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Abstract. Along with changes in customer expectations, the process of ordering a house, especially one built with the most modern technol-
ogy from prefabricated HQ 40-foot shipping containers, should take place in an atmosphere of free-flowing, customer-friendly conversation.
Therefore, it is important that the company producing such a solution has a tool supporting such offers and orders when producing personalized
solutions. This article provides an original approach to the automatic processing of orders based on an example of orders for residential shipping
containers, natural language processing and so-called premises developed. Our solution overcomes the usage of records of the conversations
between the customer and the retailer, in order to precisely predict the variant required for the house ordered, also when providing optimal house
recommendations and when supporting manufacturers throughout product design and production. The newly proposed approach examines such
recorded conversations in the sale of residential shipping containers and the rationale developed, and then offers the automatic placement of
an order. Moreover, the practical significance of the solution, thus proposed, was emphasized thanks to verification by a real residential ship

container manufacturing company in Poland.
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1. INTRODUCTION

To meet the needs of customers and changes in the market, tak-
ing into account all unexpected occurrences, many companies
need solutions that allow them to produce a product in specific
variants, while maintaining a balance of costs, time and quality.
In the context of home design and ordering, trends and mar-
ket demands have also changed. Customers need good-quality
homes as quickly as possible, in line with their needs. In the
context of prefabricated buildings, managers of companies of-
fering such houses need solutions to reduce design time and
thus minimize costs.

Mass customization is a production strategy consisting in
producing various product models while reducing production
costs, in terms of the time needed to produce the goods, the
tools, equipment and storage. Manufacturers, in line with this
strategy, face numerous challenges: the maximum use of re-
sources, expansion of the machine park and changes in the num-
ber of employees, while simultaneously improving the flexibil-
ity of production and working space [1,2]. This type of produc-
tion also requires producers to adapt to the requirements of indi-
vidual customers and to build close relationships with them [3].
Therefore, the ability to implement production following the

*e-mail: adam.dudek @pwsz.nysa.pl

Manuscript submitted 2022-08-15, revised 2023-01-11, initially
accepted for publication 2023-02-20, published in June 2023.

Bull. Pol. Acad. Sci. Tech. Sci., vol. 71, no. 3, p. 145562, 2023

strategy of mass customization has been defined as a factor re-
lated to the assessment of a producer’s ability to compete in
a rapidly changing environment [4]. Moreover, effectiveness of
transformation of the idea included in the product design into
added value for the customer depends on the support from in-
formation solutions [5].

Looking at the development of the mass customization (MC)
concept, in enterprises and modern solutions, enabling the au-
tomatic support of the ordering process dedicated to the cus-
tomer’s needs, this article proposes a solution, based on an anal-
ysis of the literature on the subject, supporting the work of the
seller during free-flowing and frank conversations with the cus-
tomer, created in order to automatically complete the residen-
tial shipping container order form and provide a personalized
offer to the client during the conversation. This work has been
conducted in collaboration with a manufacturer of residential
shipping containers based in Poland.

The so-called “chat bots” are used to facilitate routine cus-
tomer service queries [6—8]. While usually they take the form
of text messages, due to the cost of implementation, with the
help of which they ask questions and get answers from their
users, they have a voice interface and try, ever more frequently,
to simulate a conversation with a real person. This subgroup
is called voicebots [9, 10]. Using natural language processing
(NLP) and a conversation scenario, designed at the implemen-
tation stage, they are able to correctly and effectively acquire
the knowledge necessary for continuing the contract or ser-
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vice [11, 12]. However, while today there are no technical re-
strictions as to the areas of their application, in some situations
it is very difficult to convince customers to make decisions in-
volving or associated with large amounts of money, based on
a “conversation with a machine”. In such situations, both the
customer and the seller expect a personal exchange of infor-
mation and precise confirmation of their intentions and final
decisions. These types of processes certainly include the selec-
tion of a variant for a prefabricated house built using 40-foot
shipping containers. The essence of this process is a personal
conversation between the client and the consultant and a de-
tailed analysis of their needs, expectations and opportunities. It
is on this basis that final decisions are made, often involving sig-
nificant expense. It is also worth remembering that many such
meetings and discussions take place at the arrangement stage.
Consultants in the “Shipping Container House” Manufacturing
Company, based in Poland, take detailed notes at each meeting.
It is also worth mentioning that many of these conversations
are preliminary meetings with customers, or even just a pre-
sentations of opportunities, organized in order to learn about
customer preferences. Currently, it is not possible to generate
an offer in line with the customer’s needs during the conversa-
tion with the customer. Subsequent analysis of the course of
individual conversations is also time-consuming and, due to
deficiencies in the notes, not very precise. While it is possi-
ble to use ready-made software, available in the market, in the
case of conversation robots and the “step by step” [13—15] ac-
quisition of knowledge, based on a pre-determined scenario,
in the case of the analysis of previously collected material,
researchers propose tools dedicated to solving specific prob-
lems [16-18].

According to [19], a chatbot can be viewed as a machine-
based conversation tool that interacts with human users through
conversation. This technology is applied in many industries in
the context of customer services [20—22]. In [23], the researcher
recognized chatbots as a significant technological trend in sup-
porting customer service in the following industries: online
banking , e-service agents for luxury brands, airline carriers;
travel agencies; telecommunications; rail transport; furniture
retailing; health insurance, mobile service, car rental, clothing
companies, hotels; smartphones and clothing companies. Ac-
cording to [24], employing chatbots instead of human employ-
ees to realize service tasks is motivated by the development of
the natural language processing technology. However, on the
other hand, it is becoming increasingly apparent that customers
are skeptical about interacting with chatbots. Clients believe
that robots do not have the emotional skills required to perform
intuitive tasks [25]. It is also visible that clients prefer contact
with human employees to conduct the conversation [26]. Al-
though the use of chatbot technology has grown significantly in
the service industry, consumer requirements and expectations
are not always simple and straightforward, and chatbots do not
understand the information being communicated [27, 28].

Therefore, in this study, we assume that our approach is
based on a conversation between the customer and a human
employee, and then, with the aid of natural language process-
ing and application of our developed premises, it is followed

by automatic processing of orders for residential shipping con-
tainers. The underlying algorithms of this premises enable the
automatic processing of a dialogue outline and conversation be-
tween customers and the seller in order to automatically indi-
cate the order variant without having to enter data into another
information system and/or make written notes. Compared with
traditional chatbot technology with only functional features, our
solution is equipped with additional relational elements, which
can allow to generate the automatic preparation of an offer on
the basis of a conversation between the seller and the client.

So, our study has focused on how we can support the seller’s
work in the process of preparing an offer and ordering the
production of residential shipping containers in the mass cus-
tomization strategy, based on individual customer requirements
and on free-flowing conversation with the customer. An algo-
rithm was developed that, using the premises defined by the
seller, will allow a text recording of the conversation, obtained
by using automatic speech recognition — ASR — to be classified
according to the characteristics of the residential shipping con-
tainer sought. Then, based on a telephone call or direct conver-
sation between the seller and the customer, it is possible to au-
tomatically generate an offer for the house, using the order form
shown in the real case study. Therefore, our solution proves
competitive to an automated chatbot when selecting configu-
rations is concerned.

This paper proposes a novel approach to the automatic prepa-
ration and ordering process for an offer of a residential shipping
container, and is based on the application of ASR and NLP. The
main contributions of the work can be summarized as follows:

e A new algorithm, based on the actual knowledge of the or-
der process for a customized residence in the form of pre-
fabricated HQ 40-foot shipping containers, and on the ac-
tual conversation with the client, enabling the automatic
preparation of an offer.

e The approach presented involves ASR and NLP for the pur-
poses of automatically completing the offer and the produc-
tion order for the customer.

e A tool can be developed supporting the seller’s work when
preparing a customized residence in the form of prefabri-
cated HQ 40-foot shipping containers.

e The approach developed is illustrated using a real-life case
study of a customized residence made from prefabricated
HQ 40-foot shipping containers.

e The proposed approach to the automatic preparation and
ordering process was verified during 28 conversations for
three steps and yields of 89.28% accuracy of identification.

2. MATERIALS AND METHODS

. The ordering process for customizing a residence
made from prefabricated HQ 40-foot shipping
containers

The ordering process for customizing a residence made from

prefabricated HQ 40-foot shipping containers is carried out in

the form of a direct conversation between the customer and the

seller. The purpose of this conversation is to gain knowledge

about the customer’s preferences regarding (1) the size of the
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residence, (2) the price level, and (3) the style in which it is to

be arranged.

1. Sizes of residences made from prefabricated HQ 40-foot
shipping containers:

e A single-module variant with an area of 30 m2 designed
for up to 2 people. This module includes a bathroom,
a bedroom, a kitchenette and a small living area.

e A three-module variant with an area of 60 m2 designed
for up to 3 people. This module includes a bathroom, 2
bedrooms, a kitchenette, a living room and a hall. Due to
its asymmetrical design, this variant is available in two ar-
chitectural sub-variants: a left subvariant and a right sub-
variant.

e A four-module variant with an area of 90 m2 designed
for up to 4 people. This module includes 2 bathrooms, 3
bedrooms, a kitchen, a living room and a hall.

2. The price level per module and the standard of the residence
made from prefabricated HQ 40-foot shipping containers:

e Basic variant — in this case, the price of 1 module is 50 000
PLN and means that the finishing standard is known as
a developer’s standard with the exterior walls being lined
with PVC siding.

e Comfort option — in this case, the price of 1 module is 75
000 PLN and comes with the finishing standard known as
finished, the exterior walls being a combination of struc-
tural plaster and PVC siding.

e Premium variant — in this case, the price for 1 module
is 100 000 PLN and comes with the finishing standard
known as turnkey, the exterior walls being finished with
a combination of structural plaster and composite boards.

3. Interior design style of residences made from prefabricated
HQ 40-foot shipping containers: Scandinavian style of inte-
rior design, modern style of interior design, elegant style.

Figure 1 presents variants of prefabricated HQ 40-foot ship-
ping containers.
As has already been indicated [16-18], it is necessary to build

a solution the use of which can automatically help prepare a per-

sonalized offer for the purchase and production of a residential

shipping container, based on a free-flowing conversation with
the customer, which will allow the company to operate in ac-
cordance with the concept of Industry 4.0 in the MC strategy.

(@)

2.2. Overview of the proposed approach to the automatic

ordering process for a residential shipping container
The solution (Fig. 2) assumes the use of a smartphone-class
device, which, thanks to automatic speech recognition (ASR)
mechanisms, allows the conversation to be directly replaced by
text messaging. The recording obtained is then processed by the
proprietary algorithm for the automatic analysis of statements,
in order to confirm or reject the premises and indicate the choice
of one of the many configurations or variants of the finished
product, i.e. the residential shipping container.

Premises should be understood as having already been pre-
pared by the seller or a “specialist” — a collection of words or
short phrases that may indicate a particular technical or func-
tional aspect of the residence being ordered. When this product
becomes a ready-made residence, there are many such variants
and their determining factors; therefore, for the purposes of this
article, a simplified process for selecting residence variants was
adopted, consisting of the 3 steps, described in the ordering pro-
cess: step 1 —selection of the size of the residence, the final size
depending on the number of modules used; step 2 — selection of
the price level, in terms of 1 module and the standard of equip-
ment in the final product; step 3 — choosing a variant for the
style of interior design in the finished property.

The basis of this solution is a set of premises that should
be confirmed so that the algorithm can indicate the options se-
lected in each of the 3 steps. Premises take the form of single
words or whole phrases. It was assumed that in the recording
of natural language statements, analyzed with the use of an al-
gorithm, individual words would be searched for and then the
words, found in this way, would be extended to form phrases.
The list of keywords is automatically updated, based on the con-
tent of the list of premises. For the purposes of this study, a set
of premises for a simplified order for a property was prepared
with the assistance of a specialist. As previously indicated, the
order consists of 3 steps and in each of them, selection variants
are possible. This gives 36 different variants of residences. The
set of conditions prepared consists of 133 items (Fig. 3).

In the set shown in Fig. 3, two columns are relevant — the col-
umn marked as premise means a string of text that represents
a premise, the occurrence of which, in the statement analyzed,
increases the probability of choosing a given variant. The sec-
ond relevant column is denoted as the frequency factor, where

(b)

(]
|

| Playces

T—

Fig. 1. Variants of prefabricated HQ 40-foot shipping containers, (a) 1 module, (b) 3 modules [29]
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the values assigned to each premise can be seen. This value is
determined automatically in our algorithm and means the num-
ber of instances of a given condition in all variants assigned
to each of the steps. This coefficient allows the most likely cus-
tomer decision regarding the choice of variant to be determined,
according to the proposition that the greater its value, where the
premise is applicable to more variants, the smaller the impact
of this premise on the choice of the variant.

It is worth noting here that the same premise can be assigned

conversation

‘ O conversation

Customer Seller . o
e to many variants; this is due to the fact that, for example, the
: 4-module variant can be lived in not only by 4 people, but also
Ssrfs;?égfis;tahnz by 3 people or by only 2, which can also be changed and edited
automaticspeech in the solution proposed (Fig. 4).
recognition (ASR)
[ Variants of steps v
Step 1: choosing the variant of the object size - number of modules:
- Single-module architectural variant
— Text transcript of
— the conversation
The algorithm of
~_ - automaticanalysis
of the recording

Fig. 4. Variant management window and corresponding premises

Quotation for Quotation for Quotation for a
a housein a housein house in Variant 1, 3. RESEARCH RESULTS
Variant 1 Variant 2 €N . . .
arin arkn ne 3.1. Algorithm for the automatic analysis of a statement
l ¢ The automatic process of analyzing a conversation consists of
two steps: (1) preliminary analysis of the recording of the con-
Order for Order for Order for production versation provided, and (2) designation of the most likely vari-
production of production af ofhouse in Variant ants of choices in individual steps defining the order (please see
house in house in bel
Variant 1 Variant 2 neN € OW)'

Algorithm 1: step 1

Fig. 2. Operating Model of the solution

input data: {record0fTheConversation},

Three-module right architectural variant day zone
Three-module right architectural variant singlemodule
Three-module right architectural variant person

wup_similarity(keywords[il],tokenizedWords[j])
if (similarity==1)
{
result[i] [keyword] = keywords[i]

[array0fPremises]

variant_name premise frequency_factor initial assumpt ion:
S!ngle—module arch!tectural var!ant 1 bathroom & [result] = [nonDefined]
Single-module architectural variant 2 people 2
Single-module architectural variant kitchenette 3 [keywords] =
Single-module architectural variant single-module variant 1 getSingleWordsFromPremises (arrayOfPremises)
Single-module architectural variant living room 4 let tokenizedWords =
Single-module architectural variant bathroom 3 word_tokenize (record0fTheConversation)
Single-module architectural variant 30 1
Single-module architectural variant smallest 1 for i=1 to length(keywords)
Single-module architectural variant 1 day zone S {
Single-module architectural variant 1 person 4
Single-module architectural variant 1 bedroom 1 for j= to length(tokenizedWords)
Single-module architectural variant 30 meters 1 {
Three-module right architectural variant 1 module 1 similarity =

3

1

4

Fig. 3. Selected part of the list of premises for each product variant
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result[i] [word] = tokenizedWords[j]
result[i] [similarity] = similarity
}
else
{
[array0fSynonyms] =
wordnet .synsets (tokenizedWords[j]) .lemas.name ()
for k=1 to length(arrayOfSynonyms)
if
(wup_similarity(keywords[i],array0OfSynonyms [k])>0.9)
{
result[i] [keyword] = keywords[il]
result[i] [word] = arrayOfSynonyms [k]
result[i] [similarity] = similarity
}
}
}
}
output data:
[result]

In this first step, two stages can be indicated.

Stage 1 — at this stage, the full-text recording of the conver-
sation is divided into individual words, using the function of
word_tokenise() from the NLTK (Natural Language Toolkit) of
the Python Package [30]. This list, thus determined, is stored
in the system database and, in addition to the word itself, its
position in the text is also recorded.

Stage 2 — at this stage, the search for occurrences of previ-
ously determined keywords in the set of words found in the
text is carried out. To this end, a semantic similarity level
to all keywords is determined for each of these words. The
wup_similarity () function, also from the Python Package of
the NLTK library, was used to determine this similarity. This
function uses the WordNet language corpus. WordNet is a lex-
ical database for the English language. If the value of the sim-
ilarity of the keyword compared is 1, it means that the occur-
rence of the keyword is confirmed, with the grammatical form
of both compared words being irrelevant in this case. If not,
synonyms of this word are established and the level of similar-
ity is analogically determined for them. If the similarity level
of any synonym exceeds 0.9, as determined by means of an ex-
periment, the synonym also ends up as potentially similar to the
list of keyword occurrences, stored in the database. Ultimately,
the one with the highest value of this similarity is taken into
account. Thanks to this, it is possible to find not only direct
occurrences of keywords but also potential synonyms of their
occurrences, which allows the effectiveness of their searches in
the notation of statements to be increased in the natural lan-
guage.

Algorithm 1: step 2

input data: [arrayOfKeywordOccurrences] //result of

step 1
[arrayOfPremises]

initial assumption:
[result] = [nonDefined]

Bull. Pol. Acad. Sci. Tech. Sci., vol. 71, no. 3, p. 145562, 2023

for each [premise] [in] [arrayOfPremises]
{

[occurrencesOfPremises] [premise] =
prepareOccurrencesOfPremise (premise,
array0fKeywordOccurrences)

}
for each variant
{

[result] [variant] =
variantMathingFactor ([occurrencesOfPremises])
}
output data:

[result]

In this step two stages can be distinguished:

Stage 1 — at this stage, the position of the occurrences of
all premises assigned to individual variants is shown in the
recording of the interview analyzed. In this case, the starting
point is the position of the occurrences of individual keywords,
or of their synonyms. For each premise, independent tables of
the occurrence positions of all the keywords constituting this
premise are determined, and then, on their basis, the table of the
occurrence positions of the premise is determined, i.e. places
where occurrences of the positions of individual keywords form
a sequence consistent with the sequence of the words in the
premise.

Stage 2 — at this stage, the number of occurrences of premises
found, which have been assigned to individual decision vari-
ants for individual steps, is calculated and, on the basis of these
quantities, the matching coefficient of individual variants is de-
termined, this being the sum of the number of occurrences of
individual premises for a given variant, where each of the ele-
ments of this sum is divided by the frequency coefficient, deter-
mined for a given premise.

nmp

mei:Znopj/rfj, (1)
=1

where: Vmf; — the i-th variant matching factor, where i € N;
nmp — the number of premises matched; nop; — the number of
occurrences of the premise where j € N; rf; — the frequency
factor of the j-th premise 5, where j € N.

The influence of the characteristics of premises for a given
variant has a greater impact on the value of the matching co-
efficient than do the premises of a larger number of variants.
The variant with the highest value of this coefficient is finally
indicated as the most probable for a given step.

3.2. System for the automatic ordering process for

a residential shipping container — a case study
This system consists of two co-operating WEB applications
(Fig. 5).

The item marked in Fig. 5 as WEB Application I is the
primary service that the system operator’s web browser com-
municates with. It consists of an application, written in PHP,
that handles web browser requests, stores and reads data from
a related database and returns the results to the browser. The
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| WEB
Application
% I WEB
l Application
D O <J_> PHP Application on t» D—_
http server

=0

Seller’s internet browser

—1d

FLASK Application

al

Database server

Fig. 5. Architecture of the automatic speech analysis module

database stores orders, along with their full content and all
the established parameters based upon them. The database also
stores all system configuration data, such as definitions of the
steps of an order, definitions of individual variants and defi-
nitions of the premises assigned to them. To prepare the final
result, it uses the services offered by the application marked
as WEB Application II, which takes the form of a microser-
vice, prepared in the PYTHON language and launched us-
ing the FLASK framework. A section from a full-text record-
ing of a sample conversation between the seller and the cus-
tomer is presented below. This recording was obtained using
a smartphone-class device with the Google Speech Api, pro-
vided by the Android operating system.

Step 1 is to choose the option of the size of the facility de-
pending on the number of modules and the purpose for the max-
imum number of people variant No. 1 is a one-modular archi-
tectural variant containing 1 bathroom 1 bedroom kitchenette
living area it has 30 square meters of space and is intended
for a maximum of two people The second architectural vari-
ant is the 3 modular variant containing 1 bathroom 2 bedrooms
kitchenette living room hall the whole has 60 square meters of
space and is intended for a maximum of 3 people living in the
3 modular variant has 2 right and left sub-variants The third
architectural variant is the 4 modular variant which includes 2
bathrooms 3 bedrooms kitchen living room hall has 90 square
meters and is designed for a maximum of 4 people. ..

Figure 6 shows the result of an analysis of the recording of
the above conversation.

As shown in Fig. 6, as a result of the operation of the system,
the user is presented with a list of steps describing the order.
For each step, a list of all deciding variants that have been de-
fined for it, along with the variant-matching factor established
for the premises defined, is presented. In addition, information
regarding the number of premises confirmed is displayed for the
variant with the highest value of this coefficient as is also the
number of occurrences of each of them, as well as the items in
the text where they were found. The application allows the con-
tents of the recorded conversation to be viewed, including the
numbers of individual words, in order to facilitate verification.

Step number: 1
Step name: Step 1: choosing the variant of the object size - number of modules:
Name of variant: Single-module architectural variant
Match fit factor: 8
Name of variant: Three-module right architectural variant
Match fit factor: 5.5

Name of variant: Three-module left architectural variant
Number of confirmed premises / total number of premises: 7 / 22 = 0.31818181818182

Match fit factor: 8.5

Confirmed premises (number of confirmations), /positions of premises/: 1 bathroom (3) /33, 71, 148/, bathroom (3) /39, 72, 149/
kitchenette (3) /a2, 75, 152/, 60 (1) /52/. left (4) /106, 345, 394, 445, three-module (1) /g3g/, three-module variant (1) 435/,

Name of variant: Four-module architectural variant
Match fit factor: 2

Step number: 2
Step name: Step 2: selection of the price level per module and the standard of equipment of the final product
Name of variant: Basic version: price for 1 module: PLN 50,000
Match fit factor: 0
Name of variant: Comfort version: price for 1 module: PLN 75,000
Match fit factor: 4

Name of variant: Premium version: price for 1 module: PLN 100,000
Number of confirmed premises / total number of premises: 3 / 13 = 0.23076923076923

Match fit factor: 8

Confirmed premises (number of confirmations), /positions of premises/: premium (5) /230, 279, 315, 414, 459/ Premium version (1) /2307,
turnkey (2) /248, 201/.

Step number: 3
Step name: Step 3: cheosing a variant of the style of interior design of the final product

Name of variant: Scandinavian style
Number of confirmed premises / total number of premises: 1/ 7 = 0.14285714285714
Match fit factor: 2

Confirmed premises (number of confirmations), /positions of premises/: simple (2) /369, 301/.

Name of variant: Medern style
Match fit factor: 0

Name of variant: Elegant style
Match fit factor: 1

Fig. 6. Result of analysis of a sample recording of a conversation

The example shown in Fig. 6 shows that the solution in question
correctly indicates the selected variant of the finished product.
Actually, the customer chose a left-hand, 3-module variant, fin-
ished in the Scandinavian style and in the premium standard.
On this basis, it is possible to automatically generate an offer
for a customer for a house along with orders for production.
The solution correctly indicates the selected variant of the fin-
ished product.

3.3. Verification of the system for the automatic ordering
process for a residential shipping container

Research experiments were planned and performed to verify
the solution being presented. In the first step, 28 conversations
with clients were prepared in consultation with the employees
of a manufacturer of residential shipping containers. The com-
pany operates in the Polish market; therefore the conversations
were conducted in Polish. Our solution uses the English lan-
guage corpus for analysis, so this is why the Google Translate
tool was used to automatically translate the content of the con-
versations from Polish into English. Of course, such a solution
does not allow for the achievement of high-quality translations,
but from the point of view of the conducted experiments, it was
sufficient. Next, the employees of the residential shipping con-
tainers manufacturer read the English-language versions of the
planned conversations, broken down into roles, simulating the
actual conversation. These conversations were analyzed on an
ongoing basis using the Google Web Speech API tools, thanks
to which their text representation was obtained. There were
minor gaps in the records obtained, which may be due to not
always correct pronunciation of employees in English. These
shortcomings, however, did not affect the further course of the
research experiment.

Bull. Pol. Acad. Sci. Tech. Sci., vol. 71, no. 3, p. 145562, 2023
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Conversations 1-28 were developed under certain assump-
tions (Appendix 1). The results of the experiments are presented
in Table 1.

Table 1
Results of the tests

Step 1 Step 2 Step 3

m > < > m > < > m > < >
1 vl vl v5 v5 - -
2 v3 v3 \&) v5 - -
3 v4 v4 v5 v5 - -
4 vl vl v6 v6 - -
5 v2 v2 v6 v6 - -
6 v4 v4 v6 v6 - -
7 vl vl v7 V7 v8 v8
8 v2 v2 v7 v7 v9 v9
9 v4 v4 v7 V7 v10 v10
10 vl vl v5 v5 - -
11 v3 v2/3 v5 v5 - -
12 v4 v4 v7 V7 v10 v10
13 v4 v4 v7 v7 v10 v10
14 v2 v2 v7 v7 v8 v9
15 v4 v2 v7 v7 v8 v8
16 v4 v4 v7 V7 v8 v10
17 v4 v2 v7 v7 v10 v9
18 v4 v4 v7 v7 v10 v9/10
19 v4 v4 v7 \Z v10 v9
20 v4 v4 v7 v7 v10 v10
21 v4 v4 v7 V7 v8 v8
22 v4 v4 v7 V7 v8 v10
23 v4 v4 v5 v5 - -
24 v4 v4 v7 v7 v10 v10
25 vl vl v7 v7 v8 v8
26 v3 v3 v6 v6 - -
27 v3 v3 v5 v6 - -
28 v4 v4 v7 v7 v10 v10

where: variants (v) are marked with the following numbers, respec-
tively: step 1: vl — single-module, v2 — three-module (right), v3 —
three-module (left), v4 — four-module; step 2 (the price level per mod-
ule): v5 — basic, v6 — comfort, v7 — premium; step 3 (design): v8 —
Scandinavian style, v9 — modern, v10 — elegant.

Our proposed approach to the automatic preparation and or-
dering process was verified on 28 conversations for three steps
with yields of 89.28% accuracy of identification.
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3.4. Efficiency of the system for the automatic ordering
process for a residential shipping container

The three scenarios for simulation tests were planned and per-

formed to assess the presented solution based on the 28 conver-

sations (section 3.3).

The first scenario: The “developed system” prepares the or-
der.

It is assumed that the developed system will be installed on
a personal computer with parameters corresponding to a laptop-
class device. Therefore, the virtual machine was prepared in
order to conduct the simulation tests in which the amount of
RAM was limited to 4GB and the number of available processor
cores to 2. A local WWW server was launched on this machine
with a PHP interpreter and a Python runtime environment. The
simulation tests were examined for the total system operation
time during the analysis of individual records, with an accuracy
of 1 second.

The second scenario: the “experienced employee™ prepares
the order. The employee analyzes the conversation with the
client and fills in a questionnaire prepared using the Google
Forms tool with the Form Timer extension, which allowed for
precise determination of the time required to complete the form.
This time was also measured with an accuracy of 1 second.

The third scenario: the “employee’™ prepares the order. The
employee analyzes the conversation with the client and fills in
a questionnaire prepared using the Google Forms tool with the
Form Timer extension, which allowed for precise determina-
tion of the time required to complete the form. Additionally,
this person uses the auxiliary list, which collected the premises
related to the individual procurement subvariants. The results
of the simulation tests are presented in Table 2

Table 2
Results of the simulations

Conver- | Word Scenario 1 Scenario 2 Scenario 3

sations | count | analysis time | analysis time | analysis time
1 62 00:00:24 00:00:55 00:01:21
2 94 00:00:26 00:00:36 00:02:09
3 60 00:00:25 00:00:41 00:01:16
4 46 00:00:20 00:00:43 00:01:13
5 95 00:00:33 00:01:17 00:02:21
6 81 00:00:26 00:00:46 00:01:13
7 60 00:00:25 00:00:39 00:00:55
8 119 00:00:32 00:00:59 00:02:00
9 89 00:00:23 00:00:36 00:01:42
10 88 00:00:28 00:00:53 00:01:03
11 88 00:00:33 00:00:36 00:01:40
12 105 00:00:28 00:00:59 00:01:40
13 100 00:00:25 00:00:45 00:00:51
14 140 00:00:30 00:00:56 00:01:37
15 107 00:00:42 00:00:42 00:01:10
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Table 2 [cont.]

Conver- | Word Scenario 1 Scenario 2 Scenario 3

sations | count | analysis time | analysis time | analysis time
16 102 00:00:35 00:00:47 00:00:51
17 147 00:00:42 00:01:25 00:02:13
18 131 00:00:37 00:00:53 00:01:12
19 128 00:00:40 00:00:57 00:01:00
20 146 00:00:43 00:00:51 00:01:02
21 143 00:00:42 00:00:52 00:01:05
22 148 00:00:41 00:00:47 00:01:43
23 143 00:00:43 00:01:00 00:01:31
24 149 00:00:42 00:01:13 00:01:48
25 140 00:00:33 00:00:53 00:01:17
26 131 00:00:32 00:00:46 00:01:12
27 162 00:00:42 00:01:03 00:01:35
28 180 00:00:41 00:01:22 00:02:02

The times for the three scenarios presented in Table 2 are
summarized in Fig. 7a, b. The graph in Fig. 7 has been divided
into two parts to increase its readability.

(@
Comparison of conversation variant analysis times for 3 different
scenarios, part 1

00:02:36
00:02:18
00:02:01
00:01:44
00:01:26
00:01:09
00:00:52

Analysis time (s)

00:00:35
00:00:17
00:00:00

, ) W Scenario 1 analysis times
Conversation variants
W Scenario 2 analysis times

W Scenario 3 analysis times

(b)
Comparison of conversation variant analysis times for 3 different
scenarios, part 2

00:02:18
00:02:01
00:01:44
00:01:26
00:01:09
00:00:52

00:00:35

Analysis time (s)

00:00:17

00:00:00

15 16 17 18 19 20 21 22 3 24 25 26 27 28

P ——— W Scenario 1 analysis times
W Scenario 2 analysis times

W Scenario 3 analysis times

Fig. 7. Result of simulation tests, (a) variants of conversations with

numbers from 1 to 14, (b) variants of conversations with numbers from

15t0 28

The results presented in Fig. 7 for each of the 28 variants
of conversation indicate that the time of conversation analysis
is shorter when the developed system (section 3A, B) is used
than when such analysis is provided by an employee and is not
supported by the system. The data presented in Fig. 7 show
that the time of each conversation analysis supported by the
system depends on the time of the recording, not on the level of
complexity of the analyzed conversation. Therefore, it should
be assumed that the use of the presented solution in the cases
other than those discussed above, especially when the number
of variants of products or services will be much greater, will
allow for even greater time savings compared to the analysis
performed personally by an employee.

4. DISCUSSION

The proposed approach was presented and verified based on
the example of the ordering process for residential shipping
containers, in order to automate the process while at the same
time providing the customer with the appropriate tool to support
the decision to invest. However, our approach can be treated as
the reproducible method. The basis of this solution is a set of
premises that should be confirmed so that the algorithm can in-
dicate the options selected in each of the three steps. So, in an-
other case of application of our solution, the individual steps of
the orders and the premises indicating the choice of individual
variants of steps should be defined according to specification of
other orders.

Table 2 summarizes the main features that distinguish the
proposed work from existing, related works. It enriches the dis-
cussion with a rapid overview of the main thesis of this paper,
with respect to the state-of-the-art analyzed. Going into more
detail, Table 1 gives information on related work about: a) ap-
plying NLP to solutions supporting order processing in produc-
tion, within a strategy of mass customization, b) using the mod-
elling approach, c) using the model in the industry, and d) the
originality of the model. To the best of our knowledge — and as
stated in an analysis of the literature, no similar approach, based
on ASR and NLP, and supporting the process for the automatic
ordering of residential shipping containers, was found.

Our research results can be treated as the “lessons learnt” in
the context of the possibility of implementing a new solution
supporting the work of employees within a sales department
within a manufacturing facility when producing personalized
solutions. The system proposed enables automatic indication of
the order variant without having to enter data into another in-
formation system and/or make written notes by the seller. The
proposed solution will allow the managers operating according
to mass customization, where each production order is differ-
ent, to increase the efficiency of processing of individualized
orders thanks to:

e shortening the time of analyzing the conversation between
the customer and the seller (Table 2).

e climination of errors in the preparation of the offer for the
client.

e climination of errors in the preparation of the order for pro-
duction.
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Table 3

Results of the state-of-the-art analysis

Use of NLP in the produc- .
. pro Using the Model Industry Novelty Ref.
tion of mass customization
. . Description of the product’s characteristics, as
Material and cost estima- . . .
. . provided by the customer A set of 1 347 differ- Value equal to the quantity of that com-
tion of a customized prod- . . . . .
. . . | ent switchgear variants (from 3 years of pro- yes ponent according to the bill of materi- 32
uct namely: electrical distri- . Lo . . N
. duction), each of which is described by 843 als for electrical distribution boards
bution boards .
attributes, usage of deep neural network
- . N Methodology for the automated and
Obtaining the user’s require- | Language model BERT (Bidirectional En- gy tor .
. . . yes large-scale obtainment of attribute- 33
ments from on-line reviews | coder Representations from Transformers) .
level user requirements
S Requirements-based, configuration mecha- Mapping customer requirements into
Means of facilitating product | . d £t . pPpIng  requit .
N nism based on text embeddings and multi- no product configurations using a multi- 34
customization
layer perceptron layer perceptron
Defining the requirements .
Chatbot which uses a database of 1272 ques- . .
for the purchase of large and tions d yes Chatbot + visualization 3D 35
complex power transformers
.. Using NLP for document clustering: a digital . .
Digital shop floor manage- | . & . & & Procedure to identify the most com-
ticket system for shop floor issues to find the yes 36
ment, based on NLP . . mon employee problems
most frequent terms and intersections
. . Opinions regarding the product; keyword clas- .
Identification of the product P & g the procu yWo Requirement-based configurators for
. sification, using the hierarchical attention net- yes . . 37
variant finding satisfactory products
work
. . Suggestions for manufacturers to make
Modelling customers’ emo- | Cluster customers through the Kansei perspec- £8 .. .
. . . . no precise decisions when launching new 38
tional satisfaction tive
products
Recordings customer conversations with the Automatic indication of the variant
Establishing the product | seller, regarding the ordering process for a res- of the residential shipping container, This
variant and ordering residen- | idential shipping container and using the ratio- yes based on the customer’s comments and aper
tial shipping containers nale agreed upon for selecting the particular the automatic issuing of an offer and pap
type of residential container required order for production

These benefits of the system proposed were demonstrated in
the analyzed case (see Table 1 and Table 2). Based on the pre-
sented case study, a new system was developed to support the
seller’s work in the process of preparing the offer and produc-
tion order of residential shipping containers in the mass cus-
tomization strategy, based on individual customer requirements
and on free-flowing conversation with the customer. In order
to demonstrate universality and reproducibility of our solution,
the three main stages for the preparation of this system for an-
other manufacturing company operating in the strategy of mass
customization was developed:

Stage 1: Define all steps in the processing of orders.

Stage 2: Define individual variants according to each step in
the processing of orders.

Stage 3: Define the set of premises indicating each individual
variant.

The presented solution has an obvious limitation, strictly re-
lated to the case study analyzed. It is built on a knowledge base,
which currently includes only elements related to the selection
process regarding the different types of residences available,
which, in turn, was created based on the 3 steps described in
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the ordering process. Next, based on the results of the research
experiments (section 3.3), it is needed to add to the developed
algorithm the rules of searching for expressions in statements
that unambiguously support or negate previously established
premises. In consequence, the basic rationale for selecting the
required variant of the house will be expanded. In addition, we
plan to integrate the proposed solution with an ERP system,
supporting the current operations of manufacturers of residen-
tial shipping containers.

In further work, it will be necessary to expand the knowledge
base and then implement machine learning (ML) techniques in
order to classify the designated keywords for building the ratio-
nale. We know that there is great demand for using ML in the
area of mechanical engineering in Industry 4.0 problem solv-
ing [31].

5. CONCLUSIONS

The production and sale of modular houses built from shipping
containers has only been in operation for a year and its selec-
tivity means that only a small number of orders are produced
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annually, thus forcing us to use the knowledge of specialists to
prepare 136 rationales indicating the individual variants of the
container house ordered. However, if the data collected from
the statements is sufficiently comprehensive, it will be possi-
ble to use machine learning tools to automate the definition and
create the principles. It is particularly important for the com-
pany’s offer to be constantly developed and, consequently, for
the number of potential variants of the houses thus ordered to
grow rapidly along with the number of customers.

APPENDIX
Terms and conditions for conversations 1-28 included in Ta-
ble 1.

Conversations 1-9 are situations when the customer knows
what they want, and the seller does not try to convince they
of anything, clarifying the facts at most.

Conversations 10-13 are examples in which the customer
knows what they want but the seller tries to convince them
to change one aspect.

Conversation 14 is a case when the seller proposes changes
to two issues — both are unambiguous and rejected.
Conversations 15 and 16 are repeated, this time effective, at-
tempts to change the client’s decision. The client expresses
their acceptance directly or indirectly.

Conversation 17 is an effective attempt to change the client’s
decision in two aspects. The customer clearly confirms the
acceptance of the proposal.

Conversations 18 and 19: the customer is not sure about 1 is-
sue, the seller accepts their other choices and proposes a so-
lution that is directly or indirectly accepted.

Conversation 20: in this case the customer is not sure about
1 issue — the seller offers them a solution, the customer ac-
cepts it, the seller tries to change 1 of the customer’s previous
decisions — unsuccessfully.

Conversation 21: the course of the conversation is similar to
conversations 21 and 22 — but in this case the attempt made
by the seller is more effective. The client expresses their final
decision directly and indirectly.

Conversation 23: the customer is not sure about 1 issue, the
seller offers them a solution, the customer accepts it, the
seller tries to change 2 aspects, unsuccessfully.

Conversation 24: the customer is not sure about 1 issue, the
seller offers them a solution, the customer accepts it, the
seller tries to change 2 aspects effectively.

Conversation 25: the customer is not sure about 2 issues,
the seller offers them a solution, the customer accepts it, the
seller agrees with the customer on 3 issues.

Conversation 26: the customer is not sure about 3 issues, the
seller offers them a solution, the customer accepts it.
Conversation 27: the customer is not sure about 3 issues, the
seller offers them a solution, the customer does not accept
one of the two proposals. The seller proposes another option,
the customer accepts it.

Conversation 28: the customer is not sure about 3 issues, the
seller offers them a solution, the customer accepts one, ini-
tially does not accept the other two. The seller proposes other
options, the customer accepts them.
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