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The generalized maximum likelihood algorithm is introduced for detecting the abrupt change in the band center of a fast-fluctuating
Gaussian random process with the uniform spectral density. This algorithm has a simpler structure than the ones obtained by means of
common approaches and it can be effectively implemented on the base of both modern digital signal processors and field-programmable
gate arrays. By applying the multiplicative and additive local Markov approximation of the decision statistics and its increments, the
analytical expressions are calculated for the false alarm and missing probabilities. And with the help of statistical simulation it is
confirmed that the proposed detector is operable, while the theoretical formulas describing its quality and efficiency approximate
satisfactorily the corresponding experimental data in a wide range of parameters of the observable data realization.
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1. INTRODUCTION band center. Its operability and efficiency are established

The problem of detecting the moments of changes in the both theoretically and experimentally.

properties of random processes arises when the specific
tasks are to be solved including control and monitoring,
technical and medical diagnostics, measurement data
processing, etc. [1]-[5]. Often enough, the observed random
process is the fast-fluctuating one and has the same intensity
within the working frequency band [6]-[9]. As it is shown in
[8], [9], the introduction of the conditions of the fast
fluctuations and the uniform spectral density of the random
process allows us to significantly simplify the structure of
the synthesized processing algorithms, especially in the
presence of the parametric a priori uncertainty.

2. THE PROBLEM STATEMENT

Let us presuppose that at the receiver input the fast-
fluctuating Gaussian random process of the form

é(t)z{vl(t)’ 1<hy, 0

Vo), 1> 2

arrives over the time interval [O,T ] and it is observed

against Gaussian white noise n(¢) with one-sided spectral

In [10]-[12], the algorithms for detecting the abrupt
change in the energy parameters of band fast-fluctuating
Gaussian random processes are studied and tested. At the
same time, in certain practically important applications, it is
necessary to determine the presence of abrupt changes in the
frequency parameters of the observable data realization.
Below, the technically simple algorithm is considered for
detecting the abrupt change in the Gaussian random process
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density N, . In (1), the notations are: A, is some unknown
point in time, and v,(t) , i=1,2 are statistically

independent centered stationary Gaussian random processes
with the spectral densities [7]-[9]

{25 (3] 0
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Here 8, is the band center, Q is the bandwidth, and d is

the magnitude of the spectral density (intensity) of the
process Vl-(t) determining its dispersion (mean power)

D =dQ/2n, while 9, is unknown and, in general case, it
isnotequalto 9.
The value A, can be considered as the moment of the

abrupt change in the band center of the fast-fluctuating
process &(r). The condition of the fast fluctuations can be

stated as follows [8], [9]
M min :Tming/zn >>1’ (3)

where T, =min(Ly,7 —1p).
According to the observable realization

x(e)=&(e)+ nle),

it is necessary to make a decision on the presence or absence
of the abrupt change in the band center of the process é(t),

tefo.7], (4)

while unknown parameters A,, 9, can take the values

from a intervals  0<A; <Ay <A, <T ,

priori

3. THE SYNTHESIS OF THE DETECTION ALGORITHM

In order to synthesize the algorithm for detecting the
abrupt change in the band center of the process &(t) , let us
single out two possible hypotheses [5], [12]: 1) hypothesis
H, stating that 8,; = 8,, i.e. the abrupt change is absent;
2) hypothesis H, stating that 9, # 3, . For the specified

alternatives the analytical expressions should be found for
the decision statistics (logarithms of the functionals of the
likelihood ratio).

If the received process &(t) is the fast-fluctuating one so
that the condition (3) holds, then, by applying the results of
[8], [9], one gets

d £, Qr d
DL ——— — 2 n| 1+—
H, =N, (Vo +d)£)’ (¢, 9, )dt e n( +N0J,
(5)
H: L(A9)=L,+

d ] [Tyz(t,\g)dt—].yz(t,SOl)dt].

+—
Ny (Ny+d

Here A, 9 are the current values of the unknown parameters
Lo» 9¢y. respectively, and y(t,9)= f DOx(t’)h(z‘—t’,S)dt’
is the response of the filter to the observable realization (4)
while the transfer function H(w,9) of this filter satisfies

the condition

|H(0,9)” = 1[(9-0)/Q]+ [(8+0)Q). (6)

The expression (6) does not uniquely determine the
function H (0),9), and therefore the function A(¢,9). In

particular, the simplest ideal filter satisfying the relation (6)
is a bandpass filter with the pulse response
h(z,9)= 2[sin(Qt/ 2) Tct]cos(St). And it should be noted that

the physically realizable filter corresponding to it can
always be implemented with the required accuracy [7]. The
design of bandpass filters with the specified characteristics
is considered, for example, in [13].

The structure of the algorithm for detecting the abrupt
change in the band center of the random process can be
determined on the basis of a generalized maximum
likelihood approach [7], [8]. Then, in general terms, the
decision detection rule is written as

max L(A9)-L,>c, (7)

7\,6[/\1 ,A2 ],96[@1 ,@2]

where c is the threshold calculated according to the chosen
optimality criterion. Taking into account (5), the expression
(7) is transformed to the form

T

2 2 ,
7»6[/\1,/{121]2}345[@1,@2]l[y (t,S)_y (1’801)]dt>c , (8

where ¢’ =cN,y(N,+d)/d.

The algorithm (8) for detecting the unknown abrupt
change in the band center of the fast-fluctuating random
process can be technically implemented in the form of an N-

channel device, each channel of which is tuned to the
frequency  band [9,-9/2,9,+Q/2]

9,=0,+(-1/2)AS , i=LLN , A9=(0,-0,)/N (in

parallel processing), or based on a serial spectrum analyzer
(71, [8].

One of the possible block diagrams of such a device is
shown in Fig.1. Here the notations are: 1 is the switch that is
open for time [O,T ]; 2% is a filter with transfer function
H(o, 901) (6); 2" is a filter with transfer function H ((u,\‘}l-)

(6); 3 is the squarer; 4 is the subtractor; 5 is an integrator

where

over the time interval [O,T ]; 6 is the delay line for time T; 7
is an integrator, 8 is a device that generates the greatest of
the absolute maxima of N input signals within the interval
[AnAz] at its output; 9 is the threshold device that

compares the input signal with the set threshold ¢’ and
fixes the presence of the abrupt change in the band center of
the analyzed process, if this threshold is exceeded, or the
absence of the abrupt change is real. Obviously, the greater
the number N of channels, the more accurately the detector
shown in Fig.1. reproduces the algorithm (8).
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o K,

Fig.1. The block diagram of the detector of the abrupt change in
the band center of the fast-fluctuating Gaussian random process.

4. THE CHARACTERISTICS OF THE DETECTION ALGORITHM

In order to evaluate the performance of the detector (8)
analytically, the expressions for the probabilities of the type
I (false alarm) and type II (abrupt change missing) errors o
and B [7], [8] should be found. For this purpose, the decision
rule (8) is represented in the form

max M(l,v)>5, M(l,v):Ml(l,v)—Mz(l), 9)
le[/N\l,/N\Q],ve[él,é2]
where E:c(1+q)/ pg is the normalized threshold,
1=MT, v=9/Q, A, =A,/T, ©,,=0,,/Q,

1

Ml(l,V)=uNLIy2(7,QV)d7 ,

0y

(10)
——1y2(~9 )dz‘~
M,\l)= t, )
) uN0~!‘ 0

t=t/T, n=QT/2rn, q=d/N,.
When the condition (3) is satisfied, the functionals
M, (l,v), Mz(l) (and, therefore, the functional M (l,v))

are the Gaussian ones approximately [8], [9]. The specified
property allows for their full statistical description by the
moment or correlation functions of the first two orders. And
according to this, one represents (10) as the sum of signal
and noise functions:

M, (1v) = 8,(v)+ Ny (), M, ()= 5,()+ N, ().
Here S,(/,v)= (Ml (l,v)> , S,(0)= <M2 (l)) are the signal
functions (mathematical expectations) and
N, (LV): M, (lv")_<M1 (l,v)) > Nz(l) = Mz(l)_ <M2(l)> are
the noise functions while averaging () is carried out over
all the possible realizations of x(t) (4) under the fixed
values of A,
find that

9, . By direct averaging of (10), one can

S,(1,v)=max(0,1 - 1)) [1+¢C,(v—vy,) ]+
+[1=max(lo,))[[1+4G (v =m0 ],
S,(1)=(1+¢) max(0,/ -1, )+
+[l—max(lo,l)][1+qu(Av)],
(11)
<N1(11=V1)N1(12»V2)> {[1 max(ll,lz)]Cl(vz Vl)
+q(2+q)[max(0,lo—max(ll,lz)) 3("01 Vi, Vz)
+(1-max(ly,;,1,))C3 (voa, i, 2)]}/H1=
(NN ) = {2+ P max(0,minti 1)1, 4

+[1-max(ly,1,.1,) ] [1+q 2+4)C (av) ]}ul,

where [y =1o/T, vy =9;/Q,
C (x) = max(O,l - |x|),
C; (x, v, z) = max(O,l + rnin(x, ¥, z)— rnax(x, v, z))

i=L2, Av=vy —vp,

Let now the abrupt change in the band center of the
process &(r) (1) be absent, that is 9, = 9y,. Then, after

using (9)-(11), the false alarm probability can be represented
as follows
oa=PJ

max  M(L,v)>C |9 = 9,].

IE[XI ,Xz ], Ve[él ’62]

(12)

Here M (l,v) is the asymptotically (under p.;, (3)

increasing) Gaussian random field with the signal function

s(, )=<M(1a")>=‘1(1—1)[cl("1—V01)—1] (13)

and the correlation function of the mnoise function
N(l, v): M(l,v)—(M(l,v)) of the form

(N(lw)N(1y,v, ) =min(1 - 1,,1- 1, )
X{Cl(vl _Vz)—c3(V01sV13V2)+(1+Q)z X

2—"01)]}/M'

X[1+C3(V019V1,V2)‘C1(V1 —V01)‘C1(V

(14)

Let us denote
I'=1-1,

L —
Vi=v—vy.

Then, from (13), (14), it follows that the Gaussian random
field M(l,v)=M(I',v') is statistically equivalent to the

product
U(l')V(v'), l'e [1—7\2,1—7\1], = [(:)1 —vm,(:)z —vm]

of the independent Gaussian random processes U(/') and

(V') with the characteristics
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Syl (Ul')
By8)=( o)~ (vt ][U (e)]) -mint.e).
(15)
< :—qmln(l, '|)
BV(vl,v2 <[Vv1 <( ][Vv2 ]> Clvl—v2

G0f)-c0)]j/n.

Taking into account the last statement, one can represent
the probability (12) in the form

—G5(0.v],05)+ (1+ ) [ +C3(0 Vl’Vz)

max
1’6[ l—/’{z ,1—7\1]

o=P[ ur)y  max  v(V)>2¢l.  16)

V’E[@l V01 ,6)2 _VOI]

For the random processes U(') and ¥(v') , one

introduces the distribution functions of their greatest
maxima

Fy(x)=P[ max U(l')<x],
re[1-X, .-k | (17)
Fy(y)="P[ max v(v)<yl
V,E[ t:)l _VOI ,(:‘52 _V()l]
within the intervals [1 - /N\z,l - 7\1] and

[(:)l - Vopéz - vm], respectively. Further, using the property
of the statistical independence of the processes U (l') and
V(v'), one can define the probability a (16) as

0 0

=1 R @) ) [[1- A Er0lar, ().
0 —o0

Let us determine the functions Fy(x), FV(y) 7).

According to (15), the process U(l') is the Gaussian
Markov (Wiener) random one [14]. Its drift KU](y,l') and
diffusion KUz(y,l') coefficients are determined by the

expressions
Ky = dSU(lll) 2 _SU(ZI) o8y (l" lf) ,
i I=1+0 By (Zl’l’) oly H=I'+0'
19)
o, GO on)|
di, L=1+0 al, I =1+0

Here Sy ('), By(l'.l]) are the mathematical expectation
and the correlation function of the process U( ) (15).

Differentiating in (19) taking into account (15), one can be
obtained as K, =1, Ky, =1.

The distribution function of the greatest maximum of a
Gaussian Markov random process of the diffusion type with

the constant drift and diffusion coefficients has been found,
for example, in [15]. Using the results of [15], for the
function FU(x) (17) one gets

J’ C_x+1_7\2 %
2n{l-A, )y 2(1-/\2) |

_ _ (20)
C-1+A, C+1-A
x| O 2—=—|—exp|2{)| 1 - | =——| | | dC.
1-A X( ) V1-A,

Let us now turn to the definition of the function FV(y)
(17). From (15), it follows that max(V(v’)) =<V(O)>. Then,
according to [8], [16], when p— oo, the position of the
maximum of the process V(') converges to the value

v'=0 in mean square. Thus, if the condition (3) is
satisfied, then the position of the maximum of the process
V(v') is located in a small §-neighborhood of the point

v'=0 with the probability close to 1. With that in mind, the
definitional domain of the process V(v') can be limited to

the interval [-8,5], 8<<1. In this case, one gets that
max(0,1— f(v,v))=1—=f(vj,v5) where f(v],v}) is any
of  the |v'2 —vl'| , |v1'| , |v'2| ,

max(O,v{,v’z)—min(O,v{,v'z) , and for the correlation

functions

function (15) of the process V(v’), the following

representation is valid:

) 1+(1+¢)

n

B, (v, (21)

. ! ! .
{mln(lvl|,|v2|), v, 20,

0, v < 0.

From (21), it can be seen that at the intervals [— 8,0] and

(0,6] the realizations of the process V(v') are not

correlated, and, therefore, they are asymptotically
statistically independent as being the asymptotically
Gaussian ones. Besides, within each of the specified

intervals, the correlation function of the process satisfies the
conditions of the Doob’s theorem [17], according to which
the random process ¥(v') is the Markov random process of

the diffusion type. By applying (19) and taking into account
(15), the drift Kj, and diffusion K, coefficients of the

process ¥(v') can be determined as

K- g, Vv'<O0, X
V1 -q, V’ZO, V2

= [1+(1+q)2yu.

The general expression for the distribution function of the
absolute maximum of the Gaussian Markov random process
with the piecewise constant drift coefficient and the constant
diffusion coefficient has been obtained, for example, in [18].
Using the results of [18], for the function FV(y) (17) one

gets
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F(y)= ll_ex{_qi—:;bjﬂz :[I—ex{— 1&:‘3 P ]]2 ,(22)

ify>0, and FV( ) 0, if y<0. The error in calculating

the values of the false alarm probability (12) using the
formulas (18), (20), (22) decreases with p (10) increasing.
Let us assume now that 3, # 3, and it represents the

missing probability as follows

B=PJ sup

M(1,v) <28, # 9,1
16[7\1,7\2],"5[@1:@2]

(23)

One makes the change of variables:

’ =~
[0, vV =v-yg,.

Then, taking into account (11), the signal function
S (l, v) = <M (l ,v)) and the correlation function of the noise
N(.v)=M(,v)-(M(L,v)) of the
statistics M (I,v) (9) can be represented in the form

function decision

S(t",7)= qmin(0,45 —1') [1-C,(7 — Av) |+
+qmin(l[),l’)[CI(V)—CI(AV)],
(24)
< (ll VI)N(é ”’)}:{mm(ll 12)[1+C1(V1 Vz)
-G (¥ - av)- G, (% — Av) |+ g2+ ¢) [ max(0, min(f;, 15 )~ Iy )x
(14 C3(Av, 3], % )= G, (¥ — Av) = C, (%, — Av))+min(fy, ], 13 )x
X(Cl(AV)+C3(O» 1»5') C3(0 Av, Vl) C3(O,Av,\72))]}/u,

while Av,

defined as the same as in (11).
One takes into account that the signal function S(/',%)

where ) =1-1,, Ci(x), and Cy(x,y,z) are

reaches the absolute maximum at the point (l('),O), while the

realizations of the noise function are continuous with the
probability 1. Then the output signal-to-noise ratio (SNR)
for the algorithm (9) can be determined as [7], [8]

u Iog* min(l |Av|) 25)
1+(1+¢)

, 81,0

(Vo)

From (25), it follows that the SNR z?>>1, if the
inequality (3) is satisfied and the value of ¢ is not too small.
In this case, the coordinates of the position of the absolute
maximum of the functional M (',%) are located in a small

8-neighborhood of the point (/5,0). With z*

increasing
( 22 5w ), the size of this neighborhood
S:max(ll'—l(’)|,|\7'|)—>0 [8], [16], and for the signal
function and the correlation function of the noise function

(24), the following asymptotic representations can be
applied:

S(7.7)= 5, +5,(7)+ 5,(7) + o).

. (26)
<N(l{,7)N(lz' )> [Rl(l1 12)+R2 .,%) ]/;H—o
where 1'= I'=1,
So = lhgmin(L[Av), S, (7): —qmin(1,|Av|)‘l~",
S, (‘7): —6116|‘7|,
R, (IN{,lNz' ): [1 + (1 + q)2 ]min(l,|Av|)min(l~1’,l~2'),
27)

R (5,5%) = g [ min0 [ - 40f) + min, |75 — a0f) - - 57| ]+
+1g(2+ ¢)[1+min(0,7,%, ) - max(0,7, % ) +
+ G (Av) = C5(0,40,7) - G5 (0,4, )]

and o(8) denotes the higher-order infinitesimal terms

compared with 3.
As it is described in [18], one moves from (9) to the
difference functional

A7 7)=[m 7)1, s

where M,=M (0,0) is the asymptotically (with p. ., (3)
increasing)  Gaussian random  variable with  the
characteristics (M 0) =Sy <M H > =g’

o’ = I [1 + (1 + q)2 ]min(1,|Av|)/u , so the missing probability

(23) can be written in the form

B=P[  sup A(N’,V)< (€=M,)/c|ve = vp]. (28)

76[ 10—7\2,10—7\1 ’

75[ @1*"02 :@2 —vo2 ]

From (26), (27), it follows that under & — 0 the first two

moments of the functional A(ZN',V’) are determined as

<A(N’,V’)> = 8, (7} Ss (7)+ 0(6).

(29)
(7)o o) -
:BA1(11312)+ BAz(vl’Vz)'FO(S)’
Where
Sl ):_ZM/ZO’ Sar(V =—Z|V|/m1n( |Av|)

()—HH\)

"o i <0,
(30)

BAZ(;I' 942)

1 m1n(|v1||v2|) Vi

and z is the SNR (25).

S
\%

0,
<0,
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One should take into consideration the statistically

independent Gaussian random processes 7 (7), r (V') with
mathematical ~ expectations  (30) <r1 (l )> S Al(l ) ,
<r2 (7)) = 5,,(") and correlation functions (30)

<[Vlll rlll ][rl < >]> BAl(llJz)
<[’”2 2 ]>:BA2(;1'55)~

If 8 >0, then the characteristics (29) of the functional

’”2 V1 ][’”2 2

A(N’,V) coincide with the corresponding characteristics of
the sum of (l )+ rz( ) Therefore, under conditions of high

a posteriori accuracy, when z?>>1 (25), the probability
(28) can be approximately represented as follows [19]

B~ P[ sup rl(f)+ sup r2(17)<(E—M0)/6]=
Te[-5.,5] ve[-5,8]
¢/o ¢/o-u

= J-wo J-Fl Clo—u—x)w,(x)dx |du.

Wz(x):

Fy(x)=P[ s[up ]r2 ()< x] are the distribution functions
v'e|-8,8

€2))

dFy(x)/dx ,  F(x)=P[ sup rl( )<x] :
I'd-5.5]

Here

of the absolute maxima of the random processes rl(f) and
rz( ) while

u) = exp[— (u - z)2 /2]/@

(32)

is the probability density of the random variable M /c . In
(31), one takes into account that if x<0, then w, (x):O
and Fl(x):O as rl(O): 0 and rz(O): 0.

According to (29), (30), the values of the Gaussian process
rl(f) (r,(v")) at the intervals [-8,0] and (0, 6] are not

correlated and, therefore, they are statistically independent.
Then

F(x)= Fy(x) Fa(x),

where

Fz(x): F21(x)F22(x),

(33)

FH() P[ sup rl(l)<x] Flz(x):P[ sup r1(7)<x],

Te[-5,0] 7€(0,3]
(34)
F21(x): P[ sup rz(§’)< x], Fzz(x): P[ sup ”2(‘7’)< x]
Ve[-8,0] ve(0,5]

Now it is time to introduce the random processes
All(T):x_ﬁ(_f) > AZI(V’):X_FZ(_V') )
Alz(l'):x_”l(f) > Azz(v):x_”z(v) > NE[OaS]
Ve [0,8]. From (29), (30), it follows that the processes
A7), A7), =12, while 720, 720, satisfy the

conditions of the Doob’s theorem [17] and they are
Gaussian Markov processes with the drift coefficients

a; =z[Ily aw-:Z/rnin(l,|Av|) and the diffusion
coefficients b, =1/1; bvizl/min(1,|Av|) , i=12

Moreover, according to [18], [19], the desired distribution
functions (34) can be represented in the form

Fii( ) P[ sup Alz(l)>0 lez y’ dy:
T'el0,5]

FZi(x): P S‘[lp]Azi(W)> 0]= '[Wzi(y» S)dy )
v'el0,8 0

where the probability densities wli( ,7), w2i( ,\7) are
determined from the solution of the direct Fokker-Planck-
Kolmogorov equation [14] with the drift coefficients a;;,

a,; and the diffusion coefficients b, , b, , while the
starting conditions are wli(y,O):wzl-(y,O):8(x—y) and
the boundary conditions are
wy; (O,?)z wy; (oo,?): Wy (0,57) = wy (0,7) = 0 After
solving these equations and integrating the found solutions

as described, for example, in [18], taking into account (33),
one obtains

F](x)=f(X,an,bn)f(X,a;z,blz),
Fz(x):f(xsavlabvl)f(xsavzsbvz)=
(35)
Wz(x): g(xsavlsbvl)f(xsavzsbvz)"‘
+g(x’av2’bv2)f(x’av1’bv1)’

if x>0,and F(x)=F(x)=0, w,(x)=0,ifx<0. Here
O+x 2ax ad—x
ap)=af B [_jq{_]
f(xa ) (\/ﬁ] exp| b %

(36)
2a { 2axj (aﬁ x {
—ex 1
b

a8+x
208 |
In practice, the calculation of the probability (23) by the

formula (31) using (35), (36) is very difficult (as the value
of & cannot be exactly determined). However, if condition

glx,a,b)=

22 >>1 (25) holds, then in (35), without any significant
loss in accuracy, one can use the asymptotic approximations
of the functions (36) of the form [18]
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f(x,a,b)=1-exp(-2ax/b),
g(x,a,b)=(2a/b)exp(-2ax/b).
By substituting (37) into (35) and then (32), (35) into (31)

with subsequent integration by the variables x, u, after all
the corresponding transformations, one gets

B~ ‘D(g - zj + 4(62 -% + 1j exp{2z(22 -gﬂ x
x cp(% - 3zj + [2022 —4%2 - 5} exp[4z[3z —%ﬂ x  (38)
x CD(% —52) - \lé_i exp{— (¢ —zof } .

267
The accuracy of the formula (38) increases with p .. (3)
and z (25).

(37

5. THE SIMULATION RESULTS

In order to determine the errors in the approximate
formulas obtained for the characteristics of the synthesized
detection algorithm, the statistical computer simulation of
the detector (9) operation is carried out [20].

In the simulation process, over the interval 7 e [0,1] (10)
the samples y,, = y(T?k,va)\/T/_NO (10) are formed at
the discrete points in time 7 =kA7 , k=0,int{1/A7
for each of the values of v, =0,+(m+1/2)AV ,

and

sz,int{(@z —(:)1) AV—I} belonging to the normalized
band center v (10), as described in [18], [21]. Further, using
the generated samples y,, , within the intervals [7\1,7\2],
[(E)l,(:)z] , the  samples M =M1(ln,vm) ,
M,, (ln,vmo) of the random field Ml(l,v) and the
random process M,(/) (10) are calculated with the
discretization steps Al and AV by the variables / and v,
respectively. Here [, = /N\l +nAl, n= (),int{(/N\2 _7\1) Al}
, and the value m, corresponds to the frequency v, so

Ve = O+ moAV =y,

The discretization steps are chosen to be equal to
AT =0.05/p,,, by the variable 7 and to be equal to
Al =Av=0.01 by the variables / and v. As a result, the
relative standard error of the stepwise approximation of the
functional M(/,v) (9) based on the generated samples,
calculated by the technique proposed in [19], does not
exceed 10 %.

As an empirical estimate of the false alarm probability a
(12), there is used the relative frequency of exceeding the
threshold ¢ (9) by the greatest samples out of the decision
statistic samples M,, =M (ln,vm) in the absence of the

abrupt change in the random process &(t) (1) band center.

As an empirical estimate of the missing probability § (23),
there is taken the relative frequency of not exceeding the
threshold ¢ (9) by the greatest sample out of the decision
statistics samples M,, in the presence of the abrupt
change in the random process band center.

In Fig.2. and Fig.3., some simulation results and the
corresponding theoretical curves are presented. In order to

realizations of
x(t) (4) are processed under /~\1=0.1, /~\2=0.9,

C:)l=8, (:52=12, Vo =9.5. All of this allows us to

provide such deviation of the confidence interval boundaries
from the obtained experimental data that is not greater than
15 % with the probability 0.9.

In Fig.2., by solid lines the theoretical dependences are
presented of the false alarm probability o upon the threshold
¢ calculated by the formulas (18), (20), (22). Curve 1 is
plotted for u=100, ¢=0.25; curve 2 is plotted for
p=200, ¢g=0.25; curve 3 is plotted for n=200, ¢g=1.
The corresponding experimental values of the false alarm
probability are drawn by squares, crosses, and rhombuses.
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Fig.2. The false alarm probability.
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Fig.3. The missing probability.
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In Fig.3., by solid lines, the theoretical dependences are
presented of the missing probability B upon the value of the
parameter g (11) calculated by the formula (38). The
threshold value ¢ is calculated by means of (18), (20),
(22) according to the Neumann-Pearson criterion for the

chosen level of false alarm probability that is 107 in this
case. Curve 1 is plotted for p=100, /,=0.5, |Av|:1;
curve 2 is plotted for p=200, /, =0.5, |Av| =0.5; curve
3 is plotted for ©=200, /,=0.5, |Av|=1; curve 4 is
=100 , [,=025 , |[A=1 . The
corresponding  experimental values of the missing
probability are drawn by squares, crosses, rhombs, and
circles.

From Fig.2. and Fig.3., it follows that the theoretical
dependences obtained for the probability o that are (18),
(20), (22) and for the probability  that is (38) are in good
agreement with the experimental data, at least in the case
defined by p_ ;. =25, ¢>0.1, A;>0.1, A,<09.

plotted for

6. CONCLUSIONS

Based on the results obtained, the following conclusions
can be made.

1. The developed algorithm applying the maximum
likelihood method for detecting the unknown abrupt change
in the random process band center in the conditions of the
fast fluctuations of the observable data realization allows
such hardware implementation that is significantly simpler
than the ones that are required by the algorithms obtained by
means of the common approaches.

2. The characteristics of the algorithm for detecting the
unknown abrupt change in the fast-fluctuating random
process band center can be analytically calculated with the
help of the multiplicative and additive generalizations of the
local Markov approximation method adapted for the case of
several unknown discontinuous parameters. And it should
be noted that the quality of the algorithm for detecting the
abrupt change is better, the earlier the abrupt change time
occurs and the greater is the difference (within the random
process bandwidth) between the center frequencies before
and after the abrupt change. If the difference between the
center frequencies before and after the abrupt change
exceeds the random process bandwidth, then the detection
quality does not improve with its further increase.

3. The presented theoretical results deal with a wide range
of the random process parameter values and as such are in
good agreement with the corresponding experimental data
obtained by means of statistical computer simulation.

4. As it can be seen from the additional analysis, the
detectors synthesized on the basis of the proposed approach
can also be used, and without any significant loss in
performance, in case when receiving fast-fluctuating non-
Gaussian random processes with the unknown abrupt
change in the band center.

The devices specified above can be effectively
implemented by means of modern digital signal processors
or field-programmable gate arrays [22].
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