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Preface

The 2nd ICIEVE 2017, the International Conference on Innovation in Engineering and
Vocational Education, held on October 25-26, 2017 at Aryaduta Hotel, Manado, North,
Sulawesi, Indonesia, is hosted by Universitas Pendidikan Indonesia (Indonesia), Universitas
Negeri Manado (Indonesia), and Rajamangala University of Technology Thanyaburi
(Thailand).

The conference was a platform for scientists, scholars, engineers, industrial professionals, and
researchers to exchange, share, and discuss their innovation, experiences, research works and
problem solving techniques in all issues in engineering and vocational education.

The participants of ICIEVE 2017 were from around the world with a variety of background,
including academics, industry, and even well-known enterprise. In general, there were 140
papers discussing such various topics as engineering and technology innovation (mechanical
engineering, chemical engineering, civil engineering, etc.), engineering education (basic
science in engineering education, engineering education reforms, new technologies in
education, etc.), and vocational education and training (industry-driven training programs and
collaborations, lifelong learning — reskilling and upskilling, government and policy, etc.).

We would like to thank all of those who helped and supported ICIEVE 2017. Each individual
and institution's support was very important for the success of this conference. Specifically, we
would like to acknowledge the advisory board, scientific committee, and organizing committee
for their valuable advice, help, suggestions, and support in the organization and helpful peer-
reviewing process of the papers. This year, we would like to express our deepest gratitude for
all the co-hosts of ICIEVE 2017, UNIMA, Indonesia, and Rajamangala University of
Technology Thanyaburi, Thailand for the collaboration. We would also extend our best
gratitude to keynote speakers for their valuable contribution for sharing ideas and knowledge
in the ICIEVE 2017.

We sincerely hope that ICIEVE 2017 will be a forum for excellent discussions for improving
the quality of research and development in relation to innovation in engineering and vocational
education. We also hope that this forum will put forward new ideas and promote collaborative
researches among participants. We believe that the proceedings can serve as an important
research source of reference and the knowledge. Indeed, the proceedings will lead to not only
scientific and engineering progress but also other new products and processes for better science
and technology in vocational education.
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Abstract. The number of osteoarthritis patients in Indonesia is enormous, so early action is
needed in order for this disease to be handled. The aim of this paper to determine osteoarthritis
severity based on x-ray image template based on gabor kernel. This research is divided into 3
stages, the first step is image processing that is using gabor kernel. The second stage is the
learning stage, and the third stage is the testing phase. The image processing stage is by
normalizing the image dimension to be template to 501200 image. Learning stage is done with
parameters initial learning rate of 0.5 and the total number of iterations of 1000. The testing
stage is performed using the weights generated at the learning stage. The testing phase has
been done and the results were obtained. The result shows KL-Grade 0 has an accuracy of
36.21%, accuracy for KL-Grade 2 is 40,52%, while accuracy for KL-Grade 2 and KL-Grade 3
are 15,52%, and 25,86%. The implication of this research is expected that this research as
decision support system for medical practitioners in determining KL-Grade on X-ray images of
knee osteoarthritis.

1. Introduction

Approximately 13% of women and 10% of men at the age 60 years and older have symptomatic knee
OA [1]. Based on data at the Ministry of Health of Indonesia, the number of patients with
Osteoarthritis disease (OA) is quite high. From 1995 to 2007 the prevalence is 30 percent. So one of
thirty Indonesians suffer osteoarthritis disease [2]. This is because the disease cannot be cured and the
meet of tibia and femur bones causes pain for the sufferer. Knowing the status of the patient so it can
be treated hopefully that the pain can be reduced [3-6]. Classification by Kellgren-Lawrence, based on
the severity of osteoarthritis (normal, doubtful, minimal and moderate) [7].

X-rays, magnetic resonance imaging (MRI), osteo CT and arthroscopy are the usual methods used
to determine the status of osteoarthritis [8, 9]. But in Indonesia has commonly used X-ray and
Magnetic Resonance Imaging (MRI) to know the status of OA. Osteoarthritis has been studied by
researchers all over the world. Research on the localization of the junction space area using delineation
of cortical bone plates (active shape model) [10].

The classification using 20 pre-selected images of 150 x 150 is used as gold standard, to search for
ROIdone by scanning used eucledian distance to predict junction area, while to find the status of
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osteoarthritis used fisher score from feature data [11], another research finding the distance between
the femur and the tibia [12]. But the research that has been done is still difficult to classify KL-Grade
4. Another study is a novel hybrid of S2DPCA and SVM for knee osteoarthritis classification
performed by Rima [13].

Some other studies are Osteoarthritis X-Ray Image Analysis Using Gray Level Co-occurrence
Matrices Based Wavelet performed by Haryanto [14]. Automatic Segmentation of Impaired Joint
Space Area for Osteoarthritis Knee on X-ray Image Using Gabor Filter Based Morphology Process
[15]. Osteoarthritis Classification Using Self-Organizing Map Based on Gabor Kernel and Contrast-
Limited Adaptive Histogram Equalization [16]. Research about performance evaluation of
osteoarthritis X-ray image is investigated by Anifah [17].

The research that has been done above discussed ROI segmentation with various methods.
Research that discussed the classification of osteoarthritis severity and classified image into KL-Grade
0, KL-Grade 1, KL-Grade 2, KL-Grade 3 and KL-Grade 4 but however the research is mostly texture
feature-based. This research is done with feature-based template, hopefully this research can improve
the result of previous research and become one of method to determine KL-Grade on x-ray image of
knee osteoarthritis. The aim of this paper to determine osteoarthritis severity based on x-ray image
template based on gabor kernel. This research is expected to contribute as decision support system for
medical practitioners in determining KL-Grade on X-ray images of knee osteoarthritis. The novelty of
this research is to determine KL-Grade based on template feature.

2. Methodology

2.1. Data

Please follow these instructions as carefully as possible so all articles within a conference have the
same style to the title page. This paragraph follows a section title so it should not be indented. The
data used in this research are 303 x-ray images, which consists of 25 data for training process and 258
data for testing. All data obtained from Osteoarthritis Initiative (OAI). The processed data is x-ray
image of the knee fixed- flexion with 10[] image capture angle [18].

2.2. Methods

The diagram block of this research is illustrated in Figure 1. This research is divided into 3 stages, the
first step is image processing that is using gabor kernel. The second stage is the learning stage, and the
third stage is the testing phase. The image processing stage is by normalizing the image dimension to
be template to 501200 image. Learning stage is done with parameters initial learning rate of 0.5 and
the total number of iterations of 1000. The testing stage is performed using the weights generated at
the learning stage.

Learning Number of

rate iteration
Template N lisatt ¢ ¢
JSA for ormalisation Gabor .
e — 50%200 - Kornel L» SOM (learning)
learning ¢
Weight
Template ¢
JSA for Normalisation Gabor SOM (Testing) | Status of
data —¥ 50x200 ™ Kernel g »|  Osteoarthritis
testing

Figure 1. The diagram block of this research.
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SOM algorithm used is illustrated in Figure 2. The learning step uses SOM with the following
stages: initialization, determining the number of classes, setting up the learning rate parameters,
determining the number of iterations and calculating the distance between the random data and the
predetermined weights and obtaining the new weight (update weight). The purpose of using the gabor
kernel here is to bring up the special features of x-ray images that have been convoluted to the gabor
kernel. With the selection of the right parameters then get the typical image features.

The gabor complex formula is:

a(x,y) =s(x, Y)w, (x, y)

Where s (X, y) is a complex sinusoid (carrier), and w; (X, ¥) a two-dimensional Gaussian-shaped
function (envelope).

The sinusoid complex is defined as:

S(x, ¥) = exp(j (27 (UsX + oY) + P)) @

Where (uo, Vo) is defined as the spatial frequency and P as the phase of the sinusoid.

The real and imaginary part of the sinusoid is:

R(s(x,y)) =cos@r(uyx+Vv,y)+P)
3(s(x,y)) =sin(2z(uyX +Vv,Yy) + P) 3)

Parameters up and v, are defined in Cartesian coordinates. While spatial frequency is expressed in

polar coordinates with peak Fy and direction w, as follows:

Fo=./uZ+V;

V
W, = arctan("]
UO

1)

u, = Focos(@,)

v, = Fosin(a,) (4)
Complex sinusoid becomes:

s(x, y) =exp(j(2aFo(xcosa, + ysin @) + P)) (5)
And gaussian envelope expressed as,

w, (x, ) = Kexp(j(-TI(@*(x—%,); +b*(y = ¥,)7)) (6)

Where K is the magnitude of the gaussian envelope, (x0, y0) is the peak of the function, a and b are
the scale parameters of the envelope gaussian, whereas r is denoted as the rotation operator [17].
So:

(X~ %), = (X~ %)C0S() +(y - Yo)sin(6) @
(Y= Yo)r = (X—X,)sin(d) + (y — ¥,) cos(6)
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C = D,
_ - /

Number of iteration,
learning rate, epoch

v

Find minmmum distance
v

Weight update

C

Figure 2. SOM algorithm used in this research.

3. Results and Discussion

Figure 3 is a template used in training process. Experimental results are strongly influenced by the
intensity of the processed image, so that required normalization is not just normalization dimensions
(size only). The first experiment using the image normalization of 10x40 is too small and possible the
amount of missing image information, so image information has not been represented if using this
normalization. The third experiment used templates based on gabor as a standardized gold standard to
50x200 and SOM parameters used initial learning rate 0,5 and total iteration 1000.

a C 7 7
(d)

()

Figure 3. Template used in training process.
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The experimental results still have not produced good results. Figure 4 is the result of the
normalization of 5001200 previously edge detection using the Gabor Kernel, the five KL-Grades
appear almost the same, allowing some information lost after the normalization process.

Figure 4. Result of 50x200 image using Gabor Kernel.

100,00
90,00
80,00
70,00
60,00
50,00
40,00

30,00

20,00

10,00 .
0,00

Sistemm  KL-Grade KL-Grade KL-Grade KL-Grade KL-Grade
0 1 2 3 4

Figure 5. Accuracy of the system.

Figure 5 is illustrated of the system accuracy. KL-Grade O has an accuracy of 36.21% because
31.9% is classified as KL-Grade 1, 12.93% are classified as KL-Grade 2 and 18.97% as KL-Grade 3.
Classified KL-Grade 1 as KL-Grade 0 is 14.66% while those read as KL-Grade 2 and KL-Grade 3 are
12.07% and 32.76% respectively. KL-Grade 2 which is read as KL-Grade 0 is 26.72%, and which is
known as KL-Grade 1 is 44.83% and the remaining 12.93% is known as KL-Grade 3. KL-Grade 3 is
recognized as KL-Grade 0, KL-Grade 1, and KL-Grade 2 were 14.66%, 44.83%, and 14.66%. While
using this method has a weakness, it still cannot recognize KL-Grade 4, but KL-Grade 4 is known as
KL-Grade 0 20%, known as KL-Grade 1 20% and is recognized as KL-Grade 3 32%. Some of the
causes that cannot be detected correctly are some images of objects or medical instruments contained
in the x-ray image, such as knee bond plate. This will affect the outcome of the kernel gabor process.
This can be solved by re-checking the x-ray image before it is inserted into the system.

4. Conslusions

Osteoarthritis severity determination using Self Organizing Map based Gabor Kernel does not produce
excellent results. KL-Grade 0 has an accuracy of 36.21%, accuracy for KL-Grade 2 is 40,52%, while
accuracy for KL-Grade 2 and KL-Grade 3 are 15,52%, and 25,86%. The weakness of this system is
still not able to classify KL-Grade 4. Based on this result, further research is needed to obtain higher
accuracy.

Acknowledgments

This research was supported by Universitas Negeri Surabaya and DIKTI Indonesia. We would also
like to show our gratitude to Osteoarthritis Initiative for sharing their data and biomarker for this
research.



ICIEVE 2017 IOP Publishing

IOP Conlf. Series: Materials Science and Engineering 306 (2018) 012071 doi:10.1088/1757-899X/306/1/012071

References

[1] B Heidari 2011 Knee osteoarthritis prevalence, risk factors, pathogenesis and features: Part I
Caspian Journal of Internal Medicine 2(2) p 205-212.

[2] Hittp://health.liputan6.com/read/2356525/1-dari-10-orang-indonesia-terkena-penyakit-sendi-
osteoarthritis.

[3] Woolf A D, and Pfleger B 2003 Burden of major musculoskeletal conditions Bull World Health
Organ 81p 646-56.

[4] Elders M J The increasing impact of arthritis on public health J Rheumatol 60 p 6-8.

[5] Martel-Pelletier J, Lajeunesse D, Fahmi H, Tardif G, and Pelletier J P 2006 New thoughts on
the pathophysiology of osteoarthritis: one more step toward new therapeutic targets Curr
Rheumatol Rep 8 p 30-6.

[6] Brandt K D, Radin E L, Dieppe P A, and van de Putte L 2006 Yet more evidence that
osteoarthritis is not a cartilage disease Ann Rheum Dis 65 p 1261-1264.

[71 Buckland-Wright 1997 Current status of imaging procedures in the diagnosis, prognosis and
monitoring of osteoarthritis Bailliere's Clinical Rheumatology 11(4).

[8] Sing-Tze Bow 2002 Pattern Recognition and Image Preprocessing (Marcel Dekker).

[9] Gour Karmakar, Laurence Dooley, M. Manzur Murshed Dengsheng Zhang, Guojun Lu Image
Segmentation and Searching, Gippsland School of Computing & Info Tech Monash
University.

[10] P Podsiadlo, M Wolski, and G W Stachowiak 2008 Automated selection of trabecular bone
regions in knee radiographs 35 p 1870-1882.

[11] Lior Shamir, Shari M. Ling, William W. Scott, Angelo Bos, Nikita Orlov 2008 Knee X-ray
image analysis method for automated detection of Osteoarthritis p 1-10.

[12] Tati L. Mengko, Rachmat G. Wachjudi, Andriyan B. Suksmono, and Qonny Danudirdjo 2005
Automated Detection of Unimpaired Joint Space for Knee Osteoarthritis Assessment p 400—
403.

[13] R T Wahyuningrum, Purnomo, L. Anifah, and Purnama 2016 A novel hybrid of S2DPCA and
SVM for knee osteoarthritis classification, Computational Intelligence and Virtual
Environments for Measurement Systems and Applications (CIVEMSA) 2016 IEEE
International Conference on, 27-28 June 2016 Hungaria.

[14] Haryanto, E M Rohman, Anifah 2016 Osteoarthritis X-Ray Image Analysis Using Grey Level
Co-occurrence Matrices Based Wavelet 4th UPI International Conference on Technical and
Vocational Education and Training (Available at: http://tvet.conference.upi.edu/2016 15-16
November 2016).

[15] Anifah L, Purnomo, Hariadi, Purnama 2013 Osteoarthritis Classification Using Self Organizing
Map Based on Gabor Kernel and Contrast-limited Adaptive Histogram Equalization The
Open Biomedical Engineering Journal 7 p 18-28.

[16] Anifah L, Purnomo, Hariadi, Purnama 2011 Automatic Segmentation of Impaired Joint Space
Area for Osteoatritis Knee on X-ray Image using Gabor Filter Based Morphology Process
IPTEK 22(3) p 117-176.

[17] Anifah L, Purnomo, Hariadi, Purnama 2012 Performance Evaluation of Osteoarthritis x-Ray

[18]

Image Enhancement Using Clahe and Gabor Kernel Proceeding of International Conference
on Biomedical Engineering and Madical Applications (ICBEMA) BME-Days 2012.
Osteoarthritis Initiative 2009 Osteoarthritis Available at: www.OAl.com.


https://www.ncbi.nlm.nih.gov/pubmed/?term=Heidari%20B%5BAuthor%5D&cauthor=true&cauthor_uid=24024017
http://health.liputan6.com/read/2356525/1-dari-10-orang-indonesia-terkena-penyakit-sendi-osteoarthritis
http://health.liputan6.com/read/2356525/1-dari-10-orang-indonesia-terkena-penyakit-sendi-osteoarthritis
https://www.researchgate.net/publication/305705352_A_novel_hybrid_of_S2DPCA_and_SVM_for_knee_osteoarthritis_classification
https://www.researchgate.net/publication/305705352_A_novel_hybrid_of_S2DPCA_and_SVM_for_knee_osteoarthritis_classification
http://ieeexplore.ieee.org/xpl/mostRecentIssue.jsp?punumber=7518535
http://ieeexplore.ieee.org/xpl/mostRecentIssue.jsp?punumber=7518535
http://ieeexplore.ieee.org/xpl/mostRecentIssue.jsp?punumber=7518535
http://tvet.conference.upi.edu/2016%2015-16%20November%202016
http://tvet.conference.upi.edu/2016%2015-16%20November%202016
http://www.oai.com/

