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Abstract: In the contemporary world digitalization determines the ways of design and manufacture of different products, 

which allows to reach a new level of individualization, especially when it is a such product as footwear. 

Particularly it is important for shoe customization, which includes not only design and materials selection, 

but also considering of individual foot parameters, anatomical features and customers` preferences. Generally, 

digital solutions provide the optimization of design and production processes which is necessary for individual 

lasts manufacturing and shoe customization. The main purpose of this study is to work out the concept of 

computer-aided design of individual shoe lasts by means of digital technologies such as 3D-scanning and 

additive technologies. One of the digitalization problems of design and manufacture of a shoe last for 

individual footwear is software engineering for determination of the inner shoe shape parameters based on 

the anthropometric foot characteristics which can be obtained with 3D-scanner. 3D-foot scanning allows to 

receive an accurate model of human foot which is used for digital designing of a shoe last prototype. Besides, 

additive technologies help to create parts of a shoe last from different materials with a high degree of accuracy 

and detailing 

1 INTRODUCTION 

The digitalization concept of design and manufacture 

of a shoe last for individual footwear means using of 

modern technologies and software tools for 

automatization and optimization of production 

processes. 

Traditional manual design and production of a 

shoe last is a very complex process requiring 

experience and skill. Individual shoe lasts are 

produced only in the sphere of complex orthopedics 

or luxury shoes manufacturing (Volkova, Kiselev, 

2023). 

According to the development of new production 

approaches in the field of light industry demand for 
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innovative design solutions of comfortable and 

functional shoes manufacturing has increased.  

Individualization of commodities plays a great 

role in this process. In our case it is manufacturing of 

footwear and shoe lasts which fully comply with the 

human individual characteristics. It includes not only 

design and materials selection, but also considering 

of individual foot parameters, anatomical features and 

customers` preferences (Mishra, Abtew, Bruniaux, 

2022). 

Shoe last is the main footwear element because it 

shows foot shape and often influences its design. 

The basis for last designing is foot parameters. 

Every human foot has its own anatomical features and 

shape so the customized footwear allows to reach the 

greatest comfort. However, it`s impossible to receive 



exhaustive information about the foot surface by 

means of traditional ways. 

3D-scanning allows to receive an accurate digital 

model of human foot which can be used for designing 

and production of individual shoe last. It helps you to 

avoid mistakes during the designing and gives the 

opportunity to make more comfortable shoe last 

which is more appropriate to the shape and size of 

human foot. 

Modern technologies allow to shorten and 

simplify the shoe last designing and production so 

they can lead to cost reduction.   

Using of innovative production processes such as 

3D-printing increases manufacturing speed and 

efficiency and gives higher quality of product in 

comparison with traditional technologies (Chua, = 

2010). 3D-printing helps to reduce shoe last 

production time, to use different materials and to 

receive complex shapes without further processing of 

details. 

The main purpose of digital designing is to 

automate the individual shoe last manufacturing. 

The most important problems to solve for 

achieving the required results are: 

- software engineering for determination of the 

inner shoe shape parameters based on the 

anthropometric foot characteristics which can 

be obtained with 3D-scanner; 

- database creation; this database should 

contain the information about different types 

of human foot and also about the inner shape 

of the shoe. 

The implementation of digitalization concept will 

open up new opportunities to increase labour 

productivity and to reduce production costs, to 

shorten the production time, to improve the comfort 

and compliance of shoe with individual foot features.  

2 RESEARCH METHODOLOGY 

To design a shoe last it is necessary to receive the 

initial information about the human foot. Usually they 

use contactless 3D-scanners or contact devices to 

obtain anthropometric information about the foot. 

Digital 3D-model of foot received by means of 

scanner allows to obtain much more information in 

comparison with other methods. 

3D-scanner is a device that receives information 

about an object by digitizing it with the aid of sensors 

and then uses the data for 3D-model creation. By the 

other words it makes a digital copy of the physical 

object with any configuration and degree of 

complexity. The process of scanning can be carried 

out in different ways: it depends of 3D-device type 

and technology (4. Knyagicheva, Golovanov, 

Kiselev, Shevchenko, 2016). 

Contact 3D-scanner has a mechanical dipstick 

with special sensor which measures parameters and 

then pass data to the device. Investigated object is 

placed on the special surface and is fixed if it is 

necessary. The contact between the object and the 

device surface allows to determine the geometrical 

characteristics of object with. However, there is a risk 

of prototype damage so you shouldn`t use this method 

for scanning of objects from low rigidity and density 

materials. So, it is difficult to use contact scanners for 

foot measurement. Besides, contact methods, in 

general, are the discrete methods of data obtaining, 

that`s why they are not applicable for measurement of 

alive objects parameters because of their constantly 

changing.  

Devices which can scan without contact between 

an object and scan surface are called contactless 3D-

scanners. The main advantages of modern contactless 

3D-scanners are: 

- receiving of exhaustive information about 

foot shape and size; 

- receiving of digital foot model with a high 

degree of accuracy that is quite enough for 

individual last designing; 

- high speed measurement that is very useful 

for a customer and reduces measurement 

error connecting with changing of foot 

position during the scanning process. 

You can scan a human foot in different positions 

and in different loading conditions: in a standing or 

sitting position; with some loading on the both feet or 

only one foot and without loading; with support by 

the horizontal flat surface or by the profiled base with 

required heel elevation height; with support by soft 

base. 

To obtain initial information about foot for 

optimal shoe last designing it is necessary to scan it at 

uniform load with support by profiled soft base with 

required heel and sock elevation height. This allows 

to determine its shape and parameters for subsequent 

3D-designing of the shoe last. Using modern smart 

technologies and digital tools you can scan foot 

remotely and then pass digital 3D-model of it to 

specialists who design a shoe last. 

To design a shoe last different universal and 

specialized computer-aided design systems (CADS) 

are used. For example, Rhinoceros, CATIA, 3Ds 

MAX, SolidWorks and some others are universal 

CADS and they can be used to design the objects with 

complex configuration such as shoe last. These 

systems have a lot of digital tools to perform 



manipulations with a digital object. They have some 

functional differences but a good engineer can solve 

many problems using one of the systems or some their 

combinations. The main disadvantage of the universal 

CADS is their complexity because of many digital 

tools so they require advanced user skills. 

Some large shoe enterprises use different 

specialized CADS, for instance Shoemaster (module 

Custom), LastMaker, EasyLast, MindCAD 3D Last 

Design and Engineering. These CADS were made for 

shoe industry; however, they don`t give opportunity 

to design a new shoe last using individual 

anthropometric parameters. They allow to choose a 

shoe last from already existing lasts and then modify 

it considering the size and individual anatomical 

features of foot. The price of specialized CADS is too 

high so it is very difficult for small shoe enterprises 

to buy them.  

The authors of the article offer to use the 

methodology of shoe last designing which has been 

developed by the scientists of the Department of 

artistic modeling, design and technology of leather 

products of Russian State University named after 

A.N. Kosygin (Fukin, = 2010). According to the 

methodology it is very important to provide given 

curves on the shoe. Shoe last surface is presented as a 

set of carcass curves (by the width and height), 

longitudinal-axial section contour, ten cross-vertical 

sections, and footprint contour curve. It allows to 

replicate configuration and size of shoe last with 

required accuracy.  

You can use 3D-printing to produce an individual 

shoe last. You can also use additive technologies. 

Today there are many 3D-printing technologies, this 

trend is very popular, there is a lot of innovative 

materials and new methods (Forrester, Kong, 2013).  

Among the variety of technologies of rapid 

prototyping, extrusion printing in shoe industry is the 

most common one, for example, Fused Deposition 

Modeling (FDM) or Three-Dimensional Printing 

(3DP). Extrusion printing is the fusing of material by 

layers. Plastic or metal threads are unwound from the 

reel and then they are directed to the printing head. 

Extruder warms up the threads, they fuse, then melted 

material is squeezed out the nozzle. Extruder moves 

in horizontal and vertical planes and forms an object 

layer by layer. Usually thermoplastics such as PLA, 

ABS, PETG, etc., and easily melted metals and alloys 

are used for printing. 

In the research of the scientists of the Polytechnic 

University in Budapest, shoe lasts from such 

materials were produced and tested under production 

conditions (Amza, Zapciu, Popescu, 2019). ABS-

plastic shoe last withstood heating while shoe lasts 

from PLA and PETG became soft and lost their 

shape. This shows the importance of choosing the 

right materials with such characteristics which are 

necessary to solve specific production problems.   

3 RESULTS OF THE STUDY 

According to the innovative production technologies, 

the algorithm of obtaining of the customized shoe last 

prototype has been offered (Fig. 1). 

 

Figure 1: The algorithm of digital designing and production 

of shoe last. 

Receiving of the main sections and overall foot 

curves getting by the initial cloud of points as a result 

of 3D-scanning is the first step for the phase of 

designing. They are the basis for designing of 

longitudinal-axial section, the insole curve, overall 

last curves, set of shoe last cross-vertical sections, 

horizontal sections.  

As a result of the implementation in practice of the 

digitalization concept of designing and production of 

shoe last for individual footwear, authors of the article 

have designed the shoe last surface by means of the 

universal CADS called Rhinoceros using parameters 

of 3D-foot scanning (Fig. 2, fig. 3). 

 

 

Figure 2: The main sections and overall foot curves. 



 

Figure 3: The main sections and overall last curves. 

The system of parametric curves which is required 

for shoe last interpolation surface designing has been 

obtained using the sections contours and three-

dimensional curves (Fig. 4).   

 

 

Figure 4: 3D-model of the shoe last. 

4 DISCUSSIONS OF THE RESULTS 

The main problem of interpolation surface receiving 

is insufficient quantity of sections that make an initial 

system. The number of designing sections are limited 

and doesn’t exceed 10 when it is manual designing. It 

is enough for further manual manufacturing of a shoe 

last prototype, and, on the other hand, it doesn`t make 

the laboriousness of the designing process to increase. 

However, it is rather easy to work with data using 

digital methods. The authors offer to increase the 

quantity of designing sections and you should 

determine the required number of them by the 

experiment. It is one of the future tasks for us. 

3D-model of a shoe last is a basis for further 

designing of a sole and shoe upper details. 

Using additive technologies is very prospective 

for customized shoe last production. To choose 

correct printing technology and materials you ought 

to take into account some criteria: material strength 

and heat resistance, necessity of further finishing, the 

price of 3D-printer, raw material costs and 

maintenance requirements of 3D-printers. Also, you 

should take into account the overall dimensions of 

printer working area, accuracy (< 0,5 mm), layer 

thickness and the opportunity of wide range materials 

using (Konovalova, OKostyleva, Fedoseeva, 2021).     

5 CONCLUSIONS 

Today digital design is especially actual because of 

increasing demand for customized footwear and other 

items. Traditional methods differ by digital methods 

in using manual labour, that leads to increasing of 

manufacturing time and total costs, while the 

recommended method allows us to reduce these 

parameters due to automatization and reduction of 

production time. And beyond that 3D-models can be 

fully integrated in production processes including 

rapid prototyping and CNC milling machine.  

Future research can be connected with increasing 

of 3D-foot scanning accuracy, creation of new 

materials for using in additive technologies and 

elaboration of CADS for design and manufacture of 

customized footwear. Also, it is very important to 

study the opportunity of using of digital technologies 

for individual insole production. It will be rather 

useful for those people who have some problems 

while choosing suitable footwear.  

Different people can be consumers of this 

product: not only people with special needs, but also 

everybody who wants to have more comfortable 

footwear, for instance, sportsmen and dancers, who 

need precise fit of shoes, and people who are fond of 

active lifestyle and need specialized footwear for 

different activities. They can receive individual 

model of shoe last for improving efficiency of their 

sports training and avoiding of injuries. 

In general, digitalization is a very important 

development trend in footwear production, which can 

lead to increasing competitiveness and quality 

improvement of products. 
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