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CODING AND DECODING OF DATA

Field of the invention

The present invention generally relates to an
information code for storage of arbitrary, non-positional
data. More particularly, the invention relates to a
method of storing data, a data storing product, a method
of decoding data, and a device for decoding data.

Background of the invention

It is well-known that arbitrary data can be stored
on a base in a compact manner by means of codes, e.g. one
or two dimensional barcodes.

WO 01/71653, which is assigned to the assignee of
the present application, discloses a code for storing of
data. The code is constructed by means of a number
sequence having the property that an arbitrary
subsequence of at least a predetermined length appears
only once in the number sequence. A number sequence
having this property will be called a window sequence in
the following.

The code disclosed in WO 01/71653 is formed by
arranging portions of the window sequence in columns in a
matrix. Each sequence portion has a well-defined position
in the window sequence. Data is coded by means of the
differences in window sequence positions of adjacent
sequence portions. The differences in window sequence
positions also code a ruler in the form of a window
sequence in the direction in which the code is intended
to be read. This ruler makes it possible to arrange data
read from the code in the correct order and to ensure

that a complete message is recorded.
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As is evident from above, a message stored in the

code can be recaptured by recording a plurality of images
of part areas of the code with a user unit, decoding the
data and the ruler information in the plurality of
images, and using the ruler information to reconstruct
the message by ordering the data in the correct order.
Assuming that the code matrix is intended to be scanned
along a horizontal axis, the scanning can be carried out
at any level in the matrix along a vertical axis, the
decoded information being the same at all levels.

Summary of the invention

One object of the present invention is to provide an
alternative code for storing arbitrary, non-positional
data in coded form on a base.

This object is wholly or partly achieved by a method
of storing data, a data storing product, a method of
decoding data, and a device for decoding data as claimed
in the independent claims.

According to one aspect of the invention, a method
of storing data comprises coding position information in
a positioning layer, coding arbitrary non-positional data
in a separate data layer, and combining the positioning
layer and the data layer to an information code to be
arranged on a base.

By separating position information and data into
different code layers, many advantages may be obtained.
As will be further explained below, the positioning layer
can be used to code other information than only the
position information. It can e.g. be used for coding an
indicator which distinguishes the information code from a
similar position code coding position information in two
layers. It can also be used for coding an information

code parameter which is decodable in any position in the
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positioning layer. Moreover, data may be coded in other

ways and with a higher data density than in e.g. WO
01/71653. On the whole, the resulting information code is
better structured and could more easily be adapted to
code different kinds of information.

The positioning layer and the data layer may be
combined in different ways. The layers may be super-
imposed on each other and overlapping elements from the
different layers coded by a common code element. The
layers may also be interleaved with each other so that
elements from the different layers are displaced from
each other and do not overlap.

The information code can be arranged on the base-in
different ways. It may e.g. be printed on the base with
visible or invisible printing ink or be applied to the
base by allocating different magnetic, chemical,
topological, or other properties to different parts of
the base.

The position information coded by the position layer
can be one-dimensional or two-dimensional, the latter
alternative allowing for more sophisticated coding of
data, enabling a higher data density. Two-dimensional
position information makes it possible to determine on
the one hand a position in the intended scanning direc-
tion of the information code and on the other hand a
position at right angle thereto. With knowledge of the
position in the scanning direction, the information code
can be recorded or read by a plurality of images with
little or virtually no overlap. Furthermore the complete-
ness of recorded information may easily be checked. No
correlation of image content need be carried out, but the
position information is used to arrange data in the

correct order. Knowledge of the position in the direction
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at right angle to the intended séanning direction enables

data to be coded in other ways than in the previously
known codes.

The position information may be coded in different
ways. The position code may e.g. be of a tiled type,
where the base is divided into discrete, non-overlapping
part areas, each of which defines a position. Position
codes of this type are disclosed e.g. in US 5,852,434 to
Sekendur. The position code could also be of a floating
type, where an arbitrary part area on the base having the
same size as the minimum size required for coding a
position defines a position. In the position code of the
floating type, partly overlapping part areas thus define
different positions. Typically each part area defining a
position in a position code of floating type comprises a
plurality of simple symbols, whereas a part area defining
a position in a position code of tiled type may comprise
either a plurality of simple symbols or a single more
complex symbol.

Position codes of the floating type can be realized
by means of one or more window sequences. Examples of
position codes of the floating type are found in e.g. US
6,570,104, US 6,663,008, US 6,674,427, US 6,667,695, all
assigned to the assignee of the present application, and
furthermore in e.g. US 2004/0085287 to Wang, US 5,442,147
to Burns.

Data in the data layer may also be coded in a tiled
or floating type of code. In the latter case it may e.q.
be coded by one or more window sequences.

The position information and/or the data may e.g. be
coded by a single long window sequence which is wrapped

into a matrix, or by a plurality of complete or part
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instances of a shorter window sequence that are arranged

into a matrix.

Both the positioning layer and the data layer may
e.g. be provided by forming a matrix of circularly
shifted instances of a window sequence, wherein the sizes
of the circular shifts depend on the position information
or the data to be coded.

An information code having a first positioning layer
and a second data layer can be distinguished from a
position code of similar appearance having first and
second position layers by reserving a specific coordinate
area to be used exclusively by the first positioning
layer of the information code.

When circularly shifted instances of a window
sequence is used in the positioning layer, the circular
shifts or the relative circular shifts between adjacent
instances can be restricted to a specific set of circular
shifts and relative circular shifts, respectively, not
used by the position code.

A global information code parameter may also be
coded in the positioning layer. By global it is here
meant that the parameter may be decoded in any position
in the positioning layer and it is the same all over the
positioning layer. It is independent from other kind of
information and it may thus be interpreted immediately by
a decoding unit. The global information code parameter
may e.g. be coded in the circular shifts or the relative
circular shifts of the information code.

According to a further aspect of the invention, a
product comprises a base and an information code on the
base, said information code comprising a position layer
coding position information and a data layer coding

arbitrary, non-positional data.
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The product may be any product comprising a base on

which an information code can be applied. Examples of
different products are given in the detailed description.

According to another aspect of the invention, a
method of decoding data from an information code compris-
es the steps of receiving a representation of a part area
of the information code, separating the information code
in the part area in a part area positioning layer and a
part area data layer, decoding position information from
the part area positioning layer and decoding arbitrary,
non-positional data from the part area data layer.

According to yet another aspect of the invention, a
device for decoding an information code comprises a
processor, which is arranged to receive a representation
of a part area of the information code, separate the
information code in the part area in a part area posi-
tioning layer and a part area data layer, decode position
information from the part area positioning layer and
decode arbitrary, non-positional data from the part area
data layer.

The advantages of the product, of the decoding
method and of the decoding device are evident from the
discussion of the coding method and from the detailed
description below.

Brief description of drawings

The invention will now be described in more detail
with reference to the accompanying schematic drawings.

Fig. 1 shows a system in which an information code
can be used.

Fig. 2 shows a positioning layer and a data layer
which are combined into an information code.

Fig. 3 shows an example of how elements in an

information code can be graphically coded.
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Fig. 4 shows how an information code may be

structured.

Fig. 5 shows a user unit that can be used for
decoding an information code.

Fig. 6 is a flow chart illustrating how an image of
a part area of an information code may be processed.

Fig. 7 is a flow chart illustrating how a message
may be decoded from an information code.

Fig. 8 is a flow chart illustrating how an
information code may be coded.

Detailed description of embodiments of the invention

Fig. 1 schematically shows an example of an
information management system in which an information
code can be used. The system comprises a product 1, a
pen-style user unit 2, a mobile phone 3, a personal
computer (PC) 4, a remote unit 5 and a local unit 6.

The product 1 is provided with an information code 7
and a position code 8. A small part of each of the
information code 7 and the position code 8 is schema-
tically shown in an enlarged scale. Other products may
have only the information code 7.

The information code is a one-dimensional
information code, which stores data in one dimension on
the base, in this case in the horizontal direction on the
base. The data stored in the information code is recorded
by moving the user unit 2 over the entire information
code in the horizontal direction from left to right or
right to left. Theoretically, no additional information
is gained by moving the user unit 2 in the vertical
direction. In practice, supplemental information may
however be gained by the user unit seeing the same data
in different vertical positions in the information code,

e.g. if the information code is not perfectly reproduced
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on the base or if the imaging of the information code by

the user unit is incomplete or imperfect.

The user unit 2, which will be described more in
detail below with reference to Fig. 5, is capable of
recording and decoding the information code 7. It may
also record and decode position information from the
position code 8. The user unit 2 may process the decoded
information internally and provide feed-back to a user in
response to the decoded information. It may also
communicate with local units, like the mobile phone 3,
the PC 4 or the local unit 6 in order for them to take
care of at least part of the proceésing of the recorded
information and/or respond to the decoded information.
The local units may also act as a communication interface
to a remote unit 5, e.g. a server on the Internet for
forwarding of the recorded/decoded information.

The information code 7 can be provided for different
purposes. It may e.g. define an address to which hand-
written information recorded by means of the position
code 8 is to be sent. Or it may include a description of
the lay-out of the area provided with the position code
8. This area may e.g. constitute a form to be filled in
by the user, the information code 7 providing instruct-
ions to the user unit 2 for how to interpret and/or
process information from different areas of the form. The
information code 7 may also provide a unique identifi-
cation of a specific sample of the product, if e.g. all
samples of the product are provided with an identical
position code 8 coding identical positions on all
products (also called “copied position code”) .

In order for it to be able to correctly decode both
an information code 7 and a position code 8, the user

unit 2 should preferably be able to distinguish between
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the codes. One way of indicating the kind of code in the

code itself is described below. First, an example of how
the information code 7 may be constructed will, however,
be described with reference to Fig. 2.

As schematically shown in Fig. 2, the information
code 7 is composed of two separate layers - a positioning
layer 20 and a data layer 21.

The positioning layer 20 codes unique, absolute
positions in two dimensions. The data layer 21 codes
data. In the information code 7, the positioning layer 20
and the data layer are superimposed on each other 21, so
that each element of the information code constitutes a
combination of the corresponding elements from the
positioning layer 20 and the data layer 21. The elements
of the information code are coded with graphical symbols.

When the information code is decoded, the position
layer 20 and the data layer 21 are separated and the
layers are separately decoded. However, the position
information is used when decoding the data layer 21.

An information code 7 of this kind can be construc-
ted by means of a window sequence, which has the property
that an arbitrary subsequence a predetermined length
appears only once in the sequence.

Within the field of mathematics, sequences of
maximal length having the above-mentioned property are
known as DeBruijn sequences. Methods for generating such
sequences of varying lengths are well-known.

The expression “window sequence” will be used in
this application for any sequence having the above
property. The sequence need not be of maximal length with
regard to the subsequence (window) length. It will also
be used for a sequence which is obtained by repeating a

sequence having the above-mentioned property. Such
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sequence will be periodic and have the above-mentioned

property in each period, including in the transitions
between the repeated sequences.

In the example of Fig. 2, the positioning layer 20
is built up by means of instances of a window sequence of
length n, said instances running on rows in parallel with
the x-axis in Fig. 2. The data layer 21 is built up by
instances of the same window sequence, said instances
running in columns in parallel with the y-axis. The
intended scanning direction is along the x-axis. It goes
without saying that alternatively the instances of the
window sequence of the positioning layer 20 may be
running along the y-axis and the instances of the window
sequence of the data layer along the x-axis. Other
arrangements with e.g. other angles between the window
sequences may also be used.

The instances of the window sequence do not always
start with a full window sequence period, but may start
with only a part thereof. The position or index at which
a window sequence instance starts is called the circular
shift of the instance or just the shift. If a row or a
column starts with a full window sequence period, the
circular shift is zero.

The difference modulo n between the shifts of two
instances of two adjacent rows or columns defines a
relative circular shift A; or a relative shift between
the instances.

In Fig. 2, the instances of the window sequences are
schematically shown as bars 23 in the positioning layer
20 and the data layer 21. Two relative shifts A; and Aj4+1
in the positioning layer 20 and two shifts s; and sin in
the data layer 21 are also hinted at. It should be

emphasized that Fig. 2 is not made to scale.
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The positioning layer 20 may define a positioning

surface with n*n unique absolute positions, which are
coded by the instances of the window sequence and the
relative shifts therebetween. The positioning surface may
be repeated to create a positioning layer 20 of arbitrary
length or width. In addition to the positioning infor-
mation, the positioning layer 20 may also code a global
information code parameter, which is so called, because
it does not vary over the positioning surface and it
could be decoded in any position from the positioning
layer 21.

The data layer 20 codes data by means of the circ-
ular shifts s; of the instances of the window sequence.
It may also code delimitation zones indicating the start
and the end of the information code as will be described
in further detail below.

The window sequence used to create the information
code 7 can have any base, but it should preferably be a
small base, such as 4 or less, so that it could be graph-
ically coded by a symbol of low complexity. In this
example the base is 2. Thus, each of the positioning
layer 21 and the data layer 20 consists of a binary
matrix. When these two binary matrices are superimposed,
each position in the combined matrix will have two
associated bits, one from the positioning layer and one
from the data layer. These two bits can be coded on a
surface of a product with the aid of a symbol having four
different states representing four different values.

Fig. 3 shows a small part of an information code
coded by means of simple graphical symbols or marks 31
which can assume four different values, 0-3, depending on
their respective position in relation to a nominal posi-

tion 32 or raster point. As seen in Fig. 3, each symbol
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31 has the shape of a dot and is displaced a distance 33

in one of four different directions relative to the
nominal position 32. The nominal position 23 is at an
intersection between raster lines 34 in a preferably
invisible or virtual raster or grid. The grid spacing 35
may typically be 0.3 mm. The value of the symbol is
determined by the direction of the displacement. Each
symbol value 0-3 can be converted into one bit which
contributes to the coding of a position in the position-
ing layer 20 and one bit which contributes to the coding
of data in the data layer 21, i.e. into the pairs of bits
(0,0), (0,1), (1,0), and (1,1). This is one example of
how an information code can be constructed with a posi-
tion layer and data layer.

Below it is assumed that the following binary window
sequence of length n=63 and window 6 is used for creating

the information code:

0,0,0,0,0,0,1,0,0,1,1,1,1,1,0,1,0,0,%,0,0,0,0,1,1,1,
O,l,l,l,0,0,1,0,1,0,1,0,0,0,1,0,1,1,0,1,1,0,0,1,1,0,1,0,1
,1,1,1,0,0,0,1,1

This sequence, which is also called the main sequen-
ce M, may be used for coding a 63 by 63 positioning sur-
face. It has 63 different circular shifts, because it can
be circularly shifted to start in 63 different positions.

The positioning layer 20 is created by shifting the
instances of the main sequence M according to the

following equation:

s, =5, + R(imod63)—1+3g(imod7)

5, =0
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where R is a trinary [0,1,2] window sequence of

length 63, g is a trinary [-1,0,1] sequence of length 7,
which codes the above-mentioned global information code
parameter, and i is an index indicating the row number in
the position layer.

Also the sum of R; should be zero modulo 63 and the
sum of g; should be zero modulo 7 to ensure that row j is
identical to row j+63 for all j.

The sequence R is a window sequence with length 63
and window 4. The following sequence 1is used in this

example:

0,0,0,0,1,0,0,0,2,0,0,1,1,0,0,1,2,0,0,2,1,0,0,2,2,0,1,0,1
Ill1IOI11211IO’2I11210I1’2’210’2127211111lIlI211711212’11
2,1,2,2,2,2

The sequence R runs in the direction of the y axis
in right angle to the scanning direction. It is called a
ruler sequence because it enables detection of at which
level the information code was scanned. This in turn
makes possible coding of data in the circular shifts of
the data layer. Such coding may be beneficial compared to
coding of data in relative shifts, because an error in
one shift only affects the data coded by that shift.

The sequence g 1s any 7 symbol sequence from the
alphabet [-1,0,1] which sums to zero modulo 7. There are
395 such sequences. One example is the following

sequence:
1,1,-1,0,1,-1,-1

Thus there are many ways of distinguishing otherwise

identical information codes. The global parameter may
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typically be used to code information that should be

immediately available when starting to decode the
information code. It may for instance be used to mark
what encoding principle lies behind the data in the data
layer (e.g. should the dot code be considered as a whole
message or a series of short instant messages, is the
data protected by a Cyclic Redundancy Check (CRC), what
type of Error Correcting Code (ECC) is the data embedded
in, if any, etc) As a further example, the orientation of
the information code (horizontal or vertical) may be
coded in the global parameter, so that a user may get
immediate feedback about in which direction the
information code is to be scanned.

When using equation (1) above and the R and g
sequences as indicated above for coding the positioning
layer 20, all circular shifts between the instances of
the positioning layer 20 will belong to the interval
[-4,4]. The fact that all the circular shifts of the
positioning layer are in this interval can be used for
distinguishing the information code from other similar
codes as will be explained in further detail below.

The data layer 21 codes an actual data message D by
means of the circular shifts s; of instances of the main
sequence running in parallel to the y—-axis.

The data coding may be carried out in many different
ways. Each main sequence has 63 different circular
shifts. The circular shifts can thus for instance be used
to code 63 different characters or other pieces of data.
However, it is also possible to carry out different
transformations or mappings between the data D and the
shifts s; as will be described in further detail below.

The data D may e.g. be embedded in an ECC (Error
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Correcting Code) to be more resistant to print and/or

read errors.

The data layer 21 may code only data, but it may
also code one or more delimitation regions indicating the
beginning and/or the end of the information code. An
advantage of having delimitation regions is that it may
avoid confusion in the transition from background or
other code to the information code, when a user unit
records incomplete information or information from two
different types of codes.

The delimitation regions may be marked out in diff-
erent ways, e.g. by a graphical coding that is different
from the graphical coding of the actual information code.
They may also be marked out by specific circular shifts
that are reserved for encoding of the delimitation
regions. In this example, circular shifts 10 and 11 are
reserved for encoding of a start and a stop region,
respectively.

The message data D coded by the information code may
furthermore be divided into blocks of a predetermined
length. The division into blocks may be helpful for the
mapping of data to circular shifts. It may also make it
easier to decide when data can be sent from the decoding
module to other modules or to an external unit.

All the blocks may code message data. One or more
blocks can also be used to code other data, such as a
header for the message. The header may e.g. comprise a
CRC (Cyclic Redundancy Check), an ECC, Length information
indicating the length of the message, a Message Type ID
indicating what kind of data the message contains, or
other information about the message which typically may

simplify the decoding process.
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The information code may have a predetermined length

with a fixed number of data blocks or it may have a
selectable length.

Now an encoding example will be described. Consider
a raw data message D of L bytes. A header containing a
CRC (2 bytes), the length L of the complete message
modulo 5 (1 byte), and a content type (1 byte), is
appended to the message D, which is padded with zeros to
get length zero modulo 5. Message data D is partitioned
into blocks of 5 bytes encoded by using 7 circular shifts
each. This works since 617>256°. The mapping is made by a
change of base, i.e.

ia,..zse' =Z6:b,.61'
i=0 i=0 (2)

where a;<256, and bj<6l, a; and b; being non-negative

numbers.

The complete message string is shown in Fig. 4. The
delimitation regions are of at least 8 circular shifts
each, and the blocks 0-5 each contains seven consecutive
shifts. The actual shifts of the instances of the window
sequence in the data layer 21 are chosen according to the
shifts in the corresponding positions of the message
string plus 12 modulo 63, thereby avoiding the shifts 10
and 11 reserved for the delimitation regions. Also, for
aesthetical reasons, the shifts may be further shifted by
an amount of 10x modulo 63, where x is the x-position of
the shift. The positioning layer 20 should be aligned
with the data layer 21 so that the first shift of the
first block (the header block) is at x-position zero, so
that the beginnings and ends of the blocks may easily be

determined.



WO 2006/001769

10

15

20

25

30

PCT/SE2005/000992

17

The information code may be used alone or in combi-
nation with other codes. As indicated above, it can e.g.
be used in connection with a position code, which enables
electronic recording of handwriting.

The above-described information code may for inst-
ance be used together with a position code as described
in US 6,667,695. This position code is constituted by two
positioning layers, one coding an X coordinate and one
coding a y coordinate. The x positioning layer is created
by arranging instances of a window sequence, which could
be the above-mentioned main sequence M, in columns in
parallel with the y axis. The instances are circularly
shifted so that the relative shifts between the instances
form a window sequence running along the x axis. The vy
positioning layer is created in the corresponding way,
put with the instances of the window sequence running in
rows in parallel with the x-axis. Also the window
sequence instances of the y positioning layer are
circularly shifted to create a window sequence running
along the y axis. The x and y positioning layers are
superimposed on each other so that each element of the
position code includes information from both layers. The
position code can be graphically coded by the same symbol
as is used in the above-described embodiment of the
information code, i.e. a dot which is displaced from a
grid point in one of four directions. In this position
code, any 6*6 set of symbols will define a unique,
absolute position.

The position code is of a so called “floating type”.
It means that any arbitrary partial area comprising a
predetermined number of symbols, here 6*6 symbols, will
define a position and that at least some of the symbols

in the arbitrary partial area contribute to the coding of
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more than one position. Otherwise stated, if the arbitra-

ry partial area is moved a grid spacing up, down, to the
left or to the right, a new position will be defined by
the symbols in the arbitrary partial area thus obtained.

The position code is formed in such a way that no
circular shift in the x positioning layer or the y
positioning layer belongs to the interval [-4, 4] used
for the positioning layer of the information code. Thus,
the information code and the position code can be
distinguished by the circular shifts.

The information code can be used for an almost
indefinite number of applications, of which only a few
will be mentioned here.

The information code may e.g. by used to code a
phonetic string, which could be decoded by the user unit
and synthesized into speech, which is brought to the user
by a speaker in the user unit 2 or in another nearby
unit. The information could also be sent to a remote unit
to be listened to by another user than the one scanning
the information code.

The information code may also code music or a series
of tones. In such case, the information code may e.g. be
superimposed on notes on a sheet of music, so that when
the user scans the information code by following the
notes with the user unit, the corresponding tones are
output from the user unit or another unit to which the
information is transferred.

Yet another application would be to use the informa-
tion code for creating games for kids. The information
code may e.g. be arranged as a labyrinth to be followed
by a user unit. If the labyrinth is followed in the
correct way, the user will get feedback in the form of a

message gathered when traversing the labyrinth. The user
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may also get feedback when taking wrong turns in the

labyrinth.

The information code can furthermore be used for
down-loading information to the user unit, e.g. internal
updates, information about the layout of forms or other
documents with which the user unit is to interact,
information about feedback to be given by the user unit
and so on.

The information code can also be used to indicate an
address to which information recorded by means of the
position code should be sent. It could e.g. constitute a
signature field on a document to be signed by a user to
confirm acceptance of the content of the document. When
the user has signed the document the electronically
recorded signature, which is recorded by means of the
position information in the position layer, is automa-
tically sent to the address coded in the data layer.

Fig. 5 schematically shows an embodiment of the pen-
style user unit 2 in Fig. 1, which can be used for
decoding the information code 7 on the product 1 in Fig.
1 and which is also suitable for recording handwritten
information from the position code 8 on the product 1 in
Fig. 1.

The pen 2 has a pen-shaped casing or shell 202 that
defines a window or opening 204, through which images are
recorded. The casing contains a camera system, an
electronics system and a power supply.

The camera system 206 comprises at least one illu-
minating light source, a lens arrangement and an optical
image reader (not shown in the Figure). The light source,
suitably a light-emitting diode (LED) or laser diode,
illuminates a part of the area that can be viewed through

the window 204, by means of infrared radiation. An image
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of the viewed area is projected on the image reader by

means of the lens arrangement. The image reader may be a
two-dimensional CCD or CMOS detector which is triggered
to capture images at a fixed rate, typically of about 70-
100 Hz.

The power supply for the sensor device is advan-
tageously a battery 208, which alternatively can be
replaced by or supplemented by mains power (not shown).

The electronics system comprises a control unit 210
which is connected to a memory block 212. The control
unit 210 is responsible for the different functions in
the electronic pen and can advantageously be implemented
by a commercially available microprocessor such as a CPU
(“Central Processing Unit”), by a DSP (“Digital Signal
Processor”) or by some other programmable logical device,
such as an FPGA ("Field Programmable Gate Array") or
alternatively an ASIC (“Application-Specific Integrated
Circuit”), discrete analog and digital components, or
some combination of the above. The memory block 212
comprises preferably different types of memory, such as a
working memory (e.g. a RAM) and a program code and
persistent storage memory (a non-volatile memory, e.g.
flash memory). Associated software is stored in the
memory block 212 and is executed by the control unit 210.
Software for decoding an information code and a position
code may thus be stored in memory block 212 and executed
by the control unit 210.

The casing 202 also carries a pen point 214 which
allows the user to write or draw physically on a surface
by an ordinary pigment-based marking ink being deposited
thereon. The marking ink in the pen point 214 is suitably
transparent to the illuminating radiation in order to

avoid interference with the opto-electronic detection in
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the electronic pen. A contact sensor 216 is operatively

connected to the pen point 214 to detect when the pen is
applied to (pen down) and/or lifted from (pen up), and
optionally to allow for determination of the application
force. Based on the output of the contact sensor 216, the
camera system 206 is controlled to capture images between
a pen down and a pen up.

The electronics system further comprises a communi-
cations interface 218 for the communication of data to a
nearby or remote apparatus such as a computer, mobile
telephone, PDA, network server, etc. The communications
interface 218 may thus provide components for wired or
wireless short-range communication (e.g. USB, RS232,
radio transmission, infrared transmission, ultrasound
transmission, inductive coupling, etc), and/or components
for wired or wireless remote communication, typically via
a computer, telephone or satellite communications
network.

The pen may also include an MMI (Man Machine
Interface) which is selectively activated for user
feedback. The MMI may include a display, an indicator
lamp, a vibrator, a speaker, etc.

Still further, the pen may include one or more
buttons by means of which it can be activated and/or
controlled.

The above-described embodiment of the user unit 2 is
of course but an example. The user unit 2 may have
another appearance and other components depending on the
intended functionality.

The above-described embodiment of the user unit 2 is
furthermore intended to be used both for electronically
recording pen strokes made on the position code 8 on the

product 1 in Fig. 1, by continuously recording the



WO 2006/001769

10

15

20

25

30

PCT/SE2005/000992

22
positions of the pen during the movement over the

position code, and for recording information from the
information code 7.

If the user unit 2 is to be used only for recording
the information code 7 it may be differently designed. It
need e.g. not have a pen point.

When the user unit is used for recording the
information code 7, the user moves it along the x-axis of
the information code at an arbitrary height. During the
movement, the user unit records images of part areas of
the information code. The part areas need not cover the
full height of the information code, but only a part
thereof. Depending on the scanning speed the images will
have more or less overlapping content in the scanning
direction. Due to the positioning layer, virtually no
overlap is however required, but a part of every instance
of the window sequence in the data layer need be recorded
in order for the data message to be fully recapturable.

Next an example of how the decoding of the part of
the information code seen in one image may be carried out
will be described with reference to Fig. 6.

The decoding may be carried out in the user unit 2
and more particularly in a decoding module, which, step
600, receives the image of the information code. The
image is a representation of a part area of the informa-
tion code. It may comprise e.g. 10 x 10 symbols or dots.

In the next step 602, the image is processed to
determine the values of the different dots. This process-
ing may be carried out in the corresponding way as for
the position code disclosed in the above-mentioned US
6,667,695 with the data layer corresponding to the x-
coordinate layer and the positioning layer corresponding

to the y-coordinate layer. Therefore, it will not be
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described in any detail here. Suffices it to say that the

processing may include localization of the dots,
determination of the perspective and determination of the
grid and that it may result in two Offset Probability
Matrices (OPM), one corresponding to the imaged part of
the positioning layer and one corresponding to the imaged
part of the data layer. The OPM.s indicate, for each dot
and for each value that the dot may represent, the
probability that the dot represents that value. Further
details about how these steps can be carried out, are
found in e.g. US 2003/0053699, US 2003/0189664,

US 2003/0118233, US 2002/0044138, US 6,667,695,

Us 6,732,927, US 2003/0122855, US 2003/0128194, all
assigned to the assignee of the present application.

The image of the information code includes coded
subsequences of the main sequence. Each subsequence of
length 6 has a predetermined position in the main
sequence. This position constitutes the sequence value of
the subsequence. When the OPM.s have been established,
the sequence values of the different subsequences seen in
the image may be determined by table look-ups or
correlation against the main sequence. The sequence
values may be used to determine the rotation of the
information code, which looks the same to the user unit 2
if it is rotated 0, 90, 180 or 270 degrees from the
correct rotation. More particularly, the rotation may be
determined by studying 8 bits subsequences from both the
positioning layer and the data layer in all four
rotations (0, 90, 180 and 270 degrees) and utilizing the
fact that no 8 bit subsequence appears reversed or inver-
ted in the main sequence M. A more detailed description
of how the rotation may by determined for a code of this

type is found in US 6,732,927.
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The rotation may, but need not necessarily be

determined for every image, because it can be assumed
that the user moves the user unit along a more or less
straight line over the information code. Thus the step of
determining the rotation has not been included in the
flow chart of Fig. 6.

It should also be mentioned that once the correct
rotation has been determined, it is also clear which
layer is the positioning layer and which one is the data
layer.

When the sequence values have been determined, the
user unit determines the relative circular shifts between
the subsequences, seen in the image, of the positioning
layer by determining the difference between their
sequence values. It is realized that the difference
between two sequence values of two subsequences of length
6 taken from the corresponding horizontal positions in
two adjacent instances of the main sequence in the
positioning layer is the same as the difference between
the circular shifts of these two adjacent instances, i.e.
the relative circular shift.

In the following step 606, it is checked whether the
one or more of the relative circular shifts of the
positioning layer belong to the group of relative
circular shifts used in the position code or to the group
of relative circular shifts used in the information code.
If a predetermined number of the relative shifts belong
to the first group, it is concluded that the code is a
position code and the decoding proceeds according to a
decoding algorithm used for the position code, step 608.
Otherwise, it is assumed that the code is an information
code and the processing proceeds to step 610, in which

the ruler values R; and the global information code
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values g; corresponding to the decoded relative circular

shifts are determined in accordance with equation (1)
above.

Seven global information code values g; together
define a global information code parameter, which could
be used by the user unit as soon as the information code
in the first image is decoded.

Four ruler values R; together define a y-coordinate,
because the ruler sequence is a window sequence with
window 4 and consequently, as soon as a subsequence of
length 4 of the ruler sequence is known, the position in
the ruler sequence R and thus along the y-axis is known.
Once the y-coordinate has been established, an x—-coordi-
nate can also be determined from subsequences of length 6
of the main sequences running in the x-direction, because
the shifts of the main sequences of the different rows
(different y-coordinates) are known, step 6l12.

Next, step 614, the data from the data layer is
determined. Since the y coordinate is known, the shifts
of the different subsequences in the imaged part area of
the data layer can be determined. The shifts may be time-
stamped and stored in a data structure in the memory of
the user unit in accordance with the corresponding x
position, step 616. If the shifts are 10 or 11, a signal
indicating that a delimitation region has been detected
may be output to another module or process, like the
process shown in Fig. 7.

It should be noted that the user unit seeks to
decode all information in the image or at least all
information in those parts of the image that are of
acceptable quality.

The next image is processed in the corresponding

way. However, the next image may be recorded with a
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partial overlap with the foregoing image, the size of

which depends on how fast the user moves the user unit
over the information code. Thus for a certain position in
the x-direction, a shift may already have been stored.
The overlap can then be used to check the correctness of
the already stored shifts. Also, the quality of the
images may differ. Then the shifts resulting from the
best quality image can be selected. If several images
have overlapping contents, a majority vote can be used to
determine which shift should be finally stored in the
data structure.

In Fig. 7, the decoding of the whole information
code is schematically shown. First in step 700, images
are recorded by the user unit 2 while it is moved over
the information code and the information code in the
respective images are decoded as described above with
reference to Fig. 6.

Next, in step 702, it is checked whether two
delimitation regions have been detected, marking the
beginning and the end of the information code. If not,
the check is repeated.

When both delimitation regions of the information
code have been detected, it is checked if all blocks of
the information code have been recorded continuously,
step 704. The time stamps may be used for this purpose.
If one or more blocks are missing, an error signal is
output, step 706. Blocks may €.9. be missed if the infor-
mation code is scanned with a higher scanning speed than
what the user unit is designed for. If all blocks have
been correctly recorded, the process proceeds to step
708, in which the recorded shifts are converted to header
data and message data D, the header data being used for

the decoding of the message data D. In the following step
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710, the CRC is checked. If incorrect, an error signal is

output, step 712. Otherwise the decoded message data D
may be reported, possibly after having been unpacked if
an ECC was used, to another module in the user unit for
further processing and feed-back to the user.

The above example of the decoding process assumes
that the information code is to be decoded in its entire-
ty before the message data D is reported. In other types
of information codes, the message data in each data block
is reported as soon as the block has been received in its
entirety. The kind of message data reporting to be used
may e.g. be indicated by the global information code
parameter.

The decoding of the information code may take place
in the user unit or in another unit to which the images
of the information code are sent. It may be carried out
in software or hardware or a combination thereof designed
for this purpose. A decoding software may be stored on a
computer readable medium or internally in a computer
memory, e.g. in memory block 212 in the user unit 2. It
may also be carried on an electrical carrier signal.

The coding of the information code is schematically
shown in the flowchart of Fig. 8.

First the global information code parameter for the
information code is selected in step 800.

Next, in step 802, the positioning layer 20 is coded
with the aid of a predetermined main sequence M and a
predetermined ruler sequence R by shifting instances of
the main sequence in accordance with equation (1) above.

Then the data layer 21 is coded. This step 804
comprises converting groups of 5 bytes data to blocks of
7 circular shifts in accordance with equation (2) above

and shifting instances of the main sequence for forming a
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start region with instances having a first predetermined

shift, a header block with instances having shifts depen-
ding on the header data, message blocks with instances
having shifts depending on the message data and a stop
region with instances having a second predetermined
shift.

Finally, the position layer 20 and the data layer 21
are combined to the information code 7 coded by e.g. the
displaced dots, step 806. Other types of graphical
symbols may also be used, like for instance slashes that
are differently rotated to code different values, or
other marks that have different forms or sizes or colors
to code different values. More complex symbols may also
be used, e.g. if the information code is not of a
floating type.

The information code may directly or later on be
formatted in a format which could be handled by a printer
and printed out on e.g. a paper sheet. It can also be
applied in other ways to a base.

The coding of the information code may be carried
out in software or in hardware or in any combination
thereof. What is said above about the decoding software
also applies to the coding software.

Above has been described an embodiment of the
information code, according to which the instances of the
main sequences run in different directions in the
positioning layer and the data layer. However, it is also
conceivable to have the instances running in the same
direction. According to such an embodiment data would be
coded in the relative circular shifts between the
instances of the window sequence in the data layer. Also,
a ruler sequence would be coded in the circular shifts

between the instances of the window sequence in the
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positioning layer. In this embodiment, the correct

rotation of the information code can be determined by
reading the information code in both the x- and y-
directions and establish in what direction the instances
of the main sequences run on a statistical basis.

In the above-described embodiment the position layer
codes a periodic 63*63 positioning surface. One way of
creating a positioning surface, which could be virtually
endless in the reading direction of the information code,
would be to reserve one or more bit in each data block to
provide additional position information to distinguish
the different periods of the positioning surface. An
indication that the data block contains additional
position information can be coded in the global
information code parameter. When the information code
contains non-periodic position information in the reading
direction, multiple scanning of the information code
could be allowed, so that pieces of information that are
missed in the first scan can be recorded in a following
scan.

Also with a periodic positioning surface, multiple
scanning may be allowed. The position of each piece of
information is known modulo 63 in the above-mentioned
example with a periodic 63*63 positioning surface. If
there are alternative positions for a piece of
information, the correct position can be determined by
matching.

In the above-described embodiment the relative
shifts of the position layer code a ruler sequence R,
indicating the position at right angle to the intended
scanning direction, and a global information parameter
sequence g. In another embodiment, the relative shifts of

the position layer may code only a ruler sequence. In yet
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another embodiment, the relative shifts may code only

non-positional information. In this case the data of the

data layer may be coded in the relative shifts.
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CLAIMS

1. A method of storing data, comprising

coding position information in a positioning layer,
coding arbitrary, non-positional data in a separate data
layer, and combining the positioning layer and the data

layer to an information code to be arranged on a base.

2. The method as claimed in claim 1, wherein
position information coded by the positioning layer
comprises position information relating to two

dimensions.

3. The method as claimed in claim 1 or 2, further
comprising

coding the data in the data layer by forming a
matrix of circularly shifted instances of a window
sequence, wherein the size of the circular shifts depend

on the data to be coded.

4. The method as claimed in claim 3, further
comprising
coding the data in the circular shifts of the

instances.

5. The method as claimed in any one of claims 1-4,
further comprising

coding the position information in the positioning
layer by forming a matrix of circularly shifted instances
of a window sequence, wherein the size of the circular

shifts depend on the position information to be coded.
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6. The method as claimed in claim 5, wherein the

position information relating to a first dimension is

coded in relative circular shifts between the instances.

7. The method as claimed in claim 5, further
comprising,

coding the position information relating to a first
dimension, by coding a ruler window sequence in relative
circular shifts between the instances of the positioning

layer matrix.

8. The method as claimed in any one of claims 5-8,
further comprising,

circularly shifting said instances of the window
sequence in the positioning layer matrix such that
relative circular shifts between the instances belong to
a predetermined subset of all possible relative circular
shifts of the instances of the window sequence used for

forming the positioning layer matrix.

9. The method as claimed in any one of the preceding
claims, further comprising

coding a global information code parameter in the
positioning layer such that it is decodable anywhere in

the positioning layer.

10. The method as claimed in claim 5, further
comprising

coding a global information code parameter in
relative circular shifts between the instances of the
window sequence in the positioning layer matrix such that

it is decodable anywhere in the positioning layer.
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11. The method as claimed in any one of the

preceding claims, further comprising
coding data in the data layer in data layer blocks

of a predetermined size.

12. The method as claimed in claim 3, further
comprising

coding at least one delimitation region in the data
layer by circularly shifting the instances of the window
sequence within the delimitation region by a

predetermined fixed circular shift.

13. The method as claimed in any one of the
preceding claims, wherein the information code is a one-

dimensional information code.

14. The method as claimed in any one of the
preceding claims, wherein both the position information

and the data are coded by using window sequences.

15. A computer program comprising program
instructions for causing a computer to perform the method

according to any one of claims 1-14.

16. A product, comprising a base and an information
code on the base, said information code comprising a
position layer coding position information and a data

layer coding arbitrary non-positional data.

17. The product as claimed in claim 16, wherein the
information code comprises at least one matrix formed by
circularly shifted instances of a window sequence, where

the relative circular shifts between adjacent instances
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exclusively belong to a first subset of all possible

relative circular shifts of said instances in the
information code, and wherein the product further
comprising a position code, which is separate from the
information code and which comprises at least one matrix
formed by circularly shifted instances of a window
sequence, where the relative circular shifts between
adjacent instances exclusively belongs to a second subset
of all possible relative circular shifts of said
instances of the window sequence in the position code,

said first and second subsets being mutually exclusive.

18. A method of decoding an information code,
comprising

receiving a representation of a part area of the
information code,

separating the information code in the part area in
a part area positioning layer and a part area data layer,

decoding position information from the part area
positioning layer, and

decoding arbitrary non-positional data from the part

area data layer.

19. The method as claimed in claim 18, in which the
data is decoded from the part area data layer by using
position information from the part area positioning

layer.

20. The method as claimed in claim 18, in which the
data layer comprises a matrix of instances of a window
sequence, said instances being circularly shifted,

further comprising decoding the data by determining the
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circular shifts of those instances of the window sequence

that are associated with the part area data layer.

21. The method as claimed in claim 20, in which the
circular shifts are determined by means of position

information from the part area positioning layer.

22. The method as claimed in any one of claims 18-
21, further comprising storing the decoded data from the
part area data layer in association with the position

information decoded from the part area positioning layer.

23. The method as claimed in any one of claims 18-
22, further comprising determining that the received part
area comprises a delimitation region by detecting that
instances of the window sequence that are associated with
the part area data layer have a predetermined circular

shift indicating a delimitation region.

24. The method as claimed in any one of claims 18-
23, in which the positioning layer comprises a matrix of
instances of a window sequence, said instances being
circularly shifted, further comprising the step of
decoding the position information relating to a first
direction by determining relative circular shifts between
instances of the window sequence that are associated with

the part area positioning layer.

25. The method as claimed in any one of claims 18-
23, in which the positioning layer comprises a matrix of
instances of a window sequence, said instances being
circularly shifted, further comprising the step of

decoding a global information code parameter by
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determining relative circular shifts between instances of

the window sequence that are associated with the part

area positioning layer.

26. A computer program comprising program
instructions for causing a computer to perform the method

according to any one of claims 18-25.

27. A device for decoding an information code,
comprising a processor, which is arranged to receive a
representation of a part area of the information code,
separate the information code in the part area in a part
area positioning layer and a part area data layer, decode
position information from the part area positioning layer
and decode arbitrary non-positional data from the part

area data layer.
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