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ABSTRACT

A wind velocity is measured in a weather radar as well as the strength of return echoes from rain clouds. These wind
velocities are obtained through estimation of Doppler frequencies in return signals. This kind of Doppler frequency
estimation method is called as a correlation method. It is widely used in most weather radars because of less
computation time. However, it may cause serious errors if a spectrum is not symmetric. Therefore, in this paper, it is
shown that the improved method using 3™ order phase estimation model yields the more accurate estimation of the
average Doppler frequency using various simulated weather data.

JIUE : wEe) seER, B4 24, B S 24, 40 B

Key word : Doppler spectrum, Wind velocity measurement, Doppler frequency estimation, Correlation function

Received 28 June 2015, Revised 24 July 2015, Accepted 04 August 2015

* Corresponding Author Jonggil Lee(E-mail:jnglee@incheon.ac.kr, Tel:+82-32-835-8286)
Department of Information and Telecommunication Engineering, Incheon National University, Incheon 406-772, Korea

http://dx.doi.org/10.6109/jkiice.2015.19.9.1999 print ISSN: 2234-4772 online ISSN: 2288-4165

@This is an Open Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License(http://creativecommons.org/li-censes/
by-nc/3.0/) which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.
Copyright © The Korea Institute of Information and Communication Engineering.



SR B ELISHS|=2X|(J, Korea Inst, Inf, Commun, Eng.) Vol, 19, No, 9 : 1999~2005 Sep, 2015

.M E

HAHE ol
Aol grovt 2o shajt

3 doltt AL 22 2goR

g o= uje- oheF

3 g-gofol o] 2§ 9 A7k Ay 1 GrH1-3].

71 dlofehs B S ol oJ3t AAbte] Wbl ES
ZAsto] A9 AR 5T 5 9L Wk ohuje} g
doE F4HS 2R BF W BEY ¥A, +
2 5o] Ba0 2 choks| Bg 1 glrkd-6)

714 lelctoll At HAst what 150 =) 2
Egoiel B mEe Fupg FEot] F4 Y0
£ 2253 9t oHAF L BF Sl ofF F459)
23 Wt 9 Aho] Y= FAsholof st Folct
EREEERBELLE ES FECSE EE L]
o Qw02 )4 dolehel Al B gelo] Al
o2 uh$ i obuTel ot elF L EF ol 5 A
AR §A) 9 FAo] /s sof SHHE A4t ofo] K

H(autocorrelation) T2 2A5lo] HH4 ==
o Pk, & FHEPEE FE5H "7, 8] Ly
A7) Aol oRt Bt =& Tk 352 go]
o M_Am el sl 449 Jise
2 Uehfokgtehs 7148 Eaksta ok kAl
El 7|50 0F 25% JEE 1 o
MEFOR ekl ofefgt 4% £EH Fai 2
ofl 217Fet A7} WAt 4 i)
QeBE B mRAE S 2HAE 342 B
elo] o] efgh 2A1E £ 4 = WS
AGke e F 7S] A7l 2L olgsiol o
Helel W wZa] Zuls 27

>
ﬁ‘
1031

4>

—

0. Xi7|&2 g =3 4

R M-l
RT)=-L 32 GDZGT+T) ()

-
Ts
T
J% 1. Z2A HOE 0|83 A|dE g =3
Fig. 1 Estimation of autocorrelation function from received
pulse pairs

=

A (elAe] M & s sloe] e e
Ui o Mo] S48 U RS A7 4T BT 7
AT 4 A0l A0S A Mg B
A(pulse train)2] Z$- T <} T

2 el *17}* o] 4
. webd eleist 4714 ?Ié.

FA AT AHEZH S J T EP Fuls
1 ZZ31 Hei, 8).

Fat:
249w 2o
ulia e B =5 Fueg vehyA Hek
U;].E].H FFTS AA| ~HER

2 ok Aol HshA BK
Ek TR ol mEE Fube 24 WS 1A
o] GAE] S Al 711 E 0] 7H9A9
o) AsEgo] gy ol A E 1
Lrebdth= 7Hg o] A -stoiof et

) r_
ol
o
il
d

I, Xp7j&e et FFollMel 2t

gof ol A= AIAAIZE T, ol Al 2 27|/
FAoRA =i FueE FE5H He
A EZY AHEZ A HA HHEES
oF Fdsith. o] gt Wof A2 o]

sko A AAIZE T, o 4] A7)
e R(Ty) & Bt &5 o fy 2 7= 71 =



o) AEERS o] §3to] EAISte] M theat 2ol
2 4 9}

1/(21,)

R(]:) — eﬂﬂfﬂ J‘ So (f)e.izﬂ./ﬂ df 3)

—1/(2T,)

A @)l A S B & Fak471091 714 Al
59) wEe] AHEYS tehiich TeuE wEe 7
a4 g0 FAHEAYSHA) o7] AsiAE A3) oA
of 2 gre] 514 o] 09 717 FATHE F2
w2 Uehfol Btk 2 Sy(f) 7 Y FFSAgte R
P Bl AHET Fo] i) F7) et 3
% 9 glofek 7bgo] mE el Aok dith

CIEfE /el eSSt 2L el 2
o OXE Tt 2 M AP SEAeh AHEY
292 o] g3fo] Liehjo] 1Ak

2
2P 1 exp—f2 for /20
I+7 27w, 2w

2
2P 1 exp—f2 for f'<0
I+7r 27w, 2

w,

S(f)= 4)

Al (4o AHEY w2 X =2 Fubert0
ol A ==Z¢] A”EZ HHL P & YehH v|A
@ melojck. 1714wy Fw, &= u]e) Y AHEGe| A
o] Zhzke] 22 ehm —wywy & 7HS-AIQE 2EE
#el v) 34 A eh hebuleolct
o]zﬂ o]a{a]- EH};GQ_] H]EH;?]/H EE‘LQ_ o],g_s}oq _r;ﬂ
=2 Futi 240 Ae] BFe el tistel g
o) B A@)0RFE o 4 o AHY MR
o SRR Ry Ak e g =
ot 2400 98 WANIA Ak A3

NS oy EEe AdEye) P Futh
o okt o] HAIEE 2AE A e
A48 Re G} 845 3t ol 18] AFE $I4E
o]-g-sto] o] Fo x| A Hr}.

upebs] Pot =&
Art &,

o e

1o

gw

O_u___a_‘j_l

lo FH

> e m

s

i TR o] ol 4

f,=1/(2aT,) tan” (Iny/ Re) (5)

71& llo|cloliMe] =28 Fuie 3 W sfMof 2ist AT

g u|h A E 7oAk mElofA o] AR B BE
2 ol W, £ ohea) ol ®@E 4 9k
1/(21,)
[ 7S, ©)

-1/(27;)

A1 (6)o419] Spne Al (4)9] HdS AA AE PR L}
=o] AA AEL 12 A3} A7l mdo|t}h a8ez
B =22 g B XA ZH T, 7} ARt o s
EEZY 2AAB O YEL 7hE 2 Qe A e g %
A AdeE 4= 207 diizel A (6) TAE o= T

o) xad

~
~
~

I
>
>
=2
Rl
|
ol
i)
b
-3
fu)
<
0
O G
4o
ox
Ir ot
o

e g
fru
rl
>
o

2

o
o
rC
¢ ol
= Jo
K1
me r
£

B i
R
W
OE lo
o
o =)
o
=
fu
Mo
e
o 4> 4
o 0 g |m
my 5 l
ol
R
4o
o
NNy

ox

1

k2
e

L o2 oftt
o 4o
oo

2R theat o) T, of ot

3t AubA o] v A& nA} ohak

=2

o
o
]

—|—‘

_1I_,
fru
T
L)
=

Phase estimate= é(TS )=

A7) A4 4= R(T) = B2 A AdEY
Zlo} Miglo 2 FAHER 4] ()0 Ae] 943
= 7EeE 4/\]5]010]: zsLoﬂ -|T—40}010]E s},
o] gk 1,3,5-5 3 s

ﬂ‘*
>.
J_
i>
¥i
O
lﬂJ
L B
B
il

ol A 4} (8)7} 22 °*J%"—Xéi1% ARG o2t 2
o] B3t 9S4 4 et

)

:2_2

i=1,0dd

2001



SR B ELISHS|=2X|(J, Korea Inst, Inf, Commun, Eng.) Vol, 19, No, 9 : 1999~2005 Sep, 2015

21 (9)A]o A & 4= A= AAEH A AA T T, = 4

Moz WA FolrhoAe] MZe 7Aoo Emz

A 0 & 107~107 Z AL 9] gHe 7k oo zke

oo}, Wk TAH LR € FRoRE 3247155

=

1] o]of o] AIgkEl A Y e H et ¢
A S A7) B4 Sl <Ie S T
= 03} thHA] O] A5G Fatolof Shth wbA T,
OT, T, ol thet A7 148 4 34 5 9454
o] o] o] Aok k. whebd n¥l o] A7l 34 34
o] o]5oi Ao} gtk et AAH O $14ake] u]A

He 3 g s Ao Qo muY
o ujeba] 2ue) A7 e FAe R
Rl 2 ox)8k 2 98 Aol welA B en
A Sl 34 R R 2 5
T AN CRERE Pt =&Y g 24 oA 9
QAE AA WAAE = ES Holaat Fth v
FollM= okt g0l A 9 Bt A Holtd =27
2HEYES o] §sto] Fuk A oA WY @A}

52 7]z 0] Wt s, BAs

o
N
T
o

= 2~4 R A lé‘%@ci’l =

T‘%‘o] 40m/sec Et} &7 ‘%EM
ot whebA 2o =& ke 1.6 kHz 7P ek 19
o2 A& Fukees 4159 H3Saliasing) WAIS)
7] #fste] 4 MEY Fuk(Nyquist frequency) &
OF%t 23}5h= 4KHz = d A5kt

QAT LGS o83k 714 dlolttel A A7
A} Fhg=Z=A ol A o] A ZF T, = 0.25 msec 7}
t} 2% 29} 39 Ao A= r=3.3 o|] SNR=15dB & 7}
< M 7ReAIRE Ee AT E-Y S Fukas o
Ao} mol 4 Alef T1of Hilsshe I Q F ARHY
oA el ro] FHEATE vEhaL )itk FE A2 9

ox 12

Ay g2 A WA AEE 12 s A7 &
FAEAT,
o|A] ol&gk AA| 71“’*‘§9} A9 &
ChoFst oAl 52 3he-5)
< 719 Wyt v, Bt ]'T?J‘:} ‘IJrEVﬂ o]
Zawo] =
Oﬂ nE =Zy F

skl
oy
e

-30
I

40 #I “

50 4

Power (dB)

60 4

700 4

-80 I I I I I I I
-2000 -1500  -1000 -500 0 500 1000 1500 2000

Doppler frequency(Hz)

T2 2. HIcHE 2o J|MAE =22 ABE
=15dB)

Fig. 2 A simulated asymmetric weather signal Doppler
spectrum(r=3.3, SNR=15dB)
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