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Abstract
This article gives a detailed description of the main approaches and the sequence of manufacturing prototypes of new devices by the
example of creating a new device - an automatic patterning system for fabric. Both amateur and industrial ways of solving this problem
are described. The basic steps of development of the device from the description of idea, definition of purposes and tasks of
development, before creation of the prototype are resulted. Description of the stages of virtual modeling and visualization, the main
methods and principles of prototype creation are also presented.
Keywords: synthesis of technical systems, morphological methods, method Saati, analysis of requirements for the device.

Nowadays, household automation is a a means of solving
problems as a partner of a person under the motto “Technique
with a man for a man” [1] and also contributes to the improvement
of life quality - it performs the corresponding man-machine
functions with the help of human-integrated technical systems.
Consider task of automating the process of both mass and
individual tailoring.
The main problem is that although process of creating patterns
(with the help of sewing CAD systems [2-5]) and sewing (with the
help of sewing machines) are automated, the process of marking
fabric in living conditions is performed, in most cases , manualy
and inefficiently.

Marking parts cut. It is carried out with the help of chalk, laying
on the details of cutting patterns, as well as using a long needle for
puncturing the depth of the flooring.
Industrial equipment is not suitable for home use for a number of
reasons: dimensions, high cost, narrow specialization of
equipment.
Technologies used in everyday life
n everyday life, sewing enthusiasts often use CAD systems (for
example, AutoCAD) to create patterns — the only automated step.
Further, to obtain patterns, the following operations are
performed: the patterns are divided into several A4 sheets, marked
sheets, printed, glued all the sheets in the desired sequence to
obtain a full-sized pattern. After that, the pattern is cut out, put on
the prepared fabric and outlines the contours. Now we can say that
the pattern is applied to the fabric. Cut out the fabric from the
fabric and thus get the details of the cut [9].

2. Industrial technologies

3. Formulation of the problem

To perform the cutting-preparatory work at the sewing enterprises,
a number of equipment is used as following, which allows to
simplify and speed up the process [6-8]:
The computer-aided design system (CAD) solves the tasks of
automating work at the stages of designing and preparing patterns
- automating the design and technological preparation of clothing
production.
Plotter for the preparation of patterns - draws a pattern on paper
and cuts it.
Device for flooring, laying fabrics for the formation of several
layers.
The cutting machine makes cutting either automatically or
automatically using disk / ribbon knives.

Consider the task of automating listed manual, routine operations
to obtain cut parts for convenient use at home.
First of all, it is necessary to determine the requirements for the
system, determine the source data, the results of the work. The
easiest way to do this is in the form of diagrams describing the
system. The initial description of the system using the graphical
notation of functional modeling - IDEF0 [10,11] is best suited for
such a representation of the system, identifying requirements and
constraints.
The description looks like a “black box” with inputs, outputs,
control actions, a mechanism that is gradually detailed to the
required level. Those. notation prescribes the construction of a
hierarchical system of diagrams. In order to be properly
understood, there are dictionaries describing activities and arrows.
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In these dictionaries you can give descriptions of what meaning is
embedded in each activity or arrow.

Figure 1 shows the IDEF0 diagram, which demonstrates the basic
requirements for system inputs and outputs and general system
requirements.

Patterns,
dimensions

Marker,

Automatic fabric marking
system

the cloth,
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electricity

table

the cloth
with markup

Fig. 1: Description of the system in IDEF0 notation Requirements analysis

To analyze the system requirements, we use the classification of
requirements for the FURPS + systems [12]. Acronym refers to
the following categories of requirements:
Functionality - functional. The system should allow you to
download files with patterns, provide an opportunity to observe
the marking process, stop the marking process, resume from the
moment it was stopped, or from the last drawn element, start the
marking.
Usability - usability. The system should be easy to operate. Must
be ergonomic - should not require long training. A working
system should not create strong noises. The device should be
compact, not take up much space, both during storage and during
operation.
Reliability requirements.
Performance - performance requirements. The execution of
markup in a time less than or equal to the time that a person
spends when translating the pattern on the fabric in the domestic
environment. Compliance with accuracy: ± 5 mm.
Supportability - support requirements.
And:
- Project restrictions. The limitation on the cost of the element
base is the use of the minimum budget, or the use of existing
components.
- Performance requirements. The system should be as simple as
possible with simple support and as simple as possible software.
- Interface requirements. Simple, intuitive and user-friendly
interface.
Additionally, the requirements of universal design [13] were
considered: equality in use, easily perceived information, error
admissibility.

4. Searching of decisions
As a rule, in engineering practice, there are no methods that allow
to design the optimal structure of the device according to the terms
of a technical task.
When describing system requirements, ideas appear that require
fixation and initial performance testing. This approach is called
the brainstorming method and is used in many areas of activity.
Any of the proposed ideas may be the beginning of the
development of a unique device. To broaden the search for a
solution field, a search was also made for possible existing
solutions to such problems — existing robots were considered that
allow building drawings on various surfaces [14].
As a result of defining the requirements for the system, the initial
representations of the appearance, the necessary elemental base
required, the initial sketches and models are formed. In our case,

we have prepared and considered several options for
implementing the system.
To choose from several alternative solutions described, it is
convenient to apply the hierarchy analysis method - the Saaty
method. The essence of the method consists in choosing one of the
alternatives by means of a weighted evaluation of the criteria [15].
Scales are scales of relationships. If according to any of the
criteria there is an objective assessment, then they are normalized
so that their sum is equal to one. If there is no such estimate, the
method recommends using pair-wise comparisons. For this, the
scale of pairwise comparisons is used: 1 - equivalence, 3 moderate superiority, 5 - strong superiority, 7 - very strong
superiority, 9 - higher superiority. It is necessary to compare the
solutions in pairs and set the ratio in the form of a fraction. Simple
fractions are interpreted as: if, for example, at the intersection of
the first row and second column there is a simple 4/1 fraction, this
means that the first object is 4 times larger than the second object
by the current criterion.
It is necessary to compare all objects by all criteria. Thus, we
obtain a table of results of pairwise comparisons. Fractions are
converted to decimal and the amounts are calculated line by line
for each object, normalized to their sum was equal to one. Values
are estimates for each criterion. Table 1 demonstrates the
comparison by the criterion “compactness” - the receipt of the
evaluation of alternatives is described.
Table 1: Results of the comparison according to the criterion
"Compactness"
I
II
III
IV
V
∑
Total
I
1/1
1/6
1/3
1/4
1/7
1,89
0,04
II
6/1
1/1
1/3
1/5
1/1
8,53
0,18
III
3/1
3/1
1/1
1/2
1/4
7,75
0,16
IV
4/1
5/1
2/1
1/1
1/5
12,2
0,25
V
7/1
1/1
4/1
5/1
1/1
18
0,37
Amount:
48,37
1

The criteria are compared in the same way: ease of
implementation, implementation time, simplicity of software, cost
of components, etc. Criteria are compared with each other in terms
of their relative importance. Similarly, the resulting weights for
each criterion are obtained.
The choice is made on the basis of the final estimates of
alternatives - the utility function. To calculate it, a weighted sum
of criteria is used, which is the sum of the products for each
criterion — the weight of the criterion and the values of the
criterion. For each of the options we get the value of the utility
function. According to the Saaty method, the variant with the
maximum value of the utility function is taken as the optimal
variant. As a result of the choice of the best from the point of view
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of the listed requirements and characteristics, a device called
“autoseater” was chosen.
Below is a description of the expected process of operation of the
device.
The device moves in a well-fixed fabric and translates the
drawings. Two main wheels and an extra ball wheel required for
stability should be used for movement. The device applies
markings with a marker on the fabric. The device is placed on a
flat surface on the fabric, after which it begins to move along the
fabric. To build a line, the device drives up to its beginning,
lowers the marker, travels a certain distance with the marker
lowered, and raises the marker. Next, the device approaches the
beginning of the next line and the process repeats.
The implementation of the described solution must begin with the
design. The first design stage is the creation of an architecture that
satisfies the system requirements and solves the main task.

5. Synthesis task
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It is also necessary to solve the following tasks: to create a
specific printed circuit board with suitable wiring [18,19], since
such a board is device-specific, to create a housing and marker
fixing elements [20].

6. Prototype
The process of creating the first functioning prototype is quite
complicated.
All the steps described in the article (even the choice of
implementation options) starting from the initial sketch of the
expected device up to the manufacture of all elements and
software are performed cyclically. You may need to change any
elements in the model, in the printed circuit board, which often
leads to a change in all other components. As a result of a certain
number of iterations, a functioning prototype of the device is
obtained, shown in Figure 3.

To implement the described system, it is necessary: determine the
basis of the electronic components used, solve the problem of their
layout and geometric design, start implementing the software,
make a prototype system. Proceeding from the description of the
device, its appearance was given, shown in fig. 2

Fig. 3: Prototype device

Fig. 2: Schematic appearance of the device

The model shown is not final and may be revised and amended. In
the future should be added to the body and other elements.
To synthesize a specific instrument, it is necessary to select
electronic, mechanical components from a huge variety of existing
(or possible for manufacturing).
For the synthesis of a specific instrument, we use the
morphological method [16]. In essence, it is necessary to
determine the space for the search, including the desired solution,
and then narrow this space by performing a search. In this case,
the search space is called a morphological set, the process of
determining the space is morphological analysis, and the search
for a solution is called a morphological synthesis. According to
the results of morphological analysis, a morphological set (set of
alternatives) is determined. Synthesis is the search for the desired
device on the morphological set.
The first stage of morphological analysis is the definition of
classes of objects: microcontrollers, motors, wheels, markers, as
well as the allocation of classification features for each class. For
example, for motors it is voltage, current, spindle diameter, etc. A
morphological table is compiled, each containing combinations of
all elements according to appropriate classification features.
The results of the morphological analysis can be arranged in the
form of a morphological tree or graph, as a rule, with many
alternative solutions [17]. Here, the choice of a solution is affected
by the availability of items, cost, and other parameters. Next,
along the chosen chain, the layout design and prototype
manufacturing is performed.

In order to understand whether the required device has been
received, it is necessary to compare it with the initial requirements
for the device at the time of design. To do this, a procedure is
tested.
As a rule, the device meets the requirements, since it was
originally designed to meet them. However, most often there are
new requirements and suggestions for refinement. The prototype
of the implemented device has been tested.
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