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SURFACE BEARING CODED DATA 

CROSS REFERENCE TO RELATED 
APPLICATION 

0001. This application is a Continuation of US Applica 
tion No. 12475561 filed May 31, 2009, which is a Continua 
tion of U.S. application Ser. No. 10/786,631 filed Feb. 26, 
2004, now issued U.S. Pat. No. 7,564,605 all of which is 
herein incorporated by reference. 

CROSS-REFERENCES 

0002 Various methods, systems and apparatus relating to 
the present invention are disclosed in the following co-pend 
ing applications and granted patents filed by the applicant or 
assignee of the present invention. The disclosures of all of 
these co-pending applications are incorporated herein by 
cross-reference. 
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FIELD OF INVENTION 

0003. This invention relates to coded data for disposal on 
or in a Surface and in particular to coded data formed from 
symmetric tags. In use the symmetric tags can be used for 
providing identity-coding and position-coding of Surfaces. 

BACKGROUND ART 

0004. The reference to any prior art in this specification is 
not, and should not be taken as, an acknowledgment or any 
form of Suggestion that Such prior art forms part of the com 
mon general knowledge. 
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0005. It is known to provide one or more coded data struc 
tures on a surface that can be read and decoded by a suitable 
sensing device. Various embodiments of Such a device incor 
porating an optical sensor are described in many of the docu 
ments incorporated into the present application by cross 
reference. 
0006. The coded data structures disclosed in these docu 
ments include target features that enable the sensing device to 
identify the position of each structure. The relative positions 
of the features within each structure can also be interpreted to 
determine perspective distortion of the structure as sensed, 
enabling perspective correction to be performed on the sensed 
data. However, to enable the sensing device to decode the data 
in the structure, it is necessary that the position and orienta 
tion of the data relative to the structure and the position and 
orientation of the structure relative to the viewpoint be deter 
mined. Typically, this is achieved by providing at least one 
feature in the structure that is asymmetric in some way. For 
example, in one embodiment, a keyhole-shaped feature is 
provided that can be located with respect to the other features, 
and then recognized to ascertain the rotational orientation of 
the structure in relation to the sensing device. The actual data 
that is encoded in the data structure can then be decoded, since 
its position and orientation relative to the structure can be 
inferred. 
0007 Disadvantages with this arrangement include the 
need to dedicate space to one or more orientation features, 
and the difficulty of including redundancy in such features for 
the purposes of allowing orientation determination in the 
presence of damage to the features. It is desirable, therefore, 
to encode orientation information both more space-efficiently 
and in an error-detectable and/or error-correctable fashion. 

SUMMARY OF THE INVENTION 

0008. In a first aspect the present invention provides coded 
data for disposal on or in a surface, the coded data being 
arranged in accordance with at least one layout having n-fold 
rotational symmetry about a center of rotation, where n is at 
least two, and having mirror symmetry, the layout including: 

0009 (a) n identical first sub-layouts rotated 1/n revo 
lutions apart about the center of rotation, and, 

0.010 (b) n identical second sub-layouts rotated 1/n 
revolutions apart about the center of rotation, each sec 
ond sub-layout being a reflection of a corresponding one 
of the first Sub-layouts, at least one Sub-layout including: 
0011 (i) rotation-indicating data that distinguishes 
that sub-layout from at least one other sub-layout: 
and, 

0012 (ii) reflection-indicating data that distinguishes 
the reflection of that sub-layout from the reflection of 
a corresponding reflected Sub-layout. 

0013. In another aspect the present invention provides a 
Surface bearing machine-readable coded data, the coded data 
being arranged in accordance with at least one layout having 
n-fold rotational symmetry about a center of rotation, where 
n is at least two, and having mirror symmetry, the layout 
including: 

0.014 (c) n identical first sub-layouts rotated 1/n revo 
lutions apart about the center of rotation, and, 

0.015 (d) n identical second sub-layouts rotated 1/n 
revolutions apart about the center of rotation, each sec 
ond sub-layout being a reflection of a corresponding one 
of the first Sub-layouts, at least one Sub-layout including: 
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0016 (i) rotation-indicating data that distinguishes 
that sub-layout from at least one other sub-layout: 
and, 

0017 (ii) reflection-indicating data that distinguishes 
the reflection of that sub-layout from the reflection of 
a corresponding reflected Sub-layout. 

0018. In a further aspect the present invention provides a 
method of generating an interface Surface, the method includ 
ing the steps of 

0019 (e) receiving user data in a printer; 
0020 (f) generating machine-readable coded data 
incorporating the user data, the coded data being 
arranged in accordance with at least one layout having 
n-fold rotational symmetry about a center of rotation, 
where n is at least two, and having mirror symmetry, the 
layout including: 
0021 (i) n identical first sub-layouts rotated 1/n revo 
lutions apart about the center of rotation, and, 

0022 (ii) n identical second sub-layouts rotated 1/n 
revolutions apart about the center of rotation, each 
second Sub-layout being a reflection of a correspond 
ing one of the first Sub-layouts, at least one sub-layout 
including: 
0023 (1) rotation-indicating data that distin 
guishes that Sub-layout from at least one other Sub 
layout; and, 

0024 (2) reflection-indicating data that distin 
guishes the reflection of that sub-layout from the 
reflection of a corresponding reflected sub-layout. 

0025 (g) printing the coded data onto a surface. 
0026. In another aspect the present invention provides a 
method of using a sensing device to read machine-readable 
coded data, the coded data being arranged in accordance with 
at least one layout having n-fold rotational symmetry about a 
center of rotation, where n is at least two, and having mirror 
symmetry, the layout including: 

0027 (i) n identical first sub-layouts rotated 1/n revolu 
tions apart about the center of rotation, and, 

0028 (ii) n identical second sub-layouts rotated 1/n 
revolutions apart about the center of rotation, each sec 
ond Sub-layout being a reflection of a corresponding one 
of the first Sub-layouts, at least one Sub-layout including: 
0029 (1) rotation-indicating data that distinguishes 
that sub-layout from at least one other sub-layout: 
and, 

0030 (2) reflection-indicating data that distinguishes 
the reflection of that sub-layout from the reflection of 
a corresponding reflected Sub-layout. 

0031 (h) sensing at least one layout using the sensing 
device; 

0032 (i) decoding the coded data of at least one of the 
Sub-layouts of the sensed layout, thereby determining at 
least the rotation-indicating data of that Sub-layout; and 

0033 () using the rotation-indicating data to interpret 
the meaning of at least some of the coded data. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0034 Preferred and other embodiments of the invention 
will now be described, by way of non-limiting example only, 
with reference to the accompanying drawings, in which: 
0035 FIG. 1 shows a triangular macrodot packing with a 
four-bit symbol unit outlined, for use with an embodiment of 
the invention; 

Sep. 22, 2011 

0036 FIG. 2 shows a square macrodot packing with a 
four-bit symbol unit outlined, for use with an embodiment of 
the invention; 
0037 FIG. 3 shows a hexagonal macrodot packing with a 
four-bit symbol unit outlined, for use with an embodiment of 
the invention; 
0038 FIG. 4 shows a one-sixth segment of an hexagonal 
tag, with the segment containing a maximum of 11 four-bit 
symbols with the triangular macrodot packing shown in FIG. 
1; 
0039 FIG. 5 shows a one-sixth segment of another hex 
agonal tag, with the segment containing a maximum of 17 
four-bit symbols with the triangular macrodot packing shown 
in FIG. 1; 
0040 FIG. 6 shows a one-quarter segment of a square tag, 
with the segment containing a maximum of 15 four-bit sym 
bols with the square macrodot packing shown in FIG. 2; 
0041 FIG. 7 shows a one-sixth segment of an hexagonal 
tag, with the segment containing a maximum of 14 four-bit 
symbols with the hexagonal macrodot packing shown in FIG. 
3: 
0042 FIG. 8 shows a logical layout of a hexagonal tag 
using the tag segment of FIG. 4, with six interleaved 2-ary 
codewords; 
0043 FIG. 9 shows the macrodot layout of the hexagonal 
tag of FIG. 8: 
0044 FIG. 10 shows an arrangement of seven abutting 
tags of the design of FIG. 8 and FIG. 9, with shared targets; 
0045 FIG. 11 shows a logical layout of a square tag using 
the tag segment of FIG. 6, with four interleaved 2-ary (15, k) 
codewords; 
0046 FIG. 12 shows the macrodot layout of the square tag 
of FIG. 11; 
0047 FIG. 13 shows an arrangement of nine abutting tags 
of the design of FIG. 11 and FIG. 12, with shared targets; 
0048 FIG. 14 shows a logical layout of an alternative 
square tag, with four interleaved 2-ary (7.k) codewords; 
0049 FIG. 15 shows the macrodot layout of the square tag 
of FIG. 14; 
0050 FIG. 16 shows a logical layout of a triangular tag, 
with three interleaved 2-ary (7, k) codewords; 
0051 FIG. 17 shows the macrodot layout of the triangular 
tag of FIG. 16; 
0.052 FIG. 18 shows a logical layout of a two-fold rota 
tionally symmetric linear tag, with two interleaved 2-ary 
(7.k) codewords: 
0053 FIG. 19 shows the macrodot layout of the linear tag 
of FIG. 18; 
0054 FIG. 20 shows an alternative macrodot layout based 
on the layout of the linear tag of FIG. 18, with a purely 
one-dimensional structure analogous to the structure of a 
conventional barcode: 
0055 FIG. 21 shows a logical layout of an alternative 
hexagonal tag, with one local 2-ary (12, k) codeword, inter 
leaved with eighteen 3-symbol fragments of eighteen distrib 
uted 2-ary (9, k) codewords; 
0056 FIG. 22 shows the logical layout of the hexagonal 
tag of FIG. 21, re-arranged to show the distributed 3-symbol 
fragments which contribute to the same codewords; 
0057 FIG. 23 shows a continuous tiling of three hexago 
nal tag types each with the structure of the tag of FIG. 21; 
0.058 FIG. 24 shows a layout of an alternative square tag 
using the symbol of FIG. 2, with eight interleaved 2-ary (6. 
k) codewords; 



US 2011/0226862 A1 

0059 FIG. 25 shows a layout of an alternative hexagonal 
tag using the symbol of FIG.1, with twelve interleaved 2-ary 
(4.k) codewords; and 
0060 FIG. 26 shows a tag image processing and decoding 
process flow. 

DESCRIPTION OF THE PREFERRED AND 
OTHER EMBODIMENTS 

0061. In the preferred embodiment, the invention is con 
figured to work with the netpage networked computer system, 
an overview of which follows. It will be appreciated that not 
every implementation will necessarily embody all or even 
most of the specific details and extensions discussed in rela 
tion to the basic netpage system. 
0062. In its preferred form, the netpage system relies on 
the production of, and human interaction with, netpages. 
These are pages of text, graphics and images printed on ordi 
nary paper, but which work like interactive web pages. Infor 
mation is encoded on each page using ink which is Substan 
tially invisible to the unaided human eye. The ink, however, 
and thereby the coded data, can be sensed by an optically 
imaging pen and transmitted to the netpage system. 
0063. In the preferred form, active buttons and hyperlinks 
on each page can be clicked with a sensing pen to request 
information from the network or to signal preferences to a 
network server. In one embodiment, text written by hand on a 
netpage is automatically recognized and converted to com 
puter text in the netpage system, allowing forms to be filled in. 
In other embodiments, signatures recorded on a netpage are 
automatically verified, allowing e-commerce transactions to 
be securely authorized. 
0064. A detailed description of several forms of the 
netpage system, as well as a netpage printer and a netpage 
sensing device in the form of a stylus and pen is described in 
the present applicants’ co-pending PCT application WO 
00/72230 entitled “Sensing Device, filed 24 May 2000; and 
co-pending U.S. application U.S. Ser. No. 09/721,893 
entitled “Sensing Device', filed 25 Nov. 2000. 

1.1 Netpages 

0065 Netpages are the foundation on which a netpage 
network is built. They provide a paper-based user interface to 
published information and interactive services. 
0.066. A netpage consists of a printed page (or other Sur 
face region) invisibly tagged with references to an online 
description of the page. The online page description is main 
tained persistently by a netpage page server. The page 
description describes the visible layout and content of the 
page, including text, graphics and images. It also describes 
the input elements on the page, including buttons, hyperlinks, 
and input fields. A netpage allows markings made with a 
netpage pen on its Surface to be simultaneously captured and 
processed by the netpage system. 
0067. Multiple netpages can share the same page descrip 

tion. However, to allow input through otherwise identical 
pages to be distinguished, each netpage is assigned a unique 
page identifier. This page ID has sufficient precision to dis 
tinguish between a very large number of netpages. 
0068. Each reference to the page description is encoded in 
a printed tag. The tag identifies the unique page on which it 
appears, through the pageID, and thereby indirectly identifies 
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the page description. The tag also identifies its own position 
on the page. Characteristics of the tags are described in more 
detail below. 
0069 Tags are printed in infrared-absorptive ink on any 
substrate which is infrared-reflective, such as ordinary paper. 
Near-infrared wavelengths are invisible to the human eye but 
are easily sensed by a solid-state image sensor with an appro 
priate filter. 
0070 A tag is sensed by an area image sensor in the 
netpage pen, and the decoded tag data is transmitted to the 
netpage system via the nearest netpage relay, such as a Suit 
ably-enabled personal computer, PDA, mobile phone or 
netpage printer. The pen is wireless and communicates with 
the netpage relay via a short-range radio link. The pen may 
also incorporate the relay functionality. Tags are sufficiently 
Small and densely arranged that the pen can reliably image at 
least one tag even on a single click on the page. It is important 
that the pen recognize the page ID and position on every 
interaction with the page, since the interaction is stateless. 
0071. As only single tags may be sensed with one interac 
tion, tags are preferably error-correctably encoded to make 
them partially tolerant to Surface damage. 
0072 The netpage page server maintains a unique page 
instance for each printed netpage, allowing it to maintain a 
distinct set of user-supplied values for input fields in the page 
description for each printed netpage. 

1.2 Coded Data on Surfaces. Using Netpage Tags 

0073. Various netpage coding schemes and patterns are 
described in the present applicants’ co-pending PCT applica 
tion WO 00/72249 entitled “Identity-Coded Surface with 
Reference Points, filed 24 May 2000; co-pending PCT appli 
cation WO 02/84473 entitled “Cyclic Position Codes', filed 
11 Oct. 2001; co-pending U.S. application U.S. Ser. No. 
10/309.358 entitled “Rotationally Symmetric Tags, filed 4 
Dec. 2002; and Australian Provisional Application 
2002952259 entitled “Methods and Apparatus (NPT019), 
filed 25 Oct. 2002. 

1.2.1 Tag Data Content 
0074. In a preferred form, each tag identifies the region in 
which it appears, and the location of that tag within the region. 
A tag may also contain flags which relate to the region as a 
whole or to the tag. One or more flag bits may, for example, 
signal a tag sensing device to provide feedback indicative of 
a function associated with the immediate area of the tag, 
without the sensing device having to refer to a description of 
the region. A netpage pen may, for example, illuminate an 
“active area” LED when in the Zone of a hyperlink. 
0075. The tags preferably tile the entire page, and are 
Sufficiently small and densely arranged that the pen can reli 
ably image at least one tag even on a single click on the page. 
It is important that the pen recognize the pageID and position 
on every interaction with the page, since the interaction is 
stateless. 
0076. In a preferred embodiment, the region to which a tag 
refers coincides with an entire page, and the region ID 
encoded in the tag is therefore synonymous with the page ID 
of the page on which the tag appears. In other embodiments, 
the region to which a tag refers can be an arbitrary Subregion 
of a page or other Surface. For example, it can coincide with 
the Zone of an interactive element, in which case the region ID 
can directly identify the interactive element. 
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0077. Each tag typically contains 16 bits of tag ID, at least 
90 bits of region ID, and a number of flag bits. Assuming a 
maximum tag density of 64 per square inch, a 16-bit tag ID 
Supports a region size of up to 1024 square inches. Larger 
regions can be mapped continuously without increasing the 
tag ID precision simply by using abutting regions and maps. 
The distinction between a regionID and a tag ID is mostly one 
of convenience. For most purposes the concatenation of the 
two can be considered as a globally unique tag ID. Con 
versely, it may also be convenient to introduce structure into 
the tag ID, for example to define thexandy coordinates of the 
tag. A 90-bit regionID allows2' (-10’’ orathousand trillion 
trillion) different regions to be uniquely identified. Tags may 
also contain type information, and a region may be tagged 
with a mixture of tag types. For example, a region may be 
tagged with one set of tags encoding X coordinates and 
anotherset, interleaved with the first, encodingy coordinates. 
It will be appreciated the region tag ID and tag ID precision 
may be more or less than just described depending on the 
environment in which the system will be used. 

1.2.2 Tag Data Encoding 

0078 FIG. 11 shows one embodiment of a netpage tag in 
the form of a square tag 726 with four perspective targets 17. 
It is similar in appearance to tags described by Bennett et al. 
in U.S. Pat. No. 5,051,746. The tag 726 represents sixty 4-bit 
Reed-Solomon symbols 747 (see the description of FIG. 1, 
FIG. 2 and FIG. 3 below for a discussion of symbols), for a 
total of 240 bits. The tag represents each “one bit by the 
presence of a mark 748, referred to as a macrodot, and each 
“Zero” bit by the absence of the corresponding macrodot. 
FIG. 13 shows a square tiling 728 of nine tags, containing all 
“one' bits for illustrative purposes. It will be noted that the 
perspective targets are designed to be shared between adja 
cent tags. 
0079. In general, each tag includes a codeword encoded 
four times within the tag using the 4-bit symbols. Usinga (15. 
7) Reed-Solomon code, 112 bits of tag data are redundantly 
encoded to produce 240 encoded bits, corresponding to 
60-bits, or 154-bit symbols, per codeword. 
0080. In one example, each 4-bit symbol is represented in 
a spatially coherent way in the tag, with the symbols of the 
four codewords being interleaved spatially within the tag. 
This is shown by the example in FIG. 11, where each symbol 
is labeled with the number of its codeword (1-4) and the 
position of the symbol within the codeword (A-O). 
0081. This ensures that a burst error (an error affecting 
multiple spatially adjacent bits) damages a minimum number 
of symbols overall and a minimum number of symbols in any 
one codeword, thus maximizing the likelihood that the burst 
error can be fully corrected. 
0082. This arrangement of using a (15, 7) Reed-Solomon 
code, with 112 bits of tag data redundantly encoded to pro 
duce 240 encoded bits, and spatial interleaving of the code 
words within the tag allows up to 4 symbol errors to be 
corrected per codeword, i.e. it is tolerant of a symbol error rate 
of up to 27% per codeword. 
0083. Any suitable error-correcting code can be used in 
place of a (15, 7) Reed-Solomon code, for example: a Reed 
Solomon code with more or less redundancy, with the same or 
different symbol and codeword sizes; another block code; or 
a different kind of code. Such as a convolutional code (see, for 
example, Stephen B. Wicker, Error Control Systems for Digi 
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tal Communication and Storage, Prentice-Hall 1995, the con 
tents of which a herein incorporated by reference thereto). 
I0084. In order to support “single-click” interaction with a 
tagged region via a sensing device, the sensing device must be 
able to see at least one entire tag in its field of view no matter 
where in the region or at what orientation it is positioned. The 
required diameter of the field of view of the sensing device is 
therefore a function of the size and spacing of the tags. 
I0085. The data-bearing macrodots 748 of the tag are 
designed to not overlap their neighbors, so that groups of tags 
cannot produce structures that resemble targets. This also 
saves ink. The perspective targets allow detection of the tag, 
So further targets are not required. 
I0086 Although the tag may contain an orientation feature 
to allow disambiguation of the four possible orientations of 
the tag relative to the sensor, the present invention is con 
cerned with embedding orientation and related transform data 
in the tag data. For example, the four codewords can be 
arranged so that each tag orientation (in a rotational sense) 
contains one codeword placed at that orientation, as shown in 
FIG 11. 

I0087 Tag decoding then consists of decoding one code 
word at each rotational orientation. Each codeword can either 
contain a single bit indicating whether it is the first codeword, 
or two bits indicating which codeword it is. The latter 
approach has the advantage that if, say, the data content of 
only one codeword is required, then at most two codewords 
need to be decoded to obtain the desired data. This may be the 
case if the region ID is not expected to change within a stroke 
and is thus only decoded at the start of a stroke. Within a 
stroke only the codeword containing the tag ID is then 
desired. Furthermore, since the rotation of the sensing device 
changes slowly and predictably within a stroke, only one 
codeword typically needs to be decoded per frame. 
I0088. It is possible to dispense with perspective targets 
altogether and instead rely on the data representation being 
self-registering. In this case each bit value (or multi-bit value) 
is typically represented by an explicit glyph, i.e. no bit value 
is represented by the absence of a glyph. This ensures that the 
data grid is well-populated, and thus allows the grid to be 
reliably identified and its perspective distortion detected and 
Subsequently corrected during data sampling. 
I0089. To allow tag boundaries to be detected, each tag data 
must contain a marker pattern, and these must be redundantly 
encoded to allow reliable detection. The overhead of such 
marker patterns is similar to the overhead of explicit perspec 
tive targets. Such scheme uses dots positioned at various 
points relative to grid vertices to represent different glyphs 
and hence different multi-bit values, as discussed in the 
present applicants co-pending PCT application WO 
02/084473 entitled “Cyclic Position Codes', filed 11 Oct. 
2001. 

(0090. The arrangement 728 of FIG. 13 shows that the 
square tag 726 can be used to fully tile or tessellate, i.e. 
without gaps or overlap, a plane of arbitrary size. 
0091 Although in preferred embodiments the tagging 
schemes described herein encode a single data bit using the 
presence or absence of a single undifferentiated macrodot, 
they can also use sets of differentiated glyphs to represent 
single-bit or multi-bit values, such as the sets of glyphs illus 
trated in the present applicants’ co-pending PCT application 
WO 02/084473 entitled “Cyclic Position Codes', filed 11 
Oct. 2001. 
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Macrodot Packing Schemes 
0092 FIG. 1 shows a triangular macrodot packing 700 
with a four-bit symbol unit 702 outlined. The area of the 
symbol unit is given by Aviv-2V3s-3.5s, where s the 
spacing of adjacent macrodots. FIG. 2 shows a square mac 
rodot packing 704 with a four-bit symbol unit 706 outlined. 
The area of the symbol unit is given by A-4s. FIG. 3 
shows a hexagonal macrodot packing 708 with a four-bit 
symbol unit 710 outlined. The area of the symbol unit is given 
by Av 3v3s'-52s. Of these packing schemes, the tri 
angular packing scheme gives the greatest macrodot density 
for a particular macrodot spacing S. 
0093. In preferred embodiments, s has a value between 
100 um and 200 um. 

Tag Designs 

0094 FIG. 4 shows a one-sixth segment 712 of a hexago 
nal tag, with the segment containing a maximum of 11 four 
bit symbols with the triangular macrodot packing shown in 
FIG.1. The target 17 is shared with adjacent segments. Each 
tag segment can, by way of example, Support a codeword of 
an (11, k) Reed-Solomon code, i.e. a punctured (15, k) code, 
with the ability to detect u=11-k symbol errors, or correct 
t=L(11-k)/2 symbol errors. For example, ifk=7 then u-4 and 
t=2. 
0095 (EQ 1) gives the area of the corresponding hexago 
nal tag. (EQ 2) gives the radius of the required field of view. 
(EQ 3) gives the area of the required field of view. (EQ 4) 
gives the recovered bit data density for the field of view. 

0096 FIG. 5 shows a one-sixth segment 716 of another 
hexagonal tag, with the segment containing a maximum of 17 
four-bit symbols with the triangular macrodot packing shown 
in FIG. 1. Each tag segment can, by way of example, Support 
a codeword of a (17, k) Reed-Solomon code, i.e. an aug 
mented (15, k) code, with the ability to detectu-17-k symbol 
errors, or correct t=(17-k)/2 symbol errors. For example, if 
k=7 then u=10 and t=5. 
0097 (EQ 5) gives the area of the corresponding hexago 
nal tag. (EQ 6) gives the radius of the required field of view. 
(EQ 7) gives the area of the required field of view. (EQ 8) 
gives the recovered bit data density for the field of view. 

0098 FIG. 6 shows a one-quarter segment 718 of a square 
tag, with the segment containing a maximum of 15 four-bit 
symbols with the square macrodot packing shown in FIG. 2. 
Each tag segment can, by way of example, Support a code 
word of a (15, k) Reed-Solomon code, with the ability to 
detect u=15-k symbol errors, or correct t=15-k)/2 symbol 
errors. For example, if k=7 then u=8 and t=4. 
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0099 (EQ 9) gives the area of the corresponding square 
tag. (EQ10) gives the radius of the required field of view. (EQ 
11) gives the area of the required field of view. (EQ12) gives 
the recovered bit data density for the field of view. 

0100 FIG.7 shows a one-sixth segment 720 of an hexago 
nal tag, with the segment containing a maximum of 14 four 
bit symbols with the hexagonal macrodot packing shown in 
FIG. 3. Each tag segment can, by way of example, Support a 
codeword of a (14, k) Reed-Solomon code, i.e. a punctured 
(15, k) code, with the ability to detect u=14-k symbol errors, 
or correct t=L(14-k)/2 symbol errors. For example, if k-6 
then and u=8 and t=4. 

0101 (EQ 13) gives the area of the hexagonal tag. (EQ14) 
gives the radius of the required field of view. (EQ 15) gives the 
area of the required field of view. (EQ 16) gives the recovered 
bit data density for the field of view. 

0102 Of the tag designs considered, hexagonal tag 
designs using the tag segments shown in FIG. 4 and FIG. 5 
yield fields of view with the highest recovered bit data den 
sities. Square and hexagonal tag designs using the tag seg 
ments shown respectively in FIG. 6 and FIG. 7 yield fields of 
view with lower recovered bit data densities. 

Hexagonal Tag Design 

0103 FIG. 8 shows a logical layout of a hexagonal tag 722 
using the tag segment 712 of FIG. 4, with six interleaved 
2-ary (11, k) codewords. FIG. 9 shows the macrodot layout 
of the hexagonal tag 722 of FIG.8. FIG. 10 shows an arrange 
ment 724 of seven abutting tags 722 of the design of FIG. 9. 
with shared targets 17. The arrangement 724 shows that the 
hexagonal tag 722 can be used to tessellate a plane of arbitrary 
S17C. 

Alternative Square Tag Design 

0104 FIG. 14 shows a logical layout of another square tag 
730, with four interleaved 2-ary (7,k) codewords. Each 3-bit 
symbol 732 is represented by an L-shaped arrangement of 
three macrodots. FIG. 15 shows the macrodot layout of the 
square tag 730 of FIG. 14. 

Triangular Tag Design 

0105 FIG. 16 shows a logical layout of a triangular tag 
734, with three interleaved 2-ary (7, k) codewords. Each 
3-bit symbol 736 is represented by a triangular arrangement 
of three macrodots. FIG. 17 shows the macrodot layout of the 
triangular tag 734 of FIG. 16. As with the square and hexago 
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nal tags described above, the triangular tag 734 can be used to 
tessellate a plane of arbitrary size. 

Linear Tag Design 

0106 FIG. 18 shows a logical layout of a two-fold rota 
tionally symmetric linear tag 738, with two interleaved 2-ary 
(7, k) codewords. Each 3-bit symbol 740 is represented by a 
linear arrangement of three macrodots. FIG. 19 shows the 
macrodot layout of the linear tag 738 of FIG. 18. 
0107 FIG. 20 shows an alternative macrodot layout based 
on the layout of the linear tag of FIG. 18, with a purely 
one-dimensional structure analogous to the structure of a 
conventional barcode. Although the layout is based on that of 
the linear tag of FIG. 18, the target structures 17 are linear 
rather than circular. This embodiment is particularly suitable 
for use with prior art barcode scanners (with suitable software 
changes) adapted for linear Scanning rather than area Scan 
n1ng 

Distributed Hexagonal Tag Design 

0108 FIG. 21 shows a logical layout of a hexagonal tag 
750 using the tag segment of FIG.22, with one local 2-ary 
(12, k) codeword interleaved with eighteen 3-symbol frag 
ments of eighteen distributed 2-ary (9, k) codewords. FIG.9 
shows, as before, the macrodot layout of the hexagonal tag 
750 of FIG. 21, and FIG. 10 shows an arrangement of seven 
abutting tags of the design of FIG. 9, with shared targets. 
01.09. In the layout of FIG. 21, the twelve 4-bit symbols of 
the local codeword are labeled G1 through G12, and are 
shown with a dashed outline. Each symbol of the eighteen 
fragments of the eighteen distributed codewords is labeled 
with an initial prefix of A through F. indicating which of six 
nominal codewords the symbol belongs to, a Subsequent pre 
fix of S through U, indicating which 3-symbol part of the 
codeword the symbol belongs to, and a suffix of 1 through 3, 
indicating which of the three possible symbols the symbolis. 
0110 FIG. 23 shows a continuous tiling 752 of three hex 
agonal tag types labeled P, Q and R, each with the structure of 
tag 750. There are six distributed codewords (A through F) 
associated with each tag type (P, Q and R). The distributed 
tagging scheme is predicated on the data content of each 
respective distributed codeword AP, AO, AR, etc. through FP 
FQ and FR being constant throughout the tiling. Only the G 
codewords can contain unique data. 
0111 FIG. 23 shows lattice vectors 754 associated with 
the physical tag layout, and corresponding (i.e. iso-direc 
tional rather than minimal) lattice vectors 755 associated with 
the PQR tag layout. The ratio of the length of the PQR lattice 
vectors 755 to the length of the corresponding physical lattice 
vectors 754 is three, consistent with there being three distinct 
tag types P, Q and R in the PQR tag layout. 
0112 FIG. 23 also shows the coverage 756 and 757 of a 
minimal imaging field of view in two arbitrary positions with 
respect to the tiling. The field of view is minimal with respect 
to the tiling in the sense that it the smallestfield of view which 
is guaranteed to include at least one complete tag. Tag 750 is 
structured so that the minimal field of view allows the recov 
ery of the local codeword G of at least one tag, and the entire 
set of distributed codewords AP through FR via fragments of 
tags of type P, Q and Rincluded in the field of view. Further 
more, the continuous tiling of tag 750 ensures that there is a 
codeword available with a known layout for each possible 
rotational and translational combination (of which there are 
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eighteen). Each distributed codeword includes data which 
identifies the rotation of the codeword in relation to the tiling, 
thus allowing the rotation of the tiling with respect to the field 
of view to be determined from decoded data rather than from 
other structures, and the local codeword to be decoded at the 
correct orientation. 
0113. Once the field of view is imaged, decoding proceeds 
as follows. A codeword is sampled at an arbitrary rotation (of 
the possible six rotations with respect to the six targets). This 
consists of sampling three S symbols from the current tag, and 
sampling, at the same rotation, T and U symbols from adja 
cent tags, modulo the size and alignment of the field of view 
with respect to the tiling. The result is a single distributed 
2-ary (9, k) codeword. Decoding the codeword yields, 
among other data, the codeword orientation. Once the orien 
tation is known, the local G codeword can be sampled and 
decoded at the correctorientation. Decoding the G codeword 
yields, among other data, the type of the corresponding tag 
(i.e. P, Q or R). This in turn allows the data content of the 
various distributed codewords to be correctly interpreted, 
once they are sampled and decoded. It also allows the distrib 
uted codewords to be selectively sampled and decoded. For 
example, codewords known to contain data which is assumed 
not to change during a stroke, such as the region ID, may be 
ignored. 
0114 FIG. 22 shows the logical layout of the hexagonal 
tag 750 of FIG. 21, re-arranged to show the distributed 3-sym 
bol fragments which contribute to the same codewords. For 
example, if the central tag shown in FIG.22 were a P-type tag, 
then the six distributed codewords shown in the figure would 
be the AP, BP, CP, DP, EP and FP codewords. FIG. 22 also 
shows the local G codeword of the tag. Clearly, given the 
distributed and repeating nature of the distributed codewords, 
different fragments from the ones shown in the figure can be 
used to build the corresponding codewords. 
0115 Although it is more space-efficient to record the tag 
type (P,Q or R) in the G codeword, the tag type corresponding 
to each (or to selected) distributed codewords can also be 
recorded in the distributed codewords themselves. In this case 
there is a fixed relationship between a codeword's alignment 
and the tag to which its tag type refers. For example, a code 
word's tag type may always refer to the tag containing the S 
fragment of the codeword. 
0116 Note that with a larger field of view, a particular 
codeword need not be constant throughout the tiling, but may 
instead be allowed to be constant only in a certain direction. 
For example, a codeword used to encode a coordinate can be 
constant in the direction where the coordinate is constant, but 
can vary in (semi-)orthogonal directions (with respect to the 
rotational symmetry of the tiling). This has the advantage that 
semi-variable information can be encoded in distributed 
codewords rather than being restricted to local codewords. 

Mirror-Symmetric Tag Designs 

0117 FIG. 24 shows a layout of a square tag 760 using the 
symbol of FIG. 2, with eight interleaved 2-ary (6, k) code 
words. Like the square tag of FIG.11 discussed earlier, the tag 
of FIG. 24 contains four codewords, each arranged according 
to the same layout but each rotated according to a different 
one of the four possible rotations of the tag with respect to its 
own four-fold rotational symmetry. As discussed earlier, this 
allows a codeword to be sampled and decoded independently 
of the actual rotation of the tag, which allows the rotation of 
the tag to be encoded in the codeword(s). 
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0118. The tag of FIG. 24 contains four additional code 
words, laid out in the mirror image of the original four code 
words with respect to the tag's two axes of reflection 762 and 
764. This allows a codeword to be sampled and decoded 
independently of the actual rotation and reflection of the tag, 
which allows the rotation and reflection of the tag to be 
encoded in the codeword(s). This is useful if the tag may be 
imaged in reflection, e.g. reflected in a mirror or through the 
back of a transparent Substrate. 
0119 Each codeword may explicitly indicate its rotation 
and reflection via a three-bit value, or implicitly via a one-bit 
value indicating whether the codeword corresponds to a pre 
determined rotation and reflection or not. 
0120 In FIG. 24, each original symbol has a prefix (1-4) 
indicating which codeword it belongs to, and a suffix (A-F) 
indicating its position in the codeword. Each reflected symbol 
is shown with a bar above its label, as well as with a dashed 
outline. 
0121 FIG. 25 shows a layout of hexagonal tag 770 using 
the symbol of FIG. 1, with twelve interleaved 2-ary (4, k) 
codewords. Like the hexagonal tag of FIG. 8 discussed ear 
lier, the tag of FIG. 25 contains six codewords, each arranged 
according to the same layout but each rotated according to a 
different one of the six possible rotations of the tag with 
respect to its own six-fold rotational symmetry. 
0122) The tag of FIG. 25 contains six additional code 
words, laid out in the mirror image of the original six code 
words with respect to the tag's three axes of reflection 772, 
774 and 776. As discussed above, this allows a codeword to be 
sampled and decoded independently of the actual rotation and 
reflection of the tag, which allows the rotation and reflection 
of the tag to be encoded in the codeword(s). 
0123. Each codeword may explicitly indicate its rotation 
and reflection via a four-bit value, or implicitly via a one-bit 
value indicating whether the codeword corresponds to a pre 
determined rotation and reflection or not. 
0.124. In FIG. 25, each original symbol has a prefix (1-6) 
indicating which codeword it belongs to, and a Suffix (A-D) 
indicating its position in the codeword. Each reflected symbol 
is shown with a bar above its label, as well as with a dashed 
outline. 
(0.125. Note that the tags of FIG. 24 and FIG. 25 are not 
ideally sized for the number of symbols each codeword con 
tains, since the data content of each codeword is low once 
allowance is made for useful redundancy. However, both 
serve to illustrate interleaved rotation-symmetric and mirror 
symmetric tag designs, and the design principles obviously 
extend to tags of larger size and/or to tags incorporating 
different error-detecting and error-correcting schemes. 

1.2.3 Tag Image Processing and Decoding 
0126 FIG. 26 shows a tag image processing and decoding 
process flow. A raw image 802 of the tag pattern is acquired 
(at 800), for example via an image sensor such as a CCD 
image sensor, CMOS image sensor, or a scanning laser and 
photodiode image sensor. The raw image is then typically 
enhanced (at 804) to produce an enhanced image 806 with 
improved contrast and more uniform pixel intensities. Image 
enhancement may include global or local range expansion, 
equalization, and the like. 
0127. The enhanced image 806 is then typically filtered (at 
808) to produce a filtered image 810. Image filtering may 
consist of low-pass filtering, with the low-pass filter kernel 
size tuned to obscure macrodots but to preserve targets. The 
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filtering step 808 may include additional filtering (such as 
edge detection) to enhance target features. 
I0128. The filtered image 810 is then processed to locate 
target features (at 812), yielding a set of target points. This 
may consist of a search for target features whose spatial 
inter-relationship is consistent with the known geometry of a 
tag. Candidate targets may be identified directly from 
maxima in the filtered image 810, or may the subject of 
further characterization and matching, Such as via their (bi 
nary or grayscale) shape moments (typically computed from 
pixels in the enhanced image 806 based on local maxima in 
the filtered image 810), as described in U.S. patent applica 
tion Ser. No. 09/575,154. 
I0129. The search typically starts from the center of the 
field of view. The target points 814 found by the search step 
812 indirectly identify the location of the tag in the three 
dimensional space occupied by the image sensor and its asso 
ciated optics. Since the target points 814 are derived from the 
(binary or grayscale) centroids of the targets, they are typi 
cally defined to Sub-pixel precision. 
0.130. It may be useful to determine the actual 3D trans 
form of the tag (at 816), and, by extension, the 3D transform 
(or pose) 818 of the sensing device relative to the tag. This 
may be done analytically, as described in U.S. patent appli 
cation Ser. No. 09/575,154, or using a maximum likelihood 
estimator (Such as least Squares adjustment) to fit parameter 
values to the 3D transform given the observed perspective 
distorted target points (as described in P. R. Wolf and B. A. 
Dewitt, Elements of Photogrammetry with Applications in 
GIS, 3rd Edition, McGraw Hill, February 2000, the contents 
of which are herein incorporated by reference thereto). The 
3D transform includes the 3D translation of the tag, the 3D 
orientation (rotation) of the tag, and the focal length and 
viewport Scale of the sensing device, thus giving eight param 
eters to be fitted, or six parameters if the focal length and 
viewport scale are known (e.g. by design or from a calibration 
step). Each target point yields a pair of observation equations, 
relating an observed coordinate to a known coordinate. If 
eight parameters are being fitted, then five or more target 
points are needed to provide sufficient redundancy to allow 
maximum likelihood estimation. If six parameters are being 
fitted, then four or more target points are needed. If the tag 
design contains more targets than are minimally required to 
allow maximum likelihood estimation, then the tag can be 
recognized and decoded even if up to that many of its targets 
are damaged beyond recognition. 
I0131 To allow macrodot values to be sampled accurately, 
the perspective transform of the tag must be inferred. Four of 
the target points are taken to be the perspective-distorted 
corners of a rectangle of known size in tag space, and the 
eight-degree-of-freedom perspective transform 822 is 
inferred (at 820), based on solving the well-understood equa 
tions relating the four tag-space and image-space point pairs 
(see Heckbert, P., Fundamentals of Texture Mapping and 
Image Warping, Masters Thesis, Dept. of EECS, U. of Cali 
fornia at Berkeley, Technical Report No. UCB/CSD 89/516, 
June 1989, the contents of which are herein incorporated by 
reference thereto). The perspective transform may alterna 
tively be derived from the 3D transform 818, if available. 
0.132. The inferred tag-space to image-space perspective 
transform 822 is used to project (at 824) each known data bit 
position in tag space into image space where the real-valued 
position is used to bi-linearly (or higher-order) interpolate (at 
824) the four (or more) relevant adjacent pixels in the 
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enhanced input image 806. The resultant macrodot value is 
compared with a suitable threshold to determine whether it 
represents a Zero bit or a one bit. 
0133) Once the bits of one or more complete codeword 
have been sampled, the codewords are decoded (at 828) to 
obtain the desired data 830 encoded in the tag. Redundancy in 
the codeword may be used to detect errors in the sampled 
data, or to correct errors in the sampled data. 
0134. As discussed in U.S. patent application Ser. No. 
09/575,154, the obtained tag data 830 may directly or indi 
rectly identify the Surface region containing the tag and the 
position of the tag within the region. An accurate position of 
the sensing device relative to the Surface region can therefore 
be derived from the tag data 830 and the 3D transform 818 of 
the sensing device relative to the tag. 

1.2.4 Tag Map 
0135 Decoding a tag results in a region ID, a tag ID, and 
a tag-relative pen transform. Before the tag ID and the tag 
relative pen location can be translated into an absolute loca 
tion within the tagged region, the location of the tag within the 
region must be known. This is given by a tag map, a function 
which maps each tag ID in a tagged region to a corresponding 
location. 
0136. A tag map reflects the scheme used to tile the surface 
region with tags, and this can vary according to Surface type. 
When multiple tagged regions share the same tiling scheme 
and the same tag numbering scheme, they can also share the 
Same tag map. 
0.137 The tag map for a region must be retrievable via the 
region ID. Thus, given a region ID, a tag ID and a pen trans 
form, the tag map can be retrieved, the tag ID can be translated 
into an absolute tag location within the region, and the tag 
relative pen location can be added to the tag location to yield 
an absolute pen location within the region. 
0.138. The tag ID may have a structure which assists trans 
lation through the tag map. It may, for example, encode Car 
tesian coordinates or polar coordinates, depending on the 
Surface type on which it appears. The tag ID structure is 
dictated by and known to the tag map, and tag IDS associated 
with different tag maps may therefore have different struc 
tures. For example, the tag ID may simply encode a pair of X 
and y coordinates of the tag, in which case the tag map may 
simply consist of record of the coordinate precision. If the 
coordinate precision is fixed, then the tag map can be implicit. 

1.2.5 Tagging Schemes 
0.139. Two distinct surface coding schemes are of interest, 
both of which use the tag structure described earlier in this 
section. The preferred coding scheme uses “location-indicat 
ing” tags as already discussed. An alternative coding scheme 
uses object-indicating tags. 
0140. A location-indicating tag contains a tag ID which, 
when translated through the tag map associated with the 
tagged region, yields a unique tag location within the region. 
The tag-relative location of the pen is added to this tag loca 
tion to yield the location of the pen within the region. This in 
turn is used to determine the location of the pen relative to a 
user interface element in the page description associated with 
the region. 
0141 Not only is the user interface element itself identi 
fied, but a location relative to the user interface element is 
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identified. Location-indicating tags therefore trivially Sup 
port the capture of an absolute pen path in the Zone of a 
particular user interface element. 
0142. An object-indicating tag contains a tag ID which 
directly identifies a user interface element in the page descrip 
tion associated with the region. All the tags in the Zone of the 
user interface element identify the user interface element, 
making them all identical and therefore indistinguishable. 
0.143 Object-indicating tags do not, therefore, support the 
capture of an absolute pen path. They do, however, Support 
the capture of a relative pen path. So long as the position 
sampling frequency exceeds twice the encountered tag fre 
quency, the displacement from one sampled pen position to 
the next within a stroke can be unambiguously determined. 
0144 With either tagging scheme, the tags function in 
cooperation with associated visual elements on the netpage as 
user interactive elements in that a user can interact with the 
printed page using an appropriate sensing device in order for 
tag data to be read by the sensing device and for an appropri 
ate response to be generated in the netpage system. 
0145 The invention may also be said to broadly consist in 
the parts, elements and features referred to or indicated 
herein, individually or collectively, in any or all combinations 
of two or more of the parts, elements or features, and wherein 
specific integers are mentioned herein which have known 
equivalents in the art to which the invention relates, such 
known equivalents are deemed to be incorporated herein as if 
individually set forth. 
0146 Although the preferred embodiment has been 
described in detail, it should be understood that various 
changes, Substitutions, and alterations can be made by one of 
ordinary skill in the art without departing from the scope of 
the present invention. 

1. A Surface bearing machine-readable coded data, the 
coded data being arranged in accordance with at least one 
layout having n-fold rotational symmetry about a center of 
rotation, where n is at least two, and having mirror symmetry, 
the layout comprising: 

n identical first sub-layouts rotated 1/n revolutions apart 
about the center of rotation; and 

nidentical second Sub-layouts rotated 1/n revolutions apart 
about the center of rotation, each second Sub-layout 
being a reflection of a corresponding one of the first 
Sub-layouts, at least one Sub-layout comprising: 
rotation-indicating data that distinguishes that Sub-lay 

out from at least one other sub-layout; and 
reflection-indicating data that distinguishes the reflec 

tion of that sub-layout from the reflection of a corre 
sponding reflected Sub-layout. 

2. A surface according to claim 1, wherein the coded data is 
substantially invisible to the unaided human eye. 

3. A Surface according to claim 1, further comprising vis 
ible markings. 

4. A Surface according to claim 1, being configured as an 
interface Surface for enabling user interaction with a com 
puter. 

5. A Surface according to claim 1, further comprising at 
least one region, wherein the coded data represents an identity 
of the at least one region. 
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