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ABSTRACT 
 

Digitalisation technology has created a novel environment for Jacquard textiles in which 

computerised weaving technology and digital Jacquard CAD system make the design 

process convenient and time for fabrication efficient. The warps in an automatic weaving 

loom are hired in continuous styles and consist thousands of yarns. Since each of them 

is hooked up in an individual heddle, replacing them every time is nearly impossible. 

Although weft yarns are flexible to change, applicable yarn numbers are substantially 

limited.  

 

Diverse textile designs are now possible to be realised in woven Jacquard forms by 

utilising digitalisation technology. Yet, with limited yarns, the production of highly 

refined designs with a great number of colours remains difficult. Creation and 

reproduction of Jacquard fabrics of picturesque designs rely on both colour patterns and 

weave structures. Since Jacquard colour creation is based on optical colour mixing, the 

conditions of thread colour surrounding and interlacement distribution are explored 

through compound structure forms to achieve refined colour representation and to 

maintain structural balance. Numerous derivatives of weaves are created based on basic 

weave forms: plan, twill, satin and sateen weave. In order to achieve natural colour 

presentation, the forms of shaded weaves are designated to realise continuous tones of 

colour shades. In Jacquard textiles, the colour systems involve the aspects of rendering 

colour patterns as well as assorting a filling yarn group. The classification of the primary 

colour alignment of colour systems is crucial in assigning individual figuring threads to 

floats in defined regions to emulate the projected colours. The additive and subtractive 
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colour models used to reproduce colours are thus examined to expand weave colour 

gamut through juxtaposing the primary coloured yarn groups. 

 

Jacquard textiles have been extended their application into a wide range of home 

furnishings and ornamentations. Yet many complicated designs are still being confined 

to but design concepts since intricate weave structure formations and unique features of 

colour realisation are still practical barriers in realising more complicated designs. It is 

where innovative design concepts are introduced in this study to expand the technical 

knowledge of the weave structure and pattern optimisation. Using the principle of 

establishing shaded weave structures, a new silhouette of shaded weaves is introduced. 

These structure formations are possible not only to generate gradual colour deviations, 

but also to render a distinctive textural effect on the surface of Jacquard fabrics. In 

addition, by applying a blurring effect in digitised colour patterns, ‘watercolour’ effect 

which is originally formed when pigments defuse into each other can now be realised in 

woven fabrics.  

 

This study explored, examined, evaluated and identified the conditions of weave 

structures and colour systems for optimal colour representation of full-coloured designs 

with which new design concepts in Jacquard textiles are introduced. Designs previously 

considered difficult to be realised in Jacquard textiles are made possible in this study, 

which in turn has greatly expanded the creative scope, dimension and applications of 

Jacquard textiles. 
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“Screening” is developed from stencilling of which print paste is forced through the 

unblocked parts of a screen. When screening technique is applied to digital colour 

printing, electronic dot generators are used to receive continuous tones of dots to make 

colour printing possible (Campbell, 2000). In this research, the effect was applied with 

defined function when a pair of CMYK layers were merged to segment the significant 

colour regions for weave colour reproduction. 
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CHAPTER 1 

INTROUCTION 

 

1.1 Research Background 

Woven Jacquard fabrics have long been associated with high artistic values. Delicate 

skills are required to achieve the finest colour expression and deliver the most elaborate 

motifs (Watt & Wardwell, 1997) by interlacing at least two sets of yarns, the warp and 

the weft, at right angles to each other (Robinson & Marks, 1973). A diversity of structure 

formations and patterning methods are considered imperative factors in the variability 

of woven fabrics (Cheng, 1992). The colours of an original image are emulated by 

juxtaposing pre-dyed threads and either exhibiting or concealing yarn colours through 

weave patterns and structure designs. The size of a handloom indicates the capability of 

intricate levels of a design image, and weaving preparations are also done manually 

(Ishida, 1994) and thus the production is often highly laborious and challenging. 

 

The development of Jacquard textiles has benefitted from modern technologies. As 

computerised weaving technology is applied, design and production of Jacquard textiles 

are convenient and efficient these days. Computer-aided design (CAD) systems make 

weave structure and pattern design easy to apply through digitalisation. Modern 

electronic weaving looms operate with individual warp movement while the warp is 

hooked up to an individual heddle. In fact, increasingly sophisticated designs are made 

possible when the warp consists of over thousand yarns with highly flexible movement. 
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In contrast, ornamental Jacquard figuring is in decline as its harness needs frequent re-

tying or modifying to match against individual designs. While the limited supply of weft 

yarn deters the generation of many weave colours, the process of replacing a harness is 

costly and time-consuming (Watson & Grosicki, 1997). Therefore, production of highly 

refined design patterns with a great number of colours is still difficult in woven Jacquard 

forms. 

 

The creation and reproduction of picturesque designs in Jacquard fabrics rely on weave 

patterns and weave structures. There have been numerous studies succeeded in 

expanding and improving the capability of weave colour reproduction against a multi-

coloured design image. In a prior study (Zhou, 2008), a large number of weave colours 

were created with a shaded weave structure formation in alignment with colour printing 

principles. A ‘full-colour compound structure’ and a ‘layered-combination mode’ were 

introduced as the core principle of generating smooth colour gradation and shades. 

However, as weave colours are created by juxtaposing pre-coloured threads, weave 

colour reproduction requires a principle which is entirely different from the one that 

runs on subtractive colour systems. Therefore, current deficiency and limitation demand 

for further improvement to enhance the capability of a wider range of colour gamut. As 

a result, artworks previously considered difficult in woven Jacquard became conceivable 

and are of high commercial values to meet market demands. In addition, since weave 

structure design and weave colour realisation are barriers to design variety, technical 

resolutions are devised to enable creation of various novel Jacquard effects. To this end, 

weave structures and colour systems are examined in this study to optimise fuller and 
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more accurate colour representation through which new design concepts of Jacquard 

textiles are explored and introduced. 

 

1.2 Research Aim and Objectives 

This research aimed to inspect the features of structural weave design of Jacquard 

textiles so as to realise full-colour effects through an optimisation of a unique colour-

mixing theory for Jacquard fabrics in simulative and innovative creations. An 

investigation of weave structure and pattern design was explored to identify an optimal 

conditions for weave colour reproduction and to introduce various novel design effects. 

Initial references were made to full-colour compound structures and layered-

combination modes, and in particular, its achievement in generating smooth gradual 

colour change in weaving structures (Zhou, 2008). Since the full-colour compound 

structure originates from satin and sateen of shaded weaves, these principles of weave 

structures were practised and evaluated for optimisation of weave structure conditions 

in this study. 

 

The colour system was established by different colour theories with different groups of 

primary colours. The realisable colour gamut is wide-ranging and different varieties of 

colour systems were proposed to cope with diverse circumstances. In each colour system, 

primary colours are defined as 1) the ‘first’ or ‘principle’ colours, 2) colours which cannot 

be achieved by mixing other colours and 3) those that are used to produce secondary 

colours (Sidaway, 2002). The advanced digital technology offers a great number of 

colours with their primary groups. Yet, for Jacquard fabrication, the number of colours 
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of an image to be realised by custom-dyed colour yarns is very limited. In order to realise 

a picturesque image, primary colours have been used to replace the custom-dyed ones 

by which a much wider range of colour impressions can be created and simulated. 

 

In this study, additive and subtractive colour-mixing theories were examined in terms 

of colour pattern rendering. Classification of primary colour arrangement of individual 

colour systems was important to define the regions of primary colour groups used in an 

original design image. Based on pattern rendering, figuring thread colours are placed in 

defined regions according to respective colour-based weave patterns. Therefore, colour 

systems were examined for its adequacy for improving weave colour reproduction. 

 

Colour theories and weave structures were explored to develop and identify premier 

conditions for the research goals of this study. The objectives of this study are: 

 

1) To identify and design optimal structure format which enables realisation of full-

coloured designs via deployment of Jacquard weaving and digitalisation 

technologies; 

 

2) To expand a wide-ranging colour gamut by employing primary colour groups with 

multi-weft figuring method; 

 

3) To identify an optimal primary colour group which can cover a wider colour gamut 

range with a smaller number of weft and warp colours; 
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4) To propose an optimal colour mixing principle of pre-dyed threads using compound 

weave structures; 

 

5) To generate and present faithful presentation of colours by optimising digitalised 

weave patterns; and 

 

6) To realise designs previously deemed difficult and to create new and Jacquard 

textiles. 

 

1.3 Project Significance and Values 

Weaving is one of the oldest textile crafts which has been developed in many categories 

of usages (Watt, 1997). The values of Jacquard textiles have been highly recognised as 

the woven formation can deliver highly qualified craftsmanship (Duits, 2008). 

Nowadays, the application of Jacquard textiles has been widely extended but is still 

confined to limited colourful images and designs due to their intricate structure. In 

addition, the infinite colour mixing effects make practical reproduction of complicated 

colourful images highly challenging due to complexity in weaving reproduction. In 

order to realise a wider range of colourful images in Jacquard textiles, reinterpretation 

of the structure and colour system of Jacquard textiles is needed with the help of modern 

technologies. 

 

Prior research work provided a useful foundation for further development in improving 

Jacquard textile design and creation. Full comprehension of the prior technical 
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advancement and usages was crucial to the initiation of new exploration and 

experimentations in this study. New factors were explored for the optimal condition for 

creation multi-coloured Jacquard textiles.  

 

This research development was expected to offer a new dimension to Jacquard textiles 

and would enhance the industrial reproduction. The values of this study include: 

 

1) Identification of an optimal colour system and theory for Jacquard textiles; 

 

2) Classification of a desirable primary colour group through which the gamut of 

Jacquard weaving is expanded; 

 

3) Invention of an optimally shaded structure and systemising colour regularisation 

for full colour presentation; 

 

4) Assignment of high flexibility and accuracy in pattern rendering; 

 

5) Expansion of the gamut of weave colour in analysis of colour compositions of 

design images; and 

 

6) Proposition for new design concepts of Jacquard textiles. 
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1.4 Research Methodology 

Theories of weave structure designs and colour systems were reviewed to comprehend 

the current development of Jacquard textiles for multi-coloured design images. Both 

weave structures and patterns are closely related in weave colour reproduction and 

therefore understanding of their mutual interference is crucial to further development. 

As this research is inspired by full-colour compound structure and layered-combination 

mode, the principles of the two fields were explored and evaluated based on practice-

led research. 

 

As the current technical features have limitations and deficiencies, diverse applications 

driven by the results of this practical research were employed to solve the current 

difficulties. It was essential to visualise the applied theories and verify the new 

executions and benefits of the applications.  

 

To improve weave colour reproduction, the optimised conditions were classified to fulfil 

full-coloured image recreation in woven forms. The new design concepts were further 

explored. Based on the interrelationship between weave structure and pattern, the new 

aspects were applied and examined to produce novel effects and add variety to Jacquard 

design. 
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1.5 Organisation of Thesis 

Chapter 1 introduces a general outline of this research, including research background, 

aim and objectives. The significance of the study is presented with our research 

methodology. The organisation of this thesis is also included. 

 

Chapter 2 reviews the historical and technical development of Jacquard textiles. As 

digital technology reconstructs Jacquard textiles, computer-aided design systems and 

electronic weaving machines that provide a direct impact on design and production 

processes are studied and described. In addition, relevant colour systems are introduced. 

 

Chapter 3 presents the applied theories of weave structures and colour systems which 

are considered crucial to this research. Previous research works and developments are 

examined for their core foundations for multi-colour reproduction. As theoretical 

research is a primary and initial step in practical research, relevant principles and 

theories are studied for specific outlines of the practical research. 

 

Chapter 4 explains the progress and results of the practical research. The full-colour 

compound structure and layered-combination mode are tested under a subtractive 

colour model to identify the current development of colourful image reproduction. 

Furthermore, new applications are introduced and identified to include new elements 

and factors relevant to multi-colour reproduction.  
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Chapter 5 introduces diverse applications of rendering optimal weave patterns for 

multiple-colour reproduction. The development processes and practical testes are 

explained in detail based on empirical evidence.  

 

Chapter 6 presents an exploration of the new design concepts of Jacquard textiles. The 

new texture of shades and watercolour effects are introduced with detailed technical 

features. 

 

Chapter 7 summarises the major findings and developments of this research. The 

remaining difficulties are pinpointed and recommendations are suggested for further 

research. 

 

 

9 
 



                                                        Chapter 2 Literature Review 

CHAPTER 2 

LITERATURE REVIEW 

 

2.1 Introduction 

While the craft of weaving has advanced over the years through modern technologies, 

Jacquard weaving stays the same way of which ends and picks are interweaved. Yet, the 

advent of digitalisation has provided a brand-new approach to patterning and 

structuring processes. In this study, the traditional ways of Jacquard weaving were 

reviewed for comprehension of its core principle. The modern techniques of textile 

weaving were studied too. In addition, colour systems particularly built for reproduction 

were reviewed to identify their relevance to Jacquard colour creation. 

 

2.2 Jacquard Textile Background 

Tapestry and brocade are the traditional initiatives of Jacquard fabrics, both of which 

feature prominently in decorative and symbolic contexts and are made in expensive 

materials such as silk and gold (Duits, 2008). The transition of fabric structure started 

with three basic weaves, namely plain, twill and satin. However, simple weave groups 

are various and intricate and can combine and modify to create artistic values for 

possible development of weave structure in modern practice (Cheng, 1992; Ishida, 1994). 
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2.2.1 Chinese tapestry and brocade 

Brocade is an exquisite type of figured woven cloth made of coloured silk. The refined 

weaving technique dates back to the Zhou Dynasty (1046-256 BC). Its structures and 

motifs have since diversified and become increasingly complex. Basic brocade is made 

up of simple warp-backed weaves and warp-faced figures with two warp groups and 

one pick group interweaved. The two warp arrangements are used as ground ends or 

figuring ends when one weft set is applied to both ground and figures (Cheng, 1992). 

Picks or ends are interlaced in an irregular order and threads are composed of more than 

three colours (McIntyre & Daniels, 1955). The ground generally consists of basic weaves 

to maintain fabric firmness (Cheng, 1992).  

 

In the Song Dynasty (960-1279), brocade was famous for its rich colour and gradational 

appearance. The weaving technique denies sharp contrast and generates a natural 

appearance with similar shades by superimposing a series of pre-dyed threads with 

consistent alternations of thread lengths. For example, a flower motif is composed of 

twenty different colours in a gradient manner by rotating five thread colours. The 

resultant appearance is called ‘live-colour mode’ and its artistic woven patterns are 

beautiful and not chaotic (Cheng, 1992). 

 

Tapestry is also woven in silk and gold, known as kesi. Some tapestry fabrics are figured 

in a similar fashion to brocade in terms of arrangement of thread floating (McIntyre, 

1955). From the eleventh to the fourteenth century, tapestry bore a close resemblance to 
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Chinese brocade. Yet, the emergence of kesi triggered a new concept of simulating or 

even recreating paintings in woven form. This attempt was unique and uncommon then. 

In the Southern Song (1127–1279), tapestry was distinguished for its fineness in colour 

expression. The delicacy of colour shades was achieved by gradation, with tones of 

colours transitioning from one to another without any significant visible alteration. 

Therefore, tapestry weaving is described as kesi painting with the virtual absence of 

eccentric weaving features and the smoothness of cloth (Watt, 1997). Figure 2-1 shows 

one of those silk tapestries made in ancient China.  

 

 

Figure 2-1  Imperial silk tapestry (Kesi) (Art Gallery of G. V., 2012) 
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The techniques originating in the Southern Song have since transformed and developed 

to meet different requirements at different times. The artistic values of Chinese brocade 

and tapestry are eulogised by their delicate craftsmanship and exclusive material use 

(Watt, 1997).  

 

2.2.2 Western tapestry 

Tapestry is often used to describe historical events and stories in the western world. The 

storytelling was usually biased towards gallantry and social engagement (Viale Ferrero, 

1984). Silk, cotton, linen and wool are often used for western tapestry weaving (Lennard 

& Hayward, 2006). In the early days, the pre-dyed weft threads were passed backwards 

and forwards alternately according to the movements of the two warp series. The warp 

threads were entirely covered by pick colours, while the fine warp and weft integrated 

to bring out delicate colours and motifs on the cloth surface (Lennard, 2006; McIntyre, 

1955). 

 

Tapestry reached its production peak over the period from the fifteenth through the 

eighteenth century in Western Europe. From the mid 14th century onwards, tapestry 

weaving has grown more complex with delicate images in a furnishing context (Viale 

Ferrero, 1984). There are various weave structures in which two or more warp and weft 

threads of different materials are used (McIntyre, 1955). Figure 2-2 shows a western 

tapestry of the fifteenth century with a distinctively shaped silk surface without any 

weaving feature. 
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Figure 2-2  Western tapestry of the 15th century (Lennard, 2006) 

 

By the end of the eighteenth century, tapestry workshops could not adapt and react to 

the then emerging cultural changes and popular tastes (Viale Ferrero, 1984). The 

industry of tapestry gradually declined as the demand was inevitably dwindling. 

Having said that, traditional weaving has been passed down and is still being practiced 

today, for creating highly elaborate fabrics in particular. 

 

2.2.3 Development of Jacquard machinery  

Weaving tools were invented for the purpose of creating tension in weaving. The warp 

is stretched and tied while the weft is moving over or under the warp to form fabrics 

(Thorpe & Larsen, 1967). The weaving technique in its early form with a primitive loom 

was mainly comprised of three main processes, namely shedding, weft-insertion and 

battening (Marks & Robinson, 1976).  
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Figuring is basically done with a back-strap loom. The warp is regularly spaced and 

divided into two layers using a stick to make an upper or lower layer. The heald is made 

of two U-shaped wood sticks and lifting cords. The shedding operates alternately for 

ground and figuring weave. Design patterns are shaped symmetrically. The weaving 

process might look simple, but the principle of the back-strap loom actually 

encompasses all the basics of modern Jacquard loom (Cheng, 1992). 

 

The technological plane is improved by increasing the number of warp threads. As many 

warp movements are required to form intricate weave patterns, the dobby loom was 

invented with multiple heald frames (Thorpe, 1967). The loom is described as a simpler 

version of the Jacquard loom as it is not as efficient when it comes to weaving Jacquard 

fabrics, which are known for their large number of warp yarns (Ishida, 1994; Mclntyre, 

1995). 

 

The principle of Jacquard fabrication can be found in the ‘draw-loom’. The loom is 

believed to have been firstly used in the East, although it was also used in Europe for 

silk weaving (Ishida, 1994). Its string heald enabled a large number of warp threads and 

contained a variety of weft cycle indices. It was usually manned by a weaver and little 

boys as shown in Figure 2-3. While a weaver applied colours to weft threads with 

shuttles, the boys on top of the loom pulled each harness to weave patterns (The draw 

boy, 2006). This manner of operation brought out perfection and thus, large-size figuring 

patterns became possible; however, it was labour-intensive (Cheng, 1992). 
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Figure 2-3  Chinese draw-loom (Ishada, 1994) 

 

In 1725, the Jacquard loom was made in France by Basile Bouchon (1815-1894). The 

weaving loom was mechanised by perforated papers or cards and thus considered a 

significant step in automation. Many labourers were replaced by rolling papers for 

higher production efficiency and fewer manual errors in warp lifting. Two decades later 

in 1745, Jacque de Vancanson introduced a new version by placing a card device on top 

of the loom as a head-motion. In 1981, Joseph Marie Jacquard attached each warp yarn 

to an individual heddle and used square cylinders to rotate pattern cards and presented 

new cards for consistent needle movement (Essinger, 2004; Ishda, 1994). 

 

2.3 Development of Weaving Principle 

The simple weave structures (i.e., plain, twill and satin) can create numerous derivatives 

by combining and transforming the single weave layout. Through combining structures, 

picturesque images are recreated in Jacquard form by means of juxtaposing coloured 
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yarns. Therefore, the design of weave structure is important to attain wide-ranging 

colour presentation. When designing weave structures and patterns, the direction of 

figuring threads matters as the warp and weft figuring methods have different principles 

for weaving and patterning. Therefore, figuring directions and patterning methods were 

reviewed to understand the current adoption of the principle. 

 

2.3.1 Traditional weaving principle from warp-face to weft-face 

Extra thread figuring invites more than one series of pre-dyed threads in the warp or 

weft direction such as ‘figuring’ or ‘face’ yarns for ornamental purposes (Watson, 1977). 

According to production conditions and devices, the directions for hiring 

supplementary threads can be proposed in both longitudinal and transverse sides.  

 

 

Figure 2-4  Different colour presentations in warp and weft figuring methods 
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Figure 2-4 shows different principles of warp and weft figuring colour presentation. It 

can be seen that a 1/1 plain weave structure is hired and repeated when the warp and 

weft figuring methods require a different order of weaving and patterning. 

 

As weaving techniques were developed for production efficiency and convenience 

(Aldrich, 1994), figuring has changed from warp-face to weft-face as a big warp count 

would be too complicated to re-tie warp threads or re-organise healds for reproducing 

image designs. As a result, the patterning principle has also changed from warp-based 

to weft-based. This conversion is considered a prominent step in promoting the 

flexibility of yarn supply for richly-coloured design production (Marks, 1976; Cheng, 

1992). 

 

2.3.2 Digital weaving principle in multi-weft figuring method 

Today, electronic Jacquard machines are also weft-pattering as they generally utilise a 

continuous style for the warp. The colours of an original artwork are reproduced with a 

small number of weft yarn colours. This method is called ‘multi-weft figuring’, with 

which modern Jacquard weaving is enabled to contribute to colourful fabrication.  

 

2.4 Computerised Weaving Technology in Jacquard Textiles 

Since digital technology and electronic Jacquard machinery are directly involved in 

design and production, their impacts and deficiencies were studied to define the current 

applications of multi-coloured weaving. 
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2.4.1 Development of Computer-aided-design 

The Computer-aided design (CAD) system was first developed for production, and later 

was employed in the technical aspects of design. The need of automating design 

processes was identified as early as the 1970’s (Bozdoc, 2003) when industrialisation had 

changed the market drastically. Yet, textile designs then were still done with hand 

drawings on paper. The manual processes of textile design were found inefficient and 

technical support became vital to reduce production lead-time. 

 

The first Auto CAD worked on a Windows platform with 36 icon tools and needed 8 MB 

random access memory (RAM) for installation (Bozdoc, 2003). The CAD system has 

since become crucial to manufacturing and designing procedures. Since the late 1980s, 

the rapid progress of the system has been made by great demands of designers and many 

associated businesses (Gray, 1998). As different fields of textiles have their respective 

preferences, there are many types of CAD programme available with their 

implementation becoming easier and faster. 

 

2.4.1.1 Jacquard pattern design using CAD system 

A diversity of CAD platforms and systems on computers are utilised by designers to 

gain easy access to a variety of useful design tools. Although artworks are mostly 

presented on paper, they can be easily digitalised by scanners, cameras and the ilk. In 

digital technology, colours are shown in their respective values, while individual colour 

systems offer RGB (red, green and blue), HVS (hue, value and saturation) and the 

CIELab colour model.  
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Figure 2-5  Jacquard pattern and weave structure response (Arahne, Slovenia) 

 

Therefore, once an image is loaded as a weave pattern, many Jacquard CAD systems can 

automatically recognise the used colours of an image and categorise them in a palette 

format, which enables application of weave structures based on colour recognition. 

Figure 2-5 shows an image-based weave pattern and the application of weave structures. 

 

As different systems or models have their own principles, colours can be defined by 

various ways of classification. Since colour structure information can be used as a 

standard to align with weave structures, the selection of colour systems or models can 

have a significant influence on weave colour creation. 
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2.4.1.2 Jacquard structure design with CAD system 

One of the most significant conveniences provided by the Jacquard CAD system is 

automatic structure combination. The traditional means of paper work from weave 

patterning to structure design required a considerable amount of ingenuity and labour 

as the process was truly complex. Figure 2-6 shows an example of weave structure 

combination in which three weaves comprise different types and sizes of a weave repeat. 

In combination, the two weaves (1/1 plain and 1/3 twill) repeat their initial sizes until 

they meet a common weave repeat, which is defined as a common multiple. The process 

places them in a complete weave repeat called ‘LCM’ (lest common modification) and 

1/1 plain and 1/3 twill are repeated 4 and 2 times respectively to align with the 8-thread 

satin.  

 

 

Figure 2-6  Example of weave combination 

 

21 
 



                                                        Chapter 2 Literature Review 

As many factors, such as weaving size, thread insert sequence and placing interlacement, 

are involved, weave structure combination is labour-intensive and time-consuming. 

However, the process can now be automatically completed by the CAD system once 

weave data are given to the system. 

 

Different work flows between CAD systems and manual work of Jacquard weave 

structure and pattern design processes are shown in Figure 2-7. Compared with manual 

work, CAD processes are considerably more convenient with digitalisation. As digital 

Jacquard allows weave pattern and structure design, various methods can be applied 

with easy accessibility. 

 

 

Figure 2-7  Design processes by manual work and CAD system 

 

Traditionally, production of physical samples was essential to provide a clear standard 

and to facilitate communication between designers and manufacturers. Yet, the 

sampling procedure is often of considerable workload and is expensive. Nowadays, 

many Jacquard CAD systems provide efficient 2D or 3D simulation for inspecting results 

of weaving data responses, which makes possible confirmation and correction of 

parameters prior to actual production. 
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A great number of design tools of CAD systems are on offer with easy access to various 

weave databases, which allows building weave structure databases and saving a 

substantial amount of time. Once a weave structure design is completed, weaving cards 

are created in electronic form and transferred to electronic weaving machine, when the 

warp and the weft are controlled according to electronic card data (Aldrich, 1994).  

 

2.4.2 Jacquard production using electronic weave machines 

Jacquard weaving serves to solve many problems, such as Jacquard harness cord 

obliquity, harness constancy, machine trembling and difficult lubrication. The high speed 

of operation results from the combination of electronic control and transmission of lifting 

motion (Ormerod, 1995). The lifting elements of shedding mechanisms can be divided 

into two groups, namely single-lift and double-lift systems. 

 

 

Figure 2-8  Two different shedding mechanisms (Marks, 1976) 
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The single-lift system (Figure 2-8) was first developed. As the single cylinder 

reciprocates and turns, the griffe has to rise and fall every time a pick is thrown. In 

contrast, each end of the double-lift machine is threaded by an individual hardness cord 

and controlled by two needles and two hooks. As it has two cylinders, each can produce 

an odd or even number of cards and the full double-acting elevates production efficiency 

considerably. Therefore, double-lifting and double-cylinder are widely used for 

Jacquard fabrication (Ormerod, 1995; Ishida, 1994; Marks, 1976). 

 

After the introduction of electronic control, hook movement is controlled by electronic 

signals generated by a computer. Shedding motion is electronically mechanised and 

highly compact. Figure 2-9 shows that the operation of double-rollers is controlled by 

electronic magnets. 

 

 

Figure 2-9  Hook-selection system in electronic control (Stäubli CX860) 
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As double rollers (a) move the hook (b) to the upper-most position, the ratchet (d) moves 

against the electronic magnet (h). When the opposite-side hook (c) is in a lower position, 

the ratchet (e) releases the hook (c). The hooks (b) and (c) follow the knives of (g) and (f) 

as they are weighted. The electromagnets are activated according to the given electronic 

weave pattern data (Ishida, 1994; Marks, 1976). 

 

The electronic Jacquard machine can also be used for high-speed shuttleless looms to 

support mechanism development and its accessories. This combination allows Jacquard 

fabric production at high speed in the face of market demand (Seyam 2004; Mathur, 2007). 

 

The warp number suggests capability of production. At the same time, it also signifies 

the current technical support and the ability of electronic weaving machines for mass-

production. Advanced electronic Jacquard machines today (e.g., LX 1602/LX 3202 of 

Stäubli Company) embody from 1,408 to 24,576 hooks with JC 6 controllers (Stäubli, 

2012). However, the application of warp preparation is relatively infrequent because it is 

expensive, labour-intensive and time-consuming (Melling, 1975; Ormerod, 1995). 

Therefore, a continuous style of warp setting is utilised in many Jacquard weaving plants 

and remains a major obstacle to multiple-colour image reproduction. 

 

To keep up with market changes, the latest electronic weaving looms are designed to 

pursue high efficiency in manufacturing. Through international expositions such as 

International Textile Machine Association (ITMA), the textile industry plays an 
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important role in exchanging information, introducing advanced techniques and 

motivating further developments (Seyam, 2004). 

 

2.5 Colour Systems for Colour Reproduction 

Colour results from the interaction of a light source, an object, the eyes and the brain; or 

the so-called visual system (Bern, Billmeyer & Salzman, 2000). Lustre and colours are 

physical phenomena while observation of colours is purely subjective (Watson & 

Grosicki, 1975). The complex nature of colour perception is intervened in observers 

catching the sight of interaction between light and the surface of objects.  

 

Many colour systems define colour structure with numerical values in a three-

dimensional model. Since hue, saturation and brightness are used as physical 

parameters to describe colour variations (Zelanski & Fisher, 1999), they are also used to 

define colour structure. However, when colour reproduction is considered through a 

number of output devices, they would be different from each other. As colour display is 

dominated by additive, subtractive or optical colour mixing (Mathur, 2007), the core 

principle of colour reproduction is to identify the common and crucial criteria pertinent 

to Jacquard colour creation. 

 

2.5.1 Additive colour mixing 

The RGB system is a mixture of visible coloured lights resulting from three primary 

colours: red, green and blue. The additive model uses varying intensities of light to 
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reproduce colours and has the largest gamut of output models (Kendra, 2004). The light 

mixing is displayed though electronic devices, such as computer monitors, digital 

cameras and scanners.  

 

 

Figure 2-10  Additive colour mixing (Bern, 2000) 

 

When the three primaries are mixed at their minimum, the result is black; and when they 

are mixed at their maximum, the result is white. Theoretically, cyan, magenta and yellow 

are secondary colours resulting from pairwise combination (Bern, 2000). Figure 2-10 

shows the principle of additive colour mixing. 

 

2.5.2 Subtractive colour mixing 

CMYK colour are ‘process-colours’ of which a range of printable colours resulted by 

mixing varying percentages of ink. The regions with more than two colorants share 

designated second or third colour generation when they are overlapped and mixed in 

subtractive processes (Lau & Arce, 2008). Computed CMY layers are rendered on a 
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subtractive one-colour array of red, green and blue. By mixing the coupled CMY layers, 

secondary colours are theoretically produced (i.e., cyan + magenta = blue, cyan + yellow 

= green, magenta + yellow = red) and black is produced when all CMY primaries are 

mixed (Berns, 2000). Figure 2-11 shows the principle of CMYK colour mixing.  

 

 

Figure 2-11  Subtractive colour mixing (Bern, 2000) 

 

Compared with RGB, CMYK has a relatively small colour gamut and has difficulty in 

reproducing bright reds, greens and blues. It has been suggested for CMYK to include 

extra colours which cannot be produced by dithering or mixing cyan, magenta and 

yellow in order to expand their colour ranges (Xin, 2006). 

 

2.5.3 Optical colour mixing 

Optical colour mixing is described as partitive as its effect can be generated in either 

additive or subtractive colour phenomena (Mathur, 2007). The physical colour 

perception coincides with juxtaposed pre-coloured materials and the eyes of the viewer 

blend individual portions of colours to create the colour mixture effect at a distance. The 
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optical colour effect is also similar to that of the painting technique called Pointillism 

when a single colour is awarded of adjacent colours and every colour used is affected by 

what is next to it (Seo & Yoon, 2010). 

 

Likewise, the creation of weave colour follows the manner of optical colour mixing 

(Zhou, 2008). The coloured warp and weft yarns are interwoven but, their original 

features do not change through weaving. Individual thread colours are placed next to 

one another and the mixing effect is achieved. The woven colours are generated by 

complex phenomena dependent on the way the coloured warps and wefts are 

interweaved or exhibited. Figure 2-12 shows an example of weave colours produced by 

horizontal-wise thread floats with varied lengths.  

 

 

Figure 2-12  Colour creation via applying different lengths of thread floats     
(Zhou, 2008) 

 

2.6 Summary 

Jacquard mainly deals with high-quality textile decoration. Likewise, tapestry and 

brocade are accomplished with delicate craftsmanship of expensive materials, with 

distinctiveness lying in their exclusively natural colour presentation.  

 

Today, the advanced weaving technology has diversified the application of Jacquard 
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textiles, while the technical features of modern Jacquard looms are gaining wider 

recognition and comprehension. 

 

The weave structures and patterns are designed and created in a digital space by which 

novel environments are brought to Jacquard textiles. Great convenience and efficiency 

are received from the assistance of Jacquard CAD systems and therefore, the principles 

applied when building modern applications are crucial to identifying fundamental 

foundations of multiple weave colour creation. 

 

Colours are a complex physical phenomenon. Various colour systems and models have 

been proposed to manage colour production in a consistent fashion. The additive and 

subtractive theories involve optical colour mixing. Since each colour mixing theory has 

different principles, future examination is required to gather more information to 

identify the common criteria for further development of an optimal colour system for 

Jacquard textile design and production. 
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CHAPTER 3  

THEORETICAL RESEARCH 

 

3.1 Introduction 

Decades of research on woven Jacquard have introduced various approaches to 

capability enhancement towards colour expression and design. Today, the weft 

patterning of multi-coloured Jacquard textiles is widely adopted in modern Jacquard 

weaving (Cheng, 1992), when digital technology is heavily involved in weave patterning 

and structure design. Based on this advanced technology, various theories have been 

proposed in the previous research works, on which a more specific research progress 

and methodology for this study is developed, designed and advanced. 

 

3.2 Research Inspiration 

Previous research works about multiple weave colour production provide the basics for 

improvement in Jacquard creation. Although modern Jacquard weaving looms have 

perfected the traditional craft, application of filling yarns remains limited in automated 

weaving. As a result, richly-coloured images are usually created with a small number of 

yarn colours. Hence, the design method of weave patterns and structures is crucial to 

various designs in woven form. 

 

In a prior study (Zhou, 2008), rendering of weave patterns and merging of weave 

structures were introduced to colour printing, where a given image was separated into 

different primary colours (e.g., cyan, magenta, yellow and black) and other colours and 
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shades were produced by juxtaposing discontinuous lengths of thread floats. The 

shaded arrangement of satin weave, which is called ‘full-colour compound structure’, 

was also introduced to achieve a smoother colour gradation. In combining single-shaded 

weaves, the ‘layered-combination design mode’ was introduced in a similar manner to 

colour printing to maximise the weave colour gamut on the surface. In addition, a wide 

scope of colours was produced using only four filling yarns. Initial reference was made 

to the said ‘full-compound structure’ and the ‘layered-combination design mode’, on 

which further investigation were based. 

 

3.3 Compound Weave Structure Design for Multi-coloured Images 

The structural weave design is normally associated with interlacement. Since Jacquard 

colour is created by optical colour mixing, the composition of colour surroundings made 

of interlacement distribution plays a momentous role. The weave structure design 

commences with a simple form of basic weave. However, once they are combined, the 

structure becomes extremely complex and the final colour appearance requires 

sophisticated engineering and control. 

 

Figure 3-1 shows the basic weave combinations based on a 1/3 twill and 5-thread satin. 

When two single weaves are joined and alternately integrated, the foundation creates 

another form of colours with the surroundings by the fact that when two or more thread 

colours are used in the warp and weft, the entire fabric creates a new colour effect 

influenced by the optical mixing of lights reflected from the small particles of thread 

colours (Dimitrovski & Gabriljelcic, 2004). 
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Figure 3-1  1/3 twill and 5-thread satin weave combinations 

 

Overlapping different colour lights and mixing different pigments together are the way 

to produce different colours in additive and subtractive colour mixing respectively. 

When the mixing is applied to weaving, it is the interlacement that is responsible for 

composing different shades.  

 

 

Figure 3-2  Colour creations on different covering factors in the warp and weft 

 

Figure 3-2 shows that both satin weave (I) and sateen weave (III) are in 8-thread 

arrangement while weave (II) is designed by adding interlacement to (I) in vertical 
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transition. In view of the two compound structures, the covering factors in the warp and 

weft become diverse and therefore a variety of colour creations are made possible in 

woven form. 

 

3.3.1 Shaded weave design 

Shaded weave enables different degrees of lightness and shades in weaving. The varied 

degrees of colours are achieved by changing interlacement gradually. Thus, a colour 

motif can be realised on the surface (Watson, 1977). The most common shapes of shaded 

weave are designed with twill or satin weave. Satin weave is regarded as an irregular 

form of twill weave as it can be changed to twill by applying consistent step movement 

(Watson, 1975). Both twill weave and satin weave are able to generate shading effects but 

their presentations appear fairly different (Figure 3-3). 

 

 

Figure 3-3  Common forms of shading using twill weave and satin weave    
(Watson, 1975) 

 

A diversity of shading effects can be created by twill or satin weave. Figure 3-4 shows 

the double-shading effects of twill (a) and satin (c) weave. The twill shading (a) appears 

diagonal with one twill line moving outward, another upward and so on. Therefore, the 

twill shading effect is done in a linear manner and can create a sharp contrast. On the 
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contrary, the interlacement distribution of satin shading (c) is vertically and horizontally 

connected to each other when float lengths gradually change. 

 

 

Figure 3-4  Double shading effects with several contrasts of shades (Watson, 1975) 
 

Due to the interlacing features, when additional thread colours are placed near one other, 

the shading effect of satin weave (d) may appear less contrasting than twill in thread 

colour juxtaposition. Yet, as the shading effects of twill and satin weaves are distinctive, 

more colour expressions and appearances can be formed. 

 

3.3.2 Basic and joint weave design 

Basic and joint weaves originate from satin-shaded weave structure (Zhou, 2008). The 

two sets of shaded weave groups are used to bring out the full colour effect on the surface. 

By regulating the lengths of thread floats in a repeat size, generation of shades is possible. 
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3.3.2.1 Basic weave (First weave) 

In digital Jacquard weaving, interlacement distribution is the key to producing colours. 

A diversity of shades is created by varying 1) starting points, 2) step numbers, 3) increase 

in interlacement and 4) transition direction. 

 

Selecting a size repeat is a decisive factor in maintaining proper fabric firmness with a 

recommended range within 40-thread weaves. The same repeat size is given to both the 

warp and weft and the shaded design begins with at least one interlacing point on each 

weave line. Once a regular number of interweaving points are added, the transformed 

shape of a shaded structure is generated by accumulation to produce different levels of 

lightness and shades in regular alternation. The enhancing points are found by a regular 

step movement in a vertical direction and this movement continues until the repeat space 

is left with the minimum stitching points on each weave line. Yet, when determining the 

number of enhancing points, the sub-multiple numbers of a repeat are prepared for other 

numbers due to maintenance of structural balance and even interlacement distribution.  

 

 

Figure 3-5  Full series of 12-thread basic weaves (Zhou, 2008) 
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Figure 3-5 shows a 12-thread-based shaded series created in an optimal way of shaded 

design. The identical repeat (W = 12) is given in both ends and picks and the total number 

of interlacements can be estimated (i.e., 𝑊𝑊 × 𝑊𝑊 = 144). The sub-multiple number of 12 

is consistently added to generate its derivatives in series. 

 

3.3.2.2 Joint weave (Second weave) 

Joint weave is designed in the principle of basic weave with more than one series of 

figuring threads in the weft and its colour effect is made up of compound structures in 

order to distribute interlacing points evenly by providing different 1) starting points; 2) 

step numbers and 3) transition directions from the construction of basic weave. 

 

 

Figure 3-6  Three transitions for enhancing interlacement 

 

The direction of interlacement transition concerns maintenance of structural balance and 

delivery of full colour presentation. Directions can come in three different ways, namely 

horizontal, vertical and diagonal (Figure 3-6). Different colour effects can be obtained by 

retaining transition direction. 
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Among all transitions, horizontal ones (a) are preferable for their colour exhibition and 

structural balance. Vertical (b) and diagonal (c) transitions (Figure 3-6) have inconsistent 

connections in both fillings and ends; therefore, short lengths of thread floats and 

irregular colour exhibition are expected. In contrast, horizontal transitions deliver 

constant connections in filling floats. As longer floats appear on the fabric surface, better 

colour effects can be expected. In addition, shifted or lowered warp movement is bound 

in a group and therefore the structural balance is more stable. 

 

 

Figure 3-7  Compound shaded structures with two horizontal transitions 

 

If second structures have the same starting point and horizontal transition as basic weave, 

thread floats will assemble in patches. As shown in Figure 3-7, when the first and second 

weaves have the same horizontal direction and starting point (d), the interlacements of 

the two combined weaves are placed next to each other. The surroundings (d) can lead 

to cramming of filling yarns with resultant streak breaks when high density is applied. 

In contrast, the combined structure (e) with an opposite start and transition distributes 

interlacements more evenly along the weave lines. When weaves in a stain base or other 
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regular plot are compounded with adjoining ends, small broken effects to the regular 

order of end lifting may result (Mclntyre, 1995). Figure 3-8 shows that weave (f) is 

compounded with the same step number, resulted in a chaotic exhibition of ends. 

However, with a different step movement, weave (g) exhibits ends in a different position 

but appears in a regular position between two weave lines. 

 

 

Figure 3-8  Step movements in compound-shaded structures 

 

 

Figure 3-9  Full series of 12-thread joint weave 
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Given these optimal conditions (i.e., starting point, step movement and transition 

direction), the full series of joint weave are created as shown in Figure 3-9. When 

compounding two series of weave groups, each series is alternately provided in 

structure layouts. If an odd number of structure lines are arranged with a basic weave 

group, an even number of layers are received in a joint weave format, and vice versa. 

 

3.3.3 Full-colour compound structure 

The full-colour compound structure enables weave colour creation by juxtaposing 

threads on the fabric surface without any disturbance caused by filling yarn insertion 

(Zhou, 2008). Since the compound structures are created by two different sets of basic 

and joint weave series, discontinuous lengths of thread floats are superimposed in 

rotated weft cycle index.  

 

 

Figure 3-10  Full presentation of 12-thread basic and joint weave series 
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Therefore, the surrounding is inspected to give less influences from one another when 

pick yarns are inserted. It is aforementioned that the principle of creating basic and joint 

weaves is to have the 12-thread satin weave built into two different shaded weave 

structure series with their initial full transitions appeared as in Figure 3-10.  

 

Modification is made with an intention to stabilise the colours based on their first 

interlacement. Figure 3-11 shows the formation of a full-colour compound structure. In 

building a shaded weave series, the upper and lower lines of interlacing points 

(highlighted in yellow in Figure 3-11) are kept out of the surroundings. The 

interlacement is designed to hop the yellow points and select the others to continue the 

transition. When different lengths of thread floats are juxtaposed in varied arrangements 

of basic and joint weaves, all exhibited thread colours are designed to appear exclusively 

by preserving aligned interlacements from pick insertion. 

 

 

Figure 3-11  Forms of first basic and joint weave 
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Each weave series is modified to preserve the first interlacement points. Its transition 

appears the same until it meets the first interlacing points of the opponent. Figure 3-12 

shows the complete series of basic and joint weaves in full-colour compound structure. 

 

 

Figure 3-12  12-thread full-colour compound structure series 

 

3.3.4 Weave varieties of full-colour compound structure 

The number of achievable weave varieties depends on the selection of sub-multiples. 

However, the shaded series designed with small numbers are preferred because weave 

structure changes gradually, thereby enhancing the chance of producing smooth colour 

deviation.  
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Figure 3-13  12-thread of shaded weave creation with different enhancing points 

 

Table 3-1  Different cases of 12-thread shaded weave design 

12x12 shaded weave (a) (b) (c) (d) (e) 
Enhancing point 12 6 4 2 1 

Vertical step movement 1 2 3 6 12 
Achievable shaded weave 

varieties 
11 21 31 61 133 

 

For a 12x12 satin weave with 144 interlacing points, the number of interlacements can be 

enhanced with its sub-multiple numbers such as 1, 2, 4, 6 and 12. Figure 3-13 shows 

several conceivable shaded weaves in a 12x12 form with its sub-multiple numbers. Table 

3-1 shows the achievable shaded weave varieties of individual cases. WR stands for 

repeat size whereas E denotes addition of interlacing values. As all interweaving points 

are occupied by the weft and warp threads with a constant proportion, the total number 

of weave derivatives based on the applied values of a weave repeat and an increasing 

number of interweaving points can be estimated. Therefore, the attainable total number 

of weave varieties can be calculated by the following formula (1), where T is the total 

number of weave varieties, W is a weave repeat, and E is definite number of enhancing 

points. 

 

  𝑇𝑇 = (𝑊𝑊2 − 2 ∙ 𝑊𝑊) ÷ 𝐸𝐸 − {(𝑊𝑊 ÷ 𝐸𝐸) − 1}      (1) 
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3.3.5 Layered-combination design mode 

The application of the layered-combination mode is inspired by colour printing. Aided 

by Jacquard CAD system, weave patterns are rendered based on primary colour 

separation and the basic and joint weave series are applied based on the colour 

recognition of the system.  

 

 

Figure 3-14  Layered-combination design mode of Jacquard weaving 

 

The colour-based individual weave layers are created and combined in weft patterning. 

Figure 3-14 shows the layered-combination mode. The colours of filling yarns are 

arranged according to weave pattern design, while the colours of an original image are 

simulated by superimposing thread colours (Zhou, 2008). 

 

3.4 Colour Systems for Jacquard Textiles 

The current colour production systems manage colours of input and output devices to 

produce a scope of colours in consistency. The RGB model has the largest gamut among 

the output models since many brightest and saturated colours are produced using 
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different levels of light intensity whereas the RGB scope of colours with pigments and 

inks has its limit. The subtractive CMYK model often presents the gamut of an RGB 

model in subtractive mixing, such as printing. However, variations in light intensity are 

difficult to be included in pigment mixing. Hence, the subtractive system realises the 

gamut of additive colour in a fairly small scope (Kendra, 2004). Jacquard colour creation 

is quite different from additive and subtractive colour mixing. As colours are composed 

of the weft, warp and space between threads (Dimitrovski, 2004), they are created by 

reflection when light strikes thread pigments or dyes. Since various textile artworks are 

created with additive and subtractive mixing, further inspection was carried out in both 

of these types of colour mixing so as to outline an exclusive method for optimal weave 

patterning and rendering. 

 

3.4.1 Primary colour classification for Jacquard weaving 

Colour mixing effects are created by numerous combinations of warp and weft threads. 

Jacquard fabrics have high artistic values when superimposed colours are not rendered 

apparent or indistinguishable (Mclntyre, 1995). Colour management systems and CAD 

systems present colours digitally and therefore digital features are crucial to Jacquard 

pattern rendering. While weave structures and patterns need to be adjusted to be 

compatible with modern weaving technologies, creation of primary colours is often the 

first and foremost by which all other colours are created and restrictions overcome. 

Hence, the primary classification of each of the aforesaid colour systems were studied 

and explored in this study. 
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3.4.2 RGB colour system in Jacquard weaving 

In the RGB colour system, colours are synthesised from a mixture of three primary 

colours. The most commonly used primary colours are red, green and blue, which are 

not necessarily monochromatic and may have a wide spectrum distribution of light 

intensity (Zuech, 1988). Since images presented in the RGB model are defined with three 

primary layers, it is possible to view primary colour layers separately (Qidwai & Chen, 

2010). The system gives precise definitions of all colours with numerical classification 

generally ranging from 0 to 255 (Mathur, Donaldson, Hinks and Seyam, 2005).  

 

 

Figure 3-15  Additive colour mixing (McDonald, 1997) 

 

In deploying the layered-combination mode, an original artwork is separated into three 

layers and therefore regions of primary colours can be recognised. As shown in Figure 

3-15, secondary colours are generated in pairwise combination (e.g., [R]+[B]=[M], 

[R]+[G]=[Y] and [B]+[G]=[C]) and white is produced when the three primary colours are 

mixed (e.g., [R]+[G]+[B]=[W]). According to weave patterning, primary colour yarns 

determine the scope of the colour gamut in combination with basic and joint weave series. 

Theoretically speaking, 1) white cannot be produced by juxtaposing primary colour 
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yarns and 2) empty regions of primary colours signify the generation of black. As the 

ends are fixed with a white ground, unoccupied regions appear white and it is difficult 

to produce colour ranges by additive primary mixing. However, RGB scope is important 

for Jacquard fabrication as primary colours are widely used in artwork creation. 

 

3.4.3 CMYK colour system in Jacquard weaving 

The CMYK colour system is used for colour printing. In four-colour printing, tiny ink 

dots are juxtaposed and mixed. Figure 3-16 shows an example of CMYK colour mixing. 

Additional black dots are used to accentuate the contrast and deepen the saturation of 

dark regions (Zelanski, 1999).  

 

 

Figure 3-16  Subtractive colour mixing (McDonald, 1997) 

 

Inks and pigments have a transparency level which allows light to pass through and 

creates blending effects and generation of more colours. Digital images in the CMYK 

model are created based on photographic colour separation of original continuous tones 

and thus four primary colour layers can be obtained for colour printing (Zelanski, 1999). 

In a prior study, the CMYK system was proposed to render four layers of weave patterns. 
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Original images were separated into cyan, magenta, yellow and black layers and each 

weave layer was established through deploying basic or joint weaves (Zhou, 2008). By 

juxtaposing cyan, magenta, yellow and black yarns, colour images are produced 

according to subtractive mixing (e.g., [C]+[M]=[B], [M]+[Y]=[R], [C]+[Y]=[G] and 

[C]+[M]+[Y]=[K]) with full colour shading effects. To further understand this technical 

application, experiments were carried out to examine its capability to embrace a variety 

of designs. 

 

3.4.4 Weave colour measurement 

Instrumental colour measurement classifies colours in an objective manner. As colour 

perception results from light reflectance of objects, samples or standards are measured 

by reflected light usually between 380 and 750nm.  

 

 

Figure 3-17  A spectrophotometer for colour measurement (Berns, 2000) 

 

Reflectance data are obtained by a spectrometer and are used as parameters to describe 

colours (Berns, 2000; McDonald, 1997). Figure 3-17 shows how a spectrophotometer 

carries out sample measurement.  
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Colorimetry is the science of colour measurement that specifies colours numerically. 

Mathematical modelling is used to define subjective colour perception objectively. The 

basic methodology of colorimetry is established based on definitions and standards 

given by the Commission Internationale de l’Éclairage (CIE), the international authority 

on light, illumination, colour and colour spaces (Bern, 2000; Mathur, 2007). 

 

 

Figure 3-18  CIE L*a*b* Colour space (Berns, 2000) 

 

The CIELAB colour space is known as a uniform space capable of representing all 

perceptual colours of a human visual system. The CIELAB is able to evaluate colour 

differences and presents colours with three parameters, luminance L*, colour values on 

the red-green axis a* and the blue-yellow axis b*. Figure 3-18 shows the colour space of 

CIEL*a*b*. L* signifies a visual correlation of lightness ranging from 0 (i.e., black) to 100 

(i.e., perfect white). The axes of a* and b* are presented with positive and negative values 

(e.g., positive a*- redness, negative a*- greenness, positive b*- yellowness and negative b* 

- blueness) (Berns, 2000; McDonald, 1997). 
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In colour measurement, selecting an appropriate and consistent illuminant is important 

for sample evaluation. The CIE defines a range of illuminants for describing colour. To 

characterise a light source as a standard, CIE introduced certain theoretical spectral 

schemes. For the textile industry, D65 is widely adopted as a primary illuminant (Berns, 

2000).  

 

 

Figure 3-19  CIE-recommended geometries for colour measurement (Berns, 2000) 

 

The choice of instrument geometry is important because an irregular textile surface 

reflects light at various angles and perceived data is required to allow for this fact 

(McDonald, 1997). Furthermore, illumination is not directional but rather diffusional. 

Based on different illumination and/or viewing angles, there are four instrument 

geometry settings (Berns, 2000), namely (a) Diffuse/Normal, (b) Normal/Diffuse, (c) 

45°/Normal and (d) Normal/45° as shown in Figure 3-19. The selection of geometry 

depends on sample conditions. Decision should be made according to sample 

possessions. 
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3.5 Greyscale Image for Jacquard Textiles 

Digital images are defined as two-dimensional signals formed by catching intensity 

values of colours. Colours are presented in a diversity of electronic pulses and are 

described in numeric values (Kendra, 2004). Each image is composed of pixels which are 

used to define positions and values. For instance, x (i, j) signifies a value of light intensity 

in a certain position using row and column data (Qidwai, 2010).  

 

Jacquard textile images or patterns are realised and rendered in digital spaces. In this 

study, optimal weave patterns are produced by colour systems based on primary 

classification. Since primary colours are separated by filtering or removing a certain 

primary component from an image (Qidwai, 2010), it is possible to define each primary 

value and region from the separation. The split layers are presented in levels of 

greyscales and their values play an important role in applying weave structures. 

 

Greyscale images are presented from black to white and grey values are used to define 

the neutral density of a photographic image. A series of greyscales is judged to be 

equivalent to the light perceived from a colour (Berns, 2000). The attainable number of 

greyscales relies on the setting of bit lengths. Bits are defined as the smallest component 

of colour information of a computer. 
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Table 3- 2  Attainable numbers of greyscales by bit lengths 

Bit length Greyscales 

1 bit/channel 2 

2 bit/channel 4 

4 bit/channel 16 

6 bit/channel 64 

8 bit/channel 256 

 

Every bit of computer data starts with two possible values, either off or on. As the 

number of bit lengths increases, the attainable range of greyscale also increases in 

factorial 2 (Table 3-2). For instance, an 8-bit/channel can contain 256 (28 ) levels of 

greyscale value. The quality of an image is proportional to the number of colours (i.e., 

greyscales). The 8-bit mode can safely display monotone or greyscale images (Kendra, 

2004).  

 

Table 3-3  Calculation of greyscale numbers to align with weave verities (Zhou, 2008) 

Added values Weave verities 

E=W (W-1) 
E=(1/2)W 2(W-1)-1 

E=(1/4)W 2[2(W-1)-1]-1 

E=1 W(W-2)+1 
 

A prior study examined the number of greyscales composed of split images when 

selecting basic and joint weaves (Zhou, 2008). To generate natural shades, a value of 

greyscale is used as standard for selecting an appropriate weave structure for various 
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grey regions of a weave pattern. Therefore, the number of greyscales of an image should 

match the number of a variety of basic and joint weaves. Based on the applied added 

value of interlacement, the number of greyscale varieties was controlled or reduced. The 

calculation of greyscale numbers is presented in Table 3-3. W signifies a weave repeat 

and E is an added value of interlacement.  

 

3.6 Research Framework 

 

Figure 3-20  Research framework for Jacquard colour and structure optimisation 
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This research is divided into two major parts: weave structure and colour management 

or system. The research framework was designed to establish a theoretical foundation 

for both structure and colour and the applied theories were examined, evaluated and 

verified through practical experiments. As multi-coloured Jacquard designs are 

compatible with the technical assistance of textile CADs and electronic weaving 

machines, all prerequisite conditions were investigated to fulfil the requirements during 

the course of creating a design environment for Jacquard weaving. Background research 

works dealt with colourful Jacquard textiles to discover new knowledge and 

applications. Figure 3-20 presents the details of the research framework. 

 

3.7 Summary 

The methodology of this study deals with weave structure and colour design. This 

chapter reports the technical applications and theories studied for carrying out the 

practical experiments. The weave structure theories (e.g., basic weave, joint weave, full-

compound structure and layered combination mode) are the basics of generating a wide-

ranging colour scope. In addition, additive and subtractive colour system and digital 

image features were reviewed to explore their potential connection with possible 

application for Jacquard textiles. 

 

The research framework is specific and was established for guiding the research 

direction whereas the following empirical experiments are to verify, explore and invent 

new knowledge and understandings for original contributions. 
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CHAPTER 4  

PRACTICAL RESEARCH 

 

4.1 Introduction 

This research aimed to improve the creation of multi-coloured images in woven Jacquard 

textiles in a diversity of designs through optimising its colour system and weaving 

structures. In the process of applying the theories, their practicalities were explored and 

validated towards improving realisation of weave colours. Inspired by the full-colour 

compound structure and layered-combination design (Zhou, 2008), the initial step is to 

ascertain the core principle of smooth colour deviation. Based on the full-colour 

compound structure of basic and joint weave series, colourful images were produced 

with varied weave structure formats. In the said prior study, the CMYK theory was 

proposed for weave patterning and subtractive colour mixing was applied to realisation 

of weave colour. Yet, in order to define an encompassing and applicable colour scope, 

initial experiments were conducted with subtractive colour-maxing theories in 

alignment with full-colour compound structure. Based on the experiment results, the 

theories of weave structure were used to further explore possibility of improving colour 

reproduction. In this chapter, the practical research is explained based on the samples 

resulted from the experiments. 
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4.2 Interaction between Weave Structure and Weave Pattern 

Gradual alternation of thread floats and even distribution of interlacements are crucial 

to natural presentation of colour. Basic weave and joint weave were proposed with 

primary-colour weave patterns coincided with structure plans. In building two sets of 

weave structure, full-comprehension of structure formats is essential for reproduction of 

colourful images. In the course of identifying influential conditions for optimal weave 

structure formats, various weave sizes were created for analytical comparison. 

 

4.2.1 Colour spectrum 

Reproduction of spectrum images in Jacquard requires a wide range of colours in 

smooth deviations. Equally essential is a full comprehension of the theories and practical 

methodologies appropriate for such reproduction. In dyeing and printing, hue change 

is determined by the amount of pigment or ink. In Jacquard weaving, however, the 

appropriate portion of thread colour exhibition is important for producing a projected 

scope of colours. Figure 4-1 shows a spectrum image used for generating a consistent 

colour deviation. 

 

 

Figure 4-1  Reproducing spectrum images via Jacquard weaving 
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For convenience purpose, spectrum colours are classified into red, orange, yellow, green, 

magenta, blue and cyan. All the colours gradate with an imperceptible alternation. In the 

aim of realising this gradating effect in woven Jacquard, the colour-changing regions are 

carefully juxtaposed by a pair of colour threads. Each region should receive an exact 

amount of thread colour, and weave patterns are important for thread floats to locate the 

correct regions for seamless colour transition effect. In using split CMYK layers, series 

of basic and joint weave are applied alternately in multi-weft figuring and four filling 

yarn colours are floated to emulate the projected colours. This way of design is 

considered fundamental to further development of weave colour reproduction. 

 

4.2.2 Weaving specifications for colour spectrum recreation 

The database is made up of basic and joint weaves of 12 to 40 thread. A pair of basic/joint 

weave series is built at starting points and step movements by adding a transition 

direction to each other. By inviting the four split layers of colour spectrum images, all 

the weave sizes are tested to recognise different colour effects derived from different 

structure formats. The basic weave series correspond to odd numbers of weave layers 

and the joint ones even numbers. 

 

The experiments are conducted with the aid of the Stäubli JC6 weaving machine, Arahne 

Jacquard CAD programmes, Slovenian products and a Photoshop programme. As 

weave sizes range from 12 to 40-thread, escalation of density becomes inevitable when a 

weave size is increased beyond 30-thread to maintain fabric firmness and quality. The 

experiment parameters are detailed in Table 4-1. 
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Table 4-1  Technical setting for weave-size experiments based on spectrum images 

Composition Weft Warp 
Material 100% polyester 100% polyester 

Thread colour Magenta/cyan/yellow/black Off-white 

Yarn count 50 denier 100 denier 

 
4 colour filling 

density 

From 12 to 29-thread 236 picks/10cm 472 ends/10cm 

From 30 to 40-thread 256 picks/10cm 472 ends/10cm 

Jacquard machine Stäubli JC6 

Pattern repeat 286.88 cm (width) x 28.22 cm (height) 

Weave repeat From 12 to 40-thread 

Shaded weave variety From 11 to 149 

Software applied Photoshop CS/Arahne CAD 
 

Since the individual shaded weave database is established with different sizes and 

enhancing points, the number of weave varieties varies with each series (Table 4-2). The 

calculation is done based on formula (1). 

 

Table 4-2  Varieties of basic and joint weave series 

W.P I.E T.V W.P I.E T.V W.P I.E T.V W.P I.E T.V W.P I.E T.V 

12 3 37 18 6 46 24 6 85 30 6 136 36 9 133 

13 13 11 19 19 17 25 5 111 31 31 29 37 37 35 

14 7 23 20 5 69 26 13 46 32 8 117 38 19 71 

15 5 37 21 7 55 27 9 73 33 11 91 39 13 109 

16 4 53 22 11 39 28 7 101 34 17 63 40 10 149 

17 17 15 23 23 21 29 29 27 35 7 161 - - - 
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4.2.3 Basic and joint weave size 

In multi-weft figuring, filling yarns are relatively long as weave structures are created in 

satin form. Before building the database, preliminary trials were conducted to determine 

a feasible scope of weave repeats.  50-thread and 100-thread weaves were experimented 

by the fact a large weave repeat could give diverse options for creation of weave varieties. 

However, the trial results (Figure 4-2) showed that the fabrics turned out to be too loose 

to be functional or wearable. Therefore, the final scope stayed in the range of 12-40 thread. 

 

Once weave structures are applied to weave patterns, colour effects can be visualised 

through simulation. Structural balance and long thread floats are only possible by 

making actual samples. The intersecting points of threads determine fabric tightness. 

Fabrics of 35 threads are able to deliver proper firmness. Yet, when shaded weave series 

are too large, looseness is noticeable. 

 

 

Figure 4-2  Preliminary experiments on 50x50 and 100x100 weaves 
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4.2.4 Correlation between weave structures and greyed colour patterns 

The interrelation between greyscale and weave variety is closely connected in creation 

of natural colour shades. When an artwork is separated into primary layers, each layer 

of a greyscale series is required to align with selected varieties of weave series so as to 

facilitate an interaction between weave structure and pattern to make a design image in 

an appropriate structure format. As the 8-bit mode can display a greyscale image of 

acceptable quality, split images are presented with 256 levels of greyscale. However, 

reduction of the number of greyscale is applied to each weave pattern when basic and 

joint weave series are selected to coincide with their lesser shaded weave series variety. 

 

 

Figure 4-3  Spectrum image split into CMYK palettes 

 

In Jacquard weaving, thread floats of different lengths are applied to various levels of 

greyscale. For example, when an original artwork is split into CMYK layers, each layer 

is taken as a weave pattern. Figure 4-3 shows the four split grey images used for colour 
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spectrum reproduction in this study. In the case of a 12-thread satin weave, 37 weave 

varieties are produced with three points added to interlacement each time. The greyscale 

number of each weave pattern is reduced according to the number of weave varieties. 

Through recognition of reconstructed greyscale images, relevant weave structures are 

selected and applied to weave patterns. 

 

Table 4-3  Calculation of greyscale series based on added interlacement values 

Added values 
in interlacements 

Weave varieties Relevant 
weave cases 

E=W (W-1) 13, 17, 19, 23, 29, 31, 37, 

E=(1/2)W 2(W-1)-1 14, 22, 26, 34, 38 

E=(1/3)W 3(W-2)-1 15, 18, 21, 27, 33, 39 

E=(1/4)W 2(2(W-1)-1)-1 12, 16, 20, 24, 28, 32, 36, 40 

E=(1/5)W 5(W-2)+1 25, 30, 35, 
 

The total number of weave varieties varies with each weave repeat size and interlacing 

enhancement. Table 4-3 shows the details of variances as a result of interweaving value 

addition. The greyscale series are aligned or reduced according to the calculation. 

Compared with the previous study (Table 3-3), the values increase with E=(1/3)W, and 

E=(1/5)W. As the sizes of weave structures vary, the added values also vary to deal with 

more weave circumstances. 
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4.2.5 Recreation of colour spectrum images 

The basic and joint weave series of 12 to 40-thread were experimented with colour 

spectrum images. All the samples are presented in Appendix A. In this chapter, samples 

are selected to illustrate individual results. Figures 4-4, 4-6, 4-7 and Appendix A show 

weaving specifications such as weave size, increasing interlacement value, weave variety, 

colour state, sample image, first basic weave and first joint weave. The condition of 

colour was evaluated on a scale from ‘Poor’, ‘Satisfactory’ to ‘Outstanding’. 

 

4.2.5.1 Colour spectrum fabrics of 12, 16, 18, 24 and 26-thread 

 

Figure 4-4  Spectrum fabrics of 12, 16, 18, 24 and 26-thread 
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Figure 4-4 shows the selected fabric samples of 12, 16, 18, 24 and 26-thread to illustrate 

successful interactions between weave structure and pattern. The weave varieties range 

from 40 to 90 and the interlacement enhancement was made with (1/2)W, (1/3)W and 

(1/4)W. In the 8-bit mode, the greyscale images were presented with 256 different ranges. 

Reduction was applied to each weave pattern according to the weave variety selected. 

Figure 4-5 shows 12- and 24-thread weave patterns of which the grey numbers were 

reduced according to the shaded weave varieties. The reduction might result in colour 

streaks where greyscale values dropped and merged with other values. As regards the 

condition of each sample, streaks were normally covered by thread floats and did not 

appear on the surface. Since the 24-thread sample contained more weave series and 

causes tiny greyscale reduction, more colours and smoother shading effects were 

produced; however, no significant difference was found when compared with the 12-

thread fabric samples. 

 

 

Figure 4-5  12- and 24-thread layers of weave patterns 
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4.2.5.2 Colour spectrum fabrics of 30, 35, 36 and 40-thread 

 

Figure 4-6  Spectrum fabrics of 30, 35, 36 and 40-thread 

 

Although smooth colour deviations were expected with large numbers of weave 

varieties, Figure 4-6 shows that the weave and greyscale series of 30, 35, 36 and 40-thread 

hardly generate gradual colour deviations in the colour-changing regions. As the spaces 

of associated greyscale regions are not large enough to adopt all the applied varieties, 

the thread exhibitions look disorderly. 
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4.2.5.3 Colour spectrum fabrics of 13, 17, 19, 23, 29, 31 and 37-thread 

The 13, 19, 23, 29, 31 and 37-thread fabric are considered ineffective for weave structure 

and pattern interaction. Figure 4-7 shows that streak lines appear on all the fabric 

samples, most of which have small numbers of weave varieties with interlacement 

enhancement built under the E=W condition. Since the number of greyscale series is 

significantly reduced, it is difficult for the weave patterns to display continuous tones of 

grey. 

 

 

Figure 4-7  Spectrum fabrics of 13, 19, 23, 29, 31 and 37-thread 

65 
 



                                                    Chapter 4 Practical Research 

When the 13-thread weave series was used, the greyscale number of each layer was 

reduced to 12. If colour reduction was carried out in a large scale, the integration of 

greyscale values was processed with large tolerance (Kendra, 2004), resulting in 

discontinuous tones of greyscale. Figure 4-8 shows an example of reduction with a 13-

thread greyscale. When producing fabrics in this pattern, undesirable streaks were 

inevitable and refined colour shades were hard to achieve. Once an image was selected, 

greyscale reduction should be tested with different numbers for proper grey shade 

maintenance in weave patterns. 

 

 

Figure 4-8  Spectrum fabric of 13-thread in layered-combination mode 

 

Based on the results of the 12-thread fabric, the 37-thread fabric was expected to produce 

refined colours since they had 35 ranges of grayscale (Figure 4-9). However, the 37-

thread fabric sample featured minor colour streaks resulting from greyscale adjustment. 
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Figure 4-9  Four 37-thread weave patterns (E=W) 

 

The main reason lay in poor satin effects and drastic structural change. Figure 4-10 shows 

the full transition of a 37-thread basic weave series. Distinct diagonal lines were formed 

in transition and the added value under E=W made the shaded weave series fail in 

gradual thread length growth. The weave structures were designed with insufficient 

space for the subsequent thread insertion. For example, the stitching point of the first 

weave line and that of the second weave line were closely placed; therefore, their twill 

lines were clearly characterised in transition. Furthermore, it was difficult to maintain 

consistent colour deviation if there were radical changes in the corresponding weave 

structure series, even when weave patterns had continuous grey tones. 
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Figure 4-10  37-thread full-colour compound structure of basic weave full series 

 

 

Figure 4-11  12-thread full-colour compound structure of basic weave full series 

 

In contrast, the 12-thread fabric sample succeeded in producing 37 greyscales. Figure 4-

11 shows the full compound structure of the 12-thread basic weave series. Each weave 

line of a stitching point was properly separated from each other. In the course of 

interlacement transition addition, the length of each thread float grew at regular 

intervals. Threads could gradually lengthen or shorten in interlacement accumulation. 
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During colour spectrum experiments, high-quality Jacquard reproduction was possible 

on condition that 1) reduction in greyscales did not interfere with the original 

appearance of an image; 2) the two shaded weave sets were designed with proper satin 

features; 3) the lengths of thread floats grew progressively; and 4) the stitching points 

were placed at proper intervals between the weave lines. 

 

4.2.5.4 Texture and angle of cloth surface 

The angle shaped on the fabric depends on: (a) the relative proportion of ends and picks 

in a unit space; and (b) the ratio of growth of one interweaving to another (Watson, 1975). 

As basic and joint weave series were designed with regular interlacement accumulation 

at their first stitching points, some fabric samples had angle features on the fabric surface. 

 

Figure 4-12 shows that diagonal angles were found in 28- and 29-thread first weaves. 

The angles were determined by step movement and steep twill lines were formed on 28-

thread fabrics (Figure 4-12). The 24-thread fabric had fewer angle features as their first 

interweaving points did not show clear diagonal lines in the first foundation. In contrast, 

the angles of 28- and 29-thread fabric were noticeable on the surfaces of the fabric 

samples. 

 

Since their interlacing points grew in a horizontal direction, angles were expected to be 

fewer on the fabrics. However, interlacement accumulated at the first stitching point 

when centre lifting and regular lifting were given among the basic and joint weave series. 

The first angle of the diagonal lines appeared distinctively as fabric texture.  
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Figure 4-12  Relationship between weave structure and texture on fabric surface 

 

4.2.5.5 Correlation between weave size and colour saturation 

In terms of colour saturation, large weave groups had better colour appearances. Figure 

4-13 shows that the 30-thread fabric sample displays fuller and more saturated colours 

as the weft was less interlaced and higher than the smaller weaves.  

 

 

Figure 4-13  Comparison of colour saturation between 16 and 30-thread sample 
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4.3 Total Area Coverage (TAC) in Jacquard Textiles 

The experimentation with colour spectrum images shows that it was difficult to produce 

smooth colour deviations. One of the deficiencies was addressed by matching the series 

numbers between shaded weave sets and greyscales of a weave pattern. The problem of 

low flexibility was tackled by a new approach proposed in this research. 

 

As colour printing gave positive results of weave colour creation, a new approach was 

designed based on the density of ink or pigment. The term ‘total area coverage’ (TAC) 

comes with colour printing (Kendra, 2004). Cyan, magenta, yellow and black are applied 

with ink percentages ranging from 0 to 100. TAC signifies the largest possible ink density 

that can be safely used in an area (Kendra, 2004). For example, a colour is defined with 

each percentage of ink (e.g., C: 45 M: 60 Y: 90 K: 0) and the sum of the four percentages 

of the ink are calculated in TAC value (e.g., C:45 + M:60 + Y:90 =195).  

 

As Jacquard CAD systems treat an original image as a weave pattern, a colourful image 

is transformed into an indexed colour image with 256 colours at its maximum range. In 

multi-weft figuring, single-shaded weaves are applied based on colour recognition. 

However, within the 256 colour ranges, the number of colours is reduced until an image 

maintains its original feature. Figure 4-14 shows an example of TAC application. 

 

Since the 13-thread fabric sample did not turn out well in the layered-combination 

design mode, its basic and joint weave series were further evaluated. First, the colour 
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spectrum image was reformed with 100 different colour compositions in an RGB colour 

model. Each piece of its colour data was corrected and then converted into CMYK values 

to identify the ink density of each primary colour required for reproducing individual 

colours. The data conversion was easily approached using graphic editing programmes. 

 

 

Figure 4-14  Total area coverage in vivid coloured Jacquard weaving 

 

The percentages of cyan, magenta, yellow and black are important information for 

selection of appropriate shaded structures. Based on the exhibited numbers of weft pick 

interlacement, each shaded weave structure is presented in percentage to match CMYK 

values. For example, colour 100 (Figure 4-14) is 40% cyan, 70% magenta, 100% yellow 

and 50% black. Its shaded weave structure is calculated based on the number of exhibited 

interlacements as shown as formula (2) below.  
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𝑒𝑒𝑒𝑒ℎ𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑒𝑒𝑖𝑖 𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓 𝑖𝑖𝑖𝑖𝑖𝑖𝑒𝑒𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑒𝑒𝑖𝑖𝑒𝑒𝑖𝑖𝑖𝑖 (65)
𝑖𝑖𝑡𝑡𝑖𝑖𝑖𝑖𝑖𝑖 𝑖𝑖𝑖𝑖𝑖𝑖𝑒𝑒𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑒𝑒𝑖𝑖𝑒𝑒𝑖𝑖𝑖𝑖 𝑖𝑖𝑛𝑛𝑖𝑖𝑖𝑖𝑒𝑒𝑖𝑖 (13𝑒𝑒13)

 × 100 = 𝑡𝑡ℎ𝑒𝑒 𝑝𝑝𝑒𝑒𝑝𝑝𝑝𝑝𝑒𝑒𝑓𝑓𝑡𝑡𝑎𝑎𝑓𝑓𝑒𝑒 (38%) 𝑡𝑡𝑡𝑡 𝑎𝑎𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓 𝑤𝑤𝑓𝑓𝑡𝑡ℎ 𝑓𝑓𝑓𝑓𝑖𝑖 %  (2) 

 

The calculated percentages of shaded weaves were applied where CMYK values were 

matched or in a similar range to fulfil associated colour regions of an image. Figure 4-14 

shows the results of a 13-thread sample. TAC gave higher flexibility to manage the 

number of colours for Jacquard image recreation. The layered-combination mode was 

different in its way of rendering weave patterns and colour-based structures. Therefore, 

the 13-thread sample with 12 varieties produced refined colour gradation for colour 

spectrum images. In the TAC mode, the number of colours was controlled more 

conveniently, and shaded weave structures were mixed under more circumstances when 

the number of colour compositions increased. 

 

Based on TAC, the colour spectrum image was modified and recreated to contain more 

variables and gradient compositions for evaluating the efficiency of application. The 

original image was formed with 200 colours and 16-thread shaded weave sets were 

applied with 53 weave varieties. Figure 4-15 shows that the new method of pattern 

rendering and weave structure combination detected colour delicacy and reproduced 

smooth colour deviation. 
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Figure 4-15  Creation of colour spectrum image 

 

4.4 Colour Systems for Weave Colour Reproduction 

The input and output channels were based on the spectral data obtained from reflectance 

values. The spectral-based devices were large and illuminant-independent. They are 

often described as TCITCO (True Colour In - True Colour Out). Spectral data and values 

are the most fundamental characteristics of the colour of an object. From the spectral 

values, all the higher-level outputs were derived from colorimetric values such as (X, Y, 

Z, L*, a*, b*, C*, H*). However, the output to the monitor was calibrated by R, G and B 

colour lights when C, M, Y and K were used in printing (Randall, 2004). 

 

The combination of substrate images and spectral properties made possible definition of 

the characteristics of colours. Colours could be reproduced on demand based on 

standard or user-defined primaries. The colour management system must have one or 

more functions to describe the connection which was used in various processes to 

represent colours. The simplest model currently used to define the substrates of 
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respective images was essentially a “grey-scale” or non-chromatic function. On the other 

hand, the colorimetric relationship was determined by colour measurement data with a 

spectrophotometer (Randall, 2004). 

 

The primary-colour classification of each colour system was important in this research. 

A colourful image was presented in colour systems and separated into its defined 

primary-colour layers. Each layer of greyscale substrates was taken as a standard for 

selecting proper formats for basic and joint weave series and weave patterns were 

rendered in different ways to adopt diverse colour systems or models. 

 

4.4.1 Prototype of colour samples 

The prototype of colour samples was designed with the primary coloured yarns of each 

colour system to examine the feature and condition of colour. In using opaque yarn, the 

secondary colour generation was evaluated when primary colours were mixed. Based 

on the 16-thread weave, two shaded weave sets were created under the (1/4)W condition. 

Among the 53 basic/joint weave series of 16-thread, 8 weave structures were selected 

from each set. For example, the proportion of weft yarn colour exhibition gradually 

decreased in basic weave series (e.g., from 90% to 20% of total interlacement), while the 

joint weaves had a fixed ratio of 91/9 (weft/warp), and vice versa, for inspecting the 

mixing effect of the primaries of each colour system when they were superimposed with 

different proportions of colour exhibition. The details of the two weave combinations are 

shown in Figure 4-16 and the weaving parameters in Table 4-4. 
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Table 4-4  Technical setting for prototype samples 

Composition Weft Warp 

Material 100% polyester 100% polyester 

Thread colour 
Magenta/cyan/yellow/black 

Red/green/blue 
Off-white 

Yarn count 50 denier 100 denier 

2 colour filling density 354 picks/10cm 472 ends/10cm 

Jacquard machine Stäubli JC6 

Pattern repeat 286.88 cm (width) x 84.67 cm (height) 

Weave repeat 16-thread 

Shaded weave variety 53 

Software applied Photoshop CS/Arahne CAD 
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Figure 4-16  Colour specifications of prototype 
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4.4.2 Yarn colour selection and sample colour measurement 

In this study, yarn colours were selected according to the selected colour system. The 

experimentation was designed with a specific colour system of which the maximum 

purity value of each primary was given to the system and the received colours were 

taken as a reference when selecting primary-colour yarns. For yarn colour measurement, 

each yarn was wound in four layers onto a non-fluorescent black cardboard as the 

background. The sizes of the prototypes were standardised for comparable 

measurements. Two folded layers were created to ensure that no light would pass 

through the interlacements.  

 

The yarn group and prototype weave samples were measured by the Macbath colour-

eye 7000A spectrophotometer. The specifications were illuminant D65, with specular 

component included larger area view, diffuse/8° geometry, 10° supplemental standard 

observer and UV excluded.  

 

 

Figure 4-17  Colour description based on hue and chroma (Berns, 2000) 
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The spectrophotometer was connected to a personal computer to receive the values of 

L*, a*, b*, C* and h°. The colorimetric data on yarn and colour swatches are presented in 

Appendix B. In this chapter, the L*, a*, b* values are presented in graphs. Different colour 

shades originating in the basic and joint weave series were verified based on the a* and 

b* values (Figure 4-17). 

 

4.4.3 Weave colour reproduction in CMYK 

In alignment with the full-colour compound structure and the layered-combination 

design mode, the CMYK scheme was tested for weave colour reproduction. The creation 

of the prototype and the reproduction of multi-coloured images were carried out to 

define their efficiency in multiple colour creation. 

 

4.4.3.1 Prototype of colour sample creation with CMYK coloured yarns 

The prototype of CMYK swatches was made by mixing a pair of CMYK yarns and was 

measured by the spectrophotometer. The L* and a*b* values were graphed to evaluate 

the scope of weave colours produced in different cover factors of the weft and the warp. 

Figure 4-18 shows that there were 105 swatch samples of four-colour yarn mixing in 

seven different groups of weave colour sets. The examination focused on the possibility 

of weave gamut expansion and the efficiency in generating different levels of colour 

shades via the basic and joint weave series. 
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Figure 4-18  Prototype of proposed CMYK weave gamut
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Figure 4-19  L* values for CMYK samples 

 

 

Figure 4-20  Proposed a*b* colour space of CMYK 

 

 

-30.00

-20.00

-10.00

0.00

10.00

20.00

30.00

40.00

50.00

-40.00 -30.00 -20.00 -10.00 0.00 10.00 20.00 30.00 40.00 50.00 60.00

a*

b*

81 
 



                                                        Chapter 4 Practical Research 

Figure 4-19 shows that the L* values of the CMYK samples lay between L*= 30 – 80. The 

12 pairwise mixtures were grouped and each group showed relative values, except the 

black-and-white mixing group. As the weave structure combination was designed by 

regulating proportions of thread colour exhibition, the measurement data suggested 

good results. Figure 4-20 shows the a*b* values between -30 and +60 on a* axis and -20 

and +50 on b* axis. In pairwise primary colour mixing (e.g., [C]+[M], [C]+[Y] and 

[M]+[Y]), the samples were positioned between a*and b* axes and arc lines were drawn 

along their gradual hue changes. On the other hand, the black-mixing groups (e.g., 

[Y]+[K], [C]+[K] and [M]+[K]) were distributed along a* or b* axis and straight lines were 

drawn with their differences in chroma (saturation) while the black-and-white mixing 

group stayed in the centre of the a*b*plot. 

 

4.4.3.2 Creation of multi-coloured image in CMYK 

The CMYK scheme was tested with a workable artwork in the layered-combination 

design mode. Figure 4-21 shows that the artwork image was designed to have as many 

colours as possible by giving shading effects to both the background and motifs. Based 

on the CMYK colour scheme, the original image was separated into four primary layers 

to render a primary weave pattern. By deploying the layered-combination design mode, 

different numbers of CMYK layers were combined to inspect the primary-colour mixing 

effect. The 16-thread basic and joint weave series with (1/4)W had 53 varieties for fabric 

making. 
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Figure 4-21  CMYK-oriented Jacquard patterns 

 

Figure 4-21 shows the weave samples made up of different numbers of CMYK layer 

combinations. The single primary-colour layers (i.e., C, M, Y and K) require an amount 

of ink density corresponding to different amounts of thread colour exhibition.  

 

According to the subtractive colour mixing theory, the secondary colour regions and 

ranges were recognised in the pairwise combination of CMY layers once two layers 

overlapped. With the aim of producing secondary colours (e.g., [C]+[M]=blue, 

[M]+[Y]=red and [C]+[Y]=green), non-transparent yarns were used and juxtaposed. 

However, reproduction of secondary colour ranges was expected to be difficult without 

any levels of transparency in using opaque yarn colours. In an optical thread colour 

mixing, the limitation was faced with an inclusion of transparency in material use and 

therefore, an image which was intensively involved with secondary colours of red, green 

83 
 



                                                        Chapter 4 Practical Research 

and blue might arise and was a difficult to be recreated based on the pigment colour 

mixing principle. 

 

 

Figure 4-22  CMYK-schemed Jacquard in layered-combination mode 

 

 

84 
 



                                                        Chapter 4 Practical Research 

In the CMYK-layered combination mode (Figure 4-22), the black layer was used to adjust 

the chroma or saturation of colours. In the CMYK colour scheme, black was produced 

when all three primaries were mixed (e.g., [C]+[M]+[Y]=[K]). The separated CMY colour 

layers contained latent values for generation of black. When black threads were applied 

to a primary-colour thread mixture, colour saturation was regulated effectively 

according to the prototype. However, if an image contained a dense, saturated black, 

colour realisation became difficult in optical thread colour mixing. In subtractive colour 

mixing, CMY inks were mixed with black ink to produce rich tones of black. However, 

the colour mixing was not applicable when opaque and non-blended yarns were used. 

 

4.4.4 Weave colour reproduction in RGB 

Owing to the importance of red, green and blue in multi-colour Jacquard, the RGB colour 

system was tested to validate if they could function as weave colour patterns. The 

primary layer was used to define each primary-colour region. Greyscale values were 

required to align with different amounts of thread colour exhibition in the process.  

 

4.4.4.1 Prototype of colour sample creation with four RGB colour yarns 

Prototype swatches were produced with red, green and blue yarns. With the same 

weaving specifications (Figure 4-19), forty five different samples were produced in a 

pairwise combination of three colour yarns. Figure 4-23 shows the three different groups 

of weave colour sets. All the colour samples were measured by the spectrophotometer 

and their L* and a*b* values were plotted in graphs for evaluation.  
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Figure 4-23  Prototype of proposed RGB colour gamut 
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Figure 4-24  L* values of proposed RGB colour gamut 

 

 

 

Figure 4-25  Proposed a*b* colour space of RGB 

 

 

 

-30.00

-20.00

-10.00

0.00

10.00

20.00

30.00

40.00

-30.00 -20.00 -10.00 0.00 10.00 20.00 30.00 40.00

a*

b*

87 
 



                                                        Chapter 4 Practical Research 

The L* values are presented in Figure 4-24 whereas the a* b* values in Figure 4-25. The 

L* values lay between L*= 30 – 70. Three groups of primary mixtures were plotted in 

groups and had related values in L*. The mixtures with green (e.g., [G]+[R] and [B]+[G]) 

were shown to have higher values than the [R]+[B] mixture in L* values. Most colours 

lay between -20 and +40 on both a* and b* axes. Gradual colour (hue) alternations were 

noticed in each combination (e.g., [R]+[B] = redness to blueness, [B]+[G] = blueness to 

yellowness and [G]+[R]= yellowness to redness). When green threads were used, the 

primary-colour group had certain levels of yellow in the mixture (e.g., [G]+[R]).  

 

4.4.4.2 Creation of multi-coloured image in RGB 

In theoretical research, the problems of the RGB system in multi-colour Jacquard textiles 

were addressed. For example, white was produced when all three primary lights were 

mixed together (e.g., [R]+[G]+[B]=[W]). However, it was not the case with opaque yarns. 

When the same artwork was used for the CMYK-layered combination, the weave 

patterns were received from the RGB separation and applied in the layered-combination 

design mode (Figure 4-26). In different numbers of primary layer combination, additive 

colour mixing was tested for its relevance to weave colour creation. Figure 4-27 shows 8 

cases of RGB layer combination. Individual R, G and B layers were capable of defining 

their positions in an image. Once they were combined pairwise, their secondary colour 

regions resulted. However, the secondary colour ranges were unsatisfactory, particularly 

the yellowness brought on by the green threads. Although the prototype samples had 

their colour ranges among the a*b* plot, the results from the RGB weave patterns and 

primary colour mixtures appeared insufficient for image reproduction. 
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Figure 4-26  Weave pattern rendering in RGB colour system 

 

 

Figure 4-27  RGB-schemed Jacquard in layered-combination mode 
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4.4.5 Weave colour reproduction in mixing of CMYK and RGB 

RGB and CMYK took different primary groups through their secondary ranges. All six 

colours shared between the two systems. Figure 4-28 shows the primary and secondary 

colours of CMYK and RGB. The CMYK scope realised the RGB scope in subtractive 

colour mixing. Through the transparency in ink, the CMYK system reproduced colours 

of high light intensity. In multi-colour Jacquard, eight different colours of varied shades 

were produced to encompass various designs. In using black and white threads, 

brightness and saturation were adjusted in the manner of optical colour mixing.  

 

 

Figure 4-28  RGB and CMYK primary colours for practical experiments 

 

4.4.5.1 Creation of prototype samples in mixing of RGB and CMYK yarns 

The primary colour yarns of both systems were used to produce prototype samples. 

Based on the weaving specifications (Figure 4-19), a hundred and eighty colours were 

produced in 12 groups. All the colours were measured in the spectrophotometer and the 

L* and a*b* values were presented in graphs. 
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Figure 4-29  Proposed prototype of CMYK and RGB swatches 
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Figure 4-30  Proposed prototype of CMYK and RGB swatches 
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Figure 4-31  Lightness of proposed RGB and CMYK colour gamut 

 

 

Figure 4-32  Proposed a*b* colour space of CMYK and RGB mixture 
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Figure 4-31 shows that the L*values for the samples lie between L*= 20 – 80. Most of the 

sample groups had similar values but the mixture [K]+[R] and [K]+[B] showed an 

irregularity in L* values. Figure 4-32 shows that the a*b* values for samples lay between 

-40 and +60 on a* axis and -30 and +60 on b* axis. The pairwise combination of [C]+[G], 

[Y]+[R], [M]+[G] and [M]+[B] was distributed between the a*b* axes and the arc lines 

were shown to have gradual hue changes while the pair of [Y]+[B] mixtures features 

differences in chroma. The primary colour mixture of each system had similar hues (e.g., 

[C]+[B], [R]+[M] and [Y]+[G]) and each group was not very different from each other). 

When red, green and blue were mixed with black (K), they were positioned along the 

a*b* axes and straight lines were drawn with differences in chroma.  

 

4.4.5.2 Presentation of CMYK and RGB in Jacquard textiles 

In the CMYK scheme, the secondary colour ranges were produced by juxtaposing a pair 

of primary yarns; however, it was hard to produce red, green and blue when using non-

transparent colour yarns. With reference to the RGB system-based Jacquard 

reproduction, although individual primary-colour regions could be defined through 

separation, the secondary colour ranges originating from pairwise combinations were 

unsatisfactory. Therefore, the primary-colour mixture of the two systems was examined 

to evaluate whether they could complement each other and cover the deficiency of one 

another. Both CMYK and RGB weave patterns (Figures 4-21 & 4-26) were used for the 

experiment. In the layered-combination design mode, twenty cases of colour layer 

mixing effects were tested for possibility of improving weave colours. 
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Figure 4-33  Combinations of CMYK and RGB schemes in layered-combination mode 
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Figure 4-33 shows the results of the primary layer mixing of the two systems. Through 

the RGB colour separation, it was possible to define three primary positions in an image. 

When the RGB layers were mixed with the CMYK ones, it was expected that they can 

supplement the saturation of red, green and blue. However, since the individual colour 

layers had additional values to produce their second and third colour generations, the 

CMY patterns were given more colour effects than they need. In RGB colour mixing, 

insufficiency was noticed in the second colour ranges and it was expected that C, M and 

Y layers in RGB combination supplemented each other. However, the results were also 

unsatisfactory since the CMY layers had their own latent values for further colour 

generation and therefore the combination was inadequate for colour enhancement. In 

mixing the RGB and CMYK layers, a considerable portion of colour regions connected 

to each other but colours were produced in a different manner. It can be concluded that 

different rendering approaches are required for realising all the eight colours (i.e., red, 

green, blue, cyan, magenta, yellow, black and white). 

 

4.5 Summary 

Practical research is crucial to comprehension of modern weaving technology and 

relevant applications such as full-compound structure and layered-combination mode. 

The applied theories are visualised by defining the current development of multi-colour 

Jacquard and giving clear directions for further development. 

 

In this research, most of its aims and objectives have been validated through empirical 
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experimentation. The realisation of natural colour shades was derived from the practice 

with colour spectrum images. An optimal condition of basic and joint weave series was 

defined with a diversity of shaded weave formats.  

 

Primary colours such as RGB (red, green and blue) and CMYK (cyan, magenta, yellow, 

and black) were tested with prototype samples. The colour data suggested that the full-

colour compound structure was capable of generating smooth colour deviation and the 

experiments with thread colour mixing showed positive results. 

 

Subtractive and additive colour mixing were tested in alignment with optical Jacquard 

colour mixing. The primary-colour weave patterns were examined in the layered-

combination mode. Limitations and deficiencies were clearly defined and further 

optimisation was needed to improve multi-colour Jacquard fabrics. Therefore, further 

investigation was planned to explore weave patterns. Since weave patterns were 

rendered in digital format, digital images and colour presentation were crucial to further 

improvement. 
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CHAPTER 5 

OPTIMASATION OF REPRODUCTION OF DIGITAL IMAGES 

IN JACQUARD TEXTILES 

 

5.1 Introduction 

In Jacquard textiles, threads are placed next to one another to create combination effects 

(Zelanski, 1999). Colours are created by optical colour mixing but high light intensity 

can restrict reproduction of colours. This study aimed to examine the practicability of 

the proposed CMYK gamut in multi-colour Jacquard textiles, where opaque linear 

threads were used to create different colour structures. However, it was dubious if the 

red, green, blue and black generated could match the proposed CMYK gamut. This 

chapter reports on the further investigation conducted to verify the CMYK scheme, 

through which theories were applied to weave pattern rendering to introduce an optimal 

condition to weave colour reproduction. 

 

5.2 CMYK System for Multi-colour Image Reproduction 

In this research, CMYK and RGB systems were examined for its possibility of multi-

colour creation. Based on their primary-based weave patterns, basic and joint weave 

series were used to inspect the features of each of these systems. The light mixing of the 

RGB system was insufficient in secondary colour creation. In addition, reproduction of 

accurate black or white was not possible. On the other hand, the subtractive colour 

mixing of the CMYK system was inaccurate in presenting red, green and blue since its 

98 
 



             Chapter 5 Optimisation of Reproduction of Digital Image in Jacquard Textiles 

colour ranges were created by juxtaposing non-transparent colour threads. As CMY 

primary layers contained latent values for generation of black, the reproduction of solid 

and saturated black was difficult when applying the CMYK scheme. Therefore, the 

CMYK scheme was investigated with a layered artwork to examine its efficiency in 

realising the secondaries and saturated black of a subtractive colour system. 

 

5.2.1 Colour presentation in CMYK system 

Computed CMY layers were rendered on a subtractive one-colour array of red, green or 

blue light as shown in formula (3) (Lau, 2008). By mixing a pair of CMY, secondary 

colours were theoretically produced (e.g., cyan + magenta = blue, cyan + yellow = green, 

magenta + yellow = red), and black was produced when all CMY primaries were mixed 

(Berns, 2000). 

 

                          �
𝐶𝐶
𝑀𝑀
𝑌𝑌
� =  �

1
1
1
� − �

𝑅𝑅
𝐺𝐺
𝐵𝐵
�                        (3) 

 

 

Figure 5-1  Coloured image and its primary layers attained by auto-separation 
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Figure 5-1 shows that it was possible to define each primary-colour region of an image 

by splitting an original artwork into four layers. As secondary colours were created by 

pairwise primary mixing, CMY layers shared common areas for creation of secondary 

colours.  

 

Secondary colour regions had lower grey values than single primaries as two-colour 

arrays were filtered and placed together. For reproduction of black, all CMY layers 

contained implicit values and therefore black layer also shared areas with CMY layers. 

White regions were defined as an entirely empty set of CMYK values. Based on the 

features of CMYK morphology, the greyscale substrates of the CMYK scheme were 

investigated with an artwork (Figure 5-1) to identify colour realisation when the four 

split primary layers were applied as weave patterns. 

 

5.2.1.1 Shaded weave structure and weave specification for multi-coloured images 

In a prior experiment, both layered-combination design and TAC mode showed 

proficiencies in realising smooth colour deviation. Therefore, by reproducing the 

artwork, (Figure 5-1), they were examined with the aid of the primary colour 

composition of the CMYK system. With 16-thread satin, weave basic and joint weave 

series were created into a full-colour compound structure format. Given 4 interlacement 

enhancements each time, fifty three weave varieties were created as shown in Figure 5-

2. Based on the weaving specifications in Table 5-1, both the layered-combination design 

mode and TAC mode were examined. 
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Figure 5-2  16-thread basic and joint weave into full-colour compound structure 

 

Table 5-1  Technical setting for colour feature experiments 

Composition Weft Warp 

Material 100% polyester 100% polyester 

Thread colour Magenta/cyan/yellow/black Off-white 

Yarn count 50 denier 100 denier 

4 colour filling density 236 picks/10cm 472 ends/10cm 

Jacquard machine Stäubli JC6 

Pattern repeat 25.4 cm (width) x 23.75 cm (height) 

Weave repeat 16-thread 

Shaded weave variety 53 

Software applied Photoshop CS/Arahne CAD 

 

5.2.1.2 Original CMYK scheme 

The colour patterns attained by auto-computed separation were directly applied to 

reproduction of the proposed colour gamut of the CMYK scheme (i.e., its realisation of 

primaries, secondaries and black) in the artwork (Figure 5-1). In the layered-combination 

design mode, the four primary layers were applied as weave patterns and the results 

were shown in Figure 5-3. When subtractive mixing was directly applied to optical 
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mixing of Jacquard, reproduction of secondary ranges and black were limited by 

juxtaposing coloured yarns. Their primary thread colours (i .e. ,  cyan, magenta and 

yellow) were properly displayed and exhibited in associated regions; however, the 

pairwise combination barely reproduced red, green or blue ranges. In direct application 

of pigment mixing to optical colour realisation, the black background was presented 

with undesirable C, M and Y floats as CMY layers contained latent values of generation 

of black. The presentation of gradual colour deviation was also proved difficult. As the 

borders of areas were too delicate for greyscale variations, it was difficult for the basic 

and joint weave series to generate natural colour shades through thread float 

combination. 

 

 

Figure 5-3  Fabrication in computed CMYK layers 

 

In a prior study (Zhou, 2008), the grey component replacement (GCR) was suggested for 
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separating an original artwork. Since GCR used a lesser amount of the three primary 

colours by replacing their percentages (Kendra, 2004), achievement of a darker and more 

saturated black layer was possible. First, CMYK separation proceeded without the GCR 

colour setting and the CMY layers were extracted from the separation. Second, the black 

layer was attained in the GCR setting (Zhou, 2008) to enhance the presentation of black 

in woven form. Yet, GCR was operated by computational automation and thus it was 

difficult to govern colour alternation. Furthermore, in strengthening black values or 

layers, the presentation of saturated and solid blacks were limited in woven Jacquard. 

 

5.2.1.3 TAC 

The method of total average coverage (TAC) was examined with the artwork shown in 

Figure 5-1. In practical research, this application was introduced with a higher flexibility 

of modulating the number of colour compositions. Therefore, the TAC mode was further 

tested, focusing on its capability of realising subtractive colour scopes. The artwork was 

reformed with 200 colours (Figure 5-4) and proper basic and joint weave series were 

selected based on the ink density required for reproduction of each colour. Figure 5-4 

shows that TAC fabrication had less defined colour edges than the original CMYK 

scheme, particularly in regions where green and blue were adjacent to a black 

background. In modulating the composition of colour numbers, similar colours were 

unified and therefore the edges of objects became less defined. Saturated black was also 

found limited in the TAC mode. Based on the application of ink density, the basic and 

joint weave series were treated by the same subtractive colour mixing scheme. For 

example, the percentage of black was recognised with the inclusion of CMY values (e.g., 
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50% C, 50% M, 50% Y and 20% K). Hence, black was reproduced with the solidified CMY 

thread floats and was presented with colourful threads. 

 

 

Figure 5-4  Fabrication in TAC mode 

 

5.2.1.4 Limitations of CMYK scheme in Jacquard 

CMYK colours were reproduced in varied percentages of ink with different levels of 

transparency in regions where more than two colorants were designated the second or 

third colour generation when ink colours were overlapped and mixed in the subtractive 

process (Zelanski, 1999). On the contrary, as non-transparent threads could not be 

blended, weave colours produced in pigment mixing were shown to be limited in 

realising its proposed colour scope in woven form. 
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Weave patterns designed in CMYK or TAC were created in colour printing. Therefore, 

when colour printing was directly applied to Jacquard, secondary colours could barely 

simulate red, green or blue by overlapping a pair of primary-colour threads. In Jacquard 

textiles, all CMY colorants were assigned to reproduce black, which was presented with 

solidified CMY colorants of thread floats and coexisted with black threads, disturbing 

the display of saturated black tones and making areas overcrowded.  

 

Furthermore, when regions had two-colour arrays adjacent to empty sets of colorant 

regions (white), their digital weave patterns could be too complex and delicate to 

produce smooth colour deviation by simply using linear materials of threads. Fabrics 

produced by layered-combination design and TAC methods had distinct streaks on 

surfaces with gradient changes. The limitations of current weaving applications were 

clearly defined through experimentation. Therefore, the research development was 

devoted to rendering an optimal condition of weave patterns and further investigation 

was carried out with digital colour segmentation. 

 

5.3 Optimisation of Weave Colour Reproduction by Modification of CMYK Layers 

Segmentation was carried out by separating a complete image into constituent areas 

systematically. Objective regions were directly defined to match a physical object or 

colour where homogeneity was found by predetermined predicates (Awcock & Thomas, 

1995). In this study, as the segmentation initiated with the split CMYK primary layers, 

their features functioned as weave patterns to adapt to the features of optical colour 
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mixing. Digital image segmentation was applied to the primary layers to define 

significant regions which required accurate execution with placement of thread floats. 

The segmentation focused on improving the direct application of pigment mixing. 

 

5.3.1 Region-based segmentation 

Region-based segmentation aims to create regions directly by grouping pixels sharing 

common features in areas of uniformity. This method is regarded as a similar approach 

to colour composition so that image regions have a common criterion for creation, and 

can be relatively straightforward and generally less sensitive to noise (Awcock, 1995). 

 

In using split CMYK primary-colour layers, further modification was possible by 

deploying the features of CMYK morphology when 1) red, green and blue areas were 

defined as common areas among CMYK layers; 2) an independent black layer existed; 

and 3) an empty set of colorants signified white regions. Based on CMYK morphology, 

region-based segmentation could be aligned to render an optimal condition of weave 

patterns. 

 

5.3.2 Mathematical morphology in greyscale 

Greyscale images were presented as binary images in a three-dimensional space with 

latitude of brightness. A specific attribute was used as a measurement of uniformity to 

segment objects or colour regions into specific parameters. Organisation of pixels was 

the basis of the decision. Since systems based on mathematical morphology could treat 

individual pixels as a set, colour regions were defined (Zuech, 1988). As a result, CMYK 
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layers were transformed into weave patterns so that they could provide optimal 

conditions in optical colour mixing. The mathematical morphology of dyadic image 

operation combining two images into one was applied to the features of the CMYK 

scheme. A pair of CMYK layers formed a logical combination to recognise regions where 

CMYK layers commonly shared (Figure 5-5).  

 

 

Figure 5-5  Dyadic operation on binary image (Zuech, 1988) 

 

There are two key operations known as dilation and erosion in dyadic image operation 

(Figure 5-6). Dilation involves two sets of A and B to transform each pixel of image A 

into a pixel of image B. The outmost image is generated by adding image A to all images 

B. Erosion is the opposite of dilation, transforming an image by having set B as centre 

points and presenting the transformed image where set B is fully confined in set A. 

(Zuech, 1988).  
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Figure 5-6  Dilation and erosion (ERIM) 

 

CMY layers received from split CMYK layers can be transformed into a new form of 

colour layout in dyadic image operation. By combining a pair of CMYK layers, the 

common regions between the two layers can be revealed and thus unwanted values in 

each layer can be eliminated by applying a proper definition. The greyscale images of 

split CMYK layers are operated by defined function f(x, y) and image transformation is 

employed to cluster significant colour regions to render optimal weave patterns for 

multi-colour Jacquard weaving (Sangwine & Horn, 1998).  

 

5.3.3 Four layer-based modification of CMYK layers 

The experiment was carried out with four-layer weave patterns (CMYK) which were 

examined for their possibility of enhancing the current black realisation in woven form. 

By applying mathematical morphology to greyscale images, primary layers were 

modified to render new layouts of weave patterns. In using split black layers, erosion 

was used to contain the effects of CMY thread floats in black regions. 
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Table 5-2  Experiment of weaving specifications 

Composition Weft Warp 

Material 100% polyester 100% polyester 

Thread colour Cyan/magenta/yellow/black  Off-white 

Yarn count 50 denier 100 denier 

4 colour filling density 256 picks/10cm 472 ends/10cm 

Jacquard machine Stäubli JC6 

Pattern repeat  25.4 cm (width) x 23.75 cm (height) 

Weave size 16-thread 

Shaded weave variety 53 

Software applied Photoshop CS/Arahne CAD 

 

The component greyscales ranged from 0 to 1 in the 8-bit mode and each primary layer 

was transformed by a pixel set of black layers in image combination. The 16-thread basic 

and joint weave series (Figure 5-2) were aligned with the transformed weave patterns. 

Experiments were conducted with varied weave patterns to examine the possibility of 

improving generation of black in woven form. Table 5-2 shows the weaving 

specifications. 

 

5.3.3.1 Dodging CMY layer for Jacquard weave pattern rendering 

Dodging was applied to printing to manipulate the exposure of selected areas on a 

photographic print and the exposure of particular areas of a print was reduced to lighten 

target areas. Diverse materials were used with varying degrees of opacity to control light 

transmission for receiving different levels of brightness (Adams, 1983). The dodging 

effect in digital images was applied with function f(x, y) to mimic the same photographic 

109 
 



             Chapter 5 Optimisation of Reproduction of Digital Image in Jacquard Textiles 

effect in digital image layers. Dodging lightened each pixel of the upper layer. If there 

were regions containing complete 0 (i.e., black) or 1 (i.e., white) values in either layer, 

their properties did not change in combination. The values functioned as opaque 

materials to cover areas completely and preserve areas with their own values (Obermeier 

& Padova, 2008). Regarding morphology of split CMYK, dodging could help exclude 

black values from CMY primary layers. As CMY layers shared areas with black, defined 

function (4) (Hamburg & Valley, 2002) could erode the latent values of black in CMY and 

redefined colour layouts with intrinsic and secondary values through the process. Where 

𝑈𝑈𝑔𝑔 was the upper layer of grey values, 𝐿𝐿𝑔𝑔 was the lower layer. 

 

𝑓𝑓�𝑈𝑈𝑔𝑔 , 𝐿𝐿𝑔𝑔� = 𝑈𝑈𝑔𝑔 + 𝐿𝐿𝑔𝑔      (4) 

 

With a defined set of formulae, the latent values of black in each CMY layer were 

excluded and each layer was transformed through the process as formula (5). Figure 5-7 

shows the restructured CMY layers. Where 𝐶𝐶𝑝𝑝,𝑀𝑀𝑝𝑝 and 𝑌𝑌𝑝𝑝 were the final weave patterns 

for structure input, 𝐶𝐶𝑔𝑔, 𝑀𝑀𝑔𝑔,  𝑌𝑌𝑔𝑔 and 𝐾𝐾𝑔𝑔 were the layers obtained by computed separation. 

 

�
𝐶𝐶𝑝𝑝
𝑀𝑀𝑝𝑝
𝑌𝑌𝑝𝑝
�  =  �

𝐶𝐶𝑔𝑔
𝑀𝑀𝑔𝑔
𝑌𝑌𝑔𝑔
� − �

1 − 𝐾𝐾𝑔𝑔
1 − 𝐾𝐾𝑔𝑔
1 − 𝐾𝐾𝑔𝑔

�  (5) 
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Figure 5-7  Exclusion of black values from CMY layers in dodging 

 

 

Figure 5-8  Fabrication with reformed CMY and K layers in dodging 

 

The reformed 𝐶𝐶𝑝𝑝,𝑀𝑀𝑝𝑝,𝑌𝑌𝑝𝑝layers and black (𝐾𝐾𝑔𝑔) were used as weave patterns for image 

recreation. Figure 5-8 shows that the generation of black was much improved by 

excluding black values from CMY layers; however, the erosion levels turned out to be 
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too high to present secondary colours of red, green and blue with the weave patterns 

rendered in this operation. 

 

5.3.3.2 Screening CMY layers for weave pattern rendering 

“Screening” is developed from stencilling in which print paste is forced through the 

unblocked parts of a screen in contact with pigment substrates. In colour photography, 

the screening technique is complemented by filters and film layers to make colour 

printing possible. The technique is commonly used in CMYK modes, allowing varying 

dots of ink to create another form of colour (Campbell, 2000). Digital halftoning or 

screening has replaced photographic screening since "electronic dot generators" were 

introduced to function as film layers or filters. Digital halftoning is possible with 

monochrome elements or pixels to make images printable and simulate continuous 

tones of illusion by using dots. (Shen, 2009). 

 

When digital screening was applied to two-layer merging, areas in which either of the 

two layers was defined with complete 0 (i.e., black) and 1 (i.e., white) did not change 

their properties through integration. The technique is similar to dodging, but its applied 

function (6) (Hamburg, 2002) is different. The transformed image in two-layer blending 

resulted from the continuous tones of grey and showed higher tolerance when defining 

colour regions. Screening is an average and symmetric approach, meaning exchanging 

the two layers without changing the results.  

 

  𝑓𝑓�𝑈𝑈𝑔𝑔 , 𝐿𝐿𝑔𝑔� = 1 − �1 − 𝑈𝑈𝑔𝑔� ∙ �1 − 𝐿𝐿𝑔𝑔�    (6) 
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Figure 5-9  Exclusion of black values by screening 

 

By using the black layer, black values in CMY layers were eroded. Removal was carried 

out the same way as dodging (5). Figure 5-9 shows that the black regions and secondary 

ranges were concurrently lightened and the transformed images were brighter than the 

original scheme of CMY layers.  

 

By taking the reformed three layers, namely (𝐶𝐶𝑝𝑝, 𝑀𝑀𝑝𝑝, 𝑌𝑌𝑝𝑝)with black, (𝐾𝐾𝑔𝑔 ), as weave 

patterns, each weave layer was combined in multi-weft figuring. Figure 5-10 shows that 

the improvement in black generation was noticeable through modification of CMY 

layers; however, the fabric was found insufficient to realise CMY secondaries with 
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redefined greyscale values. The effects of black values in CMY combination were too 

immense to sufficiently preserve secondary-colour regions. 

 

 

Figure 5-10  Fabrication with reformed CMY and K layers under screening effect 

 

5.3.4 Seven-layer modification of CMYK layers into primary and secondary colours 

The four-layer modification was weak at reproducing secondary colours. Although the 

exhibition of colourful thread floats were minimised in black regions by modifying cyan, 

magenta and yellow layers, neither dodging nor screening was found adequate to 

present secondary colour ranges. Also, it was hard to reproduce red, green and blue 

ranges in excluding black values. Since the black layer was defined by common areas 

where three primary colours co-existed, secondary-colour regions could only be 

presented when black values were completely uninvolved in their generations. 

Therefore, the research further explored the possibility of improving weave patterns by 

giving a clear definition of secondary-colour ranges. 

 

114 
 



             Chapter 5 Optimisation of Reproduction of Digital Image in Jacquard Textiles 

Based on CMYK morphology, segmentation was applied to cluster independent C, M, Y, 

K, R, G and B patterns and was aimed at supplying an associated colour yarn to accurate 

regions to improve the insufficient CMYK scheme. The four-layer-based weave pattern 

rendering in dodging (4) and screening (6) showed its capability to define commonly 

shared colour regions.  Therefore, in alignment with CMYK morphology, dodging and 

screening were used to cluster secondary-colour regions 1) to obtain average grey values 

between the upper and the low layer to maintain a constantly grey level throughout 

merging; 2) to allow red, green and blue regions to stand out; 3) to remove supplemental 

colour values from each colour pattern; and 4) to divide a whole image into constituent 

regions where two greyed primary layers were merged.  

 

Table 5-3  Weaving specifications 

Composition Weft Warp  

Material 100% polyester 100% polyester 

Thread colour Cyan/magenta/yellow/black 
Red/green/blue 

Off-white  
 

Yarn count 50 denier 100 denier  

7 colour filling density 216 picks/10cm 472 ends/10cm 

Jacquard machine Stäubli JC6 

Pattern repeat  25.4 cm (width) x 45.36 cm (height) 

Weave size 16-thread 
Shaded weave variety 53 

Software applied Photoshop CS/Arahne CAD 

 

To make an optimal match to the CMYK scheme, the primary layers were partitioned 

into C, M, Y, K, R, G and B patterns. The identical image used in the four-layer 
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experiment identified the advantages of the new form of weave pattern. The weaving 

specifications are shown in Table 5-3. 

 

5.3.4.1 Dodging CMY layers into primary and secondary colours  

Pattern rendering of red, green and blue 

Each CMY layer was generated by subtracting one-colour arrays of the RGB model. The 

common regions of coupled primaries indicate red, green and blue generations. In 

applying function (4) of the dodging effect, the common regions could be recognised 

when a pair of CMY layers were combined. In alignment with CMYK morphology and 

greyscale substrates, two-colour arrays were filtered and placed together and secondary-

colour regions were segmented for rendering weave patterns. Yet, as they also had black 

values, removal was applied. The subtraction is presented in formula (7). Where 

𝑅𝑅𝑝𝑝,𝐺𝐺𝑝𝑝 and 𝐵𝐵𝑝𝑝 are the final colour patterns of red, green and blue for weave structure 

inputs, and 𝐶𝐶𝑔𝑔, 𝑀𝑀𝑔𝑔,  𝑌𝑌𝑔𝑔 and 𝐾𝐾𝑔𝑔 are the layers obtained through computed separation. 

 

                �
𝑅𝑅𝑝𝑝
𝐺𝐺𝑝𝑝
𝐵𝐵𝑝𝑝
�  =  �

𝑀𝑀𝑔𝑔 ∩ 𝑌𝑌𝑔𝑔
𝐶𝐶𝑔𝑔 ∩ 𝑌𝑌𝑔𝑔
𝐶𝐶𝑔𝑔 ∩ 𝑀𝑀𝑔𝑔

� − �
1 − 𝐾𝐾𝑔𝑔
1 − 𝐾𝐾𝑔𝑔
1 − 𝐾𝐾𝑔𝑔

�                  (7) 

 

Figure 5-11 shows each secondary weave pattern rendering process in detail. In merging 

two primary layers, secondary-colour ranges were recognised and clustered and black 

values were excluded for generating new red, green and blue weave patterns. 
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Figure 5-11  Red, green and blue weave pattern rendering processes under   
dodging effect 

 

Pattern rendering of cyan, magenta and yellow 

As the filtered CMY layers had values of secondary colours and black, clarification was 

carried out progressively. The grey values of secondary ranges were excluded while 

black values were uninvolved during merging. The transforming process was defined as 

formula (8) when CMY patterns were obtained with their inherent values where 

𝐶𝐶𝑝𝑝,𝑀𝑀𝑝𝑝 and 𝑌𝑌𝑝𝑝 were the final patterns for structure inputs. Figure 5-12 shows the details 

of CMY pattern modification. 

 

        �
𝐶𝐶𝑝𝑝
𝑀𝑀𝑝𝑝
𝑌𝑌𝑝𝑝
� =  �

𝐶𝐶𝑔𝑔
𝑀𝑀𝑔𝑔
𝑌𝑌𝑔𝑔
� −  �

𝐶𝐶𝑔𝑔 ∩ 𝑀𝑀𝑔𝑔
𝑀𝑀𝑔𝑔 ∩ 𝑌𝑌𝑔𝑔
𝑌𝑌𝑔𝑔 ∩ 𝐶𝐶𝑔𝑔

�  − �
𝐶𝐶𝑔𝑔 ∩ 𝑌𝑌𝑔𝑔
𝑀𝑀𝑔𝑔 ∩ 𝐶𝐶𝑔𝑔
𝑌𝑌𝑔𝑔 ∩ 𝑀𝑀𝑔𝑔

� −  �
1 − 𝐾𝐾𝑔𝑔
1 − 𝐾𝐾𝑔𝑔
1 − 𝐾𝐾𝑔𝑔

�          (8) 
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Figure 5-12  Cyan, magenta and yellow pattern rendering processes under    
dodging effect 

 

 

Figure 5-13  Fabrication of CMYKRGB patterns rendered under dodging effect 

 

The seven weave patterns were combined in multi-weft figuring and the results were 

shown in Figure 5-13. The weave pattern combination enabled realisation of black and 
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gives better presentation of secondary colours. However, the applied segmentation was 

still found too intensive to preserve red, green and blue regions in Jacquard. 

 

5.3.4.2 Screening CMY layers into primary and secondary colours 

Pattern rendering of red, green and blue 

Screening with defined function (6) rendered self-governing red, green and blue weave 

patterns by merging a pair of CMY layers. The pattern rendering was carried out the 

same way as formula (7). Regarding four-layer fabrics, screening has the advantages of 

creating continuous tones in greyed images and realising better secondary-colour ranges. 

 

A pair of CMY layers was combined to cluster regions with two-colour arrays being 

placed together. When the areas were exclusively revealed through combination, the 

black layer was used to remove their values from CMY layers. The details of weave 

pattern rendering are shown in Figure 5-14, in which minor black values still exist in the 

background but secondary regions are preserved in better condition. 
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Figure 5-14  Red, green and blue pattern rendering processes under screening effect 

 

Pattern rendering of cyan, magenta and yellow 

CMY patterns were rendered the same way as formula (8). The original CMY layers were 

merged in pairs with newly generated red, green and blue layers to exclude secondary 

values from each CMY layer and to detach black values. Since different functions were 

applied in layer combination, different conditions of the weave patterns resulted under 

the screening effect. The improved screening effect generated continuous grey tones 

whereby undesirable streaks in image transformation were avoided. However, since 

segmentation was carried out with higher tolerance, the projected colour regions were 

defined more generously. Thus all additional values from CMY layers could not be 

avoided. Figure 5-15 shows the CMY weave pattern rendering processes, in which minor 

values of latent colours remain in CMY regions. 
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Figure 5-15  Cyan, magenta and yellow pattern rendering processes under   
screening effect 

 

Based on the seven weave patterns, the image was reproduced as shown in Figure 5-16. 

The partitioned CMYKRGB layers under the screening effect were optimal for weave 

colour creation among all applications to realisation of CMYK scopes. In alignment with 

two shaded weave series, all colours were well presented through weave patterns. 

Although screening defined the assigned colour regions tolerantly, thread colours from 

minor greyscale values were insignificant on fabric surfaces. Moreover, thread colours 

realised through the continuous grey tones were distinctive and gradient colours of high 

quality was presented. Through the provision of weave patterns, thread colours were 

well placed in associated regions and thread float exhibitions were minimised in 

saturated black regions. 
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Figure 5-16  Fabrication of CMYKRGB patterns rendered under screening effect 

 

5.4 Design Creations 

In the course of experimentation with various cases of weave patterns, the quality of 

multi-colour Jacquard was enhanced by applying proper segmentation. The subtractive 

primary-colour group (e.g., cyan, magenta and yellow) and secondaries (e.g., red, green 

and blue) aimed at realising all colour compositions properly when an artwork was 

involved. By employing white and black, colour saturation levels were governed and 

controlled. Since the empty set of each colorant region was signified as a white region, 

warp yarns were supplemented to generate various levels. In addition, realisation solid 

and saturated black became easier by minimising colourful thread floats. 

 

Further experimentation was needed to examine practical use for design. As this study 

aimed to expand the scope of design and improve weave colour reproduction, an image 

was designed with a colour scope which was proved difficult by employing CMYK 

mixing and its four primary filling yarns.  
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Figure 5-17  Spectrum scope of design image 

 

In order to identify ways for improving an application, further experiments were 

conducted with a multi-colour image to broaden design concepts for multi-colour 

Jacquard. In a comparative analysis of current and invented applications, physical 

samples were produced in CMYK and CMYKRGB schemes. Figure 5-17 shows a design 

image with its split CMYK layers presented. 

 

Weave repeats of the same size were applied to creation of basic and joint weaves. Two 

cases were compared in terms of colour reproduction results. Table 5-4 shows the 

applied weaving specifications. The original image was separated into CMYK layers and 

the four split layers were applied as weave patterns. As each primary layer contained its 

own secondaries and black values, the scope of colours was designed to reproduce with 

four-colour filling yarn exhibition. Each greyscale was adjusted based on the selected 

weave series, and relevant basic and joint weaves (Figure 5-2) were applied based on 

each grey value. 
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Table 5-4  Weaving specifications 

Composition Weft Warp  

Material 100% polyester 100% polyester 

Thread colour Cyan/magenta/yellow/black 
Red/green/blue 

Off-white 

Yarn count 50 denier 100 denier 

4 colour filling density 256 picks/10cm 472 ends/10cm 

7 colour filling density 216 picks/10cm 472 ends/10cm 

Jacquard machine Stäubli JC6 

Pattern repeat  25.4 cm (width) x 45.36 cm (height) 

Weave size 16-thread 

Shaded weave variety 53 

Software applied Photoshop CS/Arahne CAD 

 

Figure 5-18 shows the results of CMYK fabrication. Gradient colour deviation was 

achieved with shaded weave structures and weave patterns. Secondary colours were 

reproduced by juxtaposing a pair of primary colours and black threads were used to 

adjust colour saturation. In respect of secondary colour pre-production, the colours were 

found less saturated when compared with the original image. For instance, blue was 

realised by juxtaposing magenta and cyan; yet, the reproduced blue ranges looked 

reddish. Also, green did not look highly distinctive from yellow.  
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Figure 5-18  Spectrum scope of colour reproduction in CMYK 

 

A new approach to colour pattern rendering was applied in Jacquard colour 

reproduction by provision of two colour groups. Based on the initial results of CMYK 

patterns, weave patterns of red, green and blue were clustered in using CMYK 

morphology. A pair of CMY layers was merged in function (6). Once secondary-colour 

regions were recognised, black values were excluded.  

 

 

Figure 5-19  Spectrum scope of colour reproduction in CMYKRGB 
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On the contrary, CMY patterns were rendered mainly in erosion to exclude all 

supplemental colour values from each primary layer. The seven weave patterns attained 

through segmentation were employed in multi-weft figuring. Figure 5-19 shows the 

results of the combination of the seven weave patterns in the layered-combination design 

mode. Based on the CMY layer combination, red, green, blue and black weave layers 

were progressively added. Once the added colour layers were combined, associated 

regions were fulfilled and enriched. 

 

Compared with CMYK weave colour reproduction, CMYKRGB was much improved in 

terms of colour simulation and saturation. As each colour pattern was designed to define 

each colour region, thread colours were floated and exhibited on the assigned places. 

Therefore, the problems of direct application of subtractive mixing were solved and the 

gamut of weave colour was expanded properly in optimal thread colour mixing. 

 

As the new segmentation aimed to expand the gamut of weave colour to match the 

subtractive scope of colours, the gamut expansion with weave patterns rendered in the 

screening effect was further tested with an image composed of numerous colour 

variations in blocks. The colour scope was designed to include cyan, magenta, yellow, 

red, green, blue and black. By employing seven filling yarn colours, the capability of 

producing a wide colour scope was examined. Table 5-5 shows the weaving 

specifications for realisation of numerous colour shades aimed at identifying an 

encompassing scope of colours by applying the new application. 20-thread basic and 

joint weave series of which full-series are presented in appendix C are used and Figure 
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5-20 shows the results of the colour expansion test. The gamut of weave colour was 

capable of presenting different colour structures in woven form as gradient tones were 

produced by the interaction between weave patterns and weave structures. 

 

Table 5-5  Technical setting for weave colour expansion  

Composition Weft Warp 

Material 100% polyester 100% polyester 

Thread colour Magenta/cyan/yellow/black 
Red/green/blue 

Off-white 

Yarn size 50 denier 100 denier 

7 colour filling density 216 picks/10cm 472 ends/10cm 

Jacquard machine Stäubli JC6 

Pattern repeat 69.36 cm (width) x 67.47 cm (height) 

Weave size 20-thread 

Shaded weave variety 69 

Software applied Photoshop CS/Arahne CAD 

 

 

Figure 5-20  Weave colour expansion with CMYKRGB filling 
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5.5 Summary 

It is difficult to directly apply subtractive colour mixing to Jacquard textiles. 

Optimisation of weave patterns is therefore required to adopt the features of optical 

thread colour presentation. By sidestepping the deficiencies of direct application of 

subtractive mixing, various weave patterns are applied and examined for optimising 

weave colour realisation in alignment with shaded weave series. In optical thread colour 

mixing, fabrics are shown to be capable of reproducing cyan, magenta, yellow, red, blue 

and black as optimal colour segmentation is underway. 

 

As many design concepts can be proposed for Jacquard textiles, applications vary 

according to circumstances. Yet, this research aimed to improve colour realisation with 

subtractive mixing in woven Jacquard form, the proposed application serves as a 

valuable reference for realising a colour scope through the subtractive colour gamut of 

multi-colour Jacquard. 
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CHAPTER 6 

CREATION OF ORIGINAL JACQUARD DESIGNS UNDER 

OPTIMISED WEAVE STRUCTURE AND COLOUR SYSTEM 

 

6.1 Introduction 

The application of multi-coloured Jacquard textiles, created by shaded weave structure 

in the layered-combination mode, is capable of presenting colours in a faithful way. 

Colour weave patterns play important roles in governing the placement of each thread 

and the amount of thread colour exhibition in Jacquard textiles. In the course of 

optimising weave colour reproduction in this study, the interaction between weave 

structure and pattern was evaluated. Based on empirical experiments, further attempts 

to add variety to Jacquard design were made. 

 

By manipulation of weave structures and patterns, innovative design concepts were 

created. Weave patterns were mainly employed for ornamental purposes and recreation 

of watercolour effect in woven form. In alignment with two sets of shaded weave series, 

digital weave patterns were designed to exhibit the maximum smooth colour deviation 

by juxtaposing filling yarns in a progressive manner. In creating shaded weave series, a 

new silhouette of shaded weave was developed to enrich woven fabrics with richer 

texture. In this chapter, relevant principles and applications are introduced and veiled 

values of digital Jacquard design are proposed. 

129 
 



Chapter 6 Creation of Original Jacquard Design under Optimised Weave and Colour System 

6.2 Novel Designs in Weave Structure and Colour System 

Shaded weave series consisted of single shaded weaves created by interlacement 

accumulation. As greyscale values were composed of weave patterns, relevant single-

shaded weaves were selected according to target greyscale values to fulfil regions with 

a proper amount of thread exhibition. As a result, filling yarn floats of different lengths 

were superimposed next to each other to emulate the projected colour scope. However, 

in manipulation of digital weave patterns, generating the surroundings of greyscale 

variations in progressive chromatic aberration was not yet made possible. Therefore, 

shaded weaves series were selected and juxtaposed by following the gradual growth of 

their floats. When shaded weave structures and digital weave patterns interacted, 

simulated watercolour effect with delicate colour shades in woven Jacquard form was 

made possible. 

 

The key to creating a series of shaded weave structures lay in making regular changes in 

weave repeats by adding interlacement. In the satin format, basic and joint weaves were 

different in horizontal lengths. When two series of weave varieties were combined, 

colour structures were created with transverse lines to affect the applied weave structure. 

According to creation of shaded weave series, a basic weave was examined for the 

possibility of building a new silhouette of shaded weave series. As the initial form and 

interlacement accumulation of the weave were associated with generation of fabric 

texture, the development of new shaded weave series focused on delivering a more 

encompassing textural effect. 
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6.3 Creation of Watercolour Effect 

The transparent nature of watercolour offers different tonal values through layering 

colours by using water as a solvent in aqueous paint media. Watercolour is a responsive 

medium which enables colours to be built with a direct and delicate means. The effect is 

widely used in direct application of painting on fine textiles. Colours are diluted heavily 

by water and become thinned and transparent without losing their inherent hue. 

Although some colour sources are opaque, the watercolour effect can be generated with 

its main principles (Seymour, 2003).  

 

6.3.1 Watercolour Effect and Jacquard Textiles 

Jacquard colours are realised by optical colour mixing. By using linear opaque yarns, the 

shaded weave format is reliable when generating gradient deviation. Therefore, an 

investigation was carried out with digital weave patterns to integrate the effect in woven 

Jacquard form. 

 

6.3.1.1 Colour design for weave patterning 

As the watercolour effect is generated with pigments dissolved in water and layered 

with natural tones, recreation of painting effects was achieved by modifying weaving 

elements. In using shaded weave structure series, pigment presentation of refined sizes 

was realised through delicate interlacement management. In order to integrate the 

dissolved pigment effect, the greyscales of weave patterns were manipulated to produce 

progressive alternation of chromatic aberration. In addition, weave patterns were 
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designed to overlay filling yarn colours by creating common regions where colours were 

overlapped in weave layers. 

 

Since opaque yarns did not change their own hue characteristics through weaving, 

thread colours were displayed as they are on fabric surface, while varied shades 

exhibited the gradient mixing effect under the influence of the surroundings. In weave 

colour reproduction, an original image was designed based on its colour composition; 

however, the indirect process was used to satisfy the crucial criteria of watercolour 

realisation in woven form. Weave patterns were designed on the motifs of overlapped 

colour regions. 

 

6.3.1.2 Weave structure design for watercolour effect 

The liquefied pigment effect was complemented by the weave structure layout (Figure 

6-1). As basic and joint weaves were combined in their gradual changes in interlacement 

addition, thread colours were presented in its maximum degree of smoothness and 

therefore simulation of the watercolour effect was realised successfully in woven form. 

 

When large numbers of weave varieties were offered, more structure combinations were 

provided and more delicate colour shades were generated. Therefore, basic and joint 

weave series built of small numbers of interlacing enhancements were preferred. When 

selecting shaded weave series, original images were considered for maintaining proper 

fabric firmness and refined presentation of colours. 
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Figure 6-1  Shaded weave structure layout for watercolour effect 

 

6.3.1.3 Interaction between weave pattern and structure for watercolour effect 

A preliminary experiment was conducted to evaluate the possibility of simulating the 

watercolour effect by adopting weave structures and patterns. Four colour weave layers 

were designed with an emphasis on colours of motif composition. The motifs of three 

colour layers were designed to overlay each other to detect the colour condition when 

weave colour layers were integrated in the layered-combination design mode. Figure 6-

2 shows the colour weave pattern design for the experiment. The greyscales of weave 

patterns were designed with continuous tones so as to juxtapose filling floats in their 

gradual length growths. Cyan, magenta and yellow filling yarns were employed in 

figuring and white yarns were used as the background. 
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Figure 6-2  Weave pattern design for watercolour effect in preliminary experiment 

 

Figure 6-3 shows the results of the sample fabrics. The particles of the exhibited thread 

colours are smoothly deviated in alignment with the weave structure layout. 

Furthermore, the overlaid thread colours are shown as a unique feature of weaving and 

proposed for integration of the watercolour effect in woven Jacquard form. Since the 

watercolour effect was created with linear yarns, a certain level of limitation was 

expected in the course of simulating the colour effect when pigments were diluted in 

water. However, colour shades generated by the combination of basic and joint weaves 

were capable of creating decent colour tones. Since the background was composed of 

white yarns in the initial experiments (Figure 6-3), the resultant effect and greyscale 

tones lacked variety among the weave patterns. Therefore, further optimisation was 

required for weave patterns to deliver more colours with the elaborated watercolour 

effect. 
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Figure 6-3  Preliminary experiment with watercolour effect 

 

6.3.1.4 Creation 

Colour varieties were complemented by weave patterns that provide more regions 

where colours were overlapped in a more complex manner. In order to exhibit colour 

effects realised by lengthening thread floats, weave patterns were reformed by 

smoothing each pixel and averaging its immediate neighbours. The operation, known as 

‘blurring’, resulted from low-pass or filtering, ironed out significant grey-level 

differences between pixels (Awcock, 1995). Therefore, receiving an original grey image 

from smoothed greyscale values was made possible in spite of the fact that degradation 

might result from the filtering process (Efford, 2000). Though the operation, each pattern 

was transformed in a similar way to simulate pigments dissolving in water. 
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Figure 6-4  Weave patterns for watercolour effect 

 

To create the watercolour effect, weave designs and patterns were used to realise a 

delicate effect by overlaying thread colours. Five colour layers (i.e., cyan, magenta, 

yellow, green and black) were designed for colour enrichment through integration. 

Figure 6-4 shows the weave patterns reformed through blurring to govern thread colours 

in gradual length deviation. 

 

 

 

 

136 
 



Chapter 6 Creation of Original Jacquard Design under Optimised Weave and Colour System 

Table 6-1  Technical setting for watercolour effect experiments 

Composition Weft Warp  

Material 100% polyester 100% polyester 

Thread colour Cyan/magenta/yellow/black/green  Off-white 

Yarn count 100 denier 50 denier 

5 filling density 216 picks/10cm 472 ends/10cm 

Jacquard machine Stäubli JC6 

Pattern repeat 289 cm (width) x 281.13 cm (height) 

Weave size 20-thread 

Shaded weave verity 69 

Software applied Photoshop CS/Arahne CAD 

 

In this experiment, a 20-thread satin weave with (1/4)W interlacing enhancement was 

created in basic and joint weave series with 69 varieties (see Appendix C), while initial 

weave patterns were reformed through blurring to provide elaborate chromatic 

aberration among greyscale values. In the layered-combination design mode, each layer 

was completed and combined. The weave specifications are shown in Table 6-1. 

 

Figure 6-5 shows Jacquard fabrics created based on weave structure and pattern layout. 

Each yarn colour is faithfully presented. The weave patterns produced a maximum 

degree of colour silkiness in alignment with shaded weave structures. The shades 

display a high-quality watercolour effect in woven form. 
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Figure 6-5  Watercolour effect in woven Jacquard textiles 

 

6.4 Creation of Texture-over-colour Effect 

Figure 6-6 shows shaded effects created by satin or twill derivatives. The satin weaves 

feature glittering areas presented in thread colours (Cheng, 1992; Watson, 1975). The 

interweaving points of twill weaves were composed of twill lines and the colour regions 

stood out with lustre. When single shading was applied in a directional manner as 

shown in sections B and D (Figure 6-6), it was difficult for structure formats to deliver 

smooth colour deviation.  
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Figure 6-6  Several methods of shading (Watson, 1975). 
 

By combining a number of small twills, the weave structure was recreated into figuring 

twill on conditions that: 1) interweaving points were even-sided; 2) repeats could be 

separated into two halves of symmetrical shapes; and 3) lifting points of the two halves 

were diametrically opposite to one another (Watson, 1975). The total interlacement of 

figuring twill was divided into equal space units to adopt crucial conditions and create 

shaded weaves. Thread floats were generated in various lengths to increase or decrease 

interlacement accumulation. Interlacement distribution was made possible by placing 

initial interlacement points in a symmetrical shape. Based on the compound structure, a 

new silhouette of shaded weave series was developed to create a new texturing effect. 

 

6.4.1 Creation of texture-over-colour effect 

Figure 6-7 shows that satin derivatives are suitable for displaying brilliant, lustrous 

colours and colour exhibition is uninterrupted when thread floats are aligned through 

arrangement of weave structure. 
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Figure 6-7  Texture of satin-based Jacquard 

 

Basic satin and twill weaves are widely used to create shaded weave structure. However, 

there are many ways of presenting shades. The single-twill weave shows different levels 

of colour lightness and the shades becomes more contrasting. When more than one twill 

weave is used and combined, different formats of exhibition are expected. Therefore, 

twill weaves were examined for their possibility of creating optimal shaded weave series 

and more texture effects for Jacquard textiles. 

 

6.4.1.1 Weave structure design for texture-over-colour in Jacquard textiles 

The expansion of twill construction could easily be traced as lifting interlacement was 

found in regular step movement. In an ornamental manner of twill structure 

development, step movement played an important role in determining twill angles. 

Sharp and shallow elongated twills were preferred in ornamental figuring. By 

combining lines, a diamond shape was formed. When twill lines were placed in an equal 

division of weave repeat, figured shapes were relaxed and stabilised through 

interlacement organisation. Good diamond shapes were generated by defining base 

marks where floats of twill lines were cut and replaced. As lines were symmetrically 

placed in both horizontal and vertical axes, base marks were the centre of added 
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interlacement points in a regular order. 

 

 

Figure 6-8  First weave of diamond shaded weave series 

 

Figure 6-8 shows a diamond design based on a 40-thread weave repeat. Small twill lines 

were placed symmetrically and base marks were clearly defined as each total 

interlacement unit was divided into four equal parts. When weave structures were 

repeated, twill lines were connected and form four equal diamond shapes. However, 

when designing figuring structure shapes, intersection points should be carefully 

considered to avoid excessive length of thread floats which might result from large-size 

weave repeats. In this study, as a 40-thread weave repeat was employed in structure 

development, two intersection points were given to each weave line to secure long floats. 

As regards interlacement enhancement, Figure 6-9 shows that small twill lines are 

symmetrically placed and interweaving points are equally divided based on base marks. 

Therefore, twill lines serve as a standard for addition of interlacement points when the 

addition is done with a regular number to stabilise the structural balance. 
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Figure 6-9  Enhancing interlacements plane for basic weave series 

 

Five percent (80) of the total interlacement (1600) was added each time for transforming 

its initial form into other derivatives. Nineteen derivatives were created to present 

different levels of lightness. The blue arrows indicate the first plan of addition and the 

red ones signify the second interlacement enhancement.  

 

 

Figure 6-10  Basic weave series in full transition 
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Figure 6-10 shows a complete series of diamond-shaped shaded weaves in full transition. 

Once the series of weave structures were juxtaposed through weave patterns, twill lines 

of diamonds were consistently connected and their figures were continuously 

maintained through variations in greyscales. As interlacement enhancement was 

composed of equally subdivided weave repeats, diagonal lines were altered in a regular 

order with an equal amount of enhancement accumulation. 

 

Satin-based shaded weaves were created in two different sets so as to distribute 

interlacement. The approach enhanced and optimised thread colour exhibition and 

dispersed intensive thread density. In case of diamond-shaped shaded weaves when two 

identical weave series were given in weft figuring, each weave line was alternately 

aligned in integration and its interweaving points were placed identically in a vertical 

direction.  

 

Figure 6-11  Combination of two identical weave structures 

143 
 



Chapter 6 Creation of Original Jacquard Design under Optimised Weave and Colour System 

Figure 6-11 shows that two diamond weave sets are compounded and small colour 

particles are congregated in patches. Therefore, broken streaks emerged when high 

density was applied. Furthermore, colour presentation became less effective as thread 

colours were interrupted in their surroundings. 

 

With regard to interlacement distribution, another weave series was created to display 

thread colour in an optimal way. In using weave repeats of the same size, a different step 

movement was applied to basic weave series for replacing each twill line. In creation of 

second weave series, base marks were carefully defined as they played an important role 

in distributing interlacement evenly and regularly.  

 

 

Figure 6-12  Basic and joint weaves for texture-over-colour effect 

 

Figure 6-12 shows new joint weaves with different placements of twill. Two shaded 

weaves treated compound weave structure units equally and occupy systemically. As a 
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result, thread colours were exhibited in a more relaxed way and the weave structure 

balance can also be stabilised. Interlacement enhancement of joint weaves was also given 

two half divisions.  

 

 

Figure 6-13  Interlacement enhancement in two equal parts of joint weave series 

 

Figure 6-13 shows that the blue arrows were first added, followed by the black arrows. 

Equal numbers of weaving points were regularly given in each enhancement and 

therefore a regular proportion of weave repeats was occupied progressively. 

 

 

Figure 6-14  Joint weave series in full transition 
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Joint series of diamond-shaped weaves were in full transition as shown in Figure 6-14. 

Each gradual alternation was done with 80 points of interlacement enhancement and 19 

weave varieties were created. Basic and joint weaves were designed in a symmetrical 

manner. Different placements of twill lines between the two groups aimed to fulfil 

compounded weave space more lively in terms of colour presentation and texture. 

Gradual changes in weave structure and even distribution are crucial to creation of 

shaded weave series. 

 

 

Figure 6-15  Full transition of first weave series in weft figuring 

 

 

Figure 6-16  Full transition of second weave series in weft figuring 
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Figures 6-15 and 6-16 show both sets of full transition in a compound format. Their 

progressive alternations are capable of enriching not only the colour effect but also the 

figures drawn by interlacement arrangement. 

 

When the single satin weave structure was transformed by interlacement accumulation, 

thread floats lengthened in a horizontal direction, thereby generating smooth colour 

deviation. While the single-twill shaded structure was presented with distinct diagonal 

lines, the compound structures were shown to have horizontally-growing interlacement. 

Therefore, thread floats were lengthened regularly and even distribution of 

interlacement became possible by following twill lines. As a result, filling yarn colours 

were in a constant connection and the weave structural balance was stabilised.  

 

6.4.1.2 Colour design for texture-over-colour in Jacquard textiles 

Based on the weave structure layout, different monochromatic images were recreated in 

woven form. In the layered-combination design mode, colour weave layers were 

completed and combined. In addition, weave patterns were created with continuous 

tones to present colours in a natural way. 

 

6.4.1.3 Interaction between weave pattern and structure for texture-over-colour shades 

In a preliminary trial, two sets of shaded weave structures were alternately aligned with 

weave patterns of which grey components were reformed through the blurring effect. In 

order to present gradual changes through weave structure combination, significant 

greyscale variations were avoided in the weave pattern layout. Three pattern colours 
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were designed and smoothed as shown in Figure 6-17. As weave patterns were assigned 

to cyan, magenta and yellow, filling yarns were sorted accordingly. 

 

 

Figure 6-17  Weave patterns for texture-over-colour shade trial 

 

40-thread weave repeats produced 19 shapes of shaded derivatives with 80 points of 

added interlacement. However, in order to stabilise weave patterns with a proper 

number of greyscale compositions, interlacement enhancement was reduced to 40 points 

by dividing twill line groups from halves to quarter parts.  

 

 

Figure 6-18  Quarter parts of weave unit division for basic and joint weave series 
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Based on the twill line composition, interlacement was added by further subdivision of 

unit space as shown in Figure 6-18. Thirty eight weave varieties of basic and joint weave 

series were attained for creating colour weave layers and their full-series are presented 

in appendix D 

 

 

Figure 6-19  Preliminary experiment with texture-over-colour effect 

 

Jacquard textiles were produced through three layers of colour patterns as shown in 

Figure 6-19. Gradient shading was successfully generated and presented with the 

pattern layout. Fabric texture did not interfere with colour presentation. However, 
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diamond shapes appeared on fabric surfaces in a consistent and even manner. The 

blurring effect of weave patterns was able to adopt various levels of shades through 

weave structure arrangement. As weave structures contained diamond figures, shades 

were realised through different diamond shapes. 

 

6.4.1.4 Creation 

Diamond-shaped shaded weave series were designed with different angles of twill lines. 

When more than one diamond single weave was combined in multi-weft figuring, 

thread floats also lengthened in a horizontal direction so that filling yarn exhibition 

connected with the compound structure. Therefore, diamond-shaped shaded weave 

series created gradual colour deviation as shown in Figure 6-20. 

 

 

Figure 6-20  Interlacement transition of diamond-shaped shaded weave structure 
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The two sets of shaded weave series were evaluated through a preliminary experiment. 

The design image was used to compare two different kinds of fabrics. The weaving 

specifications are shown in Table 6-2. The weave patterns of the original image (Figure 

5-17) were employed. Shades were realised through 38 diamond-shaped weave varieties 

on different greyscale levels. 

 

Table 6-2  Technical setting for texture-over-colour experiments 

Composition Weft Warp  

Material 100% polyester 100% polyester 

Thread colour Cyan/magenta/yellow/black  Off-white 

Yarn count 50 denier 100 denier  

4 colour filling density 256 picks/10cm 472 ends/10cm 

Jacquard machine Stäubli JC6 

Pattern repeat 25.4 cm (width) x 45.36 cm (height) 

Weave size 40-thread 

Shaded weave verity 38 

Software applied Photoshop CS/Arahne CAD 

 

Figure 6-21 shows the fabrics obtained from alignment with split images and diamond-

shaped shaded weave series. Although there was no greyscale weave patterns in the 

blurring effect, the two sets of shaded weave structure were capable of adopting grey 

components in a natural presentation. The unique features of woven form were achieved 

through the interaction between weave structure and pattern. 
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Figure 6-21  Jacquard textiles realised by diamond-shaped shaded weave series 

 

6.5 Summary 

As modern Jacquard textiles involve digital technologies from design to production, it is 

important to master the features of digital weave patterns and structures for creating 

various design applications. 

 

The optimal conditions of both weave structure and weave pattern are crucial for 

reproduction of weave colour and conception of new designs. In the course of analysing 

the correlation between weave pattern and structure, the novel watercolour and 

texturing-over-colour effects have been achieved. 
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The watercolour effect gave decent transparency and colorant resolvability. In using non-

transparent yarns, as small colour particles emerged via shaded weave series and weave 

patterns were capable of adopting features of dissolved pigment by blurring, the 

possibility of presenting delicate colours in woven form has been proved. By averaging 

significant variations in greyscale values, filling yarns were juxtaposed according to their 

gradual length growth. When colour threads were overlaid and placed together, the 

painting effect was magnified through their surroundings. 

 

The basic weaves of twill were employed and examined for the possibility of creating a 

new form of shaded weave series. Gradual interlacement accumulation was applied in 

equal division of weave repeat space. By defining clear base marks, weave structures 

were altered progressively for presenting different levels of colour lightness and shades. 

In alignment with continuous tones of greyscale, the unique features of colour 

presentation appeared over texture and provided a new form of Jacquard design. 
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CHAPTER 7 

CONCLUSION, RECOMMENDATIONS AND LIMITATIONS 

 

7.1 Introduction 

This chapter summarises the study of optimal weave structures and colour systems 

developed for multi-colour Jacquard textiles. The technological developments in woven 

fabrics are reviewed to capture the core principle of modern Jacquard. In our theoretical 

and practical research, relevant applications are identified and evaluated. Based on basic 

and joint weaves and the layered-combination design mode, the ways of reproducing 

multi-colour weaves in natural shades are learnt by validating the applied theories. The 

current deficiencies of Jacquard colour reproduction are also identified in alignment 

with a subtractive colour system. Based on the differences between subtractive and 

optical colour mixing, further optimisation is made through experimenting with and 

creating relevant digital weave patterns. Furthermore, two innovative Jacquard textile 

effects, namely watercolour effect and texture-over-colour shades, are introduced as a 

result of successful manipulation of two major aspects in multi-colour Jacquard creation 

and production, namely weave structures and patterns. 

 

7.2 Conclusion 

Jacquard textiles by the deployment of digital technologies provide not only great 

convenience but also possibilities of creating new innovations in simulative and 

innovative manner. Since weave structure and pattern design are two of the major 

aspects of multiple colour realisation, their relationship are studied for optimisation 
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towards innovative design and production of Jacquard textiles. Visualisation of the 

applied theories helps validate and innovate the causal effects between weave structures 

and colours. This research not only involves weaving technology but also textile design. 

Therefore, major factors in design to production also help towards a fuller understand 

of the true nature of Jacquard textiles. 

 

7.2.1 Contribution in theoretical research 

In theoretical research, the development of weaving tools and techniques was reviewed 

to identify the core principle of colourful Jacquard weaving and its mechanism. 

Traditional weaving transitions from warp-face to weft-face fabrics employ figuring 

threads. However, automatic weaving causes difficulty in replacing and re-tying 

thousands of warp yarns and small numbers of weft figuring yarns. Therefore, multi-

colour Jacquard creation has been constrained by having but a small number of filling 

yarn colours. As primary colours cannot be produced by colour mixing, a prior study 

proposed a radical concept of which yarns are dyed in the three primary colours and a 

black in realising a full coloured image. As a result, a colourful image is first separated 

into primary layers which are then used as weave patterns for image recreation in woven 

form. Since digital technology is highly involved in weave pattern rendering and 

primary colour classification, a full comprehension of the specific features of digital 

colour presentation is essential. The prior studies inspire research directions and 

methodologies, and past and present literatures of relevance to the study help 

understand generation of natural shades in alignment with weave structure and pattern 

layout. 
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7.2.1.1 Weave structure design 

Structural weave design is associated with the assigned colour regions of weave patterns. 

Weave derivatives are created based on basic weaves in several simple formats. However, 

it is difficult and complex to control the final colour outputs. In studying structure 

formats, it was found that the full-colour compound of basic and joint weave series can 

produce continuous tones and maintain a structural balance. As modern weaving 

technologies have a low level of flexibility in yarn supply, shaded weave series are 

optimal to create a wider scope of weave colours with smaller numbers of filling yarn 

compositions. Discontinuous thread floats are combined through weave structures and 

generate numerous shades through even distribution of interlacement and regular 

changes in the structure format by accumulating interlacement. 

 

7.2.1.2 Colour system design 

For multi-coloured Jacquard production and design, the colour systems involved serve 

to classify primary colours. In additive colour mixing, split primary layers of grey 

indicate different levels of light intensity required for reproducing projected colours, 

while in subtractive colour mixing, greyscale values signify the density of ink. For weave 

colour reproduction, the classification of ink density is aligned with optical thread colour 

mixing. However, as there are differences between subtractive and optical colour mixing, 

further adjustments are made to improve the capability of weave colour reproduction. 

As the split primary colour layers of the CMYK system are employed to define each 

primary colour region as well as the required amount of ink, the weave patterns 

rendered showed inadequate to realise the proposed colour scope (e.g., their secondaries 
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and saturated black) by superimposing opaque yarns. Therefore, subtractive colour 

presentation was investigated further to render optimal weave patterns for improving 

weave colour reproduction. 

 

7.2.2 Contribution in practical research 

Visualisation of the applied theories is crucial to identification of the fundamentals of 

multiple colour realisation and the deficiencies of the current application. Based on the 

fundamentals of shaded weave creation and weave pattern rendering, an innovative way 

of simulating Jacquard textiles is introduced in this study. 

 

7.2.2.1 Creation of colour systems and structure design for Jacquard textiles 

As the full-compound format of basic and joint weave series are capable of generating 

smooth colour deviations, weave patterns are rendered by CMYK morphology. 

Subtractive primary layers share the same regions with their secondaries and black. By 

defining the common colour regions, further colour segmentation was applied with 

mathematical morphology capable of subdividing colour regions into black, primary 

colours and secondaries. As black layers were attained from the separation, latent values 

in the CMY and RGB layers were eliminated to improve generation of solid and 

saturated black. Therefore, if a design image consists of seven colour compositions, 

weave patterns are applied to fulfil associated regions with proper colour and thread 

exhibition when black yarns are also used to adjust and control different levels of colour 

saturation. 
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7.2.2.2 Innovative design creation for Jacquard textiles 

Jacquard design concepts have been enriched by manipulating structural shaded 

weaves and weave pattern design. Since satin-based shaded weave series are ideal for 

generating gradual colour deviation, the watercolour effect was applied to weave 

patterns to mimic the woven Jacquard effect. By applying the blurring effect, significant 

greyscale variations were averaged and thread floats were juxtaposed in gradual length 

growth. When shaded weave series were aligned with weave patterns, gradient 

deviation was maximised. Once the tonal values of thread colours were overlaid, the 

magnified colour presentation was found capable of integrating the watercolour effect 

in woven form. The texture-over-colour effect was inspired by constant transverse 

stripes in satin-based shaded weave combination. Twill weaves are also widely used for 

shading by thickening the features of diagonal lines in different directions. Based on the 

twill features, modification was made by replacing small twill lines and distinctive 

diamond shapes appeared in twill line replacement. By defining base marks, even 

distribution and regular interlacement accumulation were carried out in weave repeats 

as it was important for shaded weave series to present different levels of shade. Once the 

new forms of shaded weave series were aligned with the greyscales of weave patterns, 

colours were realised in a gradual manner and diamond shapes appear and had the 

texture of cloth. The unique feature of fabric shed new light on Jacquard design and 

furthered the possibility of creating dynamic texture effects based on creation of shaded 

weave. 
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7.3 Recommendations 

In producing modern Jacquard textiles, certain issues arise from employment of digital 

technologies. Therefore, applications are required to eliminate insufficiencies from the 

modern weaving setting. The full-compound structure of basic and joint weave series 

and layered-combination design mode realised a wide scope of colours with small 

numbers of yarn colours. Regarding weave pattern rendering, since creation of Jacquard 

weave colour involves optical colour mixing, different method from additive or 

subtractive colour mixing is required. Weave structure plays a leading role in fulfilling 

assigned colour regions when weave patterns are used to identify the location of each 

colour in an image whereas greyscale values are aligned with a proper amount of thread 

colour exhibition. In order to produce high-quality Jacquard textiles, interaction between 

weave structure and pattern are made. 

 

7.4 Limitations 

Our research goals and objectives have been accomplished through the marriage of 

relevant theories and practices. However, there have been limitations during this study, 

which are listed as follows: 

 

First, as the CMYK scheme was found inadequate, weave pattern rendering was 

proposed. Though significant improvements were made, there existed certain number 

of colour varieties which could not be realised with thread colour groups. Therefore, a 

certain level of limitation was experienced when clustering groups of colour ranges such 

as metallic ones. 
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Second, colour vividness and saturation were quite low. As warp yarns were fixed with 

a white ground, weave colours were produced with a certain extent of white. 

 

Third, depending on the colour composition of an image, the number of filling yarns 

might increase and the resultant fabric might be thickened. 

 

7.5 Future Research 

While the fundamentals of research development have been identified, the possibilities 

of further research are proposed for future development of Jacquard textiles: 

 

1) To design and propose a new way of combining single weave structures in optical 

colour mixing; 

 

2) To explore weave structure combination made up of single weaves of different sizes 

that offer expanded colour effects in multi-weft figuring; 

 

3) To innovate new design concepts in digital Jacquard textiles based on multi-layer 

weave structure; 

 

4) To study and examine the weave colour effects when secondary and tertiary yarns 

are juxtaposed; and 
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5) To experiment with different kinds of yarn material with a certain degree of 

transparency to study and analyse from different perspectives the effects of optical 

colour mixing. 
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APPENDICES 

Appendix A – Colour Spectrum Image Reproduction from 12-thread to 40-thread 

A.1 Fabrication from 12-thread to 18-thread 
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A.2 Fabrication from 19-thread to 25-thread 
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A.3 Fabrication from 26-thread to 32-thread 
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A.4 Fabrication from 33-thread to 40-thread 
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Appendix B – Measurement Data; L*, a*, b*, C* and h° of Prototype Colour Swatches  

 

B.1 Warp and Weft Yarn measurement data 

 

 Warp Filling 

white-off Cyan Magenta Yellow Black Red Green Blue 

L* 86.491 56.154 49.253 83.525 18.74 43.231 63.639 25.084 

a* -0.744 -25.007 63.574 -0.734 1.25 51.684 -34.618 9.375 

b* 0.983 -25.82 2.636 73.284 -1.356 32.015 47.798 -31.977 

C* 1.233 35.945 63.629 73.288 1.844 60.796 59.018 33.323 

H 127.11 225.917 2.374 90.574 312.659 31.775 125.914 286.339 

 

 

B. 2 Pairwise Combination of Cyan, Magenta, Yellow and Black (K) Colour Yarns 

 

 L* a* b* C* h 

Cyan/Magenta 1 62.24 -5.52 -16.60 17.49 251.60 

Cyan/Magenta 2 61.28 -3.99 -17.09 17.55 256.86 

Cyan/Magenta 3 56.67 -7.65 -19.66 21.10 248.74 

Cyan/Magenta 4 53.99 1.02 -19.18 19.20 273.05 

Cyan/Magenta 5 52.72 5.35 -18.79 19.54 285.90 

Cyan/Magenta 6 52.38 7.93 -18.52 20.14 293.17 

Cyan/Magenta 7 51.25 13.43 -17.92 22.39 306.85 

Cyan/Magenta 8 49.33 20.59 -17.41 26.96 319.79 

Cyan/Magenta 9 49.51 23.17 -16.62 28.51 324.35 

Cyan/Magenta 10 49.44 27.55 -15.51 31.62 330.61 

Cyan/Magenta 11 49.24 29.39 -14.83 32.92 333.23 

Cyan/Magenta 12 49.42 32.98 -13.42 35.61 337.86 

Cyan/Magenta 13 50.09 38.91 -10.93 40.42 344.31 

Cyan/Magenta 14 50.59 41.58 -10.15 42.80 346.29 

Cyan/Magenta 15 51.23 42.81 -9.22 43.79 347.85 
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 L* a* b* C* h 

Magenta/Yellow 1 58.35 54.64 11.13 55.76 11.52 

Magenta/Yellow 2 58.32 54.41 12.24 55.77 12.68 

Magenta/Yellow 3 59.13 52.70 14.28 54.60 15.16 

Magenta/Yellow 4 60.13 48.72 19.91 52.63 22.22 

Magenta/Yellow 5 61.12 46.09 23.69 51.82 27.20 

Magenta/Yellow 6 61.62 44.65 24.82 51.09 29.07 

Magenta/Yellow 7 62.33 42.61 28.51 51.27 33.79 

Magenta/Yellow 8 63.24 39.60 32.09 50.97 39.02 

Magenta/Yellow 9 65.80 33.72 35.07 48.66 46.13 

Magenta/Yellow 10 67.04 30.18 36.48 47.35 50.40 

Magenta/Yellow 11 67.89 27.87 39.18 48.08 54.57 

Magenta/Yellow 12 69.26 24.53 40.78 47.59 58.98 

Magenta/Yellow 13 72.73 17.01 44.87 47.99 69.24 

Magenta/Yellow 14 74.60 16.20 38.60 41.86 67.23 

Magenta/Yellow 15 75.67 14.43 39.00 41.58 69.69 
 

 

 L* a* b* C* h 

Cyan/Yellow 1 65.20 -25.84 -7.75 26.98 196.70 

Cyan/Yellow 2 65.39 -25.96 -5.69 26.57 192.36 

Cyan/Yellow 3 65.20 -26.29 -3.93 26.58 188.51 

Cyan/Yellow 4 65.40 -26.31 2.24 26.41 175.13 

Cyan/Yellow 5 65.81 -26.27 6.64 27.10 165.81 

Cyan/Yellow 6 66.02 -26.33 7.88 27.49 163.35 

Cyan/Yellow 7 66.70 -25.76 12.37 28.58 154.36 

Cyan/Yellow 8 67.03 -25.37 15.74 29.86 148.18 

Cyan/Yellow 9 68.44 -22.50 21.32 31.00 136.54 

Cyan/Yellow 10 69.28 -20.96 25.19 32.77 129.76 

Cyan/Yellow 11 69.54 -20.33 27.88 34.50 126.10 

Cyan/Yellow 12 71.16 -18.35 31.42 36.38 120.29 

Cyan/Yellow 13 72.94 -15.48 38.82 41.79 111.74 

Cyan/Yellow 14 75.90 -14.42 33.04 36.05 113.58 

Cyan/Yellow 15 76.73 -13.83 35.52 38.12 111.27 
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 L* a* b* C* h 

Cyan/Black 1 56.37 -18.65 -18.20 26.06 224.29 

Cyan/Black 2 55.26 -18.17 -17.67 25.34 224.21 

Cyan/Black 3 53.39 -17.22 -16.89 24.12 224.44 

Cyan/Black 4 49.48 -16.20 -15.81 22.63 224.29 

Cyan/Black 5 46.58 -15.57 -15.16 21.73 224.24 

Cyan/Black 6 45.92 -15.10 -14.87 21.19 224.54 

Cyan/Black 7 43.44 -14.08 -13.98 19.84 224.79 

Cyan/Black 8 39.47 -12.50 -12.71 17.83 225.49 

Cyan/Black 9 38.13 -10.80 -11.47 15.76 226.72 

Cyan/Black 10 35.93 -9.187 -10.13 13.67 227.79 

Cyan/Black 11 34.89 -8.52 -9.61 12.84 228.43 

Cyan/Black 12 34.82 -6.78 -8.17 10.62 230.29 

Cyan/Black 13 32.90 -3.38 -5.14 6.16 236.67 

Cyan/Black 14 32.09 -2.70 -4.53 5.27 239.19 

Cyan/Black 15 31.57 -2.05 -3.86 4.37 242.04 
 

 

 

 L* a* b* C* h 

Magenta/Black 1 47.61 44.82 -4.25 45.02 354.59 

Magenta/Black 2 47.03 42.35 -4.28 42.57 354.23 

Magenta/Black 3 45.65 41.19 -4.27 41.42 354.08 

Magenta/Black 4 42.07 38.39 -3.79 38.58 354.36 

Magenta/Black 5 39.47 37.22 -3.84 37.42 354.11 

Magenta/Black 6 38.97 36.05 -3.90 36.26 353.83 

Magenta/Black 7 37.27 34.51 -3.83 34.72 353.68 

Magenta/Black 8 34.76 32.37 -3.72 32.58 353.45 

Magenta/Black 9 34.38 28.14 -3.10 28.31 353.71 

Magenta/Black 10 33.66 24.00 -2.67 24.15 353.64 

Magenta/Black 11 32.43 22.33 -2.59 22.48 353.39 

Magenta/Black 12 32.76 18.45 -2.19 18.58 353.25 

Magenta/Black 13 31.37 9.47 -1.37 9.57 351.77 

Magenta/Black 14 40.11 11.35 -1.21 11.41 353.90 

Magenta/Black 15 40.42 10.02 -1.10 10.08 353.76 
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 L* a* b* C* h 

Yellow/Black 1 69.58 -5.88 43.19 43.59 97.76 

Yellow/Black 2 67.78 -5.70 41.36 41.75 97.84 

Yellow/Black 3 65.76 -5.53 39.49 39.87 97.97 

Yellow/Black 4 61.16 -5.04 36.03 36.38 97.97 

Yellow/Black 5 57.83 -4.99 35.47 35.82 98.00 

Yellow/Black 6 56.40 -4.76 34.06 34.39 97.96 

Yellow/Black 7 54.12 -4.63 32.27 32.60 98.17 

Yellow/Black 8 50.62 -4.24 29.93 30.23 98.06 

Yellow/Black 9 47.88 -3.63 26.11 26.36 97.92 

Yellow/Black 10 44.93 -3.05 22.18 22.39 97.84 

Yellow/Black 11 43.52 -2.82 20.84 21.03 97.72 

Yellow/Black 12 41.41 -2.13 16.65 16.79 97.28 

Yellow/Black 13 36.01 -0.70 8.85 8.87 94.52 

Yellow/Black 14 45.62 -0.57 9.51 9.53 93.40 

Yellow/Black 15 44.85 -0.79 10.36 10.39 94.36 
 

 

 

 L* a* b* C* h 

Black/White 1 50.86 0.40 -0.61 0.73 303.34 

Black/White 2 49.75 0.43 -0.58 0.73 306.55 

Black/White 3 48.44 0.49 -0.55 0.74 311.40 

Black/White 4 46.83 0.51 -0.52 0.73 314.35 

Black/White 5 45.20 0.58 -0.48 0.75 320.27 

Black/White 6 44.81 0.64 -0.28 0.70 336.24 

Black/White 7 43.97 0.67 -0.29 0.73 336.76 

Black/White 8 42.86 0.69 -0.22 0.72 342.26 

Black/White 9 55.17 0.29 -0.92 0.96 287.51 

Black/White 10 58.90 0.22 -1.03 1.05 282.09 

Black/White 11 60.75 0.17 -1.03 1.05 279.42 

Black/White 12 63.53 0.14 -1.10 1.10 277.36 

Black/White 13 67.68 0.06 -1.04 1.04 273.44 

Black/White 14 71.93 -0.05 -1.15 1.15 267.31 

Black/White 15 69.68 0.00 -1.15 1.15 269.87 
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B. 3 Pairwise Combination of Red, Green and Blue Colour Yarns 

 L* a* b* C* h 

Red/Blue 1 49.59 31.06 11.39 33.09 20.13 

Red/Blue 2 48.45 30.04 9.97 31.65 18.36 

Red/Blue 3 46.96 29.25 8.53 30.47 16.25 

Red/Blue 4 45.55 28.02 6.18 28.69 12.44 

Red/Blue 5 41.83 29.59 4.14 29.88 7.95 

Red/Blue 6 41.51 28.09 2.19 28.18 4.46 

Red/Blue 7 39.76 27.81 -0.38 27.81 359.21 

Red/Blue 8 38.09 27.02 -3.06 27.20 353.55 

Red/Blue 9 38.87 23.91 -6.99 24.91 343.71 

Red/Blue 10 39.55 20.61 -9.82 22.83 334.53 

Red/Blue 11 39.21 19.20 -11.49 22.37 329.10 

Red/Blue 12 42.17 15.43 -12.22 19.68 321.62 

Red/Blue 13 41.95 12.99 -15.24 20.02 310.45 

Red/Blue 14 43.13 11.56 -16.36 20.03 305.24 

Red/Blue 15 43.43 10.19 -17.93 20.62 299.60 
 

 

 L* a* b* C* h 

Blue/Green 1 46.62 -3.20 -13.54 13.91 256.69 

Blue/Green 2 47.55 -5.04 -10.66 11.79 244.71 

Blue/Green 3 46.21 -5.93 -9.66 11.34 238.45 

Blue/Green 4 47.38 -8.27 -5.59 9.98 214.04 

Blue/Green 5 45.94 -10.87 -2.37 11.12 192.28 

Blue/Green 6 47.82 -12.12 0.43 12.13 177.97 

Blue/Green 7 48.59 -14.01 4.39 14.68 162.62 

Blue/Green 8 49.48 -15.73 8.29 17.78 152.19 

Blue/Green 9 52.22 -17.03 12.68 21.23 143.32 

Blue/Green 10 54.83 -17.76 15.89 23.83 138.18 

Blue/Green 11 55.74 -18.93 18.68 26.59 135.38 

Blue/Green 12 58.52 -18.73 19.95 27.36 133.18 

Blue/Green 13 61.13 -20.00 23.60 30.93 130.28 

Blue/Green 14 62.96 -20.13 24.53 31.74 129.37 

Blue/Green 15 64.55 -21.13 26.99 34.28 128.06 
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 L* a* b* C* h 

Green/Red 1 66.39 -10.76 32.29 34.04 108.44 

Green/Red 2 65.13 -8.79 32.12 33.30 105.31 

Green/Red 3 63.72 -6.67 32.63 33.30 101.56 

Green/Red 4 62.04 -2.15 31.37 31.45 93.91 

Green/Red 5 59.66 0.91 33.90 33.91 88.47 

Green/Red 6 59.68 2.36 32.63 32.71 85.87 

Green/Red 7 57.49 6.94 33.92 34.62 78.44 

Green/Red 8 54.29 12.83 34.06 36.39 69.35 

Green/Red 9 53.92 15.69 32.17 35.79 64.00 

Green/Red 10 53.65 17.56 30.11 34.86 59.76 

Green/Red 11 52.80 20.07 29.90 36.01 56.13 

Green/Red 12 54.25 21.67 25.79 33.68 49.97 

Green/Red 13 53.92 24.22 24.35 34.34 45.16 

Green/Red 14 53.90 26.24 23.68 35.34 42.07 

Green/Red 15 54.28 27.49 22.56 35.56 39.38 
 

 

B. 4 Pairwise Combination of Cyan, Magenta, Yellow, Red, Green, Blue 

and Black (K) Colour Yarns 

 

 L* a* b* C* h 

Cyan/Red 1 61.85 -8.63 -13.21 15.78 236.86 

Cyan/Red 2 60.46 -6.85 -12.16 13.95 240.61 

Cyan/Red 3 58.71 -6.00 -12.00 13.42 243.44 

Cyan/Red 4 57.50 -2.71 -10.07 10.42 254.94 

Cyan/Red 5 55.04 0.06 -8.94 8.94 270.40 

Cyan/Red 6 54.70 2.79 -7.54 8.04 290.30 

Cyan/Red 7 53.07 4.80 -6.71 8.25 305.60 

Cyan/Red 8 51.71 7.93 -4.99 9.37 327.81 

Cyan/Red 9 51.13 12.81 -1.76 12.93 352.16 

Cyan/Red 10 51.37 15.25 0.24 15.26 0.88 

Cyan/Red 11 50.50 18.39 2.30 18.53 7.12 

Cyan/Red 12 52.02 19.48 3.79 19.84 11.01 

Cyan/Red 13 51.59 23.79 6.98 24.79 16.34 

Cyan/Red 14 52.80 24.49 7.79 25.70 17.64 

Cyan/Red 15 52.80 27.09 9.90 28.84 20.08 
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 L* a* b* C* h 

Magenta/Red 1 57.37 51.79 4.12 51.95 4.55 

Magenta/Red 2 56.91 52.25 5.21 52.50 5.70 

Magenta/Red 3 55.90 53.15 6.73 53.58 7.21 

Magenta/Red 4 55.75 53.14 8.48 53.82 9.06 

Magenta/Red 5 53.41 57.15 11.15 58.23 11.04 

Magenta/Red 6 53.79 56.34 12.13 57.63 12.15 

Magenta/Red 7 52.62 58.39 14.15 60.08 13.62 

Magenta/Red 8 51.90 59.04 15.98 61.16 15.14 

Magenta/Red 9 52.35 57.57 17.79 60.25 17.17 

Magenta/Red 10 53.35 55.04 17.87 57.86 17.99 

Magenta/Red 11 52.51 55.69 20.26 59.26 20.00 

Magenta/Red 12 54.65 51.25 18.71 54.56 20.06 

Magenta/Red 13 54.49 50.68 20.19 54.56 21.73 

Magenta/Red 14 55.65 48.70 19.96 52.63 22.28 

Magenta/Red 15 55.84 48.04 20.64 52.29 23.25 
 

 

 

 L* a* b* C* h 

Yellow/Red 1 74.78 11.38 42.54 44.03 75.02 

Yellow/Red 2 73.81 13.24 42.08 44.11 72.53 

Yellow/Red 3 72.21 15.72 42.17 45.00 69.55 

Yellow/Red 4 70.46 18.99 41.47 45.61 65.39 

Yellow/Red 5 68.40 22.27 44.78 50.01 63.56 

Yellow/Red 6 67.94 23.72 43.53 49.57 61.41 

Yellow/Red 7 66.29 26.84 44.73 52.16 59.04 

Yellow/Red 8 64.95 29.49 45.46 54.19 57.03 

Yellow/Red 9 63.58 32.65 42.96 53.96 52.76 

Yellow/Red 10 62.98 34.13 40.54 52.99 49.91 

Yellow/Red 11 62.18 35.72 40.09 53.69 48.30 

Yellow/Red 12 62.33 36.16 35.55 50.71 44.52 

Yellow/Red 13 61.26 38.46 33.36 50.92 40.94 

Yellow/Red 14 61.13 38.87 32.15 50.44 39.59 

Yellow/Red 15 60.85 39.71 30.37 49.99 37.41 
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 L* a* b* C* h 

Black/Red 1 39.69 7.79 1.90 8.02 13.70 

Black/Red 2 38.52 9.28 2.56 9.62 15.43 

Black/Red 3 37.84 10.78 3.30 11.27 17.02 

Black/Red 4 37.65 13.92 4.93 14.77 19.52 

Black/Red 5 35.52 18.06 7.18 19.44 21.69 

Black/Red 6 36.00 19.10 7.72 20.61 22.02 

Black/Red 7 35.71 22.83 9.96 24.91 23.56 

Black/Red 8 35.16 25.44 11.71 28.00 24.72 

Black/Red 9 47.53 29.77 14.19 32.98 25.49 

Black/Red 10 45.87 29.13 13.76 32.22 25.29 

Black/Red 11 44.38 27.50 12.91 30.38 25.14 

Black/Red 12 40.30 28.94 14.06 32.18 25.90 

Black/Red 13 40.39 27.34 12.90 30.23 25.26 

Black/Red 14 37.66 27.06 12.86 29.96 25.42 

Black/Red 15 35.41 26.18 12.24 28.90 25.07 
 

 

 

 L* a* b* C* h 

Cyan/Green 1 66.80 -26.80 -6.04 27.47 192.71 

Cyan/Green 2 66.72 -27.85 -3.61 28.09 187.39 

Cyan/Green 3 65.72 -29.32 -2.27 29.41 184.42 

Cyan/Green 4 65.51 -30.77 0.75 30.78 178.60 

Cyan/Green 5 65.07 -33.14 3.78 33.35 173.50 

Cyan/Green 6 65.68 -33.13 5.92 33.65 169.88 

Cyan/Green 7 65.39 -34.44 8.17 35.39 166.66 

Cyan/Green 8 65.29 -35.39 11.02 37.07 162.70 

Cyan/Green 9 69.17 -29.78 25.23 39.03 139.73 

Cyan/Green 10 68.31 -30.60 24.29 39.07 141.55 

Cyan/Green 11 66.30 -33.34 19.14 38.45 150.14 

Cyan/Green 12 67.47 -31.46 20.54 37.57 146.86 

Cyan/Green 13 68.27 -30.50 24.17 38.91 141.60 

Cyan/Green 14 69.10 -29.50 24.97 38.65 139.76 

Cyan/Green 15 69.84 -29.05 26.89 39.59 137.21 
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 L* a* b* C* h 

Magenta/Green 1 57.35 33.87 2.95 34.00 4.97 

Magenta/Green 2 57.45 31.60 4.49 31.91 8.08 

Magenta/Green 3 57.12 29.62 6.38 30.30 12.15 

Magenta/Green 4 57.54 25.95 8.74 27.38 18.62 

Magenta/Green 5 56.40 24.47 12.31 27.39 26.71 

Magenta/Green 6 57.47 21.18 14.08 25.43 33.61 

Magenta/Green 7 57.07 19.48 16.79 25.72 40.76 

Magenta/Green 8 57.24 17.10 19.18 25.69 48.28 

Magenta/Green 9 58.40 11.88 21.91 24.92 61.54 

Magenta/Green 10 60.74 6.84 23.41 24.39 73.73 

Magenta/Green 11 61.00 4.22 25.38 25.73 80.56 

Magenta/Green 12 63.04 1.35 24.94 24.97 86.89 

Magenta/Green 13 64.37 -4.13 28.11 28.41 98.36 

Magenta/Green 14 65.69 -7.16 29.81 30.65 103.51 

Magenta/Green 15 66.87 -9.12 29.95 31.31 106.93 
 

 

 

 L* a* b* C* h 

Yellow/Green 1 79.91 -15.63 49.14 51.56 107.65 

Yellow/Green 2 79.82 -16.56 49.17 51.88 108.61 

Yellow/Green 3 79.01 -17.74 51.14 54.13 109.13 

Yellow/Green 4 78.66 -19.03 51.65 55.04 110.22 

Yellow/Green 5 77.99 -20.82 55.72 59.49 110.49 

Yellow/Green 6 78.02 -21.39 54.65 58.69 111.37 

Yellow/Green 7 77.86 -22.31 56.78 61.00 111.45 

Yellow/Green 8 77.37 -23.31 58.27 62.76 111.81 

Yellow/Green 9 77.39 -23.94 56.47 61.33 112.98 

Yellow/Green 10 77.15 -24.36 54.56 59.75 114.06 

Yellow/Green 11 76.77 -24.85 54.63 60.02 114.46 

Yellow/Green 12 77.04 -24.21 50.87 56.33 115.46 

Yellow/Green 13 76.64 -24.79 49.61 55.46 116.55 

Yellow/Green 14 76.59 -25.00 48.70 54.74 117.17 

Yellow/Green 15 76.60 -24.90 47.35 53.50 117.74 
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 L* a* b* C* h 

Black/Green 1 40.90 -4.95 5.57 7.45 131.65 

Black/Green 2 42.24 -6.36 7.31 9.69 131.04 

Black/Green 3 41.35 -7.20 8.60 11.21 129.91 

Black/Green 4 43.09 -9.28 11.78 14.99 128.25 

Black/Green 5 43.04 -12.07 16.02 20.06 127.01 

Black/Green 6 44.59 -13.08 17.60 21.93 126.62 

Black/Green 7 45.46 -14.84 20.52 25.33 125.87 

Black/Green 8 46.29 -16.26 23.05 28.21 125.20 

Black/Green 9 49.44 -17.18 24.72 30.10 124.79 

Black/Green 10 52.44 -17.11 24.66 30.02 124.75 

Black/Green 11 53.35 -18.88 27.58 33.43 124.39 

Black/Green 12 57.15 -18.01 25.38 31.12 125.35 

Black/Green 13 59.93 -19.04 27.04 33.07 125.15 

Black/Green 14 61.69 -19.36 27.36 33.51 125.28 

Black/Green 15 63.29 -20.49 29.24 35.71 125.02 
 

 

 

 L* a* b* C* h 

Cyan/Blue 1 60.23 -14.74 -19.47 24.42 232.88 

Cyan/Blue 2 58.86 -13.84 -19.95 24.28 235.25 

Cyan/Blue 3 57.28 -13.20 -20.52 24.39 237.26 

Cyan/Blue 4 55.54 -12.14 -21.21 24.44 240.21 

Cyan/Blue 5 52.16 -12.06 -23.25 26.19 242.58 

Cyan/Blue 6 51.99 -11.25 -23.49 26.05 244.41 

Cyan/Blue 7 49.46 -10.74 -25.02 27.23 246.77 

Cyan/Blue 8 47.86 -9.97 -26.08 27.92 249.09 

Cyan/Blue 9 46.70 -7.55 -26.68 27.73 254.20 

Cyan/Blue 10 46.35 -5.78 -26.46 27.09 257.68 

Cyan/Blue 11 45.74 -4.95 -26.45 26.91 259.41 

Cyan/Blue 12 46.33 -3.04 -25.49 25.67 263.20 

Cyan/Blue 13 45.58 -1.10 -25.58 25.60 267.55 

Cyan/Blue 14 46.69 -0.47 -25.02 25.02 268.92 

Cyan/Blue 15 45.72 0.77 -25.46 25.47 271.74 
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 L* a* b* C* h 

Magenta/Blue 1 52.58 37.56 -7.94 38.39 348.06 

Magenta/Blue 2 51.64 36.01 -8.61 37.03 346.55 

Magenta/Blue 3 49.42 35.92 -9.76 37.23 344.80 

Magenta/Blue 4 48.01 34.65 -11.02 36.36 342.35 

Magenta/Blue 5 44.53 36.36 -13.25 38.70 339.98 

Magenta/Blue 6 44.57 34.31 -13.94 37.03 337.89 

Magenta/Blue 7 42.41 34.68 -16.00 38.20 335.23 

Magenta/Blue 8 40.43 34.34 -17.73 38.65 332.69 

Magenta/Blue 9 40.50 30.38 -18.88 35.77 328.15 

Magenta/Blue 10 41.14 25.79 -19.53 32.35 322.87 

Magenta/Blue 11 40.02 24.65 -20.74 32.21 319.93 

Magenta/Blue 12 43.21 19.86 -18.96 27.45 316.33 

Magenta/Blue 13 42.89 16.54 -20.40 26.26 309.05 

Magenta/Blue 14 43.20 14.56 -21.03 25.58 304.70 

Magenta/Blue 15 43.69 12.90 -21.46 25.04 301.02 
 

 

 

 L* a* b* C* h 

Yellow/Blue 1 71.27 -5.90 32.96 33.48 100.14 

Yellow/Blue 2 69.57 -5.74 30.69 31.22 100.59 

Yellow/Blue 3 67.49 -5.66 29.44 29.98 100.89 

Yellow/Blue 4 65.08 -5.38 26.08 26.63 101.65 

Yellow/Blue 5 61.65 -5.27 24.65 25.21 102.06 

Yellow/Blue 6 60.95 -5.01 21.66 22.23 103.02 

Yellow/Blue 7 58.11 -4.86 19.32 19.92 104.12 

Yellow/Blue 8 56.21 -4.47 16.47 17.06 105.18 

Yellow/Blue 9 54.32 -3.79 10.89 11.53 109.19 

Yellow/Blue 10 52.44 -2.91 5.42 6.15 118.27 

Yellow/Blue 11 51.26 -2.54 3.24 4.12 128.09 

Yellow/Blue 12 51.48 -1.56 -0.32 1.60 191.41 

Yellow/Blue 13 49.33 -0.54 -5.79 5.81 264.63 

Yellow/Blue 14 49.82 0.10 -7.60 7.60 270.74 

Yellow/Blue 15 47.70 0.96 -11.63 11.67 274.73 
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 L* a* b* C* h 

Black/Blue 1 36.29 1.25 -4.27 4.45 286.28 

Black/Blue 2 36.41 1.38 -5.02 5.21 285.40 

Black/Blue 3 35.45 1.56 -6.32 6.51 283.90 

Black/Blue 4 34.24 1.99 -7.94 8.19 284.08 

Black/Blue 5 30.52 2.59 -10.68 10.99 283.61 

Black/Blue 6 30.92 2.71 -11.47 11.78 283.31 

Black/Blue 7 29.21 3.34 -13.98 14.38 283.45 

Black/Blue 8 27.86 3.91 -16.50 16.96 283.32 

Black/Blue 9 30.31 4.06 -17.97 18.43 282.74 

Black/Blue 10 33.20 3.94 -18.11 18.54 282.28 

Black/Blue 11 32.20 4.30 -19.72 20.18 282.29 

Black/Blue 12 37.71 3.64 -17.75 18.12 281.60 

Black/Blue 13 38.84 3.78 -19.08 19.45 281.20 

Black/Blue 14 40.17 3.90 -19.79 20.17 281.15 

Black/Blue 15 40.95 3.98 -20.31 20.70 281.08 
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Appendix C – Shaded Weave-databases of 20-thread 
 

C.1 Basic weave series of 20-thread satin 

 

 

C.2 Joint weave series of 20-thread satin 
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Appendix D – Diamond shaped shaded weave series of 40-thread 
 

D.1 Basic weave series of 40-thread diamond shaped shaded weaves 

 

 

D.2 Joint weave series of 40-thread diamond shaped shaded weaves 
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