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Abstrakt. Distributions of signals probabilities of the movement detector have been
investigated; statistical models of signals have been inobtained in situations when movement is
present in a scanned area and when it is abcent. The nonparametrical rank algorithm of
movement detection and robust algorithm have been synthesized and their working capacity is
investigated.
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In the article [1] the movement detection system is considered, in which passive infrared
movement detector is used. This sensor discovers the changes in the infrared radiation, which arise
with movement of a human or an object, the temperature of which differs from environment
temperature.

As this sensor detects the temperature difference, it can be used for the human motion
detection (fig. 1).
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Fig. 1. The sensor block diagram

The discovered object is a body of a human. Dependently on the temperature difference of the
background and of the discovered object, as well as the speed of object transference, these sensors
are capable of discovering the objects motion on different distances. However, the sensors must be
used in the bounds technical limitations.

The signal investigation of the different sensors of the same types showed, that the noises
probabilities distribution can be approximated by Gauss law, and the signals distribution law from a
motion object depends on the object size and on the signal / noise ratio [1]. With increasing this
correlation the probabilities distribution law changes from Gauss law to exponential law with
increasing parameter of the scale.

In the article [1] parametrical detection movement algorithm is synthesized, which computes
statistics S and compares it with the assumed decision threshold V'

S(X)=Yx1 =2(m +°0)> x, >V (m,k,0,n), (1)
i=l i=1

where m,,c,” A are parameters of the noise and the noise and signal compound distributions;

2

V(m,\,c,n)is the detection threshold, dependent on the noise parameters m,,c,” intensity of

signal A and the sampling size n; x, ,i =1, .., n—are the sample values of the sensor signal.

The advantage of this algorithm lies in the fact that it accounts the shape of the distribution
laws of the sensor signals with or without movement and by it presence. Under this the maximal
efficiency is provided.
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However, such detector demands the adjustment of the detection threshold for every sensor
and for every separate setting. By this the constancy of the false alarm probability is not ensured at
the situation, when the temperature mode or the background lighting are changed.

In fig. 2 the signals of two sensors of the same series in one labor are shown. The figure
shows signal splashes, caused by the movement at the field control. The difference of the reaction
of two sensors under the same conditions is obvious.
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Fig. 2. There are the signals of two movement sensors: BN 5 and BN 110. Vertical axis is the voltage

(Microvolt). Horizonnal axis is the time (Second). The implementations of 270 signal values at the output
described sensors are shown. The section from 12 sec. to 57 sec. conforms to intensive movement in the
sensor zone. The section from 60 sec. to 177 sec. conforms to absence of the movement. The weak
movement was at the section from 180 sec. to 211 sec.: / —BN 5; 2 - BN 110.

The stabilization of the false alarm probability is the most important condition of the
movement control system stability.

Robust and nonparametric decision rules are used for support of the stabilization of the false
alarms probability [3].

Providing stabilization of the false alarm probability the algorithms use two samplings — the
training sampling y,,...y, , which a priori does not contain the signal, caused by movement in the

field of the view, and the sampling x,,...x, , concerning which the hypothesis about the presence of

movement is tested. These samplings are formed at the separate windows, carried away in time or in
space.

As robust, stable for the noise power change algorithm can be suggested, synthesized at the
assumption about the exponential distribution law of the sensor signals

S=-tl_>p, 2)
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where V' is threshold of decision making.

The probabilities distribution density of the statistics (2) does not depend on the distribution
parameter scale in the situation, when a signal movement is absent, that allows us to stabilize false
alarm probability condition of invariable shape of the noise distribution probability law.
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As the nonlinear amplitude characteristic of sensor changes the noise distribution law by its
variance change, the false alarm probability will be changed also. However these changes will be
essentially smaller, than for parametrical algorithm (1).

The application of the rank algorithm is another approach to stabilization of the false alarm
probability.

The rank algorithm computes statistics

5= Z@(Z sign (x —y,)], (3)

i=l1

. = 0; . . .
Where sign(z)= }’ i ; 8’ ¢(r) —1s in general case nonlinear function of rank 7.

2

The statistics of the algorithm (3) is free from distribution of the initial sampling values by
absence of the movement signal. Its mathematical expectation and root mean square error when

¢@(r) = r are determined as [2]
mis}=" ofs) = [ @

In general case with nonlinear @(r)these parameters can be determined by statistical
simulation method.

Using approximation of distribution law of the statistics criterions (1) — (3) by Gauss law with
parameters m {S}, o{S}, the decision making threshold about movement presence in the checked

space with false alarm probability o is determined as
V=m{S}+y,_,0{S}, (5)

where yx, , — is the quantile of normalized normal probabilities distribution of level 1—o..
The processing is realized at “sliding window” mode

k+30 k+30

Ve =1V =D o( D I(x, —y)]), k=30,225;

i=k=30  j=k-30

1, z>0;
I[z]=
0,z<0.

To build the detection algorithms characteristics the mathematical model of the signal/noise
situation is developed. This model accounts the nonlinear nature of the sensor amplitude
characteristic, which forms the normal random process by small signal/noise ratio, and by large
signal/noise ratio it forms the output signal, which probabilities distribution is similar to the
exponential with scale parameter

o, =0t (tb
X_G s+n =0 n( + )’
where b is the signal/noise ratio in power.

As nonlinear amplitude characteristic of amplifier K (x) with such attributes the following
function can be suggested

2x

1+
K(x) =x C+x’

where the factor C determines the steepness of the characteristics.
The obtained detection characteristics of algorithms (1) — (3) are shown in fig. 3.
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For analysis of the robustness of the false alarm probability to the changes of noise power at
the sensor output stability of algorithms characteristics were built by Monte—Carlo method. This

characteristics are shown in fig. 4.

From analysis of the curves (fig. 4) it is seen , that rank algorithm has the best stability of the
false alarm probability. Robust algorithm conserves relatively small change of the false alarm
probability from 0,005 to 0,08 by relative change of the noise power for 7 dB. Parametrical
algorithm practically loses operating qualities under conditions of the change of the noise power.
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Fig. 3. The detection characteristics of three algorithms of sensors movement signals processing:
1 —rank algorithm N = 30, M = 30, F' = 0,005; 2 — invariant algorithm N = 30, M = 30, F = 0,005;
3 — parametrical algorithm N = 30, F'= 0,005

1,2
1.
5.
2 08
=
S
= 06
Z 3
4
£ 04 - [ | ]
2
0,2
1
0

-30 0 3 4,77 6 7
Relative change of the noise power [dB]

Fig. 4. The characteristics of dependence of the false alarm probability on relative change of the noise power:
1 —rank algorithm N = 30, M = 30, F' = 0,005; 2 — robuts algorithm N = 30, M = 30;
3 — parametrical algorithm N = 30
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Conclusions. The rank nonparametric algorithm (3) provides the stability of the false alarm
probability and loses in efficiency to the parametrical algorithm (1) 7,8 dB by detection
probability 0,9.

Robust algorithm (2) conserves relatively small change of the false alarm probability by
change of the noise power, conserving high efficiency of the signal detection from moving object
and losing to the parametrical detector 4,8 dB.
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I. . IIpokonenxo, K. I. ITpoxonenko, O. M. Uypina

PobacTHi ajgropuTMu BHSIBJEHHS PYXy O00’€KTiB y 1oJi 30py CHCTeMH YNPaBJiHHSA
OCBITJICHHAM

JlocniakeHo po3noAiIu HMOBIPHOCTEH CUTHAJIB AaT4MKa pyXy, MOOYJOBAaHO CTATUCTUYHY MOJIENb
CUTHAJIB B CHUTyalllsIX, KOJM pPyX HIPHUCYTHIM B 00JiacTi CKaHyBaHHS, 1 KOJM MOro HeEMae.
CHHTE30BaHO HENmapaMeTPUYHUN PAHTOBUH alrOPUTM BUSIBICHHS pyXy 1 poOacTHUI alropuTm,
JOCIIIKEHO 1X €(PEKTUBHICTb.

. T'. Ilpoxonenko, K. U. IIpokonenko, A. 1. Uypuna

PobacTHble aaroputMbl OOHApy:KeHHs] ABUHKEHHS O0bHEKTOB B II0Jie 3pEHUs] CUCTEeMbI
ylpaBJieHHs OCBellleHHeM

HccnenoBanbl  pacnpelesieHds BEpOSITHOCTEH CUTHAJIOB JaTYMKa JIBMXKEHHS, IOCTpOEHa
CTaTHUCTUYECKYI0 MOJEJIb CUTHAJIOB B CHUTYalUsX, KOTJa JBUXKEHHE MPHUCYTCTBYET B 00iacTu
CKaHUpPOBaHUS, U Korja ero Her. CHUHTE3MpOBaHbl HeMapaMEeTPUYECKUH DPAHTOBBIA aIrOPUTM
oOHapyKeHHUsI IBUKEHUS U poOACTHBIN aIropuT™, ccieaoBaHa ux 3hHeKTUBHOCTb.



