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Abstract. Classification of data streams according to phases of flight (maneuvering, takeoff, flight, des-
cending, entrance to the landing area, landing, maneuvering) is proposed. Development of algorithm,
which uses a dictionary and grammar to refine the recognition results, is given.
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Introduction

Statistical analysis strongly suggests that a sig-
nificant part of aircraft accidents caused due to crew
and flight operator errors at the time of voice mes-
sages hearing and processing [1], [4]. Obviously,
information perception mistakes and raised emo-
tional state are the main reasons for making such
false-fatal decisions [2], [3].

This paper introduces classification of data
streams according to phases of flight (maneuvering,
takeoff, flight, descending, entrance to the landing
area, landing, maneuvering after landing). It proposes
to use separate vocabulary and grammar commands
sets for each of the data streams, according to flight
stage. Also the development of algorithm which uses
a dictionary and grammar to refine the recognition
results is given [5]. Offered classification and algo-
rithm can together significantly improve efficiency of
the commands recognition problem solving in radio
communication channels between the dispatcher and
the crew of the aircraft.

Determination of information flow

Information flow is a time sequence of informa-
tion units generated by source and received with
some medium to the receiver, changing its state. In
case of this paper, radio channel of communication
between flight operator and crew can be used as a
medium which information streams is transmitted
through.

Classification of information flow in the

channel sharing «Dispatcher-crew»

According to the conventional classification of
flight stages, information flows are structured as
follows:

1. Preparing for flight, maneuvering and run.

2. Takeoff and climb.

3. Flight route and preparation to reduce.

4. Reduction, the implementation scheme of
standard arrival and entrance to the takeoff and
landing area.

5. Entering to the landing line and then landing

6. Maneuvering in the area of disembarkation.

Information flow consists of information units
(subject alphabet), connected by grammar rules
(structure of messages). Each flight stage characte-
rized by its own alphabet and grammar (Fig. 1).
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Fig. 1. The general scheme of information
flow detection in air navigation systems

Mathematical model of information flow

Let @,,..., @, is set (alphabet, vocabulary) of

information units. Sequence of these units makes a
message (word, sentence) (Fig. 2).

In communication channels “Flight opera-
tor-crew” sequence of information units can be con-
sidered as a series (1)

m
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information flow. According to the definition of the
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Fig. 2. Scheme of the formation of information
flow control using Markov chain /(z,)

The model of information flow O,(t,),
k=1, .., Q; i=1, .., N, which grammar describes
by the Markov chain /, (z,), defined by a matrix of
transition probabilities

The value of transition probabilities (matrix ele-
ments 1, ) are determined by the type of information

flow O, and its grammar.

Example. Development of phonetic structure
with Russian language, as one of the ICAO lan-
guages

Let the voice messages transmitted online. In or-
der to analyze proposed model, the software that
allows phonological analysis of speech communica-
tions was built. According to the classical definition,
phonemes — is a smallest units of sound that make up
the meaningful units of language (words and mor-
phemes). In the case of model (1) for the speech
signal, we assume the concept of phonemes and basic
sound constituent equivalent. Phonological system of
the modern Russian language has vowels - “a”, “o0”,
“y”, “9”, “pr”, “n”, hard “6”, “B”, “r”, “n”, “x”, “3”,
“ﬁ”, “K”, “.]'I”, “M”, “H”, “H”, “p”, “C”, “T”, “(1)”, « ”,
“n”, “g”, “m” and softened “0b”, “Bb”, “Tb”, “Kb”

2 “HL” (13 EE T3 9% e

“mp”, “Mb”, , “mb”, “pp”, “cb”, “TB”, “dB”, “XB”,
“up”, “m1” consonants. Resulting set of phonemes was
taken as the set of states of Markov chain control.
Also developed software for the automated
processing of data in electronic form allows to esti-
mate conditional probabilities of transitions between
phonemes. As a control sample was taken into a
technical field of air navigation in total volume of 200
pages. A fragment of the resulting matrix of condi-
tional probabilities estimations of transitions between
phonemes are shown in Table. 1.

b

Table 1
Fragment of conditional probabilities table of transitions between Russian phonemes
a o y ) bl u i 0 0b B Bb
a | 0,007 0,024/ 0,008 0,005 0,000| 0,024/ 0,071| 0,017 0,003| 0,055| 0,011
o | 0,002 0,021| 0,006/ 0,003 0,000| 0,020 0,082| 0,038 0,008 0,085| 0,018
y | 0,010] 0,021| 0,006 0,005 0,000| 0,033 0,056| 0,028 0,017| 0,044 0,013
5 | 0,002] 0,020 0,007| 0,004/ 0,000| 0,018 0,074| 0,015 0,015 0,033 0,008
bl | 0,004 0,013| 0,004| 0,003 0,000| 0,022 0,130| 0,028 0,003| 0,085| 0,006
u | 0,005/ 0,036 0,010| 0,004/ 0,000| 0,032 0,110] 0,019 0,004| 0,070| 0,008
i | 0,193 0,014/ 0,098 0,477 0,000| 0,014/ 0,005 0,007 0,002| 0,013 0,002
6 | 0,097 0,193 0,097 0,003| 0,327 0,003| 0,010| 0,001| 0,000| 0,001| 0,005
6b | 0,142| 0,000] 0,003| 0,620| 0,225| 0,000, 0,010| 0,000, 0,000| 0,000{ 0,000
B | 0,180] 0,243| 0,028 0,009| 0,083| 0,008 0,006| 0,005 0,002| 0,009 0,003
Bb | 0,021] 0,001| 0,000 0,569 0,390| 0,001 0,010] 0,000{ 0,000/ 0,001 0,000
r | 0,058 0,582| 0,042| 0,001 0,000| 0,004/ 0,003| 0,002| 0,000/ 0,006| 0,001
rs | 0,000/ 0,000 0,000| 0,355 0,645| 0,000{ 0,000| 0,000{ 0,000/ 0,000| 0,000
o | 0,232| 0,208 0,095 0,001 0,035| 0,004| 0,012| 0,002| 0,002| 0,023| 0,029
o6 | 0,060[ 0,003 0,011 0,567 0,311| 0,004 0,006| 0,006| 0,000/ 0,003| 0,000
x | 0,147 0,007| 0,021| 0,421| 0,147| 0,003 0,004| 0,006 0,002| 0,002| 0,001
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Fig. 3 shows a two-dimensional graph, histogram
distribution of transitions between phonemes. This
information provides an opportunity to significantly
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Fig. 3. 3D graph with estimation of distribution of conditional probabilities of transition between Russian phonemes.
Figure signed most common combination «ii-3», «1-0», «H-a» and others

Algorithm of information flow recognition

Let for the £ th flow of information was obtained
the resulting matrix of transition probabilities II,
(2). Digitized radio channel communications signal .S
is segmented [1] and applied to the receiver input H

with a sequence W=(w1, s W, W ) parts of

n+l>

audio stream.

The receiver H is characterized by matrix Q" of
recognition probability:

Ty e T,
o'=l... ... .|

T

)

T

ml mm

where m is number of phonemes in dictionary.

Matrix Q" obtained through research and pro-
vides information with detection probability of re-
ceiver H for each dictionary phoneme in relation to
other phonemes that were fed to the input of the re-
ceiver as fragments of training samples. For example,
the first row of the matrix Q" provides information
about probability distribution of each phoneme rec-
ognition if receiver inputs fragment of the phoneme
«an.

Let on the previous step of the algorithm was ob-
tained the vector P (w, ), of probability distribution
of phonemes for i —1 fragment of audio stream S.

The next step of the algorithm, using vector
P’ ,(w,,) and known matrix II, the extrapolated
(estimated) vector of phonemes probabilities in the
i+1 step is obtained:

B (w,)= }):1 (W) xII,. 4)

Let the next i-th part of audio stream S is trans-
mitted to receiver input H. Receiver H, according to
their characteristics Q" (3), generates the appropri-
ate phonemes distribution probability vector:

BW,)=(Pyisewes D)5 Z:l:lpji =1 Q)

Using the obtained vectors P(w,) and P™(w,),

the resulting probability distribution vector for the
i th segment is calculated:

B (W) =(Piyseees Pin);
. BeXtR _ (6)
pik = mk eft s k = 15
B,

It should be noted that for the first segment
P’ (w,)=P(w,), because there is no previous frag-
ment for him.

Thus, the resulting vector B (w,) contains refined
information based on characteristics of receiver H
and transitions matrix II, on i th segment of reali-

zation. The most probable phoneme in this segment
should be considered phoneme, which corresponds to

the largest value vector P’ (w,):
P’(w). %)
The algorithm should be applied for all fragments

i+1, i+2, .. Resulting sequence F=(F, .., F_,,
F,, F,,, ...) should be considered as the most likely

i

F, =argmax
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result based on characteristics of receiver H and
transitions matrix [I, (Fig. 4).
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Fig. 4. Recognition algorithm of audio stream using
receiver characteristics and the matrix of transitions
between phonemes

An example of application of the proposed
model

During a real flight, quality of audio messages can
significantly deteriorate due to significant interfe-
rence and channel distortion in radio communica-
tions. In such situations, the transition matrix II, (2)

can significantly improve the recognition accuracy of
audio information. For example, let the dictionary
system consists of the following patterns of pho-
nemes Russian language — «a», «o», «B», «», «T»,
«b», «x», «». Empirically determined probability
matrix recognition of phonemes using correlation
matching with templates on Table 2.

Table 2

Example matrix Qf (3) with recognition probabilities
of 6 phonemes of Russian («a», «0», «B», «I», «T», «Pp»,
«X», «1»), obtained empirically. First row of the matrix
shows that the phoneme “a” in 60 % of cases detected

correctly in 40 % of cases recognized as phoneme “0”

«@» | KO» | «B» | «I» | «T» (((b)) XM | «II»

according to the maximum value of the correlation
coefficient between the obtained sample and a ref-
erence sample of phonemes and use the vector of
probabilities of the corresponding row of the matrix
Table 2):

1 pho- | 2 pho- | 3 pho- | 4 pho- | 5 pho-
neme neme neme neme neme
«» - 0.6 | «o» - 0.4 | «» - 0.4 | «o» - 0.4 | «B» - 0.3
«x» - 0.4 «a» - 0.6 | «a» - 0.6 | «a» - 0.6 |«d» - 0.7

To apply algorithm on Fig. 3, it is necessary to use
normalized data in Table 1:

a o B r T i) X I

a 0 0,14952] 0,3468 |0,10765]0,26315| 0,0311 {0,08971]0,01196|

0 10,0081 0 10,39119]0,22819]0,32599|0,00489]0,03545|0,00611

B |0,39322|0,53236] 0 ]0,02419{0,04053{0,00060{0,00605|0,00302]

r |0,08986(0,89869|0,00898| 0  ]0,00245] 0O 0 0

T |0,27124]0,63821|0,07578(0,00518] 0  |0,00079(0,00199(0,0067§

¢ 10,5937 | 0,25 |0,0625|0,0312 | 0,0625 0 0 0

x [0,24896| 0,6016 {0,08921]0,03319/0,02074/0,00414| 0  |0,00207

1 [0,53676/0,34558|0,08823|0,00735/0,02205| 0 0 0

On the first step of algorithm resulting vector
P’ (w,) coincides with the vector that returns the
receiver H:

alo|B|r |T|d]| x 1 |Result
Pr(wi)lolo]0]0.6] 00 04]0]| «I»

According to expression (4), the vector
P (wy) =B (w) =1, :

a | o | B r T | & [X| 1o

PzeXt(Wz) 0,15350 10,7798 |0,04107 {0,01327 |0,00976 |0,0016 |0 |0,0008

After mapping by expression (6) vector B (w,)

Ta P,(w,), obtain a vector P, (w,):

a o BrT(bques“lt

P, () |0.22795(0,77205/0 | 0 | 0 [0 |0 | 0 | “©”

«» |06 1]04| 0 0 0 0 0 0

Similarly, following probability vectors are ob-
tained:

a o B r T ) X u  |[Result

«w» | 04106 0 0 0 0 0 0
«BY» 0 0 0,6 104 0 0 0 0
«r» 0 0 |04]06| 0 0 0 0
«T» 0 0 0 0 [06]| 04 0 0
«h» 0 0 0 0|04/ 0,6 0 0
«X» 0 0 0 0 0 0 0,6 | 04
«ID» 0 0 0 0 0 0 04| 0,6

Let on the first stage were received following
phonemes (the degree of compliance with the stan-
dard phonemes is calculated by selecting a template

P§*t (w3) | 0,0062 |0,0340 | 0,3810 | 0,2007 {0,3116[0,0108|0,04780,0074

P;(w3) 0 0 0 09654| 0 0 10,0345 «T»

P&t (w,) |0,2804 10,6280 | 0,0762 |0,0052 {0,0007 [0,0007 |0,0019|0,0065

P;(w,) |0,4010]0,5989| 0 0 0 0 0 0 «O»

P&t (wg) [0,0048 [0,0599 | 0,3734 0,1798 {0,3007|0,0154 {0,05720,0084

Pz (ws) 0 0 109122 0 0 10,0877 0 0 «B»
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Thus, as a result of the above algorithm is a se-
quence of «I'-A-I[-A-®» on the receiver output was
updated to a sequence «I'-O-T-O-B», which is con-
sistent with the current word of Russian.

Conclusions. This example shows that the matrix
of conditional probabilities of transitions between
phonemes can significantly improve the recognition
of phonemes. It should also be noted that this statis-
tical approach can be used in subsequent stages of
recognition — Spelling and grammatical (Fig. 1). This
level of analysis is necessary to use orthographic
matrix of conditional probabilities of transitions be-
tween syllables and grammatical level — matrix tran-
sition probabilities between words corresponding
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