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EVALUATION 4
This contractual effort war performed in support of the KADC-ESD OTH

Technology Program (TPO 6). This effort represen•e the initial investi-

gations into the use and expected p~rformance of digital, beamforming and

adaptive beamforming techniques, both hardware and software, for OTH

rcdar receive systems. The achievement of very low sidelobe antennas and

decreased ECM vulnerability of OTH radars will depend upon the use of these

techniques. The concepts, hardware, and software employed in and developed

through this effort are being incorporated into RADC's Ava/Dexter experi-

mental OTH Radar Facility.

WILLIAM F. McCULLOUGH, Capt USAF
Project Engineer
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10 ODUCTO ONCLUSIONS I

BACKGROUND

Extensive interest his developed in the last several years over thepossibility of spatial filtering, whereby an antenna'e aperture illumination

function is adaptively controlled to produce pattern nulls in the direction
of undesired interference. Implicit in the ability to adaptively control
the illumination function, however, is the requirement to measure the

structure of the spatial interference. This in turn necessitates a multi-

plicity of receivers--one for each adaptive degree of freedom in the system.

SYSTEM DOGRADATION

Many types of systematic errors (e.s., element spacing msmatch, varia-
tion in element pattern mismatch, mutual coitplinlg etc.) even when not

known a Priori, can be automatically compensated for in an adaptive beau-

forming network. Elemant-to-element receiver mismatch on the other hand

imposes an inherent limitation on the achievable been pattern sidelobe
level as well as the achievable cancellation ratio against a broadband

interference sotrca. This problem becomes acute when the pulse length ofL

the transmitted waveform approaches a small fraction of the aperture sine.

In such cases a point interference source has an effective spatial spread
proportional to the receiver bandwidth. Both the sidelobe level and the

achievable cancellation ratio against broad-band interference sources are
degraded whian the eecelver mismatch is uncompensated. Section 3.0 quanti-

fies this degradation as a function of the amount of receiver mismatch.

CONCLUSIONS

The receiver equalization technique employed is to solve for the set of

weights in a tapped delay line transversal filter that minimizes the mean
square error residue between a reference receiver's frequency response and
the response of any other receiver. The conclusions of the study are as

follows.

1. System Dearadation - 1he achievable sidelobe level and the cancel-

lation ratio against broadband interference sources may be striously de-

graded by receiver mismatch.

4
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2. Sidelobe Leveol - The achievable peak response to UNS sidelobe

level is given by:
i. G

where

C - antenna Lain
IE12 - noralized man square error residue.

(Equation (1) of Section 3.0)

3. Transversal Filtje Perf• - The achievable improvement In

ElZ2, the normalised mean square error residue Is quantified •n Section 4.0

as a function of the tap spacing and number of tape In the transversal

filter. 1

For 16 tape spaced at T - , where (B) is the 3 dB receiver band-

vidth, the improvement is over 30 dD. Indeed it was found that lZa2

decreased from approximately -(30-35 dB) to -63 dB. This latter figure is

also the noise floor of the calibration system as corroborated by spectral

analysis.

4. Receiver Error Sources - The primary source of receiver mismatch

was probably pole location errors. This is strongly suggested by the fact

that the receiver transfer function has 8 complex poles (6 pole Butterworth

plus 2 additional poles) and that 16 real taps reduced the error residue to

negligible proportions.

cI
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2. 0 TSC SFFORTS

Sections 3.0 through 6.0 of this report describe the emglneering se.-

vices pet.icueed by Technology Service Corporation (TIC) under Contract No.

F30602-75-C-0264 to PADC, GrIff is Air Force Bass, Rome, New York, tn

support of their Adaptive Processing Program - Phase 11.

The scope of the effort consisted of three major tasks. The first task

was to examine the impact of receiver pasoband phase and amplitude tracking

errors on the performance of a radar system using digital beanformiag.

Secondly, we wished to develop a potential solution to the receiver tracking

problem and, thirdly, it vas desired to e6valuate the effectiveness of the
candidate solutior in reducing the impact of the errors on syet=m perfor-

mance.

"I~

ti



4

3.0 PERPOI&ICK DAGRDAT ON DUE TO UCEIVU KISMATCH

bACKGKQUND

There are two deleterious effects caused by receiver ami tch in a

multi-channel beam forming network; sidelobe degradation and the inability

to cancel point suurce videband interference via spatial nulls.

3.1 Sidelobe Degradation

The most reasonable model for receiver mismitch is to assuhe that each
receiver's frequency response is the sum of an ideal unperturbed response

and a noise like error term in both phase and amplitude. This model ts

also obtained if one assumea that the primary reason for the mismatch is a
random error in the pole locations of the filters. It will be shown that,

without receiver equalization, the achievable peak response to MHS sidalobe
level with any aperture weighting is limited to:

G

Where:

SR a Peak response to MS sidelobe ratio
G - Antenna gain

E l Normalized mean square error residue between any two receivers

Assume that (N) receivers (Ri) are used to form a beam with a set of
Sdeterministic weights (W), (IisN). Then assuming that the normalized

error power between any two receivers is IEl2, visa

.12.2ilk~ fk 2 dx()

Where:

Ri and Rk are the outputs of receivers (i) and (k) respectively, and
the variable of integration (x), denotes frequency from a widebend inferfor-

ence source. (Wide bandwidth is construed to mean larger bandwidth than the
receiver pass-band.)

Amos-



The output of the bean forming network at any in-b&M frequency (z) is

liver by:

N N

a ) WpI R A(RI+ ) (2)
p - IA1-3. wI i-

Where:

,R* a Output of receiver (I) with no error

•AR. ai Output of error perturbed receiver (1)

Nt a Zero mean, unit variance Gaussian variable

+E a Normalized RMS error defined by (1)

then for a linear array with spacing (d)

+[j 2w1=IGXP sn (3)

Where:

C a Velocity of light

si 6 n Angle of wideband interference off of boresita

Ssince Nk - 0 for I i k. It follows that at all in band frequencies (z),

the frequency response in voltage is gIven by:

N "j2dx N/

Where:

No - Zero mean unit variance Gausalan variable.

The mean response in power is given by:

R " H (x)+II2' 1W1 2  (5)
i-i

Where:

H (x) - Expected value of the perturbed response

H (x) - Ideal response with no receiver mismatch

I
i+I + I + +I i W l +i ' ... I... .. . . . . .. . . . 11-... ]cr 1
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The error perturbation term is completely broadband [independent of

the frequency (x)].

The achievable peak respon3e to RMS s'delobe level is then •tmited by
the broadband error term viz:

I (Boresits)
c
R N (6)

~~~, I="i- 2 lW'l 2
ili)

or

N (7)

I,(x)+lZl2 I Wi'2
C

2 Wi 2l

/ J w1 i 2 is the antenna gain at boresite and

CH (x) may be made arbitrarily small by proper choice of the deterministic

weighting function, it follows that the peak response to RIS sidel.,be level

is given by:

I,,F El-2- (8) ,

Where:

G - Antenna gain

1E12 - Normalized error power given by (1)

3.2 Adaptive Cancellation

It in apparent that in addition to limiting the achievable sidelobe

level--receiver mismatch prc'cludes any possibility of adaptively forming a
deep spatial null. Since the error term in (5) is broadband, it is impos-

sible to spatially cancel it. (See Appendix H.)
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4.0 RgCEIVE MATCHING

"r'.KGROURD

This section derives a transversal f•iter to be used on a given

receiver such that it "optimally" tracks a reference rectiver. The criteri-

on of or4.mality in this case is that the normalized moan power residue be-

tween the receivers be as small as possible for a given number of transversal

filter taps and spacing.

The actual receivers used in the RADC system were 6 pole Buttervorth

filters. As such the computer program was organized to align both theore-

tically derived 6 pole Butterworth filters and the actual receivers measured

by Raytheon. V
4.1 Analysis

Each element of the receiving array feeds a separate amplifier

and A/D converter. The digital outputs from the element channels are then

combined in a digital processor which performs the functions of beamforming

and pulse compression. The amplifiers in the iudividual array alement

channels must be carefully matched in order to achieve low antenna sidelobe

levels over the entire frequency band. This section describes a method of

matching amplifier transfer functions very accurately, utilizing a digital

transversal filter in each channel.

The technique for matching the channel responses is illustrated ache-

matically in Figure 4-1. The analog amplifier in each channel wirl be

represented by a Butterworth filter in the following analysis. At the out-

put of this filter, the signal Yk(t) is converted to digital form, where

each digital sample is a complex number retaining both amplitude and phase

information. The subscript k on the variabJ- i of Figure 4-1 represents the

channel number. A set of consecutive samples of each Yk(t) is weighted and

added as shown in Figure 4-1. The delay line, weighting multipliers, and

adder in Figure 4-1 comprise a transversal filter for matching the channel

response. The channel-to-channel match is achieved by selection of the set

of weights, Wkn The following analysis outlines a method of achieving a

least-mean-square match between two channels by optimum choice of the Wn.[ In



II
Fiur 4-. Shm i*o1qala ici



9

In the following discussion, two channels will be conslderedt a

reference channel (kl), and a second channel (ki2) In which the weights

are to be optimised. It Is assmued that the Butter•orth filter response

In the reference channel is that of an Ideal N-pole filter given by:

Whre:e

f a frequency
thI0 U n pole0 ]B/2 sup JW-

B - filter bandwidth

An alternative representation of this transfer function is

N

nal
(2)

I I
Jul
io~n

The lIpulse response of this filter is

f N
h].t I - l (3)

The filter in channel 2 is represented by the mai epansion (Equations

1, 20 and 3), except that the poles in the second channel are In error and

differ from the reference channel poles by a fey percent.

The output of the transversal filter In channel k is
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zk(t) W w1r •k (e-T)(
3.1

Where:

T - spacing between taps

M - number of taps in each delay line.

While it is convenient to represent this transversal filter by continuous

functions of time (Equation 4), it should be recalled that this signal pro-

ceasing will be performed digitally. The transversal filter in the reference

channel can be used to narrow the channel paesband by weighting all taps,

e.g., with Chebyschev weights to achieve low sidelobes. If all tap weights

are zero except for one, the transversal filter Introduces a delay but does

not change the overall channel response. In the following analysis, both

cases are included since tapped delay lines are assumed in both channels 1

and 2. The examples consider the case where all channel 1 taps are zero

except the center tap, i.e., the case where the transversal filter In

channel 2 is used to match the channel 2 response to the Butterworth filter

of channel 1.

To compute optimum weights, W2n' assume that the same signal is fed

Into channels 1 and 2. It is convenient to consider wideband white noise,

n(t), as this input, although a set of signals across the receiver pashand

will suffice. * For the input N,(t) - u(t), the Butterworth filter output is

jl
Yk(t) f n(t-u)hk(u)du

"tk~ n(t-u)du

Q-1 0
The transversal filter output in the kth channel, from Equations 4 and 5, Is

Zk(t) " Wk. ,1f n(t-U-SA)du (6)

U-1 U-1 o
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The weights in, channel 2, W2., are selected to inial'ise the noise

power in the difference a2 (t)-81 (t).

{Is2(t)-sl(t)12)

where E denotes the expectation or average.

This expression has the following form
P {.(t): 2 (t)-4 (t)z (t)-a 2(tlml(t)+s*(t)s (t)}

W*T ,It i

2 MW 2 -W W- +(8l)

Where:

Wk - column vector of weights Wl

* denotes complex conjugate

T denotes transpose

" covariance matrix with elements M,(un)

tk(umn) - E{Yk(t mr)Yk(t nT))

2 atrix with elements E{yl(t-mT)y2(t-nT)}

The derivation of Equation 8 can be Illustrated by expanding the first

term

N N N
E{zk(t)Zk(E)) - E k k'

mal u'-ml nwl *'=I

fdull (SkUl'tkn u2 (9)
du2 a(9)

" II
n (.t -ul-u)n (t-u2-a

Ti is a quadratic fr hr h lmnso r

S ... .. .. I [ * rk...
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fl3j0 0

,(e l"+eknu 2) d) adu2  (10)

Consider a white noise process, n(t), for which

E n (t)n(t+T) - 8(r) (111

The elements of the matrix Mk, from Equation 10, are

N .. (uiftTmu

Note that in derivin8 Equatilon 12, both u 1 > 0 end u2 ) 0, so thiLs

equation ils correct: onl~y when. 2• a'. W•hen u •. u'

N's A I ." (12)

nonom- (&L s kn'1

In performoe t he ibove inteurattions, note that Real (bko) 0. Sumlar

expressions can be derived for the crosa-covariance mrix in Equation 8, a

* N12 •

Netg ye select a set of wei~hts~ for the transversal filter in channel 2,
I w phch r in seg the a oe noe powa e in tnhe output, ZR (t)-Za ( ). ThWI out-

put power is given by Equation 8, where the covariance matrices are computed

for white noise into the two filters. The set of weights, W2 , which

,!
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minimales P of Equation 8 also provides the beet least-mean-square fit of

the two channel responses.

The set of weights which minimizes Equation 8 is

w2 -M2 - 1 2 w1  (13)

For these veigh•b, a small perturbation in the W2 nO denoted by the colum

vector 8W2, gires •P - 0.

*T *T .*T *Tý
6P 6W2 (M2W2-M 1 2 W1) + (W2 M2 Wl M12) 6 W2 (14)

- 0 when Equation 13 is satisfied.

When the weights W2 satisfy Equation 13, the power in the output

(Z2 ()-Z (t)) is

- *T T * (1T)
1W N1W1 - W2 12W1

The method outlined in this section was used to match the receiver

channels in the OTH receiving array. Since the filter outputs are available

in digital form, the various covarience matrices in Equation 13 were computed
(1)from sample data. It has been shown that, when weights are computed

directly from a sample covariance matrix as suggested above, a modest number

of data samples will provide an excellent estimate of the optimum veights.

The number of samples in the sample covariance matrix required to achieve

within 3 dB of the LMS residue is roughly Ns-2N, where N- number of

samples and N - number of taps.

Note that the expression MizW1 in Equation 13 can be obtained directly

by cross-correlating the channel 2 tap outputs with the output ZM(t) of

channel 1.

The following sections contain examples of this filter matching tech-

nique. Results show that excellent filter match can be obtained by opti-

mizing weights on the dLXIgTl transversal filters.

)I. S. Read, J. D. Hallett, and L. E. Brennan, "Rapid Convergence Rate
in Adaptive Arrays," to appear in IEEE Trans. AES.
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4.2 Ly•il. of Filter hgIchLnM

A FMTWA propgm me written to obtAn quantitative estimates of the
f liter matching which can be achieved as a function of several parameters,

via., number of taps, tap spacing, and Initial mismatch. Results hae been

vary encouraging. One example Is detailed here to show that sufficiently

accurate channel matching can be achieved for the OTR receiving array to

most antenna sidelobe specifications. The program used In these studies is
mIzted in Appendix 7.

The reference fIltor of channel I is an 8-pole Butterortch filter with

poles equally spaced along a circle in the left half of the s-plane. Filter

2 is obtained by displacing each of the 8 poles by a randomly genevated

amount from the ideal pole location of channel 1. Zach sa Is obtained

from the correspondIng s by I
a2 ,nl (1 + .03r) (16)

where r is a rndoin number uniforaly distributed on the interval (-1,1) and I
having a uniformly distributed random phase on (0,21). The pole locations

for the two filters are shown in Table 1. The coefficients Ak for each

filter were computed from Equation 2.

In this particular example, the 3 dB bandwidth of filter 1 is 100 Rii.

The initial mismatch, Re, between the two f iters was computed by umerical

integration.

B/2 /1/2

"o"• 2()-1 (I) f 2/f I (')I 2 df (17)

-3/2 /-3/2

In this example Ro - .0015. The ms phase error between the two flters,

averaged over Xhe interval (-3/2, 1/2), i.e., betwmen the 3 dD points of

filter 1, was 1.27'.

The preceding equations were then used to compute an optima set of tap

weights for channel 2. The response of the channel 1 Butterworth filter was

not modified by the transversal filter in this channel, i.e., all tap
weights except one in channel I were set to sero. The resulting tap

weights for the 2 channels are shown in Table 2.
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Table 1. Poloo of __ttowth 211=

Iefe~~Chucek C2aelftirvo'• b il- er

-6.128 3402 3.081 3W2 -6.017 3402 3.063 3402

-1.745 1+02 2.612 14.02 -1.745 3M2 2.551 342

-2.612 W+2 1.745 34M2 -2.597 3+02 1.814 3402

-3.081 1+02 6.126 1+02 -3.088 1402 6.036 3401

-3.081 1+02 -8.128 3+01 -3.084 P+02 -6.132 3+01

-2.612 E+02 -1.745 1+02 -2.557 1+02 -1.733 1402

-1.745 D+02 -2.612 E+02 -1.698 3+02 -2.620 2+02

-6.128 E+01 -3.081 W+02 -6.565 1+01 -3.081 2+07

Table 2. et im TaD W.Aahte

Chamnel 1 Chamne 2

Real Imuinary Rel Aia

1 0.000 0.000 .00009 -. 00003

2 ý.004 0.000 -. 00021 .00007
3 0.000 0.000 .00038 -. 00013

4 0.000 c..e00 -. 00064 .00021

5 0.000 0.000 .00102 -. 00033

6 0.000 0 020 -. 00171 , 0031
1 0.000 0.000 .00335 -. 00082

8 1.000 0.0 G .98030 .003AC

9 0.000 0.000 -. 02163 -. 01159

10 0.000 0.000 ,00813 .00685
11 0.000 0.O0O .00404 .00290 I
12 0.000 0.000 -. 00359 -. 00684

13 0.000 0.000 .00021 .00482

14 0.000 0.000 .00165 -. 00105

15 0.000 0.000 -. 00156 -. 00096

16 0.000 0.000 .00069 .00093
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The spacin8 between tape in this particular smple yes T .7/s.

Sixteen top Weight$ were optimised. The uistmanb after optimisatiou of the

transversal filter in channel 2 was reduced by 34.2 dl. The normalised
mean square residue, as in squation 17 with Yk(s) represonting the pt~duct
of Buttervorth and transversal filters, was reduced to 5.6 z 10-7. The re8
phase error after matching was reduced to .02*.

This example illustrates the excellent chamael-to-cha-nal match which
can be achieved using digital transversal filters In each channel. The
FORTRAN program can be used to explore other cases of interest.

4.3 Alilgment of LAX Receivers
The equations used for obtaining the optima weights from the measured

data supplied by I)ADC are listed below.

Definitions

ks Output of receiver (k) measured at frequency (Xe) at output
of FME (in phase coponent)

k
Q Same for quadrature component

Tap spacing

W - Adaptive weight vector for receiver (k)

0
0
0

r" a Weight vector for reference receiver (middle tap - 1)
0
0
0

N - 2L + 1 a # of taps (odd)
R a # receivers

(1 K R) (Coupl.A receivers)

R- 16 nominal

P a # measured frequencies

(1 s a.P) P 20 nominal

thogFor mathematical cotvenience inly. The calculations could be carried
through with an even number of taps also.
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k k kQA(Q)Q

1 k 16

1 < s 20 1 5-110 fas t 5 n a ncremsnts
1. 60 Us Reference AllmsAut

-Ampltude Alta.mmut
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5.0 RESULTS

5.1 RADC Receiver Data

The method described in Section 4.0 was applied to the RADC Dexter data

acquisition system. This system consists of 32 homodyne receivers configured

I as 16 complex receivers wit'i I&Q outputs. Each receiver output (I&Q) has its

own I.F. filter with a nominal bandwidth of 15 to 110 Hz. Measurements

were taken of the phase and amplitude responses of all 32 receiver channels

by stepping a synthesizer across the passband of all channels simul-

taneously and recording the sampled outputs on magnetic tape. A 256

point FFT was then run on each channel and phase and amplitcues calculated

from the outputs. The amplitude response of Receiver #1, 1-channel, is

shown in Figure 5-1. Using this channel as a reference, all other receiver

channels were compared with it and error curves in both phase L I amplitude

were computed. An example of this is shown in Figure 5-2 where the phase
and amplitud2 errors between Receiver #2, I-channel and the reference are
plotted. (It should be noted that in all cases the channels were ,xaCtly

matched at the 60-Hz point in the passband. This can be done with no loss

in gen-rality.) The object of the optimization is to minamize the totaJ
error power. The magnitude of the complex error vector is plotted for the

above example in Figure 5-3. To get a single measure of the error magni-

tude, this is integrated over the bandwidth and normalized. The final

measure is error power out of the reference channel for a white noise input.I . (It is a meusure of total distortlio.) For the example given, this number

is -30.39 dB. In a similar manner, the normalized error was computed for

all other receivers ani channels using Receiver #1, I-channel, as the refer-

ence. This result is shown in Figure 5-4. If the error is averaged over

all the receivers, a net mismatch can be calculated. For the data shown,
F this is -31.78 dB.

The achievable improvement in the error was computed by designing

filters of various lengths (4, 8, 12, 16 taps) aed computing the residual

error remaining at the output of the filter. 'o I•' strata this, the
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6, 0 UCBhIIDATOIUS

The specif • recommdations for work that remins to be done In the

area of receiver filter tracking are&

- Use aStIS systm to confirI design pt•rmaters an Mrs cOnveStional

radar receivers.
Demonstrate tracking Iaprosvmw t through Increased rasp end

spatial sidelobe control on VAR? or UN system.

Evaluate limitations, with respect to receiver tracking, of

PRS and determine Impact oan potential performance using adaptive

tecbhnology.

I

II
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70 7A0R IPPORTI
Section 8.0 throuph 9.0 of this report describe the Insrerin8

services performed by Raytheon Company under subcontract to Teahnoolog

Service Corporation in support of the RAW Adaptive Processing Program -
Phase 11. There were two prlaur7 tasks associated with this efforts

1. Adaptive Processing Software

2. Data Collection and Analysis Program

The first task was to upgrade the software package developed in the

Phase I Program by adding a calibration procedure to use a near-field mnao-

pole source and by adding a Radar Processing mode. The Radar Processing

Mode displays the Amplitude versus I.J. frequency for a fixed stear direc-
tion using either adaptive or conventional beamforming techniques. This

mode is Identified as the Radar mode because It processes the data In the

manner in which an OTE radar operates. The addition of this mods Will

enable a determination of the capabilities of adaptive processing techniques

to improve the performance of an OTH radar In the UP enviroment. The

second task was to collect data using a 16-elament array and Data Acqui-

sition system at Dexter, New York, to: (1) provide data to checkout the

software pack&ge; (2) to provide TSC with data which was required to develop

and generate the equalisation filters, end (3) to measure the performance
of the 16-element array with OTH sources using conventional beamforia•g

techniques.

Also included In the first task was the transfer of the off-line data

processing program developed under both Phase I and 11 to the Sila-5

computer at RADC. This provides RADC with a complete In-house data pro-

ceasing capability. The transfer of these programs to the Si1m-5 has

been successfully completed and we would like to thank the personnel at the

Data Reduction Center at RAKC for their cooperation in this task.

II
! I
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under the phase I program, softwre was desiped and Implemted to

process and display data collected on a tpoMray 16-e4e t array at

Dexter. This array was built especiall, for this program so that when the

now 364-elmnt planar array at Dexter was completed digital bemformi

tecbmiques developed in this program could be ziedi1• utilised on the new

array. The software developed included a r"l-tims operating system a.

well as an off-line data processing capability.

During the Phase 11 progra, the off-Inse software was modified and

ausmented with additional capabilities. before discussing the off-line

software, the on-line system, will be briefly described. Ylgreo 0-1 ahbwo

a schematic block diagram of the on-line cysta.. The output frem each of

the 32 receivers (I and Q receivers for each of the 16 leents) is digi-

tited at a 250 smplaep/second rate. The digital data is recorded directly

an 9 track/S00 bpi tape in two's-complment binary format without processing.

This is a very attractive feature as the data can be processed at a later

date, using the off-line programs, with a variety of parameters and algor-

ihus *. The only limitation is the 200 Ia 1• bandwidth and & &ampling rate

of 250 li for each receiver. In order to fully utlI~se this feature, cali-

bration signals must be recorded during each data collection ps•riod. This

allows a complete calibration to be lapleisnced when the data is processed

on the off-2se system. During the data collection, a monitor channal is

available which calibrates and displays the Angular Powe: Density Spectra,
ADPS, for selected data.

The off-line processng software is schematically shown in Pigure 8-2.

The software has three major componantst

1. Camoboataons Uses either an internal test signal or a near-field

monopole as a source to match phase and amplitude of the element ports re-

ceiver subsystems. Correction factors are generated and stored for later

application to the data.

dI
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2. Angular Power Density Spectra (APDS): Generates the APDS using

either adaptive or conventional (MIT) beamforuing techniques.

3. Radar Mqode: Generates amplitude versus frequency at fixed steer

directions using either adaptive or conventional beamforming techniques.

Appendices A-E contain listings of the programs that comprise the

off-line processing software. The program and their nomenclature by

which they are identified are listed in Table 8-1. These program are

currently operational oa the Sigma-5 at RADC.

Table 8-1. Off-Line Adaptive Processing Software Programs

Appendix A: Calibration - MCALT

Appendix B: Conventional Angular Power
Density Spectra - CONVT

Appendix C: Adaptive Angular Power
Density Spectra -ADAPT

Appendix D: Radar Processing with Con-
vantional Techniques - RCONVT

Appendix E: Radar Processing with Adaptive
Techniques - RADAPT

8.2 Calibration (MCALT)

The 32 receivers in the Data Acquisition System were designed and

measured to track vithin + one percent in phase and + one percent in ampli-

tude with each other. Calibration procedures were implemented to remve

systematic phase and amlistude errors introduced by the antenna and receiver

subsystem, i.e., to maintain orthogonality between corresponding I and Q

channels and amplitude and phase ratch between elements. Two calibration

signals are available. One is an internal test signal #h•hcb feeds an

identical phase and amplitude reference signal into each of the 32 recei-

vers. This will remove systematic errors in the receiver subsystem but

not the antenna subsystem. A monopole located 600 m in front of the 16-

element array can be used to calibrate the antenna subsystem as well as

the receiver subsystem. The monopole, however, presents a spherical wave-

front to the antenna and for it to provide a plane wave source, the cali-

bration program was modified to remove the spherical nature of the sigma

wavefront from the reference monopole. Figure 8-3 is a block diagram of
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the calibration procedure. The numbered points indicate where calibration

data Is displayed and hard copies available. The calibration program Te-

quires as input the time In hours, minutes. and seconds to specify the data

on the tape to be used for calibration. In addltion, the number of data

sets (LTUMS) used in averaging the correction factors is specified* Sub

data met ts 16 time samples or 0.064 s. Th. calibration source to aLso

specified as Internal or Monopole. If the monopole source is used, the.

operating frequency in Mlz of the monopole is also specified.

A 16 pt real FIT is performed to determine the phase end aplitude of

the calibration tone for each of the 32 receivers. A sileas frequency

tone is used for calibrating the receivers. This procedure matebs the 32

receivers at only one point in the 100 Kx filter bandwidth. A digital

equalization filter technique has been developed by TSC (Section 5.0 of this

report) to correct for variations between receivors across the bandwidth of

each filter. At this point, (1) and (2) in Figure 8-3, correction factors

are generated which produce orthogonal and equal amplitude I and Q ch€ els.

The I channel of each receiver pair is left urnc - .ul- and the phase and

amplitude of the Q channel is adjusted. The receivers are numbered 1 to 32

with the odd numbers being the I channels and the corresponding Q channel

the next even number. A 16 pt complex FMT is applied to each port of the

receive subsystem on the ease data set used to obtain the I and Q correc-

tions after the corrections are applied. This determines the phase and
amplitude of each element of the array, (3) in lFigure 8-3. Up to this

point, there is no difference between the procedures for the monopole or

Internal test signal. The different procedure for each will be described

separately below.

8.2.1 Internal Calibration Slana1

The internal calibration signal is injected into the 32 receivers with

equal phase and amplitude. This corresponds to a plane wave at boresight.

For a plane wave at boresight, the response at all the elements must be of

equal phase and amplitude. Defining thL signal at each element as Sn -

An ean the correction factor for element n is ZU - 'An eaU wher% AL -

A,/An and 6u- 41 - On. Multiplying Sn by Zn we got A, ei*l for all n.
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4,These correction factors,, Z a insure that all the eleomets have e.* oiem

phase and amplitude response for a plane wave at boresight; asee (5) In
Figure 8-3. The correction factors for each I-Q pair and elemnt matching
are stored on the disk. These corrections are then. applied to data before

the Angular Power Density Spectra or the radar maps are generated.

8.2.2 Mononole Calibration

A monopole was located in front of the 16-eliwnt, array. Figure S-A
shmws the position of the monopole with respect to the 16-temint. array.
The distances from the monopole to the front posts of the lst and 16th ale-.
ott were surveyed. A spherical wavefront from the monopole Is also shown

with the distance between the wavefront and each elemeont shown in the Table.
Before the systematic phase and amplitude corrections between elemaent ckan

be determined, a factor has to be applied to the spherical wavefront to
make it appear as a planes wave. A correction factor based on a spherical
calibration signal would distort the measurmutt of a plane wave source.

The signal measured at the at element is An* n. in order to sasks the
spherical wave look like a plans -save, the monopole, signal is nhase retarded
at each element by 6 n 2* ulds A where d no is the distance between the wave

front and the n "s leamet The elmntt-to-elsmnt correction factor for
the monopole source is Zn M "e"Anei where AAi mA,/An andA 64 l1 4

F - 6$) With this correction factor both the anteonna and receiver sub-

* systems are calibrated as In paragraph 8.2.1.

Figure 8-5 shows a conventional AIDS for the 0TH signal from WWV at
10 Ma~ using calibration factors obtained from the monopole with end without
spherical corrections. Correcting for the spherical wavefront, of the mono-

pole signal izp7-oves the angular resolution of the conventional (MF) AIDS.

8.3 ANGULAR POWE DENSITY SPECTRA

The angular power density spectra (AIDS) of the rectived energy Is
determined using either conventional or adaptive beamf arming techniques.
Figur* 8-6 shownl a block diagram of the APDS software for both the adaptive 4

end conventional techniques.

* The elements were 220 foot long single-wire Beverage elements with aA
spacing of 18.288 a. The element phase centers were chosen to be approxi-
mately 2/3 of the length of the elemeont back from the front posts.

11
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Figure 8-4. Location of Monopole vith Respect to 16-Element Array
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8.31 Conventional ADS (CONVT)
The conventional APDS in generated by the program CONVT. The Input

data is the time (hours, minutes$ seconds) and the operating frequency.

After the corrections are applied to the data, 16 time samples from each

element are time-weighted with a 70 dl Dolph-Chbbyehev (D-C) weighting func-

tion and a 16 pt complex FMT for each element is performed. This gives an

effective 64 mu coherent Luteepation period. For llinnt #1, the Doppler

bin, where the peak sigmnl occurs, is identified. The phase and amplitude

for this Doppler bin is determined for the 16 elements. The 16 phase and

amplitudes for this doppler bin are then spatially FFT'd using a 70 dl D-C

weighting function. The 16 amplitude outputs from the spatial MIT form the

APDS when plotted against the azimuths of the 16 FFT beam iutputs.

Conventional (FIT) beanforming with a 16 pt spatial FFT provides 16

independent beam positions. The direction of the beams Ir sine (i.e. ')

space is defined by un - + M4/2 a nX/Md where M is the number of elements,

n is an integer from 0 to ±+ M/2, and i is the azimuth of the nth beau

measured from boresight. The angle at vhich the FIT formed APDS will begin

to repeat is when n - ±+ 1/2 or u - +1/2 A/d. For A - 2d this occurs at

+ 90* in angle space, aud for A c 2d the asimuthal angle coverage of the

APDS is reduced. An FFT APDS beam position at the far right (n a X/2) is

the same as the beau position on the far left of boresight. For successive

values of n - 0.1,2,...,M/2, the beam positions are equally spaced in sine

space up to the point where the FFT APDS begins to repeat. The same is

true on the left of boresight. The output of the FFT AIDS is 17-beam post-

tions (two-beam positions are identical for n - M4/2) equally spaced in sine

space. Figure 8-5 shows the APDS for an OTH source (WWV) at 10 Msz. The

source occurs at approximately 30' to the right of boresight. For APDS

maps presented In this report, a negative beau position angle is to the

right of boresight. The antenna boresight was 2409T and 30* to the right

of boresight on the APDS corresponds to an azimuth of 270*T. The calcu-

lated direction to WWV from Dexter is 271.3"T. At 10 14Hz and for an .l-

ment spacing oi 18.288 m the APDS covers azimuths + 550 from boresight.

The 17 data points at the output of the spatial FMT are formed within this

±+ 55 region. Also the points are equally spaced. Finally the maximum
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steer 0 for an array with no grating lobes in visible space Is speac-

fied by the condition

8* + isn 1  d - 1)

This mazintm steer to indicated on the display by two vertical ticks on the

horizontal axis which for a frequency of 10 RNs occur at + 39....

6.3.2 dantive ,PS (ADAT)

The input parmters for the adaptive APDS program are time (hours,

minutes, seconds), mode (1 a normal, 2 a spectral preprocessing of data),

operating frequency, element configuretion, and NGROUP. NOROUP is the num-

ber of ample groups used to generate the covariance matrix. Each sample

group contains 16 complex time samples per array elament. In the norn l

mode an NGROUP of 2 is usually selected. The normal mode indicates that

the covariance matrix is determined for the entire filter bandwidth. In

the preprocessing modes a 16 pt complex FFT is performed on each lemernt

output and the peak signal is resolved in frequency. The covariance matrix

is generated for a specific frequency cell in the filter bandwidth. (For

a 16 pt FFT in mode 2, an NGROUP of 32 is required.

This report cannot discuss in detail the algorithms used in producing

the adaptive APDS maps. A brief discussion will follow so that the computer

programs in Appendix D can be followed. At a specified look direction the

output of the beasformsr is y a WhX where X is an N element complex column

vector which represents the output of the N element array. W Is the trans-

pose conjugate of the weighting function for a specific look direction.

For conventional beamforming Wh a V* where V is the unit vector In a speci-

fied steer direction. For adaptive beamforming it has been shown that the

set of weights that optimize the SNI for a given look direction Is:

W F V)/M)

where F i1 is the inverse of the coveriance matrix 7, M is the number of

elements, and (V* 71 V)/I Is a normalization factor. The power density in

a given look direction is defined as yy*. Using the definition of y ,

W* X we can show that:

S-J
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y7* W* VI * V

M M

Since ZX* A YO PFF and ('l)*-

V* V

This def ines the paver density for a given look direction. The AIDS is
obtained by calculating l/(V* V) for 65 look d 4 reotions equally spaced

in sine space from -l to +1. The AIDS for W'V at 10 Ens using Adaptive

weights as generated by the a~daptive algorithe described above is ilius-

trated in Figure 8-7.
8.4 Radar ProcessrnA

An d /0/OTH radar detects tarsets after aenl s/ Doppler pronessinS.

Evaluation of convantional and adaptive beamVorming techniques for 0TH

radars requires procemsing of the data in a radar detection mode. For this

reason, the off-line adaptive processing software has been aub ited with

a radar processing mode. This modu displays amplitude versus frequency

for A fixed steer direction. The bafteorrang eights can be p nerated with

either conventiona nights or adaptively calculated. Fciure 8-8 is a block

diagram of the radar processing mode. The data is represented by an Ncy

eletmnt colum vector X. The beamforwer multiples this colum vector by a

weighting function row vector determined either adaptively or conventionally.

The output of the beamformer is a time series of the complex scalar y.

This tins series is weighted and FFT'd. The output is the amplitude versus
frequency for a selected asimuth. In the current program, the @is* of the

FMT varies from 16 to 256 complex points which for a sample rate of 250
complex samples/second represents a coherent integration time which varies

from 0.064 to 1.024 seconds.
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8.4.1 Conn -v - .o.,eoraLa -ONYT)

The steer direction specified determines the steer vector V.

for conventional beamormin8 W a V. In ad~d~ltiong & 70 dB D-C spatiatl
weighting function is applied across the l6-sleE t array. The program

can easily be 8eneralised to apply different spatial weightings If required.

In addition, the amnber of elements can be variable and from I to N elements

can be used. This Is done by weighting with 0 those elements which aet not

desired. Depending on the desired frequency resolution, a time series of

complex scalars$ y. are obtained from the output of the beamformar. A 70

dl D-C time window, which Is specified by the size of the FFTT Is applied
to the data. The amplitude output of the resultant M is displayed.

figJure 8-9 shows the output of the radar umode vth a 256 pt FFT for a

50 Es test tone at boreasiht. The horizontal axis shows both the MF cell

number mad Its associated frequency call In the 250 Rz blind as determined

by the sampling rate. In addition to the sample time and the steer direc-

tion (relative to boreasiht) the peak sigmas showohn. The data wben

plotted Is scaled so that the peak signal occurs at 0 dB. The value of the
peak signal can be used to coUpare signal levels at the ma) FFT call for

different steer directionsp This assumee that the asae data met is used to

produce the radar maps at the selected steers.
Feigurn 8-10 shons the output of the relt processirry od. te o0r and

-27.950 for beV signals at o0 Mpl. The sigfnt from p i V at the 0e steef is

39.1 dB belto the singm at the -27.9c steer. The conventdonal APDS for

thcs time period (see Fisure 5) is in igreement 0s it hlmve a slwihtly lren

cthan e0 dB scal loye level at 0an hen f omupurd to the peak of the A 7DS.

S~8.4_.2 Adaptive Beanformina (RADAPT)
t For the radar modi usdno adaptive resuhtl, data is read i n, stored onto

the disk, and added to the iovsecince dbtrxt. so In ADAPT. The matrix is

then inverted aend the weights in t imvee look direction are

and the output of the bes selectr Is

Y- W* X.
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Figure 8-10. Conventional Radar Map of 10 MHz WV Signal
at 0 and -27.95* Steer
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As for the conventional mode, a tine series of 'y' Is obtained and time

windowed with a 70 dB D-C weights prior to the FPT. The weights can be

generated for any look direction by the appropriate selection of the steer

vector. In order to expedite the generation of radar maps using adaptive

weights, the inverse of the covariance matrix is determined for a set of

data and may be used for seevral asimuths without regenerating the covar-

Lance matrix.

The number of samples used to generate the covariance matrix Is speci-

fied by NGROUP. In the adaptive radar mode, the number of tim samples
used is the doppler/range FFT size. The NGROUP required is specified by 2 x

NGROUP - FFT size. For example, a 256 point MIT requires an SWRDUP of 16.

The covariance matrix is a 16 x 16 matrix (for 16-eslent array) which is
formed by the expectation value of Xi j•" X, is the complex signal at the
jth element and i and j are running indices representing the 16 elments.

For an NGROUP of 16, 256 values of xi are used to determine the expectation

value of x- x . This approach ensures that the weights generated from a

given data set are used on the same data set to generate the adaptive radar

mode. The approach described aisove although specified at a 16-element
array can be gineralized to any number of elments. Figure 8-11 shows an

adaptive radar map of WW at 10 MHz using adaptive weights for an 8-element

array. Indicated on the figure is the element configuration utilized.

K!

41
:t



514

0

-80t
-128 -9 6-3 2 4 9 2 V
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9. EPERUMA P!92M

A limited experimental program was undertaken during this phase of

the Adaptive Processing Program. The objective of the program was to:

1. Provide data necessary for implementation of Equalization Filter

by TSC.

2. To provide data to check-out off-line adaptive processing soft-

ware described in section two of this report.

3. To measure sidelobe levels with OTH sources achievable with the

16-element array using conventional beamforming.

Table 9-1 lists the data collected during the Phase 11 Adaptive Pro-

ceassing Program. The data for the equalization filter consisted of the

output of the 32 receivers for CW Test Tones from 5 to 150 Hz in 5 Us fre-

quency increments. The data for each CW Test Tone was time weighted (with

70 dB D-C weighting) and processed with a 512 point rest FMT. The phase

and amplitude of the test tone for each receiver was determined and refer-

enced to Receiver 1. The results were forwarded to TSC for use in the

construction of the digital equalization filter.

The WV data was used to verify operation of the off-line software.

This has beeu discussed in detail in Section 8.0 of this report. The data

was elso used to determine sidelobe levels achievable with the 16-element

array for the OTH source. Figure 8-5 of this report illustrated a ý-ypical

angular power density spectra of WWV which shows a 40 dB sidalobe response.

Finally, two controlled CW sources (SRI and UI) were explored to determine

performance of Adaptive and Conventional Processing in the presence of two

sources. Unfortunately, transmitter difficulties at the University of

Illinois prevented the observation of the two controlled CW sources.
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"Table 9-1. Data Collected During Phase 11
Adatpive Processing Program

Date Zia
24 June 1975 1528:20 - 1544Z Filter Squalization

Data
14 Jun • 1611:30 - 1634Z WV at 10 a
28 Augx,•,ý 1975 2336:30 - 2355Z WWV at 10 Ma
2i gust .1975 0011 - 0027Z SRI( 1 ) & 1

CW at 7.8 Mz
29 August 1975 0030:52 - 004:40Z SRI & Ul

CW at 9:835 Ma
29 August 1975 0105:30 - 0121:15Z SRI & UI:

CW at 7:800 Maz
29 August 1975 0135:30 - 0149:30Z SiR & UI:

CW at 9:835M

(1) SRI: Stanford Research Institute - CW Transmitter at
Los Lunas, Nev Mexico

(2) UI: University of Illinois - Cw Transmitter in

Chsaagne, Illinois
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A. Calibration prograsSo COnvention~l Angular Power Density Spectra
C. Adaptive Angular ?ower Density Spectra
Do Radar ProceagoIng with CobvsntjoWa Ieamforning

E. Radar Processi~ng with Adaptive BeamfozuiaF- Equalizuatou Filter Design Program
G. Equal~aation Filter Design Results
IH. Adaptive Processing Wide Bandwidth Considerations
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C PROGRAM MiCALT 5 A
C PR

C THIS5 PROGRAM Is CALLED MCALT 00mC READS RAWd CALIBRATION TONF SAMPLES Fqom FIELD TAPF OpL
C AND GENERATES CORRECTIt1N FACTORS. 53UJRCF 4AY FTTHFP P11
C BE INTERNAL nR EXTCRNALCmONOPnLU) VV09
C READS TAPE *512 DATA NORDS + 11 PARAMETER wnpns v s23 w')RDs.P0)
C ol p1
C 9 SEPTEMAER lQ?5 1600 4NTH COpRRCTFD mnNnPnLE (tOQRECTInNS ai
C 00t19

REAL ISAMPL, 1QcfRAoCflSCARSCnPAt(1A ,ELPH(16) 00911
INTEGER CTImF#STIME#IDR(6)
COMPLEX CR(~.SM ,CR1?EP1),7fR(f)7E4¶,~M2~ 1

C
DIMFNSION TgOA1)DFP( .HTLT1)Y~TT1)OUTRUF(A4). 4mm
DIMENSION 0ISTC8)#SPHCflR(16) ~9~100

C M

EQUIVALENCE(TNRLIF(t )vww(.F(l)) IPPPP21
EnUIVALFNCE (nUTRUF(I),Ti~cOA(1)).(DUTPIJPft7).flF.P~4(1))# pp
*(OUITRIJF(3 ),?COPR(1c I(P$.410T f I YPOTNT ( I ) Ipip

C

*ZCFAE/31

DATA (D)TST(1),T:I )/,04,0c,,5,P3O.47
I12.770¶',14534, 15.713p16.303/
DATA ID+UM, ICOLONRAD. TFTRSTNSAMiPDJCHAN/7ACS6CZPAAlS7.2Q57RM036

C
TAN(OUtMMY) :STN(nUMMY)/CnS (DUIMMY) 039

C
1 CONTINI)E

DO 3 Tal,1s 014
C0RA(I)z1,1 M910t43

CALL RURST M40

C

I II FORMAT(9TtIjP HQ,.MINJSECI LTTNAFS(3AP,I5)1) 91091M5 I
REAnfl(I,tt2) INR*,I4TNvT-ECeLTTMFS 01010152

1 1? FORAAT()APTSA) 1(m53

105 FORMAAT(@SOIIPCE? 91mThITEPNAL 1umnNlPnLF (TI)') 01901 ( iI

1016 FOPMAT(II) CN M 05 7
TF(TS0tJRC.F0.CA)Gn TO I1lo1

CM9015
C mnvnfLJ~F TF9T TONJE SOURCF
C CnMPUTF PHASF r)I5TANCFS 0101061



C 57PO

107 FORmAT('TNPluT OPERATING FREQUENCY (96.3)0) ~6

1I8 FnRMAT(96.3) P06
XLAMnAvQ9. 792 j'FPEn PP6
DO 50 TatRPPA
SPHCO4I )f15,?A31 8*DrST(t ),KLAMOA plop6q

50 SPHCOR(17-T)83PHCOR(T) 0107

CALL POTAPE(IFTLE)
CALL TMAASCI(CTIME) OMM73
IF(CTTMEC4) .NE.1HQ.0RSCTTME(S).NE.TMiIN.OQ.CTYME(A) ,NE. POUP74
I ISEC) GOTO t101 plp

00 680m LTwILTIMES MMAY6
C
C OUTPIJY LT Cn'jNJT ON THE PTA SET 4IR TO 71 ~7

CALL RTROOT(LT)
C p~jlA I
C READ A RECORD PA
C

IF(LT.FQ.jl GO TO ttM5
SF IL Exu MPR
CALL POTAPECIFILE)
CALL TMASCI(CT!AE:)

IM'~ DO 16 Tlal,%JSAMP P
16 NAiUF(I)%FL0AT(TN~LJF(Ifl opq

C M 9o
C PERFORM 16 PT, OFT ON EACH RECEIVER M~p9t

DO 6%7(0V JCnlR:1,2? OM93
DO 66Q9 IFL21#16

TCONSTX2*IEL-i 1Q
IF(TCORREg.1)GO TO 4 P6
ANGLRv(QO9.,-lOELPH.(TEL ))/RAD MMMQ7
COSANGaCOS CANGLR) SPI98 :
TANANGxTAN(ANGLP) lo "

4 CONTTNOE va lV
Do 69 2101,16 mollol
TRXwDzICONST+32*(T-1 ) mol p.2

1222*1 vil ~3
ISAMPLT2): VI I M4

0SAmPL(I~k)2:P'UF(TRywnfl1 091 M7
0SAmPL(C 2):l.q M
TF(ICORRE1,I)GO TO 69Q41A

69 CONTINUE pil t

C THE TSAmPL ARRAY ?N')wJ CnNTAINSq 16 SAm*LFS (T%4Ar~TNAPY PART SET 91M 01ti
C FOR A FOFT ONJ THE r-CHANNIFL 001 14
C SAMEF FOP THE DISAVPL ARRAY ppl1 t5
C 091116
C 4~TNDOW PQTO$Q TO V'FT Mal I t7

DO0C 21,1 00p119

?SAMPL3CMPLYCTSAMPL(12n1 ),TSAMPL(T2))*CMPLY(1nPH(T),M.0) 01p
TSAmPL(T2.1)zREAL(7SAmPL) Ml:



!qSAmPL(I2.1 'J3EAL (?SAMPL) M?
691 (JSAmPWI)aA1MAG(?SA'APL)012 

1

C NOW PERFORMI A OFT ON THE I.CHANINFL, THEN THE MaCHANN!L Opipp

CALL FOQT(4v.ts8A4PL#yFFRR) 001301 ý
CALL FOT4-sSmLIFR m~

C 00132
C THE ISAMPL ARRAY NON CONTATNS 16 Cnm*LEX (1 TnTAL)SDECTPAL VALUFS
C FOR ONE I-CHANNJEL RECEIVER 0I134
C SAME FOR THE qSAMPL ARRAY
C NOW GET SPECTRA %AMPLITUnE ANn PHASE VS, FRFEDUENCY MP36

DO0 66 JCHANJLUI#2 00134

D)O 68 T121,69013 21j19*- C11 AM~~M 1 1 AC C

GO TO 68 ~d
881 CALL A~P~i ~4P(?on&PtTddWA()YP()
AR CONTINUE 1 4%

C InMXMMAPI~FwTHIS IS THF CAL TOnIF Fo1l47
C SKIND MAXIM aMLUE 0,C, O ONLY THE FIRST HALF NIImRER OF OTS ~4
C DUE TO THIS 4EING A RFAL FFT

NP? SxQ
'(OUNTv7 PM132
CALL FNO1MAX~('EAM,NPTS. KMUNJT) 's
IF(JCHANL.F1.2)Gn TO 6*f 0101 R4

PH(ICONST)vvPH('(O(uNT) AMOS
GO TO 86 AA15 871 #5 AlerCONST,+hwm c~(n1N~T,,im.7A, s
PHe1CnNSYT~jPHu' (1kT) M 5

68 CONTINUE
69QCONTINUEF

C ORDER (o 1(t), I() (2), n(p) *.. .1(5) (16). AMC16
C PHARRAY CONTAINS PHASE VALIJFSC tREES) FOR A1,L PEF1rFVFRS IN THEviIAl

C SAME ORDERM16
C NOW PLOT AMPLIT11OES MM 67

SqO CALL SSNTCH(P#IIJP) AM 1 6Q
IF (I UP .EQ, I) GO TO V 91MA 7
CALL AiURST MAI 71
NRT TF(13 1) C M Ta nI NME v (A.X2A.~A) LT vim I "*
CALL TKWAITT
CALL TX(PtL0(1(,P,0) 001 74
XSTAQT'v'*AMMI7
YSTARTa3,3107

CALL AXT(STlS TTlRfl#.IPplJ,.01 00~17A
CALL ~ 1.~¶AM I 7Q

XZFLOAT(T-fl*1,P+YSTAPT qM~
Y:Am(T )/1 ,'+YqTART
I IF ( I G T. I) (%) TO 6QQ M
CALL PLOTUY.,I) (A 11 A



699 CALL PLOT(XpYoP) 5 P0

70 CONTINOFpt 
4

C PRINT OUT POAJE VALOFA 01 113 AR(Ivr M 01,1 mp 049

DO 72 JPATRautAt' 
ap192

J82*JP41R 
O9

IPUjCORR.Eq.2)G0 TO 719al~
T9C0RA(JPATQ)*&m(J.1 j/AM(j) Mo4d

0ELPH(JPAIR)*AR9(PH(J'1 ).PH(J)) Wall~

IF(OELPH(JPAIR) .GF. 1P.) LHJAR~3POnI.HJAR PPI96

PHIOUT(JPATQ)muf)LPH(JPAI4) 
poloy

CORA(JPAIP)aCORA(JPA!R),TnCOPA(JPATR) 
PmmQA

ELPH(JPAIR)UELPH(JPAPI).0ELPHCJPAIRI0114
GO TO 72 

00pl

719 PH4TOUT(JPAIR)uARS(PH(J.1 )-PH(J)) 
PO

IF(PHIOUT(IA)GEIMPinTJAR3AimPntTPI) 
pipl

7? CONTINUE 
OP

CALL PLOT *.ApP2v?,l) 
PM

I* T (13 1 PH(T),!17o,2,(HTw,!Ut60
2) PH~ #P~TtTo#ls v(PHIUTT3loQ#)#1A101

t~t FORMAT(23X,21HPECE!VEP PH4ASF AN(,LES.?(1//X,7H I#PFA.1,/2W#PH GoPIP1

* MFA,¶ ,/jW#3DTF,8FA.1) 
11pl

67MI9 CON T INUE 
MPA

C FINISHED 1-1 CORRECTInNS NnW FIND) ELEmFNT-FLEmFNT CIQRFCTTONg mmpl11

C 00 A COMPLEX nFT ON EACH FLFMENT PIP21 3

no fieol ICORRuI,? 
pir2l 5

On 5101V IELUI1I #16 
1 Apt7

ANJGLR3 (9q.~*-lLP (I FL) 'j QAn 
aip

COS ANG*COS A NGLP) P11

TA NA N'uTAN (ANGLR) 
0112

IF(IcOR.N.2in0 Tn 4ý1 M12

7CCOQR( EL)xC0QR1 /7CnPRRTEL' 
mp

7ZCPRQ(TEL)3?ZCORR(TEL)ZCnPR( TFL) 
P2

510? !CONSTI2*IEL'1 
M2

TPXN)xT(ONST43P*(I-m1) 
1C226

1 a :1 
M* 01?;

ISAMPL (I? wjxAJF(IR)XW) 
PP27

ISAMPLtT?)aJJRIIF(IR~wf*i )*T0CflRA(TELI/CflsANIImTSAMPL(T?m)*TANANG 
lm)3

C AI1N!)(IN PRIOR YO FFT 
mp

lSAmPLuCMAPLV(ISAMAPL(I2m) ,TSA~mPL(TP),*CmPLwt~flLPH(fl ,M.P)02.1

IF(ICORR.E1)U2)?SAMPLU7SAMPL*7CnORCTEL) 
pl~

ISAmPL CI~m)sREAL(?lAmPL) 
p:3

sll' YSA'mPL( I?):AImAGCZ5AmPL)0Vp1
CALL FnRT (4,-I, ISAmPL, TFEQP) 

M3

C01APiQ
C GET AMP ANO PHASE OF CAL TnNFMM?40

C0114
00 slot Tai.16 

lp4

12.2*1.1 
010243

51011 CALL AMPHAS(TIAMPLCI2I.TSAmPL(T2+I ).XAMCThWPH(IflIM14
NJPTS*IA 

mO4

K r 0 N NT? z 
1P4 6

CALL FND,4Ai CXAA,NPTq,lKnhiNT) 
M ml4 7



x( nkIN~ T ?a2 *K 2* i~ IN T 60P4

TFTCOIPR.GT.I)na TO d9QQ MM25P
?CORR(IEL)v7TfMPC TFL) ( I

d99Q AMi( FL ) mwA0(KntNT) /3P76I,7

500 P94(TFL)wwP'4fxniINT)
C
C PRTNT OUT 16 ELEMiENT AMPLTTII(FlF ANDf OHASFS %5

501 CALL SSNTCH4C2D1IJP) MPIPS

CALL PLTFPF TO121
TF(TCnQR.GT.1.nQ.TSnIIRC.%JF.,)rn nAQ

C COM4PUTE ANI) PLOT mMfN0PnLF CflRRFCTTO' M11JP
C

Ofi f7Qq Tai.16 2f
PH(I)vPH~(T),SPcn~f~ti,*pAn~~ ~
TF(PH( T) ,GT. 3A) PHCT)SP'4CT )-71AP,

fj7Qý CONTINUE0 P1A 2tA
CALL SPHrom(?Cnq,sp~cnp)~

SAM CALL SSiNTC'4(2# T1P)
IF(TlP.!q.j)G0 Tn SPOP
CALL PLTFPF ~7
CALL PLnT(1910,.60t1) 9 :

t14ý FO %AT (/6W , INT T4 MON~npnLE COQQFCT1 INIR 0M97
6799 CONYTNIJE M0275
A 1( CONTINIIF PI276

C NON AVERAGE CORPECTION FArTOQ$ nVFQ LTTMF44 AKIrM
C SAVE LATEST CORRECTION FACTORs ON nT~c M H

FLTLT*LTTMAF9 (A

T0C0QA CT )zCfRA T) /Fl.TLT C
DFLPH(T)uFLOH(P)/FLTLT
7TEMP1 aREAL CZ7COPRRCT) )/FLTLT 9 A29
ZTmPMPxATmA(7?COPR(Tfl/FLTLT CR26

A~~7CnORRT)zCA40LW(7TEmP1 .?TEvPP7C O
TSFCTu¶0 PP
CALL rDs'n(niUTR0ITIF. ISFCT.A4) PPA

C TASK( COmOLETF NOnJ CHFCK( 557 IF UjP, ATT TF rfýlo~ CO%4PUTF MOMt
C A NF~q SET OF CALT9RATTON, CIPRFCTTON Wa(.Tnpq 09

502 CALL 8SwTC-4C2*7oP' 2Q
IF(IllPE,.l1)GO TO m;pp 9
CALL R4IIR9T 92Qf

503 CALL SSNTC-fl(7#Tlgp) 02
T F I(IUP ,E ,1 )G n TO n f
Gn TO I

SmCALT EnO' F , MAAT N NIAF THF PQflGQAm 4rMALT m~l3m
SNTRY ACALT (A93 M
SLI'RR 'AC AL Tm 41m;

ENn m30



:nRMRMUTTNF -PHCOM(?,,qP~enR) 61A ICA

REAL CAAStC08C 01

COM4MON moJl1~7,lh%( 1P43hIh~ 11~
D~O I leIt~ 0v 1 d01
(318CARSrCT))Mlll

Q5%Qt*SN( j3) pl
?C!)8CMPLXe1don5r f ~fA 3
RETURN 1'3p(
ENr) P'



SIJPROUTINFJ 4rTAPE CIF71LF) 62032
NTRY nTAP 919324

S ~LIAR ROTAPE

C TAPE READ) ROI)TINE FOP COPPFCTTONJ FACTlPS (GFNFPATTnNI -PNLY IJSTNG vi '27
C PPOGRAM CALT ~~
C COMMO 3?

DATA icnLnN/7RAA0/ 919331
5 NioRoDS=523 S0332

I IJN I T=Q 01'A3 33
I EOF=0 91334

I I~ CALL INP7( TNMIJFNiOROSTIJNIT,IFTLE.NWJR) 0031
C PARITY ERROR ON rAPE 011337

I NRITE~io'Il)NWR 003
t00 FnRMAT(/5X,ITAPE PARITv',TS,'WnPI)S READ') 010339

GO TO 1' 1* 993491
C END OF FILE CINDTTTON' PI341

3 ~AJRITEC 3, 11 193 ;101 FORk`AT(/5X,lTAPE EOFI) M9343
TEOFZIFOF'lF, 01344

JF( TFQF.GEi*P)STo)P 134S

C NORMAL READ f)4

?IF(NWP.qr.NE.r;)WPITO(,0 W 0034
10 fRm A T //Y , 2 1W RFC 0P r) t-E N TH T NIC 0 PP FCTT 151 1H vi nlP r) R E A ) M 93 99

CALL TImOVFi(TN9IJF(513)) 139

TFTLE=+l 11 99GO TO 9 01115f
E NI) 0 013 5j7

OWNI



StJBROUTINE RIPOOT(I() 63 M 0313
- SNTRY RIRnOT o i369
* SL!BR RTROOT M6

IuS( 00362
tIl CONTINUE P1363

s D R.MACH,! 919364
s LOWA I FETCH NUMBER OF TIMFS THRO Ln.OP P03615
S DOT 7 , t 0366
$ 5MB R.EYEC 001f
8 S J$ R.EXEC 006

RETURN MV1369
END 003791
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SUBROUTINJE PLTE2E ~7

S ~NTRY PLTE2FQ~97
8 L!8R PLTE?E pI0373

C 001374

C 010376

C SUBROUTINE PLTE2E PLOTS aMPLITUnE ANI~ PRYNTS OUT PHASES AND P01377
C 0101377

C DIfFFERENCES FOR 16 ELEMFNTS 017

REAL PHIOU)T(16) ,DTFRAD(1I1bDIFVLT(16),TnTFRR(16) 01013801
INTEGER CTTMEvSTIMFIV(6)tIF(7) PICA381
COMMON IflUMMY(Il11) ,AM(32),PH(3?),Ck.TTMF(6),STTME(6) MP30132
DATA RADICOLON/57.2978*?9AA01/ 03I
DATA (TV(I)T)1E6)/ZA01A01,?A01A0ZAM&,ZA01D6,7CFCC,7D403/ 0101384
DATA (!E(I),TuI,7)/ZAPIAP,ZAPCS,?CCC5,ZCDC5,?CE!)4,7A0CEZCFAE/ P01385
CALL BURST 010396
WRTTE(13,1010) (CTIME(I).T31.N),ICOLO1NCTT4E(6) 9191387

1010 FORMAT(22WCORRECTION TIME '#3A?*3W2A~vA1.A2) POW36
CALL TKWAAIT 019136I9F CALL Tt(PLOT01,Q,,0) 0.1013901
XSTART:22 910139t
YSTART23,3 019
CALL AXIS(XSTARTYSTART,IEm14,3.01,M.,..0), M 001393
CALL AXIS(XSTAPTYSTART,TV..l2.?',Q0.01,0.010111 ,1*01) 011394
DO 50102 1:1016 010395
VvFL0ATC1-l )*01.?+YSTART 0101396
YzAM(!)/I,I+YST ART 137 J
!F(I.GT,1)Gn TO 501011 P01398
CALL PLOTCXvYv3) 0191399 I
GO TO 501012 0111

59M01 CALL PLOT(XOY,?) 010140Q1 I
k 50102 CONTINUE 9101491 P

DO 50103 1:1.16 0104013

PHIOUT(I)XPH.(1)-PHC1) 01914014
IF(PHTnOT(T).LTmt601.0)PHTOUT(I)2P-ITfltIT(T)+lR01.0 041

DIFVPL4OT(I)z.GT.1601.01m~)P)TLTI)P1U CI-P0 0104 0 A

5003 TOTE'-,R(I):SrOPT(DIFPAD(T)**,+rIFVLT(T)**2) 01914-09
CALL PLOT(M.91,2.6.mt) 01014191

*(f)IFRAf~lI),TZi,83)aDIFVLTCT).I:1 ,R).(TOTEPR(T),1:1.R), CM014 12
*(PH(I),T:9,16'), (PHIOUT(Tl,I:9,16),()ITFPAD)(T).,Tu9.16),(DTFVLT(T), 01014t3
*1:9,16), (T0TFRRP( ), 19, ¶6) 0191414

I FORMAT(6)(.'ELEMENT PHASF ANn AMPLTTJnFS',5YeFLEF'INT I AMPl,F7.P, 0101415
*/501X,3H4PHS,F7.?,PC//jX,6HPH.ASE RF.;~.,/3Y,4HnTIF R~F8.4,/,7HFRRPH', CR01416
p 8FS.4,/7HERRVLT 8~F8.4,/7H4TOTERR R~FP,4)1 0901417

Rk ITURN 01014 1 A
END M9141g1



SIIBR()tJTT NE AMPb4AIR CE *~p 65
S ~NTRy AMPH.AS ~

8 L!SR AMPHAS 102

AxSfIRT CX*X+*Yy) 09424

!FCX.LT.M.I)GfTO 67 fA42
PRATAN(Y/X) *PAD 

1M) C

67 PxJ8A.A'+ATaN(Y/w)*pAD 
1043RETURN 

AEND 
01 43 4



5SJAROUTINE FNOMAXCX4(M,NJPTS,9 Kl~~T) 6
S NJTRY FNflMAX MV137
8 LIAR FNDMAAX 010143 A

DIMENSION XAM(16)01)3
KzKOUNT+1 1044Q1
PMAYaWAM(K(r,,,NT) 014 41
DO I luK,NPTS 0 ;
TF'(XAMtT).LT.PMAX)rGO Tn 1 114d3
PMAXUX AM~l (A I)44

I CON TINIJE M 144 6

RETURN 014

91914 4 F

Ij
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APPENDIX 13 T
CONVENTIONAL ANGULAR POWER DENSITY SP~CTP• ,

3

Ii

, i

I
I
I

Ii



C PROGRAM CONVT 68

C THIS PROGRAM IS CALLED 'CONVTO
C RETRIEVES CORRECTION FACTORS FRnm Dy¶(K (PREVIOUSLY GENERATED BY ppoC PROGRAM 'MCALTI). READS DATA AND AP'.iTES SAID CORRECTIONPO
C FACTORS, COMPUTES AND PLOTS CONVENTTINAL MAPs ON TNF TEKTRnNJX opp
C CRT USING DATA COLLECTED ON THE pm
C 16 ELEMENT ARRAY AT RAnCp DEXTER, NEN YORK. PPPC READS TAPE INPUT ONLY polpiC 

popilC 4 SEPTEMRER 1975 WITH KOUNT FIX AND RCz¶R*pgR PPI12
C~PPP13REAL ISAMPL.(32),.IQCORA(t1,nELPHC15),RUF(64),COSANG(t6), OIPP1

*TANANG(16),XAM(j6)*WPN(1 6) pppis
REAL COSoAMf16) ,PH.(¶A) YPOTNTf17) pltREAL XPOTNT(17) ~17
INTEGER YTME6#WbFIA)*A(6,096 a91INTEGER IKNTST(16)#KNTCNT(16)

C COMPLEX Z~)R 6PZEP(6PDLH21tZAP
COMMON IRUF1(262),IRUF2(2A2),INRLUp(523) 02
EqUIVALENCE (IN81JF(1),vJRUF(1fl))2

EQUIVALENCE (BUF(1),TQcORACIj),(RIiF(17),DFLPH(1 ), P?

C * (8UF(33)*ZCORRCI))
DATA OP2

DATA(IAZ(I),I16/AIMZVAIZ~I,~CMnmRP 
M OM32

DATA(IOR(l)Ia,)/.IAUIAA,4Cp72~~4C,!7F 
VISPI33DATA PI.RADNSAM~pNCHAN.TOO/.~5p7707,1,PZ M MP0~34

DATA ID0M/7AQ)AP/ PI

TAN (DUJMmY) xTN (Oimmy) /COS (rmJmmy) f3

ARSIN(DtIMMY):ATAN(DtJMMY/I~QRTC1 *i-'w!JMMY**,P))

C RETRIEVE CORRECTION FACTORS FROM fl13(

C COMPUTE ELEMENJTAL PHASE ANrL.E CORRECTIONq
C ISECIzt

CALL DSKTN('RUF,ISECT#64) PP
00 91 TEL:1,16 P4
ANGLR3(94m.qI.DELPH(IEL))/PAD PPP8

cOSANG(lEL)zCOS(ANGLR) 
RI491 TANANG(IEL)STANCANrLPIP0 1

C INPUT DESIRED) TImE ANP SFARCH TAPE FIR IT C
I. CALL 81JRST ( 1S

199 FORMAT(fTNPi;T DESIRED TTMiEm-HP,MTN,SFCI FREQ f3AP#F7*3)1)P015
READ(13@111) IHRvIMINoTSFC,FPFr3991C F

I )I FORMAT (3A2,F7.3)001;
UMAXv31l./(FREo*2.*l1 PA SP1057
4QITE(1I3*plim571 o20 0~57 FORMAT( SPACINGx3128.24 kit) ~



69 r6 1

XANGLUARST N CXU) *P AD l

XUL83.'rhhXANGL/31.009,1
xk R a 3 1,5+x A '4GL / 30 911

X P01N T ( 9)A.7

JTHFTuFLOAT (TP)*UJMAX/Ap91196
THTN83,

IF~kTHF.LTi*)THINvRAfl*ARSTNl(LTHET)/3?,MPM

YPOINT(1P+9)93 0S+T HN CRVIO73

CONTINUE
tI FILE2.1
11CALL ROTAPECIFILE) C07

CALL TMASCI(CTTME)NEYTP
IF(CTIMFE(4).NE.IHQ.0RCTY'AE(5).E.~N.
ICTIMFW6,NEeTSEC) Gn To 10

GO TO 15
2 IF ILE a4I1

CALL RnTAOF-(IFILE)
CALL TMASCT(CTTMF)

t~D 6 1IzlNRAMP

16 4 ~Fk iF( I F t nA T (IN 8 UF C 70))M
C

C APPLY ALL CORRECTION FACTORS To NFN SAMPLFS, AnnO WFTtiNTS A'40IMAA

C no A COMPLEX FFT 
999

C 414DJtOW PR1OQ To FFT

C no 5oqq 1=101601C

Kq5 NTCNT(T)zl99 
:

ANGLRz(QQ1.flwEL0H(lL))/RAD 

(

TAKIANG TAN(ANGLP)91A6

no 6vi1 1=1,16 
1jM9A

1PX)~TC0NST+32*(T-t)
12 2 1*

AMPL~~~M (I2 PIPF(I~i

I AmPL 12) z'AdJF (IRE1AIpk, )*TO&CO TEL)/rITsAMlT~PL I m) *TANI~iC 1

ISAmPL(T~mSQEAL(7SAmPL) 
1110S

601A 1 TSAmPL(I?)zA1mAG(ZSAmPL)
CAL FnT(4wtTSAMiPL,TFFPR) 

011S

tDO 40 121,16 
mm11s

12 m P * - 1 CA 11 A

CALL FNIý IANTKniTSM1 
13

L 1 KUNT222*41OINT 
ICAIi id

K(NTST(IELY'(OnINT 
1911 17

IF(WNTCNTfT),LT.WNT CN 4WAE'j) 0 TI 6OM3 
91.1 pp

KmAX:I 

vnp

-4223_Sý' T INUE



701

I(OUNTmKMAX 
10124

(OLINT 73K N T 09 2 2
00 60v IEL,106 M1P

IF(KNT9T(1IEL)*ED.K0tNT) GO To AWA

ANGLP3(QM.1uflELPH(IFL)jA vi IP

COSANGUCO)S CANGLR) 
C40120

TANANGUAN (ANGLR) ~~2
ICONSTIP*IEL-hl

DO 6291t Tat1,16 
pip13:)

1RWWD2TCONST437*(1ul) 010133

1222411M13

I SAMPL ( I ?m I *01iF ( I R X Wf))
I SAMPL (T2)i qRIF (I PXN) )*IlQCOR AtFL.) /Cs A Nn-TSAMPL (.TM)*TANAG 

1M 136

?SAmPL3C'-PLY(1SAMPL(I2M)oTSAMPL(T2'I)*7COPRU(FL 
j*0"L PH MCA 137

TSAmPL(I2m)zREALC7SAmPL) 
41'I

62M IAmPL(T?)2AIMAG(ZSAmPL) 
j4

CALL FOTC4,Ih1,TSAMPLvTFFRP) 
41IV

C01 CONT NIJuE 
MM d

C APPLY 70n4 fl.T WINDnA AN!) FFT ACPnSS TNF 16 FLF"ENTS ~ VN44

DO 111 121.145C 
146

?TEmP(1 ):?TFmP( I)*f)0LPH4C1) 
(AM 147

ISAmPLC1P-I )xRALf7TFmP(T)) 
MM14 d

31 ISAMAPL(I2)xATmAG(7TFmP(T)) 
991s0

CALL FnPT(4,-t ,TSAMPL,TFERP) 
vio is

DO 032 111 
12

32 CALL &MPHAS(TSAmPLCT7). 1SAMPL(1241 )#YAm~(T)YPHCI)) 
I¶Md 2

NPT$1A ~1

XOUJNT:1mil9

C FIND PEAK AND) PLOT ~l~N1~A A 
15

K c 
vio I C

CALL FNDAX(V~AM,NPTS.,OIINT)
PFAK:WAmCKn)i1NT) 

IF

PKLG=PS0.?*AL0GMI (PFAK) 
A16

DO 30M 1:1,16 
00161

301 EAmCT)inPKL?,-0.*ALo,17(XAAM(I))vit 
a.

591 2 CALL SSNJTC4C2#ILJP) 

17

1F(TUP.EQ.t)ý,n TO riA?9016
CALL 

4US 101A

-1CALLT 
TKPLOT() Tf 1 9 ) 

1 AQ

YjTAQTzI 4 
1C17(

CALL 
01S(911ATAei~ 71

CALL AXIS( .5vYSTART 1lr);, t 2,4 .0 00 
SAr~7 I* '1 72

Do 35 121., A 
o 71

35 YP0INT(1)zXAm(T+8) 
01074

00 36 1 =9 ,17 
01 -

36 YPOTNT (1 ):EM(IP 
00176

DO 33 121 p17MM17
~xxPflNT(I) 

0101 7 P

Y:CYSTAPT+4.7)-CYPOTN'T CT) /7'M.0) 
017

IF(Y.LTYSTAPT)YMYSTART 
MIIA9

I F (I .G T .I)Gn TOr 3 4 
m F

CALL PLOT('VoYel)
GO TO 33 

0 1 93
f-v--x-2.1 IS A 4



33 CON T INJP 71

CALL PLOT(X'IRpYSRTAPT+,1,3) 1A

CALL PLflT(X',tsYSTAQT+,t,I)Opn
CALL PLOT(XgLY5TART,2) SIA
CALL PLOT(I,0,cm.,5-l) 91 i o
WJRTTEC ¶3, tA') CTImF}T).Tm1 vS#C'ITm(A*mA i

CALL TKNAIT 009

C 0101 Q4
C SSP UP a wdAIT mls

i~ CALL SSkNTCH(2tIIJP) VIM 107

t IF(TEItIPEf).t)GO TO 61 imIQ
351 I)OJNUCONTTNUE PpnCESSTNG 003TNPLJT KiF'*j TTMF MIQ

C 551 UPsCONTINtIFI PROCFSSTNr 1O Ao

C CALL SSAJTC4C1.It)P)M l2v2

IF(T(UP.Er3,)G0 TO I ( I 1
GO TO P I0 1

ICON V T (U F.mATN NAME THF mPOGPAm rOKNVT ( )0i
SNTPY CONVT mm
3LTRRP ' CN V T op



72
SUiROIJTTNE' Rr)TAPE(IFILE')

8 NTQY RITAPE C2i
5 LTRR RITAPE MOM 2
C ~t
C TAPE READ) ROUTINE FOP CORRE'CT~r1N FACTORS cE'NFRATTnN INLY USING M
C PROGRAM CALT
C

DATA TCOLoN/ZRAAA/ mmpI s

TIINI TvQ ~
I EOFxf piml

I m CALL INP7(INF(UF,Nv~nPRDS.IITIFLIR 01pp

C PARITY ERROR ON TAPE'

10 A FnR'4AT(/SX.'TAPE PARTTY'0,T5'ýORf~g REAf')ll
GO TO 10912

C END OF FILE CnONDTION 1o;:)p
3 WRTTE(3,tiC mmpp

t'~I FORMAT(/SY,ITAPE EOFV) MPP30
IEOFaTFOF+I MMP31
TF( IE0FiG',P)ST0PMm 1p
GO TOl I ' "3

C NORAWAL READ)~93
2 IFCNWR.FAQt$A)GO TO 4

TF(NLNRNE,.2'TYpRITF(3pjI(7)NWR
I VI FORMAT(//tS~s23HPEtORf) LFN'GTH4 TNC()RRFCT.Twst¶I4 WMPr)S QFA)) alCAp3 7

CALL TTmO)VEATN~tlF(513)) M13
R FT i R N ~P2

4 AR I TE (13 #I A 4) CT N R () F 6 1r nL NJ),, 7 hi SIU F 7~

GO TO s AC5
cPrAP44
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C PRnGRA'4 AflAPT p 11O

C THITS PROGPAVA TS CALLrn 'AnAPT' 51A nPTFMP1,1NTF9011

c IT GNEQATF4 AND PLO~TS A O ANATT- MP SIG

C t6 ELFIANT ARRAY AT RADr, nFWTFR. NrN YORK. 000

C QEArDS TAPE T\JPLIT V)NLY 
M10

C 215AUGUST iQN ( ip~ml
C 25mi

REAL 1(IC(WAC16) ,flELPH(1A),tF6)RMLI)rS~.1)TKAr(A 
pipit1

REAL Am(16'.COSvil 
1

INT~rER IA7(I) 
pil

COMPLEX ?C1Q9(lA)#?$V0PLon(1LPI4CIA) 
0M 14

C C O MiolI N

* LUP72) .TDL,VS(32) .wTtI7).REP1,QFD. AMP,Pnfl,IITFTSPFL*MiA(A4), 
01917

*(0APfiW(4Q'j.TANANG(1f

(DATA ()L4f.U

q R Q ~ ~ Q2 * 91~ 4 (',P IIiPAt V1 01.~ ,R rr.7Ad 7C*

r)ATA ( IA?~t( f I u.)1M A C, a A: 7 S1 7 p r,7r.1117 F 1 MC

=DATA PI ,RAfl, NSAMP, NrH~AN TCflLnN ~.3,115,97*)7 41PI?74A/p001?

DAT& 1rlIJm/CA~AA/M 
1'I'

I Lcn T)2N.'A 
0 91 

li 
10 

OQ F

ID p71 7p P LA: 
0 ~4M

CP 
IE CA 914 A

4 Fnpk4AT (37H'~nI1E? F RF 0? FL. SPACTNJ3? (T?,'>F7.!))01 )I

QEAr)fi,.44P)mnrE,FRE0,S0ACF 
1

44FnpmAT(127F7.3) 
A0

TF(mOD)F.LE.-A)Gf TO 
014(A5

3~ CAD (A 5 Is

S SP LzSPA C F/ vLA fI nA *7,*P Z ftp Ti

RPEL:SSPLI
V~(:5SPL/PT 

M11W

M9A



75

GO TO IA ~A
Q7 ANGL2,A.91~A

qA CONTTN'JF

A FORMAT(' TT'AF NQ.mT~k,,F~'1 NO OF FLSVFNT (!AP,T,3)') A7

REAO(1 llo11 THPe TM-TNPI 1FCPMFLFM 0S

TF(MFLE'4 *GTI6)GO TO III
112 .NRTF(13#9) (7

A FORMAT ( I HCF)NFT rRA T TON y 11
RFA)(1 3,Q) rlA6(T )#.131,IA)S017

Q FORMAT(161I) A07
00 7ý41 1217,6 C A 176

701 AA( I) al9107
ISUtM29, IM0r77

71 1 SUM:IS18M~~T 0 A m0117Q
lF(TSiJli.F(.\AELE\i)G0 TO 71 1 C 4MA

7 P FO VAT(6411,/POY,IQHnONFTGiJRATJVJ FQPfiP) M9

71 1 ARI TF (1 3 ,1 0CA01A

I I FORMAT(IGnO?(IS1 M9)1Ar

mELEvx?:*AFLElAP 9
1167 1 F IL F aIV1' 9

CALL R-TP(TFTLE)mCA0 A
C AL.Li T AA 9r.T ',;T T mF C A(
I F (S TT '- F( 4 k , *TH P. *T T S NJ F. T V IN .n .T TY V p l 1

I .NF.TSF-C) rO) TO 1167(AC 13
T F I WS T %I(A9 (

C AC(AQ9
C RETQTFVF CI)WqFCTTONI FACTOPq FPny OTS4 lC
C COMPLITF ;:LFMFN T AL PH'ASF AK!rLF COQPEC T T t!"q (A 0107

C0Q
166i T 5E CT 1909

CALL f)SýTNj(AF. '~ FCT,64 A 1 '

CO)SANr;c ( IL ) "n CCoMNrG(P m r~j
0i TANAVGý(( TEL. I =TAP\ AN\GLP) S P1I A

JF~m.,)rF.EQfl*Go TO 50QQ C A c
olCr

C AQPPLY COQPECTTONJ FACTnP.S A 1 17
C rj I rA

(h rq 3 \j q, RJG (-II p l 1 Q
CALL RTRDOfT(N) iI

T F ( IFI OT S.F r). r GO TO 1IA I'1i
T F IL F x+ 1 A11
CALL PO)TP(TFTLF) AI1-
CALL T\AASCT(STIVF) tlIII d

ITNOROX 17*(NP'lL SF -I (AI1
DO 912 T EL = I# tIF F
TrI P z *T F L 10

TS ) 1i v zzIP + 7 4,'l OAQ D )(AM('A'J1V 1)

AAWL1 DNQ *4))CORA(1EL)/COSANGCIFL)-SAMPL(T2-I) "I P



`7 -777797ýF3,

t *TANIANG(TIFL) 7601 213

SA-APLfT?-1 )zpEAL(ZSAMAPL) 1`12r
912 SAMPL CT2)=A1MAGCZ7SAk*PL' 1

t)O q31 K:1,-MELEm? 09t2
931 Di010 (K MSA\4PL K)

C V1 pq
C GENERATE THE CnVARIANCF MATRTY ~3
C ~3

93 CALL ADMCRT 132

C 'm0flF on 135
C GET SA-APLES FO1R EACH I-ro PAIR, cnpREZ.To AND APPI. Y AIMNr~rlo C4136
C 91C137
5919 00 930 Nct , Ný,QLP 01113A

FI 'LE=+ 1 01913Q
CALL R0TP(TFT!LlF M 4
CALL TM1ASCTCSTTME) ~4
DO0 6A01 TEL=1..MELFK 1d
TCnNST:2*IEL-1 01943

SAmPL (J2-1) =FLOAT(tYJRf 019147
9MPL (J-7 )FLOAT (rfUM(.JR,1 TonATL/rSKr F ,AAL(J)i901
* *TANJANJG(TEL) 1114
?SAMPL:CMPLMP(J2S ),MPPL(J2-)SK J)),*7CflPR(TFI..*ThntmH(J)915(

6011 SAMPL (,J?):A TMAA,(9SANPL ) 010 t5p

c ) 0 C O -M P L F > V F FT D IS P L A Y T H- F F ~ T P S T S P F C T Q' J m 
0 1 0 5 4 "

'ICALL FflRT(4.-1oSAMP[.*TFFQR) 91P156

CALL AMP ý(sAMPL(J2-1),SAMPL(J7),AY(J),Pw) 0911 59

IF'(T0SPLA.1E.1H)fl Tfl A~q911
TOSPLAZ1 1101 A

SCALL WAJT (6,A 3

TFCIl)P.E).n)(r) TO r, 9 75 65
CALL RI)RST ¶
YgrAPT:1 .9 r5
YSTAPTzP.9CAfl1R

yA. -1 'I T5 X *.vTART Y . ' 19 1 Q1 4 C 1C

CAU.L OLflT(X,Y,.i 30 1 79S

O'AAi CONTh T i l;-' 17A

c A'Jlý: Cfr"'cflF -)F';T~ r, CFT.L f

A. L? TI TF: I I , 4 1 ) A cpqIA-

1 OrIPk A Tt ~7 1 '



77
AR IT E(13,2P a@I 3

2M2 FORMAT(/t1I%J0(lT CELL NO. (12)1) plIqREAD(13i,113)TCELL P0187
JCELL72*TCE~LL- 01188

60VI DUM0(ICONST):SAMPL(JlCFLL) AP1 8
DtUmD(TCONST+1)XSAM4PL(JCFLL,1) moo

610 CON T INUE SAM1
C SAM2
C GENERATE COVARTANCE MATRIX91 ~193
c 919194

930 CALL ADCRMAT 0019560 t V CONTINUE PS 9

C INVERT TH4E COVARTANCF MATRIX pop

DO 94 Tz1,?72 IP0
94 S3LCI):AL(I) pp

CALL CHLIKY4 aA
CALL INVTL ilp2pisjCALL HINVL PP206

C CHECK GOOONF9S :.q

CALL MULHO O 9
CALL PRP'<E ppj
AMP=1rI 'O?1ii CR1

C 64 STEERS + RnRESTTE AS6 TOTAL LOOKs VT1
C ~1
C DO ALL STEERS EXECPT RORFSTTFS RFGTNJ AT 11:-I AND STEP ALO~I(r21

C TOWARDlS RORESTTE, FOR EACH -AZIMU(TH DO A +A7ImlITH RY SETTING 919219
c IMAGINARY PART OF STFFR VECTOR VS TO A -VALUEF ANO CONTINUJE. 922P

USTART =:I1 Pi02
D0 75 T=I,~ 3; 99124
CALL PTPII)T(T) 

)0 2r
FTZFLOAT(I-) ) 2

!JIT H FT zUST A ;T + (F 1* UTI NCR 092)

D 64 Kzl,MAELEM2002

CALL HXV
CALL VSRX-N
fTR~wIM zj .'/I 0192¶

C 0101734

DOn 64 "(:1.mELEMl . 0237



'(a2I(78 M VJP 4 7

VS(K?-0) %11 4?4

CALL 14XV
CALL VSQV' 1 I I

'lpO (A.12 VI ri 4P

j(flQPn %I Ij G(T PF AwIPF AK anqPnv4y

Pijt~ L 1 04A'I C- P IF A

CALL~s~T *I6

EVF1flT F ( I-3 q3? R p) -

S7CALL PLOTC-('?.,T3)0126

1~1CALL P4LIT(7DY,I) VI269

1~M CONTI7UE

CALL PLOTS(JLETAYSTAPT+,TA,3)*.l,-7,q00)PM7
CALL PLT('JFFY73T ~
*)LL PO!;T c I , 0% S 0STAPT,,7
CAZLLPoAT(I-.34, tA. (A ? 7)

~ STIMF(),N(ROU

51CALL SS~JTCI4CY,3J) 12AI
F(P..1GO TO VA 0018

X~nXTAT3q STOP

SAUDRAIT Frn F.AT XAF mH 101A + X-M0 FP%

CAL PLTPR ILFPYTPT M 0;0 (



JUAROUTINE 9I)TP(TFTLE)791098
SNTRY RDTP 931
S LI9R R')TP

COM4MON I1F()TIFr6)I~F53,ROj~,¶LM
*DIJMD(32),4L(272),T0LPVS(32),WT(32),RFPIRFPQAMP,Pnsfl, M0312
*UTHT#8PEL#MA(64)#RL(P7P) OM313
DATA ICOLONJ/ZBAAO/ SM314

5 NOOJORSsS?3 00~3 5
IUNIT*uQ 13
IEOFPA 0031 7

10 CALL INPCINUF,NWORnS,IUNIIT,IPTLE,NWP) 093 t
IF(IFILE)1 .2,3 0131 Q

C PARITY ERROR ON TAPE 002
I OJRITE(13#111)NWR P0321

tM0 FORMAT(/5S.,'TAPE PAPITY'ol,15 WLOPDS READI) 91013 '2
GO TO 11 91323

C END OF FILE CONDITION 002
3 W~RITE~eI3st~t) P1325

I~l FORMAT(/SY.ITAPE EOF') 902
TEOF:IEOF'+¶ P1327
TF( IEOF.GS.?)STOP 0132f;
GO TO 10 010329

C NOPMhAL READO-30
2 fF(NWR.EQ.1A)GO TO 4 01331

TF(NWR.NE.S?3b'4RITEF(3,jS)W 00332
102 FORMtAT(//l9Y,23I4RECO~Rn LENGTH INCflRRECT,15,1IH WCOPDS REA)) PIP333

CALL TTM0VE(INJRUF(s5I1)) 1Aol33 4
RETURN 00135

4 CONTINUJE CRP33f)1.

IFILEz+t
GO TO 5 ~4
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81
C PROGRAM RCnNVT moo

C THIS PROGRAM TS CALLED 'RCONVT' N01
C RETRIEVES CORRECTION FACTORS FRflm DISK ( PREVIOUJSLY 9ENFRATED) MY P01
C PROGRAM 'MCALT')v READ)S DATA AND APPLIIES SAID CORRECTION mloo
C FACTORS, COMPiATES AND PLOTS CONVENTIONJAL OOPPLFR SPECTRA ON THF TFK, 01P1
C CRT USING DATA COLLECTED ON THE 091MA
C 16 ELEMENT ýRRAY AT RADC., DFXTER, NENJ YORK(. mm
C READS TAPE INPUT ONLYFlAIA
C ~'1I
C 17 SEPTEMB~ER 1975 15 sP

REAL ISAMPL(32) ,IOCORA(16),OELPH(15),R1JF(64) .COSANQ(16), VIVIP14
*TANANG(16) ,XAM(j6)oXPH(tA) '1

COMMON TSF(6)TUP22#NU(23,AO(5,FFPUD3) PmIP7
* AL(272) ,TOLVS(32),IT(32),REPTREPQ,AMPPflSD,UTHFT,SPEL,MAAC6d), oo
* BL(272) MOPI 19
INTEGER CTTMFC6) ,RMUF (9P3),17(6), I)8(6)
COMPLEX ZCORR(16),ZTEMP(16) onOLPH(1S) p7SAMPL 001021

* #STWT(16) 919122

REAL COSvAMi 16) ,PHCI6),YPOTNTC 16)91014
REAL OLPTIM(?48) 9902
INTEGER IPT(5)
EQUIVALENCE (INRUiF(1),W4UF(j)) ~2

C CRolvi2
ErOUTVALENJCE (R'JF(1),IrQCORAt¶)),(RUP'(17).OFLPHrl)), m mol2 9
*(i8UF(33),lCORR(l)) QO3

DATA (OOLP-q(I),I:1o 16) /(I.P1?66, 0. 7) .(,71P),(.1040.1

DATA (IZ(I),T:1.6)/7AOAM,ZA'JAL'!,?A"!C1,7DAC9,7Cmnfli,7D4CR/ c 1o

DATA PlRDNA~NHNTOn/.4595.07,1,2ZAM 193
DATA IOU-M/?A0A0/MO3
DATA IPT/0,RP4,56,12l/ 904

nATA NTP/l/ (APM4 I

TAN(D)UMMY)=ITN(D)UMMY) /COS (DUMMY) PIM43

ARS IN ( UMMy ) xATAN (r JmMY SORT C I -Dmmy **?) 094

COMPUTE DOLPH NFJIGATS 4f
DO 911 MX4,R 11 1
I TaTPT (,m3)l 41 0104 A

CALL PR7DOT(N) 01m50
911 CALL DLPHU(LPTIM(TI),N.s7l..INfl)
C RETRIEVE CORRECTION FACTORS FROm DTS< IS

c COMPUTE ELEMFNTAL PHASE ANrLF CORRECTIONS0095
C

CALL rDSj(iAJ(RJF,TSFCT,6d') mrf

rDO Qt TF -7,1
ANGLR:(Ql, lwfIFLPH( TEL)) /RA! Il( Ar
CO5AN,( TFL I :S(AkI(;LQ) m

91 TANA~'Jf( TFL )xTAN(AN(rLP) 0( j(



C 82
C INPUJT DESTREI TTMF ANn SFkiQ(N TAF FI ITT
CAvilt

I CALL R'JRST

C CHEfCK SISc - TF HP tlSF FORMER~ PAPbml-TFRS 94(AA

CALL SSWTCH(0#TUlP) m o A
TF(IUPFQ.1) GO TO 71 1 0m0

4 FORMAT(' INPUT FRFO (F7.3)1)MU
QEAD'13#44'1 FRErO

44 FORMAT(F7.31 01073
SPACEzl8,2R~ 9191074
XLAmAs3A0,l/FREQrMV7S
SSPLmSPACE/xLAMflA*P.0*PT MS0170
SPELaSSPL SOM77
E'(USSPL/PT 9917
XUm2.,rlXKm1, *M CR79
TF(XU.LE,l.~')Gfl TO 97

XANGL:A5A fW\JUJ) *RAD Oo
GO TO 9A l9mAI

97 XANGL21,0 01M91
9 R CONTINuIE fm0AW

10 71 Iml, S0911
71 %iA A I zI l 0A

In) 72 1=17,64 MOI
72 MAIzIom~

71 1 MFLFV7:7*mFLFm
SR I T E 13.,1 01Q

10 FA ORMAT('TN~IOT r) FSI P Fr T I vF HW, %AT NJ qFr3 A;) 10100
READ( 13. 1~1 1THP.TMTh~i.TSFC 01Ai

1til I ORIMATVl PtUT LOG FASF P OF ý,TTMF9, STFEP(T1,F7..l)l) M99A

R EA D C I) M.TIM~qSTFPP 91olC0QQ
1 112 FnRmA7CT1.F7.3) 9

IJTHFTz5IN (STFE;?/RADVI 1~
POSrfZO THE T ~
NTImES=?**ATTAFS 91~3

CALL SGFN3 PIA1014
NNT:NJTTMES/t1 M( ~1 5
D1113. K=I ST~((:~ LxOJfC(1 E-O mr CA M

I1I CALL PI)TAPE(ITILE) m7 o
CALL TMASCT(CTTMF) 10 1 1
SF (C TT 'OF~d NF .TIH R . R .CT F C S)..14A vT N 0 0 c7T T kF ~N F (A011 p

I ISMC GO Tn S' 11 1 13

C 2 ALLO 0; 11 1 TTTTE S tINNTfAS1 14

IFfJTTlAES.E,Fln GO Tr I~~
CALL RDrAPFrIFILE) MCA1 17
CALL T'AASCT(CTTVF) (A rA1 19

1r, 00n 16 1l,ýjavp
105 jV iIF CT ZFL 1 AT T N)R JF1

c
C APOL V ALL riQ:4; rT TrV~ FA(rTrflq Tfl :F eA%.Dt F 0 A'-m --F TS.Tq A'im A1 2



83
C STEER ANn StnRF 01123

C mmt 265
ITTz(ITT!AES-t)*32 12

On 5995 IE*10P 12

5941 FF'TDCTT)3l, pi t29
Dn 6oo TELu1.1 tl2
1CONST2?*TEL.1 vio I o
DOn (o ixei viol ~t31
TRXWO3IC0NST+32*(I"'1) vil1 3P

1222*T 9191 33

!2muT?-t VIM 134

t SA4PL(I2M4)*TANANGflFL) 00t37

t ST~NT(IEL) 013
I Ia 2 + I TT911 C

6011. ~FTDTI):T)AT.MAG(7SAmPL)+FFT0CTT)V1(14
05011CONTINUE 09113 ý1

CTFI)ESIREr). TTIAE SERIFS MAY RF NP~TTTF'4 ON, TAPF HEPF 91 t4 4

C MULTIPLY 4Y rOOLPH AETIHTS01t4

DO 600 TzI*NTIm~Es 04

605FFTDCI?;mFlFTfl(!?m1)*DTTm(TT) MI5

SC PM 154
C TAK9 FFT A\lr) PLOT SPFCTPLIM 1PIso

CALL FO)QT? mT INESs -1 ,FFTID IFPPR) CA ol
151? CALL SSATCH(2,TIIP) V15

IFCIIJP.EQI)(O TO 5 02 91t15A

CALL RURST S 5
CALL TKPLOT(So,!.) 0911AM

YST APTzl,5

CALL AVI(XTRYTPTA 1,41 0S 9.,2.1 613
CA LL PLOT(VSTAPT,YSTAPT-.17,3 3)M164

CALL PL0T(X5~TAQT. YSTART ,7)
WST ART: XST A PT.75 06

CALL PLOT(XSTARToYSTAPT.2) 016
CALL PLOT (XTARToY8TAPT-.CA7#P) 11Q

!021rN T I NE CRCI 17
NSTPzNTTMAE5/? CA A 7

XTAPT:YSTAPT-.lCA117
YSTARTZI*? 1'1¶ 174

D0 So2p 1=1,9 ~1075
FN=:NSTQ+..*TSIGN(l#N'STR) 0011 7A

CALL. NllMAERfYSTAPT YSTAPT , 1Flj, 0.,1 011 77
T~~~~~11 A NS TPrj

1~2 P VTAPTzXSTAPT-*75 041A I 7Q

WST ART: .S
YSTAPT:1 .4

SCN=A./FLlT(NJTTv.q)
P E A w ='A,, q 4



DO SI"23 Izi,NTTMES 84 vim t R

5023 PEAK(:A'0AX1(PEAK#FF'Tnc)) ppIA
SHFTxYSTART.4..ALflC1 0(PFAK)*.N 1 AI t
O)AMTNJ:pEAK*1E.8 01914~0
IPEN23 010119I
)(uXSTART 001 QP
DO 15(A4 i:,NJP? pip'1 Q,3
JX!.NPP 01Q
YxYSTART opt Q5
ITF( F FT )(J) .GT .DRM T N Y S 4FT A L nG I M FF T r~) (J 0; VOIM1
CALL PLOT(W,Y,IPEN) 01Q
XXX+SCN MlIQ

50124 TPFNzPO0Q
1JP2:NP2+ I000
DO S7IC5 I= I NJP2 r ~IYzYSTAQTM77 2
TF(FFTD)(T) .GT.0RmTN) YzSHFTALfl01 I(rFTflCT))*.f ,pi 1
CALL. PL()rU,Y*P) AP1

59125 X z + SC N91M i
CALL PLOT(,I.p.5,-1) IP6

NRITF'(1lp,1 ' ) (CTTME(T),T:1,S),TCfL!N,CTTmF(.;,STFEPPKn~tq I C
10? FORMAAT(5X,'IAMPLF TIMF 0 pt

1 I , PEAI(:'.F7,3,' Or)'/IQW,Hl.STN( C1\JVFKITTONAL INF T r, HT 1;
CALL TK'wAJT 91QP

C rAV0P I
C SR? UiP m NATT 3
C 919;.)14

691A CALL SS;'TC,4(2s,TIM) 01 Ap10
TF(IIJPEQ.I)GO TO AP 7 VPIfI C SS1 nn~NN:CflNTTNUE PROCFSSTN', i':TNIPIIT NF-,Pj TTIMF (A07 17C SSI UP=CnNTTNJljF PPOCESqT\Jr, t A
CALL SSIAJTCH(tI,!UP) APr
IF(I(UP.F0'.flG0 TO 1 ?
JFTLFE .1
CALL RflTAPF'(IFTLE)IPp
CALL T-MASCT(CTTME) I PP4
G r TO0 1 1 P

SPCONVT Fr 10 F A T N pPt
M NTR' Y CONJVT 7

E~) LT'R PC1AJVT FEI



SUBROLUTINE FORT2(MPFv,IF~,,FERP) 2

SLTBR FflQT2 00232
DIMENSIONJ A(l512) ,S(tPA)#(16~) 0101213
EnUIVALENCE C(K(15)#K1j (K(1d) vK2), (-(fj3I','3). CX(t2)p4) 91234
EQ4UIVALENCE CK(i1)vK5), (K(tV).8)e (K( g)tK7), (Kf 9),Kg) 019235

EQUIVALENCF (K( ?)OKO )O(K( 6)#K10)v(K( S)tklt)#(KC 4)o.t:)) M0736

DATA NP/M/ VIV 3
IF (M)2p2, 3 09230

3 IF(M-15) 5,5,2 0102)4 V
2 IFERRat 912d 4
I RETURN 192 4
5 IFERRUM M0243

Nz2**m 00244

12 IP'ERRat 91246
GO TO 21 4( 24 7

20 I((I ) z2*N A P4 A
N2 x 9((I)1 24 9
0022 L*2om

DO 24 Lu~io14 ~
24 KrL~t )xP

.J3 .~2 ~
DO n3Y J42,13,b(4,I(3

D ,30 J52,J401(5,K4 RM)57
DO 37 ~Jo6K 1(
10O3 J7zJ6,K7pK6

Dn31A JRCJqK(Q,7

DO0 30 J1lxIqvKlo'KQ

114 z 13 M9266

28TZA(TJ-127

A IJ I)A(JT -1 0 4 T7(

T9 a J09272

IF (3!.LE .'(S GOTOP 0P)7

:Jl¶ 4+Kti (AC27A

30 C ON T IN 1)E v2l:A A

32 FNxN
0034 11.oN COR

A(7*T-1.) a ACP*T-I)/FN (q4

34 &A(2*T!):wA(P*T )/FtJ
36 On0 49, Iz1,Nt?( 2Af

T zA(;'*!.1) P0

4(2*1.) mT + Ak!?*I+2)I(APtA

A T + A 7*1.2) 'A M ?Q



-- ~~86 qQ

'51 LFXPISP

"'Pu2**MT

DO go, Ts2pNPPLFYP
1131 + LEXPt M912QQ
12m11. LFxPi

Art-I) 1 T ,A(T:).1)
8(TP-I) 2 T-A(T;-).)34

T AC T): mT03 m2

A(12) a T-4(12) 913017
TZ -A(13)013VI

TTI A(13-1) 0911919
A(li3 ) : 8(T11) -TI OP31 I

A(11-1) A (11-1) +T l0 1
RF A (11) Atl (1 + T 1 193 13

91 I(LASTCN?.LEXP 913 t5

JjzNPL 'AV131 6

flO lIP ~10 d ,LExP,1 019317

ACT-I) J ~f~j
ACT) :8(1)41

Li1 111-A 13)l PI ,iP

l2LEPzlt*LEYPI 73)

LE=TP a2LEXPI ~

T T a A -I IT+ IPMM3;)

Al3? CONJTTTT

A~ GOA TO TI m-j

TP 1NaIP AIIH AN

I 1 91 .TzJJFPL M:

i 3Aa COTNUE



87
R Jr~!) I 9 1 N(TH FTA I
YF

pp Dfl P'P L P IT( 11

T'4ETA a THFTA/P.
jSTFPP a J9TEP
JSTEP a J)TF 9

S(Jfl!F)zST\J(THETA)
i CIE NT-nIfTF
S(JCI ~:C(S(THETA)
J LA STENT 3 ST FP pPA16
IF (JLAST-T9TFP')P )P?31;0l

73 DOl PdC Jx,JlsTEP,.ILAST,JqTFP 1C3A7
J C a N T -J

JE NJr)TFA37



~AI~OIJTN~ ~88

SLIAR~ ILPH

DIM~ENSION q T 25 6 
07

IF(N.EQ.1) GO TO I37

C N 15 FO)LL AJTNflONJ SIZE. FVFN OR 000 0013 7Q

C COMPOTES HA&LF wINOOnN. EvEN 04 ODD 0 A3A9

C N 1S INJTEGER, SLL IS REALMO

C IF TNDQ IS SEFT TO I POSRIRLF OVEPVLOW1039:

C RESULTS NqT NEC, VALID 
0014

FN aFLOAT(N) 
W4384

VAPI 
ol 

'0L11SOQCS* 
F.

AAuv~xP(P**VA~l/(FN-.))f 
013A7

ATI 1O~U' 
01938

DO 30M 7N
FK a FLnAT(K)
A 2 0, 

l A1

h(¶ x K-1I( 
13 9 W

DO2 "7 ?3 1 : ,K I 
MC307

Fj a FL04T(,Y) 
191 9

CTr)CJ* N (EF11 -Fl2Kfl+(FIFJ ~/ VJ 91 (A 4 11

I-F(CflGT~t.E35) GO TO P~iM041

GO TO 20

P A5 1 N D n 1 ~4 A4

311~ CONT TYIF
DO 31 6 K 2 1 #N7

315 ,T(K) a MT) WJT N;)004(
RE TUPN 

O11

1111 -AT( I ):¶ *0 
41 (

RE T(RN 
'A41 `1

E ND r)1 
V14



89

APPENDIX E

RADAR PROCESSING WITH ADAPTIVE 13EAMFORMING

-i



90
CPRnGRAM PArDAPTviSoI

C THTS PROGRAM TS CALLED IRADAPTO TT GENFRATES AD)APTTVF WJF.I(HTS S A
C AND APPLTES THEM TO GFNFRATF rrnPPLER SPFCTRA,IJlTNG rnATA FRIM THEM901
C t6 ELEMENT ARRAY AT RADC, DEXTER, NEPJ YORK.mmol
C READS TAPE INIPIT ONLY 00M

C 23 SFPTEkIRER 1975 1r AMo

REAL )gCnRA(16),DFLPH(16),RIIF(64)oAPL)tCAin1,TNa16 9191011
REAL AA( 16) $COS~ 00912

COMPLEX ?CflRP(l6) .ZSA4PL*DOLPH(1I,) 00A
COMPLEW STNT(16)vi(AIs
I NTFGE R WRt;F (523.C TT ME ( 6
REAL FFT0(912) ,TSAMPL(17) MWA17
OIMFNS ION nLPTTm(?4IR)v*TPT (r) m 'AP R

COMMON I O 6 lF 1:)1NU 93 ~gPW(9)v'EF ))r 3)v f A079
* AL(2-72),'tnL,VSr,32),ý(:)PP,~fIPP~,)HTSEA6) ols91
* BL(272)0::

EQUIVALENCE (RUJF(t),IQCnRA(1)),(RtIF(17),D)FLPH(1)), 910925

*(DRtPO-A(4Q) ,TANlANG(1))002

r Am 1

CO SANT ( I ELA CO ( 5 9 l,7A9 x,7C1 ),7n5D4,7CAA0 (A A 01 1 3

DTANANG(IL)oltAN(/ANGLP)MZM4?C)M74Cf)CE 13
DO A IAPN ANICO N3 41S 57.7SA51 PZAA ~ 1I
DAAL (I m/APO CA1

DTA flSPLA:OCI3



CALL fiURST 9

4 F0RMAT(1FRE0?(F7,3)') ~i
READ(IloW4 FREfQ

4A FORMAT(F70,)

XLAMf)Ax3M0,1/FRE,Q
SSPL=SPACE/XLAMnA*P.O*Pl M6

1F(XULE.rA.r)GO TO 47

XANGLvARSIN&XU)*RA0 1.17

GO TO q8 919.074
97 X ANGLx;l 1 *107

99 CONT I N'JE C7
it I 4ITE(l3,8) 197
6 FORMAT(' TIME HRtmTNvSF~CI NO OF ELEMENT (UA2,TW) 0197

REA)(t,3#113) !NR#T.T%-s,PTSEC,MELEM 990V
113 FORMAT(3A2,13) 1l~

IF(.MELFm.GT~l8)GO TO 111 108

F1 FORMATI.6HCONFIGURATTON y)~R

9 FORMAT(1611.) MR

00 701 1=17,64 990
701 M A ( I(A

I SUM=0
On 71 T1z1 ##4

71 IStim:ISUM4A.iA(j)0110~
TF(TSU.'1.ErQ.MELEm)GO TO 711 1C 091

72 FOPMATC8411,/21X,IQH.CONiF1GLIRATION ERROR) 09
GO TO I P"991

711 R IT E ( 3 v I
toFORmAT(I NCROUP,LOG RASF 2 OF NTTMES,STFER? r2T?.797'

READ(13,11) NGROIJP.mTIFSSTE-ER
It FORMAT(21P,F7,3)

NjGROIJPMklIJ(jGROI',P,IKTTMFPS/18) MA1
MELEM292*\iELEM Moto?

11.67 IFILE:1 1l
2 j ~CALL RDTP(IFILE) i

CALL TM4ASCI(STIME) "11~5
TF(STIME(41 ,NE.IHR.OP.STTME(S),NIF.1IMTN.OR.STTMF(6)01

I *NFEISFC) GO TO 1167MM17
IFIRSTx1 MIM

C 91Q
166 CONTINUE I¶C

C ~1
C moll?
C APPLY CORRECTTON FACTORS I i 3

C M91114 '
I SEC To 191m II
D0 93 Nx1.NGROUP 01910
CALL PI8iDnT(N) Mt1
TFUIFIRST.Erl.l) GO TO I A Mll

CALL Rf)TP(TFILE) 091170
CALL TMASCT(STTMAE) 00 ?

~~~A~&AAM IIDAS



92 ~2

CALL flSKOUT(OUMpTSECYPS23 
23~

DO 93 NPUL$E3I,18

DO 912 IELairmELEmvi 1¶27
I2s2*IFL MAi?
I ONUMU I P4 I WJORD01S1.

SAMPL(TIm)SFLOAT(!MJM(IDNIJ)MI flO;ATFL) ~~~~~~~~o /Cl~TL~SMLT"¶13 1
I *TANANG(7EL) MM132

ZSAMPLUCMPLWCSAMPL(If1 I,)SAMPL(12fl*7CO~R(TE'L) ~3

8AMPL(I2-1n)2REAL(Z8AMPL)

912 SAMPL(IP)2ATMAG(78AMPL) 
134

00 931 K~t'PMELEM2 ~3

931 DUMn(K)XSAM4PL(I() 910137
C13

C GENERATE THE COVARIANC~E MATRIX 
MlI3

93 CALL ADCRMT 014

C
C INVERT THE CnVARIANCF MATRIX M~t43

C (A 1t4 6
DO 94 12:IP72 ~4

M91 47
94 BL(I)sAL(I)

SCALL CHL'(YA M~t4 9
CALL INVTLVIISo
CALL HINVL oi~

C Mol 52

C CHECK GOODNESS ~5

CALMULHM vlIS

CALL PRP'<E

UTHET=SIN( STEEPR/AD) 
~5

PD SD:UT MET

CALL SGEN3 
01 ( Is

DO 966A Kzi vMELFM2
9666 VS(K)3DU'M)(')

CALL HXV MAiA
CALL VSRXA g 6

DO 96 cipt5 00 16
TF(MA(K).E',l1) GO TO QQ6MA

GO TO 96

K(222*MT

96 CnN T INUE
4PRITE(13#9q 7 ) STWT 

VIM17 3

997 FORMAT(/4E15.7)) 
t7

NNTMNTTMAES/16~~7
TSECTIl M~7

t120 DO 050 ITINAESMI NNT

CALL RIRDOT(ITTMES) 
7

TF(ITIMES.GTNGQOLJP) GO TM 2OP13m 1sk9
CALL DSI(IN(INBUFe ISECT,rP3)17
GO TO ?01I4 ml ;

2912 t3 IFILFUI
CAL ROP(FLF 

vi

MAA& vA&r itr Ttt& I 0014



C APPLY ALL CORRECTION FACTnQS TO NF>J SAMPLFS, Af~n WEIGH4TS A0 PIMA

C STEER AND) S~R 
0011 R

C 9
IT TUCI T IMESmI)*2mi10
DO 5995 HIPut3?
1I31E+ TTT 

ot9

DO 600 IELXI1,6 119

ICONSTu2*IEL-1 Im0)19 I
DO 600 1 ut16009
I~xDm!CONST,3?*(I"¶) 119

1222*1 001Q79

ISAMPL(12)s38UF(IRXWD4+ )*IQCORA(IEL.)/COSANG(Ic)-CROP91C

I ISAMPL(I2M')*TANANG(IEL) 
0191p.alt

ZSAMPLUCMPLX% CISAMPL C .#ISAMPL( T2) )*ZCORR (TFL)*STTL 
lm

FFPTO(II.I)aSAý(ZSAMPL)4FF~TOIIIT-) 
0112914

60M FFTD(II )XA1MAGCZSAMPL)+FFTO(II) 
PW

600 CONTINUE 
Q12916

CI F DESIRED, TIME SERIES MAY RE wjRITTEN. ON TAPF HFERE121

C MULTIPLY TIME SERIES BY nOLPH W.EIGHTS9021

IPaIPT (mTb'ES"'3) 
(M

DO 6005 IIzI.NTImES 
0I2t I

1222*1 
oi0212

II:!+IP 
vm t

IF(12.GT.NTTMES) ITZNT rMES+IwI4IP 
M(M24

FFTO(I1ml )zFFTD(12-1)*OLPTImCTT) 
ip)

C 
910p 7

C TAR(E FFT ANnr PLOT SPECTRUMIR

52CALL ~FlpT?(MTIME~pI ,FFTD, IFRPR) 
I41

52CALL 55SJTCHC2,Il.iP)-020
IF(IUP.EQ.I)GO TO 502 

0922t

CALL RURST 
V.IP22

CALL TKPLflT(Op~pM) 
vo:

YSTART:I.4 
CAM2P4

XSTARTS.5 
01fA)2 r

CALL AXIS(XSTART pYSTAPTTIDR, I P,4.0Q.0 PSfp?.

CALL PLOT (XS(TARTpYSTART-.07eI) 
~

CALL PLOT(XSTARTYSTARTD2' 
027

XSTART3z(STAQT+,70iQW9
CALL PLOT(XSTARTYSTARTe2) 

PI231

CALL PLOT CXjTART, YSTAPT-.07,2) 
PI232

5011 CONTINUE 
M0233

NSTRUNTIMES/2 
M9134

NSTPuNSTR/i 
t43

XSTARTxXSTART-,I 
2

YSTART*1,2 
VIC217

FNxNSTR4. I*ISIGNC I NSTR) 
CRO239

CALL NUMqERCXSTARTYSTARTes1 ,FN#,I'..I) 
PM4

NST P NS T P Sm NJ10T4P

5022 XSTARTaWSTART'.75 
14

XSTARTz,!5 
M9243

Y3TARTzI ,4 
MI4

NP2UNTImES/P 
C491245

3CNUO. /FLOAT(CNT IME S.-) 
M



PEAK80,"424
DO 13023 181,NTVI¶ES 

iPd

59023 PFAt~3AMAE1(PEAKFF~Tn(M
5NPTuY8TAT,4.mAL(OG1M(PFAX )*,25

0RMINsjE-REu*PEAK 
0 R21,3

IPENu3 ~PIM54

0O 5024 !12 vNP? 015
JsT 4NP? 

ll2l

yYvYST ART 
0M5

TF'(FFT0CJ) .GTDRMIN) YvSNFT+ALOGlP(FFT!(J)Y.
5  910125Q

CALL PLOT('XY#TPEN) 
po

XSX+SCN 
mle

502?4 tPfNv2 
AM2012

NP?3NP2+1 
pm?63

DO 50~25 IxtNP? 
22

YOYST ART 
lo 261

IF (FFTn(I) ,GT.OPAMIN) YmSHFT+ALOGlM(FFTfl(T))*.!KPMA
CALL PLOT(XoY,2) 

~~6

5025 xsXSCN
CALL PLOT(A7.,,5vt)

WI *(M(13,!12)CIMETesP)InOeC)EAsTF,~ 
010271

102 FORMAT(5W,'AMPLE TIME f#3 A2.2?!,2Ap,AlA?vl~'RTEERv'v 
0901273

I F7.3p'p PFAK:',F7,3,' n9'/AX,'US8T'G A1)APTTVF WiFTn4TS I i90-17 4

2 1 C 0N FI GJ1 QATT InN a p16 11)1I 
27

CALL TKWJAIT 
090276

I' C 
0109277

C 352 UP a WAIT 
M0

C 
090127q

61 CALL SSWJTCH(2,11iP) 
mVPA0

IF(IUP,EQ,t)GO TO 60 
118

C 553 DOIPNSGO ON. UP* C94ANGF flNLY STEER

CALL SSWTCH(3pIUP) 
CQP1

IF(TIOP.NE~i) GO TO 6301
CALL 5tJRST 

9

ARITE(1I3*61M 
OMM

61 Q1 FORMAT('STEER.? (F7.3) IC02p
READ(13s6219 ) STEER 

0;8

6209 FORMAT(F7.1) 
091g

GO TO 291M5 
0901291

6309 CONTINUE 
912

C S51 DOONxCONTTNOE PROCESSING LIOmINPUT NFW TIMF 119

C 551 UPSCONTYItIE PROCESSING 
0101294

CALL SSWTC'4(IIUP) 
091996

TF(It~f'.E~l, GO TO I 
M101297

GO TO 166 
0910249

SRADAPT foIJ F.MAIN 
M9

5 NTRY RADAPT 
'109

END LIRMDPT00301;



95

APPENDIX F

EQUALIZATION FILTER DESIGN PROGRAM

iI

I
'1

tJ



PWIGRAM F ItTRN 96
CALL~ FLTRI'M
END
6UNROUlINt FILTNTM

6 NPOINUMNFR OF PULEA
ft NTuNUMOIR UF TAPS

ft 5P(JN)u'4.Tt PULL. IN J.T'q bUJTTtM~on"TH ýnytp.

BUBANDWIUiTH OFW iAT~R1M~ FILIFOES
TAU8TAP SPACIN6 IN DEPLAY LINg
0tw(jNl8NeTH TAP WFI7GHT IN JaTH FlEI.AY LINE
NtVCUMPttX REF CI1ANNtL

#1 NINCHANNiL TO) BE MATC~4tO
i* NiwNUML~eR (UP FR(

* NIONUMOFN UJP NURMALIZAlIUN FRELJ
1490 USES POLES

* IPUI INPUTS MEASUREDl FREG
4 S181s AmP PER CHANN~L
138281a Amp PER CHAN4N~L

CUMPtLeX XX. YY.lVCeo)) ooaovPO)
COMPLEX 11f,(t1,(OS(I)
COMPLEX CA#CP.#CC#CD
COMPLEX CPT

NAMtLISYuINPUTINPNTb,1AU.lpeISNteN3,NFNS.IR,1OUMPNft
1 READ INPUT

?F(NTqFQ.o) GO T~ 900

00 100 NISN3#N4#j '
71132* i,47

P1844.*ATAN(jt)
RAD40I1RO, I
CP8CmPLX(0,Pfll

78 FURMAT(%Hlvli* PRUGHAM ~FlR EVALUATING FILTER MATCH*t)
WRITEC60,9)

79 PORMATCIX#/a F~ILTER COEFFICIENTS 0~

*SELECT TAP WEIGýATv, FLIP RtFERENCF. FILTFR

DU( bO JutANT
w ( 10 ,J) a1
17(J$N~qNT/2) W(j ,J)80*

50 CONTINIIE
IPC IRoFQol) CALLJ. fjA7A(N~oN2$N3@N~oJFeRAU)
IF (iR~r,l) GUJ In 100

6 CMMPUIE POLE LUCATmONS FUiR AuTTURWORTH FILTERS

UUUm0ANF C I.)
I00 10 NalrNP

YORANOt4'0)

XOPANJP~o,)

10 SP~,~4~SI~( ,N)* 1,..6*YY*X..5)



no) ?Al Nsl#NP
ACtot#N) alII.
DOC 10 jalNP

30 CUNTINUIC

* PRINT PAR~AMETERS !iP PILTMR

IM 40 NalpNP

69 PURMAT(111t dANMdUTM§*oP10%2o* TIME DkLAvm~FtPtOO/#)

* CnMPLBTt POVARI.ANCf MATwtI' UP TAP fulIP'UT$

tI(K sL) * 0

CR(KL)809

DO) 61 mUI.NP
& D00 61 Numet4P

XXCONJG(A(WM))*AJN)/(cC)N5IGSP(?,M))eSP(1,N1)

TF~(KoL,L) YYC0NJG(5P(apM))ft(LmtW)
C (RpL) 'C (Kp0 itCkP(Yv*TVAu)

3XCflNJGCA(2,M))*AIN)/(COJNJG(5P(PM))4SP(1.%N))
YY$$PCIpN)ft(K*L)
TF(ReLT*L) YYmCUNJG(SP(aoM))*(LwK)

X3CMNG(A(lM))eAC1,N)i(cfNJG(5P(tN))ftSPC),N))

YYU6PCI,N)*(u )yCN((P~s)*L

61CUNTINUE
D(K*L)BC(IKeL)

6M CO3NYINUE

PRINT ?o000C(CJ(K,L)oL31,NT~,KU1.NT)

ft101 CONTINUE

INVERT Ct3VAIIANrE MAflRI," M

CALL MATINV(CoNT)

ft CUMPUTF STIEPRIMG VFCTUR

no 70 P431,NT

DO) 71 Nels.NT
*71 SV(M),SVtM)+Cl(MN)*W~ioN)

70 CONTINUE

ct CfMPUTk LMS TAP AFIrHJTS



80 CONTINUE~

* PRINT THF FILTtP W0tbM1S

D~U Of Ja1.NT

#1 CfiMPUJIE P(hR IN 111TPUl

"XSQ.
001 90 MSI#Nl
flU 90 NaleNI't

yy*yY.CfiNjr(,(lM))*C.1(MfIN)U*(N)

yVYuY4CUNJ(i(hi(?Oi) )*IOtMN)*adC2eN)

PRFFOCA83(vyY

It PPINT FILTLR R.SPnNSt.

CAI. FP1LI~'~(ýOtANPNTokL,T&U*LPN~,NtiNd)

300 CLINT Yql IL
Cf'MPUT COVAR MAT 11811(; FNEu

o i (31 ,jNT
DO 6 hI LuKNT
CAuChcuCCUt3U.J vYuBCPT' (KwL )

CA GA I( *V NJ (8) I. I) * ( I '

CC8CC+XX*CflPNJ(U(Hj(!))*4j(I)
CDBCD+CtrJGr(KK) *rL)NJG'HAH(1))041 (1)

b3 CtINT INLI
C (K#L)aCA

O(K*L)nCA

CI ('K.lL) WTO0s

C (LvK)lCLJNJG(C4)

CI CL#K)$C')
r2(L#KurjjJrj(rc)

62 rCUNT I WitI



PRINT J~#0O(A1(T)0I81#I)

PRINT l0CCRtmeT.It
PRINT 100#9 C t(K#0#)L81#NT)#W'01eNT)
ORIN? Pof0e((C2(A.L)sLm1#Nt)*KS1*#4T)

dOO FORMAT(txf OF1103)
Go TOil ot

100 CONTINUE
00.

000 CONTINUE

IND
sv9RnfuTjNPt D~&NsRNbN#0R

C READ ANn $ELECT DATAF C NCCI)#NC(3) Aft ICUMP UP MkC CH4ANNELS
C NC(#)#NCCA) ARE QCUMP UP MIC t~NANNELS
C NI#Na DESIWNiTt RFF AND) tTMPR CH
C MPPNUMIdPR UF FRFCrn3
C NAMSL~cECT NORiMAIIZAT IIN PRk(Q

DIMENSIZON Ce)tA, 0,(,3,Pde0C4,
CUMPLEW RMtI(0),AaitlI)
COMPLEX USC iDI)

COMP~LtY CC

OIMINSIO1N PvC 1A1)#FX(1O)

JF(18^91) N(:(118N1
noU I Mvj#NP

DO Kv1,JF
PLRAUC9@6) KK#F#(nA(IKJ)vJ*1sJ1m

PCODk(Stl)

NO NC IIwjeJF+

3JJMOD(NC(U)-,JF) *1

TF(NqEQ,lANO,.1J.E.Qsl) G~O TO I

PC IM)vP( 1,m)+pC
7 CUNTINUE

3 CONTTNUI.
I CUNTINUIE

DO 10 TvIO'P

30 FY(NPT)vFYXU)
DO 0 IU1eJI



100

!~LI JjeN

20 FnilomA T(
'4 CON T INII1

PRINY 20
DU 10 Met N F
!nU 10 Net s?

ARUAMP LO( i,4)Of)

IF(Ngfrf,1) uo 1,i it
CC8CmP'LX*(Al, Aw

GO TO 10
It CLINTINIt.

CCmCMI'lI AloAW)

in p(Nr m )@Cr

ti vhl.UT TF.R4URTM IrNCANt.duITE'~RH P1i.TfWp OtFERENCE ChANNEL I

* C18OVERALL C'AN i qERIpflN~f
* ?wOVFiWALL C " A,q NE P kLSI.?LN5S

flIMENSTHIN F y(It1

C()fNAB.~ 0i m P L L X CPTT,
COtMPLEX~C~

CO'4PLEX W101O)

CohqPLEX F08PI

AMP TOTINA MR TMT Pon

PRINT 900,t'1.N?o#iT
S900 FV R mA T( CUIRkECITON 0 ILTt.Q FO)R RtCt~TViFS *#jig* ANU *p

PRIN.T q0tTAUl
901 F.' iT(* FOR A TAP SPAIN (IF *#QO~ AtCS, )FI

PRINT 901
90 UFRMAT(* F'RiQ PmASFAPIT OALFLE

901 FUIRHAT(* FROUR FROOR M$ PRRUR PHASE
I AMPL, *
PRINT 9("4

904 FUR-AI(* (NZ~) (L)uPEES) (08f) (DR POWER) DEURE~ES)
I (I) *
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90% PL)RMA T( CtPU~ Aftrr( 14FORk 0 ATlN fROUPL AFTER4 *)

r)(1 I~ o KeIt1

I ICII (~~I4 W it "

it CUM'TINIILif I) 1

IP CONTINklE

A3UCAVIS(C2(K))

AmPTO??*C4QtAjwI, ).**2+AMPl1OT2

P2NRFAl.(I4J(K))

P330FAL'(CI P))

P4*ATAN2(A1iqAG(CL(K~))e P3)

30 FEL*q l~,~lGTd U TO) 1O

A T!ti I %poAt n(ý 0 ( ATL3T I)

MA T Ol T aL10 AT,) TC- IlKo

A TOTP820 , *A Llk 1. (AT TIT J)



I PREPI~i,102

U00 950 KKOlNTJ

AA~mi. *FLUAT(KK-U1)*2.*PI*f'RkGQTAtJ
AAAKCmPLX(C0S(AA) ,SIN(AA)l

950 FRF6Ptw(2u#QK)*bAAa+FESP
WITN2,*P1*FfRE0>TAU
FILHtAPHh 2 APHI

F'IL AMPBC AUS ( FRE SP)

I- F'ILAmPm2O.,ALUlGl;(F'LAMP)
PRI!NT 9006. E0#,APHl#A9FiZAD~i*A1 ,AATUTIATU72aIiLP~,F'!LAmP

.906 F'ORMAT( 1XF'bqlbFq 2Fv

10 CUNTNIN"E

AMPI0T~U?0.*ALflG¶0CSQRT(AMPTnT2/FLnAT(NF))41,)I. R~~Aa. to.*ALif'l l0(CR?/Wk.U
RpZ31.()/P1*S(.ýRTCRI~P/FL.0AT(NF')

RRRVRAtmRA?
07 PRINT qo7,RPI,RP?,AMPVr)I1 ,AMPTI)T?,RAIRA2
97 FORMAT(* T0~TAL*#hF'7.2)

PRItAT 9O0,IkRw
908 F'ORMAT(* NF~T RED(,M)KIN 14~ MISMA!Ct1 ELRRflRv *F 7 2 D ti)

RETURN

FND
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APPENDIX 0

EQUALIZATION FILTER DESIGN RESULTS



'SW
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PR06,RAM FOR EVALIIAT1NC, FIL TER MATCH

FILTER~ CIIEFVTCTLNtS

S0,00000 0,00000 1,US6019 900000

3 00000:00000 :19000

40100000 0.00000 ,OO0394 900000

COR~tClTr1N FILTER FrIk HE IvE.H5 I At~n a WMUM 4 TAPS
FUR~ A TAP fiPACINU (IF oW04 SLCS*

PHASE AmPLITont TOlTAL FILTFR FILTER

ERRR RWON MS PRNOk PHASL AMPLe

(HZ) (DFGPE(L$) (UH) Lots PnwER) (DLGRFL~) (08)

bEFOpE AFTLk tpir(IHE AFTE.R bF ONE AFTER
15:0 00 h : ,1 '.? '35.L4 0 36,76 615 tot

20t 68 0,q o 3 011 .30.29 .36044 '19 $02

300 *'*bu wI 1 ,06 *.35,02 "38,61 $22 ~

35.() V*gc w,7 .0 v -35.1a -18090 4. 07

00 u6~ 11 0 .,0 v9 -39,6e "37e9? .13.1

55,0 w.3,u W.25 W,o2 *11 o44,131 -37.7* to$ .13

(0000~ .03 0900 s.1u0a20o0.0 o0 -35,74 0 :14
70,p~.1 *3h.n sp 00 350A 831

75,o .75 I .0*0 OV9 -35.7S -3o,13 w,13 1

45, .A ,90 41 ,03 -.31,60 -35,00 0917 1

85, 11' 0.5 ..22 0.05 "294A6 -35*04 .? 1

90,9 *j , ,0 .13-299.?b 035*11 092a.1
5 0 2q ,t7 -.33 0,11 -30t 1b - 36 s18 ' 2

10(,() *.27 4p4 m33 -16 w30,73 -36,06 0,21 oil

Io. US 8 , F ,99 062b In1 -I31.b -11029 .19Ii

110.0 *.Q .1.1 *.7 1 --31,64 -00.05 4D

TOJTAL .133 J10 ,1' 13 2 -3b V9

NET prU)UCT~r1N OF MTS-,~,A~IZL ERPURZ



105

pkri(ýRAFAM FFP VA1.0AT INk F; 100L~ MATCH

F ILTFR VIF, TC I NT5

1 ~0,00000 d0OO 00000 ,000
1,0000 .0000 I01715 0100000

3040000r) 0,00010 Soo54 ,000000
4 00000 1,000 st0ool* q'00000

Cl.)RLC T7 (N F It~.1 FR ý-j i4F.CF IVERj I ANO 3 oATTN 4 TAPS
FOR A TAP SPAC1146 OF 10040 Uc5,

FH~u DHASE AWPL T-.Mt IflAL FILTER FITLTR
FR-ORFIRO MS ERRORl PHASE AMPI.,

(HZ) (DF.~'~. 9 ) t.00) (0m~ PfINER) (fEtWEES) (0b)
LbFFVI~p AFTIA 13F~nkF AFTIYP 8EFYUq AFTýýR

1 5,0 -l1 t -,Yp .07 40,3 1133,qv -33,37 od au

2'4b, 01I "99" 0907 lol? -520*9a -33626 .3* .06

605 Mi0A,00 , .9 90h .0 -?o2.1Q *34001? 63321S1.2p 00,40 .09(1 ,190 -~34,1 033,59 312 .17t
70, ,o Q0 ,.07 *i -37.03 MU33.3 034 lot

4b103 ,3 vv7 -36,*39 -38,88 03610

90 ,u *,, -n .1 6.*40, 1 34 36 1.193500
95A -4%91 .. 57 m9 0~ 7f I IS a3.9 .2

t30. '15A 1 T *3 * 31.09 -113.5 411 .34

7 0~~C~) AF -3SM,03> -33,39 4,Q re7 5 ,)3S R -3 1 2 -3 17 02 iI



PH06RjAM FLPF 111TN HL Tt MATCH

FILTEN C')EFtr-CTENTS

I0,0U000 0.I)000c 09002464 "400000
t.ot~oo 0.,u0 0000 190046A 100000
0$00000 ',04J017 stosl000000

I.060000t 0S00000 "000142 IQ0000

CO)RPEC I nM FILTIR ýnii 0CEIVERS 1 AND) 4 vd1lH Q6 TAPS
FOR A TAp SPACING OF~ 00040 Sk~CS,

FREQ) pHAOe A mPL 1 Tur'k, IAL. FILIFN F!LTtR
RORLOKMS LRHOR PHASE. AmPL9

(1-Z) (DtrspFt.S) (UP) (pj 1E)(jGRE) (~3
HFFORF Af'TIN tsrFr'NF, A,*TLR ts.FFIkF Aýh

e0on M.30 v".ýp .'ou "'Op -~44b .L66,4~4 .11

250'm 06141 .,j,7 W9001 mi .01 0 -40,I~ 10 .1 .09
a0. Went ".i5 . OP *45,04 -4705 .2190

3040 -. 43 liti lot.3*1.9-6,. ~ .8.6

8 0 , A 3~*i ,u *v -.3 61 0-37,%3 uUO,06 got*Q
45,0 3 0,1( - ") I .o P w36.30 -662," 020 u 2

70'n -.45 07 .04 i'6,03 -'481 01 0
.37 -42.D27~r -l 41~AL 4LI ? '. uS61 o
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Pk(IGIAM FUR rVAL.II4T IN~ 11( I. MATLH

F!:-LTt¼R CL)E9~yCINTS

0,u 0QO 0.O~l 6,10100000

1,oo00,00000 ivo11as mo00000

3 0 0u000 ¾0 , 000t 1,~~ 00000

'4 0$00000 oq.ooono 400U31% .0000(

C(NRtC I I (N V L I F Fnmi KtLE1VLS I ANN)~ S A~T1H '4 TAPS

FOR A TAP f4PACj-"JG OF eonq0 3ýs

F-P) F 4R . s ERNI1I PHASL. A?4PLI

EFFORF AF'tLJ B~rFrntd. AP~tkI jfi AFTEW

itoo 0.14 ",&37 912 00,O8 A2,01 -34689 OP,172
30,0~~~~~1 40417 l -0 u4~ -87

3so0 .Qp 0.,5 'n09 upo OJ467 040.60 037 40610
440,0 0.77 0,41 *o I ,u1 -3b 84~ -42,1Ib g3b .06

s4, .t -25 'Oh *U'I -1,01 -44s04 0 S02

Soto Ili6 ',J 044 *1h m'4la 474 -40#8 032 90?

55,o am,21 L)A '0E4 O9 -47.L41 *'40941 ,?9 606

b 0, p 0,a ? ktipn,00 -.207 *?4 11fl

.10 1,.~ 0 * '15 b b,4S Ons1

?s' 0 67 ' e? -.4 *L)A .34,I44 -3,9 10 aa

85,0 7 , 0 A*~ -j~s4 o -. i7 s11 go03ai

. A*? 023 *'? .10 "J.3 -3.37*4I n

10 0, n w*QA wl'%U3 '' is, 14 *~.2 ,O' -34,448 -05 .34

105of -1i' -1, Q 9'~ 04' - t" w33,67 0905~ 06

l110, o.01fl 040 Mold "got -31.01 *3u970 0905 .37

T UT A 1 09P oDV jn ,$ 'Q8 -3,

NE~T PEOI)CT!ON nFl MIS% AYCH fN~~S ',9~3



3.08

PmnOLRAM FUR PVALI.IAY1N(i FILTER MATC4

FILTER COEFFICIENTS

1 0.00000 0.00000 woo1461 *O00000

2 1.00000 0,00000 1001460 0,00000

3 0,00000 0,00000 3,010a0a 600000
'4 0000000 0900000 0#00493 060O0OO

CUIRPkCTILIN FILTFIR Fnf4 RELýIVL.HS I ANn 6 kuIfl '4 TAPS
FOR A TAP APACING UF .00040 $test

FE6 PHASE AMPLJTUOt TOTAL P1LfEIM FPILTI
von RROlR MS ERROR PHASE. AMPLo

bfFOFLR AFTtR 0t~nRF AFTtR 0FOO AFTER

2000 eI*Sq 01.0o '104 0012 .0S,83 059900 940 0616

So0to .1.37 00,81 003 ..0o, -33.13 -36*43 tri0 10.109

440,0t 10 'bL) Oi 4a 0f4 .2 -J4953 *40047 45 '.0awoo
=.,0 UF() ",.so 903 906 -1b,81 -41,17 $so .03

soot) *bq '.13 e03 ,10 0366711 mid,91 94 07

60,0 O0.01 .3u 0.00 915.200.AQ0( 3'4,b4 .14 ol5

0% .3 'q 04 o.IS -'4Z,93 -33o81 .27 .19

Is,()0- 8,90 ,1'5 .10 -13,.4b -34o37 Its *as

.80,10 1 .0 ~ .1' .,25 .03 -99031 ft33,91 206 via
00*0 096 7 *3to '.%0S *-722 -3'a.67 .0030

901 5e ,Q a14) vvabo2a MIS929 003 .32
-5, .?1 0130 W.53 0*1' '.24,IS 01~4,90 woob '

to00(, m.1*1 01910 a*54 "019 W26,22 -13403 0.08 3

tob'A "I ph -1.94 w'A 'u k 012 *2?.hs -32.35 wood .36
110.0 0.23? W2130 0,19 "t 0 2 -3 0, 5 d o33,73 0.01 937

TUTAt l*j 1.02 62S @I 1 -09.91 -33ob6

r NtT PLOUC'r~nN OP M!S%4ATLH ERPORB 3,qSnet,

A
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PROGRAM FUP FVALIAT1.NG tTLTt9 MATCH~

0.U~~)0.Q00000 1 0101.1 0100000

¶09OV00 0,00000u m401496 6100000
3Q040000 0.Of0000 *.O0dI1b 0000000

CONRptCTjnN FILIER Fnei ktCEVLN$ I ANfn 7 WITH 4A TAPS
FOR A TAP APACPN( O.F 6~20040 W5

7iREO PM&SE Am4PLflUOD TOTAL. 7IL TV$ FILTER

dFlpEF AP'1tY 4FFfl0 AlTý.R L3P(tYF APTk.P

30.0 loofp -018 06i moo -0535070 *317.3 9?4 00
$so35n 00(4q M'74 Meoi mool .35'ss -3e'17 .01to

k40,*0 Q.91 .0s~ .,()I otj2 .JW5*S m16093 .21 .03

50,0 moss '.2b (1 o0Q "141o05 w3'9.PI o9 '006

60,0 o 0*0A .214 0. 0 u 1402on.00 035,67 .28 4

8Oo 1.14 102r, 92 o0n w29171 -13.1g 121 g24

90,0 02) 37 00~441 -. 1*, .6,69 014070 .16 2

li0ng *2.66 -isra "pi .,I ,161 mit11 -110.~3 907 933
TV )A L t.an Ills5 ea1 .10 .30*8S *S3,8M
NET IRErCyjnNj ov M150~AYC0 FRI4LIRD 1'1b



110

PHO(DWAM FUR EV4LIAT1Nki ILlEtR MA1TH

flOUOt) 0,UufloQ 1004ds 41100000
a16O0000 0,00000 tonols)~ 10600000

3 0000000 0000000 6003%,b 100000
14 0.000000 Q.00000 Moo0SS6 10100000

COJRW 1 (IN FILrFtk Fr4 R(fVtLRS I ANn 0 1 veT14 4 TAPS
FUR A YAP AP3ACJNG OFp 00040 sIN,

F~u PAEAMPLITUnt IC1TkL FILTFR FILTERI
FOPOfR ERORM ERROR PNA5E ANqPLs

1%,o 40'Q ,37 01910 mvOA w36,68 .L41.00 loe 04
20,0 Marji, Wei? along 0004 oi37.l01 41009 026 .004

3oon Mesh 9021 "sob 40600 O3R,53 '07971 .33 .06
0 *5 ,1 9 .00h tioo -49021 -50000 .33 sob

40,() -.4,% well? M5 '01 "0f,S3 uo0eb .31 so?
4s5*o 0644 00,07 0004 601 SOL1.71 046180 .27 .00
bO,,) ",,1? 011% 0602 *Ji -44*0*4 .05,03 Saa S0?
5soo ".1iA 0,03 090j, SOS -49121 *45943 915 007
boon 0,On ()A )too~ 6906200,00 *04295 god 906
bs' aI woo US .:1hl07u .4400 oo0.
706n ai P,01 7 aa )I )1 *i'4 '0s -a6 . a3 " t)790

7S9A 3.; 019 "$()1 Qz2 .045 , "t 49.14 11~ t4 03
60 41 ,13 0911,4 002 -4t969 -46.99 6.20 Sol

Oak) 44p is Mai0 00 -.0 Q*',S3 .4,15S 0.25 "lot

,)Qn02 "0 .O4 wool .67,27 -s3,60 evil 1.06

"tub,1 07 t$2 I.0
1I 36 t.'i 104 *d40.86 "48.000 0920 0

NE;? REbrUCTIN OP MTSMATLt4 ERRiAU 4,3606,



PH(mGRAM FIJR tVALIIAUNfJ V1LTL.4 MATLI4

FILTER LPtrFYcIENTS

I fl.QC~o ~ ,t00fl0*.01104'00000
a l.Ooon 00oon 1901390 100000

3 0,000000 uOO0flQ 001246 20600000
040000"~o 00,O~tfO 09000'eo 0,00000

CONRLC fIW4F PL It Oi, Wf.Ctjv~kJb I ANfM 9 W1IN 4 TAPS
FURg A TAP c4PACINts' Or 90040 Urs

rPpnR lJM ms ERROW) PHASk. AMPLO

'4,0 **j .b~ ,(t 010 -10.61 '39.1i sit 0

30n ol 0? 365161 60

IS~ ,*j A .) 01 qu -37.o 13'4b 0301 1 wo

40'n fl7 moso 0,10 1 o *d-?.60 *S3,bfl -.10
O5.4 6A0  mout O'no .1 *04 .A -4s3 6,gj 11 .2

55, A G?48 oi3 tooq 01 0 4 , 1 *36* v0690f9 110
6SYA ,$ (It 3p P a000 15 - f44% 01,510 n l
Its0 03 is~n "( %I4AC FOI~a 1 -393 0351n.3wol4A
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PWIGRAM FUJR v~AN.9ITBMIL

I 0,0~)Q ~*O~)04I0400000
1 t.0'~0 ~ ~ t~o67O400000

31'(10U000 .)(0 ~)I 61,004000
'4 0Q'JOQ *OQO *,055 00000

Co49kCjlflN FILIO ýMrW wVbYm ¶A4lI 1' 4 TARS

F~j A lAp %PACING~ OF scintO St5 n

ERROR mb4 ERHOW) PI4ARE A mpl.

isen w*hn 08','0 "~L.fll W,10 . 4,87 u'37.'A .10.0

lj.fl wkeb.ý 0,41 0613 M'OR .31A,he .35.33 OP5 604

4)0.0 Q*00,4 fl9 1~0.l 3*1 .4 1

oio oil jo~

7%,o,441 go() S U =3,b3994A as?? 1

80,n0 ,Y' (I O 00uP , 0 p e -39.14 06,33 0

550 1 00 A a el 0 0 '(3 043.% 5 3501,62 0137 407

9000 *%E m,-ie.Q 3331 -37021 0034

110.0 619 0,07 ..Ob M*s) QhA.LI0 -soi nl lot

TUVAL m .)3h. '09~ 909 m3,443 *39.1S
NET R&DUCyjrON nf MTISAAY1.0 kkU
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PK~kA F014~ F YALI ATIN. ke !LItR14 iA I H

I 1,i p~ r~14 0 100004 60

a I fouloO 0no **oQogo

3 060000t 114OJ~ 00000

CORQ~.CT I 4 PLI' I.I w f4 H~t~IVLAb I ANIN I I m't t' 41#8P
F(I A I AP ,%PACI NG 0F 000l4o~ 3kCs

PRE'iAS040 AmPtI JTWAe Ffl~ ~ 1TPH PRL0k
M3 t9"4I)P PHASL A MOL

(H) (0I R s m.'li *UA% Fnpo~k * DtR7,Qhn
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I olojooon usuflunk a 1, COAL' I '.00001)
0 1000on 000000Qn 01 Ou0fA 00000

3 0600000n 0 ,000po so k0?4? 49600000
4 0~f000(01 o,00001) alnos0b *0000ou

L'm~C T fri FI~ L r~ 1 ~ 'VA 4 6IýO L t0 AN) Ii #11H 14 TAPS
FOR A TAP #ýIACJNG LF WOO" Sf*CS.

FRErj P14 A s AMPLITUIO. TflAL F IL T F ýWLRtP

rwR "OR05 kRHPg~ PHASL AMPLe

200n **~ .: 01 moS 0 o 13bb m44,9A oil 090

a1o0 0 a*44 sell 0.'I000 *Iiihl*%1 ~4',b .3 eggs

w, A 19 114 o'? -II.0% 41 4 t

boon O.An w*01 mosoF $00pofl*f0 U3,407 **fit 009
ao o1 .1% *,oI , o9 oQ7.98 -39&38 a a 06 0.10

10,6 44;) 3% 0& "Sow ki 1,AO -39,b% u.1u 612
ls* 4% 04" I m,01 soh~t - 9,16 m397.0t3 oil

90on ft *0 01 m04 * 0 1 *1 t 9 WA806b agai'01

lose() .E -. ' w,11 woos B14,1$ "04040b moth 91?

110.0 w*?h .. tQ me'1% ,ut2 *S9,0b -41.86 eel$ *I?

TUTAl. 6%,) at64 .1 13 1 *hCA p AI1 *IJU*409
NOt. QtErUCyTnN nFl' MISM4ATCH k1~440839)4



PWI IjW AM F1 IRt ~V A IIA T 146 P16.TtW9 MAT~

FIL~tA L'ILtOyCjtNTS

0 [ 0 ,O OU aitU~ U . Q1 % ' 00000
160~0000 (0 ~0 ()0 1 6i00s0 6600000

3. 06000011 o§000fo "6606014e*00

COOLC TI I(N F ILHI Pt Ioij h1r1vtfib t At'! 11 oTTM 44 IAPIJ
FOIN A TAP SPAL.1Mr, up i0004n sks

F~u p&t&AMIPL. IT' T 111 11AL F I L ItH ýILTLR
ýR.I#i I I V L~ONM PNA'qI AMPL.

(MI) (DOPELS) c U44 U)OS Fp'"it) OGkFLs) (f)t)

1i*f'e*6 0 ',ih .,no *$Ut .44h e44,?g oil wool
do,( wS sog e301 %S00 0003 '600.10 04ites? 016 4.03

a0,o 0054f 0,1w, *n 00(1? . -.40oflu *'43042 gig062

soon~ -. 2%. 0'o? ael (I$ ( ~ .) *UI.$ 19,1 .07 409

"pq 41Q Vi It -4~ dig llib2 -41,S4 a I 07

90 0AL aeI . p IsU a j* .ý4 60 1,031 o

NET REO1ICT~rN4 OP "1154AfCHi Wiltj4U 0 4f
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pkOG;RAm FUJR EVAtI,.,ATING; ILrER MATCH

FILTER~ COLFFICTLNTS

1 0400000 0(0()0000 ""01159 .000000

2 1.0O000 0,00000 1.01921 or,00000

3 0,00000 0,000000 0 014458 100000

'4 . 0.00000 0.00000 -:00024 0.000000

CCIRPLCTInN FILTER FnR RECEIVES I AND) 1"4 141TH 4 TAP,3
F~OR A TAp SPACING OF 00040 SECS,
FE PH4Ask AmPLITUDE TnTAL FILTER FILTER

F-RWERRM3 LRROR PHASE AmpLe

(HZ) 04GES)()) (D PON~ER) (DEGRFLS) (Db)

BFFORE AFTER HFR APTER AF(IF TER

15.0 (*~-2 .18 Is,12 .440,011 -36995 s07 '05

2040 'S.66 40.56 W908 0,111 -,36,6$ -35,77 '110 moos

2%,m .87~ -75 .w907 0.08 .35.49 -35,85 012 n
30, .*0 .88 .. b ,O .35.25 *03bw31 903 too

3"o~w,19 ~ -02 wS4,97 w36,51 its 402

44080 .*'-78 . (12 -35,55 -37,20 .16 .05

45,0o i.78~ W,hi W,02 .06 -31.33 -38.10 oil .07 1

0,0~ 0.7t) W,53 ,001 910 w38,947 -37,30 117 0

60,0 0.0t) 17 n400 .15-200.00 -344,84 Its,1

65 n 3 .5? 0603 .15 .442,92 u13698 0,17Il

70,0 tj 14 oa0 .13 -37.16 033,90 .16 2

7S.o *0e 1.11 .14 09q -33.23 -33.b4 .10244

1O0 1.~ 1.32 ..?4 .02 -29017 -32,63 0144 .26

90,0 .66 W.47 0.16 .26.08 .33,84 oil sit

95,o -.41 W31 Wes$ -,20 -46b.33 -349,40 910 .33

100,0 01.31 -1,2S 0,52 1p.17 -2b,32 .32.85 one .344

105,o .2.P1 -d.15 .,43 -.07 027,84 -31091 9,17 ,3b

110.0 .?.s6 -4.51l M,30 .07 .30,944 032,79 105 .37
TUTAL 4 ~* 0 1,05 2u 1I1 w30,48 -33,89

*NET PEDUCT1nN OF' MISMATCH E-PI~RUC 9Ru

............. ............. ...........



117

PNH1GRAM FLPR FVA~tiT I N6 FTLT 7;L MAT ,H

F TL., T LFR ,LI'FF TC tENTS•

i n , (up k0 0400000 -O0094S 000000
2 1,00000 u.v0000 1.019ka 0.00000
3 0 0 '("0') 0 000 0 u 0001134 0-00000
40° 00 0 ) oO Q0 0 0 u 0 03 YS 0400000

C{w.ht CrTniN FILIF.. FnR N lCEIVýRb I ANr' lb vITH 4 TAPS
Pf Of A TAp SPACING .0 F 900'40 SbCs'

FREo PHASE AmPL I TLinE TlAL FIL T FR FILTLR
FPpr)R E. m rIRR PHASE AMPLe

(H 1 ( i)F GpFS) L)H) Lf) PrThER) (DlEGREES) (OD)
UFF'RF AFTIN bFFnwlF AF Tt.R HE-OkF AF TE

2 0'n -~ d .114 0014 -53.15 -13,90 Os% 900
25.0 0.6Ao~ W'3 -6 -910 -S291Ro -34se4 .17 top
30.n -1.1 % - ,Io -,06 6336h9 -35o70 919 '04
35.0 -I- 9t•: , -.0 33.74 3b,011 l1 60640on -1 I o.; "086 0,05 ,v' 3 -3 . 3 -3b* 1 9 goo08
4 9 ,n -. Sq - 11 -.,o3 ,o7 -36, 5 -3~b • 1 ,
5000 h.b7 -ILe t ,nj .11 -39.17 *3h,73 17 *13
is'n .3. -,.. wool) ,15 -4.4,94 35,8 15 i15
b0,1 0.O .1r1 0.00 17-200,MU -33,90 41. '17
6o . ,fl -O4 .L ',i' -330•,09 09 o19
7f), .0 -.. 06 .15 -ib.7 -32,99 00b ,1S 15. 1.2• ,pA -,13 .1n -'S?. 1. -'S2., 4 1 904 s,24
8 0 ,0 I & I N 1 , 4 1 - .2 s .* Q ? " 8 .9, ý -)' 3 2 . 0 $ o t g a s

90.0 077 ./ .ih *,18 -. 16 -3$.12 3 e•.
950.0 Mott; " .18d? -, -.se 002 -26.52 -.33,61 m.,04 '29 '

lus'n -2.ol -2.o)5 ,al 1.,In ?- 1%A, 6 3o " 15 1 ? -,0•4 ,311O.0o -2.14 -2,,37 .C,1 -3 1Sq -33,41 -,0403?

TTUAl. ttl1 1107 .24 .13 -30.2b -S3.1,
NJET PLIOUCTrInN 0iI MISmATLH Ek.N4CJ 2, ?.bob,

....1.. ............ ... . t....

L m 0
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PMOGR Am PFU1 IF v A I IA T 1N(; F TL, U4 M A rCH

FTLTER COFFt IC TLN.TS

1, O0u'OO OOUOu6 40.O07bI4 ,400:
1,00000 0,uOuO 0 1401W)7 O0000U

3 fl,O)Ufl30 n.0,00*.lno1 *0200000
4 O nonoo0 0.0 000 -,00263 .00000

LOPC I I jill FITiýt Fnk IiLEIVt.RS I AN) lb 0~TH '4 TAPS
FA' )k A TAP rPACJINA6 01r F O'~ S

FREl PHASEL AMIHL. I TUr)( TOTAL F ILTFR FI LTE.R

-R 9 0R L• k k.9 0Ms EPPMR PHASE AMPL,I (t) ( r)GR•S ) (Zi) (flt3 POWfER) (DEGRFES) (Ob)
tF(IpE A0TfR bFt-Iý- E. AF tLk EIJN• AFTER

, ---,,1 -3S.95 -3 7 I1 01900
21), -.n - 6 -o2 - 34• 3 , 50O -3•5959 ,64 lot

3'O,O ",P3 -l- .,0s.) -,0o -SIS,00 *37"oob ,t5 06
35u',~ -3 1 96 01 08

F14n -. p; -u% . O , -S7051 -3$h,40 ,13 610

S5os -. 67 -,st n.,n 21 -39,P8 -3 7.,201 1 ,1?l
5S) , ID•/, 0 . 14 1p ?7 ",0 1 .12 - 4404(,R "37T lQ 1 0t57 091

,; .33 -,02 ,IS -3f, t -3 ,, 3 ,too o17

80,1)1 ,1A .1 68.3 -3,5O 921,
bso 1.2hm 191 -,4 I -e8'18 -33,o0 81912 22

* ~95,0 * , ,1 .1*2r3 -34,90 40013 0216

105., -t.In I ,4P -. 3/ ,a?-.•O*O9 -34,57 o1o)
110O 0 .- .614. - " 13,'2h a w, 3b " 3 v5• S -01 ,19 -tgo (19.52

TUTAI 87 ,, ,21 .11 6,, .71 -34,,74
SNET PF.)UCT~N !)N 1+ MI'MATCH EwRPUR 2o97nO,

I
I
I

-:



PROGRAM FUR~ E4ALIIATIN6 FILTER MATCH4

FILY~'b COEfFFTCTthNIS

1'00000 0,00O00 1 009e'4 4o00000
3 '.000 ,0)00(0 e.00731 *00000

n' 000000 0.onooC! 00003'd3 900000

CUHRLCTInN FIL1FR FnR HEcAIVtPS I ANiM t? 017H '4 TAPS
FOR A TAP SP NGU 00'40 SkCS,

FRQ PHASL A'PLITULJ TOTAL FILTER~ FILTkR
ERRERRM$ ERROR PHASE AMPL9

(HZ) (I)FGPF~LS)5R) flb pnrmF) (OtGkFES) C0b)
6FFORE. AFT~.R 13PFlRF AF T0i bEFFnRE AFTER

2000 -.1.f M,78 ago$~ 0.08 .34i*10 '.SI,' .27 0003

30,0 0*5g8A 5 ..04 0,4J *3b.7U w4U97 434 So0

3%,() *. 8 0,46 a , 03 -0 .7, 17 -429i0 .34 .02

40,0 0.7f) -.037 .0*0 902 -J7,94 -'43,47 o3'4 004
d459n 0 ,15A '.~.o04 -39088 -'4.108 03a 006

55,A a? 40? "too .09 -'49900 -'40010 .?M 009
bOo 0 Ot) .19 0.00 .1100.00ti -37,b3 gig .1it
65.! 2ch .sf4 3001 .11 1 .Qbt 37 -16094 *13 j 12
70,o 65? 5q ".0 09~ .-4n4 -37,u2 .07 .13
159p G7 q 81 u,Ob gob -16,P4~ -Sbe7 n01 914

80 a .t 4 .0t)1 4-I3.3 1836,913 0403'4

90'r .3A 0~ .~ ,12 -10.83 -37sof Osl0 *is

110,0 ot.3a -1,43 M,()9 gob -J7,77 -37.448 -099$i
TuTAL 07A .71 .13 U A -34946 -3*.98
NET RLDUCTIflN OF~ MTSmATCH F RUk sn
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PI4OGRAH FUJR EYALIIA!1N(i FTLTkA MATCH

FILTyER COCFFYCENTS

00000,00000 4190044~4 0100000
1000o(0.QOOO 1000193 0$00000

300000:00000 00*00960 .000000

CORPLCTION FILTER PFM NPCEIVERS I ANT) 18 0u!1H 14 TAPS
FOR A TAP SPAC;NGCi *Q 0040 $its$

PRIG PHASE AMPLITUDE t0TAL FILTER hL
ERORLRCOI ms k~FklI' PHASt AP'PL,

CNz) (DFGprts) (0)R) (Db POOERA (DEGREES) (DO)
BEF~pE AFTkN 9F~fn~f AFTkR OFORt AF~TER9

1500 01.11 0.o7 .os moos0440 .36 33 15e .33 Oslo

3000 %*.To 0.35 .04 .0#2 038.11 1414,56 .39 0906
3S ao '64~ '23 4014 '00 .38.814 .148,45 .41 '0
40,o 0*4q 0007 .03 .01 .140.53 WS3466 s4d) e.0?
4540 043'q '06 .02 SO? -'43.46 050061 0141 900
50,0 * 4 $4 n 04 04 *0 46092 s3.01
53,0 *all #a?. .01 .004 '32.75 .144044 .36 Soo
6000 0,On o32 0.00 .05*100.00 .141,5? .32 909

70,n *a .44 ,n% .03 '144.28 '42903 .122.
75,0 -2 1? *0 0 40.141 w45013 It?.0
6090 .26 .56 10013 00top -36.36 -142.86 912 *to
6590 01-t 20 .016 940% .114072 043.16 log oil
90S0 001? ft.12 11019 '.607 '30.05 -42,30 .05 SIR
95.o 0,.61 mesa *,to 0.06 -314967 -140.114 002 .12

I00,o **?A 0.78 40915 .002 -35.14b m39026 -.00 .12
10S.0 w.Ip 1*1.3 0,09 #014 w37.13 -38916 Mont610
110.0 0.91- 0109a 0902 o10 -141.51 -39,64 6902, o13
TOTAL 06 O2 .09 4014 -37.00 -40,66

NET REDUCTInN LIE mlSmA?CH FRRURB 3o b
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PkO1a4AM PLIH EVALHiAT.LNG FILTER MlATCH

FtLTEK ýDt.F~yCIENTS

I 09Oufloo 0,OU000 *0U330 .000000
a 1,00000 060000r) 1400661 as00000
I 0,0u0co 0000000 0600667 069OQ0E0
4 000000~0 0.00(100 10400211 0900000

CtJRPkCjItN FIL1ItR FPn WECEIVLRS I AN!) 19 mT '4 TAPS
FOR A TAP SPACP'I. Ur .0040 SECS,

FRQ PHASE AmPLITUDL TPIA1. PFILTYI FILTLR
ERpR tlRO MS Qn PHASE AMPLs

gdppQRp AFTLR ih~iRE AFTER BEFOIF AFTER

15,0 **66 0644% .04? 0906 *39051 -40. 19 01b Uv04
20,o 0,16P -.41 0902 woos .jQ4fl0 -4059 $?1 moos

0,* 06 a*1 m.0 *'n -39.0? 04202.J .14 '

penm 0.40 01633 wool S.u? 006f49 "Osel7 Gab wool
SP, "got Son .0 .0 -39097 -Mbs4l 028 g01

40,0 a.sj 0025 .00 .004'4? '4OS 40046 spo got

soon e.37 "sit '01 .05 '44.35 -44OS2 .26 605

ss.0 ovi' ,0 .07 6j S -51905 -'12.64 024 006
60,0 O.00 921 (),00 *047-POOOO .40,85 opt .07
b5*o stq '37 ,n02 .Uk -47,4b -40042 ,17 toe

03A o W905i 'U11~ .41,714 -40,54 .14 '09

95,0 **% cil 463 0.2o m 0 m 14.f006 -39,56 9600 .12

toosn 1,02 -,q -04 MO 344 3,1 00 1

TUTAI, .1 S~7 *09 .07 -16.Al 039.3s
NET QEDUCTInN ()F MiSmATCH EHUM P.8b
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PH116RAAM FUR kVALiiA71NG FtLIEW MATCH4

I 0,uI))0 U.UOO0h) 0943so ,00000U
140001)oQ 0*Os'ol 1401509 10400000

300O0000 000QOuO 0405313 0100000
'4 0600(lou 0100000 *400963 01,00000

CU~RPtC1ICnN FILI1k ýr)R kCFIVEYS3 I ANn po iTTH A4 WAS
FURi A TAP 4,PACING UrV 6040 St~rut

Ft4 PHASE AMWIYI4?flE TflIAL. FILTRH FTLTEPI
FRPOR Nkl HS1 ERWOP PHASL AmPLo

(HI) (nkptt8) tb(iK ptimrp'jvE) VA)UREeS) (0b)
tiFOIf AFYL UF~ iPOnk 0 Tt.k tjE)Pkr AF TLR

2)0 u'5*57 -a.49 ab~*~%*l5 -p6459 ,008 99459
'4,j m*t.,8 VQ aeposs "?9,bO 1926 0152

poo4 -?,hp 041e3 ,3to 060 -?4,St -330,41. 1 939 *,143
35.(o a2 0,13 .35 ,'01 RS935 -190 10b OJ

s500 JAi .91 10 *h -30,O'4 -32092 1.030 107
boon~ 0.00 1017, 6,00 .17-p0o.no -30096 loll oil

1u'n IQ j*"41 0112 014 -1,30,57 3 902 sib

75, n 72 .,b ..7 9 -5V -47,4U -3203.71 .142
l80.0 *f67 113 55 NQh *e3o91J OS*'6 .149

90,0 W.Sq 0.24 WO?~ moil -,0,54 -32.os2 .30 960

110,0 *14.1m -'4,6 a .SO .24 -eh , I -2 ,?'. 7 Ins .74

TOTIAt. P.34j! ") 3 4 .,13 *-i.$4 029.143
NEI PEOUCTb1 IN flý MI~mATCH E RJ SS4 Sh
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PH06RAm FUR t&LUiAIN(.ý FILTER MATCH

1 1.Q~0 0 0.0010000 .004134 9190000
3 0OsUoQ O0000000 06twsig 400000
40,000000 0,000000 *06017t 9*00000

WoP~RWInN F1Lf~k PnRH kkFCVt~R5 I ANfl ?I wITH 44 TAPS
FOR A TAP SPACING( Ur *004'0 SECS.

FRG PHASL AMP'L1TUDL ~ TE116L FILTER FILTIR

Nbu ~ k ~ h k() PHASL AmPLO
(HZ) (tDEGpFLS) t(AR) (ob joriwf) (DEGREES) cob)

20,0 66,77 974"53 W986 0110~3 956 ob7 30.78 o10,96
1¶jan 38 .4 hA 7b,19 nos? 011437 03,93 will 37.744 010,60
Poo0 -20,6? 23.75 10*09 -10073 .00,0 0$444 m40437 m109644

5.0343 s .9496 44.00 wi, Sb eiV91092 010129
SS,o -bS.37 $lot 003 .10.ep all -1969 73,56 010311
50.0 2b4.'ii 091 *i .*4 4,9 21 403 10.52
70.n plsopc -54.0 080 -io.3b2 S@17 -. 14 7~9.03 010.36

75,0 -4,, 55,044 w..f lM u,99 -1.73 01479 95.83 -luf95
00,n v6.bR3% 33,48 .,5'* *11.h5 084 01.664 101.83 011626
at 94.0m; -S7,78 0*63 .12.144 567b stab 0?51,83 a11.81

9%6n -?7076 94,'so o~i *1u,5P -709 P.1.2 1??,?6 v,12 444
100,0n '*8*31 81v88 Is89 _11.000 0403 "SouS 130920 012,89
105,o-?s4bo;"15,d0c 1044 09,85 2.0s we,13 138.85 -13.33 *

31.s980 1205 S903 -hSO 30104 07078 sQmea% 011.73
TUTAI. 15 S5h 1344,46 1.79 140hq Pool -.3.)
NET 0tkPU'%.j~t)N OF rt8ISýATCH4 FNR'J. 3*?170bo



Pkf)lQRAM' FUR EVALIIAINC. PtL.1LR MATCHM

FILTER CflkFFyt~jkNTS

1 6'00000 00OV0(~0 160011J *000000

3 000()OQJQ oQOvo0 0014 10000000
14 0900tmQ0 (J'000)0 "loomQ 11100000

CIINPb.CT~nN F1LIP'4 Pr,'4 RFLEIVf.Y I AND) Pa WITH ' TAPS
PFIN A TAP 41PACLNG, (I $0040U W4

PHASES ALP0%n twIjL F1LTEP FILTER
I..pWON #4w~ mS pkn PHASk. AMPLO

10,A a*q 41 40? )o~ wool 03S910 036693 '.1
n~9 *,i2  .fdj *h -3%933 03'1?4* abIt

30,()O *qpu 0,63 .fl *if Is ash 5 '4 39. 129 '020

4$4 '~I a*br, 10,08 (I'd *004 -39v45~ *4379 13 litto
sop(%~ 0%1; ".4 .o~ 0?7 aQ0#A9 e4 1162 4316S

00t 04? ? O 0809 .17.20090 40,b .29 .05O? i

Ison o *.n fl,n1 406 .090oo37i w.24 7 120
800 40 4 01flS 01' e.3i.*42 03%qb.l q24 0

1O0'm a.1tq 61015i woul ",)I -2,O 03'4.b 6044 .00

110.fl -02.09 -4.8 .?)b , u7 -32963 o34. I t)gt i
TUTAL 09 ,6h po( ORF *-3?,r2 *1bg2'5
NETY RLDUr)IfcIN OF 1ATSmATCI4 fiWIURB 9J8
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PROfGRAm w PUI fVAL I IAT IN(j ~tL.Tt MA tCH

FTLTFON COEPFFC?EN,8

IOl.Ounf Dounono 1060(10'4? 100000o
I. .o vojo O*aO0000 1001063 100000

30.000(00 us0flvfl0 SOU60? ".00000
'40.uOOIOflunuAO 1090043? 400000

CURRE tICt1IN I L I C fni O~IV I AN[) ~ P iJt 'I 4 TAPS
FOR A TAP gPACINC; OF 00640 SEC$*

PNREQ PHASE AMLITUr)L IflAL FILTFN FILTIR
pRpCW RRil M6 EPtNDI PHASE AMPLI

HiFPOQF AFTER ntnNP. AOTEW "FFL)HF A9TR
6,t 04? .3k 09101 Sol? u334ý -3h.999 t 0

aO~ an 6 0 '.46 '1 10 OJ99 036063 Ito so?
~. *71 *''4 *.' 0.8 033.35 03?.E8 lie t0e

Sos ie.? .mo .9 13 41.0r 4,3400 w399?4 get 009

4s 0 Mbbq Nose wopt) 60h 37,Ah 03903 v4 isoonl 00*A =119 *0904 .09 %41*32 m39913 .09 1
$son 0.2?t 012? Wo.0j .1 -46.91 -38,04 003 .1360,0 O0.0 -.0'5 M,00 .I3*20*00O -36.41 woos III

031 s2? affoI .13 '45.1a 03beas 1009 .13

*Qq .9 010b to? '35,3% "I6,37 O.20 .13

85,o l.ln slip will woos "319V7 w36.01 0.27 oil
90* *8. n .57 ..23 *$1? '31, *3b.00 -929 .11
9%*n .37 '08 .,PS Sol$ -3W.50 *3o6*9 W.29 Ito
WOon 6,17 -44U .4R2 0,111 -33.9d "37040 0027 009

loe( *,%4j -.78 p 01 b 0.(A '37.43 .39.37 ae.P4 too
al, ,.0'7 .lP *O.17 4364E6 09419 toy

TU'AL 067 s13 oi 09 -31493" 036191
NET PEDUCTInN flý MISMATC.H FkPRUk 040
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PR04RIAM FUR~ FvwALipT1N(A PLTER MAtCH

F]LWyOI ikF~yCyNtS

I 00O00on 0,6flt0fl 41639 ,00000
411.00000 0.00un0 4~f~ 00000

3 0,o~ouw 0So~uoo 0001609 41600000
It0400000 0600000 .0104264 1900000

Ct)4PLCT1pN FILICH filk KfCr1VkRS t ANI' ?4 WIT1H 4 TAPS
FOR A TAP ijPACIMG UP so044 St~C8.

Fku PHASk. AMPLITUDI TnTAL FILTER pZLyTL
~*flpn L11 M3 frRH(N P*4A51 AMPLe

N) (DfpGEM (L(If (Dd Pfl'Ek) CuLkGPNEtS) (Oki)
dFFORP APFet. tlF~nkF &FTLY 14)H APTLR

20*0 01,13 mo9? .tl) 11,IS .U94#1 -39041 .1o '04

30,0 e.31S e1,06 .0904 ftei -32.83 e34oS3 9,56 601
1500 .1.11 -1404 wool *.cjl 032.76 SIS006 0i .04
d4000 ot10 *.93 .000 'Q? 043.30 035.64 It? 00?
4540 el.orn 0,74 U201 .07 35*09 elf.a3 *as .10

*~gf .@A Moba wool 013 -37.04 4,1bolo oil 014
lb*s 0 , n*~ *Ok..h00 (ji 042.43 -34070 610 617
boon Q0.0(1 000 P.O0.R00'00 -31051 617 Igo

60n 9n Soo0 st0b .19 -3s.35 -31 *54 009 9

90.0 499 '96 mesa 0.10 *uleu46 01196? 6903 136

w1 .7 00 vl.244.31 31201? 094 417

TUTAL I. 31 1.is .30 JS *2A,61 -31076
NO, QLPUCjcTjN nFl MlSmATCI FRRUPS I I3b



1.27

Pw(.(IcifA' FuR Lý AL11AT 1% F 4404 MATCH

I ~ npoo 000000lQ Illoom*0t~ '000
teo0p00 0400004 1,000880 .000000j

30000000 0,00po0 900019 '0600000
440400000 0600000 40900411 600000

C(JwR~~~~r71nN ~ ~ vepN1 Fn REET~ N $"1 APS

F'0Q AT~ '4AC~. 10 60040 *,u -8,8 396

M&,9 LOWI,8 .15S .06L

Isom~ O*6p Oslo '0913 -u 536976 -391.45 0120
aosO 0041 -0,2 u001 "t 7oo 019501.073 011 0

aseo 0.%4 0440 0,012 wo 03466,083909 61% *0
30,0 0.9p 0043 Oslo 4510.Z01609 041069 eOS 0

J56 66( 06130 O.,0O OeUt '348.1-37 w416 5 01400

4000 O*0% also ago? '.04 U37,08 3704140 i
41540 *1 044b .,00t oum 039,17 2,7.0" '.15 009

80,0 10.0r 0,0 Wo0 *,u10'33.51 37,17 11109 sit
90,16.0 93 01,00 sit '32.,01 '31795? 091% o09

100,o G.OP b 0.35 .0 '.16917,l *3$.3 asps oil
1O060 ',IAs '017 .,1iI *.O' .110S 017417 *929 101

11040 *37 a,%? woos g0t .46.83 04SO7b 0620 .06
TOTAL 054 '460 oil .09 035,Ai 030Jss
MET IEfUCYTriN UiP MISMeATCH FW~ou3



osQQ(tfloo 0OU000J ,000070 ,Q00000
O,00 100oU 1900919 0100000

69000rlU)f 0600000 106014% 600000j
'40.Q~fl06VOU00 06ooabg ,000000

CORC I 1qtuNM F IL It Prilk ROFtIVkR I ANl PO NITH 4 YAP$R
VINg A tAV %PACIN5 LIF V0O4 0 SECSO

Fmw PN&8S AM~PLITtlDt. TnTAL PILTtH PILTLR
pP~jfOO E4O M4 tRRIIR PHASE AMPLO

(MI?) (DFi.tt$) (UH~) (I)6 Pf"LWR) MOMS~~.) CDb)

16546 seb&, 0051 mesi MOV9 -33$89 037,044 014 u

306n 06611 044 volo 0. ,0-S7 41,30 *?a too

04f 00111 001 o. 0L P. 3104~ .d42'46 0?3 $09

fbue( sod? 09201 agog Sul .e41,qj .d40090 Sig *t0

S0166 O.pOo .13 i 0%10 *il~0470 4140662 .16 .10

bseft.1 Olgot .I% n3,5 04702.4 *oý On10

90,090 042310e~ .1 31.O *31b,b .,b *to

0611 bh Mons *ws 01805 0166420001lift

se0* alO fo -.020 0QQ -. ;a* 17 .39.319f)7 o

NEI RLDUrTlflNl Ot 1m!SMTCm FRPUH8 2,4dflbe
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il~w A~ M F IR FV AL A 71 4b 1i. 1L A M A T t.

F tT,' O ~I I ktNT,%

I060 I Oo o. )C0~) 00000 *oO

CU (IN.C. 1 F S'~~f$ 00W WF(2.k1VL~b I AI~if ?1 VOJIH '4 TAPS
FUW A TAP 4%PACII\U. Or Q'(14o iQcse

Fmtu PMHbS. 1k.L1Tuflt. TOIAL, FILYFR4 PILVER
FOO NIkMS LRIOJR PMASt~ AMPLe

JO,n wo?j a*~ QA~ -37"455 *3?.t3 .19 wo

as,n **-a.? .0j ,e.7¶ 18037 opt 090

3u 0 A .7# 1?b ft'o1 *. -3A, II .4 k, 049 In ou

40,0' u 660 4 40401 0 OQ ,7 w-'iSI opt .00

$0 , 4 *4i **n lob 0432.A 1,42 1 a.Is .67

A -. 2 -00 v 4.49 sjo-40ss 00

Nt~ ~ h3 mttlU $3 Afi 1J 12b4T~ N~UU .t3

A S l mo) 4 , sj a IA I7Sn Al Is 0h U7USI 506 On
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pIp4rl!f.A FJR VAI, iiAT ININ P TLTt R MATLH

F L : (.Ll- C PF T T C ,TET

1 0900000 0'00UO0 46OOOI 0600000
FO u ou0 0) 0000o I ,01 UI4 '00000
3 0,0o00 n U, uon0 -,01141 0-100000
4 0,00 0 UoO0oOu -, 000.1 100000

R C T'IIN FILIE• F NEir1VEEIv.b I AN() Ph kWITH 4 TAPS
FOR A TAp SPAC1'di6 UF 0040 SiC$,

FSREO i. PA SE AmPL. I TL)Dt TfT AL FILTER FILTER
F. R,4 0r Hk R ()• k1 .4 tkfIR PHASE AMPLo

(HZ) ()FGRF.i) C(L)(.)Lb Pr)WER) DFGRFES) (D)1)
,EFORE AF'T k O,•qF'-Fl4 AFTI.R 6F.P- I 'E T"TE.R

o 7 a 0.6 - 1.08 -,4 0,,21,47 -. 0•ol 020,() "1}• ,.&O 3• -,,' " 7b -42•o86 OS 40206
25,() 0.4IT 00 0 M901 .,0 Q9 ,•1,77 "006b OS" OS
Into, a -.h, 5p -,2 -. 0% -04O,2b "404o11 an7 903b
35, ". I•t. ". 3  -"0,11 -'40,99 l08 l0o

4~i rl e37 'Oo) .01 -;42-e, n2 mb -4 .6 0 o0t

45,0 .14n ,*3. -. 00 ,01 "43,1t4 -'44,U3 .08 903
SSO 1.37 M129 ,O ,'05 -44. -2*6S.b9 .08 SO5
5w.o l.os( 0t0 ,00 ,97 -50.64 -41,90 o08 07
bO.t! 0.00) 108 0000 ,j0-200,00 -38,95 a08 *t0

70,o so0 '57 -sob D8• -Sq,74 -37,5q 007 614€
75,t) .7n ,76 .,tok) -.36,03 -37a01 'nh o16
80,0 .76 o0P- u,. , () -32, 1,2• -36,79 aO b '19

85,0 f ; -,2h 0,0b -2q.99 - 31, 3 .050
95,0 2c; a,29 .0,33 ",11 -29,07 -31,92 '04 ,b2
E . -5 - 4q -2!r M 7 -,1" -29.31 -"3lC4 ,. bi" too '2IO t 000A Al ".81 " -,4' ft, 9 q o ,• q 9 • 5 Q,% , -37 3 2

t 05 , C "|1.51 -1 " .149) . 1 27 ".(s -iI.(l ,l "14 - jb 002 i•b
110,() -t*,40 w- ,78 -t,14 Oq -34.P65 -35,4q9 02 q27
TuTAr( ,71 ,70 .17 907 -33084U -31,94~

, NFT o(:rLICTTr-)N r)F MISMlATCH k-Rk(L.'P=~ 4,09t0b,

I " " : • ; : " : ; j • " ' ' : " • • • • • -," '' ' , , ...=. . ; * , ° , ; , I • ., ., ; .: ...., ..... .,, • : : ; • T ..• , • : , " , " " , ' ., • .., .....• .. .(. • '



• 1'
131

Pk (IIUR AM VUR ~VVAL.I AT ING F ILA 0i MA I H

FILTER COEFP TU TENTS

I 04Ou•r00 0)0000 -, OU04 ,00000
2 1 '00001) 0 0 0 n0 1'()1566 0,00000
3 0,00000 , 00r)00 =060061 .00000
S', 0400000) 0 00000 ',00542 a6 00000

CJk REC I I (N F 11.TF. k 'fl) RF-LFIVtkb I AN " 2 9 1 !H '4 TAPS
FOR A TAp qPtCING Jr 0040 SCSO

FREw• PHA•; •AmPL I TUDL Tlli1AL FILTER FILTER
FMSO E~('kr(1Npw PH A 41 AMPLI,

(Hz) (DEGOL.LS ) {=)B cobl pt'lWER ] (DEGRELS) (DOd

t)UFOE OfTLP tpFFlnE AFTK. HEFOHF AFT&R
,5,, 0. q ,43 0-923 ",17 "319al1 -33,86 .tb sub

20,f{) -. (41 -. h2 -.?It W=.Is "- 0.90 -33o89 o'19 oO7
as*() 091 ".13 0919 Mott -3t.32• -3/4 93 =4.0 o08

30,0- -1-,n .7q Well "t07 32,66 .h3,81 .20 ,10
3O,o 5 .am -. 4 ... a - .0? -32,91 -36,91 . 19 ,1t

* 40, ~, 0,3 al ti 0 -31 * li -36t,77 0 1' .ý13
'45,0 a,? a,7? .007 07 w35,76 -36,42 *to ,
50so n T71 W.70 -00. ,1? 37,99 -35,57 ,04 0.6

bOon 0.0) -. 11 A,00 08R-2U000U -33.57 we11 jr

o .66 ...66 .17- 36 ,3 S33.39 -. 26 619
I s ( I a9*olI1 1 -3 . s0 3 i

at800 1,6- 1.26 0 -14• 05 we9.70 o2073 -,37 9
: •, 1~6• s,.2•M -,• :05 -27,98 32.61 -.40 .18

90 ,0 n .1 ,99 ,, 3.• -16 -27.66 -32,80 -,41 ,18
95,0 *77 .3b ,3 Q -,22 -?A ,41 -33.40 18 .11I fl ,35 WIQ o23 29?gb -33,b1 0.38 .16

15O0 Gon ".4 ".97 .3 - .17 -31 ,A 3b.30 3.33 .0
I 110,o ,.9t 1.17 .. ?3 -. 0. -.36.P2 -3887 -.26 .15
TU TAI. . ,79 ,20 1t4 -31 .24 -33.9
NET PLh)'jCTTr)N tl M,15mATCH F_-PLIU: ?14.4br



132 ¶

PRUGRAM FUR t'VALIIATINL FILTER MATCH

FILTER COLFPICTIENTS

1 0,00000 0,0000 *009o6b 900000
2 1,0uo0o 0,00000 1 01366 o00000
30O.0000 0,00000 4901169 0100000
4 0.00000 0.00000 1,00528 .00000

CORPLCTIInN FILleR FnR kCECVtRs I AND 30 oITH 4 TAPS
FOR A TAP SPACING OF .0040 SeC8s

FREw pHASk AMPLITUDE TOTAL FUL.TER FILTER
ERRR. tPRR MS ERROR PHASE AMPLe

(HZ) ([) GpEES) (W) o0b POWER) (DEGRFES) (Dd)
bEFORE AFTER tFFnRF AFTEP tEFORE APTER

i ton -at O ", 0?O 1,6 -) t 4 $ .82 w34*o6 26 • 41,008

iO,0 s.113 wea0 woos 0012 *S33,6 -34,19 v32 4.010

30.0 -1.. 07.P8 .. 04 0.06 -34,3 -37l2 0 "943

"40.0 *,Ogg -,66 0,01 .03 -39.1d P39.20 939 ,04I

5000 ob .35 I0 oil w39,55 *37,96 031 to
55'0 Q.34 "I 0 ,,1)00 .I1 "45.0 7 "37.10 02 ,13

60,0 O.On '17 noOu $150200,00 -34,97 .17 :1s
bS60 .36b ..103 .15 -42o99 -34,b1 to l7 i
70,0 .. 1Q -,07 .2 -37.47 -35.01 O0 *
75,() .9? ".13 .v8 -33.h3 -35.12 -904 .21
80,0 1.18 1.07 -021 g01 -29o9( -34644 wo10 .22
85,0 1.11 ,9s -W30 mo'? -28,00 -34,o0 -. 15 s23
9040 0*1; 'st, "939 ".15 -27.40 034.66 Otte '24
95,o a.00 -. 20 0,14 0918 t8*.23 -35.09 -*20 s25
100,0 -. • ".8S -. ,0 °,15 -28o83 o35,00 -IN0 O s
105.0 -1.3 0 '1.48 -.32 -".7 -31,00 o34,93 -418 v25

11, IS "ob 02 04 -3481 -3694Pi .25
TUTAI 093 18? '19 11 -31,70 14,95
NET RLDUCT~nN OF MISMATCH ERRURs 3oPSD6,
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PROGRAM4 FU)R EVAdItATING FILTER~ MATLH

FTLyER CQtFPyCENIS

2 0$00000 0:00000 :044811 000000

0400000 oovonoo "902646 1000000
4 0.00000 0000000 .ooss7 0000000

CUR4kCTIQN F:LTER Fn IRECEMRS t AND 31 WHJ 44 TAPS
FOR A TAP 3PACING UF 00040 SECS9

FRG pHASE AMPL.'U(IE~ InTAL FILTER FILTIR
ERROR~ Elt m5 ERR~OR PHASIL AMPLI

(HZ) (OF~EGLS) 08s) (fO8 POWEk) (DEGREES) 00)8
6EFORE AFTkR 6FFfnRE A0.SER $FFnRF AFTER

Iso pts.sa.120,26 019 -¶1.13 5.16 1,06 w33AA0 -110,3

25.0 39.6a, 74.72 .01 .11.1!3 .3o'43 0,38 35.08 011024
3010 :18 64 23,2? 915 *10S44 w9o9b o3:53 4.86b 011119

soon 244.414 w4b8.4 461 010,30 alt15 O1,55 U1296.4 a11,00

5s,0 wbS.4p ?SO5 qSb .10,44 .40 *3.63 73.28 -11.000
boon 0.00 79,0LI 0.00 %j1oo4-u0goo 0*.12 79.04 m116044
bS,ow165,a?? 119,46 wool 011413 3,39 21,1 4444468 -11.12

A 70.0 21S.304 -544.19 *52 .10 073 5.39 -1o75 -269.73 410215

Oslo 194.21 -S6029 Ott7 .11.11 5,099 0084 02?5 19404

95,0 -2.% 93405 1.81 -11m10 -6.56 -1.33 1W0.5 *12,91

l0,-t5*8*1$'5 3,69 010,L30 R.63 -212 156,42 013.98
110,O.194.60 vi'a0 Sla "8163 3,58 -7067 sos~es r,14052
TOYAL 156.5% 134.21 P.03 4061 3,16 .,3b

NET REDUCT~nN OF M15mATC'4 FRRURa 30S20t1.
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PM~fIRAM !IJR FVALIjATINt, FYLTLfW bATCM

FILTF"4 CL)EFFCILNTS

1 0,OkO on oO o *.00970 ,o~
Oa~oc 1,n00pi *900000

3 0400m000000 U.000092 '10~z 0000g'4 090Q00t0 0000or0 "',0U20 41400000

COHRE~CT TfN F IL lJý FriR RtFVER I ANf le 1MITH ~4 TAPS
FOR A TAp qPACING, OF so0n) sIkCS,

FREw PHASL A1M1I-9TUDt TflTAL FILYFM FILTE~R
msfl M$ RJH PHASE AM4PLe

(H) O~b.SDoft POM~) cnthGR~S) C0b),iEFORE AF~t b r nN AF TLW 6hFOR A Tb R
1%r *5 -'p -sb . - 33, 77 -34*35 t10 .01

9; 9 0 .11 030OA9 14979 IlaJ .04

d4s,) a *8~ *74J .,0, 906 -35*97 -36*70 *10 1

556 0.3q 0.5- 0,0 c: .' *I-44.58 omi$,2 Vol .17

TOTAL .0m 0i 1*O Q.~ 4? .lt ~90P97 ino 3s,9 -06SQT R 0fUC 1n eig 00()4l ~ v pP.S -2.2090 l

(A p 076 Woos 919 -300 5 03 ,62 ,PN



135I
PROGRAM FURJ FV~&i..TIAN(ý ILTL1R MAILH

10000000 Q.VU000 o0u333 ',00000
o,flO000 0,U0000 00144? 000000

3 0400000 0000000 Wo00659 10900000
41000000 0000000 19020045 400000

0,00 o.000fo 49000614 400000

6 0.000000 o.O0ou .00,ub 900000
1 0,000000 ou'Ouoe *ou?!3 6.00000
8 0,0000n 0.000000 '10055 '00000

COlRRECTION FILTER~ FO ,RLEIVE.Rb I AND~ i 'aTH 8 TAPS
FfleR A TAP SPACIN(; f,.F *00'40 St.CS.

FIREo PHASE AmPL I Tkjf TOTAL F1LTFM FILTER
kRRLokma E'RNOf PHASE AMPL9

NtZ) (DEGREES) (0b Io'nwFR) (DEGRFES) (DO)

bEFlnRE AFTER UFFMRf'~ AFTtW 14EFORFr AFTER

3000 0*0 'op "#11 .0043 lesso~i -4d6037 095 go$

j 3S,0 -.64 003 0009 IWO4jL S5,12 *'i,'40 .99? 905

410.0 '.81 ,kil onfl **0/ -35.gq e£17,38 .IA t03

4~5,0 0.6A Wos WOOS WU3 -3S7,7b -49g8 43 0c

S0oo 0.61 -,?'5 -09 '00 *3Q.be 048002 '39 .00

b0,n 0.0t) 1017 0,00 ,COJ200000 '£44.80 0.17 .04
60 30 '.11 0.01 10% '-45.32 -£44,?? m,£3 006

70*f 66() '.0? W4th4 .0% -39,44£ 045,88 "96i. so$

.15 *is 7 903 OSS.73 "47.33 w*73 .11

85.0 1 Iq q4% W022 *905 *-Q.Pb -4J0,41 6170 .17

100.0 q.*l 0,55 0033 40,0 '30.73 -4403 .128 .01

TOTAL .4% '04 tbo k)7 -3391a w4261'4
NET RPr)UCT~eN OF MISm.ATCH EWRPURB , b



136
PROGRAM FURi tVALIIAT1N6, FILTER~ MATCH.

FILT~ER GUEOFTCILNTB

000000 00moo lol?& 600050

% 0.000000 u0u00000 0901711000

CORPkCT~nN FILTIE4 ~Fln RFCF1vtR5 I AND 3 V41TH 8 TAPS
FOR A TAP SPACING, UF 900140 SEC5e

FRQ PHASL AmPLI TWA 1117 AL. FZLIFN FILTER
EPROrR ERROlR F4S LRROR PHASL AMPLg(HIZ) (DEGREES) (DR) (08 POlW'ER) (DEGREES) 0Pb)

BEFORE AFTt~R OFFLINE AFTCR. BEFOR4E AFTERk 15.0 1.1n .00? Set)? 007 S33.90 041064 1.0, 1aQ0, 6n1.9 .13 0907 q02 -i?.99o 04902S 1032 l09
a5*0.1. 01 eib 00 -1297b w4904 1.05 9043000 0l'ap $am 0904 QvOS -34911 0144033 1046 41000
3510 01.113 elm '002 0.06 -J4927 '413.11 1.35 wo0l40gO .*101 .06 wool Slo '.0614,8 .4308 Ito$ 01605
4see 0.1 well *000 0.04 -38.69 m6,5S0 973 *,014
s0.o 0.61 0028 .01 W.01 %40014 w4*818 .13 '090sseo 'e31 0038 .01 e03 -4S.75 *43e29 ".07 102
6060 0.00 0941 0.00 .06*20*00o w40v09 6.41 s06
70.10 47a 6102 0407 .07 w37#03 '41690 "$?a .15

90.0 .26 S 00416 0.13 '16,46 035495 .26 v3395.o 0.6q .9 *lo SSO0*-12 -i6.65 -38@84 .60 tie
10000 .1.ly -.92 Stu?7 *041 -26.46 '37.66 .85 s43105,nt -2.51 -1.54 0.36 012 -Iaftn08 33091 096 *48110o -2.61 -1989 0023 #42 -3e1*1.f 0 53
TOTAL 1.24 6b6 '2 09 -3Q*39 e38.20
NET REDUCTION Of MISMATCH4 EI4PQa 7o8108.
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PROGRAM NUR EVLJYN FTLTER MATCH

FILTER COtPFyC~tNTS%

1 0400000 0100000 000419 0900000
41 0,00000 0000000 600166 41900000
3 0.00000 0400000 0.00117 000000041,00000 0.00000 1.00%70 '000000s 0.00000 06000008 0900454 900000
6 0,00000 0000000 0400001 '.00000
7 0,00000 0200000 '.00115 900000
a 0.000000 0600000 ,0010td *900000

CORRECTION FILT~ER FnR, RECEIVERS I AND 4 WITH I TAPS
FOR A TAP SPACING Opr $00i0 SIC,,

PRIG PHASt, AM4PLITUDE, TOTAL FILTFR FILTER
ERROR ERROR Ma ERROR PHASE AMPLI

(HZ) COESPEtS) (00 ~ (OS POWER) (DECRIES) (OS)
WEORE AFTfR bpFFlIE AFTER SEFORE AFTER

15.0 '.18 .10 Sol .03 -46.41 %40741 .30 .03
2046 -.36 $t0 ag00 901 043,04 *52464 .46 101
a,,o 0 41 1()Q 0000 *.(G0 w43.01 *55,35 .50 6400
30.0 .0 -.03 lo03S.0 .44 ol s'.0a35o *~ 01 '0 9-03 s42*67 w49*64 04S 99011
4000 0.*3 0902 wo01 0.03 04303,. 049,92 036 st0p
4S.0 e.30, glob meat 0#02 w45,58b -159.118 .24 '.01
50.0 6,3j 6,23 Soo 0000 '45,oo08 4I6,s eta 0900
5596100*17 -.17 *S00 .01 '51.19 w50,14 '.01 .01
60,0 0*00t '.11 0.00 90304100,000 *4701s 0,.1.0
70.0 i0d l s m04 003 '05,12 '049.10 wele e .0
isso .4p '13 glob 002 -02.27 049,83 9014 .06
60,0 115 .9 0010 '.01 w37,61 w45969 0$0 .00

asec .0u 92 013 *03 -56,30 m44s09 .06 t0o
90.0 4!004 914 cola es06 -35.63 043e34 lie 0 10
95,o a*,414 '.19 10114 0605 -36041 '45.53 ?29 .10

100,0 0.71 0036 well 0901 '37.24 .44.09 s37 Sao
105,o0 11*93 w*.3 .,04 e0b '39.05 '42o46 140 .10
110s0 0.63 -*46 j04 .13 w42926 4 el 'p.137 009
TOTAL REDUT-n o022 007 .04 '40.03 s45@86NET09UCTMNOFMISMATCH ERROR* 5.63Db,



13i

PROGRAM FUR EVALUATING FILTER MATCH

FILT'ER COIFFYC1INTS

1 0.00000 0000000 900S66 900000
30.00000 0400000 4,0113s '.00000

* 1400400 0.00000 11* .00
5 0000000 0400000 goals$# .00000

60.00000 0000000 goal?? '090000
? 0.00000 0000000 1,00641 .00000
a 0000000 0*000001 900849 0900000

CORRECTION FILTER FnR RECEIVERS I AND S WITH I TAPS
FOR A TAP SPACING OFr .0040 SKCS.

FR90 PHASE AP4PLITUot TOTAL FILME FILTER
ENRON ENROR of CRoRo PHASt AMPLO

("I) CDEGREES) (DO) (06 POWER) COESIREES0) 00S
MEORE AFTER IFFORE AFTER 6EFORE AFTER

aso6.80 41613 214 404 '31.36 .41086 .93 sol0
11090 61,14 mic01 l lot .013100? '17.00 lo13 goal
1s.0 :tots .09 oil wool 4911461 G54016 tell '1391
30:8 1.103 $1 .0 via 3 eg#34,34 440.19 t.ll well

35 0 ' 3 .1 0 03 :14:67 046666 1:10sel

4s ~ ~ ~ .0 ::1 to06 wo0l .36901 '53.4001 ea
5060 *46 met? 904 '.00 '41.34 50.90? 019 Wo0l

6000 0,08 sol0 0.00 .03.010.00 .43494 0030 pol
656o 61s 8684 6904 .04 044,46 044016 6689 10?
70.0 049 0009 .000 004 '30.53e '4696S ese, At
?Soo .73 a1? 9614 .03 .34,49 S47.53 Sass at?
l0go .60 .36 Sell .00 e30966 '43.53 0043 tat
0SOO 074 .53 9031 0104 016.44 '39.09 wall Is?
90.0 043 .44 *040 .0?0 011,39 '39.53 .01 i3s
9st,0,1 '.ls .0 4.47 Sao&68'17,3 '43.03 .34 .39

100,0 0698 me$6 0,49 0903 will,05 '41.76 .43 ,46
105.0 :1 64 N1.l3 9@4b .07 301634 036099 .51 No3
110,0 .1.0w W1.s1 0036 o19 e31,01 '35.07 .50 .5?
TOTAL 09p .49 a24 006 030696 041.06
mgT RIDUCTIgjN OF MISMATCH ERROR@ 10087082
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PROGRAM FOR EVALUjATIN0 FILTER MATCH

FILTER cOEPfrCENTS

1 0100000 0,00000 400600 4000001
a 0.00000 0.000006 804194 41606040
3 0100000 0.00000 6101667 100000,
* 1000000 4000000 1909867 40100000
10.00000 o0ooo.oaa 00000 vi6604

6 0,00000 0.00000 l00110 '.00000o
7 0,00000 0100000 0000706 600000
6 0.00000 0000000 900104 9600900

CORRECTION FILTER FnR RECEIVERS 1 AND 6 wITH s TAP$
FOR A TAP SPACING Or 900440 SECS.
PREG PHASE AMPLITUDE TOTAL FILTFR FILykp

[**OR ERROR me ERROR PHASE AMPL.
("Z) (DteSReE) (OS) (DI POWER) MDEREE) 09S)

IEPORE AFT&R brWpgfR AFTER SEPORF AFTER
Ilse0 1.6i 0.36 .006 .4 s 30,61 w42935 1.31 '.00
10,0 '1SSo 0603 j04 .01 030OR3 N54.32 Its? 0003
2S:0 .1:46 Sa0 10401'00 031963 '46.97 1069 wo0s
30.0 .1. ,19 It .03 0.03 6154t3 Sass06 t1.44tý
3,OO 6Ii. .35 .041 '.03 '31.47 '45,11 1,49 ago?
40 0 at 04 .16 ,001 wool .34*S3 '44,39 1,10 moo?

SOO0 .6 Selo '.9 03 e.00 '36.75 .46,46 .40 6404
15,O0 '34 w.34 .01 .01 *44664 o444063 4100 0.00
60o0,0 6 0. 0 '3 0,00 t,04100,00 64.046 41035 e04
6%90 SOO We7 0,4 S0S '01,93 '43,068 also .09
70.0 *4o sol106.09 .0S Wei,1 '45,40 SOTO 614
5: *#-1 $Ils **s 004 "Islas '44,51 0.46 619

Gof)516 s Wei% e.00 wa9437 '40,69 S.54 gas
65oo e9f) e64 063S 9900 '60628 036,10 -9932 031
9066 .1o .53 0946 9609 '34.31 '37.93 6906 437

Kt 9561'3~ 0404 OOS3 '.09 '14,31 *41*49 gig 144
100:0 :1,01 *640 evS4 '.*04 Oa0,23 'N40,60 039 050
105 0 1.166 '1.34 0946 e08 '81#63 w35,36 049 .54
tI009.83 '1.73 0.39 v22 '30,56 '33.70 .10 .16

TOTAL 1*1q $S9 *is #07 w19,91 w40v1IS
NET REDUCTIflN OF MISMATCH ERRORm 10,2405,
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PROGRAM FOR EVALUATING FILTER MATCH

1 0,00000 0.00000 601043 01600000
a 0,00000 0,000001 101179 '.00000
3 0,00000 0000000 0900964 116000
'4 100.000 0,000006 1,01384 '00000
5 0,00000 0000040 000164. 6440000
60,00000 0400000 .00041 6106040

? 0,00000 0,000004 '.00971 100000
1 0,00000 0,00000 o00460 9400000

COR09CY10N FILTER FnR RECEIVERS I AND 7 WITH I TAPS
FOR A TAP SPACING or .00440 MI~S
role PMAS& AMPLITUDE Tn)TAL FILTER VILTkR

CPolto ERROR M6 ERROR PHASK AMPLe
(OEGRpIS) (OS) (DoS POWER) (0EGREES) (0S)

SEPORE APTIR SpflnRI AFTER SEPORE AFTCR
11,0 61;u 406 IPS05 #08 '36,34 '41.10 991 I
R0,0 tog9 .13 VIS01 .03 a34,7S .03,11 tel .07
I5,0 .1.06 ale 0*04 a,01 s34,49 '40,50 1484 Sol

.01 .1 i 4.16 '03 SO .51,97 '30443 los wool

41,o 0 74 sell 0000 m,04 .57,60 e46601 062 9604
S0SO 9*Sq '.19a .01 '.01 e1,065 046,49 614 0.01
11,0 ;019 oo!9 S01 s03 044,51 o43@03 0810 S01
60,0 So0n ao41 0,00 .04.300,00 '39,71 8641 .06

?Soo log 638 .,11 S05 '33,14 *41,04 '4 1
60,0 1OA .44 sea# 11011 v,89*71 w30,49 0036 J13
35,0 *Qg s74 0,3S '.06 '17,51 a3S,94 '004 OR?
90,0 .lQ .51 0144 s.1l ea4,49 m35,7l .31 s31
91,O0:7 well U91 '9 '913 ,16*83 s,360,3 25 036

14000 W1.61 00691 0641 6904 ea6,76 *37,01 goo 041
* 1050 0.604 .1,59 .,33 .12 0266P4 '35,59 1901 046

11060 al.66 01690 6119 031 031,017 "31692 095 IS0
*TOTAL 1.20 .47 021 #10 a30863 '37,94

MET 0EOUCTInN OF MISMATCH EýVRURB ?stings

.~~~~~~ . ... ..
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p"OGRAM FOR EVALjjAYZNG FILTIR MATIM

PILTUM COfPPTCIENTS

10100000 0,00000 900196 000
0.0000 0 000 1034 00000
0.00000 0:00000 100611 600

41.00000 0,000004 1,00011 '.00000
0.00000 0,00000 100051 600900

6 0.000000 0400000 .0100461 80
70.00000 0600000 .00109 .000000
00.000000 0000000 0900130 4600000

CORRICI6nN FILTER FnIR NECEIVLRS I AND SWITH G TAPS
FORm'A TAP SPACING UP 10040 39C36

PrRt'g PHASE AmPL17U~h TnTALI FILTER4 FRITkR
IRRk"NOR MS ERROR~ PHASE AMPLO

CM!) COESPEES) (D11) (D@ PflwiER (EGorEEs) CON)
SEPORE AFTER bpFnf4E AFTERP BEFORE AFTER

15.0 W.sq wo0l so10 .01 '36.60 '56.69 lqa Ila
10.0 O.5li .06 .409 .01 '37.01 m,5800 960 109a sso 'Sqj sit 0908 too 01690o 050,02 063 SOS
30.0 mash. S0S ..00 0.01 -349S3 056.33 960 so?
35.0 W,5p t01 mo06 "901 '39.11 060429 .53 S0S
50,0 0,37 '.oo moot! m.0t .0.OSS .50.3 m43 *04
4S0 3 a.0 .900 040 oo .0416'0.5 05'*.7 43l 103
*50 0 *) '.03' soo 002 '010 '44,01 570193 gig .0
s5*o '.IA alit W.0j '.00 '44921 w'5620 S0S S01
bole 0.04'1 '.03 o,00 40161o066o e5beaI 10503 l0t
65S* .1% .03 ..00 .01 u51.70 O55,09 e.11 .00

700 .1 06 wo0l .01 '47,04 '55.11 0.19 So&?Soo .31 004 3.01 g0t '05.18 w50,13 Il.25 .02
s0lo 041 .13 0.03 '.00 %41969 '51.60 0.30 tot

a.so 04 .4003 '.01 "41.53 *53,74 Otis .0?
90,0 .3# 'g0t *046 '03 '03,07 '50.50 ',36 t0t
95,o *1 .10Ne? w.01 01*2 -5197S *49,12 ev40 '.01
100.0 *lq eels o03 lk.00 '*7069 VS3464 6.39 0903

110.0 sh. 925 .13 m04 %0o.R '049.19 o.31 WeisTOTAL *04' oil '0*. .02 "40.79 052,91
NET REDUCTJnN OF MISmATCH FRPCJRm 1t.I1flbs
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PROGRAM FOR EVALtiATZN6 P!LTkO MATCH

I0*00000 0600000 .0006111 66000oo
30.00000 0100000 601390 000000

64000000 0.00000 '.01404 0#00000
61600000 0.00000 1101)16 600009
'S0,00000 0.00000 11601`541 9100000

6 0400000 0000000 600454 0600000
7 0000000 0000000 40400473 0600000
a 0600000 0400000 400369 9100000

CQMPRCTInN PZLIEN F!MN RI~CEIVERb I ANl 9e w'ITT 6 TAPS
FOR A TAP O1PACING Up ,0640 SECS,

FRIG PHAS9 AMPLZTNME TnTAL FILTVR F1LTkR
IRPORERROR MS ERROR PHASE AMPLO

(M) (OgGRE9S) (DiN) (OS PnweFR) (DEGRE~s) (0S)
v1FORE AFTLR drFflRI AFTkN SEFnRE AF~TE

440,0go '.?a .0 .10400768'61 1 04303'.00

a0.0 0061 -. 31 0~l .1002,01 00 '49 ,1 asse1 990So
3060 wel 014 efoa 0604 '03.051 W1.22 '5 6$01
70.ge0.*e si0t 6..'o 8404 -36.33 00g444 '.70 OS1
INO0 *0 ? 0.14 .04 .34,05 04.W06 0 *4601 179 0*0

solo 1*O .57p a,19 too 05 '01 t29b 0497 '.029 *

90.0 *?on well no36 0-.10 17.0 '38.09 0.31 .00

95o0 'eon I.0% Sell 04 .10 00 37 07 40,73 0174 014

1g5.o I.l*5 -1.as 0.38 609 09905b 03SGOR 929 .47

TUTAI 6017 IS ip 07 -3?,0.4 -401
N9T PEDUCTInN OF MISmATCH EWP(iQ$ s,mfbv
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PROGRAM FUR fv40iA,1N(j PFTLTk4 mATCH

1 0,00000 0,00000 gooliq 0900000
a0000000 0,00010 *nIt'41 000000

3 0400000 0600000 116O0lSd 04O00000
o 1400006 .00 1.ouln 100000

46000000 0.00000 .00015 6400000
k. 0,00000 0,00000 WSAU2dd4 000000

7 0000000 (0600000 0000037 0.00000
a 0oooQnn o00o0lO0 060009 49100000

COPPECTIoIN ýILTEW Prn4 HFCFTvLP$ I ANn to 01TTN 6 TAPS
FUR A TAp qPACING Opr (IMl40 Shca,

FRu PIASL A 4P'L I T jrf. T111 AL F I L TE F k LTtR
ERRO EONR s twM PHASk AMPLt

tmZ) C0F0PELS) 004) nd PrINER) (DtGIkpLS) 0h)
6Epnflm AFTLP Wfr1f 0YERJ *EP1FOF AFTLR

50. 04,05 06 .13 *.OP "d140FOu *%,95 IS?1
R0o' 6,61t 004, m~ot 0 *o?.?o,0 .507?n .'069 10?
256A mob? 610b 6-611 )0? S57,19 5sol?~ 6? o0l
3060 0.71 soI well .0? .d4?.6I w3Qe2 .076 909

L s5, loon $.4 1 .,l 0#0? %J613b edJb .978 0
90.0 a. ;0 42 -.1 MIQ% -37.3 4le IN 8 1 #4 a .0 "

l00*n *48j 0,0() -.n4 SOR .IA.1 *47. ..04 0

50,1 0 004a?1~~ OI TSAC4 FE,?.)P3 mo 11,Qoi -Q0M.la0

600 00 ,9n105e * *5 .01 $02-ponono 05 . ya IZ n.0 .10
70ft 04 0101 .*de1 4011 m42,PM wS5,02 0047 914

7tift 66 IQ? Of19 40? 03RAj *0,5,61 4061u60,( 4 eip 0 1At) k)0 % 14 ,fib a 4 0 A - 71 u
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PI~RnGRAM FUR EVAL.IIATING FTLTER MATCH

F14yER COEFyC1ENIS

1 0600000 0400000 100413 -.000000
2 0,00000o 0,00000 100952 400000
3 0.00000 0100000 0*.009b0 .,900000

6 0.00000 010000i 002!59 4I0

CURRLCTION FILIFR ýn kEUIVERS I AND) I I WITH 8 TAPS
FOR A TAp 9,PACJN6 O.F s0040 St:rCs.

FRErj PH'ASL At-iPLITUDL 1) TIA L FILTFW FILTER
(H) FRROR F.WRO.R Ms L.RROIR PHASE. AMPLe
(H) (DEGpEE8) (DR) 08 WIWEN) (DEGREES) (Db)

BFFOpE AFTER~ BFFnRE AFTER UFFORE AFTER

25, **6 0Q 5n0 -. 01S 03.~ 4 5,19 .76 ',04

20,() 0.61 .07 %,oo .01 -39,17 -53o9l .68 s02

asn *5(A op? wool 0101 * '40 1 .52 4 ,9 5 97b .00

30,() 11.6 @03-uf -33q8 43.74,4 .78 21
35,() w6 ()7 we .. 0? 0*04 -31.06 -.471.1 9743 903

95,0o -*.(% *,8 we 00 "So? 30 -39 43%4,20 o62 003

5500,r '*40n5 .3 I-qoo 02 -50,7() -48,36 0160So

110 , inK~ A-; 04 .. t$ .Q 3.3 b6 .064 '37
TUTot 73? .152 6,04 -3/,4 1 .L4o Im16 w*3

90 2 W08 q 8 3 00 26 m4,bl 4091 62

95)I ~ .2 qs -OS '30 0 ato,, -.p ,5 01 ,0-3,0o23 1 9



PWIfGRAM F~UR EVAL1IATIN~i 145tP AT

FILFNCOEFrCIENTS

10.00000 0100000 000117 0000000
2 0100000 0,000000 084 000000
3 0,000000 0.00000 02Q76'00000
14 1.00000 0.00000 190.1256 800000

50.00000 0.00000 -.*00927 W000000
60.00000 0*000o00 100017 900000

7 0.00000 0000000 01000209 0100000
80000000 0.00000 ono187 900000

CORREC'I!fN F IL TF ýnR RFCEIVERS I ANr) 12 wITH 8 TAPS
FOR A TAP RPACINIG OF 906'40 SEC$,

FREo PHASt AM~PLIT(iOL TnIrA L FILTER FILTER
ERROR ERROR MS ERnRfl PHASE. AMIP,,(HZ) us~S I~~ (Db POAER) COEGIRFES) (Db)

bEFORE AFTER 8FF!1I.E AFTER~ *EFO~R AFTER
15 =.IR .17 .03 orj4 -47,15 -45,47 .35 got

20'n 0.36 .0 01 .01 -'41.6b -S3.72 .05 too
25,n W*145 000 sou 0101 e4P.11 -S7.28 052 -0130.0 *.S1 CqQ M601 essoi -41068 -50.09 I55 0:0?
$son -.*41 SO2 0.0 U'3 -41,05 049022 su4 .000
'40,6 .- o 011 00 -15 4o306 M0
SOSO0 n.0 0. -4J2.53 .37.2 00to

6090 0,()n -. ' 00 .'4w2U0#0Q -'46,43 -913 '04
b5.n .21 M409 4.00)1 * U4 -'41.98 -S46,36 M 0?9 t05

p.0 q 1le18 48,33 4.'.?so1 loo18 -49, 149Va. 1 10 -.012 fu -s3o8b -45,75 -.49o1
800 84 '0 84-1Q 32194 '12

90. .5 2424 4 "07 -31.19 -'41.73 4059391

too M w.2-; 14'2 v,27 '.0? 032.39 -144v48 11019 .25
t05*o 0.6'4 -0- 00,22 $0b 03475 -40,21 Mot0 29
110,0 7f,7 1.9 -W *Is .17 139,08 -36,en m,03 .32TUtAlls .30 a.13 -.Sib I I~ 1 '4142 3
NET PEDUCTIr-IN OF MISmATCH F-RPL'IP A0121rb.
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PROG~R~m FuR FVALHintINt PILTtR M4ATCH

F Tl.TEN LOEFFThCrT3TS

0 0(o0: 0 0 60 :0060 :000000
30.OOQUIO 0.00000U .,00oaI '00000

1. t0000 (0 0,00()00 1000630 900000
5 0,0V000 0.00ý03 010053A 0000000

6 0.00000 0.00000 .00041 -.'00000
7 000f0000 0,00U03 0,00169 10000000
8 ( )100000 0 ,00000 ,00 t16 0,00000

C 0R R k.C IT nN F IL IF R ýri RELEIVLRS 1 4 N r 1.3 IIT H 8 TAPS
FOR~ A TAP qPAC1Y(; 11; *Q0n40 SEC$S,

FRE(o PHASL 0APL I TormV I AL. F I L TER FILTLR
Fkpr)R LRiWlt) 6b E4ROIk PHASE AmPL,

CHZ) (DEGREES) (0)1 nwF (LRý) (
r t6EFOiiE A7ý T cR rFnNP AFTtR SEH.IRF Af E9

15 . *? n -. 4 .0.3 00 bg1'?.~ 1,7016 .52 '.01
208 %14~ 119 ,~ 01 -403,6 -S3,71 -.07 *02

70.0 WSi Oil -$no -.01 -40,91 *L53,3P obbI W407
7b000 2 .12 -.07 Uo P -41.77 *-49,55 .b s02
b0.n 0.14q '01 M00 wool -47.1P2 -S44.4, 15b4 .00

11w 01 10 0~ 0 -42,37 -4,2 '42 .01
k)TA 9 0 * 0

NJTQ .?UTr' (J0' MJ47.9(A -5 ,16 n40

0i( 0 5 , 1 4 , 9= 0 u60'0 0~~~~.............13-o..........01 00
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PRr'GRAm FLIR tVALIIAI1Nbi 91LTFP MATLH4

F 1TLTR L ~Ff IC I -tS

I 0100000 3,tfoonu 100Q6as 900000

20000000 0,()0000 401559 0400000
3 0,00000 0,00000 0601317 000000
'4 1,0000mo 0400000 t*02813 01,00000
5 01000900 o00 ".0)7u5 000000
b .6fO 0.00000 0008OR .00000

7 .000 ,0f0000 0000484 900000
o~oQo ,0A000 loost% 0400000

COWRL~C T I N F IL 'I. N Fn kEVR I A ND I 1 I 4TR H8 TAPS
P13R A I Ap Sq'AC IN(, 0~ C? 004~0 SEC,CS

F 4 p 14 A 5 t Am PL I TU It TrI AL F IL 'F FILTk.R

V~~~D 08l GE.S L)(D PFlPER) (DEGRFES) (Ok)
bEj~ORF AFTK.P ýi4F~rnHF APTT. bFFORF AFTER

r? .~ 37 .,08 .0 gu 4, 1 1 -39, JA *6 50

20 1 *.bh .19 .. ~ .3 -36*hb - 4 7906 h ~ S1O
'90 -R 12 0.07 v.) "3%,L49 -51907 $99 us5

30,0 10 .0% w000 U b -35.25 -44,ub 106 lot
35,o n tol .01 0*04J 7. -344,99 *42.92 1 0Ob 01.02
'40,A ".9(j moo .C 1090s M,')b -3S.55 *IJ3seO qq2 4003

'4.0 **~ .0 .0~ .0f .37,33 *Ub46) .70 40

50,0 w.7f -. 51 :00 0,00 w38,97 "'4bs0I *09 .030

o0, n.0 21)~ n 0 07-200,00 -40961 US 029 '07

f, well '003 .08 *'4?,92 -40,31 moss I1

85* I~j nq ml. MJ7 *g27 Ob -36,1 03

95.01 "A -.1 3., .j h3 -39,67 IV7
01192 Ml3 . ,o44 *meb~j -30,76 .53 .47

4SA l0 .' .1,0 -0,141 -.3,84~ j6 s

3( 3I 3.3076
TI A1
NE )Cj) FM~AT~ kJt 7,70
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PIH(GWIAM FUR FPVALIATINC, FILTE.R MATCH

FILTFIW LEFFCTe.NIS

I o0ovu0nf 0.00000 600731 "400000
2 040000 u.)ouf0 9018'42 900000

3 0900000 C).00060 ..0toi I * o0000
1,0000 000 000 1.fl29a 400000

5 0,00000 0,00000 -0014,9 41600000
f,0~0lo0 0*00060 .00016 080OOOO

7 0,00000 '),(0000~ 0,00'462 ,00
$0,00C00n o.,00000 900533 4040Q000

C'JkPkTI(oN FILI~ I knR~ RELFVtW I ANn Ili AITH 6 TAPS
FORN A TAP SPACI1NG OF 90040 SEC$$

FRU PHASE AmLITIJI)L 1flTAL F.ILTER FTLTER
E~pflH E.RROR MS LPR0IR PHASE AMPL*

(H) (F r~pF L (LR) (0$4 Pow'ER) (DEGR~EES) Cflb)
hFFOPF AOTH. IFFOStE AFtR $EF(JNF AFTEIR

1%.o Z *7 .1idi SUP$ -S4,80 39m9b 0111 .22

3* t111 *0 L we .0 6 -31,7A4 "'J908 1.221 got
4C0o .. wOlc 04101 .0b -3~4*23 w413,241 1.05 -.01
45' 0.8a mi*1 0003 ",(;it ý36.fb *-b46 48 '?e wool

boon 0. On 00036 0,0 06-?00,00 *140,38 .. 1 sub

i5, n t .27c .35 09,13 .0% -32.18 04204 094)0 Ila

bu'n 13 (0 m? ,) "89 301 08 2

~IIID~I~;N o 4TSAT FR~~~iis~iii6,47 .;ii
95,P -6I "11 -*1 -ahS~'5 39k 90 [Sig
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PROrýRAM FUR EvALIIATIrJ~, FIOER MATLH

FILTER4 (,)FfyCTENTS

1 0000000 0,00000 400380 000000
2 fl.00000 0'00000 *01?0I ".00000
3 0000000 0400000 0,010%3 400000
4 1000000 U600000 1402540 0600000

6 0.00000 0000000 40631o 000000
7 0.0C000 0000000 "10036S ".00000

b0.00IM0 (),00010 900388 .000000

C~EC~NFILTER mrR RECEIVLRb I ANr"t w6 bI TH 6 TAPS
FOR A TAP qPACINC; Wor OU040 stCSs

FRw PHLA P, ~jLVITAL Fjl.TFI4 F I L T ER
FRPR0kN ms ERROR PHASE. AmPLS

(H'z) (DEGPEES) (Di P(IWPW) 0fEGREES) (Db)
tIEFORE AF TtR bF~nIE AF TtR dFIR AF TER

11 Ni 1 .01-34 .4li -51,55'9 0
30,0 0n.91 .9 .'lu ".oJ -340'1-46979 1900 '.06

40M-u1 00 1 901 -3%.5b -4b.61 me .02

* 50.0 0.67 -. 27 .0,(2 a a 0 -39,Pb w41.40 040 402
55'n in.311 ,jb We0 .02 44U.A4 -46*1S gob *03
b 1). 0 .0 -,) 0124 ( *05-2`o000 -'J202 0924 90S

0.0 03, -jvR" O'ne pOb -44oIP 042061 most to?
70'() 46A W.03 .j,Ob '05 in58,i1 *U4060 in.71 010

* 90,0 09 a3 .31 7 to -27.73b -37.76 Sc50 gal

* 10090 W.%fi ,br, 003 0604 -289?3 040ob3 6.08 040
105, .1 I -1.23 0,37 (IQ 1-30,09 -3%084 '07 946

TU t A( P. 5 21 e 0A -31.S77 -4U,30
NET PtOULCTjrjK, fF mISmATLH EiiPURs 'ao3
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PROlGRAM FUR FVALIAI N(6 FYI TER~ MATCH

FILTER COU.FFyCtINTS

I 0.00000o 0,00000 000691 000000
20400000 0600000 ,00944 s00000

3 0000000 0,0U6ofl P1Oa04 :00000
4 140000 n.00000 ItOI301 "600000

5 0.O0040 0,00000 419006f7 .000000
0,00f)(10 O,00000 900039 400000

70.00000n 0600000 0900372 400000
h ,900po o,00ono '00119 600000

CLIRWIC1nN~ F1LJF~o Fnk kkCEjVtS I ANn t'7 wMTI 8 TAPS
FOR A TAP tPACIN(s UF S0fl40 sErs,

FNu PHASE AI T 00t. TnTALI FILTER FILTER
vRpnlR j-RR1Ik MS ERROR PHASE AMPLa

bEPFFMI AFTER BF~nH AFTLP t5OfRF AFTE.R

01 01A ~Q .05 -,01 .35,17 .49,45 1.15 goo
30,0 Ob*A "211 '.0' Wo02 036,72 -47,08 1.12 .02
Ss'o 4.81 019 -. 03 W'03 .17.17 *Otb'7 .99 g00

50,0 U04P 0,2t ..'1 *.() ,1 .43,3b *'J9419 .21 ae0on-
I5o .? ..'!3 f 000 .01 .49,00 w46637 w.07 Sol

60'n 0 0(t 0,30 mgr)O oC3-?OC),O0 .'43970 in30 903
b5,0 026 -.O0 vool .00 *.067 4.4060 0046 906
700 *5) .0? *0904 909 400944 -46203 -.54 S0n
7S,t) 679 V~ woos .03 -36,24 *4slb,1 -'52 sit
60',0 A- 6*l .*14 *0 n 33,38 -42s84 01421 414

65, 71? .01Ws4 w31i41 -4US2 0.26 .16
90'.0 *3qA 030 0021 W*.A 03OA3 040020 aloe .19
95 , n . 2 ?-1 10 2,9 ",UP ~3 t , b -02o7l Ito eat

105,n *1*27 0.9s 0418 907 "33.07 030.13 .132 ea5
IOo I )I( m103 -10~ 10 .2 * i A -37,71 01.659 .24 v23

YU TA 1. *7iA 010 1 13 .06 -34,4b -440,3n
N~r perjLJC7TnN f1F MI~mATU'4 ERRLIR. 7*8olei,

..... .. ...
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PRO)GIAM FUPR tAL114YINC, FLTFR KIATLH.

F!LyFR C'EPFFTCIENTS

I 0.000100 0,000040 000717 0190oo0o2 00000o 0 a0O000 900208 600000
3 0.00000n 0800000 "900280 0600000'41 000.000000 1000id4 .000000
5 0.000000 0.0m000 '000893 .0000000,0000') 0.C)0000 WOO0R00 "00000

7 fl00r~n o~~ono'.004~9900000
B 0.0o~ O~O000'.0039 10600000

CrJRpkC I nN F I L I 4Pri4t F, NC Fl ANfl 18 NI'TH 8TAP~S
FI OR A TAp 04PACINIG UP .>.S

REi pH aSt. AmPL ITl-,i)ý I n7AL F IL T FR P ILTk.R
FRKms LRHI)N PHASE AMPI.,

bFFOFlp AFTER~ t8FnfE AFTER HEnR AFTER

j(0*n ".9 's *.00 .05 .ut OS4096~ 059,57 49 00les'n M.Pl '18 .j 00 *Sb,33 -50,35 .99 aI05

3%,,n ""64 all *04 us(); -0$,84 w50,A .77 '.06
eo'n U,144 'us 1103 atop *'40053 *Sall? .57 WOOS
50,n eel%~ Mop 002 oo .00 34 -'4M 9 34 0*04

0119 *1 1~j 000 -52.75 -49 9u8 "',0 too0

bon ,' 01# ooo .POPuOO00. -47.77 al¶b 002bs'n 61 010 too (3 0O 0 k 04,55 049067 a .23 .05

7JIL:!II .2 2 wo 02 0431IL0199IUI2 .OAP

?son413 ago$0 0? - 0.14 -S O19 el 91
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PRtOGRAM F.UR tVAL!,ATjN6 FILTE~R M~ATCH

FILTER CflLFPCTtNTS

1 0.00000 0040000 t00802 000000
a n$00006 0000000 000313 660000o

30400000 0000000 4140004? 600000
a 1000000 0000000 1180799 0100000
10.00000 0.00000 -.00519 900040
b0000000 0,000009 0600046 0*00000

7 0000000 0.00000 U4600419 s00000
904000too ot0ooo0 *00142 1,00000

CURRKCTIflN FILTER Fnfk HRCtIVERS I AND) 19 wITTN 5 TAPS
FO)R A TAP qPACINU~ I~ lo00140 Shess

FRW PHASE AmPL3Tuflt TMlAL FILTER~ FILTER
pn ERWMS frRkOR PHASE AMPL$

(NZ) (DEGREES) (DR) (DI PflwEI) (DEGREES) (Db)
bEFORF AFTER b7mflH APTER 8PFORE AFTER

.01O 0.1 of 002 s05 '.39,52 -.45052 $bi 00
2040 0.6 012 0602 Sul -39.00 o519141 174 5014
its 16. is8 .15ý "Sl .01 .9407 '.50007 ,76 Sol
30,0 a.fsq at? wool 0.03 -440,49 .48,014 .76 wool
$SOO 11,66 .07 Sent '0904 '.19.97 -. 46.73 SO7 '03

".41; 0,12 '00 -.0? '.41,17 -149,02 .33 0903

55,0 0..1t 0123 '01 00? -St,nb -.47,314 0.06 got

b0oo 0600 14H~ 0400 .04w200960 m.44017 Vital .04

1000 .36 .05 pet05 o05 '41,74 w4tig3 0.31 610

a5,o 631 $36 U020 10,0 '.32063 -. 40189 ('03 .114

110.0 't.lp~i 0.65 *014 *15 o 39,71 94S sad8 oil
TutAL, 061 .31 ,09 SOS -.36,87 "43,244
NET REDUC'yTnN OF MISMATCH E4IORNR 6,37fla.



PNOGRAM FLIP EVALUtATING ~1t.1LP MATCk

FILrK C(ILPPyC!~.NTS

1 000400 ounnoon loasse 61,oo0oo
20000000 0600000 000701 100000

3 0900000 0,00000 0602697 600000
'4 1,Oounoc 0000000 1401417 6000000
50.01)000 0100000 ol0slaq 9100000

6 0.00(0p 00O~U00 *600330 10600000
7 0400A00 0900000 01,01178 900000
a0000000 0600000 00600019 0900000

CIJRRLClIfIN UILTEN FnW RECP1VkINS I ANn au PoITH 8 TAPS
FO]R A TAp IPACING~ .ir *o00iO StM

P94EG PHASE AMFIT~UOL TflTAL FILTFR FILTER
FRRnk PHO m& E~Rf1I PHASE AMPLe

(HZ) (OEGprks) (08) (Oki POWER) (DIGRE) (DV)
ISEFU.1p AFTO WFlIkE AEP BPFPORE AF~TER

20.p03.%'I "oil 14%5 0u2 -al.51 -50006 3,466 *,43
25.1 03.11 iA% 043 w.oý *ia$55 0426116 3.5% *.43
$0,0 0206P 070 e39 0403 '146.55 038.73 3.31 .12

35, ',ln .5 .3 *090 '11,3s 039040 1976 '.0
460,0 ot,bo .31 6sý e.0% -96,68 w461.98 2600 '.3
45.0i 01.Tu 0,07 03? 0,U t -y3,20'463,815 .3 '1

SS~ 0. *3 k ft.b7 '09 .0 a -Q.fln4 -39.02 WIP9 slob
60.0 066t)l -.69 0.00 s06.100,00 -36,98 -610 .06
bs'n .*3 0,446 w.11 .OA -S6.36 038.61 mesa .19
70,0 661 0,07 ..2'j 107 e30,47 w416181 9.68 oil
y5,0 667 63h .,39 .05 -270460 041,1)3 '.31 .446
630,0 *87 .89 W1,55 ft.1 -23.946 w3b*08 62 546
8500 02.4 1,04 w .7 0 m.08 *1l.Ob .33,437 01 963
90.0 ID.59 .78 0OA2 wall -it*S46 0346,6 1.17 .69
95.0 *l,8A 0606 WAS '.11 -it#94 w39.1A 1041 e73

045. 1s,¶ 1d,07 wths 9)1 -e'595 -31.83 1.08 .76
l1101) 046 -e8 02() .7 -eho,11 -30.43 1.84 sib
TOTAL 2.346 "99 4h 9(9 .dI,8d4 035698
NET RfLDCTIIN nFl MISMATCH4 ERUR& 12.i1fln'3
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pN'()VI4Am FUH livAt.IiATIN(, PTLItO MATCH

1,00 0,000409%1% $00000
000000w .u I U (n .,0blas 000000

040Q0000 04000n0 opsa9g $00000
'41100000 0,00000o 9013b2 .. 00009
5o~o 0,00000 woOoso*,59? *000000

n9003000 t),U00o~f '.0049 *000000
70000000 6000000 4000904 900000

COROLCXTIflN FILTFR ým RFCýIVLP48 I ANM' ?I wfrw 8 AP

9FOR A TAPi qPACINGL 'IF on,40'I SLCS,
FR~o PASB AmVLOWth' r n IA L FILTPHW F!L~th
FPRO~W m3 EpwriR PHAs AMPLe

UEFORF AFTER KFFfnkt AP Tk.R KiF'iWF 0 TLR

Peno .20*b .6p song9 011,75 09'sko -$$ns 23.72 -111b6

40.n0 87.1k, WS.0 .. f3 ftloob 2,%1 *1,sfl 1POA7 09078

bs*o b.e537 -1,12 G03 .t3.t *1 11 4I bUaflS 08994
bO ~ ~ ~ ~ ~ ~ ~ inn $2l~7,f .0*$'??f~l .2 7s,36

""*beS)ulU3? .6 087 1.09 je ,7 4 85.04 -8s14
100 15.ao 051 ob3 *0N1 w7,oQ Set7 *tioas 02~7096 79

75,0 wqn.,Yq sb, 70 .,0" P6j -1,73 m1,&'J 90*119 08816

do,0 *t)A,3j 31.0 NIS4 .Si,$Q OAJ 02,.10 to55 049,79

#3s,n 1944,Oq -SS, 36 n.b.3 -¶1 us)i S, 7h 11~ W?47091 09,90

90,04184.AS 064,0I4 920 *I1.ae 5,4~b o,42 12n,41 010,3

abb13 0 3A 1141 ,S -32ý 523038 -15,39

ýjLT ENUC~nN F A1SOATCH FWI~NkbL i 1gk" 0



PHOC,4AM FUR tVPLIIAAIN ýTL T LR MATCH

PLEH CIEFFTCyENTS

oIuo 0,Uf00u00000 *00?Ob6.000
I0.0U000 1),0~000t1 400~96 100000

3 0,0000 ~uO~l6 .fllSA 41600060

660U0000 06000n0o ~1Q 0600900

S0.00000 0400000 4,00342 6,00000

10400600 0.0000n -.00511i 000000
80.00'0" ~00 loope~? 900000

LC'WPkCyjnN FILJýW Frf4R WCE1VLY6 I ANI) ;)( ~I I 8 TAPS
FORw A TAP 4tPACIN4C, LIP 4oou0 SEC$$

N(4 PHASE iýmPLIT 0L ~ trilAL F ILTFi FILTER
FPIIRl tRWOW ms Epp#ow PHASL. AMPLe

("z) CDF~pFLS) Unii) (041 PnwF"~) (DEGRIFLS) (0b)

6FFnprF AFTetR ?-F(I$4 AFTk4k BF3Pel' AFTER

20,0 '* 06 ,044 Oup 031541u -52,bs egos.0

64, **WOiS *-1 mTh.ls -Silos 1010 woosS

logo 0 .0p 11% 93 *.u44 *38.5' 04b 109 11,t Soo?
3s,0 mono '11 Ou3 0,~ 36'sq w44S*83 1160 *to?

440,4A06*7,, .i 01 0*I 37,'2 04b§~1*4 ego? .0

04, 0 -*ep .Q' Q .02 1,(3 .3qo445 -.99,0% moosu

135, w.2?A 6,?9 .1 .? 047.?') "JUbo5 0003 to!
60,0 0 t)A ) *fl scsZolo 00o ij I0 0 .,66 .,?8 l05

65', .26 0003 ..os .440 -'43.00 09d44 .09

10.n o44p wool ..000 .0 r 018.76 .4590 69.31 o13
7IS.0 ob; jQ 0413 .01 "silos .46,444 usd46 o1?

800 OR( 9.4A 0? wout 4-1002 'm4l.30 0.31 sill

65,0% 'SsI 0$1(? WOOS) u 'u iA95 *103887 .,r0q gas

110,0 =.1?,'Q 01,4h WIP5 90 *32.. .4*b63 .447S

N.ET PEDUCTInN 11F klSmATCII FkRIiR5 86?YDOI
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pI~nGRAM FuR PAiiA T I N ?I.?LTCR M4ATCH4

FiTERH C(FPTCY1tNf5

0,000.3 ,0000 *lu~b ~ 0*00000

1 O6fluOofl us00000 ,O~000000
S,00lo~ M oo00000 *,fl0IA 0200000

1.000(wn9 ~0 () 0 1 *01798 4000OO
0.00000,uuf01'00130 40604000
0,f00t~ 0(i0~0 00fl,4 600000

7 0,00000,0000090010? 6000000
0 0,0o100 U1,n00 e00146 100000

CU4RPCTI(IN F iL II. F'nk0 L FIV 0; I ANI) ?A vA11N b TAP'S
FORP A JAP qqPAC.V1Nr Lý ,oA'a0 ^%Erb,

FRw PAeAI4pjI jt,)rl TnlI A L FI L T FILTLR
RP(wms t.PkNOHAS AMPL,

6F(u aTtw hW14F Af'TLk KPF~h'kF 07'L4

SA 1

W0,0 40,nj "Sul ass.s 04 %.3'7,5 .72 SOS

s;,r I P ?r, ) U,02 .1 *4 h~ 4 1 *I8h 0,o 03

11(I m o* 6nh *0~ a 0 (1 ý)02 790k -41i1 109 * 1 '0
TU4,0 .310 ( i -. S 11 -44 85, 0144~l *' h 1;

*0 1 06 0 1,2 OS 0 4 4)w b s0 6 0

Is,( 0 8h -$ ol$ 4b,7 087 lo
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PWfGNAM FUR EVALIIATU~i, FITk.R MATCH

040QLooll r',)o~uno ,OY0A OO(i

3 ~ ,00 006oc ~ jO'O ,'1663 no00000

ii 9,000M( u , 0000) 6,3~ 060000
i.OflOO *fl~0'~ *000000

6~~oson 6lO~llOtQA 00000

?lOUU 0,Qflkifl( 46061100OO0
0fQF 600000

CI)RPt.CYIt)N FI L L ým 4ECU'1VkLw,1 ANDl P4 m!TH' A TAPS

F1iR A lAp qPAC.11'i ()F *(n~o sktrS
*~r P~Q PHASk. AmhJL IT uA T(ITAL P 11Tfk 10t4H

FR(4LRWm tpwr)H PHASE AMPLO

hFFflpF AFTEW bFrV'WF b AT t- t3F~fOP AF TLIR

at0%r *Pt% *1.,Pb 046,9~ ~1 1* 000%

41T atl~1fN flI M!3?!(. -43953es 90
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PRNO(P&M FUR FvALtiATINIG FILTE~R M4ATCH.

ITLTER CO*YFTCTENTS

1 0000000 0,00000 .00207 0*00000
2 0,00000 (),00000 0fl1147 ,000000
3 0,00000 0,00000 0.00330 0900000

41000000 0*00000 Is01440 .00000
5 0.00000 0,00000 0100119 -000000
6 0,00000 0,00000 .0Q04s '00000
7 n000000 (),k)0000 =900081 00900000
8 0,00000 0,00U09 100196 .00000

CORRECTIrN FILTF... Fnk RFE~CIVtS I AND ;,5 m4!JH 8 TAPS
FCIW A TAP tSPACNN (JF 100"40 SEC$,

FREo PH~ASk- AMPL..>ruu~ IflAL. FIL7Fk F !LTE.R
ERPOR E P~ic S LPKIIR PHASE. AMPL,

(H) (FRE)(UR) (Du PrIW'ER) (DEGRFE~S) (DB)
fsEFORE AFTER ilFmFOR AFTER EBFý(IF AFTER

25'o ft*S6 o 02 mo 356 5'1oi

3510 ff -6~ '01 .0019 do*,3 -36,87 -48,78 0
40,0 -. 61 -.0.3 00 07 0.03 4794h4 -48,40 o97 904

$0.0 -4;) .I s 0 .0s1 .q?,Lib -51 77 .26 903

ss'o w.2, '17 moot .01 -Si8.Ob -41 15 905 003

950o GSAp '0?~ sm.,ol 4071 w42246 47 W91956 .15

100.0 -. 06 -.50 -.20 -,0?0 -3S.19 -4S.10 so 4, 44gi
105,0 .*1A ~70 1.3 *7 -34#.t3 4 0 *16 01132 j

ToT Al_ 6SA .?8,1 .05 3,2-.9NE EUTI PV8MTHPR.' 'ob
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PROGRAM 11-UR FVALuATING FTLTER MATCH

FILTER COLEF~yCTENTS

1 0900000 0.00000 4,00593 *000000
2 0,00000) 0.00000 .00856 .000000
3 0,00000 0,00000 $00122 600000
41900000 0,00000 I,01343 46100000

5 0,0000o 0,00000 0400137 ,000000
6 0,00000 0,00000 000113 900000
7 0.00000 0.00000 0900150 $00000
8 0'00000 (1100000 000156 9O0000

CORPECTIoMi FILTFF FrW kFLE.EIVERS I AND 26 WNITH fS TAPS
FOR A TAp SPACINC, OJF *qOGO SEC$,
FREQ pHASE AmPLjTuDE)t 1fTAL FILTER FILTER

ERRnk M ERROR ~ ERtR PHASE AMPLs
(HZ) (DFGpEtS) mih) (DHfl RflwER) (DEGREES) (Oki)

L aFFnRE AFTER bF~nRE APTER bEFW1RF AFER

25 n0.0; 0 0 -00 12 nO .0'I-00 -3 .98-5.15 -.19 2
35,0 0.7n .13 ,1 9,03 -35762 -48,07 o834 .05

70,0 ft00 00 ,03 -37 34?3 P48,07 *.3 *03
-. 51 76~ *05 0.) .3 -39.57 -49.05 '4s4 002

$0,0 W.2 ,2 meo? '.,(l 0-47020 -473.67 4.30 .10
'0o 0.00 '?L9 ne20 *,IJR 33060 -'40950 0.19 .012

75,n -*23 '.1 -20 Is"f) ,007 -3p4.31i -46,41 .0#4 .13

605,( 1*6A '4~0 we 0S W04 -31.40 -41,20 7? 1

11040 % 1 .0o S 0? Ai -'4o,92 -374bg 9? 16
TUTAl- shl .33 oil '06 -3s,89 -43,1'4
NEST PE¶JCTTDnf OF MIIp4ATLH ERPURc :6

. . ..... ... .. ....



PRI.IGRAM FLIR FVALiIJATIt Fi P tTri MATLH-

F iLTFt8 V(FFJC TEN IS4

0,0000 o~uO~o ,I00900OOO
4 1,00000.v000 1010Ms 0

30,00000 0,00000 9.01063 "00000 4
3 ,00000 0,000no 09008$3 11600000

0,fl0~00.0000 OU1S43 400000
7 I'vo~ ,0uno 10,00316 "000000

80.00000 (),00000 ,U1 00000

C')RRLCT~rnM FII rFW Filk kFCFIVtPý I ANI) ?7 v41TH 4 TAPS
FUk A TAP ePCIc 3w 04Q0 SE$

F H Etw pHASL A m P L. iu rE Tn T AL F I LT Fk I L T kR
F, R R EPHI.IN mb ERRC)N PH4ASE AMPLe

HFFORF AFTtw RFvwi¶' AF.TER 63FPOR APTER

* ~ o *' '06Q -,031 lo.07 e 050.' -5 " 13.11 -'03
* 5 p7 .O~ Q95 0,, -3( lot'~ -3 7 b -542 .09 ~ .l ~ .~

* 10 ', oIOi.$ =,()2 u 7 - S 8 91 b -14 1.31

-8 t Q .:1 000 -34,.t3 -U4,9504,0

() (.% , I a o P "40 49 " 1 $ 6 ' 8 0

4 0 ft- 94
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PH06JiAm FUR FvALOATX'N6. FILTER MAT0~4

FILTER WOFPT*CTt.NTS

0 0 00000 0,000000 ',lO9000000
24 A,(0000( 0000000 s.01674 "000000

5 flO00,Q ,0000 '0127 '000000
ft0,u~00,00000 l00441? 600000
700000,00000 1.UQ 00000

8 0100000 0,U()(000 900217 ",000000

CORREC T lnfF UI LI E r Fi~ wc~ji s I ANrP 2#3 wITH 8 TAPS
FrOk A TAP SPACIN-, UpF 00040 SEC$,

FRIo PASE, AMPLITUDE TOTAL I L.T FR FILTER
FRpOR ý.RkfR MS ERWrIN PHASE AMPL..

BFýOPF AF TER hFPOH A Ttk OUF&1RE AFTER
I. 0 .4 7 " *() 1 l o to U - 4 1 , 8 04 14 , 7 6 49 0..1;.2 903 -43,76 -05,31 out.02$.,A @47 *7 ,0 . -4t1,77 -44801 64 woo

35, .q 0").0 w-0,1 -~.1 w-44,Oq 960 *o04
40,0 'il .014 '00 -.*03 -442.02 m44809 .449 001044
'45,n 004n f.t'jý 0*00 -.U1 -4430144 -49,6A 032 's0?s0oo w.37 fte 400 0*00 -4QJ,12 -41,814 012 "100
bss A*i .? 0 Q .0? -5nl,64 -06926 n.09 '02
b0,0 ().0() -.17 Mo0o *05-200,00 e42,59 0,27 l0s
bs*O) .?'s M015 w.. Q '4,641*O40 t0a

()n 5~.3 .ob *05 -39e744 0~4493 11,46.1
75,0 67() U -1 04 o3603 o,4b W'43
80,0 476 *411 0.18 0,01 -32.12 w'42.3 W3
135,0 6 .48~ ft ph w m 0 9 -29.99 039.5 .5 ofIs'2
90 ,0 o Pi 2) 0? .. 3 -.09 -2Q~n7 -39,14 (Is 12

*95,0 4r, ? me~ S.3 ,01 -29.3) -41.27 v?4 '211
100,0 0*841 m40,4 -,34 -. P *.9 94U w43696 a39 032
105,0 -1.%J -1.o04 002' *oq ftit.*4 -17.12 '41' .36

TTL.17 .07 -33,A4 '41,2!9
NET PLU)LCT~NN OF MTSMAIC(H 4PIJUk 7,445Db,

.~~ ~ ~ ~ ~ ~ ~ .. k .. & J & .. .. ...... ............
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PNO(GRAM FOR FVAjiA1 1Nt$ FILTER MATLH

FyT.yFR' COtFFTyCjtNTS

1 0,0000t) 0,00000 '002b? 900000
z0,0U000 "),00000 *0el~m "4000011
30100000 o1oOno 0600779 100000

44 1,00000 0.O0uflO 140abb5 41100000
5 n,0000o 0.00000 -900sos .000000
b O0,00M, 0,00000 '0030A 40,00000
7 0,00000 U.00000 0900251 .00000
b0,00000) u,('0000 0003io "900000

C.'JRE.C T I uN FIL TFiý FriH KfE~IvLRFS I AND 29 V41TH 8 TAPS
FOR~ A TAP ~PCj,' 0041 SE.CS,

Fku PAS.Ap'PLJT-,jI'L V17AL. FILIFR FILTER
ERORLRORM E-RHOR PHASE AMPLe

(mz) (DEGREES) (u) D PnWEH) (DL~GRFLS) (00)
bEFfIREF AFTER~ 6F~r*E 4FTER 8F~FnRF AFTER

15,0 04113 .12 .. 23 .05 -31,441 144,14 .71 028

25,o -.9,1 it M91 wool obt.32 52081 1§041 via

35,0 -10 0u7 .,14 09041i *3?,Qj "68.51 1810 tog
30,0 31.0 so2 Moto Mo03 -32,7? w44.54 1.91 .0

45,0 in*8p 10,u's thool *0, -35,76 w49,68 077 '044
50.0 well -.27 ..014 -. u' -370(9 -47,144 *47 $03

6040 0.0f) ",?6 (%,00 *Uil-P00,00 -443.68 w.26 0041
65,.0I 041 IS, 14 *o( .u5 -'42o38 -43,05 IN 181 .0
70,0 091 '01 0,02 U a.5 -6.33 -44,457 10090 toe
75,0 1 .2'1 IS .. 07 . oil -31,17 -4b,'42 01.0 t9 '110
80,0 1 .6. .'4s 0,I14 0~0 -e9,70 -41 996 -1.1$o "1'
85.0) 1.6A .53 -0923 ".0% -07,98~ m39,09 01916 via
90,0 1.41 '36 0#33 0,10 -27,66 -38,445 4.100b .23.
95.0 a?? -.11 dr.3q Moto -08,47 ''40,41 0187 $29

100.0 , n '.bS 039 U 04 -c49,25 -4007-67 .3b
105,0 .614 -1.12 .31A .09 -3198U -36,544 -.18t 4

TUTAI. q r .4s5 2o 0OA - 31 o?4 -4U,9?
NE PEnUCTTInN OF H1T$mATLHI FRRUQPU68~
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PHOGRAM FOR EVALIIATING PILTER MATCH *
FILTER~ C0FFTC!~.NT3

1 0,00000 09Q0000 100707 0900000
2 0000o00 0,0U0000 00104es ".00000
3 0.00000 0,00000 ev01015 100000
'4 1 10 00 0 0.00000 1a 0a 07 9 100000
S0.00000 uUSU000) 0601314 0900000

6 0,00000 0900000 1100101 600000
7 oOU000 utonooO -,00340 10000000
8 o ,00000 u , 0 0 0 0 *0221 .00000V

CfORQE2C71JN FILTER Frik RECFIVL.RS 1 ANO 30 oiITH b TAPS
FOJR A TAP oPACING (.IF 90040 SEC$,

FRu PHASE. Am4PLITrLb. TfTAL FILTER PILTLR
FRppR E.RRflI Me e.RHCR PHASE. AMPLv

(HZ) (DEGRE~ES) (UB) 08~ PnWER) CDLGRFLS) DD~)
tsfFUpE AF!LR I3rFnRE AF;TER tiEFORF AFTE.R

15,0 -In 02o 0.05 '0% *34,Ri~ 044664 1.00 oil

25,10 U*1ti, 919 004 'moot -33*81 .49.35 1033 .03
3090 1.1 .I, 05 M904~ U904 m34.3b oMbo9t 1,34 t00

35.0 .1~p *11 W903 0,04 .34,46 w4%*87 102$ '060
40,p 0.9c; .03 "Sol '.04 .35.18 04b,115 1,02 WQ03

50.0 0*6% 092b '01 0,00 -1q,55 -47,4t -.;q "lot
55, *,3 ,30 '00 *02 -4S,01 -4bvbO .04 lot

60'0 0.00 -.aý -o*00 Ors-2OoOnO -42 v67 W,?8 .05
6,on 03o '.18 woos 906 w42999 *42*81 S.53 log
70.n 867 1.040 .07 go% .37,47 .44,48 0069 .12

7.o 97 .23 9691. 004 -S3.#h3 -45.21 0074 617
80.0 1.I 1 A 9 0, -U 1 -29*90 w41,3 SO 409 let

56, we1 sob -. 3 or, .2800 .36,60 0455 gas
90,10 *7 .38 0,39 meinl -27.40 '38 .0 '. 037 029

100,o 0.6r, oao4 09140 0903 -29.83 *40,93 .00 s37
105, 01*.11 a IIlIb Wo 12 009 -31 .00 -36.33 914 441
110.0 &1 51 01.32 -.21 *Fl -34*91 -3405 0? 44
TOTAI *91 .48 '19 907 -31.70 .110.71
NET REDUCT~nN 11ý MISmqATCH EkRUPR 1i:
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PHO(ikA 1 FUR~ ýV AL I A T IN(IG HL 7LR M AT CH

FITrEW Lt)0 CJE.NIS

I flAo)flQ 40,Q000 0006931 100000

2 0,0u00on 0,u0000 "006177 0100000
3 0O~O 0,00000 00000 00o2 400000

II 1,00000 0SU0000( .01635 "400000
5 A600000 0,00000 4090b308 400000

6 0900)000 0,00000 -.02202 wo00000

7 0,00000 t),00of0o 01,0U5J8 600000
80,00000.000atif@ '000000

C U)P P EC, TI (N FIt 1~k PnR HCIt 1VLk5 1 AN) 31 W~ITH S TAPS
fPCIP A TAP SPACJ,,i OF .Q040 svs.

F RF, t PHASE A PLIT P I rIT AL FIL IP FIL.TER'
F;R ~ ER s tHmf')R PHASE AMPL*

(HZ) (1)FGpEES) (og) i.I) P(hER) (DEGREES) 06$)

BFPC~pE AP1IEP OF)'P*F AP.TLR tEFiOiF AFTý.R

I 5.0 i?1.S4*IlI.9(o .19 -?2004 Sei*b '01 -330*45 -22,23

* 2S'.0 39.'b4 r,9 13' .01 "11A,01 -3,43 *.b'4 19.70 -14,02
30,n w1A.64~ 9!1 u .713 .1 1 4 S .9,96 -3,b9 20.67 .12,06
35, 0 66 .71 -044d4 ,2n -i, b1 *%e -292S 2 49 7 -10,93

4SM288 160,59 Q0 1, 1.1 4J,6 2,,21 3Q9,44 -10,14

50 A 244 .4 1 -6'4.17 Sol .4,3s £J,1b -1,57 -309Q8.96 999
bs,no6 a6.p -1 ,19 11 09,03 .4 L *4 ,3f 61 ,65 99,00

60,(1 O.On IS.37 01no) 019008-2O0000 01,24 75.37 90

70.n P15.11, -5e2.11 .S? - 7 ,~ ti .S,9 -2024 -2b7,45 69i
4~ 40 . 4 5i,19 UA w1,4ý W3.44' me i , 9n 9A a (3 68452

65.1) 194.?1 -5S.63 W,17 010014h S,99 -1.13 -?49ORJ v,10,29

90,n*184.1q *be.08 64Q -11.23 %071 -1,3S 118013 -11,92

TOTAL 1',E..% 111303 e).03 asc C) ¶ A,
NET pEntUCTI(IN IIP MJIh4ATC04 FkdRURu 3'inti,
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PROfGRAM F0)4 fvkA-!ATLNG PILTIR M4ATCH

FPTLFI' COfEFFICIENTS

I fl00~0 ~ jUOUO ,0ua4 600000
1 0 600000 o,40 00O voidl5 6100000
a 0600000 0400000 0,101340 '100000
401,0400 00000 00011 1000003 0 00 00 0 1 63 1 7 1000000

4 10 00000 *0900no0 11001343

0,f~00*0non0 600000
7 0,000no 4000 ,109 000000

7 , 0 0 u0600000 '00486 , 0 0

CORQ~tTVt. FI1~~NI.~~RS I AND 32 NI T H 8 TAPS

FREQ YA SPA CIN UF~ L1U~ I(11AI. FILTFR FILTE.R
FRRFQ PHSEAPLTDLM t~RROR PHASE AMPLo

(HZ) (0qGpFES) (1) LA)JR (tGF.$ ~8
~POR AP~ ~PC~Ni A.T~ BEF'OIE AFTER

hF OR :15E go1 ? -3),77 -41#48 073 023
.17o ..0'S p -3 2 ,lb -4 8 43 2 '9 4 It s

9; '7 61 mo -32.89 -49.63 11 1

500 t01,2 0913 OS0 -31,R9 *4S*11 i.l7 o0a,

3~0 *O 09 well -.0h e33,49 -43.541 lot1so

40,0 **9A .041 moo 0.46 w3a7 -4.1672 1.02.3

450 .R .0 .') ,.4 m35,97 -46.61 .77 to2

00~ .,7% W,31 0103 Vt0 .38.13 -45698 .~ 0

5,on m.34 .,34 .02 :0p -a43,9b -44e34 .05 0

60,0 0,00 .34 ng0 0 .06opon.00 m40.b 9  003~4 6
0~ w%) .j1 07 e42,05 mobs.4 .. 809

70,00 ,8h -,oh W605 .07 U36.3s 0412019 .Q 1

7,on I~ a .231 "oil o .0-11.54 -43,72 -1.03 916

boom 1.6' 09 -21 moot *28.57 -39.37 -lOI 120

85,0 lobn '74 0#13 .,07 *26,r%b -36*26 stab 126

90,0 104q S6 0446 Well .2507b .35,44 0663 .33

100,0 W.*7j 0,84 ".II 4.,0S -26,43 -id.29 -1 4

TUTAL 1,09 ob 2b .10 97 *38o04
NET RLt)UCT~rIN nF MISM4ATCH ERUR1JR
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pRI1GRAM FUR~ FVAL,,kINx PIFILTLR MAT(H

I0000000 0000000 100%16 '.00000

20*00000 0600000 40000670 400000

3 090000n 0,00000 000616 01600000

44 0.000000 0400000 .016*00
s 0,00400 0600000 wo00193 0000000

1.00n00 0,00000 1,15 000000
b 0.01) .000-00339 0400000

*0.0000 000Oo00 11000113 100000

900000,00000 06O0013 0100000
to 0600000 0,00000 000070 000000

11 0,00000 0,00000 09000046 6100000

la 0,00000 o,0000uv 9000644 600000

CflRpRETInN FILTER~ FOR RkCEC1vkR3 I ANfl 9 WI!TH 1 TAPSI

FOR A TAP SPACING ur 9004 0 SEC$ OALFLFR FLE

FRE P~S MLTUEm w PHA5S. AmPLq

~ APTL ~PnNCAFTLP 8fFONF AFTtR *
ISO .~ 10 .13 .01 .35.GO 0520,58 oss.1

a20,f MaQ wool M12 "401 -01494t "Sal7 0? all

10,0 *.A -. )~.1 1 -3.w-54661t too 009

35, *,q **Q uO 351 S 5777 441 609

440,n0 *81I 0,01 0*07 .01 -M6,9 wS7,88 '160 too

'45,0 mobk 06b -.05 V1l -37,76 mS5.24 0744 lob

soon sob,% -0? "402 01 0390661 .50,36 661 .03
a5, -, 02 .,()2 -.01 '.444A.J .57,82 0480 l0t

*som it .00 =lot1 M.',i wa'l 50471 0.30 0600

7000 t*n Mona 0,4 t'U -39,444 *544,27 0170 603

7560 OfIA Motu w,07 lot -35.73 *5i,77 01402 .00

80lo 1.16 W.oo woi4 .02 03,6*543 1616 .161

90,0 .80al ..1() *.o1 in0Q2" *52.11 0.77 2

t00,o 0.27 0.03 0933 -:0? *3fl*73 a54,30.?4
.91 9 9 ot it 0

110,0 * 9  -. 6 *all ,Vj m.37,8 -'3,d47 0,O

TUTAI a0 Il 0 33~-o1
NET pLD0ICTION (If miIS4ATCH EkQ042 )~!~
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PionGJ4AM PuR viVA iIATIN4ý PMtkh MATCH

FYLTEIR CoL!PCY.N1S

(10000,00000 o~oo 000879 600000
A'00000 0,00000 "40114s 1.00

F3 0000000 0,01)00'0 4616`63 600000
4 040000o 0600000 9001490 "400000

s 0o0o00 0400000 111160026 400000
6 1000000 0,00000 1.01733 090O000
? 0400A00 0,000000 *OsO122 400000

8 wono 400O'I0095 40,00000

9 0,00000) 0,00000 6400310 600000
to 0.00000 0,U0000 900lbs 0100000

it0*00(0)0 0,00000 0100131 ,000000
t2 0.00000o 0,0OO6u ,00018 *000000

CO)RPECT1INW FILTER FmR~ RF-1V~kS i Aivn J NiTI4 12 TAPS
FOR A TAP sPACING 'JF 10040 SECS,

F RE p PHASE AMP L I Ttil 0TMAL FILTER PIL'TER
FRpfnk RIWRl ms LwkO PHASE AMPLe

(HZ) (flFGWFES) (0k) (t9b PflER) (DLGIREES) (oa)
OFFURF AWTR 4FFflHE WLTP dF'FRF AFTER

-1, *.1n 1100 .07 40? .33.90 -151962 lots 009

25,o *1 2A u.o 2 06 W'U? -32?s7 -SOU3 1a 92 04
SO1n.2p 0,(14 .0604 0,01 -3a.11 b'5ob5 lati 103

35,0- .1I N '.9 .000 .00 "3(4, V7 a56636 1 no .03
4 0 0 n0.01* *'.06 .,01 901 034.98 05'i,14 09 02
qs'n =.l is8 ',Q0 n go *0 0 '.36,69 mr)3 93.5 484 top
5066 0.61 .08 ()1 'o1 -40,14 '55ma5 .6h9 600

bsNET . .13JC~n ()1 allotT~ E4S,7S 2L 3411v44 woo
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PWMGR~m FIJR tVA611gATIN6 F YLTtR MAILH

(~0U00 ~00000 Oon 00279 4600000
206A0000 o.0000"0 too?*?9 0*0000O

000*u 0 0 0.000000 4400214 0800060
ol0o0o00 0,000000 900170 6600000

61900000 0,0000 1600208 *600000
7~Ooon 01000oO~lO*002'41 9oo00

0.4(0900000 04000no 41.0027 0600000

9 4,000pfl 0.000000 900013 900000
to ¾0~,0000 0,00100 1140064A'000

0.00000 (1,0000i) g0U0o .000000
1?noo t.000U~,0foLn 0'000o? 0600000

CURPECTI(IN FILIER Mnk REiVt.W5 I ANII ~4 V1TH ti TAPS
FOR A TAp- OFC1( OnO SL040

FREw HA t AmPI I trurm Tfi AL. F I L TF H FLTER
EHRpntq tRpflw MS LP~RIR PHASI. AMPL9

tiFFORI AFI~tP riprikE A.TtIr 9EFORF~ AFTER
I 540 M.LA 'U (1 *o0 -4,4 -61017 942 0400
a0,n 0.3 0, tot *0O 00 moo 43,FAb 0700a5 917 *goo

3000 4AI' 0'03 ",()1 "1 *41,P'4 *hO*93 04() ton
*35,m 064il 09(44 0,01 ooO -'42,67 w63,11 ao1 got

44000 *3A pt l ,01 .00 .d4l,S, *et32 .19 901

a8, *,l 00e w45,5 *IjO , 183 036 001
so0o0 IS3 604c 40() 01 u'4sood -60,30 930 Soo

o5z ,1 00 2e0~ t,1 9 119 '63,O141 '19 19t00
boot) 0.) o ' oa M~oll( ftouO-00,00 -63,o2 OA48 "too

.00 '? 01 -'0967 "63,55 "13 .01

75'n 0? k)o f ,O 000 001 u"Q..p7 v"56,72 ".135 .07

as 0 '01, .13 .01 -36,3() -id9, /1 9.16 9 13
906M *0.0 '06 *.!(1 .0*1 *ýS.63 -56,Sh 010as

100,0 007; -.03 mo1l fteuO -370?4 -654bb 070 $to

105.0 ".9l,; ' ,41 .00 *sq'ns 065,141 fk9 004

T OTAl. 5u '01 .0 Q410,0 3 -60,b%
NkT p~.l~uCyjfiN 01. MlSmATLH F1kPORB~ ),6f4
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P~nGRAm FtJR EVALHiATIN(i rTLTkR MATCH

0 *:UJf O:OO~fl :03 ()on:os000000

s 060000~ 0600000 060071 010OOOO
U0000000) 0000000 90106*S 300000

0660000 U400000 e901414 000000
61,0000o 0000000 11013S9 0000000

7 0.00000 4j000ono el020? 6000ou
8 0.00000 0,00000 $0001b -000000

tog :000155 4600000
0.000.000000 0100517 200000

090VI ,00001017 0400000

CORRECTIn9IN FILJE. ýntR RCEVE.RS I ANOf to m4TM 1i TAPS
FO A TAP gPACING UF ,o0040 SECSO

(HZ)R fO~pQFk MS 0.fR PHASE AMPL,

IS$() 11.00 Doi .14 su "2938 .js 99 01
R0,0 "Isl 40 012 moot 4932007 05*5~46 lots *.13
is, n 01.11 lo 11 go I ? in3pool -%4,77 1114 o.13 I

Ilion 9p W'0'4 '00 .34OR? -60,01 086 '090
-3508 -u 1sm 55,76 slob.0

4S*M,6 90 ot v -38.01 was5.05 960 w§04-

650* .014 15,00 -,44, 4b -56,v2 -246 .00
7040 049 0909 wood -.01 .38,5? .5so5b Wes? .0?
7540 *7.% soil 0*14 lo1 w3o,469 -`5303 10963 Its
$0,10 sAf "Ito 0122 so? w.S0oA* -50.73 *,90 .124

906n .4 16 0040 -. 01 -07,19 -S1,52 6.27 goo
9s,0 0"20 '16 soul 10.)? -27,36 -s0,19 0315 .45
100on 069A so? -0469 -.Q? ?7.0 -%304~4 1.00 9466

tj0oe 0.?fl 003% 0,38 .ot4 -31,01 "48,06 1066 .46
TOTAL I1 t ?t4 I? asn'9'0 -%290)
NO. Ptr)UCTnK'4 (IF 114S1'4ATCI4 FkRUPSi. almi,)~1
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PikrýR AM P4 IN Lv AI AT Ptd I TL Tk 9 MAIL H

FyLyTeO (1I1OZTOLNIS

u 0,0 00) 0.ufMCAOn*flO1Is 00000
0.0 0 )0 ) 0 ,0 () 0 mono9sq 000000u

3 n'0.0oeo Q¾00000 .fil4tA lon000
'4 0,000)00 0.00000 600u9U03,)0

50.00000 0,t00000 4600111 900000
1.60000) 0.,UO0000 017Olb9 4190000

0 0,)uooo 0 000 (1O9e o .sb2000000
n* m.Ool i~000 AUJ (1nu 0b 000000

9 0.0 0 on0 0 ,Ln0 (10 1190021? 900000

0 0 0 0 u oo 0 100 ,0 1 n 9 000000

(i PL ~r T InN F IL Th R irK k.C~~i4~S I ANr b v4dTI 12 TAPS
FOR~ A TAP #;PACif.(i onoo *00'40 St

F F pNjSt. 4vmL.1 Tijf). 1r't1 AL F 11. T FR PILTe.R
F p'NM p~ P HA I AmPL9

20 , n 01 59 1 0 (1v iso .3n R 3 a5b,0f n~ IIb mo

3n .t*7 .0 " u? -A31.3 *%',44 1 038 u

'4 0 , 10 n,0 a01 w3'JS$ 'a3,9'4 ,Q% 0 AO

* 450P *a *,0 *ol -360~1 m%7 4 it ,A -.
50*0 4w6Q 10,o4 03 01 .3g,75 *rIOU7 0 46 woo?

60 0 On 1 '4 0 1 in- .J o 49.Usosh -1.4 wool

130,0 1.0's UP .%~ *.0? *?j.? I wS 10 Bq0

Nb.?~ P0.'LiTn fý rI54~L 1NH2 9 13 0278*' ag,",1 P -R7IPi w2 ?m q 3
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PkCli; AM P UL? k A L IIT I Nc P I L ttk MATCH

rtLTFR4 Cfl~kF~.CTENr8

1 0 ,0k)lo 000 QiuUO *U/Oonunono Woo o0.0000 *0,l1'4U7 ",OU0flO3 0 Ou) n 0 (on uoo ,018(411 00000
0.uOOu 10'~ 000016 a l

Oen.uoclo 0.0U0000 *.U0Zb8 .000006 I000nu II 55POO as1b *,OfUUO1I O.u n(,o 0 0 u000 qw01is000000
A n0.oUo 0 0 00 '.0031? 090Q1100oo noni00c 0.vo m .31PU00000

0,0,UoQo 0000-00160 "600000

0.IoU0 0, 0,0100o p 0 10 *.00000

ClJR~t~rjrjrN FILIPN Fn-, HPCF fVLPS I ANr) I fT H I~ T A S
PFOR A JAp rPACi`,(; OF* 600440 Sk(*S.Fr PHASf. P~~ L YI T 0L TOI A L F IL It F K TLTtR

Rlf"pN I L P R O P H A R AMPL,

býFCIRF AF T tP t3FF(k 0l~ T~ R1. HE "1RF Aý TER
20 

Ih 0!4
0Ist (14 7v -% ,IQ

oIj we ~ W.Ur 
*.~ 19 103

4i5* *7 ?a ? tip o ,u' Ai u -52 . 9 7 7 em050,1' wc.1 *1 -4 1 , 0 S50 9 63 ,u 0

,0 a aj 'IS 1Y3 0n44,S4 Se' , 40 u I70,() .1 ~l1 *o -7~ -52.37
790, Qq oi b P(4 -S3.i'1 in#9*I4 0109 e16

850
9u0 91 oV Ii in.0l s -.u,e) S *03 .43

NJEI w4~r,ýjr InIN IF1 MTS'4ATF.H Fk~iiid
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PKI'flRA h r*'jJR A L I AT IN(y FTL Ttý. 'A TCH

F 11,tFNH CFF CTtI

I .00U000 0,0000%) ()01041 4,00000
10,OGO.OJO 0 0 24 5 40,00O00

3 o,0.0U000 0.0000*04u ,OOO

3O ki 0or 0 00000 f0041t8 **Q00000

4 .)00 ,fOOC o, 00 P0 0 ,Ob13 010000
f ...5 0 , 0 0 0 00 ,0 0 0 0 ( 1 1 0 0 6 4 9 40 1 0 0 0 0

w00000
9 ,Nu~clo 1 100014 . U 7 000000

0 Ad0~ 0.no I)0o) 0 00?b A 0,00'00

61 u 00() 0 0 0 C,0 .00W75 *00000

0,00000 o L)0 0 0u 1 u 11 0 0 0oU0

C~WP~.r1T r.)ý FIL rkk Fnk 1 NH.jVkt~h I ANr) t3 ts I IH 12 TAPS

FP.H A jAp ,PACI1k, J 'Q040 o .S

FR w PHASL A~iPlI JTt.0) I CII AL F I I F PILi.R

p 'RL~l s t~ekiJN PHAqE AMPL,

(Z) I)FGPFýS) 0)IlI~)trtkL) D'

20 S; i3 *0 (r) -37,01 65,~ 2 .5;7 '09

'm* IS _3A ,~l .0Q -1360 b,13 r5 .09

70, *?c L)o .)008 -. 00 -L31,ss -69.39 .,;7 .01

35. :1IW,090 ,ý 1-6 , 7u90I
450,0 4; ) ,0)S ),S 6 6155

4500) 3 AI 0 t 4 - 4u p J0- 1 -99.b 192 9 3 SO

00TA -u -44, n495 $, 8713 0

5ET -. I;TAn -Ole "'bVAto' EN9i2 -h,61 o
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ýJnor;R Am FuP 1'.y nAuATI NG F IL, TER M A tC H

FILTR~ COFFyCTEiNIS

O '00)00 1104101018) 00 0000
30,0000 0,00000 ..01.0U1*1Q

0,0000 ,0O00 .~0u000

d0 f0 00 0.00000 0 0Q7 *Qb SOQ

b I000of u0 oU0 0 1 1 0 1 b(J9 @ IOOOOJ

7 0, 0 0 0 0 o 0 0u0 00 .17 .O

(~0)0 o0,OU 0OOf 0 0t)wo7 0000

q~~~~ojV 0, #0000 uOQU.Of *OO

n. ,0 00 0 0 00 u i IV 7  00OO000

0,0u00 0.0000 .,0 0 9Q00OOO0
V 0 Cl 0 0 0 0 M09 : 0 0 0 0 0 #

Cl ~p C.I Tf N P'l 1. F'vR 14FC.EIVH I dN' ' * * T TAIRS

hJ14 A lAp cPACVJ4 U F *(0040 skcb,

F q pHASE AML~~ WTL F1 IFs frILt~

(Hii? ~L~ u" (nt3 Pni-d'k) fniFts) (11b)

,0 u~ 5 .o -. 2 m36%90 '*b6~ '79 '00

Sot -3 .e l7 .t C2 -5S.~ .76 U

76  -. sTh 0.1 3s.3 -58,41 7,4

() 01 U,4~ *.0 .4p~pI - sj I I

"~~~1 (,1 ()0u -,4 14E 1 t3~ -S40 17H l 0*t )p
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1 QUtIO ~ 040~0000 00~6"000000
0,0.flefoo (,.000no "'00419 .000000
0o~foofl 0),Uovao '001*08s 0000000

4s 0.OIoun 0,00000 000846 10000O
I, 'nunjoo o.00000 00to? 0900000

0.VO00O 1400q05 .000000
7 *ooq 0400U10 900214 0*00000

0 40 6 0 0 000 *, 0 4~ ie5000000

0 0,0U0 :0 0 0 ,0 t fe0 :00000
i )Onn0,00000 000031 0900000

n 00000 0,00000 .,0~ 00000

L(JvptrTTnN F I. I, ER IFri REV1VýPb I A~n 10 641TH 12 TAPS
Fr)IW A TAP qPACING OF .0040 WES,

A w pA PL I T t.jr) Ir TTA L FII- TF N FILTER

F pRP11R ms kS kOHU PHASE AMPIL,

bFOpFn AFlEP iiFF~i1F AFTR t3FPORE AFTER

i5.n **60 **0,( -.13 900 -34,87 w69,58 sho e14

30") w0? -. A -1 1 -3h ,02 -60,18 .68 .10
3 r, .*71 -,06 W009 -.00 -36,34 -59,95 .65 009

40,t) M.6) -.k~l .060 .0') -37.42~ -6b.73 961 .07
45, n w 5  *u 1 ,0b 00 -39,57 w600?q s. 06

so.o wA Liq -.0.3 .0t -41 ,4 4 -599,3S9 *4 04

boon 0.00 ,o5 "0") *00.2~00,0() -6101LI of9 Soo

w4 .(l ..01 uoo -4J2.?1 -57,b1 Wn9 .012lo

75,0 b0 *Q 0,03 .0 t 3R.8i i5bb -562.o076 '03

80'm *9~ 0 o ,~ *0 - 3 Ab -6..66 .. 9p 907

85 , m *0 ,~ ,01 -31.95 -57.33 40995 11

10, .? 0()j NO~ -.01 -36.51 -61,05 "45 .15

NET PQ.flUCT~r')N OF mI~MATLH FRfRiIPO e m7r



PROGR AM (JP F V4L ATrINC; F 4i r M A CH

FT ,TE R COL FF TCL N JS

0 , 0 00 0 r)0 0 0 00 *00'4t1 "400000
2 0400000 o'U0000 W,00796 900000
3 0,OO0r.0 0000000 00085') .000000
00.O000on 0.LUOWm( *O00J2g 100000

5 0,00000 0,0000o ",()5S46 40000000
6 1,O0O000 0.U0uno 1,01052 .010000
7 0100000 U'uO0000 wenogl '00000o
8 *OQ 0600000 ofno014~8 100000

90 0,,00100) 0.00000 *00101 '.00000
100OOUi01 0.~0 .0 00 &1 "600000

le 0,00000l 0.0t)46 *,no''00.oo

C kP ýC I I (N KI L IF P Fnik RFLFIVý.RS I' ANr)t oii TM 12 TAPS
FUR A 7Ap ARAC4IPIG UF (064() skCS,

r FREw IAS AmPLltu~th IflIAL FILTER FILTER
E P r,() LF~ MS LPHOR P~HA54E AMPL,

(M/) (DF~r~FES) (O3 OM 0ri OGES fb)
bFkOqF AFTEk bpFrF~Nk AP'TE BEFflkE AWER

m 4 00 00 1-421S -52,5 a 0
inn .61 $01 ,O .01 '-0,3 .6s62 00

25,() W(p 00 -.01 W*01 3.45516 "u
30'm 0.67 "00L6 "4101 W...0 -39,143 -'59,6S5 963 to00
35,() 0.67 W. ob ".00 0 n -3q.Ob -60,33 .61 lot
40, -.61 -01~ .o 90 1 -39,'i3 5.513,1 058 '01

50.0 *.37 ,()h 00L .01 -44~,ZI4 -56,54 ~ 4S3 too
55,0 **Iq on(, j -.00 -50.ne -57.58 m?7 moot

bO0 0.0 =2? .0010200.00 '58.21 .02 0got
6, ? -03 0.~ *. -41h. ;2 -511. 37 00?8 .00

70o~t o5 a, 0,t , 00 -40.5e , *,bos59 *Q04
7 5 .M 7 4.' 0009 .01 *Sh.?4 *5q, i7 A. 1 '09

bf~ M .3 '114 , 0 -33,06 -54,30 -86 .16

9 ,0 *lj mU# 4:p J3 1 -36:26 -54 ,96 '40

95,0 '.w .G 0-32 *.v? -30.51i *5Q'e.q.1
1O0,o " ;' "05 .31 "90? -30,7u -55o9Q 167 .30
105,n a.1r,1 sm*09 w.?b 901 -32,65 '59,20 1.06 .2

TUTAI. .I', 0.0U1 -3 .44 -Sb.74
NE P EOr Lf O fi T6PhT(,H F IqPu4~2 *fmfb
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PROlGRAM FUP FVA4iIATING ýTLTEW M ATC H

Ftt.TErR COEFFTCTENTS

0,0(0 ,00000 000U381 10000000
a0,000000 0- o. u0 0 -,0f8 0 1oo0
30,00000 0.0000 *00464 '.000000

4 O090 0no 0.000000 00398 100000
O,00000 0.00000 wo,006o 40400000

6 10000U9(0000 100087? 900000
7suo 0.00000 0.000-00669 0100000

b no.okloo 0,06000 -. 00168 900000
9 0 00u 0 0 0,on0000 -00066 ag0.000010 ('.00000 0,00000 900042 900000
It 0900000 0100009 0,00002 0.000000* 1? 0,0000'n (i9JO 00055 900000

CORPECTION FILIEN FniH RCEjvtR8 I ANI) 12 WINTH la TAPS
r.FfR A TAP qPAC!N('; UF onluo SkCS,

FEi P"ASE t-mq ZTurmt InAL P ILTP1 FILTER
F.k ,Z)i Ekwipr MSj ERROR PHASE AMPL.

(H) (OFGPFES) 0(1 O PflbwEk) (EGRES) (08)6EFOQE AFTER BF~rNFJ AP1b4 BErJNF AFTER nn
.11o .ei03 ,U -14705b 1*5,bl 0

20,0 0.3t M,o'u .00 ago) -43466 -58.42 .41 .010
25,0n *4, .01 .01 .01 -4P,. I 5I.81 .4 9 4 .0
35on -.S$A -.05 wool too -41,05 -61.33 408 '01

450..O 7 00 .1 -42.90 -155.99 .47 .0250.0 M.46 MT 0 0Oj U01 o4P,53 -58.01 .41 .01
55, w? 10t (" 1 -.001 -'48.74 -56,28 .27 .00bo,0 0.00 * ,00 *00-200,00 -58s36 sob "g0obso0 P2 -. 0 -01 -ul 1 47,96 -57,04 -1.000

80,0 4p 'k -w~ 0.1 .0 out -41,8 -4517,5 12?
70.0 0* ( .4 -0 -18 5,? .49 .03

d5o o 5 wi 0 .0 .01 -3,3.9 -57,58 ft $1ol: I0 -. b .01 -31 qe 9SS.86 .6.1990,() , .0 84 U.I -S1.19 -5b.06 M,53 .24

1 5o -6 -4 0 M., 022 .00 '34,75 -59,73 5.2
w1. ,,~ U.Q .. ,3 -$qo08 *b5,u9 970 .18

TUTAL 090 '06 .1 u01 -1A.1 1 wt.7
NT PED1JCTIr1N (IF Mtsm,ýrLH P~tWiU4 19063rii.



177
Pfkr)GR AM FCjI A LATIAKNr, ~TO ER MATLH

P'tLFR C('EFFTCTLNTS

A ,.00000 o .00000 .00365 900000
2 0 0o0000 0 (10~Q "400662 06000140

3 .0000000O00 .009,11 000000
0 U 0 0 0u OUOA -. o0 0 ).400U00000

5 to0001)0 0I(006000 *lUs ,000000
b 1400)(10 o0.001)0 1000a39 0100000
7 0 q0 00 0 0t Uv0 u()0 *0,0294 0100000

0,000 0.O u 0 0 to 4"00000
9 r,0 0(0c;0 0 1.) 0 00 o*000449 000000

1o 0 0 0 j0o o 0 0U M 0,00058 0.00000
10 Out)()(, 0.000 ()0 ti 1)0010 a-00000
1? (1000 0.o0 0000 0,0(0004 4100

CORPECInN FILIp1k Fi ~1 v LRS t AMNf 1S wJTTH 12 TAPS
Fow A YAP qPMC'JN(, 1JF .01)0 Rtr6.,

kF4 PHASE AmPL j Prt101 AL F ILTFIR F1LTtR

BEFORwE AF TLP (10P~ AFT~w SE00 AP TER

1b o 614 0g 4 0U 9'6,6 1 62,70 05 u~

30,0 -*51 -. 01 .UO 0 o.00 -'41 ,77 abb ,10 9 r,0 Soo

450 *.c) -. 01 .0 0 00 1- 1 a He -bb,¶, *M6 0 0So
40,n *i .3 .. 0 0~0 -.42,37 -631 0 d4 .141 lot
45.0 "*r o 00 90 1 w 4 4 , A bw6 ,15 036 So0

50,0 wm,, .03 .00 .00 -476A1 -hblib 026 "600
bbo0 -. 4 *() " -53,l o62,319 .17 M000

7sa mpg Mat *? n9007 .00 -'41,14e -94.97 M.140 007
80* 3,4 *(U.. .01 -31.19 059,60 moss It1

2;) a 1 n -35.pe, -97.96 -.16.1
90,() -p .C,4 -018 -.0 1 -34.6u -hO*S 31 116 .17

9.( 7 -oP -1<7 -901 -350 11 -061,56.5 1

:Itq "005 W005 :01 -j6.95 06S,12 94 r

TUT AL S 00 .3$4 6..-O0
NE~T PLIWuCTrIWN rý MI bM4TLH JR pu 9 ?~0 b



178
PH06RAM FUR~ EVALO~AT1ICG FTLTER MATCHj

FILTER COEFFycrJEN~TS

2 0,00000 O U O uo 75 0000000,oon01000n0 0001351 00000001 0,00000 0.00000 001418 6000004 0100000 ouoooo 000696 '.000000
61400000 0,100000 101,0063 900000
70,00000 0 ,0 q0 00 40,01245 .00000080,00000 000U00~ .000341 40100o009 0,Oo0un 00.00000 41,00219 000000t0 0,Oo00(0 9*~~ 00345 0,000p011O,00o0,00000 m.00058 900900012Ouo 0,U0000 0119 -00000

CORRECTIOlN FILTEP FnR qkCfIvt.R5 I AND) 14 AITH 12 'TAPSFOR A TOp SPACING Ur .Q0040 SECSOFEo P HASE A K1 1.1 T U t T,1IA L, FILTER FILTER
(MI) (DEGREES) 0 PfWR (DEGIES) (Db)r dF.URE AFTER$ 6FW~ AF'TLO 8FORE AFTE.R
2o,n 0.66 .01 0,08 "out 406 -57,16 066 00725,0 0.11 W.08 "0/ 09002 -15.19 -50,90 979 00430o' 01.01 0,11 u.0*0 UQ -354?5 -50.09 vR9 40435'm W.04o 0.10 09,14 ,U(0 -.14.97 055,40 993 605

4 5 , n w*7 A ()9 ft Ol *00 -37, 13 -50 s55 *86 0 1

s1Ooon .7 01 *n3o *06 -3801q e*4039 072 4
TOTAL 1*0 01, Wo *us -4?992 *IJ9,2 096 ut
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PRfl(RAIM FUR k VALIA tiNt, PILTR MATCH i
0.0000.0000n .00000 f"0O0000

20000JeUO0flQ 0*01362 -.00000
3 0400000 0,~00u00 4011482 0*.0000
'4 0.00000 0000000 00Q960 000000

0000000 O060000 0.000440 400000
I u ,0 oj0 0 0Fo 1 60M~A '040no0

7 0.00000 0000000 ..009ke 0,00000
8060ufloo 0,000n0 *0022M 09000009 0,000000 U400060 -002i5 0900000
too'noono o6unono 00268b 0900000

neo 00000 U'00,U 00006 *9O~M'00000
10I 0,OO)uC 0001,30C WOtb 00000

CORRECtr IN Fit~ ýn RECEIVERS I AND) 15 WITH 1.2 TAPSFUiH A TAP SPACINc, 1F .00040 SECS,
FREw PHASE AmPLITUrt inTAL Ow ILTFW FILTER

FRPnH LN~IIw MS OrNIR PH4ASE AMIPLo
(HZ) ((DFGPS) (U14) (LVb PnwEN) (DEGR~EES) (DO)
15,n M.S1 1i9 .. so3 -3t400 047006 117
20.0 0

8  0 ,4 'u I~bu5*4 13~5n 0.106 a t,v h .2 a 03 -32.A0 -950,01 090 i1n

30' at n -(2 33 9 S,9 0 1

48, ~ 1*09 aO 9.03 .03 ' S0 -484.132,3
85n *09 f .0 01a51-9*1-19

.12 -,U1 e~,94 wS.11947wo
b.n 0n U go-0.06 052,12 905 002

100.n -l .004 .. 0 -.09hb 51,30 t.¶94
n0, POPO .*.U, 128 .52 *3, bI -10580,() 1 lj .15 .*2' 903 -29.92 -46,12 94

85 1T0 .07 CTA Ný u P~ r1IM6ýLs 2.U -510

goA .4l11 3



180
PHOJGPAM FuPk EVA41AT1fNJ( FTL.TCR MATCH

FtLT~k C0EFPT~CTLNTS

I0400onfO 0,:00000 090104? 0:00000
3 0.000400 0600000 600974 .000000
44 0900000 0.00000 40okos 9.000000
5 000001.0 0,00000 480004944 400000
1h.00000o 0600000 1401960 0600000

7 0600000 0.00000 *0 0 ?3 3 .4000000
80.00000 0,00000 9001441 000000

9 0400o 0000() o4ouo '00 161 6.00000
10 0000000 0.00000 100208 .00000
It 0000000 0.00000 11900050 10400000

1?0,00000 0000000 $00tes .00000

L0~kT1 (N FILTFR Fn6R RýCFJVtRS I AND 16 wJTH 12 'TAPS
F il A TAp 1PACING ur. 900140 SES

F REO (j PHSL AmPL.ITUD.I rI A L F ILTFR F ILTER
ppkI16k ms t.RW(JR PHASk AMPL.*

(Hi) (F-GEL~S) (LF4) (Ift pritqEw) (Ok.GRFES CDb)
b~rFflE AFTfR' rJ~fK AFTL.N f3rJN AFTLR

*14n go 1;3 902 w3S,R¶, m49v83 .59 $IS

250 091 N ji u: :: Q? .3Jh 05404,3 179 .09
30S,0 0,191 Milos .,0$ .('02 -34.Q1 a"5 3 445 08

"1..0 0.91 -,m0661 *35S$n '5S5,24 4 'Fib 008

5Sn m~ 0 ol aol-48 S,2JS 000

031 0 ?)c .0? -4H.71 '1 S.91 09560
TOTa 1 ql. 1~ MISATC 11~UR -Qb 3, U3 07 0

I5 n 0 7 -u01 a% 4 % 9 8Io n .p, Uo, a l ? -n 4 90 9 1085 p .pI"9 I 1 2%a3 S ,17 a 1 d



181
pxnf(iwAm FiR FvALi'A ING( FTL Ti R MATCH

F t.TtTIWI (.PLFTL fLNT 5

I 0OOuf 0uovuo *00612 $00000
a0,00000j 0,000000 a, 00 100000

3 0.000000 o'00000 901185 .000000
4 .00 0,00000 06n, 0v374 0000000u
b fl0,0000 0'uwo q0u009 100000
6 1900600 o,0000o 1600"de 040OO0O
7 n.00000 0,00000 0900499 8oOOov

0.,0u0 0 0 0,00000 so.60316 600000

00.000030 0 , )0000 "'00196 600000
to0,00000 G'0.000 .000094~ '00000

0,000o0 neuuoO "600061 ,000000
6,OO 0'00)0fO (j000 .'ot~00000

CQkPECTI(ow FILTei~ ýriR iqCCFTVt,44 I AND~ 17 0i11H ta TAPS
FOR A TAP 4qPACING U*00040 ES

FRw PAEAmILITUDTh TOTAL F IL 7 FR ITLTER
F~n ~ twMS E-Rkrjk PHASE AMPL ,

(HZ) (0Frof ES) IH(Dbi PflIALH) (nEGRFE.S) (b)
,3EFORE AFTER hiFFnkF Aý ILIP 6FHi)RF. AýTEQ

Is5,0 1.16 *.a9 W.06 .01 -33.7'4 -55.b7 ISM? .06
20oo .I~ . r. (7 a.b *,00 -*3 a,1b -98,~ dwi .105
295,l oQ *7 10()3 *, vI -3S,1 .7 *6,b'4 1 004 00
30, RA~ ,;-jO .0~ 4 qv I o-e7 w4,58 '89 u0I
.3S,0 -. 9 ni~ -, . () n -31,17 -59,37 74M 601
SI0, *7~ in' 9, #00 -37.,4b -57,'2 v63 403

45'() 03 .0 -l ,1 mS0,88 w6,0 q .1'I6 0

60,0 n.)( 05 m,( 0,00206 14,905 W0
700 * '0 11 *4,u .287 90 0

90,() 3fk to 4827 a,1 U,1 I -1 ,83,07 5o.1 1,1 9 19'2

t 10 , o .131j a , ) =909 e0 1 -37,77 o62,46 1,*31 .10
TUTA( aO 7 *0 13 ol- 14 ýj -97,4J3
NET Ptt)IJCT~nN OP~ OSMAILHiE~h~~,~~i



182
WIfGR&aM FLIP F.ALiIATINC, PTL1tR MATCHj

Ft[LTFA CO~FFFTCyt.NTS

1, 0,00000 0,00000 0001$0 4#00000
2 ,0000*00000 0,000b? *000000

30(QQ3 0400000 1o0q66 100000
4 000000 0,Q0U00 0400110 000000

S 040000D 0,00000 %...00b '0600004
6 1,00600 0,06000 16001b0 0600000

b 090000 0600000 410004419 *VOODOO
9Gnn 0,00000 u,00176 VOODOO

to 0,00000 0,00000 wen0176 1100000
i0 0400000 0,00000 11,0oobb *00000
le 0600000 0,00000 ft,oob6 *V000OO

COwRP.CT~n' FILTEW 1ýn HF.CEXVk.R I AND Ie8 MITH 1i TAPS
FURp A TAp jPACjNt., UF loogo ses

FAu HSEkPL1Tf I IflITnAL FIL.TEW F TLTLR
k R4MS tRH()R PHASE AMPL,

(HZ) (nFlGpFL.S) DRm) f 'h, PfrvER) (4GRFk8) 06b)

bF'FUF AFTkk brnk 0 TER bfFfI)E AF TkR
20, 0.9, n45 05 00 -S t~ * 4 60,62 1,01 woos

2s'D a~~ s0 ,0' u00 w361AS -5406 vbbo'

4sAn 0 .I, , o 1 ,002 M 00 .&ILab .69,21 ,'-b 10003
S0,0 0.34 .,(0h 10j! SOO w44,39 -S*302 1)
$San I ej ,(0t; S 1o 0,00o -52.75 -6102? 916 -.

b0,0 0.00~ , o i 0.0 .u(n.200,00 -60,83 In4 U .0
b- e if SO A. -~ ~ s '-0 8a -- 20

80,0 Q() "at 3 0,00 *sh,18 *79,ba ?b6 1

95,0 0.6 0108 Matti avo -J,i04 -58,97 *53$i

TUTAI h O,# .09 S00 -37,1)U *b9,bt
NET P1.DUCTjflN (Fl HTSmALH FkPhMx 2?~,e,0Pti,
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PROfGRAM FUR FI~A1N~9LTER 04ATCH4

FITE COIFPC~tNTI

I0600000 0,00000 ,0040% 0600000
20,00000 0000000 411001517 6100000
30,00000 0000000 $01190 000000
40000000 0000000 *900299 "100000

s 0,00000 0600000 000886 000000
6 1000000 0000000 1400315 19400000

k7 0.00000 0,00000 o#002d47 100000
S 0.0100000.O 0*004014 40100000

9 0,0u00 0,000000 600063 900000
to 0,000000 0,000000 '09010t '.00000
It 0.010'00l 0400000 "400043 ,000000
12 0.00000 0,00000 "000019 0400000

CORRECTION FILTER FnflHFCE1Vk5 1 AWt) 19 v*!!M 12 TAPS
FOR A TAP 4,PACIN(a UP C00040 sicss,

PREQ P9~&sE AmPLITLiOL. TflTAL FILTER FILTER

Frpr)R ERRORN M4 LRIR(.)R P HAIS t A MPL s
(t92 (DFGPFEB.) UN~ (11t) PnoiiER) (DEGRFS) (0d)

BEFORE AFTLP SFP.CiIk AFTtR OFFORF AFTE.R
15,0 Sabi Qgo2 0*02 tot m.$9,52 w63.15 .60 .02
20,0 vabp .03 11*02 -.01) -39.00 mfjS.Q? 065 .00

a5,o 0.61 oi 40602 moon .39,07 6sb',7o ,E4 out

1040 S*45Q .1) .60l 0100 040044 074069 .60 tot

35,0 0.66 wot)s went -.00 *SQ,97 .62,40 I56 lot

44000 4005l -.V2 IOU oP0 .4407 w63,Sfl .51 .00

'4500 .404% 001 goo O00 .42.17 .b5,96 .46 41100

ss.0 Sol# .06 .01 10900 19%14(15 *%9039 s?3 wool

b0,0 0.04 at)? ni,00 010000800lO u6'44Sl .02 =Soo

b5,0 614 0,02 40002 wool 041,4Ib -6201' '.21 so?

logo Ilk W.06 woos '00 .41,74 059,13 w943 t0%

75,0 e5o w(n4 *,0'q Soi -37,A0 .$goes 0044 .10

s0on 05 93 *914 Sul -34.4b -58079 wo.0 :Is

065, all 004 0020 10900 -32,63 -b2o57 -.29 I19

90s0 *0.0 o0b 0122 *.01 *32.h1 056958 007 sit

95,0t S'slq out1 moU mo0n .34,nb .eh9,14 Ist '19

10060 01,07 *flu4 alto s00 -34,414 -514919 .93 ,14s

105.0 -t.2 .1 Sol 0904 Sol '36,91 -%960d4 1.21 l05

* 110.10 01,1;) .1 004 0901 -34s71 -r%*.22 1.27 =$us

TOTAL 061 .06 009 *01 o3b.97 01;9,b7
NET? PEDUCTrIN OF MISMATCH FR~uP3 22o79flb.
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WO~OQA FUR tVALljATING FTILLR MATCH

FILTER CCFFFYCIENtS

no0.0o00 ,0O0000 9013d46 .000000
10,00000 0000000 *,01'48S a000000

3 0,00000 0600000 903ssa .000000
d4 0,00000 0,00000 19,00304 600000

O090000 0,00000 040206'i 100000
b14O00000 ')o9006 190OlfbO st00000

7 0,00000 0,00000 0,04706 '.00000

B0000000 (1100000 *a UPI5~ Is00
9 0,00000 0,00000 "600966 *000000

to 0,00000 0.00000 '.00247 *00000

It 0.00000~ 0,00000 10900469 6100000
12 .00i) (,00000 O.000bs 40100000

C(JRPLCTInN F1LTYIR Fn REChIIvERS I AND 2U OITH 12 TAPS
FOR4 A TAP 4,PACING O)F 'U04'0 SFCS.

FRw PHASE &MPLI~TUrt TflTAL P'ILTFi4 FILTER
PRR tLwil.PfI M4 L.PWIR PHASE. AMPL9

(HZ) cO[GpEELS) Uri) (ri PoOiEHI (nLEGWEES) (D)

BFaPLIP AFTERP WnF AFTE.R sFF't1WF AFTE.R

2060 03's7 *do iut 0,00 -21,51 -49,04S 307b SIA

25.0 -3.11 29 .43 20.00 -2p.55 -446001 a.410 0,4
so0n02,6*p '14J ,q -aU I -e'4,Sb *%S,23L 267b 04

55.0' -2.2n 01,14 4313 900 uasolb 5 '%7% 2,06 -. 3S
400 '1.bq 0,020 ,OV .01 Z~6,68 -4e,62 1,09 '.29

'%60 .1.21 0,144 0?3 sot -2902 0%2.11 1,09 10923
soon "*?A~ '04 017 V0l w33.20 ob1,3i to) 10116

55,0 '. 15 ()9 *OR -49,04 -51,9% 3 0,09

60, 0~ 11 7 t,00 19,00-20 0 00 S,4 17 41900

b5,0) @jQ In0 9.12 "O01 ..3h,lb '54544 w.28 $It

70,() *61 ?.05 -so1 w30.$7 -544,97 0.71 .24

7S t3l 67 to 0039D Vol .21,4u -n46094 019'4 0 440

8,n ,; (4~ 09 70 001 *22,06 -5b,2? 40,19 1 11

10, 3.ip 09Q .,?9 0001~ Q2202 '57.51 34007

tbo..iq 0.1 lash' 001 .21.544 GIS84b usR1 ,8

TUTAL 2.3a 2 4) klaeuQwbb
NO~ Pt0uCTTflN rwý Mlb-4ATt..H ý,NLIRX 244,qbi)tS,



FILTFR C0EFTCTt'rtS

I1 flfvO o UA 00000 "308W'~ 4100v00

(1000 0 n n0 a 4 *,7n 0
3 0900000 0OU00o0 wop?dt~ 0600000

0,0Q~0 u0000 *,?b1% 0O000

0100000 U10 0 0no *1ioQ7 000t)000

I 1,0000 0,00000 .*i1741b 100000

? 0 , 000 )0 0 0 0 00 n0 0 1 6AS ,OuO

8 0.00000 0.00000 onlhl 400000

9 0,0000o.0000 .0~91A "00000
10ooc0 u ~O~ 0.i3 ,000000
11 00,0000 0 .'0 00 *0'5u 0,00000

I? 0.00no0 0,0000) .,80000000

CORRECT~flN F IL IF N Fn kFCjVl:bR I ANDP A1INdT lit TAF'S

PIJI A TAP gPACIG LJF 1(040J SE-CSo

FNk PHASE AmP~LI',ufL TIT AL F IL Tfk F L.TLrR
F RPOH~ EHRmS LPHO14 PM.ASt. Ampl,

6t~nRF AFTLR 6FF(nNE Alý TLR t8Er:~I APTEiR

S9i o~ I P414,3 -. 36 -b.5ý Se -s2,97 2 4 , P

400008746 -?1'0 "IS -948 151-410 b67(i bob

00 vi~AC 4A 4 il8 Sn 0 s -61

I;0 2 4 4 1 , 3 ' 3 -04 qQ vli ý 3 2 4 7
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PROG~RAM FuR [-vALHtATIN(. FTLTLR MATCH

FTL7EN CC0EF~yCykNTS

1' 0,00000) 0 0jO0 0061 4",00000
2 0,0000n 0,()0000 ..,ogoQ$ 600000

3 00000 00000 ,1?66 '0900000
'4 0,00000 0,00000 900322 900000
4 0,000000 0,00000 ,O 5'000

1,00000,000 1016 0000000
7 0,00000 0,00000 1,O0014s000

8 0,00000 0,00000 too0013 ,00000

8 0,00006 0,00000 900013M .00U000

10 0400000 0,00000 0010084 0900000

10 0900000 0100000 '.00106 *,00000

t12 0,00000 0.000000 1006000000

C04PECTIflN FI LT E R FnRi kFCIVErRS I ANWn 22 kITH 12 TAPS
FRA TAp SPACING 0J F 90040 SkCS.

FR~w PHASL AmPLITULA. 1111AL FILTFH FILTER
FRpnk M$ EpRNI) PHASL AMPL,

(HZ) (0FGpE.ES) ( POIPEH) (Ok.GRFES) COL)

BEFflRE AFTER BFFnHE AFT&R 8EFfjWF1 AFTER
~5 .~ .03 105 01 -36. 1 2 -5b ,38 o fg90

20. *,~ .3 0'4 '0)1 -ifiet0 -60097 ,8 '0

2s'nl w.9c, '02 *04 W,01 *35,33 -58,44S W97 moos

Soto 0.9p 0,03 '03 W,02 w36,54 .55,30 8'0

35,f 0,18Q Ooq 03. too S36,19 -5b,91 80 '0

40 0 ?.S *,014 .03 ,01 03?,34 .56.64 q72 6602

O45, '.6o '04 .0 401 -39045 *S5 ,94 o63 so0

S0to *.o 4',o2 002 .01 -4o182 P58,31 152 a,01

:b;:0n i:.0q '0 OO 91-090 *17 og wo

?S~o pi -.15 "*3 0103*3wlo8 08 1

8006 080 Im , o 3U 2-09 S,8 32

bs,( 46 'os 003 00 -2885 53,5 049 3



187
Pkf)CP AM FijR ý.-.VA L!I 4T I~ N!G TL? Tt MATLH

I LTER (CUL.F T, TLN IS

1 0 0000O o),cooon 001 1Y4a 0,o0uou
3 0'0vjAof 0,00000 on0714 1 0900000'4 0,00000 0,00000 60009 *ooo50,00000 0.00o00 SOU203 0900000b 10,(ion 0 aU 10 000 1 $nJ29 100000
7 .0'n000 0.00000 90lutbh 0*0000o
$ Mo(o ,000*002'48 90000o9:00000() 0.60floo 000061 "900000

t 000 gn0nU0~ lo.00009 600000jI I ( 0.ý n00 () 0.0( )0( I( o000000 S~e ,~o
0.020 QOO(,U000) .00012 .00000

CUJNRECTInN F IL 1 F ~R, ýnCCkV 1FJ'jýk A N r) -3 V41TH 1TAPS
FO)R A TAp PPACIN'G U r oon040 SEUCS.FREw H " Am;1L IT i jf n EInlAL FILTFI4 F !LTE'R

FMSi0 0 Epkf1H PHASE Amptý.(HZ) flEGpcF&S.) (L) fl PnwER) (OLGR~EE) 08~)
bEFFIRF AFTLR rsr~fnRý AFTER IýiFýF AUTER

...j -o3 -000 -3I3.3 -51.51 .71 'ilS30,n0 . 7p SjC 3l *ij u 30,70 -5~9 ,b .) 73 41 3

4 3~0 , .n -. 02 IN, * 001 -35,A3 -1 I7 , 1145 n0.b 1i7~ 03~ 6l .0 u -3768b -91,69 066 '07

Up.1 .Q01 wo 0 s .0 -103 5 9 , !.18

o7. *1 -0 0002 0,00 *33*.91 *S,bq .9,1

7O~ 00 .13 .00 *3y'Jlb -56,57'0
15. -00 orqu(it, rJ UTMAL 1~.PL~ -15.015- 4, uI w 0



188

P~r)G~JR rr, V VA LI IAT ING F Ti.TkI.R MAT Co

I TLFN LIJFFyCt~tNT -

0.0O~0 0Ofono '.l9l 000002001 
,I(UQ0000003.00 o .01614 0100000

.01215 .0000005 nOU0oO 
-00u856 "9OO0QQb l.OI '*onooo Islea .00000oj. 7 OqOUOOo o 06(oQo 29901j465 a.00

0.O~or) ooou ~ -. 0090 *00000
to , Q o ,(O fo00 0I)~Ovr0s00310 .000000it 000000000

0n -.*00136 40900000F 
enlbb .000000

c1 1wpt~rTT(IN FILrPR FnNj RELFIVEPJS I AN() ?4 OVITH t2 TAPSFOJR A TAP ,,PACIN(G !)P 00040 sErsOFF4 PHASE AmHL l71.1flt I n FA L F 1L TF k F I L 7 t
ERORH E~kl~l PHMASE AMPLO(MZ) (D)FGRLS) (V)UhPr~)v 

t.flGRFFs) (D8)

.1306qu 441 -4801 41
aO~ o ti .05 -. *u -3;,'ai 46%6,00 11.10
es,() I*8 .2A Q2 0 .S) 065.0 -5355, ~qIJ *fl) n.O *43 5u,04 .-0? 607
40,o at . 0  Oh ~r .()S op- 3.O0 -4tlj5 .S So0l

l0So *?3 on~ I." 0 -4i?.i 43 51.95 P090 goI

oUA 13 1i~ .3 
-04 too, 4~7~!0,() Tfl 69 MIt0T 1 -37 .15 .MiI (1 '07 S 2 h wl S* 2 - b -b b % 1

80 0 I h op W 2 U 12 $ U -1 .b4- 1 9i
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PRCLIGRAM FI.,P4 FVA~iIATIN)[9 FTI.TkR MATC~H
F T , T R C1A FFT CT k T

.4

20 0 00 00 ,.0u00 :03:600000

*.074 000(000000 "OOO
S 0.0U0000 0.00 0obb4 ~ 000000

0*000on '.OOQOO 100
h~00000100000 1.10 000000

7 0,0j0 0 0 0,00(100 n 0 118 a1000000
0 0.0000o 040 0 00n0 00,00215 900000

9 0,00000 0000000 ,0 010~ a; 00000
to0000 000 00003 ,000000

1t C0 1 000 0.00000 *00050 6800000
o12 ~o 0600000 0 .n 00019 900000

F0R A TAp rqPACING 0.)r .00440 SkhCs'
FR~ P 1TJ "-I ~LI A SEAP ITn) 1 b ( r1 ALFITE T L kF P Prl kLpkms LpRrf1HHA AMPLe

(H) nFpES) 03) (Of' pr)WF4) VAGwFES) (Db)
I FFPIOF AFTLP MhFFlnH aýTLQ 8FOK AFTTP

.02 -- 5 a,0 -13 v U1 -36,7 w52435 134 91
25'A 12b -,o *./1 -35*60' "551,46 '49.0

3~,I Qi in, 10 u - qb$ -61.04 5 .0

soon '.I 06 0903 .00 -QP45 .44 60611 1441 0044:
b5,~0 n~ O .1 m0 -448.0b in59,70 0?8 totf boon 0.0f) '01 0'.00 -00010200,0 06144 tot wool

bsn q -.o5 *so() -.01 -'46.01 ""5bosh -.33 wool

soon 1.06 .00 0609 .1u1 -31.51 .55,58 -101lb 610

ne; ' s 001-57.2 -10 0 19

[ os'n -3j:4 *,o 0 .-o13 .r1 -A9, 13 s59,40 n 30 0144

NET Per)UCyT(nN rflý HTSMATLH- f4IR; ij
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PR06W.l'AM FORI PVA411AYJNU FTETLR MAILt

FILrCR4 C~OEFFICIENTS

I 00Oo04000u 00041d .004000
a160o 000( 010080 1 .000000

40,00000 00,01000 '.00314 100000

AMLT6l TPTALu 010000 16066 4000
7j 090000 0PMASn A001P00L0

30,n '*7ON F'.03F .. t) HFEIE.0 I'35.76 WITH7 12 TAPSFUR A **6p SPAI5 Ur1 00040 Wb4es 0~ 7

75,0 *61 '0? 01,05 .01 -33099 '66.?6 963 if,a0an -7 lo ..04 -.lu 0,00 -34002ob'60) -. 70 014

10,0 '*s '0? .1b in1 -31037 063084 .60 .16

bI, 006 a 6 0lO .0 ,uI'40.9k '6n .-S45 06 '090

900t) .63 .00 01 .( 001 o33,06 '54s6.0?7 1

NET PUr)UCT~flN OF MIS~MATCHI FkRLIt lep*1406,
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PH1GFRA4 FU k VALI,ArIt\'(; F IL 4P MATCHN
F TLTER C;U~FP ,C ?LNTS

CO~.CTn 000Lu n~ Fu§00000 0000000T~' 1 TP

00 0. 69 *3,h 09076 00003 *? 00000 040 noo 000877%b.6 9 016 0 ?00

b, *.?n .00 0900no 1009.00? .5,60000
bO*0~ 0*0 0(i 00 etQ00 fl 0600670 4900

14fl *~ 0 ,0010 090 00 0~%6 * 01605 . 0.00

*Q~~ Ootc00 ho1 Iu *3P.A *%40000'.

12*~.*h ~ *j 6" 0.00o oGIo.,) *5.00030

CORE CMI FILIE FnR k.OitR t .. A ~ .v ol0 AT i TP

NETP P HCT ANSI AmPLIaT U~k TOIAL~ FILTER P)L
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P~fluikAm Fo FV4ATuING t16iRR 01 A Tr.

FITyER cnrEFFjtCNT8

30,00000 0,04000 $00%si 0000000

3 ,0000.00000 oouqb6 0900000
II 0,OUDg 0000000 tools? 6000000

0.00000 0~00060 0#00$06 0100000
6 1800)000' 000000 1901143 600000
17 0900000 0.00000 0.009146 0000000

OOOOQOo 0.000000 Inuoll 100000
00000,00000 009ol ~ -00173 o.0000*

1000000OU0000 4600*)2 66Q00000
11 ,00 ~ 0 o00un0 0#00061 '.00000

K ~I 1, .lUOO~U0000 *000042 .0900000

COk'EeT~rjN FILTFM Fn MCEjVkk6 I ANfl 18 w!11 12 TAPS
FO A TAP SPACING j~r 00040 stL~o

Fin P4LAmPL.jur)E 10TAL FILTFR ýZT
jF~n kRkflp M$ tpr~ PHASE AMPLe

(Hz) CDFG9ELS) (f) 03 P'rwiER)(EM c Cd)

dtI)RF AF1kR BFFnkt AFflY WFOR~E FL'III III 0:01j 00f .41VAi 1511111 04jj0
i0,o U.91012 esoi 4,000 040911 0$3098l 071so

a~, '1.S qsl 0*00 00 1,144 055.09 o.il0 lo
~JT ~reTON() VS1ACH~Iu0

Son 01 o? to 01046i 6si 3 0551I 0 $0 SN4-bb 2 0
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fIR A L I IA I 1'14 I L It W M A T

W uooU40 0 enno 0000000

o7on m.noo'.9 900000O

0i Qlo 0nv 00()o61O0

$'(fR A lAp pl,'ACitý(; u F *(40 SETS,

i k~ 3%, SI(' t.0 %m.k Tiw 0 I'l L IL QNI L T7L H

FwP(I 10p*o ,~ O 3j7 t Si3.1 PH R7S AMP

, ?-V0 1 -,0 .1.6 .1

n7 eol W~4 u-.~ SrA 9IUe .,7c 090

4o1. n 0,0 1 0,) 1. usi I r)? _S5912 *,5b 0 4

)()~,A -,e01 -.7 .' ~ l*17009 0609 oil

I N).n QjU IN (1,. 0Ib.&C- 1jdP I - h 3 - tl AO004

IS o 1?t0 1 * 7ki - I01 W O U 1 4 o

8~~~~~~ ~ ~ ~ ~ 1) 1 j wI 1 "v?-?9670 S.3 - 6



F V-I A - --k F ,.~-- W-~ M A T

0.000000

I~~~ 0 '0'1( n1 )Q0 1.fl15u5 $00000
0 Ot 7f ,ODD~~o 0.000 OsOOR9U *,00oo

*.00 ~ 6400000
n0o"lo 0OOu.01?'000000

to 00L~~o0.00000l 0Ofu 000000
11 w) l joo U I () Vnu *O bS9000000

A YAP SPAUN6h,~U 1100') sf C4,
PHASE A motLI¾,fliq. n t A L P'ZLTFH ILL

95.0 0*1j .v) I~0 .0 *3 3 t) 0A U

4sn $(1073 .oa073 lot

'647 '11 '060 'ui i.i uis.0I .. ?[~ ~ ~ ~ ~~ ~* 950~*1 1 ~*~A ~1 110 .14

ds'n lel o0o 090 0 So ftien 0 9 "1901 *$a0100qn ,E 0,19 .6h ,?**A %.a'.04

95, f -.OTn' I) T94y.4Fk40 R~~C

10 ' s ,s o 6 i



d~d~lI

IlWA4 P OR ALI 'At INis I~t4 It 1 M I CH

0,0U1~Q .Y~u .,ISR *00000

1 ~0,O04fl0 0600000l 0,ii1 o ,000

0,OO060Q(000 00lI7IA ,OVO40

b .0~t(1.fl0000 11615%94 6100000

140O( ,006169 ,000000
9 (),0oO. 00000

It15100000 0.QU0040 6164600
4O00000

CtIRPVT1I-IN~ FILTI.4 ýfMH WFCUIV0 I ANn~ 11 oiZTH IR TAPS
FkIR A lAp SPAC11'16 Or OtOW~Q) SbCS.

F~o pMHSt P1_ 17 uft. ilt A L FILTFIE FLyto
FR~i1 ~ ~0r~I~ .HA~ A'PLe

(MZ) (rMpGPFES) c(tH 9Pn~hEN) OLGOFS) 06lt)

Isle 21".Sj 4402b .19 -?tip Sei 0ioS3 6169628 0,1641

3a,437 1iI SO20 mati .1.1 941 1 05b 034obs 012044

iOlo .1 A.fq *19 ,d ts' .$,to~ -0,90 01 61A at1.19 440,144

.uu 010$ 640.7t 3,31 oi

S0.0 ?i414,'4 w1doO ob Sleti 4.4.tI 'i -bo.6.9 -2e109

SSA ft6 0 OIS3 'Se -lost ,'AU 04,442 "P64641 OA

6% a~5p 910"q moot misobq $03 0 1 36? ,91 *1bosl

?%.0O *4U4 0 INl( 0 016010 0'16444 0,4444 1441 0144670
anon -61.%j 3o.07 m,03 *'I.'Q44 1.0 61 -26SI 1011060 ',4041
65,P 1ia4i,? 101,10 "$I eeNS'~~ Q9 019144 t0boS4 044,07

9S.0 -2 7 .%j 1$177 tohi 0105A afs U1931 10301,28oq
100.0 "680A0'112644' Polb -tos oe 031%1 0?449433 .14*4.1

105,oIS.?1,i; 191.o41"S 4 k) IS.6 3,1b '.7 101i 11

NET Rt~fijCININ (W MIS-1.Ia~LH F11~~RtORE ,P



P~nc~kAM PU lvA41,AJ#16 op LTLR MATCH4

FILT(O VLI.P TCTLNIS

1 0600000 0,00000 ,Ooalo 600000
a,0u0o00 rý,Q000Q 019013163 65o0000
1 O00000 0100000 *00111 900000

Q4 0100000 fl1t,00040 661,3s 64O00000

1.00000 u~oQooo 10014647 40600000

97 0600000 00,00000 00000245 100000

CORRECIInN FILJfrmi Fn wRIS ND$ 4 11 TP
FOR A TAP 5PAC1'),,* ti ,u0040 sic$*

MF PHASE AmPt. ITLJ(:L TOTAL ýILTVR FITLT~R
FpRr)R iR4j M3 kRwflm PHASE AMPI,.

(Hz) p DEAILS Tflit" (MRES (08)Th T

asto 41A 613 *sib .01 .11,71 *s467A 7.1
i0, fn ,U set 0401 Milo7b mislbs 944 IsI i

soon 0.1.fl well -.It *000 -Ji.?4 -%00.41 6946 all
40'(1, 0094 0*04I .,tl A ~ 13 90 346,17 *Sisal 6911 . 10

'50 0.41 . bo oua -3%697 -510146 069 SOS

6040 nlin bi (),no la.2 ponsou 051403 all '.02

bson &oi soot *.u46 '10905 -4680 0641 soot

60,10 t.6pt -.3? .,3 soil 101 wi5* 048001 01,1 .39

I 0
I:~. ln 1 23 0 a*1094
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r flf~ A L t 44i I L Tt0 Af0~ TLH)O1 M on '1 Oift•Uoo)b•O)~ #+ 00000

0 o0uijfO u. 0h 0 l0 v 1 OWNU'id3

[ ]*i IJ09('O0) .Au N ?} ,q l OOQfl
j $U 1 1110' stn 1.f1 q *fUOVU

S•n 01Oo ,OJ)o~o snusd3 $00000O

SAQ i- o i*0n o o , fl t OQ

4 0 o 0 0 ' ) 0,on,)0 (1 a 4 n 3 04

. ~(1 0 000U no u~iun. I i~~iIA o u

0o o ri 0'o' O • -0 OL 0600

tu~~ n. nt0,, m, ,,)4n 1 0} 0, 0 n vfI
l% ,fln0 isU,, ,0C'i, t*flt.0d , a.• 00('00

(t1 000,0 0 o0Con '. 0001 5 .n 00000

Fel•~ F1 A(Ap SP(J.+ L~ r,+•.~ bL'•
pH 's I Tku;,t I Ml AL. I L TlN F TLTIPR

plF tliP 104 p t Rk.'f l A It,' • Mbhr~l t p T•KfO W No~ II % ~q A tw F rIWF A $
20 a I ". k, a,, P . tl 4 .~ ..I' a o a -h#4i S8 66i , !

.0 -. • .nl a.:04 ".0 - %.O -5. ebb

h~ 70 -0 N-

1114l

0*"j4 .on7 * 0v . 4 e a 0.* ut
*i~ ".*,5 .•. ., -3 . :~? :5$+.O oi.: .* •0 m, 0 0A

7•.0~~~~~~~~~~ oI -. u .I•.• f5 . -+.u .i l

t ill , 1 Q 
-64,40 *•

I n 6 4. - b -58,.0 m s '29

T I tAI .t, .4 ,, 1' "$3, 4 -hI , 6 1~)
NE r N 'lJtt% i ,,C T I P 1t,6 A , T L . Jt-, a e#4 4 b pti



197
P~GA FOP rVALIIAT.IfG F*%ThR -MATCH

FILTFFR Ll.P'fC TtE.NTS

1 0:09000 0 a 0 0U0 0 093700000

2 0'0()000000 M1.00256 9000003 11,0000f0 0900000 *000o47 00000004,00 osoop .000uo "90u106 40000015 0900000 0,00000 "0.00 9.!3000000
71 0.00000 0,o0~00 94000081 0000000

8 1 00o'l 00000 1 q0 13i. A00n00
1% 0.00000 0.000000 q*0OR47 0900000

to(,0)0 ,00 *900313 100000

160O'uo~o 0100000 0900023 800000

LiiFPE.CT ION F LIRN Fr-ii kECI--:V~,b IAND 204TH 16 TAPS
FOR A TAp f;PACING OF '00440 SEC$,FPc PHASE AMPLITUDE~ I nIA L FILTFR FILTLR

F RPN k kOR s Lpnk PASE AMPLe(HZ) (0ýr;,FES) US) (06~ POFlR) (DEGRpFS) 08~)6F~ll AFTP BFFnil: AFTER 6VFFORF AFTER
20 . 0.16 A t'2 wna13 :.*0 0 -3429 6$,*58 066 013

'm ' '.01 '.,n .00 -35,1ý a77,93 Be8 '0940n I.8 .02 ~.7 n0 -35,89 w67964 IF 0' .6 03 ..0 #0i 0,00 -37976 -644.81 ,'71.0500 002'0 .,0M 00 39,62 .56,41 I54 90355011 ..3 jj "'.01 -000 0.00 -44,81 -6b,07? 3~ .? 01b0,0 0.0fl 105 Mno0 too0?olno 059937 605 ')00b5on 030 '03 W'01 090) -4532 vb4628 WQ?7 tot70.0) kS 0.o 4,o ., -39,04 065028 0962 .0379,0 IRA U.7 m~l 00 - 3 J S 8040 005b 60880,0 l. I .01 14 .00 -31 .66 P71 *93 01015 .14485,0 s'1 102 0122 Q 0 -i?4g a 8 b44,90 -1,1I3m~

95,( 0.,33 -.00 -3091b *60,50 '.3b s33t00,() w,,27 -00 0033 .00 -30973 -70.32 4?5 033105,0 '.$ s. '.? 01 '33.?b -61,18 071 211, 0.9 6 .11 0917 '.01 -37.68 -S9,544 1.07 .16TUIAL 04I 001 .. 00 -3.323 -61.80
NET P~f~lUCTTri'i OF MISýýATCH ERRCOPs eg.wbo~
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p,~I1FR&P" FUN v.ALHAILN( F.TLTtR MAI(JN

FILTER C VEFTCtkT8.

0.0000100000 $00993 000000

0,0000 .,035700000O

3 ~ ~~~~~~ 0,00 0 0.00 093.000
'4 0 u0 0 0 u,00000 10601658 "000000

1 000000 0100000 1001424 .00000

7o 0 0 0 0 0 n 0.0(000 1*00113 ,Q00000

0.0000 o~u4090..3139 100000

120,0000 u,00 0 0 uW00000 600113'00000
13 0 000 0u0103000 *01 00000

isOOQ 0too ,00000 oo.000e 100000

nb o,00 0,000000000

FREu pHASE. AN,,L I %r)L TrITAI. F1L'TFR FLTtEP

.4FF()PF AýTf.R HtFý:INR AF ttW -,FfIcwN AFTER

0,:? :.7 "00 -S3,Qi) u69055 1,'08 0 7A

301.1.2p 0o? aO 0,00 -314.11 m71.b2 t.?3*0'

4400 at.O 01 t 0.01 -u n 3J4,983 -71e.18 i

4.~ ui 0 .00 U0o -36.69 -7 3.7 1 .AS .0

50* 0 1b uj .0 -u -4 0 ,14 -66,93 LSO U.

55.0 w.31 '001 1 00 -445.75 -74,o3 -.0moo

boon 0.00 601 n,0 o 0.000 n- 79017 .01 goo

a. 0o .03 -.0 U0 aQ 3 n9 *69917 *,35 $02

70.0 67 n 0,01 .0 7 *,00 37.3 -6*,41 10.71 so?

7590 egg 0,()l ova15 .'o -34,02 -71.44? -1.000

80,0 1.07 .,ji mv,)4 .00 -09,4b -65,72 -1008ea

85:n :8 :ý01 :.3 :0 .27,32 6 2 E44 :3b

90,n ah 4 ua~ e ",Q1 .26,4Jb -60,27 wq?3 045

100? 10 .. 57
0n .? 50 1? -.01 -31.9010 -99.941 2 ?. S3?3

TTAL 1*.?a4 .3 .2s .00 .30, 49 -6404,5

NET PE1)'Ur T r-j (ip T S~4M7LA F kRUP= 344,powi)f
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Pb4(,IGAM FUk FVALI]AT1N(6 FILTER MATCH

FITE COEFFICytNTS

1 0 0 U4000 0000000 0400019 .,00000
2 0,0u000n 0.00000 0.00072 *900000
3 0000000 0900000 100263 0000000
4 0,00000 0.00000 00900611 '.00000

s00000.00000 .000779 0000000
h 0,00000 0.00000 0,002137 090O000
7 0,00000 0,00000 600186 0900000
$ 1*00000 0,00000 16001S4 41600000

0,00000 0,00000 ',002u6 10000000
to 0000000 0100000 0 034069000

11 000000 0o~oooo 000i 34000

12 ~0,00M0000000000 0600
* 134 0,000100 010A0000 W3804 600000

is 0,000o0 0,00000 *00021 .000000
16 0000000 00,u0000 wo~l no 7 00000

CI)RRECI!ON Fi~tERU FnR HE-CEMVRS I ANfl 44 017TH 16 TAPS
PFOR A TAp 4.PACLNQ OF *C)0'40 SEC5,

FRW PMASbt AMPLITUDt TOTAl. FILTER FILTER
(H) FPURL ERROR) Mb E~RROR PHASE AMPLq
(H) (DEGREES) (0TH) (1) P001EIR) (DEGREE$) (08)

BEFORE AF'TER tiF~FOH AFTLR BF.FOF AFTER
15,0 '2 o .01 0900 -4h6,41 o76,74 ..?8 avo1
20,0 0.36 Wool "gnu 000 -43.86 1,78661 .36 to0

isn 4 oo m' oo-30 67o42 9141. .00

Po0o 6.411 'o0 0001 0,00 *43.?44 '66,v25 *4 601

45'A 0.0 .041 9000 0,0u0 -558w.0093 o

60,6 ? 0.00 04 , nouA sO-200*02 -bSS64 '.05 000

11()'m '23 W.u9 M044 00,Ql '41, 6 062.2 903 '.0

OTAL .3'5 '01 Moto 000 .30,03 '6.718 03
NEaRf'o C~~ .2p 003S4A~ 5P~ 22.53U mh.1-1 1

go'n 0,61.1 004 It) 000 03 ,63 S94 8 0 9 I

95,0 .4c as07 1 0 ~b,2 %5,992 1
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PiROGR~AM FL)R VVAL11ATING P.!LTLR MAYCH

f,0100oo 0.000000 InflQug 060u0u

,00 O,00~0 -003000,O0Q0
40,!00000 0,00000 ,00

CcJRPCT0r1 0I1 r'C100000 60005 00 l TP

U,0A0~ PA.'G i 000! S00000

to 04000000 0 ,0000 060000

bb.0 0.000 0,A00000 mI,~ -703,16 -. 50030

11. -. u00,000 00.0 .107 1,040000

NET E.DCTj~nN FLIýKFn KTkACFNvR I Afn 5 MIT3q1bTAPS
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P i,,RA M F u RF ~LIA T1I NF I L Ttk MA tC H

FITLER C1P)yr.T~jNTS

0000000 0,00000 OS00318 06U0000

04 04oulloo 0,000000 0401242 v000000
S n*0000OVU000 lthle000000

106O0000 0,0t 9 9a700000 0U1

8b 14,000003 13000no 1,014A 0396

IHE I HS AM'L1TuIo U ~ A 0iT o 1 LT910000

0 1()O 014 0u on3 .316 0403 019 0951 00O

fC Ir 1 R Vr~k kEF0J R 13 *0A3n 01,'Q 1 .6TAP
FOR0 Al* YAP3 qP03N~ *lUt F3,1 *bO,5? l.3M

*3 .0601"10 -301JN 061028 1933 s04

~On of.40 *O 0,0 * 31-2) h30 w66344 O2 .040
30:0 al11 .03 3.0 a 3,130 -4b.QS 10, 30 .040

40,1) at .0 .01 .,)4 *,u -34,3 b,53 ,70941 n 090

45,n 1.M0 j.132 .P, *~ 90 0 a j6 aFk OS91h7 -1,0170
SAI(N OOh ,o, I~ o0 .35 '00 .4 1 Eb 7s*0qu2100
90,0N 03 W,o4 '01f O,00 044,Ab -8,49 e335 ago5

7 950 O'S() *07 .,t *,uO -mi7.3b -659.4 -06100

-o~ 'M .05 .,4 .3141 06b3412 01,.Sh .419
8100A I~k o23 WSP5 son3 iQ0,A7 .63,6 .1033ar

90, TL0T4 1*' "2 .00 .1 .Q !e *? 6?wh.43A ,5

9SE 0~ Uyn Al9 MISU 1 653 E I.IPI) 2*3 5 -50450 95

10O A .19U1- 0.6 --3od? j, 4
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PI~tG~A ~UR~VA~jAN(~ 202

PROG~m FR FVLIIA IN.i TLTE. MATCH

FILTER COMYCILNTS

I040000') OUO0000 .000047 0000000

30.0Q000 0400000 .009001 0#00000
0.00000 P900000 0009170 .000000
flooonoo oOOU~oOQ 0019,. 40600000

5 0900000 06U0000 0019474b 0000000
7 0.00000 0O00000 0800015b ,00000

7 000000 1,OooufO 401.Olbb *910000
9s 0,oooobO 0,Ofu00 .1*0~14 '000000
10 (1,0000 0,000000 01401054 *00000

toi- C, 0 0 0 ,ogo0oo 409001b4 0900000
I1 ~ 0000000 0,00000 .00015 940000

13 0000000 60O0000 09000080 6900000
1(4 090U00O 0,U00100 W..00016 ol00000
150000006 u.oufloo 1000019 0900000

16 0.00O00 Vnv~oo'~ *.00002 46.00000

CtJWWTIflN FLIFl4 F(14 kCF.IVt$ I ANn 7 t*J!TH to TAPS
* )iR A tAp SPACIN.G OF ,0000 Akcso

FRQ PAEAMPLITUIA1 TOIAL F1LTVF( FILTER
Fopnotl~r M8 tp() HS AMPLe

(HIL) DFGRFES) ORw (0b PrINE8) tDkGk~t8) C0b)
dFFORE AFTkk t~ýrk AF TLN 13FFOOF AFTER

2 0 00 0 .9 1 .0 MO D OOS 0000 034 97b -sa ges .98 SOS

iasO 01.0h 0,01 0904 SO.0 34.9J9 '7se? 1,0% .004
30,0 ut,0 .0p o3 a.03 .00 WS4,71) "65068 toob .03

3S, 1 0,199 0,00 a( t *. 60 0 ellSb e7b.19 .99 0

dir,. W,?c4 n0 01100 u 0 -319OU -81053 0744 go0
so)o 6.f5S, "go0 *01 '00 *M1.ob 671.96 *Sb *m00

429~f *.0q Sol Soo .00460I,1 -70.19 .30 6.01
60,0 0.06e .01 foQ .00wPOO900 M,73006 lot moo
bs'n *Jijg .003 NQo i.04*3,4 069,94 .,*340
70on eh? -.03 MOO? MOO() **.7.3i *h3,b4 1917 0 Sol

75,0 *9 out WO1Q quo -31,14 -71,33 0498 1

t1on ,0 p 0,0'J.44~ (:0 W.,7 63,00 1.76 g445

TUTAL t. 1l .op I I o .I nA3 *60,8r,
NOT PEfUCTInN (FII A4TATCH4 F.*QUP8 janee
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PR05RAM FOR EV61ATlU' 11k LE MAYC"4

FILTER4 COLF~yJNtS

104OUOUC 0000000 .*fluojb 0100000

(1.00000 O0,0o~ln 600066 61O00000

6 so010( (I 000%1.000066 600000

30100000 u0 006 0  10600206 s 00000
4 0 000 f000 

101~*00

0000O0Q0 000000 *loulIs 9:00000

0.0000 ~ .00~~ *00~b *00000

0000060000) if0006i *000000

9 0.00000 In00S 000000*I~?*OEiII~ .0000

15000 0 0.f0~00 ,00020 ,O00000

l~~~~~~~~ o~oo 1O0Q0.0fb sOO

12T~i 000000N~.~1~W IA~I ~~14 bTP

FLik A TAP 9P A C1 M6 'r ,uo'o sUk.r

~~t4.~~~Tn pH~ N~IU MAL FI~LTERt FILTOR

FRFUN t4A~ A.~O TAuM)r.A

Ft)EP O hQW1.E msT~ l? L PROR PHAE TPL

CHI)*0 D..G04f ýS ) K 0 I5,0 PnAR DEGEES
mFFOR Aý A T t. 0 TL

n -408 S .00

204 1 o00 3C A.01 0 -b1,90 I*,0ov

TOTA 1*u 0 wo l u04l,7 wo0,

4 0 .5;S -1 6i 4
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PROGRAM FUR EVALIIA?1N(p FYI.?LR MA tCN

1 0.~0000000oO 6.oUbt 0600000
2 0460000 0000000 0900138 000000
3 0olooto ()000000 90076s 0000000

4 .100noo 000oo00 000129e .000000
S 0400000 0,00000 001102 40600000

0,006000n (,O~l000413 900000
o7uo 0,Q0 9,~0QUO 41000?46 0400000

9 n*u4001 (1010000 010143 0600000

F.10 0600000 3,Q0t000 000136 900000
11 06000vo 0OU0000 0,0002at 0900000
12 0.00000 0409040O 60Q00s 400000
13 0.00000 0.00000o asoQobs 000000
144 o0,0000') o,01000 nonjb~ 40000000
i's 0400.0o (.U)(.0 09000va *,00000

lb 0400n00 0.0000 oo01 090000o

LflkPt.Tj~oN FILTPR ýrik R LF1IVtWS I ANt) 9 1T41 It) TAPS

FUR A TAP gPACl.N( LJF 90041) RECS.

FRw PAtAMPL1TJfl fIffAL F.IL1FN FILTER
LrpH RI Mb L.RHC1w PHASk. AMPL,.

UFEF)7I AFTER SFIrWi AFTLY SFOIkF AFTtP
1~~-0o *,-.1 .01 *1040.61 u66b,o Is? Sol

2040e 0.714 -.(1? wooe' .,00 -3t',52 "65OS4 .702
2S, a Mr, .01,0,2e 000 -300%9 071.54 ,Sit so?
so *n 64811 Sol *002 .') -SIGS2 -66691 '016 top
40,0 0"81 .00 .1 0uj0~ q -7,33 *7?105 IF13 lot
45. **6 1 .0 0 , 00 *, i .3,hb -?3,? *.

SbO 14~ 10 2 .0 1) ) *4 p~,2 * t.(% 694 01900

bsA 0*3 lot olC~ *U.0 0 4 0 S5 7d , Uf"ol 600

10,t) 061 W') k4 0  0,00 *3A, 14 *hg,S3% a.6

.5,t 4) 10? *. It o 0 00 1490S 071.044 "too I t
80,0 1.1't 4.02 ,liq .UO -3th -bbs4b sills 019

90,n o .0l 0618 maejO *006S' 'b1405 0661 416
950 *080 -.00 .. '4 .0 n Old7.~ a f7e A -066 a.P0 0
tuo'n a.lai in.0U .*UtJ Su00 01-%6 a

.0A 07 t? 01-0 Soo *3?,fl4 -66082
NO? 0Ln.flCTjfN (IF M1SAATLH Er~ 3473(8
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PWflRPAt FO)R IV44PAT'ING FILILP MA Nm.

FILT~ER COLFFYCIEN'TS

0,00000 '0000S 0600000
00000.Q00000 1100096 900OO00

4 0. 0o 0600000 9.00317 0600060
S0.00000 0.000000 900446 0900000

6 0900000 0000000 1007s0 900000

T9 0400 1no 10I 000

13~~PC4 0,000 .0,0n 0004000

COR ORW~ FITk.N ýni~f AkFivTw8 I~1fF A~nto imtoyp

1560 Sob() Wool 0.13 *,I)0 u-iJ.7 070037 es9 sill
Rego 106% 40)0 0613 son0 in34961 07519 166 .13
asso 0,67 10? "oil 901 s3%,39 %63003 169 sitIII 07 wo "ill~ wool~jI.5 03 60 63014 *66 0

.6 00 0107 v.00 -451t9 -61.03 v64~ .06
41000 00 "Josl a0b 00 '6~ -39,10616 r,4J .05

Soto S',(' M68 .V01 *A04t$4 us801 941b e03
6010 OAO .005 A9 .000pon w36.43 9031,00
NETP~uCo n eel 4!AT4 stou a fts0 410 %fl *?ISo

64, 90 0I moo 4sp 0590 098io
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PROUAM Uli v~jiATNtTL.TtR~ MAtCN4

I 0.00wiflo OSUOQ0O 900011 *.009900
,0400000 0,0oflOo 106oi1 .000000

3 0,00000 0,0000V *00OS3 01900000
40900000 u.00000g as00980 600000

0,00000 00000ofl 0009da 40000000

0,OOO090nuof 00000417 1000000

0.uOfl0.000t0 I$OQAdS 000000
9* 660000u o,(uo*0000004906 W,060000

15 0.00POO 00000Ou .0900all 900000

13 60l00000 V90'O')0 0600016 010OOOU

CORPLC T riN F IL I .4 FIv4 HECIIVtR3 I ANI I I 11H Ib TAPi
FOw A TAp itPACI tr uO,,CLS

FNw pH&SL AmPL I TOrL Till AL FIL TFR FLTL.R

CMZ ~ PO$le L 1413 Mb t~wI'k PHASL AMPLs

n¾ 001 o2t: 0. 1,H 0 *S44e0%I. .13,96 101
jtop I*. .o *t Qo *94.J 2,66631 'A0 4 to

b%. *7 601 4*l~ 00 - ._406 -79.71 oh? eo
400() ".61 0901 e,0t 061.11 3Qm J S43(, a.I ?60 aloe

Woolo 00¶ -m O) O 'M41u14 OtIiJ.17 Is
so*() ** 0.01 n j v .*4.J0fl -79,70 14 soon

55,u P*I 10 ~oo 70694 ? '0
b*(i000 c 0 n0 0~C~ oijea)0.0l , 7u oi. o00000

9006 04 .01 8.,28 .0 -too~ w6b~410 54 e

f1, %1 .l*I *1 .fl)) *$6 0.1. *-b4. 1,3# ,3% .17

NET PUtr)JTTflN OF MIS$MATCH F'k~iW8 33,p~rtd
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3 OnU4U4)C 114000006fu0

b ~ ~~~ A~fQ~lf U)UOO AO i@0'600,000
*0u00ift 116uJ 00900

.060000 '.oi 00000
1,0on?0O moo 000000

#4I*.0)006)lonoQ? 400000
91 0V .0 0 0V plQ 1) 00406031 0600000
11 o0 tu0 S10o0~1) 0,O0011o 100000

nS4 J Q)0iI 0 l0Q g0 00 n ,100000

(I5 O',0U01 9avo1 10000U

isn 0w)oo ,)0iU a*4000000

CORIk 11rON ~I L It nok k-C.CVý1v08 I A.W) I i Ai%ý 1b T~iPS
FOR~ A TAP ,)ArjfL,. tir *Onl4t) SL(i,

FRw PH~ mvLitor0t Tfil AL F IL IF w FILTthR

.45 t~o) P4ASL APIPL*
(H (F~kt) 14k h WIý4 (nRLA) cob)

qtpIInw 1. 1. 1 t 1 i d 4 Tt w mW~IxF hA' Ttk

600 0,( 01,0 0.01 .Ut.P0.( '5.3 soot

dO*0 al o of) 01 4R 1~ . I a74 *o 0%~e Is$*3 lot

J 55,0 pp~fLCTn '01 .,St4 ()1 016~30 49 4 b sl0 1
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Eo Q 9 1 00000

Q3r)(SQ00 *0QIQ00100

1 ~~ vootoe 000001 .000

06000Uh( 10600000h *0000100140

to(600 OU000l 115003,31 60Q0000

I 1 111O 000140 %00000

td5 otPonoo PHASIn 040000

000n.00

qPA0 Oqfii OFl 90flo n T.O ? O TAL) .79.81 *o~ k. oo

8oo 91a0,00*C *1.u0 Soo1 B37,19 Sb64,3 0 951lo

100. m.l 10 94110 Son .3%400s me,,11 9111o

105,0 w.4,q k.? "soo o .4 1 *Ad.9 gg14,1 o49? t0

a1, 4I1l .1, .03 o 0600*400O S? 'i -70,18 090
40,0A gol S 0 IU w3A,1t) .644,38 So

3 A u
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pmnGReI~m Ftl t VAL,,ATINIj F ý MATLH

a(0600000 040OU00t eo.U0416 0900000 .

1040u00( 0,000000 09o106

16OU000 t,000orio 1$017.0 *900000
90.00)0000 0 010f0 A o4101110 900000ii"00 000000% 900000001 Ok)(000 toos? 100I

CO* (Q ILI ýl W v~ I.O ANMf *40 14 01HUl .13 TAPS

F0OR *Tnp .*~004 3L) 5~71.0 0
~~~*nA 111.t; .u u,0.~',. *8~ *g

FREW p t 1,0 3 E ~ 0 kmFL ITU0.fl0 1 b8 A0 L.01F ILI
*e ~ ~ ~ ~ ~ m .,I ,li -~l- to *j,0w " .70 .07~

75*n~~(n p,9m~k .0 *ld *O R.$ ~.7St .03 .

QS 0,0  14o 603 0 -61 .33 1%.~ 1 oo

671 201) 406 snU3s 49Tb ,5 $6 0SOSO "I ol l 066 Q6 0%epa? I 9 1 A 9I
$01 q u go _J04 O 19A 19 nsgo
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I f,'h1flOf l,tioO00 60091? ,0)1

7 ~ (I 0.I)Of tt (00u01 *.l0', *000OU
I SO N)()k~q 00101 SOI aes 0600040

q ASfluOO') OQoono 20660815 10400000

QOVOQM,01 -060000o

I) ~ pi CIV 00UO~f)Q *UI-,0O

C ONit C f NPL 0 IV ¾ R 1~0~rt ,flz O1 th TAPS

F04 A jAp SP CII ,JP FOlI 6( 4 t

rot L u 1 Ai AAL I ?ir'nL h! AL ~ LT~ Irk ~ tf

SW",n F AP.TtA 8rF jP AP. Vir tPLO iO AkTLR
S0, GSA ()4 4 A.1 j 4 ,3 16 .14

*1s(J at1 a~ p3jM 0 7 0 6 f)4

A5, no; 0~i .13 , 43st b 149  GosP

60 Inon 0? V~ Okib .0 w.6QI wer0 4!8 00(

7 0 o M~C *' *.'ft 3~ P 7h~/ ¶*Q" 0A) o

F ~ O( nUAI 1-'u .46) 4b 3~( .0? h4
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P~nGR ,AM FU i RFVAL.(iAT I N6P FL tf MAT0H

I 11OU000 0010000 *oo$ 00000
2 )Oo00o 0,00u00 -.00360 .000000

3 0,00000 0.000p0 100794 ,000000
40,00000 0100000 0*013,45 0.00000
5 0 u0 000 0,00000 .01143 900000

b00000.00000 .0O709 .000000
7 M4.00000 0,00000 0000339 000000

000o10166LI *00u00

91 0.00000 0,00000 4PO00597 0$00000

15 ~0.00000 4000

16 ,0000 001006000

FOk A TAp SPACING OF ,00040 SECS,
FRw PHASk AmPLITuoE TOTAL FILTE'R FILTER~

E R ~ HRMS LPROR PHASL~ AMPLe

8FFOPF AF TEP bFF'NE AF.TF9' ,OEFFOHE AP TLW

20,n 0.6 :I.03! W)v -i3,4,50Q -64,61 o67 sip

300 a .CI 01t 00 301085 092 810
900 .0 0O .o-3o.00 -76'.18 0
.)0 - S.S Jfl4 8 0

w..a.Ot "*) .qU( -. 69 670

9. 7 W.105 a#0 u I 5.9 *I.09 004
7sp 97 1 0l 7 o, t w3 4 8 1.849 041830,0 t. .00 ~ 00 -30.42 -qli~ .1

85") 06 03 a *0 2938-6,82 1P

10" I*1f .3,1 w , .a1 -40.09 .bl 1 ? 3711O)Io at~6 .64 ?o "'?b wQ in33%3 6bS940 1 971 'a
TUAI 68 0 i 1 0 n -SI1.77 -be. i!8

NFT PEDIJCTIfN OF h-j".A0 F~RU)Rm ~0 60

Li...u.
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PRfl(iRAM-FUR U'VALuJAYLN( FILTER MATCH'

FILTE.R CCtPFTCtENTS

1 0.00000 0000000 '00057 400000
a 0.00000 0000000 9,00156 000000

30:00000 000Q000 $00676, g00000
4 0.0O000 09.6000Q 900096S .00000

5 0.00000 0000000 o012b4 000000
6 0100000 0000000 000205 $00000
I7o0.0c00000000000 400009 900000

8 1,00000 U,4rJ000 4.01 00000
Q n'00000 Qou0000 Mo00454 900000

10 0,00000 0ou0t(-00 4n00411 $000

12 0.0U000 0*00000 -00o0716 900000

30.00000o 0100000 W000013 .000000

Is 0,00000 0,00()00 18900025 400000
1, 0 u0 000 0.1un01 00004 00000

COR~RECTION FILTIFR FnH RFCF-1vLkb 1 6 7 IHl TAPS
FUR A TAp SPACING( UF 90040" Sk.CS.

FREG PHASE AMPLITUi'L TnlAL FILTER FILTLRrF 4ROR ERROR t4S ERROR PHASE AMPL, *
CHI) (DEGREES) (0I) 06b Pr)ER) (DEGREES) (08)

tIEFOpE 0T~ t-F~nkE AFTtR týFJ*hF AfPTER
1590 -1.l.I -'05 "gob "100 "J31,14 '.60021 1o11 405
20,0 .1.0s W, -05 o0n -31A,16 -61.39 1.1t.0
25,o0.9's .03 '.1,05 00 -35,11 -464g8 :::10
30*0 O.n moot u.004 "too -36072 '70,95 ,A7 004

35,0 W.$3 .01 -. 03 IS.00 .37.11 -t)891b 078 o03

50,0 v.~p A? 01o 1.01 900 -43,35 -70,04 443 l0t

55'A 0.2p .U2 W.00 '00 049.00 -70,81 9?3 to0
boom 0.00 -0 0 0,00 0900".200,00 -81,1? 0..00 0400
65,0 42 0, u.0 want1 -00 - 4 h, 3 1 65,19 097 o
70 0,0 n *p ft,o2 'W'04 0000 &40,44 -68.48 S.54 0

80,0 9$ -.02 40 14 .01 -33.1$ -61.96 eons 914
63'n 07 .o .1 .0 -31.41 -713 028 of??it
90,4) 3 o3 .,?7 &got -Soon$ -S9698 00.35 t
9s,0 SOPI 0901 woeq =,Q0 _31t~nS -67,07 90_; *am

t100, n -.81 to0 I,? .1 991 01 -bis '79 i26

v1013,o .,2 7 -. u -9 1 .01 -P33.97 bl1.25 1 oils.19
o o ,t '01,4 .09 0 9.O -.0u1 -37.77 -5808? 1 *43 007

T TOTA t 078t .0 1 13 v I -34,4b o63920

NET REDUCT~flN OF rIISMATCH &..RWURU 18475060

... .. . .
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21.3
PROGRAM FUR EVALUATING FILTER MATCH

-FZýTgR COEF??f.C IINT$

10000000 0.00000 90003? 100000
00.0000 0900000 *600O13 '00000o. 0000 9000oo 60017i 900o0o'40000000 V-900000 ~ 0000496 $0000030,000000 0.00000 901007 9000006 0,00000 0.00000 0400171 10060007 0,00000 .0600000 00,00010 000000

1.00000 0900000 1000113 00 0ii IIII* i~NII600900
FOR A y 00000CIN0Op0000 0 02028 9000

14O *,' '04000 .014 '0) * . 60.1002 0600S50o000000,o .04 000*8,4 011 0959a .00000

TOTA TAP SPAIN .F000 .37,0 -6.3
f**0R ERROR: MS RRO3PHSE MP

(Hz .0G4S (0)W OE)(ERE) (O
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-pNOQrRAM FUR CVALIJAYIN(a pLTIT4 MATCH

A

1 (100000 090000C0 09000468 9004000

0400000 oU~1

I 0400000 otuOOOO
44 0Q0Oo44u0(0000 0,006bg

0404000 0,Q0000lls

b 0000040 OS00000 0 ,0u295 "6OQ0Q0

7 010000" OVOO000 so0?4" 6000004

6 itouno 60*O~U0 isoom44 01,04000

9 (1900000 0,00000 000no16b ,j00000

10 0,0000O 0,00000 *.045 ,000040

1i 0,00000 0400000i 0oo0av

ta ,000Q40 0*0OOOO *001bS ,00

0. 00f ,Q000(1) *00004b0000
t4A 0.00000 o,0100120*.0000q

Is 440000000 0000O00o'~s 000

15(n'040000000 *.000~04 0000

COQpETttlrN FILTERFnt '4FlN CE1VLR5 I ANr) 19 w~lH lb TAPS

f04 A TAp APACING u;' *o04() SWb

FRQ PHASE A MPL IT OtI 1tAll FILTER FILTER

(tit) (0ECIRS) (1)() (0b PflNi) (r)EGWEES) (t0$)

tsWREAF'TER tq4fI*C' AF t kR lipiFt, AFTER

$000 0140449 *6806bl6

35,0 -Wb ,0 o, 1,O o39q97 *6b.7I ISO too0

14060 W*5j 0,U0~ '00 aso0 '14(15 -71403 psi .440

4:o r, 0 'no .oo *m4i17 w70.,93 ofis5 too4
Soo U"7Iu0 0 48d,3 V6(3930 0314 '

,uao go?, *Soo~1*

bo"Z 0,0(1 ',oen ~ * 0 ,0 -,e0n0 -bb94 04

bs eo A,0 0, 01 7 - '53 4 lO S
1. 1 * , e1" 90 .5 9 , 9 .15O- 6 0 g 1

*% ol ",01 '01 034,4 Ob*S9691 u.3

a1,lo 01? W,2o '0,0 "S2463 bt~ 124 '0

ISTM 0o 5 0 .,2 01 -32461 -574.S10

1000 *1LCTn 07 F "1MTC1 .0bUR -ms4.44 513 h l

TQ At 
A0(9 

imbA
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PRflURAM FkP FvAL11ATINr, FIL~TER MATLH4

FILTERM COtFFYCjtNTS

I 0900AQO) U,00000 10Z4 00000
2 (~04f00 00000 *,le *0000to6
30,0000)o 0.000000 901ds .000000

C40Q0f0n 0.01oDOO 0.017st .000000
0,00000 0000000 90370JM 0900000

6 0,00000 0.000000 "400566 *00
I 06V0000 0.009000 10601972 .000000I
a l.0onfuo 0000O00 1400911 .00000
9 0#00000 04000flO 0004~674 6900000

1o 0900000 0O00000 6601071i $00000

12 0 1CT0 0 t,~E4 u~n 0 F~~ 0 1ir 20 ~40t',4 16 TAPS0

FUHR A TAP gPACV.JIý Ur 0'0 ~

FRP0H RN ms E.R~OK PHASE. AMPL9
(HI) (DFGpFES) (UH) (Db P(IWF) (nEGFELS) (DO)

JS 0 .4.6 "'R '.1b "ou -.0 *1.lo7 *5U.e0 3,68 .447
200n -3.S7 sib '443 .21 -alS 0S,4(1 3173 00440

04Jo gotl .0 (1 01 2.sseb b. 1? 3,18 04
3000 02.6p mjo wool .01 4S aseds5 -58,75 0.5 39

(10on0 1.bQ 0601 030 quo 4ifiefi -75080 .6 ,0

-.1A Moot silt movO -,~( 39,04 -73,14 o37 -:09
60,0 0.fln MOOS (),(I( S00.00.00 -bl.19 WOOS 1100

.~ 3 01 all I .QI a 3 I "S9,110 u,1 .1
70,0 .61 .0a! ..? -v W31.A7 -67,30 01,60 .2 W

I 7n. Oh aI7 .04 54~ a.0 Me1 4d1
5 00 %03,1 0071 400

60,0 .67 In's M,55 .01 *eS0Q4 "S8*60 ash, 65
Soln 0, .70 .006 wdaefl 073912 0.22 .70

0oon *.Sq '01 W; a.i 1.01 021,.0) -%~6000 .60 .80
95,0 .1 Shp *0c 0 .6 04 a r3 "Vl m 1 9 Q4 057P41 1.79 '814
10006 -3.1~p Got ea979 .0 2.2 61.b8 3.12 .80

110o0 .0.66 MOOS atsu 0003 01?6,11 -%S097 (,3*4
TO At, 2.34 SO7 '46 .01) .23.OA w5b 0 I
NET' RLDUCTInN nFl MYSMATCI" EkPufRu 31,6bfl13
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PIROORAM POW~ F.VAL11AT1N(i FIL~TER MATC(~H

1 0,000000000 0i,00909 0000000
0,4o OOu) ,dtb.0000000000060o

S 0.000000 0*Ofl0fl 9243099 600000

7 0,00000o 0400000 * dl l 000000
7 ~~ 0.0260 1.00 00000

81,0U0I0o 0.(jO)O0 001676 6000009 000voofl 0.OflOou 09214180 900000
to no00m00 0,0000 1066413"8 600000

0 0 0 U O 0 o ~ o o o u0 10 1 0 4 0 0 0 0 0 0
0 0ovonn 0.0On30 "'S8119 400000
0d 00) ()o 00QO0fl() 

9.iSd 00000
000Q000LpO o.U00uno 400000

0,000002 1,00 O1d 7 $00000

CURR.C T -1 F I PL I fR Prik kFC~jv,1Y I AND) PI VITH It, 7AP'SA
Fk)~o AtA PACjmC, Ur $(jfA40f sk~

FHo PHASE AMPI 'LTUDE IflTAt. FILTFR FILTER~
Fo.FR RROR. A4s MsjW PHASE AMPI.,

ISOO 217.4c; 35.79 ft.Ib 01940 5.11 04919 -181067 0.941

as,(% .58,46~ l9e~l 0*51 .01 -409$ -9,36 SIA973Is30a ,0 *0*66 -23,44J W09 0ý616 -9090 -8,3% w?qAJ -ao3sto -0,1t 1 9.81 0*3 ub,13 si! -b.09 59.2Po8 5710090 w8l.96*347,70 *, ?093 2,S*) -403h 25907dl wi1

50'n P44.41 03 700 u  50 PS70 o35500 ~ ~ ~ ~ ~ ~ JA 06,16, c44s 0(3 .6rgUilYsb S 4 -6 8
60,0 O0,0 016 n900) -9,0309~U0,00 %3.15 vai8.~l 09163oS0.e*3. 936 e062 091 S109 .87 364,127 09.13

0bf.-468.5S.3 9-,4 R

losn.546r 6 1 1 ,00419 3 1A,~ -16.90

NET QEU)LCTY11N OF HISmATCH F..Rjm 14RkF)k
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PIROGRAM FURi FPVAL!gATLI, fTL TER MAT(Ig

FiLytR i' t 1PC~tNTS

1 0.0)000*Uo 0002 900000
fl.0Q0oif 0OUO4fO 19000267 900000

30000000 0000000 000701 0000000
oto0.o1)0 00u0000 0§O1206 900000

b0,00000 0400000 .01390 0.00000
60,fl000~0 0000000 0006bM 900000

7 09OuUOO0 0.04000 "4006b6 10900000

81,00000 0000000 1901043 000000
9~ 0,00000 000000O *.0601,4 0000000
11 0,00000 00,00000 .oa?'00000

0.000 000000 0400267 0:00000

Is 000000J0 (1,000O 0,0009d4 0900000
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(HZ) (DFGPE.S) (US~) (I)6 POOIAR) (D.RFES) (010

15,) o~'7 .0 903 0000 .J7360 *7*1 .77 -8,8OS23o

50o 01; Ro *00 014 .00 wd40,o -60,314 947 '000

10,() 0.9p '00 so$ "t*i w36s%4 obS,24 .09 0003
.Sn atQ W01 too -,0 sh,4I9 *b%,7U *.3 .03

40,0 0.3 t n3 900 -37432. 072,29 -.70 060

so'n Sr. 0.08 02 j~ 0 30 Qg -4sA 8,01 o477 wo

m5, 00 ..3 , *-#.000 *d, 62*~~09 003 too

1%101.1 afl 0o 13? '0 6 -SSO3 -60,b Pit t) a 1
80lA U?3 a 2 v 0 , 3?,l ob*bS,097*2
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30,00000 0000000 *0004tI 6600000
0,00000 0900000 060009,6 600000
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1? 0.00000 0,00000 0600116 6.00000
13 0.00000 0,V00000 -000.6% 300000
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is 0,00000o 0600000 900016A 4000000

16 0,00000 0,00000 es0to026 000000
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FOR A TAP I PAC4Nr# U! *00040 SECSO
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H-OR LR 6~ F~nNF AFTER BEFORF AFTER~
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1:2090 0.64 "t0p *,17 .00 US209ii 070,78 962 at?
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30000 '7#1 0? w@13 son .0$,70 071809 .80 Its
3s5t) *ao .0 wall 040 *3seni -75,97 0 Ao tit
400,0 *714 q() .000 00,00 -SS.8.i w70,5Z .70 s0n
45so *6,q -. ul "sob 00 -37,8h~ -72063 .62 .06
S040 0.*48 wool .000 s0 -41.31 072o62 947s4
5,OO 0.2r, .01 0.02 900 -46.91 w7ae67 1?? 902
6040 0.0j) .01 qO. 6000200,00 069087 lot too
65,0 031 qnf 0000 40000 musib 1, 6747? 0031 '0
70,0 8bg W'02 wofle -000 -39010 Obl,54 0416b .02
75,0 09 0? WOOS 00O 035,35 -71.58 0997 so%
boon .1* 0,03 Oslo tot01 31.04 Ob61.7 01614 oil
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9,on 'J 00 wo.25 so .t0 u3g%0 068mit 0.37 *as
too$() Mel? 0006b wq2 o0n o33,Qb abogea tit42

10, 45 GO5 :l :01 -37,1J3 -62047 .50 .16

TUTAL 06 4 03 90m4938 *66074
NET P~r)UCTInN OP MhlSMATCI1 ýRPLIRM 30,37fDb.
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PRISU(RAM FUR FVALtIATINti PLTLFR MATCm

PITLIf' COEFFICIENTS

10.00000 0000000 104135 '000000a0100000 0600000 woosdo 60000030400000 0,000000 $01M3 *000000o0400000 0800000 0.01972 600000S 0,000*00 0oflnooo $016bi 9400000*0900000 0000000 0007b? 00000070000000 0000000 *900641 1910000081,00000 0406000 1,oilIl *000009000000*0 0000000 9.01304 0600000to 0,00000 0100009 0*00046 90000011 0400000 0.0000*0 06004?64 '.0000001: 0.000000 04000006043100
13 0.00000 0.000000 -.0001a '11000000,0000000 o.9fl00033 4,0000015s~ 0400000 0.00000 0110001 "000000160.00000 00000ou 900008 9OOO4u11

COPCTn FIT. FO NFCEIVkRS I ANdD ?dS W'ITb4 16 TApqFOR A TAp RPACING OPr .0040SC.
FRG PMH4 AM4PLITUDE)k TV'AL FILTER FILTER

ERRO E1n P4s ERI'R PmAst AMPL,(Hz) CDFGpEES) (L)0) tt, Pnoiv) (EGRFES) (Db)bFFORE AFTL.R MFO AFftQ SFý.OiF AFTER

l0o I ~ - .o? 0911 0.00 -1?648 069,Z 1,1 .1ito woo '.0 10 0c 0uaops 066,11S 19?5 $to

I!3060 013 Soo *909 10,00 i-!ij# E:{I;
3S.o '* I ' 0 . 0 .C 431 m 9~ .1 3 .0090, 00f .00, 000 "o 4,00-a1076 '59.31b i0

65,oi 0,03 tea 0005J)7 6'* Q'
so0o0 .4 Mato a.0 3081 -.01 S37,04 h'4,588 '.Q
Slo 91w 4,6l -. 1 % 70l 1 1 16

*9S .05 ., o - j1 *oo ' 9 o .Q
706 99A3 1000 0908 goo -61.46 we'll so?
7 60.r 1 27 aloe a,MI - 0 '6!) ,991 11071
soTlo 1.3.1 .04 eta? go.9 ,0 *78.7 "10601 it
0soT IslaCt~ los woolACP H.Z541w - 0 m IIS 499 1 5 01 S6 w ol -4. 4 -ri $ 49w*1

.761 049 064 -00 i!473 0114 16
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FORt A TAP %PAC.1',G OF *0(14() 'qr

F p k p rHMS EU W' W P HASE AMPL ,
(MI) (')FeLS13 LPAkrDb pt)N 0 ~ OEG9W.S) fh,)

OF FORt. AF1tR OF riF Afk TU tjFFUNF Ap. TLR
dQA 0.2p '.v op *13 we o -36. 7b *th8b . 213

7000 ) 16 03 Qb0 -,O a~a OhS~ .62 .01015l 1)4 "Oho*v -34S17 17.3Q 0!) 00
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al .t0(1 .10 01 ,01 in'J,qg -%bob%10 40 0 1

T UIAI .61 .4 13 .01 -35,A9 *h I S
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PR41LIAAM FUR4 LVAL1,1AV1NC p!LTEM 0MAH
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3 oqh( uuj 0( *ooooo0600 0634900
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14FflW~ AP ItR 0ve(1N!. AF itP mFF,..INF AP,,ER

Isom 60%0 0?u 4000S .000 -Stool -0707~ 06112

30,0 lotfl 0 1 1? 90 au S3~AO -72.08 1.01 $1?

400 n'A .2 ,0 *0 -33,?? 07005S .9? 610

50,eA a 14 0.09 .010 0,00 -47.99 .46,3% .64 604
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PK()1GjAM F'UR FVAL.!AT I NG TrLT LP MATC.H
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POGROAM FOR EVAi.IlAtJN( f ILTER MATCH

FiLTEH4 Cc EFýTLTLNfS

OOO~oo OO0OO~~ *.40bbB.000
o 0 0 00Qu)0 0 000000 w7b 000000
U 0.00~ o.~o~ 0049~41? 900000

5 f.0uo0.000000 0.20196, *200000
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CLJRRECT1,1N FILiEk Erik kFCFivjkw.i Ir~ AN 31 H t(, TAPS,FOR A rAO V5P4CJNC; U F OU0'4O Sii$, 'FREu PHASt AIL I TuD T0 T A L FILTFIR FILTER
L Rk O M E.RROR PHASE AMPLe

ctmz) UFGPELS) (".1) (Db PfOhEH) (DEGREES) (Dau)bFFOqF Aý TLR HNF~r1 APFTLK I.JFORF AFTER

2svO 39.64 20,04 lo1 -000 -3,i43 -9.27 190930*0 -18.6'4 -2e.84 .75 -1,85 m9,qb 068b$ *4? 26
35.O -66.71 -11.13 *26 -og,14 956 -5,96 5.$ 654040 -87*I.24-S4890 t.3 -3,09 2,97 d -9,32 -261.70 -t 9t 50?8a.~, 000 -3,00 4,76 3,81 106.97 03,000
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TTAL 156.95S kr5.cj8 >.003 3.67 3,16b -01,87

NET REDUCTIflN Fl m11sAAT(4 PýRRUR= 5 n 3 Db,
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PROGRO~r FRu FYAý.tIATIr'dI PI q.IEA MAld~H

FILTER CDEFFyCIENTS

I 0,00000 0,00000 l00108 400000
2 0000on~f ()00000 0900404 4900000
3 0000000 0,00000 S0olos 400000
4 0100000 0,O0000 40901735 10900000
5 0,00000 9400000 90142~3 900000
7 0,00000 0,00000 '.00411 1000000
6 0,00000 0,00000 ,01004 .,00000
8 1*00000 0000000 1102062 0,00000A

9 900 00001,O0,63 ,O00000

FI AtA PCIG oUFo0 .0040 06010 S000

COREQ TjI pFI4S MLIULLTER FoILTEVEIADR2WIH16TP

ERROiR ERROR mb Lpwn POASE AMPLe
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2010 *.81) 002 091.000 '~.7 68.23 .78 .16
?So '9? .01 ,,4 oo '32089 .t,7499 994 its
30,0 01,00 0402 00'3.00 -33.29 .66045 1,03 .13
3soo -1 .6b 0600 well .00 .33,49 -7'4.05 1.06si
40.0 1I.9pi .02 .*8 00 w34,17 *67g2S 1400 t0o
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50lo0 .7% 0,09 woos .00 -38403 56987 .66 s03
s5.o w.39 *So w02 oo .0 43,58 .70027 *38lo
60.0 0.0o '03 0.00 .01-Z00900 'w61.35 .03 lot

7Q4c) 86 04 "tot -.U01 -42,35 -'62912 008 lot
7500 1.2(s '.07 "oi1 900 -3P,544 '58,93 01933 Sit
8090 1.6p 000 61,021 000 -goes? -15.86 m1,61 gle
85,0 1.60 103 0,33 001 -26,56 .61065 -1.056 s34
90.0 1,lq '06 .,'46 0*01 .25,76 '58.09 .1,13 945
95,0 .23 'tOe .,54 0000 o*26,2i '58.83 0031 .53
I 000 '7l~ .01 t wf4 *QO0.*26.43 -'70.S2 .72 .54
Iosso *1.7o 0903 .045 001 .0260P1 -61.88 1.67 .46
11060 0.213 .09 w.3ie '.01 -31,56 w59,93 2.22 131
TOTAL 1.09 ,04 025 900 -49s97 -61.6?

NET REOUCTInN OF MI!SMATCH ERPRB~ 31,650be
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The ability of a wide bandwidth system to successfully cncel strong

spatial Interferemne sources to euMWiM. It is heuristically reaoable
that a Conentioamel sidelobe cancellor approach wil have seriously do-

graded performance slace news's of the pattern, at a given frequem , WILL

be displaced for other frequency coemponents within the receiver paseband.

An adaptive receiving array can successfully reject broadband
Interference from both point sources such as 3.1 and spatially extended

*sure" such as auloral return.

* lroauen•.,-Snatsal gMUVJaCO

* A point source In a broadband system is nathmtically equivalent

to a spatially extended narrouband source, where the equivalent spatial

dietributics depends upon the receiver passband characteristics.
• • Additional Degrees of Froedom for Adaptation

Since a broadband system senses broadband interference as an equi-

valent narrowband spatially extended source, more than one adaptive degree

of freedom must be dedicated to such a source for successful spatial nulling.
The number of degrees of freedom that must be utilised depends upon the

bandwidth and strength of the source, the passband characteristics of the 4
receiver, the length of the receiving array and the angle off borelste of

the source.

O Worst Case Desnia - Point Source

The worst case occurs when the equivalent spatial spread of a

wideband-noise like signal is maximized. This occurs in a PR.S-like system

when the full aperture ts used at low frequency and the instantaneous re-

ceiver bandwidth Is 100 MIa. In such a case, a maximum of two sero'a, and

hence two adaptive degrees of freedom are required to assure cancellation

of a source spatially spread by AOnax - 2.6*.

max
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Aurora
Spatially spread aurora can be modeled as a large n•mber of spa-

tially Contiguous point scatterers. As such, the effect of 100 Us band-

width operation is to effectively further spread each edge of the aurora by

as /2 a 1.3'. As such, the performance is degraded very little over what

to achievable when operating vith a lawn bandwidth.

Consider an N-element line array. Let the array lie along x-axis of (x,y,

X) c4ordinate system and the position of the kth element of array be

- kdt, where T denotes a unit vector along x-axis, and (d) is the"

element spacing.

The incoming Interfering signal has the discrete spectral representa-

tion
2wif t.

e(t) E A, a 1

where An denotes the complex amplitude of the a spectral component. If

this si•nal Is transmitted from position c n 'f

7-~ Yii y+ f 0-k

then the signal at the kth element is et- (tk) T where Tk is the time to •transmit a radio wave from " to ak" Evidently

T TC

c t 12 ) (2)

is the far field approximation, where (%K r •) denotes the scalar product

of position vectors ak and r is,

ak r) -Id r sin eo (3)
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ime to t esImeb tem beseIte (tbhe Y-ail directieo). Com 5 (1)W

(2) uW (3)o the sigu3 at the eltth L--, t appreoimetely

Swa -- L + 1W .)

jiwif (t' + kd sin 0o)

U* U 0

Wuere t' - r/e. the "retarded" time. Repllamla t' by to the aiterfer-

Goes arrivim8 at the kh elImnt from direction 0 in the far field Is

j2wifa(t + kd giOo) (0)

"sk(t) rn EA

6

In the limit spectral representation (4) can be shown to be equivalent

to spectral representation

kit) eJ2wif(t + kd sin 0 (5) 'M
k~t

0 •

with *(t), a stochastic process of orthojoual Increments with the properties

19lt') alt) •Glt) 6(r.l-t) dt

as(t') a(t) = 0

where 3 iL epected value operator, 6(t) ti the Dirac delta function, and

G(f) to the o.e-sided power spectrum. If the spectrum of the interference
is band limted to Interval - w/2 + f0 ' f v v/2 + f where f is the center fre-

0 a 0

quemey md v La bandwidth, then the spectral representation in the form of
(S) reduces to
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.412 + to

2• ie oa1ltlt44d oaf loI (4o

by a sm*14s cbma of Vrilable. If sme expands o0L/ as a P•:earlet "ese

an the interval -W/2t - + 1C i/t .e.

rpm

Iv/I

i~ ~ ~U ( 6) is aqu•ILv•3.nt to the vide.1 km samplngl tbeotrem

Skiflt" Skl)/w) )7)

ri tbnnerm sb,1;v %,,S t the .. ,apZlng indter'vall for tbe complPex llilglmal, at., the *•
mt omantena el r need be so less thaf

T - 2Iv

Now at eaeh suipling t~mev I.*., t a - lngv for me a. an antemna bon

is the rumpled data fiLlter

aa

am@ o f1 f

IbisJ x theer tit 1:t at the kthin inter ,"+.a lem for thme toe -igalw atd the +

isn the smt1ea deahta Zfilteritreec 0drct• owr:aen

sine rave of frequen~cy £o, then by (4) * the interference pare of wk ould be i

_ _ _ _ _ _ _ _ 7
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Sk h)A *W~fo(&/v + kd gi 4)

for k s ee ,.. n. in order to redueo the Fm1nitude of lntertorence (10)

1a the aRtMa (9) eA mNot choose the weights wk is (9) go that aero of

the pattern temia to cancel lterferemoce (10), I.e., so that

0 0A•%, G2W:Lfo kd sin 9 a

1.1

Is "Ol. OW hae at the 6i tim a min beam which still points In the

deslred directiou.

If the Iuterference is broad band, by (4)

Sk (A/v) An w . i(f. n/v + ku gin 00)

, 2wi fa kd 00 (sin 0

where are the complex numbers

S~mA~2h1fu(U/v)

KvideatlY the coa•enet of (11). related to frequency fu, can be referenced

to the center frequency fo ae follows f

Sk(n/v) ,,• iue 2.wf kd sin eo

"B g.t vw:f°(f./f°) kd sin eo

Su 02 Lfo kd sLin 0o(a) (12)

[! ........................ .-...
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This 8ugeMsts a possible replaenament of the frequency dependence fu by en
angulfr dependence ,def Ied ýby,,

(ff

f 0

*s ()a) sin 0 0 (13)

if one late a0(a) - 0o + asU and asume ((f-f0 )/fo) to mall, tben by
Taylor's expansion , .

sin (80 + as) - in• + (cos o) Ae

+ hither order terms,

Form thie one can ae" by (13) that

* u �(tan a0

SubstitutIg In (12) yields

(f -f)

*2wifkd sin +etan a (14) ,

This Is the desired mapping of the frequency components of the interference
Into an equivalent angular interference pattern coming in directions

ISm f 00 M 0 tan a0  (15)

corresponding to chi frequeyey. .

In order to minimize interference in~tb. form of (14). one must place,
by adaptivity or othervise, a set of antenna nulls over the angular region
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occupied by the direotions 8o(a), ive*A in (13). The anvuar eztent of

this region about 0a is bounded by

0h 0

Af
* tan

If fo is at the center of the interference band of bandwidth v. theo

A$ v (v/2f )tan 00 1w)

This is the angular extant of the interference vhen sapped from frequn-CY
into the angular domain by (14).

iil'

p.

,t4


