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lﬂ A general computer programme to study the mov1ng dlffractlon

patterns in geophy81cs ViZoe the patterns caused by (1) the
refledtion/partial reflection/scattering of radlo waves from-
ionized layers/sharp gradients in 1onlz@t10n/1rredu1dr1t1es/ =
atmospheric turhuléﬁce, (ii) scintilletions due t0 ionospheric
irregularitiag and (iii) scintillations due to 111egular1t1e5

in solar wind. The highlights of tbe,prqgramme are (1) it provides
all the well known methods viz. the time de1a§ ﬁethod7 the full
.corfelation method end the cross-spectral method in a single
programme and (2) the inpuﬁs are the three:spaced reoeivef
amplitude data series or the aufo end cross -correlation functions

and the coordinates of the three receivers.



 Tntroduction

Rkadio remote probing of ionosphere is more thanwfifty‘years
'in existence. A simple method of studying the dynamics of
~ ionized atmosphere (ionosphere) wes reported by_Mitra (1949) which
ig referred.tp as tﬁe 'spaced reéeiver method'. In this experi-
ment amplitude feding of the radio echoes returned. from ionosphere
are recorded simultaneously at three closeby receivers (non-
collinear) and from thg time,delays observed in similar features

one derives the velocity. More rigoroug mathematicalvtfeafment

of the derivation of velocity was attempted by 3Briggs et al. (1950)
which is now the Pasis of computations used els;where and is

known ag the full correlation analysis. JonéS'and Maunde (1965)

3 preferredvto‘Foﬁriemﬂanélysefthé,fading-recorasfand determine
velocities at'différeniifading~fréquengies. These are the three
“asic.approaohes in the analysis of the moving'diffradtion patterns

&gt ground.

Spaced receiver method is Meing used widely these days as the
method is extended to meéospbere,émploying the partial reflection
echoes, to satellite scintilletion records in determining the
" velocities in F-region as well as to bhe interplanetary scintilla-
tion reéords (IPS) in determining solear wind velocities. A recent
de&elopment has bPeen its role in meteorology by studying the
fading of vhf echoes from lower stmosphere caused Gue tb
atmospheric turhbulence (Rottger et al; 1978, Rottger ana
Vincent 1978). . - B



5
With the availa%ilitybof large computerg theiapp;oacb of
 éﬁé1yéingAspaoed'fading/scintillation records_has”ohahged |
drééfiéally.' The mamzl similer fade method of Mitra has -
hecome ohsolete with the digitael recording systems in use.
'"A generalrcompgter programme of the full correlation analysis
was deVeldped by t@é Radio Physicerroup of the University of
“tdelside. It has been modified to include ﬁhe power spectrum
analysis of Jones and Maude (1965) es'ﬁéll &5 the filtering
“of data to perform correlation melysis following Sprénger-and
Schminder (1969). The aim is to present all the varieties of
analyses accomplished hy a single programme. The bgsic’th‘eories
of the Various-methods of data reduction are descrihed in
Section 1. This is folléwed'by an outline of the computer
programme and the description‘of'varigﬁs;subroutines in Section 2.
& few hints for users are also descri%edfin Section 2. Finglly

the progremme is attached in Section 3.

" Section 1

Methods of Data Reduction

The fluctuations recorded in the closely spaéed-receiver
technique heave similerities Put with displacement in time relative
~to each other, The similerities sre regardéd.és én evidence of
the passage of ionospher;c irregularitiéS-aéfosé eaéh antenna in

turn. The delays are used to yield driff Vé1ocities and other

oharaoteristics of the ground diffraction pattern. There are
three different approaches of analysing records. Théy'are:

() the time delay method, (2) the correlation method, and



(3) the cross-spectral methdd.

T.1 Iime Delay Method

Mitra (1949) gave a simple métho&fof estimating the drifts
of ionospheric irregularities which consists in comparing the

similar features of three closely spaced fading records. He

made the following assumptions: -

(1) Ground diffraction pattern does not vary with time

a2t any point eand moves with a uniform velocity V during the
course-of an observation. |
(ii) The diffraction pattern is 150metrlc, 1.e. its average
characteristics remain same in all the dlrectlons.
- (1ii) The dlffract;on pattern on the ground does not
change in shape 2s it moves.

— —

The diffraction pattérn on the ground can bPe represented by
means of contours of constant amplitude R1, 325 RS etc., moving
with velocity V in a diregtibn which mgkes en angle © with X-axis
(Fig.1). Tet N,>C and E bé fhe three‘receiving sites. As different
»oontours pess over these sites, the signal strength of these sites
will fluctuate with time. 4 maximum of signal will Pe recorded
et any eerial when contour. passes over the receiver tangentially.
The 1oous of the tdngentlal points elong the direction of Arift
is called_the 1ine_of maximum aplitude and under the agssumptions

mede earlier that when diffraction pattern is isometric =nd fairly

large =29 compared %o the location sites of the receivers the line



Mg Bltes of receivers (¥, 0, B) md
, contours of constant anplitude.



of max1ma w111 he a stralght 11ne perpenq1cular to the direction
of movement. Vhen con31der1ng the mexima of a fadlng puttern,
one can replqce the contours of constant amplltude by the line

of maximum amplitude and follow1ng relatlon cen be written from

the'simple trigonometribal considerations: -
Let T_ and Ty he the time lags hetween the similar feades
of aerials ¢ and B and the aerials C end N respectiﬁely,
%o cos © ' o
T, = = “(1)
p - .Jo._sin @ (2)
y v ‘
when 50 =%o =4
then V= 772 o mBia (3)
- - + T
(% + %)
— ~1 I - R
and © = tan (Ty/ix) (4)

Drif+t components along X -and Y directions are given Dby:

Ve =7 CQS~9€ (5)
Vy = Y sin © (6)

The speed V thus ohtained is the speed with which the ground
diffraction péfférn moves oﬁ tﬁe ground. This is diviéed by 2
to give the moVemént of4£he irrégulﬂrities in thé.ionosphere on.
the assumption of p01nt source and thls has been experlmcnwally

The values of drlft speed and direction

verified (Felgite 1970) .

thus obtsined do not contain correction due to change in the
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irregularities itself and are therefore termed es apparent drift
velOcities and denoted By ve. Dgiff directioﬁ is measured with

respect to north and is denoted by .

“Equations (3) and (4) are valid only for isosceles right
angled triangle. Equations for a general shape of a triangle .-
are given helow; Suppose distance between aerials C end I is d.I
aﬁd.hetween eaerials C and N is d, anq'the angle 5etween CE and CN
isy - Let T#»and Ty he the time delays as expléined ahove and

direction of drift speed makes an engle © with CE.

d‘.sin -
Then V = S 1. X -+ : (1)
d . 2
~L 972 - 21 T cosy »Tz\f
42 y ety - y oS Iy
2 L
and & = cos™' ( Ix' ) : (8)
dy

A more ?feoiSé method 10 determine drift velocity would be
to utilise the time delsys Petween all the three pairs of records
hy- means of least square method. This is the procedure followed

in the present computer programme.

Sprenger =nd Schminder (1969) suggested another variant
of the method where velocities are derived from individual time
delays and averaged; This is known es Varient-2 method, whereas

the original Mitra's method is known ag Variant-1.



1.2 Epll Cerfeiatien Method ef Analysing Spaced Fading Records

In"the eorrelatlon method of analyelu,‘auto and cross-—
oorrelatlon coeff1c1ents of amplltude of pairs of records are
used to deduce the epparent drlft speed, the true drlft speed,
the direction-of_drift and the size of the greund diffraction

pattern.

(a) Method of JrlggﬁliPhllllPS and Shlnn - 'Dfiggs‘et al.

(1950) developed a method for separating uhe steady and random
'components of the drift. The term 'random arlft"means tbe rate
at which the pubuern changes its shape. This method assumed thats
(1) the diffraction pattern-ie isotropic,
(ii) the space and time variations are identical, and
(iid) drift speed remains the same during the course of the

record.

The euto end cross~correlation curves for the fading records
are shown in Fig.2. <“riggs et al. (1950) have defined four
velocity parsmeters to descriPe the movement of ground diffra- =

ction pettern in terms of correlation coefficients.

(i) Pading velocity Vi:~ This is the velocity with which
the Giffractioﬁ pattern Weuld mo&e in the éheence of random
hﬁnges to produce totﬂl o"served fadlng. In terms of the
eorrelatlon functlon, 1t is the ratio of space ehift teltime

shift that would produce the same change in eerreletion.’



If this time shift iS'T1 for the ohsérvation made at

distance ﬁfi apart we have:
P(%y, 0) = plo, 1)

and Vé = %1 ~ (1)
1 B

] <t

where ¢ = correlation function. V. depends on both the true
drift velocity on the random changes of the pattern for an
igotropic pattern it is independent of direction "t will vary

with direction if the pattern is enisotropic.

(i1) True drift velocity Ve- ¥ is the velocity of an
ohserver who experiences slowest fading‘in tﬁe Iéceived signeal.
This is celled Stéady drift speed as whabtever slow feding is
now experienced is on account of'the:random changes in the

diffraction pattern.

- If distance %1 is moved in the time T Dy the ohserver

to experience the least fa&ing thens

V= %o/ | | » (2)

(1i1) Charscteristic velocity V.2~ This renresents a
measure of the random change in pattern. V., is the value of v,
found Hy e oPserver moving with velocity V. 3y definition v,
ig the ratio of space shifi to time shift needed to produce
s%me change in R,

i.e. V, = E’o/’f\ﬁ S (%)

where F(?,O, 0) = F( O’q/‘l)'




AUTO CORRELATION  CROSS CORRELATION

g2 (u) end (¥) show smplitude recovds
' Y two fixed polnie asay x=0 snd we or
@) shows aubo~corpelogran oorrege °
ponding to (0, f. (d) shows crosp=
corralogram. :



(1v) Apperent drift velooltv V' Thls is tho velocity of

the dlffractlon pqttern experlenced by a flxed receiver on the
whole, without taklnw into account any random changes in the
pattern. - If qo_bejthe time delay for the cross—correlation
peek Metween two receivers st x = 0 and x = %o

Then V' = ~C{?'o/’”[“’o RPN | W)

Briggs et al. (1950) have shown that for an isotropic

diffrection pattern:

LA SR £ | (5.)'
2oLy (6)
Hence VV' = vE 4 2 - ()
or V' = V 4 (Vg /) (8)

=7 (147 /ME] | | | (9)

Thus V' 7,V end the contributiondue to rendom variabtion within
the pattern is equivalent to (Vg/V), which has o direction -sate

as that of V, ag Vi has no particular direction.

(h) Extension of BPS method to ﬁnlsotroplc lefrcctlon Pottern

Drigbs et gl. (1950) assumed the t dlffroctlon pattérn on the
ground 1s isometric, so that its statistical properties show a
circular symmetry. <ut in practlce dlffr\ctlon pattern on the
ground is statlstlcally anistropic, S0 that contours of constant

Correlation 2re not circular.
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- When the pattern has a finite structure in all the direction,
the situation is not so serious Put error may still arise if it
is not completely isometric. The pattern near the magnetic
equator is highly elongated and special care must Pe taken while
¢educing the various parameters. Phillips end Spencer (1955)
extended the work of Briggs et al. (1950) to snisotropic

diffraction pattern.

‘The contours of oonstgnt amplitude‘for an anisometric
‘Pattern can be essumed to Ye concentric ellipses for Simﬁlicity
end will Pe concentric circles in the case of an isometric
péttérn. This type of patfern can be produced from statistically
isometric pattern by stretching it in one direction. Distortion
of this type m &y be represented by a characteristic ellipse
gsimilar to the contours of 6onstant correlation. The complete
;nformatign regerding the eamistropy of the pattern can therefore
be descrlhed in terms of the aX1al ratio and orlentatlon of the

ch racuerlstlo ellipse.

Determingtion of oharacterlsolc elllpse°~ From the fading

records. at thrac bOleo Slbdﬁbed at the corners of isoceles

ght cngleo triangle 074 (Fig.3 Pottom) where OA = OB = a
and zngle O“AA_ 90°, one can oPtain ﬁuto~correl tion functlons
(0, © fV ) for a numher of velues of ™ . Plot of this function
against T w1ll UlVC the time correlogram° Next, cross-
correlogram is determlnbd Gween theffading.;ééords of the
gerials O and &, & and 3 and 0 and +, Thgse are denoted by a',

T

h' and ¢! in Fig.3 (top) .
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The~va1ues V(a, 0, o) (o, a,.o) and /7(2, -8, 0)
. of the cross—correlatlon coefflclents ﬂt tlme t 0 are converted
to the egquivalent time shlfts 'TH, 12 and"T3 respectively, on the
auto~correlogram for the seme values of ( . Thus, by the defini-

-tiop of Tfadins velocity Vé as given by 3riggs et al. (1950):

(Vé) OA = a/rr’,l = w

and (V?) A“ = a [2/ Ty =W

whlch are the fading velocities in threc different direct-
ions defined by the spaced points where fadings are observed.
The simplest example of spacings in these di rections which have g
fixed correletion is given hy puttihg‘?’: 1 which gives correla-

tion F( 0, 0, 1), the spacings are then equel %o V..

Thus polar plot of Vé,would give rise to an ellipse of
constant correlztion conferred st O. The known values ofV' give
the 1cngth of semi-diemeter of the ellipse for the three directions.
This is sufficient to determine the axiel ratio r and orientation Y
of minor or major axis. The method consists in marking the values
of u,'vAand w on the axis X = 0, Y = 0 znd X = =Y on both positive
end negative sides. A smooth ellipse is drewn through these six
_ pdints using the fact that the diemeter of ellipse bisecting the
chord, Misects &1l chordg parallel to it (see ¥ig.3 bottom). The

values of semi-ma jor end Seml—mlnor axis are read to get the axial
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retio 'r' and the orientation angle with respect to particular

axigs is also noted.

Mat@gmatlgal_relgtibns for r gnd ¥ :- Phillips end Spencer

(1955) heve shown thet the axigl ratio r and'origmtation_angleyJ
of the major exis of the cbaracteristio ellipse by the following
relations: -

2 - B (P2+Q2)i , | (11)
R - (Pe4Q°)®

end ¥ = % tan” (B/0) | B (12)
where P =?‘Y$’ + ¢g‘v_ ’Tg
| 2
Q= - Tz
2
R = T% + r-,r‘g

These relations hold for an igosceles right sngled triengle
of receivers and can be modified for any other geometry of the

receiving aerials.

Phillips aﬁd Spencer.(i955) extended the method of Briggs ot alo
(1950) to anisometric case by oontrqcting the space coozﬂinates
along the ulrcctlon of elongﬂﬁlon by the axial ratio r end then
applylng.the correla tlons to the derlved dlrcctlon'und speed by

factors which ere funptlon of r and \y as glven by the following

equations: : _
‘ (x° —1) tan (2, "~V2 3 '
tmﬂgfgﬁ o1+ r° mn(ﬁ "V) -  "  ()
end V, = V' cos (Qfﬁa (14)

L
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To calculﬂte the true drlft speed one has bo flnd V’ Qlone

- the dlreotlon of the drlft glven by the equatlon

| ) N 4 |
(v ) - 1+(r ~1) cos°¥ ('VV)Q (15)
cv 14 (2°=1) cosg(ﬂ“P) *
Cend Vo= (V1)E/v | - ~(16)

-—

(c) further Hodlflratlon by Tooks to Phillips_ and Spencer'
Method ‘ _

Fooks (1965) has suggested two modifiqations to use the
correletion method of analyéis.

(i) Mean suto-correlation function from the three fading
records should Pe used to reduce statistical deviations.

(41) To use an alternative method of finding times rT12, Cé1
end rr23 in whlch only the top portion of cross-correlation is
used and hence velues are less affected by statistical variatidns.
This is given hys |

%22 = r~ﬂ>122-+<q«'m>122 | G
where /Y;g is. the displacement of the meximum of the cross-
correlogram and q/m*is‘the corrgsponding time shift on meen
euto=-correlation curve (Fig.3 top). In a similar manner "3 end
723_can be calculated. This equatibn was deriVéd by Briggs'ef‘alf
(1950) for isometric pattern. Kelleher (1965) has shown thatb
this relation is valid for enisotropic case also. The advéntages

of Fooks's modification are:

(1) It uses the points at higber-level on the correlation
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functions end hence results cre less affected Py stetistical
deviatiOn,vand
{2) U51ng the cquatlon (17). V' elweys comes higher then V

. 2
and thus removes the occurrence of negative VC.

Avcrape 81ze of 1rregnlnr1tles in the patternﬂ—' Fooks (1965)

haé given a meghod to derive the vcluos of scml-mcgor and minor
cxes 'a' and '*h' from Vé values. The ellipse has the dimension
of-velbcity and can Pe converted to distances to.give(the.average
size and shape of the irregularities in the patternj' This is
achieved by multiplying the V. by half correlatiomns time (ife.
the value of time displacement required -to give = 0.5 on the mean

auto-correlograms) .

1.3 Cross—spectral Method

Jones and Maude (1968) developed a method to find the
yariafion of velocity with fading frequency. A fading curve may
be thought of as the sum of a numPer of sinusoids of different_
'“émplitude'and different phases relative to one enother. A . i
fourier anglysis on such a curve would resolve it into the
sine functions of which it was composed, giving the amplltude
and pbése;of each component present.. Thus hy performing such

en cﬂﬂlySlS on’ the curves ohtzined from three receivers, one
could find thc ﬂmplltudns and relctlve pbase of the Varlous
Fourier components, ﬂresent 1n all Ghrfe rcoords. ThéSé phéﬁé

shifts could then he converted into tlme shifts and:using the
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ﬁerlﬂl seper tlons, the v01001ty and direction of motion of the

.1nalv1dua1 Fourier components can Pe found out.‘ If components
with different frequencies are moving under the influence of
steady wind, =and there is no random motion, then the diffraction
pattemm wbuld’move steadily over the ground and &ll Fourier
COmponents derlved from Fourier 9na1y81o on three fadihgbfecords

would have thg same speed and fadlng dlrectlonu.

Random veriations of signal strength or noise migh%uélso
occur or be picked up by the receiving equipment and it is?the
limitation of simple Fourier enalysis as described zhove that it
could not distinguish between the rquired signal and the |
unwanted noise. There has, however, heen considershle de#elop—‘

ment in methods of Yourier analysis'which avoid this difficulty.

Modified ¥ourier Anslysis

The ionosphere mey be compared to an amplifier 6f unit
amplification, one fading curve Yeing thought of as an input and
second as an output. If the emplifier hes a linear charaoteyistio
the whole opération iz known if the phase change and anplifiqa— |
tion cre known er all frequencies° for example, if fhe ihput iég

x(t) = a sin ( 2 77 £4 + Q) ' ’ 4 ’ (1)

end output will Me y(t) = aG(f£) sin (277f6 + F + B(£) ) (2)
and the operation is defined by the fuhctions G end P which may
be written as: o |

H(s) — o(g)oP(E) o o ()
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If the relstionship Petween'y ad X igbperﬁurbed by a disturbahce
in', the messured response must then Pe subjegted to some sort -
of elzhorate filtering procedure in order to find estimates of
goin end phase shift. coodman (1957) exemined such a system on
the sssumption that x, ¥ snd n were stationary Gaussian noises,
with x and n statistically uncorrelated with each other. His
analysiS'shbwed that from the input spegtrum ) (f) and the;input—
outputloross—spectrum SXy(f> with suitable smoothing, one could

recover the frequency response function in the form:

B(s) = 8, (2) /5,(6) W

ss though there were no disturbence n.

Following Tukey (1949), Goodmen estallished methods of

3

=
i

estimating spectra SX,Sy and Sxy from finite gampled records O

snd y and of estimating the frequency response function H.

Iﬁ the éésé of ionospherio‘drift, ‘out of three fading Curves,
one from acrlgl 1 isg tnken as input and thet of serial 2 as outmut
: und respons £unotlon of the 1onoubheru is found for ezch Fourier
component present in the fudlﬂg curves, i.e. phase dlfferenco
Pio dctwoen two curves is ohteined.. Similarly P13 and Pyg can

he obtained.

b

Methods "of Calculation

(iven the finite records Samplitude) x(%), y(t) end z(%)

for the three fading records obtained ot closely spaced recelvers
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of the D,

 methdd, thé cross spectral analysis involves following
gix stebs:—; o |

(1) Calculation of coﬁériance functiohs

(2) Correction of covariance functions for means and trends

- (3) Calculation of 'raw' spectral estimates
(4) Smoothing %o give the final spectral estimates
(5) Computation of estimated gain &znc phase of frequency
response function _
(6) Calculation of velocity and direction from the phase

differences,

The three fading records are read at pérticular sempling
interval of time t = h say;'so that the oorrespohding
"Nyguist frequenéy“ is'fo'zlh/Q. " Goodman et.al. (1961) heave
shown that g shoula ﬁofwﬁe chosen so small that the whole
spectral weight is crowded down to the Pottom of one or two
boints. Further to minimise olstortlon due to alleslng, h must
he small enaugh to ensure that the oontlnuous date have no
appre01ahlc power ahove fo. A value. of qhout 0.25 secs was found

convenient for the records taken st Tlruchlrﬁpolll (4. 8°N)

The cross-spectral estimates at = given frequency 'f!
are given hy;

(f) = Cap(£) - Q4. (£) -~ (5)

anq the phase P(f) = —ij(f)-/ Cjk(f) | (6)
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Phasevdifferenoe can Ye converted into time shift as

."]jjk = ij / 2nf (7)

Ekny pair of time shifts for one frequency may he converted into
a velocity snd direction in the same way that one converts the

time shifts of the simple Mitra method (1949).

In & plene wave, wave-numbers 2dd vectorially, so that the
wave number elong the line Metween aerials J and K separcted Dy e
distence x,; mill be K., = P. /x. > vect ition of v
istance X will be ka ng/xak a@d the vector addition of bno
such velues will give %he vector wave number K in +the direction
of the motion which has a velocity U = 271£/K.- If x,, and X3

are at rightvangles-to_eaoh-other-this simplifies tos

o .2 D D .
= 271/ ';%*2—* + ;-(lﬁ- | o (8)
L %0 13 )
end the mgle @ with respect to Xy, glven hys
gt [ Iz Xz ) (9)
V should he divided hy & factor two in order to get. the
velocity in the'ibnosphere. - An exémple of the results obtained

hy +this method as applied to the féding-r@cords at Tiruchirapslli

are shown in ¥ig.4.

1.4 Tull Correlation Method with Filtering the Fading Records

Sprenger énd Schminder (1969) suggested that the gimilzr-fade

method is necessarily confined preferably to the short-period
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 components 6f the fgdihg éndvthat, therefofe,itslresult may not
he a vriori comparable with5thé results of correlation enelysis
which includes_the long period fading component as well. PFurther,
they mentioned that there zre close reletionships Petween similer
fade and correlation anelysis results, if correlation analysis

is performed after_suhmitting the original feding record to =z

- mathematical filter which suppresses the long-period fading
 components .

In order to study the behaviour of these short;period fading
components separatéiy Sprenger and Schminder (1969) suporessed the
long period feding components Yefore sujecting the fééofds to
correlation analysis. This has been achieved My transforming the

original fading functions X(t), Y(+t) and 2Z(t) according to

1 »f+ G%/Z
x(t) = X(t) - qp S x(t) at
e /2

end anclogously for y(t) and z(t).

The deviation from a running méan is calculated over a given
time interval Tf which is centred on the time + of the respective
emplitude velue. The new functions x(t), y(t) end z(t) are then
used for the computation of the correlation function. This
procedure acts ss a high pass filter with a cut-off frequency

Ef = 4/ T and suppresses feding components with. frequencies F ;f,

i



Sprenger end Schminder (1969). compared cross-correlograms

for these filtered series of smplitudes. It was found that the

l 20
2
1 width of the correlafion fancfiohmdecrease gsystematically wi%h
the increasing cut-off frequency but the time shifts of thg maxima
of cross-correlation function reméined nearly unobanged i.é. the
1\ cpparent drift speed.V_ did not chenge with fading frequency .
They elso calcoulated the Steadj dfift spceéd V snd the characteri-
gtic drift speed V,, using relations given hy 3riggs et‘al. (1950).
The Steedy drift V showed a distinot increase with the.inCreaéing
frequency of the fgding component whereas the rsndom drift VC
showed only a slight decrease. Sprenger and Schminder (1969)

gquestioned the credibility of the usual correlztion analysis.

Chendra and “riggs (1978) appliedlvéfious low pass end high
nass filtérs"tb partial'feflection echoés end reported frue
velocity incressing with use of high pacsﬁfilters and decreasing
with use of low paess filters. It was élso shown by them mathema-
tically that the filtering.woulg change the true drift velocity
. and thig would not necessarily Pe taken as an evidence of
Gispersion. However, a change in the apparent drift speed when
the records sre subjected to‘filﬁerihg would imnly a real

dispersion in the data.

zxample of the modified auto end cross—correlation functions

E with running mean type low pass and high pass filters alongwith

~ the originel euto cnd cross-correlation functions for a gample
.
~ Tading recorus at Tiruchirapalli is shown in Fig 5.,
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- Section 2

Description of the Computer Programme

(e)

1o

’:29

Cutline of the Qompﬁtqgﬁ?rqgramme

Full Correlation Analysis

Compute difference veétors‘from the receiver coordinates.
Galculate auto and cross cdrrelation/funqtioné at
different time lags from the amplitude series (calling
suProutine corlat) .

Fit quadretic near thg peck of the cross-&drrelaﬁion
functions and determ;ne.the maximum crOSs—correlation
from the zero derivative as weii as the time lag for
maximum cross correlation.

Find the time leg in aubo-correlation function for
equivalent valle of the correlation (calling subroutine

TeulC¥r) .

From these time shifts determine the characteristic

éllipse representing the average size of the ground
diffraction pattern (subroutine Mats is used in simplify-.
ing the calculations). Methods of Fooks is used.

¥rom the threé pairs bf time shifts for maximum

cross correlation snd the difference vectors compute

the apparent drift direction. and speed (find the three

‘vectors and the perpendiculser to them from the origin

gives the velocity vector).
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o

2.2: Déscriﬁtiom of Subroutines
1. Subroutine Mesnet (&, I, N, 3, C).

A = amplitude data of different receiver channels

1

M = number of the receiver chsannels

‘N = numher of data samples’
B = mean of different amplitude series
C = variance of different smplitude series

This subroutine is called to compute meen and the variance
of the different amplitude series so that records where signal to
noise ratio is very low or where the signal is in saturation are

automatically removed.

—

2. Suhroutine Corlat (J., J,, T, W SHIFT, I FLAG)

J dJ J, are used to distinguish different auto and

17 727 73

cross correlation functions. For exemple gy = Jds ;.JB means
eunto~correlation function. J1=1 and J,=2 would meen the cross-
correletlon function hetween the data of receivers 1 and 2.

N Shift = Legs required in calculating correlation

functions.. . -

I FLAG equal to 1 means error (due to the denominator heing|

zero or imeginary) .

3. Subroutine TAGGF (RHOMAX, TAU, WOKAY)

RHOMAX = Certain value of correlation function

Tau = time lag for eguivalent correlation value in the g

auto-correlation function



24

NOKAY

1 Programme proceeds -
NOKAY = 2 Prints error (If the deulred vulue of the

correlﬁtlon functlon is 1ess thﬂn the mean ﬁutocorrel tlon

function at meximum time lag).

This suhroutine is called to estimate time lag in the
autocorrelation funotlon for certrln ve 1ue of correlation. For
exeample the time lag for half correlction and the time lag for

maeximum cross-correlation functions are neeced in the anslysis.

4. Suhroutine MATS (S, L, NSPLC, HISS)
S = Invut 1n the form of quentltles which are: function of
.the reoeiver geometry and the time lags
L = 3 coefficients evaluated
NsPiCi= 3
MISS = 1 error (due to very odd values of coefficients L)

MISE m —1-pgooeed further for calculations.

—

This suhrouulne is. oalled $0 81mp11fy che.calculations
of the porameters’ of “the ellipse representlng the average 81ze'
of the ground diffraction pattern following the method of Phillips

end bSpencer (1955) and Fpoks (1965) .

5. Subhroutine ARGUSv(Z,’B1,'D2, FM, ERR, 1L, C1, C2, 51, E2)
4 = three directions defining the three. receiver sepera-—
tions
b1 = Ve1001tj oomputed Lrom bhe Qpproxlmaue method

B2 = direction oomputed from the dppr0X1mate method
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™ = three values (reéeiﬁér_separétions divided by the

| tiﬁe shift,for maximﬁb correlation along that
direction) - | _

ERR = three quanfifies (receiver separation divided by the
square of théifime_ahift for maximum cbrrelatiom

alogg-that direction)

LL

it

numher of iterations
01 = velocity from the least square fit method

c2 direction from the least square fit method

i

B1

Il

error in velocity determination

E2 = error in direction determination

-

This suhroutine is cglled for more accurate determina-
tion of the velocity on the hasis of least square fit method,
starting from the simple velocity. Maximum of eight iterations
or a lower limit in the least square are the criterion.. It also

computes the errors in the velocity determination.

6. Subroutine Disper (DIHETA, GPS, CMF, NSHICF, CX, OY,
 DELTAT, TITLE1, TITLE2, RX, NSHIFA, TAUM, CRM, DR, VD,
PHS, PLRIOD, YV, YD) | -

DTHETA = three directions of receiver separations

CPR

i

three cross~correlations in positive time legs

CE = three cross correlétions in negative time lags

NSHIFC =Ilags in cross correlstion functions

CX = three receiver separétion components along xfdireétion.

CY = three receiver separation components along y direction.



—-—

T = %¥ime interval between deta samples

PITLE1  for record idemtification
TITLER

RX = mean autocorrelatlon function

NSHIFA = 1wgs in autocorr eldtlon functlon

TAUM = hree time shlfbs for maximum cross—correlation
functions |

CRM = the maximum values of the thrée'correlatibh‘fHDCtionS”

DR = the three receiver separations

VD = velocity |

PHS = direction

~PERIOD = wave period

I

Yv velocity for each Fourier component

i

YD -direction for each Fourier_component»

This subroutine is called to estimate %the Cross-spectra
and from the phase lags for different Fourier frequencies compute

the velocity.

7. 5uhrout1ne MOVAV (X, M, N, 1, XT )
X = 1nput duta |
R = output (flltcred dﬂt )

ki

=5
i

numher of data points

L

it

filter width in terms of the nmumber of data valuesg
KI =1, low pass filter | | |

= 2, high péss“filter

= 3, high pass in terms bfvperccntaée'
This suhrOUtimé ié'oa11ed‘t6 filter the aﬁplifude Serie:

This is » simple Tunning mean type filter am can be yused for low

- - i
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P 'ﬁgmp‘Usefﬁl Hints to Users

=Sy

1. Full-correlation : nqu51s‘ . ‘ p

“Amplitude déta'or-the cogrelatibn functions cen e used os
input depending upon -the suitability. For experimenters'where
the signal to noise retio ig likely to he low such as partial
reflections helow 70 km -or IPS records, hf noise may cause spikes
gt the origin of the auto—oorrelétion functions and lower the
cfoss—correlation-functions. It is advised to normalise such
correlation functions. One can smooth the autocorrelation function
and the value of zero tlme he rqlsed to one. Seme normalization

factors will apply for cross—correlatlon functlons also. .

The optlmlzatlon of the sample record znd the sampling
interval would change from experlment to experlment. Chcndra
eﬁ al. (1972) have sbown a mlnlmum length of ghout 12- 15 fades and
4-5 seamples per fade as udequrxﬁe, Too long a record is not
necessarily a better orlterlon (Heek et al. 1979). E“Ol" partieal
reflection fading records a 1ength of one minute is con81dered
most appropriate. -For reflections near equatorial  region even
half a minute of record is more fhan sdequate due to rapid |

fading .

2. Similar Fade Mebhod

Due to the digitel recordings used commonly these deye it is
difficult to apply similar fade methods from guch recordings.

Variant—-1 method can he epplied from the time shifts for maximum
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crogg-correlations. However Tor Varianf§2 it is‘difficult'to
estimate time shifte for each faderih the records Chandre (1979)
has stiggested en ecsy method as an aiternétive for thié'purppsvf
The record length.can Pe divided into 15-20 smail parts and
normeal correiation enalysis applied to each of them° Theltime
shifts for max;mum’drbS$~oorrelations can he used to determine

Variant~2 velocities.

2. Studying Yelocity Variation with Fading Fre-uency

wventhough the cross—spectrﬁi method is quick to give
velpcitylgj:verious Fourier cdmponents,-its interpretation is .
rather doudtful. PFull correletion analysis using filters cen e
used in a Metter way to study the velocity varigtion with frgquency,_

fmplitude date or zlternately the correlation functions can be

used to filter as shown by Chandra and Briggs (1978).
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PROGRANNE TC COMPUTE IONISPHERIC DRIFT PARAMETERS
COMMON /CATA/NSETVI (20) PI1,P102,PIM2,PID2M34RDTDGERADEQsFLAT
1,0GTRD - '
- COMMON IAINDATM?D.IDMM3,.42,50.NCMI;SE' {3). 4 :
CCMAIN/BY Iaroizq.zl.AMNACthlz.AMINRH oMAXTAU,DELTAT yNHLFW(3)
1. NIRHDILZ) NN ] : ' '
CCMMON /C/CRUEZ) oCTHETAL3)
CGMMON JR/RMERNT4), STL (4)
RLAL NCULASH
DIMENSICN IRSTOR (42)4RRXL201
DIMENS JICN RRED( 20 2) ,RIRSTU (42)
DIMENSICN VIMIZ),VIDIZ) -
DIMENS ICN TCI21,TMI3),TCOSU( 34 s TAUMI3) ,CRME3Y
OIMENS JCN CXSU2)4CYSLZ]4RX{504 ¢ERRI3)
GIMENS JON CPFI50,3),CVFL50,31)
DIMENS 10N Cx{2),CY(3),Dx(3¢,DY{3),0R5Q(34,DRI3)
1 JCTHETA(2 04 SNZDTH(3),C520THI3)
PIMENSICN SMI3,4)
DIMZNS ICN ROMIZ)
DiMeNS ICN TEL1ED
DI MZWS ICN PERICCISC) o YWI5IYV, WD (50)
DIM=NS 1OND{423),DC(3,423) ,DDD (423}
RcAl ITATA :
READ 100,KI
1'REhD(5.1oo.Eh0=999')'M.IDAV.IHuNTH.IYEAR.ITIHE.Ifnn.SHIFT.ALPHA,
11-c53+P LOAT,DELTA '
100 Fandal 1514'F4021A3'131F4001F5a2'
TF{KI1. EG.0) PRINT 1111l
JF(KI.EC.1) PRINT 11112
IFIKI.EQ.2) PRINT 11113
11111 FOR4AT (1H2,y *wITHOUT FILTERY//) -
11112 FORAAT(1E2°*CLTPLT WITE LOWPASS FILER*//)
11113 FORMAT (2 CLTPLT MITH HIGH PASS FILTER//)
PRINT lOO.N.ICAY.IHOhﬂH.IvEAR.ITIME.IEND.SHIFT.ALPHA.ISEQ.PLUAT.DE
1LTA ' ' '
JENJ MEANS NUMBER OF AUTO AND CkGSS COEFFe ENOT USED IN THIS PROGI
IsHi EF T MEANS DIST RECUARED FJR PLOTTING CURVEUNOT USED IN PROTRI14
ALPda WEANS F REGICN OR E REGICN ANU FREQUENCE .
IS£J MEANS NUMBER CF SETS
PLUT MEANS. FLOTTING CLRVE (NJT USED IN PRUGRAMME )
DELTA MEANS TIME INTERVAL IN ScCONDS USED FUR AMPLITUDc SCALINT
119 READ 115,(ICATAL1,1),1=1,n
111 READ 1]5'(I[ATA(2'I) QI'lvﬂ)
112 REAU 115,(ICATAL3,1) 121N}
115 FORMAT {(Z0F4e0 1
iF (K{.ECef) GO TC 1117
DO113J=1.3
D61131=1,N
113 DD{J.I1=1CATALI,I)
LLLL=O

aNaNolalely
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D LOUE KKK=1,10
LaliLallLi+g

"DIILTI=1,3

11¢e

1117
1117
135

DILIBI=14N

DLi4=DC I, 1) . '
CallL MCVAVE (DcDDD.N:LLLL'KI)
041171=1,N

ICATACJ, 14=CLD(I)
CONTINLE

BJ iy5 I=1l,20
NaETVI(Iim]
P{=3.141%5952¢536
PIlu2=157075€¢32268
PIM2=€o28218£3€72
PiD2M3%£ ,71238E8GE6D3
RUTVG=57426E117¢511
JoTRU= 1o74£226251¢E=0Q2
ERAJEQ=€378.288
FLAl=e%¢£€22659€63

X aXI5 TC NGRTH,Y AXIS TO EAST
CrhéfA IS MEASURED FROM SJUTH
CR {(1)=120,

CR (21=120,

CR (30=120,
CIHETAL11=180.
CTFETA L2 1=88 000
CTreTA 12 )=90,

NdIssD="

NHLF=J

NCATA {1 =N

NCATa{ 2 )=N

NDATA{Z)=N

NSHIFC=1¢S

N3HiFA=1¢%

CELTAT=CELTA

KERRJR =10

Dd 4 1=1,3
DUM1=CTHETA{IV¥DGTRD
CXx{id=CRIII*CAS(OUNML)
Cx34i)=Cx(1)
Cxiid=CRII1XSINIDUMLY
CyS{id=Cy(1)

IF LCXU1)eECeDe ANLaCX{2)aiQedeUehANDeCX(3) ekQeDew) GO TO 60
GET DIFFERENCE VECTORS
KVECT= @

DA 3 i=1,2

J.)LJM‘I 1]

bBd 5 Jd=JLuv, 2
KVviuT=KVECT +1

OUM1=C x{Ji=Cx{ I}
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13

11

12

13

14
i¢

1¢

33

DuM2sC YL J4-Cvi]

DX{KVECTi=CLM]

DYJ&Vc(T)"DLNZ
GRSQ(K\ECT3'DUN1**2+DLM2**2

CRAKVE CT )=SCRTIDRSCUKVECTI _ )
DTHETK (KVECT )=ANGLRN {ARCTAN{DUML sDUM2) y0e .9 PIM2)
TiDIH=CLNZ2/DUM]

TASUOT =TINDTEX%*2

DuUMi=10+TNSGCDT
SHNZ2UTHIKVECT 1220 INCTH/DUML
C>20THIKVECTI={1.0=TNSQDT J)/DUM]
CLUNTENLE )

MaKE THREE ALTO FUNCS AND AVERAGE THEM IN AMNACF ({100}
04 3 1’113

Cabi CCRLAT (IsI1+]1 4NSHIFA ,135aT)
IF{ISATeNE-1I1GO TO BECl

KERRUR =S '

ARITEL € €4 )KERROR

GJd 70 £¢€

CUNTINUE

Dd d KN=1,NSHIFA

RRHILKM s T1=TRHCIKM I 1/163900 0

CONTINLE

CuMl=]1cQF+CE

RXdli=1oE6

AMNACF {1 1=DUNM]

D3 1) I=2,NSHIFA
RALII={IRHO (T 1 )4IFPHC I, 2)+iRH0O{I3)})/3c0
g4 11 1=2,NSHIFA
DUMZ=(FLCAT£IRHD(I11))*FLGAT(JRHD(I'ZO)+FLOAT(IRHD(I 3100 /3.0
AdNACF {1 1=DUM2

JF{OUMY.LELCLMZIGO TC 12

-DJM1l=DUN2

CONTINLE

I=NSHIFA

IF{1sGEe%)GC TO 13
KERRQR =8
anTt((;E4lKERRGR
IF{iaGEoNSFIFA 1GO TC 14
MAXTAU=1-1

GJd TJd 1E

MaXTAU=]1=2

AMINKE =RANMNACF(MAXTAL)
Calt THUACF (5.9E+05, TMHALF, lJKAY])
IFINUKAYeEC11GO TC 1€
KERRIR=1

WRITEL € 4E4) KERROR

Gd Ta E8 '
CONTINLE

AdGANRH =AMINRH /10€D029,
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23

21

22
23

24

25

2¢

CUJiTIKMNel ,ASEHGEL

RRALKMI=RXIKNM) Z7100C0C D,

PRINT EBC2, {RRX{KM )y Kb= 1 MSHIFAQ
FURMAT 14 1% 1GF€. A

MaKeé CFOSS FUNCS AND FIND TIMES
KVECT=@ .

NZERGL =MSEI1FC =1

NZERIP =NSHIFC ¢l

NTOP=nN ZEFQL #NSHIFC

MCOUNT =@ _

03 43 I=1,2

JOUM=]T 41

CJd 42 J=JDUN,3

FOJK3#S RHO12 EQUALS CORRLAT (2,1)

KveCT=KVECT+]

Call CCRLATI(J2I42sNSHIFCISET)
CallL CCRLAT {(I4J93,,NSEIFC,ISETH
REVERSE IRFG(Z2) INTO IRSTOR

gJ 18 k=1,NZERCL

LaNZERCP =K

IASTAR {K)=1RHOLL,2)

DJ L3 k=NSHIFC oNTCP

LaK-NZEFCL '

IRSTUR {K)=IRHO(L, 2)
MCOJNT=NCOUNT+1
IFIMCOUWNT-21204214 22

MCO=1
GJd T3 =z
MCJ=3
Gd Ta 22

MCJ=s2

CONTINLE

Cd 24 t=1,NSHIFC
CPFIKG ¥CLI=IRHCIK, 2)
CMFIK s FCCI=IRHLIK, 2)
CUNTINLUE

w

IRSTURE NOW CONTAINS FOOK3#SIRHO{I+J).P0S AND NCG

0J25 Ke=1,NTCP

RIR3TI IKM)=IRSTOR [KNI/1JIiduloe
FIND PCSITICN OF MAXIMUM
MaxsIRSTOR (1)

K=l

3Jd 26 L=Z2,NICP

IF (MAX.CE.IRSTOR (L)) GO Ta 26
MAXx=IRSTCR IL)

K=i

CONTINLUE

IiMN=T1AESIK-NSEIFC)

IF{IABS(K-NSFIFC J)oLEGNSHIFC -31G60 TO 27

KERRAR= 6
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c

35

Gd TO £6

FIT QJADRATIC T0 FIVE FOINT) AND SOLVE FOR ZeRO DERATIVE

21

2¢

28

39

31

33

14

35
3¢

37

38

CF=2FLURTUIRSTOR(Ke 2) )~ Z.O*FLJAT(IRSIDR(Kl0+FLOAT(IRSTCR!K 209
CCFLOATUIRSTOR(K+Z) J=FLIAT(IRSTOR(K=2))

- CH=FLO2TLIRSTORI(K+1) )-FLEATLIRSTARIK-11})

CKaFLOATHIRSTORI(K#1) )~ Zo@*FLdﬁT(IRSTOR(KOI+FLOAT(IRSTGR(K -1
Pa{CF=>4,0%CK)/24.0
Q={CG=2a0%CH /1200
Ra~{CF-1€eB3*%CK}/24%0
Sam{(CG=E.0%CH)/1:.0
FOLLOWING NETWORK FINCS ZERJ OF FUNCTION DIFQRTIC
WHICH L1ES EETWEEN X=-1 AND X=+1
Xha=],0
XB=1a0
FA=OFCRYI {F,Q4Ry S, x4)
FIadFQFTYI {P,QeReSeXE)
IF [FAX¥B) 22,429,2¢
KShROAR=E
Gd TJd £6
IF FAcECLN60) GO TO 20
XX3XB
GJa T ¢
IF {(FB.EC-0c®) GO 70 =1
XXz XA
GJd Ta Z¢
KERROR = 4
Gd TO £¢
Xa{ XAx FE=XPXFA)/{FB=FA)
FuaJFQETT (P QRS ¢X)
I {(FC+ECeC @) GO TO 35
IF (FAYFC.L1.,0.0) CO TO 33
FA={FAAFE)/IFALFC)
Gd TO 24
Fa=Fa .
X3= XA
FasFC
Ka=X
I FIABSIXA-XB)eGTalo8001) GU TO 32
X X=X
LSE THIS VALUE xx 10 ESTABLISH MAX OF RHO
RHOAAX=L [IPXXX+#Q I XX ¢R)*¥XX+SI*XX+FLUAT{MAX)
TLIKYVECT4={ FLOATAK-NSHIFC )+ X X9 *¥DELTAT
Fiidu HFERE THIS VALLUE OF RHJ OCCURS ON AMNACF
Call TAUACF [(RECMAX,TMIKVECT ) ¢ NCKAY)
GJd TA (3E4274, NCKAY
KERRUR =3
Gd TJ £g
TeOSQUKVECT ¥=TLIKVECT 1% 2¢TMIKVECT ) ¥%2
RAidax=RECMAX/1000COA,
ROMAKVECTI=RFIMAX '
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3s

36

IFIKVE(T-2)36,40,41
TAUMLL )I=TC(1 ) '

 CRM{3d=RFCMAX

49

41

42
43

44

45

46

41

G [a 42

TAaUMLZ2)=T01 2

CRM{3)=FFOMA X
GJd 7O 22
TAUMLZ 1=TC (2
CRM(2)=REONAX
CONTINUE
CCWTANLE

OcTERMINE ELLIPSE

03 44 KVECT=1,2
SHIKVECT41)0=140
SMIKVECT 42 )=CS2DTHU(K VECT )
SMUKVEQT 42 )2 SNZOTH(KVECT)
SMIKVELY 44 )=aTCLSCLKVECT)I/ORSQIKVECT)
LONTINUE '
CaLl MAYS (SMy4CXy934,MISS)
IfF IMISScLEGD) GO TO 45
KERRJR =2 '

WRITE(€ 484) KERROPR

Gd I'a tE

CUNTINLUE

AsX{]1)

BaCx{(2)

L=Cx{ 3)

. OJM1aSCRT(C#(C+E*B)

IF [AaCT4DUNI) GO TO 46
KERRAR = ]

VS= 109 .

PHS =3, .

Gd T E£S

AAXIS= SQRT(1.9/{A=CUM]1))
BAXIS=SQRT(1.9/1A+LUN1))

AXRATI =AAX]S/BAXIS
THETA3ANGLRN {ARCTAN{=B,y=Ci%*0.5,0.0,PIM2}
LFITHZ TA«GToPID2)THFETA=THETA—PI
A=TMHALF*AA XIS

BaTMHALFAEAX]S

P=THeT A*RDTLC

AXISHMA=A

BXISMA=R

NGLNSH=P |

SQLVE FCR CRIFTY

CONTINLE



48

49

59
51

52

37

0 48 1=1,3
JUM1=160/TDLI)
Cx{I)aCxl{I)ACUML

CYLid=UY{I)2DUML

CRE{LI=TRITIFICUML

ERRII)=CR{T)IADUML

144212

DJ 51 145=1,32

VIMITSE3=SQRTICXLIT U5 ) #%2+CYITJ5)%%2)
VEOD(XJIEY=RDTOGHFARCTANICX{I J5)CYIIU5))
1F (144=132) 4G,50,°1

I1J4=213

-GJ TO 1

Id4223

CONTINLE

SULAVE FOR NEAN PEFRPENDICULAR TO LX4sCY JOINS
OuMlad .0

DUM2=0 0

D0 52 1=1,2

JOUMaT 4]

D3 52 J=J0UN,3
A=LX{J)*CY{T)=CX{I)*CY{J)
Balx{J)=Cx{1Ii

Cagy(J)=CY(]I)}
AZA/dBAXZ4+C*%2 )
DUM1l=DULNI=A%*(

DUM2=DUMZ+A*P
VO=SURTILCUMI*%Z4DUNZA%Z) /360
PH1=aRCTANI{CUMY,DUNM2)
PsPHIXARCTIDC

PriS=PH1I

v3=vD

- 0Jd 28 1JKL=1,2

PEPaPHI*ROTLG
JF{IJKLeECoel} GO TC E£2

o CALL ARGLS (DTFETA-VC1PHI,CRoLRRaLLyBlsBZ,El E2)

Vo=d3d1

Va=3dl

PrAS=82

Pdi=B2

E2=22% £ 029¢€
PaPHIXRECTIDG

A=zFLUATL{K)

B82a32%RETDG
IFIKEKFORLEC.1}G0 TO &S
SLJVE -FCR TRUE VELCCITY

‘CONTINLE

P2PHI-~THETA
C3CJ4S{F)
SaSIN{F)
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56

38

IF (ABSLCIoCE01oOE-GEY GO TO 54
VagaxI $*32/vD :

GJ 1O S

A=S8/C. . -

RaaXRATY *%Z ' R
IF(R.LTOOOO]'RxZOOO .

. PaANGLFN (ATAN(A*R ¥-P=P1D2,PI1D2}
PrAlsPHI+P

XK=PHI=THETA
SS=3INdxK)
CC=CUS XK

-AAaSS/(CC

Axpaxh A
8=A/R

- C=zlait+P

S52]1.0+E/R

A=] ,0+p

R=3/4

BaAaXI S*AAX]S
SaB8%C/ {VC*VD)

"If {RelEele@) GO TC EE

Va=B*SQRTAR)/VD

RR=gx {§4S)/C '
IFIRReLE«Dc IGO0 TQO E5
VC=AAX JS*SQRTIRR )

Gd Td £¢€

KERROR=11
IFLIJKLeEQoc) WRITE {€ 58410 KERROR
CONTINLE
PHI=PHI*RDTLC
FIFI=PFI
PHI=PHI*CGTRC
GJRI=SINIPHI 1>V
EART=CCS(PHI 1*V

CIF {IJKL.EC.2) GO 10 £7

Vo=vS/ ¢

Vav/2

vC=vC/ 2

GORJI=GCRL/2
EART=BART/2
FPPPaP 1/ c=(FPP*PI1/180)
VaNIRT =\S*SINIPPPF})
VIEAST =\ S*CCS(PPPP
I8(14=\S

" IBL2)=FPP

I8(31=VENORT
18(44=\SEAST
IBi5)=V
I6i6)=F1F1
IB(74=ERRT



2219

39

I18(8)=CORD

IB(3)=AXISMA

13010 1=BXISVA

IB{11)=NCLNSH

[8112)=vC :

PRINT 2210 - L . :

FURAAT (4x PRCMIL)? 91X 'ROMI2)* ¢ 1 Xo"ROMIB4 33Xy " TDLL) * 43X, *TDI2)".

33X¢'TD(3)'.3X,'IBill'.3*.'18(2)'13X,'IB(3)"3X.‘IB(4)',3K,'IB(5D‘

8¢
(C

49
£c88

51

94

91

93

14

56

A3Ke"IBAEN" 33Xy *IBLT) " 43X, IBIB) 43X, IBL9)*/)
PRINT E2o(RCMUTID o121 42) o (TD(I) oI=193) odIB{I)oi=1,9)
FORAAT (Zxy6{F€E0292x)49(1542%X47)

PUNCH 8888,ICAY,IMENTFoIYEAR.ITIHE.ALPHA.ISEQ,lIBlI)11=1¢2)v

2IBU304{IE(Y ) 9I=4,11),AXRATI,IB(12)
FORMAT (2XZ29155A19 149215014081 54F6a2,14)
VAC=2VS ¢
ViE=V
FIAZ=aP PP
FITE=FIF]

G4 Ta EE€

Blwi3l/ 2

V=Vv/2

Vu=v(i/ 2

GARJIaGCRL/2

EART=B£ER1/2

8£22P] /c-{BZ*P1/1E8)
BANJRT =B1*SIN(BzZzZ)
BLEAST=BI14CLSIB22)
OlRF=ABS{FITE-FIFI)
IF(VC.{E.0.3) GO TC <2

Gd TO E£S '

IF{VAE «LTe 500a 0o ANDo \TEo LT6 39006) GO TO 91
GJ T €S
IF131a1Te400404ANDoVolTe30000) GO TO 92
G4 Ta ES

GIFF=AES(FIAE=E2)
IFlJIFFalTo4940) GC TO 93
GJd TO €€
CIFF=AES{FITE=F]IFI )}
IFIJIFFelTe4040) GC TC S4
GJ TO Es :
IF{ROMA1)aL1e0.2.0R.RCM(2).LT.0.2) GU TO 89
GJ ra st

IF(RUM1Z)aLlT404.2) GO 10 87
Gd Ta <¢

CGNTINLE

IBd{il=El

IBA2I=EZ

I3{3)=EINORT

A3(41=B1EAST

IBi{Hvi=\
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18(64=FIF]
IB{7a=EART
iB{8)aCCRD
IB(I )= x1ISMA
I8L10)=BXxISMA
18401 )=NCLASH
13(i2i=VC
18{13)=E1
I8(14)=E2
PRINT 2223
3223 FORMAT 12X "Bl 43X, "B2%yTXs"BINORT? yL Xy *BIEAST Y y4Xy?V* 43X, FIFI®,
13X *BART "33 Xy *GORD %y 1 X, *AXISMA®T )1 Xo *BXISMA*y1Xy *NOLNSH® 42X 'AXRATI
2%, 4XKe V\C 19X G 'ELY 4 EX4'E2%y4X, % LL" )
PRINTEEGAIBLT) yI=1411),AXRATI»{IBL{I)oI=12414),LL
88 FURAAT(/ZXs11{I6417) 92%eF8.3,3(1641X)415)
PRINT EEE
88¢ FIURMAT{2x,'ACCEPTEL? )
, PRINT 225
£22% FORAAT LT Xe " B1 35Xy "B2% 31X, *BINORT? g1 Xy *BIEAST! 36X,V 43X4'FIFI?,
13 Xe'BART"e3Xe'CORD Ty 1%, AXISMA®Ty1X, "BXISMA? y1X9 'NOLNSH® 92Xy 9AXRATI
20 4Xe T \CTebX g 'ELY 55X 'E2%,4X,'LL" )
.. GJ TO EE€S
as PRINT €1
€817 FORYAT (' NGT ACCEPTED')
£8G PRINTBELIIPAI) yI21411)0AXRATL(IB{I)sI=12914),LL
LATAST =DELTAT
LAPL=U{MNSEIFC +1)/2
LAPaL X Fl=1
CaLL D ISPER (DTHtTA CPFaCMFoNSHIFC ,CXSoCYSDATAST HTITLEL, TITLEZ,
1RXs ASHIFA s TAUMGGRVyCR2VDsPHSsLXPoePERIBDyYV,YD) . 4
58 CONTINLUE
PRINT Z¢¢
- 36€ FURMAT (IXy121{'%=19))
1010 CONTINLE
63 10 1 .
59 PRINT €4, KERROR
ALA3T=0e0"
YLAIT= 240D
PRINT 36€
Gd T 1
68 CONTINLE
GJd Tu €2
61 WRITE (& 48%5)
62 Sroe
SGS SiJdp
84 FARMAT {1+, 2% "KERROR = %,14)
85 FORMAT {'2',24FALL INPLY DATA PROCESSED)
EnND



N

i

41

SJUBRUUTINE NEANET (A MeNBoli
- DIMENSICN A (M,yN)

- DIMENSICN B 14),Cl4)
BJ 2 Jd=1,M o R
la=ld

i8=J

D3 1 [21,N
Ja=sIa+2(Jdy1)
I8=I8+f1Jdy1)¥ALJ,1)
CONTINLE

BlJial /N

0=Id4/N ,
ClJi=p-eqJI*B(J)
CiJanSCRTICAJIN)
CONTINLUE

RETUJRN

END

SUBROUTINE TAUACF (RECNMAX,TAUsNOKAY)

REAL I1{ATA

CaMMON /A /NCATAL2) o IDATAL 2,423) y NCMISE {31
COMMIN /B/ IRFO(20,2) yAMNACF{ 213 AMINRH sMAXTAU,DELTAT yNHLFWI3)
lenWiaHO1Z)

NiKAY=1

IF (RHCVMAXLCELAMINRH ) GO TO 1

NUKAY= 2

Gd 70 3

A4INDI =2BS41,.0=RHCMAX)

K=1

DJ 2 L=Z,MAXTAL

IF (AMINCI  JLEL.ABSARFCMAX=AMNACFIL))) GO TO 2
- AMINDI =ABSIRHCMAX-AMNACFIL))

K=L

CONTINLE

IF (KoalMEol) GO TO 2

IF {AMMACFIZ)eGTala6©)CO TI 7

TAUsSQFT{AMINDI /{1.0=AMNACF{2))]

Gd T3 ¢ :

TAU=SQFT {ANINDI /U(ANNACFL{21-10€1})

G4 TO £
ﬁ=(dMNﬁ(F1K-l)'ZoO*AHNACFiK)#AMNACF(K+1))/2o0
Bzl AMNACF(K 4] )-AMNACF{K=111/400

CaAMnNA(FiK ]

IF (ABSIAILCEL.1.0E~-G4) GO TJ 4

C=ANNA CFIAK)
IAU!(FLOAT(K)9].0*(RHCMAX3C)IlZ.O*B)E*DELTAT
Gu Ta £

IF {(BAP=AX{(~RHOM2 X)L T.00o9) GU TO 16
TAUI(FLCAT(K)°1.©=(B+SQRT(B*B”A*(C-RHOMAK)J)IA)*DELTAT
RETURN : :
EnND
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FUNCTICN DFCRTI (A +B,CyD,X)

CFORTI={ {140Q*A% X420 04BI¥X+200%C ) ¥X+D)
 RETURN ‘
CEWD .

FUNCTICN ANGLRN {ANGLE,END1END2)
NJ SET CALL NO CTHER CALLS ‘
IF {ENC2=ENC1) 2+4S,1
1 ENDHI=ENLC2
ENDLO=ENC]
: G4 TO 2 '
2 ENDHI=ENLC1
EWDLO=END2
3 RANGE'ENEHIGENULU
NON=-INCLLSIVE HIGH END
ANGLRN =ANGLE
IF {ANCLFN =ENDHI) 6,5,5
ANGLRN =ANGLFN =RANGE
Gd TO 4
INCLUSIVE LCw END
IF {ANGLFN -ENDLO) 7,8,8
ANGLRN =ANGLFN #RANGE
GJd T4 ¢
§ IF JANCLEN LGTLENDFI)Y GO TO 190
RETJRN
S WRITEL€¢ ,1Z2)
G4 TO 11
10 WRITEL € 413)
11 wrITEL € 4143 ANGLE sEND1,END2
sSfap
12 FURMAT (1Xx,17+ ERR FUNC ANGLRNG3Xs,11H RANGE ZERO3Xs5H STOPI
13 FIR4AT {Ixy,1EH ERR FUNC ANGLRNGE3X,11H CYCLE OPEN3Xe5H STOUP)
14 FORMAT L Z2Xy "ANGLE="3E20e1J,*ENU1="yE20e10,'END2=1,E20610)
END . .

[C -

i ™

FUNCTICN ARCTAN {X,Y)
COMMUN /JCATA/NSETVI (29210 ,P1,4PID2,PIM2,PID2M3,ROTDGy ERACEQ, FLAT
1+0GTRD
IF (X¥ T41,¢
1 IF [(Yd 24244
2 wRITE 16 48)
ARCTAN =0 o0
GJd IQ 1 .
3 ARCIFANZPID2M2
G4 TO 1 :
4 ARCTAN=P]IDZ
GJd TO 1
5 ARCTAN=PI+ATAN{Y/Xx
Gd TO 1



43

ERCTAN=ATAN{Y/X) : '
1F 1»RCTAN¢LT.O.) ARCTANSARLTAN+2*PI
RchRN

FORMAT xlx,zzHARcrpN ozo. sarza.aansx
END

SUBROUTINE FATS (S+A4NSPEC,MISSY
ReOUCES THE AUGMENTED MATRIX S TO PRODUCE THE COEFFICIENTS A

. DIMENSION S132,4),A13)

in & - (34}

-

MiS3=-1

MM=NSPEC+]

NaNSPEC

Dd 7 I=ZeN

I1I=]=1

0 7 d=1,I1

IF (511,440 1,7,1

iF {ABSLSLJ, J))ﬂAB‘(S(I-J)))392’Z
RaSEI4JV/S1ded)

GJ 70 ¢
ReS{deJ)/S11,J)

CJ 4 K2l,MM

. B=SLJde K9

S{JeK)®S{I,K)
.SlI'K”E

Jd=Jg#l

Cd 6 KuJJyM¥
SIIeKIsSII,K)-R*S[J,K)
CLUNTINLE

IF (ABS{S{NsN))=1.€CE=10)8,9+9
MISa=1 .

GJd Ta 12
AdNI=S (A MM ) /SINGN}

00 11 1=2,N

Cdd=a-141

19

11
12

8= .0

il=an-1142

DJ 19 Kk=IT1,N

Bad+S{JJsK)*A(K)

IF (ABSISLIJddsydJ))-1a0E-10) 848411
AlJdd=a{SLId«+MMI-B) /SLId540)

RETURN

EnND '

.SUBRJUTINE ARGLS {Z4B1,B2,FMsERRLLsC1,C29E14E2)
"DIMENS ION Zl*JvB(c)9FN(“3.ERR13),FC(3)'RKZ'liyﬁ(3,2)oDF(33o
1Gi{2,2)

B{il)=81

Blzi=Bq

enl=laf-¢

deloElgb

L=l
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DO 2 I%=1,3
ARG=BI:)-211)

CFClI)=E4]1)/CCSLARG)

(s
w
LSS ]

"ALL,1)=FCLI)/B(1)

£12=2C(STARG) ,
Aiiot"f(1’4SINKARG)ICGS(ARG’**2
FORMAT 42Xy *FM=',3F12.5)

Dd 3 J=1,3
ODFEII=Fr LI I=FCLJ)

Dd 4 L=1,42

RiLy1)=0

D 4 J4ul,3
RIL.I)’RIL,IifA(JgL)*BFlJ)/ERR(Jl**Z
DJd 5 Lzle2

Ca 5 K‘]QZ

GiL,Ki=D

DJ 5 Jd=1,3

AFERRUJ)CEQ.O) GJ TC ’03

CILaKI=GIL oK) +ALJ L) #A1J,KI/ERR L) ¥%2
DET=GE 191)%CL2421-Gl Z,1)%G{1,2)
Yia(G{ZyZd*R{1s1)=C(142)#R{2¢1))/DET
v2={RE1,1)-Cl1s13%Y¥1)/GL1,2)
R(1e1d=Y1

RU24103Y2

Cl=3

DJ 6 J=1,3

Jlxd 1+ CF{J ¥ 2/ERR(J ) 4%2

C=A854 C0-Q1).

LL=LL+]

dd=31 .

IF {1LL«CEa8] GO TO 8

IF {QeLE.ERQ ) GO 7O &

D1 71 Jd=nl,2
BliJi=BlJI+R1J,1)
GJd T 1
IF{iGlZ92) /RET*¥Q1).LT.043) £1=0.0001
IrllGllqli/CET*Ql)oGEoOoOJ GJd TO 118
E2alltCE] '
Gd TO 218
IFIZ1.EQ.0,08001) GC 1C 38743
El=50RTI{C(2,2)/DET*Q1)
£22SJRT{(C(1,1) /DET4Q1)
IFIB{1).LT.0) GO TC 219
Cl=Bd1)
C2=3{21)
RETJRN
Cl==B8{1)
L2=2B(2}42.1416
IFf ICZ2.CT.642822) C22(2-622832
RETURN
ENC
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SUBRJUTINE CCRLAT (Jl-JZ-JJ.NaHIFTwlFLAGJ
‘CGMMDNlﬁ/NEATAIJt,IDATA(3.4230yNDMISE (3) ‘
. COMMGN /B/ IRHO(ZC.E)9AMNACF(21)'AMINRH sMAXTAU,DELTAT yNHLFWI3)
1eNIRHO(2) =~ L - o
DiMENSJGh.SGx(Z,Ziqsswx(z'Zi,K(425i,¥(4251
REAL ITATA : ’ S A
IFLAG=(
NOAT=NIATALJ])
Gd 1 3»y=1,NLAT
XA XY ) =2ITATA(J29dXY)
1 vddxydsICATALIL,JXY)
S X=J
Su=)
SS A=
$SYy=0
D3 2 J4)¥=1,NCAT
SS X3S SHax{IXVIHX(I XY )
SX2SX# X IXY)
IF (JleECede) GO TO 4
03 3 Jxvaly,NCAT
SSYsSSNAYLInY)*Y LI XY)
SY=SY+YLJXY)
Gy ro =
4 Sy¥y=3X
S§5Ya38 )
0d 7 JD=1,NSHIFT
NS=JD=1
NP=NDAT~NS
SuMaQ
PN=NP
Dd & Jrl,NP
'3 SUM=SUN4X1J)1Y(J*N51 _
JF((SS)QSX*SXIPN).EO.O.BR.{SSYﬂSY*SYIPN).EQ.G)GO 70 19
IFIiSS)—SX*SX/PN)*(SS\—SY*SYIPN).LToGoOD GO T0O 19
IRHJIJ[,J3l=lSUM-SX*SYIPN’/SQRTilSSX-Sx*SXIFND*lSSY-SY*SY/PNDl*l‘
1Eo0+J«5 - ‘
XX=XINT2AT-NS)
yYy=yl(JLC)
£XxIX= 2 X
. SyaSyY-VYY
T SSA3SSI-XX¥XAX
7 SSYaSS Y= YYXYY
GJd TO E )
£ NIRHOL JZ)=NSHIFT
RETJRN
16 IFLAG=]
RETURN
eENT

ny

(V]

[§,3
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SUBROUTINE CISPERIDTHETA »CPFoCMFyNSHIFC sCXoCYoDELTAT #TITLEL LTI
12.RAsNSHIFA TAUM yCRM DRy VI oPHS ¢ LXP4PERIODYV,YD)
"DINENSICN PERIQDAL XP ), YVILXP)e YDILXP) :
~SUBROUTINE COMPUTES TtHE VelUCI T¥ AND DIRECTIONsAS A FUNCTION UF
OF THE PATTERN RECORDED AT SPACED RECEIVERS
DIMENS 1CN CPF ( 50,2) yCMFL 504309 X{050) 4 YI050) 4CPLO50) 4CMIL50 D,
LAXY(O5C)oSXYL 50)e AMP{ 500 ¢PHI 58) 4CXYL 50) QXYL 5019 SCXY L 500
 250xv( ;%01 ,CRU3),CR(3),ERRII) ,RXL 500 4PX{ 50),SPX{ 50) 4CPS{ 501,
4CMSL 503,TAUMI3)CRMIZ),A12( 50),P121 503.A231 50)4P231 50},
SO0THETALZ)sCrU3)4CY(3)
RAD218€o /320141593
XX==] o .
KAXLAG=NSKFIFC ~1 - -»%
PI=34141%¢9217
LLAG=MAXLAG+1
C=PI/MAXLAG

IFENSHIFC oNEoNSHFIFA ) PRINT 6
6 FURMAT (/471X 112 H¥ ¥ 44THE POWER SPECTRUM 1S INCORRECT BECAUSE O

10iFFERENT LAGS IN THE AUTJ AU CROOS CORRELATION FUNCT IONS %k ¥¥k
RX{1i=Co E¥RX{1)
CRAXELLAC)=sRXILLAGI*C,. £
00 8 1Fk=1,LLAG
FIR To loDoDISPERSICN ANALYSIS INTERVAL IS IN MINUTES.
8 RxddHI=Rx{IF}/1. E6
0O il4 NJ=1,3
MasMAXLAC*Z4]
‘ IFINJ=28 11414416
11 PRINT 12.,0ELTAT

12 FORMAT{1+1,5xy22H RECCRD IDENTIFICATICUN, 5X920H DATA TIM
INTERVAL=F6 .2, SECOND?,20H TEST FOR DISPERSION/I
PRINT 12
12 FIRMAT {71x,36H CROSS CORRELATICN OF RECEIVERS 1 AND 2/)
12 FJURMAT Y
2/5Xs11€H NCTE THAT DISPER COMPUTES GROUND PATTERN VELOCITIESFO
- 3EFLECT ICN RESULTS THE IONOSPHERIC VELOCITIES ARE HALF THESE ’
445Xe11 EH
5 : o//
£39H CRCSS CCRRELATION OF RECEIVERS 1 AND 21
G4 TO 18
14 PRINT 1%
GJ TO 18

15 FGRAAT {/1%,36H CROSS CORRELATICN OF RECEIVERS 2 AND 3/)
16 PRINT 17
17 FORMAT(/71x,29H CFOSS CORRELATICN OF RtLtIVtRS 1 AND 3/
18 DJ 25 M=1,LLAG :

CP(N)=(FFiNth)/l.E6

CHid=CMFIN,NII/1L.ES

"No=LLAC+1=N

XENN ) =C¥IN)

25 x{N+MAXLAG)=CPINY
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PRINT 2Z¢(X{N)oN=1,MA)
FORMAT 31Xy 1GF6 .2 )

MMz 2% NAXLAG

- TaUMAX=TAUMINJ)
CCRMax=CRMINJ)

2E

25

DETERMINE THE SHIFT CF THE MaX OF THt CORRN FUNCTION
IFICPL i 10CTaCP{1)) GC -TO 28
GJd T 24

DJ 31 A=2,LLAG
lF(CP‘h’eGTcCP(N 149G6C TU 31
GJ TO 29

NoHiF=N-2

NUIR=1

Gd TO 22

CONTINLE

D3 37 ¥=2,LLAG
JIFLCMINDGT.CMIN=1)) €O TJ 37

NSHIF=M-¢

NoOIR=~-1]

GJd Tg ¢32

CUNTINLE

COMPUTE CC AND QUAD SPECTRA anD PUWE- SPELT-UM
DO 60 JP=1,LLAG
AXYLJIP Y=CPLIJP}4CNI JP)
SXY{JP 4=CPY JPI-CNM{ JP)
AXY{LLIG)=aS2AXY{LLAG)
AXY¥({1)=5%xAXY]])
SX¥{li=eSXxErvil}
SXY(LLAG )= 5*SXYLLLAG)
D4 &5 1+=1,LLAG
FIH=IH-1

CXY{IH1=0

CXYLiH I1=Q

TH=Qx%F 1K

Ci=COS (1)

Si=3iNI(TE)

PX{iH¥=0€

CN=1.

SN=)

LU €5 JF=1,LLAG
FJP=JP«]

S=Q#FIF%F JP

CNS=CN

CAY{IHI=CXY(IHJ)+CNAR XYL JP)

QAYLAH I=CXYITH)+SN*S XYL J4P)

IFINJoa ECo3) FXx {1IH¥=FX{IHI+CN¥RX{ JP) *2o
CinaSN*C1=SN*S1

SN=3N*CT4CNS*S1

CUNTINLE
CHPH=N SF1FXNCIR*PI /MAXLAG
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DJ 67 JwZ,LLAG
L CxY3=CxYlJ) -
QX¥3=QxY {J) v
CHP=CHFPE*(J=1) '
CXYIJQHCXYS*CGSICHP)!QXYS#SINICHP)A
671 QAY{J)=2Cx¥S*COS {CHP )-CxXYS*SIN {CHPI
COSPX(1dm AP ). 46¥PXL2)
SPXILLAG )= S 4%PXILLAG) 40 45%P XI LLAG-1)
SOKY{1 1=« S 4*C XYL 1) 40 4E¥CXVI2)
SCXYILLAGIm S4¥C XYALLAG) #, 46 *%C XY{LLAG=1)
SOXVEL VoS4 ¥QXYL 1) 4o 4E4QXYI2)
aaxrlLlhtix.EG*QxY(LLAG)+046*QKY(LLAG -1
KK=L | AC=2
DO 79 1=1,KK
Jal+1l
spx(J)s.sq*Px(Ja+.<3*(Px(Jm11+Px(J+1))
SvKYIJl-oS4*CXY!J)*o2’*(CXY1J*l)#CXYiJ 1))
708 SOXYL{J)meSA¥CXN{ JN¥e 2IXLAXY{ JH1I+QXYLI-1))
" AMPLITUDE AND PHASE CF CRJSS SPECTRA
0a 75 J=1,LLAG
75 AAPIJ)=SCRT {SCxXYL JI#A2+45QXYLJI**2)
FMUnl. /8Z*VAXLAG*DELTAT)
D2 110 I=1,LLAG
RAD=180,/P1
AB=aBSLSCxy{I)/SCxY(I))
PHi=ATEN{AB)
IFL30XY{I)) B0476+S5
76 PH(I)=0,
6J TO 116
B8 IF{SCXY{I)) £5,E5,%0
85 PH{I)={PEI+PI)*RAD=3¢€0.
S0 10 1190
‘88 PHI1)==FEI*RAD
Gd To 11e
95 IF(SCXY{I)) 100,106C,1C5
160 PH{I)=(PI=-PHI)*RAD
Ga T4 11e
105 PH{I)aFFI*RAC
119 CGNTINLE
‘ Ust EXPECTED CCNTINUITY .OF PHASE TO PREVENT TwO PI1 AMBIGUITY IN
1ThE P
DI w9 J=2,LLAG
JFAPH(J=11.€CT.90) GO 10 131
Ga TO 102
101 IF(PHI J)elLTa0,0) GC TC 102
Gd ITn 16¢
107 PHI{J)I=FHIJ) 4360,
Gd Ta 1€ ¢ '
193 IFdPHIJ=1).LT.=90) GC TO 1Jo
Ga fo- 1es
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106 IF(PHL J14GT.0.0) GC 10';0#

_ GJ FO 109
107 PHIJ I FE(J4=2¢€00

- 139 CONTINLE

[ X

DU 104 J=2,LLAG
104 PHUJdmPHIJ)4CHPH#{ J> 1)%57.29
STURE ANPLITUDE ANC PHASE OF THE CROSS SPECTRUM FOR EICH PAIR OF
1RECJ
DJ 114 J=1,LLAG
IFINJ=21111,112,114
111 AL2(J)=ANPLY)
PL2(JA=PH( I}
GU TO 114
112 A23(J0=AMNPLJ)
P23(J)=PHLJ)
114 CUNTINLUE
PRINT 115
115 FORMAT 2 1%s/e9Xs FRECLENCY IN CYCLE/SECGND ,PHASEIN DEGREES,
1DIRECT ICN IN DEGREES CLOKWISE FROM NORTH,PERIOD IN SECONDS®4/)
PRINT ¢ .
S FORMAT (1Xs/,9%, 'THE COHERENCE SQUARE IS COMPUTED FROM THE AVERAG
1FJWcR . SPECTRUM AND HENCE IS SLIGHTLY INACCURATE!)

PRINT 11¢
116 FdRﬂAT 11X'/y39K,'ﬁMPLITUDL AND PHASE OF CROSS SPECTRA'y/ 439Xy tm=
1 - - o s o i e 8y /)
, PRINT‘II? .
117 FGRMAT{1»,*FREC PERPICD WAVE ANP PHASE AMP PHASE ANMP Pt

1ASE VELCCITY EFROR CIRECTION ERROK POWER COHERENCE SQUARE'/
212X "LENCTE 1-2 1-2 2-3 2=3 1-3 1-3
3 SPECTRUM 1-2 2-3 1-3%)
. S5INCE THE SFECTRA INVARIASLY FALL TO ALMOST ZERO 256095 8136 Cth
. NYQUIST FREC,FINAL RESULTS ARE COMPUTED GNLY TO THIS FREQ
- LLAGU= [LLAG+13/2
COMPUTE VELCCI1Y AND ODIRECTION OF EACH FOURIER COMPONENT
00 129 J=1,LLAGU
FREJaFLCAT (J=1i*FMD

cc PRINT 1001, FREQ

1631 FGRMAT12>,'1601° F120%)
IFdJeECs1) €C TO €36
PZR=1e /FFEQ

939 IF(ABS(P12{(Jd)=4C01)11£,118,120

118 Pl2idd)=.001

129 IF{daECol) CC TO 3461
AG=300 HFREC
CRU1LI=RCACRI1I/P120I)
ERR(1I=(R{1)/PL2{(J)
ERRI2)=CRILZ}/PFLJ)
CR42)=AC¥DRL2V/PHL I
CRU3 = FCXLRIZD/P234U)
ERRI3)}=CRI2)/P231J)



ERRI1)=ERRI] )*AG
ERRLE2)=ERR(Z )XAG
ERR{I V2 ERRI(: }%AG
Call AFCLS(DTFETA,VD PHS.CR ERR.LL.V,D El,EZ}
D=0%RAT .
ALAMBD -El/FREQ
| E2mE2%RALC :
Kad-]
lF‘D GT:’&Q.,D'D“?E‘@-
PERIOD K )=PER
¥VIKI=Y
YO(K =D
vayv/s2 :
1 CONTINLE
COHERENCE SQUARED
COL2=LR1Z2LJ)/SPXLJ))**2
CO23=( A23{J)/5PxX{J))»42
CAL3a(ANPLU)/SPXI{J))*4?
IF{J.ECol) €O TO 140

64 TO 13¢

) PRINT 121, +FREQ,A1244)4A23( J) yAMP(J) »SPX1J0,CC12,C023,C013

| FORMAT {1Xx,FE,3, 15X931F60297X) 933X4F80292Xy 3F562)
6Jd TO 12¢

. PRINT 12E,FREQPERSALAMBD,AL2( J) oPL20Jd),A23(J)y P23{J)AMPLJ},
1PH(JJ.V El CyE2,SPX14),C012,C023,C013
| FORMATA1»9yFE43,2F7. 131X93{F0024FTel) 4sF902,F7c2, 2F892.F702,2K,
i1 3F5.2 ]
- CUNTINUE
CONT INUE
CaiLlL C]KFLT(PERIGD'YV1°LXP|°1'8H PERIOD,10H VELOCITY)
PRINT Zo00 .
FORMAT 145x,*TIME FERICD IN SECCNUS,VELGCITY IN M/SECe )
PRINT 201
FORMAT {(22x4*TIME PERIOD IN SECONDS,DIRECTIGN IN DEGREES CLDCKWI SE
1FREM NCFTH?)
BETURN ~
EnND

SUBROUTINE FCR MOVING AVERAGE,LCNG TERM REMOVE & % LTR VALUES 15°12=178
X = INFUT CATA :
N = Nde CF CATA POINIS

L = FILTER wWIDTH IM TERMS GF THE NUMBEK OF DATA POINTS

Ki-= 1 NCVING AVERAGE DATA

Ki-« 2 LONC TERM KENCVE UATA

KI = 3 LCNG TERM REMOVE DATA IN PERCENTAGE

SUBRAUTINE MCVAVE{ X9RP 4N,L oK)

IF{4.6721200) STAP ' NC. QF DATA >1200°¢

LHF=sL7 ¢

DIMENSICN XUIN)SRMIMN) 4, ¥(1200)



”~~

~ r

IFLLaGlaz00) STQPY NOes OF MEAN >200°
LoBL=1L72 )
NLHF=aN4LHF
LAaal

- IF{MOC AL +210EQeD) LA= 2
00 10" I=1,LFF :
Y{Idsax{1) .

10 YLLi&+NLEFI=XIN)

Dy 15 Im1,N
15 YLI¢LHFI=x{1)

SA=dae

Dl 20 1=1,L

23 Sa=SA+v(]1)
0Jd 3J I=1eN
S8=S5A
SA=SA=vY{134v{I+L)
Gd T 122+24),1A

2e¢ RM{I)=SB/L
GJd TO =0

24 RMAITII=1SA+SB)/LDBL

39 CONTANLE
GJ TO 14€,50,70),KY

Ki = 1 FCVING AVERAGE DATA
43 RETURN |

KI = 2 LCNG TERM RENCVE DATA
50 09 69 I=1,N
64 : ﬂM(IJ=ﬁ11)—FN(I)

, RETURN

Ki-=. 3 2 LCNG TER® REMOVE DATA
78 0Q 80 I=1,sN
88 RMiId= (x{I)=RMII))*130./RMI(I)
RETURN
EnD '



