Atmosphere-Korea. Korean Meteorological Society
Vol. 35, No. 1 (2025) pp. 137-146
https:/doi.org/10.14191/Atmos.2025.35.1.137

pISSN 1598-3560  eISSN 2288-3266

gflojc] 9AX|Hl2t ZHEAH|(Radar Wind Profiler) & &

. olFaN

=21
Fa2

g E
(Technical Note)

VAR ey 7| QG EAtd T4, P8t sk th 71 #Hska BK21 918714 W e

(BFY: 20249 129 49, 54 Y 20249 12 179, A Y 2024 129 18Y)

Development of Radar Wind Profiler (RWP) and Accuracy Evaluation

Geunsu Lyu” and GyuWon Lee

1),2)*

D Center for Atmospheric REmote Sensing (CARE), Kyungpook National University, Daegu, Korea
YBK21 Weather Extremes Education & Research Team, Department of Atmospheric Sciences,
Kyungpook National University, Daegu, Korea

(Manuscript received 4 December 2024; revised 17 December 2024; accepted 18 December 2024)

Abstract This study introduces a domestically developed the Radar Wind Profiler (RWP) and
evaluates its performance qualitatively and quantitatively. The newly developed RWP that was
installed at the testbed site of the National Typhoon Center in Jeju on March 2021 consists of
indoor and outdoor units. The RWP utilizes an active phased array antenna system with 256 ele-
ments arranged in a 16 x 16 grid, allowing continuous steering of beams for azimuth angles from
0° to 360° and zenith angles up to £20°. Through in-house signal processing and quality control
algorithms, Doppler power spectra and spectral moments are derived. Using the Doppler Beam
Swinging (DBS) method, calculates horizontal and vertical winds. Intensive observations were
conducted at the testbed site from June 20 to August 19, 2021. To optimize the quality control of
RWP radial velocities, data from the high-mode observations over nine months (March to
November 2021) were analyzed to determine quality control thresholds. The performance of
RWP was validated by comparison with rawinsonde observations that are launched from June 20
to August 19, 2021. Results show high accuracy and reliability with root mean square errors
(RMSE) of 0.99 m s™' for wind speed, 8.27° for wind direction, success operational ratio of
97.7%. The performance improved notably in the latter part of the observation period of rawin-
sondes. Signal-to-noise ratio (SNR) and valid ratio of data tended to decrease with altitude, with
an average valid ratio of 98.5% and an average SNR of 42.8 dB between 400 m and 3 km.
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138 ol dxntz #2741 (Radar Wind Profiler) /1'% 2 A 557}

HEE Al #5E 5 3= FHo] Aot
Gossard et al. (1999)= 7|/ 249 dA= ddS
olgsh= ©l o] AXupo] Fagh A4S Jrh=
AL BHlow, AFus AsE vE et ¢
Al At AFuig 71, 5 9 A9 243
“(refractive index) 7Fe] FAAAE 4 3H1 T Kim
and Lee (2015)2} Kim et al. (2022)2 B Z, }E35¢
T T 718 AFnEe] RS B4
Tk Wu et al. (2023)2 =] A vl #5590}k
Hed 59 AFA T 7ES 83 AFdS B
o] 7|1E8] S RdRt ASeT) e F U
=2 Both bt A5 7R, 7| $Hs) A
T, 7129 AT 5 ohde 2okl FasHA &
L2 th(Augustine and Zipser, 1987; Ruffieux, 1999;

4
o)
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il

(@)

<In-door>

?

% Mn room

(b)

Lightning rod

Transceiver

<Out-door>

Hong et al,, 2015; Kim and Lee, 2015; Oscanoa et
al., 2016; Wang et al., 2017; Yuan et al., 2022).
Pt AU Ade APH EHoz B
of FFo=z gk shEo] HMIHSEHA WA s ATt wf
ZhA ol gk AAAE AAIZE FA]stAL ol EE)]
s FEE7F w2 AFuke BSAGH o] AN B
22157 AlFo] 2 FHtHLee et al, 2006; Lee and
Kim, 2011). Z8 22, AAIZF 35015 338 1S
AT 7 e A ASA0E Ad 2 A
o] oibs 9% 71ES A EA FEET) HolA|
AL STk 717 B el AR bk BE
£ &8st oy S sy FAR <& 100%
a9l Fdoll olEstar ok wEkA #7171 o]

B4 % Aol WA A AEF S EE 247} of

256EA TRMs

(Bottom view) 4

Lightning rod

Clutter fence

Phase array antenna

Fig. 1. System of Radar Wind Profiler (RWP). Adapted from Kang et al. (2020). TRMs stands for transmit/receive modules. (a)
Configuration diagram of each part of the RWP and (b) installation photo at the National Typhoon Center in Jeju.
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2.1 stEf)o] 4

2 Aol AMEE A&k B3] (Radar Wind
Profiler; RWP)= & S 7|&E st=4o], 2154
2, 2 AE5AHY7eS Mt Hx =Aksist
Z, F7ESAE U HEEWE HXo) v|aaET
Hle} b A2]E Tt RWPE FA 249 -9
A2 FEED SR = LY =9 PC7F S
3, QAR = SR, EUE, FeEHAAE A
AEhFig. 1). RWP= 553 /4] ¥ (active phased
array) SHE|L} A]2=®](Srinivasulu et al., 2012)2.2 7}
E] itk Table 12 RWPY 8 45 A A
o]th(Kang et al., 2020). SAF3= 1.29 GHzS} 16 x
16 Wige] F 256719 JHUZE FAHALH Mz}
FAl(electronic scanning) WHS AEste] ¥ W97
I AY4E viE & Ao B4 0~3607H4] |
7ol 7¥sstal, A WYPEHE aelste] 207k
A WAo] 7Fssitt

I/Q Data
]
(" Signal processing N 4

* Coherent integration
* DC removal

Moments N

¢ Pr, Pn, SNR, V1, SW,

Skewness
* FFT
* Incoherent integration
N T J - T Y
e Quality control ) 4 Application N

* Ground clutter

. * u, v, w component
* Multi peak

S * Reflectivity
* Biological data + C2 EDR. Shear
* Radio interference " ?
N y - y

Fig. 2. Software configuration and data processing flow
chart.

22 2=Egof 74

Figure 2= A&t #F74n)9] AsAE] 3 A5
g JAE Yepd AZE O] FAZo|th A4 ut
o #ASAE] st=dlojolA ALk WA AIAIE 1Q
A Z2HE A Z A2 (signal processing) ZHFS E5
QA A EHS AAE I (Lee and Lee, 2020), A&
o=, A, FF7le=, Mo, oA A T
2 EY FAZ(quality control)7} ©]F I TH(Kim
et al., 2016; Jo, 2020). o2 A#HEY 2Fo| 1
HE AEHES A8t 0xbollA 33 ERIEE &
Sl (Lee and Lee, 2020). AEHOZ At&E = 2
Ex= 2148 (received power; Pr), Al414X=(doppler
radial velocity; Vr), 2~ E® Z(spectral width; SW),
2HEH 9 = (Skewness)®|th. F2-71 2 (noise power;
Pn)y A~HEH L5302 A&l (Hildebrand
and Sekhon, 1974), AlZ o] &3-H](Signal to Noise
Ratio; SNR)= F-S-28 3} 20789 v|2 A&3i)
EOo R HUE A8 5 AHESte] vt ol Rk

Table 1. Specification of radar wind profiler that is adapted from Kang et al. (2020).

Parameter Specification Remark
Frequency (fc) 1.29 GHz Band width: fc + 5 MHz
Antenna effective aperture 14.0 kW-m? 13.86 kW-m?
x Maximum RF power (in operation 26.3 kWm?) (WINDAS corp./Japan)
Array number 256 ea
> 30 dBi

Antenna gain

(in operation 29.6 dB)

Number of beams

5ea

(in operation)

Beam tilting angle (6)

+20° Electronic control

Atmosphere-Korea, Vol. 35, No. 1. (2025)



140 dloly A& ulgt ¥=7d1](Radar Wind Profiler) 7112 2 /5% 7}
R, W ol AANEE AAsES TAE. 9 Mol ANEE r@9hE ANEE), E
g AAER), VpRESE APAER), V(dE5S
3. ot ol X3 FAAER), VAEEDE AAESE)E HE5ET 33}
A A, v, w) BESE A ()T o] xdET

3.1 RWP QiZ|u}gt A&

N Ve = Wcos@ + usinf
3.1.1 DBS #3 ¥ AFult A&

el A4 ntg #54M = Doppler Beam
Swinging (DBS) W02 W A X&EEE A=l
7V EE AT DBSHA S A ukg A5
oM 37§ e o] AEEE 56t FHuE
3 AF&EEE AE3cH(Ecklund et al., 1977; Green
et al, 1978). AALH A A=(0)F 712X
A RS WEe R A W2 7 ek ti7]

goll we} =Z8 WHo|(doppler shiftyd HAspils=

A 59 I 59 uekge] st
A N BFHAE, 9F, $H)e] SR
Aulte 42T 5 AW, AEeAE Zol7] Sl

570 W "WHAo] F2 o] ¥ th(Fig. 3).

Viw

West W

Vie

North

East

V,w = Wcos@ — using
Viy = Wcos@ + vsind
V.s = Wcos@ — vsind

Vig=W=w+w,

A710A w,ie YA BeHetEs, we Hhge] o

2 Eolth, Aol TRt 2ol 3344 HiEge
A= 4 ATk

_ VIE - VrW _ VrN_ VI‘S _

" " 2sm@ " “2sme 'z @)
weba], s7he] Wako 7 HEE T AMEEE 2
@ell digste] 2t 3= FAREW), FEEEW),

ARG (WS AHETh(Beak et al., 2005).
Table 2= £ ATdA AE-E RWPL AZ(low-
mode) 2 =% = (high-mode)oll ek A=H2S A

Y@ Roltk. A7, %, F, &, A £HE AF 3
vEse 4201 ool At B AN E I1F
weo] $EAR7} B4 AEE,

312 AAEE EA3E
ASE AAEES] I AHY =E 8

il A Al
Lol th&k dH(texture)? A SR (SNR)E At
Al

Atk Folxl IEA ] A Ao EXA

2T = T

Séi?i Rl oo Jl“>
o [l ro Pﬂ SL

9] USRS SRSl AU HolE 4
: b Aolny &, Azte] Ag4% wEAo] A,
WindProfiler A7zro] I HEAo] Ath= AL on|dit}, 2
Fig. 3. Schematic diagram of the five beam configuration of (3 ¥ AFoA ALE3E A7 ALk o]thKwon et
the DBS observation of RWP (Baek et al., 2005). al.,, 2015; Ye et al., 2015).
Table 2. Configuration of low and high-mode strategies for RWP.
Parameter Low mode High mode Unit
Frequency 1290 1290 MHz
Zenith angle (6) 15 15 ©
Beam number 5 5 -
Pulse repetition interval 26.0 74.0 ps
Number of coherent integrations 128 32 -
Number of FFT points 512 512 -
Number of incoherent integrations 31 43 -
Nyquist velocity 17.4 24.5 ms™
Horizontal wind speed range +67.4 +94.8 ms™
Range resolution 100 100 m
Number of height gates 33 101 -

7188 7] A35A 15 (2025)
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0#714 5: MEE A, Ve A

RWP7} AX= #A|F Z71EZFAE U HAEHE
F2l0l4 2021d 069 2045-E 08 19€71A] 270
A7 JF5HS5o] o|FAR . FHEHE T 2 FE)
o AFH AsS vuHEFzer] 8 ddSu
(rawinsonde) #Zo] &7 P AT} Table 32
== 717 o Y92y d=gAH L A st
ot #eEd L%Q dRkAS3} vaH=
Hr}, d¥kAEe RWPS H5E A58
o]a, vl Jiré% HaEd AAT s
1= EE?;} KNU= 535 5 HudsS
&S ousla, KMAE 71744 8¢ g9 1)
oujsit}, GutpEe Eﬂ*EHﬂ‘:OW Fs%
oF 2.4 km "oizl HAAAA o]FojH ). Hlw
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oq;du}al y}ixl—u]oﬂ}q )\]- 1‘3_ u}a},] 7<4 akx—l H]JJ_
2 AFE 8l AL (correlation coefficient; CORR),
B ##H 9 (mean bias; BIAS), A ¥=¥ X}(root mean

squared error; RMSE), “3+18}e #l|-3X}(normalized

Table 3. Rawinsonde launch schedule and location.

RMSE; NRMSE)S HASAF2 ARESFATHA (4)~(7)].

N
Y. (R, = R)(S; - )
CORR = —2L @)
_ N _
Jzua—Rszos—Sf
i=1 i=1
_12
BIAS = Ni; (R;-S) )

RMSE = |13 2
- ]‘\‘;Z (Ri - Si) (6)
i=1
NRMSE = |15 23
- Ni;l(Ri_ Si) /S (7)

o714, S¢t Re 2 S XE WA =] AL
dApesh RWP 422 ojnjach ol RWPS| o
SEERLE

4o

of N

_T/i_rl:_ of 7F} 243 AleY AEE X
rdA Az S, RS Al AHE Abed 3
RWP A5.9] Hargloln], N& ZAFo] S8 ALed
A5 Aol olu) HEH Fo AFEAL ol
o} 2.

@ HF3%: 1.0~2.0 km (MSL)

O T EERY £2 Alo|E Wt

@ HFAZHS 7|FO R £10% Hit

@ =E F&o) 1AZE wEe] 3 ms o)
zOﬂH A <]

et

3.4 RWP Xtz fEM
VhLTre] BEARE H(®)9] HEste] RWP B2
5o 7} 1= FEH]E(valid ratio)S AE3HA T

SNR>2 dB
N ®

total

Valid ratio (%) =

714 Noypszag= NGIALZANA] SNRO] 2 dB ©]7d

Total number

Observation Period Location Launch time (LST) of rawinsonde Remark
category launch
6/20~7/26 Pension 3 9 15 21 144 KNU (4 times/day)
Normal launch
7/27~8/19 Pension 3 - 15 - 44 KNU (2 times/day)
Comparison  5» 793 Typhoon Center - 9 - 21 39 KNU (2 times/day)
launch
Regular (KMA)  6/20~8/19  Typhoon Center - 9 - 21 126 KMA (2 times/day)

Atmosphere-Korea, Vol. 35, No. 1. (2025)
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A AFE] F, Newrs HFLENA 271 Bt 5
| A4 AR FE ovidth 7 Akl sigsle
A58 F5 ZANSI fFEH]ES AFEslth. RWP
o] fFan&S A#gstelr] fal el x4
< Faste] HAaASAYE 04 km, B Al Hoj
Z72E 3.0 kmZ A3t

4. 917

4.1 2=dn

Figure 4= 20213 8¢¥ 14¥ 31F F<te] RWP &
4345 e Aoty #5dd= FHvtE, A4
Hlo] AM&E ) go|r] Hhle, 23 EY Z8 A7)
w2 AR TE Jepith RWP #2232 A7k 71
AL 10Ro]x, A4 =L 100 moA T, FHu}
T2 AIAES flal A7 72 304, AR SZ 400
m 7]—71_,] x}gu} L]—E]—WTJ— =Sk 5:0] °F 13 m s}
(2.5 knot) 1Rk AAFRE Fe Ho 7 FASIAL.
Hupgke] AL ¢F 3 km IEE AAR =L 5F

AL, 4Fe ABALS) vhge] BEsE 2L B
At 0400 LSTHEl 77} *lﬂEli’iOU% o 5 km
T ARG AMEETF 40 m s o)A
A e AR ¥ 4 G oA etk @
@
10 50
v 45
8 &: - a0
R 5%
-~ el¥ 2 AN £
E o oy ;\\\\“‘(\\ N 305
= S o\ \\\ \(\\ AN ‘\L_" 4 25%
- g Jon \‘\g\'\\&\\m\\ 0y, A o
Q . V’F - (NN R N Y x o, A @
< 410 < i N i 209
T I SRR s s oSO ol /L\\\\\\\\'(i(\t\ ] £
TSty y/r‘j//u AR \\\\’\\N\M 152
2ot 7Yy Al \%/ \\Jv e Al
“::QQQ\:::: - ;Mm“t"”‘m“‘: 5
osidaieantasatsansann
N e " RAMIY Ak P Al it M et
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00:00 04:00 08:00 12:00 16:00 20:00 00:00
Time (LST)

Slant range (km)
Reflectivity (dBZ)

o¥14 0814 0814 0814 0814 0814 0815
00:00 04:00 08:00 12:00 16:00 20:00 00:00

Time (LST)

=741](Radar Wind Profiler) 7l 2 A5 7}

SAA7E §81Z(melting layer)S A UHA] D7) =
7Fsted gel&ert 71 7] wlitolth(Gage et al.,
1994; Ralph, 1995; Williams et al., 1995). u}XF7[R| 2
' F2] WkAl=(radar reflectivity)s= 40 dBZ ©|42
2 Z7ksta 357 yERYE %9 @ﬂ 20 dBZ
oo & Uehdth. oA Aedatel] FUE EH=E
olew AT A77t AR A7) il AL
2 A E. AT Azt xe AHEY 2
15 m s odom Sulele AL B 4 gk 29
EY 2 7}"?31}94 SEREE ovlet=dl, A
7} AAE = e YA HEEETE ThefshAl &
B T A

>\‘F

.Q_o
=

42 ARulE e o ETB2
RWP7} HIZEH =0 dX|5o] el ut2} RWP
oA A #HSH AFE o]ge FAAE HHst

2 2 3}t} Figure 55 2021d 3€53E 119714 <F 97)]

A7re] y=rr o] AZ W A=2EE 0]83F SNRI}
A XL A7 texture)?] 23] WIEEF o]t} SNRo]

0 dBET} & AdEEE B A Fa(noise)o] 2lo] EH

i A7o] 1.0 m s o]3kE ALFEH AT oleks W

EHE SNR°] 0 dB 2#Q] Ald&Ee el 27 HH

woll A7k =3 A7) AAEE o] 2t mEb &

Slant range (km)
Radial velocity (m/s)

‘ |
0%/14 08/14 08/14 08/14 08/14 08/14
00:00 04:00 08:00 12:00 16:00 20:00 00:00
Time (LST)

Slant range (km)

0%/14 08/14 08/14 08/14 08/14 08/1 ] 08/15
00:00 04:00 08:00 12:00 16:00 20:00 00:00
Time (LST)

Fig. 4. Examples of RWP observation. (a) horizontal wind, (b) radial velocity, (c) radar reflectivity and (d) spectral width of

vertical beam.
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Fig. 5. Two-dimensional frequency distributions of SNR and
radial velocity texture.

ToME F Jd9S 2T F Ude Fo A4S =
A AXZE AZ3AT dAA= Z
SNR H 9ol w2} 37 ko= E &
AAX Y T FZo] e F o7 7135l A As)
Stk SNRo] 0dBET} 22 17k A7k ZAglo]
A A=, SNRo] 0 dBETF =3 10 dBRT} 22
7H& SNR¥} A7Hg Hlwsted A Ag). SNRe] 10 dB
Ho} & g2 A7o] [0 m s! Bt} 3 FFo] v

th ghekstel A7 Sk,

a¥r)>0  (SNR<0dB)
OC =3 §(Vr)>SNR (0<SNR<10 dB) )
&Vr)>10  (SNR>10 dB)

41 ‘%W* il ‘%’g}“i W ?ﬁ 7 as
g | 4&”?’5 Py ¥< g
. ‘ g | ‘\; | ‘: ‘:«% 1y ‘

0 (o F 7 F == ./
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Time (LST)
() 10 50
45
N 40 E
. 35 g
E ARA RN . -
= Egeg g
Y] = 20 ¥
< S °
AR ERA §i§ : g\ 15 £
5 10>

0 7 0
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Fig. 6. Comparison of horizontal wind profiles (a) before
and (b) after quality control.
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ok 5 km ©]de] Aol Tl FRAY FEo
50 m s BT} A AEFHAT o] o AX&E
B AlE7F WsAdo] ul$ =3 (Fig. 4b), SNRo] 0 dB
olstz Uthe A B 5 UTHFig. 4o). SR
o] FHol W7| wiol H7AdZR1 uige] AHEEY
ThFig. 6a). ©|9t & AA&EEE WEdo] =7] o
ol Az 3 AA AHEEo] ShollA A e dAA
Hop & F9e gt “ml e g nigt
A87F FARYE T BT o] AAEHE As
£ T SUtHFig. 6b).

4.3 A2EXtEet H|I

RWPeA] 2H2¥ vl AgwE glshr] 9
3 HAEuel Hlast] AFH AF5S T
Figure 72 27147ke] HFH=717¢
g A& o] FEFET T gk 9%+ RMSE Al
Algolth.

047]/‘1 A2A e g o] s EEA(I m
L1098 YERd otk 43 3 BF oAz
__‘__L;(]E u]-&_f‘;]_‘— H"H"ﬂ ol= A

23] Eou om e

RMSE (m/s)
o

o

0.5

0.0
2021-06-18

® 4
35

2021-07-08

2021-07-28 2021-08-17

E‘}ZS .

= 20 .

ey
3,

s -F r’;‘lwl. .’{‘ 34':"

0
2021-06-18 2021-07-08 2021-07-28 2021-08-17

Fig. 7. Time series of daily mean RMSE of (a) wind speed
and (b) wind direction.
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(a)
50 "%
Corr. = 0.98 /”’
Bias = -0.29 m/s 7
40 1 RMSE = 0.99 m/s §
NRMSE = 0.10 e
N = 2061 ’
@ 30 1
£
s
x 20
10 A
0 T T

0 10 20 30 40 50
Sounding (m/s)

()

4
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360 1 NRMSE = 0.05
N = 2061 -’f’
~ 3¢
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a 180
]
4
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-180

-180 0 180 360
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Fig. 8. Comparison of (a) wind speed and (b) direction between RWP and sounding.

Figure 8 {Z#5717F 5<te] RWP #5439}
et & vud 45 d5dgelth 4539 T
BT 098 ode] vi¢ =2 AEEAZE 9oL BIAS
= 747 =029 m s, 041°2 UEbsTh E53 3
o] RMSEE ZHZ; 099 m s'¢} 827°% #YEu9
9 =2 XS HAY. VAR NRMSE=
Z¥zy 012 0.052 A=Ak

Figure 9% JZ4= 717 52te] ASAEE o8&
3 v §80S3 HiE SNRS 3 el Zlo]

>,
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o
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0 '
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Fig. 9. Valid ratio (black) and mean SNR (red) at each
altitude of RWP.
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