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Abstract Nowadays, computer numerical control (CNC) ma-
chine tool undertakes more processing tasks than other com-
mon machine tools because of its highly automated machining
ability and high performance. However, due to the lack of
intelligence in machining process planning, machining proce-
dure of products mostly depends on process planners rather
than CNC machine tools. To make product quality less de-
pendable on process planner’s ability and improve the effi-
ciency of process planning in order to fulfill changeable mar-
ket, this paper presents an approach to design and develop
CNC machining process knowledge base using cloud technol-
ogy. The general standard STEP-NC is mapped to web ontol-
ogy language (OWL) to describe machining process-related
knowledge in a readable and comprehensible way. This map-
ping relation also makes knowledge suitable for storage in
HBase. Through this ontology model, descriptive and logical
knowledge can be collected. Hadoop platform is used in this
approach to provide the NoSQL database HBase for large-
scale knowledge storage and MapReduce programming mod-
el for large-scale knowledge processing. Taking advantage of
MapReduce, knowledge query engine and reasoning engine
can be developed. Users can submit task and resource descrip-
tive files to the cloud through CNC controller and get machin-
ing process solutions from knowledge base. Evaluation mech-
anism is also adopted to filter low-quality knoweldge.
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1 Introduction

With the development of computer and information technol-
ogy, computer numerical control (CNC) machine tools have
undertaken more complicated machining tasks. Because of its
highly automated machining ability and high performance,
CNC machine tools have gradually became the main choice
to process mechanical products than other common machine
tools.

Among the life cycle of mechanical products, process plan-
ning is important as it connects the design stage and machin-
ing stage. Process planning gives the instruction in machining
a product based on the product design and available machin-
ing resources. It could be said that, a good process planning
can guarantee products’ quality, processing time, and cost
efficiency. However, current process planning mostly depends
on the experience and expertise of process planners. Due to
the lack of intelligence in process planning, even though CNC
machine tools can do high-speed and high-precision machin-
ing, it cannot decide the machining procedure of a product.
Besides, as the product becomes more and more complex, the
time used in process planning takes up more proportion of
product life cycle, which increases the preparing time for
product manufacturing and thus cannot fulfill the demand of
flexible and changeable market.

To make product quality less dependable on process plan-
ner’s ability and improve the efficiency of process planning,
some researches on machining knowledge base have been
done [1-3]. Yeo et al. employed a frame-based knowledge-
representation scheme to build knowledge base, which fo-
cused on the selection of turning process [1]. Nagasaka et al.
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built a management system of knowledge base by presenting
machining knowledge as a table of a predicate-logic represen-
tation [2]. Lee et al. developed a prototype knowledge-based
system ACES for automatic process selection and sequencing
[3]- As a combination of artificial intelligence and database,
knowledge base is capable of intelligent behavior, which is
based on certain domain rules. It has abilities not only to check
and manage knowledge but also to reason new knowledge
using the rules.

These studies give methods to build or manage machining
knowledge base. However, there are still two aspects that need
to be considered. They are the following:

* A common knowledge model. The diversity of knowledge
model such as expression approach and classification in-
creases difficulty of knowledge collection. Besides, vari-
ous knowledge model impedes not only knowledge exten-
sion but also knowledge sharing between different knowl-
edge bases.

* Ability to deal with mass knowledge storage and process-
ing. It is obvious that the more knowledge a knowledge
base contains, the better performance it would have. With
knowledge accumulation, single computer is not enough
to offer sufficient storage space and hard to improve effi-
ciency of query and reasoning.

This research aims at presenting an approach for design and
development of CNC machining process knowledge base
with a common knowledge model, which has ability to deal
with ever-growing knowledge effectively. In Section 2, re-
searches related with the two mentioned aspects earlier are
analyzed. In Section 3, method of knowledge collection with
an ontology model is introduced. With this method, CNC
machining process knowledge base on Hadoop platform is
built and the method of usage is given as well in Section 4.
Section 5 is the conclusions.

2 Literature review

Knowledge model, knowledge storage, and processing meth-
od play important roles in the process of establishing a knowl-
edge base. Knowledge model is closely related to expansibil-
ity, readability, intelligibility, and reusability of knowledge in
a knowledge base. While storage capacity and processing
strategy affect integrity and efficiency of the knowledge base.
Related works are listed in the following section.

2.1 CNC machining knowledge model
Currently, G-code (ISO 6983) is still widely used as a CNC

machining model. It just gives CNC system route information
and digital/analog input command. With this machining
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model, CNC machine tool is just an executor and lack of
intelligence. To overcome disadvantages of currently used
G-code, a new standard known as STEP-NC (ISO 14649) is
developed by the International Organization for
Standardization (ISO). Compared to G-code, STEP-NC offers
an object-oriented, well-structured, and information-
integrated data model which makes the basis for intelligent
CNC manufacturing and the open environment of globaliza-
tion [4].

Figure 1 shows the structure of STEP-NC. This figure
shows that STEP-NC defines clear relation and detailed de-
scription about CNC machining process and workpiece. Since
it complied with Standard for the Exchange of Product Model
Data (STEP), it enables the information flow between up-
stream CAx (CAD/CAM/CAPP) system and CNC controller
without any lost. Therefore, many researches utilize STEP-
NC to realize process planning in the phase of CAPP.

Zhang et al. designed a STEP-compliant process planning
system [5]. This system can evaluate surface roughness based
on each working step and thus provide a reference for process
optimization. STEP-NC file is generated as output in this sys-
tem. Nassehi et al. examined the feasibility of STEP-NC in an
adaptive global manufacturing system [4]. Because STEP-NC
file is resource independent and interoperable, it can transfer
regardless of geographical restrictions. A prototype system
was developed to accept this file and generate the final instruc-
tions such as G-code or feature-based ShopMill MPF accord-
ing to local machining resource. Allen et al. provided a meth-
odology of generating STEP-NC code automatically [6]. This
system can be regarded as a multi-agent system. With this
system, the process planner accepts CAD file and machining
specification, then exports STEP-NC file based on a
manufacturing resource database. Zhang et al. did a series of
research based on STEP-NC and developed a universal pro-
cess comprehension interface (UPCi) [7-9]. This software can
represent different CNC part programs in a unified STEP-NC
format and extract process plan through reserved shopfloor
knowledge.

Progresses of these researches demonstrate that informa-
tion contained in STEP-NC is enough to describe machining
process and suitable for current globalization trend. However,
the modeling language EXPRESS used in STEP-NC lacks
sematic and thus leads to difficulty of understanding to both
humans and computers. This difficulty in interpreting would
impede knowledge sharing and CNC intelligent process
planning.

Ontology is a preferred technology for knowledge model-
ing due to its explicit, sharable, and reusable feature [10]. An
ontology model language called web ontology language
(OWL) is recommended by the World Wide Web
Consortium (W3C). OWL was originally developed for
Sematic Web, and gradually adopted by other fields like bio-
logical and library management. Recent years, OWL is also
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Fig. 1 Structure of STEP-NC
model concluded from ISO 14649
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used in manufacturing field. Manufacturing’s Semantics
Ontology (MASON) is such an ontology model developed
by Lemaignan et al. [11]. This model includes three head
concepts (entities, operations, and resources) which aims at
describing manufacturing relevant concepts and can be ap-
plied in cost estimate and multi-agent system. Chi use OWL
building a model of supply chain to help enterprises find the
right partner [12]. However, these models are custom defined
and lack of widely accepted standards support. Barbau et al.
built an ontology model named OntoSTEP [13], which com-
plies with STEP. From this research, OWL shows superiority
over EXPRESS in two aspects. One is readable and compre-
hensible by both humans and machines; the other is its ability
to do reasoning. However, OntoSTEP is presented in a text
file, which would be too large with knowledge increasing to
store in a single computer. Meanwhile, query and reasoning
efficiency would be affected as well.

In this paper, focusing on intelligent process planning, ma-
chining relevant information is distilled from STEP-NC and
transformed to OWL model through a designed mapping rule.
Then, this model was used to collect knowledge and build
knowledge base, which meets requirements for massive
knowledge’s storage and processing.

2.2 Large-scale data storage and processing

Distributed and parallel processing would contribute to pro-
cessing efficiency of large-scale data. Cloud computing is a
promising approach which supports distributed and parallel
processing. It is firstly put forward by Eric Schmidt in the
Search Engine Strategies Conference & Expo (SES), San
Jose, 2006. Definition of cloud computing is various, the

e ——— —

|
: — > hasProperty |

| —® hasSubclass

widely acceptable one is defined by NITS [14]: Cloud com-
puting is a model for enabling ubiquitous, convenient, on-
demand network access to a shared pool of configurable com-
puting resources (e.g., networks, servers, storage, applica-
tions, and services) that can be rapidly provisioned and re-
leased with minimal management effort or service provider
interaction. Lots of famous companies such as Google,
Amazon, IBM, and Yahoo have successively invested a lot
of resources to carry out the cloud project [15-17].

In the face of globalization, cloud computing is also ap-
plied in the manufacturing field and generates a new concept
of cloud manufacturing. Cloud manufacturing, which is a new
computing and service-oriented manufacturing model, has
been widely studied in recent years [18].

Tao et al. investigated the relation of cloud computing,
Internet of things (IoT), and cloud manufacturing. Based on
their previous research works on manufacturing grid (MGrid)
service management [19-21], a cloud computing and loT-
based cloud manufacturing service system was proposed
[22]. For implementing the concept of cloud manufacturing,
a series of theory problems on manufacturing service intelli-
gent management [23] have been investigated by Tao et al.
[24-28] too. The concept of manufacturing service SDM sim-
ulator (SDMSim) is proposed to provide a uniformed research
platform which aims at studying these problems[29].

Ren et al. developed a cloud manufacturing system which
gave an application example to provide good solutions for
product life cycle based on the globalization of manufacturing
resources [30]. Hadoop platform and its programming model
MapReduce is introduced in this system to deal with massive
data, but data storage is still achieved through traditional rela-
tional database management system (RDBMYS).
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In these researches, it can be concluded that cloud technol-
ogy has been widely used under the environment of globali-
zation in manufacturing field. Cloud technology shows its
advantages of parallel and distributed processing feature,
which can adapt to trans-region collaborative manufacturing
or services. Compared to traditional machining process data-
base, knowledge base built with cloud technology has advan-
tages of openness, high access efficiency, and powerful stor-
age capacity when faced with large-scale data.

In this research, based on the distributed operating environ-
ment which cloud technology provided, a CNC machining
process knowledge base was built to fulfill the demands of
massive trans-region knowledge collection, storage, and pro-
cessing. The cloud knowledge base designed in this paper was
built on the Hadoop platform. This platform is a project main-
tained by Apache for the open-source software of reliable,
scalable, and distributed computing. Hadoop includes lots of
modules, not only the MapReduce module for massive data
processing but also the HBase module for massive data stor-
age was used in the development of CNC machining process
knowledge base.

3 Knowledge collecting method

In the process of developing knowledge base, knowledge col-
lection takes an important role as knowledge is the foundation
of querying and reasoning. Three steps are presented to collect
knowledge: knowledge scope and acquisition way confirma-
tion, ontology model development, and knowledge collection
through ontology model.

3.1 Knowledge scope confirmation

In the process of ontology modeling, clear knowledge
scope can guarantee modeling efficiency and model integ-
rity. In this research, CNC intelligent process planning-
related knowledge is classified into two parts and shown
in Figure 2. One is descriptive knowledge which defines
process planning relevant concepts and their according

instances. The other is logical knowledge which specifies
domain rules to do knowledge reasoning

3.1.1 Descriptive knowledge

Descriptive knowledge consists of three main parts. These
three parts are linked by relations to compose a complete
machining project. They are listed as below:

»  Workpiece: A workpiece can be described by machining
features, material, and machining requirements.

* Machining resource: CNC machine tool and its attach-
ments like cutting tools and fixtures belonging to it are
all machining resources.

*  Machining process: As mentioned in Section 2, according
to STEP-NC, a machining process should specify cutting
tool, feed rate, spindle speed, machining function, and
machining strategy.

Most above-mentioned information has been already
defined by STEP-NC, so concepts of descriptive knowl-
edge can be distilled from different STEP-NC part.
Figure 3 shows their acquisition method from STEP-
NC.

But some information definition in STEP-NC is not com-
plete enough to realize intelligence machining process plan-
ning. In this paper, fixture definition is added and machining
requirement definition is enriched.

In a STEP-NC file, fixture is simplified through several
points on the surface of workpiece, just indicating champing
position to avoid cutting tool collision through machining. So,
fixture can be simply described by the number of contact point
for workpiece and also their adjustable range.

Machining requirement in STEP-NC file only contains
global tolerance as workpiece’s property. This shape tolerance
is for workpiece and valid where no other tolerances are spec-
ified. However, surface roughness of each machining feature
is also an important influencing factor in machining processes

Fig. 2 Structure of CNC
intelligent process planning
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Fig. 3 Concepts of descriptive knowledge acquired from STEP-NC part
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planning. So, surface roughness is added as another property
of machining requirement in this research.

As the description earlier, concepts give the framework of
descriptive knowledge. According to the definition of con-
cepts, instances with specific value will be collected.

3.1.2 Logical knowledge

Logical knowledge provides derivation relations between ma-
chining feature and machining process for intelligent process
planning. As logical knowledge contains key contents for de-
cision-making, it should be acquired through domain experts
and also need critical check to confirm its usability. Since
process planning is related to processes of each feature and
also their machining sequence, the logical knowledge should
be formulated in two aspects as follows.

* Rules can reason one or several processes for one feature.

* Rules can determine processes sequence according to op-
timizing objective like energy efficient or processing
speed.

As it is not feasible to make rules for every machining
feature in different sizes, machining features concepts
have to be generalized to cooperate with rules and thus
make it suitable for machining process reasoning. This
procedure will be specified in Section 3.2. Besides gener-
alized feature, concrete feature is still maintained to de-
scribe a workpiece in project.

3.2 Ontology model development
As described in Section 2.1, OWL was chosen to build the
ontology model in this paper. Primary concepts about OWL

are listed below:

* C(Class: Define the concept of an object with some certain
properties.

* Property: Explain the features of an object owns with
some restriction, also known as a relationship expres-
sion between the domain and range it links. Two kinds
of properties exist in OWL. The object property links
class to class, while the data property links class to
data types such as int, double, boolean, string, and
SO on.

* Individual: Declare an instance of a class with initialized
property value.

* Restriction: Restrict the relation between domain and
range to make ontology expression more rigorous.
There are five restriction types: some, only, min, ex-
act, and max.

This ontology model corresponds with the concept part
of descriptive knowledge aforementioned in Section 3.1
to describe machining process-related knowledge in a
clear and rigorous way.

An open-source ontology editor named protégé becomes a
good selection for ontology modeling because it has friendly
HMI for users to edit ontology and can generate an XML file
in OWL schema according to the user editing in HMI. This
software is developed by Stanford University with several
useful reasoners to check logic conflicts of ontology in
modeling.

All concepts described in STEP-NC can be distilled
and transformed to OWL format through protégé.
Table 1 shows a specific mapping relation between
EXPRESS and OWL.

Aggregation type in STEP-NC means a property defines a
one-to-many relationship. Considering the subsequent knowl-
edge storage in database, this mapping is simplified by using
restriction “only” to restrict the type of domain.

Besides direct mapping from STEP-NC to this ontology
model, concepts about “machining_feature” should be gener-
alized for process reasoning. To distinguish generalized class
and concrete class, we add “_g” to the end of generalized
class’s name.

Take entity “planar_face”, subtype of “machining feature”,
for example, Figure 4 shows its definition in STEP-NC. Two
classes in OWL are related to this entity. They are
“planar face” and “planar face g”. Class “planar_face” can
be directly transformed from entity using the mapping rela-
tion. While class “planar_face g” will be elaborated because
some modification of its properties are required during the
transformation.

All attributes of entity “planar face” are listed in
Fig. 4. Some of them are inherited from its parent class,
which means that modification to these properties will be
applied on their parent class and the parent class is also a
generalized class.

In “planar_face g”, three kinds of modifications are pro-
posed, they are listed below:
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Table 1  Mapping relation between EXPRESS and OWL

EXPRESS OWL
Entity Class
Subclass of SubclassOf
Attribute with an entity type ObjectType
Attribute with a simple data type DataType

Attribute without optional Domain is single type

Domain is aggregation type
(LIST, SET, etc.)

Attribute with optional -

SET[0:?],n # 0
SET[n:?],n #0
SET[?n],n #0
SET[n:m], n # 0, m>n

use “only” and “exact 1 to restrict type and cardinality
use “only” to restrict type

use “only”” and “min n” to restrict type and cardinality
use “only” and “max n” to restrict type and cardinality

use “only”, “max n” and “max m” to restrict type and cardinality

use “only” to restrict type

* Elimination: Properties indicate relationships between
machining feature and whole workpiece as well as
contribute less to machining process reasoning, like
property “its_workpiece”.

» Addition: Properties are required in machining process
reasoning, like “its_machining requirement” and
“its_material”.

*  Generalization: Properties with exact value which are diver-
sity and not suitable for reasoning, like “course of travel”
and “removal_boundary”.

Table 2 shows property difference between “planar_face”
and “planar face g”.

Through protégé, ontology model can be manually built
according to the mapping relation between EXPRESS and
OWL. This ontology model does not contain any individuals

Fig. 4 Definition of “planar_
face” in ISO 14649-10

which corresponding to the instance part of descriptive knowl-
edge. Logical knowledge is not contained in this model too.
Both parts are considered as the knowledge which are collected
through this ontology model.

3.3 Knowledge collection through ontology model

According to the ontology model, knowledge collection is
divided into two parts as below:

* Descriptive knowledge collection can be considered as
individual accumulation in knowledge base. All ma-
chining process planning-related personnel like ex-
perts, process planners, and machine tool operators
can contribute to this part.

course_of_travel
face_boundary

volume
to be removed

X x
feature_placement 4

its_workpiece

depth

removal_boundary

ENTITY planar_face

its_id: identifier;
manufacturing _feature { its_workpiece: workpiece;

its_operations: SET [0:?] OF machining_operation;

two5D_manufacturing_feature ——=— feature_placement: axis2_placement_3d;

machining_feature
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course_of_travel: linear_path;
removal_boundary: linear_profile;
face_boundary: OPTIONAL closed _profile;
its_boss: SET [0:?] OF boss;

END ENTITY
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Table2 Property differences between “planar_face” and “planar_face_
g” in OWL

Property of “planar_face” Property of “planar_face g”

no exist
ratio_of length_width

its_workpiece
course_of_travel
removal _boundary

its_boss no exist
no exist its_machining_requrement
no exist its_material

* Logical knowledge collection can be considered as
filling the set of rules. Different from descriptive
knowledge collection, logical knowledge should be
acquired only from experts to guarantee its correctness
and authority.

Figure 5 shows the collection method.

3.3.1 Logical knowledge collection

Logical knowledge also known as rules are described
using Semantic Web Rule Language (SWRL). Though
OWL has its own rules to do simple reasoning [31],
SWRL provides more detailed user-defined rules to ex-
press implicit domain knowledge which OWL may not
represent. It enhances the integrity and preciseness of
ontology-based domain knowledge.

SWRL inherits rule format from RuleML and represents
with OWL, it can be said that, rules are made up by descriptive
knowledge through some logic. A complete rule consists of
“head” and “body” which means reasoning result and premise
separately.

Logical knowledge should be collected before descriptive
knowledge as it enables knowledge reasoning and the

Fig. 5 Knowledge collection
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reasoning result may contribute to descriptive knowledge col-
lection. Experts can use concepts defined in ontology model
and combined with SWRL schema to make rules. Two fre-
quently used schema are “variable” and “atom”. Variable
specifies an unknown individual and in front of its name is
always a “?”. Atom determines type of “variable” or the rela-
tionship between “variable”. This type and relation must be
defined in the ontology model. “head” and “body” in SWRL
is constituted of “atom” with connector “*””.

Take a simple rule for example, a rule specifies “when
roughness of a plane is smaller than Ra3.2, the federate is
smaller than 0.04 m/s” would be represented in SWRL as
below:

machining_operation(?o)"its_technology(?o,?t) feedrate
(?2¢t,?2f)"
planar_face g(?x)"its_machining_requrement(?x,?rq)"its_r-
oughness(?rq,?rn) swrib:lessThanOrEqual(?rn, 3.2)—
swrilb:lessThanOrEqual(?f,0.04)

As ontology model derived from STEP-NC and of-
fers an understandable and unified definition, experts
can make rules in their familiar domain without addi-
tional attention to expression format. Each SWRL item
is represented in its own textual format and relatively
independent, so they can be collected in different time
and regions which facilitates knowledge collection speed
and richness.

3.3.2 Descriptive knowledge collection

Approach of collecting descriptive knowledge is more various
than logical knowledge collection. Actually, a STEP-NC file
can be treated as an individual of class “project”. Therefore,
STEP-NC files generated from other STEP-compliant sys-
tems can be directly submitted to knowledge base as a piece
of descriptive knowledge through a transformation from
EXPRESS to OWL. Besides, after actual application and
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assessment, the new reasoning result generated from knowl-
edge base can feed back to it as one of descriptive knowledge
acquisition approach. Knowledge base users can also edit ma-
chining process for each feature according to ontology model
and submit them as part of “project” individual.

4 Implementing knowledge base in the cloud

Knowledge base is responsible for knowledge storage and
processing. In addition to the realization of basic func-
tions, a reasonable application mechanism can also affect
the usability of knowledge base. Design and application
methods of knowledge base are introduced in this chapter.

4.1 Design of knowledge base

Knowledge base consists of three parts. Database is used
to store classes and individuals of descriptive knowledge.
Meanwhile, it cooperated with reasoning engine, which
utilizes logical knowledge to do reasoning and query en-
gine to retrieve existed knowledge.

4.1.1 Design of database

Traditional relational database on single computer like SQL
Server and MySQL is incapable to store large-scale knowl-
edge and access them efficiently. Hadoop Database (HBase) is
one of not only SQL (NoSQL) database which provided by
Hadoop platform. Different from relational database, HBase
uses distributed key value for data storage. It stores each data
as an object, which not restricted to two-dimensional tables.
Figure 6 shows the object stored in a key value store table.
Each object can be considered as one class or individual in
OWL. Its property value corresponds to the property domain
in OWL.

Table 3 shows conceptual view of HBase table. Columns
in HBase can be added dynamically while column family
should be designed in advance. Each column will be named
with a prefix of its column family. Each cell in HBase can
store several values distinguished by its timestamp, then an
exact value can be get through the combination of row key,
column and timestamp.

HBase is chosen to store knowledge represented in
OWL, not only because its ability of distributed storage

Table 3  Conceptual view of HBase table

RowKey Timestamp Column Family: cfl Column Family: cf2
Column Value Column Value
rl tl cfl:cl vl-1la
©2 cfl:c2 vl-12a
t3 cf2:cl vl-2la
t4 cfl:cl v1l-11b
2 t5 cfl:cl v2-1la
t6 cf2:c2 v2-2la

is suitable for dealing with massive data but also because
its features listed below:

» Several values can be stored in one cell. Some properties
in OWL describe a one-to-many relation, which corre-
sponds to several domain values. Restricted by the two-
dimensional table, this type of relationship is difficult to
store and query in relational database.

» All data stores in HBase in the form of string. As OWL file
is textual, there is no conversion between expression of
knowledge and storage of knowledge.

* Value is allowed to be null and will not take up any space.
Though concepts store in one table are similar, some dif-
ferences still exist in their properties. It is null when the
class does not own this property or this property is option-
al. This will save more space than using relational
database.

Query for HBase is always aiming at one table that means
joint query does not get good support in HBase. So, the lesser
the number of tables in HBase design, the better to some
extent. However, considering efficiency of query and reason-
ing, a clear classification of tables is important too. In this
design, six tables are built as follows. One of them focuses
on class storage, while others concentrate on individual
storage.

» Table for class storage. This table is the basis for other four
tables design. Two column families exist in this table
named “basic relation” and “custom relation”. Columns
belonging to “basic relation” are relationships OWL sup-
ports, such as “SubclassOf’, “DisjointWith”, “EqualTo”
etc. While columns belonging to “custom relation” are

| table M object

1

Fig. 6 Object stored in a key value store table
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object properties and data properties. Each property takes
up two columns to store because of the additional restric-
tion type. Relations and restrictions recorded in this table
can be used for ontology integrity and consistency check.

+ Tables for machining feature/machining process/machin-
ing resource/project individual storage. These tables are
designed based on their corresponding classes. Only one
column family “properties” exists, all properties owned by
the basic class and its subclasses are added to this column
family. Considering search efficiency, individual’s type is
designed as part of row key.

» Table for common used individual. This table is designed
for individuals whose class is usually used as a simple
structure. Entities such as “cartesian_point”, “direction”,
and “axis2_placement 3d” are the type that almost every
class has relation to them. Like other individual storage
table, only one column family “properties” exists, but col-
umns belonging to it would be more diversity because
classes of these individuals have a few inheritance
relation.

Rule storage does not need database for storage. Because
they exist in their textual format and need no query and rea-
soning. Therefore, rules are just stored in a file in the HDFS
system as rule pool for reasoning engine.

4.1.2 Design of reasoning engine and query engine

Aiming at ontology reasoning, some reasoners like
RACER, Hermit, Jena etc. are developed by researchers.
But these reasoners cannot be directly used as reasoning
engine in this research because their limited performance
when dealing with massive data. Different from above
reasoners only supports OWL rules, Jess supports custom
rules made by SWRL to do reasoning in various domain.
As a rule engine for the java platform. Jess provide API
for users to develop reasoning engine according to the
actual application condition.

In this research, query is an inner process during the work
of knowledge base and not open for users. Ontology query
language such as SPARQL was not used because knowledge

Fig. 7 Internal collaboration of
knowledge base

workpiece
information

machining
resource
infomation

is retrieved from database. This process can be directly real-
ized in the program through API without a transformation
from SPARQL to database query language. HBase API pro-
vides two methods to query data, which are “Get” and “Scan”.
“Get” method returns one record according to the row key and
“Scan” method returns a set of records according to some
specified parameters such as column name or timestamp
range.

As knowledge scale is large, its query and reasoning pro-
cess would take a lot of time on one computer. Taking
advantage of Hadoop platform, a programming model
named MapReduce is applied to do parallel process among
computer clusters. In the cluster, one computer is considered
as master node and the others are worker nodes. Master
node can distribute jobs to worker nodes and supervise the
progress of job. So, users can concentrate on the realization
of job without considering data split and scheduling.

In this paper, each query and reasoning task can be seen as
a combination of several jobs and go through MapReduce
phase. Actually, the application of MapReduce programming
model is the procedure of overriding map and reduce function
through some algorithms.

In map phase, map function takes a (key, value) pair as
input. The input source is usually files from HDFS or table
from HBase. According to different sources, key will be file
name or table name and value will be line of text or one row
data. After filtering useless data, a intermediate (ikey, ivalue)
pair will be generated as output of map phase. Then different
ivalues are integrated with the same ikey. Another (ikey, list
<ivalue>) pair is taken as input of reduce function. The final
output of reduce phase is a (okey, ovalue) pair after merging
the redundant ivalues and doing some simple operation like
addition or connection.

These two engines play different roles. Reasoning engine is
responsible for the efficient machining processes reasoning
and undertakes more work in the early stage of knowledge
base construction. While query engine is rarely used in the
early stage of knowledge base because there are no sufficient
individuals existing. With continuous collection of knowl-
edge, task burden would transfer from reasoning engine to
query engine.
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Fig. 8 Flow of knowledge
acquisition and feedback
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Inputs of these two engine are the same, including infor-
mation of workpiece and available machining resource.
Concrete features as well as machining requirements of work-
piece should be combined to generate generalized features.

Reasoning procedure is achieved through combination of
MapReduce and collected logic knowledge. As machining
processes reasoning for each generalized feature is relatively
independent, they can be done simultaneously. This job could
be splitted and more detailed by reasoning technology, cutting
tool, machine function, and machining strategy at the same
time. At last, machining processes reasoned by this engine are
not only pushed for users but also stored in database for
knowledge expansion.

Query procedure is achieved through combination of
MapReduce and HBase API. First of all, project individuals
in database is inquired whether there is one similar to the

project to be executed with same features and machining re-
quirement. If there is no eligible individual, inquiring whether
there is a generalized feature in knoweldge base is similar to
the generalized feature to be executed. If such feature existed,
its corresponding processes can be retrieved.

As machining process planning also involves process se-
quence optimization, logic knowledge is also utilized to opti-
mize process sequence after determining machining process
for each feature. Figure 7 internal collaboration of knowledge
base shows the internal collaboration of knowledge base.

4.2 Knowledge acquisition workflow
To get machining process from knowledge base, query is the

first step. If there is no directly used project individual, rea-
soning would be done subsequently. Figure 8 shows the flow.

Table 4 Comparison between
knowledge bases

Traditional machining
process database

Machining process knowledge
base designed in this paper

Concurrent processing ability
Knowledge storage capacity

Knowledge base scalability

low quality high quality

usually limited by
single computer

almost no storage limit
(achieved by continually
adding nodes into cluster)

limited good
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Two files are submitted to knowledge base to get machin-
ing process planning results. One is task description file which
includes all machining features of the workpiece and their
machining requirements. The other is resource description file
including tools, fixtures and functions which a CNC machine
tool has.

Because STEP-NC file carries information about machin-
ing features and parts of machining requirement, contents of
task description file could be extracted from STEP-NC file
using ST-Developer toolkit. While contents of resource de-
scription file could be structured based on the information
defined by machining resource ontology.

As knowledge base is built in the cloud, these two files
must transfer through network. So, both of them are represent-
ed in the schema of XML because of its extensible, transport-
able, and understandable feature. Actually, information
contained in these submitted files can be considered as sim-
plified instance of descriptive knowledge.

Each machine tools in the workshop owns its resource
description file. Traditional process planning is usually made
several days ahead of actual machining and thus cannot re-
spond to the change of machining resource rapidly. But this
resource description file can be modified based on the change
of machine tools to enable process planning be done at the
shopfloor level.

With knowledge increasing, more project individuals
would be pushed to users when users ask knowledge base
for machining process planning. Effective evaluation and
feedback can contribute to the filter of low-quality knoweldge.
After applying machining process planning, users can evalu-
ate it according to the actual effect. Besides the overall assess-
ment, other assessments of the three aspects are also made
including machining efficiency, energy consumption, and
economical efficiency.

Both files submission and feedback should be performed
by the CNC controller. Information interaction between CNC
controller and knowledge base in the cloud is realized through
files transformation on the network. This network connection
is only necessary when users ask for new machining process
planning, commonly used process planning would be stored
in the cache of CNC controller and called from the cache
locally.

4.3 Discussion
4.3.1 Performance aspect discussion

In performance aspect, knowledge base designed in this paper
has some differences from traditional machining process da-
tabase due to the application of cloud technology. Table 4 lists
comparisons from three aspects. It shows that the concurrent
processing ability, knowledge storage capability and knowl-
edge base scalability of the machining process knowledge

base designed in this paper have better performances than
traditional machining process database.

4.3.2 Design aspect discussion

In design aspect, compared with traditional machining process
database, the advantages of the CNC machining process
knowledge base built in this paper are listed as below:

* Knowledge representing method. In this paper, ontology
is used to represent machining process knowledge.
Semantics in the application of knowledge expression
makes machining process more readable and gives a rig-
orous way for knowledge reasoning.

*  Query and reasoning method. MapReduce programming
model is adopted to do query and reasoning in this design.
This model gives a parallel processing of large data set,
which is adapted to large-scale data. This view has been
verified by Fadhli et al. [32]. They did experiment to as-
sess performances by comparing the execution time, CPU
usage, and RAM usage of each approach and it shows that
MapReduce performs better than the single host computer.

» Database selection. The NoSQL database HBase is select-
ed to store massive knowledge rather than using tradition-
al relational database. HBase has lots of advantages to face
to today’s machining process innovation and related
knowledge continuous accumulation. Its storage mode is
based on columns and it supports dynamic column
adding. These two features show its scalability is better
than RDBMS. HBase also has feature of splitting table
automatically which is suitable for distributed storage.
Though HBase does not support condition query, it pro-
vides API to scan table based on MapReduce program-
ming model, so condition query can be realized to some
extent by overriding this APL

5 Conclusion and future work

In this paper, an approach of design and development of a
CNC machining process knowledge base using cloud technol-
ogy is presented. Knowledge collection method as well as the
implementation of knowledge are introduced.

For knowledge collection, knowledge is divided into de-
scriptive knowledge and logical knowledge. To collect knowl-
edge more effectively, a knowledge model expressed with
OWL is built according to the description of STEP-NC, mak-
ing knowledge more understandable and universal. A specific
mapping relation between STEP-NC and OWL is proposed
which can covert STEP-NC format to OWL and make knowl-
edge storage applicable in HBase.
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For knowledge base development and use, HBase is de-
signed for knowledge storage. Query engine and reasoning
engine are designed for knowledge process. Six tables are
designed in HBase to store concepts and individuals separate-
ly which makes descriptive knowledge update and expansion
convenient. Query and reasoning engines take advantage of
MapReduce programming model to achieve a distributed and
parallel process, making query and reasoning more effective.
Knowledge use method is also presented in this paper. Task
description file and resource description file are submitted by
users to knowledge base and then knowledge base will push
several project individuals to users as results of query or rea-
soning. Users can evaluate these process planning solutions,
and thus, unuseful knowledge would be gradually filtered out
with the help of user evaluation.

The future work will focus on two parts. One is further
research on machining process reasoning rules. A reasoning
rule editor will be designed and the effectiveness of the rea-
soning engine will be improved and verified. The other is the
development of CNC controller which can interpret and exe-
cute the result which was pushed by knowledge base with
OWL format, making CNC control system have the ability
of intelligence.
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