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ABSTRACT

This report describes the design and evaluation of seismic
classifiers for distinguishing among humans, heavy trucks,
armored personnel carriers, helicopters, and C-131 aircraft.
The data used to develop these classifiers consisted of many
digitized seismometer responses to each of the intrusion tar-
gets and was collected by the Sensor Development Section of
the Surveilianc: and Control Divis.on (DCTI) at the West Lee
Test Site. The Interactive Processing Section of the Informa-
tion Sciences Division (ISCP) analyzed this waveform data and
extracted an initial set of 48 features. The On~-Line Pattern
Analysis and Recognition System (OLPARS) was then used to de-
velop several seismic classifier designs which are based on
different subsets of the initial 48 features.
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SECTION I

INTRODUCTION

This report documents the first attempt to design linear
classification logic based on seismic waveform data.-collected
at RADC's West Lee Test Site. This decision logic was designed
to distinguish among humans, heavy trucks, armored personnel
carriers, helicopters, and C-131 aircraft. The classifier
design procedure employed the following sequence of tasks:

. Data Collection

. Development of an Interactive Graphics Tool for

Data Analysis

. Data Analysis

. Development of an Automatic Segmentation Algorithm

. Feature Hypothesis

. Feature Extraction

. Feature Evaluation

. Classification Logic Design

. Testing Classification Logic with Independent

Test Data

This effort was conducted in support of Project 692B
of the Advanced Sensor Development Program. The selsmic
classifier designs discussed in this report are based entirely
on data collected by the Sensor Development Section at its West
Lee Test Site and made available to the Interactive Processing
Section for completion of the remaining tasks of the classi-

fier design procedure.
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SECTION 1II

DATA COLLECTION AND CONVERSION

The seismic data base used to design the October 1lst
Instrusion Classifier was collected and digitized by DPCTI at
the West Lee Test Site in the first quarter of 1972. The
five classes of intrusions observed were helicopters, armored
personnel carriers, C-131 aircraft, heavy trucks, and humans.
Background data was also collected and used to determine a
suitable detection threshold for the turn-on criteria.

The test procedure, following calibration, consisted of
running the intruders along one of five specific paths at
several known constant speeds. Each intrusion was repeated
with each speed, path, and direction as a check on repeat-
ability. Each intrusion involved only one object, with the
exception of humans where there were multiple as well as
single intrusions. Each sensor was a three-axis low frequency
geophone, Geo-Space Model VLF-LP-3D, with one vertical and
two horizontal axes (parallel and perpendicular to the intru-
sion paths).

As the intrusions were taking place, the seismic trans-
ducer signals were relayed by underground cables to the site
control center, digitized, and recorded directly on digital
tapes in the BAMKI format. This format is capable of packing

45 simultaneons sensor waveforms on the tape. Since the
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experiment involved 3 three-axis geophones, the BAMKI format
sparsely packed 9 of .5 possible channels of digitized wave-
forms on each tape. Each file on the tape contuined one intru-

sion run, consisting of a number of 320 sample records. First,

the data was filtered at 500 Hz and then digitized at 1000
samples per second. Each sample value was quantized to any of
1023 values ranging from -2044 to +2044 in steps of 4. The
corresponding strip chart range was + 10 volts maximum. Each
test usually produced three or four magnetic tapes. Although
the BAMKI format was able to record all the sensor data in
real time, it caused many tape read problems which delayed
processing the tape at the Honevywell 6135,

While the BAMKI format offered some advantages, it also
has many deficiencies. The time required to unpack the 45
simultaneous data channels made the BAMKI format unwieldy
for quick access and analysis of the data. These tapes
contained aborted runs which should have been deleted hut
were mixed in with the valid runs. Also a software bug in
the PDP-9 magnetic tape driver resulted in a high rate of
% parity errors when we tried to read these tapes at the
Honeywell 635. For these reasons, the seismic data was
stripped from the BAMKI tapes, edited, and formatted more
simply on other tapes. These new tapes presented the
advantages of clean, parity error free data and a simple

format which made the data easily accessible.
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SECTION III

SEGMENTATION

In order to analyze 'clean" cdata, i.e., data which 1is
truly characteristic of each target class, a criterion was
developed to cut data from each run and save only a meaning-
ful portion of the run. This segmentation operation is
useful because (1) it presents only the statistically signi-
ficant data to the decision making stage of logic, thus
promising higher recognition rates, anu (2) it reduces the
amount of time the sensor must be processing data for deci-
sions, thus reducing power requirements and extending sensor
life.

Development of a segmentation procedure requires one
major step in common with feature design: extensive visual
study of the waveforms on hardcopy or graphic displays. In
a non-trivial problem, valid features can't be selected and
designed until the engineers have a very thorough knowledge
of the signal characteristics of each class, and optimally
a4 thorough understanding of the physics behind these charac-
teristics. This in-depth knowledge of the data should allow
the design of a reasonable segmentation algorithm and
criterions. To gain this required information, signal

waveforms were recreated and displayed on interactive
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graphics devices, such as the CDC 1704 Digigraphics Display

and the Tektronics 4002A Graphics Terminal. Estimates of

the energy spectrum, using the Fast Fourier Transform, were
computed and displayed. Displays and hardcopies of these wave-
forms and their power spectrums were the tools which enabled
the designers to view and analyze the behavior of each class

of seismic waveforms.,

Since data sementation in the real intrusion detection
system will probably be done at the seusor, simplicity and
efficiency are of utmost importance. The procedure decided
upon begins with calculating the mean value of the entire run,
then subtracting that mean from the run (realizable in the
field by appropriate capacitive coupling in the sensor's
analog output) to eliminate any DC bias. The signal is then
full-wave rectified. The average value of each second of the
rectified signal is then computed, and a segment of valid
data is defined as one for which this one-second average ex-
ceeds some threshold @ for five consecutive seconds.

Symbolically, given the samples f; of a complete in-

trusion run, the average absolute value, S will be calculated

k’

for each consecutive one-second window.



n .
S = 1 }EIfnk+i - m|, for the kP second
n
i=1

Where k 0, l, ¢ s 0y L"l

. L = the number of seconds in the run

N
me=1 :E f; = the estimated mean of the run

i=1
n = number of samples per one second window and

N = number of samples in complete run

Segment and save the data in the five second interval 1if and
only if Sy, 1s greater than the threshold 6 for five consccu-

tive one second windows.

Obvicusly, strong signals, from either large sources or
intrusions near to sensors, will result in a greater number
of five-second segments. This is desirable, since these
stronger signals represent a better signal-to-noise ratio.

The specific segment lengths and thresholds were based
on observation and experimentation. The five~second length
precluded the acceptance of spurious bursts of noise or
brief signal trai.sients as good data. Also, the second-by-
second threshold requirement during the five seconds assured
that the entire segment was sufficiently strong, instead of
having brief but significant lapses into noise. The possi-

bility of triggering this classifier with impulsive noise,



such as explosions, gun-fire, etc. is not likely unlest the

nolse were highly repetitive and sustained over a five

second interval.

The threshold, however, luired the collection of

some statistics. The objective was a threshold which would

overlook as much noise as possible, yet which would locate

as much valid intrusion data as possible. We selected three

f
representative runs from each data class (including strictly

noise runs) and compiled tables of the total time segmented

from each run by a variety of thresholds. We then observed,

via graphics, the five-second segments selected by thresholds

of 2G, 30, and 40, and decided that 6 = 20 afforded the best

balance between noise rejection and significant data segmen-

tation.
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SECTION IV

DATA ANALYSIS

Classifier design requires the analysis of graphic repre-
sentations of digitized waveforms and their transforms for the
purpose of hypothesizing measurements or features which may
aid in the discrimination of target classes. This 1s one of
the most important steps in the waveform classification prob-
lem because the quality of the selected features directly
influences the classifier's performance.

Before data analysis can begin, the researcher must
develop or have access to a system which will display his
data in some graphic form. At the start of ISCP's involvement
in the sensor program, in-house personnel developed a waveform
analysis software system on the CDC-1700/Digigraphics System.
This waveform analysis tool enabled a user to randomly access
and display waveforms or waveform segments and perform
operations on the data, such as rectifying, integrating,
measuring zero crossings, calculating power spectrums, etc.
The major deficiency in this system was 1its lack of a hard
copy capability. Unfortunately, shortly after this inter-
active graphics software system was operational, the CDC-1700/

Digigraphics System was phased out.



Effort was redirected to develop a similar interactive
capability on the Honeywell 635, using a remote storage tube
terminal as the graphics console. Soon after this development
started, it was evident that the development time required
for an interactive system in the GECOS III multiprogramming
environment was not compatible with the schedule for develop-
ing this classifier.

Pattern Analysis and Recognition Corporation (PAR) then
made their sensor analysis factility [3] available for this
effort.

PAR's sensor analysis facility is designed to analyze
acoustic data and is built around a NOVA 800 computer with
a 9-track tape unit, card reader, 128K word disk, and a
Tektrondx 4002A display with hardcopy.

Two software changes had to be made before we could use
PAR's facility. First, the BAMKI data stripping program
was modified to generate its output on the lHoneywell 635's
only available nine-track tape drive because the PAR facili-
ty's only tape drive was a nine-track unit. Second, PAR
modified their system by adding a new input routine to 1it,
which could read the nine-track version of our simplified
data format.

Once we were able to process seismic data from a BAMKI

tape, using PAR's facility, a production procedure was set



u~, Three copies of the BAMKI tapes could be left to be
processed at night by the 635. Since the Honeywell 635 has
only one available nine-track tape drive, only one copy of
the BAMKI stripping program was able to execute at a time.
Often the BAMKI programs were delayed from executing for
long periods of time because the 635's only nine-track

tape drive was previously assigned to long batch jobs.

Time domain waveforms and power spectrums for at
least one complete run of each intrusion class
variation were displayed and hardcopied at the sensor
analysis facility. For ground vehicles, these class varia-
tions were the different vehicle velocities recorded along
each of these paths. For aircraft, these class variations
were the different altitudes of the flyovers and the differ-
ent velocities recorded for each altitude. The class varia-
tions for humans were in the number of intruders, path of
intrusion, and velocity (feet per second). Examples of
time waveform and power spectrum hardcopies for each class
are shown in Figures 1 thru 10.

After the hardcopies of the selected intrusion runs
were generated, they were added to the hardcopy library.
This library consisted of two note books, one containing
the time domain waveforms and the other containing power

spectrum plots.

10
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A team of ISCP engineers analyzed the data plots con-
tained in the hardcopy library. By comparing the various
plots .of the intrusion classes looking for within-class
similarities and between-class differences, this team
compiled a 1list of 48 potential features. One very useful
data plot used in our analysis was the 40-line power
spectrum in which each line represents the power spectrums
of consecutive one-second windows. The representation of
the data in this format enables the analyst to view and
compare changes in the power spectrum throughout the
duration of the intrusion. ILxamples of the 40-1line power
spectrum are shown in Figures 11 and 12. Figure 11 shows
the 40-1line power spectrum plot of a C-131 aircraft on a
radial path over the test site. The frequency shift in
the main peaks of the power spectrum indicates when the
C-131 responses went through a doppler shift. A similar
data display for the UlI-1F helicopter, shown in Figure 12,
indicates that the dcppler shift is not as pronounced for

the helicopter as it was for the C-131.

11
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SECTION V

FEATURE DEFINITION

Several man-months of studying seismic waveforms on
graphics and hardcopy displays produced a set of 24 features
for consideration. These features were extracted from one-
second (actually 1024 samples, or 1.024 seconds) segments of
data and from five-second segments (5120 samples, 5.120
seconds) of data. The two different lengths were selected
to evaluate the effect of segment length on classification
success. The FFT routine required the number of samples used
to Re a power of two. Therefore, the one-second window size
wagichosen to contain 1024 samples instead of 1000. These 24
features taken over the two segment lengths produced a total
of 48 features.

The rationale and definitions of the features are given
below, in the order in which they appear in the vector data.
That is, component 1 of the vector is the average R for one
second. Any DDC offset present was subtracted before all

processing.

z

1

0. DEFINITION AND RATIONALE
a R for one second (Average R for each haif-

second of a contiguous one-second segment):

R is defined as the ratio of the maximum
absolute signal amplitude during a half-

second interval to the average absolute
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DEFINTTION AND RATTONALE (continued)
amplitude for that half second. This
feature appeared a likely candidate for
distinguishiné the class of humans, whether
one or several, walking or running. The
impact of a heel gives a sharp, strong
spike in the signal, which decays to noise
level considerably before the next heel
impact. This effect produces a significantly
higher value of R than does a vehicle or
aircraft, since the latter usually produces
high spikes only when the signal is strong
enough to produce a high RMS value.

E? for one second (average R? for the two
half seconds): Although any information
con_.ained in R (e.g., a threshold) will map
uniquely into R2, squaring R made the
distinction between humans and all other
classes more obvious to the operator, and
eventually to OLPARS.

R for five seconds (average R for 10 contigu-
ous half-second segments).

R? for 5 seconds.

25
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DEFINITION AND RATIONALE (continued)

Harmonic spacing for one second (the most
frequently occurring pairwise spacing between
the six largest peaks in the power spectrum
above 40 Hz): This feature was suggested by
the evenly spaced harmonics that were evident
in aircraft waveforms.

Harmonic occurrences in one second (the number
of times that the spacing of component 5 above
occurred in the one second spectrum): The C-131
usually evidenced harmonics at 20-Hz inter-
vals, the UH-1F helicopter at 12.5 Hz inter-
vals.

The ratio of the energy between 1 and 20 Hz

to that between 21 and 40 Hz for one second
(hereafter symbolized by: E1_20/E21_40):
Although the jeep and APC spectra overlapped
considerably, the jeep spectrum did extend
somewhat lower than the APC spectrum, which
usually dropped off below 20 Hz.

E61-60/E21-40 for one second: An attempt to

separate trucks from APCs.
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10.

11.

12.

13.

14,

15.

16.

17.

18.

19.

20.

DEFINITION AND RATIONALE (continued)

The number of points in the one second power
spectrum which are below 257 of the maximum:
A coarse amplitude histogram was taken to
estimate the value of amplitude information,
The number of points in the one second power
spectrum which are 2>25% and <50% of the
maximum.

Number as in 9 and 10 of points >50% and <75%.
Number of spectral points >75X of maximum.
The ratio of the energy above 100 Hz to that
below in the one-sec. power spectrum(i.e.
E101_ 511/E1_100): Aircraft tend to produce
more energy above 100 Hz than do any other
classes.

51-5/51-60 for the first second: To estimate
the value of spectral distribution information.
E6-10/E1-60' first second.

E11_15/E1_60, first second.

E16-20/51-60' first second.

Ey)-25/Ej_g0s first second.

Es¢-30/E1-60» first second.

27
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27.

28.

29-48.
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DEFINITION AND RATIONALE (continued)

E56-60/E1-60' first second.

The number of peaks in the first one second
power spectrum which exceed 102 of the maximum
peak.

Harmonic spacing for the 5-second ensemble
average of 5 successive one-second power
spectra (see No. 5).

The number of times the spacing of No. 27
occurs in the 5-second ensemble average
(see no. 6).

Components :9-48 are extracted just as
components 7-26, in that sequence, except
that the spectra observed consist of an
ensemble average of 5 consecutive one-
second power spectra instead of a single

one-second spectrum,
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SECTION VI

FEATURE EXTRACTION

Once the list of 48 features had been compiled, a batch

| program was written for the Honeywell 635 to extract these

} features from the unpacked data tapes. This batch program
consists of the main "control" program, a Fast Fourier Trans-
form (FFT) subroutine, a double up algorithm, and a number of
feature extraction subroutines.

Data cards direct the control program as to which and
how many runs and channels are tc be processed. The control
program then monitors the specified input data tape channels
and calls the feature extraction subroutines when the moni-
tored data channel satisfies the automatic segmentation
criteria. The first subroutines called extract features
from the time domain waveform segment in the data array X.
After these features are extracted, the double up algorithm
is called three times to help calculate five consecutive
one-second power spectra of the data in X. Since the
waveform segments do not have an imaginary component, the
double up algorithm enables the FFT to calculate two power
spectra with one call to subroutine DOUBLE. After the power

spectra are returned, their ensemble average 1is computed.

29



The X array will then contain two power spectra of interest,
the spectrum for the 1lst second and the average spectrum for
the five seconds of data. The subroutines which extract
features from these two power spectra are then called .
After all the feature extraction subroutines are called, a
labeled feature vector is punched out on cards.

After completion of the feature extraction program, the
output data deck is taken to the CDC-1604B computer where the
fecature vectors are transferred to an OLPARS compatible tape.

Listings of the feature extraction program and its

subroutines are provided in Appendix A.
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SECTION VII

FEATURE EVALUATION

The first step in using the On-Line Pattern Analysis
and Recognition System (OLPARS) 1is to evaluate the discrimi-
natory quality of the extracted features. This enables us
to use fewer measurements to achieve a satisfactory classi-
fier design. The OLPARS provides two suboptimal methods
for ranking the discriminatory power of the extracted
features. Fach of these methods prov!des three tvpes of
rankings. The first type uses a significance measure of a
particular feature, Xp, for discriminating class 1 from
class j and is designated by ¥j4(Xp). The second type of

ranking uses a significance measure of X, for discriminating

| %
class 1 from all other classes and is designated Mi(Xp).
The last type uses a measure of the overall significance
of Xp for discriminating all classes and is designated
M(Xp). .
The first Qethod in OLPARS for ranking features is
the discriminant measure, which 1s particularly useful when
the class conditional probability distributions are unimodal.

These discriminant measures, using feature X are defined

p’

as follows:
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Miy(Xp) = (1)
1 a n
i)l (Ni-l)[-op Jz + (Nj_l) roéj):lz

K
My(Xp) = D Mgj(Xp)

¥t
K K K
Mo(x) = 2L M) = DY Mig(x)
dem i=1 j#i
where Yéj) = the estimated mean of class j along

mcasurement xp.

8(3) = the estimated standard deviation of
class j along measurement xp’

Nj = the number of samples from class j.

The other OLPARS feature¢ evaluation method is the
probability of confusion measure. It is valid for any
probability distribution since it essentially measures
the overlap of the class conditional probabilities.

3ince the functional forms of the class conditional
probabilities are not known, OLPARS estimates the marginal
class distributions using the sample data. The range for
feature Xp is divided into cells of width A. The probabili-
ty that a sample from class j will occupy the Yth cell along

the range of feature xp is s,iven by:
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The probability of confusion measures using feature xp

are defined as follows:

P
. (1) (J‘)-l
o+ - [ % (0 )

K

J=1

j9i

K K K

& = \

Mx,) =D Mix) = XY My (Xp)

i=1 i=1 j#i
where Np = the number of cells along measurement xp
and K = the number of classes.

The ranking of extracted fcatures based on these eval-
uation techniques provides the information required to
rationally choose initial subsets of the 48 features for
logic design. Logic design is an iterative process in which
many desiegns, based on modified versions of the initial
feature subsets, are generated and tested. Features which
appear to discriminate between the more troublesome classes

are added, while superfluous fcatures which rank high for
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the same easily discriminated classes are eliminated.
For this five-class problem, the top fifteen features,
rank-ordered by the probability of confusion measure, Mij(xp)‘

are shown in Appendix B.
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SECTION VIII

CLASSIFICATION LOGIC

The classifiers designed by ISCP for this pattern recog-
nition problem consist solely of sets of linear discriminants
for ease of hardware implementation. The logic for these
classifiers is based on the pairwise Fisher Linear Discrimi-
nant Technique. For each pair of classes 1 and j, a unit
vector dij is computed such that projections of the data
onto djy maximize the ratio of the between-class scatter to
the within-class scatter. The direction dij which maximizes
this ratio is given by Reference [5].

-1
dgy = @ Wyy B4

where wij = (Nj = 1) cy + (Nj - 1) Cj

= Estimated covariance matrix for class 1
15 = Bi ~ Yy

uy = Estimated mean vector of class 1

Ni = Number of vectors in class i

and a 1s a normalizing constant so that |g| = 1
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OLPARS computes dij and an initial threshold, eij' to
distinguish between all pairs of classes. These thresholds
may be adjusted, if necessary, to obtain optimal discrimina-
tion along each Sij:

For example, the inner product of an unknown input
feature vector, x, is taken with the discriminant:_qAH for the
pair of APCs and helicopters, compared with the threshold

eAH for the palr of APCs and helicopters.

K
Lf <d y»x> -Z Xi g,m >0A“ increment the counter
i=1

for the APC class,

If <djyeX> = EE Xj 9an <94y 1increment the counter

for the helicopter class.

K
I1f <dAH’L> = 25 X{ dan = 9an increment the counter
for the class with the
larger number of samples

in the design set.

where X = Size of the feature space.

After all the pairwise decisions are mande, a binary vote
is cast by each comparator and the final decision is deter-
mined by the class counter that received the most votes. In
case of ties, the decision is given to the class involved in
the tie which has the highest a priori probability. The re-

sultant classification scheme 1Is diagrammed in Figure 13.
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PAIRWISE FISHER LOGIC

INNER
PRODUCT COMPARATORS COUNTERS
o —dv HA > Oya H
i gm >0y
] g HM >Oum A
— Q HC >Oye
= @
E CLASS
X dar *O a1 L] § =
L
o~ W
/ s
- g AM >0 ,m =
=
= :
s
g, AC ®ac M
— d,m >0 1m
-
/ /N
- g TC > QTC Cc
_E], ; UNKN?WN H: HELICOPTER
INPU
/ A: APC
— d e > Opc ; 'L"I:EER::R T+ HEAVY TRUCK
DISCRIMINANT M: HUMAN

©: THRESHOLD C: C-131
Figure 13.
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SECTION 11X

RECOGNITION RATES

Four classifiers were designed using 16, 22, 33, and
44 features., With the exception that feature 46 is missing
from the 44 feature design, each design is based on a subset
of the features used in the higher order designs. Figure 14
lists the features used for cach design.

These classifiers were evaluated with the desipgn data
set and an indcpendent test data set. The design set con-
sisted of 715 vectors: 133 vectors from the class of
helicopters; 176 for APCs; 135 for heavy trucks; 136 for
humans; and 135 represented C-131s. The independent test
set was comprised of 607 vectors: 159 for helicopters;

171 for APCs; 16 for heavy trucks; 129 for humans; and 132
for C-131s. The design and test confusion matrices from
the resulting evaluation of each classifier are shown in

Figures 15 thru 18.
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33

45

29

46

42

13

23

35

45

21

36

46

30

47

43

14

25

36

47

23

37

47

31

27

44

FEATURE LIST FOR EACH DESIGN

15

26

37

48

37

28

45

44 FEATURE DESIGN

5 6
16 17
27 28
38 39

7 8
18 19
29 30
40 41

33 FEATURE DESIGN

5 6 14 15
27 28 29 30
39 40 41 42
22 FEATURE DESIGN
14 15 16 25
38 39 42 43

J6 FEATURE DESIGN

29 30
46 47
FIGURE 14
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ASSIGNED CLASS

H A T M C
H 125 2 3 2 1
A 0 172 3 1 0
TRUE
CLASS T 0 2 133 0 0
M 0 1 0 133 2
C 0 ) 0 1 133
Prohability of Correct Classification = .073
CONFUSION MATRIX FOR THE DESIGN SET
USTNG 44 FEATURES
t ASSIGNED CLASS
4
1‘- H A T M C
H 121 12 3 2 21
A 4 137 27 3 0
TRUE
CLASS T 1 3 12 n n
M 0 5 0 123 1
C 7 1 1 1 122
Probability of Correct Classification = ,848
CONFUSTON MATRIX FOR THE TEST SET
USING 44 FEATURES
LEGEND: H - HFLTICOPTER M - HUMAN
A - APC c - C-131
T - HEAVY TRUCK

FIGURE 15
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ASSTGNED CLASS

H A T M
i H 125 1 4 2
A 4 168 3 1
E TRUE
: CLASS T 0 4 131 0
'r M 0 1 0 131
| c 1 0 0 0
Probability of Correct Classification = .063
CONFUSTON MATRTX FOR THE DESIGN SET
1ISING 33 FEATURES
ASSTGNED CLASS
L H A T M
1l 127 3 4 4
A 9 135 23 4
TRUE
CLASS T 3 1 12 0
M 0 5 0 123
C 7 0 1 1
Probability of Correct Classification = .856
CONFUSINN MATRIX FOR THE TEST SET
i USING 33 FFATURES
LEGEND: H - HELICOPTER M - HUMAN

A - APC c - C-131
T - HEAVY TRUCK

FIGURE 16
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TRUE
CLASS

TRUE
CLASS

LEGEND:

H
A
T

ASSIGNED

CLASS

H
H 121
A 2
T 0
M 0
C 1

Probability of Correct Classification = ,962

CONFUSION MATRIX FOR THE DESIGN SET

A

2

0

0

USING 22 FEATURES

ASSTGNED CLASS
H A T
H 128 4 5
A 3 144 20
T 1 3 12
M 0 5 0
C 11 1 5

Probability of Correct Classification = .860

CONFUSION MATRIX FOR THF TEST SET

USING 22 FEATURES

HELICOPTER
APC
HEAVY TRIICK

M-
&=

FIGURE 17
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ASSIGNED CLASS

H A T M C
H 120 2 4 4 3
A 3 170 2 1 0
TRUE
CLASS T 1 4 130 0 0
: M 2 1 0 129 4
? C )\ 0 2 1 131
Probhahility of Correct Classification = ,95]
CONFIISTON MATRIX FOR THE DESIGN SET
USING 16 FEATURES
ASSTGNED CLASS
H A T M C
I 129 2 5 | 19
A 6 142 19 4 0
TRUE
CLASS T 1 3 12 0 0
M 1 6 0 121 1
C 11 1 6 n 114
Probability of Correct Classification = .853
CONFUSTON MATRIX FOR THE TEST SET
USING 16 FéATURES
LEGEND: N - HEITICOPTER M - HIMAN

A - APC c - C-131
T - HEAVY TRUCK

FIGURE 18
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Note that the probability of correct classification
using the design set increases monotonically as the number
of features is increased; while using the test set, it
reaches its maximum value for 22 features and drops off.
Foley [2] points out a statistical trap involved with using
the probability of error on the design as a measure of the
true performance of the system when the ratio of the sample
size to feature size is small. The probability of error
or correct classification on the test set is the better
measure and indicates that the probability of correct
classification of 0.86 for the 22-feature design is the
best performance.

The essential difference between the 22-feature design
and the 1l6-feature design is that the former is based on
measurements of both one and five second data segments,
whereas, the latter is based solely on measurements of
five second segments. Therefore, the exclusion of one
second measurements not only reduces the dimensionality
of the decision logic from 22 to 16, but it also simplifies
feature extracrvion by elimination of the one second pherse
of the extvaction process. The trade-off between the
slightly superior performance of the 22-feature design
(Pcc on the test set of 0.86) versus Lhe simplicity and

ease of implementation of the 16-feature design clearly
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ranks the 16 feature design ahead of the 22-feature design.
The linear discriminants for the 16-feature logic
deesign are given in Appenc’'x C. These linz2ar discriminants
contain the ten weight vectors with their respective thresh-
olds and, together, with the block diagram in Figure 13,
completely define the pairwise Fisher logic for the 16-

feature design.
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SECTION X

DISCUSSION AND RECOMMENDATIONS

In many waveform classification problems, the classifier
is designed entirely from features extracted from a waveform
data base which is representative of each class. To insure
that the data base 18 representative, data must be collected
for a sufficient number of runs of each intrusion variation
(speed, path, direction, etc.), so that the data for each
variation is truly representative. Emphasis must be placed
on the generality of a data base and not on its size alone.
For example, to design a classifier which will detect most
trucks, the data base must contain data from a wide variety
of different type trucks, all operating at a number of
sampled speeds and carrying loads which vary from maximum
capacity to empty. The wider the variety of vehicles within
a class, the more complex the data analysis bhecomes because
all the variations and the possible combinations of the
variations have to be sampled and analyzed for each variety
of vehicles.

The mair goal of this effort is the development of a
seismic classifier which w!.l1 satisfy an acceptable error
criteria regardless of where the classifier is located.

The seismometer response to an intrusion target is the signal

which results from the convolution of the target sic~nature
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with the impulse response of the earth. The earth's impulse
responses differ greatly throughout the world because they cure
determined by the geology and terrain of the locale. These
impulse responses or transfer characteristics are not neces-
sarily constant between two points in a localiity but may change
periodically as a function of the seasonal variations. Sea-
sonal variations in the cvransfer characteristics are caused

by changes in either the height of the water table, the depth
of the frost line, or amount of snow cover. Therefore, it

may not be realistic to believe that one seismic logic design
might perform satisfactorily in any location or for an extended
period of time in a locality which has extreme seasonal
variations.

The key to the general séismic classifier design problem
is the discovery of waveform features which contain adequate
discriminatory information and are invariant to geographical
location and seasonal variation. This report does not shed
any light on the theory that such features exist, but it
does exercise the procedures required to determine their
existence. The importance of the data collection and data
analysis procedures cannot be over emphasized. Before data
analysis can yield meaningful results, the data base must
contain data collected from selected test sites which are
representative of the various types of terrain, geology, and

seasonal variations found throughout the world.
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APPENDIX A

BATCH PROGRAM LISTINGS
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04-04-73

1001

1003

1008
400

17,594 PROGRAM TQO STRIP SPECIFIED DATA CHANNELS FROM A BAMKI TAPE
AND WRITE A NEW TAPE WITH A SJMPLIFIED FORMAT,

PROGRAM TQ SYRIP SPECIFIED DATA CHANNELS FROM & RAAMK! TAPE
AND WRITE A NEW TAPE WITH A SIMPLIFIED FORMAY,

COMMON IDAT(320, 7),»JCOUNT(45)

COMMON /JAZ2/1A(4658) , 1EOF, IBORY, IPARTY

_COMMON/JIM/LA(326) - — —

COMMON/AVERGF/TAVG(45), LCOUNT(45), 1 k) NTIMES, |PRINT

DIMENSION KCOYNT(45)

1PARTY =0

[BLRT=(C

1JrzU

READ 1001,NUMy (KCOUNT( g) =1 oNUM)Y ) B
FOr4aY(4C[2)

READ 1003 NREC,NTIMES

FOFMAT(215)

READ 40p1» IPRINT

DU 400 I=1,NUM

INLswCOUNTCLY o R N S S
WRITE(8,1008) I,IND

FORMATCLOX, 7HRECORD »12+17H 1S FROM CHANNEL »12)

LCOUNT(IND) 2!

Lo § JU=1,45

JCOJNT CJysn

L0 1005 N31,NREC S S i PO R ——

CALL SPAWN(IN,NUM,KCOUNT)
IFC(IL0F ,EQ.1) GO TO 1004
IFCIEQRT.NE,O) GO TQ 1005
IF(lJK,NELC) GO TO 1005
[0 1000 J=1,NUM

 LA(4)sTAVGCJ) e .

500

1090
1005

LD sul 127,328
LACL)=sIpATE =040
Cal. PROC
COLTINUE

CONTINKUE

SN £ S ER P UL P G T R S e e e o L R e DS

BTPNGS =t

66

67
65
1097

IF(1EQPT.NE,0) GO YO 1007
Lo 65 1s1,NyM

INCSKCOUNT(])

KENMDEJCOUNT (IND)

CO 6¢ JUsKEND,320

10AT(Y, D0 ) . o— = R -
La(d)sIavGaeD)

L0 67 Js7,326

LACII=IDATCI=6,1)

CALL PROC
CALL wFF
CA&_L NF‘F_M
CALL WFEF
STUP

END
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01 04-03-73 1u.515

SULRCUT M E SPANN( JPARM ,NUM R CLUNT)

(@1

COMMUNZJIIHZLALR26K)
COMMUN ZJAZL/[A(1a58)y ,IROF, ILORT, IPARTY
COMMON IDAT(320s 7)2JCOUNT(45)
COMMUNZAVERGF/IAVG (45, LCOUNT(45), IJK,MTIMES, JFPRTIAT
LIMERSTON T0N(4),Jd00€32),dP(14)
CIMENSTON 2CAUNT(45),MASK ()4 KONSTCI)
DIMENSION FAVG(45)
LATA [HALF/2K2144/
LATA (JPCIDe121414)/142101412:2208041,1251512,%1,39,40445/
LATA K"/0/7777777700007
LATA(MASK(T)»1=21,3)/0777700GACGO00,N0N0"777700C),N0N000N0072777/
LATA (KONST(1),121,3)/716777216+4096,1/
DATA MASKA,MASKB/0777777CGC000C,C0CNLWCT7727777/
40 FORMAT(B(2X,112))
CALL BFLLKD
IFCIFOF.FQ.1) RETURN
IF(JF ASM NFL1) GO TO 2
LAC3)SAND(TACR) ,MASKA) /JHALF
LAO4C=AND(TA(2),MASKR)
1SAMEs"TIMES
NTIMFS=1090/1SAMF
. RECOKD=0. . _
2 10U(1)Y=APDC]ACL)  MASKA )/ THALF
10D(Z)=ANLOTACL) s MASKH)
1CLU(3)=AMDC]A(?),MASKAY/IHLLF
10pCa)=AaNC]A(P) ,MASKE)
IFCLAOAC.NF,T0D(4)) GU TO 7
IF(LAC2).E5,10DCT)) RO TO 5
IF(IEORTY&, 19,10
5 IFCIRORTY6,B8,5000
6 CALL KSF
CALL WFF
1EUGRT=1
e e O YC BOOD o A
7 IFCLACR),EN,ION(3)) R0 TO 11
IFCI+0RTY6,19410
11 JIFCIp ORTIE,12,10
19 IF(lux,EC.N) Gn Ty 9
L0 6% 1=1,NuM
. _INp=ECOUNTCDY
KEND=JLOUNT (TND)
O 6€& J=KEND.320
56 IDAT(J,I1)=n
LA(d)=1AVe( D)
LD 67 J=7,32k
57 LAGJISIDAT(u=6.1)
T Ty CALL PRODC T T T SR T I &
GO TC 9
12 CALL BSF
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31 04-03-73  1L(.%15
9 CALL wWFF —

10

JBORT =)
KECOKD=Q,
JJrs(
LA(1)=10D(1)
LA(2)3s1SAMP
LA{3)=10D(3)

LAO4C=10N(4)
LA(S)=AND(TA(228),MASKR)
LA(G)SAND(TAC229),VASKA)/]HALF~40
JF(LAC6).GF,0) GO YO 3
LA(S)zLA(D)=~1

LA(6)=z1Q09eLACE)
IF(1JK,GT,0) GO YO 444

L0 5¢ Jsg,NUM
INDEKCCUNT ()
JCOJNT([ND)I &Y

]Cs2

PO L0600 NN=31,8

LO 800 MMz1,10
DO 4040 x=1,9,2
JEESJP (K)
JPEsJP(Kel)
vaQ

ICelCet

401

DO 400 J=JRE, JPE

MEMeL

IF(M,LT.4) GO TO 4(1

[C=lC+1

ey

[F(JCOUNT(J).ED,0) GO TO 400

J1sANDCTA(CTIC) ,MASK(MY)
1111 /KONST (M)
IF(]1.66E.2048) [1s0R(]1,KM)
Y1S8JCOUNT(J)

L1sLCOUNT (L)

JDaT(J1,L1)sl)

JCOURNT (I 2JCOUNT(J) +¢
CONTINUE
1F{MM=2)600,700,800
yBEsJP(11)
JPEsJP(12)
GO TO 402

JBE=JP(1Y)
JPEEJP(14)

M=l

JE=[Ce1

gl 5u0 JeJrE.JPE

MEpe]

IF(M,LT,4) GN TQ 501
ICelCe1
Mz}
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501 JF(JCOUNT(J).EQ,0) GO 10 500

JASANDCIACIC) JMASK(M))
I1e]4/KONST(M)
IFCI1,GE,2048) [1=0R([L,KM)

v18JCOUNT(J)
L1sLCOUNT(J)

JDAT(J1,L )81

800

900
1000

45

46
64

JCOUNT(J)2JCOUNT(U) +1
500 CONTINUE

CONTINUE
NNPz4eNN
NNgsNNP=3

DO 900 K2zNN4,NNP,2

T 1CsICet
KZP3KZ+1

JOD(KZ)BAND(IACIC) MASKA)/IHALF
JOD(KZP)EANDUIACIC)»MASKB)

ICs[Ces

JF(IPRINT,EQ,0) GO TO 64

WRITE(6,45)(10D(1),]s1,4)
FORMAT (1MH0,4(2X,010))
WRITE(6,46)(J0D(1),]121,32)
FORMAT(10X,012,2110,2X,012)

1Kzl JKet

LO 506031 121,NUM

JFUTUK . NE,NTTHESY GO 16 20

JJKal

KECORD=zRECORDe1,
L0 48 Mzi,NUM

FMEAN=O,

LO 60 J21,320

60

20

FOATs[DAT(J,M)

FMEANZFDAT+FMEAN
FMEAN=FMEAN/320,
FAVG(M)S((RECORD-1.)eFAVG (M +FMEAN)/RECORD
WRITE(6,47) FMEAN,FAVG(M)

47 FORMAT({0X,{4HRECURD MEAN =
“——__““TB_—T—VGTHT?TIV§TH)0n.5

A
IFCIPARTY NE,1) GC To 5001
INDsKCOUNT(])

WRITE(6,311) IND

111 FORMAT (65X, AHCHANNEL ,[2)
KENDSJCOUNT(IND) -1

1F12.4, 16H PARTIAL MEAN 3 ,F45,4)

WRITE(6,40)

5001 CONTINUE

5000

28799 WORDS CF MEMORY USED BY THIS COMPILATION

JPARTY=(
RETURN
END

CIDAY(J,1),Js1,KEND)
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02 04-03-73 1L.685

- R 1 LBL__ SUBROUTINE YO RFAD RAMKI TAPE

2 SYMDEF ~ BELLRD
3 SYMREF  BSF

000000 . 4 BLOCK  JAZ?

0000n0 5 JZ BSS 1859

003503 6 1BORT BSS 1

003504 ?7_|PARTY BSS i ~ -

000000 8 USE PREV]OUS

900000 9 JELLRD SAVE

000000 9000U2710ULN0 010
000001 000603563(030 010
000602 000035754000 . 010
000003 000035741000 010

000004 77/776 2350 97 000 1N T s-2,DL T
000005 000033 7550 00 019 11 STA STR
00N0NG 0000CL 0GL0 0U 00D 12 MME GEINOS
000007 05 0¢00 uG0000 0OC 13 RTB
000010 000031 0G0L32 911 14 ZERO FC,DCW
000011 0QCQ33 0y0J00 010 15 ZERO STR o
000012 00002 0C1ND 00 J0U 16 MME GFROAD

) 000013 0006033 2350 00 010 17 LDA STR
000014 000040 3750 00 010 18 ANA 0070000000000
000015 000041 1150 00 0310 19 CMPA 0030000000000
000016 000023 6L00 00 010 20 12E ARORTY ,
000017 000042 1150 00 010 21 CMPA 30040060000000
000020 000026 6LGO 00 010 22 T2E EOF
000021 0000¢0 2350 07 000 23 LNA 50, DL
000022 000027 7100 00 0190 24 TRA RETURN

END OF BINARY CARD SUBRQUT]

000023 000001 2350 067 000 25 ABORT DA 21,00
000024 0135G4 7550 00 030 26 STA IPARTY
000025 000030 7100 00 Oic 27 TRA RETURN+1

N 000026 000061 2350 07 000 28 EOF LDA £1,0L
000027 0135062 7550 00 030 29 RETURN STA J2+1858

- 000030 00000171C000 010 30 RETURN BELLRD
000031 000060000001 200 31 FC BCl - 1,000001
000032 010060 0(3502 030 32 pDCw 107D J7,1858

500033 I3 STR BSS ?

ERRDR L INKAGE

000035 00000000C000 000
000036 222543435124 000

LITERALS

000040 070000006000 000

060041 030000000000 00U

000042 040000000000 __ 000
END OF BINARY CAKD SUBROUTI

34 END
43 1S THE NEXT AVAILABLE LOCATION,
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1 LAL SUBRQUYINE YO WRITE QUTPUT YAPE ( 7 TRACK VERSION )
2 SYMDEF PROC,WEF,BSF

000000 3 BLOCK  JIM
000000 4 J2 BSS 326
000000 5 USE PREVINUS
000000 6 PROC  SAVE 0,4

000000 0000L4710000 010

000001 000000220003 000

000002 000000221603 000

000003 0006333630600 010

000004 000333754000 010

000005 000333741000 010

000006 000601740000 010 B - L

000007 0000(2741000 01V

000010 Q0000 2200 03 000 7 LDX0 0,0V

000011 000000 2210 03 000 8 alG LDx1 s0,0U

000012 010000 2340 10 030 9 LOOP LDQ JZ,0

000013 000015 6050 00 010 10 1PL GOl

000014 000001 1760 07 000 11 SAQ s1,0L

1 002 0 000 12601 QLs 20

000016 000022 7370 00 000 13 LLS 18

000017 000001 0600 03 000 14 ADX0 s1,0U

000020 0310040 2360 10 030 15 (ne 47,0

000021 000023 6C50 00 010 16 TPL 602

000022 0000p1 1760 07 00U 17 SBQ s1,0L

END OF BINARY CARD SLBROUTI!

000023 000024 7360 00 000 18 602 QLS 20

000024 000022 7370 00 000 19 LLS 18

000025 000070 7550 11 010 20 STA 1A,

000026 000061 0600 03 000 21 ADX0 1,0V

000027 000001 0610 03 000 22 ADX1 51,DU

000030 000243 1C10 03 9000 23 CMPX1  =163,DU

00Q03% 000032 6y1l 00 010 24 TNZ LOOP

000032 000001 0C10 00 000 25 MME GEINOS

08nQ33 15 0C0Q 00QQ09 000 26 wWYB

006034 000064 000065 011 27 2ERO FC,DCW

000035 000066 000000 010 28 1ERO STR

000036 000002 0010 00 000 29 MME GEROAD

000037 000001710000 010 3n RETURN PROC
000040 31 WEF SAVE

000040 000042716000 010

000041 00033363C000 010

00N042 000333754000 010

000043 000333741000 010

000044 000001 0010 00 000 32 MME GEINOS

000045 55 0600 020001 000 33 WEF

END OF BINARY CARD SUBROUT]

000046 00C064 000000 040 34 2ERD FE

000047 000066 0CU000 010 35 ZERO STR

000050 000002 0010 00 000 36 MME GFROAD

000051 000041710000 01n 37 RETURN WEF
000652 o 38 8SF SAVE
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000052 00L0%471LL00 010
000053 000323630900 iy
000054 000333754400 010
000055 J00333745000 010

000056 JO0OULL 0U1V 0 90U 39 MME GFINOS
009057 47 QuL0U u200U1 00U 40 8SF
__ 000060 w00064 0GCO0U 01D 41 _2FRO  FC ) -
009061 J0udb6 0LiNCN 017 4? IFkD STH
001062 O00UL2 OLL1IN 0u 00D 43 MME GFERNAD
' 001063 00L0LI7LL0ND N1y 44 RETURN BSF
000064 I000COULQLSNG 009 45 FC gCl 1,000002
000065 JOQLuY70 0ulP43 01y 46 DCW 1010 14,163
. 00N066 47 STR BSS 2
000970 4R |4 BSS 163

ERROR LINKAGE

00N333  N0COLOLILY A0 non
00N334 479146232.20 00y

l END OF BINARY (AKD SLEROUTY
49 END
| 336 IS THF NEXT aVAILABLE LOCATION,
GMAP VERSION/ASSErBLY OATES JMPA 110171/102971 JMPB 110171,102971

THERE WFRF NO WARLIMG FLAGS IN THE ABOVE ASSEMBLY
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PAGE

1 LBL  SUBRQUTINE TO WRITE QUTPUT TAPE ( 9 TRACK VERSION )
2 SYMDEF PRQOT, WEF,BSF
000000 3 BLOCK  JIM
060000 4 Jl BSS 326
000000 5 USE PREVINUS
0GHuno 6 PROC  SAVE

000000 00UYU271¢000 01y

00M0N1 UO0L64663LCN0 01D
000002 V00646754000 011
000003  0QLL46741000 010

END OF BINARY CAND SURROUTI

000004 00COUO 22z00 08 000 7 LDx0 0,y
000005 0000C0 271V €3 00U 8 BIG LNxt 20,0y
000006 01¢0LO 2569 10 039 9 L 00F DO ¥2,9
000007 00LO11 6(50 02 010 in TPL GN1
000010 0GOLOUL 1769 07 000 11 SRQ s1,NL
000011 J0L0z4 7260 00 00V 12 601 oLS 20
000012 000072 7370 00 0OV 13 LLS 1R
000013 00LOL1 0¢Cy 03 00O 14 ADX0 s1,0U
000014 7100LyU 2360 3106 N3y 15 _Lra N0 —
000015 00L017 6L5U 00 010 16 TPL Goe
000016 020LOLL 176" 07 0C9 17 S8Q 210U
000017 LOLO=4 7761 00 000 1R 02 aLs 20
300020 90L0Z2 7372 0V 009 19 LLS 18
000021 00C1¢3 7:50 11 019 2n ST 14,1

000022 0000L1 D6ty 03 00y 21 ADXO  g1,DUy

000023 0QCOLY 0610 03 000 22 ADX1 s1,MU
00n024 GOG243 1010 03 000N 23 CMPXY 163,00
000025 0NQUOLA 6L1N C) 01 24 TNZ LNOP
000026 QO0UULY OL1u GO 000 25 MME GFINOS
000027 1Y GLOL LE0Q0G 059 25 W8
000030 00U1Y%2 QLC1b4 011 27 2ERN FC,NCW
000021 UQC1%7 acrrgn 012 28 ZERD STR
000032 000LOL2 OCLXC ¢ DO 29 MME GEKDAD
000023 00015% 2%579 Cy 01) 3n LDa pcwe
000034 10L156 7559 N0 01" 31 STA DCw91
000035 UQOULD 22 N L8 NGy 32 Mx0 =000
000036 0Q0LGLU 2215 08 00) 33 LDx1 0,0V
000037 0lL0ULY 2367 10 03 34 L O0OF9 LDQ J7+0
000040 000024 7360 0OC 00) 35 QLS 2n
000041 00C0€0 72377 (0 009 36 LLS 14
000042 Q10L0CL1 276U 1¢ 030 37 L0a J2+1,0
000043 uDCO0ed4 7c60 00U 00C 3A QLS 20
000044 GOLO0cC 7370 GO 00y 39 - LLS 16
000045 01002 2360 10 032 41 Do JZ+2,0
END OF BINARY CARD SLBROUTI
000046 10004 7360 O 009 41 QLS 29
0000647 0QCOL4 7370 00 N0 42 LLS 4
000050 V0046 7:%) 11 010 43 STA JA
000051 00C014 73/u DY 000 44 LLS 17 i _“
000052 "i00L3 2267 10 030 45 Lbg J7¢3,N
00n0S3 QL4 7360 0U 00V 45 QLS 20

56



57

20920 02 n4-03-73 10,688
000054 00LQcD 7379 00 000 47 LLS 16
006055 910004 2160 10 030 48 Iale) J2+4,0
00N056 JULD24 7340 00 000 49 QLS 20
00N057 200010 7470 00 900u 50 LLS 8
00NC&l0 NQU4L7 7950 11 01C 51 STa JA+l,1
000041 N0C01D 7870 00 000 52 LLS 8
L - 00N082 U1UOL5S 236y 1u 0380 8 O Lne JZ+5,1
00Nn063 0000<4 7360 00 00N 54 LS 20
000044 UODLUED 7374 GO 0NQu 5% LLS 16
00N065 01(0L6 2360 10 030 56 Loe J746,9
000066 10CQc4 7367 €0 00 57 LS 2n
00Nn0s&7 000G14 7379 0U  OCH 58 LLS 1?
i 000070 40L43U 75y 11 010 59 STa JAe2,1
END OF BINARY CARD SLBROLTY
00N071  J0LOLY 737) 05 0L 60 LLS 4
000072 0100u7 2369 10 030 61 LNe J2+7,N
00N073 920LOc4 7360 00 000 62 Q.S 20
00NQ74  )0U0Y 7877 60O 00O 63 LLS 16
00N075 01603V 236J 13 030 64 L0 JZ+8,0
000076 0(0z4 7361 00 00K 65 .S 20
000077 100027 787" N0 00N 66 LLS 1%
uooing nOC431 7955 11 010 67 STA Jasd, 1
000101 J0C011 0630 03 000 68 ANXO 29,Ny
00n102 OLSUL4 LeCn 03 000 69 CMPX) 2324,0U
L 000103 0QLILE 6LLG 00 110 70 T7¢ ouTPUT
0nni1n4  9GCUC4 0610 03 000 71 ADXT T4,Py
0ooninS QL0037 7100 0O 010 72 TRA LDOP9
000106 NOCOCL QLLY Ou DO 73 QUTPUT MME GFIN0S
000107 1S GLOU CCU000 000 74 Wl
000110 900153 0LC1S6 011 75 ZFRN FCYsNCAGY
000111 J0C161l OCLuNnYn 010 76 ZFRO STRO
T00hT12 O0GuyLuZ Or1n U0 000 T 77 T T T MME T T GFROAD
000113 96CO0C1 OLld U0 00N 74 MME GEINODS
END OF BINARY CARD SLEROUTI
000114 55 GLOL L20GN1  N4Y 79 WFF
000115 0001%2 0CCeCO 010 80 ZFRO FC
000116 NQC157 0LGOOD 01¢ 1 ~ 2FRO  §TR
000117 w0UOCL2 OCG1" UO OOC 3?2 MME GEROAD
000120 UOGLOL171LnuG 0106 83 RETURN PROC
900121 84 WEF SAVE
000121 9060123716500 01c
000122 uOLO4663LLNU 010
000123 001646754700 019 )
000124 N0Cea6741000  uid T T T
000125 1OGOLL OCLL CO 000 85 MME GFIMNOS
000126 55 00LOU (22001 O00C 8¢ WwEF
000127 00G15%3 0LonOL 010 87 JERD FC9
00Nn130 00Cietl 0C0N0QO0 oic 88 ZFRD STR9
000131 n000C2 OLLO 00 000 89 MME GFRGAD
00F132 0f01z271Cn0n0 010 gh ~ TRETURN WEF T
n004L33 91 ]SF SAVF
000133 00012571000 010



GEINOS

FC

STk
GFRNAD
GFINOS

FCY

STRS
GERCAD
HSF
1,060000?
1,000003
[A,103
JAp144

1

2

4

163

144

20920 02 04-03-73 1L.688
I 000134 20Cé4663LuN0 - 0LL
000125 100646754000 oLe
000136 LQO646741ULND nic
END OF BINAKY CAKD SUgROUT]
000137 N0GOLL CULLL GD 000 92 MME,
000140 47 ULNU (22001 oOOC 93 5SF
— 100141 000152 0GGnQ0 0306 94 ERD
000142 000157 NuCLLQO 310 ys ZFRO
00Nn143 0OCOL2 0CLly 00U 0GC 96 MME
000144 00COUL QULY UJ 00C 97 MME
000145 47 0(3Ju (gnoci Q0OC 9R HSF
00N146 QUCLLS3 0LLN00 010 99 ZFRO
- .. 00Nn147 _DOC161 OCLOQD 010 1Gn ZFRO
0003150 00GOL2 OL1IN DY 000 131 MME
000151 00(C13471,3500 210 102 RFTURN
000152 00CGaNQQL L2 90 103 FC BC1
000153 0000OUNLOLCRD 00U 104 FC9 8C|
000154 N0C163 0(L243 Jin 105 DCw [ern
000155 )0C4z6 0uCP20 210 104 QCW9  JOTID
n00156 107 NCw9t - BSS
00157 10R STK CAY)
ngn16d 109 STRS H#SS
00C163 11n 14 &6SS
000426 111 JA Qs
ERROR L INKAGE
000646 NOUOCLNOQUCYO 000
000847 479146232020 000
END OF BINARY CARD SUBROUT]
112 BN o -

650
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JMPA 110171/102971

WARN ]G FLAGS IN THF ABOVE ASSEMELY
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1000

1001

1003
1004
1008
1012

30

17,796 SEISMIC SENSOR DATA FEATURE EXTRACTOR
NINE TRACK MAGNETIC TAPE VEXSION

SEISNIC SENSOR DATA FEATURE EXTRACTOR
NINE TRACK MAGNETIC TAPE VERSION
ALBERT N, PROCTOR 12 SEPTEMBER 1972 HUNEYWELL 635 FORTRAN IV
NCHAN IS THE MAXIMUM NUMBER OF DATA CHANNELS 30 BE PROCESSED
FROM ONE RUN OR THE NUMBER OF MAG TAPE PASSES,
NRUNS IS THE NUMBER OF RUNS TO BE PROCESSET IN THE NEXT PASS,
ITRESR Is THE THRESHOLD VALUE FOR THE ABSOLUTA AVERAGE DEVIATION
FROM THE MEAN FOR EACH 1,024 SECOND WINDOW,
TIRUN TS AN ARRAY CONTAININS THI RUN NUMBERS TO BE PROCESSED IN
THE NEXT PASS,
TCHAN IS AN ARRAY CONTAINING THE CHANNEL NUMBXRS TO BE PROCESSED
FOR EACH RUN IN THE NEXT PASS,
DIMNENSION JHEAD(6),IBUP(6944),ITAIL(6),ITEXP(0),ICHAN(20),IRUN(20)
DIMENSION X(6144),FEAT(100)
EQUIVALENCE (X,IBUF),(JHEAD(7),IBUF(1))
TrC™Y
READ(S, 1001)NCHAN
PO 21 KCHAN®1,NCHAN
READ(3,1000) NRUNS, ITRESH

FORMAT(2I5)

READ(S,1001) (IRUN(I),Im1,NRUNS)
FORMAT (4002)

READ(S,1003) (ICHAN(I),I=q,NRUNS)
FORNAT(40I2)

WRITE(6,1004) NRUNS,ITRESH
FORMAT(1HO,1X,THRUNS w ,23,3X,8HITRESH =,I%)
WRITEL6,1008) (TRUN(I),I=q,NRUNS)
FORMAT(1HO» 1X, 4HRUNS)5X, 16(2X,02))
WRITE(6,1012) (XCHAN({I),Imq,NRUNS)

FORMAT (2X,B8HCHANNELS,1X,16(2X,12))

CALL REy

DO 20 Is=1,NRUNS

NVECT®(Q

CALL RD9(JHEAD(1),ICHAN(I),0,0,IPC,IEQr)
Ir(IEO0r ,NE,0) GO TO 1
TP(JHEAD(3),2Q,IRUN(I)) GO TO 2

CALL PST

G0 TO 1

ISTART=321

JSTART=1

ISHIrPT=Q

DO 40 J=ISTART,5120,320

IrtJ,%Q,1) 6o TO 39

PO 30 II=1,6

JIisJa*IIwT

ITENMP(II)=sIBYF(JII)

CALL RDY(IBUT(J-6),ICHAN(I),0,0,IFC,IEOF)
IF(IEOP,NE,0) GO TO 20

IF(J,2Q0,1) GO TO 40

pO 4 IXw1,6
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01 OWm0UeT) 17,796 SEISMIC SENSOR DATA FEATURE EXTRAGTOR
NINE TRACK MAGNETIC TAPE VERSION

JIIRJ*1Ie7
JTAILLZITI)mIBUR(JIX)
4 IBYP(JII)SITEMP(II)
up COmtTINUE
DO 6 JInJSTART,5120,1024
19341023
MEANSITATL(4)
ISunsQ
PO 3 ReJ,L
5 ISUn=ISymM+IABS(IBUF(K)~MEAN)
ISUN=ISUM/ 1024
PRINT 2001,I8UM
2001 PORAAT(10X,2015)
IPLISUN ,GE,ITRESH) GO T0 6
ISHIFI=]
6 CONTINUE
JTAILLS )=JTAIL(5)mu
JTAILI6)=ITAIL{6)=800
IP(JITAIL(6),.GE,0) GO TO 84
JTAIL(6)=1000+JTAIL(6)
JTAILIS )mJITAIL(S) =
814 PRINT 4005,JTAIL,ICHAN(I)
1005 PORMAT(1%X,012,2X,15,2X,012,2X,4(I5,2X))
IF(ISNIPT,EQ,0) GO TO 8
Jis
JSTART= 4
IF({ISMIFT,.GE,5120) GO TO 70
IDIr=3420=ISHIPT
JSTART=IDIP/1024
JSTARTSISTART®1024+1
ISHIFT=IDIP/320
ISHIFT®8121=(ISHIPTY320)
DO 7 IWISHIFT,5120

10yUF (30 )=IBYP(JI)
7 JisdJ ey
70 ISTART=yy

G0 %0 2

8 DO 100 J=4,5140
100 X(Jll!BUY(J)
1=4
sUn1=0,
suni=o,
DO 90 JIm1,1024,512
chLl RSQAR(X(J),X(5121),R)
SUNI=SUM 1R
10 SUM2e3UM2&R*R
PEAT(L)mBUNY/2,
A
PEAT(L)asUN2/2,
LsL+
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& NINE TBACK MAGNETIC TAPE VERSION

O 11 J=1025,5120,512
CALL RSQAR(X(J),X(5129),R)
SURY=BUN 140
1 SUM2=IUM2+R*R
PEAT (L)=EUNY/90,
Lo
PEAT(L;2sUN2/10,
LoLe
Liy!
12+3025
DO 200 Jm¢,3
M®2%(3/3)
CALL DOUBLE(X(L1),X(L2),M)
Liel1e2048
200 1281242040
DO 9 JI=513,9024
9 X(I]=[X(J=892)eX(I)+X(I+1536)eX(Je2048) 42 (J43084))/5,
CAZL HARMON(X)6,U40,UsPEAT(L) »PEAT(L*1))
Lmye2
CALL DINRAT(X,2,PEAT(L),PEAT(L*1))
L™2¢2
CALL THRESH(X,2,u,YEAT(L))
LoL%
CALL SPECYT(X,12,101,PEAT(L),PEAT(L+12))
Lw}*1)
’ CALL PEXKPIK(Xy2,0,1,PEAT(L))
LmLe
CALL NARMOM(X(513)06,40,4,FEAT(L),FEAT(LSY))
L®}*2
CALL BINRAT(X(513),2,PEAT(L),PEAT(L®Y))
Lo1e2
CALL THRESH(X(513)02,4,FEAT(L))
1=L84
CAML SPECYT(X(513),12,101,PBAT(L),PBAT(Le12))
1wl
CALL PEXPIK(X(513),2,0,1,PEAT(L))
PRINT 2000, (PEAT(IND),IND=1,L)
2000 PORAAT(10X,90810,3)
PUBCH 4005,JTAIL,ICHAN(I)
L L
po 12 Jmi,y,6
Liwded
5 TP{LY46T.L) L1=L
PUNCH 2002, (PEAT(IND),IND®I,L1),N
2002 PORMAT(6B12,4,18)
12 n®Neq
NYECTONVECT#1
ISTARTe
JSTARTE
GO %0 3
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NINEZ TRACK MAGNETIC TAPK VEBRSION

20  PRINT 2003,MVECT
2003 PORAAT(20F  TOTAL VECTORS = ,I5)
29 CALL Ry
STOP
END

2C2€ICICIOCHCINMICICICIICICICHIIOOOCIOODCODCICHC

IEOr DOES xOT APPEAR IN READ, DATA, COMMON OR LEPT OF EQUALS (=)
2O ONOODONODODONOOONOLC

OO ONRVOOOOOONDDOIOONOOONOC
] DOEXS NOT APPEAR IN READ, DATA, COMMON OR LEPFT OF EUUALS (=)
€¢I CIOIODOOIODNOOK

23842 WORDS OF MENORY USED BY THIS COMPILATION
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SUBROUTINE DOUBLE(X,Y,NUM)

: C THIS SUBROUTINE ENABLES THE CALCULATION O} THE
1 c POWER SPECTRUMS OF TWO REAL WAVEFORM SEGHENTY
c WITH ONE CALL TO THE FrT SUBROUTINE,

, DIMENSION X(1024),Y(1020),81(1024),82(102¢),TAB(780)
IFENUR®Y) 30,25,30
a5 DO 27 J=q,1024
i 27 y(J)=0,

' v CALL PPT(10,%4,0,X,Y,81,82,TAR)
| IP(NUMeq) 285,400,285
285 DO 300 Km2,512

! 1°4026~K
| ABX(K)eX (1)
. BOX(K)=X(L)
) COY(KY+Y (L)
g DRY(K)mY (L)
' X(K)stA®pep*D)* 25
300  Y(K)=(C*CeB*B)*,25
X(1)=0,
. x(513)=0,
PO 320 K=2,512
' MeK+512
| 320  x{Mm)s¥(K)
RETURN
400 DO USM K=2,512
ABX(KY*X(X)
BRY(K)*Y(K)
450 X(K)®A+p
x(1)=0,
RETURN
END

DISTSTIIOTELIPL$ LRI ST ST OTPTITSTSLP TSI P L SPLOT L PL ST L 1S4
s1 DOES NOT APPEAR IN READ, DATA, COMMON OR LEFPT OF EMUALS (=)
DL LCICINCINODOIIODOOODOLIDCOLDOLINIICLCHC

DOOODOOMINOOOONONOOONODOODCOINOODNDODODNLC
s2 DOES NOT APPEIAR IN READ, DATA, COMMON OR LXFT OF EQUALS (=)
DOOOOOOQODOOOOOONOOONOOONCNDOOOLC

OO
TAB DOES NOT APPEAR IN READ, DATA, COMMON OR LEPT OF EQUALS (=)
DECIOCIOCIIOOOOOOOOOEIODODODODCDNC

23721 WORDS OF MNENORY USED BY THIS COMPILATION
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1

SUBROUTINE FFT(NSTAGE,SIGN,XR,
21 JANUARY 1972

ALBERT H, PROCTOR
NSTAGE IS THE LOG BASE 2 OF N
TO B PROCLSSED,

"SIGN Is TRE TRANSFORM/INVERSE’

SIGN IS =1, POR THE TRANSFORM
XR WILL CONTAIN THE REAL PART
XTI WILL CONTAIN THE IMAGINARY
SCRAT1 AMD SCRAT2 ARE SCRATCH

XI4SCRAT1,SCRAT2,SCRATI)
HONEYWELL 635 FORTRAN IV
WHERE N IS THE NUMBER OF DATA POINTS

TRANSFORY PLAG,

AND 1, FOR THE INVERSE TRANSFORM,

OF EITHER THr INPUT OR OUTPUT DATA,

PART OF FITHER THE INPUT OR OUTPUT DATA,
ARRAYS OF LENGTH N,

SCRAT3 CONTAINS THE COSINE TABLE OF LENGTH 3/4 N,
DIHENSION XRI12),XI12)¢SCRAT1(2),SCRAT2(2),SCRATI(2)

DATM LSTAGE/O/
IF(SIGr)12,11, 11

1 ASSIGN 6 TC ISIGH
GO TO 13

12 ASSIGN 7 TO ISIGN -
13 IF(NSTAGE-LSTAGE)14,5,14

—

LSTAGE=NSTAGE

Nm24*NSTAGE

N2=N/2

FLTN=N

PHI2N=6€,2831853/FLTN

NPI=N2+1

NPI1=NPI+1

N4mN/4

NPTI2aNL+1

N3PI2=3¥NUu+1

SCRAT3(1)=1,

TSCRATITNPIZV=0,

SCRATI(NPY)me1,

SCRAT3(N3PI2)=),

Do 1 Il2.N“

Flel=1

TEMP=FIYPHIZN
TTENT=CO§ (TENMP)

SCRAT3(I)=TEMpP

ISyB=N2+I

ISUB1=NpI1=]

SCFTATI(ISUB)==TEMP

SCRAT3(ISUB1)==TEMP

5 L7

CO 3 J=1,NSTAGT
NI=sL
La2*L
N2J=N/L
NR=X2J
T DT I, NT T T
IN2U=(Te1)*N2J
IN2K=IV2T+1
IN2JISINZK+NU
W1=SCRAT3(IN2K)
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[ ]

GO TO ISIGN,(6.7)
W2a=SCRATI(IN2JI)
GO T0 8

W2s SCRATI(IN2JI)
DO 2 IR=1{,NR

ISUB=TIR+IN2J

ISUB1=ISUR+IN2J
ISUp2=ISUp1+N2J
ISUB3=ISUR+N2
WRsW1*XR{ISUR2)=W2*XTI{ISUR2)
WIsW2*XR(ISUB2)+W1*XT(1I5UB2)

SCRAT1({ISUB)SXR{ISUB1)+WR
SCRAT2(ISUB)sXI(ISUBY)+WI
SCRAT1(ISUB3)=XR(ISUBY)=WR
SCRAT2(ISUB3)=XT(ISUB1)=WI
CONTINUE

DO 3 IR=m{,N

XR(IR)=SCRATI(IR)
XI(IR)=SCRAT2(IR)
IF(SIGN)10,9,9

DO & IR=1,Y
XR(IR)sXR(IR)/PLTN
XI(IR)sXI(IR)/FLTN

RN I N T DR e S MR RO SN O W

RETURN
ENC

23647 WORDS OF MEMORY USED BY THIS COMPILATION
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SUBROUTINE HARMON (PS,NPEAKS,ISTART,MARGIN,SPACE,COUNT)
THIS SUBROUTINE DETERMINES THE MOST FREQUENTLY OCCURRINS
PAIRWISE SPACING DETWEEN THE LARGEST PEAKS IN THE POWER

SPECTRAUM AND THE NUMBER OF TIMES 1T OCCURRED,
DIMENSION 95(512).xcousr(203.ITAB(2OT7IrazQ(151 -
DO 9 I=1,NPEAKS
LPEAK=ISTART
PEAK=PS(ISTART)
JSTARTSISTART+1
DO 1 J=sJSTART,512

IF(PEAK,GE,PS(J))GO TO 1
LPEZAK=)

PEAK=PS(J)

CONTINUE
IF(PEAK,LT,0,) GO TO 17
IrREQ(I)=LPEpK

PS(LPEAK)=m=PEAK
JSTARTSLPEAK+1

DO 4 J=JSTART,512
PSJ=pS(J)
IF(PSJ.LT,0,) 30 TO 5
DIP®ABS(PS(J=1))=PSJ

Ir(DIP,GE,0,) 30 T0 4
TEST=50,*(PEAK~ABS(PS{J=1)))
IP(TEST,ST,PEAK) GO T0 5
PS(4)=epSJ

JIJmJ+

DO 3 JI=JJJ,512

ul

PSJapPS(JJI)
Ir(PsJ,LT,9%,) 50 70 §
DIF=sABS{PS{JJ=1))mPSJ
IF(DIr)3,33,33
P§{JJ)==pPs]

60 T0 5

33

PS(J)=s=psdJ

GO To §
JSTART=JJ+1
PS(J)=m=pSJ

GO TOo 2
JSTARTsLPEAK=1

D0 B JJ=1,JSTART
JaJSTART»JJI+1
psJIeps(J)
Ir(psJ,LT,0,) GO T0 9
DIrspsSJ=ABS(PS5{J+1))
Ir(DIP,LE,N,) GO TO 8

TEST=50,* (PEAK=ABS(PSTI+ 1) 7]
IFr(T=ST,GT,.PEAK) GO TO 9
PS(J)==P5J )

JJJInI=

DO 7 JJJI=T, Iy
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JeJJJI=JJJI+1
P3SIaBS ()
IF(P5J,L7,0,) GO TO 9
DIF=RSJ=ABS(PS(J*Y))
IF(DIFrY77,77,7
7 PS(J)==pSJ
GO TO 9
8 PS(J)=apsy
GO To 9
77 JSTARTsJ=9
PS(J)==psJd
T GO Tn 6 T
9 CONTINUE
GO TO 18
17 NPLAKS»I={
18 DO 10 I=1,512
10 PS(I)=ABS(PS(I))

CNLL SoRTUP{IFREQ, NPERXST T

K=s0
DO 11 I=1,20

11 KCOUNT(I)=0
N1sNPEAKS=1
DO 15 I=1,N1
JSTART=I+1
DO 15 JwJSTART,NPEAKS
IDIF=IFREQ(J)=-2FREQ(Y)
MINSIDIF=MARGIN
MAX=IDIF+MARGIN
IF(K.EQ,0) GO TO 13

DO 12 KKe{,K

IF(ITAB(KK).LE.HAX}AND.ITAB(KK{.G!.HIN) Go To 14

12 CONTINUE
IFr(K,GE,20) GO TO 15
13 KaK+1 )

ITAB(K)=IDIF

KK=K
14 KCOUNT(KK)®KCOUNT(KK)+1
15 CONTINUE i

IND=1

MAXMHUM=KCOUNT (1)

Do 16 I'z.K

IFTHAXNUN,GE KCOUNT{IYIY GO IO Y6

IND=I
MAXHUMSKCOUNT(I)
16 CONTINUE
COUNTSKCOUNT{IND)
SPACFEsSITAB{IND)

RETURY
END

23759 WORDS Or MEMORY USED BY THIS COMPILATION
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SUBROUTINE SORTUP (IRAY,N)

THRIS SUBROUTINE IS CALLED BY HKARMON TO ORDER 7THE
N LARGEST PEAKS ACCORDING TO THEIR ANDPLITUDES,
pInBNgIoN IRAY(N)

Nishey

DO 2 I=mq,M1

INDeY

LITTLE=IRAY(Y)

JSTALTeIe

DO 1 JnJSTART,N

IPCIRAY(J),GE,LITTILE) GO TO 1

LISTLRsIRAY(J)

IND®)

CONTINUE

ITENPRIRAY(I)

IRAY(Z)=LITTLE

IRAY(IND)uXTENP

RETURN

EnD

23709 WORDS oF MERMORY USED BY THIS COMPILATION

68



e s, Gy g R e e e

s ST PRS- 1)

R T I S v

e ——
.

Gaab s o o ok

01 04-04-73 17,599

QO QOO0 Q

THRESHOLDS,

SUBROUTINE THRESH (PS,[START,LEVELS,P|5T)
THIS SUBRO;TINE COMPARES THE AMPLITDES OF
ELEMENTS IN THE POWER SPECTRUM AGAINST A NUMBER
OF EQUALLY SPACED THRESHOLDS AND RETURNS THE
NUMBER OF ELEMENTS WHICH FALL BETWEEN THESE

DIMENSION PS(512),PIST(LEVELS)

PEAKEPS(ISTART)
SMALLSPEAK
JSTARTEISTARTe1
DO 1 JsJSTART,s512

1 PEAKEBAMAXL(PFAK,PS(J))

SMALLsAMINL (SMALL.PS¢YY) ! o L

DIVIDEa(PEAK-SMALL)/FLOAY(LEVELS)

DO 3 Jsg LEVELS
3 PIST(J)=0,
pO 4 I=]START,512

INDE(PS(1)-§MALL)/DIyIDE®L,

JIFCIND,GY,LEVELS) INDsLEVELS

4  PISTC(IND)SPISTCIND)#y,
RETURN
END

23780 WORDS OF MEMORY USED BY THIS COMPILATION:
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C T SUBROUYINE RSQARTX,SCRaT,R) T
THIS SUYBROUYINE CALCULAYEg R, WHERE R 1s DEFIRED
AS THE RATIO OF THE MAXIMUM DEVIATION FROM THE
MEAN TO THE AVERAGE DEVIATION FROM THE MEAN N A
GIVEN 1/2 SECOND WINDOW OF THE 7[ME WAVEFORM,
DIMENSION X(512),SCRAT(512)
SUMs(Q,
DO 10 134,512
19 SUMSSUMeX(])
SUMaSUM/512,
DO 20 1s4,512
20 SCRAT(I)SARS(X(I)=SUM)
- ~ XMaS$=0, - ) T
SUM30,
DO 40 L=1,512
XMASEAMAXL(XMAS,SCRAT(L))
40  SUM3SUM4SCRAT(L)

e Ko Ne Nel

=d

- _R3(812,8XMAS)/SUM S

RETURN
END

23648 WORDS OF MEMORY USED BY THIS COMPILATION
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7 SUBROUTINE BINRAY(PS,TSTART,FEATL,FEAT2)

THIS SURROUTINE CALCYLATES THE RATI0s DF ENERSY
BETWEEN OME AND TWENTY WERTZ ANB BETWEEN FORTY-ONE
AND SIXTY HERTZ TO THE ENERGY GETWEEN TWENTY=ONE
AND FORTY WFRTZ,
DIMENSION PS(512) s

e NeNe Ne)

SUML‘OQ

SUM2s0,

SUM3s0,

ISTOPsISTART+19

DO 1 [=ISTART,ISTOP

SUMLaSUML+PS(])

SUM2ESUM2¢PS(]+20)
i SUMIsSUMI+PS(]+40)

FEAT1=SUM1/SUM2

FEATZ23SUM3I/SUM2

RETURN

. . _END e
<3648 WORDS OF MEMORY USED BY TH1S COMPILATION
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T T SUBROUYINE SPECVY(PS,NVECT,TYA,VECY,REATEBY
TH1S SUBROUTINE CALCULATES THE RATIO OF ENERGY
ABOVE A SPECIFIED FREQUENCY TO THE ENERGY BELOW
AND ALSO CREATES A VECTOR WHOSE COMPONENTS
CONTAIN NORMALIZED ENERGY VALUES FRON CONSECUTIVE

s ReXeRe Nyl

FREQUENCY BINS OF THE POWER SPECTRUM,

DIMENSION PS(512),VECTINVECT)
L0 1 l=g.,NVECT
1 VECT(])=0,
H SuM=0,
DO 5 [si,NVECT
J25e]-3

Ks5e] el

DO 2 L®JsK
2 VECT(I)SVECT(])+PS(L)
5 SUMaSUM+VECT!(])

DO ¢ I=1,NVECT
6 VECT(1)SVECT(I)/SUM

k<3720,
RGYAT=0,
DO 3 I=1,17H
3 RGYBTsRGYBT+PS(])
JE]THey
R0 4 [=),542

: "4 RGYATERGYAT#PS(1)
: REATEBSRGYAT/RGYBT
RETURN

END

23715 WORDS OF MEMORY USED BY THI1S COMPILATION
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" SUSROUTINE PEKPIK(PS, ISTART, THRESH,COUNT)

c THIS SURROUTINE CALCYLATES THE NYMBER OF PEAKS
c IN A POWER SPECTRUM WHICH ARE ABOVE SOME SPECIFIED
c PERCENTAGE OF THE MAXIMUM PEAK,

DIMENSION PS(512)

o AMIN=PS(ISTART) - e e
AMASEXMIN
INJT=ISTART#1
DO 1 I=INIT,512
XMINSAMINL(XMIN,PS(])

1 XMASEAMAXL (XMAS,PS(])
_ TEST=(XMAS=XMIN)sTHRE
COUNT=0,
PSMINZPS(])-XMIN
IF(PSMIN,GY,TESTY GO 70 2
[SW]Ts0
GO 10 3%

_ 2 ]SwlTet I _— _

3 DO 5 122,512

PSMINZPS(])=XMIN

IF(ISWIT,E0,L) GO TO 4

IF¢(PSMIN,GT,TEST) ISWITs1

GO T0 5

IF(PSMIN,GT,TEST) GO Tp 5

ISWIT=0

COUNT2COUNT+Y,

5 CONT INUE

RETURN
END

23778 WORDS OF MEMORY USED B8Y THIS COMPILATIDN
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1 L8l
2 AL PROCTOR, ISCP, RADC
000000
000000 000002710000 010
000009 000033630€00 040
000002 000033754000 010
000003 000033741900 010
000004 00000% 0090 00 000
000005 &S 0000 020001 000
000006 000030 009000 010
000007 000039 000000 0910
000010 000002 0090 00 000
000011 000031 2350 00 010
000012 000011 8030 00 010
000013 000001710000 040
000014
000014 000016710000 010
000015 000033630000 010
000016 000033754000 010
000017 000033741000 040
000020 000001 0Q90 00 000
000021 70 0090 020001 000
000022 J00D30 000000 010
END or BINARY CARD rSr00002
000023 000031 007000 010
00002¢ 000002 00%0 00 000
000025 000031 2330 00 0910
000026 000025 6050 00 010
000027 000015710500 010
000030 0009000C000 1 000
000031
EZRROR LINXAGE
000033 000000000000 000
00003¢ 266226202020 000

END OF BINARY CARD FSP00Q003

3
4 psr

O® A0

10 LOOP1

12
13 REW

1%
15
16

17

18

19 LOOP2
20

21

22 rC

SIn0gY

SAVE

LR
Sy
2IR0
141 19
MuE
LoA
TPrL
RETURN
SAVE

MMz
REW
2ER0

ZERO
MNE
LOA
L
RETURN
BCI

23 STATUS BSS

24

36 IS THI NEXT AVAILABLE LOCATION,
GMAP VIRSION/ASSEMBLY DATES

THBRE VERE

NO WARNING PLAGS IN THE ABOVE ASSEMBLY

END

JMPA 110171/102971

74

PAGE

8P REW, SUBROUTINE TO SKI® RECORDS AND REWEND MAG TAPES

FST,REIN

GEINOS

| 44
STATUS
GEROAL
STATUS
Lo00P1
rsr

GEIlOS
re

STATUS
GEROAT
STATUS
Loop2
REW
1,000001
2

JMPB 110171/102971
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9 TRACK EOF

1 LBL READ9RK, SUBROUTINE TO READ 9 TRACK DECODED TAPES
2 ¢ JIM ROACH, IScP,RADC
k| SYMDEP RDY9
000090 4 USE PREVIOUS
- 000020 5 RD9 SAVE  0,1,2,3,4,5
000000 003919710009 010 - T ST
000001 000000220003 000
000002 000000221003 000
000003 000000222003 000
000004 000000223003 000
000005 000000224003 000
000006 6000002250063  00) -
000007 003045630000 010
000010 003045754000 012
000011 003045741000 019
000012 000001743000 012
000013 000002741300 0110
0000148 0000037432000 o1
000015 000004743000 010
000016 000005744009 010
000017 000006745000 010
000020 000002 2350 11 002 [ LOA 2,1
000029 003044 7350 00 010 7 STA BUF
000022 000007 4500 31 00V 8 $TZ 7,1
END oF BINARY CARD RZADOTRK
000023 000006 2350 31 009 9 LDA 6,1*
000024 903043 7550 00 019 19 STA FC
000028 000000 2200 03 00V 11 1L0X0 =0,DU
000026 003041 2350 00 019 12 LDA DUMMY
T 000027 00073 7350 00 0V 3 “8TRN TALLY T T
000030 003040 2350 00 019 14 LDA DUMMYB
000031 000133 7550 D0 019 15 STA TALLYD
000032 000001 9310 00 00) 16 M1E GRINOS
7 000033 03 0090 J00900 009 17 RTH
000034 003043 020135 011 18 ZERO Fc,Dcw
—UTTOU003%  00TYISTOON00T T Oy YT T "TZERO T §STRT
000036 000002 9310 00 930) 20 MME GEROAD
000737 007136 2350 20 019 21 LDA STR
000040 000002 7359 00 002 22 ALS 2
000049 TTT400 3750 03 009 23 ANA =0777400,00
000042 211400 1150 03 00V 24 cMPA 20211400,
T 0O0%I 00 0RT BUTOODT 0Ty T 25T UTNZ T TLoOoP o
000044 000001 2357 07 00) 26 LA =1,DL
000045 000007 7350 31 10D 27 STA 7,1*
END OF BINARY CARD RIZADLITRX
T pOOO4s 000132 100 0D O 23 TRA EXIT
000047 003050 <360 00 019 29 LO00P L0Q =1472
000050 OUO00s TIED 00 003 I T QLS T8 T T —
000051 000134 7520 06 01) 31 STCQ TALLY, 06
000052 0030%7 2360 00 012 32 1DQ 21472
000053 000006 7360 00 00 33 QLs 6
000034 000133 7320 06 01) kT STCYQ TALLYS, 06
75



20915 02 04-03=73 19,957

000055 Ou. 33 2350 52 019 35 RUNW LDA TALLYB, SC
000056 00134 7557 52 01) 36 STA TALLY,SC
000057 €00055 6373 30 01) 37 TT? RUN
000060 000001 0500 03 00) 38 ADXO =1,DU
000061 000004 1702 03 009 39  CMPXO -u.nu
T 000062 000047 6717 00 919 40 TNZ LooP
000063 002000 2247 03 09) 41 LDX4 =0,DU
000064 000000 2230 03 00) 42 10X3 =0,DY
000065 000003 2362 31 00) 43 START L0Q 3,1
000066 000124 6202 00 01D n TLE NEXT
000067 003051 1760 00 01) 45 $8Q =y
000070 003052 4220 00 ©C13 ue MPY =109
END OF BINARY CARD READQTRK
000071 000000 623) 26 00) 47 EAX] 0.0l
000072 007000 220¢ 03 00 48 LDX0 =0,DU
000073 000140 2360 13 01) 49 BEGIN LDQ IA,3
000074 003053 2350 00 01) 58 LA a0 B
000075 000022 7379 00 009 51 LLS 19 )
000076 003044 755C 70 01) 52 STA BUF,*0
000077 000001 0K0C 03 00) 53 ADXO 21,DU
000100 003022 7370 00 00) 54 LLs 13
000101 000022 735¢ 00 002 55 ALS 18
000102 000032 7310 J0 00) 56 ARS 24
000103 003044 7557 70 01) 57 T STA BUF,*Y ~
000104 G0J0GC1 0630 03 09) 58 ADX3 =1,DU
000105 000001 060C 93 00) 59 ADXO 21,0y
000106 000000 2222 93 00) 60 LoOPX LDX2 20,0V
000107 003053 2352 oo 51) 61 1pA =0
000110 00014C 236° 010 62 "9 Ix,3
000119 G00Q14 7376'00 09 §3 LoopY LL§ T2 T T— 77
000112 000030 735¢ 00 003 64 ALs 24
000113 0000397 7310 20 109 65 ARS 24
END OF BINARY CARD READGTRK
000114 GO3044 7852 70 319 66 STA BUF,*0
000115 100001 0600 03 009 67 ADXO =1,DU
000116 (00001 062C 03 00 X} XD TTTat,pyT T T T
000117 000003 1023 03 003 69 cMPX2 =3,DU
000120 0O0C111 601C O0U 01 70 TN LOOPY
000121 000001 0630 03 0097 71 ADX3 =1,Dy
000122 000506 1000 03 00) 72 CMPX0 =326,DV
000123 (00106 601¢ 00 01) 73 TN LoopX
000124 000007 061¢ 03 002 ~  Tu NEXT aADXY ~=1,DU -
000125 000506 225¢ N3 00 7% 10X5S 326,00
000126 003044 QU5 0 01) 76 ASXS BUY
000127 000001 064C 03 209 77 ADXY =1,0U
000130 000003 104C 03 00V 78 cMPX4  =3,DU
000131 000965 69°¢ 00 019 79 TN START
000132 000001710000 013 80 EXYT RETURN "KO9 —
000133 84 TALLYB BSS 1
00134 82 TALLY BSS 1
0060135 000149 002700 01) 83 pcw 107D IA, 1472
000136 . B4 STR ass 2
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VY, ST,

bl b

20915 02 04»03-73 17,648 ey -
000140 85 IA BSS

BT e A DI P TS IR O, 1A T s

1472

003040 0O01U4Q 2707 4O 010 86 DUMMYp TALLYB IA,1472,0

END OF BINARY CARD READSTRK

003041 000140 270C 00 010 87 DUMMY TALLY IA,1672,0

(03042 88 LoCO BSS

AR o X 1 L N T I J - 11

N03044 90 BUT BSS
ERROR LINKAGE

003045 0000000000C0C 000
~0030u6 512419202020 000

LITERALS

003050 0000000027C0 000
003051 000000000001 000
T 003052 LocC0O000155 000 00
0030%3 000000000000 000
END OF BINARY CARD READSTRK
91 END
3054 IS THE NEXT AVAILABLE LOCATION,
GMAP VERSION/ASSEMBLY DATES  JMPA 110171/102971

1
—— g
1

JMPB 1101717102971

“THERE WERE  NO WARNING FLAGS IF THE ABOVE ASSERBLY

17
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1.00

1.04

1.06

1c02

- )

1 05

SEISMIC SENSOR FEATURE TAPE GENERATOR
THIS IS THE CDC 14p¢ PROGRAM WHICH CONVERTS DATA CARDS YO
AN OLPARS ZOMPATIBLE MAGBNETIC TAPE,
PROGRAM ALSDATA
DIMENSION X€13p)sI1X0130),NUM(2p)sINAME(20),LFOR(20),IHEAD(7)
EQUIVALENCE(X, !X
READ 1007.18K1P
FORMAT(]S)
READ 1000sLFOR
READ 1000+ INAME
FORMAT (4 0AB)
READ 1001,NDIM,1TOT,NUM
NPIaNDIMeI § NLIuND]IMegq
FORMAT(2513)
DO 7 1sq.1841P
READ TAPE 1
DO g 1DUMeg,ITOT?
170PsNUML]IDUM)
DO 2 Img,172P
READ 1006, !<EAD
FORMATCI X, 142,2X,1%,2X,002,2%,4(1%,2%))
READ LFOR,(XEJU),Jmg ,NDIMY
FPORMAT(43(1X,F3,p))
IX(NDIMeL)SIWMEADILI"L00000+IHEAD(IV 01000+ IHEAD(7)*1000*IHEAD(S)
IXCNDIMe2)8INAMEL]IDUM) ,AND, 778
IXCNDIMe3)RINAMELIDUM)Y
WRITE TAPE 10, (X(JJ)pJJmy ,NPY)
CONTINUE
CONTINUE
PAUSE
END FILE 10
REWIND 10
PRINT 1003
FORMAT(qM1)

6 READ TAPE 10, (X(KK),KKug1,NP3)

103
1.04

§F(E0F,10)4,3 )

PRINY 19030 (X(KK),KKug,NDBM)
FORMAT(4Xs10E11,3)

PRINT 40040 (X(X¥),KKaNLO,NP3)
FORMAT(1Xolg0s2(e1X,A0),77)

GO T3 &

REWIND g0

END

78
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APPENDIX B

PROBABILITY OF CONFUSION MEASURES
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i o o ——

BRSO IR VAR T G Ry O

PAIR C/W RANK]N3S

PAIR C/A RANKIN3S

RANK NG

RANKING

N -

380

MEASUREMENTY

27

5
46
29
24
3%

?
43
21
13

3
42
14
44
39

MEASUREMENT
47
28
44

)
3%
13
24
27
2A
42
14
36

5
39
29

CONFUS]ON

|2165970‘82
03068226124
13732664596
1388081314¢
13964942284
14010025063
14328599276
04407128933
14484544695
04613756614
049967441222
15032924506
¢5431161236
5141186299
15157894737

CONFUSION

014974 74497
01777777778
11975589225
.3091750842
03121212124
03453649329
03385942764
0364983165
1383543774
13838383838
13832154882
03911646162
140610868687
14077861953
14292929293

o el i



e ey .

L L
-

 dh b

PAIR M/A RANK]IN3S

PAIR M/T RANKINGS

RANKFNG

RANKEING MEASUREMENT

L TN I S

81

MEASUREMENY

4
3
46

1
45

2
24
23
34
32
43
44
22
26
39

4%
38
44
45
16
4>
37
22
24
20
20
39
23
18

”

CONFUS]ON

¢ 0561497326
10635026738
12376336898
0251671123y
02650401069
309157754,
13629679144
03723262032
13083957219
(4044417647
e 4124334559
(4278774866
4776069518
14799465244
14986631016

CONFUS]ON

00294662309
00368191724
10589324619
0813187828
00958605664
0096078431‘
01326797386
.1547930283
1552287582
01839869284
11844226579
02139978213
02141612209
02213597625
12430827887



PAIR Y/A RANK]NSS

RANKING MEASUREMENT CONFUS]ON

_ q{ 37
2 29

h 15

4 3a

5 16

6 7

A . ? 36
8 42

9 14

10 35

11 43

12 29

= : 13 13

14 44

1% 19

PAIR M/H RANKIN3S

00228619529
|123989899°
01548444673
11654882155
.2099326599
12109427699
02450336709
+30307239¢06
03070286195
132773%6902
1373989899
13907407497
04133838384
14287878788
044360426936

RANKING MEASUREMENY CONFUSION

4 3
2 4
3 28
‘ 43
L] 27
6 6
? 24
8 5
9 31

10 32

11 44

12 19

13 4

14 1

13 2

82

11114581984
11116209642
11258292794
11416961524
01560793229
f1620964175
11868589344
12001879699
12449699492
024530997519
012606700579
02757976518
12904435338
03104820876
13405572755



e

et T

&
i

G 2

TS W N Gt it 3
7

A

T O D BT 0 P00 A PSP -

PAIR C/T RANKIN3S

RANKEING MEASUREMENT

38
16
39
17
46
37
47
23
4%
44
24
19
23
43
22

- :
O O®IP AR AEUNM

- e
N -

. s pa
Yy

PAIR C/M RANKINGS

RANKENG MEASUREMENT

1 4?2
2 43
h ()
4 29
5 28
6 20
7 34
8 4
) 32
10 3
11 [
12 2é
13 27
14 24
1% 28

83

CONFUSJON

00518548519
10962962963
01037037037
02296206296
02370370379
02444444444
02918548548
026066666667
12740747744
03555555554
0362962963
038518%4 852
04000000000
04222222222

CINFUSION

11402505447
12583877996
0265577342
12873638344
02956427918
03023965142
03097494553
03177559913
03179193900
032489496758
03321895428
034673209264
01376967843
03909798207
0398366p913¢



PAJR A/W RANKIN3S

RANKENG MEASUREMENT CONFUSION

b 5 11431689064
2 2?7 .1660970630
h 28 02137393486
4 6 12252648667
5 4yq 03320232399
é 19 13413799157
¢ 4 4y 14427973342
: 8 18 14636876282
! L) 43 14642002734
! 10 24 14959445584
11 47 15037593988
12 17 15260167464
13 42 15320493284
14 3 15331937799
1% 29 05337964254

PATR T/H RANK]INSS

RANKING MEASUREMENT CONFUSJON

1 16 11048175996
2 38 01195210248
h 29 011272626009
¢ 7 11490392648
5 37 01493734336
) 27 02309663046
? 15 .2688187134
) s 12683375104
9 17 03206349206
10 39 13874429769
11 45 14200501253
12 4p 14253444306
13 18 .4499356725
16 3 4774457646
13 42 14802005012

84



APPENDIX C

LINEAR DISCRIMINANTS
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GO0 NN 0ORONOROOIGIRROIORROREPIaetedelanesrnonnacateetanenrnegtetededeenoseRdRRede

v o
v FLSHER LOGIC '
v .

Al T T X R R A A A T I X2 A R A R X R X X X A AR A PR 2 X P XX R X222 22 R XY
.'.‘."t".it'ﬁ.'i.t'i."'i'.t"'ti‘tt"'t.tit.t..t"'intiﬁgti".i"ti'i"'i"ti

» *
b4 NODES IN SET .
v MEL W APC A BIG Y MEN M 134 C *

[ ] L ]
.."ﬁ'......i"'..O'C.t"t".'."tt‘.tt'i't"."'.t".'itt"'t"."'.t"..""j'
X il I S L I I I T I e R P R R L X T R X XX A XXX L)

. »
v PAIR 1 + NODE APC A = NODE WEL W FISHER »
. *
A R P A L A I A R e e T T L T T

COEFICIENTS
3,9684397 ©9,88449465E=04 «4,89501484E=03 5,46508674F=02 =2,72921793E~¢¢
6, 9733;3395.03 .s.za9909sae-°1 6,645 37965-02 2,90634536¢=01 -4.763696865-02
©4,58998220Ee02 6,04166440E~gy 7,42977735E=02 =4,74997164¢F=p1 =4,54152694E-0p1
-1.58537605E-o1

THRESKOLDS
«3.90074138E go

.ti"'..'.t'i.it'i.tt."itﬁ.'t'"t".i"t.".t't"."ttt't't"'i't"'tttt'.iii'i

L4 »

. PAIR 2 ¢ NODE BIG T = NODE MEL W FISWHER .

. *

P T S I N I L A I I R X L I I I X Y
COEFICIENTS

4,69708499E=02 «1,93362543E=(3 1.46668333E- 04 6,44628818F=p3 =4,78223767E~q2
1023024713Ee0y =4, 707773255-03 3.53239344E~g1 2,90515473F=p1 5,56283849E-02
1004743262E=p2 =4,4778487E=q¢ =%.20485989E~p1 -4.10062826F-o1 «3,99207157E=04
©2,79241943E9p2

THRESWOLDS

©2417537000E 00

.t"'.i'.'t't'.'.'.ti..."t'itlQi't‘tt""it.itt"t'ti.itit"t'tii'tt't""i'iti

L »

* PAIR 3 ¢ NODE BI1G T = NODE APC a FISWER .

* .

.i"".i't'ittt'i'..ﬁ.ttttti't."tt‘tf'i'tti't'ti't'ti'ttit'i"iittttt'it"'itit
COEFICIENTS

©2,64713187E=p2 065)9398E-03 4,03361576E~g4 -3, 82463038F"g3 =8,76989367E=~p2

1013459048E=py -9 144155605- 4 6 .34070976E=qy 4,86526398F-p1 1.398654335-02
4,34608519E=p2 =3, 7?8154405-01 -3.601156435'5‘ =2,24049779F =gy =7,54869956E=p2
4,6p801884Eep2
THRESHOLDS
"4, J48567354E=p1
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R i e s |

v efensreorerenenoenecrenettcatigelonnereerenateRanetreagaReteteareeteetPRReee

. .

* PAIR 4 ¢+ NODE MEN M = NODE HWEL W FISKER .

0 v

vetabovevoennveneroncecsvnetinatenelodnovnnerncnttetananrregreteterrartanntnene
COEFICIENTS

2.314%27505-02 ©8,20361174E=g4¢ =4 ,87289242E-p4¢ ; 56959376g.02 2,4%561%5099E-04
=7,355854595=¢2 .2.31964098E-03 =5,11421164E~qy =5,8363832%Fep1 =2,477846906E~p2
“6,03075430E=02 4,7%379822E=py 2,85395202E=p1 5.51895298F=p2 ,28423779E-q¢
e1.06921944Ewg2

THRESWOLDS
“9,64205189Eepy
CEOINC RPN A NGO PO RO N Aot et ot R e a e eeb o u et R et ae e P eePadotantgtatetaddatdartotRaen
. *
¢ PAIR 8 ¢ NODE MEN M = NODE APC A FISKER .
[ »
T A T L Y L A L L L S L R X X R X X IY
COEFICIENTS

6.355g99135'02 “2,92688899E=ny =1,22936734E"g4 1.63364582F=93 7,74779748E=-q2
*8,6838194%Gep2 -1.973056335-09 «3.,60530052€-091 =3,92692448F=g1 =4.5p913739E~p2
8, 43‘069565-02 3.9%443884E=pq 14, 00346321E'01 4,55939276F=01 5.8900712% -p¢
4¢70808742E=p2
THRESHMOLDS
2035755267E=91
't"".t'ttt".'."tt'ttii'.itt'ttt.t'tt'it"t'it't'iit.ttt.it"'tt'tt't'i"'t'i
# . . .
¢ BAIR ¢ ¢ NODE MEN M « NODE BIG ¥ FISHER ]
| ] *
".t.t'tttttt"'.'.tttatitt.tt."t"..tlttt'itt"'t'tttit't.tt't."itt‘ttiii"tt
COEFICIENTS
-5, sgaocqqse.oz 5,7394 1940E=03 724067s E=04 1.920932559F=p3 3.4%769992E-¢92
S

“1.48786829Empy . ‘.189956535-04 -1 858149 5-01 -g 769113425001 *2115406346E~p2
9 757746585- 2 4,468{6622Ewpy 4,891252916E"g¢ (63346962801 3,96437940E=¢g¢
1.571871285-02

THRESHOL DS
1142309g262E-09

"‘....t'.iﬁ.'..".'ﬁ.".tt.""i't"t".'m'.""'.'i."i'iﬁ"".tﬁ'.t."'.'t"'

| ] .

L PAIR 7 ¢ NODE 431 C = NODE HEL MW FISHER .

) "

""."".'...""'."t'ﬁ‘t."t"'..""..""""Q".'.""""."".‘Q"*"."

COEFICIENTS

9:8444,973E=g2 =4, 44773 76E=g3 468018555- 04 =9.54345732F4 2.583458025

-3.;55324555.03..9 Ry 698 375-04 *2,62143802E-g1 =7,81897234kep1 »1,10873436E=0¢
*2,93516114Eegy 2,31884246E-p¢ 1. 002931235 01 -1.‘8426786=-oz 2,84237662E-¢4
1+92302180Ep2

©1445736931E01

THRESHOLDS
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i i-a]

I L T T I I iy e s e e e A L I A I I X2 T T

] [ ]

» PAIR @ ¢ NODE 133 C e NODE APC & FISHER .

L .

secalasarpcnnvesesgantonenttinatecaloceorenetnenttotannnecopnndatadnonteendodind
COEFJCIENTS

3,608791749Eep2 «{,033%52649E<p3 ¢,11484727E~04 -5.66834423F-o3 5.40667540E-02
. 2.0040934¢Eend 1,73549076E~gs 8 ,67489587E=-g1 =4 ,34033285F=p1 -!.31;949095-02
©1,56307985Eany 4,40291400E<p2 4 ,92898604E-52 7,95492735k=g2 1,397094837E-p¢
4,13118150E08

S A e ey sy e e A r A A XS R X P R X R X R A R R R X A A X X X )
] )
L PAIR 9 ¢+ NODE 133 C = NODE BIG ¥ FISWER .
» .
T I sy e e s e A A L e e R P A A L I R R X XA R A R R Y
COEFICIENTS
*3¢29124399E202 3.3828748%E~53 2°%8929.1’E-°‘ =5,81299678F=(3 4.399429075-02
“6,46253008Er04 3,5¢567445E-g4 -6 ,088160744E"pq =6,49371329F"g1 =2.87653423E-p¢
'1.1‘;545‘35-01 7.20820436E~p2 2.922%0744E=p2 6,36645539F=g2 8,64494945E-q2

THRESHOLDS

4,8379143%E003
THRESHOLDS
*6,685089073E=g2
"""."'Q"..ﬁt..tt'.'t..'.."ﬁﬁt"t""ﬁi'tﬁ'f'i'.'i"t'."".ti't'.t"."t"
[ ] L}
. PAIR 4 + NODE 433 C = NODE MEN M FISMER .
[ ] [}
'....."'.'..'.'0'."...."".'""‘.i'"'ﬁi'i't"t".t.it0.'.‘.""""#""'.'
COEFICIENTS

nq045409205Ew02 1.9%91328%E=pS 4,117142514E=9% ~1,46447234F"02 3,46032284E=p2

2098863364Eepd 7,A1958367Eep4 1.110126023E91 =7,58692477F=p1 =2,9699114%E-py
*85,6028834¢Ee0q =6,AR664871E~g2 =5,03450867E=92 =3,53279527F=92 4.21597498E=p3
2427725816E=03

1:83899538E=91
END OF TH]S LOGIC SET

THRESHOLDS
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