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A Coo = omsmaer e

e W S0 The second-order gmund wave s-pectral crcss Se ion of the ocean .
' surface given by ex1st1ng theones ccrrespnnds to the case where both
. theoretical scattenngs occur- vuthm the bdunds of a spec1f1c area or

.

patch of the ocean surface Anather addxtlonal ‘term in the-

second-arder cross sectmn glven by Walsh and Srivastava (1987),

"r - which zepresents the phenomenon shere at least one’ scattering occurs

s B outs1de the bounds of the patch of the ocean surface,. is examined.

,The properties and 51gn1f1cance of this off-patch scatter (a multi- -

.

( pathmg effect) are dxacusaed s

© The off-patch spectral cross, sectxon expreesion 1s sxmpliﬁed

4
S8 L for a-narrow: beam recelvxng antenna By usmg suitable\numerical

o
technbﬁues, a computer progran is developed fax calculatmg this cross

" D
b sectmn _The program ‘is: apphcable for wlde beari trans 1tt1ng -

’ . - '+ .antenna. - Theoretical Doppler spectra are generated fo: different

radar frequencxes and sea states to study "the importance of thls v

type of scatter A ccmpauson is carned out between the Doppler
: ﬁgpectra—ef F-the above two kinds- of-scatterftfrvartumu—cﬁi‘iﬁw—a

:  “to infer the effect of nff-patch scatter in extractwn of ocean surface

. parameters Two poss:ble cases, first when the radar ig located on:
the open ocean .and seccnd when it'is located on:the beach, are .

consmered for the’ compauson . .

It is determlned that off-patch scatter: 1s not s-ign.;fxcant in g

Doppler regions near the first-otder peaks, whxch are commonly used-

“to extract the .ocean- surface parameters Ho—wever, at "some Doppler

frequencies its contnbutmn may be important’ as contenqu ocean.

clutter in tarqet detectxon problems .
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T il - CHAPTER'1 4
5 s . INIRODUCTION -+ < - . - §
. ) .,
s 1.1 General § = W ~ ’ :
B W . In recent year.s, ground wave Doppler .radars have gained A
¥ \ % populaﬁty in remote .sensing of ocean surface waves. The
. " theoretical fo{mnla\:‘ion required to analyzg the radar sea- echo is

+based’on the interpretation oi the eche power spectrum in tezms of

Barrick's equation for the spectral cross section. It is from tms

- : “cross sectior that ocean surface parameters (e.g., sanxfxcant waye-

height and directional waveheiqht spec.ttum) may be extracted.

‘& . T Barnck's mndel for the Doppler speotrum of the radar raturn for a
small .area (patqh) of the ocean surface’ consxsts predemxnantly of

. first- and second—order scatter. . hrst-order scatter is pxoduced by

length is one-half the :adaz ‘s wavelergtit and which. are moving
either towards or away from the radar.’ Figure 1 shows the first-
order scatter from E"{)Stch‘ of the ocean-surface. ~Second-order

e scatter (on-patch) is produced when the trar’xsmi‘tted s'igr;lal' interacts

with two ocean wavés that exist within the boundaries of the patch

and-have different wavelengths in generals
i Y
analytical model for the ]HE‘ backscattered Doppler spectrum £o: the

In a different approach, Srivastava (1984) has developed an

oceansurface. The first- ordez cross section is.the-same as derived:

by Barrick but the second-order cn’ss section consists -of three -

) ' the reflectioh of the transmitted s1gna1 frum ocean waves whose wave-.
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-parts. The first part-is eq?ixlent to the second-order cross section
derived byBarrick. The second part corresponds to the case where the o+ ' -.-

‘first scatter occurs at the source pomt and the second scatter ._\_'
occurs on the patch. This additional ferm will be present only ‘when b
the radar is surronnded by the open ocean {e.g., a ship or an_ g

. offshore platfcrm based radar) and~this to:n\ of scatter doesgnot

affect the reglons of-Doppler spectrum near the first-order peaks
uh;ch are commonly -used for estimating ocean wave parameters. The ¢
third part. correspo.nds to the case where at least one scattér occurs

" £rom thé vcean Waves outside the boundaries of the patch. This kind

of scatter which may be. viewed 53 a nultipathing effect will be

- referred to as the ott-patch scatter The three parts of the. s - -
second-order scatter’are ishown- 1 in f1qure 2, '
R ¢ In order to. study the contnbutmn of off~patch scatter, a
softva.re model has been develo For estmatmg the spectral cross 25
: section, the model includes a nunem:al evaluatlon of an mtegral g 3
* This smgle variable-integral.is achieved from a fourth order mtegral
by taking advantage of two Dirac delta f\mctions apd assu‘lung a wide =
beam trangnu.t antenna and narrow beam re\:g.xve antenna. This-model may'
be used t& generate the spectr;a’lrc.ros‘s section of off-patch scatter for
different radar frequencies and sea condltmns A c@ariﬁoiié carried
out between the oft- -patch and on-patch cross section to infer the
impor':.ance__of off-patch scatter in the.extra‘ction of ocean surface \.l

"parameters and other relevant- infornation. The results lead to the:

Q.onaluqion that although‘off-pat’cﬁ sca_r.r:er is not. sig'ni:ficant‘in




N
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extracting the ocean surface parameters,.at’some Doppler frequéncies it

may be very important as ‘contending-ocean clutter in tar'qet_'debectidn
prdblem;. ’

1.2 Literature Review” . *
The problem of zeflecuon of uaves fmm a rough surface has

been r:azrled out by man?nvestxgators. Most interest l.fi in the

propagation of radio waves over rough ground or over the sea.

‘Reyleigh introduced a perturbation technique in 1896 to study the

» reflection of ‘acoustic waves from rough walls. Based on the above--
- approach Rice (1951) treated the problem‘telated to the reflection # S vy
of electromagnétic waves from\shghtly rough surfaces.. Hemodelled [- -+

the surface as two dlmensmnal and permdxc and -assumed. the mcident

,(1e1d to be a plane wave. " He obtained the fust -order and the

higher-order expressions fu: the scattered field and deuvea“ the

“theee scattered,field‘componéhts for hqrizont‘al ang verbical polari-

: 7 :
zations. In 1964 Wait applied the above technique in the electro- = /

magnetic p:dblem for ground vave propagation over flaf earth. Wait

(1971) and Barrick (1971) derived the expressmn for the modified’
surface mpedance and scattednq results. Wait assumed the surface
- " to be one .dlmensmnal and periodic while Barrick concentrated on

Lo .ground wave propagathm over the rough sea. - ’ .

Crombie (1955) conducted an expenment on radar return from the

", ocean’ surface at-13. 56 MHz and lie found two dommant peaks in the

A Doppler spectrum'. He mvestxqated these two peaks and came to

o ‘the conclusmn that they were ptoduced by ‘two ocealﬁvaves eaeh



. X i :
havlng a wavelength equal to one-half the radar's wavelength, one

»'movmq towards and the chex moving away from the’ radar Based on
this observatxon he established that the HF radars may be used in
remote sensing of ocean waves’ Later Bartick. (1970) utilized-the =
" pexturbation technique to find-the r‘aglar cross section of the ocean
sui‘fabe. He (1972) derived an average first- and second-order bac'k_—
scatteted radar cross section for a patch of the ocean sur!\ace -The

f_imr. order result*offered a theoretmal explanatwn for Crombie" s

E . ‘expeumental conclusion. i -

Ina diffexent approach, Walsh (1980) p:esented 3 ulation .
for mugh surface przpagation .and- scattermg ptoblems H‘is

technique is’ applica le to any -invariant :mlgh suxface, and is
open'to any. fmlte source instead of plane wave 1ncidence Based or:r
this techuique, a theoretical analysu was made by Snvastava (1984)

* for. Ill?‘scattennq from the ocean‘ surface deastava deuved -
average fust- -and second-arder of backscattered spectral cross
sectlon. ~For nauov,beam reception the scﬂtetinq area of the "

. ﬂrst-atder backscattered field is shown to be a patch or’ small area*
of. the ocean surface But for the second-order case, the s1gnals 4
are recexved from the patch as Hell as from, the surmundmg teqmns
All these signals arrive at the same tme Hxs second-atde: cross
sectlon contains two ternw in addxtmn to that prov.\ded by exxsting

theories.” atet, Walsh et al.. (1986‘) extended the’ above zesults

for wide bean reception and n\odxtaed the expresslon for" nff-patch o,
‘scatter. The latest work. on thxs problem has. been pzesented by Walsh and”
Srivastava (1987). The _fixat addl_nona_l term has a):rea!iy been studied "




and not found significant in problem of extraction of ocean surface’ 5
’ paral\etel:.s‘ [Srivastava (1984), Walsh and s:ivaétavé (19811)]. The y
second additional tejm which 7correspon_ds to o.if-patc; scatter has not
receivéd complete study by other-reseatc-hers_ and, actuvally, has been
a controversial igsue for several years regarding its i;vporthnce to
the problem of éxttacting .ocean wave information from radar data.
In an effort to settie-this issue, its'properties and éignificance
for ocedh wave measurements have been carried out-in this thes;is.
- « » ‘ ’ o -
) 1.3 Scope ‘of Thesis . “ R ; rat

This thesis is primarily concerned with' the exaninition of the

effect of second-order off-patch scatter. The eme»rgerice of this
v off—patcha term is totally based on the analytical model developed by
Srivastava ('1904).and Walsh\.and-srivastava (1987) io_r thé? HF - S B
backscattered Doppler: spectrum for the ocean surface. The .
discrepancy between actual radar data'and the theoretical Doppfer
§pectmin brovi;ied.by eiia@ing theories raiseda suspicion®of the = - .
interference of some other effects.. To be able to see if the
off-patch scatter is the cause of this discrepanc'y, a camplete study

is done to \mderstand the physical pzopertxes and significance of
this fcrm of scatter. For this pur_pose, a software
) 7 unplemented to generate Ehe théorétical u'ff-patch se or_\

sectlon for dxfferent radar- frequencies and. sea sta
resul then compared with the’ on-patch Cross s cnon in order, - .
to graw a col clusion about lts importance. It is found that though * 7

) off-patch scattet is ot s.\gmfxcant in the extra tion oi ocean



surface parameters, it is in sone cases, very important in target
“detect ion problems

Cﬁapter 2 contains'the radar range equatmn and the cross
section’ expressions for first-order and the three parts the <7
secon_d-order.scatters. The definition of all the vanabz; and
parameters are giveny v ) : .
’ Chapter 3 deals with the reductmn of the spectral croas . r
section exptesaron of the off—patch scatter to a combutational Foxm. :
The redu(_:tmn is-achieved by taking -into account the presence of tuwo -
Dirac delta functions and approximating an integral uaing' ‘the

rectangular rule for’ narrov bean receptxon. This crbss section

expressmn 18 obtained from the simllar expressmn of Halsh and X
. Srivaatava (1987) for a w1de bean recewmg antenna
‘ Chapter 4 copaxsts of results and dlscussmns A cémp’arison is
& made ,m this chapter between the uff-patch and on—patch spectra for
‘different radar frequencies and sea states.- Two possxble cases are
_studied: firstly the case when the radar is' located-on the open océan B
(e.g., @& shrp or an of £shore platform based tadar) and secondly when '
the: m__darv is located on the bedch. Results are . dlscussqi for all . 4
* thess cases:. . . ; e T

" Conclusipns and recomnendatmns for future work are. presented in-:.

£, Chapte: 5. Computex\-programs are g.wen An appen&lx
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. BACKSCATTERED RADAR C_ROSS SECTION

2.1 Radar Range Equation - : ¥

. The stahdard monostatic radar .range equation for the received” *

power from a tan’;ei may be written as [Barrick (1972)]
P, G, 6, A2 . o
Pr=%6° (2.1) .
(4m)° pg e 3 g ;

- 9 = received power (watts)
. e

P, = transmitted-power (vatts)

G, = gain of transmitting antenna L 4 ’ . E P

Gr ='gain of. receiving antenna [
e g _‘.7»0 = wavélength of transmittetl signall (mater)
e F = oneway “ground wave attenuatﬂio‘n function between e .
Sk - .the radar and the target & = Pop w
. : po = distante of the_target  (meter) B g sl
0° = radar cross section of the target!(meter?)’ ¢
Coe, G and G are dimensianless parameters. -

t@cons1dering only a small patch of the ocean surface for
remCte .sensing and singe that consists of many ocedn waves moving
< ’_ . 6.} thh differentnvelocxues, there will be a band ot Dopple: shifts il)\
i3 t the received slgnal If (oY isathe transm;tted frequency and m

. 1s the recelved frequency, -then the Dbppler sluft (md) . in the > -

recelved slgnal may be deflned as 5 .



i oo - : @2 -

L - If instead of the received power,' we use the ‘received pouer
s J T -+ -spectrum then the haqkscatte:e_d power- spect!um in temms of spectral

cross sectior normali‘zed to thé“patch area may be given as .

oo s g e Y - e

’ . P{ag) = —;’L,"—é—!—ﬁp alog) . (23
E n)° pg
4 . where ) .
S _=iﬁ£ 2, (0)doy . 24
% v ) di
and \v | By / "

o k[ oy R )
5 o Sy ; B

’Pfr(tud) is'the backscéttgred power spei:tr\%rﬁ ?nd Olog) s the -

spectrum cross section normalized to patch area Ap.

. The éhensions bf‘the ’paféh depeqd’.én he time delay between )

' o the transmitted and- recexved signals, transmitted pulse width and Ve

the beamvudth of the receiving antenna.

O The backsgzttezed spectral cross sectlon ncrmahzed to the

", patch area as given in Walsh and Sr}vastava (1987) "consists of

i four parts and may be written as
e B o(md) ”"t(%’ + "sx‘“’d’ + "sz‘"’d) + usa(md) S’

where cf {sthe fust-orde: Cross secnon nem\ahzed to the _patch
. area and °s1' 52 ané 3 represent tpree parts of the second-
3 oxdet chss ‘section normalized to the patch area. The derivations .




of these ‘cross sectmns for widq beam transmission and any.
recéwmd antennd (e.g., wide beam or narrow beam) are qwen in
Walsh and suvastava (1987) . Fof‘ narrow beam reception theu:
expressions may b@;ﬂed further and are presented here.

4

2.2 E‘ust-l)rder Cross Section’ |

or-narrow beam receiving

The first-order cross, secti
antennas may be given as F

R N U

-‘S(-znzsgn(q)x')\ S . ‘?Z.J)A.

N

.. where »r\ =‘u)dl<DB’ toB (2gkg )1/2 is the Bragg ire,quency. AP‘ is -

one-half the patch width of the oceén suiface g is’the grav1ta- S
. 3. :
tlongal acceleration. k =k x is the 1nc1dent radar wavenumber

“vector. S('-) represents the”ocean dmactxonal waveheight spectrum

as defmed in Walsh and $rivastava (5907) in a form slmilar to that

given by pra and Barrick (1982). . g

!
Assuming a larqe A, 4 the 11m1t of the squared’ samplmg function

[Sa (x)17 4n Eq. (2.7) may be”taken t;o the Duac-delta function. In - i

thi% process Eq. '(2.7) reduces Eo ‘ £

|

oloy) .=_‘ 16k 5(axd + mmBiS(zm ) (2.8)
b

4

‘whiere @ =1 and:-1 are for summation, A . -




.2.3  Second-Order Cros! section

F o The second'order cross sectmn consists of three parts and may

be given as follows: f g . P

-2.3.1 'First Pajt v 6
The first part.of the second- otder cross section which corre-

/ sponds _to o_n_-patch scatter‘\rpay be given as _

; ; ad - i
Sy = ;Tm ” 1€ * Cpl” Sipky)
Pq
o T -smkz)md m;gkl)llz-m'(gkz)llzl
4 . A -dqdp ,..‘(2.9)

«-wﬂg;e mw ‘arﬁ;l‘ m' m‘ay.‘take the va_lﬁre.s‘ +1 ‘and . -1, defining four
‘possibl$ conbinations of direction for the two scattering ocean . G

/" vavenumber vectors - Rl and ! 22 The spatial vavenuibes p lies
aionq the radar. béam,_ with. q éerpenziicular. Other variablesiand © - ¢  .'7

functions gre. defined as follows:
R T

L Coe kA 4 . ,
2P kyx tay, K=K o (2.10)
- - T L . 3
K= pHkgx-ay Ky =ikl , a1
B oo T ey '!kz‘. 2;.;,].. N
Q L. 5 = ,p - . s w ® 5 C
iy R e T i 2:12) - .
L K)uz ; /.
Ry - b '~x +
% § g 1ty Ky ) “":2; b (2.13)

mn' “‘1“2’ (@ 4




Co and C, are the second-order electromagnetlc and hydrodynamc

* contnbutmns respectively as qxven 1;\ Srivastava (19“}
X PG
£ 2.3.2 Second Part . ! va
. The sgcqu part of the second-order cross section may be.
N written as . " J
Cwd [u(1 +x »’ k12
. B Osp(9g) = — E_ﬂ ————— (mkl)
- G T TTRE N Y '
. o - Sumhybioy ¢ gt Y/2 s waig dp(3.14)
S Ty ko) Oy + m(ghy "’eq,P“-n
‘ . ra .
where .
' < A A 4
3 -Kl pxtay ,° K1=|K1| v
S S - P i . ' s
« 77 233 Third Part oo - A

The third part of the second-order cross section derived by
Walsh and Srwastava (1987) for a geﬂ\:al receiving antenna has been
smpleled fo: narrow beam, reception and is presented in_ Howell et al. -
(19&7) Thls third part corresponds to of £~ patch scatter and may be
giveg as follows 7 3

" P 1 . 2
LN Og5(05) = . I r r . <
e 5310 216 1% mmist -r f 2
. . ? Ky=0 §1=-1 Kp=0 §y=-n

B2 * 1y (ryr ¥ ) B (2 ¥ 7 Oc *m
- .
i, ‘fa'%“‘“ 5rmﬁ;r 2"]




v R m.xzm iy
< . . +cosh | s(’"Kl)s‘"' KZ)
- 8l + nigky) 2+ m(gky) 20yt o (2.15)
e N 5 "

Arestriction on the above equation is: < Ag. Other
tx : Wl € &g, other

variable and functions are defined as follows:
¥ 5 v " s -
: ! v R .

& yad e B 4 Gy
KK XA YKy =l 8y - tan [R—l—x] (2.16)

3 % a AT TRy e
@ 5 2 = 4 ¥ 4
- £ Kl Xty =il 4= tar [E] EEURSE S g

I 4 . .
oy ¥ kg = 1K, ¢ = tan 1 [K—Ci] (2.18) :

x = iy f Kyy (1 + cosh cos)- + K,z)-{sinﬁosina‘J (2.19)

4 2
o , ¢ ) g =
p Kcy = ZKly + sz(l + coshﬂacosuo) + K2xsinﬂosin_uu )
o Mo, G - b
Y94 O R Y § A *
Qc (Kl,Kz) = ko(Kl . Kc) KZKO‘K; ] KC) + kD(KZ & KC) 2 o
A 55 & % = =2 .
o T - . P .
.o S & 2 : 2. 2 02 2 g (‘
i 7 =B - 2K1 i 3Kl. b Kz -a KZ) + Kl [](1 + KZ . 4" :
(2.21) &
=4 det is defined T AU ) . \

dt -—§—&§ [W%J




~

; A R -ﬂ—;—mml x + Kyginhfsina

- sin(f - 46) + (xz K )1 + coshBcosm)] (2. 23) -

det shofld be @aluated at p=P, and @=a. B is the solution.

of the equation, ’ B - {
: - 2 4
LR alcoshzjl + Aazcosl'zﬂ tag=10 ) . (2.20)
¥ where = o ¥ - .
; « ~ 2 - 8 &
Lo 4K1cos_¢l.f 4K1K2cgs¢1cas¢2 % Tj. 2 .
- = -Zl(zsinzo2 e . “ =
T a. - «
: 4 2= (csin QZ)(al -2+ Coen
W . -
spch that Bo is real, non-zerd and satisfies ;.he following
‘ ftion, A LA e .
& &
- (ZchosQI + szs’zlcosozcoshﬂou + tanh' ﬂ o 5 ik
sy Z 12 2 =
T. v tang) =k, sgn(ﬂ otand,} sinh, + cophﬂol (2.26)
agn(x) is the sign function-defined é’ § %
E 1 L2550 - e
\ ) sgn(x) = LX< 0

ks " .
* Once. P is obtained, 0, may be dezived from

tar\ao-= taﬁhﬂotanqz

-




“adh that 0°€ G B dg is equal to one-half of the beamwideh of L
the yeceiving antenna. The function F(p,8) is the same as the

* Sommerfeld attenuation function exéept that. the numerica‘l distance

o . contains 4;(Q), instead of the normalized surface impedance A

A [?ar;lék (1970)]. 'Ao(e) is the average modified ssu:face impedance in
the propagation direction 6 and it takes into account the surface
roughness: The expression for the modified sux‘face impedance is given,
in Walsh and Srivastava (1987). .E‘E = Fo(po,ﬂg) is the one way ‘ground
wave attenuation function between the ‘radar and the patch: .

.y s the distance between the source and first scattering
point. I -is the distance betweh the firtsr: _ancl second scattéring
points. I represents the distance between the second scattering
point a’rlv:l the rece‘ivi‘pg (or 'sdurce) point.; The corresponding three
directions.with respect to the x-axis are , (Y, + ), (Y, +¢; + 7
and (§, + 7) "J:espe‘r;tiv;iy. These distances and directions may be

) obtained from N £ . e .
o M oy
: T ¥ coshp,) - : o

(2.28)

po(cosh[;(7 + cos0,,) smhposma

= tant s 7
 Yp = tan [W] {2:29)

cos! .
¥ po(coshpo. - cosf,) <P mhposma . g
T+ coshf, r ¥ = tan [cos pocos ] {2.300

The Eqs. (2. 7), (2. 9), (2. 14) “and {2, 15) thus xeptesent the
first-order and the three parts/of the second-order Doppler frequency

depengdent backscattered, cros: section of the ocean surface: These

expressions are applicable for wide beam transmission and narrow

‘beam reception.




_CHAPTER 3

SECOND-ORDER OFF-PATCH SCATTER

P 1
3.1 simplication of Cross Section Bxpression .

The second»order off-patch cross section expressmn as given in X
. {2.15) may be simplified by using some of its mathematxcal
properties. We will first,transform the three variables K, ¢‘
and K, to ne}z vauables U, V-and th respecv;ively such that Eq.

(2.15) may be rewritten as ¥

- ]
1 ‘(B
Gy (0) = I Ju .
3 WOg) = g 2 ; :
* T R (LA R =
. “n"%‘* 0.)F, .(:c,vc +9, +TIE (zc,% 412
ik x2,¢c)x1x2

s(Ml)S(m'Kz)S(U)ﬁ )

& _ »c cos 0
+.dj, db av. ap, ' i, = ‘.(3 -
where = )
‘ U=1= % - 2k, » ) (3.2) *
. TTY cosl"nﬁ(1 Lo N -

v, + g V2 4 @Kz)}/z

T e Ky 0




T Redu.ction of Integrals .
The lcross section expression‘ as given By Eq. {3.1) consists of
. four integrals. It is noted, however, that this expression has two
Dirac, delta functions which may be used to reduce the number of ‘
integrations. P .
Since ve know that . -~

'

Jb!d f(x,y)ﬁ(x)5(y) dy dx = £(x,y) |,
ac y—D « 5
8 provided a,S 0<hb Y P

cs0sd

v may‘shmli’fyilEq. (3.1) as S .

03(0y) = I - !Ae F

53(0y) 7_1: AQ‘F L nmi=t1 0£:‘¢ Ju | o(?}?‘!‘b +4,)
. F (IC,VC + @c + WF, (ra,oc + n)|

R (Kl,K2,¢ Ky a4
R_ﬂ_hcc_ﬁs i) TGeET ETS""“ﬂS“"'Kz’ e

£ ) 4 ) : s B (%5)
'uhere now . -
K, “ g
U Tastp, ~ %o q o (3.6)
V= o ek Y2 + gk V2 = 0 ' R

‘ .’c='¢;:ml{x2"¢l'¢2). B MR




Using Eq. (3.6), we may write Eq. (3.5) as

gy (@)= AgIF Tt -h °_[n jAe {1F gty + 0 )

=-T o
1 TRy (e + 0, ¢ n)Fo(ra,Qc + n')l e
02(2 s 0K, 4 -) :
. Y Lty S(ay (k)

] - Keldet|1g] .
. } o g

- ddg o, ) (3.9) .

If we :ep'fese\t the, function within { { }oy f(¢c,02), We -may .

-~ rewrite Eq. (3.9) as

N - 2% )
' L Ggq(0g) = .. I jAfwwdo ao (3.10)
53! Y 1 il ¢rr2) e P12
PR L 1l¢2""¢’ 4
*ihere ’ 5 g
f(@c,w = IF, (rb,‘vb + %’%“p‘k Ho, 4 RIE, (ra,o + n)|2
) 02Ky Kpud K . -
' —%sml)smzl © ) i
. e g & #
’ " For narrow bedm. eptwn, the 1ntegra1 with respect to 9 3 My B
e ) can be approxmated by multiplying the value of the mtegrand at the

’centre point by the width of the lmuts. For a better approxunatmn,
the” Imuts on Qc can be divided: m ‘n parts and so the Eq. ~(3.10)
may agam be wutten as




g : J'“ ~(n-2)dy )
= S TP A | SR VAN
L

A ey -(n-6)4 ‘
U 4 [T et [T i
. i -(-2)8g .. . ) -(n-4)4g
. n L B ]
+ JAG f(¢c,¢2)d@c] gy~ -(3.12) j
“<n-2!Ae N I T

i .

Usmg the réctanqular rule to approxunate the above 1ntegzal we

may write ‘ ,' ; o, o .

' [ﬁ] Jn -(n-1)4y . X

/ it - PhIEl " mn g—n@ H A '°2}>
A
o i \ N N . o

’ée,;ez}sf{w.ez} R




# ((n-1) s o
gt % . 0} &, (B3

3.1.2 Uacobian of Transformation

The Yacobian of the transformation may be given as

g=|QL @ du |-

0K, 9K, [
W, [C ' "o
‘ N N ) ‘
* oy | . ; s
- v v ¥ i_a,!%k,r & [Bv W g a&]
0, 00y B 0Ky 0y dgy Gk Ty 7k, T,y
LW ‘[aa_u%'___ala%] L (_u_& & Boc]
ey G 3k, a3, dky v 3, e,
Deriv’ééives of V T
: N . From Eq. (3.3) we may gbtain the following.partial derivatives
of V as
-3@!("—1;7111‘!% o B ERCECR
. Wy 5 . ’ 347
. 3, b < \

: TUsi_ng.Eqs.- (3.15) .to (3.17), ve may’rewrite the Jacobian as ’




@8 ¢

Dexil‘&ives of- U . .
Using Eq. (3.2) we may write th der.w ives :

y 9K, K smhﬂo

1o
= (3.19
1 T+ costp, E 1+ coshBo K )
. 1 9K, K smhﬁo 9, §
S = T ¥ coshR- 3k, (3.20) -
0Ky + coshp, 3,2‘--‘(1 + coshﬁ ) r w ”
B:U o oK, ! Kcsmhﬂo 9 2 g R
? LOTE c?flﬁ{p 9 -+ bdshﬂo)z o) - L Ea g G
Derivatives of 'Qc' b - 8 IR - Ve :
an: (2.15)'5néy be feproducgh as @ / B Ve L R
% ’ o y .

K, : i

- faicL [ ¢ ] e =

= tan g 3
K;i . - g . ) \
‘where xcy and KC"{ are defineg. in Eq. 2. <8) -

*Taking partial )
derjvatives of thé above eqiation we are able to write
3 (- N

- KoyKoy = Kooy




cosoc K, .~ sing, 0Ky Koy

¢T—r\,'zTK2‘

Using Egs. (2 16), (2.17) and (3.22) we may write the follnwxng,

.
denvatlves as
* : ).

B v o
% = [c(fsq‘ic{Zsiwl + Kz‘sinQZ(sinhﬁocos% ai—i

? . da, Yo B B, - )
- o - coshf, smuo BK ] - KZCOSQZ[COShﬂosm% w, . ot
. B

. + smhﬁ o501, * ]} - smo {2(:0501 o+ K2c05¢2
Al . S : ¥

, sinl_'nB 050, B - coshf sinu 0,
, PofO8 oQTl o oa;(

!

+ smhﬂ costl,

-

. LN b,
E g * Kzsiw-z[cost.xﬂosm 5 BK

k v‘/‘ * 1 .
- _ ;,(—11}] ko
| NI RTINS
= sm(’l - ) + Kzslnwz -0 (sm‘hBOCO§¢0 ﬁ; £ B
& £

. .
- ‘coshf smuo OK ] - K2005(¢2 ¢c

D {
. [coshﬂ smao a—— + smhﬁocosac’?a—]] ol 3. 23)&
s




W T i i 3
Fol [Zkicos 8y =) + Kosindy - oc) (sinpcostt, Wo

5sing, ﬁ

A TR Wi
- gosifysing, )ﬁr TR
5 v )

9)
{ sin‘zsiﬁ_hﬂosinaa + Kzsmg[cashﬂosi{lao a—%f sinhB . .
7 - i S

;. .
R
- [sin.('qz - ,oc).u'«‘ it co@ - coslhy - oc)sinhBBQinao T
+ xzm (02 240 (s cosu, - costsing, g%]
B "2°°’ -9 (“"Shp “-“% r ,
+ sinhf cos, ;E]]Kl; » .'(3.24) /4' g

-coihbosina rI choswz Qc) [coshbosinaaap—

; ", )
+ sinhl!ocos:uo r]] oL 3.5
e ‘




Deuvatxves of Ké

5
fThe magmtude of K, as défined in Eq. (2.18) may be wricten

C/

s

=
"

2,242
K%, + K12

[{Zle FRyllt coshf,cosay) * szsinhl_losinao}lz

’ - o N
+ {ZKIy Tyl + coshf cose) - KZXsinhﬂosinuD]Z]”z ¢
] / » B “a

2 : e
- [“u £KB, + szcoshzﬂoc‘osluo + K%-y,smhzﬂofxpza

x . A
4 4le/ﬁ2x + 4Ky K, coshB cost + 40,B,sinhf sind,

¢ + ZI(2 coshB cosol, + 2K2 K, siﬁhﬂésinao

Sl N + 2](2xkzycufhﬂocosaosinhﬂosinuo + 4K§y + K%y

& 2 2 . P’
+ xgyco§n2goc3?uo + K i oinler + 4K, Ko
+ 4K1Yx2ycoshﬁocos%‘ - 4K2xK1Ysi\_nhD°sinao
+ Zl(zycoshﬂocosu - Xogkoy sinhB sin(!

2K2xK2ycoshB°cosa sth sing ]1/ 2

fi: - +‘K% + K%coshzﬂocoszaoﬁ Ksinnp sin’a,




7{\‘\' .

+ 4(1 # coshfcosty) (Ky Ky, + Ky Kyo) ' . Te s
L oy '

+ 4sinhﬂosin¢°(lesz - KZxkly) - B
P g « 5

+ ZK%coshﬂocosaoJ 12

[4!(2 + K2(coshB + cos0y| )2+ 4K1K2(1 + coshf cosa )

. <:<>§(o2 > ‘1’ + 4xlxzsmhﬁosmu sm(¢2 ¢1)]1/2 @26

-~ E i &

= Now the derivatives of - K, may be wr.'\tten as. fallows

: . = ’ X

oK

37‘:- = zl(— [8](1 + 2K2(coshﬂ + cosa Hsmﬂo % - sinu
e /

: ] + 41(2(1 +mosnp~casa )cus((bz o) 4 4;(11(2 7.

¥ < cus(¢2 - 01)’[sinhﬂocosﬂo ﬁa(‘—l’ cush;ﬁimo M_;] :

#5

+ 4xzsiqh§°sinuosin(¢2 -4 + 4K11§25in(02 -4 {

S B
(coshﬂocosao B—ﬁ— + smhﬂ cosa #]]
1

’ R

. ’ 1 By _ . - ! .
: : “t [“(1 + x2(cosh¢ + cost, )[smhsm Qx% aK] .

: _ 5
+ 2K§L1/+ coshﬂocosao)cos(oz, - ?1) + 2K1K2cos(¢2,— 8




: ’ . B, % _
< oy, . [“"hpo“’“’o\h_: - coshﬂosi:uo ﬁf] + 2Ky (14 cqsl\ﬂocosao)?
Sy - singgsin(g, - §;) + /ﬁ(lxzsmw, -4
! ;. ¥ .
o dp 00,1 -
- (coshﬂosmuo ﬁg + sinh cosa, )_K—o]] ‘
- - 1 i 1 :
Similarly ) . ¥ e s
= . &

K, " 53
aﬁ, Kl; [Kz (cosh, - 'cosao)z + K%(coshﬂo + costt)

-

3 3o, ’ e
. .[sinhﬂo %;-/sinao bl_;] + 2K1(l"+ cosfcast,)

" .
3
( - cos(@y - §;) + 2K Kycos(9y - §) [sinhﬂo'cnsuo )i—:

r ‘ s Codesl” ¢ .
= coshﬂcginao/ F:] + ZKIsmhpos;naasir}(oz -4 £ :
7 . ' A ¥
£ A& Kysin(gy - §)) [coshﬂusinao'ak—; »
i g s
~ + sinhff cosa a%]] Loa2s
; 2 oow i :
o g 0Ky

: LW by
1|2 : .
e = K; K3 (coshB, + cosar) [smhﬁo %—: - sing, 3-041’]
5 KK+ chshcost)sin(b, - by) + ZKiKycosihy - §)
: L i it
. si bl i 9] -
® . '[amhﬂocosuo », coshfl,sine, Wl-] ‘.ZKlkzainhﬂu

£ R e



3
K smu°c33(¢2 - y) + 2KiKpsipldy - 01)[coshﬁosinao %

- E]
’ + sinnf cost %]] . (3.29)
’ 1

v “ / . .y : -

Derivatives of By . ’ « !

Ba is the solution of tHe quadratxc equatxon (2. 24@and will

have two values for each vglue of cushﬂo and may be written as /

B, = teostil(ch). s (3.30)

¢

* where” )
I { .
; Lode |sin@2T'[K§sin02 £ 2‘(]('1-|2K1cos¢1' + Kycosd,| K

2 x/2. . ) .
+ (Kicqs“d; + K,cosd,cosd,)*'<] ;
i I s ,

i ¥ lcasz¢1 + 4K;K,cosfcosd, - Kzsm2¢2 . (3.31)

~

Out of four roots of 80’ we have to take only 6ne root for which
¢ % » iy N
v T C 1isreal'and C>1 and which satisfies the Eq. (2.26). Further
- e :
. 4 PR
‘ bﬂ . » O
N *m T B
g 2

. f ’
To obtain the derivatives of * ﬂ ve may use Eq. (3.30) and so are

from Eq. (3.30) ‘we may‘wziw

able to write the'derivatives as follows

S 5, 3 6 2 . i




: 4 ’
i 9B, act :
. E =1 . 3.30)
) By _ By oct 7 s
- (3.35)
5 4 3.1 ?3._1
2 ) . .
where %, is defined in Eq. (3.32) & ‘
Derivatives of Gt . : B .
* In the above equations we still have to find the deriva{lves of . "
N (:t vhich may be written from Eq. (3.31) as follows . : '
4 2 Lo . Lo
: d 3](1 = {[u(fcasz’lj lkl'xzcos.lcosoz' - K%sin 02] i :
. B
“ (ingn[Zchmol + chosozlfswlr cosg,. + # Kycos9,} :
. {chaaqu + chusqlcoaz} 12 3 {R}llecos’l
. + l(zcostlt:os.l{xlccyszql + Kycos$,cosd,} -1/2; ] .
= ) v \
oy 1= [k%!sin’zl b NRIIZchosol + chos’zl s g ¥ ; - 5
e (K1c03261 + K2cns01cos¢z}1/21 s ) '
{ @ < . i L i
- 5 : 8K cos?; + 4x2‘cos?1eaaozl}mnoz| i Sl

& [ﬂli%cosz’l + lxlxquéolcosoz - K%sinzqzlz




Similarly
&

‘

3

- coa’zlcowlcosoz{xlcosZQl + chbs.olcoscz

([ll(%coazfl + 4K K)cos§,cas§, - K%sianZ]

- [2KyIsing,| & ngn{ZIilcosQ1 + Kycos,}¥Rjcosd,

1 {KICDfZOI + chosélcoanoz)lfz t.:‘ﬂqm&igsol + Ky

}'-1/21

= (K%IQMQI + 2VK 12K cosd; + KZC°5.2|{K13052.1

ol Rzmsolcié.z}llzl - 4K cos,cosg, - ZKZsi‘nzozl}

| ing % : -
s. ’2]» Caan

tafeosP + K yKpcostcosdy - Kjsin’ey)”

e :
{[.dkgcoszbl + 4K K,cosdjcosd, - K%sinzozl

4 '(?lsgn{lecosol & Qgg’2)§§lzsmllllcoszol

+ K2cos.'lcos’2].1/2 ¥ fﬁ;l;xlcos’l + Kycosd, |{2Ky .
. cos’l\sllnbl + I(zsu'.nqli:osoz){I(lcosZQ1 + Kycosy i

; coaoz_)'f//.zl)lxglsin%li2¥KI|2K1cos¢1—+ Kycosd, |
PR R T v,




}1/2

. {chosz¢1 + Kycoshycosd,} ) - [8K§cos¢lsi‘ntb1 KKy~

3 sm¢lcosozl } |sm¢2 |

(3.38)
[4](1:052@1 F 4K1K2cos¢1c0302 = K25m ?2]2
Derivatives of @) - iy ¥ . =
Using Eq. (2.27) the derivatives of o with respect to Ky ¥ s
Ky and ¢; may be obtained as follows : . e

a0, tan(:zsechzﬁ o Bﬂi

07 o 3
I T T T (3.39)
ﬁ] 1+tanhﬂtan0za - .
' BaO' tan¢zsech2ﬁ° aﬂo A
et el R
y . M—z 1 +tanh“B tan ¢2 oK, nE
3 ; % tan@zsechﬂ . 9, ’ i N

KN ‘1 + tanh’B tan ¢2 %,

. Derivatives of & -
In order to find the derivatives of § as required-to
calculate '®t' in Eq. (2.22), we may utilize Eq. (2.23) which may, .

also be written as . ' : '
A o W:“) T gos a7 (21008 (8 - 9;) + Kysinhf sink 'sinwz S AR
s et , s 3 - 4
i # Ky (1 + coshf co\sa)c.os@‘z T_Qc)] o ‘(3.4‘2) y

To obtain above equation, we have usea fhe following relationships




9 4 4 4
" ) Ky Ko = IKylIK 00§‘(¢1 'I¢c) )
4 4
Ky - Ko = Kykgoos (91 - ¢c) . §
e g . 8 X
E Ky Ky = Kpeos(y - §) (3.43)
23 A
1
Similarly
A ' . <
-'g)ez Tk, T chos(oz - QC) . - ) o
Now from Eq. (3.42) dérivative of § may be written as Tt

3—25 =—12 {2(coshp ~ 2)K cos (¢ . 80+ (coshp = 2)
9% (1 + coshP) 1 1 ’c N

: I e |+ Ky(1 - cosocos (@, - i’c) - Kysinhf sina v

' .
+ sin{d, - §,)] X (3.44)

"£§= L [—Ksinthinasin(@r:Q)-Kcohﬁ'
< 302 (T ¥ coshpr ‘™2 2 ™ ¥l m Bpees

+ dost cos(§y = §)] (3.45)
; 21 «/ i P
».-' = Wéﬁ _-m [Ky (1 +7C38 B)cosar sin(gy - ¢, —‘Kzsth )
) .+ sing cbg(@z -9 S (3.9




Summarizing all the required derivatives'as given in Egs. (3.15)
to (3.41) mdy be used to calculate the ‘Jacobian', while Egs. (3.44)
to (3.46) may be used to calculate the 'det'.

3 .




CHAPTER 4
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4 RESULTS AND DISCUSSIONS

N ' d : .

To generate the off‘pafc‘h spectral cross section at any Doppl?eg
frequency, the’ sum of mtegmls as given in Eq. (3.13) has to be
"3 ' +"evaluated. The functwn f(@c,¢2) is defined in Eq. (3.11). The .
g : beamw1dth of the receiving antenna is assume to be as 6° in all the
% ) . computations. So By = 3° or Ae = radian. Also for convemence
n ' is assumed as e,gual to 5 'Pherefote the cross section expresslon

as éiven by Eq. (3.13) ,may be reduced to a4
. ) A .

; P : % B sy
! my Lo = o T £(52: ixm . .
o e 70’53(08). 51F2|Fp[lm,m'=il b f_ﬂ [ ! I” ‘b .

+ f(—ﬂr'l-m ) +\f(0 ¢2) + f(l 250 gz)

+ f‘“],’a’?£ ¢2)] d¢2 o (41 -
. In the above equation, §, has assued the values as —m—o—'z'ém',
'_11_820& r 0 LI%F and li-ﬁ-ﬁ! . If the variable 0 is \;sed to

repzese_nt these values, then it may be uu’tten as. & N
b =9
e W= -0=0 . N (4 2) %o

. whexe W isa substitutlon. flow Eqs 3. 6), (3, ) and (4.2) may be
solved to obtain Kl, Ky and ¢1 for _given valles of @2, m, n' and
i
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: x # a i
3. But these solutions will be radar frequericy-dependent. To avoid
this problem all the three equations are normalized to tadar frequency

and in this way the obtamed solutions may be used to qenerate the

4
cros$ section for any zadar frequency B
After nomahzatwq, Egs. (3.6), (3.7} and (4 2) become
‘ u-y 1 v np +
o U= TFcosmg B { 1 5 (coshf + cost)
+ AK(IJKg(} + coshp costy)cos by - ¢;)
|+ 4xgKgg g siny, - 4y a3 8y wr
Vs 11+m‘JK° N\@Ao ‘ ) T

_1[2K151n¢1+1(25m02(1+coshDocosu )'K20050251nhﬂ sina]

|_2klcos¢1+K2cos¢2 (1+coshﬂ COS0) 4K Slf\hB sing, sin¢2J
4 o

(s "

where K‘l’ = K1/2kn and KZ = K2/2k are normalized Havenumbers
n= md/mB is the normalized frequency.

gs. (4.3), (4.4)~? (4.5) may now be solved, As it is .
evident from Eq. (4.4)

hat ¥} and K3 have a direct relationship,

‘we may substitute the expression of K2 from Eq. '(4.4) into Eqs ~
(4 3) and (4.5). So ultimately there will be only two equations to
- + be 'solved. T * "s.“ i
'l'o obtain the solutlons of Egs. (4 3) and \ 5, a mmuruzatlon

,' techmque is chosen The ranges for K°, ¢1 and ¢2 are define
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for each’value of ¢1, the complete range of K‘{ is\sgannéd to )
find the acceptable solutions. .The range of ¢2 is choserg as
L -179°.¢ [ <279° with the increment of 2°‘, The range of ¢, is
taken as -180° to 180° with 1° interval. Kg is allowed to vary
between 0.01 gnd‘S.b with varying increment. The increment for
K‘l’, betveen 0.01 énd 0.1 is 0.01 and-between 0.1 and 5.0 is 0.1.
Some important symmetric propérties are investigated among the
equat.i_ons which may be very useful in saving computation txme while
obtaining solutions. These three symwetric properties may be
sur!h'ariied,as f&lloﬁs.} ¢ ’

(1) Let us consider Eq. (4.4). We may also write it as

.
= m‘l!(1 2

since ' may be elther +1 or ’—1, we may also write, the above

equat.\on as’ - nl s
(q + m‘Jkll

In the above’ equatmn, if the sign' of 1 and. m ‘are changed at- the
vsame time then the value of Kz will remain the, same. ' This means
‘that the set of solutlon_s for -1 will remain the ;\nve as for
or vice versa except that the sign ‘of ‘m_ will change.. =
(2). Let us-examine Eq. (4 3). “In. thid equatnm if the sign of 02,
.¢1 and - ﬂo are changed at the same tune then there will not be

’ any change-in U. This indicatas that if the 51gn of ¢, is
changed then 01 and po mll also change thelr sign with other

" values. remamim; the  same.,
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(3) Lastly if ve investigate Eq. (4.5),“it .is evident that if ¢,,
61, B, and B; change their sign&imultaneously then W will also
change in'sign. In conjunction with the.above symmetry this will
imply that if we have solutions for "¢, - 8; =0, then we can )
generate the solutions for ’c + Oi = 0 or vice versa by changing
the signm of ¢,, 01 and” ﬂo. It is important to remember in all
the above s}metq analyses that @, will always be positive’as
defined inEq. (2.21).. ¢ ¢ .

The range of r| is chosen’ fram -3.08 to 3.08 mth the increment
of 0.04. Solutions are genarated for 1 va:ying from.-3.08 to 0.0
\Tnd other nalf solutions are quxckly obtamed by -using the First

symnvetry property Also the soluticns have to.be generated fo: five

diffetent cases cortesponding to sumnatmn of five different functmns

B in the cross section expressmn Solutions are generated only for

three cases and for the other two cases the solutions are obtained
by use of the third symmetry pxg_petty ) :

The strategy in solving the. two equat‘ions is to take a value
each for m,  and 02 within the desiqnatet‘i range and then search
for pai:::s of ’1 and K‘l’ which will satisfy thg. restriction’ on ﬂq
as given in Eq. (2. 26) As has previcusly been discussed for each
value of .l we are scanning the conpleta range of Kl' so at one
particular 01 there may be mny Kl vhich will satisfy the
requu:ed xest:ictions Further between two consecutively obtained

" values uf K‘ “we test the change of sign in U and W. This will

ensure that there exiats a solution between xhe two values of Kl‘

. Once these conditlons are met, an IMSL subroutine is used to minimize ‘.




denoted by " r,

' may-be-received from all directions. Imposing restrictions on I

the sumnation of the absolute values of U’ and W. The retur:xed‘ // ) ? v
value is'éccepted only if it is less than the summat ions of the
;bsolute values of U and W at two values of K‘l’.

Since the increment in ¢; is taken as 1°, it is observed T ,
“that almost same roots are obtained for several consecutive @_1. ! N

' These roots are very close to each othex and may be understood as

multiple occurring of the same roots To avmd the multiple occuxrmq

of the game tdot, only one.root was accepted out of all the roots’having

less than or equal to 2° difference in 61

_ The "significance of off-patch scatter, is studied for two ‘. e
different case;. _First, when the radar is located on the beach.v In '
this case ‘there will not be any signal return fron behjnd the radar.

To make .su're' that there is no éignal return from behiﬂd the ‘radar, a
restxicti:on ‘has begn piit on 'Bb; that is {8, ¢ 96°. Also the '
solutions may indiicate an interaction with that area of shallow

water surrounding the radar.” Since it is unlikely that this is

) important, restrictions have been put while accepting the roots that

all the three distances travelled by the signal during two scatters
should individually be greater than one kilometer. These distances
an Ty am;, r;

4
are given in Egs. (2.28) to (2.30).
"The second case corresponds to the case when thq; radar is'i

located on the open ocean (e. g . a sh1p or an offshore: paltform ) : /

based radar) Now the radar i; ‘surrounded hy the vater and signals,

_nd g as they should be greater than one kilometer, it is made- - —

sure that both the scatters accur dxstmctly and away from the ot !

L



radar. There is no restriction on’ Gb im this case.
/ , After all the restrictions are met, the final accepted
solutions are used to generate the cross section. In the cd‘putaticn

of the cross seEtien, roots are again denormalized so that they may
be used for particular radar frequency and sea state. m' may take
the value either +1 of -1 and it 15 decided depending on the

'
values of Oy m ani K. Bnalysis of Eq. (3.7) is used to decide

the value of m'.. From this el;nauon it is evident that if m is
equaJ, to 1 and 0y is less than 0 and. Ky is less than or equal“to

9 /g then m' =1 othervise m' = -1+ . Likewise if 0y s less

".» - than 0 but Ky :isgreater than‘or;gq.ual to mdzlg, then m' =1.
Else if m *’_—1 and @ . is greater tl;anv'o: equal to 0 and” K; is.

- . greater than to(zi/g, then m' = 1 othetwise Vm' =1. But'if A is

gréater than 0 and Ky is less than or é:jual to u\dzlg then
n' = -1.. d, 53 is computed from Eq (4 1) in Sonjunction with Eq. N /
Y (3.11), Eq (2.21) is used to calculate 0. (Kys Ko @) and Eqs
« (2.22), (3.44), (3.45) 'and (3.46) are used for the calculation of- ;
‘det'. Jacobian may be computed by the use of Egs. (5 14) to ) i_"

(3. ;11) The Pierson-Moskowitz frequency spec’trum with a cardiod .
directional distribufion [Snvastava (1984)] is used to model the/ L.

ocean waveheight spectrum, This dire,qtiana»l waveheight spectrum as

/~‘  given in Walsh et al. (1986) may be v{r.itten_a‘s
" 4 I -9 ' .
AT =\—-‘,—E°'zm g0 [ﬁgﬂ cos? [0——2—"] . (1.9)
3 * b ; ; )

;where | . =
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A N ! 4
S K=K +Ey, §=tan [%"]
s ' U, = wind speed in meter ‘per second
. 6, = wind direction N
g 1is the gravitational acceleration.
’ Also for computational ease A is used insteag of the modified
surface impeda_ng (Ao) to e\_{alnatﬁ the attenuatiafx ‘function in
O3 The cross section is generated for different radar frequencieg
and sea“states. The mtegral uth tespect to ¢2 imEq. (4.1) is
evaluated using the rectanqular rule The distance of the patch in

all cases is taken as 30 kilometers It i verified that by v
chanqing the distance of the patch there ia no sigm.flcant variat:.von
in the cross ‘section result. :

In order to exhibit thé sxgmf:.cance ot cff-patch/scatter .
compared to on-patch slcatter, two corresponding cross sections 8]

- and Og3 . are plo/tted for 10 Mz and 25.4 MHz radar fxeqﬁendes.
\ i The two fr.eqnencies chosen provide a well representation of the HF

region. Thus any conclusion drawn at thesé frequencjes may be applied s
to HF radaré in general. The case when the radar is located-in the open
oc/ean is cohsidered €irst. It i€ assumed in this case that ;:he sea-is .
“fully developed in the total scattering region. . Figures 3 to’s show the
\ indivldual spectrum af - Ogy and Gy for 10 Mz radar frequency and 10
. i i ‘knots wind speed. Mnd ditectlons are 0°, 45° and 90° (cross wind)

- respectiyely vith reference to the d!.rectio’ﬁ of “the patch. ‘The Doppler
3 ncies (in Hz) ing to ﬂb and t?za“ (Y (in rad/sec)
‘are mrked in spectral polts as‘ and 'ib" tespectively Examining

. the abqye plots it is c»leat_.that' O3 is lower thar Gy at all




Doppler points except at zero and beyond 123 ‘m‘; (corner reflecto.r)
g / Doppler frequencies. In these regions Og3 is higher thar LSS
/ Similar plots e presented in figures 6 to 8 -but now the radar
4 fxequency is 25.4 MHz. In these plots o, 5 is higher than 51
) ‘ only at zero, arcund 123/ 40)6 and beyond +2%/ ‘MB Doppler frequency
points. In these plots two first-order peaks at “ity which lie in °
. the null regions are not shown.. The regions around first-order
peaks whu:h are used for the extraction of ocean. surface parametezs
- are not‘affected by Gg. Therefore, in “these regions ?ne second- 74 /

order cross section nfay adequately be described by 051' alone.’, . e g
Figures ? to 11 are platted for 10 MHz xadar frequency but 30" knots '

’

wind speed. Wind directions are mamtamed at 0°, _45° and 90°. In .

these plots Ogy is significantly lower than Ggi at all Doppler

points except at zero, around 123 Aa)e "and beyond 03/ 4% Doppler -
o frequency points. Same conclusions may be drawn if the radar
frequency is raised to 25.4 MHz‘and the corresponding plots are

presentged in figures 12 to 14. Going from 0 to 90° 'vim:l direction,

the effect of cga at zero Dopbleg decreases. Referring to the . £
- above examples the contribution of” 0y is not important in the o

wave regions. \Beyend 123/ 4% Og3 is significantly higher than

Oy but the value of g3 itself is lower-in this region. It is

interesting to note that Oy may also be present in this casé as 7

discussed in Walsh and Srivastava (1987). This tern has not been

included in this study. The peak at zero Doppler is the effect of

douh}e,fixst-érder sca.tter/'ph'enqmenon. i

.




Now ve consider the case when the radar is located on the beach T
of neaf the shore. There will'be a reduction in 0'63-‘ as it is

i /
impossible‘ for any’scattering to occur on the land. Gy will be

the same in this case. Figure 15 to 17 show the nd1v1Fual plots of /

s],/ and 033 for-a 10 Miz radar frequen_y and 10 knons ?md #

- spe¢d. Winddirections are again 0°, ,450 and 90° respecb.vely Og1 @
and “53 both axe lower in these cases. Comparing the two it is
evident that 0 3" [s significantly lower thaa O wexuept uhen

Clag) > E S 23“«)3. In these regions O, 53 13 apprec ably higher than

sl' If the radar frequency’is raised €0 25. 4. Mz he results are

g almast the sane except that - Ggq is now higheT tha ;1 around 7

t.i23/_4«35 1nstead of only for lﬁ)di > +/23“(BB -and these plots are
shown in f;qures 1§ to 200 If the wind speed is increased there is . .8
an ‘expected overall increase in the two spectra and so Og1 and

Og3 for a 40 MHz radar frequency at 30 knots wind spéed are

plotted in fiqures 21 to 23, The three wind dlrectlons are (° "

and %%, Og3 can he seen to be mch’ lower than o g1 at all -
'Doppler points ex‘cept around 123“:';8. 3 Simll_ar plots a‘ke shown in

figures 24 to 26 but for a25:4 Mliz, rédanfrequel\p}. Here also &53

'iab significantly lover than Ogj at'all anpii.er frequer!cies except
around 123/,@5 but not at 1‘23“09. /In these zegio'ns it is higher

than or compatable to u§1 ;

The plots of  Ogq , in all the above <t
examples ‘are based on the computer program given in Wajh and )

Srivastava (1984) and have been used only to conware 3 with'

e

Ogyv . ol




CHAPTER 5

CONCLUSIONS

3 The effect of second-order aff-patch scatter is examined. The
» ’ " spectral cross-section expr¥dsion of this kind of scattgr is

E -smplexed toa computational form assuning a natrow beam receivmg

It 'is foimd that> the contributain of off-patch scatter compared to
% on-patcli scatter is effective only at zer§ Doppler, around- 123/ 4135
- . and beyond i23/ 40)5 frequency points. Around +23/ %B frequency points
G : ‘ Og3 1s higher than or comparable to O, but beyond 13 ‘"’B irequency
points G, 3 s significantly higher than G, s1t The Dopple: regions near
the first-order peaks, which are Eomo'nly used for estimat_ion of
ocean wave parameters are unaffected by gtf-paéch' scatter. Therefore,
o for the estimation of these, parameters the zecond—otder ero'ss seciion
may adequately be described by , s1 alone Based on these results it
may be concluded that this fomof. scatter is not sxgl\lhcant for the
problem of extracting ocean surface parameters. Ilovevex, u: may be
r mpa:tant in target detection appl'

ons when the target Doppler
frequency is zero, near the "co;ne,r reflector™ frequencies or beyond

. the corner reflector frequencies

Future work in this area might include the effect of hther-
g e : order scatter, particularlﬁ that of tm.rd-ordex scatter. It is

suspected that in high sea conditions the total spectral crosy

. section may be strongly influenced | by the thi:d».ozdgr‘effect If

antenna. j‘he transmitting antenna is assumed to be otmidirect,ional. 1




thisis the case, then the contribution of third-order Scatter must
be taken'into account in the design of any analysis technique to

extract ocean spectral information from radar data.
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FIG. 1 First-order backscattered fror'a surface patch for

omnidirectiopal transmission and narrow beam reception

(po = distance of patch, 24p = radial width of patch,
289 = beamuidth of receiving antenna, F;s = ground wave
it dified surface e
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APPENDIX ”

aaaa

PROGRAM ID -: ‘ROOT.FOR' N

- THIS PROGRAM IS USED TO GBlERATE THE ROOTS USIHG

NORMALIZED EQUATIONS AND ABSUMIHG A NARROW BEAM
RECEIVING ANTENNA - -

OPEN (UNIT=6, FH.E='FOR012 DAT' TYPE="0LD’ )

" DIMENSION FI1NEW(360) . NUMK1 (380)

DIMENSION AFI2(2,180),AFI1(2,180,150), HFIZ(Z) NFI1(2,180)
DIMENSION AKINOT(2,180,150,2),NK1(2,180;150) N
DIMENBION AMU(2,180,160,2) ,5MIN(2,180,150,2) -

REAL MUNOT,KiNOT,K2NOT, M1, KINEW(360,760) ,MM(2)
COMMON/UU/PI, M1 ETA, I}'LAG PHIZ PHIi MUNOT, THETAI
COMMON WFUN

' "EXTERNAL ' SNOT-

CALL UERSET (0, LEVOLD)

(5,%)THETAT . | 5
(5. NNN :

‘D0 60 IE=1,NNN : -
READ (6, #) A :

ETA

T0L=0.0001

PI=4. #ATAN(1.0)
THETAI=THETAI*PI/180.

DO BO IC=1;2 iy T
Mi=291C-3 i -

MICIC) =M1 ’ .

FHI2D=-181. . '
IPHIZ=0 i

DO 40 IFE2=1,180

PRI2D=PHI2D+2. KR

PHIG-HIIHDOPIM!O w oy
IFLAG=1

CALL ClMNGE(FHm N, KlIIE' NUMK1)

IFLAG=2 4 »

1FI1=0 - . : T




D0 30 I=1,N1
N2=NUMK1 (1) o .
PHI1=FI{NEW(I) 0?1/180 . . i . ’

-IK1=0 .

nq 20 J=1,N2,2 ; > s § A
1=KANEW (1,J) .
BK1=K1NEW(T, J+1) Y
SFIRST=SNOT(AK1) * 1 i o -
. SSECORD=SNOT(BK1) » b
. GALL ZXGSN(GNOT, AK1,BK1, TOL ,K1NOT, IER)
XX=K1NOT * N g SR
SUMMIN=SNOT (X0 . R
. d , IF (SUMMIN.GT.GFIRST. OR . SUMMIN' GT. SSECOND)GO TO 20, :
IF (ABS (WFUN) .GT. 0:1)G0 'T0. 20
/‘ IK1=IK1+1 i : P g g W
IF(IK1.EQ. 1) IFI1=IFI1*1 4 :
. IF(IFI1 EQ. 1) IPHI2=IPHI2+1

$ g AFI2(1C, IPHI2) =PRI2D
AFI1(IC, IPHI2, IFI1) =PHI1+180./P1 :
AK1NOT(IC, IPHI2, IFT{, IK1)=K1NOT . . v
AMU(IC, TPRIZ, IFIt, IK) =MUNOT .

. - SMIN(IC, IPHI2, IFT1, IK1) =SUMMIN ;
> . NFI1(IC, IPHI2)=IFI1 = LR
A ) NK1 (IG, IPHI2, IFI1) =IK1
20 - - CONTINUE o
30 . CGONTINGE i
CONTINUE

NFI2(IC)=IPHIZ = - g e
CONTINUE S : "

DO 65 IC=1,2. - gL 2
, - WRITE(60, +)ETA MUCIO) NFI2(10) . !

TS > DU 465 I=t, m?n(xc) : ‘ i
WRITE (60, ) AFI2(1C,T) , NFI1 (IC, T)
WRITE(GO, ) (AFTL(IC, T, J) ,NKA (1€, 1, J) , (AKINOT(IC, T, 4,K) ,
f AMU(IC,I,J,K),SMIN(IC,I,J,K) K=1,NK1€IC,1,0)), .

R 1 J=t,NFILCIC,D) | . .
. 45 CONTINUE L 1 ° !
66 CONTINUE & % T <
80 CONTINUE

STOR b s . E Il




SUBROUTINE ID ¢ CHANGE

THIS SUBROUTINE IS USED TO CHECK IF TWO EHUM'IDI(E
TO BE SOLVED CHANGE THEIR SIGN FOR A PARTICULAR’

SET OF VARIABLES

SUBROUT!

CHANGE (PNEW, N1, K1NEW, NUMK1)

DIMENSION FIINEW(360),UUFUN(360,760), NUMK1 (360)

DIMENSION WWFUN(360,750)

REAL MUNOT,K1NOT,K2NOT, K10LD(360,750) , KINEW (360, 750)

CCOMMON/CH/ANGLE1 , FFACT, UFUN

COMMON WFUN
DELi=,01
DEL2=.1
DEL3=.1
N1=0.09/DEL1+1.
N2=0.9/DEL2
N3=9.0/DEL3
Ni2=N1+N2
NK1=N12+N3
FIi=-181.

. 11=0

DO 10 I=1,360"
FI1=FI1+1.
ANGLE1=FI1.
DELK1=DEL1 _
KINOT=0.01-DELK1
11=0- 5

DO 20 J=1,NK1 - -
KiNOT=K1NOT+DELK1

" " IF(J.EQ.N1)DELK1=DEL2,
IF(J.EQ. I)DH.KI-DH.G .

. BUM=BNOT (K1NOT)"

IF (ABS(FFACT)-,GT.,E-02)G0 T0 20

\

FINER(ID=FI1.
\uuuxb(n)=.u? .
"VUFUN (11, 30) =UFUN
WNFUN (LI, JJ)=WFUN -
K10LD (1T, JJ) =K1NOT :




20
10

. 80
B0

" CONTINUE

END

CONTINUE '
N1=IT
11=0

DO 60 I=1\N1  * .
N2=NUMK4.(T) -1 : ; . .
IF (¥2.EQ.0)GO TO 50 :

33=0

DD .80 J=1,N2 ks . o : ki
AMULT=UUFUN (I, J) SUUFUN (I, J+1)  ~ '
AMULT2=WNFUN (T, J) #WWFUN(I, J+1)

IF (AMULT.GT.0.0.0R. AYULT2.GT. 0. +0)60 T 60

=12 -

IF(3J.EQ.2) TT=IT+1

FINEW(I1)=FINEW(I)

KANEW(II, JJ-1)=K10LD(I, J)

KANEW (1T, JJ)=K10LD(I; J+1)

NUMK1 (ID)=3J

CONTINUE . .

CONTINUE

Ni=I1

RETURY
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FUNCTION SUBPROGRAM ID : SNOT
‘THIS FUNCTION BUBPRUM 15 REQUIRED' TO CALCULATE
THE *MUNOT',. *DELNOT’ AND THE TWO FUNCTIONS THAT

e EMERGE FROM TWO EQUATIONS

3 ¢ %
FUNCTION. SNOT (XX)

DIMENSION ACHMU(2) ,AMU(4)

REAL M1,K1,K1X,K1Y,K2,K2X,K2Y, MU, KC,KCX, KCY
COMMON/UU/PT, M1, ETA, IFLAG,FI2,PHI1, MU, THETAL
COMMON/CH/ ANGLE1 , FFACT, UFUN,

COMMON WFUN
IF(IFLAG.EQ.1)FI1=ANGLE1+P]/180.0
IF(IFLAG.EQ,2)FI1=PHI1 -

CFI2=C08 (F12) . .
SFI2=5IN(FI2)

-CFI2T=C08 (FI2)

SFI2T=BIN(FI2) ;
TFI2T=SFI2T/CFI2T .
CFI1=CO8(FI1) :
SFI1=SIN(FI1)

. CFI1T=C0B(FI1) .

SFI1T=BIN (FI1)

K2= (SQRT (K1) +ML#ETA) ++2

K1X=K1sCFI1

"K1Y=K146FI1

K2X=K2¥CFI2 e

"K2Y=K2¢6FI2

FACT=4.0¢K1sCFILT# (KI4CFIAT+K2ICFIZT) ]
B=-2.08 (K2$EFI2T) 42 . ’

=FACT+B/2.0
C=-EFI2T+SFI2T+FACT+B/2. 8"

IF (A.EQ.0.0.AND.B.EQ.0.0) GOTO 40°
IF (B.EQ.0.0.AND.C.EQ.0.0) GOTO.40
DISC=B#B-4.0AC

IF (DISC.LT.0.0) GOTO 40




60

‘66

IF (A.EQ.0.0) THEN
ACHMU (1)=-C/B .
ELSE IF '(DISC.EQ.0.0) THEN

ACHMU (1)=-B/ (2.0%A) o
ELSE o :
ACHMU (1)=(-B+SQRT(DISC)) / (2.0%A)
ACHMU (2)= (-B-SQI\T(DISC))/Q 0%*A)

DO 60 IM=1,2,
X=ACHMU(IM) - /.
NUMMU=NUMMU+2

IF (X.LE.1.0) GOTO 50 .
AMU (NUMMU), ALDG(X*SERT(XOX—! 0))
AU (NUMDAG~1 ) =~ AMU (NUMMY

CONTINUE®

DO 60 IH=144
IF (AMU(IN) .EQ.0.0) GOTO 60

‘x=mu CIN)

FFACT= (2. 0#K1#CFI1 T+K2#4CFI2T) tCFIZT'C)IX'SU\T(l 0+
(THX+TFI2T) #+2) -K2+SIGN (1.0, SHX#TFI2T) * (S’FI'.‘TO'2JCHX)
IF (ABS(FFACT) .GT.1.E-2) GOTO 60

SHMU=SHX
IF (IN.GT.2) «CSGN=-1
GOTO 65
CONTINUE

IF (MU.EQ.0.0) GOTO 40

DEL=ATAN2 (SHMU*SFI2T, CHMUCFI2T)

.IF (DEL.GT.-PI.AND.DEL.LT.0.0) DE.'DH.‘PI
+ CDEL=COS (DEL)




SDEL=SIN(DEL)
- KCX=2. 09K1X+K2Xs (1. oocnmau)'mtm-snm.
KCY=2.04K1Y+K2Y# (1.0+CHUUSCDEL) -K2X+SHMUSSDEL
1 . KC=BQRT(KCXe#2+KCY#42) . e
© UFUN=KC/ (1.0+CHMU)-1.0 X . g ¢
: WFUN=ATANZ (KCY, KCX) ~THETAT .
.. " " IF(IFLAG.EQ.1)RETURN @ v
: m‘r-mwxm)*m(lmv) ¥
RETURN

40 -
. END




aq

DATA ID : FOR012.DAT

80
*THETAL®
~3.080000
: ~3.040000.
. . -3.000000
) % ~2.960000
-2.920000
~2,880000
_ ~2.840000
" -2.800000
-2.760000,
~-2.720000
-2.680000
. =2.640000
-2.800000
-2.560000
-2.520000
-2.480000
-2.440000
-2.400000
-2.360000
~2.320000
-2.280000
~2.240000

.+ =2.200000-

5 -2.160000
x -2.120000
~2.080000

. ~2.040000
~-2,000000

~1.960000"

820000
880000
-1,840000
~1.800000
-1.,760000
-1.720000
-1.6681793
-1,680000
+ -1,640000
~1,600000

1-ANY-VALUE OUT OF FIVE -




-1.180000
-1.120000 .
~1.080000 i
-1.040000
-1.000000
~0.9600000
. =0.9200000 ]
-0.8800000 ;
~0.8400000
. ~0.8000000 .
' ~0.7600000" .
~0.7200000 -
-0.6800000
-0.6400000
-0.6000000
-0.5800000
-0.5200000

-0.1600000

-0.1200000

-8.0000000E-02 . g

-4.0000000E-02 . . &
0.0000000 T . ~

‘
i
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BEACH' AND OPEN OCEAN CASES "

PROGRAM ID : INT.FOR - -/ .
THIS PROGRAM SORTS OUTCTHE MULTIPLE OCCURING
OF SAME ROOTS AND CHECKS THE RESTRICTIONS FOR

20

10

(R

, C ‘

DIMENSION AFI2(2,90),AFI1(2,80;160) , . - '
DIMENSION NFI2(2),NFI1(2,80)

DIMENSION AKINOT(2,90,160,2) ,5MIN(2, 90,160,2):

DIMENSION NK1(2,90,150) ,AMU(2,90,160,2), KHT(W)

‘DIMENSION RAN(2,90,150,2),RBN(2,90,150,2) < 4

DIMENSION RCN(2,90,150,2); THETAB(2, 90, 150,2)
DIMENSION JTEMP (6)
REAL MM(2).K1NOT KZNDT KGY KCX.K1X,K2X, K1Y, I(ZY

ENTER (0 OR-1) BEACH OR OPENOCEAN ? 10 FOR OPEN OCEAN

READ (5, #)LOC

OPEN (UNIT=14,FILE="R0OT.DAT* , TYPE="0LD") .

NO OF NORMALIZED DOPPLER POINTS S

READ (14, #)NN i .
PI=4,#ATAN(1.) . . 7
OPEN (UNIT=77.FILE="INT.DAT’, mE-'m-:l')

WRITE(77,*)NN

ROW=30.

1
READ(14, t)E.'l'A Ill((IC) NF12(1C) . ’

DO 20 I=1,NFI2(IC)
READ (14, #) AFI2(IC, I) ,NFI1(IC,I) '

'READ(14,#) (AFI1(IC,I,J) ,NK1(IC,I,J), (AKINOT(IC, I 1K),

AMU(IC,I,J,K),SMINCIC,I,J,K) ,K=1,NK1(IC, 1, 1)),

J=1,NFI1(IC, 1))~ . \ ' . .
CONTINUE .
CONTINUE ! . : Ny

TO SORT OUT -THE MULTIPLE ROOTS

A

DO 11 1c=1,2 v .
IF(IIFIR(IO) EQ.0)G0 TO 11




D0 12 I=1,NFI2(IC)

L MFIist o -
JTEMP (1) =1 " .. v
IP(NPI4 (IC, 1)..EQ. 1)60 T0 12 / . e
£ BMALL=BUIN(IC, ,1,1) .

D0 13 J=2, nn(xc n.
3 IF((AFI!.(IC I. J)-AFIl(IC 1,3+1)).LT. 2 15‘I'HEK
3 o TP (SMIN(IC, I, J,1) .LT.SMALL) THEN .
. SUALL=SMIN(IC,I,1.1) ¢
- . JTRMP(WPID=] - . )
< ELSE .- . - N
9 END TP .
“ ELSE
5, WFTI=MFT1 .
L 7 rEeaFI=1 .
: SMALL=SMIN(IC,I,J, 1) :
oo DI
{3 ' CONTINUE .
NFI1(IC, I)=MFI1

. ‘ DO 14 Y=1,MFT1 . . ;
; JI=JTEP (J) ! AL P
*AFI1(IC, T, 1) =AFT1(IC, T, 3J) . .
NK1.(1C, T, J) =NK1 (1C, T, J9)
AKINOT(IC, T, J,1)=AKINOT(IC, I, 14, 1)
AMU(IC, T, J, 1) =ANU(IC, T, 47, 1) . .
SUIN(IC, 1,7, 1) =SMIN(IC, E,JJ, 1) .
14 CONTINE - ..
12 - CONTINUE ot ¢
’ 11 conprvug/ ¢

. € CHECKING THE RESTRICTIONS

DO 30 IC=1,2 .
! i IF '(NFI2(IC) LE.O) 'THEN - - ¢ 4 ]
WRITE(77.)ETA, MM (1C) , NF12 (IC)
GoTO 30
END IF .
. MFI220 © - ! ’
D0 .40 I=1,NFI2(IC) : g )

KNT(I)=0

L \_W 50 J=1,NFI1(IC, /I) ‘ l | 2




40

N

-

o

" CHMU=COSH(AWU(IC,I,J,K))

- IF I1(IC, 1) .EQ. KHT(I)) THEN 5 . s it
. AFI2(IC,1)=1000. s L. .‘ g &

CONTINUE

‘
KINOT=AK1NOT(IC, I, J,K) o :
K2NOT=(SQRT (K1NOT) +MM () oETA) 02 > z

SHMU=SINH(AMU(IC,I;J,K)) . C
SFIAT=SINGAPT (IC, T, 1) +P1)1807) 5§ o ®
CFI{T=COS (AFI1 (IC,I,J) +P1/180.) Y

- SFI2T=SIN(AFI2(IC,1)+P1/180.) - . g
‘CFI2T=COSTAFI2 (IC, 1)#P1/180.) I L ;

DEL=ATAN2 (SHMU#SFI2T, CHMUSCFI2T) © - Tl
IF (DEL.GT,-PI.AND.DEL:LT. o).,ggrm.on - :
CDEL=COS (DEL) _ . .
snEl.-sm(m.) . ’ . -

. SIB=ATAN2 (SHMUSDEL, 1. *CHI'U‘CDEL) ' . . .

SIB=GIB+180./P1
KIX=K1NOT+CFI1T

K1Y=KINOT#SFIiT <3
K2X=K2NOT#CFI2T °, -
K2Y=K2NOT#§F12T g

' KCX=2. o:mxoxzx'u 0+CHMU#CDEL) +K2Y+SHMU+SDEL

KCY=2. 0+KiY+K2Y# (1. 0+CHMU#CDEL) ~K2X+SHMUSSDEL

FICSATAN2(KCY,KCX) ~ . s o .
FIC=FIC+180./PT . ¥ |
DEN=1.+CHMU ~ ~ [/

RAN(IC,I,J,K)=2./DEN/ < wd

REN(IC,I,J,K)=(CHMU+CDEL)/DEN . X
RCN(IC, T, J,K)= (CHMUCDEL) /DEN " . . Lot
THETAB(IC,1,J, x)-sm}uc - !

IF(LOC.EQ.O)THEN | -

IF (RBN(IC,I,J,K).GT.1./ROW.AND.RCN(IC,I,J, Y .ar.

1,/ROV)GO TO 60 | 3 2
ELSE \
IF (RBN(IC,I,J,K).GT.1./ROW. AND. ABS (THETAB (IC, I, J, x)) * S
\LT.90.0.0.AND.RCN(IC, T, J,K) .GT. 1 /ROW.AND.

RAN(IC,I,J,K) .GT.1./ROW)GO TO 6O .

END IF, T I
AFIL(IC,I,0)=1000. 4 S
KNT(D)=KNT(1)+1, - .
CONTINUE - ot

MFI2=MFI241 - . ¢ ’
ELSE - . s .|
END IF '




IR (Arnuc n J.'l‘ 999. )
nrrxm.o)niauc I).NFI1 (e,
nu aoo J=1 irn\xc.

n' w-'n(:cﬁ.n LT.999.) THEN
- WRITE(77,%)AFI1(IC.I,J) NK1(IC,I,J) All.llﬂ‘(!c L3
1 lw(xcr,.vx) un(‘r.c:.vb 3

-mn!

CONTINUE
CLOSE UNIT=77




PIIMW ™ : CROSS. POR :
THIS PROGRAM IS USED.TO COMPUTE GROSS EFD'IIDII
m-PATGH SCATTER BASED ON_THE ROOTS:WHICH
\ME ‘OBTAINED FROM THE SOLUTIONS OF TWO EQUATIDHE

: - g b4
~
mx.xcx'n\zutsu-n o-z) =
" REAL#4FNORT : -l
i . . ‘REALYGKR, MU-~ : 2y
: vt - COMPLEX#SCMPLX,PE ° . -
T g s .cuurm-;axuun DCMPLX. . g _ \
s .~~~ DIMENSION- DOPLER(300) smsa(aoo) )
! COMMON PI,GA,N J o i
< T ‘COMMON/ THREE/PE, WB, KR, ’ : \
s ©  COMMON/SPECN/U, THETA § A ' CoNTY - : :
e FREQUENCY (MH2) ? g B -
. READ(7,#)FREQ - . - * ] b e
. $ . ek WIND SPEED(KNOT)?, . : : -~ SR
¥ 4L READ(TMU e = S >
= .7 7% <7 WIND DIRECTI (DF.G)?. S
e ™ . - READ(7,%) . - it .
- ‘DISTANCE OF 'mx PA'rcu(mr o e e e s 5
READ(7, »)RON : i / s B
ROW=ROW#1000.D0 - - f . A
PI=4,DO*DATAN(1:D0) . - -
GA=9.81D0 - TS
. KR=FREQ#PI/150.D0
n—bsﬂn'r(a RT(2.DO*GA*KR)

___mrAmAnrl/zao 0 - L
< NUMD=DCMPLX(8.D1, ~7. 2D4/FREQ) >
LI NUMD=DCMPLX (0. D0, -0 6D0) #KR*#RON/NUMD . +
-0 . PESCUPLX (NUMD) ! g
i C53=DBLE (FNORT(PE)) ~ '
* ... ces=4, oo:kn/(una)/(csavu)
. . . ©83=C53/6.0 . -
-~ +.7  .CALL FUNC3N(DOPLER,SIGS3)".
. WRITE(?,9)N-1 5
. nP-N/z : E

S b0 g8 TwpeLNRsRe /s L - -6
. TEMP1=DOPLER(I) '_ L e .» ] o
'@hsmss(n . : W ol ot g - s




" DOPLER (1) =DGPLER (34KP+1:
- SIGB3(I)=E1GE3 (3+NP+1-1)
- DOPLER(3¢NP+1-T) =TEMP1 -

2 SIG53 (34N -1)=TEMP2 -
2% . : z

IF(I.EQ.NP)GO TO'30 "
WRITE(7,2) DOPLER(I) , §1GS3(D)
. FORMAT(/2E13.5) .

- - CONTINUE ' <

: STOP '«

~ EN .




‘SUBROUTINE ID-: RUNCN . .. = 1

aa. -

o

+

-

" DIMENSTON M1 (2) ,NFI2(2).]
~ DIMENSION ACSGN (2,150,150 g) K12, 160, 160) , SUMT(300) * g

* “COMMON/THREE/PE, ¥B, KR

~OPEN(UNIT=1, FILB"'DATAOO DAT?, TYPE="0LD’ )

* OPEN(UNIT=3,FILE="DATA21.DAT’ , TYPE="OLD?) .

TP (UTT.GE, (NP+1)) SWITGH=- 1

}susnuumx ruucau(nupmswr) = TR -

IMPLICITREAL#8. (A-H,0-2)

‘RFAL!B K1,K1X, K1Y, K15, KIF, xmic K2,K2X, KZY KR, MU.

KC,KCX,KCY; JACOB: *~ . oo P

. REAL#4 FNORT

COMPLEXY@ PE,PEA;PES,PEC i, ‘L s
080 WL B e

DIMENSION SUM(2,480) ,FI1D(2,
AKINOT(2,150,160,4), AMU(2, 150, 150, 4)

05

DIMENSION DOPLER (300)
COMMON PI,GA,NN v TR B ¥ L -

o FDLLDIIHG FIVE DATA FILES CDRRESPDIID TO THE SDLUTI!]HS v

iNG TO FIVE DIFFERENT VALUES OF 'nnzru'\ o Aol

(OPEN (UNIT=2, FILE="DATATZ’ DAT’ , TYPE="0LD")

OPEN (UNIT=4, FILE="DATA24 , DAT’, TYPE='0LD") o 55

< OPEN (UNIT=5, FILE='DATA42.DAT’, TYPE='0LD" ) . 4

K=t

ITT=0 e

IT=ITToL ; s .

SWT(ITD=0.0 : 5 W e \
= 4 . :

D0 3'NF=1,5 - : T \ g

- IF(ITT.EQ.1) THEN

NO OF' NORMALIZED FREQUEN@Y. POINTS 7 S
READ(NF, $)NP s

NN=2sNP 4
BNITCH=1.D0 * 5 e T e e oohed B
END IF | o U




T (T 6T, W Wm 130

.- Do 10 1c=1,2

* READ(NF,$)ETA, wx(m ma(lc) X o S
"~ ETASETASSWITCH s VL eUN
5 WD=ETA®WB - . e g
: ‘M1 (IC) =M1 €IC) +SWITCH - C58
JF(IFH(IC) l.so)an‘mxo g L 3a S

,D0°20° 1-1 NFI2(IC) ’ ’ A w0
nm(ur.c) FI2D(IC, 1), KFI1(IC, D’ X *
- y

,\70 16 J=1, IFI!.(IC n
" - READ(NF, $)FI1D(IC, T, J) ,NK1(IC,I,0), AK].NDT(IC LI, I()
.1 AMUCIC,I,J.K), ACBGII(IC I JKY
16 . CONTINUE

20. .. GONTINUE ' "
10 CONTINGE | 1
7 poso testiz : S
(i T Enao X aoto so P
B s I e S
. o
at e m—vm(x 1) +PL/180.00 .
2 i = SUM(IC,1)70.D0 L 2L
S 70 ssLWEGED -0 T

———FI1=FIAD{I0; T, J)+P1/180.00 —— —
-K1=AK1NOT(IC, I, J,K) #2.DO%KR ~ - e % i
_ ~CSGN=ACSGN(IC,I,J.K) . S

CFI2=DCOS(PIZ) #2
SFI2=DSIN(FI2) ’




L'xn-anpn

' CPI21=DCOS (F12) LT R L
SFI2T=DSIN(FI2) 8- o AT
+ TPI2T=8FI12T/CFI2T |

CHWUsDCOSHGM), .~ . . . o
EHMU=DSINH (M) . e -

- CFI1=DCOS(FI1)

SFI1=DBIN (FI1)
CFI1T=DCOS(FI1) " ° o By

SFI1T=DSIN(FI1) . ) : s

" K2=(DSQRT.(K1) ’l(i‘lD/S 18209200)“2 #

K1X=K1#CFI1"

_K2X=K24CFI2 S .
K2Y=K2+6F12 . - 3y & T
na.-mnna (SHMUASFI2T, CHMUACFI2T) 3 .

. IF . (DEL’GT.~PI. AND.DEL.LT:0.D0) DEL—DKL+PI

CDEL=DCOS (DEL) -

“ *BDEL=DSIN (DEL) ey <o

KCX=2. DOsK1X+K2X# (t.DO+CHMU*CDEL) *KZY‘BM‘SDE

. KCY=2.DO#K1Y+K2Y# (1. DO*C}NU'CDB..)-KZX‘EINU'BDEL .
KC=DEQRT (KCX##2+KCY##2) L
PIC=DATAN2 (KCY,KCX) - = %

* - CFI1C=DCOS (FI1-FIC) .

SFI1C=DSIN (FI1-FIC) BN RN Y
CFI12C=DCOS (FI2-FIC) w
SFIZC‘DBI" (FIQ-FIC)

GWJHU—-((C}NU—! DO)'(ﬂ DO‘K!‘CFI&C*XZOCFMC'(I DD-CDEL))

.

+

W

o e
PR
+

12037 ((1. ) ¥%2)
GKUDE«-IQ‘ ( q DO*CH]IU) "CDE.'EFIZC-SHI'U‘SDB.‘CFIZC) / -
(T1:D0+CHMU) $#2)

GDELDE=-K2#% (SINU'SDEL'SFIQC'C!NU‘CDEL'CFUC)/ (1 DO+CHMU) - ”

DEI‘=DABS (Guuuuocpms—cmmn.uz) .

PCK1=( (4. DOSK1#CFI1T+ (xnct-‘nr»xzncs‘u‘r) (xznsnn'r)uz)
#{CON+DSIGN(1.D0, 2. DO*K1#CFI1T+K24CFI2T) #(1.DO/DSQBT K1)
)% (8. DO*KL4CFI1T+K24CFI2T) 4CFTAT# (K1#CFI{T+K2#CFI2T) .
+CSGN*DSQRT (K1) #DABS (2. DO#K{#CFI1T+K24CFI2T) * (CFI1T##2))
/DSQRT (CFIAT# (K1+CFI1T+K2+CFI2T)) - (K24K2#DABS (SFI2T) +CSGN

#7#2 0DOSDSQRT (K1) *DABS (2. DO¥K1#CFI1T+K2¢CF12T) #DSRRT (CFI1T

. « +
+

* (K1*CFI1T+K2+CFI2T)))#4.DO+CFILT# (2. DO#K1#CET1T+K2¢CFI2T

9) *DABS (SFI2T) / (4. DOSK1#CFI1T# (K1#CFI1T+K24CFI2T) - (K28 - * '

SFIQT)$2) #42
o =k ’ %




A s

s d e e

. #DSQRT (CFI1fs (K1SCFTAT+K24CFI2T))

. PCK2=((4. W'Kl‘CFI!.T'(Ki'CFIlT'bKﬂ'CFHT) (K2¢SFI2T)#42).  * o~

#(2.50+K29DABS (SF12T) +C5GN+2.DOADSIGN (1.D0; 2. DOSKL9CFTIT -~
4K2#CFI2T) *DSQRT (K}l) #CFI2T#DSQRT (CFI1T# (K1#CFI1T+K2% | -
CF12T)) +CSGN#DSQRT (K1) *DABS (2. DOSKL#CFTAT+K2#CFIaT) sCFIiT -, '~

T2T/DSQRT (CFI1T+ (K14CFI{T+K24CFI2T) ) ) - (K2#K2#DABS - I
SFI2T) +C5QN+2 . DODSQRT (K1) +DABS (2. DO#K1#CFTAT+K24CF12T)

*(4. DOOKIWFI!.T‘CFIQT—! DO¥K2% I2TOSFIZT))‘DABS(SFIHT)/,
(4 DO‘Ki‘CFIiTO (K100F11TOK2‘CF12T) (K245FI2T) ##2)’ “2
PC}A‘IF(“.DO‘KI‘CFIAT‘ (KDCHIT#K?'CFHT)-(KQOBPIZT)“75
#(-CSGN*4.DO*DSIGN (1.D0,2.DO*K1#CFI1T+K2#+CFI2T) *K1#DEQRT '

.(K1) *SFI1T#CFI1T# (K1#CFI1T+K2+CFI2T) -CSGN*DEQRT (K1) #DABS ‘ |

(2.D09K1#CFI1T+K24CFI2T) +SFI1T#(2.DO*K1*CFI1T+K24CFI2T)) |

,/DSW(CFILT‘(Kl'CFuﬂKlthIZT))O(Kznxg.pms( 12T 580N . |

*#2. DOSDSQRT (K1) #DABS (2, DO#K1#CFI1T+K2#CFI2T) $DSQRT (CFI1T# ol

. (K1#CFI1T+K2+CFI2T))) *4.DO#K1#EFI1T# (2.DOSK1#CFI1T+K2%

CFI2T))#DAHS (SFI2T)/ (4.DOK1#CFTAT+ (n-clfn‘x"xzt 12T)-
(K2#5FI12T) w2 ee2. ;

Puuxi-FcKl/simu .
PMUK2=PCK2/SHMU . ' = - i
PMUFI1=PCF11/SHMU .
FACT=TFI2T/ (Cl-munzo(smum?nr) 2) : s
PDELK{=FACT+PMUK1 . S
PDELK2=FACT*PMUK2
PDELFI=FACT+PMUFI1
CF I?T?—r.‘v!\

;‘snzx-psm(m-rn) o i <t

- PKCKi=(4. DonKloKZoKZt(C}D‘U*L‘DE.)O(SINUOPKU‘KI-SDEL'

e

P

LR

PDELK1) +2.D0#K2# ( (1. DO+CHMUACDEL) 4CF121 +SHMU*SDEL#EFI21)
+2.D0#K1#K24 (CFI21# (SHMUSCDEL¥PMUK1-CHMU#SDEL#PDELK1)
+SFI21+ (GHHU' EDﬂ.‘N‘U'K1~SHIIU‘CDﬂ“PDE.K£) ))/kC -+

iy

) * (CHMU+ *KZ‘(S!NU'P\IUKZ SDEL*
PDE.K!))‘Z DO*K1#((1. DO*CHII’U‘CDEE)'CFI21¢SM'SDB.‘BFIM)

. +2,DO#K1#K2+ (CET21# (SHMU+CDEL#PUUK2-CHMU# SDEL +PDELK2) %
+ +§FI21s LBDELK2))) /K

PKCFI1=(K2+K2% (CHMU+CDEL)  (SHMU#PMUFI1-SDEL#PDELFI) =
+2.DO*K1#K2# ((1. ) #SFI21 +CE121) = e
+2.D0#K1#K2# (CFI21* (smm:ém.ormn-mm-sm.onmn T

+5FI21% (CHMUSSDELPMUF ! 1+5HMUSCDEL#PDELFT) ) ) /KC




Pprcxz:(z DOBFI1C+K2#5FI2CH APMUK1-C] o P st
+ PDH.Kt)-KitcPIiC‘(cmmtsDzLOPll'UKnsmu:cnn.pon) i L

PRICK2=(5F120# (1.D - EL+K2 PUUK2-CHM
1 SDEL#PDELK2)) ~CFI2C¥ (SHMUSDEL s Mot 2 o S
22 0!(2‘(CENU*GDEL‘PWKHSHIIU'CDZ!JPDH.KR)))/Kc’

FFICPI— (2. DO‘K!OCFI!.CﬂKZ'BfIZG' (SM‘CDE.‘PWFI&*C!WU' g
+  BDEL*PDELFI)-K2#CFI2C* (cpmutspu_npwrnommuacnn_a
#+  PDELFI)) / KG

PUKS= (PKCK1-KCHSHMUPMUKS /(5. DO+CENU )/ (. DO+CIDMU), v .
PUK2= (PKCK2-KC#SHMUSPMUK2/ (1. DO+CHMU) ) /-1 . DO+CHMU) e
. PUFLL= (PKGFT1-KCoBHUU*PUUFLL/ (1. nof«c@;‘u))/u DovcHi)” T Tlno

Gl aacohe. sumenoomsmu(purmmcxz-pmapncm/
+ osqn-rm)mn(Puxmﬂcu-mnnmcxz)/nsen'r(m)) . DL
b8 .pm—raoz DO/(1.DO+CHMU) ('~ P, @ g \/
.+ 7o~ PEB=PE#(CHMU+CDEL)/(1.D0% .
g -7 PEC=PEs (CHMU-CDEL) /(1. no»cmm) .
. ATTN=DELE (FNORT (PEA) *FNORT (PEB) #FNORT (FEC) ) « 6 P .
' +K{#CFT1T (KR* (2. DO*K1#CFIAT+K24CFI2T) -2 DOSKLsKIK2 - o8
+ #K2-3.DO¥K1#K24CFI21) +K1#K1s (K14K1+K2#K2+2 DOPKL+K2® vty
+ . CFI21)-KRK1#K1# (K1+CFI1T+K24CFI2T) AT
. mcx-((Am:nc/xc)nz)»xnlenm A
C=FUNC1/JACOB .
. CALL PMSPEC(ML*K1X,M1oK1Y,51) * | ¢ gl
.ot CALL PMSPEC (M2+K2X, M2#K2Y,52) ° 5 s
. FUNG=FUNC#51+52 : 3 . et . e -
.. SUM(IC,D)=SUN(IC, I) +FUNC T o :
70 CONTINUE 2k s gl BT 7 G gmeit
60 “CONTINUE . o b e : o
i ‘50 .- CONTINUE ~ - S "o
‘ - g : ol

C.. . REC‘I'AIIGULAR INTEGRATION OF 'ngzlmmrx SW. . * Gy

N

. £0.80 IC=1,2 -
) " IF (NFI3(1C).EQ.0) GOTO 80 s o i
DO 90 I=1,NFI2(IC) . v ¥
.7 7 SUMT(ITT)SSUMTCITI)+ (2.D09P1/180.00) vGUM(IC, D N
9 CONTINE - ;
804 CONTINE ' .- < h AT B

> 3.7 coNTINGE - - o e L







. TIIIB BUBROUT: GIVEE OOBRESPNIDIHG PIEIISOH— T
2 I(DSKOIITZ WAl GHT - SPECTRUM . -

SUBROUTINE Pusm(xx.l(f.ﬁ) z I .
S0 UL IMPLICITREAL#GA-H;0-Z) : .. ~ N -
Yo+ tlo L. REALSE'KXKY, b |-
-~ % CoMMON P L . J#
; . COMMON /SPECN/U, THETA. . |
s . s—o » 4 * - |
F % awl) x—nsu‘r(m('uzomnz) Fg® 25 1
Ir(xmzn-n)n.:'nmu 5 ‘],
il T=DATAN2(KY, K00 '~ =~ ° $ -
7 s=1 62D~2+PT+DEXP (-0.74D0% (9. smofubuau))ccz)/(xm)
) s-sc(ms((mn-m/z DO)es2 .
*. - -RETURN




c. USED-TO' CALCULATE MICAL DISTANCE

REAL FUNCTION FNORT(ND) - - :
—~— . _ COMPLEX F,ND,P,R,L,CEXP,CSQRT, SECK,CMPLX - :
mLmAl.cncuscrr 5. oo .
P=ND . . : s
r=c|mx(o.o‘.o.o) . = 5
CNT=1.0 - : T
- R=CMPLX(0.9,1.0) g R
* PI=4.09ATAN(40)
MAGP=CABS (P) )
IF (MAGP .LE. 10. o)cn 'm 300 4
"A=REAL(P) - p 2 g 3
e : - B=ADMAG(P)  * /,‘ : .
W S C=ATAN2(B,A) :
: K - IF(¢.LT.0.0)00’ TO 310’ d
ré ASYMPTOTIC EXPANSION FOR C.GE.0%"" * ' e
.. EXTRA TERM FOR:C.GE.0, ;
", "F=-2.04RICSQRT(PI+P) #5CEX(-P)
2 1e CONTINUE ASYMPTOTIC EXPANSION FOR ALL P
. .310° L=1.0
y o CNT=1.0 N 5, .
: ... '306. L=LaCNT/(2. ocp) : : % 3 ) )
ix, » _F=F- 4 N 2 - ‘
* i +2;

S w
' IF(T.GT.1.0E-04)60 TO ios

13 0 T0 320
c__ 'CONVERGENT SERIES
300 / F=1-R#CSQRT (PI+P) 'SC&(-P)
CNT=1.0

1=1.0

330 g (1.0 4L+ 2. os))/oNT .
F=F+L g . v
" CNT=CNT+2. o 5 P
T=CABS (L) . -

. IF(T.GT.1.0E-04)GO TO' 330

' 320-" FNORT=CABS(F) % : &
; RETURN = . :




FUNCTION SUBPROGRAM ID :.SCEX

403

404

400
-401

402 _

" COMPLEX FU!ICTfDl' BCEX‘(A)RGU)

GOMPLEX ARG, CEXP, CMPLX, ARGU
REAL'MAG
ARG=ARGU

» S(EK=CIIPIX(1 0,0. 0)

ICNT=0" .

"MAG=CABS (lma)

- IF(MAG.LT.80. 0360 T0°400

ARG=ARG/2.0
ICNT=ICNT+2
MAG=CABS(ARG)" -

" IF(MAG.LT.80.0)GD TO 402 °

60.T0 403
CONTINUE

DO, 404/ J=1,1CNT ~
SCEX=ECEX+ (CEXP(ARG) )
G0 T0 401

‘SCR=CEXP (ARG)
RETURN




PRMKAI(, m': 00T. FOR “
PROGRAM USED' TH)OBTAIN THE ROOTS WHEN —
*THETAI’ IS CHAIIGED IN SIGN. BASED ON

' SYMMETRY PROPERTY.

A

OPH‘(UN‘XT:M ..HAME—FILEIIAME ’I'YPB- 'DLD')

.READ(41, ¥)AFI2(IC, I) , NFI1 (IC,T) .

DIUENSION Al-'mz 160y AFI1 2, 160, 160), NFI2(2)
DIMENSION AKINOT(2,150,150,2) ,NK1 (2,150, 160)
DIMENSION: NFI1(2,160) M4 y
DIMENSION AMU(Z,160,15072) ,SMIN(2,150,150,2)
CHARACTER#12 FILENAME . L
WRITE(S, 4) "ENTER FILE NAME® .

" READ(G, 19)FILENAME - ° " e
- FORUAT (A1) Lo g

K=1

READ(41, n)m MM (IC) , NFI2(IC)
IF(NFI2(IC)..LE.0)GB TO 10
D0 20 I=i,NFI2(1C)

DO 30 J=1,NFI1(IC,I)

* READ(41, #) AFI1(IC, I, ) NK1 (IC, I,J) , AKINOT (IC; }.J, K).

AMU(IC,I,J,K),SMIN(IC,I,J,K)

CONTINUE

CONTINUE

CONTINUE : : . .

GENERATION OF nnu'ré' . -\
<3 et I K

DO IC31,2 =
IF(NFI2{IC) . NE.0) THEN

DQ, 12 T=1,NFI2(10)
AFI2(IC, I)=-AFI2(IC, I)

DO 13 .J=1,NFI1(IC,T),
ﬂ(zc;x,n AFIL(IC, 1, 9)
AW (IC, 1,J,K)




12° CONTINE~ - - .- ; . . ¢
ELSE . ;

R 11 - CDH’I’IM 6 5, %

c nmmnmc THE ROGTS i
c! TER 18 .rusru DUMY mmw - ;

R . @ DO 151&1 2 i
- . . D0 14 I=1,NFI2(IC) @ -
- E IF (NFI1(IC,I) .LE.1)G0 TO' 14 . S

DO 16 J=1,NFI1(IC,1)/2 ¢ £ A

“TER=AFI1(IC, 1,J) * RN

.7 A AFIA(IC,T,9) =AFI1 (IC, T,NFI1(IC, I) +1-1) :

T . AFILUC, T, NFIL(IC, I)+4-D=TER . . -
g " TER=HK1 (IC, T})) - : '

NK1 (IC, T, )FNK1(IC, I, NFI1(IC; x)+1—.n

e T ; NKLQC,LIFILIC, D3-D=TER . % .
Ty . - TER=AK1NOT (IC,1,J.K) -

 ~ AKINOT(IC,I,3.K)=AKINOT(IC,I,NFI1 (6, Dt =15
] *¢ - AKINOT(IC, I, NFI1(IC, ) +1-J,K)=TER
~ ¥ TER=AWUCIC,I,J.K) L &
&+ - AMUCIC,I,J,K)=AMU(IC, I, NFi1(IC, xm-.v x) g o
i AMU (IC,1,NFI1(IC, D411, K=1ER -

- TER=SMIN(IC, I,J,K) .
‘BMIN(IC,I,J, x)-sum(m,z lan(IC D10
- BMIN(IC,I,NEI1(IC,1)+1-J, K=TER : "
48 < cONTINE N\ - . i " en
14 - CONTINUE . 3 oy
* JF(NFI2(IC)..LE.1)G0- TD 18 T

D0 50 T=1, NFIZ(I0)/2
TER=AFI2(IC, 3)/ g i
L ARTACE DR, REa O M =)
s i . AFI2(IC,NFI2(IC)+1- I)—I;R o . _ §
& n  TERSNFI1(IC,I) s : 2 By X
S “ NFI1(IC,D)=NFI1(IC, mm(xc)ﬂ . > e Bl
- NFIL <Ic mz(xcm-x ’ -

nusx.v-xso % R .
. TER=AFIA(IC,I,J) : Y g
" AFI1(IC,T,3)=AFI1 (IC, um(xc)u L9 '
AFIl(lC NFI2(IC)+1-1, J)=TER ~ ;




o TF.R-HKl(IC I. J)

N N
L NKLCIC,T, =K CIC, NFI2(I0) +1-T, D) T x>
P NK1 (IC,NFI2(IC)+1<1, J)=TER o : . -
: TER=AKINOT (IC,I,J,K) . ’ I S
T, AKINOT(IC,I,J, u)-mmm'(rc mzac)n-z 3, x) (5 e
AKINOT(IC, NFI2(I0) +1-1, 4, K)=TER 5 :
TER=AMU(IC,.I,J.K) ; . o
AMUCIC, T,J,K)=AMU CIC, NFI2(IC)+1-1,J, x) f 3 oy
AMUCIC,NFI2(IC)+1-1,J,K)=TER - s o
- - TER=SMIN(IC,I,J.K) .. - .
; : SMIN(IC.T,J,K)BuIN(IC, urrz(xc)u—x 1K
~ IN (1C,NFI2 (I0)+1-1,J,K)=TER ~ T . R
. 61 CONTINE b o .
50~ .CONTINUE : . . o
16 CONTINUE ~ o . g O A |
‘ Do iB1 IC=1,2° * i : ~ d )
. e WRITE(44, #) ETA, M (ICS, NFI2(I0) LR #
. ‘D0 162 I=1,NFI2(IC) . ) o

. WRITE(44,#) AFI2(IC, 1), WFIi e, T)
. DO 163 J=1,NFI1(IC,I) L
- WRITE(44,$) AFTL(IC, T, D), NKL(IC, T, J) AKINOT(IC, I, 1 0 2
o * AMUCIC,T,3,K) ,SMIN (IC : i
163 ' ° 'CONTINUE i i Y

162 CONTINUE | d o

= %

i61 . .CONTINUE- » . .

[ 8 CONTINE - . - I S <
STOP i v TR

‘.. mo ’ o .
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