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An Original Method for Detection of a Known Anomaly:
Application to the Detection of Sudden Coolant Blockage

Rémi Cogranne
Troyes University of Technology
Troyes, France
remi.cogranne@utt.fr

ABSTRACT

Ensuring the safe operation of critical systems is of the highest
importance, particularly when the consequences of a malfunction
can be catastrophic. The present paper focuses on developing a
reliable and rapid detection method for a critical event in nuclear
power plants: the total and instantaneous blockage of coolant flow.
Our approach involves modelling the temperature of fuel rod as-
semblies, taking into account past temperature readings to improve
accuracy. By distinguishing between normal and abnormal temper-
ature patterns, we can identify potential blockages early on. The
proposed model and associated statistical test are versatile and can
be applied to various nuclear reactors and other anomaly detection
scenarios. Our results, based on real-world temperature data from
the Superphénix power station, demonstrate the accuracy of the
proposed model and the relevance of the detection procedure.
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1 INTRODUCTION

Monitoring and supervision critical infrastructure is a crucial task.
Among these infrastructures, nuclear power plants are particularly
important and sensitive due to the significant consequences of po-
tential incidents.
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As new reactor types are being developed, it is essential to inves-
tigate how to monitor these complex systems to detect potential
malfunctions. The Sodium-cooled Fast Reactor (SFR) is one of the
six models selected by the Generation IV International Forum (GIF),
which aims to provide recommendations, conduct further studies,
and assess technologies for future nuclear power plants [19]. De-
spite careful development, security systems may still be insufficient
when rare events occur [2]. Incidents related to core cooling are
particularly concerning, as they can have severe consequences. One
of the most feared incidents is the Total and Instantaneous Blockage
(TIB), which, although unlikely, can cause significant damage if
the detection of such an event is missed. This paper addresses the
detection of TIB.

Monitoring the temperature of the nuclear reactor core in real
time enables the detection of overheating and other types of simple
incidents. However, some incidents may be more challenging to
detect. In this context, it is vital to develop a highly reliable detector.
This means that the detector should have statistically established
properties that guarantee a low rate of false alarms and minimize
the probability of missed detections.

1.1 State of the Art

Detecting thermal incidents is a complex problem that falls under
the broader category of monitoring complex systems. Change de-
tection, which analyses data as it is received, is a central issue in
this field. While change detection has been widely studied in vari-
ous applications, such as finance, econometrics, and manufacturing
processes, existing approaches often lack known probabilities for
false alarms and missed detections.

The first sequential detection method, developed by Wald, focused
on cases where observations follow one of two models from the
beginning. This led to the development of the Sequential Proba-
bility Ratio Test (SPRT), which has been shown to have several
optimal properties. However, the SPRT is not suitable for cases
where observations can change after a certain point.

The CUSUM method was later proposed for change-point detec-

tion, which "resets" the SPRT to reduce detection delays. CUSUM
has been extensively studied and has been shown to be optimal for
change-point detection in several cases.
The problem of detecting Total and Instantaneous Blockage (TIB)
is an example of such events difficult to identify. Indeed, unlike tra-
ditional change-point detection methods, which assume a sudden
change in distribution parameters, TIB detection involves a com-
plex scenario where the temperature of the central rod decreases
while neighbouring rods continue to increase.
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Therefore the problem of detection of Total and Instantaneous
Blockage requires a combination of multidimensional signal pro-
cessing, to analyse the temperature of all rods in time, along with a
sequential detection methodology, to address the problem of quick-
est detection.

The problem of detecting Total and Instantaneous Blockage (TIB)
in nuclear reactors has received limited attention, particularly for
Sodium-cooled Fast Reactors (SFR), a new technology still under de-
velopment [15]. Previous studies have proposed various approaches,
but they have limitations. For example, a dynamic ARMAX model
was proposed to describe reactor core temperature [13], but it does
not provide a detection method and may not be suitable for TIB
detection. Another approach used a set of rules to compare neigh-
bouring rod temperatures [7], but its reliability is questionable due
to the lack of statistical analysis. More recently, a neural network-
based approach was proposed [10], but its performance is also un-
certain. Furthermore, supervised learning-based detection schemes
may struggle to analyse rare events and require retraining for dif-
ferent reactor technologies. In contrast, this paper presents a new
approach for reliable, accurate and the quickest detection of TIB.

1.2 Contribution and Organization of this Paper

The present paper proposes three main contributions for the detec-
tion of a known anomaly with application to the problem of Total
and Instantaneous Blockage (TIB) of coolant in nuclear reactors.
Firstly, we propose a new adaptive linear model that accurately
captures the complex temperature behaviour of reactor rods under
normal operating conditions. This model is unique in that it uses
previous temperature measurements to refine its predictions, al-
lowing for a more precise representation of the reactor’s thermal
dynamics.
Secondly, our approach is versatile and can be applied to a wide
range of reactors with different experimental settings, without
requiring any prior training or learning phase. This makes it a
valuable tool for the nuclear industry, where reactors can vary sig-
nificantly in design and operation.
Thirdly, our adaptive linear model enables the design of a reliable
statistical test for TIB detection. By combining our model with a
simple yet efficient method for the detection of a known change, we
can guarantee a high probability of TIB detection within a specified
time frame, while also controlling the rate of false alarms. This
ensures a reliable and efficient detection system for TIB events.
Our proposed methodology enables reliable TIB detection, which
is verified through numerous numerical simulations on real data.
The present paper is organized as follows. First Section 2 ex-
plains the problem of Total and instantaneous blockage of the
coolant and formalizes the underlying detection problem. Then
Section 3 present in detail the model we proposed to represent
the non-anomaleous temperature. The statistical test for the de-
tection of Total and Instantaneous Blockage using this model is
presented in section 4 and its statistical performance are analytically
established. In addition, this section also presents the sequential
detection method used in the present paper to minimize the aver-
age detection delay. Then the Section 5 presents and discusses a
wide range of numerical results, which show the relevance of the
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Figure 1: Illustration of the overall design of an SFR nuclear
reactor, here using a pool architecture emphasizing the lo-
cation of thermocouples with respect to the possible block-
age. Source: based on an image in the public domain from
www.Gen-4.org.

proposed original model and the accuracy of the ensuing statistical
test. Section 6 concludes the paper and draws possible future works.

2 KNOWN ANOMALY DETECTION:
STATEMENT OF THE PROBLEM

This section provides a detailed explanation of the TIB event that
our detection method aims to identify. We also highlight the chal-
lenges associated with this task and introduce the notation used
throughout the paper. First, we describe in Section 2.1 the problem
of total and instantaneous blockage along with its model on the
temperature of nuclear core rods. We then formally introduced in
Section 2.2 the statistical problem of detection of a known anomaly,
in our case the blockage.

2.1 Total and Instaneous Blockage of Coolant

A SFR nuclear reactor consists of a core with rods and a coolant,
which ensures cooling and heat exchange with an alternator that
produces electricity. The rods are arranged in a honeycomb-like
structure, with each rod sheltered in a steel pipe where the coolant
flows. The temperature of the assembly of rods is monitored care-
fully to detect overheating. However, it is not possible to directly
measure the temperature of the rods, so the temperature of the
output coolant is measured instead.
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A blockage occurs when the coolant flow is completely and sud-
denly stopped, which can lead to a major accident [5]. The most
famous case of a Total and Instantaneous Blockage (TIB) occurred
on October 5, 1966, at the FERMI-1 station in Michigan, USA. A
piece of zirconium broke free, blocking the coolant and causing the
melting of two assemblies and damage to several others [1].
Detecting blockages from measured temperatures is challenging
due to several reasons. First, some rods are used to control the
nuclear fission reaction, which can result in lower temperature
emissions. Second, the temperature may change according to the
power produced, which can be adjusted by lifting or pushing con-
trol rods. Third, the model must be accurate to describe regular
nuclear core rods temperatures while rejecting abnormal tempera-
ture contributions due to blockages.

Let us denote the temperature measured from a rod at location
(x,y) as Tj,x,y. The overall surface of temperature formed by all p
rods at instant i is denoted T; € RP. The goal is to find a model of
this surface, which is complex. The accuracy of the model is crucial
to distinguish regular changes from changes induced by blockages.
The numerical data used in this paper have been measured at a SFR
station, though the method can be extended to surveillance of any
type of reactor. The specific devices used to measure temperatures
were K-type thermocouples, whose transfer function has the form

h(t) = L exp (%t) )

T
Since it is not possible to create a real TIB to measure its impact on
rods temperatures, numerical simulations were used. The model of
the under-construction ASTRID reactor was used [18, 21], taking
into account relevant thermodynamic parameters. The result of the
simulation does not exactly match the observed temperature due to
sampling frequency and thermocouple response. To transform the
temperature from the simulation to realistic observable temperature,
the K-type thermocouple device response function was applied,
and the data was subsampled by averaging temperatures over one
second. This gives a model for the anomalous temperature due to
the TIB, from the simulated temperature denoted a(t), as follows:

a = (a1,...,ai),
iA
ai:/(iil)Aa(t)*h(t)dt ®

with * the convolution product, A the sampling period, and h(t)
the thermocouple impulse response provided in Eq.(1).

2.2 Detection of a Known Anomaly

The temperature of each rod is assumed to be statistically indepen-
dent, and the temperatures of the rods are modelled with a Gaussian
distribution. The expected temperature of each rod is denoted pj;y, y,
and the overall temperature of all rods at time index i is denoted
T;. Under normal operating conditions, the temperature of all rods
can be modelled as:

Ti~ N (y,., O'ZIP), 3)

where p1; is the expected value of all rods temperature at index time
i, o2 is the variance of all rods, and I, is the identity matrix.

A common approach is to design a linear model for the temper-
ature of all rods at each time index. This model can be described
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as:
T, ~ N (H6:, 0%, ) (@)

where H is a known full-column rank matrix and 6 is a vector of
nuisance parameters.

The proposed methodology relies on invariance theory for hy-
pothesis testing, see [8][Chap. 4]. To apply this theory, we define
the column space spanned by H as R (H). We then project the vec-
tor of measured temperature T; onto the orthogonal complement
R (H)* of the column space R (H). This decomposition allows us
to impose restrictions on the expected temperature and distinguish
the regular temperature from the temperature due to a TIB.

To obtain this decomposition and reject the non-anomaleous tem-
perature, we project each observation T; onto the p — g dimensional
subspace R (H)* as follows:

WT;

where W is a matrix composed of the eigenvectors of the projection
matrix

PL=1,-H(HH) 'H.
The matrix W verifies the following properties:

WH=0, W'W=PH', WW' =Ip—gq. (5)

Because the Temperature T; (3) follows a Gaussian distribution
with independent measurements, it is straightforward that the so-
called “residuals” follow the following distribution:

WT; ~ N (0, azlp_q) , (6)

when no anomaly is present.
Now when an issue occurs, it can be modelled as an additional
component in the measurements of temperature:

Ty~ N (HO; +2,0%1,). )
in which case the distribution of the residuals becomes:
WTi ~ N (Wa, 0l—g), ()

Therefore, the statistical problem of blockage detection can be
simplified, after rejection of the non-anomaleous background, to
the discrimination between the following statistical hypotheses:

{Under Hy: WTi~N(0,6%,-g), o)

Under H;: WT; ~ N (Wa, azlp_q),

where Wa is known.

The statistical detection problem (9) corresponds to a test be-
tween simple hypotheses in which case it is well known from the
Neyman-Pearson Lemma [8, Theorem 3.2.1] that the optimal, most
powerful test is the likelihood ratio test. In the case of detection of
a known signal Wa in Gaussian noise, it is straightforward that, for
an observation T;, the log-likelihood ratio between the alternative
hypotheses (9) can be written as:

(270) P70 exp (-(20%) N IWTi - Wal?)
7o) D exp (~2oD) W)
= —|IWT; - Wal®® + [WT;||” (1)

A(T;) = log
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Figure 2: An example of temperature from rods, which illus-
trates the difficulty of modelling this surface.

with ||a||§ =a'a the Ly, or Euclidean norm.
It is obvious that the Equation (11) depends on the observation T;
only through the simplified term:

A*(T;) = (WT;)" Wa =T/ W' Wa=T/Pja, (12)
which correspond to the well-known matched subspace detec-

tors [16] after rejection of the non-anomaleous background via
W.

3 PROPOSED AUTO-ADAPTIVE MODEL OF
OBSERVATIONS

In this paper, we propose a polynomial model of degree ¢ for the
expectation p; of temperature T;, which can be written as:

[
pisey = ), D denx'y", Y(xy) € X. (13)
k=0 n=0
This model can be reformulated in matrix form as:
p; = Gd;, (14)

where the columns of the matrix G span the basis of each polyno-
mial component:

G= (l,x,y,x‘y,x'z,...,x‘[-y'[). (15)

This polynomial model has been shown to be efficient in sev-
eral signal processing and image processing applications [4, 12,
17, 22, 23]. However, for the present context, a two-dimensional
polynomial at every instant is not sufficient to accurately model
the non-anomalous temperature. Using a high-degree polynomial
would reduce the number of "degrees of freedom" p—q and represent
a substantial part of the anomaly due to TIB as regular temperature
changes, thus reducing the detection efficiency.

To address this issue, we propose a different approach that takes
into account the history of observed temperatures. We exploited
the shape of the previous observations with the underlying idea
that regular changes in temperature should be smooth and share
similar “shapes”. To extract the main components of the polynomial
modelling errors, we use a simple Principal Component Analysis
(PCA) over the polynomial modelling error WT; to extract the c
principal components.
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The proposed original model is obtained as follows. At each time
index i, the fixed polynomial part is used to estimate the coefficients
d; using the maximum likelihood method, which in the presence
of Gaussian i.i.d noise is equivalent to the least square estimation:

d;=(G7G)"GTT;. (16)
The ensuing modeling error residuals are given by:
T; -Gd; = (I, - G(GTG) G") T:. 17)

Over which the computation of principal components is carried
out. Denoting F; the matrix of the ¢ principal components (into
columns) and observing that the principal components are orthonor-
mal, the maximum likelihood estimation of principal components
coefficients is given by:

u; = FlTTi (18)
The final estimation of the regular temperature is obtained as:
T; = H,0;, (19)

where the matrix H; and the coefficient 6; are obtained, respectively,
by concatenation column-wise of each part of the model:

H; = (G, L Fi) and 5,’ = ((TI,

i) (20)

4 PROPOSED DETECTION METHOD

Let us recall that, as explained in the previous section 2-3, we
propose using a linear model to represent the temperature of rods
T;:

Ti~ N (H,-Ol-, gzlp) .

In the present paper, we propose an autoadaptive model to build
the linear model H; by merging a fixed polynomial part along with
the principal components estimated from the previous observa-
tions (20).

In addition, we have explained how to deal with the non-anomalous
“background” H;0; by projecting the measurements onto W; which
spans the orthogonal complement of the matrix H; hence W; con-
sists of the eigenvectors of

Ph =1, - H; (H]H;) " H].

Within the practical context of critical infrastructure and mon-
itoring, a maximal detection delay of M temperature measure-
ments is prescribed. Hence, at each instant i it is proposed to in-
spect the M last samples. Additionally, the N previous samples
{Ti—M-N+1>---> Ti—p} are used to build the proposed adaptive
linear parametric model H; and to estimate its parameters, as de-
scribed in Section 3.

Besides, thanks to the numerical simulation described in Section 2.1,
the model of temperature drift, or anomaly, after the occurrence of
a TIB a; is known with the highest accuracy. Therefore, both W;
and a;_,, are known.

In other words, the proposed method relies thus on two windows
of fixed length, the first being used to estimate the principal compo-
nents of the temperature and the later being used for the detection,
see Figure 3.
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Figure 3: Illustration of the proposed method based on two
non-overlapping windows; the first is used to allow adap-
tivity of the linear model, while the second is used for TIB
detection.

4.1 Statistical Properties of the Proposed
Method

For clarity and simplicity, let us define, for all j € [i - M +1,...,i],
the normalized sufficient statistics A; as follows

1
AF =A*(Ty) = ;ijﬁia. (21)
It is straightforward from relations (3), (4), (9) and (21) to establish
the distribution of A; when the blockage is not present:
UnderHy : Af ~ N (Ol’af‘Hg) (22)
with )
||aH|2 = ||W,-a||§ = aTPﬁia. (23)
On the opposite, in the presence of a blockage, it immediately
follows from Equations (3), (4), (9) and (21) that
- 2 2
Undertly + AF ~ N (07 [t [t [3) - (24)

From the previous relations (21)-(24) and assuming that the
linear model presented in section 3 holds true, it is straightforward
to establish the statistical properties of the likelihood ratio test:

Hy: ifA¥ <t
b = !

25
7’{1: ifA‘;>T ( )

where 7 is the decision threshold.
Indeed, under hypothesis H it immediately follows that the
following decision threshold:

T0 = ”314_”2 d1(1 - ) (26)

where @ and ®~! represent the cumulative distribution function of
the normal distribution and its inverse, allows complying with a
prescribed false alarm rate ay.

Similarly, it immediately follows from the distribution of the test
statistics (24) that the power function f, sometimes also referred to
as the sensitivity, is given by:

n-o Haf”g)
”aﬂlz

:1—(1)(@*1(1—ao)—o*1||ail||2). (28)

i =1—c1>( (27)
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We shall see in the next Section 5 that the proposed model is
accurate enough to verify in practice that the statistical performance
as established in (26)-(28) holds true with real-world data.

4.2 Proposed Sequential Detection Methodology

Another originality of the present paper is that it is not aimed at
detecting the blockage from a single measurement but rather to
detect the occurrence of this event in less than a few seconds. In
other words, over a set of successive temperature measures. In the
literature this problem of sequential analysis is referred to as a
change-point detection see, for instance, [20] and the reference
therein for a complete introduction. To this end we propose using
the decision statistics of the proposed LR test (21) as an input for the
well-known CUSUM (cumulative sum) sequential method initially
developed by Page [14]. Let us denote A;‘, e A’I" the consecutive
values of the likelihood ratio. The idea of the CUSUM is to compute
a cumulative sum of the decision statistics A}. After the occurrence
of the change point, that is after the blockage occurs in our case,
the average value of the LR statistics shall increase. Therefore the
CUMSUM is computed as:

S; = max(0; S; +Al’-‘ —-0), (29)
So = 0. (30)

In the relation (30) one can note that the constant value c is sub-
tracted from the LR value. This constant represents the minimum
value above which it is considered that a blockage has been detected.
In addition one can also note in the equation (30) that the CUSUM
value S; is reset to 0 when it is negative. This is a key concept of the
CUSUM, which allows detecting the change point with a minimal
delay because samples without blockage do not reduce the CUSUM
value, which is assumed to remain at 0 before the occurrence of the
event we want to detect, in our case, the total and instantaneous
blockage.

On the one hand, it has been shown that the CUSUM minimizes
the average detection delay (??) for a fixed average false-alarm
time [9, 11]. On the other hand, it would be interesting to minimize
the maximal detection, instead of the average, in order to guarantee
amaximal delay of detection. However, to the best of our knowledge,
there isn’t any work that proposes such a sequential detection
system.

5 NUMERICAL EXPERIMENTATION AND
RESULTS

The real data used in the present work were provided by the French
Commission of Atomic and Alternative Energies (CEA) and ob-
tained from the Sodium-cooled Fast Reactor (SFR) of the experi-
mental French Phenix Nuclear Reactor. Two datasets of one week
have been provided, one recorded from February 16" 2009 to Feb-
ruary 22" 2009 and the second one starting on March 02°94 2009 ;
those give us a total of two-time 201 600 data for each of the 120
rods. Though the original sampling rate was three seconds, we
considered that the sampling frequency was 1Hz because, first, it
corresponds to the sampling frequency of the newest nuclear power
plants, hence its relevance for the design of the next generation
ASTRID reactor.
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Figure 4: Standard deviation of residuals for each thermocou-
ple. The smallest standard deviation of the proposed adaptive
model shows its accuracy.

First of all, let us start by verifying the accuracy and interest of
the proposed adaptive model; we compare it with its "fixed" part
and with the ARMAX spatial and temporal model proposed in [13].
Note that this model is, to the best of our knowledge, the only
comparable method proposed in the literature. To give briefly a
description of the method proposed in [13], let us recall that the
ARMAX can be described with the following relations:

GO; + R;
(l - Bx,y’]x,y)gi;x,y

{ o (31)
(1- Bx,ny,y)Ri;x,y =

where &;.x,y ~ N(0, %) is a Gaussian random variable that repre-
sents the noise contribution on temperature measurement for rod
at position (x, y).

We have implemented the method proposed in [6] for online es-
timation of ARMAX parameters with forgetting factors. We set
the forgetting factor to 0.999 = 1 — 0.001, which has been found
empirically to give the best overall results.

The first results compare the statistical properties of tempera-
ture estimation. Figure 4 compares the variance of this estimation
through the standard deviation o of all the residuals T; for each rod
and for three models: the proposed adaptive model, the fixed poly-
nomial part of this model, and the ARMAX model. A small variance
of residuals represents a high accuracy of the model. Figure 4 shows
that the proposed adaptive model offers a much smaller variance of
residuals than the fixed polynomial part of this model, even when
using an ARMAX model.

This result emphasizes the interest in adding the adaptive part F;
that allows, with a rather sparse model of 13 basis vectors for 120
rods, to get an estimation of rods temperatures with smaller vari-
ance compared to the alternative approaches.

Interestingly, one can note that for the proposed adaptive model,
the mean standard over all residuals from all rods is about 0.2625°C,
which is in line with reference noise values [3, Chap.5]. Besides,
one can also note that several rods have a larger variance than the
others, which is due, at least in part, to the provided dataset.

Similarly, figures 5a and 5b present the other important proper-
ties of temperature estimation, namely the empirical bias. Figure 5a
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(a) Bias of estimated temperature by rods for proposed adaptive model.
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(b) Bias of estimated temperature by rods using only the fixed polynomial
part of the model.

Figure 5: Comparison of empirical bias on estimated tem-
perature using the proposed adaptive model and the fixed
polynomial part of this model.

shows the bias for the proposed adaptive model and the fixed poly-
nomial part with ARMAX, while Figure 5b presents only the bias for
the fixed polynomial model alone. The choice of using two figures
for those results has been driven by the difference in the scale of
the bias.

The results emphasize the poor accuracy of the polynomial model
to describe the temperature “surface”, which is very complex. The
least square estimation of the polynomial that best fits the temper-
ature surface makes, in mean, large errors for most rods, which are
shown by a large bias. Those results also confirm again the interest
in the proposed adaptive model that has obviously the smallest
bias with negligible values. Together with the previous figure, this
shows the quality of temperature estimation obtained using the
proposed model that allows getting an estimator with both small
bias and small variance.

Of course, one of the main interesting results is the comparison
between the theoretically established performance (26) and (?7?).
First of all, let us present the criteria which the most important in
the operational context, namely the empirically false-alarm proba-
bility and its comparison with the theoretical values (26). Indeed,
being able to master the false-alarm rates with high accuracy over
numerical simulations with real-world data constitutes an impor-
tant challenge. The Figure 7 shows the false alarm rate as a function
of the decision threshold 7 used in the statistical test (25). On this
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Figure 6: Empirical and theoretical false alarm rate as a func-
tion of the decision threshold 7. The comparison between
the theoretical results (26) and the empirical results obtained
with the proposed model shows the accuracy of the rejection
of non-anomalous background.

figure, we also compare the results obtained with the “fixed” linear
part of our model, in order to show the relevance of the autoadap-
tive methods based on PCA as well as the ARMAX model proposed
in [13]. One can note that for a high decision threshold, the LR test
based on the proposed original autoadaptive model always has a
much lower false positive rate. More importantly, we also plot the
theoretical false-positive rate as a function of the decision threshold
as established in (26). Note that, even though we used only 500, 000
simulations based on real data, the false positive rate obtained with
the proposed model remains very close to the theoretical one even
for false positive rates as low as 104, In the operational context,
this is very important, as it demonstrates the ability to control
the occurrence of false alarms, which poses important practical
problems in real-world conditions.

In addition to the Figure 6, the Figure 7 presents the statistical per-
formance of the test as a ROC (Receiver Operating Characteristics)
curve, which shows the power function, which is the true-positive
rate also referred to as the sensitivity of the test, as a function of the
false alarm or false positive rate. Once again, in the Figure 7 the per-
formance obtained with the proposed original autoadaptive model
is contrasted with the results obtained with the fixed linear part
of our model as well as with the ARMAX model proposed in [13].
Even though we have to simulate the blockage and reducing its
effect, using a multiplicative factor 1/6, it is obviously the LR test,
based on the proposed model, performs much better than the two
other alternative approaches. Again, compare the empirical power
function with the theoretically established one (28). Interestingly,
empirical power function remains very close to the theoretical one
even for false alarm, or false positive, rates as low as 10~* which
represent only 50 observations in our simulation with 500, 000 data
from the real temperature measurements.

These results show the relevance and the accuracy of the proposed
autoadaptive model as well as the sharpness of the theoretical find-
ings.
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Figure 7: Receiver Operating Characteristic (ROC) curves
comparing the performance of blockage with different statis-
tical models. The comparison with the theoretical power (28)
shogws the accuracy of the proposed autoadaptive model.
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Figure 8: Average detection delay (in samples or seconds) as
a function of the mean time to false alarm.

The last results we would like to present concern about the de-
tection delay and the mean time to false alarm of the proposed
sequential detection scheme based on the CUSUM presented in
Section 4.2. To this end, Figure 8 shows the comparison of the detec-
tion delay for the proposed autoadaptive model with the ARMAX
model proposed in [13] and the fixed (non-adaptive) polynomial
part of the proposed model. One course if one wishes to increase
the average time before a false alarm occurs, it shall increase the
detection threshold of the CUSUM (30) statistics and hence must
accept a higher delay of detection after a blockage occurs. It is
obvious in Figure 8 that the proposed autoadaptive linear model
allows achieving a much smaller detection delay of the blockage
for the same average time a before a false alarm occurs. For the
sake of comparison, for the proposed adaptive model, the Figure 8
shows the results obtained with different constant ¢ of the CUSUM
statistics, see Eq. (30). The best results are obtained with ¢ = 2 for
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the proposed autoadaptive model. Note that, on the opposite for the
two other models used for the comparison, we used the constant ¢
that gives best empirical results, which was around ¢ = 3.

6 CONCLUSIONS AND FUTURE WORKS

This paper addresses the problem of a known anomaly in a complex
noisy environment. The approach proposed in the present works
consists in rejecting non-anomalous observations using a linear
parametric model. The main originality of our work is that, in order
to deal with a complex and changing environment, it is proposed to
include in the linear parametric model principal components from
the previous observations in order to increase the flexibility of the
model and to allow representing the ever-changing complex envi-
ronment with high accuracy. The proposed autoadaptaive model is
used in a statistical test for the application of the detection of an
anomaly in the temperature of a nuclear power plant because of the
blockage of the coolant. Numerical results show the relevance of the
proposed model and its very high accuracy. Indeed, the proposed
autoadaptive model allows establishing analytically the statistical
performance of the ensuing LR test in terms of false positive and
true positive probability. A wide range of numerical results based
on real-world data from an experimental power plant show the
relevance of the proposed methodology and the sharpness of the
theoretical findings.

Possible future works include the comparison with deep learning-
based methods and the design of a sequential detection method
whose statistical performance can be analytically established.
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