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Annotation
This articles about is  approaches to creation of video analytics infor-

mation-measuring systems  and presented own method of creation of sys-
tem of automatic identification of emergency situations, on the basis of an
assessment of a vector of the measured parameters by means of fuzzy mod-
els. The main stages of processing of video sequence by means of the
offered method are presented. In this articles presented moving object
detection methods. The method of representation of life cycle of mobile
object consisting of consecutive transition of object from the phase "emer-
gence" in the phase "maintenance" with the subsequent exit of object from
an observed zone - the phase "disappearance" is offered.

The method of obtaining parameters of a situation consisting in con-
secutive allocation from a set of mobile objects, a set of the interesting
objects, identification of the interesting objects, definition of a trajectory of
the received objects and determination of parameters on trajectories of their
movement is offered. The method of the interesting objects detection based
on use of a vector of signs which components possess low computing com-
plexity is presented. The method of creation of the vector of signs used for
identification of the interesting objects is offered.

The method of allocation and classification of the emergency situations
based on use of fuzzy logic and creation of the indistinct models construct-
ed for an assessment of the measured parameters characterizing a situation
is offered. It is presented a vector of the parameters used for an assessment
of situations, and classification a component of a vector of parameters on
scales of measurements is also given.

The method of construction and updating, the used models is offered.
Criteria for evaluation of accuracy, classification of the found emergency sit-
uation are offered. The method of a defazzifikation of decisions on type
supernumerary the situations received as a result of work of the offered
models is offered. Methods of classification of an emergency situation as
services which can be used for elimination of this situation are offered.

Presented advantages of use of the offered approach to creation of
information and measuring system of classification of a situation in an
observed zone are presented and results of experiments are given.

Keywordds: video analytics, anomaly detection, information-measuring
systems, emergency situation detection, fuzzy models, decision theory.
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Àííîòàöèÿ
Â ñòàòüå ïðåäñòàâëåíû îñíîâíûå ïîäõîäû ê ïîñòðîåíèþ èíôîðìàöè-
îííî-èçìåðèòåëüíûõ ñèñòåì âèäåîíàëèòèêè è ïðåäëîæåí ñîáñòâåí-
íûé ìåòîä ïîñòðîåíèÿ ñèñòåìû àâòîìàòè÷åñêîãî âûÿâëåíèÿ íåøòàò-
íûõ ñèòóàöèé, íà îñíîâå îöåíêè âåêòîðà èçìåðÿåìûõ ïàðàìåòðîâ ïðè
ïîìîùè íå÷¸òêèõ ìîäåëåé. Ïðåäñòàâëåíû îñíîâíûå ýòàïû îáðàáîòêè
âèäåîïîñëåäîâàòåëüíîñòè ïðè ïîìîùè ïðåäëîæåííîãî ìåòîäà. Ïðåä-
ñòàâëåíû ìåòîäû âûäåëåíèÿ ïîäâèæíûõ îáúåêòîâ. Ïðåäëîæåí ìåòîä
ïðåäñòàâëåíèÿ æèçíåííîãî öèêëà ïîäâèæíîãî îáúåêòà ñîñòîÿùèé èç
ïîñëåäîâàòåëüíîãî ïåðåõîäà îáúåêòà èç ôàçû "ïîÿâëåíèÿ" â ôàçó
"ñîïðîâîæäåíèå" ñ ïîñëåäóþùèì âûõîäîì îáúåêòà èç íàáëþäàåìîé
çîíû - ôàçà "èñ÷åçíîâåíèå".  
Ïðåäëîæåí ìåòîä ïîëó÷åíèÿ ïàðàìåòðîâ ñèòóàöèè, çàêëþ÷àþùèéñÿ â
ïîñëåäîâàòåëüíîì âûäåëåíèè èç ìíîæåñòâà ïîäâèæíûõ îáúåêòîâ,
ìíîæåñòâà èíòåðåñóþùèõ îáúåêòîâ, èäåíòèôèêàöèè èíòåðåñóþùèõ
îáúåêòîâ, îïðåäåëåíèè òðàåêòîðèè ïîëó÷åííûõ îáúåêòîâ è îïðåäåëå-
íèè ïàðàìåòðîâ ïî òðàåêòîðèÿì èõ äâèæåíèÿ.  Ïðåäñòàâëåí ìåòîä
èäåíòèôèêàöèè èíòåðåñóþùèõ îáúåêòîâ, îñíîâàííûé íà èñïîëüçîâà-
íèè âåêòîðà ïðèçíàêîâ, êîìïîíåíòû êîòîðîãî îáëàäàþò íèçêîé âû-
÷èñëèòåëüíîé ñëîæíîñòüþ. Ïðåäëîæåí ìåòîä ïîñòðîåíèÿ âåêòîðà
ïðèçíàêîâ, èñïîëüçóåìîãî äëÿ èäåíòèôèêàöèè èíòåðåñóþùèõ îáúåê-
òîâ.
Ïðåäëîæåí ìåòîä âûäåëåíèÿ è êëàññèôèêàöèè íåøòàòíûõ ñèòóàöèé,
îñíîâàííûõ íà èñïîëüçîâàíèè íå÷¸òêîé ëîãèêè è ïîñòðîåíèè íå÷¸òêèõ
ìîäåëåé, ïîñòðîåííûõ äëÿ îöåíêè èçìåðåííûõ ïàðàìåòðîâ, õàðàêòå-
ðèçóþùèõ ñèòóàöèþ. Ïðåäñòàâëåí âåêòîðà ïàðàìåòðîâ, èñïîëüçóåìûõ
äëÿ îöåíêè ñèòóàöèé, à òàê æå ïðèâåäåíà êëàññèôèêàöèÿ êîìïîíåíò
âåêòîðà ïàðàìåòðîâ ïî øêàëàì èçìåðåíèé. 
Ïðåäëîæåí ìåòîä ïîñòðîåíèÿ è àêòóàëèçàöèè, èñïîëüçóåìûõ ìîäå-
ëåé. Ïðåäëîæåíû êðèòåðèè îöåíêè òî÷íîñòè, êëàññèôèêàöèè îáíàðó-
æåííîé íåøòàòíîé ñèòóàöèè. Ïðåäëîæåí ìåòîä äåôàççèôèêàöèè ðå-
øåíèé î òèïå íåøòàòíîé ñèòóàöèé, ïîëó÷åííûõ â ðåçóëüòàòå ðàáîòû
ïðåäëîæåííûõ ìîäåëåé. Ïðåäëîæåíû ìåòîäû êëàññèôèêàöèè íå-
øòàòíîé ñèòóàöèè ïî òèïó ñëóæá, êîòîðûå ìîãóò áûòü èñïîëüçîâàíû
äëÿ ëèêâèäàöèè äàííîé ñèòóàöèè.
Ïðåäñòàâëåíû äîñòîèíñòâà èñïîëüçîâàíèÿ ïðåäëîæåííîãî ïîäõîäà ê
ïîñòðîåíèþ èíôîðìàöèîííî-èçìåðèòåëüíîé ñèñòåìû êëàññèôèêà-
öèè ñèòóàöèè â íàáëþäàåìîé çîíå è ïðèâåäåíû ðåçóëüòàòû ýêñïåðè-
ìåíòîâ.
Êëþ÷åâûå ñëîâà:
Âèäåîàíàëèòèêà, îáíàðóæåíèå íåøòàòíûõ ñèòóàöèé, èíôîðìàöèîííî-
èçìåðèòåëüíûå ñèñòåìû, êëàññèôèêàöèÿ íåøòàòíûõ ñèòóàöèé, íå÷¸ò-
êèå ìîäåëè, òåîðèÿ ïðèíÿòèÿ ðåøåíèé.

СИСТЕМА ПОДДЕРЖКИ ПРИНЯТИЯ РЕШЕНИЙ ЗАДАЧ
СИТУАЦИОННОЙ ВИДЕОАНАЛИТИКИ
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С
èòóàöèîííàÿ âèäåîàíàëèòèêà (situation video ana-
lytics) îáû÷íî ïðèìåíÿåòñÿ äëÿ ðàñïîçíàâàíèÿ
òðåâîæíûõ ñèòóàöèé, ñâÿçàííûõ ñ ïîâåäåíèåì

ëþäåé, ñ äâèæåíèåì òðàíñïîðòíûõ ñðåäñòâ, ñ âîçíèêíî-
âåíèåì ïîæàðà è ò.ï.

Ðàçëè÷àþò ñëåäóþùèå ñïîñîáû íàñòðîéêè âèäåîàíà-
ëèòèêè äëÿ àâòîìàòè÷åñêîãî ðàñïîçíàâàíèÿ òðåâîæíûõ
ñèòóàöèé:

1. íà îñíîâå ïðàâèë (rule-based video analytics), â êî-
òîðîì ïîëüçîâàòåëü çàðàíåå îïðåäåëÿåò ïðàâèëà, îïðå-
äåëÿþùèõ òðåâîæíûå ñîáûòèÿ. Íàïðèìåð, ïîëüçîâàòåëü
ìîæåò çàäàòü çàïðåòíóþ çîíó, ãäå íå ðàçðåøåíî íàõî-
äèòüñÿ ëþäÿì èëè çàïðåòíóþ çîíó äëÿ ïàðêîâêè àâòîìî-
áèëåé. Ñèñòåìà Kipod [1] ÿâëÿåòñÿ ïðèìåðîì ðåàëèçàöèè
ýòîãî ñïîñîáà;

2. íà îñíîâå ñòàòèñòè÷åñêîãî îáó÷åíèÿ (statistical
learning video analytics), â êîòîðîì ñèñòåìà íàêàïëèâàåò
ñòàòèñòè÷åñêèå äàííûå î ïîâåäåíèè îáúåêòîâ è ôîðìè-
ðóåò ñèãíàë òðåâîãè â ñëó÷àå íåñòàíäàðòíîãî ïîâåäåíèÿ.
Êîìïëåêñ CasRetail [2] è âèäåîñåðâåð CasNVR [3] ÿâëÿ-
þòñÿ ïðèìåðîì ðåàëèçàöèè ýòîãî ñïîñîáà.

Â ñòàòüå ïðåäëàãàåòñÿ òðåòèé ñïîñîá, çàêëþ÷àþùèé-
ñÿ â èñïîëüçîâàíèè íå÷åòêèõ ìîäåëåé äëÿ ïîääåðæêè ðå-
øåíèÿ çàäà÷ ñèòóàöèîííîé âèäåîàíàëèòèêè.

Îáùóþ çàäà÷ó ñèòóàöèîííîé âèäåîàíàëèòèêè ìîæíî
ñôîðìóëèðîâàòü ñëåäóþùèì îáðàçîì.

Ñ ïîìîùüþ ïîäñèñòåìû âèäåîíàáëþäåíèÿ ôîðìèðó-
åòñÿ ïîñëåäîâàòåëüíîñòü êàäðîâ 

(âðåìåííîé ñðåç âèäåîïîòîêà, â êîòîðîì p - äëèíà ïî-
ñëåäîâàòåëüíîñòè, äîñòàòî÷íàÿ, äëÿ îöåíêè ïðèçíàêîâ
ñèòóàöèè {x(k)}j , ñîñòàâëÿþùèõ ñèãíàòóðó* Xj(k)) ñ èçî-
áðàæåíèÿìè êîíòðîëèðóåìîé çîíû, êîòîðàÿ ïîñòóïàåò íà
âõîä ïîäñèñòåìû âèäåîàíàëèòèêè (ÏÂÀ).

Ïåðâîé çàäà÷åé ÏÂÀ ÿâëÿåòñÿ áûñòðîå îáíàðóæåíèå
â ïîñëåäîâàòåëüíîñòè Ωk ïîäâèæíûõ îáúåêòîâ gk gk∈Gk,
íàõîäÿùèõñÿ â ìîìåíò âðåìåíè k â íàáëþäàåìîé çîíå:

Âòîðîé çàäà÷åé ÏÂÀ ÿâëÿåòñÿ ðàñïîçíàâàíèå âî ìíî-
æåñòâå Gk ïîäìíîæåñòâà èíòåðåñóþùèõ îáúåêòîâ

ìîùíîñòè n

Ïðè ýòîì

ãäå H - çàäàííîå ìíîæåñòâî òèïîâ èíòåðåñóþùèõ
îáúåêòîâ.

Òðåòüåé çàäà÷åé ÏÂÀ ÿâëÿåòñÿ èäåíòèôèêàöèÿ èíòå-
ðåñóþùèõ îáúåêòîâ, òî åñòü íàçíà÷åíèå êàæäîìó bj∈Bk

èäåíòèôèêàòîðà, íàïðèìåð, èíäåêñà j.

Ýòî íàèáîëåå ñëîæíûé êîìïîíåíò ñèñòåì âèäåîàíà-
ëèòèêè*, ïîýòîìó äëÿ îáåñïå÷åíèÿ ðàñïîçíàâàíèÿ ñèòóà-
öèé â àâòîìàòè÷åñêîì ðåæèìå, òðåáóåòñÿ âûáðàòü òàêîé
ìåòîä èäåíòèôèêàöèè, êîòîðîé îáëàäàë áû ìèíèìàëüíîé
âðåìåííîé ñëîæíîñòüþ.

×åòâåðòîé çàäà÷åé ÏÂÀ ÿâëÿåòñÿ ñëåæåíèå çà èíòå-
ðåñóþùèìè îáúåêòàìè, êîòîðîå ïîçâîëÿåò ïîëó÷èòü ÷à-
ñòíóþ òðàåêòîðèþ äâèæåíèÿ îáúåêòà êàê â ïîëå çðåíèÿ
îäíîé êàìåðû, òàê è îáîáùåííóþ òðàåêòîðèþ ïî äàííûì
ñðàçó íåñêîëüêèõ êàìåð*:

Ïÿòîé çàäà÷åé ÏÂÀ ÿâëÿåòñÿ îïðåäåëåíèå ñèãíàòóðû
Xj(k) (õàðàêòåðíûå ïðèçíàêè ñèòóàöèé):

è îöåíêà ñèòóàöèè σj(k)∈∑ ïî ñèãíàòóðå Xj(k):

ïðè÷åì ìíîæåñòâî ∑ çàäàíî àïðèîðè.

Îñíîâíûì êðèòåðèåì êà÷åñòâà ïîëó÷àåìîé îöåíêè
ÿâëÿåòñÿ äîñòîâåðíîñòü, êîòîðóþ ìîæíî âûðàçèòü êàê
ìèíèìóì îøèáêè êëàññèôèêàöèè ñèòóàöèé

ãäå ρ(⋅) - ìåòðèêà, ïîçâîëÿþùàÿ ñðàâíèâàòü îöåíêó
ñèòóàöèè

ñî çíà÷åíèåì ðåàëüíîé ñèòóàöèè

è îòâå÷àþùåå óñëîâèþ
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* Совокупность характерных признаков ситуаций,

используемых для их классификации.
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* Современные системы позволяют идентифицировать людей

по биометрическим признакам лица или транспортные средства -

по номерным знакам.
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* Такое слежение (tracking)  необходимо, чтобы проанализировать

поведение объекта по его траектории, например,

определить движение с повышенной скоростью.
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â êîòîðîì d - îøèáêà - "ðàññòîÿíèå" ìåæäó

Ïåðâàÿ çàäà÷à ðåøàåòñÿ â ðåæèìå èíèöèàëèçàöèè
ÑÏÐ ìåæêàäðîâîé îáðàáîòêîé, â êîòîðîé ôîðìèðóåòñÿ
íà÷àëüíàÿ ìîäåëü ôîíà íàáëþäàåìîé ñöåíû

ãäå Ij - j-å ìíîæåñòâî ïèêñåëîâ èçîáðàæåíèÿ íàáëþ-
äàåìîé ñöåíû, n - ðàçìåð îêíà ôèëüòðàöèè èçîáðàæå-
íèé.

Çàòåì íà ôîí íàêëàäûâàåòñÿ ìàñêà, ò.å. äåëàåòñÿ
ðàçìåòêà íàáëþäàåìîé çîíû, ðàçãðàíè÷èâàþùàÿ îò-
äåëüíûå ó÷àñòêè, ðàçëè÷àþùèåñÿ ïðàâèëàìè ïîâåäåíèÿ
â íèõ ïîäâèæíûõ îáúåêòîâ: C=M(B0), êîîðäèíàòû M(B0)

ñîõðàíÿþòñÿ â ïàìÿòè áàçû äàííûõ ñèñòåìû ïîääåðæêè
ðåøåíèÿ (ÑÏÐ).

Â ðàáî÷åì ðåæèìå äëÿ êàæäîãî èíòåðåñóþùåãî îáú-
åêòà hi(Si,pj)∈Hk ðàçëè÷àþòñÿ òðè ôàçû: 1) ïîÿâëåíèå
(ðîæäåíèå) îáúåêòà â íàáëþäàåìîé çîíå; 2) ñîïðîâîæäå-
íèå îáúåêòà; 3) èñ÷åçíîâåíèå (óõîä) îáúåêòà.

Â ôàçå "ïîÿâëåíèå" ìàòðèöà ôîíà ïåðèîäè÷åñêè îá-
íîâëÿåòñÿ

ãäå k - òåêóùèé ìîìåíò äèñêðåòíîãî âðåìåíè, F - îïå-
ðàòîð ìåäèàííîé ôèëüòðàöèè.

Ìíîæåñòâî Gk ïîäâèæíûõ îáúåêòîâ îïðåäåëÿåòñÿ
âû÷èòàíèåì ôîíà Bk:

ãäå - îòôèëüòðîâàííûé îáðàç íàáëþäàåìîé
ñöåíû.

Ìíîæåñòâî Нk èíòåðåñóþùèõ îáúåêòîâ (ðåøåíèå
âòîðîé çàäà÷è) âûäåëÿåòñÿ èç ìíîæåñòâà Gk ñëåäóþùèì
ñïîñîáîì.

Â êàæäîé ïîëó÷åííîé ìàòðèöå Ωk ìåòîäîì ñåãìåíòà-
öèè  âûäåëÿþòñÿ îáúåêòû ωi (Si)∈Gk , îñíîâíîé õàðàêòå-
ðèñòèêîé êîòîðûõ ÿâëÿåòñÿ îòíîñèòåëüíàÿ ïëîùàäü  , êî-
òîðóþ çàíèìàåò îáúåêò ωi (Si) íà íàáëþäàåìîé ñöåíå Ωk.
Â áàçå ïðàâèë ÑÏÐ õðàíÿòñÿ øàáëîíû 

è ïðàâèëà âûäåëåíèÿ èíòåðåñóþùèõ îáúåêòîâ:

ãäå çíàê ∇ îçíà÷àåò ñèììåòðè÷åñêóþ ðàçíîñòü äâóõ
ìíîæåñòâ ïèêñåëåé, îäíî Si - ñåãìåíòèðîâàííàÿ îáëàñòü
èçîáðàæåíèÿ, âòîðîå  

-  îáëàñòü øàáëîíà

Òðåòüþ çàäà÷ó, ýôôåêòèâíîñòü ðåøåíèÿ êîòîðîé íà-
ïðÿìóþ çàâèñèò îò âðåìåííîé ñëîæíîñòè èñïîëüçóåìîãî
àëãîðèòìà, ïðåäëàãàåòñÿ ðåøèòü ñëåäóþùèì îáðàçîì.

Ïðè íàëè÷èè â ìàòðèöå Hk íåñêîëüêèõ îáðàçîâ hi(Si)

èíòåðåñóþùèõ îáúåêòîâ, ïðèíàäëåæàùèõ îäíîìó êëàññó,
ò.å. êîòîðûì ñîîòâåòñòâóåò îäèí è òîò æå øàáëîí

âûïîëíÿåòñÿ èäåíòèôèêàöèÿ òàêèõ îáðàçîâ, äëÿ òîãî
÷òîáû ðàçëè÷àòü èõ ïîâåäåíèå â íàáëþäàåìîé çîíå. Äëÿ
ýòîãî äëÿ êàæäîé ïàðû ñõîæèõ îáðàçîâ, îïðåäåëÿþòñÿ è
ïîñëåäîâàòåëüíî ñðàâíèâàþòñÿ îäíè è òå æå ïàðàìåòðû:
p1 - ôîðìà ñåãìåíòèðîâàííûõ îáëàñòåé, p2 -öâåò, p3 - ÿð-
êîñòü, p4 - íàïðàâëåíèå äâèæåíèÿ è äð.

Ïîñëå íàõîæäåíèÿ ïàðàìåòðà ðàçëè÷èÿ 

ñðàâíåíèå ïðåêðàùàåòñÿ è êàæäîìó îáðàçó ïðèñâàè-
âàåòñÿ ñâîé èäåíòèôèêàòîð hi (Si, pi): 

- ïðîöåäóðà ïîèñêà ðàçëè÷íûõ ïàðàìåòðîâ îáðàçà
îáúåêòîâ hi(Si), hj(Sj).

Åñëè æå â ìàòðèöå Hk íåò ñõîæèõ îáðàçîâ

ýòîò ýòàï îïóñêàåòñÿ. Îáà ïðàâèëà (3) è (4) âûïîëíÿ-
þòñÿ äî òåõ ïîð, ïîêà â ìíîæåñòâå Ωk íå îáíàðóæèòñÿ  íè
îäíîãî íîâîãî îáúåêòà.

Äëÿ ðåøåíèÿ â ôàçå "ñîïðîâîæäåíèå" ÷åòâåðòîé çà-
äà÷è ïðåäëàãàåòñÿ ñëåäóþùèé àëãîðèòì.

1. Íà ïîñòðîåíèå òðàåêòîðèè íàêëàäûâàåòñÿ îãðàíè-
÷åíèå - ïîèñê îáðàçà ïðîâîäèòñÿ â îãðàíè÷åííîé îáëàñ-
òè - ïîëóêðóãå â íàïðàâëåíèè äâèæåíèÿ îáúåêòà, äèàìåòð
êîòîðîãî îïðåäåëÿåòñÿ ìàêñèìàëüíîé âîçìîæíîé ñêîðî-
ñòüþ äâèæåíèÿ. 

2. Âûáîð îáðàçà hi(Si,pj)k+1 íà ñëåäóþùåì êàäðå ïðî-
èçâîäèòñÿ íà îñíîâå ñîâïàäåíèÿ ïàðàìåòðîâ â ìåòðèêå 
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ãäå c(hi(Si,pj)k+1) - êîîðäèíàòû öåíòðà îãðàíè÷èâàþ-
ùåé îáðàç hi(Si,pj)k+1 ôèãóðû (øàáëîíà).

Äëÿ ó÷åòà èçìåíåíèÿ ïàðàìåòðà (Si)k+1 ïî ìåðå óäàëå-
íèÿ îò ãðàíèöû çîíû, ñ êîòîðîé îáðàç hi(Si,pj)0 ïîÿâèëñÿ,
ïðåäóñìîòðåíî ñîîòâåòñòâóþùåå èçìåíåíèå ïàðàìåòðà 

øàáëîíà.

3. Öåíòð c(hi(Si,pj)k+1) i-ãî îáðàçà ïåðåìåùàåòñÿ â
òî÷êó c(hi(Si,pj)k+1). Ïîñëå ýòîãî ïðîöåäóðà ïîâòîðÿåòñÿ
ïðè ôèêñèðîâàíèè â ïàìÿòè íîâîãî êàäðà.

Äëÿ ðåøåíèÿ ïÿòîé çàäà÷è âû÷èñëÿåòñÿ ñèãíàòóðà.
Íàïðèìåð, â çàäà÷àõ, â êîòîðûõ êîíòðîëèðóåìîé çîíîé
ÿâëÿåòñÿ àâòîäîðîãà, ïðèçíàêàìè ñèòóàöèé ìîãóò áûòü: à)
çíà÷åíèÿ êîëè÷åñòâåííûõ ïåðåìåííûõ (õ1 - ðàññòîÿíèå
ìåæäó îáúåêòàìè; õ2 - êðàòêîâðåìåííîå óñêîðåíèå
òðàíñïîðòíîãî ñðåäñòâà; õ3 - ñîñòàâëÿþùàÿ ñêîðîñòè
äâèæåíèÿ òðàíñïîðòíîãî ñðåäñòâà â ïîïåðå÷íîì îñíîâ-
íîìó äâèæåíèþ íàïðàâëåíèè; õ4 -ñêîðîñòü äâèæåíèÿ
òðàíñïîðòíîãî ñðåäñòâà), çíà÷åíèÿ ëîãè÷åñêèõ ïåðåìåí-
íû (õ5 - ïðåñå÷åíèå òðàíñïîðòíûì ñðåäñòâîì îñåâîé
ðàçìåòêè äîðîãè, õ6 - íàëè÷èå ïåøåõîäà íà ïåðåõîäå "çå-
áðà", õ7 -  íàåçä íà ðàçìåòêó ïåðåõîäà, õ8 - íàëè÷èå êðàñ-
íîãî ñèãíàëà ñâåòîôîðà âïåðåäè íàïðàâëåíèÿ äâèæåíèÿ
òðàíñïîðòíîãî ñðåäñòâà; õ9 - ïðåâûøåíèå õ4 äîïóñòèìî-
ãî çíà÷åíèÿ; õ11 - ñòîÿíêà òðàíñïîðòíîãî ñðåäñòâà â íå-
ïîëîæåííîì ìåñòå), çíà÷åíèÿ êà÷åñòâåííûõ ïåðåìåííûõ
(õ12 - ïîÿâëåíèå ñîñòàâëÿþùåé ñêîðîñòè äâèæåíèÿ, â
íàïðàâëåíèè òðàåêòîðèè äâèæåíèÿ äðóãîãî òðàíñïîðòíî-
ãî ñðåäñòâà; õ13 - ñîêðàùåíèå ðàññòîÿíèÿ ìåæäó äâóìÿ
òðàíñïîðòíûìè ñðåäñòâàìè ïî îñè, ïåðïåíäèêóëÿðíîé
äâèæåíèþ ýòèõ ñðåäñòâ, õ14 - îòñóòñòâèå îòðèöàòåëüíîãî
çíà÷åíèÿ õ2 ïðè ïðèáëèæåíèè ê ïåðåõîäó) è äð.

Äëÿ îöåíêè çíà÷åíèé ðÿäà ïåðåìåííûõ (íàïðèìåð õ1,
õ3, õ5, õ7, õ12 è äð.) òðåáóåòñÿ äëÿ êàæäîãî hi(Si,pj) ïîñòðî-
åíèå îáðàçà åãî òðàåêòîðèè, óäîâëåòâîðÿþùåå òðåáîâà-
íèþ

ãäå γ(⋅) - ìåòðèêà, îïðåäåëÿþùàÿ ðàçíîñòü öåíòðîâ
îïèñûâàþùèõ îáðàçû (hi(Si,pj)k+1) ôèãóð â ïðîñòðàíñòâå
ïðÿìîóãîëüíûõ êîîðäèíàò ìàòðèöû èçîáðàæåíèÿ ñöåíû,
ôàêòè÷åñêèõ c(hi(Si,pj)k+1) è îïðåäåëåííûõ ïðîöåäóðîé
òðåêèíãà

Â ôàçå "èñ÷åçíîâåíèå" (óõîä îáúåêòà èç íàáëþäàåìîé
çîíû), êîòîðàÿ  íàñòóïàåò ñ ìîìåíòà, êîãäà â õîäå âûïîë-
íåíèÿ òðåêèíãà, ïàðàìåòð (Si)k+1 îáðàçà, ïîïàâøåãî â ïî-

ãðàíè÷íóþ îáëàñòü, óìåíüøàåòñÿ äî çàäàííîãî ïðåäåëà
h(Si), óäàëÿåòñÿ èäåíòèôèêàòîð è ïàðàìåòðû îáðàçà
σ(Si,pj) èç ìíîæåñòâà Hk .

Ó÷èòûâàÿ, ÷òî èç-çà ðàçíîòèïíîñòè ïðèçíàêîâ

è ðàçëè÷íûõ ïîãðåøíîñòåé èõ èçìåðåíèÿ, îíè ïðåä-
ñòàâëåíû íå÷åòêèìè ìíîæåñòâàìè, êëàññèôèêàòîð íå-
øòàòíûõ ñèòóàöèé ïîñòðîåí â âèäå íå÷åòêîé ìîäåëè

ãäå ci j - îáîçíà÷åíèå íå÷åòêîãî ìíîæåñòâà i-îé ëèíã-
âèñòè÷åñêîé ïåðåìåííîé, j - èíäåêñ òåðìà i-îé ëèíãâèñ-
òè÷åñêîé ïåðåìåííîé (j∈ [1,2,3]), h - ÷èñëî íåøòàòíûõ ñè-
òóàöèé, m - îáùåå ÷èñëî ïðèçíàêîâ (ëèíãâèñòè÷åñêèõ ïå-
ðåìåííûõ).

Êàæäàÿ q-ÿ íå÷åòêàÿ èìïëèêàöèÿ ïðåäñòàâëÿåò ñîáîé
íå÷åòêóþ ìîäåëü íåøòàòíîé ñèòóàöèè, ãäå îïåðàöèÿ

ðåàëèçóåòñÿ îïåðàöèåé

à îïåðàöèÿ

ðåàëèçóåòñÿ îïåðàöèåé

Äåôàççèôèêàöèÿ ïîëó÷àåìîãî íå÷åòêîãî âûâîäà âû-
ïîëíÿåòñÿ ñëåäóþùèì îáðàçîì. Â øêàëå [0,1] çíà÷åíèé
ôóíêöèè ïðèíàäëåæíîñòè

îïðåäåëÿåòñÿ óðîâåíü íåîïðåäåëåííîñòè λ(∇x),
èñõîäÿ èç ñóììàðíîé ïîãðåøíîñòè ∇x èçìåðåíèÿ
çíà÷åíèé x(k). Ìàêñèìàëüíûå çíà÷åíèÿ 

óêàçûâàþò íà àêòèâàöèþ òåõ ïðèçíàêîâ xi (k), äëÿ êî-
òîðûõ îíè ïîëó÷åíû. Ïîëó÷åííûé íàáîð {xi (k)} óêàçûâàåò
íà íàëè÷èå ñîîòâåòñòâóþùåé àíîìàëèè αj ñ óâåðåííîñ-
òüþ π.

Îñíîâíîå òðåáîâàíèå, êîòîðîé äîëæíà óäîâëåòâîðÿòü
íå÷åòêàÿ ìîäåëü 

êàê è ëþáàÿ ìîäåëü, ýòî òðåáîâàíèå àäåêâàòíîñòè.
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Ïðåäëîæåí ìåòîä ïîñòðîåíèÿ è àêòóàëèçàöèè òàêèõ
ìîäåëåé, êîòîðûé çàêëþ÷àåòñÿ â ñëåäóþùåì.

1. Ïîëó÷åíèå ãðàíèö èíòåðâàëîâ çíà÷åíèé êàæäîãî èç
ïàðàìåòðîâ x(k) , õàðàêòåðèçóþùèõ êàæäóþ íåøòàòíóþ
ñèòóàöèþ.

2. Óïîðÿäî÷èòü èíòåðâàëû çíà÷åíèé ïî âîçðàñòàíèþ
çíà÷åíèé.

3. Ïåðåâåñòè äàííûå èíòåðâàëû çíà÷åíèé â êà÷åñò-
âåííûå øêàëû, ïîñëåäîâàòåëüíûì ïðèñâîåíèÿì áóêâ â
ïîðÿäêå âîçðàñòàíèÿ.

4. Ïåðåñåêàþùèåñÿ èíòåðâàëû çíà÷åíèé ó÷åñòü ïðè
ïîìîùè ôóíêöèé ïðèíàäëåæíîñòè.

Ïîñòðîåíèå êëàññèôèêàòîðà ñèòóàöèé, îñíîâàííîãî
íà ïðåäëîæåííîì ìåòîäå, âêëþ÷àåò ñëåäóþùèå øàãè.

1. Ìíîæåñòâî âîçìîæíûõ ïîñëåäîâàòåëüíîñòåé çíà-
÷åíèé îïåðàòîðà â ðåæèìå îáó÷åíèÿ ÈÈÑ ðàçáèâàåòñÿ íà
q êëàññîâ (ïî ÷èñëó íåøòàòíûõ ñèòóàöèé, òðåáóþùèõ âû-
çîâà ñïåöñëóæá, äëÿ èõ ëèêâèäàöèè).

2. Êàæäûé êëàññ 

âêëþ÷àåò íåêîòîðûé íàáîð ñèòóàöèé. Íàïðèìåð, D1 -
ñèòóàöèè (σ2 èëè σ3), òðåáóþùàÿ âìåøàòåëüñòâà ïîëèöèè,

D2 - ñèòóàöèÿ (σ3 èëè σ4), òðåáóþùàÿ âûçîâà ñêîðîé ìå-
äèöèíñêîé ïîìîùè, D3 - ñèòóàöèÿ (σ5 èëè σ6), òðåáóþùàÿ
âûçîâà ñëóæáû Ì×Ñ,  D4 - ñèòóàöèÿ (σ7 èëè σ8), òðåáóþ-
ùàÿ âûçîâà îõðàíû.

3. Ñòðîèòñÿ íå÷åòêàÿ ìîäåëü (8), íàïðèìåð, ïî àëãî-
ðèòìàì, ïðåäëîæåííûì â [5].

4. Îïðåäåëèòü âèä è ôîðìó ñîîáùåíèé î íàñòóïëåíèè
ðàñïîçíàííîé íåøòàòíîé ñèòóàöèè â ñîîòâåòñòâóþùóþ
ñëóæáó.

Ïîñòðîåííàÿ òàêèì îáðàçîì ñèñòåìà ïîääåðæêè ïðè-
íÿòèÿ ðåøåíèé çàäà÷ ñèòóàöèîííîé âèäåîàíàëèòèêè îò-
ëè÷àåòñÿ îò èçâåñòíûõ ñëåäóþùèìè îñîáåííîñòÿìè:

1. ñïîñîáíà âûïîëíÿòü ðàñïîçíàâàíèå â àâòîìàòè÷å-
ñêîì ðåæèìå íåøòàòíûõ ñèòóàöèé øèðîêîãî ñîñòàâà,

2. ñïîñîáíà âûäàâàòü ñîîáùåíèÿ î íàñòóïëåíèè êîí-
êðåòíîé íåøòàòíîé ñèòóàöèè â ðåàëüíîì âðåìåíè,

3. ëåãêî íàñòðàèâàåòñÿ íà íàáëþäåíèå êîíêðåòíîé çî-
íû è íà êîíêðåòíûå íåøòàòíûå ñèòóàöèè.

Ýêñïåðèìåíòàëüíûå èññëåäîâàíèÿ îäíîé èç òàêèõ ñè-
ñòåì ïîêàçàëè, ÷òî äîñòîâåðíîñòü ðàñïîçíàâàíèÿ ñèòóà-
öèé, ñêëàäûâàþùèõñÿ íà àâòîäîðîãå, ñîñòàâëÿåò íå
ìåíüøå 95%.
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