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From a home land se cu rity point of view, it is im por tant to de tect the trans por ta tion of ra dio -
ac tive ma te ri als or po ten tial ra dio ac tive con tam i na tion. The most com monly used de vices are
ra di a tion por tal mon i tors with plas tic scin til la tion de tec tors. A sig nal from such de tec tors is
pro cessed by an am pli tude analyser which can sep a rate pulses into sev eral mu tu ally in de pend -
ent en ergy win dows (rep re sent ing en ergy in ter vals of gamma ra di a tion). There fore, the most
ap pro pri ate method of eval u a tion is by the use of al go rithms for mul ti di men sional pro cess -
ing. This ar ti cle de scribes a novel gen er al ised ap proach de signed with re spect to the prop er ties 
of ra di a tion por tal mon i tors. It in cludes a de scrip tion of for mu las and a whole al go rithm as
well as the pro ce dure for de ter min ing the ap pro pri ate crit i cal and de tec tion lim its. The pre -
dicted prob a bil ity dis tri bu tion for the pro posed method of cal cu la tion was ver i fied by sim u la -
tions and ex per i men tal mea sure ments. The al go rithm was also com pared with a com monly
used gross count ing al go rithm.

Key words: ra di a tion por tal mon i tor, mul ti di men sional data pro cess ing, crit i cal limit, de tec tion limit,
scin til la tion de tec tor, am pli tude analyser

IN TRO DUC TION

Even though there are many dif fer ent al go rithms 
for low er ing de tec tion lim its [1-3] and a ba sic iden ti fi -
ca tion of mea sured nuclides [4, 5] in the field of ra di a -
tion por tal mon i tors, the most com monly used ap -
proach is the di rect gross count ing of pulses in each
en ergy win dow (or their sum) in de pend ently. The idea
of this al go rithm is based on a fact, that the ra dio ac tive
de cay fol lows a Pois son dis tri bu tion [6]. More-over,
for high count rates the Pois son dis tri bu tion can be ap -
prox i mated by a nor mal dis tri bu tion [7, 8] 

Po N( ) ( , ),l l l l» ®for 4 (1)

This is the con se quence of the cen tral limit the o -
rem al low ing the mea sured data to be pro cessed as a
test of the pa ram e ters of a nor mal dis tri bu tion. To be -
gin with, it is im por tant to es ti mate the pa ram e ters of
the ran dom vari abil ity of back ground ra di a tion B ~
N(mB, mB). Be cause the sam ple mean is an un bi ased es -
ti ma tor of the pop u la tion mean, the value mB can be es -
ti mated as a sam ple mean from a suf fi cient num ber of
mea sured val ues of back ground ra di a tion.

The nor mal ran dom vari able, B, then de scribes
the sto chas tic be hav iour of back ground ra di a tion.
With re spect to the prop er ties of the nor mal dis tri bu -
tion, a crit i cal limit (de ci sion thresh old) LC is cal cu -
lated ac cord ing to [9] and ISO 11929:2010 [10] as

L kB BC = + -m ma1 (2)

where k1-a  is the quantile of the stan dard nor mal dis -
tri bu tion for prob a bil ity 1 – a. The value a spec i fies
the prob a bil ity of false alarms be ing caused by nat u ral
vari a tions in the back ground ra dio ac tiv ity.

An ob ject is then said to be ra dio ac tive if the
mea sured num ber of pulses is greater than LC [9]. Fur -
ther more, it is im por tant to cal cu late the de tec tion limit 
LD [9, 10], which de scribes the min i mum num ber of
pulses re quired for an ob ject to be said to be ra dio ac -
tive with a pre-set prob a bil ity (1 – b). The re la tion ship
be tween LC and LD is il lus trated in fig. 1. With re spect
to eq. (1), the fol low ing equa tion holds true

L L k LDD C= + -1 b (3)

The value LD is then for a sim ple gross count ing
al go rithm (GCA) cal cu lated as the pos i tive root of the
fol low ing qua dratic equa tion
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AL GO RITHM DE SIGN

When pro cess ing a sig nal from a plas tic scin til -
la tion de tec tor us ing an am pli tude analyser with more
mu tu ally in de pend ent en ergy win dows, it is im por tant
to use al go rithms for mul ti di men sional data pro cess -
ing. If the en ergy win dows are eval u ated in de pend -
ently with a GCA, then it is not straight for ward to set a
false alarm rate as well as to de fine the de tec tion lim its
of a whole sys tem.

Let us as sume an am pli tude analyser with n mu -
tu ally in de pend ent en ergy win dows, where the num -
ber of counts in each chan nel is rep re sented by a nor -
mal ran dom vari able X1, ..., Xn. To gether, they are
rep re sented by an n-di men sional nor mal ran dom vari -
able (ran dom vec tor) X with the fol low ing prob a bil ity
den sity func tion S
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is a mean vec tor and the fol low ing ma trix S is a
covariance ma trix with vari ances equal to
m mX X n1

,... , on its di ag o nal and the off-di ag o nal el e -
ments are equal to zero.
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The zero val ues of the off-di ag o nal cor re la tion
co ef fi cients are a con se quence of in de pend ent ran dom 
vari ables X1, ..., Xn. This as sump tion is nat u ral, be -
cause even if a nu clide with mul ti ple en ergy lines per

dis in te gra tion is mea sured, the re sult ing gamma pho -
tons are in de pend ent – if one such gamma pho ton is
de tected, it does not guar an tee that oth ers must be de -
tected as well. How ever, if they were to be de tected to -
gether (from the same dis in te gra tion) they would be
summed to gether. Al though the count rate would be
in creased in mul ti ple win dows, they are sta tis ti cally
in de pend ent. More over, the as sump tion of zero cor re -
la tions is the same as for the gamma spec trum, where
all chan nels are not cor re lated – oth er wise the to tal
count rate of the spec tra would not fol low the Pois son
dis tri bu tion.  

Now, let us cal cu late the dis tance of each mea -
sured point x from a n-dimensionl space to point 
m = [ , , ]m mX X n1

K  by us ing the Mahalanobis dis tance
[11]
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The ran dom vari able cal cu lated as D(x, m)2 fol -
lows an c2 dis tri bu tion with n de grees of free dom.
There fore a n-di men sional con fi dence re gion which
would in clude (1 – a)×100 % of the mea sured val ues is
rep re sented by an n-di men sional el lip soid. How ever,
the con fi dence re gion would ex clude those cases in
which the mea sured val ues are much smaller than their 
mean val ues. But this is un de sir able – we are in ter -
ested in cases where mea sured pulses are higher than
back ground ra di a tion. There fore, let us as sume the
fol low ing mod i fi ca tion of the dis tance cal cu la tion,
which cre ates the ran dom vari able Y
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The cal cu la tion of a cu mu la tive dis tri bu tion
func tion of such a ran dom vari able is not straight for -
ward due to the max ( , )xi X i

- m 0  term in eq. (9). The
sam ple space has to be di vided into 2n dis joint re gions
and the re sult ing cu mu la tive dis tri bu tion func tion is
ob tained as a sum of a cu mu la tive dis tri bu tion func tion 
for each re gion.

To il lus trate how the cu mu la tive dis tri bu tion
func tion is de rived, let us as sume n = 2 and the fol low -
ing equa tion, where the right-hand side rep re sents the
prob a bil ity that the ran dom vari able Y takes on a value
less than or equal to y

F y P Y y P Y yY ( ) ( ) ( )= £ = - >1 (10)

As de scribed, the sam ple space has to be di vided
into the fol low ing dis joint re gions.

Re gion x xX X1 21 2
,< <m m

The eq. (11) de scribes the prob a bil ity for the un -
ion of events that Y > y to gether with X X1 1

< m and 
X X2 2

< m , which can be re writ ten in the form of a con -
di tional prob a bil ity.
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Fig ure 1. The re la tion ship be tween a crit i cal limit LC and
a de tec tion limit LD
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Be cause the re sult ing dis tance is in this re gion
al ways equal to zero, then the con di tional prob a bil ity
is equal di rectly to P (0 > y). The re sult is for this re gion 
de scribed by the eq. (12)
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For this re gion the mod i fied dis tance cal cu la tion
is af fected only by x1, there fore the re sult ing ran dom
vari able Y over this re gion fol lows the stan dard nor mal 
dis tri bu tion. How ever, the con di tional prob a bil ity for
mod i fied dis tance over this re gion is not equal di rectly
to 1 – F(y), where F is a cu mu la tive dis tri bu tion func -
tion of the stan dard nor mal dis tri bu tion, but must be
rescaled by the cor rec tion fac tor 2, be cause (1 – F(y))
gives in this re gion val ues from 0 only to 1/2
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Re gion x xX X1 21 2
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This re gion is sim i lar as in the pre vi ous case.
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Only in this re gion is the mod i fied dis tance cal -
cu la tion af fected by both x1 and x2. There fore, the re -
sult ing ran dom vari able Y over this re gion fol lows c2

dis tri bu tion with two de grees of free dom. The re sult
for this re gion de scribed by the eq. (18), where G is a
cu mu la tive dis tri bu tion func tion of c2 dis tri bu tion
with two de grees of free dom.
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The re sult ing cu mu la tive dis tri bu tion func tion
for case n = 2 is given as
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For the gen eral di men sion n, there will al ways be 
n re gions, where the re sult ing ran dom vari able Y fol -
lows the stan dard nor mal dis tri bu tion. The area of
each re gion is equal to 1/2n and be cause the cor rec tion
fac tor 2 must be ap plied, then n/2n – 1 × ([1 – F(y))  rep -
re sents these re gions. For other re gions, the re sult ing
ran dom vari able Y fol lows the c2 dis tri bu tion with var -
i ous de grees of free dom. The num ber of such re gions
(for i rep re sent ing the de grees of free dom) is equal to 
( )n
i . There fore,

( )
( ( , ))

n
i

G y i
i
n

n

=å
× -

2 2

2
1

rep re sents all such re gions. The last re gion is equal to
zero, be cause it rep re sents the cases, when val ues in all 
ran dom vari ables are less than their mean val ues. 
There fore, in gen eral, the cu mu la tive dis tri bu tion
func tion of the pro posed ran dom vari able Y is con se -
quently given as the fol low ing eq.
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Fig ure 2 il lus trates the de rived cu mu la tive dis tri -
bu tion func tion for n = 2, …, 9. A mea sured ob ject is
there fore said to be ra dio ac tive if the fol low ing equa -
tion holds true

D k n* *( , ) ( )x m > -1 a (22)

where k*
1 – a(n) is a quantile of the de rived dis tri bu tion.

Com monly used quantiles were nu mer i cally cal cu -
lated and are stated in tab. 1.

Ac cord ing to the ISO 11929:2010 [10], a set of x, 
for which D*(x, m) = k*

1 – a(n) holds true de fines a n-di -
men sional anal ogy of LC. This is il lus trated for n = 2 in
fig. 3 for var i ous val ues of a.

If we are also look ing for a n-di men sional anal -
ogy of LD, then it is de fined as a set of n-tuples [d1,…,
dn], form ing n-di men sional man i folds (in 2 di men -
sions: curves), parameterized by a and b, for which
the fol low ing equa tion holds true
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and W is a set, for which D*(x, m) < k*
1 – a(n) holds true.

In gen eral, an an a lytic cal cu la tion of such n-tuples is
dif fi cult. There fore, eq. (23) has to be solved nu mer i -
cally. An other nu mer i cal approoch ispresented in the
An nex. The 2-D anal o gies of LD for a = 0.01 and var i -
ous val ues b are il lus trated in fig. 4.

Fig ure 5 il lus trates a global case with 2-D anal o -
gies of LC and LD. It il lus trates val ues of back ground
ra di a tion (the ran dom vari able B) as well as val ues of a
mea sured ob ject (the ran dom vari able X), which lies
di rectly on the thresh old LD. The val ues of back ground 
ra di a tion will lie be yond the bor der line LC with the
pre-set prob a bil ity a (false alarms). In con trast, the
val ues of a mea sured ob ject will lie in front of the bor -
der line LC with the pre set prob a bil ity b, which means
that LD is the thresh old line in di cat ing the low est value
which can be de tected with 1 – b prob a bil ity.
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Fig ure 2. Cu mu la tive dis tri bu tion func tions for n = 2, …, 9

Ta ble 1. Ta ble of quantiles k*
1 – a (n) for n = 2, …, 9

n
1 – a

0.90 0.95 0.975 0.99 0.995 0.999 0.9995

2 1.7183 2.0568 2.3531 2.6999 2.9374 3.4297 3.6222

3 2.0025 2.3312 2.6194 2.9574 3.1892 3.6707 3.8593

4 2.2260 2.5491 2.8325 3.1652 3.3935 3.8681 4.0541

5 2.4156 2.7349 3.0151 3.3441 3.5699 4.0394 4.2235

6 2.5829 2.8995 3.1772 3.5034 3.7274 4.1930 4.3757

7 2.7342 3.0487 3.3246 3.6486 3.8710 4.3336 4.5150

8 2.8735 3.1863 3.4606 3.7828 4.0039 4.4639 4.6443

9 3.0030 3.3144 3.5875 3.9082 4.1282 4.5860 4.7656

Fig ure 3. Re la tion ship be tween LC and LD. Anal ogy of  LC

for n = 2



The ad van tage of the sug gested ap proach of data
eval u a tion from an am pli tude an a lyzer with more en ergy
win dows is the di rect con trol over the val ues a and b
which leads to pre cise cal cu la tion of crit i cal and de tec -
tion lim its. The dif fer ence be tween the sug gested ap -
proach and the eval u a tion of data from each chan nel in -
de pend ently by a GCA can be seen in fig. 6 and fig. 7,
where the bold line rep re sents LC for the sug gested ap -
proach and the dashed lines rep re sent the eval u a tion of
each  chan nel   in de pend ently.   For  il lus tra tive  pur poses
n = 2.

The first case shows the sit u a tion in which the
value of LC is cal cu lated for each chan nel in de pend ently
with the prob a bil ity a = 0.01. The di ag o nal line (which is
in clined ac cord ing to the rel a tive con tri bu tion of both
chan nels to the to tal count rate) rep re sents LC for an aux -
il iary sum mary chan nel (of ten used for an ad di tional re -
duc tion of de tec tion lim its, be cause it rep re sents a to tal
count of im pulses from a de tec tor). In this case (fig. 6) the 
lower de tec tion lim its are reached but at the cost of a
higher ra tio of false alarms – three chan nels, each with
the prob a bil ity a = 0.01. There fore, the to tal ra tio of false
alarms is 3 cases out of each 100 mea sure ments (in this
par tic u lar ex am ple 9 cases of to tal 300 mea sure ments –
high lighted by a rhom bus mark).

The sec ond case shows a sim i lar sit u a tion, how -
ever the prob a bil ity a = 0.01/3 = 0.00333 is used for
each chan nel, where the di vi sor 3 rep re sents the to tal
num ber of chan nels (to gether with an aux il iary sum -
mary chan nel), which are eval u ated in de pend ently
(us ing this as sump tion helps to achieve the same
amount of false alarms as for the pro posed ap proach
with a = 0.01). Fig ure 7 shows the di rect com par i son
of a cal cu lated thresh old LC for the sug gested ap -
proach and the sim ple eval u a tion of each chan nel in de -
pend ently.

PROB A BIL ITY DIS TRI BU TION
VAL I DA TION

A ran dom num ber sim u la tion was used to test the 
sug gested ap proach. Four sets of ran dom val ues (each
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Fig ure 4. Re la tion ship be tween LC and LD. Anal ogy of LD

for n = 2

Fig ure 5. Re la tion ship be tween LC and LD for n = 2

Fig ure 6. Com par i son of the pro posed al go rithm (bold
line) and the eval u a tion of each chan nel in de pend ently
(dashed line). The di ag o nal line rep re sents the aux il iary
sum mary chan nel. Prob a bil ity a = 0.01

Fig ure 7. Com par i son of the pro posed al go rithm (bold
line) and the eval u a tion of each chan nel in de pend ently
(dashed line). The di ag o nal line rep re sents the aux il iary
sum mary chan nel. Prob a bil ity a = 0.00333



of 5000 ob ser va tions) with the nor mal dis tri bu tion X1

= N(m1, m1), ..., X4 = N(m4, m4) with known pa ram e ters
m1,…, m4 were gen er ated for the pur poses of a sim u la -
tion. Then D*(x, m) was cal cu lated ac cord ing to eq. (9)
for each qua dru ple. The Kolmogorov-Smirnov test
[12] with the null hy poth e sis that the sam ple co mes
from the hy poth es ised dis tri bu tion was used to test if
the cal cu lated val ues have the pre dicted dis tri bu tion
de fined by (21). Based on the re sult p-value = 0.677,
the null hy poth e sis is not re jected at a sig nif i cance
level a = 0.05.

In ad di tion, real ex per i men tal data were ac quired
with NuSAFEGATE, which is used as a hid den ra di a -
tion por tal mon i tor for pe des trian mon i tor ing and was
de vel oped by NUVIATech In stru ments. This de tec tion
mod ule con tains a 4-chan nel dig i tal coun ter and a 1.6 l
(100 ́  4 ́  4 cm) poly sty rene-based plas tic scin til la tion
de tec tor. The de tec tion en ergy range is up to 2 MeV of
gamma ra di a tion. Be cause the Compton scat ter ing is
the dom i nant mech a nism for pho ton en ergy de po si tion
in plas tic scin til la tors ([13-15]), bound aries of all en -
ergy win dows were set ac cord ing to [4]. The en ergy
ranges of ab sorbed gamma ra di a tion for all four en ergy
win dows (EW1 to EW4) are listed in tab. 2.

For this ex per i ment, counts in each en ergy win -
dow were re corded with a pe riod of 250 ms. The val -
ues m mX X2 4

,K were cal cu lated as a sam ple mean
from 7200 sam ples (30 min utes). Then an other 5000
sam ples were ac quired and for each sam ple the value
D*(x, m) was cal cu lated ac cord ing to eq. (9). Fi nally,
the Kolmogorov-Smirnov test was per formed as for
the ran dom num ber sim u la tion. Based on the re sult
p-value = 0.341, the null hy poth e sis is not re jected at a
sig nif i cance level a = 0.05. Re sults of both tests are
graph i cally il lus trated by Q-Q plots in figs. 8 and 9. 

COM PAR I SON WITH THE
COM MONLY USED METHOD

The per for mance of the pro posed al go rithm was
ex per i men tally com pared to the com monly used
GCA. This ex per i ment was con ducted with sources
listed in tab. 3. The sources were placed one at a time at 
a 0.5 m dis tance from the front cover of the de tec tion
mod ule and 100 sam ples were ac quired for each
source. The ac qui si tion pe riod was set to 1 second.
The gross back ground counts are listed in tab. 4 and
the net counts per sec ond per kBq at a 0.5 m dis tance
for each en ergy win dow are pre sented in tab. 5.

Based on the mea sured val ues, the crit i cal and
de ci sion lim its were cal cu lated for each radionuclide
ac cord ing  to  the  eqs.  (22)  and  (23) with prob a bil i ties 

a = 0.01 and b = 0.1. In ad di tion, the crit i cal and de ci -
sion lim its were cal cu lated for the GCA ac cord ing to
the eqs. (2) and (3) with a = 0.01/5 = 0.002 and b = 0.1
for all four mea sured en ergy win dows and one win -
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Ta ble 2. The en ergy ranges of ab sorbed gamma ra di a tion 
for each en ergy win dow

EW1 [MeV] EW2 [MeV] EW3 [MeV] EW4 [MeV]

0.04-0.24 0.24-0.63 0.63-1.45 1.45-2.0 

Fig ure 8. The Q-Q plot of a ran dom num ber of a sim u -
lated and pre dicted dis tri bu tion

Fig ure 9. The Q-Q plot of mea sured and pre dicted
dis tri bu tion

Ta ble 3. List of used sources with ac tiv i ties

Nu clide Ref er ence
date

Ref er ence
ac tiv ity [kBq]

Ac tiv ity
[kBq]

137Cs 01.07.2015 881.1 789.857
60Co 01.07.2015 849.9 455.558

241Am 01.07.2015 864.5 857.950
134Cs 31.12.2018 524.5 346.102
152Eu 31.12.2018 447.9 420.381
133Ba 31.12.2018 83.76 77.191

Ta ble 4. Gross back ground counts per sec ond (cps)
for each en ergy win dow

EW1 [cps] EW2 [cps] EW3 [cps] EW4 [cps]

512.50 134.22 73.81 18.55



dow rep re sent ing to tal counts. How ever, this ap proach 
does not give the over all per for mance of the whole
sys tem with more en ergy win dows, be cause the aux il -
iary sum mary chan nel is cor re lated with other chan -
nels. There fore, the de tec tion lim its with an over all
non- de tec tion prob a bil ity b = 0.1 for all four mea -
sured en ergy win dows and one win dow rep re sent ing
to tal counts were nu mer i cally es tab lished as well.

The de tec tion lim its as the min i mum de tect able
ac tiv i ties (MDA) in kBq ac cord ing to the ISO
11929:2010 [10] are pre sented in tab. 6 for the pro -
posed al go rithm and a GCA. It can be seen that the true 
MDA for an over all GCA is gen er ally lower than di rect 
cal cu la tion of MDA for each en ergy win dow sep a -
rately. More over, the di rect com par i son be tween the
pro posed al go rithm and a GCA is pre sented in tab. 7.
The val ues de scribe the de crease or in crease of MDA 
as a per cent age when the pro posed al go rithm is used
in stead of a sim ple GCA.

It can be seen that the pro posed al go rithm brings
im prove ment of de tec tion lim its for radionuclides
with higher en er gies, which sig nif i cantly con trib utes
to more than two en ergy win dows. There fore, the most 
sig nif i cant de crease of MDA was achieved for 60Co.
On the other hand, an in crease of the MDA was ob -
served only for 133Ba and 241Am, be cause their con tri -
bu tion is sig nif i cant only in the first two en ergy win -
dows, which can be seen in tab. 5.

CON CLU SION

The new gen er al ised al go rithm pre sented in this
work, based on a mul ti di men sional data anal y sis, is
shown to work prop erly for the pur poses of data eval u a -
tion from ra di a tion por tal mon i tors. Tests were pre -
sented for sim u lated and mea sured data, show ing that
the al go rithm pro vides ac cu rate crit i cal and de tec tion
lim its, which cor re spond to the sta tis ti cal be hav iour of
mea sured data from ra di a tion por tal mon i tors. More -
over, the com par i son with the com monly used GCA re -
vealed that it can de crease de tec tion lim its for
radionuclides, which sig nif i cantly con trib utes to more
than two en ergy win dows. The pro posed al go rithm not
only brings the sim ple com bi na tion of var i ous en ergy
win dows into one re sult ing out come (this re duces the
amount of data, which are typ i cally trans mit ted to an

op er at ing cen tre and are stored for fur ther in ves ti ga -
tion), but also the im me di ate con trol over the ra tio of
false alarms and a proper method for cal cu lat ing the
crit i cal and de tec tion lim its of the whole sys tem. There -
fore, it is ap pro pri ate for sim ple hid den ra di a tion por tal
mon i tors, which were de vel oped by NUVIATech In -
stru ments. On the other hand, the ap proach to cal cu late
the MDA for var i ous nuclides is not straight for ward and 
easy. How ever, nor mally there is no need to cal cu late
them dur ing each mea sure ment. The MDA for por tal
mon i tors are typ i cally cal cu lated only as a sys tem char -
ac ter iza tion for new ge om e tries and var i ous am bi ent ra -
di a tion back grounds.
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AN NEX

The eas i est way to solve eq. (23) nu mer i cally is
by us ing the Monte Carlo in te gra tion method. It is a
par tic u lar Monte Carlo method that nu mer i cally com -
putes a def i nite in te gral by us ing ran dom num bers.

Let us as sume an ex am ple case with n en ergy
win dows. To cal cu late the MDA value for some par tic -
u lar radionuclide, one needs to mea sure the re sponse

to the am bi ent ra di a tion back ground (in terms of gross
back ground counts per ac qui si tion in ter val for each
en ergy win dow) de noted as m1,…, mn and ef fi cien cies
for a given radionuclide (in terms of net counts per ac -
qui si tion in ter val per ac tiv ity) for each en ergy win dow 
de noted as e1,…, en.

The MDA value is then es ti mated iteratively by
gen er at ing n sets of ran dom val ues with the nor mal
dis tri bu tion – this rep re sents the prob a bil ity den sity
func tion in the eq. (23). The ra tio of n-tuples, for
which D k n* * ( )< -1 a  (rep re sent ing the set W), to the to -
tal num ber of gen er ated n-tuples gives the non-de tec -
tion prob a bil ity. The goal of this al go rithm is to find
such n sets of ran dom val ues, for which is the non-de -
tec tion prob a bil ity is equal to the re quired value b.

To achieve this, a pa ram e ter cor re spond ing to
the min i mal ac tiv ity in crease step (de noted as d) has to
be set. For ex am ple, if the ef fi ciency is given in net
counts per ac qui si tion in ter val per kBq and the d were
to be equal to 1, then the min i mal res o lu tion of the
MDA would be 1 kBq. The MDA cal cu la tion is then
de scribed by the fol low ing pseudocode.

MDA cal cu la tion:

n ¬ num ber of en ergy win dows
m1,…, mn ¬ gross back ground counts per ac qui si tion
in ter val for each en ergy win dow
e1,…,.en ¬ ef fi ciency for a given radionuclide in
terms of net counts per ac qui si tion in ter val per ac tiv ity
for each en ergy win dow
d ¬ min i mal ac tiv ity step
a ¬ false alarm prob a bil ity
b ¬ non-de tec tion prob a bil ity
k1-a

*  (n) ¬ quantile
i ¬ 0

re peat
i ¬ i + d
Xj ¬N(mj + i × ej, mj + i × ej) for j = 1,..., n (sets of

.........gen er ated ran dom num bers)
D* ¬ value cal cu lated by eq. (9) for each
gen er ated n-tuple
R ¬ num ber of ( ( ))* *D k na< -1  di vided by the 
num ber of gen er ated n-tuples

un til R £ b

MDA ¬ i

re turn MDA
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O  VI[EDIMENZIJALNOJ  METODI  OBRADE  PODATAKA
ZA  PORTAL  MONITORE  ZRA^EWA

Sa stanovi{ta nacionalne bezbednosti, va`no je otkriti trans port radioaktivnih
materijala ili potencijalnu radioaktivnu kontaminaciju. Naj~e{}e kori{}eni ure|aji su por tal 
monitori zra~ewa sa plasti~nim scintilacionim detektorima. Sig nal sa takvih detektora obra-
|uje se analizatorom am pli tude koji mo`e razdvojiti im pulse u nekoliko me|usobno nezavisnih
energetskih prozora, koji predstavqaju energetske intervale gama zra~ewa. Zbog toga je naj-
prikladnija metoda procene upotreba algoritama za vi{edimenzijalnu obradu. U ovom radu opisan
je novi uop{teni pristup osmi{qen prema svojstvima por tal monitora zra~ewa. Sadr`i opis
for mula i ceo algoritam, kao i postupak za odre|ivawe odgovaraju}ih kriti~nih ograni~ewa i
granica detekcije. Predvi|ena raspodela verovatno}e za predlo`enu metodu prora~una veri-
fikovana je simulacijama i eksperimentalnim merewima. Algoritam je tako|e upore|en sa uo-
bi~ajenim algoritmom ukupnog brojawa.

Kqu~ne re~i: por tal mon i tor zra~ewa, vi{edimenzijalna obrada podataka,
                         kriti~no ograni~ewe, granica detekcije, scintilacioni detektor,
                         analizator am pli tude


