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The paper proposes an extended concept of cog-
nitive measurements for developing intelligent
monitoring systems in the framework of Ambient
Intelligence based on intelligent environments.
The concept of intelligent monitoring is presented
as a unity of the measurement, value, reasoning
and computing processes.

1. Intelligent monitoring systems and Ambient
Intelligence Transport and its infrastructure is an
important component of any national economy.
The development of modern high-speed railway
transport in Russia imposes new requirements

KnroueBbie cioBa: cucmemuvt unmennekmyanvHole, UH-
me/mexmya/zbl-tbui MOHUMOPUH2, U3IMeEPEeHUS, Ccucme-
Mbl, OCHOBAHHbLE HA 3HAHUAX

IIpennoyxeHa paclIMpeHHass KOHLENMUMA KO-
HUTUBHBIX M3MEPEHMI1 Il MHTE/UIEKTYa/IbHbIX
CUCTEM MOHUTOPMHIA CJIOXHBIX TEXHUYECKUX
00BEKTOB, CTPOSIUXCSA Ha OCHOBE VHTEIIEKTY-
anbHbIX cpef. IIpefcraBieHa KOHLENIA MHTEN-
JIEKTya/JIbHOTO MOHMTOPVHIA KaK €JMHCTBa IIPO-
1I€CCOB M3MEPEHMNII, OLeHMBAHMS, PACCYXK/EHMI
U BBIYUCTIEHU.

1. VIHTennexTyaabHble CUCTEMbI MOHUTOPMHTA U
MHTeJUIeKTya/lbHble cpefibl. TpaHCIIOPT U TpaHC-
HOpPTHasA MHQPACTPYKTypa SB/IAETCA BaXKHOIN
COCTaBJIAKILEN TI000JI HAIMOHAIbHOM 3KOHO-
Muku. Passutue B Poccuy coBpeMeHHOTO BBICO-
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on the organization of monitoring the state of the
railway infrastructure, in particular such strategic
objects as artificial structures — bridges, tunnels,
crossings, etc.

At the same time, the problem of monitoring is
complex and includes the following tasks: analysis
of the course of processes in the observed objects;
diagnostics of their current conditions; forecast-
ing further development; management of the state
of the railway infrastructure facility.

Various dimensions are central here. Thus, for
bridges, these are measurements of meteorologi-
cal indicators (first of all, the direction and speed
of the wind), determination of the deflection
of bridge spans, measurement of deviations of
bridge structural elements from the vertical axis
under the action of passing trains and wind loads,
assessment of vibrations of bridge structures un-
der load, etc.

To effectively solve the sequence of monitoring
tasks, it is required to create advanced intelligent
systems built into the real physical and technical
monitoring environment and having a common
architecture of a cognitive-regulatory meta-agent
with a distributed subsystem for perceiving the
parameters of an infrastructure object, imple-
mented using a sensor network. Such intelligent
systems based on integrated third-generation
knowledge acquisition tools are called Ambient
Intelligence Systems [1, 2]. The intellectual envi-
ronment can be thought of as a cognitive-regula-
tory meta-agent [3].

Here, an artificial meta-agent is understood as a me-
ta-level software agent that organizes the processes
of distributed perception of the parameters of the
external physical and technical environment, en-
sures the integration of incoming information and
develops decisions about the methods and means of
influencing this environment. The system core of the
intellectual environment is expressed in the form: a
distributed system for perceiving the parameters of
the physical and technical environment + an intel-
ligent system + a distributed system of influencing
the physical and technical environment. An impor-
tant place is occupied by information coming from
sensors, its analysis and interpretation for the identi-
fication of knowledge. Those. a full-fledged process
of intelligent monitoring in the form of a unity of
processes: measurement — evaluation - reasoning -
calculations. The unity of these processes is one of

KOCKOPOCTHOT0 )KeIe3HO0POXKHOTO TPAHCIIOPTa
IpefbsB/sieT HOBble TpeOOBaHMs K OpraHmsa-
)1 MOHUTOPUHIA COCTOSHUS >KeTe3HOZOPOX-
HOJI MHPPACTPYKTYPBI, B 0COOEHHOCTH TaKUX ee
CTpaTern4ecknx 00bEKTOB, KaK MCKYCCTBEHHbBIE
COOPY)XeHMs — MOCTbI, TOHHE/N, TIepeesibl I T.II.

ITpn stom mpob6neMa MOHUTOPMHIA SIBIISETCS
KOMIUIEKCHOJI M BK/IIOYaeT B cebs Crepyromine
3a[jayn: aHajaU3 MPOTEKAHWUsl TPOIeCCOB B Ha-
OmoaeMbIX 00bEKTAX; JMATHOCTHKA VX TEKYIVIX
COCTOSAHMII; IMPOTHO3MpPOBaHME [A/IbHEIIIETO
PasBUTIS; YIIPaBJIeHNE COCTOSIHIEM 00BEKTa XKe-
JIe3HOJIOPO>KHOI MHPPACTPYKTYPHI.

3pech LIeHTpajJbHOEe MEeCTO 3aHMMAIOT pasind-
Hble U3MePeHNs; TaK, JJI MOCTOB 3TO M3MEPEHMN
MeTeOpOIOTMYecKMX IOoKasaTeneil (B IepBYIO
ouepenib, HAIIpaBJIeHNUE I CKOPOCTD BEeTpa), OIIpe-
flefieHye Mpornba MpOJIETHBIX CTPOEHMI MOCTa,
M3MepeHue OTKIOHEHUI 3/IeMEHTOB KOHCTPYK-
LM MOCTa OT BEPTUKAJIBHOI OCH IOJ, BEIICTBUEM
MPOXOAAMINX COCTaBOB U BETPOBBIX HArpy3OK,
OlleHKa Koje0aHMil KOHCTPYKLMII MOCTa IIOf
Harpyskoi u np. [na apdekTuBHOrO pereHms
IIOCIIElOBATEIbHOCTY 3a/lad MOHUTOPMHIA Tpe-
OyeTcs cosfjaHMe TIepejOBbIX MHTE/IEKTyaTIbHbIX
CHCTEM, BCTPOEHHBIX B peaJbHYI0 (PU3MKO-TexX-
HIYECKYIO Cpefly MOHUTOPUHIA 1 MMENX 00-
LIYI0 apXUTEKTYPY KOTHUTMBHO-PETyIATUBHOIO
MeTa-areHTa C PAaclpefeNieHHON IOLCUCTEMON
BOCHPUATHA MapaMeTPOB 00beKTa MHPPACTPYK-
TYpbl, peanus3yeMoi C IIOMOLbI CEHCOPHOI
cetn. Takme MHTe/UIEKTyaNbHbIE CUCTEMBI, OIN-
parolecs Ha MHTETPUPOBaHHbIE CPENCTBA IIPH-
oOpeTeHMsI 3HAHUII TPETbero MOKOJIEHsI, Ha3bl-
BAIOT VHTE/UIEKTYa/IbHBIMU cpegaMy (Ambient
Intelligence Systems) [1, 2]. VIHTenneKTyanbHyo
CpeRy MOKHO NPEeCTaBUTh KaK KOTHUTMBHO-pe-
TY/IATUBHOTO MeTa-areHTa [3].

31ech NOJ MCKYCCTBEHHBIM MeTa-areHTOM IIO-
HJMAEeTCS IPOTPAMMHBIN areHT MeTaypOBHA,
OPTaHM3YIOLMIT TPOLIECChI  PACHpPEEeNIEHHOIO
BOCIIpMATHS IIapaMeTpOB BHelIHell (uanko-
TEXHUYECKOI Cpefbl, 00ecreuYnBaoLil MHTe-
TpalMio MOCTyHawlell MHPOpPMAIuy U BbIpa-
6aTBIBAIOIINIT PEIIeHNs O CIIOCO6axX U CPefCTBaX
BO3JIeiiCTBUA Ha 3Ty cpenly. CucTreMHOe PO
VIHTEJUIEKTYa/IbHOM Cpefibl BbIpA)KaeTCAd B BUJE:
pacupenielieHHas CuCTeMa BOCHPUATHA Iapame-
TPOB (PMBUKO-TEXHUYECKO CPefbl + MHTEIeK-
TyalbHasA CHUCTeMa + paclpefe/ieHHasd CUCTeMa
BO3ZIe/ICTBUSA Ha (USUKO-TEXHUYECKYIO Cpeny.
Baxxaoe MecTo 3aHMMaeT MHpoOpMauud, MOCTY-
Malas OT JaTYMKOB, €€ aHajIM3 VI MHTepIpeTa-
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the systemic principles on which the concept of cog-
nitive measurements is based.

2. Cognitive measurements and their systemic
system principles

The term “cognitive measurement” was proposed
in 2010 by S.V. Prokopchina [4] as a kind of intel-
ligent measurements, where metrologically certi-
fied knowledge was acquired by using Bayesian
technologies.

In this paper the concept of cognitive measure-
ment means the construction and use of cognitive
sensors as special devices for hierarchical granu-
lation of measurement data. It is based on the fol-
lowing principles:

1) the principle of openness of measurement as a
cognitive process;

2) the principle of the uniformity of measure-
ments, assessments and reasoning;

3) the principle of synthesizing truth theories
while interpreting measurement results;

4) the principle of granulation of measurement
information.

Openness of measurements means their depen-
dence on selected goals, measurement environ-
ment, measurement instruments, and finally,
their inclusion more general processes, such as
monitoring or decision making.

So, in the bridge monitoring system, based on
measuring a number of parameters of the envi-
ronment and the bridge itself, diagnostics of its
current state, forecasting the future state, and
making control decisions are carried out. The
task is not so much to accurately measure the pa-
rameter itself as to jointly evaluate the results ob-
tained and issue a conclusion about the facility as
a whole or about the limitations in its operation.
The principle of the unity of measurements and
evaluations, evaluations and reasoning is closely
related to the principle of openness of measure-
ments as a cognitive process.

For example, let two parameters be measured - the
wind speed with an anemometer and the deforma-
tion of the bridge structure with a tensometer.

The result of the interpretation of the obtained
numerical values can be interpreted as fuzzy lin-
guistic estimates “The wind speed is quite strong”
and “The amount of deformation of the bridge is

LIS TJISL BBISIBJIEHUIT 3HaHMIA. T.e. TIOTHOLIEHHbI
IIPOLECC MHTENIEKTYalbHOTO MOHUTOPMHIA B
BIJIe €IMHCTBA IIPOLECCOB: U3MEPEHNE — OLEHN-
BaHle — pacCy>K/IeHUA — Bbruucnenusa. Equucrso
ILAHHBIX IIPOLIECCOB SIBJISIETCA OJHUM U3 CUCTEM-
HBIX NPVHIUIIOB, HA KOTOpbIE ONMPAETCA KOH-
LeNUA KOTHUTYBHBIX U3MEPEHMIL.

2. CucreMHble IPUHIUIBI KOTHUTUBHBIX U3Me-
pennit. TepMUH «KOTHUTUBHbBIE M3MEPEHU» ObIT
npemtoxex C.B. IIpokomunHoit B cratbe [4], re
pedb 1UIa 06 M3MepeHUsX, B pe3ynbTaTe KOTO-
PBIX C ITOMOIIBIO 6aileCOBCKMX MHTENIEKTyalb-
HBIX TEXHOJIOTMIl M3BIEKAIOTCA U MCIIOIb3YIOTCS
MEeTpOJIOTMYECKM aTTeCTOBAaHHble 3HaHUA. Mbl
IpefjlaraeM pacllMpeHue — I0j, KOTHUTUBHBIM
M3MEPEHNEM ClIeyeT IOHVMATh, B TOM 9HCIIE, Op-
TraHM3aLNI0 M3MEpPeHMs] KaK aBTOMATU3UMPOBAH-
HOTO IT03HaBaTe/IbHOTO IIpollecca, HalpaBIeHHO-
ro Ha obecrieveH1e KOMIIbIOTEPHOTO TIOHMMaHMSI
U IparMaTN4YeCcKol MHTepIIpeTaliuyl Pe3yl1bTaToB
nsMepeHnii. JJaHHasg KOHLENIUA IpeAronaraer
HOCTPOEHNe KOTHUTMBHBIX MHGPOPMALMOHHO-
U3MEPUTEbHBIX YCTPOVICTB, 00eCHedrBaIONINX
TPaHY/IALMI0O M3MEPUTENbHON MHOpMaLuu, u
ONMPAETCA Ha CIefyIollNe CUCTeMHBbIe MPUHIN-
1bl: 1) IPUHIINIT OTKPBITOCTY U3MEPEHNUs KaK Io-
3HABaTEeJIbHOTO IPOIleCcca; 2) MPUHINII eUHCTBA
M3MepEHNIL, OL[EHOK M PacCy>KIeHNIT; 3) IPUHIVIT
CUHTe3a TEeOpUIl MCTMHBI NpU MHTEpPIpeTarun
pe3yIbTaToOB M3MepeHMs; 4) MPUHINUIT TPaHYIA-
LU M3MEPUTENBHOM NHPOPMAIIVIN.

OTKpBITOCTh M3MepeHMiI O3HA4aeT UX 3aBUCH-
MOCTb OT LjeJIeit, Cpefbl M3MepeHNsI, NUHCTPYMeH-
Tapys U3MePEHMIl, HaKOHell, BKTIOYEHHOCTb B
6omee obmue mporeccel. Tak, B CricTeMe MOHU-
TOpPVMHTA MOCTa Ha 6a3e M3MepeHMs psifa mapa-
MeTPOB Cpefbl M CaMOr0 MOCTa OCYIeCTB/IA-
eTCsl JMArHOCTMKA €ro TeKYIero COCTOSHMA,
IPOTHO3MPOBaHMe OYAYIIero COCTOSHMSA, IIpH-
HATHE YIPaB/ARIINX pelleHnil. 3afada coCTOo-
UT He CTOJIbKO B TOYHOM M3MEPEHNM IapaMeTpa
CaMoro II0 ce6e, CKOJIbKO B COBMECTHOII OLIEHKe
IIOJTyYeHHBIX Pe3y/IbTaTOB U BbIJaue 3aKIIIode-
HUA 00 00BEKTe B Ie7IOM MM 00 OTpaHNYeHMAX
B ero akcruryarauny. C IPUHINUIIOM OTKPBITO-
CTM WM3MepeHMiT KaK KOTHUTMBHOTO IIpoliecca
TECHO CBsI3aH HPVHIVII €fVHCTBA M3MepeHMI
U OLICHOK, OLIEHOK ¥ paccyxpenuit. ITyctp n3-
MepsIIOTCSl fiBa IIapaMeTpa — CKOPOCTb BeTpa
aHEeMOMeTpPOM I Benn4MHa jedopManmus KOH-
CTPYKLIMM MOCTa TEH30MeTpoM. PesynbraToMm
VHTEepIpeTalyli IOJyYeHHbIX YNMCIOBBIX 3Ha-
YeHMII SB/IAIOTCA HeYeTKUe JIMHIBUCTUYECKNe
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close to the maximum permissible”.

Then it is possible to construct a fuzzy production
rule such as “IF the wind speed is quite strong AND
the deformation value of the bridge is close to the
maximum permissible, THEN impose restrictions
0f 3500T on the mass of trains moving on the bridge”

In accordance with the principle of the unity of mea-
surements, assessments and reasoning, measure-
ment is understood as a cognitive process associated
with the formation of a granular structure of infor-
mation in the form of a two-level hierarchy [5]: at
the lower level, using a set of sensors, ordinary mea-
surements are carried out, their indications provide
fine-grained information. At the upper level, the
results obtained are displayed on a pragmatic scale
of aggregated assessments — axiological or deontic —
expressing coarse-grained, nonnumerical informa-
tion (the obtained values of the measured parameter
are “normal’, “almost normal’, “not normal”, “far
from the norm” and so on), for example, the mea-
sured value of the wind speed is “almost normal”).

The analysis of the relationship between the result
of measurement (as a process of knowledge for-
mation) and understanding is based on two con-
cepts of truth: (1) Tarski’s correspondence theory
of truth; (2) Peirce’s pragmatic theory of truth.

oreHkM «CKOPOCTb BeTpa — JOBOIbHO CH/IbHAS»
u «Benmmanna fedopmanuu — 6/1113Kas K Ipesenb-
HO JIONyCTUMOI1». Torma MOXKHO MOCTPOUTH He-
4yeTKoe IPOAYKIMOHHOe npaBuio tuna «ECJIN
CKOPOCTb BeTpa — JJOBONIbHO cunbHaA VY Bemmun-
Ha jedopManuy MocTa — 61M3KasA K Ipefe/IbHO
pomyctumoit, TO BBeCTM OrpaHMYeHUs Ha MAacCy
ABIDKYIMXCA 110 MOCTY 110e3fios B 3500 T». B co-
OTBETCTBUY C IPMHIIUIIOM €[MHCTBA U3MepeHMI,
OLIEHOK U PacCy>X/IeHMil, U3MepPEeHMe TOHMMAET-
€51 KaK KOTHUTHMBHBII IIPOIIecC, CBS3aHHBIN C I10-
CTPOEHMEeM TPaHY/IAPHOI CTPYKTYpbl MHPOpMa-
LIUY B BUJE IByXypOBHeBOII nepapxun [5]: 1) Ha
HIDKHEM YPOBHE C IIOMOIIbI0 HabOpa JaT4YMKOB
IPOBOAATCA OObIYHbIC M3MEpPEeHNUs, Pe3y/IbTaThl
KOTOPBIX 00eCIeYMBalOT MENKO3EePHNUCTYIO WH-
¢dbopmarnuio, 2) Ha BepXHeM YPOBHe IO/Ty4YeHHbIe
Pe3y/IbTaThl 0TOOPAXKAIOTCA Ha IIPArMaTU4ecKylo
HIKaJly YKPYHIHEHHBIX OLEHOK — aKCHMOJIOTHMde-
CKVX WU JEOHTUYECKMX — BBIPXKAIOIUX KPYII-
HO3EpHICTYI0 MHpOpMannio (IOTy4eHHbIe 3Ha-
YeHNS M3MEePsAEMOro IapaMeTpa HaXOJATCA «B
HOpMe», «IIOYTY B HOPMe», «<He B HOpMe», 1 T.IL,
HaIpyMep, N3MepeHHOe 3Ha4eHIe CKOPOCTH Be-
Tpa — «IIOYTY B HOPMe»). AHa/IN3 CBA3U MEXAY
pe3ynbTaToM M3MepeHus (kak mpoueccoM ¢op-
MUPOBaHNA 3HAHMIT) ¥ TIOHVMAaHIEM CTPOVM Ha
OCHOBE [IBYX KOHLEIIIVI ICTVHBL: TeOPMs COOT-
BeTcTBUA Tapckoro m mparmarmdeckas TeOpU:
uctunbl [Tnpca.
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