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Description

[0001] The presentinvention relates generally to coding and decoding of sequences of symbols and more specifically
to methods and devices for binary coding and decoding of structured documents comprising a plurality of data such as
an SVG-like path.

[0002] Extensible Markup Language (XML) is a syntax for defining computer languages. XML makes it possible to
create languages that are adapted for different uses but which may be processed by the same tools.

[0003] An XML document is composed of elements, each element starting with an start-tag comprising the name of
the element, for example, <tag>, and ending with a end-tag which also comprises the name of the element, for example,
</tag>. Each element can contain other elements or character data.

[0004] An element may be specified by attributes, each attribute being defined by a name and having a value. The
attributes are placed in the opening tag of the element they specify, for example <tag attribute="value">.

[0005] XML syntax also makes it possible to define comments, for example </-- Comment-->, and processing instruc-
tions which may specify to a computer application what processing operations to apply to the XML document, for example
<?myprocessing?>.

[0006] The elements, attributes, text data, comments and processing instructions are grouped together under the
generic name of item.

[0007] Severaldifferent XML languages may contain elements with the same name. To use several differentlanguages,
an addition has been made to XML syntax making it possible to define namespaces. Two elements are identical only if
they have the same name and are situated in the same namespace. A namespace is defined by a Uniform Resource
Identifier (URI), for example hitp://canon.crf.frixmllmylanguage. The use of a namespace in an XML document is via the
definition of a prefix which is a shortcut to the URI of that namespace. The prefix is defined using a specific attribute. By
way of illustration, the expression xmins:mi="http:llcanon.crf.frixmlimylanguage" associates the prefix m/ with the URI
http:/lcanon.crf.frixmlimylanguage. The namespace of an element or of an attribute is specified by having its name
preceded by the prefix associated with the namespace followed by ’”, for example, <ml:tag mi:attribute="value">.
[0008] XML has numerous advantages and has become a standard for storing data in a file or for exchanging data.
XML makes it possible in particular to have numerous tools for processing the files generated. Furthermore, an XML
document may be manually edited with a simple text editor. Moreover, an XML document, containing its structure
integrated with the data, is easily readable even without knowing the specification.

[0009] However, the main drawback of the XML syntax is to be verbose. Thus, the size of an XML document may be
several times greater than the inherent size of the data. This large size of XML documents thus leads to a long processing
time when XML documents are generated and especially when they are read.

[0010] To mitigate these drawbacks, mechanisms for coding XML documents have been sought. The object of these
mechanisms is to code the content of the XML document in a more efficient form but enabling the XML document to be
easily reconstructed. However, most of these mechanisms do not maintain all the advantages of the XML format.
Numerous new formats, enabling the data contained in an XML document to be stored, have thus been proposed. These
different formats are grouped together under the appellation "Binary XML".

[0011] Among these mechanisms, the simplest consists of coding the structural data in a binary format instead of
using a text format. Furthermore, the redundancy in the structural information in the XML format may be eliminated or
at least reduced. Thus, for example, it is not necessarily useful to specify the name of the element in the start-tag and
the end-tag. This type of mechanism is used by all the Binary XML formats.

[0012] Another mechanism consists of creating one or more index tables which are used, in particular, to replace the
names of elements and attributes that are generally repeated in an XML document. Thus, at the first occurrence of an
element name, it is coded normally in the file and an index is associated with it. Then, for the following occurrences of
that element name, the index will be used instead of the complete string, reducing the size of the document generated,
but also facilitating the reading. More particularly, there is no need to read the entire string in the file and, furthermore,
determining the element read may be performed by a simple comparison of integers and not by a comparison of strings.
This type of mechanism is implemented in several formats, in particular in the formats in accordance with the Fast Infoset
and Efficient XML Interchange (EXI) specifications.

[0013] This mechanism may be extended to the text values and to the values of the attributes. In the same way, at
the first occurrence of a text value or an attribute value, this is normally coded in the file and an index is associated with
it. The following occurrences of that value are coded using the index. This type of mechanism is implemented in several
formats, in particular the formats in accordance with the Fast Infoset and EXI specifications.

[0014] Stillanother mechanism consists of using index tables for describing the structure of certain categories of items
of the document. Thus, for example, it is possible to use an index table for each element item having a given name. At
the first occurrence of a child item in the content of that item, a new entry describing that child item type is added to the
index table. At following occurrences of a similar item, that new child item is described using the associated index. This
type of mechanism is implemented in the formats in accordance with the EXI specification.
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[0015] Scalable Vector Graphics (SVG) data format is an XML language for describing vector graphics. SVG uses the
XML format and defines a set of elements and attributes making it possible in particular to describe geometric shapes,
transformations, colors and animations.

[0016] A much used tool in SVG is the path which represents the outline of a shape. A graphics path is a set of
commands and associated coordinates, making it possible to describe a complex graphic shape using segments, Bezier
curves and elliptical arcs.

[0017] Binary XML formats may be used to code SVG documents. However, most of these formats have limitations
with regard to the coding of SVG documents. This is because, in numerous SVG documents, the proportion of structure
is small relative to the proportion of content. However, Binary XML formats are mainly directed to compressing the
structure of XML documents. In relation to content, Binary XML formats can index the values, in order not to code several
times the same value that is repeated in the content. They may also code, in a specific way, certain contents of which
the type is known and simple, for example an integer or a real number. But SVG contents satisfy none of these criteria:
SVG contents which are large in size are rarely repeated and generally do not correspond to simple types. These contents
of large size are for example paths, which mix simple graphics commands with coordinates, or lists ofinteger or real values.
[0018] For this reason, it is necessary to create new Binary XML formats that are specific to SVG documents or to
adapt existing Binary XML formats to efficiently code SVG documents.

[0019] The patentUS 6,624,769 describes a Binary XML format adapted to code SVG documents. This patentdescribes
in particular a specific way to code SVG paths consisting of first coding the commands used in the path and only attributing
a code to the commands present in the path. Furthermore, these codes are Huffman type codes, of which the attribution
is predefined for all the existing commands.

[0020] The commandarguments are coded in binary manner, using the minimum number of bits enabling any argument
present in the path to be coded. More precisely, the patent is limited to the coding of integer arguments, corresponding
to the SVG profiles for mobile phones, and separates the arguments into two categories: the arguments corresponding
to absolute commands and those corresponding to relative commands. In the case of an absolute command, the argument
directly represents a position in the SVG coordinate system whereas in the case of a relative command, the argument
represents the movement from the previous position. For each type of argument, calculation is made of the minimum
number of bits enabling any argument of that type present in the path to be coded. Next, each argument is coded over
a number of bits depending on its type.

[0021] The format described in this patent enables compact SVG documents to be obtained, but only applies to a
restricted category of documents and is still of limited efficiency in the case of large paths.

[0022] U.S.Patentapplication No.20080063114 describes the Lightweight Application Scene Representation (LASeR)
binary XML format. This format is targeted at coding SVG documents and provides a specific way of coding an SVG
path. According to this document, an SVG path is coded using one of two methods that provides the best results.
[0023] The first method consists in coding the first two arguments of the SVG path using a first fixed length coding
scheme and coding all the remaining arguments as relative arguments using two other fixed length coding schemes.
The first coding length of the first fixed length coding scheme is the minimum coding length that allows the first two
arguments to be coded. The other two coding lengths are computed in a similar way: the first of these other coding
lengths is the minimum coding length allowing all the abscissa coordinates to be coded while the second of these other
coding lengths is the minimum coding length allowing all ordinate coordinates to be coded.

[0024] The second method consists in coding the first two arguments using a first fixed length coding scheme and
coding all the further arguments as relative arguments using an exponential-Golomb coding scheme.

[0025] Document EP 2040 178 A2 discloses a method of encoding a structured document with many decimals having
small digit counts.

[0026] The invention notably makes it possible to increase the efficiency of compressing series of data, in particular
series of numbers, for example data of SVG type.

[0027] The invention thus relates to a method according to claim 1.

[0028] The coding method according to the invention improves coding efficiency of structured documents, in particular
of documents of the SVG type, in a very efficient manner in terms of computation since the at least one parameter of
the second coding scheme can be determined based on the parameter or parameters of the first coding scheme.
[0029] According to a particular embodiment, said at least one parameter of said first and said at least one second
coding schemes comprises a coding length.

[0030] Said first and said at least one second coding schemes are preferably fixed-point coding schemes. A fixed-
point coding scheme is particularly adapted to encode data composing SVG paths, in particular SVG path arguments.
[0031] Stillaccording to a particular embodiment, said at least one parameter of said first and said at least one second
coding schemes comprises a scaling factor. A scaling factor is a parameter of a fixed-point coding scheme, and further
coding efficiency may be obtained in some cases by adapting the scaling factor of a second fixed-point coding scheme.
According to a preferred embodiment, said at least one parameter of said at least one second coding scheme is equal
to said at least one parameter of said first coding scheme decreased by a predefined value. In particular, said predefined
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value belongs to a set of predetermined values, for example a set of predetermined values comprised between 2 and
7. The computation of the parameter of the second coding scheme is extremely fast in this case, since a very small
number of possible values need to be tested.

[0032] Still according to a preferred embodiment, said step of determining at least one parameter of said at least one
second coding scheme further comprises the step of analyzing a subset of data of said at least one plurality of data to code.
[0033] Still according to a particular embodiment, the method further comprises a step of coding said at least one
parameter of said first and at least one second coding schemes for optimizing data transfer and decoding.

[0034] Still according to a preferred embodiment, the method further comprises the step of pre-processing at least
one item of data of said at least one plurality of data to code for improving coding efficiency.

[0035] Still according to a preferred embodiment, the method further comprises the step of evaluating the coding
efficiency of said at least one item of data according to a third coding scheme, said third coding scheme being different
from said first and said at least one second coding schemes, said step of comparing said coding efficiency of said first
and said at least one second coding schemes for coding said at least one item of data comprising the step of comparing
said coding efficiency of said third coding scheme for coding said at least one item of data with said coding efficiency
of said first and said at least one second coding schemes for coding said at least one item of data, said at least one item
of data being coded according to said first or said at least one second coding scheme or to said third coding scheme in
response to said comparison to still improve coding efficiency. According to a particular embodiment, said third coding
scheme is adapted to code repetitions of data patterns.

[0036] Itis another object of the invention to provide a method of decoding a structured document according to claim 9.
[0037] It is still another object of the invention to provide a computer program comprising instructions for carrying out
each step of the methods described above when the program is loaded and executed by a programmable apparatus.
[0038] It is still another object of the invention to provide an information storage means readable by a computer or a
microprocessor storing instructions of a computer program, characterized in that it makes it possible to implement a
method of binary coding of a structured document comprising at least one plurality of data to code as described above.
[0039] It is still another object of the invention to provide a device for binary coding a structured document according
to claim 12.

[0040] The coding device according to the invention improves coding efficiency of structured documents, in particular
of documents of the SVG type.

[0041] Itis still an object of the invention to provide a device for decoding a structured document according to claim 13.
[0042] The particular characteristics and advantages of the storage means, computer program and decoding device
being similar to those of the method of binary coding of a structured document, they are not repeated here.

[0043] Further advantages of the presentinvention willbecome apparent to the ones skilled in the art upon examination
of the drawings and detailed description. It is intended that any additional advantages be incorporated herein.

Figure 1 illustrates an example of an algorithm that can be used for coding an SVG path according to the invention.
Figure 2 illustrates an example of an algorithm that can be used for decoding an SVG path coded according to the
invention.

Figure 3 illustrates an example of an algorithm for evaluating the coding length of a second fixed-point coding
scheme used for coding an SVG path.

Figure 4 illustrates an example of an enhanced argument coding algorithm.

Figure 5 illustrates an example of an apparatus making it possible at least partially to implement the invention;

[0044] According to an embodiment of the invention, SVG path data is coded efficiently by rewriting path data in order
to use an SVG representation adapted to the particular coding format of the invention. Moreover, path commands and
arguments are coded separately. All commands are coded together in a first part while the arguments are coded in a
second part.

[0045] In the preferred embodiment, data to code, e.g. path arguments, are coded using fixed-point coding schemes
wherein the float values are converted to integers by scaling them. As is known, a fixed-point coding scheme is defined
by a scaling factor and a coding length representing the number of bits used to code the values. In the following description,
the coding length refers to a number of bits used to code the absolute value of an integer.

[0046] Several scaling factors and coding lengths are used to code all the values of the SVG path.

[0047] Therefore, to code a float value, a first step consists in applying the scaling factor associated to the used fixed-
point coding scheme, allowing the conversion of the float value into an integer value. According to the preferred embod-
iment of the invention, the scaling factor used is preferably such as to prevent any loss during the conversion. The scaling
factor used is preferably a power of ten.

[0048] In a second step, the obtained integer value is binary coded using a predetermined number of bits.

[0049] For example, considering the float value 3.14, the scaling factor is at least 100 to obtain an integer value such
as 314. For example the scaling factor could be 1000, giving the integer value 3140. The value 314 can be coded in a



10

15

20

25

30

35

40

45

50

55

EP 2 264 904 B9

binary format as follows: 100111010. In this example the scaling factor is 100 and the coding length is 9 bits. Any other
binary coding formats can be used to code this value based on other scaling factors. This will only change the number
of leading zeros.

[0050] It is to be noted here that even if the given examples of path arguments mainly concern decimal values that
are encoded using a fixed-point coding scheme, the invention can be applied, for example, to integer arguments. In
such case, the coding schemes used are integer coding schemes with different coding lengths. Such an integer coding
scheme is similar to a fixed-point coding scheme, the main difference being that it has no scaling factor (in fact it can
be considered as having an implicit scaling factor of one).

[0051] A main characteristic of the invention lies in the use of a coding technique based upon several coding schemes
of the same type but with different parameters for coding a single path.

[0052] Inthe preferred embodiment, the coding scheme used is a fixed-point coding scheme. In particular, the inventors
have established that using a coding technique with two fixed-point coding schemes gives good results. The first fixed-
point coding scheme may be used for coding any values of the path whereas the second fixed-point coding scheme
allows the coding of small values of the path. An important aspect of the invention lies in the choice of the parameters
of the second fixed-point coding scheme.

[0053] As described above, several pre-processing steps are applied to an SVG path before it is coded for optimizing
the path representation.

[0054] A first pre-processing step consists in rewriting the path using only relative coordinates. This means, firstly,
updating the command names by replacing uppercase command names by lowercase command names (in the SVG
path syntax, commands are specified using letters, for example, M or m, is used for moveto): each command has an
absolute form, represented by an uppercase letter, and a relative form, represented by a lowercase letter. Secondly, all
absolute coordinates are replaced by relative coordinates which are computed from the absolute coordinates. For ex-
ample, the path "M 700 100 L 200 150 L 100 150 L 100 100" is converted to the equivalent relative path "m 700 100 |
10050 /- 100 010 -50". This has the first advantage of reducing the number of commands used. Moreover, it reduces
the size of the number to code since the values of the relative coordinates are generally smaller than the values of the
corresponding absolute coordinates.

[0055] It should be noted here that according to the SVG specifications, if the first path command is a relative path
command, it is interpreted as an absolute command. This allows the pre-processing step to rewrite all commands even
the first one.

[0056] According to a second pre-processing step, the commands of the SVG path are analyzed to be replaced by
shortcuts, if possible, to use a more compact representation. For the sake of illustration, the "lineto" command, denoted
"I", can be replaced by the "horizontal-lineto" shortcut, denoted "h", if the specified line is horizontal. For example, the
command "/ 5 0" can be replaced by the command "h 5" which produces the same graphical result. Therefore, the
number of arguments in the original path can be reduced by using the most specific commands.

[0057] After having pre-processed the SVG path, itis coded. To that end, the coding length associated with a first and
a second fixed-point coding scheme is computed. Next, float values are coded using the coding scheme giving the best
compression ratio.

[0058] The coding length of the second fixed-point scheme is preferably based upon a set of predefined values which
give good compression results. This also makes it possible to decrease the computation time needed to determine the
coding length of the second fixed-point coding scheme. The predefined values of the set of values can be computed
using one or more of the following steps:

- computing predefined coding lengths for the second fixed-point coding scheme by decreasing the coding length of
the first fixed-point coding scheme by predefined amounts;

- computing predefined coding lengths for the second fixed-point coding scheme by decreasing the coding length of
the first fixed-point coding scheme by predefined amounts from two to seven; and,

- choosing a coding length for the second fixed-point coding scheme equal to zero.

[0059] The first and second fixed-point coding schemes may also be compared to other coding schemes, such as a
reference coding scheme in which a set of data is coded by reference to another set of data previously coded, to identify
the most appropriate coding scheme for each argument or set of arguments.

[0060] Figure 1 illustrates an example of an algorithm that can be used to code an SVG path according to an embod-
iment of the invention. An SVG path is considered as a part of a structured document (in SVG format) to code, comprising
several pluralities of data to code, namely commands and arguments.

[0061] After having obtained the SVG path to code in a first step (step 100), it is pre-processed as described above
(step 110). Advantageously, a last pre-processing step consists in determining which arguments should be coded ac-
cording to a specific coding scheme, that is to say a coding scheme different from the fixed-point coding scheme. For
example, the arguments of the first command, which are absolute coordinates, are preferably coded using a particular
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scheme. Likewise, each Boolean argument is coded using a one bit value. In the following description, it is assumed
that the arguments to be coded are only those that are to be coded using a fixed-point coding scheme.

[0062] In a following step, the SVG path commands are coded (step 120). Several coding methods can be used.
Basically, each command is coded with a predetermined number of bits. For example, since ten relative commands
exist, they can be coded over four bits (representing sixteen different possible commands). Preferably, the unused values
(resulting from the difference between the real number of commands and the number of commands that could be coded
using the predetermined number of bits) are used to code the number of occurrences of the previous command. Alter-
natively, the commands are coded according to variable length coding, such as Huffman coding, where the mostfrequently
used commands are coded over a smaller number of bits than the less frequently used ones.

[0063] Next, the coding length of the first fixed-point coding scheme is computed (step 130). This may be done by
determining the maximum number of decimal figures used by any one of the arguments (except those not coded using
a fixed-point coding scheme) for computing the scaling factor to be used and then by evaluating the maximum absolute
value of the scaled arguments. The coding length of the first fixed-point coding scheme is then determined by the
maximum absolute value of the scaled arguments.

[0064] In a following step, the computation of the parameters of the second fixed-point coding scheme to use is
performed (step 140) according to the parameters of the first fixed-point coding scheme. This step is described in more
detail with reference to Figure 3.

[0065] The inventors have observed that in almost all cases, the scaling factor associated with the second fixed-point
coding scheme should be similar to the one for the first fixed-point coding scheme. The main exception is when the
second fixed-point coding scheme is used to code the value zero. However, in such a case, whatever scaling factor is
applied to the value zero, it remains zero. Therefore the scaling factor has no importance.

[0066] The inventors have also observed that in almost all cases, the best coding length for the second fixed-point
coding scheme is either equal to zero in order to code only the value zero or to the coding length of the first fixed-point
coding scheme decreased by a number varying from two to seven. More specifically, the inventors have observed that
using a coding length (for the second fixed-point coding scheme) equal to zero is the best option in about 12% of cases
and using a coding length equal to the coding length of the first fixed-point coding scheme decreased by a number
varying from two to five is the best option in about 82% of cases.

[0067] An example of the steps that could be carried out to estimate an optimal value for the coding length of the
second fixed-point coding scheme is described in detail with reference to Figure 3.

[0068] Atthe end of step 140, the coding length of the second fixed-point coding scheme is determined and thus the
associated coding cost or coding efficiency may be evaluated.

[0069] According to a particular embodiment, other coding schemes are evaluated (step 150). For the sake of illus-
tration, a third coding scheme can be a reference coding scheme that consists in coding one or more arguments by
reference to a previous occurrence of the same arguments or even to a previous occurrence of the same arguments
having the opposite sign. In this case, reference coding consists in coding repetitions of data patterns. The coding cost
or coding efficiency of the reference coding scheme is evaluated and compared to that of the fixed-point coding schemes.
For each argument, the closest previous reference is searched for and the reference index is stored. The reference
index is preferably stored as the difference between the index of the current argument and the index of the referred to
argument minus one. Once all the reference indexes have been determined, the arguments that should be coded using
the indexes and the arguments that should be coded using one of the fixed-point coding schemes are identified, according
to the length of the stored indexes. Only the indexes whose length is less than the coding length of the first fixed-point
coding scheme minus one are considered so as to consider only the reference indexes allowing improved coding
compared to the first fixed-point coding scheme.

[0070] For each reference index considered, the number of arguments that can be coded is determined as well as its
coding cost. This enables selection of the best reference index for the current SVG path.

[0071] Itis also possible to use a third fixed-point coding scheme, with different parameters that may again be computed
according to the parameters of the first and the second fixed-point coding scheme.

[0072] In a following step, the best coding scheme is selected (step 160). This is achieved by evaluating the coding
cost of all the coding schemes considered, in relation to at least one item of the plurality of data to code. Furthermore,
for each item of data to code, the coding scheme to be applied is chosen as a function of the coding cost: the coding
cost for several schemes is computed and compared, and the coding scheme providing the lowest coding cost is applied.
The coding cost is representative of the coding efficiency.

[0073] It is to be noted here that having more than two coding schemes, including the first and second fixed-point
coding schemes, increases the computational task since the best coding cost for each argument has to be found by
comparing its coding cost for each coding scheme. Likewise, the number of bits used to code the chosen coding scheme
increases. Indeed, for each argument to be coded, it is necessary to indicate which coding scheme is used, so that the
decoder can decode it.

[0074] Whentwo coding schemes are used, only one bit is required to code the coding scheme used for each argument.



10

15

20

25

30

35

40

45

50

55

EP 2 264 904 B9

When more than two coding schemes may be used, more than one bit is needed to indicate the coding scheme to the
decoder for each argument. If more than two coding schemes may be used, variable length coding, such as Huffman
coding, may be used to indicate the coding scheme used.

[0075] Finally, the arguments are coded (step 170), each argument being coded by applying the coding scheme
selected in step 160 and the associated parameters previously determined.

[0076] To allow efficient decoding of the arguments, the values indicating the coding parameters are firstly coded.
This includes all the parameters of the coding schemes that may be used such as the scaling factors and the coding
lengths.

[0077] Optionally, the coding step may be performed as described with reference to Figure 4.

[0078] Figure 2 illustrates an example of an algorithm that can be used for decoding an SVG path coded according
to an embodiment of the invention.

[0079] After having retrieved the coded SVG path in a first step (step 200), the path commands are decoded (step
210). Path command decoding depends upon the coding. The decoding steps for the commands correspond to the
reverse of the coding steps. Since the command coding and decoding algorithms are standard, they are not disclosed
in detail here.

[0080] Next, the coding parameters of the coding schemes, that is to say the parameters describing the options used
for coding the arguments, are decoded (step 220). According to a particular embodiment, this step comprises the step
of decoding which coding schemes are used for the coded SVG path, the step of decoding the coding length and the
scaling factor (corresponding to the number of decimals) of the first fixed-point coding scheme and the step of decoding
the coding length of the second fixed-point coding scheme and an optional indication of the scaling factor of the second
fixed-point coding scheme. The coding factor of the second fixed-point coding scheme may be equal to the scaling factor
of the first fixed-point encoding scheme, in which case a simple indication is sufficient. In the preferred embodiment, the
scaling factor of the second fixed-point encoding scheme is taken as being equal to the scaling factor of the first fixed-
point coding scheme, so there is no need to encode any information relating to the scaling factor of the second fixed-
point coding scheme.

[0081] Decoding the coding parameters enables the decoder to know which coding schemes and which parameters
were used for coding each argument.

[0082] Then, the arguments are decoded (step 230). For each argument, a first sub-step consists in determining how
it was coded, that is to say what coding scheme has been used.

[0083] The command corresponding to the argument is used to determine its type (for example to determine whether
it is a float value or a Boolean value) and to determine whether or not it is coded in a specific way (for example the first
two arguments are coded in a specific way). If the argument is coded in a specific way, it is decoded accordingly.
[0084] If the argument is not coded in a specific way, the coding scheme flag is analyzed to determine which of the
coding schemes has been used. For the sake of illustration, the flag having the value zero may correspond to the
arguments that are coded using the first fixed-point coding scheme while the flag having the value one is used to identify
the arguments coded with the second fixed-point coding scheme. Knowing which coding scheme was used allows the
arguments to be decoded accordingly.

[0085] It should be noted that the commands are used not only to determine the type of an argument and whether or
not it was coded in a specific way, but also to determine how many arguments should be decoded since all the SVG
path commands have a fixed number of arguments.

[0086] Finally, the SVG path is built according to the decoded commands and arguments (step 240). Depending upon
the SVG usage, the resulting SVG path can either be generated as a string or using a more specific representation (for
example to transmit it to a rendering unit).

[0087] Figure 3 illustrates an example of an algorithm for determining the coding length of a second fixed-point coding
scheme used for coding an SVG path.

[0088] This algorithm can be used by the coding algorithm described with reference to Figure 1 (step 140). As stated
previously, the inventors have established that using a common scaling factor for the first and second fixed-point coding
schemes generally gives good results. Therefore, the aim of the algorithm depicted on Figure 4 is to evaluate the coding
length of the second fixed-point coding scheme when the scaling factor is the same as the one of the first fixed-point
coding scheme. However, this algorithm could easily be adapted to determine also other scaling factors at the cost of
an increased processing time.

[0089] The algorithm starts by initializing a coding length counting table that is used for counting the number of
arguments that can be coded with each predetermined coding length. All the values of this table are set to zero. The
coding length counting table can have entries for all the coding lengths from 0 to the coding length of the first fixed-point
coding scheme. Alternatively, it can be reduced to have entries only for the coding lengths of interest. Preferably, only
the coding lengths of interest are considered so as to optimize the required memory and processing time.

[0090] After having been obtained, the first item to code (first argument) is selected (step 300).

[0091] Next, in a following step, the number of bits needed to code this argument is computed (step 310). The number
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of bits needed to code an argument with a given coding scheme is representative of the coding efficiency of that coding
scheme. This is carried out, for example, by comparing the integer representation of the argument with the maximum
integer that can be coded with each coding length. As described above, the integer representation of the argument is
obtained by first applying the scaling factor to the argument value and then by computing its absolute value.

[0092] Forthe sake ofillustration, considering the value "-12" and a scaling factor equal to ten, its integer representation
is "120" which needs seven bits to be coded ("1777000"). For the value zero, zero bits are needed, provided that the
value encoding is preceded by an indication of a zero-length fixed-point encoding.

[0093] The coding length counting table is then updated according to the selected argument (step 320). To that end,
the value of the table entry corresponding to the coding length computed at the previous step is increased by one. If the
table is optimized to contain only possible coding lengths dependent on the coding length L, of the first fixed-point coding
scheme (for example from L4-7 to L4-2) and does not contain any entry for the computed coding length, several cases
are envisaged. If the computed length is smaller than L4-7, which is the smallest coding length recorded in the table,
the entry corresponding to this smallest coding length is increased. No entry is updated if the computed coding length
is greater than the greatest coding length of the table, i.e. greater than L4-2 in this example, since in this case, the value
should be coded using the first fixed-point coding scheme.

[0094] For the sake of illustration, if an argument is equal to "-712", requiring at least seven bits to be coded, if the
coding length of the first fixed-point coding scheme is equal to eight bits, and if the optimized coding length counting
table does not contain any entry corresponding to the coding length of seven nor eight, the optimized coding length
counting table is not changed by processing this argument. In the case in which the value zero is to be coded, the
optimized coding length counting table is updated with an argument equal to zero, requiring zero bits to be coded, by
increasing the entry corresponding to the coding length of zero.

[0095] Next, a test is performed to determine whether or not all the arguments have been processed (step 330). If at
least one argument remains, the next argument is selected (step 340) and the last two steps (steps 310 and 320) are
repeated.

[0096] If all the arguments have been processed, the coding cost is evaluated for each considered coding length of
the second fixed-point coding scheme, that is to say, preferably, for each coding length of the coding length counting table.
[0097] According to the number of arguments NbAr, ; that may be coded for each coding length CL(i), the coding
cost coding_COStc, (; associated with the coding length CL(i) may be evaluated as follows,

coding_costcy ) = NbArc ) * (CL(i) + 2) + (NDTAr — NbArc ) * (Clget + 2)

wherein NbTAr represents the number of arguments to be coded.

[0098] The value NbArg, ;) * (CL(i) + 2) corresponds to the number of bits used to code the arguments with the second
fixed-point coding scheme while the value (NbTAr - NbArg, ;) * (CLgs; + 2) corresponds to the number of bits used to
code the argument with the first fixed-point coding scheme. It should be noted that the value '2" added to the coding
length of the first and second fixed-point coding schemes corresponds to the coding of the sign of the argument and of
the flag indicating which of the first or second coding schemes is used.

[0099] Foreach coding length, the number of arguments to be coded with the second fixed-point coding scheme based
upon that coding length is determined by adding the value contained in the counting table, corresponding to that coding
length, to all the values of the counting table corresponding to the smaller coding lengths. In this embodiment, the coding
scheme to be used for a given argument is determined at the same time as the parameter of the second fixed-point
coding scheme.

[0100] Finally, the coding length of the second fixed-point coding scheme is selected (step 360). The selected coding
length of the second fixed-point coding scheme is the coding length that corresponds to the smallest coding cost.
[0101] Itshould be noted here that throughout this algorithm only the arguments to be coded using a fixed-point coding
scheme are evaluated. As stated above, the first two arguments which are absolute coordinates may be coded in a
specific way.

[0102] Likewise, the inventors have established that in several cases, the values of coordinates of the "moveto"
command are very different from the others. Therefore, the compression of such coordinates adversely impacts the
compression results. A solution to this problem is to code all the coordinates of the “moveto” command in their own
specific way, either using a specific coding such as the one described in the following example or using a specific fixed-
point coding scheme.

[0103] Alternatively, a better solution is to code the coordinates of the "moveto” command either using the coding
scheme used for the other coordinates, if it is possible, or to code these coordinates using a specific coding scheme.
To specify which coding scheme is used for the coordinates of the "moveto” command, a first solution consists in adding
a specific flag before each coded coordinates of the "moveto” command. Another solution is to have two different coding
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schemes for the "moveto” command itself: a first coding scheme specifies that the coordinates of the "moveto” command
are coded in a specific way whereas the second one specifies that the coordinates of the "moveto” command are coded
as the other arguments. This latter solution is the preferred one.

[0104] Figure 4 depicts an example of an enhanced argument coding algorithm that provides an efficient way of coding
arguments. It can be used to perform the step 170 of Figure 1.

[0105] First of all, it should be observed that all the values that can be coded efficiently according to the second fixed-
point coding scheme are not coded according to the first fixed-point coding scheme. In other words, this means that a
set of coded values of the first fixed-point coding scheme are never used in practice. Therefore, an optimization is to
use these particular values that are normally not used.

[0106] In a particular embodiment, the first fixed-point coding scheme is modified in such a way that instead of coding
a given argument value directly using the first fixed-point coding scheme, its absolute value is firstly decreased by the
maximum value that can be coded using the second fixed-point coding scheme. This allows the maximum value coded
with the first fixed-point coding scheme to be decreased, and, in some cases, it may also allow reduction of the coding
length of the first fixed-point coding scheme. For the sake of illustration, if the maximum argument value is 128, which
needs 8 bits to be coded, decreasing it by one (the maximum value that can be coded by the second fixed-point coding
scheme) allows the coding length of the first fixed-point coding scheme to be reduced to seven.

[0107] According to a second embodiment, these particular values are used to code information other than the argu-
ments, for example to indicate the number of occurrences of the same value. For instance, the value zero can be used
to specify that the preceding value is repeated twice, the value one can be used to indicate three occurrences of the
preceding value, and so on. According to another example, these particular values are used to indicate repetitions of a
sequence of values. For instance, the value zero can be used to indicate the repetition of the two preceding values, the
value one can be used to indicate that the three preceding values are repeated, and so on. More complex coding schemes
can be used to code more complex pattern repetitions. However, it should be noted that coding the repetition of only
one value does not make sense since it has the same coding cost as coding this value directly. It should also be noted
that when using these particular values for specific meanings, the bit used to code the sign is also available.

[0108] An example of a more generic repetition of data patterns is the following. Firstly, the bit sign is used to specify
if a single value is repeated multiple times or if a set of values is repeated multiple times.

[0109] Then, in the case of the repetition of a single value, half the available bits (rounded-up) are used to code the
position of the repeated value, that is to say the distance between the repeated value and the current position, and the
other half (rounded-down) to code the number of repetitions.

[0110] In the case of the repetition of a set of values, half the available bits (rounded-up) are used to code the position
of the last value of the set, that is to say the distance between the last value of the set and the current position, and the
other half (rounded-down) to code the number of values in the set.

[0111] Another example for using these particular values is to code values by differences. However, as stated previ-
ously, at least two arguments need to be coded at once for the sake of efficiency. Nevertheless coding schemes similar
to the ones given above for dealing with repetitions allow this to be done.

[0112] According to a third embodiment, these particular values are used to code the flags for a set of values: instead
of coding, over one bit, the flag specifying which coding scheme is used for each value, a set of flags can be coded at
once. The number of coded flags must be greater than the length of the first fixed-point coding scheme.

[0113] An example of such a coding technique, working only when two different coding schemes are used, is the
following: the sign bit is used to specify one of the two coding schemes. Then the first half of the available bits (rounded-
up) is used to code a number of values coded using the coding scheme specified by the sign bit. The other half of the
available bits (rounded-down) is used to code a number of values coded using the other coding scheme. Such a coding
technique can also be extended to describe the sign of the values.

[0114] Figure 4 describes how these particular values can be used to code repetitions in the arguments.

[0115] After having obtained the next value to code (step 400), a test is performed to determine whether or notit should
be coded with the second fixed-point coding scheme (step 410). If the value to code is to be coded with the second
fixed-point coding scheme, the value is coded accordingly (step 420).

[0116] If the value to code is not to be coded with the second fixed-point coding scheme, an analysis is conducted on
previously coded arguments to detect any pattern repetition as described above (step 430). In a general way, the
algorithm looks for the current value to code and the following ones and checks whether or not a set of similar values
has been previously coded.

[0117] If a pattern repetition is detected and if it is compatible with the pattern repetition coding scheme (step 440), it
is coded accordingly (step 450). If this is not the case, the value is coded according to the first fixed-point coding scheme
(step 460).

[0118] After the value has been coded at step 420, 450 or 460, a test is performed to determine whether or not at
least one value remains to be coded (step 470). It should be noted here that if a pattern repetition has been detected
and coded, the next possible value to code is the one that follows the last coded value of the pattern.
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[0119] If atleast one value remains to code, the preceding steps (steps 400 to 470) are repeated. The algorithm stops
when all the values have been coded.

[0120] For the sake of illustration an example of coding an SVG path is given below. The SVG path to code here is
the following,

M 14.0,70.9 L 14.0,55. 0L 2.0,71. 0 L 14.0,70.9 z

[0121] As described above, the SVG path is converted, before being coded, so as to refer to relative commands and
coordinates. After such a conversion, the SVG path appears as follows,

m 14.0,70.9/ 0.0,-15.9/ -12,16 ] 12, -1 z

[0122] Then, in a next step, the commands are coded. The list of commands is here the following,

mlllz

which can be transformed as follows using run-length coding,

m/*3z

[0123] The coded format of this command list can be expressed as follows,

0000 0100 (the number of coded commands, 4)

0000 .... (the coded command m)

.... 0010 (the coded command I)

1011 .... (the number of occurrences of the previous command, 3)

.... 0001 (the coded command z)

[0124] Each number of this coding format represents one bit while dots correspond to bits not used for coding the data
described on the line.

[0125] In this coding format, the number of commands is coded at the beginning. It is coded using a variable length
integer coding scheme. In this case, the number of commands (either true commands or occurrence numbers) is four,
which is coded using one byte.

[0126] Afterwards, each command or occurrence number is coded over 4 bits. For example, the second line represents
the coding of the command "m" with the value zero over four bits.

[0127] As there are only ten relative path commands, they are coded using the values from zero to nine. The six
remaining values (ten to fifteen) are not used to code commands. Therefore, as described above, these unused values
can be used to code multiple command repetitions. For example, the value ten can be used to code one repetition, that
is to say two occurrences of the previous command, eleven to code two repetitions, that is to say three occurrences of
the previous command, and so on.

[0128] Therefore, the binary representation of the commands is 000001000000001010110001.

[0129] In a following step, the arguments of the SVG path are coded.

[0130] As described above, since the arguments of the first command are absolute arguments, they are coded spe-
cifically.

[0131] Therefore, the two first values 74.0 and 70.9 are coded here as follows,

0....... (the sign of the first argument)

. 000 0... (the number of decimals of the first argument, 0)

..... 001 (the length of the first coded argument, 1 byte)

0000 1110 the value of the first argument, 14)

0....... (the sign of the second argument)

. 000 1... (the number of decimals of the second argument, 1)

..... 010 (the length of the second coded argument, 2 bytes)

0000 0010 (the value of the first byte of the second argument, 2)

1100 0101 (the value of the second byte of the second argument, 197)

[0132] Each number is coded by first coding its sign over one bit. Next, the number of decimals is coded over four
bits. The value is then coded as an integer and is therefore scaled by a power of ten to avoid any decimals. Considering
the value 14.0, it is not scaled (the value to code is 14). It is coded over one byte. Therefore, the coding length, in bytes,
is one. It is coded over 3 bits. Considering the value 70.9, it is scaled using a scaling factor of ten. Therefore, the value
to code is 709. Itis coded over two bytes (the coding length is two). The two byte values are 2 and 197 (2 * 256 + 197 = 709).
[0133] Therefore, the binary format of the first two arguments is 0000000100001110000010100000001011000101.
[0134] After having specifically coded the first two arguments, the remaining arguments are coded using the fixed-
point coding schemes as described above.

[0135] For the sake of illustration, the first fixed point coding scheme uses a scaling factor of ten and a length of 8 bits
to code each value. A second fixed-point coding scheme is used. It shares the same scaling factor of ten but uses a
length of only 1 bit to code each value. These coding parameters are coded as follows,

1000 .... (the length of the first fixed-point coding scheme, 8)

.... 001. (the scaling factor of the first and second fixed-point coding schemes, expressed in number of decimals, 1)
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o1 ... ... (the length of the second fixed-point coding scheme, 1, coded with the value 5)

[0136] The length of the first fixed-point coding scheme, also called first fixed-point coding bit length, is coded here
over four bits (there are some mechanisms for coding a length greater than sixteen, in case the coding length of first
fixed-point coding scheme should ever be larger). Next, the scaling factor, representing the number of decimals, is coded
over three bits. The length of the second fixed-point coding scheme is coded over three bits, using the value five. This
value corresponds to the first fixed-point coding bit length from which the second fixed-point coding bit length and the
value two are subtracted.

[0137] This coding scheme is optimized. It comprises two reserved values. The first one, equal here to seven, is used
to specify that no second fixed-point coding scheme is used and a second one, equal here to six, for specifying that the
second fixed-point coding bit length is equal to zero. This latter second fixed-point coding bit length means that only the
value zero can be coded with the second fixed-point coding scheme. However, since this value is coded using zero bits,
it is very useful when arguments equal to zero appear frequently in an SVG path. The remaining values are used to
specify the second fixed-point coding bit length from the first fixed-point size minus two to the first fixed-point size minus
seven.

[0138] Therefore, the binary format of the coding parameter is 1000001101.

[0139] Each remaining argument is coded using the best fixed-point coding scheme. The flag indicating the use of the
first fixed-point coding scheme is here equal to zero while the flag indicating the use of the second fixed-point coding
scheme is here equal to one. For the sake of simplicity in this example, each coded value starts on a byte boundary.
However, in real conditions, all these coding values should be packed together, without leaving any padding bits, in
order to achieve better compression.

[0140] The argument 0.0 is coded using the second fixed-point size as follows,

T (the flag indicating which of the first and second fixed-point coding schemes is used, 1)

.0.. ... (the sign)

.. 0. .... (the value of the scaled argument, 0)

[0141] The first bitis used as a flag to specify which of the first and second fixed-point coding schemes is used. Since
the second fixed-point size is used, the flag is equal to one. The following bit is the sign. Next, the value is coded using
1 bit, as specified by the second fixed-point coding scheme.

[0142] Next, the argument -15.9 is coded using the first fixed-point coding scheme as follows,

0.... (the flag indicating which fixed-point coding scheme is used, 0)

T (the sign)

.. 100111

11.. ... (the value of the scaled argument, 159)

[0143] Likewise, the argument-12.0 is coded using the first fixed-point coding scheme as follows,
0...... (the flag indicating which fixed-point coding scheme is used, 0)

Y ST (the sign)

.. 011110

00.. .... (the value of the scaled argument, 120)

[0144] Similarly, the argument 16.0 is coded using the first fixed-point coding scheme as follows,
0... .... (the flag indicating which fixed-point coding scheme is used, 0)

.0.. ... (the sign)

..10 1000

00.. .... (the value of the scaled argument, 160)

[0145] Likewise, the argument 12.0 is coded using the first fixed-point coding scheme as follows,
0.. ... (the flag indicating which fixed-point coding scheme is used, 0)

. 0.. ... (the sign)

.. 011110

00.. .... (the value of the scaled argument, 120)

[0146] Finally, the argument -0.1 is coded using the second fixed-point coding scheme as follows,
1o (the flag indicating which fixed-point coding scheme is used, 1)

R ST (the sign)

.. 1. .... (the value of the scaled argument, 1)

[0147] Therefore, the binary format of the arguments coded according to the first and second fixed-point coding
schemes is 100000000110011111000000010111100000000000101000000000000001111 0000000001 1100000.
[0148] According to the invention, this coded SVG path requires only 16 bytes while the original path requires 49 bytes,
which is only 33% percent of the original size.

[0149] The described coding technique may be applied to other SVG values that contain lists of numeric values. For
example, it can be used to code a list of points describing polygons, or a list of time values used for animations. However,
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for particular data, it can be useful to consider specific coding schemes. For example, for time values used in animations,
it may be of interest to consider coding each time value as a difference relative to the previous value, and to use repetition
mechanisms to code efficiently multiple occurrences of the same values. For instance, the commonly found pattern of
time values, keyTimes="0.0 0.1 0.20.30.40.50.6 0.7 0.8 0.9 1.0" may be coded as follow, startValue = 0.0; delta = 0.1
repeated 10 times

[0150] It should also be noted that although the coding method of the invention is described here in relation to the
coding of SVG paths, it can also be applied to other graphic description languages using an XML syntax, such as
Microsoft Silverlight (Silverlight is a trademark) or Adobe Mars. It can also be applied to graphics description language
using other syntaxes, such as Adobe Postscript (Postscript is a trademark), Adobe PDF (PDF is a trademark), or Autodesk
DXF (DXF is a trademark). Moreover, the invention can also be applied to graphical user interface description languages,
such as XAML (standing for eXtensible Application Markup Language), XUL (standing for XML-based User interface
Language), UIML (standing for User Interface Markup Language), Adobe Flex (Flex is a trademark), and OpenLaszlo.
[0151] Furthermore, the invention can be applied to other languages used for describing multimedia content, and
specifically to code lists of temporal values. An example of such languages is SMIL (standing for Synchronized Multimedia
Integration Language). The invention can also be applied to three-dimensional graphics description languages, specif-
ically to code lists of three-dimensional points or three-dimensional paths. An example of such languages is X3D (standing
for Extensible 3D).

[0152] When comparing coding efficiency (step 160 of Figure 1), some cases may be optimized. Specifically, when
checking the effectiveness of using reference coding schemes, experiments have shown that for short paths, with a size
up to a limit of 150 to 500 characters, reference coding schemes could be more efficient than using a second fixed-point
coding scheme. Therefore, for such paths, reference coding schemes can be evaluated and compared to other coding
schemes. However, for long paths, having more than 5000 characters, the result obtained with reference coding schemes
is generally less efficient than that obtained using a second fixed-point coding scheme. Therefore, it is not useful to
evaluate the results that may be obtained by applying reference coding schemes to long paths.

[0153] The reference coding schemes described above give good results. However, other more complex reference
coding schemes can also be used. For example, the reference could specify whether the referenced value is equal to
the current value or if it is equal to the opposite of the current value. Another example is to particularize the references
depending upon the argument type. For instance, an abscissa coordinate would only be defined as a reference to another
abscissa coordinate.

[0154] Similarly, it could be efficient to use particularized fixed-point coding schemes depending upon the argument
types. For example, a first fixed-point scheme can be used to code abscissa coordinates while a second fixed-point
coding scheme can be used to code ordinate coordinates.

[0155] It should also be noted that the SVG path pre-processing steps described above are lossless, that is to say
that these pre-processing steps may change the syntax of the SVG path but will not change the resulting graphics.
However, the invention can also be applied with lossy pre-processing steps. For example, the precision of the coordinates
can be reduced to increase the overall compression ratio.

[0156] An apparatus implementing the invention or a part of the invention is illustrated in Figure 5. The device 500 is
for example a micro-computer, a workstation, a personal digital assistant, or a mobile telephone.

[0157] The apparatus 500 comprises a communication bus 502 to which there are connected:

- acentral processing unit or microprocessor 503 (CPU);

- aread-only memory 504 (ROM) able to contain the programs "Prog", "Prog1" and "Prog2";

- arandom access memory or cache memory (RAM) 506, comprising registers adapted to record variables and
parameters created and modified during the execution of the aforementioned programs; and,

- a communication interface 518 connected to a distributed communication network 520, for example the Internet,
the interface being able to transmit and receive data.

[0158] Optionally, the apparatus 500 may also have:

- ascreen 508 for viewing data and/or serving as a graphical interface with the user, who will be able to interact with
the programs according to the invention, using a keyboard 510 or any other means such as a pointing device, for
example a mouse 511, an optical stylus, a touch screen or a remote control device;

- a hard disk 512 able to contain the aforementioned programs "Prog", "Prog1" and "Prog2" and data processed or
to be processed according to the invention;

- afloppy disk drive 514 adapted to receive a floppy disk 516 and to read or write thereon data processed or to be
processed according to the invention; and,

- areader for memory cards adapted to read or write thereon data processed or to be processed according to the
invention.
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[0159] The communication bus affords communication and interoperability between the different elements included
in the apparatus 500 or connected to it. The representation of the bus is non-limiting and, in particular, the central
processing unit is capable of communicating instructions to any element of the apparatus 500 directly or by means of
another element of the apparatus 500.

[0160] The executable code of each program enabling the programmable apparatus to implement the processes
according to the invention may be stored, for example, on the hard disk 512 or in read-only memory 504.

[0161] Accordingto a variant, the floppy disk 516 can contain data as well as the executable code of the aforementioned
programs which, once read by the apparatus 500, will be stored on the hard disk 512.

[0162] As a second variant, the executable code of the programs can be received by the intermediary of the commu-
nication network 520, via the interface 518, in order to be stored in an identical fashion to that described previously.
[0163] The floppy disks can be replaced by any information carrier such as a compact disc (CD-ROM) or a memory
card. Generally, the floppy disks may be replaced by information storage means, which can be read by a computer or
microprocessor, integrated or not into the apparatus, which may possibly be removable, and which are adapted to store
one or more programs whose execution permits the implementation of the method according to the invention.

[0164] More generally, the program or programs may be loaded into one of the storage means of the apparatus 500
before being executed.

[0165] The central processing unit 503 will control and direct the execution of the instructions or portions of software
code of the program or programs according to the invention, these instructions being stored on the hard disk 512 or in
the read-only memory 504 or in the other aforementioned storage elements. On powering up, the program or programs
which are stored in a nonvolatile memory, for example the hard disk 512 or the read-only memory 504, are transferred
into the random-access memory 506, which then contains the executable code of the program or programs according
to theinvention, as well as registers for storing the variables and parameters necessary forimplementation of the invention.
[0166] It should be noted that the communication apparatus comprising the device according to the invention can also
be a programmed apparatus. This apparatus then contains the code of the computer program or programs for example
fixed in an application specific integrated circuit (ASIC).

Claims

1. A method of binary coding of a structured document comprising a plurality of data items to code, the method being
characterized in that it comprises the following, steps,
determining (130) a first value of at least one parameter for a first coding scheme, said parameter being a coding
length;
determining (140) a second value of said at least one parameter for at least one second coding scheme of the same
type as the first coding scheme and said second value being determined according to said first value for said at
least one parameter of said first coding scheme;
the method being characterized in that determining said second value comprises the following steps:

initializing a counting table with coding length values below the first value;

counting anumber of data items that can be respectively coded with the coding length values of the counting table;
evaluating a respective coding cost associated with the coding length values of the counting table;
determining the second value as the coding length value associated with the smallest coding cost;

the method further comprising :

obtaining at least one item of data of said at least one plurality of data items;

evaluating the coding efficiency of said first and said at least one second coding schemes for coding said at
least one item of data using, respectively, the first and second values for the at least one parameter;
comparing (160) said coding efficiency of said first and said at least one second coding schemes for coding
said at least one item of data; and,

depending on said comparison, coding (170) said at least one item of data according to said first or said at least
one second coding scheme and coding said first or said at least one second coding value.

2. A method according to claim 1, J wherein a coding cost coding costey 1y for a coding length CL(i) is evaluated as :

coding_costcLy = NbArcLp"(CL(I)+2)+(NbTAr-NbArc )" (CLaest+2)
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wherein:

NbTAr represents the number of data item to be coded,
NbAr¢, (;) represents the number of data items that can be coded with the coding length CL(i), and
CLyst is the first value of the coding length parameter.

Method according to claim 1 or claim 2 wherein said first and said at least one second coding schemes are fixed-
point coding schemes.

Method according to any one of claims 1 to 3 wherein the coding length values of the counting table are computed
by decreasing the first value by predefined amounts.

Method according to claim 4 wherein said predefined amounts range from 2 to 7.

Method according to any one of the preceding claims further comprising a step of pre-processing (110) at least one
item of data of said at least one plurality of data to code.

Method according to any one of the preceding claims further comprising the step of evaluating the coding efficiency
of said at least one item of data according to a third coding scheme, said third coding scheme being different from
said first and said at least one second coding schemes, said step of comparing (160) said coding efficiency of said
first and said at least one second coding schemes for coding said at least one item of data comprising the step of
comparing said coding efficiency of said third coding scheme for coding said at least one item of data with said
coding efficiency of said first and said at least one second coding schemes for coding said at least one ltem of data,
said at least one item of data being coded according to said first or said at least one second coding scheme or to
said third coding scheme in response to said comparison.

Method according to the preceding claim wherein said third coding scheme is adapted to code repetitions of data
patterns.

A method comprising the steps of any one of claims 1 to 8 for coding structured document comprising a plurality of
data items to code, the method further comprising the following steps for decoding said coded structured document
comprising said coded plurality of data items,

decoding (220) at least one of the first and second values of said at least one coding parameter for said first and
said second coding schemes used for coding said at least one item of data; and,

decoding (230) said at least one item of data according to said at least one value.

Computer program comprising instructions for carrying out each step of the method according to any one of the
preceding claims when the program is loaded and executed by a programmable apparatus.

Information storage means readable by a computer or a microprocessor storing instructions of a computer program
according to claim 10.

Device for binary coding a structured document comprising at least one plurality of data items to code, the device
being characterized in that it comprises the following means,

means for determining a first value of at least one parameter for a first coding scheme, said parameter being a
coding length;

means for determining a second value of said at least one parameter for at least one second coding scheme of the
same type as the first coding scheme and said second value being determined according to said first value of said
at least one parameter for said first coding scheme;

the device being characterized in that it further comprises :

means for initializing a counting table with coding length values below the first value;

means for counting a number of data items that can be respectively coded with the coding length values of the
counting table;

means for evaluating a respective coding cost associated with the coding length values of the counting table;
means for determining the second value as the coding length value associated with the smallest coding cost;

the device further comprising;

14



10

15

20

25

30

35

40

45

50

55

EP 2 264 904 B9

means for obtaining at least one item of data of said at least one data item;

means for evaluating the coding efficiency of said first and said at least one second coding schemes for said
at least one item of data using, respectively, the first and second values for the at least one parameter;
means for comparing said coding efficiency of said first and said at least one second coding schemes for coding
said at least one item of data; and,

means for coding said at least one item of data according to said first or said at least one second coding scheme
depending on said comparison.

13. System comprising a device according to claim 12 and a device for decoding a structured document comprising at

least one plurality of coded data, the device comprising the following means,

means for decoding at least one of the first and second value of said at least one coding parameter for said first
and second coding scheme used for coding said at least one item of data; and,

means for decoding said at least one items of data according to said at least one value.

Patentanspriiche

1.

Verfahren zur Binarcodierung eines strukturierten Dokuments mit einer Vielzahl von Datenelementen in einen Code,
gekennzeichnet durch die folgenden Schritte,

Bestimmen (130) eines ersten Werts von zumindest einem Parameter fir ein erstes Codierschema, wobei der
Parameter eine Codierldnge ist;

Bestimmen (140) eines zweiten Werts des zumindest einen Parameters fiir zumindest ein zweites Codierschema
der gleichen Art wie das erste Codierschema und wobei der zweite Wert gemaR dem ersten Wert fiir den zumindest
einen Parameter des ersten Codierschemas bestimmt wird;

dadurch gekennzeichnet, dass das Bestimmen des zweiten Werts die folgenden Schritte aufweist:

Initialisieren einer Aufzahlungstabelle mit Codierlangenwerten unter dem ersten Wert;

Zahlen einer Anzahl von Datenelementen, die mit den Codierlangenwerten der Aufzdhlungstabelle entspre-
chend codiert werden kénnen;

Evaluieren entsprechender Codierkosten, die mit den Codierlangenwerten der Aufzahlungstabelle verknipft
sind;

Bestimmen des zweiten Werts als den Codierlangenwert, der mit den kleinsten Codierkosten verknipft ist;
wobei das Verfahren weiterhin aufweist:

Erhalten von zumindest einem Element der Daten von der zumindest einen Vielzahl von Datenelementen;
Evaluieren der Codiereffizienz des ersten und des zumindest einen zweiten Codierschemas zum Codieren des
zumindest einen Elements der Daten unter Verwendung von entsprechend den ersten und zweiten Werten fir den
zumindest einen Parameter;

Vergleichen (160) der Codiereffizienz des ersten und des zumindest einen zweiten Codierschemas zum Codieren
des zumindest einen Elements der Daten; und,

in Abhangigkeit des Vergleichs, Codieren (170) des zumindest einen Elements der Daten gemaf dem ersten oder
dem zumindest einen zweiten Codierschema und Codieren des ersten oder des zumindest einen zweiten Codier-
werts.

Verfahren gemaB Anspruch 1, wobei Codierkosten coding_COStg, , fiir eine Codierlange CL(i) evaluiert werden als:

COding_COStCL(i) = NbArCL(i)*(CL(i) +2)(NbTAr—NbArCL(;))*(CLﬁrst+ 2)

wobei:
NbTAr die Anzahl von zu codierenden Datenelementen darstellt,
NbArc, (y die Anzahl von Datenelementen darstellt, die mit der Codierlange CL(i) codiert werden kénnen, und

CLy;st der erste Wert des Codierlangenparameters ist.

Verfahren gemafl Anspruch 1 oder Anspruch 2, wobei das erste und das zumindest eine zweite Codierschema
Codierschemata eines festen Punktes sind.
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Verfahren gemaf einem der Anspriiche 1 bis 3, wobei die Codierlangenwerte der Aufzdhlungstabelle durch Ver-
ringern des ersten Werts um vorbestimmte Betrage berechnet werden.

Verfahren gemafR Anspruch 4, wobei die vorbestimmten Betrage von 2 bis 7 reichen.

Verfahren gemaR einem der vorstehenden Anspriiche, weiterhin mit einem Schritt des Vorverarbeitens (110) von
zumindest einem Element der Daten der zumindest einen Vielzahl von Daten zu einem Code.

Verfahren gemaR einem der vorstehenden Anspriiche, weiterhin mit dem Schritt des Evaluierens der Codiereffizienz
des zumindest einen Elements der Daten gemaR einem dritten Codierschema, wobei das dritte Codierschema von
dem ersten und dem zumindest einen zweiten Codierschema verschieden ist, wobei der Schritt des Vergleichens
(160) der Codiereffizienz des ersten und des zumindest einen zweiten Codierschemas zum Codieren des zumindest
einen Elements der Daten den Schrittdes Vergleichens der Codiereffizienz des dritten Codierschemas zur Codierung
des zumindest einen Elements der Daten mit der Codiereffizienz des ersten und des zumindest einen zweiten
Codierschemas zum Codieren des zumindest einen Elements der Daten umfasst, wobei das zumindest eine Element
der Daten gemal dem ersten oder dem zumindest einen zweiten Codierschema oder dem dritten Codierschema
als Reaktion auf den Vergleich codiert wird.

Verfahren gemaf dem vorstehenden Anspruch, wobei das dritte Codierschema dazu angepasst ist, Wiederholungen
von Datenmustern zu codieren.

Verfahren mit den Schritten gemaf einem der Anspriiche 1 bis 8 zum Codieren eines strukturierten Dokuments mit
einer Vielzahl von Datenelementen in einen Code, wobei das Verfahren weiterhin die folgenden Schritte zur Deco-
dierung des codierten strukturierten Dokuments mit der codierten Vielzahl von Datenelementen umfasst,
Decodieren (220) von zumindest einem des ersten und zweiten Werts des zumindest einen Codierparameters fur
das erste und zweite Codierschema, die zur Codierung des zumindest einen Elements der Daten verwendet werden;
Decodieren (230) des zumindest einen Elements der Daten gemaR dem zumindest einen Wert.

Computerprogramm mit Anweisungen zum Ausflihren eines jeden Schritts des Verfahrens gemaR einem der vor-
stehenden Anspriiche, wenn das Programm durch eine programmierbare Vorrichtung geladen und von dieser aus-
geflhrt wird.

Informationsspeichereinrichtung, die von einem Computer oder einem Mikroprozessor lesbar ist, die Anweisungen
eines Computerprogramms gemaf Anspruch 10 speichert.

Vorrichtung zur Bindrcodierung eines strukturierten Dokuments mit zumindest einer Vielzahl von Datenelementen
in einen Code, dadurch gekennzeichnet, dass die Vorrichtung die folgenden Einrichtungen aufweist,

eine Einrichtung zum Bestimmen eines ersten Werts von zumindest einem Parameter fiir ein erstes Codierschema,
wobei der Parameter eine Codierlange ist;

eine Einrichtung zum Bestimmen eines zweiten Werts des zumindest einen Parameters fir zumindest ein zweites
Codierschema der gleichen Art wie das erste Codierschema und wobei der zweite Wert gemal dem ersten Wert
des zumindest einen Parameters fiir das erste Codierschema bestimmt wird;

dadurch gekennzeichnet, dass die Vorrichtung weiterhin aufweist:

eine Einrichtung zum Initialisieren einer Aufzahlungstabelle mit Codierlangenwerten unter dem ersten Wert;
eine Einrichtung zum Zahlen einer Anzahl von Datenelementen, die entsprechend mit den Codierlangenwerten
der Aufzahlungstabelle codiert werden kdnnen;

eine Einrichtung zum Evaluieren entsprechender Codierkosten, die mit den Codierlangenwerten der Aufzéh-
lungstabelle verknipft sind;

eine Einrichtung zum Bestimmen des zweiten Werts als den Codierlangenwert, der mit den kleinsten Codier-
kosten verknipft ist;

wobei die Vorrichtung weiterhin aufweist:
eine Einrichtung zum Erhalten von zumindest einem Element der Daten des zumindest einen Datenelements;
eine Einrichtung zum Evaluieren der Codiereffizienz des ersten und des zumindest einen zweiten Codiersche-

mas fur das zumindest eine Element der Daten unter Verwendung entsprechend des ersten und zweiten Co-
dierwerts flir den zumindest einen Parameter;
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eine Einrichtung zum Vergleichen der Codiereffizienz des ersten und des zumindest einen zweiten Codiersche-
mas zum Codieren des zumindest einen Elements der Daten; und

eine Einrichtung zum Codieren des zumindest einen Elements der Daten gemal dem ersten oder dem zumindest
einen zweiten Codierschema in Abhangigkeit des Vergleichs.

13. System mit einer Vorrichtung gemaR Anspruch 12 und einer Vorrichtung zum Decodieren eines strukturierten Do-

kuments mit zumindest einer Vielzahl von codierten Daten, wobei die Vorrichtung die folgenden Einrichtungen
aufweist,

eine Einrichtung zum Decodieren von zumindest einem des ersten und zweiten Werts des zumindest einen Codier-
parameters fir das erste und zweite Codierschema, die zum Codieren des zumindest einen Elements der Daten
verwendet werden; und

eine Einrichtung zum Decodieren des zumindest einen Elements der Daten gemaR dem zumindest einen Wert.

Revendications

Procédé de codage binaire d’'un document structuré comprenant une pluralité d’éléments de données a coder, le
procédé étant caractérisé en ce qu’il comprend les étapes suivantes,

la détermination (130) d’'une premiére valeur d’au moins un paramétre pour un premier schéma de codage, ledit
parameétre étant une longueur de codage ;

la détermination (140) d’'une seconde valeur dudit au moins un parameétre pour au moins un deuxiéme schéma de
codage du méme type que le premier schéma de codage et ladite seconde valeur étant déterminée selon ladite
premiere valeur pour ledit au moins un paramétre dudit premier schéma de codage ;

le procédé étant caractérisé en ce que la détermination de ladite seconde valeur comprend les étapes suivantes :

linitialisation d’'une table de comptage avec des valeurs de longueur de codage au-dessous de la premiéere
valeur ;

le comptage d’'un nombre d’éléments de données qui peuvent étre codés respectivement avec les valeurs de
longueur de codage de la table de comptage ;

I'évaluation d’'un colt de codage respectif associé aux valeurs de longueur de codage de la table de comptage ;
la détermination de la seconde valeur comme la valeur de longueur de codage associée au plus petit colt de
codage ;

le procédé comprenant en outre :

I'obtention d’au moins un élément de données de ladite au moins une pluralité d’éléments de données ;
I'évaluation de I'efficité de codage dudit premier et dudit au moins un deuxieme schéma de codage pour coder
ledit au moins un élément de données en utilisant, respectivement, les premiére et seconde valeurs pour le au
moins un parameétre ;

la comparaison (160) de ladite efficacité de codage dudit premier et dudit au moins un deuxieme schéma de
codage pour coder ledit au moins un élément de données ; et,

en fonction de ladite comparaison, le codage (170) dudit au moins un élément de données selon ledit premier
ou ledit au moins un deuxieme schéma de codage et le codage de ladite premiére ou de ladite au moins une
seconde valeur de codage.

2. Procédé selon la revendication 1, dans lequel un colt de codage coding_costc, (; pour une longueur de codage CL

(i) est évalué comme :
coding costen(i) = NbAren(i)* (CL(1)+2) + (NbTAY-NbAYcr, (i) ) * (CLfirse+2)

ou:

NbTAr représente le nombre d’éléments de données devant étre codés,

NbAr¢, () représente le nombre d’éléments de données qui peuvent étre codés avec la longueur de codage CL
(i), et

CLy;st est la premiére valeur du paramétre de longueur de codage.
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Procédé selon la revendicatioén 1 ou la revendication 2, dans lequel ledit premier et ledit au moins un deuxieme
schéma de codage sont des schémas de codage en virgule fixe.

Procédé selon I'une quelconque des revendications 1 a 3, dans lequel les valeurs de longueur de codage de la
table de comptage sont calculées en diminuant la premiéere valeur de quantités prédéfinies.

Procédé selon la revendication 4, dans lequel lesdites quantités prédéfinies vontde 2 a 7.

Procédé selon 'une quelconque des revendications précédentes, comprenant en outre une étape de prétraitement
(110) d’ au moins un élément de données de ladite au moins une pluralité de données a coder.

Procédé selon I'une quelconque des revendications précédentes, comprenant en outre I'étape consistant a évaluer
I'efficacité de codage dudit au moins un élément de données selon un troisieme schéma de codage, ledit troisieme
schéma de codage étant différent dudit premier et dudit au moins un deuxieme schéma de codage, ladite étape
consistant a comparer (160) ladite efficacité de codage dudit premier et dudit au moins un deuxiéme schéma de
codage pour coder ledit au moins un élément de données comprenant I'étape consistant a comparer ladite efficacité
de codage dudit troisieme schéma de codage pour coder ledit au moins un élément de données avec ladite efficacité
de codage dudit premier et dudit au moins un deuxiéme schéma de codage pour coder ledit au moins un élément
de données, ledit au moins un élément de données étant codé selon ledit premier ou ledit au moins un deuxiéme
schéma de codage ou ledit troisieme schéma de codage en réponse a ladite comparaison.

Procédé selon la revendication précédente, dans lequel ledit troisieme schéma de codage est adapté pour coder
des répétitions de modéles de données.

Procédé comprenant les étapes de I'une quelconque des revendications 1 a 8 pour coder un document structuré
comprenant une pluralité d’éléments de données a coder, le procédé comprenant en outre les étapes suivantes
pour décoder ledit document structuré codé comprenant ladite pluralité d’éléments de données codée,

le décodage (220) d’ au moins une des premiere et seconde valeurs dudit au moins un parameétre de codage pour
lesdits premier et deuxiemes schémas de codage utilisés pour coder ledit au moins un élément de données ; et,
le décodage (230) dudit au moins un élément de données selon ladite au moins une valeur.

Programme informatique comprenant des instructions pour effectuer chaque étape du procédé selon 'une quel-
conque des revendications précédentes lorsque le programme est chargé et exécuté par un appareil programmable.

Moyens de stockage d’informations lisibles par un ordinateur ou un microprocesseur stockant des instructions d’un
programme informatique selon la revendication 10.

Dispositif pour le codage binaire d’'un document structuré comprenant au moins une pluralité d’éléments de données
a coder, le dispositif étant caractérisé en ce qu’il comprend les moyens suivants,

des moyens pour déterminer une premiére valeur d’au moins un parametre pour un premier schéma de codage,
ledit paramétre étant une longueur de codage ;

des moyens pour déterminer une seconde valeur dudit au moins un parametre pour au moins un deuxiéme schéma
de codage du méme type que le premier schéma de codage et ladite seconde valeur étant déterminée selon ladite
premiére valeur dudit au moins un parameétre pour ledit premier schéma de codage ;

le dispositif étant caractérisé en ce qu’il comprend en outre :

des moyens pour initialiser une table de comptage avec des valeurs de longueur de codage au-dessous de la
premiére valeur ;

des moyens pour compter un nombre d’éléments de données qui peuvent étre codés respectivement avec les
valeurs de longueur de codage de la table de comptage ;

des moyens pour évaluer un colt de codage respectif associé aux valeurs de longueur de codage de la table
de comptage ;

des moyens pour déterminer la seconde valeur comme la valeur de longueur de codage associée au plus petit
co(t de codage ;

le dispositif comprenant en outre :

des moyens pour obtenir au moins un élément de données desdits au moins un élément de données ;
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des moyens pour évaluer I'efficacité de codage dudit premier et dudit au moins un deuxieme schéma de codage
pour ledit au moins un élément de données en utilisant, respectivement, les premiére et seconde valeurs pour
le au moins un parameétre ;

des moyens pour comparer ladite efficacité de codage dudit premier et dudit au moins un deuxiéme schéma
de codage pour coder ledit au moins un élément de données ; et,

des moyens pour coder ledit au moins un élément de données selon ledit premier ou ledit au moins un deuxiéme
schéma de codage en fonction de ladite comparaison.

13. Systéme comprenant un dispositif selon la revendication 12 et un dispositif pour décoder un document structuré
comprenant au moins une pluralité de données codées, le dispositif comprenant les moyens suivants,
des moyens pour décoder au moins une de la premiére et de la seconde valeur dudit au moins un parametre de
codage pour lesdits premier et deuxieme schémas de codage utilisés pour coder ledit au moins un élément de
données ; et,
des moyens pour décoder ledit au moins un élément de données selon ladite au moins une valeur.
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