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Abstract— Whirlwind is a local-scale meteorological 

phenomenon that occurs in a short time, destructive, and can cause 
loss of life and material. Until now, when and where the whirlwind 
will occur can not be predicted precisely. However, the signs are 
still recognizable from some of the symptoms before the 
phenomenon occurs, such as high temperatures and the formation 
of many Cumulus clouds which then suddenly transform into 
Cumulonimbus clouds. Because this incident caused a lot of 
damage and casualties, the whirlwind needs to be predicted, so 
that later people can be more vigilant and the impact can be 
minimized. This research aims to build a system for taking cloud 
movement patterns from observing cloud clusters on the satellite 
image. The clustering method is used to classify clouds, and then 
find out the pattern of movement in each cluster. This pattern of 
movement is a model to predict the occurrence of the whirlwind. 
The results obtained from the experiments in several whirlwind 
incidents in Indonesian territory indicate that at 24 hours before 
the event, there are at least Cumulus, Middle Cloud and/or 
Stratocumulus clouds that have a curving pattern; approaching 
and then away from the location where the whirlwind appears. 
Furthermore, the pattern of cloud movement will be collected to 
build a data test. The results obtained from the K-NN method 
show the accuracy of the data test collected from a number of the 
whirlwind phenomenon in 2016 is 88%. Meanwhile, when the data 
test tested with SVM method, the percentage of accuracy is 84%.  
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I. INTRODUCTION 
Whirlwind is a local-scale meteorological phenomenon that 

occurs in a short time, destructive, and can cause loss of life and 
material. This wind rotates at a speed of more than 63 
kilometers per hour and moves in a straight line for 5 to 10 
minutes. 

The geographical position of Indonesia, which lies between 
two continents and two oceans, causes Indonesian region to be 
affected by changes in Asian winds and Australian winds that 
always change direction twice a year. This causes Indonesia to 
experience two seasons, the dry season and rainy season. In the 
transition from the dry season to the rainy season or vice versa, 
the whirlwind often occurs. 

Data from the National Disaster Management Agency, as 
well known as Badan Nasional Penanggulangan Bencana 

(BNPB), the whirlwind ranks second as the most disastrous 
disaster in Indonesia during 2015 to 2017. And from the 
beginning of 2017 to May 2017, there have been 370 whirlwind 
incident that occurred In Indonesia, with the number of victims 
displaced as many as 9,227 people, wounded as many as 109 
people, died as many as 18 people, as well as heavy and slight 
damaged houses as many as 9069 units. [1] 

 
Fig. 1. Percentage of disaster in Indonesia during 2015 – 2017 (Source: BNPB) 

From these problems, it is necessary to create a system that 
can predict the occurrence of the whirlwind, so the early warning 
can be done to minimize the risk and impact. For that, In this 
research, we attempted to build a system for taking cloud 
movement patterns from observing cloud clusters on the satellite 
image. Later, the movement patterns that have been obtained will 
be training data to determine whether a particular pattern to be an 
indication of the emergence of a tornado or not. 

Cloud movements in certain cloud clusters can be an 
indication of the whirlwind. Knowledge of cloud movement 
patterns in each cluster is recorded and adapted to the information 
of the occurrence of the whirlwind in some places. That 
information becomes a reference about time and position. Then, 
take some data cloud movement at some time before, for 
example, 24 hours earlier. Cloud movement data in that time 
period becomes a reference to get the pattern of cloud movement. 
This pattern of movement is a model to predict the occurrence of 
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the whirlwind. The problem is, how long the pattern of cloud 
movement can be identified as an indicator of the occurrence of 
a whirlwind. 

There have been many related studies for predict whirlwind 
or other similar phenomena, such as tornado, typhoon, cyclone, 
hurricane, etcetera. In 1992, Paul R. Desrochers and Ralph J. 
Donaldson JR conducted a research for automatic tornado 
prediction with an improved mesocyclone detection algorithm 
[2]. Mesocyclones are organized rotations on severe 
thunderstorms, averaging 5.7 kilometers in diameter, that, when 
fully developed, can extend from near the ground to the upper 
troposphere. Mesocyclone were first detected with Doppler radar 
by Donaldson et al on Massachusetts [3]. Many more were 
subsequently detected by Burgess in Oklahoma [4]. Burgess 
found that their identification in a storm is a good indication that 
severe weather will follow because over 90% of the 
mesocyclones he detected were associated with some type of 
severe weather events such as large hail, strong winds, or tornado. 
A new and improved algorithm for automatic mesocyclone 
detection presented by Desrochers and Donaldson have been 
presented and tested on 23 mesocyclonic storms. From the results 
of the study that has been done, he obtained a small false alarm 
level (4%) and high probability of detection (83%) for 
mesocyclonic classification. A unique innovation of the 
algorithm is the automatic assessment of mesocyclone tornado 
potential that is accomplished using excess rational kinetic 
energy (ERKE), a form of kinetic energy that is tailored for 
mesocyclonic shear. 

In 1996, Caren Marzban and Gregory J. Stumpf conducted 
a study for tornado prediction based on Doppler radar derived 
attributes [5]. A neural network has been designed to diagnose 
which circulation detected by the NSSL MDA (The National 
Severe Storms Laboratory’s Mesocyclone Detection Algorithm) 
yield tornados. The data used both for the training and the testing 
of the network are obtained from the NSSL MDA. In particular, 
23 variables characterizing the circulations are selected to be used 
as the input nodes of a feed-forward neural network. The output 
of the network is chosen to be the existence or nonexistence of 
tornados, based on ground observations. From the results of the 
research, it is shown that the network outperforms the rule-based 
algorithm existing in the MDA, as well as statistical techniques 
such as discriminant analysis and logistic regression. 
Additionally, probabilites can be extracted from the NN as a 
measure of confidence in the NN prediction. The approach also 
being applied to various other situations as well (e.g., severe 
weather yielding mesocyclone and tornados not produced from 
mesocyclones). 

In 2007, Istvan Pal proposed a paper that studied and 
discussed some methods for the detection, localization, and 
tracing of the hurricane or thunderstorm relevant features on 
digital satellite pictures, focused on geometrical structures such 
as circle, spiral etc. using image processing techniques and 
numerical methods [6]. For preprocessing stage, Pal used 
convolution filter with a 2-dimensional Gaussian kernel to 
filtered, smoothed or reduce the noise of the image. For tracking 
and detecting the cloud motion, the optical flow algorithm is 
used. Meanwhile, for detection of geometrical structures or 

shapes on the digital images, Pal used numerical approaches such 
as Hough Transform to detect circle, spiral, or singular point on 
the image. 

 

II. PURPOSE 
This study aims to build a system for taking cloud movement 

patterns from observing cloud clusters on the satellite image. The 
system uses satellite image scans to obtain certain movement 
patterns using clustering and object moving tracking 
techniques. Cloud movement pattern data becomes a reference 
to determine the model of movement patterns that indicate the 
occurrence of the whirlwind. 

III. DATA 
The data used for this research are whirlwind incident data 

in Indonesia territory in the period of 2016 and cloud image data 
from HCAI satellite that displaying cloud appearance in 
Indonesian territory by type. 

A. Cloud Image Data 
The image used in this research is cloud image from HCAI 

satellite that we get from Meteorology Climatology and 
Geophysics Agency, as well known as BMKG (Badan 
Meteorologi, Klimatologi, dan Geofisika). In order to obtain 
such data, we send an email to satellite.bmkg@gmail.com 
along with an official letter of appeal from the university for 
submission of requested data. The image presents cloud types 
in Indonesian territory that are distinguished by color and taken 
every hour. For more details can be seen in the following 
picture. 

 
Fig. 2. Cloud Image 

The image above is a HCAI satellite image on June 4, 
2016, at 04 UTC. From the picture, it appears some type of 
cloud that is distinguished by color, namely: 
• Cumulonimbus (red)  
• Dense (navy blue) 
• High Cloud (soft blue) 
• Middle Cloud (yellow) 
• Cumulus (orange) 
• Stratocumulus (light green) 
• St/Fog (green) 
• Clear (black) 

B. Whirlwind Data 
Whirlwind incident data was collected by listing the news 

in electronic media and the data of whirlwind disaster from 
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BNPB. Here is some whirlwind disaster that occurred from 
June to July 2016. 

TABLE 1. DATA OF WHIRLWIND DISASTER IN INDONESIA TERRITORY FROM 
JUNE TO JULY 2016 

No Date Time Location 
1 June 7, 2016 09.00 

WITA 
South Bontang, 
East Kalimantan 

2 June 8, 2016 09.30 
WIB 

Karimun, Riau 
Islands 

3 June 14, 2016 15.00 
WIB 

Tulungagung, East 
Java 

4 June 15, 2016 17.45 
WIB 

Ngawi, East Java 

5 June 15, 2016 12.30 
WIB 

Cirebon, West Java 

6 July 9,  2016 18.00 
WIB 

Langkat, North 
Sumatera 

7 July 11, 2016 14.00 
WIB 

Blitar, East Java 

8 July 12, 2016 22.30 
WIB 

Langkat, North 
Sumatera 

9 July 18, 2016 14.08 
WIB 

Sukabumi, West 
Java 

10 July 22, 2016 18.00 
WIB 

Riau, Riau Islands 

 

IV. SYSTEM DESIGN 
Overall, our system architecture is described in the 

following system diagram. 

 
Fig. 3. System Design 

A. Collection of Satellite Image in the Past 
To know the pattern of cloud movement that indicates the 

occurrence of the whirlwind, in this study we make 
observations on the cloud image in the last 24 hours before the 
event. 

B. Pre-processing 
At the preprocessing stage, the cloud image data during the 

last 24 hours before to the occurrence of the whirlwind we do 

cropping process to obtain the required area. The cropped area 
is an area that displays the territory of Indonesia along with the 
types of clouds that appear, excluding explanations of the colors 
of each type of cloud and title. This cropping image has a width 
size of 1192 pixels and height 538 pixels. 

C. Filtering 
There are two stages done in the filtering process. The first 

stage is to take the color of the required cloud type. In this study, 
the types of clouds that we use are Cumulus, Middle Cloud, and 
Stratocumulus clouds. 

The second filtering process is to remove or refine salt and 
pepper noise from digital images. The filter method we use in 
this research is the median filter because this method is the most 
suitable method to process the image that has a lot of random 
noise. 

In performing the median filtering, first we prepare the 
matrix of the image to be processed, the null matrix the exact 
same size as the previous matrix, and the 7x7 filter window. 
Furthermore, each element of the null matrix will change its 
value to the middle value of the original matrix according to the 
size of the original matrix covered by the filter window. The 
process will continue to be repeated until all values in the null 
matrix change to the median value of the original matrix 
according to the size of the filter window. 

D. Segmentation 
After the image has been smoothed with the median filter, 

the image will be segmented. This process aims to group 
existing clouds into clusters. The clustering method we use is 
Region Growing. Region Growing method [7] [8]starts from 
one point in the potential area, then developed by adding dots 
around its similar until found a different point. The algorithm 
of this method is as follows: 

• Determine R is N the focal point of the area and P is the 
neighboring points with the grayscale value y 

• Calculate the mean of x ̅ and the variance of grayscale of 
each R and its neighbors.  

𝑥 = #
$

𝐼(𝑟, 𝑐)(+,,)∈.  ………. (1) 

𝑠 = #
$

𝐼 𝑟, 𝑐 − 𝑥 1
(+,,)∈.  ………. (2) 

• Determine whether the point belongs to the same cluster 
or not. This determination technique uses t-student 
statistic test with the calculation of T value as follows:  

𝑇 = $3# .$
($5#)

637 8

98
  ……….. (3) 

E. Cloud Movement Pattern 
The pattern of cloud movement can be obtained after we 

clustered on the entire set of cloud images during the last 24 
hours before the whirlwind occurred. 

In the process of clustering on a cloud image set, after the 
clusters for the first image we get, the centroid points of the 
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cluster will be used to become the centroid points in the second 
image. Then, each pixel will select the centroid closest to it.  

Just as before, the centroid points obtained in the second 
image are further used as early centroid points in the third image, 
and so on until the entire 24 hour cloud image is clustered. 

F. Whirlwind Prediction 
After the cloud movement pattern during the last 24 hours 

before the whirlwind has been obtained, we collected the 
pattern of cloud movement into a dataset. The construction of 
the data set is done by storing the magnitude of each angle 
between 3 points on each pattern that is formed. From the data 
sets that have been collected, then we do a trial using K-NN and 
SVM method to measure the accuracy. 

V. TRIALS AND ANALYSIS 
In this test, we observed the cloud patterns of Cumulus, 

Middle Cloud, and Stratocumulus during the last 24 hours 
before the whirlwind phenomenon occurred in several regions 
in Indonesia. For more details, here is an explanation of each 
process from image cropping, image segmentation, filtering, 
clustering, until finding the patterns of cloud movement. 

A. Cropping 
Image cropping is done to capture the required image area, 

which is the area showing the map of Indonesia and the clouds 
appearing on it. The result of a set of images during the last 24 
hours before the whirlwind can be seen in Figure 3 below.  

 
 
 
 
 
 

 
 

B. Filtering 
The filtering process is done to extract the necessary cloud 

types and eliminate noise in digital images. In the first process, 
the required cloud type is taken. This process is done by taking 
pixels that have RGB values (red, green, blue) that match the 
required cloud type color and change the value of the other 
pixels into black color (0, 0, 0). The following figure is the 
result of Cumulus cloud segmentation on June 8, 2016, at 09 
UTC. 

 

  
Fig. 5. Selection Result 

Then, the process is continued by smoothing the image. The 
most suitable filtering method for smoothing a cloud image 
with randomly distributed noise is median filter. Results of the 
image that has been filtered can be seen in Figure 7 below. The 
results shown are cloud images on June 8, 09 UTC, which in 

the next 30 minutes, specifically at 09.30, it was noted that there 
has been a whirlwind in the region of Karimun, Riau Islands. 

  
Fig. 6. Image Segmentation Result 

From the results above, it can be seen that the segmentation 
image results look smoother because the scattered clouds have 
disappeared after filtering process. The smoothing process is 
applied to all pixels and starts from the pixels in the top left. 
When one pixel has been filtered, then the process will continue 
to the pixel next to it. If the filter has reached the last column in 
a row, the filter will drop one pixel. But this refinement does 
not occur on the pixels that are on the edge because this part is 
obviously impossible to process. 

C. Segmentation 
With Meng Hee Heng's K-Means Variant clustering 

method, the cloud image that has been filtered then segmented 
into several cloud groups. The following figure is the 
segmentation results from satellite images on July 9 at 09 UTC. 

 
Fig. 7. Image Clustering Result 

From the picture above, it can be seen that after the 
segmentation process, Cumulus cloud that appeared on June 8, 
09 UTC grouped into 11 clusters of clouds. Furthermore, the 
centroid's midpoints will be the initial centroid for the clustering 
process in the next image. Here are the results of clustering 
process on some cloud images. 

	 	

	 	

	 	
Fig. 8. Clustering Results in Several Cloud Image 

Fig. 4. Cropping result from a set of cloud image 

24 images 
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For more details, the movement of centroid points on each 
cloud cluster in the last 6 hours before the whirlwind occurs at 
09.30 on June 8, 2016, in Karimun, Riau Islands can be seen in 
the table below. 

TABLE 2. CLOUD CLUSTER MOVEMENT 

Klaster 
Waktu 

04.00 05.00 06.00 07.00 08.00 09.00 

1 46,63 46,63 44,65 44,67 46,67 45,65 

2 154,49 156,51 157,54 160,59 161,67 160,75 

3 255,70 255,71 253,70 252,66 251,61 248,55 

4 349,54 347,56 348,57 346,57 342,58 331,53 

5 480,78 453,75 448,65 445,59 441,55 435,49 

6 563,82 566,79 568,70 56.62 56,53 5,38 

7 52,204 50,205 49,205 49,204 48,204 47,204 

8 160,190 160,193 159,197 148,197 157,198 157,204 

9 
289, 
204 290,203 287,202 282,207 277,211 271,214 

10 
399, 
193 399,196 400,196 400,195 396,192 389,207 

11 522,193 521,191 520,187 519,182 518,172 524,173 

D. Cloud Movement Pattern 
After the clouds are grouped into clusters, then the pattern 

of cloud movement in each cluster can be known from the 
change of centroid point from one image to another. 

To find out the pattern of cloud movements that may be an 
indication of the whirlwind, we observed the cluster point 
movement of Cumulus, Middle Cloud, and Stratocumulus 
clouds during the last 24 hours before the phenomenon 
occurred. The following result is the pattern of cloud movement 
within the last 24 hours before the whirlwind appears in 
Karimun, Riau Islands, which occurred on June 8, 2016, at 
09.30. 

 
Fig. 9. The pattern of Cumulus cloud movement during the last 24 hours 

before the occurrence of whirlwind in the Karimun, Riau Islands 

 
Fig. 10. The pattern of Middle cloud movement during the last 24 hours 
before the occurrence of whirlwind in the region Karimun, Riau Islands 

 
Fig. 11. The pattern of Stratocumulus cloud movement during the last 24 

hours before the occurrence of whirlwind in the region Karimun, Riau Islands 

From the picture, it appears that each cluster of clouds is 
moving in a random and erratic pattern. After the pattern of each 
type of cloud has been obtained, then we overlay the three 
results into a single layer. The results obtained can be seen in 
Figure 13 below. 

 
Fig. 12. The overlapping results from Cumulus, Middle Cloud, and 

Stratocumulus cloud patterns over the past 24 hours before the occurrence of 
whirlwind in Karimun, Riau Islands 

From the overlay result that has been obtained, it appears 
that during the last 24 hours before the whirlwind occurs, the 
Middle Cloud (shown in blue) and the Stratocumulus Cloud 
(shown in green) have a similar pattern of movement, which is 
approaching and away from the location of the incident. 

To observe the cloud conditions during other whirlwind 
occurrences, we experimented on 10 tornado events to see how 
the patterns of movement occurred and also find out the clouds 
that appear around the location as the whirlwinds took place. 
The results can be seen in the table below. 

TABLE 3. OBSERVATION OF THE WHIRLWIND ON SEVERAL OCCASIONS 

Time 
of 

incide
nt 

Location 
Clouds 
that are 
deflected 

Clouds 
that 

appear 1 
hour 

before 
whirlwind 

occurs 

Clouds 
that 

appear 
when 

whirlwind 
took place 

6/7/20
16 at 
09.00 
WITA 

South 
Bontang

, 
Bontang 

4 2, 5 2,5 

6/8/20
16 at 
09.30 
WIB  

Karimu
n, Riau 
Islands 

4, 6 2, 3, 5 3, 5, 6 

6/14/2
016 at 
15.00 
WIB 

Tulunga
gung, 
East 
Java 

4, 6 2, 3, 5 2, 3  
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6/15/2
016 at 
17.45 
WIB 

Ngawi, 
East 
Java 

6 2, 3 2, 3, 5 

6/15/2
016 at 
12.30 
WIB 

Cirebon, 
West 
Java 

4, 6 2, 3 2, 3 

7/9/20
16 at 
18.00 
WIB 

Langkat
, North 

Sumater
a 

4, 5, 6 2, 3 2, 3, 5, 6 

7/11/2
016 at 
14.00 
WIB  

Blitar, 
East 
Java 

6 1, 2, 3 1, 2, 3 

7/12/2
016 at 
22.30 
WIB 

Langkat
, North 

Sumater
a 

6 3, 5, 6 3, 6 

7/18/2
016 at 
14.08 
WIB 

Sukabu
mi, 

West 
Java 

4, 6 1, 2, 3 1, 2, 3 

7/20/2
016 at 
18.00 
Riau 

Riau, 
Riau 

Islands 
- 2, 3 2, 3 

 

The results above show that during the last 24 hours before 
the whirlwind occurs, medium clouds like Cumulus, Middle 
Cloud, or Stratocumulus experienced a turning motion, 
approaching and then away from the scene. Meanwhile, when 
the whirlwinds take place, around the scene of many events 
dominated by high clouds such as Dense Cloud and High 
Cloud. In fact, in some events also appear Cumulonimbus 
cloud. However, on some occasions, Cumulus and 
Stratocumulumus clouds also appear, such as the occurrence of 
the whirlwind in Bontang, Karimun, Ngawi, and Langkat. 

E. Whirlwind Prediction 
From the several incidents of the whirlwind in Indonesian 

territory during 2016, we have collected 75 data sets of cloud 
movement patterns, consisting of 9 data labeled “yes” (patterns 
that indicate whirlwind) and 66 labeled “no” (a pattern that does 
not indicate whirlwind). The data sets are then tested using the 
KNN and SVM methods to measure its accuracy.  

When the data sets we test using the K-NN method, the 
percentage of truths obtained was 88%, with 66 matching data 

and 9 unmatching data. Meanwhile, when we test with SVM 
method, the percentage of truth is 84%, with the amount of 
matching data is 63 and unmatching data 12. 

 

VI. CONCLUSION 
The cloud movement pattern of Cumulus, Middle Cloud, 

and Stratocumulus on 24 hours earlier affected whirlwind 
occurrences. When we test from several events that have 
occurred, there are at least one of the three types of clouds that 
have a turning pattern; approaching and then away from the 
location where the whirlwind appears. 

Using the K-NN method, the collected data sets show an 
88% percentage of truth when tested, with 66 matching data and 
9 unmatching data. Meanwhile, when tested with SVM method, 
the percentage of accuracy is 84%, with the amount of matching 
data is 63 and unmatching data 12. 
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Descriptions: 
1 = Cumulonimbus 5 = Cumulus 
2 = Dense  6 = Stratocumulus 
3 = High Cloud  7 = Stratus/Fog 
4 = Middle Cloud 
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