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2. Eye Region Detection for Iris Authentication
2.1 Iris authentication

A general iris recognition system consists of five
main steps as image acquisition, iris segmentation,
image normalization, feature encoding and matching.
In the image acquisition step, an iris image is captured
using cameras or other sensors with high resolution.
The iris segmentation step isolates the iris and pupil
region with two circles. The image normalization step
transforms the segmented iris region into size invariant
fixed dimension. In the feature encoding step, the
features are extracted from the normalized iris image.
The matching step performs some distance calculation
between two iris templates.

Among the five main steps, iris segmentation is
an important step for iris recognition system’s
performance. Iris segmentation is  generally
identifying the ellipses corresponding to the iris and
pupil, and detecting the region between these ellipses
that are not occluded by eyelashes, eyelids and
specular reflection.

Daugman’s Integro-differential operator [6] is
one of the most classical algorithms for iris
segmentation under near infrared (NIR) illumination.
The circle of iris is located based on the maximum
response of an Integro-differential operator. This
traditional approach cannot perform well under less
constrained environments where quality of images
drops [7]. In Tan’s proposed method [8], a clustering
based coarse localization scheme is firstly performed
and uses an improved integro-differential operator to
locate the iris and pupil circle coarsely. Since it relies
highly on the coarse clustering result, the final
accuracy will be heavily affected if the first step is not
accurate. In [9], the segmentation is performed based
on the color features that measure the possibility of
sclera and iris region, and pupil pixels are classified
using neural network. Since color features are not
stable for images taken under less constrained
environment, it will lead to low reliability. In an
approach by [10], a Gaussian Mixture Model (GMM)
is used to model the probabilistic distributions of both
valid and invalid regions on iris images. Although it
has shown very high segmentation accuracy and
reliability, localization of iris and pupil circles is
performed manually.

John Daugman[6] developed an iris recognition
system under constraint environment in 1993 and the
recognition accuracy was about 100%. Although great
progress has been achieved, there are some problems
until now to be solved. These problems in iris
recognition are due to the presence of noise in input
images such as lighting condition, specular reflection,
pupil size variation and shadows. The earliest works
on iris recognition use iris images taken from a short
distance.

2.2 OSIRIS (Open Source Iris Recognition
System)

As an example of iris authentication systems, we
describe the procedure of OSIRIS [11] in more detail.
In OSIRIS, eye images are given and four major stages
are performed to identify person using iris.

The segmentation stage aims at finding accurate
contours of iris, that is inner boundary (pupil/iris) and
outer boundary (iris/sclera). The pupil is localized by
two criteria. These two criteria are “pupil is the disk
shape black area” and “iris has circular edge contours”.
The first criterion corresponds to finding the minimum
value in the image filtered by a disk shaped kernel of
size r-by-r by summing all the pixels in a disk-shaped
mask. A normalization is applied in order to range the
resulting values between 0 and 1, and the result is
inverted so that O corresponds to a good pupil
candidate, and 1 to a bad pupil candidate. The second
criterion is achieved by four main steps. (1)
Horizontal and vertical gradient maps of the image are
computed using the Sobel operator and (2) two ring-
shaped gradient kernels of size r-by-r is built (3)
Filtering each map by each kernel respectively and (4)
find the location of the maximum values in the sum of
both filtering. This second criterion leads to values
between 0 (bad pupil candidate) and 1 (good pupil
candidate). These two values are added and the
position which has the maximum value is found as the
pupil center.

In the normalization stage, Daugman’s rubber-
sheet model [6] is used. It transforms the area of the
iris delimited by the two iris and pupil contours into a
scale-invariant and pupil dilation invariant band.

In the encoding stage, features such as iris
textures are extracted by a bank of the Gabor filters
which is customizable in orientation and resolution.
The normalized image is filtered by each Gabor filter
which has two independent real filters, real part and
imaginary part, and the result is thresholded relative to
zero in order to form binary images. So, the result of
each pixel for Gabor filter is encoded on two bits (real
part and imaginary part as positive and negative). The
whole binary images are saved as the iris code, even if
not all the pixels will be considered during the
matching.

In the matching stage, two eyes are compared
using the Hamming distance between their iris codes.
The pixels which are needed to be considered during
the matching are indicated by the matrix of application
points. Firstly, a total mask is built to ignore noisy
pixel, that is the result of logical and between the
matrix of application points and the masks. Then
logical xor between both iris codes is computed for the
application points that are not masked.

One of the most common characteristic for
images taken under less constraint environments are
noisy and not clear due to the reflection and
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illumination. The traditional methods like circular
hough transform, integro-differential operator cannot
work well because of these factors. OSIRIS also
cannot accurately segment iris regions for those
images because all above methods require clear
images that have least interfere with noise. So, the eye
region is firstly detected and giving a detected eye
image as input image for OSIRIS can get better results
than simple face input images.

2.3 Eye region detection

We introduce a new eye region detection method
for iris authentication. As the segmentation stage of
OSIRIS depends on the pupil center and coarse
contours, it is possible to cause error if it detects the
location of pupil center wrongly. So, we add an eye
region detection stage before segmentation. The
segmentation methods generally find one best iris
candidate and segment the iris region. Thus, giving an
eye region image as input can improve the
segmentation accuracy as it doesn’t need to search all
other organs on the face.

Zhu et al. [12] broadly classified existing eye
detection methods into two categories: the active
infrared (IR)-based approaches and the traditional
image-based passive approaches. In the active
infrared-based approaches, the eye regions are
effectively detected and tracked by utilizing the
principle of red-eye effect in flash photograph with
special IR illuminator for image acquisition. Although
it is relatively simple and effective, it requires a stable
lighting condition and a camera close to the subject.

The image-based passive approaches such as
eigenspace [1] method, template matching [2, 3], and
hough-transfom [4] method utilizes specific properties
of eye such as intensity and shape. Pentland et al. [1]
proposed an eigenspace method for eye and face
detection. Eigenspace method requires a training data
set for wvarious appearance, orientation and
illumination to perform well. As an example, if we
want to detect the eye of a person who wear eyeglasses,
we have to train with eyeglasses images. The template
matching method compares the given template image
with an input image and finds the most similar sub-
region in the input image. It cannot work well on
images in rotation and illumination. So, multiple
templates are used to find the eye region. The hough
transform method is based on the shape of iris and is
often applied to binary edge maps. The drawback of
this approach is that the performance depends on
threshold values used for binary conversion.

3. Eye Region Detection
Combination

by Likelihood

In our proposed method, likelihood combination
is applied to detect an eye region from a given input

face image. For each image, feature points from the
half face image are extracted by AKAZE [5] feature
matching and likelihood is created using these feature
points. At the same time, the matched points are
extracted by template matching from the same half
face image and likelihood is created using these
matched points. Each likelihood from AKAZE and
template matching are combined and the location of
eye is determined.

AKAZE feature matching and template matching
tend to find different position on the face image.
AKAZE feature matching tends to find feature points
on nostrils, nose pad and pad arm of eyeglasses, near
lip line and iris, while template matching tends to find
matching points on the forehead, nose, near rim of
eyeglasses, eyebrows and iris. So, these two methods
are incorporated to get better performance for eye
region detection.

We introduce likelihood images to determine the
location of eye region. The pixel value of the
likelihood image indicates the likelihood at that
position. The highest pixel value in the likelihood
image means the region of eye exists in that location.
For most images, these two methods can locate the
actual eye position as the first or the second peak in
the likelihood images. Even when both likelihood
images from these two methods indicate the actual eye
as the second peak, combining these two second
highest peaks can be the highest peak in the combined
likelihood image. Thus, the combined likelihood peak
can indicate the accurate eye location. Based on the
highest peak location of the combined likelihood
image, the input face image is cut only around the eye
area to be processed in OSIRIS.

3.1 Likelihood creation by AKAZE feature
matching

In this research, we apply AKAZE [5] feature
matching to create likelihood image. AKAZE
(Accelerated-KAZE) is an improved version of KAZE
[13] feature detection algorithm. AKAZE feature
detection contains three major stages: building non-
linear scale space, feature detection and binary
descriptor  generation.  Firstly, fast explicit
diffusion(FED) scheme is used to build non-linear
scale space to detect and describe features. The key
points are located in the second stage. The determinant
of the normalized Hessian matrix for each of the
filtered images is computed in the nonlinear scale
space, and the local maxima at each sublevel are
picked out as candidate key points. In the third stage,
AKAZE introduces a modified-local difference binary
(M-LDB) descriptor that exploits gradient and
intensity information from the nonlinear scale space.
M-LDB estimates the main orientation of the key
points based on the histogram. The grid of LDB is
rotated according to the direction of the key point.
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Finally, the binary descriptors are generated through
comparison among the grids. So, AKAZE features are
highly robust to rotation and shows good performance
on low-texture objects and people. AKAZE feature
matching is now popular in a wide range of
applications in computer vision such as real time
feature extraction for object recognition and 3D
reconstruction.

An eye image is given as a sample image and a
half face image is given as an input image to detect the
eye region. AKAZE features are extracted from the
input and sample image, and descriptors for each
features are computed. The descriptors from each
image are checked bi-directionally to extract
correlated feature points. Brute force matching which
compares a single feature in one image with all other
feature descriptors in other image is used to find the
corresponding features between each image and
returns a pair of features with minimum difference.
These final correlated features are used to create a
likelihood image.

An example of the matched feature points by
AKAZE feature matching are shown in Fig. 1. The
final correlated matched features are shown in Fig 2.
Plural feature points are extracted as the matched
feature points.

Fig. 1 Feature points detection by AKAZE

- B

Fig. 2 AKAZE matched
feature points

Fig. 3 The likelihood
image by AKAZE

The feature points obtained from AKAZE feature
matching are used to create the likelihood image.
Based on the correlated feature points, the likelihood
of eye is calculated at each position of the likelihood
image. It is high possibility where many feature points
exist is the location of the eye. In order to increase the
likelihood of the eye location where many feature
points exist, the likelihoods are calculated by voting
around the feature points. To create a likelihood image,
an image having the same size as the input image is
prepared firstly, and the pixel values are initialized to
0. The pixel value in the likelihood image is voted
using the Gaussian distribution weight around feature
points. Let F = {f;} be the set of matched feature
points. For each feature point, we vote the value
calculated by equation (1) to the neighbor pixels at x
in the likelihood image.

L(x) = exp [% (1)

where o is the standard deviation, f; is matched
feature points and x is the pixel coordinate
respectively. After voting for all feature points, the
image is normalized so that the maximum pixel value
becomes 1. Then, the likelihood increases at positions
where many feature points gather. An example
likelihood image is shown in Fig.3, the white pixels
show the higher likelihood of the eye location. The
black spot within the white pixel region indicates the
highest peak in the likelihood image.

3.2 Likelihood creation by template matching

In this research, we also use template matching to
create likelihood image. Template matching is widely
used in many computer vision and image processing
applications. Template matching finds the sub-image
from a target image which is most simular to the
template image in an input image. In this research,
template matching is used to find the location of eye
region from a face image. The position of eye is
determined by a pixel-wise comparison of the face



Eye Region Detection by Likelihood Combination for Improving Iris Authentication 335

image with a given eye template image. The template
is moved to x-direction for u times and y-direction for
v times in a large input image and compared how
similar the template and input images for each (u, v)
position.

The similarity value at each position is computed
by Normalized Correlation Coefficient (Normalized
Cross - Correlation) which is robust for lighting
condition changes, as in equation (2).

R(x,y)
Yy ) —tVFx+uy+v)—f)

sz,y(t(x, V) = 2 oy (FOx+ 1,y +v) — f1)?2

)

¢ = Z t(x,y)/k?
)

fr = Z Flu+x,v+7y)/k?
(xy)

where f(x,y) and t(x,y) are the pixel values at (x,y) in
the input image and in the template image respectively,
and k? is the size of template image. R(x, y) returns the
maximum similarity value as ‘1’. Correlation is the
measure of agreement between two corresponding
pixel values of template and input images. The more
correlated, the higher value will be.

The matched location of the eye template image
is the position which has largest similarity value in the
input image. A number of template images(N) are
used to find the corresponding eye region for each face
image, and only one matched point from each template
image is extracted by template matching as shown in
Fig 4. The number of matched key points is same as
the number of template images.

Fig. 4. Template

Fig.5. The likelihood
matching matched by template matching

points

The likelihood image is created by all matched
points in the same manner as AKAZE feature points.
There is a high possibility where many matched points
exist in the likelihood image is the location of our eye
region. Fig.5 shows an example of likelihood image
created by template matching matched points.

3.3 Likelihood combination

The likelihood images generated from AKAZE
feature matching and template matching are simply
added and a combined likelihood image is obtained.
The combined likelihood image is normalized so that
the maximum pixel value will be 1. The advantage of
adding likelihoods is that the sum of two second peaks
can generate the highest peak in the combined
likelihood image.

Fig. 6 shows an example result of combined
likelihood image.

(a) AKAZE (b) Template

matching

(c) Combined

Fig. 6 Likelihood images
3.4 Cutting eye region image

The eye region is cut based on the maximum
location in the combined likelihood image. The
maximum location is set as the center point and a
rectangle area of the fixed size (r) is cut as the eye
region. We assume iris size is almost same in the given
input images. A sample cut image is shown in Fig. 7.

Fig. 7. Cut image from likelihood combination
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4. EXPERIMENTAL RESULTS
4.1 Eye region detection results

The performance of the proposed approach has
been evaluated on the public data set of CASIA-v4-
Distance [14]. The images have lower quality as they
are captured at about 3-meters distance under NIR
wavelength. There are 2567 face images of 142
persons that are not rotated and iris size is almost the
same for all images. Eye glasses, specular reflection
on the eye glasses, and blurred images are included in
these face images. As the left and right irises are not
the same for each person, the face images are cut into
left and right images before testing with OSIRIS. For
these 2567 left and 2567 right images, the eye image
including the iris region are detected and cut by our

proposed method and used as input images for OSIRIS.

For AKAZE feature matching, one eye image
from 2567 left and 2567 right images respectively is
selected randomly as a sample image. For template
matching, N = 40 eye images for left and Ny = 30
images for right are chosen as template images. Some
blurred images are chosen as template images. For
likelihood creation, the value of ¢ is set 6 = 200 in
Gaussian distribution function to vote each position in
the likelihood image. The eye regions are cut into the
size r = 400. The result for detected eye region images
are counted manually as correct if the iris region is
fully included in the cut image and as wrong if any part
of iris region is not included in the cut image.

Table 1 and Fig.8 show eye region detection
results by OSIRIS, AKAZE, template matching and
likelihood combination methods. Although original
OSIRIS doesn’t detect eye region, to be more
prominent we calculate the eye region detection for
OSIRIS. As OSIRIS firstly locate pupil area to
segment the iris region, we check manually whether
the detected pupil circle is within the eye region which
is the same size of the eye region cut by other methods.
If the pupil circle is within the size of eye region, it is
noted as correct one and otherwise as wrong one.

AKAZE can detect eye region for blurred images
and for some images with pupil is dilated or

Table 1. Eye region detection results by OSIRIS,
AKAZE, template matching and likelihood

combination.
Correct
OSIRIS only 4867(94.7%)
AKAZE 4991(97.2%)
Template 4939(96.2%)
Combined 5054(98.4%)

constricted due to lighting condition. Template
matching can detect eye region for images with normal
pupil and iris sizes and clear images. But both methods
cannot work well for images with severe illumination
caused by specular reflection especially on the eye
surface. OSIRIS can work for clear images and it
cannot work well for blurred images and images with
noise such as illumination. Likelihood combination
can detect eye region more correctly than other two
methods.

5100

5050
5054

5000
4991

4950
4900
4850
4800

4750
OSIRIS AKAZE  Template Combination

Fig. 8. Correct eye region detection results

Table 2. Location of key points at different
regions detected by AKAZE and
template matching

Regions AKAZE Template
feature matched
points points

Near rim - 3

Nose pad 4 -

Pad arm 5 -

Nostril 4 -

Nose - 12

Vertical lip 6 _

lines

Eyebrows - 4

Forehead - 13

Eyeglasses - 3

Iris 13 5

Total 31 40
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The proposed likelihood combination method
outperforms AKAZE and template matching methods.
It is because each method finds the different locations
of matched points. As an example, a half face image is
given as an input image and the eye region is detected
by AKAZE and template matching. The detected
feature points by each method are shown in Table 2.
We can see that the feature points detected by AKAZE
and template matching are located at different
positions. Therefore, the combined likelihood can
generate the correct eye location since matched feature
points locations from AKAZE and template matching
are same in iris. So, likelihood combination can output
the accurate eye region for regions that are not
detected accurately by each method. An example
likelihood combination and cut image is shown in Fig.

9.

(¢c) Combined

o

-

(a) AKAZE

(b) Template
matching
Fig. 9. Feature points and likelihood images

4.2 Iris segmentation result

Next, we continue iris segmentation for half face
images and eye region images detected by likelithood
combination. Table 3 shows the manually checked iris
segmentation results for detected eye images by
likelihood combination, and iris segmentation by
OSIRIS.

The segmented iris images are regarded as
correct if the iris and pupil are accurately segmented

Table 3. Iris segmentation results

Correct
OSIRIS 4389(85.5%)
Combined 4502(87.7%)

as two circles; the inner circle between pupil and iris
contour and the outer circle between iris and sclera
contour. If the segmented iris circle contains
inaccurate iris contour or a little bigger circle contour
than normal iris contours and the pupil contour circle
is segmented inaccurately, it is regarded as wrong.
Giving images cut by likelihood combination as input
to OSIRIS can get better segmentation results than
simple face input images as it can avoid to segment
wrongly other portions on the face.

4.3 Iris authentication result

We conduct an iris authentication experiment and
calculate the overall accuracy for OSIRIS only and
giving eye region detected by likelihood combination
method for OSIRIS. Firstly, 2567 face images are cut
into two half faces in order to detect left and right eyes
respectively. After that, a half face image is given as
an input image and cut eye region by likelihood
combination. All input images are segmented,
normalized, encoded at first and then matched the iris
codes in matching stage in OSIRIS. We check the
correct count by preparing query and gallery images.
We choose correctly segmented four images by both
methods for one person as gallery images (568
images) that are not taken as query images when
matching. Other images that are not used as gallery
images are set as query images. The minimum
hamming distance is calculated in the OSIRIS
matching stage from all query left and right images. If
the minimum distance from the same person’s eye
image is found, it is regarded as correct, else it is
wrong. We take only query images correct count for
calculation of overall accuracy, not take for gallery
images. The overall system accuracy is calculated as
the fraction of the number of correct images divided
by total number of query images shown in equation (3).

number of correct images

Overall accuracy = number of query images (3)

Table 4. Shows the authentication results for
OSIRIS for giving a full half face image and giving an
eye region image cut by likelihood combination.
Giving an eye region image as an input have better
performance than giving a half face input image.
Therefore, eye region detection is important for iris
authentication.

Table 4. Iris authentication results

Correct
OSIRIS 3098(77.9%)
Combined 3189(80.2%)
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Table 5. Iris authentication results for images
correctly detected by both methods

Correctly Wrongly

authenticated | authenticated
OSIRIS 3033 487
Combined 3041 477

4 .4 Discussion

Table 5 shows the iris authentication results for
correctly detected images by both OSIRIS and
likelihood combination methods. Both methods show
almost same performance in this case.

Fig.10 shows the authentication results for
images wrongly detected by OSIRS. Out of 247
images wrongly detected by OSIRIS images,
likelihood combination method can detect correct eye
region for 195 images (78.9%) and segment iris area
for 88 images (35.6%) and authenticate 83 images
(32.8%) correctly. So, our proposed method can detect
eye region very well for images that include noises. In
such a way, detection of eye region before iris
segmentation can avoid wrongly segmentation on
other organs of the face. Furthermore, once we can
segment iris correctly, the authentication results are
very well (83/88=94.3%). However, iris segmentation
result by OSIRIS is not so good. If we can segment all
detected images accurately, the performance of the
system will be higher. The improvement of iris
segmentation method is left as a future work.

300
250
200

150

100

50 . .
0

wrongly correctly correctly correctly
detected by  detected by segmented by authenticated
OSIRIS combined combined by combined

Fig. 10. Iris authentication results for images wrongly
detected by OSIRIS

5. CONCLUSION

In this paper, we propose a likelihood
combination method to detect an eye region from a
face image acquired under less-constrained imaging
environment. The proposed approach introduces two
likelihoods, one for AKAZE feature matching and one

for template matching, and these two likelihoods are
combined. The maximum pixel value location is
searched from the combined likelihood image and the
eye region image is cut based on this highest location.
Giving the cut eye image has greater possibility to
correctly segment irises as it can avoid wrong
segmentation on other organs from the face. So,
detecting eye region before applying OSIRIS can
enhance the accuracy of iris authentication on noisy
images acquired under less-constrained environment
and at-a-distance. The improvement of iris
segmentation method itself is left as a future work.
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A Study on Inbetweening Algorithm for Computer Animation II

Makoto SAKAMOTO, Shuhei KUROKI

Abstract

Computer animation is now applied widely in the entertainment, and is also being used in education, industry, scientific research,

and so on. By the way; it is important for animation to think about shape, color, position, structure, quality, and so on. Especially, it is

of very importance to outline an object. However, the animator must draw a lot of frames of the object and spend much time and

labor, so computerized inbetweening methods for animation have been proposed. Above all, the Miura inbetweening algorithm is

very famous, but this algorithm has a problem which appropriate frames are not produced from two keyframes in the case of reducing

data. In this paper, we propose a revised algorithm in order to improve such a weak point, especially rotation part. The algorithm is

implemented in Java on a personal computer.

Keywords: algorithm, computer animation, inbetweening, Java, keyframe, moving point
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Current Status and Issues of RETUSS to Ensure Traceability
between UML and Java Source Code in Real Time

Keisuke MORI, Tetsuro KATAYAMA

Abstract

It’s increasing the importance of software in society, and it’s becoming more important to secure the quality of
software. Ensuring of the traceability of deliverables is one of effective methods to secure the quality of software. It
can verify that the requirements are reflected in the programs, and close the gap between the documents and the
source code. But it has two problems: taking labor and time, and causing mistakes by human handling. This paper
has implemented RETUSS (Real-time Ensure Traceability between UML and Source-code System) in order to solve
the above two problems. RETUSS can ensure the traceability between Class diagram in UML and Java source code

in real time.
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A Proposal of a Reading Text CAPTCHA
Using Random Dot Patterns

Hisaaki YAMABA, Yuya ICHIMOTO, Kentaro ABURADA, Naonobu OKAZAKI

Abstract

According to the a growth of troubles caused by malicios programs called bots, CAPTCHA (Comletely
Automated Public Turing test to tell Coputers and Humans Apart) comes to be an important roll in the current
information society. CAPTCHA identifies bots from legitimate human users by requiring some questions that
are easy for humans to solve but difficult for bots. However, the progress of computing technology such
as OCR, bots come to be able to solve present CAPTCHASs. In order to outcome such troublesome bots,
more sophisticated CAPTCHA that equips high cognitive ability like human is desired. In this paper, we
propose a new CAPTCHA scheme that uses random dot patterns. Human can recognize a moving cluster
filled by random dot patterns from a background filled by random dot patterns; however, loses the cluster in
the background when the cluster pauses. Since image recognition by computer programs is usually carried
out frame by frame, it is hard for bots to recognize a moving cluster filled by random dot patterns from a
random dot pattern background. The proposed CAPTCHA requires users to answer a text that is filled by
a random dot pattern and moves on a background that is also filled by another random dot pattern. Several
experiments were carried out to confirm that the proposed CAPTCHA scheme has enough resistance against
bots attacks using representative image recognition methods. Other experiments were also carried out to
evaluate the usability of the proposed CAPTCHA scheme. The system usability scheme (SUS) was adopted
in the experiments. The results of the experiments showed that the CAPTCHA scheme is usable enouth and

has enoungh resistance against bots attacks.

Keywords: CAPTCHA, bot, random dot pattern

1. FU®IC

W, Ry P EWENZHE 70 77 L2y = 79—
E2ZDOAEFMAPMEREN S K ) >TETWDS, Zh
7, R — L —E 2 8D Web —E ZRICRy b
EEENZHB TR ST LTT VR RAZE, T T ATy
b &2 REPE L7 BT, 206 % SPAM X — )LD ICHIH
T2, LwIHIbDTH S,

2D &I HEE T % 7012, CAPTCHA (Completely
Automated Public Turing test to tell Computers and Hu-
mans Apart) &WHEN S FERIEH LT, AR E Ry + O]
SN TH»3 D, CAPTCHA I35 v LY /L ARy R
TALO—HTHD, ANEICIZAD IFETE 2 a v Ea—
ZIIFHN DN EETH HREEZ HEL | ERTEGAIcZ
DIEFHEZ NHTH 2, LHWT 5, BifE, Web —E 2%
T 294 LD, 2T 2 7k MR TR
& LT, X4 CAPTCHA i CAPTCHA (X1) %
FHLTw3,

VGRS 2T L TR
DB A T L T2EREER A
M R 7 b TR
VW AT b TR

L2 LIES, CAPTCHA % X D EEML T 2 &k
ENBEIICHRSTETVS, L) Db ITEED STk
PR E OFEIC X D BHED T TH 5T CAPTCHA
PR CAPTCHA 3, BHICEHEND LI ICHh>TET
WEPLTH B,

BIELAD T T a—F D—on, ARDEEBARE S %
WHILE T % CAPTCHA OEATH %, i 2258AH ) D
fitlx, =7 =72 > TN EELRHFED —~D>TH % &
HifFENn T, WHEREZNS CAPTCHA ik, 20X
I R RRAR N E AT 20 00% koTwd,

Z ORI TR, ANBIDEEE R GRARE ) 2 B L $ 2877
7% CAPTCHA /REL T, V¥ ARy by —vEHO
72 CAPTCHA %2R 5, HAICIZXF ) CAPTCHA
ZR—2 L L7BIN7% CATPCHA TH 52, S5 LRy
FRy—vERDO LR, RIEHI VLR Y Y- T
i, BEIT 2 XFERHFETE 2 2EPITE>T, A
By b2 HMi§ 5, S50, OCRBEREZAZZ R v b
DEWHEELT I 2D, MREITZAET 2 k) %1
Eh@ELTw3, BEWIiz, B@atziEoMo s v
FLFy bRy = HR XTI RICFRRTE I EICk-
T, XFEEAhH - HEiEsNn g 2 LDtz FEO TV 3,



350 OB OK %L %M o AT

Typo the twc words: -1
@+ [ e CAPTCHA™
] 1428 sBal

&
5
=

X 1. XFH CAPTCHA(reCAPTCHA V1) & ifg
CAPTCHA (reCAPTCHA V2) Ol

2. FGATHAR

2.1 X% CAPTCHA

X5 9] CAPTCHA BHTERDINSFHHAINTY S
CAPTCHA Th 3, BLASNALFH] CAPTCHA &L
T1¥ Gimpy? . EZ-Gimpy?. r-Gimpy>) % Eh3%H 2, i
Sk, 77 7Ry b EBFE T VY LMW XFF O
BaEEBEFETCERT S, MEFHIITOLFINEHEEL TT X
ARy 7 ACAT L, ZDANHIEL T uEnEH % A
LHIMTT 5,

XH CAPTCHA OEFTE LT, Web ¥4 FICHiHLICHL
DAND ZEDHRETH 2 Al & $RM 7 b BB I i
MaE->Z EBRITFoNnS, FEATE LTIE, THED OCR O
HOCFR) BRI XD, Ay POMEHICCF R R T
ETCLEINMMUELES ZoTLE-> TR I EE TN,

22 TUHFLRYRNIIT—Y

TYF LRy b8y = kid, FHRNE BT R
LEbDTHD, BTN Th20IIEELICHRD S
nTwz,

BRIy bRy —v R LR, TN
Ry b5y — OBDBEIT 251013, AR 2 OffEl% Al
HOE 21 LT, ZRHHIE L 2R IC I3 T2 5 < & %
ZERFRLTLE Y, Fra s b LEEIC BT S Tk
oAl I XiuE, ARIORICIE, FFcREL, FU X
FIZLL TV RO b DRV E £ ) IRk T 2 HAE DM
boTWV2 I ENHBENTYE D),

2.3 SNOW NOISE CAPTCHA

SNOW NOISE CAPTCHA® 13, 544 Fy bty —
VRFIH L7 CAPTCHA TH5, 7vF Ly FEw) MR
xS 72 WIERO T S ARSI NAEE 2FHT S, &
WY 77 a—FIcE D w A Eil CAPTCHA TH 5%, 20D
CAPTCHA Tk, 7 V¥ ARy F3F —vDiFEHD T,
ED S UF LRy b8y —r i TIERARY—v ) 21
7L — LIS SRR SERT S (M2), FIEHIEID
Bl hC NER Y — > ) OO A1, 2SIk
LWEETHIUIAM E A IS, AETHIL, BHD
FVFLRy b E—oDF LT L L CERTETH 2 DT,
FYF LRy b RY =V DS IR Y — % Rk - IR

[X] 2. SNOW NOISE CAPTCHA ®a vt 7 FX

| i = 700px |

= = 500px

=

A& — &

REfE

¥ 3. ¢4 CAPTCHA a2yt 7Y

THETH 5, —HFRy MiE, 1 7 L — Lokl o nlg
ERI LAY, By —voRRRKEETHL, Ih
ZRAHLTARER Y F XD AR L 72 2,

7272L. SNOW NOISE CAPTCHA Tli&, I[Eff 8y —>
DRI 4 ¥ RIS THET 572, M7 h %
2B AR INTL ) Wa0’b 5, £/, Bl o
Bov—»nZimtBlL, 2no60ESZMMAL CEMY —v
DIEPTEZET 2 B EZ 5N D,

3. R’EFE

3.1 BB E&EZE CAPTCHA

AETIE, 7VF LRy bRy —voWHEZEHL, 7
077 LIk 5 AELIKEICiED H 5 CAPTCHA %24
T 5, 249 % CAPTCHA 33X7% CAPTCHA #~X— 2
ELZLDTHY, 7V ¥ ARy b Y—v RO LR T
DTV T LRy by = TN TN E 1 7L — L
BB SR ARNSRRTE, o2 HETE 205D
THEEBAMDPR Y b 22T 25D TH 3,

X3 1%, Bk L7 CAPTCHA 725 1 7L —ALZHKSIHL
72bDTHD, XnINHXFINE, KpD RS — FiiEH
574 Y FYNICEAL, ARSI TBEIT 2 (FEB o
Micid, AfEERSINEG), ZORTIE, BIEMELE LT
RENTAEISLTHIDRRINT L EH, HFICT v &4
Ry 8% =V TRRTEEHRINTER DT, AKEDX
FTRRLT0D,

3.2 YMAEBHERM AN DXL

8%34 2 CAPTCHA ZHE 7’1 77 L CEE T 2 ik L
LT, 27b—2a%BL, Z2020%FHT2 2 L THRRE
NTOLBEXFINEFERT 255, A 77420 70— (K
4) LW S, MFERNOVEROBE XY FLTRL, &K



FUH ARy N E AW ST CAPTCHA DR 351

N

nJL—AH n+1JL—AH

X 4. & 75 4 H7a—of

X 5. F 7°F 4 A7 1 —~DhithigE

RINBZLPINOHE ZBIT 5 2 &L TXFOBEMET 5
FEBEZ 6D, Z6DITHEICE DL 7 XFDFBIC
OCR %M T2 Z &¢, AEI 7 0 77 L1 & 2 XLEOHFD
L2,

Z ICREFECIR, T, XFEANLT TR, HRLX
FH L F R 2 F BB SEL I E Lk, BE¥RS, T
VHLR Y bRy —v OB EHIELTE D, UG
ZEOTWEE, 7L —2DEZZMHTLI LICL>T, M
BT RELFINRGI G L 22065 5,

RIS, AT T4 AN 70 =% L BHE~DREE LT,
HEEXFIND ki, EHEEZRO7 V¥ APy bhist G&
WL 0.4) Z2BERL, XFINDF Y F Ly bRF—vD
FEr2AET7 95— 23852 LTk, IERXTH S
bz -7z,

WEMOWISZMA 211 L MA 74D CAPTCHA 2% L
T, HBICA 7T 4 AN 70—2BEH L7000 5 Th 3,
K5 EBECRIMISRZMATHRNDOTE T4 hL 70—
ko TXFOMBERT»>TLEF W, XFEHFEINTLE
TN D D, —H, K5 TERTEEIREZMAZI LIck
D, XTFOMEDIDP SR BoTWw5,

PLEDOFSR XD $8% CAPTCHA 34 75 4 AN 70—
T OB L C ot R E i,

4. FHMEER

4.1 EEREMW

Sk, $#2% CAPTCHA PARID 12— —(2 & > T
MEERLDTH LI EDMERE, 2—FE Y 7 1 dHiiic k2
CATPCHA & L COEAMICOWTHRS,

@EIR2
Q@EIS1
@3 F5
OE=

6 LAY—HEEHELAY—TDI VI LRy FOF)E

YES NO
1 |

| AR & 2l | |n—:~yra$-
X 7. BEAEFNED 7 1 —F v — F
42 REBEYITLDRIE

2% CAPTCHA D 2—HE ) 5 4 FHlli oD 72 & DS EREREE
% JavaScript CTHEIE L 7z, WRPIEM XTI E2HI T 5
LRy P Y=V RT3 Py Fofud, Btk (R, G, B)
= (255, 255, 255), WEtalf (R, G, B) = (0,0,0) ® 2 tan &
L O DDERIRIZN S, EEEEITIE, 2% CAPTCHA
DFEBUZ, HTML5 O canvas HEZHALTw5, Lk
27VFLFy bOLAY—%IgHEHR L LT, EREXTHD
LAY —, BERDOBEBR L7 VT LRy POLAY— 28K
Dit A AR ELQTHIET 5 (K16), &Lk, 21
FNELZ AT LT L,

AT LAOMEDOTNEK 7 IR, CAPTCHA 7’1/
7 LDEERIED L &, WRHAD IV F ARy bRy —v F
REINLZXFIHD T ¥ Ly b3y —v WiEMRD 2
DTV TLEy bY—vDit 4 DPER SN, 2hEnD
HOICHZZHFEICBE L 2R o £REND, 7V LKy
PRy —E, BRI THICHBIEREI NS, EREns
XFHN S, HREL S b DR D XHIT, A~Z D 26 3L
o TV ML TFERIBRL TLTFIN KT 5,

I—F—RBFRRINTOLLFINEREDT XA MRy 7
AWAHL, BERHORY v 27 )y 735 E, 2R3 —
NZELND, ZHUHEDE, 22— —=DAN L7 XFF &
FRENT 0B THIBERIT L T 2 D50 DM E DS
frtbns,



352 OB OK %L %M o AT

ERNPS S
0S | Windows 10(64bit)
CPU | Intel(R) Core(TM) i7-4770S CPU @ 3.10GHz
XEY | 8GB
FRAREE | 1,920 X 1,200

4.3 EERAE

FEROPIRE F BRI EICTE T 244 20 4 TH 5.,

FEgZ, LTFOTFIETIT a7, £9HBREICIZ, 2%
CAPTCHA ZfR\»Th & I Hic—l h OfF/EFIE%FHE L .
Z D%, 10 MO ZIT>TH 507z, #ilEE, HEBm
FICRRINZ LI EHZ L, HHEDTFA LRy 7 AL
AL, BERERY V%27V v 735, 2O, BlED
ANTLEBIEDIER, 8 X, =Y R0 S HE O
BRI & sk L 72,

FRRCEA L 2GR 2 R 1 IR T,

BRERE O ILE R LT ER M OGRE T Lk, 7V
F—rHEICED, =) T4 -2 T, 2—FEY
T 4 OEMEN 25T 2 KBS 2 7- 9, 2 2 Tl&, SUS (System
Usability Scale)”) ZH\>7:, 7077 — kTl BifE
DEHTH 2 X FH] CAPTCHA E2% CAPTCHA oL
biTo 7,

SUS 1Z., 2—HFE Y F 4 122w TOIBIN Tl s ©
H . John Brooke 2% 1986 fFICHFE L7 b DTH %, ¥
1, WRFOLFER—ZAD PC OFHicfib it Tnizds, 20
%, HEHFERER N — P 2 7, IVR 7% E Ol & L THF]
HINTETn5,

PUFC, AFEAICARLZ 100 HBHO 7 v /75— AR %
Y,

1. 2O CAPTCHA Z LIFLIZAH Lz wER-S,

2. Z® CAPTCHA ZFHT 2 IIZFHHINBEE 72 513
EEMECTH B IR T,

3. 20 CAPTCHA BEZBIHWILhTHNTES L
/El:lil\ﬁfco

4. 2@ CAPTCHA %FIHT 2 DICHMEK DY K — + 53
WEE LKL B,

5. 20 CAPTCHA IZhdar57rvyRFEr = a v
oI D B LKL e,

6. 2D CAPTCHA Tlx—BMDOLRWEI AL 4 H -
72U 7,

7. VB TWLDAIZ, 2D CAPTCHA OFH AGk%2 3
WCHET 5 D,

8. Z® CAPTCHA ZETHEEL DS W EEL 72,

9. Z® CAPTCHA #fHT&2HENH S,

10. 2 CAPTCHA ZFIH LI 2H[ICHI > TE A RE
ZEDRSELSHBERS,

SUS D&EIAEE, ROBRIATI, £7. TXTOHEFE
025 405 BRETIHEIT 5, 20 LT, &H&EEOHMH
HoZ a7 ikR&EFRT»S 1 2510w b o, \EEEHOHEM
HHOZ a7 5 hoREFRTZLIIbDE L, ZOREE

F2 E - 7 — MER
PEIIEER (%) | 97.5
SEYFRTERER [F] | 8.06
F/INITEEIER (8] | 18.0
ORPTSRIER (8] | 3.7
g SUS 2a7 | 89

ZRL DO ARHEIEE 25 5706, 0006 100 DAT —
NS 2

FHHDZAa7% Ni 5 Nig £ 2L, Ait2a7 S 1F
X (1) TERTLDVTEL,

S=0_N)x25 (1)

AT = VEDEEDFRNFE, ¥ AT 4L LTRVFHIAS:
A 6N %, SUS 227k, Jeff Sauro 5 1C & 2 FAREHE D) 2>
SR ATNE8 EINTED, 2—FE ) 71 icENL L
B2 10%ICABIZIE, 80.3 A 2 A a7 E ENTWw5,

4.4 EERER

BEERE 20 43E% CAPTCHA % 10 ¥ Off o
72200 DT =806, ZOT—F O IEER, St
FARFH. IRAPTEIR ., VTR 2B L 72, 2o D
e, SUS ICk 22— 74 fHliOFHR a7 %K 212
R,

2 IR THRIC, B 20 A OFEIEEHIL, 97.5%. fif
FA BT 2 AT IE, 8.06 BTh o7z,

B 20 4, &1 200 MIOFE ISR L €, AR & HE S N
75 RTHo, ZOERMEIZ, BRINLELT R, Z
TUBI 7 LIS AMEZ 72 b D TH - T,

45 ER

FEFREID & | P IEERIZ 97.5%TH D | FivkiE s ko
T3, FIERIIC BT, 7275 CAPTCHA @
ST I35 12 B ChH 2 DI LT, 1% CAPTCHA
13 8.06 B Tdh b, CFH CAPTCHA X b #H T RHT
fiti 3 CAPTCHA t%->TwdEEZIo6N%, LFEL, 5
DI, —MI72 3075 CAPTCHA & 0 &4 7%\
BeFEi L 72720, 1R CAPTCHA TOSCFEHERMICTE T
LRI, XFEEFE 2RO XTEY] CAPTCHA X0 b
ML THED, LHWiTA I LIZTER Y,

Rz, #£2 X, SAlo SUS Ik 7 v 7r— A
DAATIZ8Y THhH, ENLL—FEY) T4 Z2RTRAAT
80.3 A AR L o7, £/, 2% CAPTCHA & —ii%
723075 CAPTCHA DO ES & 2 ffinizwd, 77—+
TomNlt A 1 4ZRE, 2% CAPTCHA %ZERL T
Wiz, TN6DIT ENS, HE CAPTCHA ZFEMNTH %
LW B,

ZO—J, EHEDa AL N ELT, Bl XD RCTadi
LS50 &R, BFiT2 & HMEND Lok 2 &M%
Johiz, Z20d5H%IE, LFORESPL74r v PRE A
M2 & > TRPLTOWRRAFIEZ BT 20682135 %,



F AN Ry b &V U] CAPTCHA OFE%R

353

5. F&H

AR Clir, ANHOSEELRZ#EIICERL, AS 7 m s
7 DI & ZEA D% Fi 7272 CAPTCHA #4217,
F7. BESAD CAPTCHA #9831, ML 2 —¥E
V5 4 i % AT 9 KR E T o 72, FHROFER, ABTH 22—
F=DROHERECIEEREZR L, 2= 7 1 i
DFEIEL 2% SUS Aa7bEwHditis ko7, ThHDI L
6. 2% CAPTCHA DFEMNTH 3 2 L DR TE 72,

Stld, SNEERT 2 2 L TE Lo it I ik
WKk BHB TS T LADNiEEBELL 5D, =P T4
[ CORE R DY T TR L T E 72w,

EE P&

1) L. von Ahn, M. Blum, N. Hopper, and J. Langford:
CAPTCHA: Telling humans and computers apart, Ad-
vances in Cryptology, Eurocrypt’ 03, vol.2656 of Lect.
Notes Comput. Sci., pp.294-311, 2003.

2) Greg Mori, Jitendra Malik: Recognizing Objects in
Adversarial Clutter:Breaking a Visual CAPTCHA,
2003 IEEE Computer Society Conference on Computer
Vision and Pattern Recognition (CVPR ’~ 03), Vol.1,
p.134, 2003.

3) Gabriel Moy, Nathan Jones, Curt Harkless, and Ran-
dall Potter: Distorition Estimation Techniques in Solv-
ing Visual CAPTCHASs, proceedings of the 2004 IEEE
Computer Society Conference on Computer Vision and
Pattern Recognition (CVPR’ 04) , 2004.

4) JEEEOK:  Texture World, AR 7 — b, http://
fushigi-art.com/wordpress/?p=242, (2018/03/06 [}

i) .

5) Tom Stafford and Matt Webb: Mind Hacks, Oreilly &
Associates Inc, 2004.

6) JRRHEDG, A g, RILATR, VEIEIERS: SNOW NOISE
CAPTCHA: MR 25 2 FIH L 72 Bhili CAPTCHA
DRZE, HHRABEXVIZEH Y (CSEC), Vol.29, pp.1-7,
2014.

7) Jeff Sauro: MEASURING USABILITY WITH THE
SYSTEM USABILITY SCALE (SUS), Measuring U,
https://measuringu.com/sus/, (2018/02/01 A=)



354 OB OK %L %M o AT




Feasibility Study on Fishery and Marine Tourism for Sustainable Development of Outermost Small Islands (Case Study for Marore and Kawio Island in Indonesia) 355

Feasibility Study on Fishery and Marine Tourism
for Sustainable Development of QOutermost Small Islands
(Case Study for Marore and Kawio Island in Indonesia)

HOLILUDIN®, Keisuke MURAKAMI®, Wilmar A. SALIM ©

Abstract

This study evaluates the potentiality of skipjack tuna and marine tourism as a sustainable development item to activate
the economy of two remote islands, Marore and Kawio which have been left behind in terms of economic development.
High resolution satellite image data of sea surface temperature (SST), chlorophyll-a concentration (SSC) and net primary
production (NPP) from 1998 to 2015 were used to assess the potential fishing zone, fish biomass and their changes in future.
Furthermore, the data of coral reef ecosystem were used to appraise the diving activity as a marine tourism. This study
reveals that the sea areas surrounding these two islands are the promising fishing zone, and the fish catch of skipjack tuna
is estimated as 323.42 ton/year. From the current market price of skipjack tuna, this volume brings fishermen’s income 158
USD per month. It is estimated that the fish catch of skipjack tuna will decrease 10.91 % in 30 years after, but this trend
has few influences on the maintenance cost of fishery at these two remote islands. Marine tourism also contributes to the
sustainable development of two islands, and this study estimates the potential diving capacities on them are 128 visitors/day
and 147 visitors/day, respectively. These are the acceptable numbers within the appropriate preservation of natural

environments.

Keywords: Remote Islands, Skipjack tuna and Marine Tourism, Sustainable Development

1. INTRODUCTION

There are many outermost small islands in Indonesia.

They are located far from main islands and have been
experienced the lack of development. Their geographical
conditions and small population cause an inefficient huge
cost to their development”. Furthermore, the
development of those islands has been considered less tax
revenue for government.

Marore and Kawio islands are the typical outermost
small islands in Kepulauan Sangihe Regency, North
Sulawesi. These islands locate more close to Philippines
than Manado on North Sulawesi. Outermost small islands
in Indonesia have been having some similar conditions.
Most of the people in those islands are fishermen, and

more than 50% of households are less than poverty line?-?,

Development of those remote islands is the
government’s important policy. National government has
been striving to reduce the disparity of living standard
between mainland and remote islands to promote National
Medium-Term Development Plan (RPJMN) 2015-2019.
Both skipjack tuna fishery and marine tourism such as
diving have been proposed along RPJMN to develop the
remote area, because skipjack tuna is one of the major
valuable fish in Indonesia®. The marine tourism is also

a) Master Student, Dept. of Civil and Environmental Engineering,
University of Miyazaki (Directorate General of Coastal and Marine
Management, Ministry of Marine Affairs and Fisheries, Indonesia

b)  Professor, International Education Center, Faculty of Engineering,
University of Miyazaki

C) Associate Professor, Dept. of Regional and City Planning, Institut
Teknologi Bandung, Indonesia

considered as an economic activity item on remote small
islands®.

Skipjack tuna is one of the migratory species, and the
determination of its potential fishing zone is an important
item for assessing the applicability of this development
idea. In addition to this, the estimation of skipjack tuna
catch in future is also important, because the fish catch is
affected by environmental changes®”. Furthermore, an
excess development of marine tourism may lead
environmental degradation®?. In order to realize the
sustainable development by employing skipjack tuna
fishery and marine tourism, it is important to assess their
applicability in future regarding the environmental
capacity of these islands.

This study assesses the applicability of skipjack tuna
fishery around Marore and Kawio as the sustainable
development of outermost small islands by estimating its
potential fishing zone and fish catch in future. This study
also examines the applicability of diving as the marine
tourism to activate the economy of these islands.
Furthermore, this study discusses the feasibility of
skipjack tuna production based on the cost and benefit
analysis to increase the total income of fishermen.

2. RESEARCH METHOD

The study area is Marore and Kawio islands, which are
two outermost small islands located in remote border area
between Indonesia and Philippines. Two islands belong to
Kepulauan Sangihe Regency in North Sulawesi Province.
As illustrated in Fig. 1, Marore island locates on 4°42°49”
- 4°44°42” N and 125°28°16” - 125°28’48” E, while
Kawio island is on 4°39°51” - 4°40°37” N and 125°25°38”
- 125°26°21” E. The areas of these islands are 3.12 km?
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Fig. 1. Location of study area, Marore and Kawio islands

and 0.9 km?, respectively.

Sea surface temperature, SS7, Chlorophyll-a
concentration, SSC, and net primary production, NPP, in
2015, which were the high resolution composite satellite
image of 1/50° by © INDESO!?, were used in this study.
In order to calculate the trend of above parameters, lower
resolution data of SST, SSC and NPP from 1998 to 2015,
which were provided by NOAA'Y and Oregon State
University'?), were also used in this study.

Bathymetry data, sea current velocity data, and coral
reef data such as coverage, species, and life form were
obtained from Indonesian Ministry of Marine Affairs and
Fisheries'?. Socio-economic data such as population and
economic condition of residents were collected from
statistical data®?).

2.1 Potential Fishing Zone of Skipjack Tuna

SST and SSC were compiled to generate monthly data.
Skipjack tuna prefers the condition of SST from 27.5 to
32.5 °C, and SSC from 0.05 to 0.65 mg/m?. In order to
evaluate the potential fishing zone of skipjack tuna, this
study set the range of SSC as 29.5- 31.5 °C and SSC as
0.15-0.35 mg/m? 14,

2.2 Estimation of Biomass of Skipjack Tuna

Net primary production data on the spatial resolution
of 1/12° was used to estimate the production of skipjack
tuna. The fish production was estimated with using a
model shown in Eq.1'. This model is based on the
relation between the primary production and the value of
transfer efficiency which relate to a trophic level.

FP = PP x TE(TL=D) (1)

where FP is a fish production (mg C/m?), PP is a primary

production (mg C/m?), TE is a transfer efficiency, 15% for
coastal area, and 7L is a trophic level , 7L= 3 for skipjack
tuna.
A fish biomass, FB, was estimated from Eq.2, where
the conversion ratio of carbon to weight was set as 9:1'9):
FB=FP x9 (ton) 2)

2.3 Projection of Fishing Zone and Fish Abundance
Potency

In order to evaluate the fishing zone of skipjack tuna

and its fish catch in future, the trend of SS7, SSC and NPP
for 18 years were obtained by following formula;

_L(=%) -y

trend = S ) 3)

The values of SS7, SSC and NPP in 10, 20, 30 years

after were calculated by assuming a linear trend as follow;

Ve = ax + b, 4)
The fish production and the fish biomass of skipjack
tuna in 10, 20, 30 years after were calculated with using

Eq.1 and Eq.2, where the parameters in each equation
were obtained from Eq.4.

2.4 Marine Tourism

The diving activity was chosen as the item of marine
tourism for two islands since the coral reefs around them
are attracting worldwide tourists and the number of tourist
is increasing steadily 7%,

This study applied a spatial analysis to determine a
prospective area for diving by setting the criteria of
parameters that relate to the sustainable development for
diving activities. Table 1 shows the criteria of parameters,
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such as water clarity, coral reef coverage, life form of reef,
reef fishes, current velocity, and depth!?.

Table 1. Criteria of parameters for suitable diving activity

class
N P 1 i i
° arameter HEhly g able | MBI | itable
Suitable Suitable

1|Water clarity (%) >80 50-80 20-<50 <20
2|Coral reef cover (%) >75 | >50-75 25-50 <25
3|number of life form > 12 >7-12 4-7 <4

number of reef fish

. >100 | 50-100 | 220 - <50 <20

species
S|current velocity (cm/s) 0-15 >15-30 | >30-50 > 50
6|depth of coral reef (m) 6-15 >15-20 | >20-30 > 30

2.5 Carrying Capacity Analysis
This study utilized Eq.5 to calculate the carrying
capacity which is the maximum number of visitors who
can be accepted in a particular area over a certain time ).
Lp Wt

where PCC is a carrying capacity for diving, K is a
constant value, Lp is a suitable area for diving (m?), Lt is
a required area for diving visitor (m?), Wt is an available
time provided for diving (hours/day), and Wp is a required
time for diving visitor (hours/day).

A real carrying capacity, RCC, can be corrected by
maximum acceptable number of visitors on particular site.
Correction factors, Cf;, are determined by the
characteristics of the site 29-21

RCC = PCC x (CfIx C2% ---x Cfn)  (6)

where RCC is a real carrying capacity and Cf; is a
correction factors.

The correction factor was calculated from Eq.7 which
includes a wind speed as a main factor relates to the diving
activities and divers’ satisfaction. The wind speed is one
of the important factors which influence the safety diving.
Diving could not be permitted under the strong wind
because it leads extreme current. Therefore, this study
choses only the wind speed as the correction factor.

Cfi=1-Lmi/Tm; 7

where Cf; is the correction factor for diving, Lm; is the
number of month which exceeds the wind velocity for
safety diving, and 7m; is the total number of month
through a year,. This study employed Lm,;= 2 and Tm ;=
12, respectively.

An effective carrying capacity, ECC, which means a
maximum number that could be an acceptable to sustain
the island environments, was calculated by Eq. 8 with
introducing a management capacity, Mc 292D, Mc is the
sum of the conditions that a marine tourism could be
managed with surrounding environments. This study
employed Mc as 0.252Y.

ECC = RCC x Mc (8)

2.6 Cost Benefit Analysis

Fishermen’s profit was estimated by Eq. 9. The total
revenue comes from the production of skipjack tuna, and
the total cost comes from the investments for fishery ports
construction and their management.

Profit = Total Revenue - Total Cost 9)

This study conducted cost and benefit analysis with
using Eq. 10 and Eq. 11, where NPV means a difference
between benefits and costs through payback period and
Net BCR means a net benefit cost ratio. This study
considered ten years payback period, n= 10.

Bt —(C,
NPV = St (10)
Net BCR = £t (1)

where B, is a final value of benefit, C; is a final value of
cost, and 7 is an interest.

3. RESULTS OF FEASIBILITY STUDY

3.1 Potential Fishing Zone and Abundance of

Skipjack Tuna

Fig. 2 shows the estimated potential fishing zone of
skipjack tuna. It is clear that the water areas surrounding
two islands could be a potential fishing zone of skipjack
tuna through a year. Some parts of the surrounding water
areas become highly suitable area for fishing especially
from January to March and from June to July. The highly
suitable area occurs in January with 3.29 km?, and become
larger in February with 38.45 km? and in March with
97.22 km?. The area is also found in June with 3.74 km?
and becomes the largest in July with 577.82 km?.

Fig. 2. Estimated potential fishing zone of skipjack tuna in 2015

Fig. 3 (a) shows the estimated production of
skipjack tuna through a year. The water areas surrounding
two islands have the potency of producing 323.42 ton of
skipjack tuna in a year. July is the highest production
season, and its 37.95 ton/month production accounts for
11.73 % of total production.  April is the lowest
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production season, and its production is 20.31 ton/month.

The highest production in July is due to the suitable
condition for skipjack tuna migration. Fig. 3 (b) shows the
change of SS7 and SSC in 2015. The high production of
skipjack tuna in July corresponds to the extreme
chlorophyll-a and a significant decrease of SS7. This
phenomenon relates to an upwelling of seawater on this
sea area, and constitutes a productive fishing season.
Southeast monsoon generates the upwelling of seawater
around these two small islands, and this upwelling
phenomenon causes the significant rise of phytoplankton
which attracts skipjack tuna®?.
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Fig. 3. Estimated net primary production of skipjack tuna and

Characteristics of SS7 and SSC in 2015, (a) Net primary
Production, (b) SST and SSC

3.2 Projection of Skipjack Tuna Fishing Zone and
Its Abundance

Based on the trend analysis of SS7 and SSC for 18
years, the production of skipjack tuna in future was
estimated as shown in Fig. 4. Fig. 5 also shows the change
of skipjack tuna fishing zone that are in 2025, 2035 and
2045, respectively.

As shown in Fig. 4, the production of skipjack tuna
changes depending on the seasons in future, because the
suitable fishing zone around two islands changes as
shown in Fig. 5. Total production of skipjack tuna through

a year seems gradually decrease 313.26 ton/year in 10
years, and this is 3.14% lower than the production in 2015.
In 20 years after, the production becomes 303.32 ton/year,
6.21% reduction, and 288.14 ton/year, 10.91% reduction

W 10years ® 20years M 30years

estimated potency (ton)

5B
8 8

1 2 3 4 5 6 o T 8 : | 10 1 12

Fig. 4. Projected net primary production of skipjack tuna in 10, 20,
and 30 years after
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(b)
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Fig. 5. Projected potential fishing zone of skipjack tuna in future,
(a) 10 years after, (b) 20 years after, (c) 30 years after
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in 30 years after.
This study employed only the change of SS7 and SSC
for 18 years to estimate the future production of skipjack

tuna, though marine environment consists of many factors.

More factors will be included in further study to predict
the skipjack tuna biomass in future precisely.

3.3 Potential Marine Tourism Area and Its Carrying

Capacity

The coral reef around Marore and Kawio islands are
123.56 ha and 141.87 ha. Those coral reef ecosystem have
been kept very good condition. Fig. 6 shows the potential
area for diving activity, where they are obtained by
regarding current velocity, clarity of water, the life form
of coral reef, and reef fish'?.

Coral reefs of these two islands are attractive for diving
activity. Suitable areas for diving around two islands were
estimated 113.53 ha, 91.9 % of coral reef around Marore
Island, and 96.24 ha, 32.2 % of coral reef around Kawio
Island. Highly suitable areas for diving were also
estimated 10.03 ha around Marore Island and 45.63 ha
around Kawio Island, respectively.

By using Eq. 5, the carrying capacity for diving
activity on Marore and Kawio islands are calculated 617

1252815 125°280°E 126"2845°E 125'290°€ 1252015 1252930 125"2945°E
N
A Mies a)
SN 00051 02 03 0«
Legend
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4"4430NY Suitable
4N
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SN
4ATSN
AT4330N
125°2530°E 125°2545° 125°26'0°E 125°2615° 125’2_{7‘10'&
N
40'45") I 1 ! Mies.
yaey A 000008 016 024 032 b)
Legend
Highly Suitable
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4°40'30"N
44015N Kawio
400N
A"30'45"N

Fig. 6. Potential diving area of Marore Island (a) and Kawio
Island (b)

tourists/day and 709 tourists/day as shown in Table 2.

Marore and Kawio islands locate on open sea area,
and higher wind velocity sometimes disturb safety diving.
This study considered the higher wind seasons in July and
August ?, and calculates the real carrying capacity, RCC,
with Eq. 6. RCC was calculated 514 tourists/day on
Marore Island, and 591 tourists/day on Kawio Island.

This study applied the management capacity, Mc, as
0.25 on both islands. The effective carrying capacity, ECC,
was obtained 128 tourists/day on Marore Island, and 147
tourists/day on Kawio Island, respectively.

Table 2. Carrying capacity for diving

Island PCC RCC ECC
(visitors/day) |(visitors/day) | (visitors/day)

Marore 617 514 128

Kawio 709 591 147

3.4 Feasibility of Skipjack Tuna development

Table 3 shows the estimated fisherman’s income by
producing skipjack tuna. Monthly averaged income is
expected 159.59 USD, where the highest in July is 270.17
USD. In July, the total revenue from selling the skipjack
tuna is 414 USD, while the total cost is 143.83 USD.

Table 4 shows the comparison of the cost of fishing
port construction with the benefit of skipjack tuna
development. In this feasibility study, the cost of fishing
port construction is estimated 233,333.33 USD along the
present scheme of a fishing port construction, while the
benefit is generated from the remuneration of skipjack
tuna production at the fishing port. Regarding 10%
discount rate in 10 years, the net present value, NPV, of
fishing port construction is estimated 169,406.79 USD,
and the net benefit cost ratio, Net BCR, becomes 1.21.

Table 5 also shows the comparison of the cost of

providing a fleet with the benefit of skipjack tuna
development. The scheme of providing the fleet supports

Table 3. Cost and benefit analysis of skipjack tuna development

Min (April) Average | Max (July)
Revenue (USD)
allowed catch (kg) 16,248.00 | 21,561.33 | 30,360.00
number of fishermen 165.00 165.00 165.00
production (kg men-! month-1) 98.47 130.67 184.00
price (USD/kg) 2.25 2.25 2.25
revenue before expenditure

221.56 294.02 414.00

USD (men-! month-!)
Cost (USD)
total fixed cost 42.81 42.81 42.81
fishing operational 72.04 72.04 72.04
Retribution (7%) 15.51 20.58 28.98
Total Cost 130.36 135.43 143.83
profit 91.21 158.59 270.17
Net BCR 1.70 2.17 2.88
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the fish catch at the fishing areas far from two islands.
Regarding 10% discount rate in 10 years, the net present
value, NPV, of this scheme is estimated 151,432.53 USD,
and the net benefit cost ratio, Net BCR, becomes 1.19.
From these cost and benefit analysis, the skipjack tuna
development is considered as a feasible project on both
islands.

Table 4. Cost and benefit analysis for fishing port construction

Cost usD FV (10 years)

Investment 233,333.33 550,187.79
operational 13,333.33 245,117.89
Total Cost 795,305.69
Benefit usD FV (10 years)

retribution per year 40,750.92 964,712.48
Total Benefit 964,712.48
NPV 169,406.79
Net BCR 1.21

Table 5. Cost and benefit analysis of fleet provision

Cost UsD FV (10 years)
Investment (per
26.666.67 62.878.61
fleet)
Total Investment
346,606.67 817.421.87
(13 fleets)
Benefit UsD FV (10 years)
Boat payment
paym 2,83333 74,517.00
(per fleet per year)
Total Fleet
36,833.33 968,854.39
payment
NPV 151,432.53
Net BCR 119

3.5 Feasibility of Marine Tourism Development

Diving is an important economic resource on Marore
and Kawio islands. Table 6 shows the results of cost and
benefit analysis for the scheme of diving resource
development. In this scheme, required facilities for diving
such as the building of diving station, boats, diving
equipment, piers, and others were included in the costs.
On the other hand, economic benefits were entry fee with
guide, rental fee for diving equipment and boat.

As shown in Table 6, NPV on both islands are
positive, and Net BCRs are more than 1.0 in 4 years’
payback period. In addition to these beneficial results, this
scheme is expected to produce new job opportunities in
two islands.

In the use of natural environment for marine activities,
a conservation cost must be allocated in the cost to
preserve the coral reef ecosystem, and this cost is
estimated of 110 USD/ha/year’® in this study. The
development of marine tourism may improve the sense of
preserving ecosystem!”), and the development should
include a conservation fee as the cost 2329,

Table 6. Cost and benefit analysis for diving around in Marore and
Kawio Islands

Marore Kawio

Cost USD frotal) | FV (4 years) | USD ftotal) FV {4 years)
Manazemsnt Building 10,000.00 13.310.00 10.000.00 13.310.00
constmction

Beoat purchasing 6,666.67 3.873.33 666667 3.873.33
Diving equipment | 17333333 [ 230,706.67 200,000.00 | 266.200.00
purchasing

Workers fee 42.000.00 $5.902.00 48.000.00 63,888.00
Commen facilities 1,600.00 2.129.60 1.600.00 2.129.60
construction

pier construction 1,000.00 1.331.00 1,000.00 1.331.00
building maintenance 200.00 I66.20 200.00 I66.20
Boat maintenanca 2,000.00 2.662.00 2,000.00 2.662.00
Diving equipment B.666.67 11,535.35 10,000.00 13.310.00
maintenancs

conservation cost 13,391.60 13.050.42 15,605.70 20.771.1%
marketimg/advertismg 4,000.00 5.324.00 4.000.00 5.324.00
Total Cost 263,03827 | 330,130.55 295.072.37 | 398.065.32
Bensfir USD (total) | FV (4 yearz) | USD (total) FV (4 yearz)
Entry fee 6,144.00 96.352.86 7.056.00 110.656.89
Diving equipment rent 4096000 | 64241536 4704000 | 73777534
Boat rent 1,280.00 20.064.72 1.470.00 23.044.72
Total Benafit 4EB.384.00 | 738.835.16 35,366.00 | 37145837
NPV 408,724.61 47343405
Net BCR 2.167349168 2.189337606

4. CONCLUSIONS

This study revealed that two islands, Marore and
Kawio, are surrounded by highly suitable area for
skipjack tuna fishing, and their fish catch could be one of
the important resources for sustainable development.
Especially, July is the most productive season because of
the upwelling phenomenon around both islands.

Based on the trend analysis of SS7, SSC, and NPP,
the sea areas around two islands will be kept as highly
suitable area for skipjack tuna production, though the total
production through a year tends to decrease slightly.

This study also revealed that the scheme of skipjack
tuna development increases the fishermen’s income.
Based on the cost and benefit analysis, the net benefit cost
ratio was more than 1.0, and this scheme could be one of
the feasible projects for the economic development of
outermost small islands.

Two islands are surrounded by coral reef, and the
reef could also be one of the important resources for
sustainable development. This study focused on the
diving activity because of their suitable marine
environment for diving. Spatial analysis led that two
islands are surrounded by highly suitable area for diving.
Based on the cost and benefit analysis for the scheme of
the diving development, the net benefit cost ratio was
more than 1.0, and this scheme could also be a feasible
projects for the development of outermost small islands.
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