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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 Surveillance and Control Dlvls-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-Llne 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 seismic 

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. 



SECTION II 

DATA COLLECTION AND CONVERSION 

The seismic data base used to design the October 1st 

Instruslon Classifier was collected and digitized by DCTI 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 patlui 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-r3D, 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 

A5 simultaneous sensor waveforms on the tape.  Since the 



experiment Involved 3 thrae-axis geophones, the BAMKI format 

sparsely packed 9 of '5 possible channels of digitized wave- 

forms on each tape.  Each file on the tape contjined 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.  Kach 

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 Honeywell 635. 

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 but 

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. 



SECTION III 

SEGMENTATION 

In order to analyze "clean" data, i.e., data which Is 

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 

a 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 



graphics devices, such as the CDC 1704 Dlglgraphlcs Display 

and the Tektronlcs 4002A Graphics Terminal.  Estimates of 

the energy spectrum, using the Fast Fourier Transform, were 

computed and displayed.  Displays and hardcoples 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 sensor, 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 capacltlve 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 thrpshold 9 for five consecutive seconds. 

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

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

for each consecutive one-second window. 

I 



k ' 1 y]lfnk+i " Bl» for the kt  second 

1-1 

where k . 0, 1, . . . , 1,-1 

• L ■ the number of seconds In the run 
N 

i  y f. = th e estimatfid mean of the run 

i-1 

n ■ number of samples per one second window and 

N - number of samples in complete run 

Scp.ment and save the data in the five second interval if and 

only if Sk is greater than the threshold 0 for five consecu- 

tive one second windows. 

Obviously, 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 transients 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 unless: the 

noise were highly repetitive and sustained over a five 

second interval. 

The threshold, however,   lulred the collection of 

some statistics.  Ttie 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 

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 20, 30, and 40, and decided that 6-20 afforded the best 

balance between noise rejection and significant data segmen- 

tation. 



SECTION IV 

DATA ANALYSIS 

Classifier design requires Che 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 Is 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, ln-house personnel developed a waveform 

analysis software system on the CDC-1700/Dlglgraphlcs 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 its lack of a hard 

copy capability.  Unforrunately, shortly after this inter- 

active graphics software system was operational, the CDC-1700/ 

Uigigraphics 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 

Tektronix 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 Honeywell 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 it, 

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 vuhicle 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 list 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.  Examples of the 40-llne power 

spectrum are shown in Figures 11 and 12.  Figure 11 shows 

the 40-line 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 siirllar 

data display for the U1I-1F helicopter, shown in Figure 12, 

indicates that the doppler shift is not as pronounced for 

the helicopter as it was for the C-131. 

I 
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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 ke a power of two.  Therefore, the one-second window size 

waÄchosen 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. 

DEFINITION AND RATIONALE NO. 

1. 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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m 

NO. 

2. 

3. 

A. 

DEFINITION AVn RATIONALF. (continued) 

amplitude for that half second.  This 

feature appeared a likely candidate for 

distinguishing 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. 

R  for one second (average R2 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). 

R2 for 5 seconds. 
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NO. 

5. 

6. 

7. 

8. 

DEFINITION AND RATIONALE (continued) 

Harmonic spacing for one second (the most 

frequently occurring palrwlse 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 3 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 A0 Hz for one second 

(hereafter symbolized by:  Ei-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. 

E41-60^21-40 ^or one second!  An attempt to 

separate trucks from APCs. 
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NO. 

9. 

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 25% 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 ^25% and <50% of the 

maximum. 

Number as in 9 and 10 of points ^50% and <75%. 

Number of spectral points ^75% of maximum. 

The ratio of the energy above 100 Hz to that 

below in the one-sec. power spectrum(i . e . 

E101 - ')11^E1-100^ :  Aircraft tend to produce 

more energy above 100 Hz than do any other 

classes. 

El-5^El-60 for the first second:  To estimate 

the value of spectral distribution information. 

E6-10/El-60» first second. 

11-15 ̂ 1-60* 
fir8t second. 

El6-20^El-60' first second, 

E21-25/El-60» first second, 

E26-30/El-60' first second. 
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No. 

25. 

26. 

27. 

28. 

29-48. 

DEFINITION AND RATIONALE (continued) 

E56-60/El-60' fir8t second. 

The number of peaks in the first one second 

power spectrum which exceed 10% of Che 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-t*8  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 to 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 uo calculate two power 

spectra with one call to subroutine DOUBLE.  After the power 

spectra are returned, their ensemble average is computed. 

29 



The X array will then contain two power spectra of Interest, 

the spectrum for the 1st 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 arc 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 

feature vectors are transferred to an OLPARS compatible tape. 

Listings of the feature extraction program and its 

subroutines arc 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) is 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.  Each of these methods provides three types of 

rankings.  The first type uses a significancemeasure of a 

particular feature, Xp, for discriminating class i from 

class j and is designated by Mj^(Xp).  The second type of 

ranking uses a sign if icance measure of Xp for discriminating 

class i 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 method in OLPARS for ranking features is 

the discriminant measure, which is particularly useful when 

the class conditional probability distributions are unimodal. 

These discriminant measures, using feature X , are defined 

as follows: 
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Mlj<Xp) 

gr xP
(j)]2  

MiCXp)  - Z    Mlj(Xp) 

K       K 

M   (Xp) S    Mi(XD)   =ZZMi^Xp) 
i-1 

where     Y Ap 

i-1   i*i 

the estimated mean of class j along 

measurement X 

(j) the estimated standard deviation of 

N .1 

class i along raeasureraent Y . ^p 

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. 

5ince 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 XD is divided into cells of width A.  The probabili- 

ty that a sample from class i will occupy the Y   cell along 

the range of feature Xp is Riven by: 
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,(J) 
YP LH c.u '%\v**. 

The   probability   of   confusion   measures   us 1 nt»   feature   X 

<ire   defineil   as   follows 

Mu(Xp) - i - Z   ffj (PY 
CD       P(J) 

P      '      YP 

Mi(Xp) Z    MlJ<Xp) 
J-l 

M(Xp) I   Mi(xp) 
i-1 

S I    "ijtXp) 
i-1 J^i 

where   N  ■ tlie number of cells alonp, measurement v.. p > np 

and     K ■ the number of classes. 

The ranking of extracted features based on these eval- 

uation techniques provides the information required to 

rationally choose initial subsets of the 48 features for 

lo^ic design.  Logic design is an iterative process in which 

many designs, based on modified versions of tie initial 

feature subsets, are Renerated and tested.  Features which 

appear to discriminate between the more troublesome classes 

are added, while superfluous features which rank high for 
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Che same easily discriminated classes are eliminated. 

For this five-class problem, the top fifteen features, 

rank-ordered by the probability of confusion measure, ^i\(X0), 

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 palrwlse 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 d^j maximize the ratio of the between-class scatter to 

the wlthln-class scatter.  The direction d^j which maximizes 

this ratio Is given by Reference [5]. 

äij - « wij Au 

where Wij - (Ni - 1) Ci + (Nj - 1) Cj 

ij 
Estimated covarlance matrix for class 1 

and 

Aij - Hi - Ej 

Mj  ■ Estimated mean vector of class 1 

NJ  
M
 Number of vectors In class 1 

a  Is a normalizing constant so that |d| = 1 
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OLPARS computes djj and an Initial threshold, Q^*,   to 

distinguish between all pairs of classes.  These thresholds 

may be adjusted, If necessary, to obtain optimal discrimina- 

tion along each d^i. 

For example, the Inner product of an unknown Input 

feature vector, JJ , Is taken with the discriminant d.u for the 

pair of APCs and helicopters, compared with the threshold 

6Alj for the pair of APCs and helicopters. 

K 

If   <dA1i,x
>   * 7.   Xi   ^AU     >®A11     Increment   the   counter 

1-1 
for   the   APC   class. 

If   ^All'^   = £   Xi   d, 
1-1 

<ÖAI,     Increment   the   counter 

for   the   helicopter   class. 

If   <iiAll»X>   = Z-   Xi   dAIi  -   eAii      Increment   the   counter 
i-1 

for   the   class   with   the 

larger   number   of   samples 

In   the   design   set. 

where K = Size of the feature space. 

After all the pairwise decisions are imde, 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 is diagrammed in Figure 13. 
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PAIRWISE  FISHER  LOGIC 
INNER 

PRODUCT COMPARATORS 

~HA 

^HT 

SHM 

^HC 

* AT 

^AM >eAM 
i 

H~ 
— 

SAC ^AC 
1 

L -i 
d,TM >eTM 

j 

43 
— dTc >eTC 

/ 

- ~i 
^MC >eMC 

/ 

-rn> 

COUNTERS 

d - LINEAR 
DISCRIMINANT 

9= THRESHOLD 

H< HELICOPTER 

A: APC 

T■ HEAVY TRUCK 

M< HUMAN 

C: C-I3I 

Figure    13 
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SECTION IX 

RECOGNITION RATKS 

Four classiflerH were designed using 16, 22, 33, and 

44 features.  Witli the exception that foature 46 Is missing 

from the 44 feature design, eacli design Is based on a subset 

of the features used In the higher order designs.  Figure 14 

lists the features used for each design. 

These classifiers were evaluated with the design data 

set and an independent test data sot.  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; 120 for iiumans; and 132 

for c;-131s.  The design and test confusion matrices from 

the resulting evaluation of each classifier are shown in 

Figures 15 thru IS. 
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FEATURE LIST FOR EACH DESIGN 

* 

A4 FEATURE DESIGN 

1     2    3    4    5    6 7    8 

11    13   14   15   16   17 18   19 

22    23   25   26   27   28 29   30 

33    35   36   37   38   39 40   41 

44    45   47   48 

9 10 

20 21 

31 32 

42 43 

33 FEATURE DESIGN 

1 2 3 4 5 6 14 15 16 19 

20 21 23 25 27 28 29 30 31 32 

33 36 37 33 39 40 41 42 43 44 

45 46 47 

3 

29 

46 

4 5 

30 31 

47 

22 FEATURE DESIGN 

6   14   15   16   25   27    28 

37   38   39   42   43   44    45 

1 

42 

4   27 

4 3   4 4 

16 FEATURE DESIGN 

2 8 

4 5 

29 

4 6 

30 

47 

31   37 38 39 

FIGURE 14 
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ASSIGNED      CLASS 

H A T M c 

II 125 2 7, 2 1 

A 0 172 3 1 0 
TRUE 
CLASS T n 2 m 0 n 

M 0 1 n 133 2 

c 0 n n 1 133 

Probabi lity of Correct Cl assi ficat ion = .073 

CDNFUSinN MATRIX FOR TIIF  DESIGN SFT 

USING 44 FFATURFS 

1» A S 5 ! I G ^J F D  C L A S S 

V II A T M c 

11 121 12 3 2 21 

A 4 137 27 3 n 
TRIIF 
CLASS T 1 3 12 n n 

M n 5 n 123 1 

C 7 1 i 1 122 

Probabi lity of Correct Classi fication = .S48 

CONFUSION » WTRIX FOR TIIF TFST SFT 

US INC 44 FFATURFS 

LFCFNO: 11 
A 
T 

HFLICnPTFR 
APC 
HFAVY TRUCK 

M     -     HUMAN 
C     -     C-131 
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A S S I C N E D  C LAS _S 

H A T M C 

II 125 1 4 2 1 

TRUE 
A 4 168 3 1 n 

CLASS T 0 4 131 0 0 

M 0 1 n 131 4 

C 1 n n 0 134 

Probabi lity of Correct CUssi fication = .063 

CONFUSION MATRIX FOR THE DESIGN SET 

HSINC 33 FEATURES 

A S S I C N E D  C LAS S 

H A T M C 

11 127 3 4 4 21    , 

TRUE 
A 9 135 23 4 n 

CLASS T 3 1 12 n 0 

M o 5 n 123 ■ 
c 7 0 l 1 123 

Probabi lity of Correct Classification = .R56 

CONFUSION MATRIX FOR THE TEST SET 

USING 33 FEATHRFS 

LECF.ND: II - HELICOPTER M - HUMAN 
A - APC C - C-131 
T - HEAVY TRUCK 

FIGURE 16 

41 

! 



ASS I G NED c LAS _s 

H A T M c 

H 121 2 4 4 2 

TRUE 
CLASS 

A 

T 

2 

0 

170 

.-5 

3 

n2 

1 

n 

0 

n 

M 0 1 0 133 2 

C 1 0 0 2 132 

Probability of Correct Classification ■  .962 

CONFUSION MATRIX FOR THE DESIGN SET 

USING 22 FEATURES 

ASSIGNED      CLASS 

II A T M C 

II 128 4 5 4 18 

A T 144 20 4 0 
TRUE 
CLASS T 1 3 12 0 n 

M 0 5 0 123 i 

c 11 1 5 n 115 

Probability of Correct Classification •  .860 

CONFUSION MATRIX FOR TIIF TEST SET 

USING 22 FEATURES 

LEGEND: H 
A 
T 

HELICOPTER 
APC 
HEAVY TRUCK 

M - HUMAN 
C - C-131 

FIGURE 17 
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ASSIGNED      CLASS 

TRUE 
CLASS 

II 
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A 3 
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M 2 
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4 130 n 

1 0 12P 

n 2 1 

Probability of Correct Classification = .9S] 

CONFUSTDN MATRIX FOR THE DESTCN SET 

USING 16 FEATURES 

ASSIGNED  CLASS 

C 

3 

0 

0 

4 

131 

II A T M C 

il 129 2 5 4 19 

TRUE 
CLASS 

A 

T 

6 

1 

142 

3 

19 

12 

4 

n 

n 

0 

M 1 6 n 121 i 

c 11 1 6 n 114 

Probabi lity of Correct Cl ass' ification = .853 
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Note that the probability of correct classification 

using the design set Increases monotonlcally 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 16-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 extraction by elimination of the one second ph^se 

of the extraction process.  The trade-off between the 

slightly superior performance of the 22-feature design 

(Pec on the test set of 0.86) versus ihe 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 

design are given In Appenr ., C.  These linear discriminants 

contain the ten weight vectors with their respective thresh- 

olds and, together, with the block diagram In Figure 13, 

completely define the palrwlse Fisher logic for the 16- 

feature design. 
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SECTION X 

DISCUSSION AND RECOMMENDATIONS 

In rnsny 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 Is 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 vide   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 becomes because 

all the variations anH the possible combinations of the 

variations have to be sampled and analyzed for each variety 

of vehicles. 

The  mair <»oal of this effort is the development of a 

seismic classifier which w!,.l 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 signature 
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with the Impulse response of the earth.  The earth's Impulse 

responses differ greatly throughout the world because they r.re 

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 locality but may change 

periodically as a function of the seasonal variations.  Sea- 

sonal variations in the transfer 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 seismic 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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04-0<»-73   17,594 PROGRAM TO STRIP SPtClFlEO DATA CHANNELS FROM A BAMKI TAPE 

AND WRJTF A Ng* TAPE WITH A SIMPLIFIED FORMAT, 

r 
C 

1001 

1003 

1006 
400 

66 

67 
65 

1Ü07 

PROGRAM TO STRIP SPECIFIED DATA CHANNELS FROM A BA 
ANP WRITE A MEW TAPE WITH A SIMPLIFIED FORMAT, 

CDMGN inAT(3ÜU» /).JCOUNT<45) 
COVHON /JAZZ/IACibSS) , IEOF, IBORT,IPARTy 
CQM0N/J|M/LA(32ft)   __  
C0M^C\/AVb»Gf:/lAVG(4^'«LC0UNT(45), IJK.NTIMESI iPRjNT 
DIMENSION KCOuNT(4S) 
IPARTVrO 
I8CHT«C 
UK iU 
FIEAO   lOOl.^'UM.tKcOUNTCjJjjsl.NUM» 
füf.iATMC"l?) 
REAO lOOSiNREC.NTIMgS 
fOFHAT(2I5) 
KEAO 1001«IpRIMT 
IÜ   400 Isl.NUM 
Lvi.«Kx;au.ivJ(D .  
^R1TF(6,1006) I.IND 
f 0MAT(10X.7MRFCPF<D   ,I2»17H   IS   F^OM   CHANNEL   .1?) 
LCGJ\T(1MD)»T 

LO   i   Jsl,45 
jCC;jfvT(j) = n 

LQ tnoS M'liNREC    
CALL SP*WN(N,NUM,KCOUNT) 
IFdtOF.EQ.l) GO TO 1004 
IF( If-QPT.Nt.O) GO To 1005 
JFdjK.NF.n GO TO 1005 
[.0 ICOO J»l iWUM 
LA(4)«1AVG(J) 
DO 500 Is7,3?6 
LA(I)=lD*T(I-o,.n 
CALL PPOC 
CONTINUE 
CONTINUE 
J£HJK.EO.f1) GO TO 1007 
IF( IfOPT.NF.O) GO TO 1007 
LO 65 Iil.NJM 
IND«KC0UNT(|) 
KE^lO»JrOUNT( IND) 
CO 66 JsKEND.320 
IDAT(jJL)»n__  
L A ( 4)sI A VG ( I ) 
LO 67 Js7,326 
LA(J>sIDAT(J-6.I) 
CALL PROC 
CALL WFF 
CAU WFF_ 
CALL WFF 
STOP 
END 

MKI TAPE 

A9 

I 



c 

40 

2 

5 
6 

tU~~C~/JI M/LA<12~ l 
C OM~G~ /JA liiiA(\d~~ , .lE O~ .I~ "~ T,IP~~TY 
tO~~GN t r 4T(32 U• 7ltJC1U\T(45) 
C. 0 1-lMO:II I A V~ ~G I= /I A Vi; I 4 o; ~ , L C U•A T C 4' l , I .J 1\ , " T I ~~~ S, 1 >· F\ I •H 
Ld ME f\ S-l or·- f"o rt (4 l , J ·j l• C 3 7.l , J ;) < t 4 l 
c I n E ~ s I o "' 1< C nuN T < 4 5 l , M As'< < .~ l • K or s T c 3 1 
IJ I ~ E f\ S I 0 "' F" A V.., c 4 c:; l 
LATA I ~ AL F" Ic6~144/ 

C41A ( J PC!l,l:l•14llt. ?l•l•12, ?2 , 3n ,1,1?,1,, 2 ,ll,J Q ,~ 0 .451 
LJ ATA K' 1 / 017 7777"/7 !JfJQ0_1 
(,AT A ( MAS I< ( I ) , I: 1, 3 l I 0 7 77 7 0 ') 0 0 C 0 0 0, 0 (I " 0 r. 77 77 0 0 C ·1 , n 0 II 0 0 0 r. 0 (l 77 77 I 
LATA ( ~ O ~S T(I),!:l,3)/t677~216•4096 ,~1 
DATA MASKA,MASK810777777 ~00 0 0 (, G00r~ u r7 777771 
F 0 t< 'I A T C b C 2 lf , I 1 2 ) l 
LA LL c> Ll k !J 
ll< l~ Q F". ~Q .ll ~~ TU~ ~ 
IF"CJJ Af;M,f\.F ,tl GC' TO 2 
LAI3):A Nn (tAC2l,~AS~ A)I)HALF" 
L A 0 4 C : H d l ( I A ( 2 l , "1 A S~~ l 
I S A"11-: 1·Tl •'1 ':S 
~ T~~~ S:1 0001JSA~P 

J..Hili:P; o~ _ -·. _ _ 
IOu C1 >:A H JC I~<l>.MASKA>II HA LF" 
1 0 IJ ( (i l ,. A ~· U C lA ( 1 l , "A~ I( 8 ) 
IC u C 3 l=A ~U <lAC?), M AS K A)/IH1LF" 
i0 U (4):A ~U IIAI?), ~ £SI( 8 ) 

IF"CLA 0 4r., N~.I0 u (1)l Gu TO 7 
tf J h ~!...::J. ._£; ! I 0 !l .. P 1 l .. r; 0 . T 0 5 
tFC!t OR Tl ~ .lq•10 
IF"<! ~O~ Tlb,6,5 C O r 

CALL ~s r 
(AL L \oll= f 
18LRT=1 
C.O TC ') 0 00 

· 1 - --ff<L1."""0T.-t.'5"":1 o-ri-C:l >1 r.o-· t n u 
1 f" I I I· oc:n l 6, 19, 1 0 

11 tr<I ~OR T>6,1?,1 C 

19 lf"<I~~.E ~ .n ) G~ Tu ~ 

l·O 6? 1=1• ·u1-1 
____ . -~!.J : t-: C~U ~ I T_<_!_l ______ . _ ·-- ·-- ____ --· __ . .. ___ . ___ . _ 

1\ !: 1\: D : ,J r; 0 II iiJ T ( l i'J !l ) 
[jO 6f: J: KE_\JQ ,3 ?0 

'S6 IUATCJ,Il: '1 
LA(4):!A VG cll 
[JQ 67 J : 7d2" 

<S7 LACJl=trAll~- b • ll 
·~ ~ CALL peer.-·---·----- ----·· - -- .. . - .. - ...... 

t.O TC 9 
1. ? CALL 9SF" 
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U     04-03-73       lt.515 

IBORTiO 10 
F<ECORI1»0. 
IJKiL 
LAll)»IOD(l) 
LA(2>»ISAKP 
LA(3)»10n(3) 
LA04C«I0n(4) 
^A(5)sANn(IA(226).MASKP) 
LA(6)«ANnM A(229),»/ASKA)/lHALr-40 
IF(LA(6).GF,0)   GO   TO   3 
L A(5)«LA(i>>-l 
L*<t )»100ü» L AJ 6) .  
IFdJK.GT.O)   GO   TO   444 
LG  50   J«1»NÜM 

50 
444 

IND»KCCUMT(j) 
JC0JNT(INÜ)«1 

DO   ILün   NNsltB 

401 

10   800 MM«1#10 
UO 4^0 Ksl,9,2 
JBE»JP(K) 
jPt«JP(K»l) 
KtO 

»1C*1 . .  
DO 400 J«JBE.JPE 
M»M*1 
IF(M,LT.4) GO TO 401 
IC'ICM 
K«l 
|F(JCOUNT(J}.EO.O) GO TO 4 0 0 
|liAND(IA(IC)iMASK(M)} 
I1«I1/K0NST(M) 
IF(Il.GE.2n4R)    I1=DH(I1,KM) 
J1«<JC01INT( J) 
Ll»LCÖUNT(J) 
1DAT(J1,1 l)»Il IDAT(J1,I l)»Il  
JC0UNT( J)=JC0UNJT( J)*l 

400 CONTINUE 
IF(MK-?)600i70ü,ßO'i 

600   jBfc»jP(il) 
jPEiJPd?) 
GO JiL 4JL2 

IF<H,LT,4) 
IC«IC*l 
M»l 
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SOI   ir(jCOUNT(J).EQ.O)   GO   TO   500 

I1«0R(I1#KH) 

Il»AND< IMIC).MASK(M)) 
Il«U/KONST(M) 
IF(Il.GE.204fl) 
Jl'JCQuMJJ) 
LULCOUNTU) 
ID*T(Ji.Li)tti 

500 
800 

900 
1000 

45 

46 
64 

in« i t ^i»ui i ■ ii  
JCOUMt J)»JCOUNT( J)*l 
CONTINUE 
CONTINUE 
NNP»4»NN 
\N4»NNP-3 
^OJOO   KZ»NN4tNNP,2  
IC»TC*I 
KZP»KZ*1 
jOD(KZ)«AND(lA(IC).MASKA)/IHALf 
J0Ü<KZP)«AND(IA(1C).MASKB) 
IC«IC»5 
iniPRINT.EQ.Q) GO TO 6' 
■'RITE(6,45)<!0D(l).I«l, '< 
ORMAT(1HO,4(2X,C10)) 
-i • -r t . i     Jl i. \ i   mn i 1 \     1-4 

64 

2) 
WRITE(6,46)(J0D(I)*lal,3? 
FORMAT(10X.012.2110i2X,01 
IJK»IJK*1 
CO   5001   I«liNUM      
irdjK.NE.Kjy'MES) RO TO ?0 
IJK«C 
REC0f<D«RFCORD*l, 
CO 4e Mtl.MjM 
FMEAKiO, 
DO 6U J=1.320 

60 

47 

FDAT«lDAT(J,Pn 
FMEAN«FDAT*FMEAN 
FMEAK8FMEAV/320, 
FAVG(M)i((RECOPD-l.)»FAVG(Mj*FMEAN)/RECOPD 
URITF(6,<7) FMFAM.FAVG(M) 
F0RMAT(i0X.x4HRECÜRD MEAN = 1F12.4» 16M PARTIAL 
lAVÜ«M)aUVGfM)*n.5 

20  IF(IPARTY,NE.1> GC To 5001 
JND«KCOUNT<I) 
kRIT[:(6,lll)   IND 

III  rOMAKSX.'WCHANMEL   .I?) 
KEND»JCOUNT(IND)-i 

MEAN   ■   tT^.Q 

5001 

5000 

kRITt((S,40) 
CONTINUE 
JPARTY»0 
RETURN 
ENL 

(IDATU.n.jBl.KFND) 

jm*  WORDS  Of   MtMflRV IJSPD BV  THIS  COHPILATIHN 

bz 
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OUOOQ 
OOüOO 
03503 
03504 

oonono 
000001 
OOOC02 
000003 

0 
9 

90000271010 
ÜOÜOÖ563C03 
00003575400 
00003574100 

00000 
00000 
0    010 
0    010 
0    010 
0    010 

000004 
000005 
000006 
000007 
000010 
mux 
000012 
000013 
000014 
000015 
000016 
000017 

77/776 2350 
000033 7^50 
O0O0C1 0010 
05 oooo oog 
000031 0ÖO0 
mOlJ  iJiM 
Ü00002 
000033 
000040 
000041 
000023 
000042 

ocn 
2350 
375U 
1150 
6000 
1150 

07 
00 
00 

000 
32 
ÜQ_ 
00 
00 
00 
00 
00 
ou 

000 
010 
ooo 
ooc 
on 
010 
OOJ 
010 
010 
01Ü 
010 
010 

000020 
000021 
000022 

END OF ÖINA 
000023 
000024 
000025 
000026 
000027 
000030 
000031 
000032 

000026 
000000 
000027 

RV CAF<D 
OOOOCl 
013504 

6000 
2350 
7100 
SUÖR 
2350 
7^5 0 

00 
07 
00 

OUTI 
07 
00 

010 
000 
010 

000 
030 

000030 
000001 
013502 
Ü000017 
0000000 
010 0 0 0 

7100 
2350 
7560 
1C00 
0000 

00 
07 
00 

0 
1 
02 

010 
000 
030 
010 
000 
030 

LSI 

IBORT 
IPARTY BSS 

SUBROUTINE TO READ BAMKI TAPt 
SYMDEr BEtLRD 

BSF 
JAZ7 
1859 
1 
1 

SYMRE^ 
BLOCK 
BSS 
BSS 

8 USE 
9 'lELLRD SAVE 

PREVIOUS 

in 
ii 
12 
13 
14 
15 

TRA 
STA 
MMfc 
RTB 
ZERO 
JEM. 

»-2.DL 
STR 
QCIMOS 

rc.ncw 
STR  

16 
17 
18 
19 
20 
21 
22 
23 
24 

2,5 ABORT 
26  
Tf  

MME GEROAD 
LOA STR 
ANA ,0070000000000 
C^PA 10030000000000 
TZE ABORT 
CMPA 1O04QO000000Q0 
TZE 
LOA 
TRA 

LDA 
STA 
-vnr 
LPA 28 Eor 

29 RETURN STA 
30 RETURN 
31 rc    8CI • 
3_2 DCW_  IOTP 
33 STR   BSS 

EOF 
«0,DL 
RETURN 

«1,01. 
IPARTY 
RfTURNfT 
■ l»OL 
J2*1858 
BELLRO 
i.oooooi 
J7,185a 

000033 

ERROR LINKA&E 

000035 
000036 

oooolooocooo  ooo 
222543435124   000 

LITERALS 

000040 070000000000   000 
000041 030000000000    00u 
000042 040000000000   00 0 

END Or BINARY CAhD SUBROÜTI 
34 END 

43   IS   THE   NEXT   AVAILABLE   LOCATION. 
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PAGE 

LBL SUBBQUTiNg   TQ   WBtTE   QUTPUT   TAPE   (   7   TRACK   VERSION   ) 

000000 
000000 
000000 
000000 

OOOOnO     OOOOÜ4710000 010 

? 
3 
4 
9 
h  PROC 

JZ 

SVMDEF 
BLOCK 
BSS 
USE 
SAVE 

PROC.wEF.BSr 
JIM 
326 
PREVIOUS 
0>1 

000001 
000002 
000003 
000004 
000005 
000006 

0000002 
0000002 
0003,536 
0003337 
O0U3337 
O00C017 

20003 
21003 
30000 
§-»000 
4J0Ü0 
40000 

000 
000 
010 
010 
010 
010 

000007 
000010 
oooou 
000012 
G00013 
000014 
00ÖÖ15 
000016 
000017 
OOOQ20 
000021 
000022 

00Ü0C27 
oooooo 
uooooo 
010000 
000015 
000001 
000024 
000022 
000001 
OlOOOO 
000023 
000001 

41000 
2200 0 
2210 
2360 
6050 
1760 
736Ü 0 
7370 0 
0600 0 
2360 1 
6050 0 
1760 0 

01J 
000 
0 0 0 
030 
010 
000 

000 
000 
030 
010 
000 

9 
10 
11 

7 
S BIG 
LOOP 

12 Q01 
13 
14 
15 
16 
17 

LDXO 
LPXI 
LDO 
TPL 
SflQ 

LLS 
ADXÖ 
(.no 
TPL 
SBQ 

■ 0|DU 
• OiDU 
JZ,0 
G01 
• l.OL 
TIT ~~ 
18 
»l.DU 
JZ.O 
G02 
«ItDL 

END OP BINA 
000023 
000024 
000025 
000026 
000027 

RY CARD 
000024 
000022 
000070 
000001 
000001 

SLBROU 
7360 0 
7370 0 
7550 1 
0600 0 
Q610 0 

Tl 
0 
0 
1 
3 
3 

000 
000 
010 
000 
OOP 

18 Q02 
19 
20 
21 
22  

OLS 
LLS 
STA 
AOXO 
APX1 

20 
18 

>liDU 
«liDU 

000030 
000031 
000032 
0OOQ33 
000034 
000035 

000243 
000012 
000001 
15 OCOQ 
000064 
000066 

1010 0 
6til0 0 
0C10 0 
00000 

000065 
OOOOOO 

000 
010 
000 
ooo 
Oil 
010 

23 
24 
25 
26 
27 
28 

CMPX1 
TNZ 
MME 
WTB 
ZERO 
ZERO 

•163,DU 
LOOP 
GEINOS 

FCDCW 
STR 
GFROAD 
PROC 

000036 
000037 

000040 
000041 
P0O042 
000043 
000044 
000045 

END OP BINA 
000046 
000047 

000002 
0000017 

0000427 
0003336 
0003337 
0003337 
000001 
55 0000 

RV CARD 
000064 
000066 

0010 0 
10000 

000 
10000 
3C0O0 
54000 
41000 
OOIO 0 
02000 

SUBROU 
OOOOOO 
OOOOOO 

040 

000 
010 

I 
010 
010 
010 

29 
30 
31 WEP 

MME 
RETURN 
SAVE 

010 
0 000 
1 000 
Tl 

Old 
010 

32 
33 

34 
35 

MME 
WEP 

ZERO 
ZERO 

GEINOS 

TC 
STR 

000050 
000051 

000002 
0000417 

0010 0 
10000 

000 052 

000 
010 

36 
37 
38 9SF 

MME 
RETURN 
SAVE 

GEROAD 
WEF 
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0000^2 
OOno^3 
0030^4 
000055 
000056 
00OC57 
000060 
000061 
000062 
000063 
00C064 
000065 

Ü0o0b471l. 
J003J3ö3l> 
J00333754 
J003i3741 
JOGUi-l 0 0 
47 OuOO U 
fl0.0064 Oj; 
O'Oüübö" Ow 
JOuui2 01 
00ü0i»371l) 
OOOOOOuOb 
J 0 C' u / Ci   0 u 

roc 
ooö 
uOO 
000 
10 0 0 
20001 
0 0 0 ü _ 
i o ü " 
10 Oü 
PUO 
0 0 2 
P?43 
000066 
000070 

010 
') 1 u 
01Ü 
01U 
000 
OOu 
010 
017 
oon 
oi j 
ooo 
oio 

3<5 
40 

u 
"42 
47 
44 
45 FC 
46 neu 
47 STP 
4« IA 

MMfe 
bSf 
2|R0 

MME 
RRTUHN 

sss 
BSS 

QPJNOS 

FC 
STH 
GFROAD 
BSF 
l.OCOOQ? 
14,163 
2 
163 

ERROH LINKAGE 

000333  0 0 COL 000 UOO   00'.) 
0003.74  47M46^3i.-t?0    000 

END OF ÖINARV CAt-D SLRROUfl 
49       END 

336 15 THF NtXT AVAILABLE LOCATION. 
GMAP VEWSlUN/ASSEfÖLY üiTCS   JMPA 110171/102971 
THERE WF-RF    NO  WARNING FLAGS IN' THF ABOVE ASSEMBLY 

JMP9 110171/102971 
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LPL 

PAGE 

SUBROUTINE TO WRITf; OUTPUT TAPE ( 9 TRACK VERSION ) 
2 SVMBIT" pnoc,wEr,Bsr 

OOüOOü 3 BLOCK JIM 
0Ü0ÜOÜ 4 J^ 8SS 3?6 
oouooo 5 USE PREVIOUS 
OQOUOO 6 PRCC SAVE 

oooooo O01OÜ27U0O0 010 
oononi ü0G64669(J000 Olü 
000002 000*46754000 010 
000003 O0LI6'.67410O0 Ol'i 
000004 OOlOlO 2200 03 OOü 7 LPXO • OfPU 
oonoos Ü000LÜ 2?HJ 03 0 0 0 fl BIG inxt «O.Du 
000006 ÜKOtQ 2ä60 10 030 9 

10 
(.OOP LDQ 

" TPL 
JZ»0 

000007 OOlÖll 6(50 03 010 
 X- - .E .      ,_  ■ ■ i. 

G"! 
000010 Ü00001 r/60 07 oou 11 SPQ • liOL 
000011 O0L0k4 7360 00 POü 12 G01 OLS 20 
000012 00L'0r2 7i70 00 000 13 LLS 1« 
000013 OOLOU OtCÜ 03 0 00 14 ADXO ■ liDU 
000014 510000 2360 10 n3ü 15   UPQ 

"TPL 
JZ,0 

000015 00ü0l7 6L5U 00 010 lf> G02 
000016 HOL OH 1760 0 7 oco 17 SBO • l.DL 
000017 U0L0i4 7?6r. UQ OÜO 1« r,02 QLS 20 
000020 000022 7370 00 OÜO 19 LLS 18 
OOOOPl 000163 7i;50 11 010 20 STA IA,1 
000022 000UO1 OfCU 03 000 21   ADXO • i.nu 

END OF BINARY CARD SoRRQUTI 
000023 U00001 0610 03 00 0 22 ADX1 • l.PU 
00O0?4 000243 1(10 03 00 0 2 3 CMPX1 »163.nu 
000025 000006 6(10 00 010 24 TNZ LOOP 
000026 oomi OLiu üO 000 25 MME QFINOS 
000027 15 0000 LCOQOü 000 2« 

27 
  -Hli  

ZERO 000030 000li»2 0OC1&4 011 ' re,new " 
000031 000157 Oi-rnoo 010 2n ZERO STR 

It    000032 J0UQt2 OHO 00 OÜO 29 M^L GFRPAP 
000073 000155 2:,>'3'\   00 01.1 30 LPA DC^J" 
000034 0OO166 7150 no 010 31 STA DCH91 
00O075 00 0(HO 2i   1 L'3 00 J 32 LPXO 

LPXl 
s 0 , P_U _ 

fc    0000^6 
•    000037 

OOOOCU 2*10 03 001 33 ' « 0,DU 
UlLOUU 2?on 10 03 J 34 L00P9 LPQ J7,n 

000040 00t0t4 7360 OC 00 ) 35 OLS 20 
000041 000020 737C 00 000 36 LLS 16 
00C042 010001 2>

7
6'J IC 030 37 LPQ J7*l,0 

000043 001024 7^60 00 0 0 0 3* QLS 20 
000044 00002Ö '7370 ÖD OO'J 39 LLS 16 
000045 010002 2360 10 0 30 4T LPQ J?*2#0 

END OF BINARY CAKÜ SIBR0UT1 
000046 3000*4 7360 00 OO'i 41 QLS 20 
000047 UO(,IÜ0 4 73 7') 0 0 00 J 4? LLS 4 
000050 000426 7!:50 11 Olli 41   STA 

" LLS 
JA,5 

000051 00(014 7;;/u OJ 0 0 0 4 4 1? 
000052 '310003 2360 10 03" 45 LPG J7*3,0 
000053 O00024 736J 00 OOJ 46 QLS 20 
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000054 OOlOkD 7370 00  000 
01L0L4 2?6Ö 15  030 

47 
4fl 

LLS 16 
oor.055 JZ«4|D 
OO^OSö )Ci(jOir4 7,560 00  030 49 QLS 20 
oono?7 OOOOlO 7J70 0 3  OOU 50 LLS 8 
OOnOfeO Q0ü4i7 71*90   11  01C 51 STA JA*lil 
001061 OOCOIT 73/0 00  000 5? LLS Ö 
000062 010005 2360 10  030 

Ü000k4~7360 00  OOD 
53 
51 [JLS 

JZtS.O 
000063 20 
0OOU64 OOLUiO 7370 00  OOU 5S LLS 16 
000065 01(OL6 2360 10  030 56 LHQ J7*6,0 
000066 J0C0i4 7361 00  OOU 57 QLS 20 
00O067 000014 7371 PU  OCO 5« LLS 1? 
000070 001430 7t5ii 11  Oin 59 STA JA*2,1 

END Or BINAKY CAKD SlB^OlTI 
Ü0n07l )0L0L.4 737J 00  OOU 60 LLS 4 
000072 'JU0u7 2360 10  030 61 LHO JZ*7,0 
00O073 0010^4 736'' 00  OOM 6? 8LS 20 
000074 JOOOiO 7370 00  OOU 6 3 LLS 16 
00O075 UJpOli) 236J 13  03l 64 L^U ^♦f^o 
000076 ■J0C0k4 7360 00  000 6S QLS 20 
000077 JOGO^O 737'' 00  000 6ft LLS 16 
UOOIOQ 000431 7^-50 11  Oil) 6 7 STA JA«3,1. 
oooini 0 C t 011 0600 0 3  0 0 0 6P AOXO s9,0U 
0001P2 •JOü5ü4 icon 03 000 69 CMPXQ s324,L1U 
000103 rJ0UlL6 6tC0 00  010 

"OOCÜ04 OfilO 03" Ö0Q 
70 
71 

TZ6 
AUXl 

OUTPUT 
000104 • iiPU 
OOoinS üC(.037 71C'1 PO  QIC 72 TBA LnüP9 
000106 oocoii OLIO Oü OOü 7^ OUTPUT M^E OFIMOS 
000107 15 ÜLOü CCOOOO  OOP 74 WTB 

000110 :)0Ulb3 0L,C156  on 75 ZPRO FC9,DCW91 
oooiu ooiiti uijoun  oio 

ÜÜOÜö? 0C1Ö 0 0  0 00 
76 

—77  
Zf-HO STR9 

0U0112 üFRffÄlT "~ 
000113 0CC0L1 OLIO 00  OOP 7fl M^E GFIMOS 

END OF BINARY CAK'J SLK«nilTI 
000114 55 OCOL UZOOOl  000 79 wFF 
000115 0001^2 OCCoCP   010 80 ZFRO FC 
00O116 00ülb7 OtCOOQ   01C 01 ZFRO STH 
000117 0000(2 Olio 00  OOÜ 3? MME GEROAO 
000120 UOCOL1710000    010 d3 RRTURN PROC 

U00121 84 wEF SAVF 
0001P1 000123710*10    010 
000122 O0L64663(l0Ü    010 
00Ol?3 
000124 

000646754,-00    010   
O0C646741OP0    UI0 

000125 iJOOOOl 0C1O CO  000 fa5 MMg QRlNOS 
000126 55 0000 (20001  000 86 wFF 
00O127 00C153 ÜLOCOi;   010 87 ^ERO FC9 
000130 nociti ocoooo  oio 8? ZFRO STR9 
000131 iJOOOCZ OLIO 00  000 89 MMg GFROAD 
öiieisg üOoi?2niOOÖ    Ö1Ö '90 RFTURM  WFF 

000133 91 qSF SAVF 
000133 O0C1357UOO0   010 
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END 

Q00134 
000135 
00CH36 
OF BlNA 
000137 
000140 
QP0i4i 
000142 
000143 
000144 
000145 
000146 

 .00 014 7 
00O190 
00C151 
000152 
000153 
000154 

 QflQISS 

2flL646tii. 
|iOC64ftV54 
(.00646741 

kY CAKD SL 
OQGOLl CL 
4 7   01,00   C 

. O.Otl^JJt 
00ülb7   Qfj 
U00002 ot 
00C0C1 ou 
47 ocog i. 
üüllbi 01 

-Mtlfil Q£ 
()0C0(J2 OL 
000134711 
il 0 C 0 0 0 0 01 
UOOOU'JUOt 
000163 OC 

uM  . 
0'', 0 
uno 

lü Q;J 
2O001 
QjliLL. 
tn.too 
10   00 
1U   UJ 
Ü^OOl 
C'IÜO 

in oo 
300 
002 
003 
0213 
£221L 

0 001 
coni 
0001 
0001 
0004 

OIL 
010 
OIL' 

000 
001' 
010 
010 
OÜC 
000 
000 
010 
010 
000 
010 
0 0'i 
000 
Jin 
QIC 

56 

63 
'6 

V? 
V^ 
94 
V? 
96 
97 
9« 
99 

100 
101 
10? 
103 
104 
105 
106 
107 
10« 
too 
110 
111 

FC 
FC? 
DO 
QCW9 
nO!9i 
STR 
STR9 
1* 
JA 

b^F 

MME 
bSF 

JPRO 
MMb 
RPTURN 
BCI 
E)C1 
I o r n 
jcrD 

BSS 

QCpOS 

FC 
ST« 
GFROAH 
QFl^OS 

FC9 
STR9 
GFRCAH 

i.ooooo? 
1.000O03 
I A,163 
JA4144 
1 
2 
2 
163 
144 

ERROR LINKAGE 

000646 OOOOCOOOut'JO    000 
000647 475146i:3iu?0    000 

END OF BINARY CAKD SUBRPUTI 
 112.  ENl! 

650   IS   THE   ^JEXT   AVAILABLE   LOCATIÜN, 
GMAP   VERSlON/ASSEfBLY   L'ATFS       J^A   110171/102971 
THERE WERE NO  WARNING FLAGS IN THE ABOVE ASSt^fcLY 

JMPB 110171/102971 
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0U-0U-73   17,796   SIISMIC SENSOB DATA FEATUBB EXIIACIO* 

NINE TRACK MAGNETIC TAPI VEHSJON 

1000 

1001 

1003 

100« 

1008 

1012 

2 

3 

30 
31 

SEISM 
NINE 

AlBERT H. P 
NCMAN IS TH 
FROM ONE HÜ 
UHUIIS IS XH 
ITKBSR IS T 
FROM THE HE 
IRUN ts AN 
THE NEXT PA 
ICHAN IS AN 
FÜ« EACH RU 
DIMENSION J 
DIMENSION X 
EQUIVALENCE 
irc-i 
BEAD(5,1001 
DO 21 KCHAN 
I|EAD(5,1000 
FORnAT(2l5) 
READtS^OQI 
FO«MAT(a002 
REAB(5,1003 
FOinAT(U0X2 
WRXTB(6,100 
FORMAT(1H0« 
HRIXBt6»100 
FOIMATdHOi 
wRIXEf6,101 
FORHAT(2X,8 
CAIL REH 
DO 20 I«1,N 
NVECT-0 
CAll RD9(JH 
ir(IBOr,NE, 
IF(JHSA0(3) 
C*ll. FSF 
GO TO 1 
ISTAHT-321 
JSTABI»I 
ISHIFT-O 
DO UO J-IST 
iPfj.BQ.D 
DO 30 1I«1, 
JIlij»II-7 
jTBMPdD-I 
CALL RD9(IB 
IFJIBOF.NE. 
IFfJ.tQ.I) 
DO tt XX«1(6 

IC SENSOR DATA FEATURE EXTRACTOR 
TRACK MAGNETIC TAPE VERSION 
ROCTOR     12 SEPTEKIER 1972     HUNSmiL 635 FORTRAN IV 
E MAXIMUM NUMBER OF DATA CHANNEIS i'O BE PROCESSED 
N OR THE NUMBER OF MAO TAPE PASSES. 
E NUMBER OP BURS TO BE PROCESSED IN THE NEXT PASS. 
HE THRESHOLD VAlUE FOR THE ABSOlUT* AVERAQE DEVIATION 
AN FOR EACH 1,02« SECOND WINDOW. 
ARRAT CONTAIN!:!.; THE RUN NUMBERS TO BE PROCESSED IN 
SS, 
ARRAY CONTAINING THE CHANNEL NUHBIRS TO BB PROCESSED 

N IN THE NEXT PASS, 
HEAD(6)*IBUF(61U«)(JXAXL(6)iXTfKP(»)fICHAN(20)tXRUN(20) 
(614U),FEAT(100) 
(X,IBUF),(JHEAD(7),IBUF(1)) 

)NCHAN 
■liNCHAN 
)  NRUNS, ITRESH 

)   (IRUN(I)tI»1«NRUNS) 
) 
) (ICHAM(I),I«1,NFüKS) 
) 
tt) NRUNS,ITRESH 
1X,7HRUNS ■ ,Z3,3X,8HITRXSH -(Z9) 
8)(IBUN(I),I»1,NBUN5) 
1X,UHRl'NS.5X,16(2X,02) ) 
2)(ICHAN(I),1-1,NRUNS) 
HCHANNELS,1X(16(2X,Z2)) 

RUNS 

BAD(i),ICHAN(1),0,0<IFC#IEOF) 
0) GO TO 1 
,EQ,ISUN(I)5 00 TO 2 

ART(S120,320 
00 TO 31 
6 

B'JF(JII) 
Uf(J-6).ICHAN(I),0,0»irC,IEOF) 
0) CO 10 20 
GO TO UO 
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01  0tt*0<t*73   '7,796   SEISHIC SENSOR DATA riATURC EXIIACTOB 

NINE T»ACK MAGNETIC TAPE VE«SIO|| 

JII"J»II-7 
JTAllfII)"IBUr(JIl) 

U lBttr(JII)"lTEMP(II) 
Ü0     CORiZRUB 

DO   0  >I-JsTAlT«5120t 1021» 
l"J*1023 
nEARxITAZUU) 
x9un>o 
DO   9  K-J.X. 

5 ISUfl«ISUM*IABS<IBUr(K)-IlEAN) 
zsun>zsun/i024 
PBZRT 2001,ISÜK 

2001 fOinATI1OX,20I5) 
irfXSOM.GB.ITBESH) GO TO 6 
l3HiFT«L 

6 CONTINUE 
JTAIU5)«JTAU(5)-U 
JTAZir6)>JTAZL|6)-800 
ir(JTAIL(6),GE,0)   GO   TO   81 
jTAXLf6)>1000«JTAZL(6) 
JTA1L(5)-JTAZI.(5)«1 

81     PRINT   1005|JTAXl,ZCHAN(I) 
1005  rOinAT(1X.012l2X.Z5f2X«012»2X,lt(I9t2X)) 

ir(IS«IFT,EQ,0)   SO   TO   8 

JSTART-1 
lP{iSHZPItGI,5120) GO TO 70 
lDZf"9120-ZSHZFT 
jSTA>T»IDIf/102U 
JST&RTsJSTAIT*102U*1 
lSHirT»IDIf/320 
I9HZPT»5121-(1SHIFT*320) 
DO   7   ■»■ISHZPI,5120 
lBur(>JJ)»IBUF(J) 

7 JJpJj#l 
70    ZSTA«T«JJ 

GO TO 3 
8   DO 100 J>1i51i0 
100 X(J!»ZBUP(J) 

l"1 
SUH1-0, 
SUR2"0i 
DO   10   Jal»102tt«512 
CAtt  RSQAI(X(J),X(b121),R) 
SUni"BUN1«B 

10     SU(12«SUn2*R*R 
rBAX(l)«süH1/2, 
l*X*1 
FBAX(l)>SUn2/2. 
in*i 
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01     0l»»Qtt«7J        17,796 SEISMIC  SENSOR  DATA  FIATUIB   IX1IA6TOI 

NINE  HACK   HA8NITIC  TAPE  VEESXOl 

t»Q   11   J"1025»5120,512 
CAtL   »8Q»»|X(J)#X(5121)#R) 
SUni-EJH1«l 

11        SUn2-5üM2*«*B 
r«»X;i)»!)üH1/10. 

P«AI|i;-SUH2/10. 
t»t*1 

DO  20«  J«»,3 

CAll  iOUBLE(X(L1)|X(L2)fN) 
I1fil*30«l 

300       12*12*20US 
DO   9  J»513,102tt 

9       X(JJ-tX(J-5i2)*X(J)*X(J*l536)*X(J*20«»)*~<0*3»8«))/5. 
C*II.  HARnOV(Xf6»U0*ll»rBAT(L)*rEAT(L«lM 
L»l*2 
exit ■imT(x,2,mTU),rEAT(i*i)) 
l"l*2 
CA^l THIESH(Xf2*a,riAT(l)) 

CHI-  »P1CVT{X,12,101,PEAT(L)#FEAT(1*12)) 
in*ii 
CA|.l  PEKPXK(X#2,0,1,PE*T(l)) 
x.n*i 
CMI.  RARnOM(X(513)f6»ll0fl>friAT(l)»PIAT(l*1)) 
l"l*2 
CAfcl  BlRXAT(X(5l3)«2»FEAT(L)frE»T(l«1)) 
1-1*2 
CAlt  «HIISH(X(513)*2*l»*FEAT(l)) 

C»U   s»EcVT(X(513),12,101,rEAT(l),rEAl(I,*12)) 

CAlt  PEXPXK(X(Sl3)t2*0.1fFEAT(l)) 
PRX«  2000«(P(AT(XNB)»ZED»1#l) 

2000  PCI««*T(l0X,10ll0,3) 
PÜICH   1005,JTAU,ICHA»(I) 
H"1 
00   12  J»1,I,#6 

XPUliOt.D   ll-l 
PUICH  2002*(PEAKZND),ZED"J,LI)«H 

2002   P0BHAT(6E12,U(Z8) 
12     «•»•1 

»TECT-EVBCt^l 
XSIAlt-l 
JITART«I 
60   TO   3 
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I   r 
01  0U-0tt.73   17,796   SIZSMXC SINSOI DATA FIATUIl EXliACTO» 

MIME HACK MAOHETIC TAFI VIISZOV 

20   PBZ>T 2003.»VfCT 
2003 rOlnAT(20H    TOTAL VSCTOlS ■ ,15) 
21  CALX. MN 

STOf 
»D 

ZEOr   DOBS ROT APPIAK ZN BEAD, DATA, COMMOM OR Lift 01 EWUAIS (-) 

X      DOES NOT KfBtki  ZN READ« DATA, COHMOH 0* LEFT Of EUUALS (-) 

238U2 NORDS QT   BENOKY USED BY THZS COMPIUTIOH 
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I 01 Ott-Ott- 7J   17,811 

SUBROUTINE DOUBLE(X,X,NUM) 
c THIS SUBIOUTZNE ENABLES THE CUCUUTION Of TNE 
c POKE« SPECTBUBS OF TWO DEAL HAVEfOR« SEGHINTN 
c NZXH ONE CALL TO THE TTt  SUBIOUTXNl, 

DIHENSZOH X(1024)|T(1024)* SI(102«)|S2(102iO(TAB(7aO) 
ir(NU«i-1) 30.25*30 

25 DO 27 J-1, 1024 
27 TU)-0, 
IQ Cnt     rfT(10,-1.0,X#Y,Sl»S2,IAB) 

Zr(NU(1*1) 286,400,285 
285 DO 309 K.2.512 

l»1028-K 
A"XU)*X(I) 
B"X(K)-X(X,) 
C»T<ICT*r(l) 
D"|lK)»Y(l) 
X(KJ"{A«A*D«D)*,25 

300 y{Ki"(C*C*B*B)*.25 
Xdl-O, 
Xj5n)"0. 
DO 320 K-2,512 
H"K*512 

320 Xtl1)»T(K) 
HBTÖRN 

uoo DO «50 K-2,512 
A»X(K)*X(K) 
B*r(K)«T(K) 

U50 X(K!"A*B 
x(H-o, 
lltVIN 
END 

SI     DOES NO* AVPEAR IN READ, DATA« C0HH0N OR LEFT Of   EWUALS (>) 

S2     DOES NOT AfPBAR ZN READ, DATA, COMMON OR lEFT Of EUUAIS (■) 
:><><><><><><><><><><><><><><><><><><><><><>o<><><><>< 

TAB    DOES NOT APPEAR ZN READ, DATA, COMMON OR LEfT 01 EUUAIS («) 
;><><><><><><><><><><><><><><><><><><><><><><><><><><>s 

23721 WORDS QP MEMORY USED BY THIS COMPILATION 
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Oa-03-73   18,926 
3 

TRANSFOFM FLAG. 
AND 1, FOR THE INVERSE TRAMSFOSM, 
OF EITHER THE IKPUT OR OUTPUT DATA, 
PART OF FITHER THE INPUT OR OUTPUT DATA. 
ARRAYS OF LENGTH N, 

SUBROUTINE FFT(NSXAGB«Slr.N,XR#XI,SCRATl,ScRAT2»SCRAT3) 
C     ALBERT H. PROCTOR     21 JANUARY 1972     HONEYWELL 635 FORTRAN IV 
C     NSTAGE IS THE LOG BASE 2 OF N WHERE N IS THE NUMBER OF DATA POINTS 
C     TO B«: PROCnSSED, 
C     SIGN IS THlTmMSFOÄM/INVERSE 
C     SIGN IS -1, FOR THE TRANSFORM 
C     XR WHL CONTAIN THE REAL PART 
C     XI WILL CONTAIN THE IMAGINARY 
C     SCHAT1 AND SCRAT2 ABE SCRATCH 
C     SCPAT3 CONTAINS THE COSINE TABLE OF LENGTH 3/k   N, 

DIMENSION XRr2),Xl{2)|SC»AT1{2)»SCRAT2(2),SCRAT3(2) 
DATA LSTAGE/0/ 
msiGni2,11,11 

11 ASSIGN 6 TO ISIG» 
GO TO 13 

12 ASSIGN 7 TO ISIGN 
13 IF(H"STAGE-lSTA3E) 14,5, 14 

1U   LSTAGEsNSTAGC 
fI»2**NSTAGF 
N2-N/2 
FLTNaN 
PHI2N»6,2831853/FLT» 
NPI"N2*1 
NPI1=NPI*1 

NrT2=N«*1 
N3FI2»3*NU+1 
SCRAT3( Dal. 
SC^/fT'lTNPTTJliC', 
SCRAT3(NP1) — 1. 
SCPAT3(N3pl2)»0, 
DO 1 1*2,KH 
ri«l-i 
TEMP»FI*PHI2N  
TFMTW"C0S   rTTn'pj 
SCPAT3(I)«TEMP 
ISUB»N?*I 
ISUB1sHpI1-I 
SCFAT3(lSUB)r-TEMP 

1        SCPAT3(ISUB1)s-TEfip 
J~   "Lxl 

DO 3 J«1,NSTÄG? 
NI»L 
La2*L 
N2J»N/L 
NP»K2J 

 -TTBTTTSTTin  
IM2J»(T-1)*N2J 
lK2K = I}f2J+1 
IN2JI»1N2K+NU 
W1SSCRAT3(IN2K) 
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01 _. O.'L-ÖJTII  11^2 6_ 

GC TO 
W2»-SC 
GO TO 
W2> SC 
DO 2 X 

ISUB1> 
ISUB2» 
IS'JB3 = 
WR-W1* 
W;»W2* 
SCRATI 
SCRAT2 
SCRAT1 
SCRAT2 
COKTIN 
DO 3 X 
XR(XR) 
XKXR) 
ir{SIG 
DO U I 
XB(XR) 
XKXR) 

IS 

8 
RA 
R« 
R* 
IS 
IS 
IS 
XR 
XR 
(I 
(I 
(I 
(I 
UE 
B> 
■ I 
= S 
V) 
R« 
■X 
»X 

IGN.(6.7) 
T3(IM2JX) 

T3(IN2JX) 
_1,NR  
TJTJ 
ÜB+IN2J 
UB1*N2J 
UB*N2 
(XSUB2)-W2*XI(1SUB2) 
(J^S U B 2J ♦W1 * X l«1SU B 2) 
'SUB)»XFTISüB"IT*MR 
SUB)-XI{ISUB1)*WI 
SUB3)-XR(XSUB1)-WR 
SUB3)»XX{ISUB1)-MX 

1, 
CRATI(IH) 
CBAT2(IR) 
10.9.9 
1.« 
R(IR)/?LTN 
I(Ifl)/nTN 

10 RETURN 
END 

236«7   WORDS   OF   HEMORY   USED   BY   THXS   COMPILATXON 
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11 00-03-73   IB.937 

SU8B0UTINE MARION (PS,VPSAKS,ISTART,HABGIN,SPACE»COUNT) 
C      THIS SUBROUTIM? QEXEHMINES THE MOST FREQUBNTir OCCURRING 
C      PAIRWISE SPACING OETWEEN THE LARGEST PEAKS IN THE POWER 
_C SPECTRU1 AND THE MUMBEH OF .TjMES jT OCCURRED,  

DIMENSION   PS(5l2),KCOUNT{20'),ITAB(20r#IFR'EQM0) " 
00   9   I>1,NPEAK3 
LPEAK-ISTA^T 
PEAK«PS(ISTART) 
JSTARX«ISTAHT*1 
 DO   1   J'JSTABT^IZ 

lr(PEAKl3E.PS(J))aO   TO   1 
LPEAK-J 
PEAK«PS(J) 
CONTINUE 
IFtPEAK.LT.O".)   (JO   TO   17 
IrREQ(I)»I.PEAK 
PS(LPEAK)*-PEAK 
JSTARX-lPEAK+1 
DO   U   J«JSTAHT,512 
PSJ>PS(J) 
IHPSJ.I.T.O.)   30   TO   5 
DIf ABS(PS(J-1))-PSJ  
IP{Dlr.3E.O.)   30  XO   U 
TEST=50.*(PEAK-.ABS(PS< J-1) )) 
irlTEST.ST.PEAK) 00 TO 5 
PSm«-PSJ 
JJJ«J*1 
DO 3 JJ"JJJ.512  
PSJ«PS(JJ) 
ir(PSJ,LT.O.) TO TO 5 
Dir»ABS(PS(JJ-1)NPSJ 
lr(0ir)3t33,33 

3   PS(3J)i-PSJ 
 GO TO 5  

U   PS(J)«-PSJ 
GO TO 5 

33  JSTARX«JJ+1 
PS(J)«-PSJ 
SO XO 2 

 5   JSTART»LPEAK-1  
6   DO 0 JJ>1(JSTARX 

J^JSTART-JJ+I 
PSJ"PS(J) 
If(PSJ.IT.O.)   SO  TO   9 
Dlr-PSJ-XsSfPSfJHy) 
imif.lE.O.)   00  XO   8 
tisT=50.*(PÄAK-*BS(PSfJ*1))J 
ir(T3ST,GT,PEAK)   SO   XO   9 
PS(JI»-P5J  
JJJ«J-1 
DO 7 JJJJ»1,JJJ 
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01  00«03»73 ._.1 Sj937  

77 

J-JJ.J-JJJJ+1 
PS.7«PS(J) 
ir(P3J,LTt0,) 00 TO 9 
DIF»oSJ-ABS(PS(J*1)> 
ir(Dir)77>77.7  
PS(J)«-PSJ 
GO TO 9 
PS(J)«-PSJ 
GO TO 9 
JSTART">J-1 
PS(J)—PSJ 
GO TO 6 

9 COMTlKUE 
GO TO 18 

17 NpnAKS-I-1 
18 DO 10 I»1,512 
10 PS(I)«ABS(PS(I)) 

CALL SoSruPdrHEQ.UPEAKS) 
K«0 
DO 11 I"1,20 

11 KCOUMT(I)-0 
MlaNPEAKS-l 
DO 15 1-1,VI 
JSTART-I+1 
DO 15 J»JSTART,NPEAKS 

12 

13 

iDir=irREQCJ)-irHEQ(i) 
HlN»IDir-MARGlN 
MAX»lDir*MARGlN 
ir(K.EC.O)   GO   TO   13 
BO   12   Kk-fTK 
Ir(lTAB(KK).LEiMAX.AMDtlrAB(KK).GE,MlM) 
COVTTKUE 
ir(K.GE.20)   GO   TO   15 
KaK-H 
ITAB(K)"IDir 
ITTf^K  

1U     KC0ÜNT(KK)«KC0UHT(KK)*1 
15 CONTINUE 

1ND«1 
MAXHtfM-KCOUNTd) 

   D016   I»2,K 

IND»I 
HAXmJM-KCOTrUTd) 

16 CONTINUE 
— cofüi^-xcoüNrr ITJO ) 

SPACF>IXAB(ZND) 
 TCTTTOJ  

END 

GO  TO   1U 

rcnr^To vr 

23751   WORDS   Of   MEMORY   USED   BY   THIS   COMPILATION 
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01  0U-0U.73   17,81a 

SUBIOOTZHI SOITOP (ZIAT,») 
C     TNZS SUBKOUTIHE ZS CAILIO BT HAlHON TO OiCil ZNl 
C      M IIIOBST PEAKS ACCOIDZBa TO TMIZX AHflZTDDBB, 

DlMBmloK ZBAYdl) 

BO   2  Z«1,»1 
Z»D»Z 
IZTXll-ZBAT(Z) 
JBf|lt»Z*1 
DO   1   J«JSTABT«N 
Zr(X|AY(J)lOE.LZTTLI)   00  TO   1 
iZmiaZIAYU) 
ZNOvJ 

1 COMTZBUI 
ZTSnB«ZlAX(Z) 
Z«At(I)«l,ZTTlI 

2 ZlAZ(ZKD)aZTEnP 
ilt«|R 
UB 

29709  WORDS   QT  IIBROIY   USED  BT  THIS  COMPZLATZO» 
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01     04-04-73       17,599 

C 
C 
c 
c 
c 

SUBROUTINE   TH'RFSH   <PS, ISTART",|.EVELS.PIST)" ' 
THIS SUBROUTINE COMPARES THE AMPLITUDES or 
ELEMENTS   IN   THE   POWER   SPECTRU"   AGAINST   A   NUMBER 
OF   EQUAU^   SPACED   THRESHOLDS  AND   RETURNS   THE 
NUMBER   OF   ELEMENTS   WH/CH   TALL  BETWEEN   THESE 
THRESHOLDS. 

DIMENSION   PS(Ö12»#PIST«LEVELS) 
PEAK«PS(1START) 
SMALt«PEAK 
JSTART«ISTART*1 
PO 1 J»JSTART,512 
SMALL«AM1N1(SMALL.PS<J)) 
PEAK«AMAXl<PFAK,Ps<Jn 
DIVIDE»(PEAK-SMALL)/FLOAT(LEVELS) 
DO  3  J«l.LEVELS 
PIST(J)«0I 
pO  4   I«ISTART,512 
IND«(PS(1)-SMALL>/DlV1PE*1.     _ 
IFdND.GT.LEVELS")   INDILEVELS 
PIST(IND)»PIST<IND)*1. 
RETURN 
END 

23760 WORDS OF MEMORY USED BV THIS COMPILATION 
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01     04-04-73       17.6 02 

C 
c 
c 
c 

SUBROUTINI PISQAR(X.ieRATiR)  
THIS SUBROUTINE CALCULATES »i WHERE R Is OEriPJED 
AS THE RATIO OF THE MAXIMUM DEVIATION FROM THE 
MEAN TO THE AVERAGE DEVIATION FROM THE MEAN IN A 
GIVEN 1/2 SECONO WINDOW OF THE MME WAVEFORM, 
DIMENSION X(5l2).SCRAT{112j  
SUMiO. "     " 
DO 10 I»1»512 

10  SUM«SUM»X(!) 
SUM»SU^/51?, 
DO 20 111.512 

20  SCRAT( n«ARS(X(n-SUM) 
XMAJTÖ, 

SUM«0, 
DO 40 L«1.512 
XMAS«AMAX1(XMAS,SCRAT(L)) 

40     SUM»SUM«5CRAT{L) 
R»CS12.*XM*S)/SUM  
RETURN 
END 

23648   WORDS   OF   MEMORY  USED  BY   THIS  COMPILATION 
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HÜ 

01  04-04-73   17.605 

SUbR0UTINE ÖfNRAl fFS,TSTART/FE*Tl,fEAT2) 
C      THIS SU^KOUTINE CALCULATES THE RATIOS OF ENEpSy 
C      BETWEEN ONE AND TWENTY HERTZ AND BETWEEN TORTY-ÖNE 
C      AND SIXTY HERTZ TO THE ENERGY BETWEEN TWENTY-ONE 
C      AND FORTY HFRTZ. 

DIMENSION PS(512)  
SUMi^O, 
SUMt^O. 
SUM3»0. 
ISTOP^ISTART♦^,) 
DO   I   I«ISTART,ISTOP 
syMi.suMi^PSiu  
SUM2»SUM2*PS<i»20) 
SUM3«SUM3*PS(I*40) 
FEATlsSUMl/SUM2 
FEATi-sSUMJ/SUMZ 
hETJRN 
£liO  

c'3648   WORDS   OF   MEMORY   USFÜ   BY   THIS   COMPILATION 

\ 
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01  04-04-73  17.609 

 SUBROUTINE SPFcVrfPS7NvTffT.TrR7WC^7REATEBT 
C     THIS SUBHOUTINE CALCULATES THE RATIO OF ENERGY 
C     ABOVE A SPECIFIED FREQUENCY TO THE ENERGY BELOW 
C     AND ALSO CREATES A VECTOR WHOSE COMPONENTS 
C     CONTAIN NORMALIZED ENERGY VALUES FRON CONSECUTIVE 
C     FREQUENCY BINS OF THE POWER SPECTRUM,         

DI MlN SION PS(512).VECT«NVECT) 
DO I I»1.NVECT 
VECT<1)»0. 
SUHiO, 
DO 5 I'l.NVECT 
J»5*I-3  
K»5»I*1 
DO 2 L"J>K 

2 VECT(I)«VECT(I)^PS(L) 
5 SUM«SUM*VECT(I) 

DO 6 I-l.NVECT 
6 VEcTU )»VEcT(I )/SUM 

RIvgTiO, 
RuyAT«0, 
DO 3 1,1.ITH 

3 RQYeTfRQYBT*PS(I) 
J'lTH*! 

 Qfl 4 I«JiS12  
4  RGYAT«RGYAT*PS(I) 

REATEB»RGYAT/RGYBT 
RETURN 
ENP 

23715 WQRDS OF MEMORY USED BY THIS COMPILATION 
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01  04-04-73   17,614 

C 
c 
c 

SUBRCUmt PEKP1K( PS, I START, THRESH, COUNT) 
THIS SUR«OUTlNfc CALCULATES THF NUMBER 0? 
IN A POWER SPECTRUM WHICH ARE ABOVE SOME 
PERCENTAGE OF THE MAXIMUM PEAK, 
DIMENSION PS(!)12) 
XMlN'PSnSTART)  

PEAKs 
SPECIFIED 

XMAS«XMIN 
INIT«ISTART*1 
DO   1   I«INIT#512 
XMINsAMINKXMIN.PSd)) 
XMASeAMAXl(XMAS,PS(I)) 
TEST»(XMAS-XMIN)«THRESH 

GO   TO   2 

2 
3 

COUNTtO, 
PSMIN«PS( I)-XM1N 
IF(PSMIN.GT,TEST) 
ISWITsO 
GO   TO   3 
11*11*1  
DO   5   1»2.512 
PSMINsPSdJ-XMIN 
IFdSWIT.EO.l)   GO 
IF(PSMIN.GT,TEST) 

GO   TO   5 
IF(PSM1N.GT.TEST)   GO  TO  5 

TO   4 
ISWIT»! 

ISWIT«0 
C0UNT«C0LINT*1, 
CONTINUE 
RETURN 
END 

23778   w'ütTDS   OF   MEMORY   USED  BY   THIS   C IMPTLÄTION 
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MOE 

1 
2 

m       rar 
Al  PIOCTOI, 

000000 000002710000 
000001 000033630600 
000002 000033794000 
000003 0000337«t1VOO 
00000t» 000001 öoio 00 
000005 US 0000 020001 
000006 000030 009000 
000007 000031 000000 
000010 000002 0010 00 
000011 000031 2350 00 
000012 000011 6090 00 
000013 000001710000 

000014 

BUD 

*IH« SUBIOUTZVI 
ZSCP, IADC 

3 
000000       4 

000014 
000015 
000016 
000017 
000020 
000021 
000022 
OF BINARY 
000023 
000024 
000025 
000026 
000027 
000030 

000016710000 
000033630000 
000033754000 
000033741000 
000001 ÖOIO 00 
70 0000 020001 
J00030 000000 

CARP rsroooo2 
oo^ooo 
0010 00 
2330 00 
6090 00 

000031 
000002 
000031 
000025 
000015710000 
ooooooocoooi 

0Q0031 

010 
010 
010 
010 
000 
ooo 
010 
010 
ooo 
010 
010 
010 

010 
010 
010 
010 
ooo 
000 
010 

010 
ooo 
010 
010 
010 
000 

TO SKIP RICOBDS AND BEHIND MAG TAPES 

iXiifisr    rsr.MiH 
rsr      SAVE 

5 
6 
7 
8 
9 

10 
11 
12 
13 

W.1E 
rsr 
ZERO 
ZERO 
RBI 

LOOn  IDA 
IPi 

IBM 

nm 
REN 
ZERO 

ZERO 
HHR 

X.00P2  IDA m 
RETURt 

FC     BCI 
STATUS BSS 

ERROR UNXAGR 

000033 000000000000    000 
000034 2662262U2020    000 

EBO Or BINARY CARD fSfOC003 

36 IS THE NEXT AyAUABlE lOCATION,** 
OHAB VBRSION/ASSBMBIT BAXBS   JMPA 110171/102971 
XHBBB VERE    NO  WARNING BlAGS IN THE ABOVE ASSBHBIY 

GEXNOS 

rc 
STATUS 
GEROAC 
STATUS 
100P1 

RETURN rsr 
SAVE 

GEIUOS 

FC 

STATUS 
GEROAC 
STATUS 
100P2 
BEN 
1*000001 
2 

JMPB 110171/102971 Jl 
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— - — _    - ... _ - -  - — 

1 LBL     READ9TRK,SUBROUTINE TO ''EAD 9 TRACK DECODED J 
2 * JIM BOAcH. XScP IRADC 

3 SYIIDEF R09 
oooooo 4 USE PHEVlnUS 
oooooo 5 RD9 SAVE JL»J» I» !•*».* 

oooofö" 000010710000 010 
OOOOOI 000000220003 000 
000002 000000221003 000 
000003 000000222003 000 
000004 000000221003 ooo 
ooooos 000000224003 000 
ooöoo« 000000225003 003 
000007 003045630000 010 
000010 003045754000 010 
000011 003045741000 010 
000012 000001740000 010 
000013 000002741000 010 

' 00001Ü 00O0Ö374 20ÖO" 01 ) 
000015 000004741000 010 
000016 000005744000 010 
000017 000006745000 010 
000020 000002 2150 11 000 6 LOA 2.1 
000021 003044 7350 00 010 

ooo 
7 
9 

STA 
STZ 

B"r 
000022 000007 4 500'31 " 7.1* 

END OF BINARY CAHO RtAOflTRK 
000023 000006 2150 31 000 9 IDA .«.1* 
00002(4 003043 7550 00 010 10 STA FC 
000025 000000 2200 03 000 11 LDXO = 0,DU 
000026 003041 2150 00 on 12 IDA DUMMY 
Ö00027 000134 TTSTS  00 01 5 ~T3 " ~'~'STr~~ T ÄXIT 
000030 003040 2150 00 01 3 14 IDA DUMMYB 
000031 000133 7550 00 010 15 STA TALLYS 
000032 000001 0010 00 00 ) 16 M'lE G?INOS 
000033 03 0000 100000 000 17 RT9 
000034 003043 000135 Oil 18 ZERO 

~mo ■ 
FC.DCW 

00WJ5  003136 iJ^TJOO^ on " "T9" STR" 
00003« 000002 0)10 00 00 J 20 MME GEROAn 
000CJ7 00r'135 2350 00 on 21 I^A STR 
0000^0 000002 7350 00 000 22 ALS 2 

"•"  000041 777400 3750 03 000 23 ANA ■O777400,DÜ 
000042 211400 1150 03 ooo 24 C'lPA ■02111400,0Ü 
WDOOl "0TD047 60TirW~ Ö1J 2r-  rrz - 1001» 
00004U 000001 2150 07 000 26 ll\ ■I.DL 
000045 000007 7550 31 000 27 STA 7,1* 

END Of BIÜARY CAPO ^SAISTRK 
000046 000132 MOO 00 on 23 THA EXIT 
000047 003050 1160 00 010 29 lOOP 19Q ■ 1472 
0ÖÖ0S0 'oooooeT^onpj

- ~wn~' _ ^ 
"6 

000051 000134 7'20 06 on 31 STCQ TAl.l.Y.06 
000052 003050 2360 00 on 32 log «1472 
000053 000006 7360 00 00) 33 gis 6 
00005« 000133 7520 06 on 30 STCO TAltt3#06 

PAGE 

9   TTAcK   EOF 
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2Q915-Q2--aJL-;fl3-7 3       M,9%1 

000055 CIVJ-I33   2350   52     010 35   RUN lOA TALLYB.SC 
000056 000134   7550   52     01J 36 STA TALLY,SC 
000057 Ö00055 6070 DO 01J 37 TTF RUM 
000060 000001 0500 03 00) 38 ADXO »1,00 

 0.00061 riO_000« 10P_0 03  _000 39 _C!1PX0 »4,DU 
000062 0000''*7 6010 O'Ö 010 UO TMZ LOOP 
000063 CiQOOOO 22U0 03 OOJ U1 LDXH ■0»DU 
00006a 000000 2230 03 00J U2 LDX3 «O.DtJ 
000065 000003 236; 31 00) 43 START     lOQ 3,1* 
000066 00012« 6000 00 01) 4U HI NEXT 

_0_00067 003051 1760 00 01) U5 SBQ «1 
000070 003052 4020 00 01) 46 MPY »109 

BSD   OF   BlNARlf   CARD REA^gTFK 
000071 000000 623) 06 00) 47 EAX3 O.QL 
000072 000000 220C 03 00' 48 LDXO «OfOU 
000073 000140 2360 13 010 49 BgOI»     LDQ IA,3 

 050074 003053 2350 00 01) 50 _     _    IDA »0 
000075 000022 7370 00 O00 51 US 13 
000076 003044 755C 70 01) 52 STA BUF.*0 
000077 000001 060C 03 00) 53 ADXO »1,DU 
000100 000022 7370 00 00) 54 III 19 
000101 000022 7350 00 00) 55 Al-S »8 

 000102 000030 7310 00 00) 56 ARS 24 
000103 003044 755: "70""Ö1') 57 STA '   BJF,*0 
000104 000001 0630 03 000 58 ADX3 «I.DU 
000105 000001 060C 03 00) 59 AOXO a1,DU 
000106 000000 222; 03 00) 00 LOOPX     LDX2 aO,DU 
000107 003053 2350 00 01) 61 LoA «0 
000110 00014C 2360 13 010 62 _l^Q JA^J 
000111 0Ö001"4" 7370 00 000 6T~L00PY    US IT 
000112 000030 735C 00 00) 64 KlS 24 
000113 000030 7310 00 000 65 ABS 24 

END   OF   BINARY   CARD READ9TRK 
000114 003044 755:; 70 010 66 STA BUP,*0 
000115 TTSOOOI 0600 03 000 67 ADXO ■1,DU 
000116 000ÖÖ1"  0610^3     000 68                   KdT2~ iT#PÜ' 
000117 000003   1020   03     00) 69                   CMPX2 «3,DU 
000120 00C111   6010   Oü     01) 70                   TNZ LOOPT 
000121 000001   063C   03     000 71                    ADX3 »I.DU 
000122 000506   1000   03     00) 72                   CMPXO »326,DU 
000123 000106   6010   00     010 73                    TNZ LOQPX 
000124 000001   061C   03'   00) T4 »lEXT        ADXI" »r^U" 
000125 000506   2250   ^3     000 75                   L0X5 «326,DU 
000126 003044   045C     0     01) 76                   ASX5 BUF 
000127 000001   0640   03     000 77                    ADX4 »1,DU 
000130     000003   1040   03     OOJ 78                   CMPX4 a3,DU 
OOCM3l_  000065   60U   00     010 79 __   fZ START 
00013^2  "ö0Ö0Öl'71ÖCOO 5T5~    ~~%Ö"tJTi      TrerUHN" TtJ 

C00133 81 TALLlfB   BSS 1 
C00134 82 TALLlf     BSS 1 

000135     000140   002700        01) 33 DCW          I0TD IA,1472 
C00136 8:» STR         BSS 2 



20915 02  Ptt-03-73   17.6H8 

Ü001UO 
0030W0  0001UO 2700 «0  010 

END OF BINARY CARD BEAD9TRK 
0030U1  0001«0 270C 00  010 

  0030'*2 
COlöTfl 
0030UI4 

85 ZA     BSS     1U72 
86 DUMKYB TALLYS  ZA,1472,0 

87 DUMMY TALLY 
88 LOCO BSS 
B$ FC" BSS 
90 BUF BSS 

IA,11*72,0 
1 
r " 
1 

ERROR LINKAGE 

0030U5     0000000000CC 000 
ÖÖ30tt«"~ 5T2"lH12m2Ö     ^'TÖO 

LITERALS 

003050 
003051 
Ö03Ö5I 
003053 

ÜOOOO?0027CO 
000000000001 
ooccoffo'OTsisr" 
oooooooooooo 

00ü 
000 

ooo 
END or BINARY CARD READ9TRK 

3054 IS THE NEXT AVAILABLE 
GNAP VERSION/ASSEMBLY DATES 
TVHI nur     no   vfAUHIHG 

91       END 
LOCATION. 

JMPA 110171/102971 
fixos~i"rTflE Ä^Qvir nnmr 

JMPB   110171/102971 
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C     SIISMIC SENSOR FEATURf TAPE GENERATOR 
C      THIS IS THs CO: lAo4 "»«OiSAM WHICH CONVERTS DATA CARDS TO 
C      AN 0LRAR8 :OMPATIBLE MA8NETIC TAPE. 

PROQBAM ALSDATA 
DlMfNSlON X(i3o>.IX<i3o>.^UM(?0),IN4MF(?0»,LrOR(2o>.IH6AD{7) 

EQUIVALENCE()(«I)(I 

»E*D loO^'W 
1 o?  rOHMATUJ» 

READ 1000'L'OR 
READ looO'I^^E 

1.00 PORMAT(ioAB) 
READ 1001<NO|M«ITOT«NUM 
NP3«N01M*3 i VL3«ND!M*i 

1 01 rORM4Tr25I3) 
00 7   I«lilS<tP 

7   READ TAPE IQ 
DO 1 IDU*"1#1T0T 
|TOR*NUM(I0JM) 
DO 2 I«1»IT3R 
READ loo^^HEAD 

1, o* P0RNAT(iX»Ii2,2X.I9<2X.0l?.2X.4(l9.2x)) 
READ LroR«<X(J)fjai^NDIHt 

lc02 PORMAT(i5<iX,F3.o)) 
IxrA'j;M*l)»lMEAOU>*100000*IMeAD(3)*liOOO*lHEAD(7)*1000*IHEAD(5) 
IX<NnM*2>«lNAME(IDUM).ANn.?7B 
rx(N0tH*3)«|NAN|(|DUNi 
WRIT! TAPE 10#<X<JJ).JJ«1,NP3) 

2 CONTINUE 
1 CONTINUE 

PAUS! 
END FILE 10 
REWIND io 
RRINT looS 

1 o' roRM4T(iHi» 
6 READ TAPE lg»(X<KK)iKK-i«NP3) 

ir<6or.io)4«9 
9 PRINT l0o3#(X(K<},K««i<NnjlM) 

1 o3 roRM»T<iX,i0Eil,3) 
RRINT loO*»IX«l<l''»KK"NLO.NP3» 

1 o4 ^ORM*T<lX.Ilo.2(lX.A«),//) 
60 T3 « 

4 PEUIND 10 
END 
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APPENDIX   B 

PROBABILITY   OF   CONFUCION   MEASURES 
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■' 

PAIR C/H RANKINSS 

PAIR   C/A   RANKJNSS 

INKfNG MEASUREMENT CONFUSION 
27 .2l65970482 
9 .3o68226l2i 

46 ,3732664996 
29 •388o8i3l44 
24 ,39649i228i 
39 •4OlOo29o63 
7 .4328599276 

4^ .44o7128933 
21 .4484544699 

10 13 .4613796614 
11 3 .49o67ii222 
1? 4? .5o32o245o6 
is 14 •5l3li6i236 
1* 44 •5l4li96299 
15 39 .5157894737 

NKfNG MEASUREMENT CONFUSION 
1 47 •14O74Q74Q7 

.1777777778 2 29 
5 46 .1975589225 
4 6 .3o9l790842 
9 39 .3121212121 
6 13 .3153619529 
7 24 .3385942761 
8 27 .364983i650 
9 2« .3839437710 

10 42 .3838363838 
11 14 .3832154882 
12 36 .39H616162 
13 9 .4o6l868687 
1« 39 .4o7786i953 
19 29 .4292929293 
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PAIR M/A RANKINSS 

PAIR M/T RANKIN3S 

RANKING MEASUREMFNT CONFUSION 
1 4 .0561497326 
2 3 .0*35o26738 
3 46 ,2376336898 
4 1 .25i67ii230 
5 A3 .2*5o40io69 
6 ? .3o9l577540 
7 24 .3629679144 
8 23 .3723262032 
9 31 ,3983957219 

10 3? .4o44117647 
11 43 .412433155! 
12 44 .4278074866 
13 22 .47760695l8 
1* 26 .4799465241 
1« 39 .498663101« 

RANKING MEASUREMENT CONFUSION 
1 43 .0294662309 
? 38 .0368i9i72l 
3 44 .0589324619 
4 43 .0*13180«28 
5 1* .0958605664 
6 4? .0960784314 
7 37 .1326797386 
S 2? .1547930283 
9 21 .1552287582 

10 29 .1839869281 
11 20 .1844226579 
12 39 .2139978213 
is 23 .2141612200 
1* 19 .22l35o7625 
1' 7 .2430827887 
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PAIR T/A RANKIN3S 

RANKfNG 

PAIR M/H RANKIN3S 

MEASUREMENT 
37 
29 
15 
3« 
1A 
7 

36 
42 
14 
39 
43 
20 
13 
41 
19 

CONFUSION 
.092861952» 
.1239898990 
«1548400673 
.1654882155 
.2099326599 
.2lo94276o9 
.245o3367oo 
.3o3o7239o6 
.3o7o286l95 
.3277356902 
.373989899o 
.39o74o74o7 
.4133838384 
.4287878788 
.4436o26936 

RANKING MEASUREMENT 
S 
4 

28 
43 
27 
6 

21 
5 

31 
32 
41 
19 
44 
1 
2 

CONFUSION 
•lll455io84 
.1116209642 
.1258292791 
tl4l696i52l 
.156O7O3229 
.1620964175 
.l86808934i 
.2001879699 
.2449690402 
.2453oo75l9 
.2606700575 
.2757o765l5 
.29o4i35338 
.3lo482o876 
.34o5572755 
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^ " "«WTHPIIWI1IJWJH.IIW11VMIV,,,,,,. 

PAIR C/T RANKIN3S 

PAIR C/M RANXINJS 

INKfNQ MEASUREMENT CONFUSION 
1 38 •09l89l89l9 
2 1* .0962962963 
S 39 •lo37oS7o3? 
4 1» .2296296296 
5 4« .237o37o37o 
^ 3? ,2444444444 
T 47 .2918518518 
8 29 .2666666667 
9 49 .274074074! 

10 44 .274o74o74i 
11 24 .3959999996 
12 19 .3629629630 
13 23 .3851891692 
14 43 •4000000000 
19 2? .4222222222 

NKfNQ MEASUREMENT CONFUSION 
I 42 .14O29O9447 
2 43 .2983877996 
3 6 .2659773420 
4 29 .2873638344 
9 2« .2956427019 
6 H .3023969142 
7 31 .3097494593 
8 4 .3177999913 
9 32 .3l79i939oo 

10 3 .32489lo679 
11 <7 .3321895429 
12 2« .346732o26i 
13 2? .3769607843 
1* 21 .39o7992o7o 
19 29 .398366ol3i 
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■" 
PAIR A/M RANKIN3S 

RANKfNG  MEASUREMENT 

PAIR T/H RANKIN3S 

CONFUSION 
•1431989064 
il66o97o6o8 
.2137303486 
.2252648667 
.3320232399 
.34l379ol57 
.4427973342 
.4636876282 
.4642oo2734 
.4959415584 
.5037593985 
.5260167464 
.532o4o328i 
.5331937799 
.533706425i 

RANKfNG MEASUREMENT 
16 
38 
29 
7 

37 
27 
15 
9 

17 
39 
45 

*b 
i« 
3 

42 

CONFUSION 
.1048175996 
.1195210248 
.1272626009 
.1490392648 
,1493734336 
.23o9663o46 
.26Q8l87l34 
,2683375104 
,32o63492o6 
,3874129769 
.42oo5ol253 
.42534ii3o6 
,44n9356725 
,47741576i6 
.48o2oo5ol2 
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APPENDIX C 

LINEAR DISCRIMINANTS 
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* 
• 
• 

FISHER LOGIC 
* 
• 
* 

A.-^AAA 

NODES IN SET 
UEL W   APC A   BIG T   HEN M   i3i C 

* 
* 
* 
• 

***** 

•ilR  1 ♦ NODt APC A    - NODE MEL H FISHER 
• 
* 
• 

3,mi3970E-o2 -9.Ä8449i65E-04 
6,9733i329B-o3 -8,2«9989S8E-o5 

.4,9899822oE-o2 6.041*6410E-01 
•l,SB937609E-oi 

•3i96074l35E   00 

COEFICIENTS 
•4.e955i48iE-o3 
6.64553'96E-o2 
7.42977735E-02 

THRESHOLDS 

5,46598674p-02  -2.7a9217QSE-oi 
2,9063453ftF-ol   ■4,76369896E-o? 

.4.74997i6iP-ol   -4,5419269iE-01 

' 

* 
* 

PAIR     2 *   NODE   BIG   T NODE   MEL   H FISMER 
* 

4.697o84o9E-o2 -1.9«62943E-o3 
1.23o247l3E-01 -4,7o777329E-o» 
l.o47i3262E-02 -4.lh778i87E-oi 

•2,792ll9l3E-02 

-2.17637000E   00 

COEFICIENTS 
l,4866p333E-o4 
3.53239344E-01 

•5.20<8598oE-oi 

THRESHOLDS 

,**t***********< 

6.446j88i8p-o3  -4.76223767E-02 
2,9o5i5473P-ol     5,562838l9E-o2 

•*1lOO*2926P-ol   ■3.99207l57E-01 

PAIR *   NOBt   BIO   T NODE   ARC   A FISHER 

-2,647i3l67E-o2 6.nA5ö9398E-03 
l,l34S0o48E-oi -9,344155«oE-04 

4,3460B5i9E-02 -3.7?8i544oE-oi 
4.6oBolS84E-o2 

-4.34S67S94E-01 

COEFICIENTS 
l.o336l976E-o4   -3.82463o38P-o3 -8.76o89367E-02 
6.3l07097*E-0i     4.86926098p-0i ! .89369433E-02 

•3.80il9643E-ci   -2.24o40779p-0i -7,94861996E-o2 

THRESHOLDS 
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r • 
•       PAIR  4 *   NODE MEN H     - NODE HEL M rlSMfiR        • 
t t 

oeineiiNTi 
2I31412780E-02 -8i?936ii74E-o4 -4.87289242B-o4 l,56959376F-o2 2.486i9n»0E-01 
-7,355854591-0? -2.3l«ft4o986-o3 -9.1l42ll64E-oi -S,8363832'P"0l -2i4778469iE-o2 
-6(o3o'5*3oE-02  4.*S379822E-oi  2.«53o52o2E-ol  5.5i895298P"02 1.28423779E-01 
•1.0*»2l'«4E-o2 

THRESHOLDS 
-9.64285189E-01 

• 
•                   »AIR     9 
• 

*   NODE  MEN  M 

•«•«««••••••«•I****« 

-  NODE   APC   A FISHER 
* 
* 
* 

coineiiNTi 
6.385Q9BI3E-O2   •2.9?68889oE-03  -I.22Q36734E-O4 l.63364582P-o3     7.74779748E-02 

-8»6Bsitoi9E-o2   -l,»7399633E-08  -3.*o"0052E-oi -3,926i24i8P"ol   "4,909l373()E-o2 
-8.4e«06ft86E-o2     3.iS4i3584E-0t     l.Bo34832iE-oi 4,559o9276P-ol     5.89007i2»E-oi 
4,70e06742i-o2 

2,357952ft7E-oi 
THRESHOLDS 

• _ .     .. >          * 
* »AIR  6         ♦ NODE HEN M     - NODE BIG T FISHER        * 
t • 
A*****************«***.A******************************************************** 

COEFICIENTS 
-5.90S94449E-o2  9.739! •(o4oE-o3  1.724o67,8E-C4  1.92n32999p-03 3.l9769992E-o2 
•1.18786S29E-01  4,i899Ä693E-0« -i.898i4o95E-oi -1.7691i342P-(|l -2tl9io634»E-o2 
9,75774*88E-o2  4.4A8i6622E-0i  4.ei252(j16E-oi  9,63346962P-0l 3t96430i46E-oi 
li57i87l28E-02 

1.4239o262E-01 
THRESHOLDS 

t 

#V ♦♦♦♦♦♦♦****rf**##'j 

* 
* »AIR 7 *   NODE  131  C -   NODE   HEL   H FISHER * 
• 

♦♦**♦♦♦******♦♦**** 
* 

COEFICTENTS 
9t8i44g9736-02 -4.44773j,76E-03  i .4688lQ55E-04 -9.543«5732F-o4  2.9B3458ooE-01 

. 2.465344516-^ -9.Ai695737E-o4 -2.62l438026-0i -7,8i897234F-ol •l.lo87343*E-01 
-2f939l6ii4E-oi  2.3i88i2i6E-0t  1.0B2

93l23E-ol -1,48426786F-02 2tB4237662e-oi 
1(92SO21BOE"03 

•l,4573693iE-01 
THRESHOLDS 

87 

■ 



* 
**************k««**< '************•**•*** 

• 
• PAIR  8 * NODE 131 C • NODE APC k FISMER • 

• 
***** «••A**************** r******************* 

* 

3,»87*l7i0E.02  -i,93392»49E-05 
••llflitfll»!«    1.739'>9e76E-o4 

-1.563179698-31 
4,l3li9l5eE-03 

l,776546i5E-01 

<.4a2»l4o«E-ö? 

COEFICIENTS 
l.ll*«<727E-04 -5.6683442lp.03 
8.674895876-01 -4,34o33285p-0i 
4.92898694E-0? 7,95482735»:-02 

THRESHOLDS 

SilO**79l8E-o2 
•S.3lo»49o»E-o2 
l,3o7o4837E-oi 

•4IR 9 ♦ NODE i3l C NODE BIG T riSHER 

-3t29i24399E-o2 
-6.i6253oS*E-o4 
•I«l«il4l4tl*|i 
4.637ol439E-o3 

-6.6e389o73E-o2 

3.382i0489E.0S 
3,?i9«?445E-04 
7.2o82o436E-02 

COEFICIENTS 
2.lQ9n96i9E-04 -5.fli29967«F-03 
.6.lii6o74iE-ol -*.4o37i32oP-Ol 
2.92250744E-02  6,36615539F-02 

THRESHOLDS 

4t3n942?e7E-o2 
•2.87653123E-01 
8.64491949E-o2 

'♦♦♦#♦♦#♦♦♦♦**#***♦# 
* 

PAIR IQ ♦ NODE 131 C • NODE HEN H FISHER * 

***** **•*•*••******»**•*< r******************* 
* 

-lt45io92e9E-o2 I. l,»9i3289E-o3 
2.9886336oE-o4  7.fli998367E-04 

-9t6o2883liE«oi -6,8«66l8?iE-o2 
2i27729Bi8E-03 

1.83I99538E-01 
END 0' THIS 108IC SIT 

COEFICIENTS 
4.1l7l4251E-o9 
1.11012423E-01 
•9.o345o867E-o2 

THRESHOLDS 

•1.46447234F-02 
■7t58692477p-Qi 
•3,53279527F-o2 

3I46032284E-0? 
•2.9659ii49E-oi 
4.21997498E-0S 
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