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Name : Mr. Methee Taweechon

Independent Study Title : Study and develop a work manual for hailstorm
warning using data , from weather radar systems :
Case study Northern Thailand

Major Field : Electrical Engineering

King Mongkut's University of Technology North

Bangkok
Independent Study Advisor  : Assistant Professor Chainarong Yensiri
Academic Year : 2024
ABSTRACT

Hail is caused by severe thunderstorms, which pose a natural hazard that
can result in significant damage to human life and buildings. The extent of the
damage depends on the frequency and intensity of the hailstones that reach the
ground. Hail events are related to atmospheric instability, strong updrafts, and a
well-organized heat transport system, especially in the summer, when there are
intense winds and high levels of water vapor in the atmosphere. The development
and structure of hailstorms have been studied using meteorological radar systems
with single or dual polarization in Thailand. Summer thunderstorms are typically
short-lived and small-scale phenomena, usually occurring in the afternoon, and
can result in large hailstones that may cause damage to buildings, crops, and even
humans. Studying hail forecasting and the mechanisms behind thunderstorms in
Thailand is crucial, as understanding the natural processes involved in cloud
formation and hail generation can help improve early warning systems and increase

the effectiveness and accuracy of hailstorm mitigation efforts.

(Total 53 Pages)
Keywords: Hail, Meteorological Radar, Hail Forecasting
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2.10.1 Deep Learning Network
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3.1 Anwuaznidaya
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3.1.1 ANUNHEUAZNTTIVEITEUULSAISATINDNIA

3.1.2 NSHAANHANITNTIIANGUHUAINTLUULIANIATIROINA

3.1.3 AINALNEUAZHANTENUVBINYGNLIU

3.1.4 AnumnguazmnAnnefugileUf iRy

3.1.5 Yasjanungvesailansufdnau
3.2 Invinllenuaziseuisaailenn

vV b4 o ﬂ’l a a -&J ¥ 1 % d’l

AAUATIYIINITTIUTIE LAY URE U 1nTe 3.1 WUl

3.2.1 AUNINBUAZATINNVDITLUULINITATITIINA

LA3LIAI3MII99IN1¢ (RADAR ; Radio Detection and Ranging) L8 ugunsalfi L4
dmsunnadnduiseativung (Target) viiainglussaglnamedyaanauing ieyie
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4.1 NaN1FATNMUUTIABINTNGINITAINTAAGNTAUIINTBYALIAITATIIDINA

4.2 nan1sasziuanglenisujiinudmsunmsuduseudeneagniiulagld
ToYAINTLUULIAIINTIADINA

4.3 Han3UsHIUYRIE LIy

4.1 Han1FASUUIIARIMINEINSaiNsRngnivaIndayalsnsnsneInIA
A1SAUAIDATEASIN ﬁfﬁ’mﬁﬂﬁa%’lﬂLLUUﬁWaaaﬂ’ﬁwmﬂiﬂimilﬁﬂqﬂLﬁumﬂiﬂmmm

<

d11593U Matlab ¥eileidu Neural Network Fitting lnedayan douidunluiuudiaes

Y

a v

ANNGIYANAIAUINEIER (HMAX) ,m3g9a98anwue (ETOP) , naTme s luLus
(VIL) §n5ndruvesn1siasunlasuesrnaudunisassiou (ZDR) Hadns Ao Auuwes
msawTiougeaaluLua (dBZ) uargiiomsufifnudmiunisuiadiousomegniiivlngls
foyaanszuuisninganeinia Tneshmsneinsallagld3s Artificial Neural Network Ll
Mdayan1sagviauNTEULLIATITIRaNAlUlTInIAlan1sU URNuNISUARFauUfNS

Aanggniviu

M15799 4-1 Yayamiluannisiuuudaeaneinsal

Observation MSE R-Square
Training 355 3.1122 0.9037
Validation 8 2.7594 0.9433
Test 8 6.8099 0.8586

~ Y Y &
NA599 1 Tloya Assialuil
e Training ("MsElnelw):
o duwIudeya (Observation): 35

o ALRALALRANAIATSEe (MSE) : 3.1122
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o &ulszAvdnisdndula (R-Square) : 0.9037
e Validation (nN19A323&8V):
o d1uIuveya (Observation): 8
o AaBuAUAANAIARIEIEe (MSE) : 2.7594
o duUseAvsnisdndula (R-Square) : 0.9433
e Test (NM3NAEBV):
o Fuveya (Observation) : 8
o mmAAnuRnnaIn&Ees (MSE) : 6.8099
o &uUseAndnisdadula (R-Square) : 0.8586
aziulaan
« @1 R-Square uansdsnuduiusseninssuusiildlunsiung (Tarcet) funadns
(Output) i1 R #ige (IndlAes 1) Ysuenfanmduusifuazeuusiuglunig
e
o A1 MSE uanatsaniadevesanuiinnasalunisviiune A MSE Aisusueniianny
wiuslunsinnedigs
o Toesau: Tupaildnsinduiis (@ R a9, MSE i) wazanunsathluldlunsesieaeu
1@ (A1 R g9, MSE i) wiUszansnmlunisvedeusaazsmninanties (@1 R ias,

MSE gstiu

Gradient = 4.3868e-06, at epoch 10
I I

gradient
ao
T

Mu = 1e-03, at epoch 10
I |

mu
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Validation Checks = 6, at epoch 10
\ \ 1

¢

s 4 $ $ t 5 : 7 z 9

10 Epochs

AT 4-1 Lansn1TRAAINLaZLANINANITHA (Training)

13U IN uanInani1sidn Neural Network Taeld MATLAB Neural Network Toolbox
1499ane35u Levenberg-Marquardt @1usuni1sinipIau1eiananay Mean Squared Error

(MSE) 1u3u Epoch #il4: 10d1 Gradient i Epoch 10: 4.3688e-06 A1 Mu (An1sUsun1s

a .

5ou3): 1e-05 $1Uu Validation Checks: 6 A3a#l Epoch 10 (ManefeseudiAranugndedlsl

[

TuuayszUUeIavgaiin) azmiuladnA Gradient anadiiay 9 uanadluwmamasususales

<)

A1 Mu anad kanII1lULAANIaINIAN LUNEEY Validation Checks = 6 “UN8A21UIN

\A30Y1801MAULIGN1I Overfitting vnLid Epoch (N3l
Best Validation Performance is 2.7594 at epoch 4

Train
Validation
— Test

Best

102

10°

1072

Mean Squared Error (mse)

10710

10-12

10714 | 1 1 | 1 | 1 | |
1 2 3 4 5 6 7 8 9
10 Epochs

AN 4-2 hARIUTEANTNINNISHN

'
a o v o w

31n3UlaAa Performance Plot ¥83n13AN Neural Network lagiidayaniddaye

Y

be

D

Best Validation Performance ’e)gj‘ﬁ' 2.7594 7 Epoch dnuneAIai oy Epoch 7 4 laaad
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[

ANMINURANAIR (MSE) ﬁ@f’lﬁﬁj@mu“qm“uauﬂa Validation 1nt Mean Squared Error (MSE) 984

Y a

winzyAdeya Training (HUANIIW): AIAIUEANAINAAAUTOY o) IUAIYWGAYINY dIU

Validation (1 w@lTe): fifegnfl Epoch 4 waalsuinay Faeanaludeyeyiaves Overfitting
Test (Wudun): Tuuiltdunane Validation urdiasilf1asay Ay N153LATI8RRUI LY

Y
a

%8931n Epoch 4 A1 MSE v84 Validation wag Test lianasdn LLazawaL%'mqﬁu WAAIIN
Tuimald Overfitting wd191n Epoch 4 9afimngauiianvasluaaie epoch 4 szl Best
Validation Performance G?’lﬁjﬂﬁ 2.7594 mﬁiﬁqmﬂ’lﬁﬂﬂﬁ epoch 4 iiatlaafiy Overfitting
WnAeINsUsuUslng 8139l Early Stopping %38 Lﬂ'u%’aaga Training Lﬁ@iﬂmmaﬁaui

[
\IL?Jdd

NAVY

Error Histogram with 20 Bins
12+

10

I Training
I Validation
I Test

Zero Error

Instances

5.798
-5.284
4.77
-4.256
3.742
3.228
-2.714
2.2
1.686
1.172
-0.6577
-0.1437
0.3703
0.8842
1.398
1.912
2.426
2.94

Errors = Targets - Outputs

P ' = =
AN 4-3 LARIAIARIALAADUIINATIHN

[

ngULanAs Error Histogram with 20 Bins 484n158n Neural Network fivayadnfiy

o

(2
v A

#9U Histogram WEAINITNTZAN8UDITORANAA (Errors = Targets - Outputs) kN X: AN

saay a

AMUEANAIR (Error) WAt Y: I1nuduauaugNildeianatnlugea1nige) 1nen1snszaeuss

6 <=

Joiana1n YeAudnavedalaunsueglnaiuaud duansilunaivwildulidmeinsaii

Y

3.454
3.968
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InalAeernase Tderanainnsyredilunadienasydn uwidulvgnszandilnaaud dmunis

WisuifisugadeyadinTu (Training Data): dalugiidefinnarmnszyndalndaud Aiden
(Validation Data): fin1snsganglnalAesiu Training wasiunsAiiiseanly &uea (Test Data):
fifeRinnainnszateninendt Training way Validation Femuneeinuinluwasiadilyauise
generalize laAaun Tua1 MSE 91 Model Summary Training: 3.1 Validation: 2.75 Test:

6.30 (g9n31ndu uansinlunaena Overfitting)

Training: R=0.90368 o Validation: R=0.94329
+ O Data Q- + 70 O Data
5 -la Fit
o o || Y=T _O
5 5 © &0
= = 65 70
Py K
o o
" i 60 g
1 !
o -
3 2
5 60 ¢ 5%
o = ‘ - o *
60 65 70 55 60 65 70
Target Target
Test: R=0.85859 w All: R=0.8953
2 - — «
+ 70+ O Data + O Data @58
m o ¢
O 68 | g
e £
5 66 | P
- I M~
S 64} ©
I "
t
w 62 g
=] o
g 60 —O =
60 65 70 55 60 65 70
Target Target

AT 4-4 MRziauduiussEninsulsdass wazduUsnu
91n5U Regression plot aqﬂié’éfﬁﬁ
o M R uanIdIALdITLS eIl T lunsvhune (Tareet) funadns
(Output) f R #igs (IndiAes 1) Ysuanismudusiusinuazanuusiugilunis
YUY
« A1 MSE wansteanadsuesnnnuianaialunisyiiune a1 MSE fishusuaniianany

walug bunsviuneas
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o Tawsau: Tunadidnisiindudid (@ R ge, MSE 6) uazanansnthluldlunisasaaen
19
(AN R g9, MSE i) wiUszans nmlunisedeusaazinIIanties (A1 R Aas,
MSE i)

[
3

A15799 4-2 AdUUSEANSANANRUS (R) §1%SUNIS1TMBS LA AT IEAVAUUA

CMAX HMAX ETOP VIL
CMAX il
HMAX 0.128758925 1
ETOP -0.455624138 0.72545098 1
VIL 0.275407132 0.275407132 | 0.4727004

7
f§ v A

NAIFNT 42 NuAUEURLS Fail
1. HMAX Uag ETOP (0.725) — HAnuduiusnieuangs wansAsdeiua unSon iy
2. ETOP uag VIL (0.472) — fanudunusiiunansludeuan
3. CMAX wag ETOP (-0.456) — finnudusiugynsauliunans uansindle CMAX isgu
ETOP fuwilduanas
4. CMAX waz HMAX (0.128) — frnuduiussiunn eralifinanssnudatuuasiu
Taagulaysiy

HMAX wag ETOP fimnudusiusdusnniign uagamnsaldswiulunsinsies
CMAX U ETOP flauduiudieau enadesinnsanlimdioiludnsest viL fanuduius
funnmsiweslusedumiaiiunans Taeduiusiu ETOP wnnitga (0.472)
4.2 nan1AnTEinunglensujiinudmsunsuiassudenggniivlaelddoya
AINTTUULSAIATIDINA
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