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APPLICATION OF WALD'S SEQUENTIAL PROBABILITY
RATIO TEST TO NUCLEAR MATERIALS CONTROL

" P. E. Fehlau, K. L.. Coop, and J. T. Markin

Unlversity of California
Los Alamos Natlonal Laboratory
Los Alamos, New Mexlco 87545 USA

ABSTRACT

We have replaced traditional analysis methods for nuclear
materlal control menltoring with hypothesis testing,
specifically with Wald's sequentlal-probability-ratio test. Our
evaluation of Wald's method, applied In both vehicle and
pedestrian SNM monitars, is by Monte Carlo calculation to
deterinine the alarm probabllity and average monitoring times
of the monitors. The vehlcle monitor with Wald's test has a
much shorter monitoring delay than with traditional methods,
without serious compensating changes in operating character-
Istics. The pedestrian monitor with Waid's method also has
advantages over traditional single-interval tests, In that the
Wald method duplicates the advantages of a moving-average
technique. We verlfied the Monte Carlo calculations for the
pedestrian monitor by means of a speclal program for the
monltor's micruprocessor controller. The observations of
false-alarm probabllity and average monitoring time for Jver
500 000 tests verified the Monte Carlo results.

INTRODUCTION

Nuclear materials management requires analysis of data from
measurement systemse to determine whether the measurements are consistent
with an aliowed oondition or whether they deviate sufficlently from the
allowed condition to suggest diversion of nuclear material. Traditional
diversion detectlion methods that are based on differences betwesn measured
end predicted valuee may be untimely because a long measurement time ls
neaded to achleve adequately low false-alarm probabllity. Or, on the other
hand, traditional methoris may seek to be timely by making declsions so
quickly that a falsa alarim bacomes highly probable.

. "Thls work was supported by the U.S. Department of Energy, Office of
Scfequards and Securlty,



In place of traditional methods, sequential hypothesis tests applied
repetitively at the end of each of a number of analysis periods have been
described for nuclear material aat:count:ancyl and for extended contalnment
and survelllance in international nuclear materials safeguards where
continuing diversion of very small quantities of special nuclear material must
be detected.2:> The sequential method mitigates the problems with

_. traditional methods by allowing the measurements to continue when the
accumulated data do not warran: a decision. Hence, extended periods of data
accumulation can take place whenever necessary, but rapid response is often
still possible.

Nuclear material control at material access area boundaries also may
benefit from sequentlal hypothesis testing even though, unlike the preceding
examples, monitoring takes place during a relatively short period of time and a
declsion must be reached by the end of a prescribed monitoring period. For
example, we: have applied a truncated sequential hypothesis test to vehicle
monitoring, where it minimizes the monitoring delay, and to monitoring
pedestrians in motion, where the method responds well tc diversion signals
that have a time profile.

NUCLEAR MATERIAL CONTROL MONITORING

A radiation monitor for nuclear material control measures the radiation
intensity in the vicinity of a pedestrian or motor vehicle to search for special
nuclear material before granting exit clearance from a materlal accuss area.
Analyslis of the radiation monitoring measurement, basicaily a comparison of
the measurement to its expected result, is Influenced by three major factors.
First, the expested result must be derived from a prior background measure-
ment alone, rather than from before and after measurements, bacause the
pedestrian or motor vehicle departs immadiately on obtalning exit clearance.
Hence systematic error may arise in the analysis from detector response
variation or frorm actual changes In amblent radlation intansity with time. To
reduce the systeinatic error, the background must be derivad from the most
recent, short-term background history of the monitor. The second factor,
particulasly important for the vehicle monitor where a minute-long monitoring
time may be necessary, Is that the backyground couriting period that determines
the alarm threshold is not much longer than the monitoring period. Hence,
statistical error s comparable in both monitoring date and alarm threshold and
both erroan influence the false-alarm and dataction probabilities ef the
monitor.

A final factor that influsnces radiation monitor analysis is a decrease !n
the perce.ved radiation Intensity when the r.onitor Is occupled.4 Both
pedestrians and vehicles can reduce the background radlation field incident on
a monitor's detectors by shislding them from the radlation. Thie effeut
decrsasos a monitor's occupled false-aiarm probabllity because the measured
intensity In an occupled monitor is less than it otherwise would be. 3imilarly,
the monitor's sensitivity when it s ocoupled s less bacause a larger diversion
signal 13 needed for an alarm in the empty monitor. The reduced detectlion
probabllity could be mitigated by lowerling the alurn: threshold by an amount
aqual to the Intensity reduction. However, the amotint of the intensity



reduction varies with the occupant and although some degree of compensation
may be possible, the reduction cannot be totally compensated by any simple
scheme.

These factors must be taken into account in designing a material control
monitor, but there are other considerations as well. Perhaps the most
Important consideration is that material control has the goal of preventing the
diversion of a quantity of nuclear material instead of the rnore objective
statistical goal of detecting variations of more than a certain magnitude from
the mean value of the monitor's background observations. In practice, we
must rely on the statistical point of view to design and quantitatively predict
the performance of a monitoring system, but ther we have a great deal of
leeway in relating the performance of the monitoring system back to the
material control goals. The reason for the latitude is that diversion signal
intensities depend on the isotoplc content, the physical form, and the position
of the diverted material in the monitor.

Rather than pursue material detection goals in this paper, we will simply
describe the monitoring system on a statistical basis. The first step in this
regard is to point out that we ensure a sound statistical basis for our analysis
by testing the statistical performence of each monitoring system as part of its
calibration. Our goal is to verify that the observed counting samples follow a
Polisson distribution; our monitor calibration procedures include adjusting the
discriminator to exclude noise until tha measured variance is nearly !dentical
to the measured mean value of the count distribution, as it should be for a
Polsson distributed count distribution. This step helps avold the situation
described in Ref. 5 where an extremely broad normal distribution instead of a
narrow nne equlvalent to the expected Polsson counting distribution was
observed in a portal monitor.

Keeping the foregoing considerations in mind, we will describe a
traditional monitoring system for material control monitoring. Later in this
paper, this monitoring system will provide a basis for selecting the parameters
for sequential hypothesis tests. The traditional monitoring system has a
single-interval test (SIT) characterized by its background determination
period, alarm threshold, and monitoring period, which together determine its
false-alarm and detection probabilities. The monitor's background
determination period is based on observation of background variability and the
avallable time between occupants. The precision of determining background
Influences the cholce of an alarm threshold to meet the prescribed or desired
false-alarm probabllity. For instance, a commonly quoted prescription is one
false alarm per 1000 occupants. In this case, a monitor that makes one
declsion per occupant might have an alarm threshold at 3. standard deviations
(o) above the expscted monttoring result at background Intensity If the
background intensity were known exactly., However, impracise background
determination or wide background varlabllity will make a higher alarm
threshold necessary in practice to mest any false-alarm prescription.

From our experience we start with an alarm threshold 4o above the
expected background, particularly when we are monitoring pedestrians. The
monltoring perlod ls matched to the material detection requirements as
follows. We astimate the response of the monitor to the material sample that
must be detected and then adjust the length of ths monitoring period untll the
net signel during the monitoring period equals 4o of the expected menitoring



count at background Intensity. This defines the alarm threshold for a SIT
monitoring system with the required false-alarm probability and 50%
probabllity of dutection for the material sample. Of course the chelce of 50%
datection probeability Is @ matter of convenience and the procedure can be
slightly varied to obtain 90 or 95% detection probability.

Besides the S1T, we will discuss one other traditional monitoring
technique. 1he moving-average Lechnique® is sirply a SIT that s updated at
each of four sublntervals. 1t is applied in portal monitors where the subject
belng monitored is in motion. The moving average matches the countling
interval to a time-varylng diversion signal that appears when a pedestrian
walks through the monitor carrying nuclear material (Flg. 1). The technique
samples four times as often as the SI1, hence its alarm threshold is higher for
a given false-alarm rate. However, the detectlon probabllity at the higher
alarm threshold is increased above the SIT by the match between the counting
interval and the peak of the diversion signal proflle.
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The moving-aversge technique updates the data in a
counting Interval, after sach new sublinterval count, by
discarding the oldest subinterval data and adding the
newaest subinterval data. The prozedure assures that

the peak Intensity ls concentrated in one counting
Interval.



HYPOTHESIS TESTING: SEQUENTIAL-PROBABILITY-RATIO 1EST

The Sli described in the preceding section can be replaced by a
sequential -probabilily -ralio test that terminates menitoring when a doecision is
reached rather than always continuing to monitor for a specified time period.
We have applled thec Wald sequential -probability-ratio test/ (SPR1) in place of
the S11 by dividing a SI1 monitoring perlod iInto a convenient number of
~ subintervals N and then choosing the other SPR1 paramelers by analogy to the
SIT paramoters. The test, as we apply it, is brlefly described as follows.

The Wald test Is applied at the end of each subinterval to the data
accumulated at that time. The expected value of a sublinterval count for
background intensity is MO and for diversion Intensity Ml. Denoting actual
suiinterval counting values x| and the standard deviation of MO by o, the
logarithm of the ratlo of the probability that the subinterval count comes from
a diverslon count distribution to the praobabliity that it comes from a back-
ground count distribution fer each sublnterval test Is defined as Z;, calcu-
lated from the following expression.

71 = [0.5(xj - M0)?/02] - [0.5(x; - M1)?/02]

Fstimates of two test Lthresholds, A and B, are calculated from a false -alarm
probabllity ag and a miss probabllity 8q.

A =log [(1 - Bg)eq)] and

B = log [Bg/(1 - ap)] .

At each step In a soquence of sublnterval counts, the sum of the Z; for all
completed steps ls compared to the thresholds B < L Z; < A. The test is
terminated whenever L Z, s less than the background lnequality at the left or
greater than the diversion lnequallty at ths right. Otherwise, as long as a
maximum number of steps NMAX has not been reached, monitoring continues
with the accumulation of another subinterval count. If no decision 13 reached
after NMAX steps, we record a declsicn for background.

Values for the parameters In our applicatlon of Wald's SPRT are derlved
from the SIT parameters described earllar In the following manner.

MO is the expected SIT background divided by N,
M1 ls the SIT alarm thrashold divided by N,



ag Is the SI1 false-alarm probability disregarding the influence of a short
bazkground determination perlod,

Bg ts 1 minus Lthe ST detection prebability, and

NMAX is equal Lo or slightly larger than N.

This completes the list of parameters required to replace the SIT or
moving average with a SPR1. In some cases we have slightly varied the values
of the paramcters to make the comparison of SPR1 and tradltional methods
more exact. For example, the diversion threshold value A was decreased
slightly in prclimlnary experiments to match the performance of
moving -average and SPR1 monitoring techniques. We have carried over that
value, 8.0, in later applications of the SPRT monitoring technique to replace
the S11 and in all of our Monte Carlo calculations.

Unlike earller analog applicatlons of SPRT to radiation monitoring,8 we
have implemented the technique in a digital control module that has a
microprocessor to carry cut the calculations. The controller interprets slgnals
from an occupancy -sensing device near the detectors to tell when background
may be measured and when monitoring measurements are required. We report
additional information about digital monltor controllers Applying the S”PR1 In
Ref, 9.

APPLICATION OF THE SPRT TO VEHICLE MONITORING

Our vehicle monitor described in Ref. 10 originally applled a SIT of 50-s
duratlon. As part of a recent system upgrade, we provided additional
detectors and implemented the SPRT for four separate groups of detectors
located at differont positions In the monltor. Our primary goal for this
application of the SPRT was to reduce the monitoring delay while malntaining
the best possible detection sensitivity for the avallable counting time. The
original S11 and new SPRT deslgn parameters are compared In Table 1.

_ Tho oxpocted operatloral characteristics of the SPRT in the vehicle
monltor were determined from Monte Carlo calculations performed on a
CDC-7600 computer at the Los Alamos Central Computing Facllity. The
Monte Carlo program, to be described at the IEEE Nuclear Sclence Symposium
in the fall of 1984, samples from a normal distribution to simulate counting
data for the monitoring system which has a Polsson distributlon with a large
enough mean value to Justify the normal approximation. Results were
obtalned for at least 10° trials In each calculation. Two distinct cases were
examined: one individual data channel and the combined set of four data
chaiinels as applled In Lhe vehicle monitoring system controller. Results for
the two cases differ bucause in the second one, the monitoring result may
depend on the outcome of four separate SPP.Tg, For Instance, a diversion
declision in any one of the SPRTs will immediatel:’ terminate monitoring with a
diversion decision, but a nondiversion decision requires a unanimous declslon of
background for all four Independent SPRTs. IHence, the background declsion
must walt for the slowest SPRT to flnish. 1n all cases, ldentical radlation
Intensities are assumed for each data channel in the calculation,
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TABLE ]
VEHICLE MONITORING SYSTEM PARAMETERS

Single-Interval Sequential-Probability-
Parameter Test Value Ratio Test Value
Background interval 100 s 120 s
length
Menitoring interval 50 s 48 s
length
Analogous subinterval | 12
number N
Subinterval length 50 s 4s
Maximum number of l 15
subintervals NMA X
Value of ag 3.16 x 1073 3.16 x 10-3
Veluze of Bg 0.5 0.5

The averege monitoring time (AMT) result fur the vehlcle-monitoring
systermn celculation is illustrated in Fig. 2. The radiation intensity is expressed
as a value above background intensity in units of the standard devlation of an
expuected 4B-s-count value at background intensity (o4g). Curve la for one
data channel has an AM' of about 10 s at background intensity compared to a
value of 19 s at the same point on curve 1t for the four-data-channel system.
Both values are much less than the SIT monitoring time, which is fixed at 48 s
ln all cases. Hence, we have achieved our goal of reducing the average
monltoring period for most uses of the vehicle monitor. In addition,
preliminary experimental results with the new monitoring system Indicate that
the background intensity is reduced by 1 to 5 % (1.5 to 9.5 o4g) when the
monitor Is occupled, which may further reduce the AM1 (Flig. 3) and alter
other oporating parameters as well.

The Monte Carlo results in Table 11 illustrate the influence of more than
one data channel and the length of the background determinatlon Interval on
the false-alarm probabillity in addition to the monitoring time. Monitoring
four channels extends the average monitoring time, but it remalns within the
time required to obtaln exit clearance and is still much less than for the SIT.
The Influence of the short measurement perlod for determining the background
Intensity is considerable, but tho result is still close to the usual NRC
spocification of one false alarm per 1000 passages. In practice, for a vehicle
monltor with perhaps only 30 passages per day, the result is quite acceptable
for the DOE requirement of one false alarm per day. On the other hand, the
background measurement period has little influence on the average monitoring
times In Table 1l or Flg. 3 where that influence was Included in calculating the
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The avaerage monitoring time for the vehicle monitor
depends on whether (3) a single channel or (b) all four
channels must make the final decision. Tke unit for the
radiation intensity is the standard deviation of a 48-s
background count. This calculation assumed an exact
background mean.
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Flg. 3.
The monitoring time muy be iess when an occupant
attonuates the amblent radiation Intensity because the
average monlitoring times are lower below zero, the
normal background Intensity. This calculation included
the normal background determination procedure, which
had little affect on the shape of the ANMT curve.



o “ TABLE II
* MONTE CARLO CALCULATION RESULTS

single-Interval 1 Séquential—Probability-’
Parameter Test Value : - " Ratio Test Value

Results for an exact background value

a for one 1.1 x 1074 1.1x104
channel .
*AMT2 for one 4B s | 9.6 s
channei

a for four 4.3 x 1074 4.3 x 1074
channels

AMT2 for four 48's 19
channels

Results with a 120-s-long background interval

a for four 3.5 x 10~3 3.2 x 103
channels

AMTA for four 48 s 2l s
channels

a8 Average monitoring time, which is equal to the fixed mcnitoring time in
single-interval tests.

AMT curve. Finally, the operating characteristic for the SIT and SPRT are
quite similar (Fiq. 4), indicating that the ability to detect diversion is not
significantly decreased by the SPRT; the differences would not be discernable
on a linear plot.

We varled the values of NMAX and the background-determination Interval
in some Monte Carlo calculations to determine their effect on the AMT and
false-alarm probability. The outcome in Table 11l at background intensity was
that the AMT is littie affected by the background interval whereas the
false-alarm probability is more dependent on it, as expected. The truncation
parameter NMAX influences the false-alarm probabliity because we always
chose the background decislon at the truncation point

At radiation intensitles above background, the AMT (Flq. 5) continues to
be little Influenced by extending the background interval, but the Influence of
extending NMAX becomes more marked. However, once the radiation
intenslty passes 30,4g, alarms become frequent, diminishing the need to await
four separate declslons and allowing the AMT curves to converge. The
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The operating characteristic curves for SPRT and SIT
are nearly identical with visible devistions appearing
only at higher intensities. iie actual background
determlnation rnethod is used except for the exact S1T
curve where exact knowledge of the background mean
intensity is assumed.
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TABLE 111
MONTE CARLO RESULTS AT BACKGROUND INTENSITY
FOR DIFFERENT NMAX AND BACKGROUND INTERVAL

Background False-Alarm
NMA X Interval (s) AMT (s) Probability
15.. 120 21 3.2x 1073
24 120 22 5.4 x 10-3
15 300 20 1.0 x 10-3

influence of both paramacters on alarm prnbablhty o onl inues at higher
intensitics. The operating characteristic (- ig. 6) illustrates increased alarms
over a wide range when NMAX is larger and fewer deiault hackground
decisions are made. The opposite influence appears when a longer period is
available to determine the background intensity.

These comparisons of Monte Carlo resulls have allowed us to study the
effects of chunges that might be marde in the monitor's microprocessor
programs. The effeccts are difficult to study in the actual monitoring
equipment during normal operation because the monitoring perlods are so long
that a significant number of opurational results are Impossible to obtain. At
Lnis time, we are particularly Interested in determining which parameters of
the monitoring system may be changed to improve operation and which
paramaters might be Important ones to change to accomodate varlation in
normal operation. Such variable parameters can easily be incorporated lnto
electrically alterable memory for keyboard modiflcation.




1.0

T T
& 15 STEPS (2 min)
? 15 STEFS {5 min)
@ 24 STEFS (2 min)

o
@

o
o

MISS PROBABILITY, B
o
T

o
»
1
1

s} 1 1 1 L
-2 o] 2 4 [] 8 10

NET RADIATION INTENSIT' (o4g)

Fig. 6.
The operating characteristlc is influenced both by
extending the background Interval to reduce alarm
probablity and by extendinc the monitoring period
before truncation.

APPLICATION OF THE SPR1 TO PEDESTRIAN MONITORING

Pedestrian monltoring may be accomplished while the subject is
stationary or in motlon. The former 1s the more sensitive method and a SPRT
can be applied to such a monitor in the same fashion as in the vehicle
monltor. However, most pedestrian monitors must, at times, quickly monttor
large numbers of people, for instance at the end of a work shift. A
walk-through pedestrian monitor ls ideal for this application; we have applled
the SPR1 to such a monitor using the parameters llsted In Table 1V, and are
now lnvestlgating its performance.

As In the vehicle monitor, an occupancy sensor notlfles the podestriar
monltor's controller that a person is present and to begin monitoring. The
narson may be. statlonary or In motion at any speed and he may be anywhere
within the sensitlvity reglon of the occupancy sensor. Hence, once monltoring
beglns it must continue until the occupancy sensor determines that the
_ monitor ls agaln empty to assure that the monitor is not subverted in some
way by the occupant. As a result, the pedestrian monltor termlnates
monitoring in a different way from the vehicle monitor. An alarm terminates
monitoring li..medlately; however, a backgiound dec!-lon or reaching NMAX
steps simply terminates one sequence and begins another for as long as the
monitor Is occupled. Another aspect of pedestrian monltoring that differs



TABLE IV
PERSONNEL MONITOR PARAMETERS

Sequential-Probability-

Parameter Ratio Test Value
Backaround interval length 1285
Monitoring interval length 0.8s
Subinterval number N 8
Subinterval length 0.1s
Maximum number of subintervals NMAX 8
Value of ag 3.16 x 1073
Value of g 0.5

from vehicle monitoring is that radioactive material passing through the
monitor produces 2 time -varying signal rather than & constant one. As a
result, we have not only carricd out Monte Carlo calculatlons at fixed
radiatlon intensitics, but also with time-varying signals.

Reasulls for a fixed -intensity, single-interval Monto Carlo calculatlon for
Lhe pedcsirian monitor show the same type of depondance of false -alarm
probability on the precision of the background determinatlion, as was the casc
for the vehicle monltor {T1able V). The operating circumstances, howevor, are
much moro satisfactory, and the relatively short monitoring times allow
adoquately long backgreund -determinatlon times (12 s) and false-alarm
probabtlitins much closer to the value for an 2xact background determination.
Unlike tho vehicle monitor, the short pedostrian monitoring time pormits
exporimental verification of the Monte Carlo calculations. A spoclal
moritoring program ls easily installed and carries out monltorlnhg repeatedly
with poriodic breaks for new background determination. Operatlon ls
otherwlse ldentlical to normal operatlon and subject to tho same backgrourd
variations. The only difference is thet the monitor ls always unoccupled. With
the apeclal monltoring program we observed a false-alarm probabllity of 10.6
x 10=3 for 500 00U tests compared to the Monte Carlo value of ¢ x 10-3, This
result ls reasonabie because we know that real background variation takes
place from time to time and temperature variation In the detector system can
also vary the monitor's count rate somewhat. The AM1 for 70 000 tests was
0.193 s, essentlally the same as the Monte Carlo result of 0.189 s.

To perform the Monte Carlo calculation for a moving source we
astablished a mode! for the way the average person would traverse the
monltor. Wo assumed that the occupancy sensor would sonso the person and



TABLE V
MONTE CARLO CALCULATION RESULTS FOR Ti4E
PEDESTRIAN MONITOR WITH FIXED RADIATION INTENSITY

Farameter Background Period Result

a exact background 4x 103
12 6 x 10-3
1.2 s 4.7 x 10-4

AMTA exact background 0.190s
12s 0.189 s
l.2s 0.191

8Average monltoring time.

begin monitoring 0.4 s before the radiation detectors began sensing tho
diversion signal. Next, the diversion-signal profile, similar Lo the une In Fig.
1, would move Lhrough the monitor uniformly at a rate corrcsponding to one of
a number of differcnt passage specds between 0.3 to 2.1 s for comploete
passage. Finally, monitoring would continue after signal passaye for another
0.4 s hefore Ltho occupancy sensor returned to the ompty state. At that point,
monitoring could terminate as soon as a declsion or NMAX was reached. Of
coursg, a detection at any time during tho procedure would terminato that
passago erd start the next ono. The results for this Monte Carlo calculatlon
are In terms of detectlons and false alarms rather than per test.

Our source profile was determinud by moving a source slowly through the
pedestrian monitor while recording the radlatlon intensity and source position.
We used a fairly Intense source and linearly scaled the measured Intensity
down to the point that it could be readlly dotected at norma! walking speed,
but would not be detected very often at much higher passage speod. Our
calculatlons began at the normal walking speod and progressed through 2, 4,
and 8 times normal walking speed. At each speed, we determlned the segment
of the response curve that would pass through the monitor during each of the
0.1-s counting perlods. The average Intensity durlng each sogment multiplied
by 0.1 s ls the net count for that particular step in the Monte Carlo
calculation.

Our Monte Carlo calculation results In Table VI are compared to simllar
results for two other methods, a SIT and a moving-average technique. In each
of these techniques we allowed 0.4-8 approach and departure times as we did
In the SPRT. The counting interval for each of these other maethods was alse
0.8 s, and the moving average case was subdivided Into four subintervals. Tho



TABLE VI
DETECTION AND FAI.SE-ALARM PROBABILITIES FOR
SEVERAL PASSAGE SPEEDS IN THHE PEDESTRIAN MONITOR

Recsults for the Indicated Method
Passage Speed Detectlon Probabillty@
SPRT Movinq Average SIT
Normal 0.883 0.970 0.910
(1.1)2 (1.2) (1.1)
Twice normal 0.542 0.588 0.294
(0.81) (0.63) (0.78)
Three times normal D0.120 0.0S5 0.045
(0.66) (0.40) (0.56)
Four times normal 0.013 0.010 0.008
(0.56) (0.29) (J.56)
aFigures in parenthcses denote false-zlarm probebility x 103.

Sl covered from 2 to 4 individual tosts during the source profile passage
whereas the moving average made 3 to 12 tests. Alarm thresholds in each
cese were adjusted Lo have identlcal falso-alarm probabilitles at background
intensity for a normal walking specd passage. The shorter monitoring time for
other passae spoeds reduced the false -alarm probability per passage, as
indicated In Table VI.

The results In Table VI demonstrate improved performance over the SIT In
almost all casos for both the moving-average and SPR1 methods. 1t appears
that tho Si°’R1 s a sultahlo replacement for both the SI1 and moving-average
technlques although thero 1s no apparent advantage to the SPRT over the
moving averago. The SPR1 simply exhlbits a similar wido adaptability to
monltoring pedestrians In motlon at a varlety of passage speods that is the
forte of tho moving-average technique.

SUMMARY

Tho SPRT provides improved monltoring over the SIT In two applications
to materlal control monitoring, even though the applications require reaching
a declslon earller or more frequently than in more usual applications of the
SPR1 technique. The resulting decreased average monitoring parlods In the
vehicle monitor are tiighly desireable and simllar results can be obtaired with
the technlque In such othor stationary SNM monitors as automated monitoring
booths. The application nf SPR1 to monitoring moving podestrians achieves



the same advantages over the Sl1 as does the moving-average technlque for
which it is a suitable replacement. As yet, we see no advantage for the SPR1
ovoer the moving average in performance or hardware implementation but
Taebor ot T ey Le belpful te cleify this point.

Chrr experience wilh Monte Carlo simulation has been a useful one both
for sclecting operational paramelers for the SPRT and for comparing the
SRiR | to other methods. Our efforts in this regard are still in progress for the
monitors discusse 1 in this paper, and we anticipate evaluating new SPR1
monitoring systems in the future. One future application simllar to that
proposed in Ref. 2 will provide longer term monitoring at higher detection
sensitivity without the requirement for an immediate decision. 1n this case,
we will determine background from before and after measurements, and
process Lhe monitoring results for repeated passages over the course of time
for specific individuals or populations. Monitoring will be in parallel with our
short-term monitoring system so that not only will fast response be
unnccessary, but also anomalously large monltoring measurements can be
automatically excluded from the long-term data.
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