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Fig. 3 Wind vector field after traditional circle median filtering
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Statistics on biases between filtered wind vector field and L2 wind vector field from EUMETSAT

T 22

24 %6} i 22

it
280 T R (e s )

Rra/

A/ (m s s™1) e /()

fe/ME —10.09 —48. 4 0 0
PN 3.31 57.1 10. 09 57.1
S B {i —1.5858 1.0424 1.859 8. 426

7 % 3.3437 155. 17 2. 4035 57.1

3.3 201152827 HEESH

T AT R G S ik B s AR 1 X3
HhRSOR i ) 46 Ak K37 2 AT (B rh SR O SR S SR
ot R [B) rh RS i O BT R . IR A R S
K6 firon . 25 B i i Sk O ) 3 KUl 87 Sk R
e AL K RE R e s KU B K L e 2 KU B/

B 5 R 1 X 4 A e [ v 8Os IS
SOEAE O T L W i N s R AR 7K 8 S P SV al
£ DX B T HOR XU B ). A7 3R 2R A X
B /D L E N HOIR G S R ), 2 X Y

JR 1) 728 Ak 55 ] LR ] R 22 85K . P A% 46 [ v 25
P I AL T B 4 KBRS

& 6 Ry 2R AR SC R £ 4 i o i 75 (5] b 0 i
FHATUE PG A R . IEPCERECH 11 )L Bk
4% ek s 5 H AR IR g 853,521,363,251,117,72,
57.37,21.7,0, 5 6 Z XA LA AT LA B,
5 26T £ DX O T AR BRSO 15 B A RS R
AT A E AT B 2] 0E A R K 53 A0 3R
L IRB] T 0 s A (B rb s 2 R XK e ARER 1Y
H o HAR AR 8 8008 3 00 B0 s 25 0 b o o T

55 = 7 = 7 Z 7 7 7 Z 7 Z 7 7 T J T
AR F FE] El H ] F
<2z Z Z Z Z I H : 2 H H H H H :

2 Zz I Z =z 2 Z Z Z 3 : 3 H : : : H H H :

sole ¢ ¢ . z . I I 2 : : Z H H M H : : : :
=L 2 2 2 H ‘ < H ‘ ‘ H H : i i : : -
A Y % 4 4 4 4 Y 1 } : 3 1 3 t H ! 3 t

¥ { L LY 4 H t H H H t t t H H { t

< N N t N N t N H H N N R t L R R

N N N N N N R S S S S [ N R
=N N Ty Y Y orooYoroororooroyoYoyoyy oy -

¥ ¢ ¥ ¥ ¥ ¥ ¥ ¥ ¥ ¥ ¥ ¥ ¥ ¥ ¥y ororoyoz

T Y ¥ ¥ Y ¥ YT YT OYT Y OYoOY oY¥Yoro T oo v oyvoz

¥ ¥ ¥ ¥ ¥ T Y YT YT OYTOY oY ooy oz¥oro ooy

403 ¥ T T % OYo%oToY¥oorofToorooyoorooroorooror
FY Y Y Y Y Y YT Y Y OOToOorooyoorooyorozTozoorox -
I Yy ¥ ¥ ¥ Y ¥ Y YT YT T YT YT Y T T % % 32

T T 4
¥ Y ¥ ¥y ¥ ¥ ¥ ¥ ¥ ¥ ¥ ¥ ¥ ¥ ¥ ¥ %®v¥ ¥ 3z
T Y ¥ ¥ Y ¥ Y Y ¥ Yo ¥ ¥ ¥ ¥ ¥ ¥ ¥ %y 3z
NN ¥ Y Y Yy ¥ oy ¥ ¥ ¥ ¥ ¥ ¥ 3y v oz
N N : N N N N P Y Y ¥or oo N
F B N N N B B B N N N N oY Y Y N N -

. H H H H H H H H N N N N N N N N N
> ¥ H H H H H H N H N N N N N N
H H H H H B H H F N B - N N
H H H H H H AT B -
- H H B H H H H [ - - I -
¢ H H H H i i I H FE
H i i H H H H t H F R
¥ H H H H H H H H H H
¢ ¢ ¥ ¢ ¢ ¢ ¢ ¢ H H
- i ¢ ! : i i : H : H H -
S A 1 A
- - - - = - - - - - - z Z . z

10652 ER- R H F

- - - - - - - - > > = - - = < 1
P f P E_- r = 7 - r 4 : i g 7
x

ol

5

Fig.

R4 2011 4 2 A 27 H B0l B 285 7 52 1 b Rk 95 B4 40 BRI )5 R 45 2R

Wind vector field after traditional circle median filtering

wind retrieval from orbit data on 27 Feb 2011

T S S R P
z £ £ Zz £ Z Z =z =z £z Zz £ Z £ Z 2 < <2 2 % M
- = —_ — - - — = - = “ = < A <z < < " 4 < M
- - Pt - = - — - = - - - A “ < < <z -z < < <
50= = = = = = = = = = = = = = z “ < 3 M M z |
= = - - = = = = = = = A =z < < “z < < < <
— —_ = - = = = = s 4, £ “ “ <, < < 3
= = = = = = P2 “ Y X, 'S %, % % 3
- - - W~ <, Y N £
e P A A > -~ =~ >~ NS = X NS
- A A ~ S -~ >~ =~ >~ x~ N N x> RS X X N N N
< % =~ -~ =~ >~ NI NI ~ >~ >~ X > ~ =~ =~ > = N
NS ~ ~ =~ ~ N N ~ N ~ N =~ =~ ~ =~ ~ =~ N,
= = =~ Y N N N N =~ >~ >~ =~ >~ N =~ =~ Y = N
40L X = =~ = = N N N NS N N =~ ~ N N = = =~ =~ N N
>~ -~ - — ~ =~ NS =~ >~ >~ =~ >~ >~ =~ >~ =~ Y N N > g
AN =~ -~ AN >~ >~ =~ ~ =~ =~ >~ =~ =~ =~ =~ Ny N =~ Ny ~ >
T ¥ ¥ ¥ ¥ ¥ §T ¥ YT Y Y YT OYT OYTOYT OYTOYTOYOY¥oxos
iy ~ —~ ~ -~ -~ =~ =~ =~ =~ =~ =~ =~ N =~ ~ ~ ~ ~ =~ ~
- - Py Py Py ey = = >~ =~ =~ =~ >~ ~ >~ >~ =~ =~ Y =~ ~
= = =T =T ¥ ¥ ¥ ¥*¥ ¥ T¥X ¥ ¥ £ £ ¥ 3T T % %® &% °®%°
= T T T T ¥ ¥ ¥ ¥ ¥ ¥ % ¥ $ 9‘©¥ ¥ T ST£ST''" '®'''U ¥ 9%
T T T T T T ¥ ¥ T ¥ YT OYT OYOY OGS Y o%$¥ioz»ioy®oos
F = N = =~ ~ Ny N Ny N) N N N N NI N N N N N N NT
- N N >~ N N =~ N3 N N N N N N N N N N N N N 3
-~ ~ N ~ = = ~ N N N N N V ™M v N \ N N N N N
§ é }; il é b N v i ; v v v ¥ N N N i:
N N X ¥
N EEE A b
T Y Y M z I I
N N T < £ i i
N N vl ¥ % ¢ i1 ¥ §
20 i~ v v ke T T L T e T ke T
i i i i H i : H H i H ¥ ¥ M -
N N H i i L H { i H ¢ e
N N N N N N y i H H b b 4
~ ~ x X v v ¥ L v v < M M Z < < < < < <
~ ~ ~ ~ X X ¥ < s “ “ “ " v < < < " < M <
~ ~ ~ ~ ~ v < M “ M -« " " " M < £ < < A "
~ ~ ~ ~ ™ + < 3 < < “ < " < Z Z < P4 PA A Z
~ ~ ~ N L < < < “ “ “ 3 < < z < “ A =« = A
N ~ ~ + < < - - “ “ “ < < < < < < < ~ = -
107 N ~ N + M = = “ “ “ v =z < = -~ “ P4 4 A = “z
N N v < M “ “ v < M z < = = = = = = < = <
v v v v v v v < M M < - = = = = -~ < -~ = P
P P M % v v v v M - - - - - - - - - - - -
z z Z Z z Z Z M 1 M Z z = -z =z = = = = =z =
s Z Z =z Z £ z : ! : : z oz ZT =z Zz Z =Z =z =z =
z zZz Zz =z =z =z =z @z z : Lz Zz Z Z =Z =Z =Z =Z =
z zZz =z =z Z =z =z 2 =z < =z 2 £z =z =Z =Z Z =Z =Z =Z =
z =z =Z Zz =z Z =z =z zZz zZz z =z =z Z =Z =Z =Z Z =Z <%
oL~ 7 A - - - - - - A - - - R

=

Bl 6 R4 2011 4F 2 A 27 H Bl Bk 220 Jn s 20 1 Hh Bk iy 58 U A R

Fig. 6

Wind vector field after enhanced circle median filtering

wind retrieval from orbit data on 27 Feb 2011



%43

B RABAF BT T AR U5 X ORI 2% R 05 ik

491

BoRZE5 5 A 6 By Rk 0 — S HORFA
TR B 2 R S R AT R e B K g A
RN 5 B EUMETSAT X [f] — X 8 S5 38 14 )4

BB Ay P B e AT I 22 L 4 R 22 40 1, B8 BIE
(REACE: S 1155) I3 2 fix.

F2 AMRERE EUMETSAT { L2 RUZE#E R £ a3t m £ 4t
Table 2 Statistics on biases between filtered wind vector field and L2 wind vector field from EUMETSAT
e i 2 Yo it 2%
Sttt - — S - - e
K/ (m s 1) KU /() K/ (m s s™ 1) R/ ()
fe/MiE —8.09 —30.4 0 0
N 4.17 51.7 8.03 71.1
S {E —1.932 2. 1457 1.651 10. 317
Ir#E 5.1473 175. 14 3.2156 78.42
e 2 A5 AR bR Ak T 22 L 48 X e 25 HE AT 58 =
2 % X ik

o X 22 L DX i 22 T R T A A s KU R 22 T
PN —1.932 mo« s I B XU LU B S XU
fim /I EEE A R 1o X1 i 22 3 2 1E 25 0 A IR
I bR 22 - B R 2. 14577, R Ta) s 22 B2 /0h o T O Btk
RN 2 R A e o Xk T 2 X A 2 L - 249 22 0
T S RS B RN e KR 22 (5 (R R 22/ T
2mes LRAIRZE/NT 200, BEF L2 A
JE PR AR - L2 A g oA v S XU 1) i 22 A B AR
SCUEPLEE AT L2 (G 25 B 4T 5 IE 25 0 A . i) LAAE
W 48 R 3 B B0 B9 1R 22 I 12 A SCTHORG B 25K 1Y
T Z N U0 2 T A i =2 1) DXk 2 S AR DN 5 Tl
DRI R 22 B T i 150 v e 90 2 BSR4 H 119
J2 M LA B e 17 91 v 32t — A e 7T BE 4T L 52 i
0 AU 3 o A A A A 114 L DR I 208 B0 38 T 2
PRBAE X 1) iy 22 o T 2 rp - 249 XU g g 2 1 52 AR
AINCHRA 1003177 RLE R B AARE i 1 A JEEIE B T
AR SOR A9 8 5 30k BT

e

4 4
AR SR A0 5 2 T8 v 80 T XU 37 RO 2 B O 12
SETEAE G R e R b 25 G BT 1 R
rASORY fife A b T A0 T8RS S () G A R A AR A B Y
2T IR SR G B B A T R R AR
AR R AR AUIE K7 BRObR SR [ 250, % (8] ep 80
SCTRT B RN By OSHG OF H BEE 4 i A 5
B UE 6 F 2B B XU 3 X R AUIE R 43 A
TR o3 5 2 3 53 A 1 D » 123 ThD X3 B 35 07 125 L A%
458 1% 3 v SO DB v SN R A P e A

B G EUMETSAT User Service S A< 3CHY BF 98 42 it
T ASCAT #i#.

(1]

2]

(3]

(4]

[5]

(6]
(7]

[8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

BNLAE Ik VAR I, 45 235 B AR ISR B KU
AR FREGH. B G 5441, 2007, 18(3) 1 285-294.

TRNLA » 2 BREE 08 TR, R T 2235 ) 7 36 428 1) B 4 T L
FE NG E B B AR 2010,21(3) :307-316.

POV FE L BUAE L B AR L AEL XU 2k R A [l 1 5 5 R E B U
. RS 2010,21(5) :598-605.

B A AT 3R KK A5 RT3 4 B 35 K <4 1 S 24 K
Y7 B ISR, 2011, 22(3) : 346-355.

BEIEMG BRI, . FY2E DR Z S REH %2 K
A [ A6 H B0 BT R U5 2415 2011, 22(6) £ 681-690.
[2011-06-09]. http: / www. esa. int/esaME/ascat. html.
Figa-Saldana J, Wilson J ] W, Attema E, et al. The ad-
vanced scatterometer (ASCAT) on the meteorological opera-
tional (MetOp) platform: A follow on for European wind
scatterometers. Can J Remote Sensing ,2002, 28 (3): 404-
412.

NG ML TR T R I R I T i X e B
WFFE. WYEE AR, 2009,28(1):70-74.

2R HER) PR BRI L S T I b B0 D HEBR LR RO T
I S R R BT 6 Y R L 1999 (1) 1 42-48.

Schroeder L. C, Grantham W L, Bracalente E M, et al. Re-
moval of ambiguous wind directions for a Ku-band wind scat-
terometer using three different azimuth angles. IEEE Trans-
actions on Geoscience and Remote Sensing ,1985(2) :91-100.
Ebuchi N. Evaluation of Wind Vectors Observed by QuikSCAT /
SeaWinds Using Ocean Buoy Data. Geoscience and Remote Sens-
ing Symposium., 2001: 1082-1085.

Shaffer S J,Dunbar R S. A median-filter-based ambiguity re-
moval algorithm for NSCAT. IEEE Transactions on Geosci-
ence and Remote Sensing ,1991, 29(1):167-174.

Freilich M H, SeaWinds P I. Algorithm Theoretical Basis Docu-
ment. 1999.

S S T BRI A L A5 BRI R R AR A T 1 9 T K3 S
HEAEDITE. MBS i B f5 B A%, 2005, 21 (1):30-33.

Chi CY, Li F K. A comparative study of several wind esti-
mation algorithms for spaceborne scatterometers. IEEE
Transactions on Geoscience and Remote Sensing, 1988 (2):
115-121.

Howard S. A circlar median filter approach for resolving di-

rectional ambiguities in wind fields retrieved from spaceborne



492 MO R % % i %234

scatterometer data. J G R, 1990, 95(4):5291-5303. (1):167-174.

[17] Scott J, Shaffer R D, Vincent H S, et al. A median-filter- [18] f#24im . J7# MR VLU . %%, SeaWind HCS 11 W5 1 X 35 B 2=
based ambiguity removal algorithm for NSCAT. IEEE B 5 iR 58 . db ot Rz 4. B AR B4R, 2005,41(6) : 882-
Transaction on Geoscience and Remote Sensing, 1991, 29 889.

Ocean Surface Non-cyclone Wind Block Ambiguity Removal
Algorithm for Scatterometer

An Dawei Gu Songyan Yang Zhongdong Lu Feng

(National Satellite Meteorological Center , Beijing 100081)
Abstract

The Maximum Likelihood Estimation (MLE) algorithm for scatterometer wind vector retrieval gener-
ates several wind vector ambiguities, so a circle median filter is needed to perform the ambiguity removal.
But the traditional circle median filtering method can hardly solve the block ambiguity problem. According
to the spatial distribution characteristic of the most likely ambiguities in each non-cyclone wind vector cell,
a new enhanced circle median filtering method for block ambiguity removal is derived and discussed theo-
retically, with experiments carried out to check its adaptability. This method features simple definition, low
computation and easiness to converge. Using some 1.2 raw data from EUMETSAT to validate the method, the re-
sults indicate that under non-cyclone wind distribution condition the new method is effective in resolving the prob-
lem of block ambiguity after eliminating the cyclone wind field with other reference data.

The core of the enhanced circular median filter algorithm is to initialize the non-cyclone characteristics
first, which can effectively solve the problem of massive fuzzy. Thus the data which may cause circular
median filtering failure and the data that affect the neighborhood will be corrected. Then divide the two-di-
mensional space into M rows and N columns, then calculate the wind field in the open window. The wind
vector in the center of a window is solved by selecting an alternative from corresponding fuzzy solutions.
And then do this with the next location iteratively, until the wind field does not change or until the times
of iterations reaches a preset maximum number, Finally, defective value in the wind field is smoothed.

Compared with traditional circle median filtering method, this approach is better in several ways.
First, by initializing the first wind field, the fuzziness of the second wind field is reduced; while with the
traditional method the block fuzzy cannot be removed. Second, the calculation process is simple and need
no statistical circular histogram, nor do they need to calculate the mean. Third, the definition of circular
median is only one rather than getting multiple solutions. And last, the calculation will not be interrupted
by the narrow wind element values in the boundary region.

The enhanced circular median filtering method based on non-cyclone wind field vector distribution
characteristics can overcome the harsh conditions of the traditional method (such as wind field must be ran-
domly distributed, non-block fuzzy). extracting the true wind vector solutions to overcome the fuzzy
block. In order to apply this method widely, a crucial issue is to determine and eliminate the coverage ty-
phoon cloud by operational satellite equipment properly. The method provides a new idea for exacting data

of non-cyclone wind field on the ocean surface.

Key words: ASCAT; non-cyclone wind; enhanced circle median filter; block ambiguity



