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RADIOACTIVITY MEASUREMENT
METHOD AND RADIOACTIVITY
MEASUREMENT SYSTEM USING DATA
EXPANSION

TECHNICAL FIELD

[0001] The present invention relates to a radioactivity
measurement method and a radioactivity measurement sys-
tem in which extended data is used to measure radioactivity
at a high accuracy in a short time.

BACKGROUND ART

[0002] A conventional radioactivity measurement method
using a detector involves directly measuring a sample or
radioactive substance for measuring a total amount of radio-
activity.

[0003] In this radioactivity measurement method, a total
real-time accumulation of radioactivity should be obtained
and analyzed to estimate a nuclide-based radioactivity value.
Thus, this may cause inconvenience of having to wait until
the total real-time accumulation of radioactivity should be
obtained.

[0004] In particular, the conventional radioactivity mea-
suring method may be problematic in particular when analy-
sis results should be rapidly derived, since certain nuclides
non-sensitive to radioactive decay have 2 to 3 days or larger
of'a measurement duration. For example, the long measuring
time duration required in the conventional radioactivity
measuring method is problematic, in case when it is neces-
sary to analyze anomalies in the power plant via a rapid
radioactive analyzing.

DISCLOSURE

Technical Problem

[0005] A purpose of the present invention is to provide a
radioactivity measurement method and a radioactivity mea-
surement system in which extended data is used to measure
radioactivity at a high accuracy in a short time.

Technical Solution

[0006] In one aspect, there is proposed a radioactivity
measurement method using extended data, the method com-
prising: measuring radioactivity while performing energy
scanning and time scanning; generating database from data
sets about time-energy relationships obtained from the time
scanning and energy scanning; extending the database using
random distribution fitting; and obtaining, from the data-
base, a radioactivity measurement value at a desired time.
[0007] In one embodiment, the random distribution fitting
includes fitting to a Poisson distribution, wherein obtaining
the radioactivity measurement value includes using the
extended database to obtain the radioactivity measurement
value.

[0008] In one embodiment, obtaining the radioactivity
measurement value includes using a data random extraction
technique.

[0009] In one embodiment, the data random extraction
technique includes a Monte Carlo technique.

[0010] In one embodiment, the energy scanning is per-
formed in a state in which a measurement energy range is
divided into a plurality of energy bands having the same
band width.
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[0011] Inone embodiment, the time scanning is performed
to count a number of times of radioactivity decays on a
predetermined time duration basis and on each energy band
basis.

[0012] In one embodiment, the data sets constituting the
extended database include 3,000 to 6,000 data sets.

[0013] In another aspect, there is provided a radioactivity
measurement method comprising: measuring a nuclide-
based radioactivity decay characteristic at each of a plurality
of times during a first time period, thereby to form database;
extending the database using random distribution fitting; and
using the extended database to estimate a nuclide-based
radioactivity decay characteristic for a second time period
after the first period time.

[0014] In one embodiment, the random distribution fitting
includes fitting to a Poisson distribution, wherein obtaining
the radioactivity measurement value includes using the
extended database to obtain the radioactivity measurement
value.

[0015] In still another aspect, there is proposed a radio-
activity measurement system comprising: a radioactivity
measuring unit; a scanning unit configured for performing
energy scanning and time scanning in association with the
radioactivity measuring unit; a database unit configured for
generating database from data sets about time-energy rela-
tionships obtained from the scanning unit; a random distri-
bution fitting unit configured for extending the database
using Poisson distribution fitting; and an extraction unit
configured for extracting a radioactivity measurement value
at a desired time using the extended database from the
database unit.

[0016] In one embodiment, the extraction unit uses a data
random extraction technique to extract the radioactivity
measurement value.

[0017] In one embodiment, the data random extraction
technique includes a Monte Carlo technique.

[0018] In one embodiment, the energy scanning is per-
formed in a state in which a measurement energy range is
divided into a plurality of energy bands having the same
band width.

[0019] Inone embodiment, the time scanning is performed
to count a number of times of radioactivity decays on a
predetermined time duration basis and on each energy band
basis.

[0020] In one embodiment, the data sets constituting the
extended database include 3,000 to 6,000 data sets.

Advantageous Effects

[0021] Inaccordance with the present invention, the radio-
activity measurement method and the radioactivity measure-
ment system may be realized in which the extended data is
used to measure radioactivity at a high accuracy in a short
time.

DESCRIPTION OF DRAWINGS

[0022] FIG. 1 is a flowchart showing a radioactivity mea-
surement method according to one embodiment of the
present invention.

[0023] FIG. 2 is a diagram for explaining energy scanning
in a radioactivity measurement method according to one
embodiment of the present invention.
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[0024] FIG. 3 is a diagram for explaining time scanning in
the radioactivity measurement method according to one
embodiment of the present invention.

[0025] FIG. 4 is a diagram for explaining a method of
scanning per unit time in a radioactivity measurement
method according to one embodiment of the present inven-
tion.

[0026] FIG. 5 shows a radioactivity measurement system
according to one embodiment of the present invention.
[0027] FIG. 6 and FIG. 7 show measured spectra obtained
according to the present invention.

[0028] FIG. 8 and FIG. 9 show verifying results of random
distribution fitting according to the present invention.

MODE FOR INVENTION

[0029] The present invention will now be described in
more detail with reference to the drawings.

[0030] The accompanying drawings are merely illustrative
examples for the purpose of more specifically describing the
technical idea of the present invention, and thus the idea of
the present invention is not limited to the accompanying
drawings. Further, the accompanying drawings may be
exaggerated in size and spacing in order to describe the
relationship between components.

[0031] The present invention is to shorten the measure-
ment time and predict and quantify the final radioactivity
value when radioactive samples in the power plant and
radioactive samples in the environment are to be measured
in terms of radioactivity levels, and various other radioac-
tivity measurements are required.

[0032] According to the present invention, in order to
shorten the measurement time in the conventional radioac-
tivity analysis of urgent samples and samples with low
radioactivity levels, random sampling and Monte Carlo
simulations may be applied to the initial measurement data
to estimate the last radioactivity value and calculate the last
shape of the spectrum.

[0033] In the conventional measurement method, the mea-
surement results were analyzed and evaluated after long
measurement duration using a detector. In particular, when
a long-term measurement is required, for example, for a
low-level radioactivity sample, the measuring duration from
one day to three days or longer may be required.

[0034] According to the present invention, time scanning
is applied to this conventional measurement method. Thus,
the characteristics of the nuclide-based radioactivity decay
and the detection pattern of the detector are grasped and the
initial measured data is formed into database. Using the
created database may allow predicting the last measurement
value, thereby calculating the measurement result within a
short time.

[0035] According to the present invention, In the case of
samples that are difficult to measure or which is not sensitive
to the radioactivity decay, the radioactivity pattern is stored
and the stored pattern is subjected to the Monte Carlo
method such that the last value of the radioactivity mea-
surement is estimated from data corresponding to about
3,000 to 10,000 seconds, and the measured value peak or the
like of the detector is estimated. Thus, the last measured
value is predicted in a short time or the measurement is
completed in a short time.

[0036] According to the present invention, in order to
store and utilize the radioactivity pattern as it is at the
beginning of radioactivity measurement, time-scanning
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information about counting of the number of radioactivity
decays per unit time (e.g. 1 second, 2 second, 5 second, etc.)
are stored. Further, for each measurement, each energy-
based information is stored separately on a unit energy
spacing basis (e.g., 0.1 eV, 0.1 keV, 0.1 MeV, etc.).

[0037] When the stored information are collected for a
certain period of time, the existing measurement spectrum
and the radioactivity decay pattern information resulting
from the time scanning accumulate to a significant level,
such that database is created. In this connection, the certain
period of time refers to a time duration sufficient to statis-
tically represent, for example, a measurement pattern (or
radioactivity pattern). This may be larger than 2,000 sec-
onds, or larger than 3,000 seconds, or may refer to a time
duration taken to collect more than 2,000 data or more than
3,000 data. More specifically, this certain period of time may
include 2,000 to 10,000 seconds, 2,500 to 8,000 seconds,
2,500 to 6,000 seconds, or 3,000 to 5,000 seconds or may
refer to a time duration taken to collect 2,000 to 10,000 data,
2,500 to 8,000 data, 2,500 to 6,000 data, or 3,000 to 5,000
data.

[0038] This database is used to predict and derive last
measurements and last spectra corresponding to the last
measurement time in the conventional measurement
method.

[0039] When collecting information on the time scanning
and energy scanning into a separate storage space at the
same time as the initial measurement, the collected pattern
information is randomly applied to the measured informa-
tion. Thus, the measured spectrum and the further predicted
spectrum are combined with each other, thereby to predict
the last measurement result.

[0040] The time scanning and energy scanning informa-
tion contains the decay characteristics of the radioactive
substance or radioactive nuclide to be measured. The pre-
pared database has a unique pattern reflecting the inherent
characteristic of radioactivity representing the decay char-
acteristic of the radioactive substance or radioactive nuclide
to be measured.

[0041] Insome cases, the information in the database may
not be sufficient. When there is insufficient initial informa-
tion, for example, when there are data corresponding to only
initial 1,000 seconds or 500 seconds or the number of data
sets is not more than 2,000, not more than 1,000, or not more
than 500. Using the insufficient initial data, a pattern of
counts per unit time in the corresponding energy channel
should be derived. To this end, a random distribution fitting
technique is used.

[0042] Inother words, the frequency distribution of counts
per unit time as initial relatively small data is first prepared,
and, then, the Poisson distribution expected from this fre-
quency distribution is fitted. When the Poisson distribution
has been fitted, counts per unit time are interpolated and
fitted based on the Poisson distribution, thereby to form a set
of perfect Poisson distribution curves. Random data is
generated such that a resulting distribution is proportional to
each frequency distribution of the count per unit time
complying with the obtained Poisson distribution curve.
Then, random extraction is performed therefrom. Thus, a
relatively small-sized initial measurement may be used to
predict the last spectrum.

[0043] When the database storing therein the unique pat-
tern of the radioactivity decay is randomly generated by the
Monte Carlo method, the characteristics of the radioactive
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substance or radioactive nuclide to be measured are simu-
lated intact in randomly generating the database, and, thus,
the spectrum of the last measurement result is generated in
advance.

[0044] This greatly shortens the radioactivity measure-
ment time, drastically shortens the analysis time, and opti-
mizes the measurement.

[0045] In accordance with the present invention, the stor-
age of the radioactivity pattern information by the Monte
Carlo method may be performed into a separate storage unit.
Time scanning and energy scanning may be performed at the
same time.

[0046] Time scanning may refer to storing the number of
radioactivity decays at a given time interval. The time
scanning information may be stored with the energy scan-
ning information. Energy scanning may refer to determining
a range of the radioactivity decay energy that can be
measured by the detector, dividing the energy of the range
on a unit energy basis and configuring each divided energy
as each channel.

[0047] Forexample, when the energy range is from 0 MeV
to 3 MeV and the energy range is divided into 4000 channels
for energy scanning, the unit energy may be 3 MeV/4000
channel, that is, 0.00075 MeV/channel. Thus, the unit
energy band is 0.00075 MeV. Thus, the energy range is
distributed up to 3 MeV on 0.00075 MeV basis.

[0048] When the energy division is completed, the number
of the radioactivity decay corresponding to each energy
band is counted in the corresponding energy channel. How-
ever, in order to maintain the counting characteristic, that is,
the pattern, the count per unit time in each energy channel
is created into database.

[0049] For example, converting counts and patterns of
radioactivity decay corresponding to a 600 keV or 0.6 MeV
energy channel into database may refer to creating database
about the decay counts per each second, for example, such
that, when the unit time is set to 1 second, twice decays for
the first one second in the 0.6 MeV channel, then one time
decay in the next one second, then three times decay in the
next one second, then one time decay in the next one second,
then twice decays in the next one second, then decay once
in the next one second, and the three times decay in the next
one second are stored.

[0050] Thus, the database has the decay frequency distri-
butions as patterns of frequency of decays on one second
basis, for example, the number of one decay frequencies in
one second, the number of two decay frequencies in one
second, the number of three decay frequencies in one
second, the number of four decay frequencies in one second,
and so on. This may be expressed as a statistical distribution.
The statistical pattern may be determined when sufficient
data is collected.

[0051] Thus, generating randomly database having suffi-
cient statistical patterns may comply with the statistical
pattern of radioactivity decays. In this manner, the radioac-
tivity decay may be reproduced using the Monte Carlo
method. When this method is extended to the last time point
which the conventional measurement method requires, the
last spectrum and the measured value can be derived.
[0052] Hereinafter, the present invention will be described
in detail with reference to the drawings

[0053] FIG. 1 is a flowchart showing a radioactivity mea-
surement method according to one embodiment of the
present invention.
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[0054] First, the radioactivity of the sample is measured
S101. This step means preparing the radioactivity measure-
ment using a detector.

[0055] Next, energy scanning S102 and time scanning
S103 are performed. In those steps, energy scanning is
performed to store the energy of the radiation measured from
the detector measuring the radioactivity based on the cor-
responding energy channel. Further, when the energy scan-
ning is performed, time scanning is concurrently performed
to measure the count (i.e., the radioactivity decay count) on
a unit time basis.

[0056] In this step, the count and energy information
measured on each unit time basis constitute a single data set
S104.

[0057] Next, the data set having time scanning and energy
scanning information is stored S105 to create database S107.
[0058] The database refers to a collection of data sets. The
database includes a collection of sets of data, each set having
information about the radiation energy and radiation counts
measured per unit time as generated by the energy scanning
and time scanning when radioactivity measurement is per-
formed.

[0059] Next, random distribution fitting is performed
S108, whereby a data set is additionally generated such that
the database is extended.

[0060] This step includes fitting the time scanning pattern
for the energy channel per unit time to produce a precise
radioactivity decay pattern when the number of initial mea-
surements is small. In the case of radioactivity decay, a
frequency distribution of the radioactivity decay counts per
unit time complying with the Poisson distribution is gener-
ated. The frequency distribution is fitted to the correspond-
ing Poisson distribution using the random distribution fitting
to interpolate/extrapolate the appropriate frequency distri-
bution into the Poisson distribution, thereby create a prob-
able frequency distribution of radioactivity decay counts per
unit time. Then, count data per unit time consistent with the
probable frequency distribution is formed.

[0061] This random distribution fitting may be omitted if
the data set is sufficient.

[0062] Next, the sequentially stored database is randomly
extracted at S109. At this step, the information in the data set
stored in the database contains the pattern of the radioac-
tivity spectrum to be measured in an intact manner. Thus,
random desired numbers of data are extracted randomly
from the collection of data sets in the database and is added
to the measurement value.

[0063] For example, when the unit time for the energy
scanning and time scanning is one second, and measurement
duration larger than 80,000 seconds is required, data is
randomly extracted 80,000 times from the database. This
may be equivalent to measurement for the measuring dura-
tion of 80,000 seconds. In this connection, Monte Carlo
simulation techniques may be applied to random extraction.
[0064] Finally, the last spectrum is completed by the
random extraction S110. The last spectrum may be com-
pleted by combining the measurement simulation result
obtained from the random extraction process and the initial
measurement spectrum.

[0065] Referring to FIG. 2 to FIG. 4, the energy scanning
and time scanning will be described in detail.

[0066] FIG. 2 is a diagram for describing energy scanning
in a radioactivity measurement method according to one
embodiment of the present invention. FIG. 3 is a diagram for
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describing time scanning in a radioactivity measurement
method according to one embodiment of the present inven-
tion. FIG. 4 is a diagram for describing a method of scanning
per unit time in a radioactivity measurement method accord-
ing to one embodiment of the present invention.

[0067] FIG. 2 depicts energy scanning, in which the total
energy range of 0 to 4 MeV is divided into 8,000 energy
channels. Since the total energy range is 0 to 4 MeV, the
energy of one channel having a constant band is 0.0005
MeV. As the number of the constant bands (channels)
increases, the energy level is constantly increased, so that the
500th channel becomes 0.25 MeV. Every time a radioactiv-
ity decay, a channel corresponding to decay energy is
configured and energy scanning is performed.

[0068] FIG. 3 shows time scanning. The time scanning
shows how the radioactivity decay of the corresponding
energy is measured per unit time. The time scanning fully
reflects the characteristics of the radioactivity decay
expressed as a decay probability per unit time.

[0069] Assuming that the radioactivity energy level is 0.25
MeV, which is the 500th channel level, as shown in FIG. 3,
each time when the radioactivity decay corresponding to the
500th 0.25 MeV occurs, this occurrence has been counted on
the 500th channel. The spectrum as counted is, for example,
spectrally configured per unit time using a red bar on the
screen.

[0070] FIG. 3 shows the spectrum measured at a specific
time. FIG. 4 illustrates the concept of time scanning in more
detail.

[0071] FIG. 4 shows how time scanning of the radioac-
tivity decay performed per each unit time is performed on
the corresponding energy channel when applying the time
scanning assuming a unit time of one second. The decay
spectrum per each unit time for four seconds is shown in
FIG. 4. After the fourth time unit, which is four seconds after
a specific time, the time-scanning may continuously proceed
on the corresponding energy channel for every unit time.
Thus, a statistically meaningful data set is achieved when
such time scanning is done from about 3000 to about 5000
times.

[0072] FIG. 5 shows a radioactivity measurement system
according to one embodiment of the present invention.
[0073] The radioactivity measuring system 1 includes a
radioactivity measuring unit 10, a scanning unit 20, database
30 and an extraction unit 40. The radioactivity measurement
system 1 may further include a user interface or output unit.
[0074] As described above, the data set obtained by the
radioactivity measuring unit 10 and the scanning unit 20
forms the database 30. The extraction unit 40 generates the
measurement spectrum using the database 30.

[0075] Hereinafter, the present invention will be described
with reference to actual measurement results.

[0076] FIG. 6 and FIG. 7 show the measured spectra
obtained according to the present invention.

[0077] Using initial measurement values of I-131 and
Cs-137 radioactivity, it was checked that the simulated value
is almost the same as that of the 80,000 seconds measure-
ment. The data set as used in the actual Monte Carlo
application contained 5,000 time-scanning data based on the
energy channels of the spectrum as collected on a unit time
of one second basis. That is, the data measured for the early
5,000 seconds were used.

[0078] FIG. 6 shows the results of I-131 (637 keV).
Random extractions of 5,000 pieces of data were repeated to
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create 80,000 pieces of simulated data, which were com-
pared with the result of 80,000 seconds of actual last
measurement. As shown in the figure, the simulation result
and the actual measurement result are almost the same.
[0079] FIG. 7 shows the results of Cs-137 (661.3 keV).
Random extractions of 5,000 pieces of data were repeated to
create 80,000 pieces of simulated data, which were com-
pared with the result of 80,000 seconds of actual last
measurement. As shown in the figure, the simulation result
and the actual measurement result are almost the same.
[0080] FIG. 8 and FIG. 9 show verifying results of the
random distribution fitting according to the present inven-
tion.

[0081] FIG. 8 shows the sample data and the theoretical
value when the occurrence rate per minute is 0.67 using
2,000 data for 1-131 (data amount corresponding to 2,000
seconds when 1 data occurs per second).

[0082] FIG. 9 shows the sample data and the theoretical
value when the occurrence rate per minute is 1.85 using
2,000 data for Cs-137 (data amount corresponding to 2,000
seconds when 1 data occurs per second).

[0083] In FIG. 8 and FIG. 9, the x-axis is the number of
decays per unit time and the y-axis is the cumulative
frequency distribution for each decay count.

[0084] FIG. 8 and FIG. 9 show that the random distribu-
tion fitting represents the actual data. Thus, using 2,000 date
sets, the frequency distribution of the counts of decay
occurrences per unit time (one second) is fitted to the
Poisson distribution. This may extend the data sets to a much
larger number of date sets.

[0085] The foregoing embodiment is an example for
describing the present invention, and the present invention is
not limited thereto. It will be understood by those skilled in
the art that various changes in form and details may be made
therein without departing from the spirit and scope of the
present invention as defined by the appended claims.

1. A radioactivity measurement method using extended
data, the method comprising:

measuring radioactivity while performing energy scan-

ning and time scanning;

generating database from data sets about time-energy

relationships obtained from the time scanning and
energy scanning;

extending the database using random distribution fitting;

and

obtaining, from the database, a radioactivity measurement

value at a desired time.

2. The radioactivity measurement method of claim 1,
wherein the random distribution fitting includes fitting to a
Poisson distribution, wherein obtaining the radioactivity
measurement value includes using the extended database to
obtain the radioactivity measurement value.

3. The radioactivity measurement method of claim 1,
wherein obtaining the radioactivity measurement value
includes using a data random extraction technique.

4. The radioactivity measurement method of claim 3,
wherein the data random extraction technique includes a
Monte Carlo technique.

5. The radioactivity measurement method of claim 1,
wherein the energy scanning is performed in a state in which
a measurement energy range is divided into a plurality of
energy bands having the same band width.

6. The radioactivity measurement method of claim 5,
wherein the time scanning is performed to count a number
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of times of radioactivity decays on a predetermined time
duration basis and on each energy band basis.

7. The radioactivity measurement method of claim 1,
wherein the data sets constituting the extended database
include 3,000 to 6,000 data sets.

8. A radioactivity measurement method comprising:

measuring a nuclide-based radioactivity decay character-

istic at each of a plurality of times during a first time
period, thereby to form database;

extending the database using random distribution fitting;

and

using the extended database to estimate a nuclide-based

radioactivity decay characteristic for a second time
period after the first period time.

9. The radioactivity measurement method of claim 8,
wherein the random distribution fitting includes fitting to a
Poisson distribution, wherein obtaining the radioactivity
measurement value includes using the extended database to
obtain the radioactivity measurement value.

10. A radioactivity measurement system comprising:

a radioactivity measuring unit;

a scanning unit configured for performing energy scan-

ning and time scanning in association with the radio-
activity measuring unit;
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a database unit configured for generating database from
data sets about time-energy relationships obtained from
the scanning unit;

a random distribution fitting unit configured for extending
the database using Poisson distribution fitting; and

an extraction unit configured for extracting a radioactivity
measurement value at a desired time using the extended
database from the database unit.

11. The radioactivity measurement system of claim 10,
wherein the extraction unit uses a data random extraction
technique to extract the radioactivity measurement value.

12. The radioactivity measurement system of claim 10,
wherein the data random extraction technique includes a
Monte Carlo technique.

13. The radioactivity measurement system of claim 10,
wherein the energy scanning is performed in a state in which
a measurement energy range is divided into a plurality of
energy bands having the same band width.

14. The radioactivity measurement system of claim 10,
wherein the time scanning is performed to count a number
of times of radioactivity decays on a predetermined time
duration basis and on each energy band basis.

15. The radioactivity measurement system of claim 10,
wherein the data sets constituting the extended database
include 3,000 to 6,000 data sets.
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