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Abstract

The development of the method presented was made considering the mathematical basis of the orna-
mentation and technological features of the fabrics. Building on the works of H. J. Woods, M. A. Hann,
and using original investigations, a method for analysis and synthesis of ornaments within the con-
text of CAD for woven textile design is proposed. Using this method, the new computerised creation
of woven ornaments based on matrix multiplication is proposed for analysis and synthesis of the
ornaments of woven fabrics. We discuss some limitations which exist in the creation of fabric orna-
mentation when the ornament is obtained in the weaving process.
Key words: woven ornament, segment, symmetry operations, symmetry group, computerised cre-
ation of ornaments.

■■ Introduction
The aesthetic appearance of woven
fabric is one of the oldest and most
important of its functions. For this rea-
son, woven fabrics were (and are)
often decorated by various ornaments.
Among the technologies - printing,
embroidery, weaving - the latter one is
the most complicated and thus the
most valuable way of decoration. The
ornament is the main element of pat-
terned fabric design. The patterned
woven fabrics have had an important
place in the customs and traditions of
various nations. They often had not
only material significance, but symbol-
ic meaning as well. In Lithuania, J.
Balčikonis [1], A. Tamošaitis [2,3], V.
Tuménas [4], V. Savoniakaité [5] and
others have developed the ethno-
graphic and artistic analyses of the tex-
tile inheritance. On the other hand, it
is quite clear that analysis based on a
mathematical and technological app-
roach is also very important and sig-
nificant [6], because there is no other
area of folk art which was influenced
as much by technology in the stylisa-
tion form of its symbols as woven tex-

tiles. While analysing the ornamenta-
tion it is noted that ornaments con-
form to symmetry concepts, a perspec-
tive which has its origins in the scien-
tific investigation of crystals. The
English physicist H. J. Woods has pro-
posed a general system of notation
and classification of ornaments [7],
which was later improved by M. A.
Hann et al. [8,9]. This system covers
the ornaments that can be created by
all possible technology. It is expected
that woven ornaments also conform to
the general symmetry concepts, and
the general system of notation and
classification by Woods-Hann is
applicable for this kind of ornaments.
On the other hand, woven designs
have some specific limitations caused
by technology and the structure of the
woven fabric. Recent research gives
the main attention to the ornamenta-
tion of patterned fabrics from the
standpoint of technology as well as
fundamental geometric rules.

■■ Aim and Methods
■■ of Investigation
There are four structures of the woven
fabrics usually used for creation of the
patterned dobby fabrics - broche fig-
ured cloth, fabrics with extra warp
threads, fabrics with extra weft
threads, and block weave fabrics. The
aim of this investigation is the creation
of a computerised system designed for
all these types of woven fabric orna-
ments.

The research method chosen in this
work is based on the system approach
- the decomposition of ornamentation
into structural components, descrip-
tion by parameters, and evaluation of

interaction. In the mid-1930s, H.J.
Woods [7] published a number of
papers in which he proposed connect-
ing mathematical rules with the geo-
metrical structures of ornaments in
two dimensions. These rules are based
on four symmetry operations. Any
ornament can be created according to
these operations:
■ translation - the basic ornamentation

segment is repeated at regular inter-
vals and in any single direction,
when the same orientation of seg-
ment is retained;

■ rotation - the basic ornamentation
segment is repeated at regular angu-
lar intervals around an imaginary
fixed point called the centre of rota-
tion;

■ reflection - there is a mirror image of
the basic ornamental segment across
an imaginary line called the reflec-
tion axis;

■ glide-reflection - there is a combina-
tion of translation and reflection
operations in association with the
glide-reflection axis.

Woods’ classification and notation sys-
tem of ornamentation (later improved
by Hann [8,9]) divides all regularly
repeating ornaments into three class-
es: finite ornaments, monotranslation-
al ornaments and ditranslational orna-
ments. These three classes, depending
on the combination of symmetry oper-
ations and the lie of the centres and
axes of symmetry, are respectively sub-
divided into two, seven and seventeen
groups.

The notation of ornament consists of
four symbols that identify the con-
stituent symmetrical characteristics
associated with each symmetry group.
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Figure 1. Forming of the woven ornament: a - using translation operation, b, c - using reflection oper-
ation, d - using rotation operation, e - using glide-reflection operation, f - with centred cell of c1m1
symmetry group, g - with centred cell of c2mm symmetry group, h - using symmetry group with
four-fold rotation p4mm, i - using symmetry group with four-fold rotation p411.

Figure 2. Fragment of the main window of the program for creating the woven ornaments: a - part of
the window for the segment creation - design or choice from catalogue, b - view of the segment, c - ele-
ments for segment modification (for example, its rotation, horizontal reflection, and so on), d - one of
the main toolbars subservient to design monotranslation symmetry groups, e - the second of the main
toolbars subservient to design ditranslational symmetry groups, f - view of one ornaments' repeat in
the ornament field (the ornament designed can be presented as the ornament itself or in an expanded
form view), g - the view of the fabric, h - a button subordinated to create the weave plan of the broche-
type fabrics, i - creation of the weave plan for the fabrics with extra warp threads, j - button for the
fabrics with extra weft threads, k - button for block weave fabrics, l - a number of buttons subordi-
nated to the zoom operations.

The first symbol of monotranslational
motifs is common to all symmetry
groups (p). The second symbol defines
whether vertical reflection axes are
presented (m) or not (1). The third
symbol defines the features of the hor-
izontal axis: either it is not presented
(1) or it is presented; in the last case,
either reflection axis (m) or glide-
reflection axis (a) is presented. The
fourth symbol defines whether two-
fold rotation is presented (2) or not (1).
More explanation about the Woods-
Hann system is given in [7-9].

■■ The Application■■ of the Woods-Hann System■■ to Woven Ornaments
Some limitations exist in the creation
of fabric ornamentation when the
ornament is created in the weaving
process. Firstly, not all symmetry
groups of the Woods-Hann system can
be used. Only twelve of all seventeen
ditranslational symmetry groups can
be used for the description of woven
ornaments. Five remaining groups, in
which three-fold (p311, p3m1, p31m) or
six-fold (p611, p6mm) rotation is used,
cannot be used in this case because the
ornamental motifs of these groups
cannot be delineated rectangularly,
which is necessitate for the structure of
the fabric’s weave repeat.

The other limitations appear because
the position of axes or the centres of
symmetry operations in the basic seg-
ment of the woven ornament can be
laid between columns (rows) or on the
column (row) conditionally called as
threads. Limitations come into being
only when axes or centres are laid on
the threads. The limitations of every
symmetry operation are given below.

In the translation operation, the basic
segment is only repeated, so this sym-
metry operation has no limitation
(Figure 1a). In the reflection operation,
the basic segment is reflected across an
axis, and this axis can be laid either on
or between threads. This symmetry
operation can be used with any seg-
ment. If the reflection axis is laid
between threads, the last warp of the
segment is repeated (Figure 1b). If the
axis is laid on the thread, it divides this
thread in two parts, but a whole
thread is formed when the reflection
operation is accomplished (Figure 1c).

In the rotation operation, any segment
can be used too, if the centre of rota-
tion is laid conditionally between the
threads. Otherwise, when the centre is
laid on the thread (Figure 1d), this
thread must be symmetrical (marked
squares and blank squares must be laid
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Table 1. Examples of the Woods-Hann code, scheme, and new ornament presentation of some mono-
translational symmetry groups.

symmetrically). If the rotation is per-
formed on the symmetrical thread, the
half thread, formed in this operation
will supplement the leftover part of
the thread (these parts are equal) and
the whole thread is formed in this way.
But if the segment contravenes these
conditions, the rotation operation can-
not be used, because rotating the half
thread without the supplement of the
leftover thread part is impossible.

Glide-reflection, when the axis is laid
on the thread, is the next symmetry
operation limited by special conditions
(Figure 1e). Control of the thread on
which the glide-reflection axis is laid is
necessary. During this operation, the
segment is reflected and later translat-
ed by a certain step of the shift. In this
case the glide-reflection axis divides
the thread into two parts. It is thus
necessary to choose the step of transla-
tion which would ensure formation of
the whole parts of the ornament. The
algorithm of the translation step’s
establishment was proposed.

First of all, the number of the squares
of segment thread on which the glide-
reflection axis is laid is divided by each
natural number within the interval [2;
R/2] (R - the number of the thread’s
squares). Only whole numbers from
all quotients need be chosen and veri-
fied. The thread is divided into seg-
ments, whose lengths are equal to the
quotient. These segments have to be
equal to each other; their layout of
marked and blank squares has to be
identical. The verified quotient is
saved if it obeys the above-mentioned
conditions. If such quotients are not
found, the glide-reflection operation is
impossible for the same reason as the
rotation operation. The lowest number
(k) must be chosen from all the saved
quotients, and the shift of glide-reflec-
tion (or possible shifts of this transfor-
mation) can be found by this formula:

p=nk                     (1)
where:
p - step of the transformation,
n - the whole number from interval

[1; R/k - 1].

Thus, not every segment can be used
for glide-reflection operation if the axis
of this operation is laid on the tread. If
the chosen step of translation contra-
venes above-mentioned conditions,
the glide-reflection operation is impos-
sible. In Figure 1e, the glide-reflection
symmetry whose axis is laid on the
thread is shown. A glide-reflection
operation for this segment is possible,
and the translation’ step can only be 6.
There are no more limitations in the
projection of monotranslational orna-
ments.
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Table 2. Examples of the Woods-Hann code, scheme, and new ornament presentation of some ditrans-
lational symmetry groups.

The creation of ditranslational orna-
ments is limited by the same condi-
tions as that of monotranslational
ornaments, and has two extra condi-
tions. One condition is typical of two
symmetry groups which have central
cells; their formula’s first symbol is c
(c1m1, c2mm). In these ornamentation
groups, the motifs (cells) are laid in
centre order, that is to say, the central
axis of the first row’s motif checks with
outside axis of the second row’s motif,
and vice versa. For this reason, the con-
dition arises that all vertical or hori-
zontal axes must be the same (laid on
or between threads) (Figure 1f,g). The
vertical and horizontal axes of c2mm
symmetry group can be different. The
next condition is typical only for creat-
ing ornaments of symmetry groups in
which the four-fold rotation is used. In
these symmetry groups alone, the
basic segment must be an isosceles tri-
angle with a straight angle (p4mm)
(Figure 1h) or a square (p411 and p4gm)
(Figure 1i). Other symmetry groups
have rectangular segments. The choice
of position of the symmetry axes and
centres of rotation is important
because the form of the basic segments
cannot be changed; otherwise the
ornament designed belongs to another
symmetry group.

The present analysis is based on sepa-
rating the smallest basic segment of
ornament, determination and descrip-
tion symmetry operations carried out
forming the ornamentation, and on
further presentation of the ornament
by initial matrices. The method of
matrix multiplication is proposed for
the analysis and composition of the
woven ornaments. According to this
method, the ornaments were inter-
preted as 2D matrices, and the two
matrices of horizontal and vertical
transformation of the initial ornament
matrix were obtained. The matrix of
horizontal transformation of the orna-
ment is created by a method similar to
the threadling of the weave. The
matrix of vertical transformation is
also created in a similar manner. The
third matrix, named as the basic ele-
ment of the ornament, can then be cal-
culated as follows:

(2)
where:
BE - matrix of the basic element of the

ornament,
HT - matrix of the horizontal transfor-

mation order of the ornament,
VT - matrix of the vertical transforma-

tion order of the ornament,
O - matrix of the ornament.

So, all the motifs of patterned fabrics
can be decompounded into three ini-

( )TBE HT O VT= × ×
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Figure 3. Transition from the primary form of initial matrices to the squeezed form: a - ornament, b
- horizontal transformation order, c - vertical transformation order, d - primary basic element, e - hor-
izontal transformation order treated as if it is treadling, f - vertical transformation order treated as if
it is treadling, g - draft of forming the new basic element, h - new basic element.

Figure 4. The weave plan created by CAD designed for block weave fabric according to the ornament
from Figure 3.

tial elements - horizontal transforma-
tion order, vertical transformation
order, and basic element. If these initial
elements are known, the matrix of the
ornament can be calculated as follows:

(3)

The initial matrices can be shown in a
graphic form similar to that used for
the plan of the weave. This form
allows its use for technological needs,
i.e., for loom setting.

Tables 1 and 2 disclose the coherence
between the ornaments scheme by
Woods-Hann and the initial elements
of the proposed ornament. The black
elements of the ornament scheme cor-
respond with the black part of the
ornaments’ draw; the same occurs
again with light grey elements. The
dark grey elements in the ornament
scheme are those which have no corre-
sponding parts in the ornament. All
the reflection axes and the centre of
two-fold rotation are drawn in both
drawings by the same manner. Some
examples of the main ornament
groups are presented in matrix form in
the third column of these tables. Three
initial matrices - horizontal transfor-
mation order, vertical transformation
order, and basic element - enlarge the
ornament matrix.

The first ornament created by the code
p1m1 is presented in the first row of
Table 1. One can see that, due to the
presence of longitudinal reflection axis
in the ornament, the matrix of vertical
transformation order has the mirror
image across the horizontal axis, and
the matrix of the basic element fully
corresponds to the basic segment of
the ornament, rotated clockwise.

The ornament described by code p112
is presented in the second row of Table
1. The absence of the reflection axes
ensures that both matrices of the hori-
zontal and vertical transformation
order are simple diagonal matrices, but
due to the presence of the two-fold
rotational symmetry in the ornament,
an extra group of the matrix rows
appears in the matrix of the basic ele-
ment below the segment of the orna-
ment.

The ornament presented in the third
row of Table 1 (code pmm2) has both
transverse and longitudinal reflection
axes, and two-fold rotational symme-
try. Thus both matrices of horizontal
and vertical transformation order have
the mirror image across vertical and
horizontal axes respectively.

The last ornament of Table 1 is coded
as pma2. The presence of the trans-

( )TO VT BE HT= × ×
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verse reflection axis causes the appear-
ance of a mirror image in the matrix of
horizontal transformation order. It is
also necessary to stress that the pres-
ence of the longitudinal glide-reflec-
tion axis causes the appearance of the
extra rows in the matrix of the hori-
zontal transformation order. For this
reason the group of extra rows also
appears in the matrix of the basic ele-
ment. These extra rows of the basic ele-
ment contain the mirror image of the
main segment across the vertical axis.

Some main examples of ditranslational
symmetry groups of patterned woven
fabrics are presented in Table 2. The
simple motif coded as p1m1 merely has
a reflection axis perpendicular to the
vertical side of the unit cell, i.e., the
horizontal reflection axis. The presen-
tation elements in the matrix form are
created in the same way as those of the
ornament presented in the first row of
Table 1.

The more complex ornament is pre-
sented in the second row of Table 2
(code c2mm). In this case, both matrices
of the horizontal and vertical transfor-
mation order have a mirror image (due
to the presence of reflection axes) as
well as extra row groups (due to the
presence of glide-reflection). As ever,
the matrix of the basic element con-
tains the segment of the ornament (in
black) and an extra part below this seg-
ment, which in this case contains the
mirror image across the vertical axis of
the segment.

The ornament presented in the third
row (Table 2) has the code p4mm. In
this case the four-fold rotational sym-
metry of the ornament is new. Due to
this symmetry, the matrix of the basic
element contains the main segment of
the ornament and its mirror image
across the diagonal reflection axis.

Three initial matrices - horizontal
transformation order, vertical transfor-
mation order and basic element - can
present the ornament's matrix. They
are shown in graphic form similar to
that used for the plan of the weave.
This form allows its use for technolog-
ical needs, i.e., for loom setting. It is
quite clear that this method can be
used as a basis for developing the soft-
ware for the CAD of patterned woven
textiles.

■■ Computerised Creation■■ of Woven Ornaments
The creation of this program was
based on the Woods-Hann classifica-
tion and notation system of ornaments
and original investigation presented

above. This program is especially
designed for woven ornaments. The
main window of the program is shown
in Figure 2.

As shown in Figure 2, the ornament
can be presented in expanded form
containing all the initial matrices as
well as just the ornament itself. The
ornament of the patterned fabrics usu-
ally is produced with a dobby shed-
ding system (including a hand loom
dobby). For this reason, the ornament
is treated as if the weave and the
matrices of threadling and treadling
have been created. Thus, the expand-
ed form (Figure 3a,b,c) must be
redrafted to the new compact form,
eliminating the rows which represent
the repeating columns of drafting and
the columns which represent the
repeating rows of the treadling (Figure
3e,f). The new basic element must be
redrafted eliminating the rows which
represent the repeating columns of
treadling and the columns which rep-
resent the repeating rows of treadling
(Figure 1g, grey marks).

This new way of presentating the
ornament (Figure 3a,e,f,h) can be used
for a technological purpose, namely
for the loom setting. The weave plan
(Figure 4) can be created according to
the structure of the fabric it is designed
to produce (broche figured cloth, with
extra warp threads, with extra weft
threads, and block weave fabric). It is
possible to obtain either a lifting plan
(Figure 4) or treadling (if it will use the
handloom).

So, with just the basic segment and the
Woods-Hann code, the ornament itself
and all the elements necessary to
weave it - the drawing-in draft, and
either, the lifting plan or treadling (if it
will use the handloom) - can be drawn
up using the CAD designed.

■■ Conclusions
This paper presents an adaptation of
the Woods-Hann classification and
ornament construction system to pat-
terned woven fabrics. It was consid-
ered that woven ornaments conform
to the general symmetry concepts of
the Woods-Hann system, and that it is
generally applicable to this kind of
ornament. It was determined that only
twelve of the seventeen ditranslational
symmetry groups can be used for the
description of woven fabric ornamen-
tation. There are few limitations in the
creation of the woven fabrics: if the
centre of rotation or the axis of glide-
reflection is laid between columns
(rows) or on the column (row), condi-
tionally called threads, the sequence of

marked and blank squares of this
thread must fulfil certain conditions
described in this article; uniform axes
(vertical or horizontal) of the orna-
ment with a centred cell must be laid
similarly, either on the tread or
between threads; any segment of spe-
cific form must be used for the creation
of ornaments with four-fold rotation: a
square for p411 and p4gm symmetry
groups, and an isosceles triangle with
straight angle for p4mm symmetry
group. To use the method designed,
the multiplication method of matrices
is proposed. Every ornament of pat-
terned fabric has its order of horizontal
and vertical transformations as well as
the basic element. These parts of the
presentation of an ornament are in
exactly defined relations with the geo-
metrical structures of ornaments in
two dimensions as proposed by
Woods-Hann. For technological pur-
poses the compact form of ornament
presentation can be used. The comput-
er program designed allows the cre-
ation of the ornament from an initial
segment using any symmetry opera-
tion of the Woods-Hann system possi-
ble for woven ornaments to see the
view of the fabric made by this orna-
ment, and to come from the ornament
to the loom setting.
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