,, C,, A,, A,, B,, c29 -%-I~ Am Bnm cfl 

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 
At, Bt, Ct. In the example of Figure 13, the (ftrst) MCU consists of the four data units Al, AZ, Bl, Cl. 

4.9 Structure of compressed data 

Figures 1, 2, and 3 all illustrate slightly different views of compressed image data. Figure I 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 of encoding 
processes (lossy or lossless), and for all modes of operation (sequential, progressive, lossless, and hierarchical). The 
various parts of the compressed image data are identified by special two-byte codes called markers. Some markers are 
followed by particular sequences of parameters, as in the case of table specifications, frame header, or scan header. 
Others are used without parameters for functions such as marking the start-of-image and end-of-image. When a marker 
is associated with a particular sequence of parameters, the marker and its parameters comprise a marker segment. 

The data created by the entropy encoder are also segmented, and one particular marker - the restart marker - is used to 
isolate entropy-coded data segments. The+ncoder outputs the restart markers, intermixed with the entropy-coded data, 
at regular 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 uses, such as 
parallel encoding 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 addition 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 process. This 
guarantees that a compressed image can cross the boundary between application environments, regardless of how each 
environment internally associates tables with compressed image data 

4.9.2 Abbreviated format for compressed image data 

The abbreviated format for compressed image data is identical to the interchange format, except that it does not include 
all tables required for decoding. (It may include some of them.) This format is intended for use within applications 
where alternative mechanisms 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 summaty 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 aIl DCT-based decoders) 

l DCT-based process 
l Source image: E&bit samples within each component 
l Sequential 
l Huffmau coding: 2 AC and 2 DC tables 
l Decoders shall process scans with 1,2,3, and 4 components 
l Interleaved and non-interleaved scans 

Extended DCT-based processes 

. DCT-based process 
l Source image: g-bit or 12-bit samples 
l Sequential or progressive 
l Huff&n or arithmetic coding: 4 AC and 4 DC tables 
l Decoders shall process scans with 1,2,3, and 4 components 
l Interleaved and non-interleaved seas 

Lossless processes 

l Predictive process (not DCT-based) 
l Source image: P-bit samples (2 5 P < 16) 
l Sequential 
l Hufhau or arithmetic coding: 4 DC tables 
l Decoders shall process scans with 1,2,3, and 4 components 
l Interleaved and non-interleaved scaus 

I Hierarchical processes 

l Multiple frames (non-differential and differential) 
l Uses extended DCT-based or lossless processes 
l Decoders shall process scans with 1,2,3, and 4 components 
l Interleaved and non-interleaved scans 
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5 Interchange format requirements 

The interchange format is the co&d 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 

An encoding process converts source image data to compressed image data. Each of Annexes F, G, H, and J specifies a 
number of distinct encoding processes for its particular mode of operation. 

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

An encoder shall 

a) 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 encoder; 

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

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

NOTE - There is no requirement in this Specification that any encoder which embodies one of the encoding processes 
specified in 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 in Part 2, and to generate the compressed data format according to 
Annex B for those parameter values which it does use. 

7 Decoder requirements 

A decoding process converts compressed image data to reconstructed image data. Each of Annexes F, G, H, and J 
specifies a number of distinct decoding processes for its particular mode of operation. 

A decoder 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 shah satisfy all three of the following requirements. 

A decoder 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 interchange 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@) embodied by the 
decoder; 

4 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 I International Standard) 

A.1 Source image 

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

A.l.l Dimensions and sampling factors 

As shown in Figure A.l, a source image is defined to consist of Nf components. Each component, with unique identifier 
Ci, is defined to consist of a rectangular array of samples of xi columns by yi lines. The component dimensions are 
derived from two parameters, X and Y, where X is the maximum of the xi values and Y is the maximum of the yi values 
for all components in the frame. For each component, sampling factors Hi and Vi are defined relating component 
dimensions xi and yi to maximum dimensions X and Y, according to the following expressions: 

where Hmax and V ,- are the maximum sampling factors for all components in the frame, and r 1 is the ceiling 
function. 

As an example, consider an image having 3 components with maximum dimensions of 512 lines and 512 samples per 
line, and with the following sampling factors: 

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

ThenX=512, Y=512,H-=4, V ma* = 2, and xi and yi for each component are 

Component 0 x0 = 512, y. = 256 
Component 1 x1 = 256, y1 = 512 
Component 2 x2 = 128, y2 = 256 

NOTE - The X, Y, Hi, and Vi parameters are contained in the frame header of the compressed image data (see B.2.2), 
whereas the individual component dimensions xi and yi are derived by the decoder. Source images with Xi and yi dimensions which 
do not satisfy the expressions above cannot be properly reconstructed. 

A.1.2 Sample precision 

A sample is an integer with precision P bits, with any value in the range 0 through 2P- l. All samples of all 
components within an image shall have the same precision P. Restrictions on the value of P depend on the mode of 
operation, as specified in B.2 to B.7. 

A.l.3 Data unit 

A data unit is a sample in lossless processes and an 8 x 8 block of contiguous samples in DCT-based pmcesses. 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.l.4 Orientation 

Figure A.1 indicates the orientation of an image component by tbe 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 defmed as top, bottom, left, and right. 

24 CCllT Rec. T&1(1992 E) 

Full document details: ISO IEC 10918-1-1994

http://www.avadocuments.com/doc/iso-iec-10918-1-1994
http://www.avadocuments.com/doc/iso-iec-10918-1-1994


ISO/IEC 10918-1:1994(E) 

. 
. 

I 

a) Source image with multiple components 
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b) Characteristics of an image component 

Figure A.1 - Source image characteristics 

A.2 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 placed within the 
compressed image data. For a given scan, if the scan header parameter Ns = 1, then data from only one source 
component - the component specified by parameter Csl - shall be present within the scan. This data is non-interleaved 
by definition. If Ns > 1, then data from the Ns components Csl through CSN~ shall be present within the scan. This data 
shall always be interleaved. The order of components in a scan shall be according to the order specified in the frame 
header. 

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

A.2.1 Minimum coded unit (MCU) 

For non-interleaved data the MCU is one data unit. For interleaved dam the MCU is the sequence of data units defined 
by the sampling factors of the components in the scan. 

A.2.2 Non-interleaved order (TVs = 1) 

When Ns = 1 (where 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 
H1 and Vl. 

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

When Ns > 1, each scan component CSi is partitioned into small rectangular arrays of Hk horizontal data units by Vk 
vertical data units. The subscripts k indicate that Hk and Vk are from the position in the frame header component- 
specification for which Ck = Csi. Within each Hk by Vk 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 MCUl consists of data units taken first from the top-left-most 
region of Csl, followed by data units from the corresponding region of Cs2, then from Cs3 and then from Cs4. MCI-J2 
follows the same ordering for data taken from the next region to the right for the four components. 

Cs,:H, =2,V, =2 

0 1 2 3 4 5 

0 

1 

2 l l l 

3 0 0 0 0 

Cs2:H2=2,V2=l Cs,:H,=l,V,=2 Cs4:H4=l,V4=l 

0 1 2 

0 

1 

m 

l 

TiS00800Wd016 

MCU, = d,& d& 4. d;, do 4% d& 40 do, 
MCU2 = dA2 d& d2 d:3 d& d,$ d& d& d&, 
MCU, = d& d& 4d d& d& d& d& d& d4,, 
MCU, = d:, d;, d&, 4, d:, d:, d,3, c&, 40, 

~L-JUU 
Cs, dataunits Cs, Cs, Cs, 

Figure A.3 - Interleaved data ordering example 

A.2.4 Completion of partial MCU 

For DCT-based processes the data unit is a block. If xi 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 an integer multiple of Hi. Similarly, if yi is not a multiple of 8, the encoding process shall extend the number 
of lines to complete the bottom-most block-row. If the component is to be interleaved, the encoding process shall also 
extend the number of lines by one or more additional block-rows, if necessary, so that the number of block-rows is an 
integer multiple of Vi. 

NOTE - It is recommended that any incomplete MCUs be completed by replication of the right-most column and the 
bottom line of each component. 

For lossless processes the data unit is a sample. If the component is 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 nun&x of lines is a m&.iple of Vi. 

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

A.3 DCT compression 

A.3.1 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 - l, where P is the precision parameter specified in 
B.2.2. Thus, when P = 8, 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- l. 

A.3.2 Orientation of samples for FDCT computation 

Figure A.4 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 defmitions 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. 

Left Right 
. . 

. . 

. . 

=70 =71 l 

l . 
so7 

. . =17 

. 

. 

. . =77 

TlSOC41CbQ3dO17 

FigureA. - Partition and orientation of 8 x 8 sample blocks 

A.3.3 F’DCT and IDCT (informative) 

The following equations specify the ideal functional definition of the FDCT and the IDCT. 

NOTE - These equations contain terms which cannot 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. The 
accuracy requirements for the combined dequantization and IDCT procedures are also specified in Part 2 of this Specification. 

7 7 

FDCT: S 
(2x + l)u7t (2Y + 1m 

vu = $ c,, c, c I: 'yx cos 16 cos 16 
x=0 y=o 

IDCT: sYx 
= $ ; ; cu c, S”, ms (2x;.p” cm (2y:gl)m 

u-o v=o 

where 

C,,C, = l/J5 for u,v = 0 

C,, C, = 1 otherwise 

otherwise. 

A.3.4 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 S vu is the value of the corresponding element Qvu from the quantization 
table specified by the frame parameter Tqi (see B.2.2). 
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The uniform quantizer is defined by the following equation. Rounding is to the nearest integer: 

S 
ssvu = round 2 

( 1 Q vu 

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 PDCT 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: 

R Y” = sq,, x Qvu 

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

The relationship among samples, DCT coefficients, and quantization is illustrated in Figure AS. 

A.3.5 Differential DC encoding 

After quantization, and in preparation for entropy encoding, the quantized DC coefficient Sqoo is treated separately 
from the 63 quantized AC coefficients. The value that shall be encoded is the difference (DIFF) between the quantized 
DC coefficient of the current block (DCi which is also designated as Sqm) and that of the previous block of the same 
component (PRED): 

DIFF = DCi - PRED 

A-3.6 Zig-zag sequence 

After quantization, 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.35 The zig- 
zag sequence is specified in Figure A.6. 

A.4 Point transform 

For various procedures data may be optionally divided by a power of 2 by a point transform prior to coding. There are 
three processes which require a point transform: lossless coding, lossless differential frame coding in the hierarchical 
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 2R, 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 2A. where Al is 
the successive approximation bit position, low (see B.2.3). The point transform for the DC coefftcients is an arithmetic- 
shift-right by Al bits. This is equivalent to dividing by 2R before the level shift (see A.3.1). 

The output of the decoder is resealed by multiplying by 2R. 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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I Ol ‘I 51 4141 15 1 27 1 28 1 

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 cueMcients 

A.5 Arithmetic procedures in ~~SSI~SS and hierarchical modes of operation 

In the lossless mode of operation predictions are calculated with full precision and without clamping of either overflow 
or underflow beyond the range of values allowed by the precision of the input. However, the division by two which is 
part of some of the prediction calculations shall be approximated by an arithmetic-shift-right by one bit. 

The two’s complement differences which are coded in either the lossless mode of operation or the differential frame 
coding in the hierarchical mode of operation are calculated modulo 65 536, thereby restricting the precision of these 
differences to a maximum of 16 bits. The modulo values are calculated by performing the logical AND operation of the 
two’s complement difference with X’FFFF’. For purposes of coding, the result is still interpreted as a 16 bit two’s 
complement difference. Modulo 65 536 arithmetic is also used in the decoder in calculating the output from the sum of 
the prediction and this two’s complement difference. 

30 CCllT Rec. T.81(1992 E) 

Full document details: ISO IEC 10918-1-1994

http://www.avadocuments.com/doc/iso-iec-10918-1-1994
http://www.avadocuments.com/doc/iso-iec-10918-1-1994


ISOLIEC 1091%1:1994(E) 

Annex B 

Compressed data formats 

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

This annex specifies three compressed data formats: 

a) the interchange format, specified in B.2 and B.3; 
b) the abbreviated format for compressed image data, specified in B.4; 
c) the abbreviated format for table-specification data, specified in B.5. 

B.l describes the constituent parts of these formats. B.l.3 and B.l.4 give the conventions for symbols and figures used 
in the format specifications. 

B.l General aspects of the compressed data format specifications 

Structurally, the compressed data formats consist of an ordered collection of parameters, markers, and entropy-coded 
dam segments. Parameters and markers in turn are often organized into marker segments. Because all of these 
constituent parts are represented with byte-aligned codes, each compressed data format consists of an ordered sequence 
of S-bit bytes. For each byte, a most significant bit (MSB) and a least significant bit (LSB) are defined. 

B.l.l Constituent parts 

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

B.l.l.l Parameters 

Parameters 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, l-byte, or 2-byte codes. Except for certain optional 
groups of parameters, parameters encode critical information without which the decoding process cannot properly 
reconstruct the image. 

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

For parameters which are 2 bytes (16 bits) in length, the most significant byte shall come first in the compressed data’s 
ordered sequence of bytes. Parameters which are 4 bits in length always come in pairs, and the pair shall always be 
encoded in a single byte. The first 4-bit parameter of the pair shall occupy the most significant 4 bits of the byte. Within 
any 16-, 8-, or 4-bit parameter, the MSB shall come first and LSB shall come last. 

B.1.1.2 Markers 

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.l 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.l - Marker code assignments 

Code Assignment SpbOl Description 

Start Of Frame markers, non-differential, Huftioao coding 

x’ FIT0 
X’FFCl 
X’FFC2 
X’FFC3 

SOFo Baseline DCT 
SOFl Extended sequential DCT 
SOF2 Progressive DCT 
SOF3 Lossless (sequential) 

Start Of Frame markers, differential, Huffomn coding 

X’FFCS 
X’FFC6’ 
x’FFC7’ 

SOFs Differential sequential DCT 
SOF6 Differential progressive DCT 
SOF7 Differential lossless (sequential) 

Start Of Frame markers, non-differential, arithmetic coding 

x’FFc8’ 
X’FFC9 
X’FFCA’ 
X’FFCB’ 

JPG Reserved for JPEG extensions 
SOF9 
SOho 

Extended sequential DCT 
Progressive DCT 

SW1 Lossless (sequential) 

Start Of Frame markers, differential, arithmetic coding 

X’FFCD’ 
X’FFCE 
X’FFCF 

SOS3 Differential sequential DCT 
SW4 Differential progressive DCT 
SO& Differential lossless (sequential) 

Huffmao table specification 

X’FFC4’ DHT Define Huffrnan table(s) 

Arithmetic coding conditioning specification 

X’FFCC’ DAC Define arithmetic coding conditioning(s) 

Restast interval termination 

X’FFDO through X’FFD7’ RST,* Restart with modulo 8 couot “m” 

Other markers 

X’FFD8’ 
X’FFD9’ 
X’FFDA’ 
X’FFDB’ 
X’FFDC’ 
X’FFDD’ 
X’FFDE’ 
X’FFDF 
X’FFEO’ through X’FFEF 
X’FFFO’ through X’FFFD 
XTFFE 

so1* 
EQ1* 
SOS 

3: 
DRI 
DHP 

!z 
IpG,n 
COM 

Start of image 
End of image 
start of scan 
Define quantization table(s) 
Define number of lines 
Define restart interval 
Define hierarchical progression 
Expand reference component(s) 
Reserved for application segments 
Reserved for JPEG extensions 
Comment 

Reserved markers 

x’FFo1’ l-EM* 
X’FF02’ through X’FFBF Ias 

For temporary private use in arithmetic coding 
Reserved 
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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-codiig procedure. It consists of au integer number of 
bytes, whether the entropy-coding procedure used is Huffman or arithmetic. 

NOTES 
1 Making entropy-coded segments an integer number of bytes is performed as follows: for Huffman coding, l-bits are 

used, if necessary, to pad the end of the compressed data to complete the final byte of a segment. For arithmetic coding, byte 
aligtuneot is performed in the procedure which terminates the entropy-coded segment (see D.1.8). 

2 In order to eosure that a marker does not occur within an entropy-coded segment, any X’FF’ byte generated by 
either a Huffman or arithmetic eocoder, or an X’FF’ byte that was generated by the padding of l-bits described in NOTE 1 above, is 
followed by a “stuffed” zero byte (see D.1.6 and F.1.2.3). 

B.1.2 syntax 

In B.2 and B.3 the interchange format syntax is specified. For the purposes of this Specification. the syntax 
specification 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. 

The ordering of constituent parts and the identification of which are optional or conditional is specified by the syntax 
figures in B.2 and B.3. Names, symbols, definitions, allowed values, conditions, and restrictions are specified 
immediately below each syntax figure. 

B.1.3 Conventions for syntax figures 

The syntax figures in B.2 and B.3 are a part of the interchange format specification. The following conventions, 
illustrated in Figure B. 1, apply to these figures: 

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

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

- parameter length indicator: The width of a thin-lined box is proportional to the parameter length (4, 
8, or 16 bits, shown as E, B, and D respectively in Figure B.1) of tbe marker or parameter it encloses; the 
width of thick-lined boxes is not meaningful; 

- optionai/conditional indicator: Square brackets indicate that a marker or marker segment is only 
optionally or conditionally present in the compressed image data; 

- 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. 

:.:.: I . . ..i i... .I... 
..i.. I$:: 
$$ Mt aqmmt IO-1 IBI D E/F jlil 

..:.:. i... ..:: 
-::::: I . . . . . . .\I >>:- 

n-wdoi9 

Figure B.l - 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, SOF,; 

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

B.2 General sequential and progressive syntax 

This clause specifies the interchange format syntax which applies to all coding processes for sequential DCT-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-hierarchical 
encoding processes specified in this Specification. 

Canpressedirrragedata 

I I 

SOI FWlB EOI 
I 

- - - - . - - 
- - _ - - - 

. - _ - 
- - - - 

- - 
- - - Frame 

- _ - . - - 

lT- lnisc. I Frame header -1 

_ - 

- - 
--__ 

- - 
--_ 

- - 
--_ 

_ - 
- - - 

- - 
- - - 

- - 
- - 

- - 
- - - 

* - 
- - - 

r 

scan - - 

I 
:.>:. 
..i.. 

:.:.:. 
. . . . . I 

[T*d] soanheader 
nxsc. [E=0 

RST, z . . . jii’ii ECS,,,., 

:.:::. : . . . RST ,A-, I ECS lss~ . . . . . 
“‘.:I :.:. -:‘::. 

- - .i... . _ - - _ - . - - 
- - . - - . _ - 

- - . - - 
# - 

* - EntrqFy-cated~mt 0 ‘*. - - - - - - i”iqpmqrmt b, 
. 

<MCU,>, <Mcu p, . . . <MCU +qi cMcu,>, <MCU” + 12, . . . <MCU & 

TSWMO-WdO20 

Eiiure B.2 - Syntax for sequential DCT-based, progrgsive 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 of a compressed image represented in the interchange format or 
abbreviated format. 

RSTm: Restart marker- A conditional marker which is placed between entropy-coded segments only if 
restart is enabled. There are 8 unique restart markers (m = 0 - 7) which repeat in sequence from 0 to 7, 
starting with zero for each scan, to provide a modulo 8 restart interval count. 

The top level of Figure B.2 specifies that the non-hierarchical interchange format shall begin with an SOI marker, shall 
contain one frame, and shall end with an EOI marker. 

34 CClTI Rec. T&1(1992 E) 

Full document details: ISO IEC 10918-1-1994

http://www.avadocuments.com/doc/iso-iec-10918-1-1994
http://www.avadocuments.com/doc/iso-iec-10918-1-1994


ISO/IEC 1091&1:1994(E) 

The second level of Figure B.2 specifies that a frame shall begin with a frame header and shall contain one or more 
scans. A frame header may be preceded by one or more table-specification or miscellaneous marker segments as 
specified in B.2.4. If a DNL segment (see B.2.5) is present, it shall immediately follow the fifst scan. 

For sequential DCT-based and lossless processes each scan shall contain from one to four image components. If two to 
four components are contained within a scan, they shall be interleaved within the scan. For progressive DCT-based 
processes each image component is only partially contained within any one scan. Only the first scan(s) for the 
components (which contain only DC coefficient data) may be interleaved. 

The third level of Figure B.2 specifies that a scan shall begin with a scan header and shall contain one or more entropy- 
coded data segments. Each scan header may be preceded by one or more table-specification or miscellaneous marker 
segments. If restart is not enabled, there shall be only one entropy-coded segment (the one labeled “last”), and no restart 
markers shall be present. If restart is enabled, the number of entropy-coded segments is defined by the size of the image 
and the defined restart interval. In this case, a restart marker shall follow each entropy-coded segment except the last 
one. 

The fourth level of Figure B.2 specifies that each entropy-coded segment is comprised of a sequence of entropy- 
coded MCUs. If restart is enabled and the restart interval is defined to be Ri. each entropy-coded segment except the 
last one shall contain Ri MCUs. The last one shall contain whatever number of MCUs completes the scan. 

Figure B.2 specifies the locations where table-specification segments may be present. However, this Specification 
hereby specifies that the interchange format shall contain all table-specification data necessary for decoding the 
compressed image. Consequently, the required table-specification data shall be present at one or more of the allowed 
locations. 

B.2.2 Frame header syntax 

Figure B.3 specifies the frame header which shall be present at the start of a frame. This header specifies the source 
image characteristics (see A.l), the components in the frame, and the sampling factors for each component, and 
specifies the destinations from which the quantized tables to be used with each component are retrieved. 

Frame header 
I I I I 

SOF, Lf P Y X Nf 
Canponent-specifica 

parameten 
_ - - _ - - - 

__--- 
_ - - - 

_ - - - _ - - - 
_ _ - - 

. - - - _ _ - - Frame canpomnt-specification pammeters , 
, - - 

I I 
Cl '-4 1 "I Tqi C2 '-',I", Tq2 ;/ ’ l ’ g-qq-q 

..:: 

TlS008504YdX1 

Figure B.3 - Frame header syntax 

The markers and parameters shown in Figure B.3 are defined below. The size and allowed values of each parameter are 
given in Table B.2. In Table B.2 (and similar tables which follow), value choices are separated by commas (e.g. 8, 12) 
and inclusive bounds are separated by dashes (e.g. 0 - 3). 

SOFn: Start of frame marker-Marks the beginning of the frame parameters. The subscript n identifies 
whether the encoding process is baseline sequential, extended sequential, progressive, or lossless, as well as 
which entropy encoding procedure is used. 

SOFo: Baseline DCT 

SOF1: Extended sequential DCT, Huffman coding 

SOF2: Progressive DCT, Huffman coding 
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SOF3: Lossless (sequential), Huffman coding 

SOF9: Extended sequential DCT, arithmetic coding 

SOFlo: Progressive DCT, arithmetic coding 

SOFll: Lossless (sequential), arithmetic coding 

Lf: Frame header length - Specifies the length of the frame header shown in Figure B.3 (see B. 1.1.4). 

P: Sample precision - Specifies the precision in bits for the samples of the components in the frame. 

Y: Number of lines - Specifies the maximum number of lines in the source image. This shall be equal to the 
number of lines in the component with the maximum number of vertical samples (see A.l. 1). Value 0 
indicates that the number of lines shall be defined by the DNL marker and parameters at the end of the first 
scan (see B.2.5). 

X: Number of samples per line-Specifies the maximum number of samples per line in the source image. 
This shall be equal to the number of samples per line in the component with the maximum number of 
horizontal samples (see A.l.l). 

Nf: Number of image components in frame - Specifies the number of source image components in the frame. 
The value of Nf shall be equal to the number of sets of frame component specification parameters (C;, Hi, Vi, 
and Tqi) present in the frame header. 

Ct: Component identifier - Assigns a unique label to the ith component in the sequence of frame component 
specification parameters. These values shall be used in the scan headers to identify the components in the 
scan. The value of Ci shall be different from the values of Cl through Ci _ 1. 

I-Ii: Horizontal sampling factor-Specifies the relationship between the component horizontal dimension 
and maximum image dimension X (see A.l. 1); also specifies the number of horizontal data units of 
component Ci in each MCU, when more than one component is encoded in a scan. 

Vi: Vertical sampling factor-Specifies tbe relationship between the component vertical dimension and 
maximum image dimension Y (see A.l.l); also specifies the number of vertical data units of component Ci in 
each MCU, when more than one component is encoded in a scan. 

Tqi: Quantization table destination selector - Specifies one of four possible quantization table destinations 
from which the quantization table to use for dequantization of DCT coefficients of component Ci is retrieved. 
If the decoding process uses the dequantization procedure, this table shall have been installed in this 
destination by the time the decoder is ready to decode the scan(s) containing component Ci. The destination 
shah not be re-specified, or its contents changed, until all scans containing Ci have been completed. 

Table B.2 - Frame header parameter sizes and values 

Ci 8 o-255 

Hi 4 l-4 

Vi 4 l-4 

Ts; 8 o-3 o-3 o-3 0 
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B.2.3 Scan header syntax 

Figure B.4 specifies the scan header which shall be present at tbe start of a scan. This header specifies which 
component(s) are contained in tbe scan, specifies the destinations from which the entropy tables to be used with each 
component are retrieved, and (for the progressive DCT) which part of tbe DCT quantized coefficient data is contained 
in the scan. For lossless processes the scan parameters specify the predictor and the point transform. 

NOTE - If there is only one image component present in a scan, that component is, by definition, non-interleaved. If there 
is more than one image component present in a scan, the components present are, by definition, interleaved. 

Scanheader 
I I 

Ls Ns 
Campawnt-specifiition 

param-n 
ss ss Ah1 Al 

I . 
- * . 

* - . 
_ - . 

# - . 
. 

Figure B.4 - Scan header syntax 

The marker and parameters shown in Figure B.4 are defined below. The size and allowed values of each parameter are 
given in Table B.3. 

SOS: Start of scan marker - Marks the beginning of the scan parameters. 

Ls: Scan header length - Specifies the length of the scan header shown in Figure B.4 (see B.1.1.4). 

Ns: Number of image components in scan - Specifies the number of source image components in the scan. 
The value of Ns shall be equal to the number of sets of scan component specification parameters (Csj, Tdj, and 
Taj) present in the scan header. 

Csj: Scan component selector - Selects which of the Nf image components specified in the frame parameters 
shall be the $h component in the scan. Each CSj shall match one of the Ci values specified in the frame 
header, and the ordering in the scan header shall follow the ordering in the frame header. If Ns > 1, the order 
of interleaved components in tbe MCU is Csr frrst, Cs2 second, etc. If Ns > 1, tbe following restriction shall 
be placed on the image components contained in the scan: 

N, 
c Hj x vj I 10, 

j=l 

where Hj and Vj are the horizontal and vertical sampling factors for scan component j. These sampling factors 
are specified in tbe frame header for component i, where i is the frame component specification index for 
which frame component identifier Ci matches scan component selector CSj. 

As an example, consider an image having 3 components with maximum dimensions of 512 lines and 
512 samples per line, and with the following sampling factors: 

Component 0 H, = 4, v, = 1 
Component 1 H, = 1, v, = 2 
Component 2 H, = 2 v, = 2 

Then tbe summation of Hj x Vj is (4 x 1) + (1 x 2) + (2 x 2) = 10. 

The value of CSj shall be different from the values of Csl to Csj _ 1. 
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Tdj: DC entropy coding table destination selector - Specifies one of four possible DC entropy coding table 
destinations from which the entropy table needed for decoding of the DC coefficients of component Csj is 
retrieved. The DC entropy table shall have been installed in this destination (see B.2.4.2 and B.2.4.3) by the 
time the decoder is ready to decode the current scan. This parameter specifies the entropy coding table 
destination for the lossless processes. 

Taj: AC entropy coding table destination selector - Specifies one of four possible AC entropy coding table 
destinations from which the entropy table needed for decoding of the AC coefficients of component Csj is 
retrieved. The AC entropy table selected shall have been installed in this destination (see B.2.4.2 and B.2.4.3) 
by the time the decoder is ready to decode the current scan. This parameter is zero for the lossless processes. 

Ss: Start of spectral or predictor selection - In the DCT modes of operation, this parameter specifies the first 
DCT coefficient in each block in zig-zag order which shall be coded in the scan. This parameter shall be set 
to zero for the sequential DCT processes. In the lossless mode of operations this parameter is used to select 
the predictor. 

Se: End of spectral selection - Specifies the last DCT coefficient in each block in zig-zag order which shall 
be coded in the scan. This parameter shall be set to 63 for the sequential DCT processes. In the lossless mode 
of operations this parameter has no meaning. It shall be set to zero. 

Ah: Successive approximation bit position high - This parameter specifies the point transform used in the 
preceding scan (i.e. successive approximation bit position low in the preceding scan) for the band of 
coefficients specified by Ss and Se. This parameter shall be set to zero for the first scan of each band of 
coefficients&i the lossless mode of operations this parameter has no meaning. It shall be set to zero. 

Al: Successive approximation bit position low or point transform -In the DCT modes of operation this 
parameter specifies the point transform, i.e. bit position low, used before coding the band of coefficients 
specitied by Ss and Se. This parameter shall be set to zero for the sequential DCT processes. In the lossless 
mode of operations, this parameter specifies the point transform, Pt. 

The entropy coding table destination selectors, Tdj and Taj, specify either Huffinan tables (in frames using Huffman 
coding) or arithmetic coding tables (in frames using arithmetic coding). In the latter case the entropy coding table 
destination selector specifies both an arithmetic coding conditioning table destination and an associated statistics area. 

Table B.3 - Scan header parameter size and values 

0 for lossless differential frames in the hierarchical mode (see B.3). 
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B.2.4 Table-specitlcation and miscellaneous marker segment syntax 

Figure B.5 specifies that, at the places indicated in Figure B.2, any of the table-specification segments or miscellaneous 
marker segments specified in B.2.4.1 through B.2.4.6 may be present in any order and with no limit on the number of 
segments. 

If any table specification for a particular destination occurs in the compressed image data, it shall replace any previous 
table specified for this destination, and shall be used whenever this destination is specified in the remaining scans in the 
frame or subsequent images represented in the abbreviated format for compressed image data. If a table specification for 
a given destination occurs more than once in the compressed image data, each specification shall replace the previous 
specification. The quantization table specification shall not be altered between progressive DCT scans of a given 
component. 

Tables OT misce4laneous marker segment 

Marker segment 

Quentization table-speclflcatll 

Huff man tabl&ecilication 

Arithmetic condCcf& We-specification 

Fledart in&l definiticn 

CuG-ient 

Applkzrl data 

Fire B.5 - Tabies/misceiianeous marker segment syntax 

B.2.4.1 Quantization table-specification syntax 

Figure B.6 specifies the marker segment which defines one or more quantization tables. 

I I 

DQT DQT 

Define quantizatbn table segment Define quantizatbn table segment 
I I 

Lq Lq 

Tls-wdo24 Tls-wdo24 

Multiple (t = 1, . . . . n) 

Fire B.6 - Quantization table syntax 

The marker and parameters shown in Figure B.6 are defined below. The size and allowed values of each parameter are 
given in Table B .4. 

DQT: Define quantization table marker-Marks the beginning of quantization table-specification 
parameters. 

Lq: Quantization table definition length - Specifies the length of all quantization table parameters shown in 
Figure B.6 (see B.1.1.4). 
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Pq: Quantization table element precision -Specifies tire precision of the Qk values. Value 0 indicates 
S-bit Qk values; value 1 indicates 16-bit Qk values. Pq shall be zero for 8 bit sample precision P (see B.2.2). 

Tq: Quantization table destination identifier - Specifies one of four possible destinations at the decoder into 
which the quantization table shall be installed. 

Qk: Quantization table element - Specifies the Ictb element out of 64 elements, where k is the index in the 
zig-zag ordering of the DCT coefficients. The quantization elements shall be specified in zig-zag scan order. 

Table B.4 - Quantization table-specification parameter sizes and values 

Parameter 

Lq 

h 

‘4 

Qk 

Size (bits) 

16 

4 

4 

8, 16 

Values 

Sequential DCT Progressive DCT 

Baseline Extended 

2 + ; (65 + 64 x Q(t)) 
t=1 

0 0, 1 0, 1 

o-3 

l-255, l-65 535 

LQssless 

Undefined 

Undefined 

Undefined 

Undefined 

The value n in Table B.4 is the number of quantization tables specified in the DQT marker segment. 

Once a quantization table has been defined for a particuiar destination, it replaces the previous tables stored in that 
destination and shall be used, when referenced, in the remaining scans of the current image and in subsequent images 
represented in the abbreviated format for compressed image data. If a table has never been defined for a particular 
destination, then when this destination is specified in a frame header, the results are unpredictable. 

An 8-bit DCT-based process shall not use a i6-bit precision quantization table. 

B.2.4.2 Huffman table-specifkation syntax 

Figure B.7 specifies the marker segment which defines one or more Huffman table specifications. 

I I 
DHT Lh 

Define Huffman t&e segment 
I . . . . . . . . ::: ::: 

TcjTh L, L, 5 .,, .iii.i 
. . . . . . . ..A. 

I . . . . . . c.:.:- . . . 
L16 

Symbol-length 
assignment 

Multiple (t = 1, . . . . n) 

Symbol-length assignment parameters 

Tl60049&93/d025 

Figure B.7 - Huffman table syntax 
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The marker and parameters shown in Figure B.7 are defined below. The size and allowed values of each parameter are 
given in Table B.5. 

DHT: Define Huffinan table marker - Marks the beginning of Huffman table definition parameters. 

Lb: Huffman table definition length-specifies the length of all Huffman table parameters shown in 
Figure B.7 (see B.i.1.4). 

Tc: Table class - 0 = DC table or iossiess table, 1 = AC table. 

Th: Huffman table destination identifier - Specifies one of four possible destinations at the decoder into 
which the Huffman table shall be installed. 

Li: Number of Huffinan codes of length i-Specifies the number of Huffman codes for each of the 
I6 possible lengths allowed by this Specification. Li’s are the elements of the list BITS. 

Vu: Value associated with each Huftinan code -Specifies, for each i, the value associated with each 
Huffman code of length i. The meaning of each value is determined by the Huffman coding model. The Vii’s 
are the elements of the list HUFFVAL. 

Table B.5 - Huffman table specification parameter sizes and values 

Parameter Size (bits) 

Lh I6 

Values 

Sequential DCT Progressive DCT 

Baseline Extended 

2+; (17+m,) 
f=l 

Lossless 

Tc 4 0, 1 0 

ill 4 0, 1 O-3 

J-i 8 O-255 

Vi,j 8 O-255 

The value n in Table B.5 is the number of Huffinan tables specified in the DI-lT marker segment. The value mt is the 
number of parameters which follow the 16 L;(t) parameters for Huffman table t, and is given by: 

mt = f” Li 
i=l 

In general, mt is different for each table. 

Once a Huffman table has been defined for a particular destination, it replaces the previous tables stored in that 
destination and shall be used when referenced, in the remaining scans of the current image and in subsequent images 
represented in the abbreviated format for compressed image data. If a table has never been defined for a particular 
destination, then when this destination is specified in a scan header, the results are unpredictable. 
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B.2.4.3 Arithmetic conditioning table-specification syntax 

Figure B.8 specifies the marker segment which defines one or more arithmetic coding conditioning table specifications. 
These replace the default arithmetic coding conditioning tables established by the SO1 marker for arithmetic coding 
processes. (See F.1.4.4.1.4 and F.1.4.4.2.1.) 

Define arithmetic conditioning segment 

I I I 

DAC La TcjTb Cs 

b lEOOQO@QWdO26 

Multiple (t = 1, . . . . n) 

Figure B.8 - Arithmetic conditioning table-specification syntax 

The marker and parameters shown in Figure B.8 are defined below. The size and allowed values of each parameter are 
given in Table B.6. 

DAC: Define arithmetic coding conditioning marker - Marks the beginning of the definition of arithmetic 
coding conditioning parameters. 

La: Arithmetic coding conditioning definition length-specifies the length of all arithmetic coding 
conditioning parameters shown in Figure B.8 (see B. 1.1.4). 

Tc: Table class - 0 = DC table or iossiess table, 1 = AC table. 

Tb: Arithmetic coding conditioning table destination identifier - Specifies one of four possible destinations 
at the decoder into which the arithmetic coding conditioning table shall be installed. 

Cs: Conditioning table value - Value in either the AC or the DC (and lossless) conditioning table. A single 
value of Cs shall follow each value of Tb. For AC conditioning tables Tc shall be one and Cs shall contain a 
value of Kx in the range 1 I Kx 5 63. For DC (and lossless) conditioning tables Tc shall be zero and Cs shall 
contain two Chit parameters, U and L. U and L shall he in the range 0 I L I U 5 15 and the value of Cs shall 
beL+16xU. 

The value n in Table B.6 is the number of arithmetic coding conditioning tables specified in the DAC marker segment. 
The parameters L and U are the lower and upper conditioning bounds used in the arithmetic coding procedures defined 
for DC coefficient coding and iossiess coding. Tbe separate value range l-63 listed for DCT coding is the Kx 
conditioning used in AC coefficient coding. 

Table B.6 - Arithmetic coding conditioning table-specification parameter sizes and values 

Parameter Size (bits) 

La 16 

Tc 4 

Tb 4 

cs 8 

Values 

Sequential DCT Progressive DCT 

Baseline Extended 

Undefined 2+2xn 

Undefined 0, 1 

Undefined o-3 

Undefined O-255 (Tc = 0), l-63 (Tc = 1) 

Lossless 

0 

O-255 
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B.2.4.4 Restart interval definition syntax 

Figure B.9 specifies the marker segment which defines the restart interval. 

Define restart interval segment 

I I I 

DRI Lr Ri 

nsoo91owdoz7 

Figure B.9 - Restart interval defmition syntax 

The marker and parameters shown in Figure B.9 are defined below. The size and allowed values of each parameter are 
given in Table B.7. 

DRk Define restart interval marker-Marks the beginning of the parameters which define the restart 
interval. 

Lr: Define restart interval segment length-Specifies the length of the parameters in the DRI segment 
shown in Figure B.9 (see B.1.1.4). 

RI: Restart interval - Specifies the number of MCU in the restart interval. 

In Table B.7 the value n is the number of rows of MCU in the restart interval. The value MCUR is the number of MCU 
required to make up one line of samples of each component in the scan. The SO1 marker disables the restart intervals. 
A DRI marker segment with Ri nonzero shall be present to enable restart interval processing for the following scans. A 
DRl marker segment with Ri equal to zero shall disable restart intervals for the following scans. 

Table B.7 - Define restart interval segment parameter sizes and values 

Parameter Size (bits) 

Lr 16 

Ri 16 

Values 

Sequential DCT Progressive DCT Lxxsless 
Baseline Extended 

4 

O-65 535 o x MCUR 

B.2.4.5 Comment syntax 

Figure B . 10 specifies the marker segment structure for a comment segment. 

I 

COM 

Comment segnent 
--- 

I 

Lc Cm, _ . . Cm Lc-2 

--- I 
nSwoe20wdo28 

Fire B.10 - Comment segment syntax 
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The marker and parameters shown in Figure B.10 are defined below. The size and allowed values of each parameter are 
given in Table B.8. 

COM: Comment marker - Marks the beginning of a comment. 

Lc: Comment segment length-specifies the length of the comment segment shown in Figure B.10 
(seeB.l.l.4). 

Cmt: Comment byte - The interpretation is left to the application. 

Table B.8 - Comment segment parameter sizes and values 

Parameter 

Lc 

&i 

Size (bits) 

16 

8 

Values 

Sequential DCT Progressive DCT Lcmless 

Baseline Extended 

2-65 535 

O-255 

B.2.4.6 Application data syntax 

Figure B.11 specifies the marker segment structure for an application data segment. 

l 
APP ” 

Application data segnent 
--- 

I 

Lp Apl ... ApLp2 

--- I 
nsoo93o-wdo29 

Figure B.ll - Application data syntax 

The marker and parameters shown in Figure B.11 are defined below. The size and allowed values of each parameter are 
given in Table B.9. 

APP,: Application data marker - Marks the beginning of an application data segment. 

Lp: Application data segment length-Specifies the length of the application data segment shown in 
FigureB.11 (see B.l.l.4). 

Api: Application data byte - The interpretation is left to the application. 

The APP, (Application) segments are reserved for application use. Since these segments may be defined differently for 
different applications, they should be removed when the data are exchanged between application environments. 

Table B.9 - Application data segment parameter sizes and values 

Parameter Size (bits) 

b 16 

Api 8 

Values 

Sequential DCT Progressive DCT Lossless 

Baseline Extended 

2-65 535 

O-255 
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B.2.5 Define number of lines syntax 

Figure B.12 specifies the marker segment for defining the number of lines. The DNL (Define Number of Lines) 
segment provides a mechanism for defining or redefining the number of lines in the frame (the Y parameter in the 
frame header) at the end of the first scan. The value specified shall be consistent with the number of MCU-rows 
encoded in the first scan. This segment, if used, shall only occur at the end of the first scan, and only after coding of an 
integer number of MCU-rows. This marker segment is mandatory if the number of lines (Y) specified in the frame 
header has the value zero. 

Define number of line8 segment 
I I I 

DNL Ld NL 

nmofao-wdu30 

Figure B.12 - Defiue number of lines syntax 

The marker and parameters shown in Figure B.12 are defined below. The size and allowed values of each parameter are 
given in Table B. 10. 

DNL: Define number of lines marker - Marks the beginning of the define number of lines segment. 

Ld: Define number of lines segment length - Specifies the length of the define number of lines segment 
shown in Figure B.12 (see B.l.l.4). 

NL: Number of lines - Specifies the number of lines in the frame (see definition of Y in B.2.2). 

Table B.10 - Define number of lines segment parameter sizes and values 

Parameter Size (bits) 

Ld 16 

Values 

Sequential DCT Progressive DCT Lossless 

Baseline Extended 

4 

NL 16 l-65 535”) 

a) The value specified shall be consistent with the number of lines coded at the point where the DNL segment 
terminates the compressed data segment. 

B.3 Hierarchical syntax 

B.3.1 High level hierarchical mode syntax 

Figure B.13 specifies the order of the high level constituent parts of the interchange format for hierarchical encoding 
processes. 
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Compressed image data 

I 
SOI ~ableslmisc.] DHP segment Frame , j:::i ;- - a - !gEqzq 

TIsOONM3/dLUl 

Figure B.13 -Syntax for the hierarchical mode of operation 

Hierarchical mode syntax requires a DHP marker segment that appears before the non-differential frame or frames. The 
hierarchical mode compressed image data may include EXP marker segments and differential frames which shall 
follow the initial non-differential frame. The frame structure in hierarchical mode is identical to the frame structure in 
non-hierarchical mode, 

The non-differential frames in the hierarchical sequence shall use one of the coding processes specified for SOF, 
markers: SOFu, SOFl, SOFa SOF3, SOFg, SOFlo and SOFlt. The differential frames shall use one of the processes 
specified for SOF5, SOF6, SOF7, SOFt3, SOF14 and SOFt5. The allowed combinations of SOF markers within one 
hierarchical sequence are specified in Annex J. 

The sample precision (P) shall be constant for all frames and have the identical value as that coded in the DHP marker 
segment. The number of samples per line (X) for all frames shall not exceed the value coded in the DHP marker 
segment. If the number of lines (Y) is non-zero in the DHP marker segment, then the number of lines for all frames 
shall not exceed the value in the DHP marker segment. 

B.3.2 DHP segment syntax 

The DHP segment defines the image components, size, and sampling factors for the completed hierarchical sequence of 
frames. The DHP segplent shall precede the fust frame; a single DHP segment shall occur in the compressed image 
data. 

The DHP segment structure is identical to the frame header syntax, except that the DHP marker is used instead of the 
SOF, marker. The figures and description of B.2.2 then apply, except that the quantization table destination selector 
parameter shall be set to zero in the DHP segment. 

B.3.3 EXP segneut syntax 

Figure B.14 specifiesthe marker segment structure for the EXP segment. The EXP segment shall be present if (and 
only if) expansion of the reference components is required either horizontally or vertically. The EXP segment 
parameters apply only to the next frame (which shall be a differential frame) in the image. If required, the EXP 
segment shall be one of the table-specification segments or miscellaneous marker segments preceding the frame header; 
the EXP segment shalt not be one of the table-specification segments or miscellaneous marker segments preceding a 
scan header or a DHP marker segment. 

Fire B-14 - Syntax of the expand segment 
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