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INTRODUCTION

Footwear is more than a foot protective wrapper. 

Although it is sometimes described as the intersection 

between the environment and the human body, 

enabling movement and experimenting the world, it 

also has a strong influence on the social and emotional 

aspects of our lives. Thereby, footwear has acquired 

different roles and has different meanings depending 

on the taste of individuals, on their national and 

professional identity, on their social status and so on 

[1].
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The design activity, pattern making and footwear 

product development have to meet market 

requirements expressed at a given time. Lately it was 

found that the level of comfort is prior to other shoe 

characteristics for the consumers, followed closely by 

high demands on quality and aesthetic functions. 

However, shoes must also fulfil orthopaedic, defence, 

physiology and hygiene functions.

Given the increased, refined and specifically 

defined requirements of more and more consumers, 

the footwear industry had to resort to the automation 

of most sectors. Thus, from design to manufacturing, 

footwear producers have turned to various software 

that can produce quality products in terms of 

aesthetics as well as comfort, in a shorter period of time 

[2].

Revolutionary CAD/CAM systems are the next 

generation of solutions for computer-aided design and 

engineering for the shoe industry. Designed exclusively 

for use with the latest operating systems and 

environments, they provide the full range of utilities in 

dedicated packages which are among the most 

intuitive and easy to use, compared to the current 

products on the market.

Whether he uses 3D or 2D CAD systems, the user 

must take into account the criteria arising from the 

functions that footwear must meet. Following a 

comparative study, the analysis technique used in 

product design, of all the parameters that could be 

followed throughout the product life cycle, those 

specific to the creation and design activity are 

distinguished: concept and design parameters [3].

For a long period of time manual methods were 

used to retrieve the foot and the shoe parameters 

respectively, but the development of 3D scanning 

devices and the possibility of 3D visualization and 

modelling, automatic analysis, finding and interpreting 

patterns made it possible to develop different models 

of footwear, depending on the foot conformation [4].

3D computer aided design techniques (CAD 3D) 
enable direct modelling of footwear on the last, so even 
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before the product is made it can be analyzed in terms 
of aesthetic, functional, technological and economical 
criteria. Considering all these criteria and sub criteria in 
a hierarchical, structured way, will allow for the 
development of new collections, under the conditions 
of rapid production and meeting the needs and 
aspirations of consumers [5, 6].

3D Shoe Design module of Delcam-Crispin 

integrated design system is a software solution 

designed for virtual models, starting from a 3D 

predefined shape, namely the last shape from the data 

base. The shoe model proposed can be obtained in a 

great variety of colour combinations, textures, and 

panels. The work facilities (sessions) of this software 

are made of useful instruments available to the 

designer who has the possibility of manipulating any 

model in the virtual space, for example: establishing 

the positioning lines and control points, flattening the 

three-dimensional surface of the model to obtain the 

patterns, visualizing the model by rotating it in various 

angles, the simultaneous view of two-dimensional 

designs (patterns, basic design) and the 3D model, the 

simultaneous opening of windows-work sessions.

The last is the basic instrument for the footwear 

constructive design and for the footwear manufacturing 

process. The lasting process is done with the uppers on 

the last, so, the shape and dimensions of the last will 

determine the shape and dimensions of the footwear. 

Dimensional comfort when wearing a footwear 

product is determined by this correspondence 

between the foot and the interior space of the shoe [7].

Regardless of the chosen design method, for a 

boot, in this case, the anthropometrical parameters 

that characterize the foot, the ankle, the calf and the 

knee (Figure 1) always have to be considered, as 

presented in Table 1.
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These measurements are for the average size of 37 
(in French/European system). They are subject to changes 
depending on the consumer sizing requirements.

Classic 2D Design Method

When designing boots the mean forme will be 
used and placed in the reference system. The pattern 
making process is based on both the mean forme type 

RESULTS AND DISCUSSIONS
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and the geometrical construction, where the specific 
dimensions for the foot heights and girths are taken 
from measurements tables. 

For footwear types such as boots and high boots, 
designing the 3D model directly on the last is not 
possible, since there are no last specially made for 
manual modelling. Therefore, when designing boots, 
the mean forme is the starting point and the 2D model 
is built using a geometrical construction. Thus, in this 
case, we recommend carrying out the following stages:

?producing the mean forme;
?positioning the mean forme into the 

referential system;
?drawing the standard 2D design of the model 

(Master Pattern) by considering leg measurements at 
ankle, calf and knee (girths and heights);

?sectioning, modifying and obtaining the 
working patterns.

The particularity of the high boot design comes 
from the fact that the surface of the quarter covers the 
entire calf and, as a result, in the process of lasting, they 
are not subjected to supplementary stretching 
requirements. The dimensions of the quarter will have to 
correspond to the dimensions of the calf, supplemented 
by allowances depending on the lining thickness. A 
tolerance is also given because of the necessity to ensure 
a free movement of the leg within the ankle joint. 

The high boot for women can be built, as 
mentioned above, in two constructive variants: with or 
without a fastening system (zip, buckles, straps, laces). 
The selected model of high boot to be designed has the 
vamp applied over the quarter. It is a zipped type of high 
boot, with collar and decorative buckled strap.

The mean forme is placed into the referential 
system and the basic and model lines are drawn 
according to the boot design criteria.
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The quarter will be made of three pieces: two 
pieces on the inside and one piece on the outside. The 
interior quarter pieces will be joined with zipper, and 
with the outside quarter by a face to face stitch, thus a 
sewing allowance of 2 mm will be added. On the 
separation lines between vamp and quarter/counter 
patterns, sewing allowances of 6-8 mm are necessary. 
The quarter shape is presented in Figure 4. The two 
patterns of the counter will be sewed on the back line 
by a face to face stitch, a 2 mm allowance being 
necessary. The collar is obtained by mirroring on the 
front line of the quarter. The elastic pattern is 50-70 mm 
long and 15-20 mm wide. 

The separation lines between the quarter and 
other patterns are identified and necessary sewing 
allowances are added (6-8 mm). The quarter shape is 
presented in Figure 4. The decorative strap is drawn, 20 
mm wide. The strap has two pieces, one with the buckle 
and the other one that passes through the buckle. All 
the necessary technological marks are given in order to 
join the uppers by stitching. Working patterns for vamp, 
quarters, counter, collar, decorative straps and elastic 
will be obtained.
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3D Modelling and 2D Design 

Crispin-Delcam Design System 

Crispin Delcam CAD/CAM integrated system has 

some software modules that allow the following 

operations: 
?last preliminary processing, establishing 

position lines;
?transforming the shoe last into boot or high 

boot last;
?3D model drawing, directly on the last, and 

visualizing the model from different angles;
?shoe model development accordingly to 

reality (colour, textures, seams, logos, accessories, 

ornaments);
?basic model development in order to obtain a 

collection of models which will be presented to the 

beneficiary before being manufactured;
?sole and heel design directly on the last, in 

harmony with the designed model;
?3D model flattening to obtain 2D design;
?pattern particularization;
?leather practical assessments;
?pattern making.
Starting from a last, a complete footwear model 

can be rapidly designed, in any colour or texture 

combination. The result is a 3D realistic view of the 

product, ideal for presenting it to the customers, 

buyers or producers. The advantage consists in:
?a fast way to design a model;
?operating changes directly on the model;
?applying or eliminating new components;
?visualizing the model from different angles by 

interactively rotating the last;
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?displaying the lines on the last and, at the same 
time, the mean forme;

?importing the flattening model in a 2D module 
and pattern making.

For these designs two of Crispin software modules 
were used, ShoeDesign module (for 3D modelling) and 
Engineer (for 2D pattern making), which also have 3 
modules each.  

Last Editing 

The last represents the basic tool for the 

constructive design activity and for the manufacturing 

activity. The lasting process is done on the last, so the 

last shape and dimensions determine the interior 

shape and dimensions of the footwear, therefore, the 

comfort in wearing. The comfort is determined by the 

correspondence between the foot dimensions and the 

interior space of the footwear, so great attention is paid 

to the design and manufacturing process of the last. 

For the chosen model, a 3D scanned last was 

introduced in the existing database of the software. 

The last was processed using the Last Process sub-

module. The scanned last has a primary shape with 

asperities and imperfections (Figure 5), and that is why 

it has to be processed to obtain the correct shape.

In the last process phase the exact definition of 

last's platform was not emphasized because it will be 

modified later. Last modelling is done with the Last 
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Extension function. This function allows the 

increase of the platform so that it would have the 

proper shape and dimension (Figure 6).

Three sections are established on the platform, 
corresponding to the anthropometrical parameters 
needed to design the boot:

?ankle height;
?ankle girth;
?calf height;
?calf girth;
?knee height;
?knee girth.
By modifying the section separation lines, the 

mentioned anthropometrical parameters will be 
established, considering the values that characterize 
the representative average foot of Romanian women in 
terms of dimensions.

The changes are made interactively, by moving 
and elongating the section lines, considering the values 
of height and girth parameters. Once these values are 
established, the final shape of the last is saved. 

Base Lines Drawing 

To begin the base lines drawing, one has to 
consider the designing restrictions for this type of 
footwear. Generally, the drawing is made just on one 
side of the last (on the outside, for example), and then 
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the lines are mirrored on the other side, and where 
necessary, changes are made on the mirrored lines. 
When the panels are asymmetrical, the desired lines 
are drawn over the entire surface of the last. Line 
examination is made by interactively rotating the last.  

Moreover, the software gives the possibility of 

viewing the flattened lines and their positioning on the 

mean forme, thus enabling the user to modify them, 

and a 2D change will be simultaneously seen in 3D and 

2D, and vice versa. The changes are done by moving, 

deleting and adding points from the model lines. These 

lines will be the pattern edges, and that is why they 

need to be drawn following the shape of the panels that 

build the model.

Material Panels and Features Design

In this stage, the panels that make the model will 

be represented based on the model lines earlier 

created, and these panels will be modelled considering 

the shape, the aspect and their thickness. This 

modelling will be made for each panel separately, 

establishing the colour, texture, thickness and the 

position it will be occupying when attaching with the 

other model panels.   

The order of making the panels is not a strict one, 

these can be created in any desired order, as the 

application offers the possibility of later modifications, 

for each panel, and modifying a line will lead to an 

automatic change of the panel (Figure 8).
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Once the panels are created, seams, features, and 
ornaments can be added to the panel (Figure 9). These 
are created using the Features function that allows to 
choose different types of seams (simple, 2 stitches, 
zigzag), features (zippers, laces) or ornaments from the 
list given by the software. The user dialog window will 
allow editing these elements, like the colour, position, 
density, thickness, and so on. When choosing these, 
the design aspects, the esthetical aspects, and the 
utility of placing these elements in the selected area 
have to be taken into account. 

The software will automatically insert a sole with a 
heel (Figure 10) considered a basic one (Basic Sole), and 
then, it will allow the user, through a dialog window, to 
modify the dimensions, the aspect, colour, thickness 
and different elements of the sole (frame and 
reinforcement). Moreover modification is allowed by 
inserting / moving / deleting the points that define the 
sole profiles.
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With the Flatten function, the designed model will 
be flattened so that pattern making would continue in 
the Engineer module (Figure 11). This function allows 
not just flattening the last and model lines, but also, 
where necessary, interior and exterior contour 
averaging and axes positioning. 

2D Design with Engineer Module 

The flattened design made in Shoe Design is 
opened in Engineer. This model is the draft one (Figure 
12 a), with all the lines drawn on the last for the 3D 
design, and that is the reason for making a series of 
changes in what concerns the patterns. Some of the 
lines are not necessary, so they are eliminated, the 
contours are adjusted so as to be smooth, and thus, 
only those lines that will help define patterns remain. 

Technological allowances are drawn using the 
Margins function, which makes a copy of selected line 
at a distance established by the user (Figure 12 b), 
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allowing its change with different values in selected 
points (at the heel, toes and so on). 

After developing the model's basic design it is 
necessary to obtain detailed patterns, averaging, 
component parts separation and technological 
allowances drawing. The differences arising between 
the inside and the outside of the product should be 
taken into account, detailing each item separately or, 
on the contrary, detailing a single item when it is 
symmetrical. Parts which are drawn only in half should 
also be detailed by mirroring. 

Patterns are obtained in work sequences with the 
Boundary function, which allows selection of parts' 
borders in a successive order, concatenating these 
lines, and obtaining a closed contour with the same 
shape and size as the desired pattern. Boundary 
provides the facility to apply a radius with different 
values or chamfer the pattern's lines on selected 
intersections. This is important because these patterns 
will be used later to make cutting templates and cutting 
knives. In addition, with the Markers function, one can 
insert marker signs for overlapping parts. 

Regardless of the design method used, the final 
patterns obtained must have the same dimensions and 
configurations (Figure 13).
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Patterns obtained using Delcam Crispin software 
are at 1:1 scale and can be sent directly to the cutting 
device, where cutting knives templates are made or to 
a laser or water jet cutting device where the leather 
patterns of the boot model can be automatically cut. 
Engineer module allows the automatic assessment of 
patterns and calculation of consumption norms; 
provides automatic grading accordingly to the series' 
numbers; elaborates, upon users' request, model chart 
and production cost chart, based on the configuration 
and size of patterns previously obtained.

?In the classical version of design, boot pattern 
making is based on the mean forme and geometric 
construction, where specific dimensions for height and 
leg perimeters are taken from tables of sizes.

?Regardless of the design method chosen, the 
anthropometric parameters that characterize the foot 
and leg must be taken into account.

?The last is the basic instrument for the 
footwear constructive design and for the footwear 
manufacturing process. The lasting process is done 
with the uppers on the last, so the shape and 
dimensions of the last will be given by the shape and 
dimensions of the footwear. Dimensional comfort 
when wearing a footwear product is determined by this 
correspondence between the foot and the interior 
space of the shoe. 

CONCLUSIONS
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?The virtual last can be obtained by scanning 

and digitizing a real one and data are saved in program's 

data base for their later use. The program also gives the 

opportunity of a rapid adjustment of the last's size 

number and other features (heel height, toes girth and 

so on), without the need of preparing a new last.

?Construction boots peculiarities are that the 

largest area of the quarters covers the entire calf and 

therefore, quarter's boot size should correspond to the 

calf size.

?3D computer aided design techniques (3D 

CAD) enable direct modelling of footwear on the last, 

so even before the product is made, it can be analyzed 

in terms of aesthetic, functional, technological and 

economical criteria. 

?Starting from a certain type of last, a complete 

model of footwear can be quickly achieved, which can 

be produced in any combination of colours or textures. 

The benefits include: rapid development of a model, 

operating desired changes directly on it, deleting or 

adding new components, viewing the model from 

different angles by interactively rotating the last.

?A 3D model of the product can be created in a 

manner consistent with reality (seam lines, ornaments, 

materials, colours), the lines can be flattened in order 

to obtain their patterns and grading it according to 

batch size.

?Viewing and analyzing possibility of this virtual 

prototype, provided by the software, reduces 

necessary costs for verifying different prototypes.
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