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Abstract. Based on Cyber physical system (CPS) and the Internet of things (IoT),
the smart production system is capable to suit diverse customers’ manufacturing
requirements. It has the potential to provide digital configure-to-order (CTO)
services in a quick response time. To achieve this potential, a new conceptualization
of quick-response product configuration system, which translates the voice of
customers to technical specifications, is proposed. It is expected that the proposed
system can enhance the communication between the customers and the
manufacturers. We adopt the Kano model to receive the voice of customers as inputs
and generate a product configuration as outputs which can meet customer’s
requirements. A case study and a product configure system for ordering assistance
are demonstrated in this work.
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Introduction

The emergence of the Internet-of-things (IoT) enables coordination and integration
across the whole manufacturing process, transforming traditional factories into smart
factories by cyber-physical system (CPS). A smart factory consists of smart machines,
warehousing systems, and production facilities. All modules are deeply intertwined,
exhibiting multiple and distinct actions and controls on each other [1]. The smart
factories allow individual customer requirements to be met and make the production even
in very low volumes but still profitable. The new way of production, exposing
manufacturing companies to a new environment with opportunities and threats.
Specifically, it is important for such companies to make wise decisions in short response
time to succeed in the global market. It is a serious issue about how a company responds
in the new environment and how to distribute their resources to optimize production and
product transactions within their capability [2]. The key to success is to quickly and
effectively react to diverse and dynamic customer requirements and to bring the
customized products in a shorter time to market [3][4]. To achieve that, a product
configuration system plays an important role, which bridges the gap between customers
and manufacturers by selectable predefined attributes within enterprise capability. The
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implementation of the product configuration system helps to significantly reduce errors
in the configurations released by the sales department. Though many related works about
product configuration system have been studied, there still lacks studies adopting product
configuration system in Industry 4.0 (I 4.0) and refining methodologies for quick-
response and mass customization to demonstrate new scenarios in I 4.0.

Aiming to bridge this gap with multidisplinary methods by Kano model and system
design, this paper (1) analyzes typical and current manufacturing scenarios with a case
study in an international electronic company, (2) addresses the customer preference by
Kano model, (3) takes the results of Kano model as an important parameter in the new
quick-response product configuration system design. The rest of this paper is organized
as follows. Section 1 presents a brief literature review of Kano model application in the
design area, and Section 2 introduces the background of the case company about its
current product configuration system. Section3 presents the work of adopting Kano
questionnaire to obtain customer preference in selecting a laptop. Section 4 demonstrates
the design of a new quick-response product configuration system for order assistance
which can be customized by selecting the product attributes based on customer
preference respectively. Finally, Section 5 summarizes the overall work and discusses
the possible research directions in the future.

1. Literature review

Kano (1984) proposed the non-linear relationship between quality attribute performance
and overall satisfaction. According to the Kano’s model, quality attributes can be
classified into six categories i.e. One-dimensional (O), Attractive (A), Must-be (M),
Indifferent (I), Reverse (R), Questionable (Q) [5]. The categorie of a quality attribute
depends on the customer satisfaction (CS) level and customer requirements (CRs)
fulfillment levels. The Kano’s model is conducted through 3 procedures: Kano
investigation, Kano evaluation, and Kano categorization. The Kano questions examine
each CR with a pair of questions, in functional form and dysfunctional form, and each
answer pair is aligned with the Kano evaluation table (as shown in Table 1). Many Kano
model related works have been conducted in identifying customer satisfaction and
customer requirements in product design fields. Ji et al. (2014) [6] adopted Kano model
for identifying customer satisfaction (CS) at different CR fulfilment level to enhance
product design. Violante and Vezzetti (2017) [7] proposed a novel assessment matrix
that identifies the relationships and classifications requirements between different Kano
qualitative and quantitative approaches to assist in selecting the most suitable
methodology that response better in customer-driven product and service design. Kano
model is a suitable and practical model to capture customer requirements by assessing
their satisfaction [8][9]. Abundant refined Kano qualitative and quantitative approaches
abound in the literature. However, there has far been relatively little research into the
customized order fulliment and product configuration area under the background of
Industry 4.0 [10][11][12][13][14].

2. Current (As-is) model of order acquisition process

Company C is a leading industrial automation manufacturer, offering efficient and
reliable products and solutions to serve global customers. One of their specialty is an
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automated batch process for small volume with high mix customization. It has a loyal
client, Company A, for years. Company A is a business-to-business (B2B) information
technology (IT) company, specializing in the flexible manufacturing of desktop, laptops
and other IT devices. Established for years, A has been running smoothly with its
standard operating procedure, including sale interview with their clients. However,
recently, they have been receiving increasingly frequent customized orders in a greater
diversity from their client, Company A. Company B is a laptop retailer, which is supplied
mainly by Company A. In their standard collaborative process, individual consumers
visited Company B’s outlet, expressed their needs to B’s sales personnel and hoped to
get a desirable product. If their needs are beyond the existing products available in shops,
B’s sales personnel would inform the procurement team to place the customized order.
The procurement team would then engage Company B’s sales personnel for an interview
to discuss the cost and the feasibility of the customization. At this point, A’s sales
personnel would also seek technical advice from A’s technical personnel to validate the
feasibility. Along with this communication chain, information might be misaligned
sometimes. A diagram is developed to help the understanding of this communication
chain as shown in Figure 1.
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Figure 1. As-is model of order acquisition process

In recent years, B noticed that the consumers expectations have gone more diverse.
The communication activities between A and B became more frequently, and thus, more
severe misalign of information was observed. Both A and B agreed that the current
process had consumed a considerable amount of manpower and showed inefficiency
when the communication becomes more intensive. They were keen to find a solution to
address this issue. In addition, Company B also noticed that there could be a
communication barrier between A’ sales personnel and B’s procurement team. Neither
of them knows how to translate the customer needs to engineering characteristics. For
instance, they may want the laptop to be good at graphics processing, but they have no
idea which graphics card is capable enough to satisfy the need. Apparently, the best way
to recommend the optimal laptop configuration is having direct communication with A’s
technical personnel. But it requires much more manpower and incurs more workload on
the technical personnel. Therefore, Company B engaged Company C to streamline the
communication process. C wishes to propose a recommendation system, which takes the
customer’s evaluation priority or weight as the input, to generate the optimal product
configuration under the given budget condition.
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3. Application of the Kano’s Model on Customer Requirements

A Kano questionnaire is developed to investigate the Kano categorization, the coefficient
of satisfaction and dissatisfaction for the four critical CRs. For each CR, a pair of
question is asked, one in functional form and another in dysfunctional form. The
questionnaire concerns customers’ responses about two extreme cases, nearly 0% and
100% fulfillment of each CR. For instance, the pair of questions regarding business
performance in the Kano questionnaire is shown in Table 1.

Table 1. Kano Survey Question (Example).

o 1 like it that way.

If the laptop is very good at basic O It must be that way.

office work and surfing, how do o I am neutral.

you feel? o I can live with it that way.

o I dislike it that way.

o I like it that way.

If the laptop is very bad at basic o It must be that way.
office work and surfing, how do o I am neutral.
you feel? o I can live with it that way.

o I dislike it that way.

In order to formulate customer satisfaction (CS) as an expression of the fulfillment
level of each CR, D Company conducted the survey among the target users of Company
A’s products. The survey received 120 responses. Table 2 provides an overview of all
five levels of the used range for all four pairs of investigated requirements.

Table 2. Overall positive and negative requirement statistics.

Variables I would be I would Neither I would be I would Total
thrilled be satisfied nor dissatisfied ~ be upset
through satisfied dissatisfied

Biz_positive 33 77 9 1 0 120
Multimedia_positive 79 19 22 0 0 120
Computation_positive 68 29 23 0 0 120
Storage_positive 56 29 31 3 1 120
Biz_negative 0 13 13 13 81 120
Multimedia negative 0 5 27 32 56 120
computation negative 0 8 42 29 41 120
storage negative 0 6 15 32 67 120

Referring to Kano model, the responses are summarized and translated to Kano
classification as shown in Table 3. For instance, 61 respondents perceive business
performance as a must-be attribute. Therefore, the Kano classification of business
performance is ‘M’ for must-be.

Two important values, the coefficient of satisfaction (CS) and the coefficient of
dissatisfaction (DS), must be calculated in order to formulate CS as an expression of the
fulfilment of CR. The CS of CR;, denoted by cs;, can be calculated by the sum of
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satisfaction elements (one-dimensional and attractive), divided by all effective responses
(excluding ‘R’ and ‘Q’), as shown below by Eq. (3.1):

cs; = —Jotfa 3.1)
fatfo+fm+fi

where f4, fo, fu, and f; is the total number of attractive, one-dimensional, must-be
and indifferent responses, respectively.

Similarly, the DS of CR;, denoted by ds;, can be calculated by the negative sum of
dissatisfaction elements (one-dimensional and must-be), divided by all effective
responses, as shown below by Eq. (3.2):

fotfm
= —_—— .2
ds; fatfo+fm+f1 (3-2)

Table 3. Kano Survey Result.

CR O/ A|M|I|R|Q|Total| KC| CS DS
Business Performance 20 {13 {61260 |0 | 120 | M | 0275 | -0.675
Multimedia Performance 4412511212910 | 0 | 120 | O | 0.658 | -0.467
Computation Performance |27 | 41 [ 14 {38 | 0 | 0 | 120 | A | 0.567 | -0.342
Storage 31125135280 | 1| 120 | M | 047 | -0.555
0O: One-dimensional A: Attractive M: Must-be

The x is the fulfillment level of the CR and the y is the corresponding satisfaction
level. The expression of one-dimensional CSs follows a linear function, y = ax + b. The
expression of attractive CSs and must-be CSs follows a smooth nonlinear function, y =
ae*+b, and y = a(—e*) + b. According to the result, customer satisfaction is
formulated by the equations corresponding to the Kano classification for each customer
requirement as shown in Table 4.

Table 4. Formulation of CRs.

CR KC a b Jfx) S=af(x) +b
Business Performance M 1.503 0.828 -e* S =-1.503e*+ 0.828
Multimedia Performance o 1.125 -0.467 X S =1.125x - 0.467
Computation Performance A 0.529 -0.87 e¥ S =0.529¢* - 0.87
Storage M 1.622 1.067 -e* S =-1.622¢e* + 1.067

Furthermore, the importance weight of each CR, denoted by w;, is required from the
service demander. It constitutes the last portion of the optimization framework to get the
value of overall customer satisfaction as shown in Figure 2. We could obtain the
importance weight from customers.
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Figure 2. Overall Satisfaction in Optimization Framework.

4. New scenario of using quick-response product configuration system

The definition of engineering characteristics (ECs) is built based on Company B’s
capabilities. CRs and CS-F relationship functions are built based on market research and
survey. Under the fundamental support and the backend system calculation, we may
propose a new quick-response product configuration system (we use QRPCS hereafter.),
which is as depicted in Figure 3. The system would be ready to take customer inputs to
recommend the optimal solution. In the to-be model with QRPCS, Company B could
response a customer profile given by Company A by using QRPCS. The customer
requirements included the expected budget, importance weights of each CR, which are
calculated based on the results of Table 4, and other special requests. It could generate
an optimal configuration within the budget immediately.

User Profile Recommended Configuration
Price ($)
(® Business User (Office Clerk, White-Collar) CPU | J 166
GPU | _‘ 223
(" Multimedia (Gamer & Artistic Designer)
RAM | _[ 148
(" Computation (Data Analyst, Video Maker) HDD I _] 86
SsD | J 127
" Customize
Single-core Integer Speed g 114 pts Good
ad-core Integer Speed : 300 pts Good
Importance Weights Qu =5 s
Multi-core Integer Speed g 308 pts Good
Business Performance
GPU CLim ¢ 1290 MHz Good
Multimedia Performance
GPU GLim z 1392 MHz Good
Computation Performance
RAM Capacity g 2x4 GB Good
Storage
HDD Capacity g 2TB Good
SSD Capacity : 256 GB Good
Budget 750
Quantity 100 Price 2 $ 750
Show me a upgrade!
Optimize Exit

Figure 3. Scrrenshot of the quick-response product configuration system.
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Table 5. Recommended Technical Parameters.

EC Selection Technical Parameter

Single-Core Integer | Quad-Core Integer | Multi-Core Integer

CPU A3 Speed (pts) Speed (pts) Speed (pts)
114 300 308
CLim (MHz) MLim (MHz)
GPU B2
1290 1392
Capacity (GB)
RAM C3
2x4
Sequential Read
Capacity (TB)
HDD D4 Speed (MB/s)
2 174
Sequential Read
Capacity (GB)
SSD E3 Speed (MB/s)
250 497

For example, Company B approaches Company A to order 100 units of laptops for
their customers. The expected budget is around $1000 per unit, out of which, $750 is
allocated to the primary functional ECs (CPU, GPU, RAM, HDD, and SSD). QRPS can
assist the response for future and expected scenario of flexible manufacturing under
Industry 4.0. It plays a vital role to bridge the communication gap between Company A
and Company B as well as speed up the customization process, earning a competitive
edge for both parties in Industry 4.0. In the to-be process with QRPS, the production
objective of “low volume amount and high mix specification” order requirements can be
achieved. The graphic user interface can be shown in Figure 2, and the recommendation
results for manufacturing are summarized in Table 5.

5. Conclusion

The study attempts to develop an approach to automate this configuration process by
taking the voice of customers as inputs with Kano model. This research demonstrates
how to use Kano model in a new configure-to-order context under I 4.0. By conducting
a marking investigation to formulate CS as an expression of the fulfillment level of CR
for the product of laptop. Formulation of four CRs, i.e. business performance,
multimedia performance, computation performance, and storage could be obtained. Then,
a quick-response product configuration system (QRPCS) was designed based on the
results to use the backend optimization procedure for laptop configuration. The work has
carried out the outcomes of Kano model on a case study of an empirical manufacturing
scenario. The contributions of the paper are consisted of at least two aspects. Firstly, this
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paper provides a Kano-based method that can cope with the order acquisition and
fulfillment process. The method can enrich the literature of the Kano model application.
Secondly, it also brings a practical case study for product configuration system design.
In the future work, evaluation with end users of the QRPCS can be conducted, focusing
on the quality of user interaction with the system (i.e. usefulness and usability). It could
be adapted to other similar products’ configuration processes in the future.
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