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ABSTRACT 

Under Contracte F30602-72-C-0227 and F30602-73-C-;1070, Pattern 

Analyala and Recognition (PAR) Corporation has designed and simulated a 

six-class classifier for Identifying targets of tactical Interest based 

on their acoustic signatures. The classes are: wheeled vehicles, tracked 

vehicles, propeller aircraft, rotary aircraft and Jet-powered aircraft. 

Background is rejected to prevent false alarms. Design or training set 

recognition rates on data collected by RADC/OCDE under a wide variety 

of environmental conditions was 100X. Limited preliminary testing of the 
simulated classifier has also yielded 100Z results. 
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Contract No: F30602-73-C~0070 

EVALUATION 

This report presents the results of an e 
certain aspects of the tactical surveillance 
delineated in TPO-7. Under this effort a six 
extractor/classifier has been designed and si 
identifying targets of tactical interest base 
signatures. The simulated classifier of this 
performed with a 100Í correct classification 
targets for which it was designed. This clas 
further tested against a variety of signature 
transducers and geographical locations. If s 
formance is achieved then the classifier desi 
boarded and tested in-house. 

Effort Title: Time Domain Analysis 

Contractor: Pattern Analysis & 
Recognition Corp. 

ffort to meet 
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-class feature 
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introduction 

The feature extraction and classification logic is simulated on a 
pDp , co^^ter a. the RADC West Lee Test Annex. The input to he »im- 
.iated classifier nray be either (. ) the output of an -oustrc .ransduC( 

si,J. has been stored. 

In designing the classifier, PAR used a two-staged approach. The 
first staíof ,h8e approach invoived the 7%»f PAR'-ensor^ana.^sjactltt, 

Analysis has verified that these peaks in energy occur at the P^P'1' 
blade passage frequency and its associated harmonics. One of the features 
designed for the classifier involves measuring the presence of harmo 
series! Parameters involved can be set so tha, variations caused by 

Doppler shifts can be accommodated. 

The second stage of this approach made use oi 0t 
f fh* art statistical and/or mathematical routines available in RADC s 

°cL'-U;. Pa«.rn Analysis and Recognition System 
logic for the classifier based on the features designed and extracted 

stage one. 

The understanding of the physical sources of the acoustic excitó- 

Further plans in the acoustic sensor development program involve 
the use of the simulation facility to thoroughly test the classifier on an even 
larger data base. In addition to the simulated acoustic classifier, display 
routines have been implemented on the PDP-9 computer so that the cause 
of any future errors may be analyzed, isolated and corrected. 

vi 



The remainder of this report discusses the features, logic and 
softv are actually used in the acoustic classifier simulation at West Lee. 
The earlier report, RADC-TR-72-292, Vol. II, entitled "Acoustic Signa¬ 
ture Analysis, discusses how the data was analyzed and the approach taken 
in the design of the classifier. Despite the fact that this earlier report is 
based on a limited data set collected in Panama (as opposed to the more 
extensive data base used in the West Lee simulation), the reader can ob¬ 
tain an appreciation for thj detailed analysis which has taken place. 



SECTION 1 

SYSTEM OVERVIEW 

The solution to the problem of on-line classifier simulation can be 
divided into three main sections: (1) conversion of a real-time analog sig¬ 
nal to a time sampled digital signal; (2) extraction of a feature set to define 
the signatures; and (3) logic evaluation to designate a class for output to a 
user. Reference Figure 1-1 for system organization. 

Since all feature extraction is performed in the frequency domain, 
the input data must be transformed. The method used was the fast Fourier 
transform, which requires approximately 1 sec for computation. Since the 
time window is . 5 sec, the digitizing of an event must be completed before 
feature extraction can begin. With the use of a hardware FFT unit this 

could be accomplished in real-time. 

When the user indicates the beginning of an event, digitizing and 
storing of data on mag tape begins. When the user indicates the end of an 
event the digitizing ceases, the mag tape is rewound and the event is 
essentially restarted with the input coming from the mag tape in digital 

form. 

Each logical record on mag tape represents 1/2 second of digitized 
data from which a power spectrum is computed. The feature extraction is 
performed on each individual spectrum and upon an average of five spec- 
trums, + 1 sec around the individual spectrum under consideration. There¬ 
fore, the first feature vector is not extracted for 2 l/¿ seconds. Succeeding 
vectors are extracted every 1/2 sec as the sliding average of five spectrums 

is updated. 

The feature vector is then tested by Stage One logic, which out¬ 
puts a preliminary decision. This decision is then passed through Stage 
Two logic. State Two logic requires 3. 5 seconds of decisions for a par¬ 
ticular class before outputting a decision to a user. The first possible 
decision output to the user, therefore, occurs after 5.5 seconds. This 
decision is updated every 1/2 second until all digitized data has been 

texted. 

1 - 1 



Signal digitized 
to 12 bit numbers 
+ 10 V range 

Stored in . 512 
sec. intervals 
on magtape 

Terminate 
event and 

digitizing 

Input recorded 
data and perform 
power spectrum 
on 1/2 sec windot/s 
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SECTION 2 

ACOUSTIC FEATURES 

Each feature vector extracted consists of 42 features. The first 
seventeen features of the vector are obtained from an individual 1/2 second 
spectrum. The next seventeen features are identical to the first seventeen 
but are extracted from the average of five spectrums. This average repre¬ 
sents + 1 sec around the individual spectrum under consideration. The 
remaining eight features are extracted from the averaged spectrum only. 

Features 

1 & 18 

2 & 19 

3 & 20 

4 & 21 

5 & 22 

10 X % energy between 0-20 Hz (i. e., 0 f ^ 20) 

10 X % energy between 20 - 40 Hz 

10 X % energy between 40 - 120 Hz 

10 X % energy between 120 - 1000 Hz 

Frequency of the maximum peak 

Before discussing the next feature, the peak detection routine will 
be described. A series of peaks is defined as follows: 

a. Find the maximum peak 

b. Slide down each side until either: 

1) spectrum is zero, or 
2) spectrum jumps up at least 2% of the previous 

point. 

c. Eliminate these points from further consideration for the 
next peak; the energy associated with a peak is defined to 
be the energy of these "eliminated" points. 

d. If zero magnitude was reached, eliminate points from con¬ 
sideration which are less than or equal to the minimum 
allowable frequency between peaks. 

The peak detection routine is a function of two parameters: (a) the number 
of peaks desired; and (b) the minimum allowable separation between peaks. 



Features 

6 & 23 

7 & 24 

8 & 25 

Average of the four largest peaks (6 Hz minimum separation 

between peaks) 

Consider the four largest peaks. Let ^ be the frequency 

of the ith largest peak (6 Hz separation). Then measure 
the deviation in frequency of these peaks from the frequency 

of the largest peak, i. e., 

Ÿ , ■ V 
i=2 

Next, measure the number of peaks above the maximum 

minus the number below, i. e., 

z 
i=2 

- V - x^(i. - f > 
1 1 

where AA (x) = 

r 

V» 

i=2 

x < 0 

x >0 

Note that this is a discrete variable with possible values of 

only -3, -1, 1, or 3. 

, fc 26 -tauber of peak, from 120 - 600 Ha above 5% of the overall 
maximum (6 Hz minimum separation between peaks). 

10 h 27 Number of peaks from 0 - 60 Ha above 5% of the overall 
maximum (6 Hz minimum separation). 

11 Î, 28 Number of peaks from 20 - 60 Ha above 75% of overall 
maximum (6 Hz minimum separation) 

12 & 29 Number of peaks from 60 - 90 Hz above 20% of overall 
maximum (6^ Hz minimum separation) 

For features 13-15, find the largest peak between 55 - 120 Hz. 

13 fit 30 10 x (energy below this peak) divided by (the sum of the 

energy above and below this peak). 

2-2 
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14 & 31 10 X (energy above the peak) divided by (the aum of the energy 
above and below this peak). 

15 & 32 

16 & 33 

10 X % energy associated with this peak 

10 X % energy associated with the major peak between 

20 - 40 Hz. 

17 & 34 10 X % energy in the first 6 peaks. (Min. separation = 6 Hz. ) 

The harmonic content algorithm considers all positive differences 

Hz wide, but in the frequencies of the first peaks at least Û min 

less than A Hz wide. Consider only those peaks above fmin Hz. 
max 

Minimum separation between peaks is given by f8ep* The allowable 

tolerance in comparing deltas is + TOL. A set of at least N ^ similar 

differences is called a series. In any one series, no difference can have 
its lower frequency between another difference, e. g., peaks at 100 - 200 
and 106 - 206 do not constitute a legitimate series even though both the 
differences are 100 (refer to Figure 2-1). It is possible to demand that 
N deltas be consecutive, i. e. , the higher frequency of one delta is the 

lower frequency of <he next delta. We can ask that no peaks lie between 
the lower and upper frequencies of any delta in either the consecutive series 

or with the minimum number of deltas (i. e. , N Finally, it is pos¬ 

sible to restrict any peak in one series from being the first peak of another 

series. 

If there is more than one series, the series with the greatest num¬ 
ber of deltas is used. If two series have the same number of deltas, then 
the series with the fewest number of frequencies is used. 

Features 35 and 36 measure the delta and number of deltas found 

in the best series with the following parameters: 

N 

N 

Nû 

number of peaks = 8 

number of consecutive deltas = 2 

number of deltas = 2 

2 - 3 

»iliJliJll ' „I, ; ilLUtL n M.tfl ,.1...,. 

^ , ..:.....:;;.L....:,,: 
...........luir.. 

■ .,, -I .. 



Figure 2-1 
mapmotmtC CONTENT EXAMPLE 

Peake at: 

100 

161 (extraneous peak due to noise) 

200 

403 

504 

Harmonic Content Extracted 

= 100 + tolerance 

Two A 's are Involvad, i.e, 100 - 200 and 403 - 504 

2 - 4 
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Features 39 and 40 measure the delta and number of deltas using 

the following parameters: 

N = 10 
P 

N = 2 
c 

f = 40 
min 

f = 2 
sep 

TOL = 2 

A . U min 

A = 44 U max 

No peaks may be between the frequencies associated with any 
delta in the consecutive series. However, peaks may lie between the fre¬ 
quencies associated with any other delta used. A peak in one series may be 
used as the first peak of another series. These two features are primarily 

for a piston-driven propeller aircraft. 

Feature 41 measures the percentage energy associated with the 
smallest 4 peaks out of the largest 6 peaks over 40 Hz. Minimum separa¬ 

tion between peaks is £ Hz. 

Feature 42 counts tha number of peaks out of the largest ^0 peaks 
that are: (1) above 120 Hz; and (2) above 5% of the overall maximum. 
Minimum separation between peaks is 2. Hz. 

2-6 
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SECTION 3 

CL ASSIFICATION LOGIC 

t Mjiiuj+uu! ii 

In many pattern recognition prrblems each individual feature vec¬ 
tor is unrelated from the next. For example, in recognizing a string of 
handwritten numbers there is no reason to believe that the (i + 1) vector 
is related to th* ith vector. However, in this acoustic recognition problem 
each vector represents 1/2 second of data and each succeeding vector repre 
sents the next 1/2 second of data. 

Consequently, a two-stage classification logic using this time 
continuity constraint can be developed. In fact, this two stage logic per¬ 
mits the identification of multiple classes as long as each class is dominant 
at some point in time. A reject strategy allows for periods of confusion 
when the acoustic signature represents the transition between two events. 

The first stage uses pairwise Fisher linear discriminant log’.c 
derived using the On-Line Pattern Analysis and Recognition System 
(OLPARS). Sammon^) gives the mathematical description of the discri¬ 
minant ar.d the criteria it maximizes. For our purposes, we need only 
treat the Fisher linear discriminant as a set of weights for each input 

feature. 

Figure 3-1 shows the logical operation of the first stage of the 
logic. A brief description follows: 

The inner product of am input feature vector, x , is taken with 

the Fisher linear discriminant d'jij for the pair of trucks and jets, and 

compared with the threshold O'pj ih® pair of trucks and jets, i, e., 

t i-uimj+uui 

45 

if <^dTJ , x> 
class of trucks 

i = l 

if x d 0 increment counter for the 
i TJj TJ cia88 0f jets 

i = l 

45 

i with the larger number of 
i=l samples in the design set. 

3 - 1 

...... mm 



....I.....him.. 

Figure 3-1: SU«« I Logic: P>irwi»« H»h«r Lin«»r DUcrlminmt 





This same procedure is carried out for all possible pairs of classes as 
shown in Figure 3-1. If any class receives a total of five votes (this is 
the largest number of votes possible) then the input vector x is tempor¬ 

arily assigned to that class. If no class receives 5 votes, then that vector 
is temporarily called a reject. 

The second stage of the classification logic is a sequential tech¬ 
nique which capitalizes on the fact that each input vector represents 
features centered about the next 1/2 second of the acoustic signature. The 
OLPARS logic (stage one) outputs a string of temporary decisions as shown 
in Figure 3-2. We require that out of the last 10 temporary decisions, at 
least 7 represent the same class before a final decision is sent to the user. 

It requires 2.5 seconds to generate the first vector and 1/2 sec¬ 
ond for each succeeding one. Since 7 temporary decisions are required 
before a final decision can be output to the user, an additional 3. 5 secs 
are required. Consequently, it takes 5. 5 seconds after the beginning of an 
event before the event is recognized. However, this decision can be updated 
with every 1/2 second spectrum. 

The second stage of the classification logic has at least two advan¬ 
tages. First, the strategy eliminates periods of confusion when an event 
is transitioning into another. Secondly, it eliminates some incorrect 
disturbances due to the random nature of the received signal and noise. 
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SECTION 5 

OPERATING INSTRUCTIONS 

The simulation system, SIMUL, is stored on DEC tape in the 
upper Q area of the tape. The user must first bootstrap the system using 
the paper tape bootstrap program with the address switches set at 57737. 
The TTY will respond with a The user must mount magnetic tapes 
with write rings on units 0 and i. The A/D converter must be set to 12 
bits and the rial-time clock to 10 KHz. The input signal must be passed 
through the filter bank with a gain of 13 db. The high pass setting must 

be 16 Hz. and the low pass setting 1000 Hz. 

The DEC tape labeled SIMUL can be mounted on either deck. The 
Us#*r then types GET N , where N represents the deck ’^er. When t^e 
tape halts, he types a control P and control is transferred to the simula 

tion system. All accumulator switches must b' 
respond to a series of questions. In response to THRESHOLD , ne 
types 23 in integer format. In response to "TESTING?, 1 - , - e 
types "1" if testing and "0" if not. If he is testing he must type in the TON 
and RUN numbers for use in the output FFT tape. The next instruc on wii 
tell him to lower AC0 and raise AC1 to begin digitizing. To end digitizing 

he is told to lower AC1 and raise AC0. 

After completing the event, the digitized tape is rewound and classi¬ 

fication begins. The decision, are output to the VPA0 h* ^ * 
hardcopy if he wishes. If not, he presses the erase button on the VPA 

when the screen is full. 

After the classification sequence is completed, tape 0 is rewound 
and program returns to ask user questions as above. If he is fimshed, 
he must type control C and the monitor will return with a $ . 

If the user were testing, the power spectrums of each run were 

output to mag tape 1 for future use. 
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SECTION 6 

program documentation 



1. Program Name: featur 

2. Language: 

3. Summary: 

4. Requirements: 

5. Routines Required: 

6. Arrays: 

7. GLQBLS: 

MACRO 

Routine controls flow of feature extraction on both 
the unaveraged and averaged power spectrum». 

None 

CPEAKS, FPEAKS, ENERGY, REVER, HARMON 

IMAC, IFEAT, JVAR, REVAR, REVAR1, INRAY 

FEAT1, FEAT2, 1MAG, CREAKS FPEAKS. 

JVAR, MIN, MAX, SEP, NPEAKS LF HF 

ENERGY, PMAX, TEMP, SL®E- CL^’El ' 
HARMON TOLER, FREQ, PCBET, MINDEL, 
MAXDEL, CONSEC, PBET INDEP, MINDL, 
FIRST NDELTS, FREQS, DELTAS, REV , 

REVAR 1, FAKEF, INRAY, PERI 

8. Dcscri. tion: 

The feature vector consist, of 42 ^¿dVfftv, 

tracted from both the unaveraged extracted from the averaged 
spectrum.. The remaining e g eunayeraged extraction is called FEAT1. 

... » 
detail in the feature extraction section. 

«i. nf five snectrums is performed and FEAT2 is called. 
The averapi of five spec H remaining 8 features are 

extracted from^h^ave^uîged^spectrum. The routine return, with the feature 

vector IFEAT completed. 

6 - 1 
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PERCNT > 
|cN7 = 

A- 
CNT+l 

CNT = 0? 

no yes 

AUTOll = MAX PEAK 

ez: 
NPEAKS = AUT012 

SEP = AUT012 

X 
fpeaks 

min * 120 

MAX = 600 



mmmmm........ 

ACNT = ACNT + 1 

ACNT = 0? 

no yes 
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JMP ALL 
or 

JMP NILPL 

AUT014=LF+511 

zzm 
CNT = LF-HF-1 

AC = 0 

Add AUT014 1' " 

CNT = CNT+1 

CNT = 0? 

no y'8 

>KENER 

MIN = 20 

MAX = 40 

BRET = 
JMP NILPK 

r 
PKENER, 

n 
|mult=ac 

PERCNT 

(CLEAN \- 

\ ..... 

NPEAKS* =AUT012 

- 1_ 

A CNT = -NPEAKS 

Q NILPK 

AUTOl 1 = 0 

MIN = 0 ] 
MAX = 512 
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1. Program Name: PEAKS 

2. Language: 

3. Summary: 

MACRO 

A routine to either count number of peaks in 
energy bin or find "N" largest peaks in energy bin. 

4, Requirements: None 

5. Routines Required: ENERGY 

6. Arrays: IMAG, FREQ 

7. GLOBLS: 
CPEAKS, FPEAKS, TEMP, PMAX, SLIDE, MIN, 
MAX, SEP, NPEAKS, IMAG, LF, HF, FREQ, 

CLEAN, PERI 

8. Description: 

The PEAK routine has two entry points; "FPEAKS" and "CPEAKS". 
If the former is called, the variables are separation between peaks and the 
number of peaks to be found between a minimum and a maximum frequency. 
The largest peak is located and the frequency of this peak is recorded in 
the FREQ array. This peak is then zeroed out and the process is repeated 

until "N" peaks are located. 

Certain features are then extracted from the "N" peaxs. These 
are. average of peakei frequency deviation from maximum peak; and num¬ 
ber of frequencies above the maximum peak minus the number bflour the 

maximum peak. 

The "CPEAKS" entry point is used to count the number of peaks 
above a specified percent of the maximum peak. The variables are 
tion between peaks, minimum and maximum frequency, and percent of 
mum peak. The largest peak is found and compared to a percent of the 
maximum peak. If it is greater than this level a peak counter is incre¬ 
mented. If it is less than or equal to this level the proßram returns with 

the peak count in the accumulator. 



PEAKS 

FPEAKS 
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SETUP 

' L 

autoio = [MAG - 1 

_5 ¿ 

TCNT = CNT 

1 __ 

A UTO 13 = IMAG+1000 

/ 

TEMAD1 = AUTOIO j 
_! i--- 

TEMAD2 = AUT013 

t__ 

UTO 13 = AUTOIO A ’A 

» ' 

TCNT = TCNT+1 

_2 

TCNT 

- 

= 0? 

no yes 

J ci 
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...........-...'H.r.,T... 

NP = NPI 

AC = Sum Energy of 

NPEAKS 

DIVIDE BY # PEAKS 

Answer in Feature Vector 

CMAX = - MAX Frequency 

AC = 0 

1 ~ 

^ Add Next Frequency 

_! 

Add Cl ¿AX 

_j ■ — 

NP = NP + 1 

( -_ 

NP = 0? 

- no yes 
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Answer in Feature Vector 

_ - J 

AC = # Frequencies 

Above Maux - # Below 

Answer in Fe ature Vector 

i_— 

Zero Magnitude 

' - 

RSLIDE+1 = BLOAD 

ô 
6-27 
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1 

‘ 

ibUiL 

FILL = PACX HF 

RTEMP = TEMP 

CNTR = -SEP/2 

CNTL= CNTR 

L. 

LCNT = -1 

DIR = 1 

MLOOP 

RPOINT = R POINT + 1 
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RS LIDE 
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H '-i RMAX=RT1 

Zero Magnitude 

AC = RTEMP + MAXCNl 
_ 

_2 

AC = 

£___, 

)? 

■ no yes 
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CPEAKS 

PCOUNT = 0 

PMAX 

I 
TEMP = AC/2 + IMAG 

r 

AC = CMAX + (TEMP) 

I 
AC r 0? 

n o yea 

CLEAN 

3Z 
AC = 

PCOUNT 

-■> -- 

SLIDE 

H 
PCOUNT = PCOUNT +1 

PCOUN T = 0? 

yes no 



1. Program Name: 

2. Language: 

3. Summary: 

4. Requirements: 

5. Routines Required: 

6. Arrays: 

7. GLOBLS: 

HARMON 

MACRO 

A routine to extract harmonic content from 
averaged power spectrums. 

Execution of REVER must precede this routine. 

None 

REVAR1, INVOL, TARRAY 

HARMON, TOLER, REVAR1, NPEAKS, MINDEL, 
MAXDEL, CONSEC, PBET, PLBET, INDEP, 
MINDL, DELTAS, NFREQS, NDELTS, FIRST 

8. Description: 

The Harmonic routine extracts harmonic series under varying 
constraints. It returns the value of the delta, the number of deltas and 
the lowest frequency of series with the greatest number of deltas. In case 
of a tie, the series with the minimum number of frequencies is chosen. 
The constraints which can be applied are as follows: (1) MINIMUM SEPA¬ 
RATION OF PEAKS, (2) MIN DELTA, (3) MAX DELTA, (4) MAX MEVIA- 
TION, (5) MIN CONSECUTIVE FREQUENCIES, (6) PEAKS BETWEEN 
CONSECUTIVE FREQUENCIES, (7) PEAKS BETWEEN ANY FREQUENCIES, 
(8) ALLOW PEAKS INVOLVED IN PREVIOUS SERIES TO BE USED AS 
FIRST FREQUENCY IN A SERIES, (9) MINIMUM NUMBER OF DELTAS 
REQUIRED. The usage of these constraints and a detailed explanation of 
the harmonic a’gorithm are explained in the section on Features. 



HARMON ( ) = indirect addressing 
AC = accumulator 

TCNT = - # of Peaks 

MCNT = TCNT+ 2 
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MAXDE1 = 
- TOLFR + MAXDEL 

I 
Zero INVOL Array 

I ~ 

DSTAR = 0 

CONS = CONSE C 

CONSEC = -CMSEC 

DEND1 = - # PEAKS + 1 

MAIN 

LO = FARRAY + DSTAR 



_k- 

LASMAT = -DEND 
____I 

_W ,-- 

AUT016 = TARRAY - 1 

-V_ 

TCNT - 0 
PSECU = 0 

' t_ 

HI = DEND + FARRAY 

_\ / 

AC = (HI) + LO 
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mumm 

T CNT = TCNT + 1 

STAR = DEND 
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AC 2 : 0? 

yes no 
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C 

= START+jl 

r~r~ 

AC = POINT? 
1 

j«s L ?° j ^ 
__ 

TDELT = TDELT+1 

1 

ADDR = AUTO 16 

AL = STAR 
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1 
A UTO 16 = POINT 

L 

i 
TCNT = TCNT + 1 

AC = STAR + LASMAT 

1 

NFREQ = N FREQ + 1 

.. \ L._ 

NFREQ = NFREQ + 1 

_1 l 

PSECU = PS 
! 

ECU + 1 
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filbuf 

-— 

NO P? 

yes no 

AC S-C ? 
-- 

yes no 

{E: MINDL - NDELT 

AC ^ 
-1 
'0? 

no yes 
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NDELTS = NDELT ** 

.. j 

NFREQS = NFREQ 

/ 

DELTAS = DELTA 

i t 

FIRST = -LG 
.. 

AC = 0? 

no i y®* 

AC = NFREQS - NFREQ 

- ' 

AC 

i- 

0? 

■ no yes j 

INDEND 

JMP 

FILINY 

_j 

DEND = DEND+1 
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DENDl = DEND? 

^ JMP 
INSTAR 

_^_ 

CONIND = -1 

-V— 

JMP SUBI 
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1. Program Name: REVER 

2. Language: MACRO 

3* Summary: Continue to rearrange frequency arrays of N 
largest peaks in ascending order according to 
frequency. 

4. Requirements: None 

5. Routines Required: None 

6. Arrays: FREQ, REVAR, FREQ1 

7. GLOBLS: REVER, FREQ, NPEAKS, REVAR 

8. Description: 

The peak routine returns "N" largest peaks in order of magnitude 
with the frequency of the largest peak first. The purpose of this routine is 
to rearrange these peaks in ascending order according to freqnency. It 
searches through the frequency array and finds the largest frequency. It 
places this frequency in the last position in the new frequency array. This 
sequence is continued until "N" frequencies are rearranged. 
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REVER 

TCNT=# Peak ï 

PCNT = TCN1 

AUTO10=FREQl 
AUTO!3 = FRE(î 

LOOP1 

FREQ1 = 
FREQ 

T CNT = TCNT + 1 

3Z 
TCNT = 0? 

no yes 

TCNT - PCtt 
CNT = TCNT 

AUTOIO = FREQ1 

- —¥- 
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1. Program Name: 

2. Language: 

3. Summary: 

4. Requirements: 

LOAD 

MACRO 

This routine performs a sliding average of five 
power spectrums and checks for threshold cri¬ 

teria. 

None 

5. Routines Required: TSCALE, FEATURE 

6. Arrays: IAR1, IAR2, IAR3, IAR4, IAR5, ISUM, EREAL, 

IMAG 

7. GLOBLS: IAR1, IAR2, IAR3, IAR4, IAR5, ISUM, BREAL, 
IMAG, LOAD, SELECT, TSCALE, JSHF, FEAT1, 

FEAT2, .DA 

8. Description: 

The routine LOAD has two entry points, LOAD and SELECT. The 
LOAD entry point is entered for five times and then SELECT is entered 
for the remainder of the run. Feature extraction is performed on individual 
spectrums and on the average of five spectrums. The LOAD entry point 
fills arrays IAR1 - IAR5 and does any shifting required tc make their scale 

factors equal to the first one. 

Each time "SELECT" is entered the current and replacement 
array pointers are updated. The first time "SELECT" is entered the cur¬ 
rent array is retrieved and feature extraction performed. In each succes¬ 
sive entry, the oldest array is replaced by a new . 5 sec of spectrum and 
then the current array is operated on as above. 

After feature extraction on the unaveraged signal is performed, 
the five arrays are averaged for feature extraction. After averaging, the 
routine "TSCALE" is called to check the threshold criterion. If the signal 
is of sufficient magnitude feature extraction is performed on the averaged 
spectrum; if no, the routine returns to JTHPNT set to non-zero. 
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LOAD 
LOAD 

TEMPI = Correct Scale 

1st Entry? 
__I 

yes 1 ™_1 

\t 

TEMP = TEMPI - 2 

r.- 
TEMP = TEMPI' 

yes no 

Get POINT 



AUT016 = Current Array 

-±t 

AUT015=INPUT 



-T-- 

Add (ALS) 

> 
k 
¿_ 

Setup AUT016 to point 

to proper array in PAR 

Table 

~r 
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LARS 

JMP OVER 

..,UÜH...iiuüuiiajtl.n .. 

OVRET 

Set up AUTO 
registers for 
IAR arrays 

Stun five values 

_ ' 
Overf] 

T-! 
Low? 

yes no 

Place in IMAG 

:“Tr 
501 times? 

yes 

T 
no 

CN 
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1. Program Name; 

2. Language: 

3. Summary: 

4. Requirements: 

5. Routines Required: 

6. Arrays: 

7. GLOBLS: 

TWOS 

MACRO 

Routine to scale input data and set up scale factor. 

None 

None 

INRAY 

INRAY, .DA, TWOS 

8. Description: 

The input data is 12 bits left adjusted from the A/D converter. 
The FFT expects large numbers, but less than 1/4 maximum. The purpose 
of this routine is to determine the maximum absolute value and compute a 
lift col and scale factor. The input data is shifted right or left to meet 
the above criteria. The shift count, either po.ittve or „.gtóve^s multt- 

plied by two and added to the built-in scale factor of the FFT. Thxs scale 

factor is used in averaging and thresholding in LOAD. 



ARRAY 16 = 
Input Array 
Address 

r~ 
MAX = 0 

Get Value 

AC = 0? 

yes no 

V 

TEMP 
= AC 

£ 
AC S 0? . 

yea no -V 
_— 

AC = 
- TEM P 

TEMP2 
= AC 

£71 
TEMP = 

TEMP2 

AC = 
TEMP2 
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1. Program Name; 

2. Language: 

3. Summary: 
Routine for threshold detection to reject background 

and weak signals. 

4. Requirements: None 

5. Routines Required: None 

6. Arrays: IMAG 

7. GLOBLS: IMAG, TSCALE, ITHPNT, ITHRGS, IS1 

8. Description: 

The routine takes the current scale 
average o£ five FFT's and converts thrs^toa scaU ^ threah_ 

is compared to the threshold se y normal return to LOAD -rr Tnrr one 

returning to LOAD. 
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tscale 

^r 
Store scale in 

I TEMP2 

Get max value in 
IMAG 

T 

1 IS1 = T EMP2 1 

4- 
TEMP2 ITHRES 

yes no 
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1. Program Name; 

2. Language; 

3. Summary: 

4. Requirements: 

ANLOG 

MACRO 

Routine to perform digitizing of analog signal at 
2 KHz rate. Routine stores signal in . 5 sec 
records on magnetic tape. 

Real clock set to 10 KHz, mag tapes on 0 and 1, 
A/D set to 12 bits. 

5. Routines Required: None 

6. Arrays: INRAY, IMAG 

7* GLOBLS: ANLOG, .DA. INRAY, IMAG 

8. Description: 

The routine ANLOG performs the digitizing function for the simula¬ 
tion system. The analog signal from either tape recorder or microphone 
are input to the A/D buss. The digitizing routine initiates a conversion and 
reads the buffer every . 5 msec which corresponds to a 2 KHz sampling rate. 
The dynamic range of the A/D is 12 bits. The values are placed left-adjusted 
in one of two buffers. Two buffers are used so that in the case of a magnetic 
tape error, one rewrite with an extended record gap can be made. Each 
buffer size is 1025 words with the last word being a record count. 

The real-time clock must be set to 10 KHz, the word size of the 
A/D to 12 bits, and the mag tape unit must be set to zero. 
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ANLOG 

(—.. 1 
Turn off PI 
Turn off API 

' .1: 
Point to first array j 

location 

u. “r ' 
TCOP = 0 

-nr, 
Record Count = 0 

/V 

! -n 

TWORD = -1024 

" 1 — 
„ V- 
AC Switch (1) 

= 1? 

r i 
! no j yes 
!— i i ~ - 

V 
Turn on clock 

'zero real time 
dock location 

J- 
' Program clock J 
, count = -5 



/ DIGIT 
jo digitize an> 
incoming 
\ voltage 

AC Switch(O) 

= 1 ? 

TPCOD = 0? 
(no tape action 

1_ 
Increment woij 
count EQUAL 

s Q?_ 

Wo Yes 

1 

WAIT 

Clock Slip? 

Yes No 
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1. Program Name: 

2. Language: 

3. Summary: 

4. Requirements: 

5. Routines Required: 

6. Arrays: 

7. GLOBLS: 

SEV10 

MACRO 

Routine to keep running talley of classes receiving 
votes and to output the class receiving 7 out of 10 

votes. 

Prior execution of DOTP 

None 

VOTAR, TOTAR 

SEV10, MOST, ICLASS, NCLASS, SETUP, JSHF 

8. Description: 

This routine has two entry points: SETUP and SEV10. SETUP 
must be entered first before the main classification loop in SIMUL. It 
initializes pointers and counters. Two arrays are used in SEV10 to record 
votes. One array, "TOTAR" keeps a running talley of 10 votes for 10 
segments or 5 seconds of classification. The array "VOTAR" represents 
each of the six classes plus reject and no vote. Array position 1 corresponds 
to class 1, etc. As a new segment is passed through the classification 
logic and receives a vote the arrays TOTAR and VOTAR are updated accord¬ 
ingly. When any class receives seven votes, that class is returned in t e 
GLOBL NCLASS which is then processed by SIMUL. In the event no class 

has received 7 votes, a NOVOTE is returned. 
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Place in ADPOIN 

-czz 
Vote For Class 

CNT = 10? 

no yes 

±L 
IFLAG 4 0 

T~ 
POINl = TOTAR Address 

-1 
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SECOND 

Update Total 

Vote Array 

Increment 
Vote for 

Proper Class 

Increment CNT 

CNT = 0? 

yes 

_L 
1 no„_r 

CNT=-10 

£ 
POIN1 = TOTAR Addr.1 1 

( TEST 

_Á_ 
ADPOIN = NCNT 
AUT014 = TOTAR Addr. 
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Incre 
ADF 

ment 
>OIN 

/ 

ADPO IN = 0' 

no yes < JMP 
NOVOTE 

"'N 

BINGO 

Return vote 
in NCLASS NOVOTE 

I 1 Vote for 

NOVOTE 
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1. Program Name; SIMUJj 

2. Language: FORTRAN 

3. Summary: This routine is the executive routine controlling 
the flow of the system and determining action to 
take after classifier decisions. 

4. Requirements: Magnetic tape must be loaded on unit 2. It is a 
previously created tape consisti..g of variables 
and logic weights and thresholds. 

5. Routines Required: 

6. Arrays: 

FLOAT2, BINE, IFIXL, BUFIN, ANLOG, TWOS, 
FFT, LOAD, DOTP, SEV10. 

AB, TRIG, IFEAT, ISUM, IAR1, TAR2, IAR3, 
IAR4, IAR5, JVAR, INRAY, BREAL, IMAG, 
BINBUF, ILOGIC, IOUT 

7. GLOBLS: ITHRES, ITHPNT, IS1, NCLASS, JSHF, ICLASS, 
MUST, NENT, NKFEAT 

8. Description: 

The routine controls the program flow. It initializes a sine table 
and a bit reversal table which are used by the FFT routine. Next, one 
record is read from mag tape 2. This record is an array of variables 
previously created by a program called "FEASET". The user is then 
asked a series of questions as to the number of features, number of classes, 
and the threshold. More records are read from the mag tape and placed 
in the logic array. These records represent the pairwise discriminant 
values scaled to a maximum integer value and their decision thresholds. 
These records were created previously using routines called "LOGIC" and 

"MODLOG". 

The user is next required to reply to the message "Testing? 1-Y, 
0-N". If he replies yes, then he will receive maximum information con¬ 
cerning the classification and the FFT will be stored on mag tape 1. The 
labels "TCN" and "RUN" will be output with the FFT. This tape can be 
analyzed later using the plot system. If he is testing he must specify the 
correct class. He then responds to the question"A/D Channel ", The 
subroutine ANLOG is called and waits until he lowers AC switch 0 and 
raises switch 1. The digitizing begins and continues until he lowers 1 and 
raises 0. The mag tape is rewound and SETUP is called. 



SIMUL (Continued) 

The main classification loop now begins. A record is read from 
mag tape 0 and it is scaled and a power spectrum is computed. If the user 
i. testing the FFT is output to mag tape 1. For the first five records tint 
routine LOAD is called. From that point on a second entry point in LOA 
called SELECT is called. These two determine the unaveraged FF or 
average of five FFT1 s and call for feature extraction. If, during the ave3-- 
age of five calculations the threshold criteria is not met, the class is called 
NOVOTE and the logic testing is omitted. If the criterion is met an a 
feature vector calculated, the routine DOTP is called. The class chosen 
and number of votes received are returned. A check is again made for 
testing. If the user is testing, information for each segment is displaye . 
If the user is not testing, then a class must receive seven out of ten votes 
to be designated as a class. Classes meeting this criterion are printed 
out. After completing the run, the routine returns to rewind mag tape 
and asks for the user input again. On completion of all work, the user 

types control C. 
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1. Program Name: DOTP 

2. Language: MACRO 

3. Summary: Perform pairwise Dot Product of feature vector 
and discriminant vectors and determine class with 
maximum possible votes. 

4. Requirements: 

5. Routines Required: 

6. Arrays: 

7. GLOBLS: 

None 

None 

VOTE 

DOTP, NENT, NCLASS, ILOGIC, IFEAT, 
NKFEAT, MUST, ICLASS 

8. Description: 

Given "N" classes, there are (N-l) * N/2 pairwise tests required. 
The dot product of the feature vector and the discriminant vector is per¬ 
formed and then compared to a threshold value. If the dot product is below 
the threshold, one class receives a vote; if above, the other class receives 
the vote. This is done in a pairwise manner until all required teats are 
performed. If a class receives N-l votes, it is designated as the selected 
class. If not, the class is called a reject. The maximum number of votes 
received by any class is returned in either case. 



DOTP 

B 
V 

r 
LAS CNT - - # classes 

X- 
MCNT = - # pairwise 

tests 

--=3- - 
TCNT = - # Features 

MLOOP 

ï 
CNT = TCNT 

T 
HIGH - 0; LOW = 
0 ; SIGN = 0 ; 

TSIGN = 0 

< 
ï 

J 

MB LOP 

Get 

y 
if * —! 

Feature 
_I 

A , 

. 
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Program Name: ENERGY 

2. Language: MACRO 

3. Summary: Routine to find total energy or max peak of power 

spectrum. 

4. Requirements: None 

5. Routines Required: CPEAKS 

6. Arrays: 

7. GLOBES: 

IMAG, FREQ 

MIN, MAX, IMAG, PMAX, ENERGY, SLIDE, 

TEMP, FREQ, FAKEF 

8. Description: 

This routine has multiple entry points "ENERGY" and "PMAX". 
If ENERGY is entered dien the IMAG array which contains either the un¬ 
averaged or averaged spectrum is summed to find the total energy. The 
upper and lower limits are in GLOBES MIN and MAX. If PMAX is entered, 
then the frequency of the peak with the maximum magnitude is returned. 
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MAXIM 

Get MAX 
Value in 

IMAG array 

w 

Check next 
lower 

frequency 

Next lower 
freq. ? 

Zero PEAK 

Valu e = 0? 

yes no 

Value of 1st 

Frequency? 

yes no 

Value 

Freq 

of last 

uency? 

yes no 

Check next 
higher 
frequency 

n 
Next fre¬ 
quency :> ? 

yes no 

FAKEF = 0 

Get MAX 
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AC = Fre¬ 
quency of 
MAX Peak 
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