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Abstract 

Process service is an important segment of cloud manufacturing ecosystem, in which 

virtualized process resources are furnished as consumable services. In this paper, a 

service-oriented approach cloud process service is proposed to achieve a collaborative 

processing environment for distributed participants. In order to implement the cloud 

process service, it’s important to identify the existing process resources and capabilities, 

then virtualize them as processing services. In the first place, basic features of process 

service are summarized, and a standardized business model and process knowledge base 

are built to describe concept, cloud service and relevant features. Besides, a seven layer 

structure of cloud platform is proposed with a virtualization methodology to describe 

process service, source provider and process service requests. In the end, a case is 

presented to demonstrate the ability of integrating cloud process services. 

 

Keywords: cloud manufacturing, process service, knowledge base, Service-oriented 

manufacturing 
 

1. Introduction  

The Internet connects the world and brings the opportunities to share resource and 

knowledge in a collective way. On the other hand, manufacturing enterprises around the 

world are struggling to seek more effective manufacturing strategies. The concept of 

cloud computing was introduced into manufacturing, to create the concept of cloud 

manufacturing. Cloud manufacturing is a customer-centric manufacturing model that 

exploits on-demand access to a shared collection of diversified and distributed 

manufacturing resources to form temporary, reconfigurable production capacities which 

enhance efficiency, reduce costs [1]. In 2010 the European Commission launched a 

research project on cloud-based manufacturing with the purpose of integrating distributed 

and virtualized production resource based on networks and providing manufacturing 

enterprises with the cloud-based manufacturing service [2].  

The cloud-based process service as well as other cloud services (such as design, 

simulation services, etc.) are important part in the concept of cloud manufacturing. With 

the support of relevant domain knowledge base, the relative virtualized process resources 

and manufacturing ability can be integrated in a platform to form process cloud services 

[3]. The implementation of cloud manufacturing service platform is a systematic project, 

there are still lots of technical issues need to be solved. The related process resource, 

capability and knowledge etc., need to be well described, componentized, virtualized, in 
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order to be integrated in process service cloud. Lots of researches on cloud manufacturing 

has made recently both on resource virtualization and system architecture. Wu and Yang 

[4] proposed an approach on resource modelling to describe the manufacturing resources 

in a cloud environment. Hu et al. [5] proposed a method about the classification of virtual 

manufacturing resources in cloud manufacturing. Fan and Xiao [6] proposed an 

architecture on resource integration based on a federation principle.  

However, the researches above are mainly concerning the whole structure of cloud 

manufacturing, the research on solution for process cloud service is insufficient. There is 

a need for further research in the field of process cloud service. This paper will analyze 

the some key technologies and implementation method of the process cloud service 

combining the characteristics of process service. The process cloud service are discussed 

followed by the presentations of relevant researches that help the implementation of a 

process cloud service in the first half of this paper. Besides, a model of process service 

cloud platform is proposed in the second half of this paper. 

 

2. Process Cloud Service  

Process resources are virtualized and encapsulated into Process Cloud Services [7]. 

Shown as Fig. 1, the Process Cloud Services environment is enabled by users, resource 

providers, and cloud plant operators with the support of knowledge base. The operator is 

responsible for establishing operation mode and operating service platform; Resource 

provider provides cloud-based process services to the demander based on its own process 

resources and manufacturing capacity; User can obtain cloud process service by means of 

pay-as-you-go. For example, CNC machining services are represented into process 

service cloud which is a constituent part of manufacturing cloud. User can search this 

kind of service in the manufacturing cloud and pay related fees to buy related service. 
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Figure 1. Cloud Manufacturing Abstract 

In the concept of cloud manufacturing, process resources usually have the 

characteristics of dispersed, autonomy, heterogeneity and dynamic [8], the process service 

needs to solve several common problems, such as the perception and access of virtual 

resources, encapsulation of service, etc. Therefore, in addition to the common problems of 

cloud services, full consideration on the special requirements of process field is needed. 

Specific to the process cloud services, virtual resources and technical process need to be 

integrated into cloud manufacturing environment, including a series of necessary work, 

such as process design, NC programming and simulation and so on. 
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For establishing process cloud services, both hardware resources and soft resources 

need to be integrated [9]. Hardware resources which represented by numerical control 

machine tool need to be described by uniform data model or specification. The cloud 

service is also closely related to process, technology, and skills which are determined by 

knowledge and software. There are different ways of the expression and storage of 

process knowledge [10], such as forms of technological knowledge handbook, 

specification of machine, as well as the code of NC machining tool and so on. Therefore, 

reasonable knowledge modeling of process capability is also very important. 
 

3. The Virtualization of Process Resource 

The distribution of integrated resources and the integration of distributed resources are 

the key features of cloud process service. Resource virtualization is a necessary condition 

for the servitization of manufacturing capability [11]. Distributed process resources and 

process capabilities need to be integrated to form a resource pool and assigned to user 

depending on requirement [12]. On the other hand, for purpose of facilitating rapid 

scalability, it’s crucial to formally represent the process resources. 

 

3.1. The Description of Cloud Process Resources 

For better description and presentation of cloud process service, provider and user’s 

requests, it’s necessary to build an efficient data models with robust modelling language. 

EXPRESS is a kind of standard data modeling language which is used for product data, 

and it is also formalized in the ISO Standard for the Exchange of Product model STEP. 

The method of describe the cloud process resource based on EXPRESS-G can be 
summarized as follows. 

1. Classification 

        The resource type can be divided into and software resources (S_resource) and 

hardwarresource (H_resource). Then each of them can be further classified into 

different groups. 

2. Description 

        Resources can be described by the classification of basic properties, performance and 

function attributes, transaction attribute and evaluation attribute, each of these 

attributes may continue to be subdivided [13]. For example, a knowledge model of a 

CNC milling machine can be obtained via describing it from the above five aspects. 

3.  Instantiation  

         According to the above knowledge model and EXPRESS language, instantiation of 

cloud process resources can be obtained through giving assignments to parameters of 

attribute. 

        The participator models can be expressed in EXPRESS which provides the 

portability with standard data models, these enterprises which provide cloud process 

services are defined as Cloud_Process_Service_Provider. The elements in process 

service cloud such as distributed process resources (e.g., equipments, materials, 

software, knowledge, and skills) and process capabilities (e.g., process design 

capability, production capability, experimentation capability, and management 

capability) can also be expressed as Fig. 2. In this way, manufacturing enterprises 

can be described by provider profiles and service properties in the cloud 

environment. And the attributes of process resource including both Hard_Resouce 

and Soft_Resource are represented. 
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Figure 2. The Cloud Process Participator Model 

Cloud platform need to provide enterprises with detailed information on collaborative 

process planning, assigning task and execution trace to realize collaborative management. 

Besides, to describe the second category of enterprise attributes further, the recognition of 

the specific cloud process service is modelled via Entity 

Cloud_Process_Service_Template, shown as Figure 3, This entity gives the explicit 

model of the value which is used to accomplish process service.  
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Figure 3. The Cloud Process Service Templates Model 

Cloud_Service_Request model is also built to describe the request of a cloud process 

service, shown as Figure 4, Cloud_Process_Service_Request is a bridge between process 

demand and cloud process service, this model offers a standardized methods for the users’ 

request. In practice, the service description is presented as a structured statement and 

transmitted to the knowledge base which can give suggestion based on the resource pool 

and mapping rules. 
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Figure 4. The Cloud Process Service Request Model 

3.2. The Process Knowledge Base 

Process involves lot of information and knowledge, such as geometry information 

of work piece [14], NC system and programming language, the types of machining 

tool, cutting parameters and optimization methods, etc. These knowledge acts as a 

core supporting role in cloud manufacturing system. To implement loud process 

service, process knowledge need to be well expressed and organized to build 

process knowledge base.  

In order to meet the demand of cloud process service, this paper built a process 

knowledge base model based on ontology technology to describe relative concepts, 

relations, rules, etc. As shown in Fig 5, structure of process knowledge ontology 

mainly includes the rule layer, concept layer and domain layer. The concept layer 

describes the related conceptions, the relationship of attributes and constraints; 

Domain layer is mainly used to store instances corresponding to the conceptions in 

concept layer; Rule layer is used to collect related rules.  

The first priority of constructing concept layer is to classify the relevant subject 

knowledge, and list every concepts and attributes within the scope of subject, then 

organize it by ontology language to resulting in a set of ontology concepts. As 

shown in Fig 5, the related process concepts are divided into process characteristics 

ontology, process technology ontology, cutting tool ontology and NC system 

Ontology, etc. with the help of Web Ontology Language. (Fig 5 only shows the part 

of conception set and its relationship). 
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Domain layer is mainly used to store the instance corresponding to concept layer, 

all instances in domain layer has property values. For example, the concept of hole 

processing is defined in concept layer, there will be a specific instance indicated as 

ontology individual to describe the information of hole processing in the domain 

layer.  

The rule layer which is part of knowledge base contains the racer and domain 

rules, and can be updated and expanded, racer enables the knowledge base  to 

reasoning a solution based on domain rules. This layer is the foundation of realizing 

intelligent decision, such as process planning and selection of cutting tool. Semantic 

Web Rule Language is applied to describe the inference rules. For example, the rule 

for automatic selecting cutting tool is shown as below: 

DrillingCuttingTool(?r1) ∧ hasToolRadius(?r1,?m) ∧ HoleFeature(?r2) ∧ has 

Diameter(?r2,?n)∧ swrlb: Equal(?m,?n) → isSelected(?r1,ture) 

The rules means that if the drilling diameter r1has the same value as the 

characteristics of hole r2, the drilling cutter can be selected to perform this task.  
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Figure 5 .The Process Knowledge Base Based on Ontology 

4. Cloud Process Service Platform 

The cloud process services system integrates process resources, information, and 

management service together, can provide more professional and stable service [15]. It 

can not only effectively use process resources to provide service for user scattered in 

different locations, but also can effectively integrate distributed manufacturing capacity to 

form a composite service for the whole machining process. 
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4.1 The Logic of Process Service 

In order to describe the workflow accurately, it is necessary to understand the 

procedure from raw material to finished product. As shown in Fig 6, the cloud process 

service can be roughly divided into two stages of matching and monitoring from the 

perspective of service management. Process request form user will be analyzed to 

determine the technological characteristics, and decomposed into sub-tasks according to 

the resource existing in cloud. Then these sub-tasks match process resources according to 

rules and related constraints. The purpose of this stage is to realize the mapping of process 

tasks and manufacturing resources/manufacturing capability. After that, the process 

service is realized by the implementation of scheduling, optimization, process planning, 

programming and processing, etc. The cloud process service is composed by five service 

phases. According to the sequence of different routes, the cloud process service procedure 

can be presented in the flowchart as below. 

 

Start

Requirement 

Analyze

Task 

Decomposition

Resource 

Matching

Process

Service

Evaluate&

Feedback
1 2 3 4 5

T1

PS1

PS2

R1

R2

T2 PS3

EF

PS4

R3

RA End

RA: Requirement Analyze

T: Task

R: Resource

PS: Process Service

EF: Evaluate and Feedback

 Service Matching  Service Monitoring

Figure 6. Flowchart of Cloud Process Service 

 

4.2. System Architecture 

The cloud process service platform is an independent cloud service system, can be seen 

as a subsystem of the entire cloud manufacturing system which focuses on the whole life 

cycle manufacturing [16]. The cloud process service platform mainly supports the 

services in the field of manufacturing process, and pays more attention to the application 

integration and the management of knowledge than the general cloud service platform. In 

order to ensure the overall production completing on schedule with high quality, the 

processing progress, quality and manufacturing process of external resources must be 

closely integrated. At the same time, platform integrates with the ERP system to realize 

the exchange of information between cloud manufacturing platform and enterprise 

internal management system. Participators of cloud platform include resource provider, 

demander and platform operator. The demanders, most of them are small and medium-

sized manufacturing enterprises, will collaborate with external resources at the 

manufacturing process level. 

The architecture of process service cloud platform is shown as Figure 7, which 

including the user layer, the core function layer, service model layer, application 

integration layer, virtual resources layer, supporting layer and running environment layer. 

1)  The user layer. User layer provide unified interface for process service demander and 

provider, user can login the platform via a web browser around the world, publish or 

request process service, participate in the whole process of cloud manufacturing. 
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2)   The core function layer. This layer offer users the main functions of cloud process 

service, based on various types of virtualization resources. These functions include 

resource publishing, request publishing, service registry, matching management, 

transaction management, service management, credit evaluation, knowledge 

accumulation and user management, etc.. 

3)   Service model layer. The main function of this layer is to realize the cooperation of 

different participators. 

4)  Application integration layer. Application integration layer offers the function of 

resources transformation and information sharing, and supports the accession to 

virtualized resources. It also provides a data interface, use STEP-NC (Standard for 

the Exchange of Product model data - compliant Numerical Control data interface) to 

realize data exchange and interoperability. In addition, this layer not only 

communicates with CAD/CAM software, but also supports knowledge base. 

5)   Virtual resources layer. It covers various types of process resources which can be 

divided into hardware and software resources depending on their properties. 

6)   Supporting layer. It is the base layer of platform, mainly providing cloud storage 

platform, network connecting, database and server based support. 

7)   Running environment layer. Lasting and stable operation of the platform is guaranteed 

by the running environment layer which including agreements, security, operational 

standards and monitoring environment, etc. 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 7. The Architecture of Process Service Cloud Platform 
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5. Case Studies 

The process service cloud platform offers a possibility to break the barrier between 

organizations and geography. Process requirement can be decomposed into several 

subtasks to be completed by service providers around the world efficiently and 

economically. 

 To evaluate the concept of cloud process services, a case of Platform as a Service 

(PaaS) is presented as Fig. 8 to demonstrate the ability of integrating cloud process 

services. User can login the system dashboard and upload service requests by filling out 

process requirements and upload relevant documents on request-upload page. For 

example, the user requests a process planning service of generating detailed information. 

The process requirements will be stored in XML format. After the service request is 

received, the system will analyze the process request and search authorized process 

resources for user by cloud management engine according to the rules stored in 

knowledge base. System retrieves detailed information about every service provider 

including process capabilities, credibility, etc. Then, certain process resources are 

returned to system after searching all the database about service resource. User also can 

view progress of the process service. 
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6. Conclusions 

In this paper, the prototype system of cloud process service platform is proposed to 

achieve a collaborative processing environment for all participants including process 

demander, process service provider and platform operator. In order to implement the 

cloud process service, it’s important to identify the existing process resources and 

capabilities, then virtualize them as processing services. Therefore, a seven-layer structure 

of cloud platform is proposed with a virtualization methodology to describe process 

service, source provider and process service requests. A case is presented to demonstrate 

the ability of integrating cloud process services. Besides, additional applications and 

software can be adopted in the cloud platform. This cloud process service platform 

connects distributed process resources to provide services for user distributed around the 

world. In the future, more powerful knowledge base is needed to describe numerous 

manufacturing process type. 
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