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M EM SPE CT R A L E ST IMA T IO N T O M U

R AD A R O BS E R V A T IO N

L i 不于乞i (李 卫)
,

L 沙 D a ,
·

e , , (吕达仁、
,

In s titu te o f A tm o s Ph er ie Ph ysie s
,

A ea d e m ia S in ie a
,

B e iji
n g

s/l
o iehiz刀 凡‘左a o ,

几了口刀, o ,
·

u
Ya

n za zn o to
,

TO
shira k a Ts l一da a n d 5 2“ : , z , : : z 人泣10

R a d io A tm o sPh e rie Se ien ee Ce n te r ,

K 万o to U n iv er s一ty
,

Uji
,

K yo to
,

Ja Pa n

R e ee ive d A u g u st 1 6
,

19 9 0

A B ST R A CT

Pl
e lin : in a ry r os u lts o f tlle w ir记 v e lo e ity es tim a tio n u sin g the M

a x 一m u m E n tr o py M e tho d (M E M) to M U

ra d a r o bs er v a tio 主1 d a ta s ets a re P re sen ted
.

T he e o m Pa r iso n o f the r esu lts fr o m th e Per io d o g ra m m e tho d a n d th 。

M E M sh o w s tll a t t!l e M E M e s tim a tio n is re lia b le
, a n d h a s h ig h er a ee u ra e y

,
r eso lu tio n a n d d ete e ta bijity th a n th e

e stim a tio n fr o m Pc rio d o g ra m m e tho d
.

T h e h ig h a e e u ra e y Po w er sPee tru m o bta in ed by the M E M 15 v er y

u se fu l to stu dy in g th e a tm o s ph er ie tu r bu le n e e stru e tu r e
.

H o w e v er
.

the M E M n ee d s th e Io n g e r e o m p u tin g

tim e fo r o bta in in g tl飞e h ig h a e e u r ae y sPee tru m
.

I
〕a rtie u la r ly

, the e s tim a tio n o f M E M w ill b r in g ser io u s d e v ia
·

tio n a t Io w er sig n a l
一 to 一 n o ise ra tio

.

K e y 讥 o rd s : th e M o x im u ln E n tr o py 入le the d (M E入1 )
, tlle p e rio d o g ra m m 以 ho d

,

M S T ra d a r
, the 认 in d v e lo e ity

e s tlm a tlo n

1
.

IN T R O D U C T IO N

In re een t ye a r s tlle r e 11a s b e e n e o n sid e ra b lo in to r est in th e t e c h n iq u e o f sp e e tr u m a n a lysis

e alled the M a x im u m
一

E n tr o p y M e tho d (M EM )
.

d ev elo Ped by B u rg (19 6 7 )
.

T lzis m e th o d a PPea r s

t o o
ffe

r r e s u lts w h ie h ha v e hig he r a e e u ra ey a n d sm o o ther sPe e tra th a n the tr a d itio n a l m e th o d s
.

A r elia ble m e tho d o f sPe e tr u m a n a lysis 15 ve ry im Po r ta n t in re a l
一

tim e Pr o ee ssin g o fM eso sPhere
-

Str a to sPher e
一

T r o Po sPher e (M ST ) r a d a r sig n a ls
.

In e o n v en tio n a l ea se ,
the FFT Pe rio d o g r a m

m eth o d 15 u sed in M ST ra d a r d a ta P ro eessin g
.

T his m e tho d 15 a hig h e ffi e ie n t m e tho d fo r ea l
-

e u la tio n ,

b o th sim Ple a n d d ir e e t
.

B u t the m aj o r sho rte o m in g o f this m e tho d 15 that the fr e -

q L:e n ey x
·

eso lu tio n 15 lim ited b}! the Pe r io d o f sa m Plin g Pr o ee ss
.

In o th er w o rd s ,

w e m u st sPen d

e n o u g h lo n g s a zn Plin g Pr o e e ss fo r g ettin g the hig li l
·

e s o lu tio n
.

O w i一19 t o the Iim ita tio n o f th e

eo her e n t tim e se ale o f the m e as一, red p hysiea l p r o e e ss (in g e n e r a ]
, s ev e r al see o n d s)

,

w e e a n

n o t in e r e a se the s a m p lin g tin le a rb it ra r ily
.

I一1 o r d e r to s o lve this Pr o ble m
,

it 15 o bv io u s tha t the

m e tli o d o the r th a n p e r io d o g ra m sh o u ld b e tested
.

R e e e n tly K lo ster m eyer (19 8 6)
rePo r ted the

r e s u lts o f a PPI二
‘
in g M EM a n d M LM (M a x im u m L ik elih o o d M e tho d ) to the estim atio n o f sim

-

u lat ed sig n a ls o f V H F r a d a r , a n d e o m Pa red tlle a c eu ra ey o f th o se m e tho d s w ith the e o n v en -

t io n a l p e r
‘

io d o g ra n l 一n eth o d
.

H e fo u n d tlla t a t la r g e sig n a l
一

to
一n o ise r a tio the d iffe

re n ee s b etwe en

their D o p ple r shift e stim a tes a r e 、e ry sm a ll: a t m o d er a te slg na l
一

to
一n o ise ra tio

,

the M EM es
-

t1 1n a te s 11a v e sig n ifi e a x ltly h ig he r a e c u r a ey tha n th e p e r io d o gr a m estim a te s : b u t a t sm a llsig n al
-

t o
一n o ise ra tio

,

th e M EM elea rly in d iea te s a lzm ita tio n , a n d its estim a te s a r e eo n tr o lled by n o ise
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5

a n d its a eeu r a cy e o m p a red t o the p e rio d o g r a m m e th o d 15 w o r se
.

In this p a p e r ,

in o r d er to

fu rth
er stu dy the e

ffe
et o fM E M fo r e stim a tin g th e M S T r a d a r sig n als

,

w e ea le u la te the r ea l M U

r ad a r o b s e r v a tio n d a ta se ts
, a n d r ea liz e th e a PPlie a ble e o n d itio n s o fM E M to M ST r a d a r d a ta

Pr o优5 5111 9
·

11
.

D A TA A N D M E T H O D

T he M U ra d a r
.

lo ea te d a t Sh ig a ra k l O b se rv a to r y o ftlie K y o to U lzive r sity
,

Ja Pa n ,

is a n M ST

r ad a r w ith the o Pe r a tin g fr e q u e n ey a t 4 6
.

5 M H z
.

T lze tr o P o sPhe r e 一 str a to sPh el
,

e d a ta se ts u se d

he r e w er e t a k en a t 12 4 1一 130 8 JST 18 D e e
.

19 8 7 (JST : Ja Pa n Sta n d a r d T im e)
.

T h e a n te n n a

b ea m w a s stee red a t e ve ry in te r一 Plu se Pe rjo d (IPP) fo r tw o d ir e c tio n s ,

i
,

e
. ,

10
0 o ff- z e n jth t o

-

认 a rd the e ast a n d ve r tie al
.

IPP w a s 4 00“5
.

In e a eh d jr e c tio n ,

64 heig hts in the r a n g e 1
.

9 5一
20

.

8 5 km w e r e sam Ple d w ith a n i一lter v a l o f 3 0 0 m
.

In o r d e r to im Pr o ve the sig n al
一
t o

一n o ise ra tio
,

the n u m be r o f e o her en t in te g r a tio n w a s u P to 8 0
.

O n e o b se rv a tio n e o n s isted o f 5 12 Po in t tim e

se rie s d ata a t ea e h h ejg h t a n d ea c h b e a m d jr ee tjo n
.

O n e o b s e r va tio n tim e

wa
s a b o u t 3 3 se e -

o n d s
.

T he d a ta se ts w e u s ed h e r e e o v e r ed u P to 2 7 n 飞in u t e s
.

B a sed o n the d a ta se ts w e Pe rfo r m
-

e d the sPee tra l es tim a tes o f the e o n ve n t io n a l Pe r io d o g r a m n l e th o d a n d the M E M
.

In the

Pe r io d o g r a m m eth o d
,

the Po w e r sPeet ra w e re c a lc u la te d w ith FFT a lg o rith m
,
the Po w e r sPe c -

tr a l Par a m eter s (i
.

e
. , e eh o Po w er , r a d ial w in d v elo c ity a n d sPe c tr a l w id th) w e r e d e r ived by a

n o n lin e a r le a st sq u a r e G a u ssia n fi ttin g m e th o d
.

[n the M EM
,

w e seleeted 10 a s the g r ea te st

五lte r o rd e r ,

jn m a n y e a ses , a u to ln a tje a ljy sele e ted 6一8 a s th e o Ptim u m 丘lte r o rd e r o n the

b a sis o fthe Fin a lPre d ietio n E r r o r e r iter io n
.

T he Po w e r s Pe et l
·

a la e eu ra ry o fM EM d ePe n d s o n

fi lte r len g th
, sig n al

一
t o

一n io se r a tio
, a n d o the r fa e to r s

.

T her efo re ,
th e M EM 11a s a u n iq u e a d

-

v a n ta g e in the ra d a r sig n al o f sh o r t tim e in te rv a l to tlle Per io d o g r a m m etho d
.

111
.

R E S U LT S

1
.

R e
lia bi/i iy’ oj

’

4了石
‘

材 D ol )P le :

s/l 必 云刃il n al e F
。

If w e r e g a rd tha t the fr e q u e n ey estim a te F , o f the c o ;飞v e xltio n a l Pe rio d o g ra rn m e tllo d 15

re lia ble
,

the e o n fi d e n e e le vel o fM EM D o PPle r shift e stim a te F
。 c o u ld b e d e te l

,

m in ed b y e o m Pa r in g

the e s tim a tio n o f th e Per io d o g ra m m e th o d w ith the e stim a tio n o f the M EM
.

A tyPie al s e t

o f the se eo xn Pa riso n s 15 sh o w n in F ig
.

1 t’o r Po w e r sPe etr a a n d in Fig
.

2 fo r tlle 6 m in
.

a v er -

a g e r a d ial ve lo eity Pr o fi le s
.

Fig
.

1 sll o w s the c ale u la te d re s u lts fo r o n e o b se r v a tio n sa m Plin g

1。
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“
,
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丫
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一

,
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10
一
1 1 一 _ _ _

_
-
-

-

一
-

一 8 4 0

凡 ( H z

Fig
.

1
.

T h e p o w er s p ee tru 五一1 〔S , ) a t 5
.

5 5k m
,

in 10
0 o ff- z en ith to w a rd

、
he e a st d irec tio n fo r th e p er io d o g ra m

m c thod (a ) a n d fo r M E M (b)
.
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.
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几
( 111

,
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Fig
.

2
.

T h e Pl
,

o 6 le o f tlle a v c ra g e d r a d ia l v e lo e jt丫
,

i n th e ! 0
0 0 伟z e n ith t o w a rd the e a s t d ir e c tio n fo r the

Pe r io d o g ra ln n le tho d (a ) a n d fo r
M E M (b)

,

in the 10
“ o ff- z e n ith te w a rd t ll e e a 、t d ir e e t io 王1 a t tlle a ltit L一d e o f 5

.

5 5 km
.

T lz e 一e a 一e tw o e u 一ve s

in Fi g
.

la , o n e 15 the Po w e r sPe e tr u m o f f FT m e tho d
, a n d th e o th e r , sxn o o th e r o n e ,

15

the n o n li, le a r le a st sq u a re G a u s sia n fi tt in g e u r ve
.

Flg
.

1b sho w s the e o r r e sPo n d jn g Po w e r

sPe
etr u m w it h M E M

.

Fr o m F ig
.

1 w e c a n se e th a t t lle Po w e r sPe c t ra o f the tw o m e th o d s a re

ve ry id e n tie a lirl tlle m a in Pe :、k
。

th e g r o u n d e lu tte r , a n d the se c o n d a ry Pe a k
.

It 15 o b v io u s fi
,

o m

Fl g
.

1 tha t th e M E M Pr o d u e e s a sm o o th e r a n d e le a re r sPe e tr u m w itli h ig h e r re s o lu tio n
.

T he

Pro fi le s in Fig
.

2 sh o w a g o o d e o in e id e n c e b e tw e e ll the re su lt s o f th e FFT a n d M E M
,

b u t th e

Pro fi le o f M E M g ive s o u t th e d e ta ile d v e lo e ity st ru e tu r e
.

Fr o m F ig
.

1 a n d Fig
.

2
,

w e c a n

re aliz e tha t th e sPe e t ra l e st im a tio n o b ta in e d by th e se tw o m e tlz o d s a re e o in e id e n t
,

t li u s rhe

sPe e tr al e s tim a t io n o f the M E M 15 re lia b le
.

2
.

B ill : o da l 5 1,
·

u e zu ,
·

e of M E M
,

D e du e e d SP e c zr u

I n s o m e Po w e r sPe e tr a o f人I E M
,

w e e le a r ly fo u xl d the b im o d al sPe e t ra l str u e tLlr e , a n d r o u -

ghly id e n tifi e d t he re le va n t Pe a k in t h e e o r re sPo n d in g sPe e t r u m o f F FT m e tho d (Fig
.

l)
.

B e -

c au se o f t h e lo w e r fr e q u e n e y re s o lu tio n a n d the w hite n o ise a d d e d in FFT
一

d e d u e e d sPe e tr a ,

in

m o s t c a s e s w e e a n n o t c o n fi r m t h e b im o d a l s tr u e tu r e fr o 一n th e m
.

I n fa e t , the b主m o d a l sPe e tr a l

s tr u c tu re 15 w o r t h s t u d yin g fu r the r
.

A s e a r ly in t h e 19 80 5 ,

W
a n d a n d R o s to g i (19 8 3 ) r e Po r te d

the b im o d a l s tl卫 e t u re
.

T h e y e o n sjd e r e d th a t tw o m a in m e e ha n ism s w o u ld e o n trib u te to th e

mu lti
一

p e a k st r u e tu re ,

i
.

e
.

( l) r a n d o m v e lo c ity fl u e t u a tio n s d u e to tu rb u le n c e W itllin t h e la y
-

e r a n d (2) t h e “ sh e a r b r o a d e n in g ” e
肚

e t a ss o e ia te d w ith th e d jffe
re n c e in D o PPle r shift b e

-

tw e e n t h e u PPe r a n d lo w e r b o u n d a r y o f a tu rb u le n t la ye r m o vin g ho r iz o n ta lly w ith the ve r-

tic ally sh e a re d b a e k g r o u n d fl o w
.

W
e sll o u ld e la rjfy w ha te ve r this b ; m o d a l sPe c tra l st ru e tu r e

15 the re al e
ffe

e t o f the a t m o sPhe r i e Pr o e e s s r a is e d by W a n d a n d R o sto g i o r the sPo n t a n e o u s

lin e sPlit tin g o f B u r名
’

5 t e e lln iq u e a t hig h sig n a l
一to 一 n o is e r a tio e a se ( se e Fo u g e r e ,

1 9 76 : 19 7 7)
.

W e m a d e t he s ta tist ie s o f t he s ig n al
一

to
一n o is e r a t io r a n g e a n d the he igh t r a n g e in w h ic h the re

e x ist t h e b im o d a l st r u e t u re d u r in g this P e r i o d o f o b s e r v a tio n t im e (Fig
.

3)
.

T he r e s u lt sho w n

in Fjg
,

3 in d ic a t e s th a t th e b im o d a l s tr u e tu r e s a re d is tr ib u te d ve ry c e n tr a lly a r o u n d 5 a n d

11 k m h e ig ht
.

F ro m th e a ve r a g e d v e r tie a l P r o fi le o f s ig n al
一

t o 一n o is e r a tio (Fig
.

4)
,

w e e a n

se e t ha t th e h e ig h ts o f 5 km a n d 1 1 km a r e n o t the h e igh ts w ith th e hig he st sig n a l
一

to
一 n o is e

ra tio
.

T h e re g io n b e lo w 5 km ha s e v e n 11ig h e r s ig n a l
一

to
一n o is e ra tio

.

T he r e fo re
, a PPe a r a n e e

o f t he b im o d al s tr u e tu r e 15 n o t in e vita bly r e la te d to s/N
r atio

.

M o re o v e r
,

the id e n tity

o f the b im o d a l st r u c tu re o f M E M a n d FFT sh o w s tha t t h e b im o d al s tr u c t u r e 15 n o t c a u se d by

the sPo n t a n e o u s lin e sPlit tin g
.

A t 5 km altitu d e ,

th e ve lo e ity Pro fi le 15 o n a n in fl e x io n Po in t
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F ig
.

3
.

T h e d ist r ibu t io n d ia gr a m o f th e bim o d a l

st ru e tu re i n
M E M fo r the he ig h t a n d

5 ign a l
一

to · n o ise r a t io
.

F i g
.

4
.

T he Pr o fi le o f the a ve r ag e d
5 ig n a l

一

to
一n o i so r a t io

.

(s e e Fig
.

2 )
.

T he 1 1 k zn he jg ht m a yb e 15 n e a r th e t x
·

o Po Pa t , s e
.

A t th e s e h e ig hts
, the e c h o

Po w e r ha s m a x im u m ( se e Fig
.

4 )
.

A n d this 15 Pr o b a bly e a u s e d b y th e str o n g t u r b u le n e e laye r

o r th e v e r tie a l she a r o f the h o r iz o n tal w in d
.

Sa t o a n d W o o d m a n (19 82 ) fo u n d a e o r re la tio n

b e tw e e n the Po w e r ,

the ve rt ie al sh e a r o f h o r iz o n ta l ve lo c ity a n d the sPe e tr a l w id th o f the

re tu r n
.

T he y s u g ge s te d tha t the w in d slle a r le a d s to tu r b u le zle e ,
thu s in e r e a s e s th e Po w e r a n d

th e sPe c tr a lw id th o f th e r a d a r r e t u r n s
.

T his b im o d a lm a y r e s u lt fr o m th e tw o m o s t Pr o b a b le

v e lo e ity v a lu e s in tu r b u le n e e la ye r
.

I n the a b o v e a n a lysis
,

w e e a n s a y th a t the M E M c o u ld g e n -

e r a te a h ig h r e s o lu t io n sPe e t ru m
.

I t Pr o v id e s u s a u s e fu l nl e tho d fo r in v e st ig a tin g the d e ta ile d

s tr u c t u re o f a tm o sPh e r i e rn o t奋o n
.

D u e to th e 10 认℃r re so lu tio n o f th e Pe rio d o g ra m m e th o J
,

it

g ive s u s o n l3
‘ th e a v e r a g e v e lo e ity in tu rb u le n e e lay e r ,

b u t n o t th e v e lo e ity d istr ib u tio n th e r e
.

T h e r e fo re , u sin g th e hig h r e s o lu t io n SPe e t ra l e s tim a tio n m e th o d
,

to g e t h e r w ith th e e e h o Po w e r ,

sPe e tr al w id th
, s ig n al

一t o 一n o ise r a tio
,

w in d Pr o fi le
, t e m Pe ra tu re P : o fi le a xz d 50 o n ,

w e e a n fu r th e r

s tu d y a tm o sPh e r ie tu r b u lo n e e ,

w in d sh e a r , s tr a ti五e a t :0 21 a n d o the r Ph玉
,

sje al Ph e n o m e n a
.

3
.

R e lia b ility of Ml三五介D e
du

e e d SP e 〔
,

t ,
·

a in D 刃扮;二。2 S/ N R a zi o R a , , g e :

Fo r the sa k e o f d is e u s sin g the r e la tio n shiP b e tw e e n th e M E M a n d th e sig n al
一to 一

n o is c r a t io
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N O
.

3 人 PPL IC A T 10 N O F M 廷M SPE C T R A L E S T IMA T IO N 2 9 7

m e th o d a r e a b o u t th r e e tiln e s rn o l e t!la ll 111 the M EM
, a n d d ist rjb u te d in a w id e r e g io n
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to
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.

T he r ela t io n s o f D F
,

th c d ;币 re : lee o f r : :d ia lvo lo eity d ete r m in ed by the M EM a n d th e F FT
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.
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.
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