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ABSTRACT

The Lower Atmosphere Observation Radar (LAOR) installed at King Mongkut’s Institute
of Technology Ladkrabang (KMITL) is a 3-beam Doppler radar, designed for wind
measurements. The system, also called Windprofiler, can measure Doppler shifts of atmospheric
echoes up to about 4 km above the site, with the resolution of 75 meters in height. The
measurement is performed on a continuous basis every 5 minutes. Each raw data set consists of 3
sets of 60 range-gated spectra each of which comprises 128 FFT-points.

This research presents the algorithm used in KMITL’s Windprofiler for calculating daily
wind profile from such data. This algorithm consists of two stages : atmospheric echo detection
and data averaging. The first stage is performed every S minutes, immediately after data received.
The used technique is called Peak-Power method where the atmospheric echo is represented by
the peak power in returned signal. For each 128-point spectrum, the point with the highest
magnitude is located and the corresponding Doppler shift frequency is then selected and stored.
The resulting data contains 3 x 60 numbers from each observation. The second stage will be
averaged once at the end of every hour. The previous selected data are read back and averaged
point by point across the time. Some noticeable error can be found occasionally on few values.
The consensus average technique is used where only those data having small error are taken into
account. The result of this stage represents in desirable averaged time Doppler shift frequencies of
atmospheric echoes from equal-spacing altitudes, observed by 3-beam radar. From this, 3-
dimensional wind vectors can be directly derived. Finally, a plotted profile of horizontal wind in

month-b¥ averaging data in one day is illustrated.
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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 100 x 100 m 10x 10 m Ix1lm
Transmit Peak Power 1000-100 kW 10 kW 1 kW
Example MU Radar NOAA Profiler CRL Wind Profiler
Network RASC BLR
MRI Wind Profiler RADIAN Co.
LAP-3000
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Coherent averaging
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FFT

h 4

Incoherent averaging
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E4
Y

aouAnTAIAads Shigaraki, Shiga, Japan (34°51'N, 136 06'E)
szuuigany monostatic pulse radar
active phased array system
anudi 1 46.5MHz
WUUAIAT (Bandwidth) 1.65MHz
YUAVDIT DN circular array of 475 crossed yagis
aperture 103 m in diameter

AMUNA9v99TY (beam width)

3.6 degree

A -
11309849 (Transmitter)

475 solid state amplifiers

peak power

1 MW

average power

50 kW

Pulse repetition frequency (PRF)

2.5 kHz maximum

@ o
AMUNgVRINAL (Pulse width)

1-500 micro sec

ES

Receiver dynamic range

1.65MHz

Polarization

linear and circular
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317 3.3 M891MAYDI MU radar

3.2.2 RASC Boundary Layer Radar
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anudnldas L-band; UHF fin2140 1,397.5 MHz
~ 9 o @
awo1nen 49 NUNIT VAT 367
WAFUHIUINAN 2 WS
YUYDIF WD INA 0° (Vertical)

15" (Northward)
15° (Eastward)
MMImuIneIndsznounsau 3 M

AUIIUIUDY

3.2.3 NOAA Profiler Network (NPN)

a o PPN 3 o ' ' A4
szupIua s Iimosnandaly NOAA Profiler Network (NPN) $191U08196011194

9 [ ay =) 1 x é 9 '
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high mode A low mode %zﬁ1msLmJElyaﬁ"ﬂumunm“lm‘?umimﬂmizﬁudw (Lower
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M15197 3.4 gaanvan151u3ud 115 Iiae $ua NOAA Profiler Network (NPN)

E4
Sampling mode NN 1 UM 19 low mode 1A high mode

o a Ag Y ~ .
NUIUDUN 19 3 13 (Eastward, northward 10 vertical)

Tagviimanlasuiinlunng 2 win

Range gates Tunaas nua 32
(sampling heights)
Space 1in vertical 250 14Rg

3.2.4 MST radar
MST radar 6911970 Mesosphere, Stratosphere, Troposphere radar laimsAnuIve
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A1379% 3.5 UANLAYDI MST radar

anudnldau 53 MHz
Peak power aperture product 3x10° W.m’
szazmeaniale 5-10 dlawasg

Spatial resolution

Range 150 A5 (pulse width)
Angle 3° (Beam width)

Velocity resolution 0.1 tUASABIUIN
Time resolution 0.5 mﬁ
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3.3.2 TIHABLIAMUNALA
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Af ¢
VO = _f_
f 2
A o < YR A o s
eV nJuﬂamswmmgmﬂumammﬁamﬂuwammmﬂﬂﬁﬂgmimﬂaﬂtﬂam
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Af Lﬂummamﬂﬁau"lﬂ (Doppler frequency shifti3o Frequency change) Fan'ld
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Y = (ePYFCOn)FFFT)

dle PP Wlumunmlumsdaiadudazgn
< & o .
#COH  iluduuaselun1sna Coherent integration
o d (a J 9
#FFT  1uswaulumsutlasvhasiyiSos (Fast Fourier Transform)
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sampling rate Tumseil 3.6 ldszoznugegaiszuuamnsadaldeyiisvezdszina 7.5
Alawns Fednaaldonauntsi o uazdwes 1pp lumsedt 3.6 ualufiil 1dvhnsuauas
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vosiSam iy (Velocity resolution) Tuszuiinvdy 0.17236 wns/Aud aovilagn
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M3197 3.6 Amnsiine s 1FuAud s Imesiaortuma TuTaBwszeemndudnanms

AANTLI
anudveusaii 1Y 1,357.5 MHz
Peak power ﬁ’d 9 1 kW
IPP (Inter-pulse period) 50 ps
Aun1aveIRad (Pulse width) | s
(ﬂamqaﬁ'uﬁuﬁﬁ'ﬂ"lﬁ' 150 m)
6’(:151msuc15nﬂ§a€r'ngapm 0.5 us
(mmqa“lums'“J’mzuzﬁﬂ"lﬂxﬁm'funnq 75 m)
i‘hmuﬂ‘iﬂumi% Coherent integration 100
(Coherent number)
SruaugalumsilawhaiyiSos 128
(number of FFT)
ﬂhmmﬁﬁmﬁiﬂi’fagaudazﬂ% 5 min.
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(Azimuth, Elevation)

MuasIMALLUNIT luans
3.9 degree
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eIyl (0, 15)
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51 4.1 saflszaeuildinsanausauTasld33 Velocity-Azimuth Display (VAD)
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u=v,cscd-v,cotd . (15)
v=vy,cscd-v cotd (16)
w=y, (17)
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Vie=F, 'V, ;b=12and3, h=12,.60 ... (18)
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4.1.2 HamInNnaog -
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dmfumisnnuenuEluniuie 3 Jweusasaedithinmnesiiu i
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annsodueeyaifunnInszuusmIdsesuussnmeniuindeyaldluyng A
1 o o ] ~ [~ o ' o '
nm 5 i yvhmsdaldiui Fdumseh 4.1 dumsuassdiedumsiuunives
s o d o 3 o A w o
Foyantiudin ldvinszuusasdrsnduussoneluiui 1 quaniug 2541 veaaan 00.00 -

00.05 . Taeldaunisf 18, 15, 16 uag 17 Mud 1Ay

! { o d o og @ {
ﬁ']i']\?‘ﬁ 4.1 Naﬂ'lﬁ"Vlﬂa'ENilBQ“lal}'flll“ﬁﬁ‘]Juﬁﬂ‘ﬂ'lﬂi%“ll‘ljliﬂ'lﬁﬂ'li’)%"lfu‘ﬂiiEJ']ﬂ'Iﬂ‘U'ﬂQ’Juﬁ 1

AUATRUS 2541 1381 00.00-00.05 .

My anuis lunuatly nAMBsvadau

AN (WASAUIN)

q&ﬁ v, Vy v, u \% w
1 10.86982 10.86982 | 1.552832 -36.20251 -36.20251 -15.52832
2 1.552832 | 1.552832 | 11.21489 | 35.85487 | 35.85487 | -112.1489
3 10.86982 | 10.86982 | 10.69728 | -2.074955 | -2.074955 | -106.9728
4 4.658494 | 4.658494 | 11.38743 | 24.49943 | 24.49943 | -113.8743
5 10.86982 | 10.86982 | 11.21489 | -.1432064 | -0.1432064 | -112.1489
6 10.86982 | 10.86982 | 11.21489 | -.1432064 | -0.1432064 | -112.1489
7 10.86982 | 11.21489 | 12.07758 | 3.076375 | 1.743113 | -120.7758
8 1121480 | 11.55997 | 12.07758 | 1.743113 | 0.4098502 | -120.7758
9 117325 | 11.55997 | 11.7325 | -1.544614 | -0.8779824 | -117.3251
10 117325 | 11.21489 | 11.38743 | -2.832446 | -0.8325526 | -113.8743
11 | 117325 | 11.21489 | 11.55997 | -2.18853 | -0.1886363 | -115.5997
12 1225012 | 11.21489 | 11.55997 | -4.188424 | -0.1886363 | -115.5997
13 12.25012 | 11.38743 | 11.55997 | -4.188424 | -0.8552675 | -115.5997
14 12.59519 | 11.38743 | 11.55997 | -5.521686 | -0.8552675 | -115.5997
15 12.76773 | 1138743 | 11.38743 | -6.832233 | -1.499184 | -113.8743
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fieu AN luuaiy NAMBIvaIaN

AU (1WASAUIN)

qaﬁ \'4 v, v, U \% W
16 | 13.45787 | 1121489 | 11.21489 | -10.14267 | -1.476469 | -112.1489
17 | 13.80295 | 11.21489 | 11.38743 | -10.83202 | -0.8325526 | -113.8743
18 | 13.97548 | 11.21489 | 11.21489 | -12.14257 | -1.476469 | -112.1489
19 13.1128 | 10.86982 | 11.21489 | -8.809412 | -0.1432064 | -112.1489
20 13.1128 | 10.86982 | 11.21489 | -8.809412 | -0.1432064 | -112.1489
21 12.76773 | 10.86982 | 11.21489 | -7.47615 | -0.1432064 | -112.1489
22 | 1276773 | 10.86982 | 11.21489 | -7.47615 | -0.1432064 | -112.1489
23 12.94026 | 10.86982 | 11.21489 | -8.142781 | -0.1432064 | -112.1489
24 | 12.94026 | 10.86982 | 11.21489 | -8.142781 | -0.1432064 | -112.1489
25 10.86982 | 10.69728 | 11.21489 | -0.1432064 | 0.5234247 | -112.1489
26 | 1259519 | 1052475 | 11.21489 | -6.809518 | 1.190056 | -112.1489
27 | 1259519 | 1052475 | 1121489 | -6.809518 | 1190056 | -112.1489
28 | 1242265 | 10.86982 | 11.21489 | -6.142887 | -0.1432064 | -112.1489
29 | 1242265 | 10.86982 | 11.21489 | -6.142887 | -0.1432064 | -112.1489
30 | 1242265 | 10.86982 | 11.21489 | -6.142887 | -0.1432064 | -112.1489
31 10.86982 | 10.86982 | 10.86982 | -1.431039 | -1.431039 | -108.6982
32 | 10.86982 | 10.86982 | 10.86982 | -1.431039 | -1.431039 | -108.6982
33 10.86982 | 10.86982 | 10.86982 | -1.431039 | -1.431039 | -108.6982
34 | 10.86982 | 10.86982 | 10.86982 | -1.431039 | -1.431039 | -108.6982
35 11.21489 | 10.86982 | 10.86982 | -2.764302 | -1.431039 | -108.6982
36 | 11.21489 | 10.86982 | 10.86982 | -2.764302 | -1.431039 | -108.6982
37 | 11.21489 | 10.86982 | 10.86982 | -2.764302 | -1.431039 | -10.86982
38 | 11.21489 | 10.69728 | 10.86982 | -2.764302 | -0.7644078 | -108.6982
39 | 11.21489 | 10.86982 | 10.86982 | -2.764302 | -1.431039 | -108.6982
40 | 12.07758 | 9.834599 | 10.86982 | -6.097457 | 2.568748 | -108.6982
41 11.21489 | 9.662063 | 10.86982 | -2.764302 | 3.235379 | -108.6982
42 | 11.21489 | 10.00714 | 10.86982 | -2.764302 | 1.902117 | -108.6982
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o o [~ ~ o

a1y s luuuaiiy AN UDIAN

AY (LA5AUIN)

qafn v, v, v, U \% W

43 11.21489 | 10.86982 10.86982 -3.430933 | -1.431039 | -108.6982
44 11.38743 | 10.00714 10.86982 -3.430933 1.902117 | -108.6982
45 11.38743 | 10.00714 10.86982 -1.431039 1.902117 | -108.6982
46 10.86982 | 10.86982 10.86982 -2.764302 | -1.431039 | -108.6982
47 11.21489 | 10.86982 10.86982 -1.431039 | -1.431039 | -108.6982
48 10.86982 | 10.86982 10.86982 -1.431039 | -1.431039 | -108.6982
49 10.86982 | 10.86982 10.86982 -1.431039 | -1.431039 | -108.6982
50 10.86982 | 10.86982 10.86982 -1.431039 | -1.431039 | -108.6982
51 10.86982 | 10.86982 10.86982 -1.431039 | -1.431039 | -108.6982
52 10.86982 | 9.489526 10.86982 -1.431039 3.90201 -108.6982
53 10.86982 | 9.489526 10.86982 -1.431039 3.90201 -108.6982
54 10.86982 | 10.86982 10.86982 -1.431039 | -1.431039 | -108.6982
55 10.86982 | 10.86982 11.21489 -0.1432064 | -.1432064 | -112.1489
56 10.86982 | 10.86982 10.86982 -1.431039 | -1.431039 | -108.6982
57 10.17967 9.31989 10.86982 1.235486 4.568642 | -108.6982
58 10.17967 | 9.144452 10.86982 1.235486 5.235273 | -108.6982
59 10.86982 | 10.86982 10.86982 -1.431039 | -1.431039 | -108.6982
60 10.86982 | 10.86982 10.86982 -1.431039 | -1.431039 | -108.6982
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