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Abstract. In aviation, weather information is very important for safety. Visibility is a part of
the meteorological information required at the time of take-off and landing an aircraft. The
changing weather circumstances surely will affect the visibility at an airport. In terms of
determining visibility, meteorological observers are often faced with the problem of a large
number of obstructions in observing visibility such as the large number of tall buildings and
trees, a different interpretation between different observers and also lack of experience of the
new observers. Therefore | conducted this study to determine the visibility at the Hasanuddin
Airport Makassar. The process of identification of image visibility in this research is to use
input digital imagery sampled 3 point observations that cover the area around 180° from
aerodrome visibility chart. Image processing visibility using 2 methods i.e. pattern
recognition using histogram features extraction and verification processes using phase only
correlation (POC). Then data visibility taken is the shortest distance in accordance with
meteorological observations of the surface (Synoptic). In this study, the data visibility is the
shortest distances from comparison of the 3 points of the sample observations. From
experiment that have been done in the system of database percentage obtened by 87.03 % for
system read the data correctly, 12.03 % the system reads the data are not precise but allow
dan 0,92 % the system reads the data not accurate and can not be tolerated.
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1. Introduction

Meteorology is a study of atmospheric issues such as, temperature, air, wind, weather,
and a variety of physical and chemical properties of the atmosphere used for weather
forecasting purposes [1]. Surface meteorological observations (Synoptic) includes

elements of weather such as wind speed and direction, cloud type, current weather,
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temperature, air pressure and visibility. Visibility data is much needed for a pilot to

know the position of the run way used by the time the plane is landing or taking off.

The process of determining visibility infact is not an easy task because the observer
has to estimate visibility around the airport without any tools. The large number of
impediments such as tall buildings or trees is also a challenge for the observer.
Especially during bad weather, the observer should provide an accurate report and

this requires experience and a high confidence.

Some related researches concerning viewing distance i.e. research with a roadside
camera system can estimate distances by observing the 3D structure and filter moving
objects with modeling backgrounds. Mog by Hautiere, et.al in [2]. Researching
visibility with video traffic using the method of contrasting threshold and curve
fitting to detect the viewing distance, the result shows that there is still an error in the
range (-10.10) and the system may not work properly if the camera shifts its position.

By Zhou-zheng, et.al in [3].

Researching visibility with video traffic along the highway with least squares inverse
transformation and resulting realtime system, can improve the accuracy of visibility
and has a small margin of error. By Ming-wei, et.al in [4]. Some study related
introduction images, methods of Phase Only Correlation managed to identify the
image of fingerprints with poor quality by It, et.al in [5]. Histogram method and Phase
Only Correlation successfully recognize a human face with up to 99.5% accuracy.
By Fazl-e-Basit, et.al in [6].
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Using some of the above researches about visibility and digital imagery, the author
will try to use histogram and POC (Phase-Only Correlation) methods to determine

the visibility at the Hasanuddin Airport Makassar.

2. Research Method

2.1.  Aerodrome Visibility Chart

Aerodrome is a particular area on land or in water, including all buildings,
installations and equipment that are all or partly intended to serve the arrival and
departure of an aircraft [7]. While visibility in meteorology is the clarity level of the
atmosphere with respect to human vision which is expressed in units of distance [8].
Aerodrome visibility chart is a map of the building locations or objects that become
a reference in determining visibility, in this case, at Hasanuddin Airport in Makassar.
Aerodrome visibility chart on the airport control tower is the main reference for all
of the objects because meteorological observer observes under the tower. Aerodrome

visibility chart can be seen in Figure 1 below :
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% AERODROME VISIBILITY CHART
BANDARA SULTAN HASANUDDIN MAKASSAR .

inen

Image 1 Aerodrome Visibility Chart

2.2. Sample Data

The sample data of visibility observation that is used here is the sample data taken
with surface meteorological observation (synoptic) approach. Visibility observation
made in an open space without hindrance, the visibility that is observed in all
directions and the horizontal distance reported is the closest/shortest one [9]. The
image data is taken every hour. Data sample that is used is in the form of three pieces
of digital images taken at the same time when the observer is executing the
meteorological observations. The three images that are taken have to represent a 180°
area on visibility aerodrome chart from Northeast to Southwest. The sample datas

from three points A, B and C can be seen in Figure 2 below:
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(©
Image 2 (a) Image in point A (b) Image in point B dan (c) Image in point C

2.3.  Preprocessing

Preprocessing stages of the first stage before Data enters the feature extraction
process. In the process of shooting,the resulting image size 1.280 x 720 pixel. To
reduce the computational load then input image data is cut to parts that are not needed,
then reduced to a cutting results 640 x 66 pixel. Color Image data is converted to
image grayscale to fasilitate the processing of data as described in [10]. Figure 3

below shows the change image before and after prepocessing process.
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Image 3 (a) Image before prepocessing dan (b) Image after prepocessing

2.4. Feature Extraction with histogram method

Image histogram is a diagram illustrating the frequency of each intensity value
appears throughout the image pixels [11]. A great value states that the value of such
intensity often arises. Feature extraction with histogram method is to change the
original image into level 256 bin grey image. Every nine frequencies sequentially
calculated and stored in vector form for comparison between the training images and

test images. Training images and test images are distinguished by piece every nine
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bin. The set of average values is calculated to determine the absolute difference
between corresponded training data and test data. The process of feature extraction

with cutting histogram can be seen in figure 3 below
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(a) (b)
Gambar 4 (a) Citra jarak pandang 10 km dan (b) histogram pada citra

2.5. Phase Only Correlation Method
Phase Only Correlation method or POC is a method of matching two pieces of the
image based on the value of its phase. The image in the spatial domain is transformed

into the frequency domain to take the value of its phase [5].

Example, there are two images with size of N1 x N2 , where f(n1,n2) and g(ni,n2)
assumed that the index ranges are n; = -Ms...M1 (M1 > 0) dan n; = -Ma...Mz (M2 > 0)
to simplify mathematically N1 = 2M; + 1 dan N> =2M,. Shape Discrete Fourier

transform of both images is expressed [5] with:

FULk2) = ) L, n2) W™ wigm

nin2

= Ap(k1,k2)el0Fttk2) "
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G(k1,k2) = Z g(nl,n2)Wiimt wizn?

nin2

= Ag(k1,k2)e/06(kLk2) )

. 2T . 2T
With k1=-M1, ...M1, k2=-M2, ..., M2, Wy =e "’ 2n1, Wy, =e "’ 2nz, and operator
Soinz ML 0 M2 Lo, Ar(k1k2) and Ag(k1,k2) are components of the
amplitude and e/0F(kLk2) dan e/9G(kLK2) gre phase components. While the cross

spectrum Rec (k1,k2) is represented by the formula:

F(k1,k2)G(k1k2)

Rre(k1,k2) = |F(k1,k2)G(kLk2)|

— ej@(kl,kz) (3)

With G (k1, k2) declaring the complex conjunction of 6(ki,ko) = 0e(k1,kz) — 0c(Kk1,k2)
and G(ki,kz). POC function R(k1,k2) and is formulated as follows

B(n1,n2) = —— Tp1pz RCOKL, k)W Wb 4

N1N2

dengan

SURCRC M1 M2
Mendefinisikan ¥, ¥°"
k1k2
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(a) (b)

Gambar 5 (a) Example of POC function with 2 identical images and (b) Two images
visibilities are equally 10 km each

(@) (b)

Gambar 6 (a) Example of POC function with 2 different images and (b) Visibility
image of 10 km and visibility image of 2 km
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From the POC function contained in the equation 4 produces a clearly peak difference
in the recognition of estimated visibility application when the two images are
identical as shown in Figure 5 (a). When the two images are not the same then the
peak will fall significantly as shown in Figure 6 (a). To assess the similarity between
the two images POC function becomes more accurate than the usual correlation

function.

2.6. The recognition of visibility by using the histogram and the
POC methods

The recognition of visibility using the histogram and the POC methods begins with
the image training process. The image visibility datas at observation points A, B and
C are taken every 1 hour alternately with the time difference of shooting at point A
to B and B to C intermittent 10 seconds in average. The process of training with grey
image in 256 levels of bin at each observation point A, B and C. The frequency of
each bin is calculated and stored in vector form to be processed. Every nine
frequencies sequentially calculated and stored in the form of another vector to be used
in the test phase. The set of average vectors is calculated to determine the absolute
difference between training images and test images. The minimum difference shows
the identification of suitability between class and test data. Training flow data can be

seen in the block diagram below
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Gambar 6 (a) Block diagram of the training process dan (b) Block diagram of test process

2.7. Validation

Ones the design system is done, The next process is to evaluate the performance of
the system with calculating the precentage of acurracy of the system : % system read
the data correctly, % the system reads the data are not precise but allow and % the

system reads the data not accurate and can not be tolerated. The validation method
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used is by comparing the results of the test system with the synoptic observations at
Hasanuddin Makassar Meteorology Station. Ratings for the data correct ie if viewing
distance between 10 km to 2 km shows the suitable class. For the system reads the
data are not precise but allow if the test data showed the class below, becase it can be
reduce the risk of accidents and improve the safety of air transport. While for the
system reads the data not accurate and can not be tolerated is if the system read the

higher visibility of the real situation.

3. Results and Discussion

In this experiment, the sample images were taken with the camera PTZ (Pan Tilt
Zoom) IPC-SD621ME-IR at a height of 8 m of land. The size of the images used for
training data and test data is 640x66 pixels with a 3-point observation, namely A, B
and C, where in each observation point there are 45 training images and 36 test
images. There are nine visibility classifications, from 2 km till 10 km. So the total in
the database, there are 9 X 9 X 3 = 243 images. The system was tested with a
MATLAB 2015 program with specifications : Core i-3 processors, 1.9GHz and 4 GB
of memory. The process took 33,98 second training and test process took 9.67
seconds.

The table below is a test result data of identification system visibility
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Tabel 1 System Testing result

Visibility| Pic The Observation Poinf] Visibility| Pic The Observation Point| Visibility| Pic The Observation Point
A B C A B C A B C
10 Km 1 ) v ) 7 Km 1 Vv v Vv 4 Km 1 ) v v
2 v v v 2 Vv [6km v 2| v v v
3 v v v 3 v v 6 km 3 v v v
4 )\ ) \ 4 ) ) ) 4{3km |3 km v
9 Km 1 v v ) 6 Km 1 v 5 km ) 3 Km 1 v 2 km \
2 v v v 2 v v v 2| Vv v v
3 v v v 3 v v Vv 3 v 2 km 2 km
4 Vv v \ 4 v \ v 4] v [2km )
8 Km 1 v ) v 5 Km 1 ) 4 km v 2 Km 1 ) ) )
2 v v v 2 v v v 2| v v v
3 7 km v Vv 3 v 3 km ) 3 ) v v
4 v v v 4 |4km v v 4 X v v

In table 1 system testing result, we can see that the data is 10 km dan 9 km shows the
results of 100% system read correctly, as for the data 8 km, 7 km, 6 km, 5 km, 4 km,
3 km and 2 km the system is still read quite right. But the inaccuracy was still allowed
and there are not allowed, such as data 2 km no one test data that is readable by the
system higher visibility than reality, this errors occure because the system assumse
the data 2 km same as data 3 km because the system is more objective. While the
observations made people consider pessimistic factor (determine the value of the

visibility is lower than reality).

4. Conclusion

In this study, the system that has been created can not replace the role of human eye
in determine the estimed visibility. But the system can be a benchmark in determining
visibility. If there is a different result betwen determining visibility system that was
made with the observation system manually (by eye) than the reference is fixed

observation system manual.
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In the future, next researcher can improve the system that has made considering

optimistic factor (provides estimates of visibility to reality) and pessimistic factor

(determine the value of the visibility is lower than reality) by using other method.
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