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• TECHN~~~L NOTE - DISPLAY ANALYS IS 

~ I F~ I ~
I. INTRODUCTION - This technical note compares receiver
operating characteristic (ROC) curves generated by observers
with clutter rate curves obtained by the digital computer sonar
simulator for 6-ping histories of simulated sonar returns. The

observer’s ROC curves were obtained by requiring the observers
to ind icate the ir confidence in decisions tha t a s igna l was pre-
sent on each of several hundred f i lm-strip frames . Each frame
presented an independent simulated 6-echo cycle his tory at one
of four signal-to-noise ratios (S/N) . It is shown tha t , for the
6-ping his tory si tuation at leas t , the computer generated curves
are better than the observer ’ s curves (in the sense of showing a
larger probability of detec t ion at the same false alarm rate) at
low probabilities of detection. The situation is reversed for

high probabilities of detec tion, however. An explanation for this

behavior is given.

The method of preparation of the film-strips has been

described 1. The results of the experimental observations are pre-

sen ted in paragraph 2. The manner of obtaining ROC curves by
the computer for the single-ping condition has been given in detail

elsewhere2; a br ief descr iption is presented in paragraph 3, how-
ever. In paragraph 4 comparison is made of the two types of ROC

curves.

1J.M. Young and D.E. Robinson , “Processing Gain Achievable by Ping-
to-Ping Integration,” TRACOR Document No. 64-221-C, October 22 ,
1964, ~CONFIDENTIAL).
2”Analysis of Signal Processing and Related Topics Pertaining to
the AN/SQS-26 Sonar Equipment (U) , A Suninary Repor t II ,” TRACOR
Document No. 64-290-C , Oc tober 16 , 1964 , (CONFIDENTIAL) .
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2. THE OBSERVER ’S ROC CURVES - The observer ’s ROC curves were
ob ta ined by requiring the observers to rate their responses of
“signal. present” by their conf idence that a signal was present .
Thus , a rating of I d eno ted high confidence or near certainty that
a signal was present ; 2 , less assuredness in signal presence; 3 ,
low confidence in signal presence; 4 , a guess tha t a signal is
present ; 5 , no signal is present. ROC curves were cons tructed by
plotting the cumulative percent “hits” for a particular rating

against the corresponding cumulative percent false alarms. For
a particular rating the cumulative percent “hits” is the sum of

the percent hits for ratings of greater confidence. Thus, for
example , for rating 3 the cumulative percent “hits” is ECP(D)1 +
P(D) , + P(D) ), where P(D) , i - 1,2,3 is the percent “hits”

for the i rating. The percent false, alarms are treated in a
similar fashion. A typical response sheet summarizing the per-

formance of four observers for one of the tes t f ilm-str ips is
shown in TABLE I. The values to be plotted are underlined .

The observers were instructed to keep the nuther of missed
signals to a minimum. The observation t ime for each frame of
the film-strip was 6 sec . This observation time was used be-
cause it is long enough not to degrade operator performance
yet short enough to avoid boredom. A 3 sec in terval following
each observation was allowed for the operators to record their
responses . Each frame of the film-strips used in this study
cons is ted of an independent six-ping history for a single sonar
beam . About half of the frames in each film-strip contained a
signal . The remaining frames contained noise alone . A descrip-
tion of the method of preparing the test film-strips has been
given elsewhere”2.

3Teciinical Note, Display Ana lysis , TRACOR. Document No. 65-107-C,
• January 15, 1965 , (CONFIDENTIAL) .
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TABLE I

STIMULUS

Signal + Noise Noise Alone

Rating No . of 7. E7. Rating No. of 7. E7.
Responses Responses

1 157 30 30 1 1 0 0

163 31 6]. 2 14 2 2

w

~ 3 131 25 86 3 109 18 20

00
58 11 4 266 44 64

(HITS) (FALSE ALARMS)

• 1 11 2 2 

- 

5 210 35 35

(MISSES) (CORRE CT REJECTIONS)
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The four observers used for this study were young adult-,
male college students with a variety of backgrounds. Some of
them were the observers for the work reported in the technical
note cited in footnote 3. The others were given at least five,
three-hour training sessions.

Each of the film-strips was presented to the observer.s on
xr* re than one occas ion , bo th to increase the number of operator
decisions and to provide a measure of repeatability or cons is-
tency . The data presented in Table II were obtained by totaling
all of the data for each condition. The variation in the data
(for a particular condition), from one viewing sess ion to another,
was surprisingly small. The largest variations naturally occurred
for the ratings denoting little confidence in a decision that a
signal is present. The observers were scored on a YES-NO basis.

In Fig . 1, ROC curves are presented for four values of S/N
at the input to the matched display. Three scales are shown

on the abscissa: the probability of false alarm, the false
alarm rate , and the average time between false alarms. The

operators ’ , or observers’, false alarm rate scale was deter-

mined by dividing the probability of false alarm by the time
interval represented by the displayed information . Since each
of our simulated ping histories corresponds to some 18 sec of
ac tual time and six ping histories are shown simultaneously,
108 sec of data are portrayed in each frame.

It is of interest to no te the marked change in the ROC curves
as the S/N at the input to the display is varied . Observe that
at a probability of false alarm of 0.2 , increas ing the S/N at
the input to the display from 8.5 dB to 10.0 dB raises the pro-
bability of detection from 0.34 to 0.84 . Also note tha t the
curve for 8.5 dB is not greatly better than the chance line re-

4
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suiting from mere guessing . (Here , signals are assumed to be
present in hal.f of the trials.) This situation points out the
narrow range in S/N between complete undetectability and near
certainty of detection. When digital techniques are used to analyze
record s of noise, or signal-plus-noise, a pred etermined set of
decisions must be followed . Each sample value of noise can be com-
pared with a set of thresholds; a plot of the number of sample
values exceed ing a given threshold as a func t ion of the threshold
value results . If the number of ind ependent sample values available
per sec , as determined by the bandw id th of the original noise
func t ion is taken into account , a plo t of the rate at which the
threshold is exceeded is ob tained . Since a threshold excess ion
normally produces a mark on the display , tend ing to clutter it ,
the threshold excession rate will be called the “clutter rate.’
This practice will avo id ‘confusion between “computer false alarm
rate” and the normal usage of talse alarm rate , in which the pri-
mary reference is to the rate (average of course) at which a sonar
observer false alarms .

Figure 4 is a plo t of computer clutter rate as a function
of threshold setting. Here the threshold is measured in units of
the standard deviation of the probability dis tribution of the
no ise at the scanned output of the clipped correla tor. It will
be recalled that, in order to match the output of the correlator to
the display cathode ray tube, only the largest of each 24 suc-
cessive output samples was retained and displayed. In this fashion
each of the scanned output values could be assigned a separate,
resolvable location on the face of the display-tube.

The shape of the ROC curves reflects the shape of the noise
and signal-plus-noise distributions on which the observers based
their decisions. The lack of synnnetry about the negative diagonal
and the failure of the slopes to have a value of unity at the nega-

7
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tive diagonal both indicate a skewed distribution. Jeffress4 has
discussed these points in some detail. Figure 2 is a plot of the
probabili ty density distribution function of the noise samples at
the input to the display . The skewness of this curve is immediately
obvious. Since the noise samples , originally Gaussian , were band-
pass-filtered , clipped , correla ted , scanned , and averaged , the de-
parture of the dis tribution from Gaussian is not surpris ing .

In Figure 3 , the ROC curves have been replotted as a func-
tion of observers’ false alarm rate on semi-log paper in order to
facilitate a comparison with machine (computer) clutter rates for
clipped correlation processing . Curves of this type will be re-
ferred to as “nxdified ROC curves”. We shall first, however,
describe how the computer clutter rate curves were generated .

4L.A . Jeffress , “Stimulus-Oriented Approach to Detection ,”
JASA, ~~~~~~ pp .766-774 , April 1964 .
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• 3. ThE COMPUTER CLUTTER RATE CURVES - Curves in which the
probability of detection is plotted as a function of false alarm
rate (clutter rate) can be generated by the digital computer sonar
simulator.

Three curves are shown in Figure 4, the single-ping clutter
rate, the six-ping unrestricted scan clutter rate, and the six-
ping restricted scan clutter rate. The unrestricted scan allows
the signal position to vary by one resolution interval in each
successive echo cycle. In the restricted scan case the signal
position is not allowed to vary.

Figures 5-8 are p lo ts which show , for the four sets of
data viewed by the observers , the measured probability that the
signal-to-noise ratio at the input to the display will exceed values
given on the abscissa. The (S/N) Av values ind icated on these

• figures are the averages of all measured peak signal power to rms
noise power ratios occurring in the data presented . (No te : average
power ratio is ~~~ equal to average dB). These figures show the

probability distribution of signal-plus-noise at the input to -

the d isplay. Again curves are shown for both the single-ping and

six-ping situations.

If , in Figure 4 , the thresho ld is converted to dB , repre-
senting a S/N ratio which mus t be exceed ed if a mark is to be made
on the d isplay , Figures 5-8 may be mapped into modified ROC curves .
In these curves , see Figures 9-12 , probability of detection is

plotted as a function of computer clutter rate.

The observer’s mod ified ROC cw.ves are also shown on Figures
9-12 so that a ready comparison with the computer modified ROC curves
may be made. The curves for observer and computer cross , generally
in the neighborhood of 5O7~ probability of detection , but have marked ly
different  s lopes .

9

CONFIDENTIAL
—---- - • - 

• 
.-••~~ ~~~~~~~~~~~~~~~~~



,. ,— ----- - - 
---  --—- -V ---— •~~~~~~~ • —I- 

~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

UNCLASSIFIED

to • ~~~~~~~~~~~ -

H ~~~~~-

• ~~~~~~~~~~~~~~~~~~~~ f H
SI44GLE FING

I-0 

- 
_ __ _ _ _  

- —---- - -  

— -: -_________ -
__________— —~ —-— ——-— — - 

‘ —•—•‘••--— 
______ ____ 

•—-- -•----- -~
_ _ _ _ _

:

~~~~~~~~

I I O PI1.G I
I UNR~ STRIC1ED -

0 2 - - -

t
~~~~~~~Th T~~E~~~~~~

~~~~~~~~~~~~~~ i• _ _
~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

— -

______ _____ _____—

U _ _ _ _ _  _ _ _ _ _ _  -

! t ‘t L LII
-• 

~~~~t~_ t ~~~~~TiTTTV’- -:
~
- - :  -

— 
_ _ _ _

Fin, 4 CC~ViPJTER CLUTTER RATE 4T THE
— ‘~ OUTPUT OF THE CUPPED CORRELA TOR

A5 A FUNCTION OF TH~~~5HOLD EEL-
ATIVE TO THE MEAN IN UNITS OF

- e,TM4DA 0 t4EVIATION &AFT~~~ SCA~4P4ING.

~~~~~~~~ ~~~~~
-t

~~ 

_

t

~~

:1

~~~~

LL

~~

C P1 110
~~5TRJCT~ D

~ ~CAW _______
_________ --

• ~~~
-, 

——— _ _ _ _ _ _ _ _

• _____

4~~iJ4~~~~~~ i~~ i 1

0 I 2 4 C 7
THQ

~
SHOLO UP-11T5 OF 0

U

UNCLASSIFIED



__ • -~~~~
-- 

~~~~
--

~~~~~ ~~
--- --

UNCLASSIFIED 

.---

~~~~

_- -  

S/

_  _  _  _  

I
-. 

I 

-___ _

.5/- III4

/

~~~~~~~~ 7

/’ 

~
)

_  

~~~
7

L~~

• 

—-

~ ~~~

• - • • ‘•  .-- - —

/- --1--- -- --

/-

- ---‘ ------

~~~~~ ~~~~~~~

~0

2 10 0’
A..LI 11~~~~V~~ 0~~d TRACO N . ,sc. I DWG. 

~~~ ~~~
5~5T15, ~UA$ ~~~iO-4.S $‘% ‘!-ftS

t UNCLASSIFIED

!~~i• ~~~~~~~~~~ - ~~~~~~ ~-.-• ~-.____________ 
- • - - - 

•
~~~~~~~~~~~~~~~~ — ~~~~~~ ~~~~~



- UNCLASSIFIED

I .
zuJ

7--

_ _  

I
~~2O

• 1-

2 *
- • 

A.1.flI9~~0~d TRACO R , INC . I DW G. 1~. .2ZO
AUSTIN. lUAU ‘.-045 14y—SS

UNCLASSIFIED -

— 1~ —’—~
—•. 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~
—-• . -. . • .— —

- - -----•- %--— - --•---- --— - -—-- ••- - •

_ _  —



- ‘~~~~“ —~~~

• 
. UNCLASSIFIED 

_ _ _  -Q
/

7 0

/S UJ~~A .

7
4~

/ _H 7z”
/

_ _ _ _  _ _ _ _  _ _ _ _  _ _ _ _ _  

:31111

77(

__
1~~~
/ 

_ _ __ _ _  

1- 
_ _ _

UJ I-X

_ _  _ _ _  _ _ _  _ _ _  _ _ _  

N
0

• AL I1~Q’V~~Oà~

UNCLASSIFIED IN ~I~~~ *-êOè$ JM~( E 3

L _ _ _ _  _ _ _ _ _  . • • • _ ~ •.•• ~~~~ 



UNCLASSIFIED

ILl
4
I -~2

1~~~~~~ J
_ _-— —---••-- .i

~
I

/

—1 ../ 
—

~~~~~~~

94

_ _ _ _  _ _ _ _  _ _ _ _  _ _ _  

~~LJJ

- --~~-~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

_

7

’ 

~~~~~~~

— /  - -___ _ _ _  _ _ _ _  _ _ _ _

1.. 7”

H I. / r S
I •-- \ —____

7

U I 
_ _ _  _ _ _  _ _  _ _

L11L~~~~~~• 
/ 

II

•/ 

_ _ __ _ _  _ _ __ _ _/
9 O~~

AjnIgygoa~ Ii
TRACOR 1 INC. I DWG.~~~~ -&22

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  

c~s wiED 
- 

LUITIN, TThA$ £ 1 D b5 JMYU5

- - - ~~L — 
_ i________ • - =



• CONFIDENTIAL

¶
- •  •-

• 

~

- 

~
;• ‘

~~~~
-
~- - d -• 

El’ TIE 

~ _ _

NOI1~~3.L~~~~~ ‘iI’I5V~ 0Nd jj

CONFIDE NTIAL



• CONFIDENTIAL

— 

. 

_ _  _ _  _ _  _ _  

• •~~~ ~I6
• - 

- - •
-

• .

_ h

__
_  _

2 : 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

,~lO,1 ~ai~aa ~ tL.~

J ~LI~
-
~~~~~T 1 . --T- 

~~~~~

_ ‘  

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

_ _ _ _



CONFIDENTIAL

— - F - - - - - -  -—-- - - Q I” 

\ 

- --

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

_ _ 

I

_
_

_
_

I~ti~~~1:
2 
-:‘;‘ ~ 

_
_

~~\ ~~

j~ Aj.I•’JW~~oad

cONFIDENTIAL 
-- - - - - - - - - - - -- - -

• . _a-_-_ -

_ _ _  — -~~~- - - - — -- ~ -• - ----
~~~~~

- -



- -  —- --- 
____

• CONFIDENTIAL

• — -I- — 

- 

-—--I 
- 

- 

V ~

_- t_ 
+~~~~

-

• II j
~;±II1—~1

__—-

~~~~~~~~~~~~

~i-~~L - ~’i i t

I ~ ‘:~~~~~~~~~~~~~~ 

E
~=~!:I~iIV ~~

‘

NoIiDaL~O ~O AiI 1IQ’9’~ Obd

-a—.-- - 

-

_ _ _



-y 
— 

_ _  
_ _— . — ~~~

_ _. rr~~

( . CONFIDENTIAL
T RA C O~~, INC. 1101 Guadotup. St Au .t,n I , Ts ,io*

• 4. COMPARISON OF OBSERVER ’ S AND COMPUTER ’ S MODIFIED ROC CURVZS
The different  slopes of the observer ’s and computer ’s modif ied
ROC curves can perhaps be explained in the following way . At low
probabilities of detection the computer curves are seen to be above
and to the left of the observer ’s curves , i.e., the computer is
performing better than the human observer. This is probably caus ed
by the ability of the computer to sense threshold excessions so
small that they produce only very faint marks on the display -

marks so faint that the observer’s attention is not directed to
that area of the display .

At higher probabilities of detection, on the other hand ,
it is seen that the observer’s performance excels that of the

computer . In this region more large threshold excessions are
to be expected , resulting in brighter marks on the display. In
scanning the display the observer may readily focus his attention
on an alignment of marks and then search for fainter marks to
verify his decision that a signal is present. The computer, however,
only makes binary decisions; either a threshold is exceeded or it
is not, no account is taken of the amount by which it is exceeded .

As to why the observer ’s curves are to the right of the
computer res tric ted scan curve , it is doub ted tha t the observers
can discriminate a signal position offset of one resulution in-
terval from one echo cycle to the next. Although we have presented
only zero range-rate signals , which resul ts in an alignment of

- - marks perpendicular to the ser ies of marks representing a singl e
echo cyc le return , we do not know and cannot determine if the
observers look for , or can indeed tell if , exac t perpend icularity
exis ts .

Cons ider the situa t ion in which the signal pos i tion can
vary from one echo cycle to &e nex t by one bin position (one
resolvable interval) . The measured resolvable spo t size , or mark ,
on our simulated A-scan display is 0.02 cm. (The length of the
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display representing one echo cycle is 10 cm instead of some 10 in
as in the AN/SQS-26 A-scan display. To the same scale, the re-
solution interval on the A-scan would be 0.02 in). If the target
position is displaced or offset  by one resolution interval for
each successive echo-cycle , the maximum offset  for six echo cycles
is only 0.1 cm (see Figure 13) .
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• 5. CONCLUS IONS

It is felt  tha t a logical basis has been promulgat~~ for
compar ing experimentally determined ROC curves and compu ter gen-
erated plo ts of probability of detection as a function of clutter
rate . The narrow spread in signal-to-noise ratio at the input
to the display that separates the regions of complete undetecta-
bility and certainty of detection in multi-echo cycle, multi-beam

• displays points out the need for careful control of the displays.
The increased detection capabilities of the AN/SQS-26 sonar system
provided by signal processing can be negated if the displays -

dis tort the input data .

The outputs of the sonar system signal processor must
be stored without degradation of S/N and retrieved for use in
the display without alternation of location. A continuing need
exists for improving the techniques of using storage tubes .
Means for normalizing the inputs to the storage-tube screen and
the inputs to the display must be devised , so tha t an input at
a certain S,/N will have the same significance to the sonar
observer at any location on the display .


