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JNC~ASSIFI[D

ABSTRACT

This memorandum is the documentation on a set of digital computer

programs which are called ~~~~~~ ~~rameter Analysis ~ystern s. The purpose

of these programs is to research the possibility of using techniques in

sonar research programming to distinguish target data from non—target data

other than the t echni ques which are now in use. The data used in develop-

ing these program analysis systems was initially collected at sea by the

LORAD system. The L~RAD system described in NEL Report 1060 is prfr~rily

an activ e scn~r system. (However, results of this study m ay find applic ati on

in the general area of computer—aided detection of sonar echoes.) The

cluster s her ein ref erred to consist of set s of tw o or mor e acousti c data

words and are caused by sonar echoes fr om targets or by target—like echo

events.

This echn:i .c~ l memorandum has been prepared because t is believed

that the in’~orL~ation contained herein will be of interest to others ~~ ~~~~

The vie;zs expressed are those of the author and do not necessarily represent

. thosc of the laboratory. Distribution outside the laboratory will ho 4
limited .
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fl . UNCLASSIFIED
CLUSTFR PARAMETER ANALYSIS SYSTEMS

OBJECTIVE OF CLUSTER PARA~~ TER ANALYSIS SYSTEMS

The objective of cluster parameter analysis systems is to research the

feasibility of distinguishing target from noise returns in programming

acoustic research on a basis differing from the technique which is now in

use. The technique now in use is the confidence level threshold technique.

The confidence level of each cluster is computed by tak ing the sum of the

• amplitudes of the words of a cluster. This value is then compared to a

reference or threshold value, and , if the confidence level is above or equal

to the reference value, the classification rendered is that of target; if

below the reference point, the classification rendered is that of non—target.

This then basically is the thresholding technique as applied to one para-

meter. It is seen as possible that the confidence level of a cluster may

exceed that of a reference value and not be a true target , while th~t of a

true target r ay  not exceed. the reference value. A clu~tcr whose confidence

level c x e ~ ds the reference value but. is not a true t-ar~~~ is defined to be

a false alarm. A target cluster whose confidence level does not exceed or

equal the reference value is defined to be an undetected target. Thus , in

the analysis of cny data on the basis of scrie sort of thresholding technique,

corresponding to each reference value, there will be a. number of false alan: ~

and detected to rgets , non—targets , and undetected t~.rgets. The objective of

the throeh(Jd:~n~ technique is t.o cpi~i ’iize the number of targets detect ed

while rdn .i izin~ the nunher of false d a rTs .  Dy t 1~~~~ a los: reference

value , we can opt ir:~Sze  the dctccticn c f t:~rgo~ s, but in general by lowering

the reference value , ‘ao will ~et mnr o false ai,~r:~s. ~~ th~ other hand , if

we rn i~;e the referenc e value , vie will i.Jn ~~~~~ the nu~ibor of f a ]  sc

but u.nfortuna~.el~ , we ~ La~j d t o lose Sc1: ,c of  c’.~r ~~~gct s.

— S —~~~ ~~~~~~~ - 
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-- UNCLA~IREB
False alarm rate is defined to be the quotient of all false alarms

referenced to some parameter value of all records of data considered divided

by the number of pings. The probability of detection is defined to be the

quotient of all detected targets in the data base divided by all the targets

of the data base. With respect to each reference value, we can compute a

probability of detection and a false alarm rate. By varying the reference

value over a range of values, we can obtain a table of probabilities versus

false alarm rates. From them we can obtain a graph in which the probability

of detection varies from 0 to 1 and the fa.jce alarm rate varies from zero to

the average number of non—targets per ping ir. the data base.

A parameter in this context is that measure of a cluster which is used

as a criterion for separating targets from non—targets. The utility of a

parameter as a criterion for separating targets from non—targets is given

by the g’aphirtg of false alarm rate versus probability of detection . One

parameter is defined to be better than another parameter at a specified

false alarm rate value if the probability of detection at that point is

greater than the other. Let FARATE be the false alarm rate and PROD A be

-the probability of detection of parameter A. For example, suppose one

superimposes the graphs of an analysis of parameter A over parameter B and

at FARATE 0.10, PROB A .6~ and PROD L .52. Then one would say that

at FAR A TE 0.10, parameter A is better than rar~netcr B.

The purpose of PARAMETER ANALYSIS can be more precisely stated. The

purpose is to find better parameters than confidence level, better being

defined as above.

Another objective of this analysis is to explore the possibility of

using parameters to disti nguish bet .ween dif ferent  k inds  of targets. Clusters

are divij ed into targets and non—targets.  Targets are further dividahl~ into

_  ~~~~~~~~~~~~~~~ _ _ _ _
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submarines, destroyers, and so on. A submarine target may show different

sides with respect to the detecting sonar system. It may show its bow, stern,

beam and so forth. This is defined to be an aspect. An aspect in this

context is sub—classification of a target cluster. A secondary objective of

this analysis is to establish the research background for discovering criteria

for separating and classifying target aspects.

The parameters used in this analysis are not necessarily the best para-

meters to use for thresholding clusters nor are they the only parameters

which could be used. They were chosen by the staff at Stanford Electronics

Laboratory in their research analysis upon the LCRAD-ADELINE data. Stanford’s

research on this is explained in SEL Report 65-078. These parameters are

nineteen in number and by name are (i) average amplitude, (2) cluster density,

(3) confidence level, (4) doppler amplitude sum, (5) leading range slope,
(6) maximum bearing sum, (7) maximum correlation amplitude, (8) maximum range

sum, (9) normalized maximum amplitude devi.ation, (io) normalized number of
elements, (ii) normalized sequential difference, (12) number of elements,

(13) peak adjacent difference sum, (14) range bearing sum difference, (15)

range standard deviation, (16) second maximum bearing sum, (17) second

maximum range sum, (18) standard deviation density, and (19) trailing range

slcpc.

ThE INPUT DATA BASE

The in pu t data base to parameter analysis is produced by the systems

PINCA~ PDLF and R~ RITETAPE. The input data base consists of a number of

records terminated by an end of f i l e  marker. Each record has a maximum

length of 11401 octal words. The f i rs t  word of each record Is the ping

number of the r’ cord. The next 1400 words represent the area in which the

CC table resides, which ma y or may not be cc-ir.p1etc’~y filled ; usually it

CONFID)~1TIAL
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isn’t. The last 10000 cells is the area for the AXTDS table. Practically

speaking, it is never f~fl.

The CC (cluster characteristics) table is a 400 item horizontal three—

word per item table. The first word of the item contains the fields TRUERANGE,

NR2RDOT, NR1RDOT, and ASPECT. TRUERANGE is a 15-bit field which contains the

mean range of the cluster, NR1RDOT and NR2RDOT are each 3 ‘bit fields contain-

ing the most likely and second most likely doppler codes of the cluster

respectively. ASPECT is a 6--bjt field which contains the target classifi—

cation information, zero for a non—target, otherwise for a target. The

second word of the CC item contains fields LOITEI•NR and HIITEMNR, which are

the index value limits of the cluster words contained in AXTDS. LOITEMNR is

a 15—bit field containing the lowest index value of the cluster in AXTDS.

HhiTE?~ R is a 15--bit field which has the highest index value of the cluster.

The third word of the. CC item h~s the two 15—bi t fields of AXC O~RA~P and

C0NFL~;Vi~L. ~AXCCi~RAlQ stands for the maximum correlat ion amplitude of the

cluster. XAXC OF~RAI~~ is the highest A1~P of the clen~ nts of a cluster.

CONFLEVEL stands for confidence level, which is the sum of the ~!-~I c  of a

cluster.

The AXTDS (auxiliary te:-~~c :r~ ry data s t,orag~ ) table is a 10,000 item

horizontal one—word per Itea table. This t -ab te conta ins the actual ~1uster

words t~ which the CC table is referr~.d. The it.en. contains the fields P,
-I
- ; 

- 
A1~ff’, RR , ~~~~~~ AUX I~D, and fl~NG.r . P is a 1—bit fie’.d not si~~iiftcant in

this analysis. MT is a 5-bi t field cest.~~ning the arplitude of the word.

RR is a 3—bit fi~1d in .iicat .ii~~ a doppler range rai c code. 1~EA~~~ is a 4—bi t

field si:~nLTying t~e dire~Li n fr~ r~ which  the in f or i -~~ti”n care ;  AU XIND is a

2—bit field fl( L used in th~ ,aa~~s:h . J.~ G’~ is a 15 b.~t field whose function

is sd f—e x~
.’Ianat~-~’y.

4 CC~~L.~ .JL~LF ,
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OUTPUT

Output of all systems is on a high speed printer. The output is in the

following format; Two sets of tables are printed out, each of which has the

following format : A target classification header followed by a column

header followed by eight columns of figures. The first column is the para-

meter value of each line. The second column is the false alarm rate; the

remaining six columns are the probabilities of detection. There are twelve

aspects in all: (1) ~~~~~~~~~ beam aspect, (2) submarine’s bow aspect,

(3) submarine’s quartering aspect, (4) destroyer’s bow aspect, (5) destroyer’s

stern aspect, (6) destroyer~s beam aspect, (7) all targets, (8) all submarines,
(9) all destroyers, (10) all non—echo repeaters, (11) echo repeaters, and (12)

submarine’s surfaced aspect.

THEORY OF C0?V~UTATI0N

The tables used in every system are THRSH, MISTY, TOTAL, PAR AN, AXT DS,

and CC. Table THRSF! is a 1-word per item table whose item length varies

from system to system. Its function is to record the number of clusters

processed whose parameter values equal or exceed the reference value1 which

is given by the item number. Table MISTY is a 6--word per item 12-field table

whose item length varies from system to system. The 12 fields correspond to

the 12 target classifications. Its function is to record the number of

target clusters processed whose parameter values equal or exceed the reference

va lue which is given by the it o~a number. TCI1’AL is a 6-word 1—item 12—field

table whose 12 fields correspond to the 12 target aspects. Table PAT F A i~ is a

400--item table whose items correspond to those of table CC. The items of

table PA!~AM contain the parameter values of each cluster to wui~ ch they refer.

False alarm rate and probability of det.eat-i~~i are computed in the

following manner: the riu ab~r of false alarma , FAS , is given by:

5 c~~~1~~ ’i-irj.
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FAS = TFIRSH(X) - MISTY(X, ALL TARGETS )

The false alarm rate , FARATE , and probability of detection, PROB, are given

by:

FARATE . = FAS/TOPINGS

PROB = MISTY(X, type)/TcYrAL(type)

where X is the reference value which is varied throughout the range of values

taken on by MISTY and TOPINGS is the total number of records.

The procedures used in every system are an EXECUTIVE of some sort ,

UPDATTOTAL, UPDATMISTY, FRINTMISTY and a routine which computes the parameter

values. This last varies from system to system.

The EXECUTIVE procedure falls into two olasses: the single parameter

executive subroutine as exemplified by the executive of the MAXCORRAMP system

and the double parameter executive subroutine as exemplified by the executive

of the BEARING system. the EXECUTIVE subroutine is just that. It calls on

other subroutines, reads in the data, processes it, updates the tables, and

when all the pings have been read in, it rewinds the data tape and calls on

PRINTMISTY to print out the appropriate information.

The procedure UPDATTOTAL searches through the cluster list for target

aspects, and when it finds one, it increments the appropriate target field.

The procedure UPDATMISTY indexes through table MISTY item by item and

- - 
searches for a parameter value equal to or surpassing the item number of

MISTY in table PARAN. When such an item is found , the P1flDEX item in table

TH~1SH is incremented by one, arid if the parameter item is a target, the

PINDPX item and appropriate aspect in MISTY is incremented by one.

Procedure PRINTMISTY computes the values of th~ table coiua~ns ari d out—

puts them to the high speed printer.

6 co~:F”~ 1’~-~ TI -~L
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THE PARA~1ETER SYSTEMS 
-

There are altogether seventeen parameter systems. They are: PAR&}4P2,

MAXCORRAHP, CONFLEVEL, BEARING, RANGESUMS, AVERAGEA1~P, RNGBEARDIF, EL1~1ENTS,

NORNSEQDIF, CLUSTDENS, LEADSLOPE, ThALSLOPE, STDENSITY, N J~NUMEL, PEAKDIFFER,

DOPPLER, and RANGESIG.

The following parameters with their definitions were taken from Stanford

Electronics Laboratories, Report 65—O7~ entitled Studies in Adaptive Processing

~~ Unde ter So ind Si~~a1,~ pp 6-11.

PARANP2

This system is an analysis of a parameter called normalized maximum

amplitude deviation, which is defined as follows :

= 

i~l 
~~~~~

where ~~~~ represents the maxiimim correlation amplitude of a cluster and X .
1

represents the amplitude of the i—th element of a cluster and N represents

the number of elements of a cluster. The subroutine which computes this

parameter is FINDP2. FINDP2 computes WMAXANPDEV in l6ths of incremental

values and stores the results in the table PAR.&M. The range of MISTY and

TIIRSII in this parameter is 160.

MAXCO RRAMP
-
‘ The PARAM table is filled by procedure FINDP1. Thi s system an~Jyzes

the mad~~im correlation amplitude parameter, which is defined within the

data base itself. Maximum correlation amplitude is the highest amplitude

of the words of a cluster. The rance of this p~ra~~ter is 32 values.

The PARAM table is filled by proc r~m-~ F’J ~( ‘~~‘iV.  Tii~ s system analyz~s

‘ 7 
- 
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CONFIDENTIAL

the confidence level parameter. Confidence level is defined within the data

base and is the sum of the amplitudes of all the elements of a cluster. The

range of this parameter is 400 values.

• BEARING

This system performs a double analysis. Two parameters are found; the

maximum bearing sum and the second maximum bearing sum. Maximum bearing sum

is the maximum of the amplitude sums over range of all elements in one bearing

increment. Second maximum bearing suni is the second highest amplitude sum.

The subroutine which finds these parameters is FINDI3EARSM. FINDBEARSM indexes

through the cluster list, pulls out the appropriate cluster information, fills

a bearing table, finds the maximum and second maximum bearing sum and stores

this information in table PARAM. The range of these parameters is 201 items.

RANGE SITh S -

This is another double parameter analysis. The two parameters are the

m axim um range sum and the second m axim um range sum. The maximum range sum

is the maxi mum of the amplitude sums over bearing of all elements in one

range increment. The second maximum range sum is the second highest ampli-

tude sum. The subroutine which finds these parameters is FINDMA XRNG.

FINDMAXRNG indexes through the cluster list , fi lls the table RANGE for each

cluster, finds the maximum range sum and the second maximum range sum, and

stores the ~-~fov-mation in table FARAM . The range of these parameters is

200 items.

The ave rage amplitude p~ r~:~r~~ter of a cluster, P3, is computed as

follows :

P3 ~ i~1 ~~

_ _ _ _ _ _ _  -- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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where N is the number of elements and Xj is the amplitude of each element.

The procedure FINDP3 computes this parameter in tenths of integer values.

The range of this parameter is 311 items.

RNGBEAFtDIF

The parameter range—bearing sum difference, rio’ is computed as

follows:

100 + (RS)p~~ — (BS)
~~x

where (RS)~~~ represents the maximum range sum of a cluster and

represents the maximum bearing sum. Procedure RBSUMDIFF which computes this

calls on FINDNAXRNG and F1NDBEARSN. The range of this parameter is 201 items •

ELEMENTS

This system is an analysis of the number of elements parameter. The

subroutine which fills table PARAN is NELEMENTS. The range of this parameter

is 51 values.

S~~~1!

This system is an analysis of the normalized sequ~~Lial difference

parameter. The normalized sequential difference parameter is c~mputed as

follows :

N
p = 1 E Xi~ 1 _ X 1N i~1

where X~ represents the a~r.plitude of the i-- th element. The subroutine

NEQDIFF computes the parameter values in 25ths of integer values. The

range of this parame ter is 201 values.

CLUSTDENS

This system is an analysis of the cluster d~- i~~ity parameter. it is

computed as follows:

9 CONFlfl:~ ;TJ ~L
_ _ _ _ _  - --— ‘5-— -- - - -
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N -

E X~1=1
14~~~~~~~~~~

where NB is the number of bearing increments spanned by the cluster and ~~

is the number of range increments spanned by the cluster. The parameter is

actually computed by using CONFLEVEL as the numerator. The subroutine

CLDENSITY computes the parameter values to tenths of integers with a range

of 301 values.

LEADSLOPE

The leading range slope parameter is computed from the following

equation: 
-

(RS)
~~x — 

(Rs) 1p11 — ____________

where (RS) 1 represents the f irst  range sum of the cluster, (RS)~~-(, the

maximum range sum of the cluster, R1 the first range and R~ th e range at

which (RS)
~i~x 

occurs. If Rc = fl1, the value of P~~ is dofin ed to be zerc.

The subroutine LRSLOPE computes these parameter values in half—integer

values with a range of 161 values.

TRAI,SLOPE

TRALSLOPE is similar to the LEADSLCPE sys t~em . The trailing range slope
I

para~ e~ er is given by:

— (RS)-~Ax — (R s)2P12 - -  --

where (Rs) 2 represents the last range sum of a p~rameter and R2 represents

the 1-st  range . TRSLUPE computes this parameter in  a rr anncr sinflar to

LRSLOPE . P12 is defined to be zero when P2

The standard dcvi~~t-:~cn densit-~’ p t r a r c t~ r is given by:

-

~

-- — - -- -~~~~ -—-~~~~~~~ 
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N
H E X ~i=l

a R o ~B -

where here again the numerator is the confidence level of the cluster; aR

is the range standard deviation, and GB is the bearing standard deviation

which are computed as follows: -

N — .2( E X ir iN 2 “--i l
= {

~ 
xj r1 - ~~~~~~~~~~~~~

~~x. 11 E x ~
i 1

where X~ is the amplitude of the i—th element of the cluster and r~ is the

range of the 8—th element.

H N 2 
-

, N ( E x ~~b~~ ~
a ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~B N lil . L 1  N

E X ~ E X -1=1 i l ’

where b1 is the bearing of the i—tb element of a cluster. These computa—
N

tions were somewhat simplified by using the relation that CONFLEVEL E X~.
1=1

Procedure STDENSITY computes this parameter by first calling on two daughter

- - subroutines ~~~~~~~~ to compute aR and }3EARSTNI)EV to compute GB. GR and

GB are bot~h computed in lOOths of integer values while P16 is computed to

the nearest whole number. The range of parameter an-alysis is 401 values.

This system anaJyzes the normalized number of elements parameter. It

is given as follows :

P17 N B NR

The procedure N MAT ,m TU1~ computes this parameter to the nearest half—integer

value over a range of 61 values.

e 
11 CC~F’IflTJ~TL~L
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PEAK DIFFER

- The peak adjacent difference sum parameter is given by:

• 

- 

- 

P13 = A + B

- where A and B represent the differences between the maximum range sum and

- 
the adjacent range sums on both sides. The PEAKDIFFE R para meter is computed

- 

- 
by procedure PKADJDIFSM in integer values over a range of 151 values.

DOPPLER

The doppler amplitude sum parameter is given by:

— N

- E X ~~~ -

P18 = i = ~ - 
*

where D = +1 if doppler associated with amplitude X~ is the model doppler of

the cluster and -l otherwise. Procedure DOPPLERAMP computes doppler to the

nearest half-integer over a range of 401 values.

RANGESIG

• The range standard deviation parameter is computed by procedure RAI-IGSTNI)EV

as explained and defined in STDENSITY above . The parameter is computed for

each cluster to the nearest 100th of an integer over a ran ge of 301 values.

SYSTEM USE

Each system is on mag tape and to be used must be called into the corn—

-
. I puter with a LOD4O card allocated to the base address of 01000. PRINT and
- 

‘ FLOP n-iust be called in from the MONITO R library to run with this program .
- 

I - 
PRINT io allocated to 50000 and FLOP to 20000. To use the bystern , mount

- • 
the program tape on M2 , the data tape on M3,  LOA D the program desired , PRINT ,

and FLOP and transf er t o 01000.

I

~,iJ 12 CCi FJ 1 i l l
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Parameter Systems Analysis Programs are on tape 210 and PT- 56. FT-56

is to be considered the permanent backup tape to be used only to generate

user tapes. Tape 210 is to be the user tape. There are two outputs for

each program, an output 46 and an output 40. 46’s are on even files and

40’s are on odd files. The contents of tapes 210 and FT—56 are listed in

Appendix 1. Appendix 2 lists the parameters alphabetically with their corres-

ponding systems.

-

• 

Except for the foflowing appendices and flow diagrams of the various

subroutines of the analysis systems, these remarks conclude the documentation

of these programs. Research using the parameters herein described is

currently in progress. It is hoped that further investigation of these

parameters and perhaps others, either simply or in combination, Will yield

a better cluster thresholding criteria than the confidence level parameter

now is use.

13 CONFIDENTIAL
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- - APPENDIX 1

File Number Outputs System Data Compiled

0 1 46 40 PARM~P2 1 Dec 65

2 3 46 40 ASPECTDEF 4 Oct 65

4 5 46 40 !4AXCORRAMP 4 Jan 66

6 7 46 40 C~~FLEVEL 4 Jan 66

10 11 46 40 BEARING 20 Jan 66

12 13 46 40 - RANGESUMS 7 Jan 66

14 15 46 40 AVERAGEAMP 7 Jan 66

16 17 46 40 RNGBEARDIF 31 Jan 66-

20 21 46 40 ELEMENTS 21 Jan 66

22 23 46 40 NORMSEQDIF 21 Jan 66

24 25 46 40 CLUSTDENS 2E~ Jan 66

26 27 46 40 LEADSLOPE 23 Feb 66

30 31 46 40 TRALSLO PE 23 Feb 66

32 33 
- 

46 40 STDENSITY 11 Feb 66

34 35 46 40 NORXNUMEL 23 Feb 66

36 37 46 40 PEAXDIFFER 24 Feb 66

40 41 46 40 DOPPLER 7 Feb 66

42 43 46 40 RWRITETAPE 26 Nov 65

44 45 46 40 RANGFSIG 25 Feb 66

J 1

14 CC FIT) •Ts~ L

_



_____________________________ ~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~ 
- 

~~
- - — —--——

CONFIDENTIAL

APPENDIX 2 
-

Parameter Name System Name

Average Amplitude AVERAGEAMP

Cluster Density CLUSTDENS

Confidence Level COMFLEVEL
— Doppler Amplitude Sum DOPPLER

Leading Range Slope LEADSLOPE

Maximum Bearing Sum - BEARIN G

Maximum Correlation Amplitude NAXCORRiU-P

Maximum Range Sum RANGESEJMS -

Normalized Maximum Amplitude Deviation PAR AT1P2

Normalized Number of Elements N RMN U?~TL

Normalized Sequential Difference N~~NSEQDIF

Number of Elements ELE~~NTS

Peak Adjacent Difference Sum PEAKDIFFEP.

Range Bearing Sum Difference RNGBEARDIF

- 

• 
Range Standard Deviation R!~NGE3IG

Second Maximum Bearing Sum BEARING

Second ~aximuin Range Sum RANGESUMS

Standard Deviation Density STDENSITY

Trailing Range Slope TRALSLO~~

15 CO Tfl.flYU T 1AL
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