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AHHOTaUA

B cTaThe paccMaTpUBaeTCsl METO/, KOMIIJIEKCUPOBAHUS CUTHAJIOB OT HEPABHOTOYHBIX MHPOPMAI[UOH-
HBIX CUCTEM, OCHOBAaHHBIHM Ha HEYEeTKOM JIOTHKE, 00 beANHSAIOLINH J1Ba NOAX0/A K KOMIIJIEKCUPOBAHHIO:
pacyeT BeCOBBIX KO3QHUIIMEHTOB U OTCeYeHHe JaHHBIX C IIOMOIIbI0 IOPOroBoro 3HaYeHus. [lpesasia-
raeMbli MeTO/{ OCHOBAH Ha HHTEePIpEeTAllMK OCHOBHBIX 3TAllOB HEYETKOI0 BbIBOZA - pa33uduxanu,
BBIYHCJIEHUS Pe3Y/IbTUPYIOIeH QYHKINY IPUHAAJIEKHOCTH U Aepas3uPUKaLUH, U TO3BOJISIET OJHO-
BPEMEHHO OINpeZieATh PEXUM paboThl HHPOPMALMOHHBIX CUCTEM (MX KOMIJIEKCHPOBAaHHE HUJIU UC-
[10JIb30BAaHKE OIHOTO U3 COUETAHUH, ONpeesIsieMOro KpUTEPUSIMU KayecTBa CUTHAJIOB) U BECOBbIE
K03pPUIHEHTBI KOMILIEKCUPYEMBIX CUT'HAJIOB. [IpuBOATCS 0611ast IOCTAaHOBKA 33Jja4yl KOMILJIEKCH-
pPOBaHUS M cXeMa KOMILJIEKCUpOBaHUsA N MHOPMALMOHHBIX cUCcTeM ¢ K KPUTEPUSMH KauecTBa UX
CUTHAJIOB. /lJIs OIleHKH KayecTBa KOMIVIEKCHPOBAHHUS UCIOJIb3yeTCsl KpUTEPUH CpeJjHero KBaApaTHu-
YecKoro OTKJIOHeHUs1. KoMIieKkcHpoBaHKe paccMaTpUBaeTCst Ha IpUMepe 06paGoTKU TPpeX FrapMOHHU-
YeCKHUX CUTHAJIOB, 3aIIyMJIEHHBIX GeJIbIM aJANTUBHBIM IIyMOM. /lJ1s aHa/IM3a KayecTBa KOMILJIEKCHPO-
BAaHMS HCIIOJB3YIOTCS pa3/IMYHble BAapHUAHTHl 3aUIyMJIEHHSI CUTHAJIOB: BCE CHUTHAIbl HMEIOT
OJJMHAKOBBIM YPOBEHD 3aLIyMJIEHHOCTH; OJUH CUTHAJ HUMEET YPOBEHb B HECKOJIBKO pa3 GoJIbILE, YeM
JIBa IpyTHe; Y BCeX CUTHAJIOB Pa3HbIH ypOBEHb 3allyMJIEHHOCTH. [l0Kka3aHo, YTO IpUMeHEeHHEe OHOTO
13 CI0COG0B KOMILJIEKCUPOBAHMUS 110 OTJEJbHOCTH MeHee 3G PEeKTUBHO, YeM UX COBMECTHOE UCIOJIb-
30BaHMeE C IOMOLIbI0 KOMIIJIEKCUPOBaHUs. CTaThs SIBJISIETCS NPOLOKEHNEM cTaTel [5, 6].
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Abstract

The method of signals fusion from unequal information systems, based on fuzzy logic, combining two
approaches to fusion is considered: calculating weights and cutting off data by threshold. The proposed
method is based on the interpretation of the main stages of the fuzzy inference - fuzzification, calculat-
ing of resulting membership function of the rule-base conclusion and defuzzification, it allows us, at the
same time, to determine the mode of operation of information systems (their fusion or the use of one of
the combinations determined by the criteria for signal quality) and the weights of the fusioned signals.
The general formulation of the problem of fusion and the scheme of fusion of /N information systems
with K the criteria for the quality of their signals are given. The standard deviation criterion is used to
assess the quality of the fusion. The fusion is considered by the example of processing three harmonic
signals to which white additive noise is added. To analyze the quality of the fusion, different variants of
noise signals are used: all signals have the same noise level; one signal has a noise level several times
greater than the other two; all signals have different noise levels. It is shown that the independent use
of the fusion methods is less effective than simultaneous use them on the basis of the fuzzy logic fusion.
This article is sequel to the articles [5, 6].
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BBeael-me KOTOpble OYAlyT UMETb MaJible, HO He HyJleBble, BecoBble K03 du-

O6mas nocrtaHoBKa 3a/ja4d. [lycTh moJsie3Hbld curHaa S usMeps-
erca N wuHbopManuOHHBIMU cucTeMamu (MC), umeromumu
OIIMGKU U3MepeHHUs n,,1=1,N . Heobxonumo 10 3aJaHHBIM
K xpuTepusiM KauecTBa ONpPeJENUTh CTPYKTYPY CUCTEMBI KOM-
IJIEKCUPOBaHUA (PUCYHOK 1).

~
=
2
s
s P
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Puc. 1. 06was cxemMa KOMIUIEKCHPOBaHHSI: S - usmMepseMbIii moe3HbIit
curnam; 1, N - undopmanuoHHbIe cHCTeMbI, M3MepSIOIIHe TOMe3HbI
CHTHaJ;  §,...,8) — CHTHAJbI OT MH(OPMAIMOHHBIX CUCTEM; P

- npeo6pa3oBaHue curuaaoB HUC; S/C ~ KOMIJIEKCHPOBaHHBIH CHTHAJL.

1, N -valid

8 - signals from information
]

Fig. 1. General scheme of fusion: S - measured valid signal;
signal measuring information systems;  §,,...,
systems; P - IS signal conversion; Sk - fusioned signal.

Curnan ot kaxzaok MC npeacrasuM B Buze:

S, (t)=S(t)+n,(1),i=1,N (1)
roe S - [moJie3sHbIH CUTHAJ; S,.- curHan ot i-oé UC; 7, - omu6-
Ka U3MepeHHs 1oJie3Horo curuana i-ou UC.

Torpa 3amava ¢popmupoBanusa cTpykTypsl UC onpenensieTcss Bbl-
6paHHBIM Npeobpa3oBaHueM P, KoTopoe ob6ecrneyuBasio Obl Om-
THUMaJIbHYIO B CMbICJIE PelllaeMOoU 3a/1a4r 06paboTKy CUTHAJIOB OT
UC: P=F(s,....sy) (2)
PemeHue 3asaun MMeeT /iBa MOAX0/A: TePBbIN 3aKJ/II0YAETCS B BbI-
YHCJIEHUH BECOBBIX K03 PUIIMEHTOB, KOTOPbIE UCIOJIb3YOTCS 1151
KOMIJIEKCUPOBaHHUs curHasos [1, 3]:

1
P= Zw,s,,w = (3)

IZie W, - BeC CUrHasa -0k I/IC.
BTopo#i mojxo 3akJroyaeTcs B CTPYKTypHOU opranusanuu UC.

Hanpumep, A1 ciydasi Tpex CUTHAJIOB TaKasl JIOTHKA MOXXET GBbITh
omnpeJeJsieHa caeayouuM o6pasom [1]:

S +8, + 5,
3

P= npu ‘si—sk/“<A (i.j=12,3);

sts
=———,i# ), npu ‘sl—sz‘<A,
2

TZie A - HEKOTOpOe 3apaHee YCTAaHOBJIEHHOE II0POrOBOe 3HAYEHHeE.
OnTUMaJbHBIMU BapHaHTAMHU NPe06pPa30BaHUS SBJISIOTCS pelle-
HUs, IpeficTaByeHHble B [1, 2].
B [1] omncano onTUMaIbHOE HEJTMHEWHOE 6e3bIHEPIIMOHHOE Mpe-
o6pasoBaHue, OJyYeHHOE 110 KPUTEPHUIO CpefiHEeH KBaJpaTHuye-
CKOM morpenrHocta M [P—S]2 =min( M - omepanusi Mare-
MaTHUYeCKOTO OXUAAHMS) U yYUThIBaloLlee HAJEXKHOCTb paGoThl
UC. [2] aBasieTcs 06061eHreM [1]: mosie3HbIN CUTHAM U MOTpell-
HOCTH MOTYT UMeTb JII060€e pacipe/ie/ieHHe, a YUCI0 0TKa30B, KO-
Topoe B [1] 6110 TPUHATO PaBHBIM 1, MOKET GBITH JIFOOBIM.
[Ipy CyMMUPOBaHHU C BECaMH, KOTOpbIe ONpPeAEeSIOTCS BeJIUYH-
HOM JAHCIepCUM OIIMOKU W3MepeHUs] UCTUHHOIO CUTHaJIa, IJIaB-
HBII HEeJJOCTATOK 3aKJ/II04aeTCs B HEO6XOAUMOCTH TPU PelleHUH
3a/1a4 KOMIJIEKCHPOBaHUsI 1o GpopMyie (3) YUUTBIBATb CUTHAJIBI,

s3—s1‘<A,

s3—s2‘ <A,
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LUEHTHI U, CJIeZI0OBATEJIbHO, 0JI€3HbIH CUTHAJ OY/IeT UCKaXKaThCs
HeJIOCTOBEpHOH HHpopManued. Mcnosb3oBaHHe MOAX0AQ, OMH-
CaHHOTO B [2], CONPSIKEHO C ONpe/ieJIEHHBIMU BbIYHCIUTEIbHBIMU
TPYAHOCTSIMH, MOCKOJIbKY INpeJijlaraeMble JJisi pacyeTa BeCOBBIX
K03QHUIMEHTOB 3aBUCUMOCTH MpeJyCMaTPUBAIOT 6oJibliiee KO-
JINYECTBO OTepalyi, yeM npeoGpa3oBaHue (3), M03TOMY JIJIsl CH-
CTeM peasibHOr0 BPEMEHH, /JIsl KOTOPbIX 6bICTPOAEUCTBUE SIBJISI-
€TCsl O[HAM M3 OCHOBHBIX KPUTEPHEB, TAKOW MOAXOJ MIPUMEHUM B
Y3KOM CIEKTPE BO3MOXKHBIX CJIyYaEB.

B craThe npejJiaraeTcs cnoco6 onpeneanTb ctpyktypy UC, ocHo-
BaHHbBIHM Ha peasn3aLMH1 JIBYX TOAXO0/I0B C UCII0JIb30BAHHEM HEYEeT-
KOU JIOTUKH.

06061 eHHas MOAe/Ib KOMILJIEeKCUPOBaHMS
N unpopManmoHHBIX cucTeM o K
KpUTEPUAM KayecTBa

06061 eHHbIN poLecc KoMIlekcupoBanuss N WCno K kpure-
PHUAMM KadecTBa OCHOBAH Ha C/IeAyIOIUX MHTEPIPeTALUAX OCHOB-
HBIX 3TAllOB HEYETKOr0 BbIBOJA (PUCYHOK 2).

1(Sm) - MF (us, ) -RMFurgsm -DI(Sm)

P 1 c. 2. 060GuieHHas MO/ b BbI6OpA CTPYKTYPbI CHCTEMbI KOMIJIEKCHPOBAHMUS
WC ocHoBaHHOM Ha HeueTKo# oruke: | (Sm ) - BEKTOP KpUTEpHeB KayecTBa
BxozHbIx curnanos; MF My ) - BexTop creneneii npuHanexnocTy
KpHUTepHeB KaueCTBa BXOAHBIX CUTHAJIOB HE4eTKUM MHO)KeCTBaM;
RMF (‘umm ) - BEKTOP Pe3y/IbTUPYIOLMX GYHKINH MPHUHAAIEKHOCTH;
DI (Sm) - BeKTOp Aeda33uUIMPOBAHHBIX 3HaYeHNH (BECOBBIX
K03pPUIMEHTOB) BXOJHBIX CUTHAJIOB.
F1ig. 2. A generalized model for the selection of the structure of the system of
integration of IS based on fuzzy logic: [/ (Sm ) - input signal quality criteria
vector; MF(/J

criteria to fuzzy sets; RMF ( Hyoim ) - vector of resulting membership functions;

- vector of degrees of membership of input signal quality
DI (Sm ) - vector of defuzzified values (weighting factors) of input signals.

Biok daszsudukanuu (bP), Ha KOTOPBIH MOJAIOTCA KPUTEPUU Ka-
YecTBa BOJHBIX CUTHAJIOB (MJIM UX HOPMHUPOBAHHble 3HAYeHUs),
vcrosb3yeTcss AJs Bbi6opa pexkuma pa6oter UC [5], koTopbIit
omnpeziesisieTcsi B MexaHu3Me HedeTkoro BeiBoja (MHB). Ilocne
onpejiesieHust OPMbI U KOJIMUECTBA HEYETKHUX MHOXKECTB BO3MOXK-
Hble 3HaYeHUA KpUTePUs KauecTBa, HanpuMmep, A AByx UC pas-
6GUBAIOTCSA HA 00J1aCTH — TepBasi 1 € [0 nz], BTOpas n € [nz;n]],
TPETbSI 1 € |:n], 8; 81)) (pucyHok 3), KOTOpBIE B JaJbHENIIEM
WCIO0JIb3YIOTCS /15 BbI6GOpa pexkuMa paboThl:

ecau n €1, ucnonvsyemces nepsas HC
vedicUM =4 ecliu n € 2, ucnonvsyemcs komniexcuposanue UC

ecau n €3, ucnonvzyemcs emopas UC

[Tocsie BbIYKCIEHUS] BEKTOpA CTeleHed MPUHAJJIEKHOCTH MOJy-
YeHHble 3HaYeHUs, TPOHAS 3TaNbl arperupoBaHus, aKTUBU3ALUH
W akkymyasudd B MHB, ompezensioT BUJ KOHEYHOH OYHKLHH
NPUHA/IEKHOCTH  o¢,  (06IMH BbIBOA M3 6asbl NPaBHUII), KOTO-
pasi UCIoJIb3yeTcs pH Jedpas3uduKaluu i1 BBIYMCIEHUS BECOB
WUC u BpIGOpa pexxuMa paboTsl. Hanpumep, s cayyas KOMIJIEK-
cupoBanus AByx WC [5] koHeuHass QyHKIMS NPUHAJJIEKHOCTH,
onpezessieMasi ByMsl TPEYTOJIbHBIMU HEUETKMMH MHOX€eCTBaMH,
MOXKeT UMeTb BUJ], TPe/ICTaBJIEHHBIH Ha PUCYHKE 4.
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n n
a) 0)

Puc 3. HHTepnpeTanys BXOJHOT0 He4eTKOI0O HOPMUPOBAHHOI'0 MHOXKeCTBa /151

o ™ ™ 1

c/lydas KOMIIJIEKCMPOBaHHsA CUTHaJIOB AByX UC: a) HeueTKoe MHOXeCTBO C

dU3UYECKUM IMala30HOM U3MEHEeHHU KpUTepHs KauecTBa CUrHazia /1 ; 6)
He4yeTKOe MHOXKECTBO C HOPMUPOBaHHBIM IMalla30HOM U3MEHEHUA KPUTepHs
KayecTBa CUTHana 71 ;
TPeyroJibHbIX He4eTKUX MHOXECTB; 1, 2 U 3 - peXKMMbl GYyHKIIMOHUPOBAHUSA

l’ll N n2 — I'PaHULbI MIPABOCTOPOHHETO U JIEBOCTOPOHHETO

(Tosbko nepsoit UC, koMiekcupoBaHus, TosibKo BTopoi UC).

Fig. 3. Interpretation of the input fuzzy normalized set for the case of fusion
signals of two IS: a) a fuzzy set with a physical range of variation of the signal
quality criterion 71 ; 6) a fuzzy set with a normalized range of variation of the
signal quality criterion 7; 7 ,n, -frontiers of right and left triangular fuzzy
sets; 1, 2 and 3 - operating modes (only the first IS, fusion, only the second IS).
=

1

Bec

ng n ny 1

P ¥ c. 4. IHTepnpeTanys KOOPAUHAT LIEHTPA TSKECTH Pe3y/IbTHPYOLei
dYHKUMHU TpUHAAJIeXKHOCTH 115 ABYX UC: 1, 2 U 3 - pexkuMbl paboThI (c
npuopuTteToM nepsoi UC, KOMIIEKCHPOBaHUSA U ¢ npuopuTeToM BTOpoi UC); 4
- TpaekTopus teHTpa TshxectH (L[T); 5 - miowasb 1eBOCTOPOHHETO MHOXKECTBA,
ucrosib3yeMas Il pacyeTa KOOPAMHAT IIeHTPa TSHKeCTH; 6 — IJIoIa b
paBOCTOPOHHEr0 MHOXKECTBA, UCIOJIb3yeMas /ISl pacyeTa KOOpAMHAT IleHTpa
TsKeCTH (110 0CH a6 CLCC PACOJIoKeH HOPMUPYEeMbIH [IOKa3aTesb Ka4eCTBa, a
0 OCH OP/IUHAT — CTeNleHb IPUHA/JIEXXHOCTH HEYeTKUM MHOXECTBAM).
Fig. 4. Interpretation of the coordinates of the gravity centre of the resulting
membership function for two ISs: 1, 2, and 3 — operating modes (with priority of
the first IS, fusion, and with priority of the second IS); 4 - trajectory of the gravity
centre (GT); 5 - area of the left-side set used to calculate the coordinates of the
gravity centre; 6 - the area of the right-hand set used to calculate the coordinates of
the gravity centre (the normalized quality indicator is located on the abscissa axis,
and the degree of membership in fuzzy sets is located along the ordinate axis).

[Tpy GYyHKIIMOHUPOBAHUU CHUCTEMBI BO BpEMEHH KPUTEPHUH Kade-
CTBa BXOJIHOTO CUTHa/Ia 71, B CJIydae HOPMUPOBAHHUA (PUCYHOK 4),
OyZeT U3MeHSThCs B pefesiax oT 0 1o 1, nepemeasch U3 04HOH
13 Tpex 06J1acTel B APYTYIO, U TEM CAMbIM 33/iaBasi PeXKUM PaGoThlI.
OZHOBpPEMEHHO BBIUHCJASIOTCS KOOPJAWHATBHl LEHTPA TKECTH
byHKUMM  oc , 06pasyrolie TPAeKTOPHIO IleHTpa TsokecTH. Op-

res

JMHAThI LEHTpa TAXKeCTH HHTepIpeTUpyIoTca Kak Beca UC:
W, =1=Bec (o), w,. =Bec(o).

rae w, -Bec -0 MC.
[Ipu Tako¥ MHTepIpeTalUU COBMIOAAETCS YCI0BHE MHBAaPUAHTHO-
CTH: Z w, =1 (4)

611ar0,qapﬂ KOTOpOMYy omuoKa HU3MEpPEeHHUA He COAEPNKUT JUHAMMU-

CoBpemeHHble
MHGOpMaLMOHHbIe
TeXHonornu

n UT-o6bpa3oBaHune

YeCcKoH coCcTaBJISIIOIEH.
B cnyqae ucnonbzoBanuss N UCc K kpuTepusiMu KadecTsa Ije-
JIeco06pa3HO CHavala HOpPMUPOBATb, paclpe/ie/IMB BCe KPUTEPUU
Ka4yecTBa 110 'PyNIaM, HapuMep, 1o popmyJie

ik’ rae k]{,l. - HOPMHMPOBaHHbINM MOKa3aTeJb Kaue-

J — i
kNi_I( 2

2k

j=1
CTBa; k,.j - j-bli MOKa3aTesb KadecTBa i-okt UC; N - KosiM4yecTBO
koMmmekcupyeMbix MC; K - o611ee KoJIM4ecTBO NOKasaTesel kade-
CTBa.
[Tocsie nosydeHus1 BeCOBbIX KO3QQUIMEHTOB C UCMOJb30BaHUEM
MoJieiu Bei6opa cTpykTypbl UC, o0cHOBaHHOM Ha HeYeTKOM JIOTHKe
(pucyHok 2) uX He06X0IMMO CHOBAa HOPMHPOBATh (HAapHUMep, 10
dopmyse 3) s cobaroseHus ycaoBus (4).
3amanueM B QYHKIMH NPUHA/JIEKHOCTH KpalHUX 06J1acTell MOKHO
MU3MEeHATb IPUOPUTET KPUTEPHUEB KauyecTBa Kakoh-1u60 UC. Toro
MOXHO JJOCTUIHYTh M3MEHEHHEM, I0KA3aHHBIM Ha PUCYHKe 5.

P 1 c. 5. BO3MOXHBIH BApHAHT 33/JaHUs PEXKUMOB PabOThI
Fig. 5. Possible setting of operating modes

[TockobKy popMa HEYETKHUX MHOXKECTB 33/la€TCsl U3HAYA/IBHO U B
npouecce paboTbl He MeHSIeTCsl, He MEHAETCS TaKKe TPAaeKTOpUs
LeHTpa THAXeCTH. IJTO NMO3BOJIAET U3MEHUTh, KaK MOKa3aHO, Ha-
IpyUMep, Ha PUCYHKe 5, KpallHHe 06J1acTH, YTOObI BEC KPUTEPUS
kauecTBa UC 6bls paBeH eJUHMUILE 10 JOCTH>KEHHUU ONpe/ieIeHHOT 0
mopora, a Huxe paseH 0.

O6uui BUJ, paccMaTpUBaeMOM CHCTEMbl HEYETKOTO BbIBOJA BBI-
6opa cTpykTtypsl UC npencTaBieH Ha pUCYHKE 6.

I 1 B
4’| ¢HBX1|—> 4>| Hres1 HBhrxop.lI»—lr

| By
—:-,m———- —-l Hresk HBb!xqu|———-

| B® BB B/l

MHB

[ MCy |:[ HC; |

P u c. 6. 06muit Bu/ HedeTKoH cucteMbl BbiBoAa (HCB) BbI6Gopa CTPYKTYpEI
cucrembl kommekcuposauus UC: JJ(C . - kommiekcupyemble UC,

K‘.j - KpUTEPHUH Ka4eCTBa BXOAHBIX CUrHa/ioB oT UC; D[] Bx - dyHKIMK
MpUHAJAJIEXHOCTH Bxojja MHB; :ures_ pesyabTHpyomne GYHKIUN
NPUHA/JIEKHOCTH; Bl. - BecoBble K03 duimeHTh! CUrHaM0B; BP - 610K
dassudukanuy; BB - 6510k BbiBoAa; B - 6s10K Aedazzudukanuu.

Fig. 6. General view of the fuzzy inference system (FIS) of the IS integrated
system structure choice: JJ(C . - fusion]S, Klj - quality criteria of input
signals from the IS; (DHB)C', - input membership functions; M.~ resulting
membership functions; B‘. - signal weights; B® - fuzzification unit; BB - output

unit; B/ - defazzification unit.
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Ha Bbixome HCB koMI/ieKCMpOBaHHBIM CUTHAJ OyJeT MpeJCcTaB-
JIATBCA KaK S, = §;W, +-+- 5, W,.

MogennpoBaHue U OIjeHKa 3QpPeKTUBHOCTH KOMILJIEKCUPO-
BaHUA

PaccmaTtpuBatotca Tpu UC ¢ ogHUM KpuTepueM KadecTBa
CKO. MopenupoBaHue U oljeHKa 3pPEeKTUBHOCTH ObLIN MPOBeEJe-
HBI /IJ19 IBYX CJIy4aeB: B IePBOM CJiyyae BeCOBble KO3QPUIUEHTbI
BBIUHCJISIJIMCH C TOMOIIbI0 GOPM HEUETKUX MHOXKECTB (PUCYHOK 5)
C MasIbIMHU TIpeJielaMH, YTO onpejessano KoMnaekcupoBanue HUC
He3aBUCHMO OT TOro0, Kakue 3HaueHHUs npuHuMaau CKO BXoAHbBIX
curtasoB MC. Bo BTopoM ciy4yae 3aZjaBajich TakHe IpeJiesibl
dopM HeyeTKUX MHOXeCTB, uTo ecju CKO curHasa BbIXOAMWJIO 32
3a/laHHble TpeJieibl, TO BecoBble KO3GQUIMEeHTbl MPpUPaBHUBa-
JIUCh HYJIIO.

JbdeKTUBHOCTb KOMILJIEKCHPOBAHUSl paCCYMThIBANACh Kak
otHoweHne CKO kommekcupoBaHHoro curHazia k CKO curnana

M(S,—S)
n=——_—>
o,

rae 1 - koapdunuent apdextusHocTy; o, - CKO curna-
Jia TouHod UC; M - onepainus MaTeMaTHYeCKOTO OXKUJaHUs; S, -
KOMILJIEKCUPOBAHHBIN CUTHAJI; S — HCTUHHBIN CUTHAJL.

[Ipu MoJie/IMpOBaHUU HUCHOJIB30BAJIOCh TPU FApMOHUYECKUX
curHasa (CMHyC C eJMHUYHON aMIJINTYZ01), 3allyMJIeHHbIE aJi1-
TUBHBIM 0eJIbIM IIyMOM C HyJIEBBIM MaTeMaTHYeCKUM O>KHUJJaHHUEM.
CurHasnbel MogenrpoBanuck st 1000 oTcueToB, pasbUThIX Ha Ye-
ThIpe y4yacTKa 1o 250 0TCYeTOB B KaX<ZoM. BbliM paccMOTpeHbl
cJlyyau, Korja Bce CUTHaJIbl UMEIOT OJAMHAKOBBIN ypPOBEHb 3allyM-
JIEHHOCTH; OIUH CUTHAJI 3alllyMJIeH 60JIblieM, YeM JiBa pyTHe; 1Ba
CUTHaJIa UMEIOT Pa3Hyl0 BBICOKYIO 3alllyMJIEHHOCTb; 3allyMJIeH-
HOCTb BCEX CUTHAJIOB MeHsAeTCsl. Pe3y/ibTaThl IpUBe/IeHbI B Ta6JIH-
nax 1-3 u pucyHkax 7-13.

ToyHoH UC:
Ta6suna 1. Pe3ypTaThl MOJEIMPOBAHHUS
Table 1. Simulation results
MopenupyeMasi cuTyauus 3Hayenue CKO UC Cpegnui yposenb CKO n.%
3allyMJIEHHOCTb CUTHAJIOB OJ1U- !

HaKoBa 0,=0,=0;=1 o, =0,60 40

o, =0,=10,=2 o, =0,80 20

CKO ogiHOTO cHrHasia 6oJiblie g =c.=1lc. =3 o, =0.90 10

(71:0— =1 (7)24 Gk=1,10 -

CKO cursaJioB pasindHo c,=l0,=2,0,=3 o =105 -

B Ta6usinie 1 npejcTaBiieHbl pe3y/bTaTbl MOJAEJIUPOBAHUS U
3$$EKTUBHOCTb KOMILJIEKCUPOBAHHUS B COOTBETCTBUH C NEPBBIM
cly4yaeM, KOr/ia 3a/jlaBajIuCh Maslble Ipefesibl pOpM HeYeTKHUX MHO-
»)kecTB (pucyHOK 5). U3 aHasm3a TabIHIbI CIeYeT, YTO KOMILJIEK-
cupoBaHHe HanbGosiee 3$PEKTUBHO, KOrja BCe CUTHAIbl UMEKT
OJJMHAKOBYIO U IOCTOSTHHYIO BO BpeMEHH OIIHNGKY U3MepeHHs 110-

JIE3HOTO CUT'HAJIa, JjaBas BLIMIPEI B cpegHeM Ha 1) =40%. C
yBeJIMYeHUeM OIPELIHOCTH u3MepeHus ogHou u3 UC apdexTrs-
HOCTb NIaJlaeT, JOCTUTast YPOBHS, CONOCTABUMOrO C OKAa3aHUSIMHU
camot TouHou UC. AHanoruyHbid 3¢ PeKT uMeeTcs B Caydae KOM-
IJIEKCHPOBAHUS TPEX HEPABHOTOYHBIX CUTHAJIOB.

5 5

4 4

3 3

2 2

1 1

Zo0 Eo0

a4 |

) -2

-3 -3

4 4

5 -5

0 200 400 600 800 1000 0 200 400 600 800 1000 0 200 400 600 800 1000
t t t
P u c. 7. Komnyiekcupyemble CHUIHaJIbI C 0JMHAaKOBbIM ypoBHeM CKO (G = 1)
Fig.7.Fusioned signals with the same level of standard deviation (G = 1)
5
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2
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t
P u c. 8. KoMniekcMpoBaHHBIH CUIHAT (T] = 40%)
F1ig. 8. The fusioned signal (T) = 40%)
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t t t

P u c. 9. Komniekcupyemble CUTHaJIbI € pasHbIM ypoBHeM CKO (o‘1 = 1, o, = 2, 05 = 3
Fig. 9. Fusioned signals with the different levels of standard deviation (61 =1, o, = 2, O; = 3)

13 Ta6auua 2. 3uayenuss CKO curnanoB UC M KOMIIJIEKCHPOBAHHOTO CUTHAJIA
10 Table 2. The values of the standard deviation of the IS signals and the fusioned
s signal
_ CKO, en.
< 9 Ne KC 751-
= -2 251- 1-7
= 0-250 51-500 501-750 1000
s 1 1 2 3 4
-10 2 2 3 2 1
-13 3 3 2 1 3
0 200 400 600 800 1000
t HCB (S,) 1,03 0,72 1,26 1,50
Pe3yJ'leaTbI KOMIIJIEKCUPOBAHMUA, KOI/Ja UMeeTCA TPU CUMTHaJ1a, TOYHOCTh
P u c. 10. KoMnieKCHpOBaHHBIH CUTHA (O'Sk = 1, 54) KOTOpPBIX MEHSeTCS BO BpeMeHH (Tabuna 2), mpeAcTaB/JeHbl Ha PUCYHKax
Fig.10. The fusioned signal (Gsk = 1,54) 11-13.
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10
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t t t
a) 6) B)

P u c. 11. MozenupyeMble curaaiel oT Tpex MC, mpejcraBisioline co60# CHHYC e JMHUYHON aMIJIUTY/bI,
3allyMJIEHHBIHA aI/AUTHBHBIM IIyMOM N (0; 6)
Fig. 11. Simulated signals from three ISs, representing a sine of unit amplitude, noise-contaminated with additive noise N (0; o')
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Fig. 12. The weight coefficient versus time (for the case presented in table 2) Fig. 13. The fusioned signal
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Tosibko Ha BTOpoM y4yacTke u3 Tpex CKO KkoMneHcHpoBaHHO-
ro curHajia Menble CKO cursaza caMmoil TOUHOH KOMILJIEKCUpYe-
moit UC. Ha nepBoM u TpeTbux yyactkax CKO yxxe comocTaBUMO ¢
CKO camoii Tounoit UC, a Ha 4eTBEPTOM y4yacTKe HaGJII0AeTCs Cy-
mecTBeHHOe oTyindre. [ogo6HbIN 3¢ deKT 06bsICHAETCS TEM, YTO
CMoco6 KOMILJIEKCUPOBaHUS, IPU KOTOPOM BecoBble ko3dduunen-
Tbl BBIYUCJSIOTCA [ JII0OBIX 3HAYeHUH CUTHAJIOB, TepseT CBOU
3¢ deKT Mo TOYHOCTH, KOTAA CUTHAJbI OT OHOW MJIM HECKOJIbKUX
HC naymHarot CKO c cyumecTBeHHO 3HAaYMMBbIMH 3Ha4YE€HUAMH, U

uHdopMauus, cofepxaliasg B CUTHa/Jax He COCOOHA MOBBICUTb
TOYHOCTb KOMIIJIEKCUPOBAHMUS.

[lepeiiileM k aHa/IM3y KOMILJIEKCHPOBaHUS, KOT/a 3alaHbl 60-
Jlee 3HAYMMble Ipejiesibl GOpM HeYeTKUX MHOXKECTB (PHUCYHOK 5)
- pacyeT BeCOBbIX KOSPOUIMEHTOB U TaKOH BBIOOP CTPYKTYPHOH
OpraHM3alMy HeYeTKOH CUCTeMbl KOMILJIEKCHPOBaHUS, IPHU KOTO-
poit curHassl MC, npeBbICUBILME 3a/laHHble IOPOTOBbIe 3HAYEHMUH,
MOJIHOCTBIO OTKJII0YAIOTCs1. Pe3ysibTaThl M olleHKa 3¢ GeKTUBHOCTH
npe/cTaBJeHbl B Tabule 3 U pucyHkax 14 u 15.

Ta6auua 3. Pe3ysbTaThbl MOJI€IMPOBAHUS /IS CIy4as 06'beAMHEHHUS TTOJIX0/[0B

Table 3. Simulation results for the case of combined approaches

MogenvpyeMas cuTyanus 3Hayenue CKO UC CpeaHuii ypoBeHb CKO n,%
3alIyMJ/JI€HHOCTb CUIHAJIOB OJIU-
Y A 0,=0,=0,=1 o, =0,60 40
HAKOBAa
o,=0,=10,=2 o, =0,70 30
CKO opHoro curtaja 6osbliue o,=0,=1,0,=3 o, =0,70 30
o, =0,=1l,0,=4 O-lc:0770 30
15 15 15
10 10 10
5 5 5
-5 ] -5
-10 -10 -10
-15 -15 -15
0 200 400 600 800 1000 0 200 400 600 800 1000 0 200 400 600 800 1000
t t t
P u c. 14. KomniiekcupoBaHHe Tpex CUTHAJIOB PH CUJILHOM 3aIyMJIEHHOCTH OJJHOTO CHI'HaJIa (0'1 =0, = l’ o, = 4)
Fig. 14. Three fusioned signals in the presence of a strong noise-contamination in one of the signals (Gl =0,= 1, 05 = 4)
15
BbIBOABI
10
5 B cTaThe paccMOTpeHO KOMIIJIEKCHPOBAaHHKE C IOMOIIbIO He-
= YeTKOW JIOTMKM CHUTHaJIOB HepaBHOTOYHbIX MC, nospoJsoliee
0 <
£ 00'b€IMHUTD [JIBa N10AX0/1a K COBMECTHOH 06paboTKe HHPOpMaLNU
5 OT HEeCKOJIbKMX MCTOYHHUKOB: C IOMOLLbI0 ONpesieIeHUs] BeCOBbIX
ko3dppunuentoB u orkaodeHuss UC ¢ CKO BXOJHBIX CHUTHAJIOB,
-10
NpeBbIIIAIOLIMX 33/laHHble Toporu. [IpousBesieHa oneHka apdek-
15 TUBHOCTH KOMIIJIEKCMPOBAaHMUA TpPeX 3alllyMJIEHHBIX FapMOHHYe-

0 200 400 600 200 1000

t
P u c. 15. KoMnieKCHpOBaHHBIH CUTHAJ IPU 60Jiee 3HAYMMBbIX Ipe/iesiax
He4YeTKUX MHOXeCTB (T’ = 3 1 %)
Fig. 15. Three fusioned signal with more significant limits of fuzzy sets
(n=31%)

[Ipu otkarodyennn UC, CKO BXOJHBIX CUTHAJIOB KOTOPBIX BbI-
XOAAT 3a 3aJlaHHbIe TPAHMIb], yAeTCA NPHU KOMIIJIEKCHPOBAaHUH
obecne4yuTh pe3ysbTaT Jy4lle ayyiiei UC.

OO6Mi BBIBOZ, 10 pe3ysibTaTaM MOJEJTUPOBAHHUS 3aK/II09aeTCs
B TOM, YTO 3QPeKT NOBbILIEHUS TOYHOCTHU TPH Pa3JIUYHbIX YPOBHSX
CKO omn60K CUrHa/lIOB MJIM UX BbICOKOM 3Ha4eHHWU OTHOCHUTEJbHO
JIPYTUX CUTHAJIOB Y/JaeTCsA COXPAHUTD 3a CYeT Npe/JI0KEeHHbIX MHTEeP-
npeTalyi OCHOBHBIX 3TallOB HEYeTKOI0 BbIBO/A U NIPH OZJHOBPEMEH-
HOM HCII0JIb30BaHUHM JIBYX MO/XO/0B — BBIYMCJIEHUH BECOBBIX KO3®-
¢dunueHToB 06paTHO nponopuronanbHo CKO u otktouennn UC mpu
BBIXO/I€ UX KDUTEPHEB KadeCTBa 3a 3a/JaHHbIe TPaHULbL.

Vol. 15, No. 3. 2019 ISSN 2411-1473 sitito.cs.msu.ru

CKHX CUTHAJIOB JJIs1 Pa3JIMUHBIX CJIyYaeB YPOBHS IIyMa U IOKa3a-
HO, 4TO B CJy4ae KOMILJIEKCMpoBaHHUs Tpex UC BBIMIPBIN IO
TOYHOCTH MOXeT AocTuraTb 40 % OTHOCHTEJILHO OLIMOGKH H3Me-
penus camoii ToyHou MC.
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