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Abstract—The article suggests the developed voice command recognition system based on steganograph-
ic-cepstral analysis and the computational algorithm of mel-frequency cepstral coefficients which is used
for creation the basic voice command recognition system on the basis of which can be created more com-
plex voice control solutions. To prove experimentally and substantiate the usefulness of using the devel-
oped voice command recognition system and the computational algorithm of mel-frequency cepstral coef-
ficients. The detailed results of preliminary experimental studies of the developed voice command recog-
nition system and the computational algorithm of mel-frequency cepstral coefficients in MATLAB in the
case of the identification of control commands "up", "down", "right", "left" spoken by different subjects.
The article presents the developed voice command recognition system based on steganographic-cepstral
analysis which allows to increase the efficiency of voice command recognition. The conclusion based on
the detailed results of preliminary experimental studies shows the usefulness of using the developed voice
command recognition system and the computational algorithm of mel-frequency cepstral coefficients and
thorough substantiation of the scientific-technical experimental study.

Index Terms—Classification of the object; semantic identification of the voice commands; Unmanned

Aerial Vehicles; voice recognition; mel-frequency cepstral coefficients.

I. INTRODUCTION

In this paper, as proposed and described in detail
an algorithm for calculation mel-frequency cepstral
coefficients (MFCC), which is used to create a basic
voice recognition system, on the basis of which can
be built more complex solutions of voice control
such as the system of voice radio control functions
of Unmanned Aecrial Vehicles (UAV) for qualitative
decision of tasks in the military intelligence
purposes, which is a new approach in this field of
application [1].

II. PROBLEM STATEMENT

The main goal of this article is to design the
voice command recognition new system based on
steganographic-cepstral analysis for controlling the
UAYV with its subsequent optimization.

The following objectives need to be met in order
to fulfill this goal: (a) To do research on the methods
of detection individual features of speech signals
MFCC, used in voice recognition systems. (b) To do
research on the voice recognition system and algo-
rithm for calculation of MFCC in the MATLAB as an
example of identification of different subjects spoken
commands: “Up”, “Down”, “Right”, “Left”. (c) To

carry out a comparative assessment of the calculated
values from the selected minimum distance criterion,
which is the main indicator of the quality of voice
recognition test. (d) To do research on the voice
command recognition system based on steganograph-
ic-cepstral analysis in software package MATLAB.

III.  VOICE CONTROL COMMAND RECOGNITION
SYSTEM OF UAV BASED ON CEPSTRAL ANALYSIS

The developed voice command recognition sys-
tem based on steganographic-cepstral analysis has
two operation modes: the learning mode and the
recognition mode (testing). These modes include a
functional scheme of voice command recognition
system based on steganographic-cepstral analysis
(Fig. 1), a task which is the primary processing of
speech recognition and feature selection, which are
mainly used in MFCC. If the system is in the learn-
ing mode received in step release values recognition
features are saved in the reference database of voice
images. When the system is in a state of recognition,
the values set of MFCC of subject of controll of
voice command sequentially compared to all sets of
MFCC values from the database of standard voice
samples. The task function of the decision to deter-
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mine the best result of the comparison to one of the
specified criteria, and to give recognition result [1].
This research article considers the approach to
solving the problem of recognition of voice
commands using MFCC splitting (Fig. 2) for the

main objective of this research articles is to select in
the speech signal features that are relevant for voice
command recognition task, that is, information of a
semantic component of the voice control of the
subject [2].

semantic identification of voice commands. The
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Fig. 1. Voice Control Command Recognition System of UAV based on Steganographic-Cepstral Analysis
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Fig. 2. Algorithm for calculation of MFCC for UAV voice control

Selection of the best parametric features of voice
signal is an important task in the development of any
UAYV voice control system.

Calculation of MFCC includes the following
steps. At the input of the algorithm speech signal is
supplied frequency band, which is very limited and
is in the range from 300 to 4000 Hz. The prevailing
approach to speech signal processing procedure is to
use short-term analysis. That is, the signal is split
into fixed size time window, in which signal para-
meters do not change. For speech signal the window
size is usually chosen in the range of 10-30 ms. For
a more accurate signal notation between the win-
dows do overlap, equal to half the length of the win-
dow. Then algorithm recognition features selection
of (MFCC) is applied to each window. Based on the
foregoing, the pre-processing of the speech signal is
divided into K frames for N counts, split into 1/2
of frame length. The input of a discrete Fourier
transform (DFT) is fed a sequence readout portion of
the speech signal ( K frame), investigated in this ite-
ration, x,, ..., x, . Weighting function, and then
the DFT is used for a given sequence. In practice, as
the weighting function is often used Hamming win-
dow which is as follows:

)
N-1)

w[n]=0.53836-0.46164- cos(Zn

n=0,..,N-1

where, N is the window length expressed in
counting.
Then DFT weighted speech signal can be written

as a formula:

N-1 20,
X[k]=
n=0

The representation of the speech signal in the
frequency domain is divided into bands with the
help of the bank (comb) triangular filters. Multiply-
ing the function to filter, we average it at a certain
site. Each triangular filter finds a weighted average
of the spectral amplitude values corresponding to
frequencies in the range between the lower and up-
per frequency for this filter. If the amplitude corres-
ponds exactly to the average of frequency bands, it
is multiplied by a ratio equal to one. When moving
the corresponding amplitude value of the frequency
from the middle to the lower or upper limit of the
coefficient decreases from one to zero.

The result is the weighted average for a given
frequency band. Filter's edges are calculated in mel-
scale. This scale is the result of research on the hu-
man ear's ability to perceive sounds at different fre-
quencies [3].

Transformation into mel-frequency domain is
carried out according to the formula:

M =1127.01048In(1+ F / 700).
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The inverse transformation is expressed in hertz
by the formula:

Fe 700(eM/1 127.01048 _ 1)‘

The formula for dividing the frequency axis into
triangular filters will be as follows:

O T A

where, N is the amount of mel-filters (usually use

about 24 filters); Fs is the sampling frequency;
M(F) is the frequency transfer function in hertz
into frequency in mel-scale, discussed -earlier;
M(Fax — Foyn ) is the analyzed frequency range in

m

mel-scale, which is divided into N evenly distri-

buted overlapping ranges and calculated in the cor-
responding edges in the linear frequency. We form
bank triangular filters according to the following
equation:

0, k<f[m—1],
(k= /[m-1])
, f[m—l]Sk<f[m],
oS
(f[m+1]—f[m])’ f[m]sksf[m+1],
0, k> f[m+1],

where, H, [k] are filters weighted coefficients [4]
and [5].

The use of the filter is pair-wise multiplication of
its values with the values of the spectrum. Because

filters have N/, coefficients will be the same. Filters

are applied to the square of the modulus of the DFT
coefficients, that is, we need to apply mel-filters not
to the values of the spectrum, but to his energy. Do
so, you need to calculate the energy for each win-
dow, and then take the logarithm of results. It is be-
lieved that in this way the sensitivity to noise ratios is
decreased. The logarithm of the spectrum energy
values are taken and represented as follows:

E[m]:ln(§|X[k]|2Hm [k]}, m=0,..,N,-1.

The final step in calculating MFCC to reduce the
number of output parameters and de-correlation
component is discrete cosine transform (DCT),
which is given by the equation:

N1 nn(m+2)
c[n]= Z E[m]cos| ——% |, n=0,..,N,~1.

m=0 f

This transformation has the property of compact-
ness of energy: greater energy corresponds to a
smaller amount of information. The resulting set of
values is called MFCC. Coefficient c[0] is not used,

as is the energy of the speech signal. Thus, we have
a very small set of values, which in recognizing suc-
cessfully replaces thousands of samples of the
speech signal. Typically, it retained only the first
few elements (8 to 16), which later produced the
identification of voice commands [6]. Figure 3
shows calculated by developed algorithm of MFCC
experimental samples of voice commands control
subject No.1: “Up”, “Down”, “Right”, “Left”.

2

0.5

Fig. 3. MFCC voice commands control subject No.1:
(a) _ 4‘Up”; (b) _ 4GDOWH”; (C) _ “Right”; (d) _ 4‘Leﬁ”

In this system for evaluation of the results of au-
tomatic recognition of voice commands a classifier
built by the criterion of minimum distance is used.
As such indicator figure stands variance of the dif-
ference of the expectation value of MFCC saved in
base of standard voice samples with expectation val-
ue of MFCC at the testing system level [7], [8].

The dispersion of the difference of the expecta-
tion values of the two samples of voice commands
(MFCC), written as follows:

2

where, x; is the saved in base of standard voice
samples; X; is at the testing system level; n is the

amount of MFCC. The decision of semantic identifi-
cation of the voice commands accepted by the crite-
rion of minimum dispersion, i.e. the least deviation
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compared MFCC in a certain threshold of recogni-
tion which is given by:

if Dy, <O
"identified !"
else

"not identified !"

end

where, D,;, is the minimal dispersion; ® =1—A is
the specified threshold of allowable recognition (in
practice usually A=0.80...0.90 is used). Minimal
dispersion, which became a specified threshold of
allowable recognition is the best result of the com-
parison, and therefore, the command is identified
(recognized) — "identified !". Otherwise, the voice
command fails semantic identification (not recog-
nized) — "not identified !" [9].

IV. RESULTS

All scientific and experimental studies of voice
command recognition system outlined below (Ta-
ble I, II, and III) have been carried out taking into
account the minimum distance criterion, which acts
as the variance of the difference of the expectations
compared MFCC, depending on which the value of
the minimum variance D_. were changed, thereby
giving an objective assessment of the quality (relia-
bility) of voice recognition commands in the system
test mode. The decision of semantic identification
of the voice commands adopted by the criterion of
minimal dispersion D, in the specified threshold
of allowable recognition ® =1-A=0.15, where
A=0.85.

TABLE I TEST RESULTS OF VOICE COMMAND
RECOGNITION SYSTEM OF THE SUBJECT NO.1

Learning Testing
Subject Subject
Control Control No.1
No.1
Voice
commands | “Up” | “Down” | “Right” | “Left”
“Up” 0.0311 | 0.1921 0.2879 | 0.1479
“Down” 0.5323 | 0.0648 0.7345 | 0.4284
“Right” 0.3255 | 0.5048 0.0123 0.1699
“Left” 0.1737 | 0.1935 0.1648 | 0.0112

In the first experiment (Table I) The comparison
of MFCC voice commands control of the subject
No. 1 were performed: “Up”, “Down”, “Right”,
“Left”, which are saved in base of standard voice
samples with MFCC of voice commands of the same
control of the subject No. 1, but already in the sys-
tem test mode (MFCC of voice command mode test
compared with MFCC of voice commands spoken

earlier in the system learning mode). The results
(Table I) shows that MFCC voice commands control
of the subject No. 1 meet the criterion of minimal
dispersion D,;, in the specified threshold of allow-

able recognition ©=0.15: “Up” is the
Dy =0.0311, “Down” — D,;, =0.0648 , "Right”
— Dpyin =0.0123, “Left” — D, =0.0112, on this
basis, a decision is made about the positive semantic
identification of spoken voice commands (voice
commands are recognized). In other cases (Table I)
clearly shows that D,, values do not match the

selected criteria, and therefore MFCC of spoken
voice commands do not coincide with MFCC that
are saved in base of standard voice samples, voice
commands are not recognized.

TABLE I1 TEST RESULTS OF VOICE COMMAND
RECOGNITION SYSTEM OF THE SUBJECT NO.2

Learning Testing

Subject Subject

Control Control No. 2

No. 1

Voice
commands | “Up” | “Down” | “Right” | “Left”
“Up” 0.0451 | 0.3259 0.4090 | 0.1604
“Down” 0.3770 | 0.0482 1.1258 | 0.5460
“Right” 0.2055 | 0.4988 0.0967 | 0.1822
“Left” 0.1268 | 0.3056 0.2764 | 0.0703

The results (Table I1) shows that MFCC of voice
commands control of the subject No. 2 meet the cri-
terion of minimal dispersion D_. in the specified
threshold of allowable recognition ® =0.15: “Up” —
D_. =0.0451, “Down” — D_. =0.0482, “Right” —
D, =0.0967, “Left” — D_, =0.0703, hence a de-
cision about the positive result of the spoken voice
command recognition is made. In all other cases, the
voice commands are not recognized, since the result-

ing values do not match the specified
recognition criteria.
TABLE III TEST RESULTS OF VOICE COMMAND
RECOGNITION SYSTEM OF THE SUBJECT NO.3
Learning Testing
Subject Subject
Control Control No.3
No.1
Voice
commands | “Up” | “Down” | “Right” | “Left”
“Up” 0.0602 | 0.1657 | 0.4547 | 0.1943
“Down” | 0.4099 | 0.0912 | 1.1869 | 0.3772
“Right” | 0.2149 | 0.4521 | 0.0846 | 0.1784
“Left” 0.1722 | 0.1946 | 0.2922 | 0.0785
The comparison results (Table III): “Up” —

D, =0.0602, “Down” — D__ =0.0912, “Right” —
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D, =0.0846, “Left” — D_. =0.0785, fully comp-
i <O, where ©=0.15,
hence a decision about the positive result of the
spoken voice command recognition is made. As for
the other obtained resulting values, they do not meet
the specified recognition criteria, which means that
the voice commands are not recognized.

ly with the criterion of D,

V. CONCLUSIONS

This paper introduces voice command recogni-
tion system based on steganographic-cepstral analy-
sis, which allows to increase the efficiency of voice
recognition. The paper details the results of prelimi-
nary experimental studies on which conclusions on
the desirability of further research and practical ap-
plication of the developed voice command recogni-
tion system based on steganographic-cepstral analy-
sis algorithm for calculation of MFCC, as well as
justification of scientific importance of research. The
comparative assessment of the calculated values
from the selected minimum distance criterion, which
is the main indicator of the quality of voice recogni-
tion test has been carried out.

In the first experiment (Table I) comparison of
MFCC voice commands control of the subject Nel
were performed: “Up”, “Down”, “Right”, “Left”,
which are saved in base of standard voice samples
with MFCC of voice commands of the same control
of the subject No. 1, but already in the system test
mode. The results (Table I) shows that MFCC voice
commands control of the subject No. 1 meet the cri-
terion of minimal dispersion D, in the specified
threshold of allowable recognition ® =0.15: “Up” —
Dy =0.0311, “Down” — D,;, =0.0648, “Right”
— Dpyin =0.0123, “Left” — D, =0.0112, on this
basis, a decision is made about the positive semantic
identification of spoken voice commands (voice
commands are recognized).

In the second experiment (Table II) comparison
of MFCC of spoken voice command control subject
No. 2 in test mode with MFCC of voice commands
control subject No. 1 spoken earlier in the learning
mode of the system have been carried out. The re-
sults (Table II) shows that MFCC of voice com-
mands control of the subject No. 2 meet the criterion
of minimal dispersion D, in the specified thre-
shold of allowable recognition ® =0.15: “Up” —
D, =0.0451, “Down” — D, =0.0482, “Right”
— Dpyin =0.0967, “Left” — D,;, =0.0703, hence a

decision about the positive result of the spoken
voice command recognition is made.

In the third experiment (Table III) comparison of
MFCC of spoken voice command control subject
No. 3 in test mode with MFCC of voice commands
control subject No. 1 spoken earlier in the learning
mode of the system have been carried out. The com-
parison results “Up” — D, =0.0602, “Down” —
Dpin =0.0912, “Right” — D,;, =0.0846, “Left” —
Dpin =0.0785, fully meet the
Dpin <O, where ® =0.15, hence a decision about
the positive result of the spoken voice command
recognition is made.

A software package was developed that includes
tools for compiling the base of reference voice im-
ages of subjects of management for training and test-
ing the voice command recognition system for con-
trol of an UAV based on the steganographic-cepstral
analysis in the MATLAB environment.

criteria  of
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O. 10. Jlappunenko, 0. A. Koueprin, I'. ®. Konaxosu4. Cucrema po3ni3HABAHHA I0J0COBHX KOMAaH/ KepyBaH-
Ha BIIJIA Ha ocHOBIi cTeranorpagiyHo-kencTpajibLHOro aHaji3zy

VY naHiit crarti, 3anpornoHoBaHa po3podiieHa CUCTeMa PO3ITi3HABAHHS TOJIOCOBUX KOMaH]| yIpaBIIiHHS HA OCHOBI cTera-
HOrpahiYHO-KEICTPATBLHOTO aHaI3y, a TaKOX, aJTOPUTM OOYHMCICHHS MEI-4aCTOTHUX KEICTPaIbHUX KOCQIIEHTIB,
SIKMH BUKOPHCTOBYETHCS ISl CTBOPEHHsI 0230BOI CUCTEMHU PO3Ii3HABAHHS I'OJIOCOBUX KOMaH[, Ha OCHOBI SIKOT MOXYTh
OyTu moOymoBaHi OUTBINI CKJIQJHI PIIEHHS TOJOCOBOTO YHpaBiiHHS. EXCIIEpUMEHTaIbHO OBEICHO Ta OOIPYHTOBAHO
JIOLIBHICT BUKOPUCTAHHS 3aIIPONIOHOBAHOI CHCTEMH PO3ITi3HABAHHS TOJIOCOBHX KOMaHJ i PO3pO0JIEHOTO ajJropuTMy
OOYHMCIIEHHS] MENI-YaCTOTHUX KEMNCTpalbHUX KoedilieHTiB. JleTaibHo BUKIIAIeHI OTPUMAaHI Pe3yJabTaTH MONEPEIHIX eK-
CHEePUMEHTAIBFHUX JIOCHI/PKEHb PO3POO0JIEHOI CUCTEMH PO3MMi3HABAHHS T'OJIOCOBHX KOMAaHJ i aJTOPUTMY OOYHMCIEHHS
MEJI-4aCTOTHHUX KercTpanbHux KoedinieHTiB B cepenosuili MATLAB na npukiani inenTudikaiii BUMOBIECHUX Pi3HU-
MU CY0'€KTaMU YIPaBIiHHS KOMaHJ: «BrOpYy», «BHH3», «BIIPABO», «BJIiBO». Y JaHIH CTaTTi MpeAcTaBlieHa po3podiieHa
crcTeMa po3ITli3HABaHHS TOJIOCOBUX KOMaH][ YIIPABIIHHS Ha OCHOBI cTeraHorpagiqHO-KeNCTPAILHOTO aHali3y, siKa J10-
3BOJISIE MIBUIIMTH €()EKTHBHICTD PO3Mi3HABAHHS T'OJOCOBUX KOMaH[. JleTaqbHO BUKIIAZEHI OTpUMaHi pe3yabTaTH Mo-
NepeHIX eKCIIEPUMEHTAIBHHUX JTOCHIPKEHb, Ha OCHOBI SIKMX 3pO0JIeHI BUCHOBKH PO TOLUIBHICTH MOJAJIBIION0 HAYKO-
BOTO 1 IPaKTUYHOTO 3aCTOCYBaHHS CUCTEMH PO3Ii3HABAHHS T'OJIOCOBUX KOMaH] YIPaBIiHHI HA OCHOBI cTeranorpagiu-
HO-KETICTPAIILHOI'0 aHaJi3y 1 PO3pOOJICHOr0 aJTOPUTMY OOYHMCICHHS MEJI-YaCTOTHHUX KEICTPadbHHUX KOe(IiIlie€HTIB, a
TaKOX, Jy)Ke IOKJIaiHe OOIPYHTYBAaHHS HAyKOBO-TEXHIYHOI 3HAYYHIOCTi MPOBEJEHOTO EKCIHEPUMEHTAIBLHOTO JIOCIi-
JOKEHHSI.

Karouosi cioBa: xnacudikarist 00'ekra; ceMaHTHYHA 17IeHTHDIKAIIS TOJOCOBUX KOMaH/; O€3MIIOTHHUI JTiTANBHUN amna-
par; po3mi3HaBaHHS MOBH; MEJI-YaCTOTHI KEIICTPAIbHUX KOe(illieHTH.
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A. 10. JlaBpunenko, 0. A. Koueprun, I'. ®. Konaxosuy. CucreMa pacno3HaBaHUS T'OJ10COBBIX KOMAH/ YIPaB-
aenus BIIJIA Ha ocHoBe cTeraHorpaguyecKu-KencTpaaibHOM aHATU3E

B nanHOIli craThe, IpeIoXKeHa pa3paboTaHHAs cCUCTEMa PAcllO3HABAHMA I'OJOCOBBIX KOMAaHJ YIPaBIICHUS Ha OCHOBE
cTeraHorpapuIecKu-KercTpaJbHOr0 aHallu3a, 8 TAKXKE, aITOPUTM BBIYHMCICHHS! MEN-4aCTOTHBIX KEeICTPAIbHBIX KO3(-
(PUIMEHTOB, KOTOPBIA MCIIOIB3YEeTCs Ul CO3AaHusI 0a30BOM CHCTEMBI Paclio3HABaHMS TOJOCOBBIX KOMaHI, HA OCHOBE
KOTOpPOH MOT'YT OBITh IMOCTPOEHBI 00JIEe CIIOKHBIE PELICHHsI TOJI0COBOTO YIPaBJIECHHs. JKCIIEPUMEHTAIBHO JI0Ka3aTh U
000CHOBATB 11€7€CO00Pa3HOCTh UCTIONB30BAaHUS IPEUIOKEHHON CHCTEMBI paclio3HaBaHMS TOJIOCOBBIX KOMAHA U pa3pa-
0OTaHHOTO AJITOPUTMAa BBIYUCICHHS MEI-YaCTOTHBIX KENCTPalbHBIX K03 ¢uuueHToB. [TonpoOHO H3TI0XKEHBI MOTY4eH-
HBIE PE3YJBTAThl TPEIBAPUTENBHBIX DKCIIEPUMEHTAIBHBIX HCCIENO0BaHUN pa3paOOTaHHOW CHCTEMBI Paclo3HABaHUS
TOJIOCOBBIX KOMaHJ| M aJITOPUTMa BBIYHCIEHHS MEI-4aCTOTHBIX KerncTpanbHbIX KoddduimentoB B cpene MATLAB Ha
npuMepe UACHTU(UKAIUY TIPOM3HECEHHBIX Pa3HBIMH CYOBEKTaMH YIIPABICHUS KOMaHI: «BBEPX», «BHH3Y», «BIIPABOY,
«BJIE€BOY. B naHHOII cTaThe NpencTaBiieHa pa3paOboTaHHAs CUCTEMa PAclO3HABAaHUA I'OJOCOBBIX KOMAH YIIPaBIEHU Ha
OCHOBE CTEraHorpapmuecKu-KercTpaaIbHOr0 aHaIu3a, KOTOpas MO3BOJSIET MOBBICUTH A((PEKTUBHOCTh Paclo3HABAHUS
royIocoBbIX KoMmau. [ToapoOHO M3TI0KEHBI MOJTYYEHHBIE PE3YJbTaThl MPEABAPUTEIBHBIX 3KCIIEPUMEHTAIBHBIX HCCIIe-
JIOBAaHHH, HA OCHOBE KOTOPBIX CZEIaHbl BHIBOBI O 11€1ecO00pa3sHOCTH JaTbHENIIero HayqHOro U MPaKTHYECKOro MpH-
MEHEHHsI CHCTEMbI PaclOo3HaBaHMsS TOJOCOBBIX KOMAaHJ| YIPABIICHUS Ha OCHOBE CTEraHOTpa(UuecKH-KENCTPAILHOTO
aHayM3a U pa3pabOTaHHOIO ajIrOPUTMa BBIYHMCIECHHS! MEI-YaCTOTHBIX KETICTPAJIbHBIX KO3((UIIMEHTOB, a TaKXKe, OCHO-
BaTeJIbHOE 00OCHOBaHUE HAYYHO-TEXHUYECKON 3HAYMMOCTH TPOBEIEHHOTO AKCIIEPUMEHTAIBHOTO UCCIIEAOBAHUSI.
KnarwueBsbie cioBa: xinaccupukanus o0beKTa; ceMaHTHUECKas HICHTH(UKAIMS TOJOCOBBIX KOMAaHI; OECIMIOTHBIN
JIeTaTebHBIN alapar; pacrio3HaBaHHe Peun; MEN-4aCTOTHBIE KEeTICTPaIbHbIe KOAPPUITUESHTHI.
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