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ANALYSIS OF THE ALGORITHM FOR CALCULATING
THE COORDINATES OF THE SHOT AND
ITS PRACTICAL IMPLEMENTATION ON THE
BASIS OF MOBILE DEVICE
IN COOPERATION WITH THE UAV

We study the possibility of creating a sound source positioning system (shot) on the basis of the mo-
bile device in cooperation with UAV. The method of gradient descent with a crushing step is proposed
and implemented in an algorithm for building mobile applications for Android. With the help of the de-
veloped prototype program has confirmed the operation of the algorithm by a Smartphone. The effect of
the scheme of arrangement of microphones on the UAV was experimentally studied to determine the
speed of on the shot coordinates and ways to improve the accuracy of the output data.

Key words: drones; coordinate; sound source; microphone; Smartphone.

Peunenzentu: 1. 1. H., ipod. O. II. Mewaninos;
1. T. H., ipod. 4. H. Xomuenko.

© Benoswopos K. O., 2016
Jlama naoxoooicenns cmammi 0o pedkoneeii 02.09.16

40



YK 004.94

CamolneHko €. €.,
[OOLEHT, KaHA. TEXH. Hayk,
noueHT kadeapu
KOMM'IOTEPHOI iHXeHepii,
YHY im. MNeTpa Morunu,
M. Mukonais, YkpaiHa,
sam7@imath.kiev.ua

AJNIFTOPUTMMU ONEPALIIK HAQ
MATPULISAMU-OPTOMNPOEKTOPAMM 3 M.(C)

Bypxnuesuli po38umoK iHmezpoeaHUX CUCMEM KOMITIOmepHOi Mamemamuku Ornsl 1nepco-

HanbHUX KOMITtomepie mMOpKHy8csi Halbinbw iHmenekmyarnbHoi cehepu OisribHOCMI NII0OUHU —
po38’sa3aHHsI 0cobuBo CKMadHUX MameMamu4yHUX ma HayKo8o-mexHiYHuUX 3aday: 3adayi meo-
pii nons, aepoduHamiku, KOCMOHa8MUKU, MamemMamu4yHo20 ModerneaHHs cucmem i m. 0. Ane
MamemamuyHi Memodu 3Haxo0simbCs y MOCMIUHOMY €80OUIIHOMY PO38UMKY i MOMY OCMaH-
Hi oCsIiZHEHHS MameMamuyYHUX HayKo8UX WKif He € OXOMNAeHUMU makumMu iHmeaposaHUMU Cu-
cmemamu. OGHa 3 makux obnacmel MameMamu4yHO20 IHCMPYMEeHMapi — ornepamopHi < - -
aneebpu. Bce ue noe’sisaHo 3 nompebamu ma 3anumamu cydacHoi gisuku. Y pobomi po3searis-

Hymo mampuui creujaribHo20 guesnsidy; M =m"-m b —d~*-d,
SAKi

m|=Jm,[* +|m,[* +...+|m,[> =1 MDM =7z°’M < |m-d"
)

3Hali0eHo npocmi gopmynu,

M (k)= m~(k)-m(k) ma
gidobpakaromb ix eriacmueocmi:
T=7" M =UMU" M(K)=UM (KU~

lNposedeHo anzopummizayiro OCHOBHUX onepayil Had 06’ekmamu yiei pis3Ho8UOHOCMI KUMU

€ Mampuui-opmonpoexkmopu 3 M~ (S),

Knrouoei cnoea: iHmeeposaHi cucmemu,; KoOMIm'romepHa MameMamuka, oriepamop; arnzeb-

pa, Mmampuus; OopmaoripoeKkmop, arnsopumm

Beryn. OcranHiM yacoM OypXITUBHII PO3BHTOK OTpPH-
MaJId 1HTErpOBaHI CHCTEMH KOMII IOTEpPHOI MaTEeMaTHKH
JUIsl TIepCOHAJIbHUX KOMIT'I0TepiB. BoHu cymimaiors y
co0i cyuacHuil iHTepdeiic KopucTyBaua, po3B’s3yBaui
MaTeMaTUYHUX 3a/ad Ta MOTYXHi 3acobu rpadiku. Lli
CHUCTEMHU BTOPIJIMCS Yy HAHOLIBIN IHTEIEKTyallbHY chepy
JUSUTBHOCTI JIFOIMHU — PO3B’SI3aHHS OCOOJHMBO CKJIAJHUX
MaTeMaTUYHUX Ta HAYKOBO-TEXHIYHUX 33]a4: 3aj1a4i Teo-
pil mosist, aepoIUHAMIKH, KOCMOHABTHUKH, MaTEMAaTHIHOTO
MOJICTIFOBaHHS cucTeM 1 T. 1. [IpobieMoro € Te, 1110 Mare-
MaTU4HI METOAM 3HAXOJTHCS Yy TOCTIHHOMY €BOJIIO-
iftHOMy po3BUTKY. TOMY OCTaHHI HOCSTHEHHS Marema-
THYHAX HAyKOBHX MmKiT (amB. 1-9) He € oXomuieHMMHU
TaKUMHU IHTETPOBAHUMH CHCTEMaMH.

IIpoaHamizyeMo OmHY 3 Takux 00jacTedl MaTeMaTH4-

n

n

HOro iHcTpyMeHTapiro. Hexai

MOJIIHOMIaJbHA TOTOXKHICTH CTEIEHS

CTaHIapTHa

N nexomyra-

3

n

THBHHMH 3MiHHUMH. 30KpeMa, TOBOPHMO, IO A ¢
VX y.o 0y X
anreOpa, SAKIIO Lo

F.(X,....x,)=0
niTireee “) . SIckpaBUM MpPUKIAIOM TaKUX al-
rebp € anrebpa KBaJApaTHUX MATPHIh HAJ TOJEM KOM-

S ..
n BUKOHYETBHCA PIBHICTH

n

IJICKCHUX YHCEel . Teopema Awmiypa-JIeBiTcki

TOBOPHTH, IO ”( ) € 2" -anre6poro, ane me  2M1-
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anreOporo.  "-anreOpu € OJHMM 3 HAWBaXKIMBINIUX
KJaciB anreOp, SIKIMIO PO3TIIAAATH IX 3 TOUKH 30py CTPYK-

TypY HE3BITHHX 300paxkeHb anreOpu. 3 TOro, Mo A e

2N _anreGpor0 BUILIMBAE, WO Ui JOBLILHOrO 300pa-

7 e lrrepA

JKCHHA 3 MHOX>XXWHHU HGSBiILHI/IX 306pa)KGHI)

anreOpu A PO3MIpHICTD ITLOTO 300pakeHHS HE MEPeBU-
rye N Haenaku CTBEp/UKyBaTH He MoxHa. KoHTp-
NPUKJIAJIOM IBOTO CIyrye «-anreOpa Beins nndepen-
LiaJIbHUX OTepaTopiB 3 MOJIIHOMiaJIbHUMH Koe(illieHTaMu
. e c<P:P*, =Q7|[P. :il>
BiZl OJHI€] 3MIHHOI Q= ‘[ Q] .

Bbarato po0iT MpUCBSYEHO MOCHIHKEHHIO anredp, sKi €

£
C -anreOpamMu, 30KpeMa TaKuM:

A m)=C(R,....P R =R =P, F(R,...R)=0, i=L...m)

P

Anre6pu AN, M) nopoKeHi OpTONPOEKTOpaMu

3 TOJIHOMIAJBHUMH TOTOKHOCTSIMH Fi. 3HAXOAATHCSA
He3BimHi  * -300pakeHst (3 TOYHICTIO [0 YHITAPHOI
€KBIBaJICHTHOCT]) TaKMX ajredp Ta yMOBH iX iCHyBaHHSI.
C*
OnuCyrOThCs

anreOpu.

MOPOPKEHI HUMH  OOTOPTYIOUi

x
PosrasnyBmmM cucteMy akciom C -anre6p 1. M.
Tenmbpanm Ta M. A. HaliMmapk BCTaHOBWIH, IO «HEMa€
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* . * UIII0 JaHOI CTAaTTI € aJlropuTMisalisa omepaiiil Haz
C -anreOp, OKpiM ONEpPaTOPHUX C -anreOp». Bcee e 1 P (C) P
b . . .
OB ’s13aHO 3 MOTpebaMM Ta 3aIUTaMH CyJacHOi (i3HWKH: MaTpULAMHA-OPTONPOEKTOpaMU 3 = 1
HellapMa HEKOMYTAaTHBHY MaTeMAaTHKy Ha3WBAIOTh TaKOX OcHoBHi pe3yabTarn. Hexail HemylIb0Ba MaTpuLs 3
. kkl
KBaHTOBOIO”.
xommrexcrvi enremenravn M € Ma(C) yae BUIJISA]
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L
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1 — o i<
e . ( CTAaHJAPTHA MAaTPUYHA |\, _ (m* ) m) _ m*(m*) M em=M

IHBOJIIOIliS, TOOTO TPAHCIIOHYBaHHS Ta KOMILJICKCHE
. Bpaxyemo, mo
cripsbkeHHs).  Tomi M _ opromnpoekTop  (ToOTO ’

2 * CL .
M°=M=M ) TOJ 1 TIILKK TOJ, KOJIH

=+ +ofm [ <1

—~
N
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m,
. m, 2 2 2 2
m-m*=(m, m, m,)| 2 [ =|my T m, + . my | =|m|
m, OTPHMAEMO:
m, m,
MZ=m'-mem’-m=| (m, m, m,) T (m, m, m )=
mn mﬂ
m, m,
m, m,
|2 le\2+\m2\2+ Im, )(m1 m, om)=mf  m om, e m)=[mf M
_ f’ _
n mﬂ .
Orxe, M?*=|m*M < |m|=1 m=<m1 o mem, 00 0)
Jami, Hexall MaTpuili 3 KOMIUICKCHUMH €I€MEHTaMu S=(0 00 s s 5 ) m* ’S 40
M.SeM ”(C) MaKOTh BUIJISL (l): o o '

M=m"-m S=s"-s
- VieN=1n m.,s, €C

» TIPIHOMY Crpagi, Bpaxyemo, 1o MS=m"-m-s"-s=
m, S
mk+1 — == §k+1 = 3 3
= (m1 m. My 00 0 (51 S S 00 0):
0 0
0 0
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= (Ms, +M..8, 05 ... S, S, 00 .. 0

(mksk +mk+1sk+1)'(m* 'S)

OCKiJTbKH m*-S;tO’ Tomi My S+ MyiaSi :O, VieN=1n m,d eC

Jns SM — aQHAJIOT1YHO. ‘ ‘2
Jami, Hexail MaTpuIli 3 KOMIUIEKCHAMHU €JIeMEHTaMHU

M’DGM”(C) MArTh BUTJISA (1) ‘m'd*‘zzrz (4)
M=m" -m D=d"-d (3) Crpasi, BpaxyéMO, 110
m, d,
MD = (m*m)d*-d)=| 7 |(m, m, - m, “la, o, - d)-
m, d,
m,
_ njz (ml(Tl+m2cT2+...+mnan)(dl d, d )=
mﬂ
m
~(md, +m,d, +..+md )| @, d, - d)=(m-a")(m-q)
m

n
OTPUMAEMO:

MDM :(m*-de*~d)(m*-m)=(m~d*)-(m*.dxm*.m):
=(m-d*)-(@-m*)m"-m)=(m-d*)d-m*)-M =(m-d"m-d") M =|m-a"["-

2
. ‘ m-d *‘ =72
3BimKH )

) . kjeM _(C
I[am, Hexaﬁ CIM’H ManI/IHL 3 KOMIINICKCHUMHU CJICMCHTaAMHU ( ) n( ) y 1 S k S n- 1 Ma€ BUTIIS (1) .

m(k)=|0,...,0,m, (k)e"*®) m,_,(k)e*",0,....0 |eC"
M (k)=m"(k)-m(k) ; 06
e 1<k < n—l, i :J—_l,mk(k)’ mk+1(k)€ R . Toni U e Mn(C)
vkefl...,n-1} UMKU" =M (k)eM,(R;) U"=U"? R; ={xeRx>0}

k-1 n—-k-1

MosxHa oOyayBaTH MaTpPUILIIO
U =dieglu,) 1<k <n-1, ®)

IpUIOMY:

0, 60(1550,(1) u, =60{1500,.0)+150,(1) ) 2k <01
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j=1
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= Exp(15 .. (1) +ig,(0-1))

i U =u-
Jlerko nepeBipuTH, 110 - . Bpaxyemo, mo
def

- - .k_l - n_l - - - .k_l - n_l -
@ = 1@, (k)_l(l’k (k)""rz_l(”wl(r)""j_%l(”j(l): I¢k+1(k)_I¢k+l(k)+I£¢r+l(r)+lj_zk:+l¢j(1)
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0 0
: m, (k)Y m, (k) m,,, (k)e'Co st o) -
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0
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mk+1 EXp(¢)
0
0 (0.0 mExp (~p) m Exp (-p) 0...0)=
0 : 0
(m () my(k)m,.(k) v
= ) =Mk
moma) a6y 2|
0 . 0

44



Bunyck 275. Tom 287

Ananoriuno nepesipserses, mo Y M@)U"=M() ;, HiCTIO 10 yHiTapHOTO OmnEpaTopa) JO MifiCHO 3HAYHOTO
&

. _ N BUTILIY.
UMM -1U" =M (1) Takox amanoriumo mar- AJﬁ“}(I)pHTM 1:
puo My Burnsazi (1) JIETKO TPEJICTABUTH y BUTTIAAL g OTPUMAHHS MOIATKOBUX NAHMX;
A HepeBipKa MOYaTKOBUX IaHHX;
M =UMU ’ 7) PeBip (l)
1e 3) pO3KIaa OpPTOMPOEKTOpa y BUTIISII ;
] 4) 3HAXOIKEHHS 3
U =diag(u, ) u, =| m-Exple 8 -~
g( k)’ K | k| (k)’lﬁkﬁn() (1)’ (7)’ (8):>U, M=m"-m.
HaBememo 3pasku Takux aiaropuTiB. Hexaii M _ 5)  BUBiI pe3ynbTaTiB. ,

2 _ _ * .
opTOonpoeKTop (TOOTO M*=M =M ) Tomi MO>KHA
3alUCcaTh alTOPUTM 3BEJACHHS OpPTOMpOeKTOopa (3 TOY-

Bnok-cxema ancopummy 1

ITouaTox

BBeeHHs MO4aTKOBUX JaHUX (M=?)

Hi

l Tak

OOGuucieHHs (1)’ (7)’ (8) =>U, M= m*-m.

A 4

BuBeneHHs pe3yabraTiB

v
Kinernp

Hexait M (k) — CiM’sT OPTONPOEKTOPIB BUTIIATY (5) Toxi MOXHa 3armucaTH aJITOPUTM 3BEJICHHS TaKoi ciM’i opTo-
MIPOEKTOPIB (3 TOYHICTIO 10 YHITAPHOTO OIepaTopa) 0 AiHiCHO 3HAYHOTO BHUIIIAAY Ta OOUYMCIIEHHS (QYHKII Bif Takoi
F(M)=aM,+a,M,+...+a,M, =
cini M -U(Re(@ )M, +Re(a, M, +...+Re(a, M, U +iU (Im(a, M, + Im(a, )M, +....+ Im(a, M, ", (9)
&« MOXYTh OYTH KOMILIEKCHMMH. Biamitumo, mo ¢opmyna (9) mae Takuit Burwm, Axwit
ak

60 xoediuieHTH

MiHIMI3Y€ KUTBKICTh 00UMCITIOBAILHHX OTIEpalliif 3 BpaXyBaHHIM KOMIUIEKCHO3HAYHOCTI KOE(DIIlieHTIB
Anroputm 2:
1) oTpuMaHHS NOYATKOBHX JAHUX;
2) mepeBipka MOYaTKOBMX JAHHX;

. (5).
3)  po3Kian OPTOMPOCKTOpA Y BULIISAL ;
= U, M(k)=m"(k)-m(k).

4)  3HaXOIDKEHHS 3 (6)
= F (I\Z )

5)  3HaXOIKEHHS ©)
6) BHBIZ pe3ynbTATIB.
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FBnok-cxema ancopummy 2

ITouaTox

Y

Beenenns mouatkoBux ganux (m(k)=2)

OO0uncieHHs

A\ 4 /

©) = F(M)

l

BuBeneHHs pe3yabTaTiB

3Hax0MKEHHSI

Kinemns

BucnoBok. MeToto nocmipkeHHs Oylla cUcTeMa Mpa-  OPTONPOCKTOpIiB BBa)KaTH OCHOBHHMH, a ski Hi. Jlo-
BWJI BUKOHAHHS KOHKPETHOTO IHCKPETHOTO IPOIeCy, IKa  CIIPKEHHS MOXXKHa MPOJOBXHUTH y HANPSAMKY HOOYIOBU
JIOCSITAE TOCTABJICHOI METH 3a CKIHYEHHUH Yac. aNrOpUTMIB POOOTH 3 KBAaHTOBO-MEXaHIYHMMH CHCTEMa-

VY mijoMy MeTy MOCATHYTO. XOdYa HEMAa€e OCTaTOYHOI  MHU.
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AJITCOPUTMBI OIIEPAITMIA HAJT
MATPULIAMU-OPTOIMPOEKTOPAMM C M:(C)

EypHOe paseumue UHmecpuposannblx Ccucmem KOMflbiomepHOfl Mamemamuxu Oz nepCoHAIbHbLX
KOMnbomepos KOCHYJIOCb nHaubonee uHmeJlJleKmya]leOIZ cqbepbl dessmenbHOCmU 4el08eKa — peuernue
0COOEHHO CLOJHCHBIX MAMEMAMUHECKUX U HAYYHO-MEXHUUYECKUX 3a0ay: 3a0a4u meopuu noJii, QQPOC)MHCZ—
MUKU, KOCMOHABMUKU, MaAmMeMamu4ecKkozco MOO@JZUPOGGHZ/UI cucmem u m. 0. Ho mamemamuuecxue memo-
O0bl HAXOO0AMCSL 8 NOCMOSIHHOM I60JIIOYUOHHOM paszeumuu u no3momy nocneonue 00CMuUICeHUss Mamema-
Mu4ecKux HAayiHoblX WKOJ He ABIAIOMCA OX6AYEHHbIMU MAKUMU UHMESPUPOBAHHbIMU cucmemamu. Oona

E3
U3 MaxKux obaacmei MamemMamu4ecko2o UHCMpPYMeHmapus — onepamopHoie C -anzebpul. Bcé amo ceéa-
3aHO ¢ NOMPEOHOCMAMU U 3aNPOCAMU COBPEeMeHHOIl Qusury. B dannoti pabome paccmompeno mampuysl

cneyuansnozo 6uda: M =m*-m D=d"-d M (k)=m"(k)-m(k) ,, Hatideno npocmoule opmy-

2 2 2
Jbl,  KOmMoOpble — OmMoOpadx3caiom — ux — OCHOGHblE  COUCMEA: [ =l fmaf =1
_ .2 dq*? - -2 _ 2 * _ r *
MDM —z*M < [m-d’|" == , M =UMU" M (k) =UM (k)J . Ilposedeno anzopummusa-
M, (C)

YUio OCHOBHBLIX Onepayuti Had MampuUyamMu-opmonpoeKmopamu ¢
Knrwouesvle cnosa: unmezpuposannvie cucmemvl; KOMIbIOMEPHAS MAMEMAMUKA, Onepamop, aneeo-
pa; mampuya, Opmonpoexmop; ani2opumm.

E. E. Samoilenko,
Petro Mohyla Black Sea National University,
Mykolayiv, Ukraine

ALGORITHMS FOR OPERATIONS
ON PROJECTION-MATRICES OF M.(C)

The rapid development of integrated systems of computer mathematics for PCs affected most intellec-
tual sphere of human activity — especially solving complex mathematical and scientific-technical prob-
lems, problems of field theory, aerodynamics, space, mathematical modeling systems and so on. But math
methods are in constant evolutionary development and therefore the latest achievements of mathematical
scientific schools are not covered by such integrated systems. One of the areas of mathematical tools —

c’ -operator algebra. This is due to the needs and demands of modern physics. In this paper, it’s the ma-

trix of special type: M —m--m . Matrix M is projection if and only if Im | = Vim. +lm. "= lm,[* —1,
For this matrix presented algorithm of conversion to within unitary transformation from a complex-
valued matrix-projection to real-valued matrix-projection: 1) obtaining initial data; 2) verification of
source data; 3) schedule in the form projection; 4) finding out: w. ™~ — - - 5) output results. And
matrix properties of this type are investigated. That, matrix M =m"-m_ s _s".s,
m=(m, .. m, m,, 0 O .. 0) S=(O e 000 s sy Sn)' m“-s=0 are  orthogonal

MS =SM =0 if and on|y if mes, +mM S, = O_ And let matrix ™M B =M. (S) with CompleX
elements are as follows: M =m*-m D=d"-d where YVieN=1n m.d, <C |[m[ =1
[d["=1 then MDM =7°M it and only if | ™ <" == For family of M (k)=m"(k)-m(k)_

k-1 n—k-—1
m(k):[o ..... o,m (k) m.,(k)O,..., ojec“
matrix, where " presented algorithm of conversion to

within unitary transformation from a complex-valued family of matrix-projection to real-valued family of
matrix-projection and calculating = (N ) function of family this matrix: 1) obtaining initial data; 2) ver-
ification of source data; 3) schedule in the form projection; 4) finding out: Y. ™M (k) =m"(k)-m(k);
5) calculating F(V); 6) output results. So, a algorithmization of basic operations of objects which are
the matrix-projection and the family of the matrix-projections was made.

Key words: integrated systems; computer mathematics; operator; algebra; matrix; projection; algo-

rithm.
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