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ABSTRACT

This thesis presents the rain rate estimation by observing data analysis of lower
atmosphere observation radar (LAOR). The LAOR is installed at King Mongkut’s Institute of
Technology Ladkrabang (KMITL) is 3-beams doppler radar. This system was designed for wind
measurements. The system is also called wind profiler, and can measure doppler shifts of
atmospheric echoes up to 4.5 km above the site, with the resolution of 75 meters height. The
measurement is performed on a continuous basis every 5 minutes. Each spectrum comprises 128-
FFT-points.

This research will find the peak power of returned signal that corresponds with the rain
echo and atmospheric echo from 128-FFT points of vertical beam data. For each 128-points
spectrum, the points with the highest magnitude corresponding to rain echo and atmospheric echo
are selected. Two highest magnitude points are corresponding to doppler shift frequencies that
related with doppler velocities. Rain drop size distribution, relation between falling speed and
drop diameter, and doppler velocities are used for calculating rain rate, then, compared with rain

rate which have been recorded by rain gate equipment that were installed at ground floor.
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Drop-diameter Rainfall-rate(in-hr)
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R=c (3.6)
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Lﬁﬂ R UNU 5282N19 (1UAT)
1 < o Y a a 1 1 =1
c LﬂHﬂTﬂ?WNLi?ﬂlBQ’JﬂQiuﬂ’JﬂﬁN (ﬂsmmumdmumn1ﬁﬂzﬁ|umﬂ’nmmum

TAUN1NU 3x10° WATADIUIN)
a

a o o d a ~
t Lﬂunmmumq hlﬂ-na“u YDINAANTI (AU IN)

Received
Signal

Ranging

(Sampling)

Y

Coherent Integration
(Time - domain averaging)

Y

Spectral analysis
(Fourier Transform)

.

Incoherent Integration
(Spectral Averaging)

b

Spectral parameter
t estimation

" o 3 w an 2}
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- Coherent integration (Time-domain averaging): i umMssINIuYeq f?’tgﬂpm
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- Incoherent integration (Spectral averaging): nMsmauRasailnasy
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o 1 a a @ o 4 Y A xg
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- Spectral parameter estimation: H/NAFUTZIUAIBATIHIUVOIT YD IUAD
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Incoherent integration
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m319h 3.3 gaeruialasia llvesiud Tus Iiaes

Radar Frequency VHF Radar UHF Radar UHF Radar
(50MHz) (400MHz) (1GHz)
Observable Range 2.20 km 0.5-17 km 0.2-3 km
Antenna Size 100x100m 10x10m
Transmit Peak Power 1000-100 kW 10 kW
Example MU Radar NOAA Profiler CRL Wind Profile
Network RASC BLR
MRI Wind Profiler RADLAN Co.
LAP-3000
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Doppler Spectrum
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32.1.1 MU radar: MU radar Wuszunisarshivinalug 193anazdunams
waeumlasesduussemalussdunaianazseduuy (Middle and upper atmosphere) 1%

o o aw u’.: " o o a o 1 ) Jaq &
dmsuanuitenanelutessenialszmalasnissoudenuiungudide Amsidwesnly

Tagna9 11) 489521 MU radar dauaa 13 lumsah 3.4

32.1.2 RASC Boundary Layer Radar (RASC BLR): ifluszuuisa1snigdana
msnlaswlaslumsniou lviveseyma luermaAduusTeINIATZAVAIN (Boundary layer)

:: 1 = - = d’ ar o 1 =) dv _ ;
Tuszozdaua10 was Tdauda 2 w3e 3 Alawas iietaluszaunegmileniniuiilanaiulal



37

Low noise amplifier

!

IF amplifier

!

Quadrature detector

FET

!

ADC

s

v o 3 { o o
517 3.13 ununmansilszaeulszananavesdyanadziouidnindsaeeimasudyau

15197 3.4 W1510@05 7 191145211 MU radar

Ad o a 3
ADTUNNNINTAAA

Shigaraki , Shiga , Japan (34 51N, 136 06 E

sTUBITAT Monostatic pulse radar
Active phased array system

RO L AR 46.5 MHz

HUURIAT (Bandwidth) 1.65MHz

FUAVDITA DN

Circular array of 475 crossed yagis

Aperture

103 m in diameter

AMUAIIUDITIY (beam width)

3.6 degree

& ' i
A599e9 (Transmitter)

475 solid state amplifiers

Peak power

1 MW

Average power

50kW

Pulse repetition frequency (PRF)

2.5 kHz maximum

9/ o =
ANUNIIVDINAHA (Pulse width)

1.-500 micro sec

Receiver dynamic range

1.65 MHz

Polarization

Linear and circular
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oo 3 1
ANVDIN 1Faa

L-band ; UHF fin19D 1,397.5 MHz

aeoman 1y

w1 luans 3 a9

PIAFUAIFUINAN 2 1A

HUUDITWDINA

(Vertical)

15 (Northward)

15 (Eastward)
Mmsiuanesnlszneunnussay

3 A1EUIIUIUTY

4

¥
a o ow

32.13 NOAA Profiler Network (NPN): tiuszuuiud 115 lviaes fdada

1u

NOAA Profiler Network (NPN) #19140819A01103 A208A3INIMIGUAIDE1NA 9 U1

5¢M314 low 1aE high mode FAUBLANAIIVDY low mode 1A% high mode D low mode 3211

¥
msgualetndann ludunssenaszaUaln (Lower atmosphere) 1AYIATZHZAINUGA

3 [ v ¥
ST 500 WA 1WDIANINHUAY IUDITLEZANUFY 9.25 A laiAs @91 high mode 9299

' ] ¥
TTUSANUYUIVULIAN 7.5 Alamas maunmzﬁuﬁuﬂu ﬂumi:ﬂzmmqaﬂﬁ:mm 16.25

' 9
Alawas aunsoinsangudnyazlaoiig Tdvesszuuiua s Iwmesaiinil ladauans

Tuasan 36

a15191 3.6 uanyuz N 191IuIua Is Iliapivee NOAA Profiler Network (NPN)

Sampling mode

3/
nn9 1 119 149 low mode LAy high mode

Suutunly

3 43 (Eastward , northward L% vertical

Tagimsnlasuiulunng 2 uin

Range gates 1ULADZ 1HUA 32
(sampling heights)
Space in vertical 250 N3

3.2.1.4 MST radar: 6911910717 Mesosphere, Stratosphere, Troposphere radar

liimsaneTaneInumsulasumlasvesay adu maldsunasluussoinis aaeaau
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A13137 3.7 AUAUTAYDY MST radar

ST CART 53 MHz
Peak power aperture product 3X10 Wm
szozmeiiiald 5-10 A lawAs
Spatial resolution 150 4@ 3 (pulse width)
Range 3 (Beam width)
Angle
Velocity resolution 0.1 WATABIUIN
Time resolution I
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FEdananil Gond 33 Doppler-Beam-Swing (DBS) Tawia lflenldamaiooins
Feamuiarimifined uazsudryy1o (Monostatic radar) TnAndaszuusasuIRUAY
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3.4 Swazgamanainuadualilsliaes

a o . P ° { -:i
Jualus TiaesAl4lumsnaaesillsznovdasglnsal luTasniiauiianud
] P o ) a y
1,357.5 MHz 1d0mangeimauuuaiumns TuashiunudSuvyu laseuiamig aaunuaie
A = o o 1 s o = s o o 9
wieelulnsneufiuaes Mimsde uaziudyanaluaudondn Taeiimsiadeyalus
= =1 & o r=1 ] [ d'l = 1 =1 :1 9/
A fivveusas sy 3 Dy odndeioalunng 5 wiit yuszniedunld (0)
1A 15 parnaunuDy T
ar '~ r:il:iv 9~ o =1 o a o
msiannuSranluinldiuvesaeoimasiuiu 3 Ty fiinisiaanusianlu 3
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gauaad A lueunan 3.9

¢ X sampling rate

inc = (3'8)
2
e R, ilunnugalundazssAuivinisduna (height spacing)
¢ fluanuSuas (3 x 10° wasaoIui)
¢ X IPP
R = . (3.9)
2

A = o 3 k4
we R iiluszeznagagaficnsaiadeyald
=] 1A =

c Lﬁuﬂ'}'lllﬁ')u'ﬁs'l @Bz 10s WATADIUIN)

P flumunanlumsdaiadudazgn (Inter-pulse period)

ATy (V) (Velocity resolution) e1fiondnmsvesdsingmsainel

o 1 o
Lﬂaﬂ‘i‘r‘ﬂmﬂ’nmﬂiﬂﬂ

v Ar
—_— = (3.10)
c f
v
o 1 b
aaiuma v, Taen
Af ¢
Y= (3.11)
f 2
& o [ & & o
e Vv uanuveseymalunssnnsswiluraivaninlsingmssineililes
[~ ~ 2
N Whuaus mnmuniiy (Velocity resolution)
[~ ] T oa =
c Auanuswas 3 x 10° waT Ao )
f Auanudisens Fanau

Ar duanudinaeuly (Doppler frequency shift %30 Frequency change) FaH1
lannaunisi 3.12

1
Af= 3.12)

(IPP)YHCOH)(#FFT)

A [ . S
diopp dlumunanlumsdaiadudazgn
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< o o 3 . .
#COH 1Wuduruaieslunsii Coherent integration

#FFT ﬁﬂuﬁ1um°lun1mﬂmﬂmﬁvjﬁﬂ§ (Fast Fourier Transform)

m31e7 3.8 Amnsidlines 1l luiua s ImesAaaiiuma TuTadnszaoundudnanms

MANTLI
Audveusasile 1,357.5 MHz
Peak power a4 1kW
IPP (Inter-pulse period) 50 Us
ANUN 0 IWAd (Pules width) 1 s
AnwuguIuduiiiald 150 m
BNIIMIMIFUAIDL T YYIY 0.5 s
mmqﬂumﬁﬂ5$Uzﬁﬂ1ﬂtﬁuﬁunﬂq 75 m
ﬁwmuﬂ%ﬂums% Coherent integration 100
(Coherent number)
HugalumswlashaiySes 128
(number of FFT)
Franmiimsiadeya 5 min
FHAUDIA1UDINA VeI Tuas
anunsvesduaeena 3.9 degree
nAN1UIdu LR (0,0),
(Azimuth, Elevation) NARZIUDON (90,15)
ARHile (0,15)

o o’: 1 a A o o a 4 n’y
afwis1eg 1891 Uszantamlumsia awsedadeyavesiualys Ihiaeitdanse
o v &4 w A Y A a @ £ a4 & o uly

WM lanszaunNugasuALITaIRIUTEAUANNTINNNUANNTZEE 150 WAT FIA 1IN 1A

= A oA a a Y Y o a ar
vInauMIsh 3.6 wonmnndu@uma lddseymaluomeaudirenoudaygunduigny
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