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Abstract—Himawari-8 satellite cloud observation data covers 
all areas of Indonesia. The cloud observation data can be used for 
observations of current weather conditions and short-term 
predictions. This paper reports the verification method of 
Himawari-8 Observation Data using Cloud Optical Thickness 
(COT) and compared to Cloud Image Energy. The verification 
test was carried out to determine the accuracy of Himawari-8's 
observations. COT data were verified using energy data from the 
observation image of the time-lapse camera. First, the time-lapse 
camera captures and classifies the cloud image. Subsequently, the 
energy of each image frame was calculated and re-grouped the 
result based on the energy to determine the type of the cloud. The 
results show that there is a positive correlation between COT and 
low energy values with cumulonimbus cloud detection, on the 
contrary for Cirrus-cloud type. However, the data requires a 
more accurate observation method to obtain data from cloud 
images on the Himawari-8 satellite, specifically for regions with a 
small spatial size of 4 km and thin clouds in the lower layer. 

Keywords—Himawari-8; COT; image classification; cloud 
energy 

I. INTRODUCTION 
Rain formation is not an easy phenomenon to understand, 

although it can be simplified. Rain can occur from the process 
of evaporation, cloud formation (condensation), and the 
dropping of water from the atmosphere (precipitation). 
However, in fact, the process of rain formation becomes 
complicated as well as the process of forming clouds. A 
combination of atmospheric parameters, such as temperature, 
pressure, and humidity at a certain value, can produce clouds. 

The next question is whether the formed clouds will 
certainly produce rain or not. Weather prediction, such as the 

prediction of extreme rain in Indonesia, is a very challenging 
matter. Indonesia's geographic location, which is located 
between two continents (Asia and Australia) and two oceans 
(Indian and Pacific), causes Indonesia to be traversed by many 
global circulations. For example, the Madden-Julian 
Oscillation (MJO) and Monsoon circulations. In addition, 
Indonesia's hilly topography causes local circulation, such as 
convection to be very active, which also has an impact on the 
weather. 

Recent progress in the satellite cloud technologies, such as 
Himawari-8, enable us to predict the current weather and 
short-term conditions. Himawari-8 is a geostationary weather 
satellite that launched by the Japan Meteorology Agency 
(JMA) in 2014. Himawari-8 is equipped with the Advanced 
Himawari Imager (AHI) instrument with a significant increase 
in the number of radiometric spectral channels and spatial 
resolution, compared to its previous generations [1]. The 
number of AHI observation channels consists of three Visible 
channels, three Near Infra-Red (NIR) channels, and 10 Infra-
Red (IR) channels, with a spatial resolution of 0.5 and 1 km 
for Visible and NIR, and 2 km for IR in Japan [1]. 

Research using AHI has also been applied by Letu et al. 
[2] by using the Look-Up Table (LUT) method to calculate 
high temporal (10 minutes) and high spatial (5 km) of surface 
solar radiation from AHI cloud properties. AHI properties, 
especially those related to ice cloud products, were also used 
by Letu et al. [2] to monitor the growth process, including 
monitoring variations of cloud properties and deposition in 
Deep Convective (DC) clouds. Research conducted by Lee et 
al. [3] also uses AHI, which is sensitive to clouds and gas 
absorption, to improve the algorithm for calculating Outgoing 
Longwave Radiation (OLR) at the peak of the atmosphere. 
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In Indonesia, the Himawari-8 satellite observations cover 
the entire area from Western to Eastern parts of Indonesia with 
time and space resolutions of 10 minutes and 4 km. Several 
researches using Himawari-8 satellite [4][5] are used to detect 
the condition of volcanoes in Indonesia. Another application 
of the Himawari-8 satellite in Indonesia was carried out by 
Osawa et al. [6], researching Long Internal Solitary Waves 
(ISWs), which seem to be generated from the Sape Strait, 
which then pro-gates through the Java Sea, the Sumba Strait, 
and the Savu Sea. In a country directly adjacent to Indonesia, 
namely Papua, Himawari-8 is also used to investigate the 
topography of the country's territory [7]. These reported 
researches indicate the advantages of using the Himawari-8 
satellite to monitor cloud activity near real-time. 

The data verification method is crucial to maximize the 
use of the Himawari-8 Satellite data. One example of the use 
of Himawari-8 data is for rain estimation. Cloud Optical 
Thickness (COT) can provide qualitative cloud thickness 
information. Concerning the decrease in solar radiation, COT 
has an exponential value, where COT and solar radiation data 
were taken from Nanyang Technological University (NTU) 
for four months [8]. 

Research that examines the effect of COT, the albedo of 
ground surface, and the above-cloud absorbing dust layer 
structure result in the phenomenon that higher reflectance is 
polarized along with the increase in COT and will be saturated 
when COT = 10 [9]. Meanwhile, the Cloud Optical Thickness-
Retrieval Over Snow (CROS) algorithm has been used in 
snowy areas [10] to tackle this issue, but the issue of 
estimation accuracy is crucial. Information on cloud thickness 
is important in estimating rainfall [11]. Sakai et al. [12] used 
cloud observations from the Himawari-8 satellite to produce 
COT. Harjupa et al. [13] used cloud data from the Himawari-8 
to predict the extreme rain within the next hour (nowcasting). 
However, Himawari-8 satellite cannot observe multi-layered 
clouds and thus the accuracy of COT and predictive products 
becomes our concern. The aim of this paper is to tackle this 
limitation. For this reason, COT verification is carried out 
with data from camera observations from the earth's surface. 
In this paper, we are using a lapse-time camera which can take 
image of clouds with high time and spatial resolution. 
Observations from the earth's surface are needed to observe 
clouds in the lower layers. 

This paper consists of the following sections. In Section II, 
we define our method to observe the cloud properties and 
illustrate the process of classification and detection using the 
time-lapse camera. In Section III, we present the cloud 
grouping from a time-lapse camera based on the energy level, 
compared with the images from the satellite. In Section IV, we 
discussed the results presented in the previous chapter in a 
structured manner. In Section V, the results are concluded and 
further research plans are presented. 

II. MATERIALS AND METHODS 
Fig. 1 shows cloud detection method using the Himawari-8 

satellite, which is carried out from space and cloud detection 
using a camera from the earth's surface. The results suggest 
that the observations from the satellites can only detect clouds 
in the upper layers, not the lower layers. Camera observations 

made from the earth's surface will complement the cloud 
observation data from the Himawari-8 satellite. 

The results from cloud observation using a Himawari-8 
satellite will be derived in the form of a COT product. The 
cloud observation image will be analyzed and the energy 
value of the cloud will be calculated. The two observations 
was performed and compared to determine the accuracy of the 
Himawari-8 observations. Fig. 2 shows data verification 
diagram for the Himawari-8 and the camera. 

A. Cloud Top Layer Thickness 
The COT value in this study was obtained from the 

difference in the value of brightness temperature (BT) of 
band13 and brightness temperature difference (BTD) of 
band15 observed by Himawari-8. The height of the cloud can 
be measured qualitatively using band13, where the lower the 
brightness of the temperature band13 indicates the high of the 
cloud peak due to the reduced surface radiation value. Nishi et 
al [14] found that at BT value of 220 K, the cloud height is 
about 14.4 km. By comparing the BT value between band13 
and band15, the COT value can be determined. The COT 
value will be bigger at the higher cloud positions [12]. 

 
Fig. 1. Cloud Observation using the Himawari-8 Satellite and a Time-Lapse 

Camera. 

 
Fig. 2. Comparison of COT and Cloud Energy. 
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The COT value, which is the difference in the BT value of 
the two bands (BTD), can be used to classify the types of rain 
clouds [15]. The cloud types of the two BT are shallow and 
non-shallow clouds. With these results, the COT value will be 
beneficial for estimating the rain generated by clouds. In this 
study, the location and time of cloud detection were selected 
manually, namely by matching the same time and place with 
the cloud observed from the time-lapse camera. 

B. Classification and Cloud Detection using Time-Lapse 
Camera 
Fig. 3 shows how we classify the clouds from time-lapse 

camera. First step is converting the time-lapse video images 
into several images, which will be analyzed and classified. 
Following this, the energy of each frame of the image were 
calculated. Subsequently, each cloud was classified based on 
the energy value obtained for each frame. 

The framing process in Fig. 4 aims to take a sample of 
time unity from the existing time-lapse video. This process 
was carried out since the movement of the cloud is slow 
enough for the unity of time. It can be concluded that the near 
union time can be ascertained that the cloud will have adjacent 
energy. In this study, the framing process was performed by 
taking one digital image frame every ten frames, with 30 
frames per second. 

 
Fig. 3. The Cloud Classification Method using a Time-Lapse Camera. 

 
Fig. 4. Video Framing Method Lapse-Time. 

The average brightness of each frame obtained from the 
framing process was used to calculate the energy levels. This 
process can be seen in Fig. 5. 

The frame (a digital image) will indicates the brightness 
value for each pixel, then add up all the brightness values and 
divided by the calculated pixel count, as shown in the 
following mathematical notation: 

𝐅𝐫𝐚𝐦𝐞 𝐞𝐧𝐞𝐫𝐠𝐲 =
∑ 𝑝𝑖𝑥𝑒𝑙(𝑥)𝑛
𝑥=0

𝑛
 

After getting the energy level for each frame, the frames 
will be grouped according to seven energy values, namely 
group 1 (energy of 0-20), group 2 (energy of 20-40), group 3 
(energy of 40-60), group 3 (energy of 60-80), group 4 (energy 
of 80-100), group 5 (energy of 100-120), group 6 (energy of 
120-140), and group 7 (energy above 140). The energy level 
will determine the type of cloud. Fig. 6 shows the grouping of 
frames based on energy levels. 

 
Fig. 5. Frame Structure when Measuring its Energy Level. 

 
Fig. 6. Grouping of the Frame’s Energy. 
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III. RESULTS 
Table I shows the image resulted from the time-lapse 

camera, showing various sample images belong to the 
respective cloud energy groups. Comparison of COT values 
and cloud energy is shown. 

TABLE I. THE RESULTS OF CLOUD GROUPING FROM A TIME-LAPSE 
CAMERA BASED ON THE ENERGY LEVEL 

No. Picture samples 

1 

  

2 

  

3 

  

4 

  

5 

  

6 

  

7 

  

The comparison of the COT value and cloud energy is 
shown in Table II. The COT value is taken in the yellow circle 
area, which is the same area as the cloud observed by the 
time-lapse camera. 

TABLE II. THE RESULTS OF CLOUD GROUPING FROM A TIME-LAPSE 
CAMERA COMPARED WITH THE PICTURE FROM THE SATELLITE 

COT Picture samples from 
satellite 

Energy 
level 

Picture samples from the 
camera 

1.16 

 

138 

 

3.35 

 

110 

 

0.55 

 

126 

 

9.31 

 

161 

 

nan 

 

153 

 

nan 

 

213 

 

1.99 

 

51 

 

IV. DISCUSSIONS 

A. Energy-based Grouping of Clouds from Time-Lapse 
Camera 
In group 1, with an energy value of 0-20, the cloud 

conditions are very dark. It was found that the value of cloud 
energy becomes very small at sunset or night, as shown in 
Table I. From the grouping clouds data based on this energy, it 
is found that clouds with different types can produce the same 
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energy as seen in the cloud, with energy group 5, 6 and 7. 
Types of clouds in the energy group 5 are Stratus and Cirrus 
clouds. The same type of clouds is found in group 6 and 7. In 
addition, the same type of clouds also found from the 
Himawari-8 observations, where a small value of brightness 
temperature (BT) could be produced by Cirrus, Stratus or 
Cumulus-type clouds. 

B. Cloud Energy from the Camera and COT of Himawari-8 
COT values and cloud energy in group 1 in Table II is 1.16 

and 138, respectively. Since the found energy level is 138, it is 
a Stratus-type cloud and not too thick. Clouds with lower 
energy values are seen in the comparison of the COT value 
and cloud energy level of group 2 in Table II. The initial 
thickness makes the detected energy lower, namely, 110, and 
this value is comparable to the COT value, which is higher 
than the COT value in comparison with number 1. Low 
energy and COT values indicate a thick cloud that may 
produce a heavy rain. In comparison, number 3 in the same 
figure, it can be seen that the COT value is very low, namely 
0.55, with a high energy value of 126. The type of cloud in the 
ratio number 3 are tall and thin clouds, like Cirrus-cloud type. 
In comparison, number 4 shows a difference where the high 
COT value is 9.31, but the energy value is also high, namely 
161. The difference in COT values results an error during the 
prediction of heavy rain. With the help of time-lapse camera, 
the results of cloud observations from the Himawari-8 satellite 
can be validated. In comparison between number 5 and 6, no 
COT value is detected, while the camera has energy values, 
namely 153 and 213. From the image of the cloud that is 
extracted, the energy shows that it is spatially and the 
observed cloud area is not very large. This is a weakness of 
Himawari-8's observations, as it cannot observe clouds with a 
spatial area smaller than 4 km. This result shows the important 
aspect of using a time-lapse camera, as it can detect clouds 
with a smaller spatial resolution. In comparison, number 7 
shows that the COT value is not too high with a low energy 
value, suggesting the cloud type is a thin cloud or Cirrus 
cloud-type. 

V. CONCLUSIONS 
In this initial verification of Himawari-8 observation data 

and cloud energy from camera observations, several 
conclusions were obtained: (a) high COT values and low 
energy values indicate cumulonimbus cloud detection, on the 
contrary for cirrus cloud-type, the energy value will be high 
with low COT, (b) the Himawari-8 satellite cannot capture 
cloud images with a small spatial size of 4 km and thin clouds 
in the lower layer, (c) it is necessary to establish a relationship 
between the COT value and the energy value of each cloud 
type to tackle the limitation of Himawari-8 observation data 
and to increase the capability or accuracy of derivative 
product such rain prediction using Himawari-8's observation 
data. 

VI. FUTURE WORKS 
Further experimental studies are required for validation of 

the proposed method. The increasing dataset will have the 
advantage to increase the result validity throughout a longer 

period of observation. Furthermore, the relation information 
must be expanded to other research fields, such as weather 
prediction. 
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