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le PROBLEM

Optical pulses that result from the reflection of GaAs laser pulses
from water clouds have been measured. The amplitude of the return pulse
as a functio~n of time, V(t), depends on the tr&nsmitted laser pulse,
P(t)i the overall system sensitivity as a function of distance (range
response) R(x)l and the optical properties of the cloud. For the
present purpose, the properties of the cloud along the pencil beam path

A of the optical probe can be described by a single function, C(x), the
cloud signature. 1 ' 2  Light arriving at the detector at time t must have
been transmitted at an earlier time, t - T (T > 0). T is the time that
it takes light at speed c to travel from the transmitter to the point of
reflection (distance a x) and then back to the detector, which is near
the transmitter. Therefore,

S2X/C: .(1)

All pairs of T and x such that T 0 and equation (1) holds will
contribute to the return at time c, with the contribution weighted
according to the system range response at the distance x and the cloudsignature at that location. Therefore, the total return -Ls given by the
convolution

V(t) = K f P(t - T)R(x)C(x) dT , x = cr/2 , (2)

where K is for normalization.

The purpose of this study is to investigate a method for finding
C(x) given V(t), P(t), and R(x). P(t) and R(x) are constant functions
of the system. V(t) has been measured for a large number of pulses.

One method for solving for C(x) in equation (2) is as follows. 2

Using the notation of MaGuire, 2 let

h(t) = K.C(ct/2)oR(ct/2) * (3)

Now, to consider equation (2) numerically, let

t =n-At , r i"At .

IH. H.Burroughs, Computation of Cloud Backscatter Power as a Function
of Time for an Active Optical Radar (U), Naval Weapons Center NWC TP
5090 (April 1971). (CONFIDflINTIAL)

2 Dennis McGuire and Michael Conner, The Deconvolution of Aaxvsol
Backscattered Optical Pulses to Obtain System-Independent Aerosol
Signatures, Harry Diamond Laboratories HDL-TR-1944 (June 1981).
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The integral thor, bocomes a suma .

*VlnAt) - At F P((n - i)lt)-h(iAt) * (4)

an vectors, the notation becomeA

where

P(At) 0 0 •.. 0

P(2At) P(At) 0 ... 0

P(3At) P(2At) P(At) .,. 0

S ;

P(nAt) P((n - 1)At) .. P(At)

The problem of solving for C(x) (by here solving for h) then becomes one
of manrix inversion. The solution to equation (5) is

h= (1/At)p-v . (6)

Equation (6) does not give satisfactory results2 if V contains noise.
This failure is probably because the form of P(t) causes some large
elements to appear in P1, giving too much significance to same small
variation in V due to noise. It is not surprising that there is some
difficulty related to dealing with P-. This difficulty is because the
determini'nt of P is [P(At)]n, which is very small since P(At) is the
first nonzero point of the transmitted pulse. One might easily expect
this problem from another point of view; namely, since the convolution
of C (eq. 2) will smooth out small bumps in C, the deconvolution of V
using the same equation will badly exaggerate small bumps (noise).

2Dennis MGuire and Michael Conner, The Deconvolution of Aerosol
Backscattered Optical Pulses to Obtain System-Independent Aerosol
Signattres, Harry Diamond Laboratories HDL-TR-1944 (June- 1981).
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A way to avoid all such difficulty is to *ake the approximation
that P(t) - A*S(t - t ), where A in a normalization constant and to in
the center of the tranamitted •xlse. Then equation (2) immediately
yields

rc(t ____t______

ta]CA4 -t) (7)
Z2

This discArds all information about the shape of the transmitted pulse,
thuv reducing the resolution in C(x) to about I to 2 m since the trans-

-mitted pulse has a full width at half maximum (1WI#•) of about 6 no.

2. iESCRIP•ION OF METHOD

In this investigation, equation (7) is used as a first approximation
to C(x). Since one desires a cloud signature with better than the 1-. to
2-m resolution achieved by using equation (7), same effort is then made
to modify C(x) to find a more accurate cloud. ignature. In this discus-
sion, a more accurate (or "better") cloud signature refers to a signa-
ture with a smaller error, where error is defined as followst Insert
the cloud signature currently being considered into equation (2) to
calculate the return pulse (Vc, subscript c for calculated) that would
result from that signature. Compare that with the measured return poise
(Vm) defining '

error f [(t) - V (t 2 dt ,

Various functions (as discussed later) are tried for C(W), and the CVx).
that gives the smallest error is recorded as the extracted cloud signa-
ture.

Now, equation (6) immediately gives the cloud signature with error
0, but that signature is noise dominated nonsense. 2 Here, then, one is
not seeking the absolute minimum in the error (which would be zero), but
rather one seeks a relative minimum in error by varying C(x) in some
gentle way about the 6 (delta) extracted (eq. 7) first guess.

The following measures are available to prevent the cloud signature
from becomingj wildly bumpy:

a. Restrict how far the successive estimates of C(x) can vary from
the original 6 extracted C(x).

2Dennis McGu.'re and Michael Conner, The Deconvolution of Aerosol

Backscattered Optical Pulses to Obtain System-Independent Aerosol
Signatures, Harry Diam:ond Laboratories HDL-TR-1944 (June 1981).

7
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b. Subject the return pulsei Vm(t), to a low-pass filter.

c. Subject the final answer for 'Ctx) to a low-pans filter.

The severity of each of these restrictions is easily varied. It was
hoped that with these restrictions a relative minimum in the error could
be fouid associated with nme reasonable cloud signature that would have
the same gross properties as the delta extracted signature, but with

sharper features. Wfore sample calculations were carried out, it was
not clear vhither restrictions and filtering (measures a to c) adequate
to smooth out the noise would simultaneously doom revolution to worse
than 1- to 2--a resolution of the delta'function case. If filtering

alone (b and c) can successfully suppress the noise in a gAven data bank

while still allowing improved resolution (this would depend chiefly on

the signal to noise ratio for that data), then one may consider using

equation (6) after all, with the appropriate filterinq of V(t) and

C(x). On the other hand, if the a priori assumption that the desired

cloud signature closely resembles the delta extracted signature is

essential, then the method described below may be useful.

In the present method, the calculations are done by computero The

cloud signature, C(x), is in digitised form with 100 values for C.

These values are at 0.15-m intervals in distance (x), vovering a total

of 15 m. The first estimate of C(x) is provided by the delta function

method; that is, equation (7) is used for 100 values of t (corresponding
to 100 values of x with x - ct/2). The various values of C(x) are then

varied in an effort to find a C(x) with a smaller error (as defined
A above). The variation of C proceeds as follows: For a chosen initial

value of Q (Q > 1), begin with the first point [C(xi) - 0.15 m]oand

consider the following five possibilities:

a. Leave C(x) unaltered.

b, Multiply C(xi) by Q.

c. Divide C(xi) by Q.

d. Multiply C(x ) by Q and decrease the next value, C(xi+Qe), by the
amount by which C(xi) increased.

e. Divide C(xi) by Q and increase C(xi+I) by the amount by which

C(xi) decreased.

(Choices d and e are motivated by the consideration that they leave the
integrated return less changed; since the original guess had approx-
imatel.y the correct total energy, thise possibilities are probably J

desirable.) One then takes whichever of the five resulting cloud signa-
tures that has the lowest associated error and considers it to be the

8 ,
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current (or "new and improved") cloud signature. This variational
method is then repeated for the next point and oucessive points through
C(x.) - 15 m. This constitutes one pass. If after any pass the error
is smeller than it was at the beginning of thf pass, it is deemed wurth-
while to make another pass by using a smaller value of Q,

Qnew (nQ + 1)/(n + 1) , n > 0

to achieve finer variations in C(x) . The flow chart and coding for the
computer program that carries out this procedure are shown in appendices
A and D, respectively. The values for n and the initial Q can be

specified as desired for each computer run. The particular values of Q
(a Oinitial) and n that were used to generate the examples in this
report are givmn in appendix C. The cloud signature is cnnstrained to
vary only within a certain region because no value of C could be
multiplied or divided by more than approximately QI'Q2"Q3"."., and
this product has a finite value depending on Q, (- 0initial) and n (see
app D).

In this way, C(x) varies until some relative miniirum in the error is
found. When a pass is executed (one Q, all 100 points) with no decrease

in the error, the process is stopped and the cloud signature is
recorded.

3. RESULTS

The characteristics of the signature found by this method depend
critically on the signal to noise ratio of the return signal, V(t), as
the following examples show.

3.1 Case I

An idealized cloud with the backscatter coefficient propor-
tional to the extinction coefficient 3 and extinction coefficient profile
as shown in figure 1 results in the cloud signature shown in figure 2.
Here one assumes 1 , 2

-2f u(s) ds
C(x) = p(x)e

1H. H. Burroughs, Computation of Cloud Backscatter Power as a
Function of Time for an Active Optical Radar (U), Naval Weapons Center
NWC TP 5090 (April 1971). (CONFIDENTIAL)

2Dennis McGuire end Michael Conner, The Deconvolution of Aerosol
Backscattered Optical Pulses to Obtain System-Independent Aerosol
Signatures, Harry Diamond Laboratories HDL-TR-1944 (June 1981).

"1D. Diermendjian, Electromagnetic Scattering on Spherical Poly-
dispersions, American Elsevier, New York (1969). The ratio of
backscatter coefficient to extinction coefficient depends on the
wavelength of the radiation and the aerosol particle size
distribution. If the latter is a locally homogeneous property of the
cloud, /a/ (backscatter/extinction coefficients) will be constant.

9



The return -pulse (calculated by a straightforward convolution, eq 2)

that would result from such a cloud was subjected to the present signa-

ture extraction algorithm. The algorithm includes tiltering out high

frequency bumps in thn return pulse and signature. The resulting

extracted signature (fig. 3) is relatively close to the actual signature

and provides better resolution of the sharp peak than the delta function

extracted signature (fig. 4).

Noise in the return signal becomes exaggerated on deconvo-

lution. This exaggeration means that the signature extraction becomes

less. reliable as-. the signal to noise ratio decreases. To demonstrate
this effect, 'the return pulse from the idealized cloud has been

corrupted with noise and the signature extraction has been attempted
again. The results for a signal to noise ratio of about 100 to 1 are

ahown in figures 5 and 6 and for a signal to noise ratio of about 40 to

1 are shown in figures 7 and 8. For a signal to noise ratio of 100 to
1, the initial rise and sharp peak are just slightly more accurate than

the delta function was, but a large amount of noise has shown up in the
exponentially decaying tail. For a signal to noise ratio of about 40
(fig. 6), the .situation ,s worse.

0.2 -

0.05a

"" 0.1-

0 AI . I I

0 2 3 4 5 5
x (M)

Figure 1. Case I: extinction coefficient.
f
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0.0040

* SIG

0.0030

0.0020

0.0010-

0

0 2.00 4.00 6.00 6.00 10.00 12.00 14.00 16.00
X (m)

Figure 2. Case I: cloud signature.

0.0048

0.0040

0.0032

SIG
0.0024

0.0016

* 0.0006

0
0 2.00 4.00 6.00 8.00 10.00 12.00 14.00 16.00

X(m)

Figure 3. Case I: extracted cloud signature
(noiseless return pulse).
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0.0048

0.0040

00032

DELTASIG 0.0024

0.0016-

0.0008

0 0

0 Z00 4.00 6.00 too 10.00 12.00 14.00 16.00

Figure 4. Case I: delta extracted cloud signature
(noiseless return pulse).

0.0048

0.0040

0.0032

SIG

0.0024

0.0016

0.000 9-

0-.
0 2.00 4.00 6.00 8.00 10.00 12.00 14.00 16.00

X(m)
Figure 5. Case I: extracted cloud signature

(V"eturn pulse signal to noise ratio 100).
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0.00

S0.0040

=•0,003
DELTA

SIG
: 0.004.

0.0016

0.0009

0 ,

0 2.00 4.00 .00 100 10.00 12.00 14.00 16.00
X (m)

Figure 6. Case I: delta extracted cloud signature
(return pulse signal to noise ratio - 100).

0.0048

0.0040

0.0032

SIG

0.0024

0.0016
O.Om11

!io L
"0 2.00 4.00 6.00 8.00 10.00 12.00 14.00 16.00

X (m)

Figure 7. Case I: extracted cloud signature
(return pulse signal to noise ratio - 40).
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S~DELTA

SIG

0.004

' SiG 0.0016.

0~

0 200 4.00 6.00 8.00 10.00 12.00 14.00 16.00

X (in)
Figure S. Case 1: delta extracted cloud signature
(return pulse signal to noise ratio - 40).

3.2 Case II

Figures 9 to 16 follow the same format as figures 1 to 8, but
for a different idealized cloud, case II. Here the improvement is less
substantial because the case II cloud has a softer edge, so the delta
extracted signature is closer to the correct signature.

0.2
9A= O.O~o

S0..05a

0 - I IJ • i

0 1 2 3 4 5 6

Figure 9. Case II: extinction coefficient.
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0.0040

0.0032

SIG 0.0024.

0.0016

0.0008.

0 0 2.00 4.00 6.00 6.00 10.00 12.00 14.00 16.00

X (M)

Figure 10. Case II: cloud signature.

ii

0.0040-

o.0032

SIG
0.0024

0.0016.

0.0008

L 0
0 2.00 4.00 6.00 8.00 10.00 12.00 14.00 16.00

i X (M)

Figure 11. Case II: extracted cloud signature

(noiseless return pulse).
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0.0046

-I DELTA
i SIG 0.0024

0.0016
0.0006

0
0 2.00 4.00 6.00 6OO 10.00 1.00 14.00 16.00

Figure 12. Came II: delta extracted cloud signature

(noiseless return pulse).

0.0048

ki
1 0.0040

SIG 0.0024-

0.0016

0.000

0 LOD 4.00 6.00 IL00 10.00 1LOO 14.00 16.00

"J ~Figure 13. Case 11: extracted cloud signature

(return pulse signal to noise ratio 100).
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S0.00481

0.0040.

0.0032

DELTASIG

0.0002.39

0 2.00 400 6.00 0.00 10.00 12.00 14.00 16.00

Figure 14. Case I1: delta extracted cloud signature
(return pulse signal to noise ratio - 100).

0.0040

0,0032-

SIG
0.0024

0.0016

0.0008

0

0 2.00 4.00 6.00 8.00 10.00 12.00 14.00 16.00

X (M)

Figure 15. Case I1: extracted cloud signature
(return pulse signal to noise ratio - 40).
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0.0048

0.0040

0.0032

DELTA
SIG

0.0024

0.0016

0.00011

S2.00 4.00 6.00 8.00 10.00 12.00 14.00 16.00
X (M)

figure 16. Case II: delta extracted cloud signature i:I(return pulse signal to noise ratio ~40). _

4, CONCLUSIONS

If the data have a signal to noise ratio of about 100 to 1 or
better, it is possible to achicve slightly better resolution in the
cloud signature than the resolution that would be available from equa-
tion (7), dividing by the range response (delta function extraction).
The extent of the improvement in the resolution depends on the signal to I
noise ratio. There is no evidence that restriction a s ect. 2)
(limiting how far estimates of the cloud signature can vart- from the
delta function estimate) is essential to the reasonable behavior of the
cloud signature. Low-pass filtering of the return pulse or resulting
cloud signature probably is necessary. This necessity indicates that,
with a signal to noise ratio greater than 100 to I and adequate
filtering, perhaps equation (6) should be reconsidered as a method for
solving this problem. It may be worthwhilb to consider using a hybrid
method by which equation (6) could be used to treat that portion of the
return where the signal is high, while settling for the delta extracted
siqnature where the signal is lower.

18
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V

It was considered desirable to analyze a select portion of the

meamured data by using the present method. Because of a computer mal-

function, thus analysis has not been done. It is suggested that for
each return pulse two extimates of the cloud signature be recordad, one
using the algorithm discussed in this report and, for comparison, one
using the delta function extraction. Unlike the test canes shown in the
figurek, thi real data provide no answer key and, hence, it may not be
cle-r which signature is more accurate. However, it may prove instruc-

1±•' ti-:e to generate graphs of the two estimates for various pulses and to
note the similarities and differenices in the two.

Interestingly, McGuire 2 predicts that the signal to noise ratio
shoil I decrease by a factor of about 0.14 on deconvolution, with
filtering of the return pulse as was done in the test cases. This
compares the signal to noise ratio of the filtered return with that of
the cloud signature. Tn the present study, the signal to noise ratio in
the unfiltered return signal is compared with that of the cloud sig-
nature. Also, the cloud signature was smoothed here. For these two
reasons, one expects the apparent increase in noise to be less than that
predicted by McGuire.2 The two test cases here show an increase in
noise (compared with signal) on deconvolution by a -!actor of about
three, roughly consistent with this expectation.
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APPENDIX A. -- FLOW CHART OF COMPUTER PROGRAM FOR CLOUD
S IGNATURE EXTRACrT I0

A computer program was developed to deconvolve an optical return
pulse in such a way as to minimize the effect of return signal noise.
The flow chart for this computer program follows (fig. A-i).

I
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APP•NDIX D.--COCqP"MER CODE FOR CLOUD SIGtATUIE XXTRACTION

k A computer programu was developed to deconvolve aii optical return
pulse in such a way as to minimize the effect of return signal noise. A

FORTRAN listing of this program follows

Iii

1, 25
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k34 COMPARE IT WITH VM(C) TO SEE HOW WETL N T DIDI

36 C Am(O-1.)*C(J)
37 C Mali NO CHANGE (I.C. PREVIOQUS RESULT)
38 C Its C(J)-C(J)+A
3k C 38 C(J)-C(J)-^4

El40) C 41 C(J)oC:(J)+A. C(J+1 )-¢(J+l)--h
41 C St ¢(J)oC(J)-';I C(J+1)OC(J+1)+•q

341 C4; C OEURAL€

43 COMMqON! ,'8RTRASH(2f ). LZMN.LMlF
44 COMIMON /'FRAME/,YM( 482 4 ), •FRAMIt, FRA43 COMMAOa /aUNcTS/LUOUT

44 INTEGE[RXE NAI• (9)47 DIMRENs•RAN(E RSiS XsI;5 (.CETO)
41 CTPITRXA(NISIT),STER PUL),CSHFT (SC),
49 C XSH F`T) CLU GATEMP UE ) ARCPLOT(AION ),)PASS1(485)

of EQUIVALEN"CE ¢YVM(tI,8)*YPAS$(I) )

$a CA T
53 DA TARITION . .
S4 C I as*0. a ) C. #300. #350.,430.s 480. of". *SSO.,i.

S04C 6 47f.4C•J.,443.,431.)4IAo&42 •.,371.,3d2*,3Sf 336.o
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92 a?.aa.4?.~.140. 1371. 20.U..1 &M *?

63 CALL KYTPVO
64 CALL IwITIS(1.6..SR
Go a

GDO SEC Z.1.IM

34 a MTXZ7
76 £6 ONIU

DO 1IM Ims160I3r-
104 UTMtA OTD'D.)6610

£06 ~ D 185D ZH1.1050S0

910 in PITK(INUDJCSE
911 .EDO 13 1m . 4086

12UF(10ah 1106

914 93AD COTMZIPgih 6VZ

9727

98 V - * ....k 0113
R9AD'V 'D e9__________
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110 wuQt1D0*

&It kor TIC I OUTWO% gq',g1

tae ftIo~iV.OYL .mu6 01)LTI

182"oo gg Mlov, 8"50114MMn(M 1019)
~aaCALL @P~iU(LU0LrM1.2.0&0*ZST)
180 XLL1el 5-9

sit? C FLO#. CNAIII 209 C

tat 360 lt~oCT.ITOCT#1
130 1pIToTCT.GT.ZPWVM)O@ TO 40"

lit CALL OCTF011126,0?. ZCUP. 138.00 41,n5.6)

133 MISA?."E.0)@O To so"'
124 60S tPc IPLOTF. CO. I)CALL g~LgS3,S~U'S

126 c MAKE PULSE RIGHT 01DE UPI
137 CVAScA ULI..FAS
126 DO 210 101.468

139 VVq(5~3).863.-VYJmc.3)
140 oTM
141 C
140 C FLOW CHANT DON 9
14) C

144 I.Lys0.4a

149 0 LOWd CH4ART boN 3.4

Mo c2
1va C E.U

153 c FLO CHARTR DOXDA
us4 c

ISO a 04?J*.0
seeDo40 PJ1.10
M3 lgr~l.Vj-l2.*CTlMEZ
163 1EflPI.PJ,3.aCTlNEZ
164 Lt1(EP*Z 86.30
LOS fLltIU.(TCMPS4+fI )94U8.i'800
ISO LZMIwFLIMI
167 LP'8.FLIM§
1,43 PtLIMI .LLZMPL2P1LIMF
163 ZpgLPM8.G?.408*LZPgR.48
170 SLWIO.0
171 MH0

1731 ?ENp4oPJ4F11
173 30 445 KoLZHIRMZ

174

177 *ulSUM I9.VIAU(K.2*l b*EM

170 445 OT?

II
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994 c FO m o .
13% c

56 C Jlfq GRIFFIN SUGGESTS AVOIDING TM~ LAST 14 MASFEN
as? C POIN4TS TO ESTABLISH towImIS
see a FINiD SASELtHEB
l3i TEM~PO.0

599DO 468 20442,467
131 TcMPuTEFIP+*WRc.a)
16 468 CONTINUE

an sac9icr-empe.
194 C SUBTRACT BASELINE
I"5 W 464 1-1,100
lie VmIJ)iIVM(I )-vA0E

sl 444 COh~tIKK

sea 489CONTZINUE
103 IF(SLJV.GE.SIGPIIN)GO 10 see
.4 04 C
ass C FLOW CHART BOX Do?
lee C
M8 LOWCTR*LOWCTh.1

303 00 TO 300
109 C FLOU CHART SOX It
at* C

via JZ*So*

333 C c~~~c.S
333 C

334 CI* LO * N**lO*1.
Bi3? ZF(*1*).*.S 50 153
2a3 mU*V*IS JIM GIFFIN
333 353***$ HEEWITWTOCOIE(F1HEFAMICD

IN 4**** ZRMIFAB NTEOTU AE

23129

_____________ ~ 838~ C~'~4~ ~ ,- ..

23 a . . ___
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840303.213
841 Do012)N..eCs~sL.u~u.g3

348 9010 CONTINUE
843 CSPMALL*.¶Vi,100.
344 0
846 0 FLOU CHANT box r
841 C1.)0
848 to 626 1-3.1.0
349 J(.~*

853 ~DO 7elb JITi"Whe

IS 730 CONTINUE
857 0 RO.ELSUag FO7CATiO

ase 730COMM30

897
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809 a FLOW4 CHART SOX
879 C
871 SAVEZKREROOR

475 00 840 10 . nm
070 K61#10,
876 040 CONTINUE
879 CALL 03L(6ZYU.'1Chp~gm0@..PAS
a3* 3n0 CONTINUE
831 C :

agn C FLOW CHAR? SOX LK

"30 C PLOW CHART BOX N*

310 C Pt.OIJ b4ART DOk 81 15 RPCONTINUE..C(JuNL313 C FC1J)L~.)(.1.OqL

89 FO CAT1O

089431

.Li~s &R* Jol
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38? aC LI K" o
2"~ a

321 DO Mf U sL4M.uC(.UqM

I326 am" O0M!ZN*
23? DO 1340 "04.9

341 'tiol-jl

346 cf

347 cC~Z)U(.~~K36L

344 a63 CNZI

333 DO 1923S Z*Lfl~l.M4

359 936COtITit"

.ama a9am co"imziq398 c9

3S a FLO 'Ii 1O
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382 C FLOW GM emN w
344 C

20? 0 FLOW em"? a*P

233 0 0To1

23" C FLOW camw so v
M0 0

330 LMI'IT*I-1
406 Do n10 J*Zell IP.MZT?
401 PM.Z-J
403 am COM.I).MW Z.E~s(.bmJ
464 Uccl.)UeNKDLT4IZ

mae coce
407 C PLOW Oam? SON a
409
41f Do as"6 Islet**
411 ?KPPSuM*14)TOM(Z
41) 0 COtNIEW
414 EUPOS'3LLUSU
41S 00 To 330
416 C
41? C FLOM CNAR "M A
413 C
419 a30 ICLASSalS
430 ICTM&DZCTRhS41
431 00 TO 310

4116 C PLOW $04"? a"b Ac
435 CF~l
421 0
4a9 0 FLOW CNAT SOM ASD

430 TO 3O 06
431 0
42? a FLOW OMAS? am AS.?

4333

436 ....TO ...&8
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44S 1 3O.Z~

443 a DCLOWI

441 a 037 1Sji
446 a1.
441 ?K 1PI- 307 01? ZI
446 FltiP.R. KFE

AM1 LZRIU.?1I
401k P(LIFU1.UT*1 3L1.f~lo
4%2 UpRaIW'V"

436

431

460 C1.1 lotIa1+ycK )tp 70

466 0 L@ 4OA3? SOMM*UAD.3 4P

448 2306 COt7NTI"

489 0 rLOU 614*3? DOX AlD
477 a

4%34
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4" 3200 ca"T1P6

do$ CS*429
410 Ca*******b*

Sol *auobs "We h"zY3 To ?WE*0110 019
sea c*2*88sua4smss os a MOMPie mmic OF "aspga&&JAZI

WI 01 C***ssaaae CLOUD 93RNATUM. I
504 CSSS*C8*s8s
see Csa*****saS
sea C
"?* 0

W9 C
514 N u~~OF~ PRO3M0 WIRAY

Its URIZTE ROUOV.96030)LUO
513 UPRTEC 10UTD4,3433)ICVR3
519 C lZc1UV, 3 )C~

gel C**S* *

sea C5*S*****Xs
S83 CXSs~***bs* 2HUERT a CALL. FF16 0Ug

.S3o STOP
535 90 P WE GECT A ADFRN

50100 URTECOUTV300 )ZT

5341 C8S53S
641 a~~U~a I ZrE4ST vi M AL FF19 SE
544 Cass

$49 C

540 C*****
341 0S****

5445

N~~~a .- ,..-r-C-
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sis 901el PORMAT' DMIER CRITICAL vwAG.*)
09) 90&03 FOR! T(CAS.3)
964 0100 PORMArc0•I EtR INITIAL VLMU pOp G'o)
$to "I*? FORMAT( * ENTER " cUtIw PFAC OR TOR 0a DECREASE1• )
590 3ell FIODAT( I ENTER OUTPUT TAPE 09VIC9. 0)
SS? 90113 PORPNAtC* ENTER INTEGRATED PULSE "EIGT IELOW WH410C *H
955 CSINMAL SHOULD NOT UE PROCESSEDO)
6e5 "Saos rORmATC ENTER NUMiER or PULSES TO $E PROCESSED,')
See 62i81 FORAT( * FOR FILTERINO OF RETURN PULSE, ENTER
361 C.'1e TIME (IN •SEC)1'*'°DO NOT USE ZEAO*0
f6 C'SHOULD USE AT LEAST .9 P4CC o0 YOU AVG*##
6ll cloven MORE THAN ONE PASTER POINT,')164 90883 FORMAT(' FOR FILTENING Olt CLOUD SIGNTUiRE ENTER

egg 96,109 DISTANCE 12M UNITS Or So5 VlTER9)e0',DO NOT USE =E0O1)
046 NiUe FOlRMAT4' ENTER 1. FOR PLOT$.#)
447 90301 FORMAT(IN. IS. RETURN PULSES WERE E9X^MfINI ' )
see 90303 PORT(CIXI8. OF THESE PULSES WERE BELOW T1MENHOLD.*)
669 90304 FORMAT( IXlS, OP THESE PULSES HAS LESS THAN 1OS 5KG''
570 ClOr USEADLE RETURN.*)
S71 t0305 FORNMAT(13(,.I1 CLOUD SIGNATURES WERE SUCCUIFULLY ENTRACTED.')
$74 9035? FORMAT(1X,8I,' CASES FAILED.0)
73 9050 FORMrqAT(* USE DECIMPAL POINT')

574 90605 rOR•?T(ple. 1)
7S off 09 PORmATC9AO)

576 94NS9 FORMAT'( ASSIGNMENT ERRORhU. 'FROM QEGrTVR1)
$77 90551 FORMAT(* IF CODE a 136. PILE MARKER FOUND.'E
573 C' Ahy OTHER CODE MEANS TAPE ERROR,4s
S79 C' CODE 0 '4.10)
%Ike END
gel SUBROUTINE SUBPLT(PASSI. IPiSlSl IPAS3) *IPAS14.
sea CPASS5. JPASSS. IPASS?. IPPA~iE)
583 DIMENSION PAi(1).IPASS3(4).ZPASS6(4).PAISit1)
534 a
Sts C UARIABLES PASSED?
se6 C
So? C is X ARRAY NAME
son C as 0 POINTS
sag C 34 'X LABEL'
590 C 42 • CHARACTERS IN LABEL
591 C so V ARRAY NAMEseal C 41 JY LABEL'
593 C To • CHARACTERS IN LABEL
594 0 1FIRAq[s FRAMqE CODE
695 CAtLL SCR•EEN
see U I TE ( 1 °gS ) FRAMIE

7 ¢•CALL SCALE (PASSIPA$SSa, S., )
so$ CALL SC•.Et(PASSS. PASS6.I.A,31.1)
999 ¢CALL ECTGRAgo* CALL X^xscX1S'14•$3, P*SS4,1. )

604 READ(& 1,903 )IPI
on •RETURN
sea i03 FORMAT 4 1)
007 See FORMtATc IIX*.FAM , IS)
ow0 END
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The return pulse was filtered by replacing each digitized value,

V(ti), by a weighted average of the points in its neighborhood* The

weight factor decreases exponentially as t moves away from ti. The time

(in nanoseconds) by which the weight factor has decreased to I/e is
. called -to. The filtering of the cloud signature is similar, except that

the units for xo are 0.15 m (corresponding to I nr)

The filtering values and the values for Q anA n used to generate
the figures in the main body of this report were theaes

Case I

to - 1.3 " 1.3 ns),

x0 W I0Z (-0.195 M),

Q, a 1.2,

n - 2.

Case II

to 1.3 (= 1.3 ns),

0 o 1.3 (- 0.195 m),

Q 1.1,

n =2.

'1

39
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APPENDIX D

As discussed in the main body of this report, the extent of vari-
ation of the cloud signature depends on the product of the Qj's. The
author has not been able to write this product in terms of QIand n in
closed form, but some discussion and numerical results are given below.

Note: 1 < Q< 2, n > 0, 0 < Z < 1, 0 < < 1.

I F •Ai 11. Qi Ql.Q2.Q3Q.• ( D-1

where

i+11 (D3-2)

Let

Then from equation (D-2) it follows that

n

n (D3-5)
n +

Using equation (D-4) repeatedly shows that

z= i-iz (D-6)

Back td the task at hard,

11, 0 = ZI 1, 0 + < (D3-7)

"in (H Q i) in [f(Z, + = Z2n (z, + 1) , (D-8)

in (fli n (1 + Z1) +i in (1 + cIZj) + in (I + a2Z,)
(D-9)

+ in (1 + a3Zi) +1

Using

in (1 x) x + . -for)x2 <1 andx 1
2 3 4 5

in each term in equation (D-9) yields

43

= n (Z) = •Z (D-4

-t+.n _____1,
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- 2 + - 3 (-. --•.÷ --)3 ( •

+[o I '+
+ [ c3Zj (CL 1) 2 (,,,Z,)3 (a2:LI)4 (1.ii )5 . .
+ 2 ( )2 + ( 3 - 4 + ( 5 . "

+ . .. . (D-10)

I
Collecting like powers of Z, I

lnQ.i zi E1 + a + a 2 + a3 +

Zn [ + a 2 + a4 6 + *

2

3

+ + a3 + a6 + 9+ . (D-11)

Z1 + . a8 + a8 2 +

Summing the algebraic series in each square bracket yields

l n cfQ , = z [ - 2 + -J

(D-12)

-Z 1 - *

"4 .i
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These terms get very small very fast. The sum therefore can be
appr(Kimated by the first few terms. The exponential of the sum then
givel;

Qi~

Table D-1 was generated by computer. Using the first five terms of
equation (D-12) gives the same results as the first 100 terms of equa-
tion (D-1) to the accuracy shown here.

TABLE D-1. WNUMERICAL RESULTS POR [ROUC Qj
i-

Q"-

n
1.4 1.3 1.2 1.1 1.05 1.02 1.01

0. 1.70 1.50 1. 21 1,.o 1.03 .0
1 2.04 1.?3 1.46 1.21 1.10 1.04 1.02

2 2.95 2.29 1.76 1.34 1.16 1.06 1.03

3 4.25 3.04 2.14 1.48 1.22 1.08 1.04

4 6.13 4.02 2.58 1.63 1.28 1.10 1.05

5 8.84 5.32 3.13 1.79 1.34 1.13 1.06

10 55.1 21.6 8.12 2.92 1.72 1.24 1.12

45
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