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Abstract - Additive manufacturing (AM) or 3D printing
(3DP) is now perceived as an industrial revolution
technology in this digital 4.0 era. It has become popular in
various industrial fields thanks to its key advantages in
almost unlimited design freedom and material efficiency.
However, challenges in AM process planning still exist and
require substantial studies. In this research, we study an
operational-level, decision-making problem for the
orientation selection of the 3DP part to understand process
instability and efficiency issues. In addition, as quantitative
methods to determine the part orientation accounting for
user's knowledge and preferences are limited, we illustrate
economical and mechanical-desire preferences from a
decision maker using analytic hierarchy process (AHP)
framework. Trade-offs among conflicting criteria for parts
produced from fused deposition modeling (FDM) are
analyzed and compared to obtain the optimal part
orientation to be produced. The robust result shows that a
perpendicular direction affects how part is to be selected

Keywords - Multi-criteria decision making; Analytic
hierarchy process (AHP); Part orientation; Additive
manufacturing; 3-dimensional printing

I. INTRODUCTIONANDMOTIVATION

Additivemanufacturing(AM) has becomepopular in
various industries,not only for high-quality industrialuse
of three-dimensionalprinting (3DP), but also for personal
3DP use. These three-dimensional (3D) printers and
technologiesare categorized by materials and operations,
each of which has their own advantages and
disadvantages [1-3]. Whereas advantages of the AM
include reduction of tooling, agile manufacturing,
reduction in inventory, and part consolidation;challenges
are noted for cost of machines and materials, quality
assurance, and supply chain perspective. The top three
AM technologies are stereolithography (SLA), selective
laser sintering (SLS), and fused deposition modeling
(FDM) [4]. In contrast to the traditionalmethod, AM can
provide almost a perfect design freedom for part
fabrication with material efficiency. Although
manufacturing companies recognize the significance of
AM technologies, the applicability of 3DP technology is
challenged by low cost-efficiency, quality variation, and
process planning [5-8]. Among many process planning
problems, the part orientation is one critical factor that
affects processing time, part cost, surface quality, and
anisotropicpropertiesof a 3DPpart [9].

Orientation of a part refers to the building direction
with respect to the part being fabricated by the AM
machine. Two key tasks to solve the part orientation
concern are to determine the alternativeorientationand to
select the most suitable orientation among these
alternatives[10]. As a selectionof the part orientationcan
affectmultiple and conflicting factors, it can be viewedas
the multi-criteria decision-making (MCDM) problem.
Although MCDM have been increasingly used by
decisionmakers (DMs), an applicationof MCDMin AM
is limited. MCDM has been used in a variety of
applications to support decision-makers facing decision
and planning problems that a unique optimal solution
does not exist and decision-maker's preferences are
involved [11-13]. Among MCDM methods, analytic
hierarchy process (AHP) framework is a structured
technique that can support complex decisions through
direct comparison among alternatives, which helps DMs
to find one decision that best suits their goal and their
understandingof the problem [14].

Researchers have recently studied the impacts of the
part orientation in AM and proposed models to aid a
process planning for the part building [15-16].However,
existing models that account for process planner's
preferenceand knowledgeare lacking. In addition,studies
that compare 3DP parts fabricated from different AM
technologiesare limited. In this research, we examine the
part orientationdecisionmaking usingAHPmethodology.
Initially, the orientation alternatives are generated based
on the concept of convex envelope of a part visualizedas
the smallest convex set that contains a part. Next, six
conflicting criteria are determined (i.e., build time, build
cost, surface quality, part accuracy, mechanical
properties, and support volume). Then, these orientation
alternatives are fabricated from a FDM machine and
criteria data are collected and compared for qualitative
and quantitative measures. Two types of DMs (i.e.,
economical and mechanical-desire)are next illustrated in
the study. The validity of the algorithm is then verified
with technical staffs to improve optimal, effectiveprocess
planning in theAM.

The remaining sections of this study are organizedas
follows. We discuss multi-criteria selection problem of
part orientationin AM based on AHPmodel in SectionII.
Next, an experimentalcase study and results are discussed
in Sections III and IV, respectively. Finally, Section V
presents our research conclusions and outlines directions
for futureresearch.



II. ANALYTIC HIERARCHY PROCESS
METHODOLOGY

We illustrate the MCDM-based part orientation
framework incorporating AHP technique in this section.
AHP has been applied in different fields including
planning, selecting the best alternative, allocating
resources, resolving conflict, optimization, and so on [14,
17]. It is essentially based on three main operations;
hierarchy construction, priority analysis, and consistency
verification. AHP works by transforming the
comparisons, which are most of the times empirical, into
numeric values that can be further processed and
compared. The weight of each factor allows the
assessment of each one of the elements inside the
hierarchy, which is the main distinctive contribution of
the AHP when contrasted to other techniques.

Initially, the hierarchy structure can be constructed
for the top (i.e., goal or objective), the intermediate (i.e.,
criteria and sub-criteria), and the bottom (i.e., alternatives)
levels. All of the pairwise comparison matrices, with each
size of n x n , are then constructed and normalized where
n is the number of evaluated criteria. The comparison
between two elements can be done in different ways,
where the relative importance scale from I (i.e., equal
preference) to 9 (i.e., extreme preference) is widely used
[14]. These comparisons can be recorded in a positive
reciprocal matrix, A, as shown in (I). In making
judgements, the DM can incorporate experience,
knowledge, and hard data. Notice that the diagonal
elements are always 1 and we only need to fill the upper
triangular matrix, such that if the judgement value is on
the left side of I, we put the actual judgement value;
otherwise, we put the reciprocal value if the judgement
value is on the right side of I. Thus, there are
[n x (n -I)]/2 judgements required to develop the matrix.

Next, the normalized principal Eigenvector (P) is
calculated and the principal Eigenvalue or maximum
Eigenvalue (Amax) is obtained. The Eigenvector shows the
relative weights between each criterion obtained by
computing the arithmetic average of all criteria, where the
sum of all values in the vector is one. The Am ax can be
calculated from the summation of products between each
element of Eigenvector and the sum of columns of the
reciprocal matrix (2).

Then, it is important to capture enough information to
decide whether a DM has been consistent in the choices
that are provided. Thus, the consistency check is next
performed by calculating the consistency index (CI),
selecting the random consistency index (RI), and
evaluating the consistency ratio (CR) for each matrix. In
particular, the CI can be calculated using (3). Next, in
order to verify whether the CI is adequate, the CR can be
calculated based on the ratio between CI and RI, such that
the CR value will be considered having an acceptable
consistency if the resulting ratio of CR is less than 10%
(4). The RI based on the average CI of 500 randomly
filled matrices is as follows - (n, RI) pairs: (1, 0.00), (2,

0.00), (3, 0.58), (4, 0.90), (5, 1.12), (6, 1.24), (7, 1.32), (8,
1.41), (9, 1.45), and (10, 1.49). Finally, an overall, global
ranking of decision alternatives can be analyzed, which
adopts an additive aggregation with normalization of the
sum of the local priorities to unity (5).
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,where A IS the comparison matrix; aij IS the

comparison between i and j based on the importance
scale; p is the normalized principal Eigenvector; Amaxis the
maximal Eigenvalue; gj is the global priority of the

alternative i; I is a local priority; and w is the weight of
'1 1

the criterion j.

III. EXPERIMENTAL CASE STUDY

A. Orientation Alternatives

In practice, only a certain number of orientation
alternatives are practical in the process planning. The test
model in Fig. 1 with the size of70x25x30 mrrr' similar to
[16] is used to demonstrate the determination of
orientation alternatives to aid a comparative study. Fig.
l a) and lb) show orientation alternatives based on the
concept of convex envelope and build direction of the
model, respectively. Mathematically, the convex envelope
or convex hull of a set of points is the smallest convex set
that contains all the points. Thus, six orientation
alternatives can be identified from this illustrative part.
We note that orientation alternatives 2 and 4 are
differentiated, such that alternative 2 is oriented with
sharp angle between the printing platform and part,
whereas alternative 4 is perpendicularly oriented between
the printing platform and part. Fig. 2 illustrates the AHP
based multi-criteria selection problem of part orientation
in AM used in this analysis.

B. Multiple Criteria for AM Orientation

In this study, we illustrate six key criteria discussed in
the literature as important factors affected by an
orientation alternative.

I) Build time (BT) criterion: Build time is related to
the time spent on layer scanning, which is dependent on
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the nwnber of slices. The nwnber of slices is also
determined by layer thickness and the height of the part
from the z building direction. Thus, it follows that
different orientations impact greatly the build time.

2) Build cost (BC) criterion:Build cost refers to the
resources consumed during the manufacturing of a part in
AM, which usually contains direct (e.g., material) and
indirect cost (e.g., machine, energy, labor, time, etc.). It
follows that an orientation of a part will have an important
effect on the part cost.

3) Surface quality (SQ) criterion: Parts which are
typically parallel or perpendicular to the build orientation
will tend to have a better surface roughness or surface
finish than those whose face normal has an angle to the
build direction. Thus, the build direction of the part will
affect the surface quality of a part and the surface quality
should be considered as a key attribute.

4) Part accuracy (PA) criterion: Parts accuracy
refers to the difference between the produced part and the
design model. Part orientation can affect both shrinkage
and distortion, which are the main factors in AM resulting
in this difference. Thus, part accuracy is one important
attribute affected by the orientation.

5) Mechanicalproperties (MP) criterion:Properties
of a part produced by AM are found to be anisotropic
(i.e., the property of being directionally dependent). Other
properties, such as density, thermal, and electric
conductivity are also affected by the build orientation.

6) Support volume (SV) criterion: Support structure
is needed in some particular AM processes, such as FDM
for over-hangings. As the building orientation affects the
quantity of over-hangings of a part, it follows that the
building direction also impacts support volume.

C. Decision-MakerPreferences

We illustrate an experimental design for two types of
DMs including economical and mechanical-desire DM.
The economical DM illustrates a user who desires to pay
less for a printed part regardless of other factors (e.g., pay
more attention to build cost (BC) and build time (B1). On
the other hand, the mechanical-desire DM is willing to
pay more and scarify other factors as long as the printed
part has a high performance and good mechanical
properties (e.g., prefer mechanical properties (MP».

D. Part Fabrication

We fabricate parts for all orientation alternatives from
FDM printer using PLA material and Sprout printer from
Former's Farm at the center for 3D advanced additive
manufacturing at Ulsan National Institute of Science and
Technology (UNIST). Next, to evaluate each criterion for
printed part orientations, a questionnaire filled out by
technical experts, part testing, and Magics™ software
developed by Materialise are used to obtain necessary
information to aid a DM to evaluate each orientation
alternative. In particular, data related to the build time,
build cost, and support volume are quantitative and are

estimated from Magics™; whereas surface quality, part
accuracy, and mechanical properties are combined
qualitative and quantitative data obtained from part test
and expert opinions. Figs. 3(a) and 3(b) illustrate printed
parts from FDM and part accuracy test between CAD file
and printed part. The summary of the data is illustrated in
Table 1. It is clear that data for all criteria from altered
orientation alternatives are conflicting with each other.
For example, whereas build cost for alternatives 1 and 4
are the lowest, part accuracy of alternative 5 is superior.

h,

Fig. I. Orientation alternatives a) based on the convex envelope; b)
based on the build direction.

l.evel l:{:..,
Selecting the most suitable orienteucu
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Fig. 2. Hierarchy structure of the AHP-based part orientation model

Fig. 3. a) part fabrication for all orientation alternatives from FDM; b)
part accuracy test between CAD model and the printed part
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TABLE I
TEST DATAFROMFDM TOAID AHP-BASEDDECISIONMAKING

Ori. 6

BT 4.5-5.0 5.0-5.5 4.5-5.0 4.0-4.5 4.5-5.0 4.5-5.0
(h)

BC $12 $15 $13 $12 $13 $13
($)

SQ R, R, R, R. R, R,
(Ra) 5.58 5.45 13.06 2.75 9.98 11.22

PA 0.128 0.127 0.146 0.109 0.103 0.141
(mms) mms mms mms mms mms mms

MP Score 2 Score 3 Score 1 Score 5 Score 4 Score 1
(5-1)
SV 3 5 4
(g) grams gram grams gram grams grams

IV. RESULTSANDDISCUSSION

Given that there are two types of DMs in this
experiment (i.e., economical and mechanical-desire),two
comparisonmatrices, each with the size of 6x6 based on
six criteria, are needed with respect to the criteria level.
Then, six comparisonmatrices, each with the size of 6x6
based on six alternatives,are required for each criterionat
the alternatives level. The pair-wise comparison matrix
the criteria filled by the economical DM is illustrated in
Table 2. For example, the economical DM compares
among all the criteria such that the Be is moderately
preferred to BT criterion and is either stronglyor strongly
to very stronglypreferred to SQ, PA, MP, and SV criteria.
Next, the matrix is normalized, the Eigenvector is
calculated, the maximumEigenvalue is obtained, and the
CI and CR are calculated as shown in Table 3. The
comparisonfor the criteria matrix is used to set priorities
in terms of importancein contributingto the overall goal.

The matrix is first normalized by dividing each
element of the matrix by its column total. For example,
the value 0.19 in Table 3 is obtained by dividing 1 by
5.42, the sum of the column (1+3+1/3+1/3+1/4+1/2).
Next, the priority vector or the Eigenvector in Table 3 is
approximately obtained by computing the row average.
For example,the priority of BT (i.e., 0.21) is calculatedby
dividing the sum of all values in the row
(0.19+0.16+0.29+0.23+0.20+0.16) by the number of
criteria (i.e., 6). Then, Am" can be calculated from the
summation of products between each element of
Eigenvector in Table 3 and the sum of columns of the
matrix in Table 2. That is, 6.44 can be obtained from
(0.21xS.42)+ (0.4Sx2.07)+ (O.12x10.33)+ (0.10x12.83)
+ (0.04x20.00) + (0.09x12.33). Next, the CI can be
calculated, such that CI = (6.44-6)/(6-1)= 0.09. After the
RI is properly chosen (i.e., Rl = 1.24), the CR can be
calculated as CR = 0.09/1.24 = 0.07. Since the value of
CR is foundto be less than 10%(i.e., 0.1), thejudgements
are found to be acceptably consistent. In addition to the

pair-wise comparison for the criteria, the same pair-wise
compassion procedure is preceded for the decision
alternatives with respect to each criterion in the FDM
process. Finally, after obtaining the Eigenvectors of the
criteria for all DM types and all the Eigenvectors from
each alternative relative to each criterion, we can now
develop an overall priority ranking as shown in Table 4.
For example, the overall, global priority (weight) of the
orientation 1with respect to all criteria for the economical
DMwhen the FDM technologyis used is 0.21, which can
be computedfrom (0.21xO.14)+ (0.4SxO.3)+ (O.l2xO.18)
+ (0.10xO.09)+ (0.04xO.08)+ (0.09xO.ll).

TABLE II
COMPARISONMATRIX FOR CRITERIAFROMECONOMICAL

DECISIONMAKER

Criteria BT BC SQ PA MP SV

BT 1 113 3 3 4 2
BC 3 1 5 6 6 5
SQ 1/3 1/5 2 3 2
PA 1/3 116 112 1 3 2
MP 114 116 1/3 1/3 1 1/3
SV 112 115 112 1/2 3 1

(sum) 5.42 2.07 10.33 12.83 20.00 12.33

TABLE III
SYNTHESIZEDMATRIX FOR CRITERIAFROMECONOMICAL

DECISIONMAKER

Criteria BT BC SQ PA MP SV Eigen
vector

BT 0.19 0.16 0.29 0.23 0.20 0.16 0.21

BC 0.55 0.48 0.48 0.47 0.30 0.41 0.45
SQ 0.06 0.10 0.10 0.16 0.15 0.16 0.12
PA 0.06 0.08 0.05 0.08 0.15 0.16 0.10
MP 0.05 0.08 0.03 0.03 0.05 0.03 0.04
SV 0.09 0.10 0.05 0.04 0.15 0.08 0.09
(sum) 1.00

TABLE IV
OVERALLPRIORITYRANKINGSFORFDM

SQ PA MP SV Overall

0.21 0.45 0.12 0.10 0.04 0.09
Priority Rank
Vector

01 0.14 0.30 0.18 0.09 0.08 0.11 0.21 2
02 0.03 0.04 0.20 0.12 0.15 0.32 0.09 5
03 0.17 0.13 0.04 0.04 0.05 0.04 0.11 .4
04 0.39 0.30 0.44 0.25 0.45 0.35 0.34 1
05 0.16 0.12 0.08 0.43 0.24 0.12 0.16 3
06 0.11 0.11 0.05 0.05 0.03 0.07 0.09 6

Mechanical-desired OM e
BT BC SQ PA MP SV Overall

0.20 0.11 0.15 0.04
Priority Rank

0.06 0.44 Vector
0.14 0.30 0.18 0.09 0.08 0.11 0.13 3
0.03 0.04 0.20 0.12 0.15 0.32 0.12 4

03 0.17 0.13 0.04 0.04 0.05 0.04 0.Q7 5
04 0.39 0.30 0.44 0.25 0.45 0.35 0.39
05 0.16 0.12 0.08 0.43 0.24 0.12 0.23 2
06 0.11 0.11 0.05 0.05 0.03 0.07 0.06 6
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The orientation alternatives are now ranked according
to their overall priorities based on all criteria and DM
preferences following the AHP's goal. In particular, the
economical DM ranks FDM as orientation alternatives 4,
1, 5, 3, 2, and 6 indicating that orientation 4 is the best
orientation for him or her. On the other hand, the
mechanical-desireDM ranks FDM from 3,4,5, 1,2, and
6. It is clear that although orientation alternative 4 is
ranked the best regardless of decisionmaker's preference,
the less of ranking is affected by how more or less each
criterionis favored.

V. CONCLUSIONANDFUTURERESEARH

AM processes have gained many communities'
interests as they can provide several benefits in design
flexibility, time-to-market reduction, high speed of the
process, product customization, material savings, and so
on. While an emphasis in the AM has moved towards
end-use parts, some issues related to process inefficiency
and instabilityresulting from certain factors including the
orientation selection of a part still need to be addressed.
This research paper presents the MCDM-based part
orientation framework that incorporates AHP model
allowing the considerationof multiple criteria to analyze
two key tasks for the part orientation; determining the
alternativeorientation and selecting the most suitable one
among alternatives. It is evident that there are trade-offs
among these conflicting criteria when different DMs'
preferenceswere incorporated.The robust result obtained
from this study shows that a perpendicular direction
clearlyaffectshow part is to be selected.Our futureworks
are to integrate the orientation model with the part-to
printer optimization assignment problem using the
multiple-objective optimization approach and the part
location-in-the-printerproblemusing geneticalgorithm.A
more complexpart could be further tested to illustrate an
applicabilityof the proposedmethod and to compare the
proposedframeworkin this paperwith other techniques.
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the conference and will be looking forward to your presence. Details on the paper acceptance are as shown.

IEEM17-P-0029/ Multi-criteria Selection Problem of Part Orientation in 3d Fused Deposition Modeling Based on
Analytic Hierarchy Process Model: a Case Study

Registration and final paper submission opens on 01 August 2017. Please register, submit your IEEE Xplore® compliant final paper
and complete your online copyright transfer by 01 September 2017. Failure to do so may result in your presentation and paper not
being included in the conference program, proceedings and any other materials produced for distribution at the conference. See also
other important notes below.

For all other useful information about the conference, please visit www.ieem.org

Yours Sincerely,
Conference Secretariat
Email: info@ieem.org

Important Notes

1. Please incorporate reviewer comments (see below) in the final version of your paper. Your paper also needs to be free from
serious language mistakes. Papers that fail to meet the standard required of IEEE conferences will be excluded from the
conference proceedings.

2. Per IEEE publication policy, only camera-ready papers that are IEEE Xplore® compliant are acceptable for publishing. Please
follow the paper guidelines (http://ieem.org/public.asp?page=submitFinal.htm) and use the complimentary tools to check that
your created PDF'sare IEEEXplore® compliant.

3. All accepted papers will go through Similarity check through an IEEE software system and papers with a high similarity score
(>30%) will have to be revised or rejected. To prevent "similarity"/"self-similarity", whenever you include the work of others, do
ensure that in-text Citations to all appropriate sources used are included in the paper. If you have included materials from your
previous published work, do also cite your previous work to avoid "self-similarity".

4. Printed version of the conference program will include an abstract of the paper to be presented. No abstract may exceed 180
words. If exceeded, the abstract cannot be included in the conference program book.

5. IEEM seeks to prevent discrimination by including all presented papers (oral and poster) in its conference proceedings, as they
went through the same rigorous review. If you have a preferred presentation mode (oral/poster), the request needs to be made
at the time you submit your final paper. All requests will be considered but it is not always possible to accommodate all.

6. Per IEEM no-show policy, the program chair reserves the right to exclude any unpresented papers (oral or poster) from the
proceedings to IEEEXplore®.

7. Since its inception, IEEM conference proceedings have successfully been posted on IEEE Xplore® and indexed on the EI
Compendex. However, this does not represent an undertaking by the Organizers that the conference proceedings for all
conference editions will be eligible for the IEEEand EI inclusion.

https:llmail.google.com/mail/u/2I?ui=2&ik=9853f26f4f&jsver=1KukmJVEMCA.en.&view=pt&search=inbox&th=15d9ddOfe7ea68ef&siml=15d5f891e... 1/3
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8. Registration will open on 01 August 2017. Participation will only be confirmed upon receipt of the online registration form and
payment. See here for more information on fees and registration.

9. Contact Secretariat Office - Meeting Matters International Add: #06-23, One Commonwealth, 1 Commonwealth Lane, Singapore
149544 Tel: +656472 3108 I Fax: +656472 3208 I Email: info@ieem.org

Reviewer Reports

Reviewer 1
Grade A - This paper is excellent and can be accepted as it is. Some minor comments are given here. ._._-

The paper is well structured, the problem is well identified and it is well situated within the literature, the
Comment methodology is adequately described and relevant to the problem. The results are coherent and useful for decision

lmakers, I suggest to describe the results in abstract.
Reviewer 2~.

B - This paper is acceptable. Minor improvements can be done in terms of organization/language/literature reviewGrade etc. Some further comments are given below.
Very interesting topic and use of AHPtechnique. Well written paper.
In section III part A, Can the authors discuss more the selection of size and shape of the fabricated part in their

Comment case study and why not other shape or size. In addition, in part B, can the authors reference the related literature
of Multiple Criteria for AM Orientation.
In the conclusion (section V), it is better to briefly summarize key results of the case study. --

Reviewer3

Grade ~~ This paper is acceptable. Minor improvements can be done in terms of organization/language/literature revieW'

f-~'-'
. Some further comments are given below.

n this paper, the authors use the analytic hierarchy process model to solve the selection problem of part
orientation in additive manufacturing. The application is new and written well. Two minor comments need to be

Comment noted.

1. The complete spelling of 3D should be unified in this paper.
2. The table title should be unified in this paper.

Kasin Ransikarbum <kasinphd@gmaiLcom>
To: Thitikan Boonkang <thitikan.b@ubu.ac.th>

"'1Jn~1'":l~'ltl conference ilU::A~lJyjL<fn::":l::bfchuL~U.l1rlJ~'4Uiltl\lA£\L::

Fri, Jul 28, 2017 at 12:16 PM
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[Quoted text hidden]

Thitikan Boonkang <thitikan.b@ubu.ac.th>
To: Kasin Ransikarbum <kasinphd@gmaiLcom>
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Sat, Ju129, 2017 at 2:24 PM

[Quoted text hidden]

Thitikan Boonkang, Ph.D. of Industrial Engineering
Head of Research Section, Faculty of Engineering
Ubon Ratchathani University
Office: 045-353319 Fax: 045-353333 Mobile: 089-7179577

Kasin Ransikarbum <kasinphd@gmaiLcom>
To: nhkim@unist.ac.kr

Tue, Aug 1, 2017 at 12:06 PM

---------- Forwarded message ----------
From: IEEM2017 Secretariat <info@ieem.org>
Date: Thu, Jul 20, 2017 at 5:26 PM
Subject: IEEM2017 Paper Notification (IEEM17-P-0029)
To: kasinphd@gmail.com

[Quoted text hidden]
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Home Important Link(s): How to Register I Final PaperSubmission
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All submissions will be peer reviewed. Accepted papers will be published in the conference proceedings. Extended papers
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Scienceand Technology.South Korea)
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To ensure uniformity of treatment among all contributors, other forms may not be substituted for this form, nor may any wording

of the form be changed. This form is intended for original material submitted to the IEEE and must accompany any such material

in order to be published by the IEEE. Please read the form carefully and keep a copy for your files.

Multi-criteria Selection Problem of Part Orientation in 3d Fused Deposition Modeling Based on Analytic Hierarchy Process Model: a

Case Study

Kasin Ransikarbum and Namhun Kim

2017 IEEE International Conference on Industrial Engineering and Engineering Management (IEEM)

COPYRIGHT TRANSFER
The undersigned hereby assigns to The Institute of Electrical and Electronics Engineers, Incorporated (the "IEEE") all rights

under copyright that may exist in and to: (a) the Work, including any revised or expanded derivative works submitted to the IEEE
by the undersigned based on the Work; and (b) any associated written or multimedia components or other enhancements

accompanying the Work.

GENERAL TERMS

1. The undersigned represents that he/she has the power and authority to make and execute this form.

2. The undersigned agrees to indemnify and hold harmless the IEEE from any damage or expense that may arise in the

event of a breach of any of the warranties set forth above.
3. The undersigned agrees that publication with IEEE is subject to the policies and procedures of the IEEE PSPB

Operations Manual.
4. In the event the above work is not accepted and published by the IEEE or is withdrawn by the author(s) before

acceptance by the IEEE, the foregoing copyright transfer shall be null and void. In this case, IEEE will retain a copy of

the manuscript for internal administrative/record-keeping purposes.
5. For jointly authored Works, all joint authors should sign, or one of the authors should sign as authorized agent for the

others.
6. The author hereby warrants that the Work and Presentation (collectively, the "Materials") are original and that he/she is

the author of the Materials. To the extent the Materials incorporate text passages, figures, data or other material from the

works of others, the author has obtained any necessary permissions. Where necessary, the author has obtained all third

party permissions and consents to grant the license above and has provided copies of such permissions and consents

to IEEE

You have indicated that you DO wish to have video/audio recordings made of your conference presentation under terms
and conditions set forth in "Consent and Release,"

CONSENT AND RELEASE

1. In the event the author makes a presentation based upon the Work at a conference hosted or sponsored in whole or in

part by the IEEE, the author, in consideration for his/her participation in the conference, hereby grants the IEEE the

unlimited, worldwide, irrevocable permission to use, distribute, publish, license, exhibit, record, digitize, broadcast,

reproduce and archive, in any format or medium, whether now known or hereafter developed: (a) his/her presentation

and comments at the conference; (b) any written materials or multimedia files used in connection with his/her
presentation; and (c) any recorded interviews of him/her (collectively, the "Presentation"). The permission granted

includes the transcription and reproduction of the Presentation for inclusion in products sold or distributed by IEEE and

live or recorded broadcast of the Presentation during or after the conference,
2. In connection with the permission granted in Section 1, the author hereby grants IEEE the unlimited, worldwide,

irrevocable right to use his/her name, picture, likeness, voice and biographical information as part of the advertisement,

distribution and sale of products incorporating the Work or Presentation, and releases IEEE from any claim based on



right of privacy or publicity.

BY TYPING IN YOUR FULL NAME BELOW AND CLICKING THE SUBMIT BUDON, YOU CERTIFY THAT SUCH ACTION

CONSTITUTES YOUR ELECTRONIC SIGNATURE TO THIS FORM IN ACCORDANCE WITH UNITED STATES LAW, WHICH

AUTHORIZES ELECTRONIC SIGNATURE BY AUTHENTICATED REQUEST FROM A USER OVER THE INTERNET AS A

VALID SUBSTITUTE FOR A WRIDEN SIGNATURE.

Kasin 03-08-2017

Signature Date (dd-mm-yyyy)

Information for Authors

AUTHOR RESPONSIBILITIES

The IEEE distributes its technical publications throughout the world and wants to ensure that the material submitted to its

publications is properly available to the readership of those publications. Authors must ensure that their Work meets the

requirements as stated in section 8.2.1 of the IEEE PSPB Operations Manual, including provisions covering originality,

authorship, author responsibilities and author misconduct. More information on IEEE's publishing policies may be found at

http://www.ieee.org/publicationsstandards/publications/rights/authorrightsresponsibilities.htmIAuthors are advised especially of

IEEE PSPB Operations Manual section 8.2.1.B12: "It is the responsibility of the authors, not the IEEE, to determine whether

disclosure of their material requires the prior consent of other parties and, if so, to obtain it." Authors are also advised of IEEE

PSPB Operations Manual section 8.1.1 B: "Statements and opinions given in work published by the IEEE are the expression of

the authors."

RETAINED RIGHTSITERMS AND CONDITIONS
- Authors/employers retain all proprietary rights in any process, procedure, or article of manufacture described in the Work.

- Authors/employers may reproduce or authorize others to reproduce the Work, material extracted verbatim from the Work, or

derivative works for the author's personal use or for company use, provided that the source and the IEEE copyright notice are

indicated, the copies are not used in any way that implies IEEE endorsement of a product or service of any employer, and the

copies themselves are not offered for sale.
- Although authors are permitted to re-use all or portions of the Work in other works, this does not include granting third-party

requests for reprinting, republishing, or other types of re-use.The IEEE Intellectual Property Rights office must handle all such

third-party requests.
- Authors whose work was performed under a grant from a government funding agency are free to fulfill any deposit mandates

from that funding agency.

AUTHOR ONLINE USE
- Personal Servers. Authors and/or their employers shall have the right to post the accepted version of IEEE-copyrighted

articles on their own personal servers or the servers of their institutions or employers without permission from IEEE, provided

that the posted version includes a prominently displayed IEEE copyright notice and, when published, a full citation to the

original IEEE publication, including a link to the article abstract in IEEE Xplore. Authors shall not post the final, published

versions of their papers.
- Classroom or Internal Training Use. An author is expressly permitted to post any portion of the accepted version of his/her

own IEEE-copyrighted articles on the author's personal web site or the servers of the author's institution or company in
connection with the author's teaching, training, or work responsibilities, provided that the appropriate copyright, credit, and

reuse notices appear prominently with the posted material. Examples of permitted uses are lecture materials, course packs, e

reserves, conference presentations, or in-house training courses.
- Electronic Preprints. Before submitting an article to an IEEE publication, authors frequently post their manuscripts to their
own web site, their employer's site, or to another server that invites constructive comment from colleagues. Upon submission

of an article to IEEE, an author is required to transfer copyright in the article to IEEE, and the author must update any
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previouslypostedversionof the articlewith a prominentlydisplayed IEEEcopyrightnotice. Upon publicationof an article by
the IEEE, the authormust replaceany previouslypostedelectronicversionsof the articlewith either (1) the full citationto the
IEEEworkwith a DigitalObject Identifier(001) or link to the articleabstract in IEEEXplore, or (2) the acceptedversiononly
(not the IEEE-publishedversion), includingthe IEEEcopyrightnoticeand full citation,with a link to the final, publishedarticle
in IEEEXplore.

Questions about the submission of the form or manuscript must be sent to the publication's editor.
Please direct all questions about IEEE copyright policy to:
IEEE Intellectual Property Rights Office, copyrights@ieee.org, +1-732-562-3966
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To register online,
Existing Users
Log-in with your email and password here:
http://www.mcetmatt-5vr3.net/icqm20 17/1oqin,asp
Click on "Conference Registration" on the left menu.

New Users
a. Create New User Account here:

ill.tQ.;lhy_\yy.LrrleetmQ_lbiYJ:1,D_lli~,,-,T2iU_7(c reilteLlsec0,,3JiQ

b. Log-in with your email and password here:
http://www.meetmatt-5vr3.net/ieem20 17ilogin .asp
Click on "Conference Registration" on the left menu

Important Notes to Authors/Presenters

o It is expected that at least one author attends the meeting to present the accepted paper.

o Authors/Presenters need pay fees by 1 Sep 2017.

o Late payment may result in the paper not being included in the conference program and any other publications that
are produced for distribution at the conference.

o Each paid fee covers one presentation. The maximum limit is 3 presentations and an additional registration fee
applies for each additional presentation.

o Participation will only be confirmed upon receipt of the online registration form and fee payment.

o Per IEEM no-show policy, the program chair reserves the right to exclude any unpresented papers (oral or poster)
from the proceedings to IEEEXplore®.

FEES

o Each paid "Standard Fee" includes 1complimentary conference dinner ticket

"Student/IEEE Life Member" Feeexcludes access to the conference dinner

1 USD is approximately 1.35SGD

o You may also refer to OANDACun-ency Converter for estimated currency exchange rate.

Registration Category Early Bird Rate Normal Rate
{Payment In Singapore Dollars Preferred} If Paid by 1 Sep 2017 If Paid after 1 Sep 2017

Standard USD SGD USD SGD

Member (IEEE, lISE) 600 810 660 890

Full Rate 680 910 730 980

Student/IEEE Life Member USD SGD USD SGD

Without Paper 370 490 420 560

With Paper 460 620 NA NA

Additional Fee USD SGD USD SGD

Per Additional Page (if more than 5 pages) 150 200 NA NA
Maximum 3 Additional PagesAllowed
Per Additional Paper (if more than 1 accepted paper). 385 510 NA NA
Maximum 2 additional papers allowed
Optional Items USD SGD USD SGD

Workshop - Sun 10 Dec 2017 USD 15/ SGD 20
~'_HQW~oPuhljshj_n T_QJlJour_t:!~!~;;:'
AdditiQnai Conference Dinner Ticket USD 135/ SGD 180

Additional USB Proceedings USD 115/ SGD 150

Conference Tours USD SGD USD SGD

_;;J!n__:_1Q_.De~L9<lmt9_j_Q__rnl USD 49 /SGD 66
Singapore Ethinic Treasures Tour
Wee!- 13 Dec (S.30am to 1pm) USD 15/ SGD 20
ARTCand ATMRI Technical Visit

http://www.ieem.org/public.asp?page=register.htm 1/3
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Includes lunches, breaks and the conferencedinner

Registration Fees, Payment Terms &. Conditions

1.0 Fees and Participation

1.1 As IEEM2017Secretariat is Singaporeregistered, payment in Singapore Dollars is preferred.

1.2 Standard Registration - One (1) Complimentary conferencedinner ticket is included in Standard Registration
Fee.A limited number of additional tickets could be purchasedfor students and spouses.Participationwill only
be confirmed upon receipt of the online booking form and fee payment.

1.3 Student Registration - Excludesaccessto conferencedinner. Students are required to uploada scanned copy
of the student status proof (e.g., a letter issued by the school or the matriculation card) at the end of
the registration process.The proof document must be in English and contains minimally the following
information:
1) Student name
2) Student matriculation number (student ID with photo)
3) Expiration date (*Expiration / Expectedgraduation date should be later than the conferencedate)
4) University name

1.4 MembershipID must be provided at the time of registration if you select ANYMemberCategory.

1.5 Eachmeeting registration entitles a delegate to present up to ONEaccepted paper.Additional fee at
USD385/SGD510per paper is payable if you wish to present more than one accepted paper.Eachauthor may
register and present up to THREEpapersmaximum (One as main author and another two as additional
papers).

1.6 Over length page charge at USD150/SGD200each is payable if your paper exceedsthe 5-page limit. Noauthor
may exceedeight pagesfor each paper.

1.7 Early bird rate applies for payments receivedby 1 Sep 2017. After this date, current rate applies and any
outstanding payment will be collectedduring the conferenceat the time of check-in.

1.8 Authors are expected to register and attend the conference.Only camera-ready manuscripts that are IEEE
Xplore® compliant can be included in the IEEM2017proceedings. Pleasenote that this is not an undertaking
by the organizers that acceptedpaperswill appear on IEEEXplore® and be indexedon the EI Compendex.
Indexing decision is made by the organization(s) concerned.

1.9 Conferenceproceedingswill be distributed to participants at the conference. The organizerscannot mail out
conferencematerials to the "no-show" authors.

1.10 Forwalk-In registration, late/payment onsite, dinner tickets and standard conference items (e.g. printed
program, conferencebags) are available only while stocks last.

2.0 Registration Withdrawal I Cancellation Policy

2.1 Authors need register and pay by 1 Sep2017 in order to have their papers included in the conference
proceedings.

2.2 There will be no refund for registration withdrawal/cancellation by authors. A substitute may be allowed
provided such a request and the particulars of the substitute are received by Secretariat Office before 10 Nov
2017.

2.3 ForNON-AUTHORS,no refund for notice receivedafter 2 Oct 2017. For notice receivedbefore 2 Oct 2017, an
administration fee of USD100/SGD130applies.

3.0 Payment Method - Choose ONEonly
All PAYMENTSTO "Meeting Matters International Pte ltd"

3.1 BYCREDITCARD- ChinaUnionPay/ VISA/ MasterCard/ AMEXOnly
Not applicable to authors who must complete registration and payment by 1 Sep 2017.

3.2 BYDEMANDDRAFT/CASHIER'SORDER/TElEGRAPHICTRANSFER
08 Nov 2017 will be the last day for processingpayment by this method (Not applicable to authors who must
complete registration and payment by 1 Sep 2017)
An additional USD70/SGD90administrative fee will be charged

Bank Name: DBSBank Ltd
BankAddress: 12 MarinaBoulevard, Level 3, DBSAsia Central @ MBFCTower3, Singapore018982
Account no: 003-902606-4 (for SGD)
BankCode: 7171
BranchCode: 003
Swift Code: DBSSSGSG
Payableto: Meeting Matters International Pte Ltd

ENQUIRIES &. ASSISTANCE

IEEM2017Secretariat - MeetingMatters International Pte Ltd
Address: #06-23 ONECOMMONWEALTH,1 CommonwealthLane,Singapore 149544
Tel: +656472 3108
Fax: +656472 3208
Email: info(1-1Jieem,orq
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