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Abstract—The Global Satellite Mapping of Precipitation or
GSMaP data which is used to display the rainfall data was used
to analyze and create the rainfall forecasting model. This work is
the evaluation of this rainfall forecasting model which is the
short-term forecast. The GSMaP forecasting data were matched
with the GSMaP history data and calculate their similarity values
by applying the original image matching method. The
modification of Rainfall Forecasting Model and its evaluation
that applied the original image instead of the image hash improve
the accuracy of rainfall forecasted results.
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l. INTRODUCTION

The improvement in the rainfall forecasting model of
Thailand country for flood waming and monitoring have been
developed. The Sea Surface Temperature or SST datasets and
the Global Satellite Mapping of Precipitation project or
GSMaP datasets which are the satellite images were analyzed
to predict the rainfall by deep leaming method. The User
Interface of the model is shown in Fig. 1. This is the improving
Big Data Analytics works which has been a project of Hydro —
Informatics Institute (Public Organization).

The improvement of image similarity evaluation of the
rainfall forecasting model should be measured for representing
the system efficiency as well. In the previous work [7], we
assessed the model with a perceptual hash technigue which
generated thehashstrings by thehashalgorithm. A perceptual
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Figure 1. TheUser Interface of Rainfall Forecasting Model.
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hash function calculates similar perceptual hash strings for
similar images by comparing and measuring two perceptual
hashes. The hash value is much shorter than the original
image. However, this work uses the original image values for
comparing the similar and dissimilar values. Hamming
distance i used to count the number of different bits in string
values. Then, the GSMaP forecasting data was matched with
the history GSMaP data for finding similarity values by
applying theoriginal images.

The remaining of this paper is organized as follows: Section
2 presents the general background information about this
accuracy measurement. Section 3 presents the accuracy
measurement of rainfall forecasting model. Section 4 shows
the result of accuracy measurement. Finally, section 5 is the
discussionand conclusion.

II. DATAAND METHODS

A. Data

The data used in this work is the satellite precipitation or
GSMaP. The GSMaP [4,5,8,9] or Global Satellite Mapping of
Precipitation project was the production of a high-precision,
high-resolution global precipitation map using satellite data
sponsored by Core Research for Evolutional Science and
Technology (CREST) of the Japan Science and Technology
Agency (JST) during 2002-2007. Since 2007, GSMaP project
activities are promoted by the JAXA Precipitation Measuring
Mission (PMM) Science Team. This work uses the GSMaP
data sets during 2014-2020.

B. Data TypeandFormat

The GSMaP as mentioned in previous topic is the satellite
data and has a format in the digital image, therefore data is
converted from JPEG to ESRI ASCII raster format to overlay
themon Map for good performance. The basic structure of the
ESRI ASCII raster has the header information at the beginning
of the file followed by the cell value data as illustrated in

Table 1 [2].
Example of ESRI ASCII raster file is shownin Fig. 2.
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TABLE I. THE HEADER OF ESRI ASCII RASTER FILE.
Parameter Description Requirements
NCOLS Number of cell columns. | Integer greater
than 0
NROWS Number of cell rows. Integer greater
than 0

XLLCENTER X coordinate of the Match with Y
origin (by lower left coordinate type.
corner of the cell).

YLLCENTER Y coordinate of the Match with X
origin (by lower left coordinate type.
corner of the cell).

CELLSIZE Cell size. Greater than 0.

NODATA_VALUE | Theinput values to be Optional. Default
NoData in the output i5-9999.
raster.

ncols 430

nrows 450

Xllcorner 378923

yllcorner 4072345

cellsize 30

nodata_walue -32768

43 2 45 7 3 56 2 5 23 85 34 © 32 54 57 34 2 2 54 &§
35 45 65 34 2 6 78 4 2 £ B9 3 2 7 45 23 5 8 41 &2 ...

Figure 2. Theexample of ESRI ASCII raster file.

C. Image Matching

Image matching is based on the maximum similar pixel
values between two digital images. The image matching
methods are classified into two categories: one is gray-based
matching; the other is feature-based matching. The gray-based
image matching algorithm s based on the grayscale feature of
pixels for image matching. The feature-based matching
algorithm is based on feature vectors of feature points for
image matching [3]. Image similarity is the measurement of
similarity between two images. Then some similarity criteria
are used to determine the corresponding points in two images.
The quality of similarity is defined by the distance. Currently,
there are many distance measurement methods such as
Euclidean distance, Humming distance, Cosine distance, and
etc. the Hamming distance is one of several string metrics for
measuring the edit distance between two sequences.

Figure 3. Theimage matching process flow.

The process flow of image matching is shown in Fig. 3. The
query image is extracted the feature, and then search match
with the stored images in the database for evaluated the
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similarity values. The image which has the highest similarity
value is selected.

D. Image Similarity Measure

In this section, the definition of similarity between images
is presented. Then the similarity measure is used in this work
as a reference forimage similarity.

1) SimilarImage

The closeness between two images is based on a pixel-to-
pixel comparison. Similar image is the two images considered
to have more intensity of the same values as compared to the
different values.

2) TheSimilarityMeasure

Hamming distance is a metric for comparing two binary
data strings [6]. A function on words of fixed length over an
alphabet describing the number of changes to the symbolk of
one word required to reduce it to another. Let A be an alphabet
of symbolk and C a subset of Ay, the set of words of length n
over A. Let x=(Xy,...,Xn) and y=(y1,...,yn) be words in C. The
Hamming distance d(xy) is defined as the number of
difference between x and y ; that is, #{i: xi#yi; i=1,...,n}. The
Hamming distancesatisfies [1]:

d(x,y)=0;
d(x,y)=0 if and only if x=y;
d(x,y)=d(y.x).
Hamming Distance between two strings is the number of
bits which are different at same position in bothstrings.

IIl.  EVALUATION OF RAINFALL FORECASTING MODEL

The accuracy measurement of the rainfall forecasting
analysis being the main topic of this work has been explained
the process in this section. The process flow has been displayed
in Fig. 4. In this work, the 1D array string of an image was
applied to search the image similarity values. The 1D array is
the values in the image pixels to compare and retrieve the most
similar image in storage. Even if using the original image is
tin;e-consuming process, but it receives the exact similarity
values.

The forecasting GSMaP datasets were matched with the
history matching GSMaP datasets which were stored in Mongo
DB, both. Both 1D arrays of pixel values were generated and
then the similarity percentage between each two images was
processed and calculated with image similarity measurement,
respectively. An example between the forecasting GSMaP
dates and the history matching GSMaP dates as shown in Table

Il and Table IlI.
N
. 8

Get GSMaP Match with

3- data on GSMaP on
forecasting history

dates matching dates

I Evahate the

similarity
percentage

Figure 4. Theprocess flow of the accuracy measurement of rainfall
forecasting model.
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TABLE Il THE EXAMPLE | OF FORECASTING DATE AND HISTORY
MATCHING DATE OF GSMAP DATA.
Forecasting date History matching date
31 May 2020 06 Oct. 2017
01 Jun. 2019 07 Oct. 2017
02 Jun. 2019 08 Oct. 2017
03 Jun. 2019 09 Oct. 2017
04 Jun. 2019 10 Oct. 2017
05 Jun. 2019 11 Oct. 2017
06 Jun. 2019 12 Oct. 2017
07 Jun. 2019 13 Oct. 2017

TABLE lII. THE EXAMPLE Il OF FORECASTING DATE AND HISTORY
MATCHING DATE OF GSMAP DATA.
Forecasting date History matching date
01 Apr. 2020 31 Mar. 2019
02 Apr. 2020 01 Apr. 2019
03 Apr. 2020 02 Apr. 2019
04 Apr. 2020 03 Apr. 2019
05 Apr. 2020 04 Apr. 2019
06 Apr. 2020 05 Apr. 2019
07 Apr. 2020 06 Apr. 2019
08 Apr. 2020 07 Apr. 2019
IV. RESULTS

The program to process about the results evaluation of the
rainfall forecast model by using image similarity comparison
was written by Jupyter or Python as shown in Fig. 5. The
GSMaP on the forecasting dates were evaluated the similarity
with the history matching dates. The example images of one
GSMaP similarity (%) case has been shown in Fig. 6. The
similarity values of eight GSMaP forecasting dates and their
history matching dates were calculate the average as shown in
Table IV. Table 1V is the example 1 and the example 2 shows
in Table V.

The average of GSMaP similarity since 01 April 2020 to 31
May 2020 had the wvalues during 71.6075% to
75.36%.

In [19]:  d = "20200401"
s = "2@200331"

In [28]:  check_similar_gsm(d, s, imagehash.phash, hashsize=64, isPlot=True, last=7)

out[20]: [('20200484",
(‘20200461 ,
(‘20200485 ,
('20200462",
('20260467 ",
(‘20200403
('20260466°,
(‘20208468 ,

126200403, 78.8),
262003317, 73.72),
'20200484°, 73.95),
20200481, 74.97),
'26200496°, 76.52),
126200482, 76.93),
'26200485°, 77.48),
126200497, 79.32)

Figure 5. The example of Python program for GSMaP.
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Similarity: 79.32%
08/04/2020

07/04/2020

Figure 6. Theexample images of GSMaP similarity (%) comparison on date
08/04/2020 with 07/04/2020 and getting 79.37% similarity.

TABLE IV. THE EXAMPLE | OF THE AVERAGE OF GSMAP FORECASTING

AND HISTORY MATCHING SIMILARITY.

Forecasting date History matching date Similarity (%)
2020/05/31 2017/10/06 73.92
2020/06/01 2017/10/07 77.46
2020/06/02 2017/10/08 70.54
2020/06/03 2017/10/09 62.92
2020/06/04 2017/10/10 70.72
2020/06/05 2017/10/11 77.08
2020/06/06 2017/10/12 76.52
2020/06/07 2017/10/13 74.23

Avg. 72.92
TABLE V. THE EXAMPLE Il OF THE AVERAGE OF GSMAP

FORECASTING AND HISTORY MATCHING SIMILARITY.

Forecasting date History matching date Similarity (%)
2020/04/01 2020/03/31 73.72
2020/04/02 2020/04/01 74.97
2020/04/03 2020/04/02 76.93
2020/04/04 2020/04/03 70.0
2020/04/05 2020/04/04 73.95
2020/04/06 2020/04/05 77.49
2020/04/07 2020/04/06 76.52
2020/04/08 2020/04/07 79.32

Avg. 75.36

V. CONCLUSIONS

The SST datasets and GSMaP datasets analysis for rainfall
forecasting model was evaluated the accuracy by applying
image matching to find out its similarity values. The previous
work using image hashing for evaluating model, the accuracy
was around 66.46%. For the current work by improving the
rainfall forecasting model and the model evaluation applying
the original image values, then the accuracy of the rainfall
forecasting model was around 73.76%.

However, the forecasting model will be improved the
accuracy by considering the other weather parameters over
Thailand. The future work, the middle-term and long-term
rainfall forecasting will be analyzed and developed in this
application as well.
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