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Abstract. In today‟s competitive market, OKP companies operate in the 

“engineer-to-order” business mode, whereby analysing the “voice of 

customer” promptly and accurately in the early design stage determines 

the success of product development. However, OKP companies have 

limited resources. They may not be able to afford the cost of the com-

plicated Quality Function Deployment (QFD) product planning process, 

nor can they obtain abundant CRs information effectively in traditional 

internet-based environment. This paper proposes a QFD-based approach 

in the cloud manufacturing (CMfg) environment to enhance OKP com-

panies‟ product planning process. CMfg (a newly emerged manufac-

turing paradigm) utilizes advanced information technologies and busi-

ness mode, which may provide sufficient and cost-effective resources to 

OKP companies. The interaction process among different cloud service 

roles is introduced in detail, which contains six main parts: pre-process, 

identify CRs, competitive marketing analysis, determine final im-

portance ratings, mapping CRs to engineering characteristics (ECs), and 

customer-centric decision making. 
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1 Introduction 

One-of-a-Kind Production (OKP) companies aim to produce customized products 

based on the requirements of individual customer while maintaining the quality and 

efficiency of mass production [1]. Analysing customer requirements (CRs) accurately 

and effectively in the product planning stage is critical for the survival of an OKP 

company [2]. Quality function deployment (QFD), introduced by Akao [3], provides a 

systematic way (named House of Quality (HoQ)) to catalogue the perceived CRs and to 

translate them into engineering characteristics (ECs) in the product planning stage. 

However, OKP companies are mostly Small or Medium sized Enterprises (SMEs), they 

might not afford the high cost of complicated QFD process, nor can they obtain suffi-

cient customer information effectively in the web-based environment [4]. 

This paper proposes a QFD-based approach to enhance OKP companies‟ product 

planning process in the CMfg environment. For OKP companies, one key benefit of 

CMfg is the “pay-per-use” mode. They can pay a periodic subscription or utilization fee 

with minimal upfront costs [5], which they may either out sourcing the QFD product 

planning process to a team of experts or utilizing online software-as-a-service (SaaS) 

to deal with it in an cost-effective way. Another key benefit is the utilization of 

cloud-computing information technology. OKP companies may get abundant product 

planning resources from multiple sources such as social media (e.g. Facebook), 

crowdsourcing, resource pooling and etc [6]. The rest of the paper is organized as 

follows. Section 2 provides a review of cloud manufacturing aspect and QFD-based 

product planning. Section 3 proposes the QFD-based product planning interaction 

process of OKP companies in the CMfg environment. Section 4 summarizes the main 

work of this paper and the future work. 

2 Literature review 

2.1 Cloud manufacturing 

Cloud manufacturing is a newly emerged manufacturing paradigm, Li et al. [7] de-

fined it as a computing and service-oriented manufacturing model developed from the 

existing advanced manufacturing models and information technologies. It aims to 

realize a full-scale sharing and circulation, high utilization, and on-demand use of 

various manufacturing resources and capabilities by providing safe and reliable, high 

quality, cheap and on-demand used manufacturing services for the whole lifecycle of 



manufacturing [8]. Though there is not a standard definition for CMfg, most of the 

current definitions share some common traces, such as manufacturing resource, capa-

bility, services and platform [6, 7, 9, 10]. The main characteristics of CMfg include 

on-demand, self-service, ubiquitous network access, rapid scalability, resource pool-

ing, and virtualization [6]. With the cloud approach, there is little need for enterprises 

to make capital investments in manufacturing equipment, or even recruiting engineer 

experts. Instead, they have the flexibility to manage their own businesses, and could 

have instant access to business solutions on “pay-per-use” [5]. Though much work has 

been done in the CMfg area, there is no emphasis on the product planning stage. 

2.2 QFD-based product planning  

Quality function deployment (QFD), introduced by Akao [3], has been a widely 

adopted customer-oriented methodology in assisting product development process. It 

provides a systematic way to catalogue the perceived needs of the customer and to 

translate them into design specifications, all over product planning, product design, 

process design, and production planning [11]. The key element of QFD is a combined 

chart of HoQ to map the CRs (the „WHATs‟) into ECs (the „HOWs‟) that must be 

adjusted to fulfill the customer needs in product planning stage, and subsequently into 

parts characteristics, process plans, and manufacture operations [12]. In general, 

QFD-based product planning contains four steps: 1. identify CRs; 2. conduct compet-

itive analysis; 3. determine final importance ratings of CRs; 4. map CRs into ECs.  

3 QFD-based product planning interaction process in the CMfg 

In the CMfg environment, the proposed QFD-based approach of product planning 

interaction process is shown in Figure 1. Cloud service infrastructure provider, as a 

third-party provider, hosts virtualized computing resources over the Internet; Cloud 

service platform provider, is a third-party provides a platform allowing service pro-

vider and demander to develop, run and manage Web applications without building 

and maintaining the infrastructure; Cloud service provider, is an entity that provides 

services in the cloud service platform; Cloud service demander, is an entity that con-

sumes services offered by the cloud service provider. OKP companies, acting as the 

service providers, are integrated intelligently in this distributed environment through 

cloud-based platform system with graphical user interfaces (GUIs). Thus, there is a 



big reduction of investment on the up-front costs. The proposed process includes six 

main parts and each part contains several steps, which is introduced as follows. 

3.1 Pre-process 

Users request their cloud services (Step 1). If uncertain about their request, they 

first interact with the infrastructure provider. It offers the search engine with abundant 

storage of data for them to narrow down their request scope (Step 2). After searching, 

the infrastructure provider retrieves the historical information with a list of potential 

platform providers (Step 3) for users to select a proper one according to their prefer-

ences (Step 4). However, if they are capable, they may skip the Step 2 to Step 4, and 

directly interact with the specific platform provider.  

 Then, the platform provider would be responsible for assessing customer re-

quests through the process of request acquisition (Step 5), request retrieval (Step 6) 

and request allocation (Step 7 and 8) [5]. The request acquisition is responsible for 

capturing and deriving useful user information by online inquiry and quoting. Request 

retrieval is carried out based on the historical design information stored in the service 

database so at to find out the feasible service providers (known as “service composi-

tion”) [10]. This process helps enhance resource allocation by modifying unreasona-

ble service requirements to those that the system is able to undertake. Therefore, sys-

tem efficiency is enhanced and service quality is guaranteed. Request allocation is 

conducted after comparing the initial service requirements with the design capabilities 

of the product design resources in the system. User requests are allocated intelligently 

to the prospective service providers according to the selection of the users.  

3.2 Identify CRs 

In order to satisfy customer needs and gain profits, OKP companies need to take 

considerable efforts to identify and acquire CRs effectively (Step 9 and Step 10). 

There are many methods available to collect CR candidates, including focus group, 

individual interviews, listening and watching, complaints, natural field contact, war-

ranty data, feedback, affinity diagram, and cluster analysis [13]. Then customers are 

asked to express their perceptions on each CR, as the fundamental importance ratings 

of CRs. Due to the cloud-based environment, OKP companies may get sufficient CRs 

information through resource pooling, crowd sourcing, social media and etc.  



 

Fig. 1. Product planning interaction process in CMfg 

3.3 Undertake competitive marketing analysis 

Due to the networked environment, both marketing analysts and customers can 

easily participate in the marketing analysis process through GUIs (Step 12). The plat-

form provider could offer related design information by social media (Step 13), such 

as competitors‟ information, customer view histories and etc. 

The competitive marketing analysis of CRs (Step 11) can generally be obtained by 

analyzing relative performance estimations of a corporation and its competitors from 

customers‟ perceptions. It utilizes entropy method to obtain the competitive priority 



ratings of CRs [14]. Then, the improvement factors of CRs will be estimated by the 

engineers in five perspectives: financial, customer, internal-business processes, learn-

ing and growth, and feasibility in a qualitative and quantitative way [13]. 

3.4 Determine final importance ratings of CRs 

In order to determine the final importance ratings of CRs (Step 14), conjoint analy-

sis [15] is widely utilized. Also, to deal with the imprecise information of CRs,  both 

fuzzy set based methods and rough set based methods are introduced to quantify the 

subjective information, such as fuzzy AHP [16], fuzzy weighted average [17] and 

rough number method [18]. They can be implemented in the cloud environment as a 

SaaS for OKP companies to purchase in a “pay-per-use” mode. 

3.5 Map CRs into ECs 

After Step 14, designers can map CRs into ECs, and transfer the final importance 

ratings of CRs into importance ratings of ECs by QFD product planning HoQ, which 

is supported by the platform provider with a team of experts (Step 15). OKP compa-

nies may either choose to out sourcing the complicated QFD process or inquire ex-

perts with specific knowledge. Accordingly, designers define the constraints of ECs 

(Step 16) and develop product concepts (Step 17) to customers‟ satisfaction. Finally, 

new design information is stored in the cloud server for knowledge re-uses (Step 18). 

3.6 Customer-centric decision making 

Customers need to make their own decisions along the interaction process, i.e.: 

perceptions towards the CRs (Step 10), fundamental importance ratings of CRs (Step 

12), marketing analysis results of CRs (Step 14), the prospective ECs (Step 16), and 

the design concepts (Step 17). Each step needs to be satisfied by the customers 

through online negotiations [19]; otherwise, the analysis process needs to be 

re-conducted from the step of providing and identifying CRs (Step 9 and Step 10).  

The above interaction process improves the response speed by connecting custom-

ers and service providers in the cloud-based platform collaboratively. Thus, resources 

can be efficiently utilized by them, which enhance business performance. Also, cloud 

service platform provider provides online SaaS and social media to support the QFD 

HoQ while OKP companies only need to pay-per-use. It effectively overcomes their 



shortage of limited resources, and reduces the cost of complicated product planning. 

4 Discussions 

Aiming to enhance the OKP company product planning process, this paper proposed a 

QFD-based approach to integrate it in the CMfg environment. The approach took 

advantage the advanced CMfg technologies, which overcomes the challenge of 

achieving sufficient customer information by utilizing resource pooling, crowd 

sourcing and social media in the networked environment. Also, it shows how to un-

dertake complicated systematic QFD-based product planning in a cost-effective way 

by out sourcing the service or utilizing online SaaS and inquire experts in a 

“pay-per-use” mode. Moreover, the QFD-based interaction process among customers, 

OKP companies, platform providers and infrastructure providers was introduced in 

detail, which provided the guidelines for OKP companies to be involved in the CMfg 

environment. In the future, the proposed approach will be developed with a system 

framework and a software implementation to facilitate OKP companies‟ product 

planning process in the CMfg environment. 
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