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Abstract

The Hidden Markov Model (HMMs) provide a simple and efficient framework
for modeling diffuse vector sequences that differ in terms of time. Whereas constant
identification of the fundamental principles that underlie the HMM-based emergency
response program, defining and simplifying the premises inherent in the direct
application of those principles can lead to a low-precision and poorly operated
environment visibility structure. Highly complex therefore is needed for the practical
use of HMMs in contemporary structures. The purpose of this work is the
implementation of the HMMs and holding experiments to find the optimal parameters
models by the criterion of reducing the generalization error maximizing the probability
of recognition samples and minimizing the probability recognition of false samples as
applied to solving the problem of speech recognition. Such enhancements include
availability of functions, better simulation of covariance, measurement of differential
parameters, correction and standardization, mitigation for noise and a multiphases
device mixture. The analysis concludes with a case study to demonstrate the
mentioned techniques.

Keywords: Hidden Markov Model (HMMs), GPS, Autonomous Vehicles (AV),
ERA-GLONASS.
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AWNPUH MAPKOB MOAOEJIUIA ACOCJIAHTAH ABTOMOBUIIJTIAPOA
®ABKYNOAOA BA3UATIIAPOA XA®CUIITUK TUSUMMW.

K.A. lLlapunoe?, A.K. Ncambepdues’, H.A. Xanukoea', M. AMOHog8’,
A. Ymapoe?, A. Pycmamog?:2
. Mamayunusov {akmal.rustamov@polito.it}

1. TowkeHmM uppuezauyusi 8a KUWIIOK XyXKanuauHu MexaHu3ayusnaw myxaHoucnapu
uHcmumymu
2. TowkeHm waxpudazu EJXKY mexHuka uHcmumymu
AHHOTauuA

Awmnpun Mapkos mogenu (AMM) BakT xuxatngaH dapk kmnaguraH anddys
BEKTOPSN KeTMa -KeTNUKHU MOoZennawTvpull y4yH cofja Ba camapann acoCHM
TabMmuHnangn. AMMra acocnaHraH chaeBkynogna BasuaTnapHu Gaprtapad aTuvw
AACTYPUHUHI aCOCUMHW TalLKWUN 3TYBYM acocur TaMOWUNMapHuU SOUMUA paBuwiaa
aHuknaw, 6y npuHTCUNIapHW TyFpuaaH-TyFpu Kynnawra xoc 6ynraH OuHonapHu
aHuKnaw Ba copanawiTvpuil, atpog-MyXUTHUHT KYPUHULLMHW aHUKIUMA nacT Ba
éMOH Oowkapunuwmura onud kenuwun MymkuH. LWyHaan knnub, 3amoHaBuK
Tysunvanapga AMMnapgaH amanun donganaHuw ydyH xyaa mypakkab tanab
knnuHagn. by nwHnHr makcagm - AMM -napHn amanra owmvpuil Ba HamyHanapHu
TaHNb onuLL AXTUMONMHM MaKCUMan Japa)aza oLnpuLL Ba COXTa HaMyHanapHu TaH
ONnvLW 3AXTUMOMUHM MUHMMaNNawWTUpuL, yMyMnawTUpULL XaTOCUHU KaManuTupuLL
Me3oHnapu Oynuya onTuman napamMeTp MoAernnapuHu Tonuw TaxpubanapuHm
yTKasuw. TaH onuw. byHaan axwwunanuwnapra QyHKTCuanap MaexXyanuru,
KOBApPSAHCHM AXLWIMPOK CUMYNATCUA KANULW, AndpdpepeHTcnan napameTprapHu
ynyaw, Ty3aTil Ba CTaHZapTNawTUPULL, LLIOBKMHHU KamanTuUpuL Ba Kyn ¢asanu
Kypunma apanaiwimMacu kupagu. Taxnun rokopuaa KypcatunraH TeXHUKaHU HaMOonULL
3TULW YYYyH amanui uw 6unaH SkyHnaHagw.

Kanut cysnap: AwwnpuH Mapkos mogenu (AMM), I'TIC, aBTOHOM TpaHCnopT
Bocutanapwu (ATB), SPA-IMOHACC.
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OLIEHKA CUCTEMbl ABAPUAHbIX CATYALUA TPAHCNOPTHbLIX CPEACTB
HA OCHOBE CKPbITbIX MOOENEA MAPKOBA

K.A. lLlapunoeg?, A.K. Ucambepdues’, H.A. Xanukoea'’, M. AMOHog8’,
A. Ymapoe?, A. Pycmamog’ 2
. Mamayunusov {akmal.rustamov@polito.it}
1. TawkeHmMcKkul uHCmMuUmMym UHXeHepoes uppuzayuu U MexaHusayuu cesibCKo2o
xo3siticmea
2. TexHuyeckuli uHcmumym E[DKY 6 2opode TawkeHm

AHHOTauusA

CkpblTaga mapkoBckass Mogenb (CMM) obecneunmBaeT npoCcTyio W
3(pPeKkTMBHYIO  OCHOBY  AnNA  MOAenupoBaHus  ANP@Y3HbIX  BEKTOPHbIX
nocrniegoBaTenlbHOCTEN, KOTOpble pasnuyarTca Nno BpemeHu. B To Bpemsa Kak
NOCTOSIHHOE onpeaerieHe yHOaMeHTarnbHbIX MPUHLMIMOB, feXalux B OCHOBE
nporpamMmbl aBapuMHOro pearvpoBaHuMss Ha ocHoBe CMM, onpegeneHve wn
yrnpoLleHne npeanocbIiok, NPUCYLMX MPSAMOMY MNPUMEHEHUIO ITUX MPUHLMIMOB,
MOXET MPUBECTU K HU3KOW TOYHOCTU U MIOXO YNpaBnsaeMon CTPYKType BUOMMOCTH
oKpyxatowen cpegbl. [loatomy gns npaktuyeckoro ucnonb3oBaHus CMM B
COBPEMEHHbIX KOHCTPYKLUMSX TpebyeTcs o4veHb crnoxHasi KOHCTpykuus. Llenbio
AaHHon paboTbl aBnsetcsa peanu3auns CMM u npoBegeHue 3KCNEPUMEHTOB MO
MOUCKY ONTUMAarsibHbIX NapameTpoB MoAenen no KpUTeputo yMeHbLUEHUSA OLIMOKK
obobLleHnsa, Makcummsaumm  BEPOSTHOCTU  pacrno3HaBaHUs  BbIDOPOK M
MUHUMU3aALUNN BEPOSATHOCTU pacrno3HaBaHUA NOXHbIX BbIOBOPOK NMPUMEHUTENBHO K
peLeHNI0 3aJayn peydn. npusHaHue. Takue ynydlweHus BKNYalT LOCTYMHOCTb
dyHKLMA, ynyyleHHoe MoLenupoBaHue KoBapuauuu, n3mMepeHune
anddpepeHumnarnbHbIX NapamMeTpoB, KOPPEKUMIO U CTaH4apTU3auuio, yMeHbLUeHne
lWyMa WU CMeCb MHOroasHbIX YCTPOMCTB. AHanu3 3aBepluaeTcs TemaTUyYecKuMm
nccnenoBaHMeM, AEMOHCTPUPYIOWUM YNOMSAHYTbIE METOAbI.

KntoueBble cnoBa: CkpbiTas mapkoBckas mogens (CMM), GPS, aBTOHOMHbIe
TpaHcnopTHble cpeactea (ATC), SPA-ITIOHACC.
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1. Introduction

"ERA-GLONASS" is the Russian state emergency response system for
accidents. The system was put into commercial operation on January 1, 2015. This
is the world's first mandatory and free emergency call system. The analogue of the
ERA-GLONASS system is the pan-European eCall system, with which the ERA-
GLONASS system provides technological compatibility. According to statistics, the
majority of accident victims do not die at the very moment of the accident, but after.
help comes too late. It is assumed that the introduction of the system will lead to a
reduction in response time in accidents and other emergencies, which will reduce
mortality and injuries on the roads and increase the safety of freight and passenger
traffic. The ERA-GLONASS modaule is built into each car. This is a stripped-down cell
phone with one SOS button and sensors. Like any smartphone, it has its own SIM
card, antenna, 3G modem, microphone, speaker and GPS / GLONASS navigation
module. Sending and calls are realized through the mobile operators “MTS”,
“‘Beeline” or “Megafon” through the most accessible of them in the area. It is stated
that the module can use any available cellular network. The ERA-GLONASS system
includes the infrastructure of the virtual operator MVNO, which will be connected to
all operators to ensure the highest achievable reliability of emergency call
transmission.

The message that the device sends is short and weighs about 140 bytes, so
the system will be able to send it even with poor call quality. On average, it takes
about 10 seconds to connect to a mobile network and transfer data to a call center.
In conditions of poor communication, ERA-GLONASS will make 10 attempts to
transfer data, and then independently send a message via SMS. The first and most
important misconception is that ERA-GLONASS is part of the GLONASS global
navigation satellite system. This is not so the ERA-GLONASS system uses
GLONASS and American GPS to determine the location of the emergency vehicle,
this allows we to increase the accuracy of determination in places where satellite
coverage of one of the systems is insufficient. Moreover, the location is performed

only in the event of an accident or manual call SOS. The second misconception -
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supposedly the system monitors all movements of the car. The operation of the
system for continuous tracking (like a tracker) is not provided for by the project
standards. Location data would have to be regularly sent over cellular networks and

it is unlikely that they would be carried out for free.

2. Hidden Markov Model

The hidden Markov model is the model of the process in which the process is
considered Markov, and it is not known what state S; the system is in states are
hidden, but each state Si can produce an event O; with some probability Bio; that can
be observed. In the field of signal recognition, it is often thought of as a product of
multiplication, which act statistically. Thus, the goal of the analysis of such signals is
to model the static properties of signal sources as accurately as possible. The basis
of such a model is a simple study of the data and a possible degree of limitation of
the deviations that arise. However, the model to be determined should not only repeat
the production of certain data as accurately as possible, but also provide useful
information about some significant units for signal segmentation. Hidden Markov
models can handle both above aspects of modeling. In a two-stage stochastic
process, information for segmentation can be obtained from the internal states of the
model, while the generation of the data signal itself occurs in the second stage. This
modeling technology gained great popularity as a result of successful application and
further development in the field of automatic speech recognition. Studies of hidden
Markov models have surpassed all competing approaches and are the dominant
processing paradigm. Their ability to describe processes or signals has been
successfully studied for a long time. The reason for this is that the technology for
constructing artificial neural networks is rarely used for speech recognition and
similar segmentation problems.

Hidden Markov Models (SMM) describe a two-stage stochastic process. The
first stage consists of a discrete stochastic process that is static, causative, and
simple. The state space is considered as finite. Thus, the process probabilistically
describes the state of transition to discreteness, the finite state space. This can be

visualized as a finite state machine with differences between any pairs of states that
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are labeled with the probability of transition. The behavior of the process at a given
time t depends only on the immediate state of the preceding element and can be

characterized as follows:

At the second stage, for each moment of time t, O is additionally generated by
output or output. The distribution of associative probability depends only on the

current state of St, and not on any previous states or output.

This sequence of output data is the only thing that can be observed in the
behavior of the model. On the other hand, the sequence state adopted during data
generation cannot be investigated. This is the so-called “stealth” from which the
definition of hidden Markov models is derived. If we look at the model externally,
observe its behavior - quite often there are references to the sequence of output
states O;, O ... Oy, as the reason for observing the sequence. Further, the individual
elements of this sequence will be called the result of observation.

In the literature, patterns of recognizing the behavior of HMMs are always
considered at a certain time interval T. To initialize the model at the beginning of this
period, additional probabilities are used to describe the probability of the distribution
of states during t = 1. Equivalent criterion of the final state, as a rule, is absent. Thus,
the actions of the model come to the final state as soon as an arbitrary state is
reached at time T. However, the first-order hidden Markov models, which are usually

denoted by A, described as:

« establishment of a finite set of states {s | 1 <s <N},

« state of transition probabilities, matrix A
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* the state vector 11

» state of a specific probability distribution

=C () CH)=PC =1 =)

3. Results and Analysis

In This example shows how to implement hard clustering on simulated data
from a mixture of Gaussian distributions. Gaussian mixture models can be used for
clustering data, by realizing that the multivariate normal components of the fitted
model can represent clusters. Fit a two-component Gaussian mixture model (GMM).
Here, knowing the correct number of components to use. In practice, with real data,
this decision would require comparing models with different numbers of components.
Also, request to display the final iteration of the expectation-maximization fitting
routine. Plot the estimated probability density contours for the two-component
mixture distribution. The two bivariate normal components overlap, but their peaks
are distinct. This suggests that the data could reasonably be divided into two clusters.
For cluster to provide meaningful results when clustering new data, X0 should come
from the same population as X, the original data used to create the mixture
distribution. When computing the posterior probabilities for X0, cluster and posterior
use the estimated mixing probabilities. Each cluster corresponds to one of the
bivariate normal components in the mixture distribution. cluster assigns data to
clusters based on a cluster membership score. Each cluster membership scores are
the estimated posterior probability that the data point came from the corresponding
component. Cluster assigns each point to the mixture component corresponding to
the highest posterior probability. This data set includes labels. Determine how well

gmBest clusters the data by comparing each prediction to the true labels.
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Scatter Plot and Fitted GMM Contour
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Figure 1. Markov chain Classes reproducibility plot a digraph (left), Markov chain with node

colors representing the expected first hitting times (right)

Clustered Data and Component Structures New Data Cluster Assignments
3 T T T : T T h
s Cluster 1 Fitted GMM Contour
e  Cluster2 —— 5r + Cluster1
251 ® Cluster3 i S 1 O Cluster2

Fetal width {cm)

05

-0.5

1 2 3 4 5 G T
Petal length (cm)

Figure 2 The eigenvalues of the Markov chain on the complex plane.

In the Fig. 2 the pink disc in the plot shows the spectral gap the difference
between the two largest eigenvalue modul. The spectral gap determines the mixing
time of the Markov chain. Large gaps indicate faster mixing, whereas thin gaps
indicate slower mixing. In this case, the gap is large, indicating a fast-mixing chain.
When we are slowing mixing process of chain another 23-state Markov chain from a
random transition matrix containing 475 infeasible transitions. With fewer feasible
transitions, this chain should take longer to mix. Plot a digraph of the Markov chain

and identify classes by using node colors and markers.

3. Conclusion
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This paper review first describes the core architecture of a navigational unit system
based on an HMM emergency response evaluation and then outlines the different
advanced features needed for state-of-the-art results. Hidden Markov Models was
implemented as applied to the task of recognizing separate data. Practical results
are obtained for parametric vectors based on cepstral coefficients and linear
prediction coefficients, and corresponding estimates of system performance for
various model parameters. Further studies are planned in several directions:
development and implementation of transformation algorithms will ensure signal
independence of the system, increasing in the size of the training sample will lead to
a significant increase in the time of training and testing; as a result, the use of modern
parallelism technologies, in particular, computations on graphic processors, may be

required.
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