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José Luis Caivano 
Facultad de Arquitectura, Diseño y Urbanismo, Universidad de Buenos Aires, and Consejo Nacional de 
Investigaciones Científicas y Técnicas (CONICET), Argentina 

Abstract. 
Caivano, J. L., Towards an order system for visual texture, Languages of design 2 (1994) 59–84. 

Texture is an element of visual perception whose systematic study has generally been neglected in the field 
of design. In this domain, rough classifications of textures and very limited variables for their analysis can 
hardly be found. This paper defines a subtler and more complete set of variables to analyze simple textures, 
as well as to control their combination to obtain any degree of complexity. These variables aim at describing 
textures, allowing also for a numerical notation which is a useful tool to easily transmit information about tex- 
tures without drawing them (for instance, in the interaction with computer graphics). As a consequence, a 
thorough classification of textures is derived, and one can conceive an order system of textures, as color sys- 
tems have been proposed for the organization of colors. 

This work deepens the study of one of the factors of visual per-  
ception, texture, whose development from the analytical point of  
view has generally received little attention. Studies on color and  
form have usually prevailed in research on visual issues. Despite  
that there are relatively mature developments in texture analysis in 
computer science, there are no analogous experiences in mod-  
els which — without missing systematic, technical, or rational fea-  
tures — may also address the disciplines of graphic or architec-  
tural design or fine arts in general. Edeline et al. recognize the  
absence in these last domains when they say that the discourse  
about the plastic sign has always hidden texture [8(200)]. The  
study carried out here aims at filling somehow this gap.  

A system of textures considered as visual signs is presented,  
without entering the realms of touch sensations. This system  
includes issues such as texture ordering, classification, descrip- 
tion, notation, and production. Its basic tools are a set of vari- 
ables for analysis, which can be quantitatively expressed, pro- 
viding a specific notation. 

With regard to description, on the one hand, and production  
of textures, on the other, two opposite situations arise: (a) given  
a texture, it is necessary to describe it by means of a symbolic  
notation, and (b) given a notation, the corresponding texture is to  
be produced or drawn. These two operations can be manually  
performed, but the proposed system, as a result of its character- 
istics, allows also developing computer programs, which in turn  
enable us to automatically analyze or produce an unlimited  
quantity of textures for design purposes.  
 

Correspondence to: José Luis Caivano, Consejo Nacional de Investigaciones Científicas y Técnicas, 
Universidad de Buenos Aires, Olaya 1167, 8° C, 1414 Buenos Aires, Argentina, tel: +54 (1) 856 1025 

SSDI: 0927-3034(93) E00l8–R / 94 / $07.00 © 1994  —  Elsevier Science B.V. All rights reserved

Towards an order system for visual texture 

Even empirical treatments,
such as the paper by Gibberd
on wall textures [10] or
Winter’s paper on enamels
[36] are rarely found in jour-
nals oriented to architectural
or artistic design. 



 

Antecedents in the study of texture
Some authors do not seem to take texture into account. Pope,  
for example, writes about visual perception making no reference  
to texture [29(95)]. Others have written about texture, but without  
analyzing it in depth. Gibson defines the sensation of texture  
produced by the surface of a given material: 
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Figure 1. Textured surface 

Figure 2. Subdivided surface 

In either event, whether the reflecting particles are struc-  
tural or chemical or both, they will reflect light differen-  
tially and the image of the surface will consist in an  
array of cyclical changes in light energy which we expe-  
rience as variations in brightness or hue... These cycles,  
we suppose, constitute the stimulus for visual texture. 

 — James J. Gibson, 1950, [11(80)] 

This definition holds well, but then Gibson limits his observa-  
tions to consider texture as only a phenomenon that may vary  
from coarse to fine, calling this a variation of density. This is not  
wrong, but if we study texture more thoroughly, we will find it insuf- 
ficient. It leaves out other aspects that may characterize a texture. 

Hesselgren adds the possibility of variation of size or shape in  
the small parts of the texture, as well as their chaotic or ordered  
distribution [14(99)]. The first aspect will be examined more sys-  
tematically here when speaking about texturing elements, while  
the second will be considered not as an opposition between two  
absolute poles but as different grades of order or complexity. 

Jannello considers the appearance of objects in the visual  
world to be composed of three fundamental perceptive manners:  
form, colour, and texture. He defines texture as 

a perceptive phenomenon founded in the existence of  
small elements that, juxtaposed in groups, compose  
entities (which may be lineal, superficial, or volumetric).  
The extension of these small elements is much smaller  
than that of the entities composed by them. The small  
elements produce a close heterogeneous stimulation  
which has the virtue of making perception possible,  
even when the borders or limits of the entities are  
derived from the visual camp. 

 — César V. Jannello, 1963, [15(394)] 

He also sets the limits of what should be considered a tex-  
tured or a subdivided surface, resorting to the relationship  
between the size of the analyzed surface and the size of each  
texturing element. Figures 1 and 2 illustrate the limits for the con-  
sideration of texture, according to Jannello. Figure 1 shows that  
the relation between visual angles α and β is adequate for the  
rectangle to appear textured; while Figure 2 shows a relation  
between these angles that is inadequate so that the rectangle  
appears to be subdivided rather than textured. 



 

Edeline considers that a general classification of textures is to 
be founded less in the quality of their elements (nature and 
dimension) than in the quality of their repetition [8(197)], a con- 
cept that will be developed here at the time of presenting the 
variables or dimensions of texture. 

The works of Julesz and Marr address the problem of texture 
vision. They are interested in what goes on between a visual 
stimulus and the perception of an image. Marr distinguishes 
three questions: 
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Roan quotes various definitions and concludes that
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a key point of texture definition is that basic pattern ele-  
ments (i.e. texture cells) must appear with a characteris- 
tic repetition inside a given area. 

— S. J. Roan et al. 1987, [30(17)]

Studies on texture, however under different points of view, 
can also be found in Munari [25] or Pearson [28], who make 
empiric approaches from the artist’s perspective, Lempp [20], 
Saint–Martin [31], and Edeline [8], who come from the field of 
semiotics, Julesz [17, 18, 19] or Marr [23], who are more inter- 
ested in the mechanisms of vision. In the field of computer 
graphics, we can mention — in addition to the already quoted 
article by Roan et al. — the works of Conners and Harlow [6], 
Faugeras and Pratt [9], Tomita et al. [34], Cross and Jain [7]. 

Both Munari and Pearson appreciate texture as a plastic 
mean to sensitize a surface. Pearson considers texture as a tac- 
tile sensation and only regards visual textures as symbols (sic, 
signs, or more specifically icons) that simulate tactile ones. 
Munari proposes different means to produce textures with artistic 
goals but gives no theoretical insights except for introducing the 
concepts of densification or rarefication in the procedures. 

Saint–Martin begins by saying that 

texture is a property of material bodies primarily appre-  
hended by the sense of touch. 

But then she notes that 
whatever its reference to tactile space, texture can only  
be recognized in visual representations by way of the  
organ of sight. In painting and most often in sculpture or  
architecture, texture is perceived not by the hands or the  
cutaneous surfaces of the body, but by the eye. 

— Fernande Saint–Martin, 1990, [31 (50–52)]

How does one discriminate between textures and thus  
form regions from texture differences? How does one  
describe the shapes and dispositions of the regions so  
obtained? And finally, how does one interpret a texture,  
in the sense of understanding the structure of the sur-  
face that gave rise to it? 

— David Marr, 1976, [23(656)]
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While Marr’s article discusses the first of these questions, this  
paper, instead, is addressed more to the third one. 

Julesz deals with texture as a means to study certain mecha-  
nisms of visual perception. He is concerned with classification or  
description of textures only as far as he needs this to explain  
why two textures can easily and spontaneously be discriminated  
or some cognitive effort is needed to differentiate them. He ana-  
lyzes textures according to their statistical order and concludes  
from his experiments that textures differing in statistics of first or  
second order can be instantaneously discriminated, while 

the human visual textural system cannot globally  
process statistics of third– and higher–order. 

 — Bela Julesz, 1981, [19(317)] 

In computer science, the aims in studying texture are various:  
understanding aspects of human vision, image recognition for  
different purposes, such as automatic analysis of medical  
images or aerial photographs for crop identification or military  
purposes, etc., robot vision, and also as part of other computer  
tasks such as image segmentation for shape analysis. The  
methodologies of analysis are usually classified in two kinds:  
statistical based on statistics and theory of probability, and struc-  
tural or syntactical based on language theory [22(2–3)]. The first  
one starts from the assumption that the generation of textures is  
stochastic and the distribution is by probability, leading usually to  
textures of random aspect. The second methodology assumes  
that textures are composed of primitive elements and the image  
is formed according to placements rules, being generally suited  
for textures of geometric and regular aspect [7(25)]. 

The approach taken here can be clearly classified as a struc-  
tural one. However, it is not primarily addressed to computer  
graphics, despite that this tool can be applied to it. Nor is it con-  
cerned with how one can perceive a texture or how much cogni-  
tive effort is needed in this task. Instead, the approach deals with  
how can perceived textures be described, classified, and  
arranged in an order system, which is the first step to think in the  
possibility of a grammar of textures. One of the things an order  
system provides to the disciplines of design is a method to work  
with harmonies in the selection and combination of the class of  
visual signs involved. As regards colors, these kind of issues  
have been largely studied. Color order systems have been pro-  
posed since long time. Among the tenths of color order systems  
developed only in this century, the most popular today are the  
Munsell system [26, 27] and the Natural Color System [13, 33].  
Principles of harmonies derived from a color order system can be  
seen, for instance, in Faber Birren’s book on Munsell [1(46–70)]. 

In a previous work [4], a relatively simple system of textures  
was achieved, by which the organization, analysis and produc-  
tion of certain textures is possible. Its main weakness is that it  
only produces absolutely regular textures, which is inadequate to  
account for many of the textures habitually encountered. The  
work developed here overcomes this limitation in some aspects,  
and progresses in new fields. 
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A first classification of textures 
Different classifications can be made depending on the factors 
which determine the divisions. Here, two basic factors will be 
taken into account: the texture’s depth and level of complexity. 

A division between three–dimensional and two–dimensional 
textures can be established, depending on the exhibition of depth 
or not. A texture is two–dimensional (purely visual) when it does 
not have any relief or depth, as happens with the textures drawn 
on a sheet of paper. A texture is three–dimensional (both visual 
and tactile) when it has relief or depth, regardless of the degree. 

The perception of two–dimensional textures relies exclusively 
on differences of color — hue, lightness, chroma — or cesia — 
permeability, absorption, diffusivity — among the repetitive ele- 
ments composing them and the background. Owing to the fact 
that they are completely flat, the direction and angle of incident 
light does not produce any consequence on two–dimensional 
textures. In the perception of three–dimensional textures, in 
addition to their own depth, the direction or angle of incident light 
may be of great importance. A perpendicularly directed light pro- 
duces the sensation of diminishing depth, while an oblique one 
produces the sensation of increasing it. 

On the other hand, textures may be classified according to 
the level of complexity, as simple and complex textures. Simple 
textures are those textures produced by the uniform repetition of 
a certain element. Complex textures, also called texture configu- 
rations, are textures in which two or more simple textures are 
combined. In order to develop this analysis of simple and com- 
plex textures, we establish this basic classification, which will be 
expanded upon later: 

Textures 
  according to the depth 

     Two dimensional 
     Three dimensional 

  according to the level of complexity 
      Simple 
      Complex 

Simple two–dimensional textures 
Simple textures are generated by repetition and juxtaposition of 
a minimal entity, called texture unit, which is composed of a pair 
of texturing elements and their corresponding intervals, as 
shown in the composition of simple textures, Figures 3, 4 and 5. 
Concurring with Jannello’s definition, a texturing element is the 
narrowest or thinnest part constituting a texture [15(395)]. Thus, 
in the texture of a brick wall, for example, the texturing elements 
are not the bricks but the joints between them. This criterion is 
different from the one employed by Tomita et al. to extract the 
primitive elements from a texture. They identify the elements by 
considering them as regions of homogeneous gray level 
[34(185)].  The  model  of  textures I  am presenting does not work
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For a more complete discus- 
sion of cesia and the spatial 
distribution of light, involving 
visual sensations such as 
transparence, opacity, bright- 
ness, glossiness, translucence, 
specularity, etc. see J. L. 
Caivano [5]. 

Figure 3. Texture 

Figure 4. Texture unit 

Figure 5. Texturing element
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with gray levels. Only two values are employed: black and white,  
where black always represents texturing elements — the figure  
of the figure–ground phenomenon — and white always repre-  
sents the background. Textures having different gray levels,  
such as most of the examples in the photographic album by  
Brodatz [3], have to be reduced to the figure–ground condition  
before they can enter into this analysis. 

In order to accurately analyze a simple texture, it is neces-  
sary to describe first the texturing element by means of a set of  
variables which account for its shape, and second, the variables  
of proportionality, organization, and density. These variables  
indicate the manner in which texturing elements appear in the  
texture unit. Each variable can be expressed numerically, hence  
giving origin to a notation system for textures. 

Shape of the texturing element (TE)
Even though the shape of the texturing element does not alter the  
basic structure of the texture, undoubtedly it does modify its visual  
aspect. The general structure of the texture is defined by the  
above–mentioned variables of proportionality, organization, and  
density. However, if in one pattern we change the shape of the tex-  
turing element, the visual appearance of the texture will evidently  
change. Consequently, we may consider the shape of the texturing 
element as an additional variable to be taken into account. 

To analyze this variable, we may apply the theory of spatial  
delimitation to describe simple or complex shapes. This theory  
has been proposed by Jannello [16], and some of its aspects  
have been developed within the research project directed by  
Claudio Guerri [12]. On this occasion, I will present a summary  
of the main concepts which are relevant to our goal, i.e., the  
description of the shape of the texturing element. 

In terms of spatial delimitation, the texturing element may be  
a figure, a simple configuration, or a complex configuration. 

A figure is any convex form or delimitation which may be  
described by means of the variables formatrix, size and satura-  
tion. All possible figures are included in an atlas, a kind of dictio-  
nary which has a graphic device to derive families of figures from  
regular polygons. 

Formatrix, F, refers to the family or type to which a figure  
belongs. This concept is clarifyed in Figures 6, 7 and 8 which  
depict pages from this atlas with different formatrices. Figure 6  
shows one plane or page of the atlas, where a family of squares  
and rectangles have been derived from a square in normal posi-  
tion, by convention, at 0°. It is said that all of them have the same  
formatrix (form–matrix). In Figure 7, instead of positioning the  
square at 0°, it is set at 45°, generating another family — in this  
case, rhombuses. Consequently, this is another formatrix. The  
same happens if we begin with a different polygon, such as the  
triangle shown in  Figure 8.  Summing up,  the formatrix is  defined 
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Figure 6. Page for F = 4(0°)       Figure 7. Page for F = 4(45°)

by means of the original regular polygon and its angular position 
with regard to the axis of the graphic construction of the atlas. For 
the sake of notation, the formatrix is expressed with a number 
standing for the quantity of sides of the polygon, followed by 
another number indicating its angular position. By convention, 
we consider 0° when the polygon is in such a position that, if an 
horizontal line is traced under it, one of the polygon’s sides rests 
on this line. Regarding the number of sides, the formatrix can 
vary between three for a triangle and infinity for a circle. With 
respect to the angular position, the possibility of variation for each 
polygon is 360 degrees divided by its number of sides. 

Size, Sz, refers either to the relative or absolute area of a fig- 
ure. In a similar way as Marr and Nishihara consider the descrip- 
tion of location of shapes [24(273)], the size of texturing ele- 
ments can be analyzed in object–centered or viewer–centered 
perspective. In object–centered analysis, the values are absolute 
and can be expressed in any surface unit. In viewer–centered 
analysis the size is relative to the visual field; it is measured as 
the area of the texturing element divided by the area of the total 
visual field. In the case of texturing elements, the size can vary 
between zero and the largest area which could enter our visual 
field as many times as to produce the sensation of texture. The 
theoretical limit of size is infinite, but logically, in this case we 
would not be able to perceive the texturing element, and conse- 
quently, as far as texture is concerned, there would be no differ- 
ence between an infinite size and a zero size. 

Saturation, St, refers to the proportionality of a figure. For 
rectangular figures, the saturation is directly obtained by divid- 
ing length by width. For any other class of figures this is no 
longer valid. 

Thus, the general procedure consists of three steps. 

1. position the figure into the atlas with the aid of the cor- 
responding graphic device,  

2. trace a straight line from the point 0 of the atlas, mak- 
ing it pass through the centroid of the figure,  

3. obtain the slope of such a straight line by dividing its 
vertical coordinate by its horizontal one. 
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Figure 8. Page for F = 3(0°)
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Figure 9. Saturation, St, of a 
non-rectangular figure 

José Luis Caivano 

This slope represents the saturation of the figure under con-  
sideration. As shown in Figure 9, saturation is defined as: 

(1) 

Saturation may vary between 1, for regular polygons or satu-  
rated figures, and a very large value, for lines. The theoretical  
limit is infinite, but in this case we would not be able to see the  
line because its width should necessarily be zero. As far as tex-  
tures are concerned, this implies not perceiving the texturing ele-  
ment, situation which is defined as size zero. In this case, it is  
senseless to speak of infinite saturation. 

If the texturing element belongs to the category of figure, it is  
then described by its formatrix, F, size, Sz, and saturation, St. If  
the texturing element does not fit in this category, then there are  
two possibilities, it is either a simple configuration or a complex  
configuration. 

A simple configuration is considered to be any combination of  
two figures. Simple configurations are described by specifying  
both figures individually, and indicating the horizontal separation,  
the vertical separation, and the attitude between the figures. 

Horizontal separation, HS, refers to the distance between the  
centroids of the figures, measured according to their projection  
onto a horizontal axis. 

Vertical separation, VS, refers to the distance between the  
centroids of the figures, measured according to their projection  
onto a vertical axis. If we are making an object–centered analy-  
sis, both horizontal and vertical separations may be expressed in  
any linear metric unit. If the analysis is viewer–centered, the sep-  
arations should be expressed in terms relative to the dimensions  
of the visual field. 

Attitude, A, refers to the angular position of figures in the  
configuration, that is to say, the degree of rotation of one fig-  
ure with regard to the other. The attitude is expressed by  
means of the angle which shows the difference in degrees in  
the position of both figures. 

If the texturing element belongs within the category of simple  
configuration, it is then described by means of the formatrix, F,  
size Sz, and saturation, St, of each figure, and the horizontal sep-  
aration, HS, vertical separation, VS, and attitude, A, relating both. 

If the texturing element is a more complex configuration, it is  
necessary to describe a hierarchy of the various simple configu-  
rations composing it. This mode of description is explained in  
Magariños and Caivano [21]. 

While the variables analyzed to this point describe the textur-  
ing element, the variables that follow aim at describing the gen-  
eral structure of the texture. We will see that the concept of tex-  
ture unit, of which I have not found any similar correlate with  
other  authors,  is a very  useful one.  It  enters in  the  definition of 

h
vSt =
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various of the aspects of texture in this paper, and can be 
applied to define precisely other concepts as well. For example, 
the important concept of texture resolution explained by Roan et 
al. [30] can be defined in the terms used here as the inverse of 
the number of texture units entering in a certain visual solid 
angle. Note that this definition takes the quantity of texture units, 
not the size of texturing elements, as the key for resolution. The 
size of texturing elements may vary from one texture to another, 
but if the quantity of texture units in a given area of both textures 
is the same, then the resolution is the same for both textures. 

Proportionality (P) 
Proportionality is the variable which defines the proportion of the 
texture unit, the space involving the two texturing elements. 
Proportionality is obtained dividing the height, H, by the width, W, 
of the texture unit, see Figure 10. Once more, the height and the 
width of the texture unit can be considered in object–centered or 
viewer–centered perspective. In the first case they are absolute 
measurements expressed in any linear unit. In the second case 
they are relative to the height and width of the visual field. 

(2) 

Proportionality can vary having as theoretical limits the values 
zero and infinite. In practice, we move between very small val- 
ues if the texture unit has relatively great width, and relatively 
large values when the texture unit has relatively great height. 

By convention, the height, H, is always measured in the 
same direction as the largest dimension of the texturing element. 
This means that, in order to measure the height of the texture 
unit we have to place it so that the texturing element, if it is 
non–saturated, St > 1, stays in vertical position. If the texturing 
element is saturated, St = 1, that is, it has no predominant direc- 
tion so as to ascertain if it stays in vertical or horizontal position, 
it is irrelevant which dimension of the texture unit is taken as 
width and which one is taken as height. In fact, in the examples 
where the saturation of the texturing element is St = 1, shown in 
Figure 11, a texture can have two different notations regarding 
proportionality. This figure depicts a sample of an order system 
for simple textures. The texturing element remains constant 
throughout the atlas. Each different organization is on a different 
page of the atlas. Density is constant along curves as shown. 
Proportionality is constant along straight lines as shown. 

Compare the textures at the upper left corner, P = 2.25, of 
organization 0 and 0.5 with the textures at the lower right corner, 
P = 0.44, of organization infinite and 2, respectively; or the tex- 
tures in the upper central part, P = 1.5, of organization 0 and 0.5 
with the textures in the  middle–right part,  P  =  0.66,  of organiza-
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Figure 10. Proportionality, P,  
of a simple texture 

The proportionality dimension 
is similar in one aspect to the 
one formerly called direction- 
ality [4(243)]. In both cases, we 
intend to define the propor- 
tion of the texture unit. The 
difference is that, in the pre- 
vious work, proportion was 
involved along with the layout 
of texturing elements. In this 
new system, the proportion of 
the texturing element is con- 
trolled independently when its 
saturation is defined, while 
the layout of texturing ele- 
ments is analyzed by means of 
organization. These discrimi- 
nations make the new system 
richer than the previous one. 

W
HP =



 
 
 

Figure 11. Sample of an order system for simple textures 
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tion infinite and 2, respectively; or the textures in the middle–left 
part, P = 1.5, of organization 0 and 0.5 with the textures in the 
lower central part, P = 0.66, of organization infinite and 2, 
respectively. In all these comparisons, the textures appear 
respectively identical in spite of the notation expressing a differ- 
ent proportionality and organization. 

All these cases, in which the same texture can have two dif- 
ferent notations, do not pose serious objections to the system. 
Similar ambiguities also appear in the writing of verbal language 
and in musical notation, where there are cases in which the 
same auditory sensation can be written in different ways. The 
important feature in this system of textures is that the opposite 
situation does not exist, that is that one notation does not repre- 
sent more than one texture. 

As a consequence of the previous convention, neither the 
height has to be misinterpreted as the longest side of the texture 
unit, nor the width as the shortest one. The height may be short- 
er than the width, as it happens with all the texture units having 
proportionality smaller than 1. Summing up, the height is — by 
convention — the dimension of the texture unit which always 
appears in vertical position, whereas the width is the dimension 
which appears in horizontal position, provided the texture is posi- 
tioned with the texturing elements in vertical position with 
respect to the observer. If the texturing element is saturated, 
then this question is not relevant. 

Organization (O) 
Organization is the variable which defines the relative position of 
the texturing elements within the texture unit. It relates the slope 
in which the texturing elements are aligned, with the proportion- 
ality of the texture unit. Organization is a complex or second 
order variable, because it requires the previous calculation of 
these other variables. The calculation of slope, S, for a simple tex- 
ture is shown in Figure 12. 

The slope, S, is the straight line according to which both tex- 
turing elements are aligned. Its value is obtained by dividing the 
vertical distance, VD, by the horizontal distance, HD, existing 
between both texturing elements. 

The vertical distance is the distance between two homolo- 
gous points of the texturing elements, measured according to 
their projection onto a vertical axis; the horizontal distance is the 
one existing between the same points, but measured according 
to their projection onto a horizontal axis. These distances can be 
expressed as absolute measurements for object–centered 
analysis or in terms relative to the dimensions of the visual field 
for  viewer–centered  analysis.  In viewer–centered  case,  the dis-
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F. de Saussure [32 (chapter VI, 
section 4)] points out the multi- 
plicity of written signs which 
in certain cases exists to rep- 
resent one articulated sound of 
verbal language. In musical 
notation, as well, there exist 
various correct ways to write 
down the same auditory phe- 
nomenon; this does not happen 
only in metrics, but also when 
dealing with pitch of sounds. 
This ambiguity appears in only 
one direction, because, on the 
contrary, given a certain nota- 
tion, there is but one right 
auditory interpretation. 

Figure 12. Slope, S, calculation

HD
VDS = (3)



 

(6) 

(4) 

(5) 
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Figure 13. Employing an auxil-  
iary sketch for the calculation  
of organization, O 

The term figure is used here  
with the meaning habitually  
employed by gestalt psycholo-  
gy when analyzing the ground-  
figure phenomenon. This sub-  
ject generally appears in any  
book belonging to this field;  
see, for example, M. D. Vernon  
[35(40–46)]. This clarification is  
necessary to avoid confusing  
figure with the different mean-  
ing that it has in the theory of  
spatial delimitation. 

José Luis Caivano 

tances are calculated as ratios, dividing the corresponding dis-  
tances by the height or width of the visual field. 

By convention, in order to measure the distances the textures  
are placed so that the texturing element stays in vertical position.  
If the texturing element is fully saturated, St = 1, it does not matter  
which distance is taken as vertical and which one as horizontal. 

Organization is defined as the ratio between the slope, S, and  
the proportionality, P: 

As simple textures are regular organizations, inside of which  
the texturing elements are homogeneously distributed, the dis-  
tances fulfill these parameters as follows: 

As shown in Figure 11, in the first case the texturing elements  
appear horizontally equidistant, as in organization 0.5, while in the  
second case they appear vertically equidistant, organization 2.  
When organization is 0 = 1 the greatest homogeneity exists,  
because the texturing elements are equidistant both in horizontal  
and vertical directions, organization 1. 

Likewise, with the aid of a few lines traced on the texture,the  
organization can be more easily calculated. A straight line is  
drawn from the lower left corner to the upper side of the texture  
unit, passing through homologous points (the points nearest to  
the lower left corner) of both texturing elements. This line, repre-  
senting the slope according to which the texturing elements are  
aligned, determines a segment we call b when it intersects the  
upper border of the texture unit or its extension, see Figure 13. 

The organization, O, is calculated by dividing the width, W,  
of the texture unit by the segment, b. 

Organization may vary having the values zero and infinite as  
real limits, because segment b can bear the value infinite when  
the slope is absolutely horizontal, or the value zero when the  
slope is completely vertical. 

Density (D) 
Density is the variable which relates the surface of both texturing  
elements with the surface of the background in which they  
appear.  If we consider the texturing elements as figure, density is 

b
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The density of a texture can vary from the value 1 (when fig- 
ure is equal to background) to infinite. This last case appears 
when the texturing element is infinitely small in comparison with 
the texture unit; therefore, the texture is completely flat. It is 
commonly said that this entails absence of texture, but, in order 
to be consistent we have to stress that this also belongs to the 
realm of texture, as black belongs to the realm of color. 

(7) 
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the relation between the surfaces of figure and ground. Density is 
calculated by dividing the addition of the sizes of both texturing 
elements by the surface of the background in which they appear. 
This background is the surface of the texture unit from which the 
surface of both texturing elements has been subtracted. 

Complex two–dimensional textures 
Complex textures are those made up by the combination of 
simple textures. First, the combination of two simple textures 
will be considered. 

Describing a complex texture involves the description of the 
two simple textures composing it, in addition to the description of 
the combinatorial variables. These variables of combination are 
the separation on the x axis, separation on the y axis, and rota- 
tion existing between both simple textures. Each variable can be 
expressed numerically, the notation system being so expanded. 

Separation on the X axis (xS)
X separation refers to the displacement, measured on a horizon- 
tal axis, x, of one texture with respect to the other. If we make 
two simple textures coincide at a certain point — by convention, 
the lower left vertex of the texture units — then any possible 
variation regarding x separation is shown by the displacement of 
one texture along a distance equal to the width, W, of the other 
texture. A countless number of combinations appear while mov- 
ing from one point to the other, each combination producing a 
different complex texture. The hypothesis that all possibilities of 
variation, with respect to this variable, are covered by a displace- 
ment equal to the width of a texture unit is demonstrated by the 
fact that, if the displacement continues beyond that distance, the 
same sequence of texture combinations is repeated. This 
sequence cycles, every time we progress to the next texture 
unit. For this reason, it is unnecessary to consider x separation 
in an indefinite way. 

X separation is expressed according to proportions which are 
relative to this width W. The coefficient indicating this proportion 
is obtained dividing the length of the actual displacement by the 
total width. Thus, 0.5W means that the displacement is half the 
width of the texture unit, Figure 14. 
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Figure 14. Measurement of x
separation according to the 
displacement regarding the 
width, W, of the texture unit 
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Figure 15. Measurement of y 
separation according to the 
displacement regarding the 
height, H, of the texture unit 
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The lowest limit for x separation is logically 0W, which  
means there is no x separation. In other words, both textures  
coincide, in a projection on a horizontal axis, at the initial point  
of their corresponding texture units. The highest limit is a  
value infinitely close to 1W. When the x separation reaches  
1W, the same texture as at 0W is produced since the initial  
superposition is repeated. 

Separation on the Y axis (yS)
Y separation refers to the displacement, measured on the verti- 
cal axis, y, of one texture with respect to the other.  
All possibilities of variation regarding this separation are  
developed by the vertical movement of one texture along a dis-  
tance equal to height, H, of the texture unit of the other texture  
which remains fixed. The same arguments employed for x sep-  
aration apply to y separation, so that the maximum necessary  
displacement is equal to the height of the texture unit. 

Y separation is expressed by proportions with regard to the  
height, H. The coefficient is obtained by dividing the length of  
the vertical displacement by the total height, as shown in  
Figure 15. The lowest limit is 0H, which means that there is no  
y separation. In this case, both textures coincide, in a projec-  
tion onto a vertical axis, at the initial point of the corresponding  
texture units. The highest limit is a value infinitely close to 1H. 

Both separations are measured in terms of displacement of  
one texture unit with respect to another. It is necessary to  
establish by convention which texture moves and which one  
remains fixed. For such a determination, the rule of the maxi-  
mum economy is applied. That is, the fixed texture is the one  
whose unit has the minimum semi–perimeter, W + H. The result  
is that the displacement required to develop all the combinatori-  
al possibilities is the minimum of the two possible movements. 

If both combined textures are identical, then x and y sepa-  
ration, whatever their values, remain constant throughout the  
complex texture. This means that, at any part of the texture,  
the texture units hold the same x and y separations. 

If, on the contrary, both combined textures are different in  
whatever aspect that implies that the texture units are differ-  
ent, then the separations are not of the same value throughout  
the complex texture. In these cases, separations vary accord-  
ing to an arithmetic progression whose ratio is equal to the dif-  
ference between the heights of both texture units. 

This convention is required in order to know, in any case of  
analysis, on which texture unit to measure the relative values  
of x and y separation. This is done in order to avoid ambiguity  
when both combined textures possess different units. If this  
convention is not used, it would be possible to ascribe two dif-  
ferent notations to the same sample of texture, alternatively  
depending on which texture is taken as fixed. 
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Rotation (R) 
Rotation, R, defines the angular position between two 
combined textures. As done with previous variables, rotation is 
also analyzed with regard to the texture units. First, in order to 
know which degree of rotation a complex texture has, a tex- 
ture unit is isolated in each combined simple texture. 
Secondly, in each unit an auxiliary line is drawn parallel to the 
direction of the height H and with the same orientation. 
Finally, the angle between both lines is measured. The mea- 
sured angle expresses the degree of rotation between both 
textures, as shown in Figure 17. 

Rotation may go from zero degree — when the auxiliary 
lines drawn on both texture units are parallel and have the 
same orientation — to an angle infinitely close to 360 degrees. 
Reaching a 360 degrees rotation, the auxiliary lines once again 
become parallel and have the same orientation, and rotation is 
again zero degrees. 

By convention, angles are measured clockwise. Also by 
convention, a texture whose texture unit has the height H in 
vertical position, 12 o’clock, is considered to have zero 
degree rotation. 

In order to measure the rotation angle, the texture is posi- 
tioned so that one of the composing simple textures is at zero 
degree. Moving clockwise, the rotation of the other texture can 
be measured using the first one as reference. It is necessary to 
establish which texture is considered rotated and which one at 
zero degree. By convention, the same texture, the one with the 
smallest perimeter, is taken to be fixed regarding rotation as 
was taken regarding separation. 

General classification of textures 
As already stated, a texture may be three–dimensional or 
two–dimensional depending on the presence or absence of 
depth. Anyway, this concept can be specified a bit further. 

In two–dimensional textures, texturing elements are neces- 
sarily two–dimensional — dots, lines, or surfaces. Figure 18 
shows some examples. In addition, these texturing elements 
must be organized on the same plane, that is, the texture unit 
must also be two–dimensional and the juxtaposition of units 
must be developed on the same plane. 

In three–dimensional textures, texturing elements may be 
two–dimensional — dots, lines, surfaces, or three-dimensional 
— particles, threads, laminas, bodies. Figure 19 and 20 show 
some examples. The only condition for the texture unit is that it 
should have some volume or corporeality. Every texture with 
three–dimensional texturing elements is three–dimensional. 
But, to be three–dimensional, a texture with two–dimensional 
texturing elements requires that the elements should be spa- 
tially organized, that is the texture unit should be volumetric. 

Figure 16. Complex texture

Figure 17. Measurement of 
rotation, R, of texture shown in 
Figure 16 

I consider the line as two-
dimensional rather than one- 
dimensional, because in order 
to be perceived it must bear 
certain width, however small it 
may be. In this sense, the dif- 
ference between dot, line, and 
surface is a matter of relativity 
among dimensions, and not a 
matter of absolute quantities.
Following this same criterion, 
I consider a particle any dot 
having relatively small vol- 
ume, thread any line with rel- 
atively small thickness, and 
lamina any surface having rel- 
atively small thickness. 
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Figure 18. Two–dimensional textures according to the type of texturing element

Figure 19. Three–dimensional textures with two–dimensional elements 

Figure 20. Three–dimensional textures with three–dimensional elements 

Figure 21. Two–dimensional textures according to the juxtaposition of units 



 

 

Examples of linear textures are drawn decorated bands, 
lines of writing, columns of numbers. Examples of planar tex- 
tures include printed pages, city plans, and decorated wall 
papers. Chains, pearl necklaces, lamp posts and the trees 
along the sides of a street, a train are bar–like. Brick or stone 
wall, perforated hard–board panels, forests of trees, a city are 
laminar. Grains in a silo, a pile of bricks in a warehouse, the 
foliage of a tree are volumetric textures. 

Taking the degree of complexity as a classifying factor, tex- 
tures have been divided into two classes, simple and complex. 
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Taking as classifier the dominant direction according to which 
the texture units are juxtaposed, two–dimensional textures can 
be divided into linear and planar. When the juxtaposition of the 
texture units covers only one direction, the resulting texture is 
linear, while, if the juxtaposition bears two directions, the 
resulting texture is planar, Figure 21. 

Considering the same factor, three–dimensional textures 
can be divided into bar–like, laminar and volumetric. A bar–like 
texture is like a bar, considerably longer than it is wide. A lam- 
inar texture has units that are repeated following two directions 
mainly. A volumetric texture has units that are repeated and 
equally developed in all three directions of space, Figure 22. 

SIMPLE TEXTURES: Simple textures are those textures that 
can be described by means of a texturing element, TE, an 
organization, O, density, D, and proportionality, P. The tex- 
tures shown in Figure 11 are a sample of the infinite number 
of possible simple textures. 

Introducing as a classifier the fact that the variables may or 
may not be numerically described, simple textures may be 
subdivided into metric — numerically definable and measur- 
able, Figure 23, and ametric — numerically non–definable and 
immeasurable, Figure 24. These last textures appear when 
the shape of the texturing element, organization, density or 
proportionality develop at random either individually or jointly. 

Figure 23. Metric texture 

Figure 24. Ametric texture 

Figure 22. Three–dimensional textures, according to the juxtaposition of units 
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Figure 25. Static texture 

Figure 26. Dynamic texture 
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At this point, it is important to clarify certain issues. The previ-  
ously mentioned randomness does not mean chaos or total dis-  
order. In accordance to the concept of order discussed by D.  
Bohm [2(140–141], it refers to any kind of complex order which,  
for the moment and with the theoretical instruments available,  
we are not able to describe. In this sense, ametric textures are  
both the limitations as well as the aspirations of the system.  
The evolution or improvement of the system should aim at  
describing these textures by means of some kind of order. 

A subdivision of metric textures appears if we consider the  
possibility that the variables, TE, O, D, and P, may vary over  
the course of a pattern — growth or diminution. This leads to a  
distinction between static and dynamic textures, Figures 25 and  
26, respectively. Dynamic textures fall into diverse varieties of  
type. First, dynamic textures may be subclassified depending  
on which variable changes, TE, O, D, P, or combined cases,  
Figure 27. Second, for each of the previous types, the pattern of  
variation may occur in different ways, for example arithmetic,  
geometric or exponential variation, Figures 28–30. 

As can be seen, dynamic textures have an extremely large  
and rich field of alternatives, so that their in–depth study would  
deserve a separate paper. Ametric textures might also be  
regarded as a case beyond the limit of dynamic textures, where  
the pattern of dynamism is too varied to preclude the possibility of 
description. 

Figure 27. Dynamic metric simple textures, according to which variable changes 
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Figure 28. Arithmetic variation  Figure 29. Geometric variation 
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 Figure 30. Exponential variation 

Figure 31. First three grades of complex textures 

COMPLEX TEXTURES: Complex textures are those formed by 
combinations of simple textures. Complex textures are 
described by defining the composing simple textures described 
by TE, O, D, and P, separations, x and y, and the rotation, R  
between the textures. 

For complex textures the recursiveness of the combinatorial 
process of simple textures is the criterion for classification. 
After having combined two simple textures and obtained a 
complex texture, the last one can be combined with another in 
order to achieve higher complexity, see Figure 31. Hence, 
complex textures can be 

first–grade: a combination of two simple textures, 

second–grade: a combination of a first–grade texture with 
a simple texture, 

third–grade: a combination of a second–grade complex 
texture with a simple texture, or combination of two 
first–grade complex textures, and so on. 
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Textures 
  according to the depth 

     Two–dimensional 
   according to the elements 

Two–dimensional elements 
   according to the juxtaposition of units 

Linear 
Planar 

     Three–dimensional 
   according to the elements 

Two–dimensional elements 
Three–dimensional elements 

   according to the juxtaposition of units 
Bar–like 
Laminar 
Volumetric 

  according to the level of complexity 
     Simple 

   according to measurability 
Metric 

    according to variability 
   Static 
   Dynamic 

according to which variable  
Variation of TE 
Variation of O 
Variation of D 
Variation of P  
Combination of 2 variables  
Combination of 3 variables  
Combination of 4 variables 

according to which variation 
Arithmetic 
Geometric 
Exponential 

Ametric 
     Complex 

   according to grade 
1st grade 
2nd grade 
… 

Figure 32. Summary of texture classification 
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Figure 32 summarizes this classification and organizes hierar- 
chically the different kinds of textures. Two–dimensional textures, 
both simple and complex, have been thoroughly analyzed. Within 
simple textures, metric textures have been illustrated, and within 
this last category, static textures. Figure 11 shows two–dimension- 
al simple metric static textures. Figure 33 illustrates complex 
two–dimensional textures of first grade. In this figure, the 
two simple textures combined remain constant throughout 
the atlas; each different rotation is on a different page of 
the atlas; x separation is constant along columns; and y 
separation is constant along rows. Three–dimensional, 
dynamic, or ametric textures have not been analyzed yet. 

Three–dimensional textures 

To analyze three–dimensional textures, the breakdown of 
some of the variables is required. Therefore, to define the textur- 
ing element (which may be volumetric in this case) it is indispens- 
able to resort to the system for describing volumetric figures and 
configurations presented by the theory of spatial delimitation. 

If the texturing element is a volumetric figure, the variables or 
dimensions are similar to those stated for planar figures, bearing 
some adjustments. Formatrix refers now to polyhedra, prisms, 
and their derived families. Size refers now to the volume of the 
texturing element. Saturation is broken down into two: planar 
saturation, pSt and corporeal saturation, cSt [16(2–3)]. For rec- 
tangular prisms, the planar saturation is equal to the length divid- 
ed by the width, while the corporeal saturation is equal to the 
length divided by the thickness. 

(8) 

(9) 

If the texturing elements are not figures but volumetric simple 
configurations, that is two volumetric figures combined, then 
some of the variables have to be broken down as well. The 
description of figures remains as usual, with the only exception 
that in this case it is necessary to describe two volumetric fig- 
ures. Separation, which for planar figures is analyzed in two 
coordinates, horizontal and vertical, is now broken down accord- 
ing to three axes, x, y, and z. Attitude is also developed with 
respect to these coordinates. 

Proportionality of the texture unit needs to be defined, not 
only on the plane, but also in the third dimension, because the 
unit is now a volume. The proportionality on the plane may be 
called planar proportionality, pP, while in the other dimension it 
may be  called  corporeal  proportionality, cP.  The  first one, pP,  is 

T
LcSt =

W
LpSt =
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Figure 33. Complex two–dimensional texture of first grade 
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(14)

(10)

(11)

(12)

(13)
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equal to the height, H, divided by the width, W, of the texture 
unit. The second one, cP, is equal to the height divided by the 
thickness, T, of the unit. 

In order to define the organization in a volumetric texture, we 
also have to define the slope as planar, pS and corporeal, cS. As 
organization comes from dividing slope by proportionality, it also 
has to be broken down into two — planar organization, pO, and 
corporeal organization, cO. 

Density remains as a single variable, but it refers now to the 
relationship between the volumes of both texturing elements and 
the empty space of the texture unit. Note that the size may be a 
volume now. 

Dynamic textures 
Dynamic textures are analyzed by means of the same vari- 
ables which have been covered so far. The only difference lies 
in the fact that, instead of receiving a fixed value, it is neces- 
sary to indicate the type of progression followed by the vari- 
ables and the ratio of this progression. 

In a dynamic texture, formatrix, size, and saturation of the 
texturing element, as well as organization, proportionality, and 
density, can follow a pattern of growth or transformation. 

To find the type of progression and the values of growth or 
transformation, it is necessary to measure the variables at 
least in three consecutive texture units. The resulting values 
are compared in order to find out the type of progression and 
the variation ratio. 
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Glossary 
ATTITUDE: a variable of spa-  

tial delimitation, the relative  
angular position between  
two figures. 
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Ametric textures 
In numerous cases, it is not possible to measure or quantitatively  
define the values of any or all variables of texture. This can be  
due to the fact that internal changes are so irregular that their  
measurement is practically impossible. It appears that the struc-  
tural analysis presented here is impractical or not suited to ana-  
lyze ametric textures. This is true, but, as a counterpart, we can  
mention that — as shown by Cross and Jain [7(35–36)] — by a  
statistical approach alone, geometric textures of strong regularity  
cannot be generated successfully or modelled very well. Thus, it  
seems that there is no universal model which performs optimally  
for all kinds of textures. 

However, it may happen that to describe certain textures, the  
numerical definition of their variables is irrelevant. This will depend  
on the aim of the description. For example, to reproduce the sen-  
sation of visual texture given by a printed page it is not necessary  
to exactly reproduce the shape of each character. Scribbles  
resembling letters will achieve the same purpose, provided they  
have the same organization, proportionality, and density the print-  
ed page has. Consequently, in this particular case, it is not neces-  
sary to have the exact description of the shape of the texturing  
elements, a rough notion of their size and saturation will suffice. 

With regard to ametric textures or the non–numeric descrip-  
tion of a texture, some concepts can be clarified. First, an ametric  
texture does not necessarily implies that all its variables of analy-  
sis are ametric. Only some of them may not be measurable. In  
this case, the measurable variables are described numerically,  
whereas the other variables are defined by approximate notions.  
In some cases it is possible to indicate the range of values in  
which a variable may appear. For example, in the texture of a  
sand beach, the size of the texturing elements will be in the order  
of the tenth of a cubic millimeter — object–centered size; if it  
exceeds this range and is in the order of cubic centimeters, then  
it is not a sand beach but a pebble beach. A rate of the variation  
can also be given, taking various values at random. 

On the other hand, for some purposes we do not need to  
describe a texture in numeric terms, even though it is a metric  
texture. In some situations, a description of the variables in plain  
language will be enough. In this way, a texture can be described  
by saying that the shape of the texturing element is quadrangu-  
lar, round, oval, spherical, or any other shape, that its size is  
large, medium, or small — with reference to a certain standard,  
that, as regards its saturation, the texturing element is thin or  
not. As for the organization of a texture, we can say that it is  
horizontally, vertically, or diagonally aligned, staggered, or at  
random. Regarding density we can say that it is open or com-  
pact, sparse or tight. With reference to proportionality, we can  
say that it is more or less oblong or approximately square. As  
can be seen, even using ordinary language to describe them,  
the variables of analysis represent a useful tool, because they  
allow discriminating the aspect of the texture to which we are  
referring in each case. 
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Conclusion 
As a consequence of this model of textures, which serves for the
analysis, description and production of an unlimited number of tex-
tures, various directions of research seem important to pursue. 

1. The exploration of the large field opened by dynamic tex-
tures, by means of producing ordered series of samples. Surely,
the most beautiful textures will appear in this domain, because
dynamic textures always involve a dose of constancy and repeti-
tion balanced with a dose of variation and transformation. 

2. The testing of the model against existing textures to evalu-
ate the accuracy of the description of the texture, involving: 

● the reduction of the texture to black and white,  
● the selection, from the positive and the negative, of the texture 

which has the least amount of black,  
● in the case of complex textures, the identification of the simple tex-

tures from which it is composed. 
● the application of the variables of analysis,  
● the formulation of the specific notation representing the texture, 
● the reconstruction of the texture on the basis of this formulation, and 
● the comparison of the outcome with the original texture.  
3. Finally, the graphic development of atlases on the basis of 

the prototypes illustrated here, but covering a wider range, and 
the elaboration of the rules of harmony for the selection and com- 
bination of textures for purposes of design. This last aspect, 
which was previously handled on the basis of three variables 
[4(247–249)], has now been examined on the basis of four vari- 
ables or dimensions, some of which even involve subordinate 
variables. No doubt this will lead to even more sophisticated and 
refined relationships. 
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CONFIGURATION: a com-
pound of two or more ele- 
ments associated by some 
relationship. 

DENSITY: the variable of sim-
ple textures which depends 
on the relation between the 
surface occupied by textur-
ing elements and the sur-
face of background. 

FIGURE: In the theory of spa-
tial delimitation, a convex
shape belonging to some
of these classes: regular
polygons and polyhedra,
as well as some particular
polyhedra — sphere,
cone, prisms — and their
derivatives (according to a
special procedure), lines,
point. In psychology of
perception, the element
perceived as the salient
part in the ground–figure
phenomenon. 

FORMATRIX: a variable of
spatial delimitation, the
matrix of a form, the family
or type to which a figure
belongs. 

ORGANIZATION: the vari-
able of simple textures 
which depends on the
relative position of textur-
ing elements within the 
texture unit.  

PROPORTIONALITY: the
variable of simple textures 
which depends on the pro- 
portion of the texture unit. 

ROTATION: a variable of
complex textures, the rela-
tive angular position 
between two simple tex-
tures. It is equivalent to 
the concept of attitude in
spatial delimitation. 
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SATURATION: a variable of  
spatial delimitation. For  
rectangular figures satura-  
tion is equal to proportion  
(height/width) but it is also  
applied to other figures  
where this is no longer  
valid. For this reason, sat-  
uration is a more exten-  
sive term than proportion. 

SEPARATION: a variable of  
spatial delimitation, the dis-  
tance between the centroids  
of two figures. Also, a vari-  
able of complex textures,  
the displacement of one tex-  
ture in regard to another. 

SIZE: a variable of spatial  
delimitation, the absolute  
or relative area or volume 
of a figure. 

SPATIAL DELIMITATION:  
spatial shape, surface or  
volume, as defined by its  
boundaries. Similar terms:  
form, shape. However,  
spatial delimitation is more  
precise than the polyse-  
mous term form. 

TEXTURE UNIT: the minimal  
repetitive motif in a tex-  
ture, composed of two tex-  
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corresponding interval. 

TEXTURING ELEMENT: the  
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texture, the part in the tex-  
ture unit which plays the  
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VARIABLE: attribute, dimen-  
sion, or quality of some-  
thing capable of performing  
a variation accompanied by  
a sensory change. 
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