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KOHTPOJIOIOTh ~ MapuipyTd, CHTHaIM  Ta
CTPiIOYHI TIEpEeBO/IN, 3a0e31euy04n
ONTHMI3alil0 pyXy MOi3/iB y peaqbHOMY daci.
Bonu oTpuMyrOTE TaHi 3 JATYHKIB Ta CHTHATIB
po cTaH Kodik Ta  iHQPacTPyKTypH,
aHATI3YIOTh iX 1 NPUHMAIOTH pIMICHHS MPO
3MiHy MapuUIpyTiB, 9ac MPOXO/HKEHHS IOi3/iB,

TOILLO;
—  IHTeNeKTyaJbHi cUCTeMHU TUTaHyBaHHS
pO3KJIQIiB — i cUcTeMH 0a3yroTbcsi Ha

BUKOPHCTaHHI aJITOPUTMIB ONTHMI3aIlil IS
CKJIQJIaHHS] THYYKHX PO3KJIAMiB PyXy MOI3IiB.
Bonn MOXyTh aBTOMaTHYHO aJalTyBaTUCS TO0
3MiHM TIonmUTy abo cuTyamii Ha Mepexi,
HampuKIaa, dYepe3 amapii abo HecmopiBaHi

3aTPUMKU;

—  TIPOTHO3YBaHHS TpadiKy Ta po3MOILT pecypciB
—  IHTENeKTyaTbHI  CHCTEMH  KepyBaHHS
BUKOPHCTOBYIOTh MoJei MAaITHHHOTO

HaBUaHHS MJIsI TIPOTHO3YBaHHS Tpadiky i
PO3MOIITy pecypciB Ha OCHOBI ICTOPHYHHX
nmanux. Ile 103BONSE 3MEHIINTH 3aTPUMKH Ta
HIBUIIATH €EKTUBHICTD PYyXY;

—  CHCTEMM KepyBaHHS E€HEPrOBHUKOPHUCTaHHIM —
JUls  TIJBULICHHS  [POIYCKHOI  3JIaTHOCTI
BOKIMBO TAaKOXK ONTUMI3YBaTH  BUTPATH
eHeprii. Cucremun KEpYyBaHHs
CHEPrOBUKOPHCTaHHAM ABTOMATUYHO
KOPUTYIOTh PESKHUMHU POOOTH MOI3IIB 3aJICKHO
BiJI CUTYaIlil Ha KOJIii Ta MoTped nepeBe3eHb.

Y 1omnoBimi MOKa3aHO, M0 BHKOPUCTaHHS
CHCTEM  IIPOrpaMOBAaHOr0  KEpyBaHHA  IPOILICCAMH
nepeBe3eHb 3a0e3Medye KilbKa KIIFOUOBUX MepeBar:

— TiIBUIIEHHSA ©()EKTHUBHOCTI  BHKOPUCTAHHS
KOJIil. ABTOMaTH3allil TPOLECY PO3IMOALTY
MapIIpyTiB JO3BOJISE 30UIBIINTH KiUIBKICTH
TI013/1iB, III0 OJHOYACHO 3HAXOIATLCSA HA KOJMii,
0e3 3HWKCHHS PiBHS OC3IMEKH;

—  3HWKCHHS 3aTPUMOK. [HTeNeKTyanbHi CHCTeMH
MOXYTh IIPOTHO3YBAaTH MOKIIUBI 3aTPUMKH Ta
aIanTyBaTH PO3KJIa Yy peaabHOMY dYaci, Moo
YHUKHYTH CKYITYEHHS MOT3/1iB Ha CTaHIIisAX abo
IUISHKAX KOl

—  THYYKICTb yIpaBITiHHS. Cucremu
MPOrpaMOBAaHOTO  KEPYBaHHS  JIO3BONSIOTH
IIBUIIKO pearyBaTd Ha 3MiHy CHTYyaIlii,
3a0e3rneuyoun aabTepPHATHBHI MapuipyTu abo
OITUMI3aLlil0 PECYPCiB;

— eHeproedektuBHicTh. OnTHMI3aIlisl pPEXHUMIB
PYXY Ta €HeprocroXHBaHH: MOI3AIB JO3BOJISE
3HU3UTH BUTPATH HAa EHEPIil0 1 ITiJBUIIHUTH
3araibHy e()eKTUBHICTb I1€PEBE3CHb.
He3Baxkatoun  Ha  O4YEBWJHI  IiepeBarw,

BIPOBADKEHHSI IIPOTPAMOBAHOTO KEPYBAHHSI MPOIIECAMHE
nepeBe3eHb Ha 3ali3HHUI[ CTHKAEThCS 3 KIJIbKOMa
BUKJMKaMH. llepmr 3a Bce, II€ BHCOKa BapTiCTh

MoJIepHi3ailii 1H(ppacTpyKTypH 1 HEOOX1IHICTh 3HAYHUX
IHBECTHIIIN y HOBI TexHOJIOTI1. KpiM TOT0, BaXIIMBY POJib
BiJlirpae ajanTalis MepcoHaly JI0 poOOTH 3 HOBUMH
ABTOMAaTU30BaHUMHU CHCTEMaMH, IO MOXE BHMAarartu
JI0OIATKOBOTO HABYAHHS Ta MiITPHMKH.

OnHak, 3 ypaXyBaHHSIM 3arajJbHUX TCHACHIIN
PO3BUTKY TPAHCIIOPTHOT iH}pacTpyKTYypH,
BIIPOBA/DKCHHS] TAKUX CHCTEM € BXIUBHM KPOKOM IO
i IBUIL[CHHSI TPOIYCKHOT 3MaTHOCTI Ta
KOHKYPEHTOCIIPOMOXKHOCTI 3a1i3HUYHOTO TPAHCIIOPTY.

BucnoBok

[porpamoBane KepyBaHHs mpolecamMmu
IepeBe3eHb Ha 3aIi3HUYHOMY TPAHCIOPTI € BaXJIMBUM
IHCTPYMEHTOM IJIS IIiABHIIEHHS MPOIYCKHOI 3aTHOCTI

Ta e()eKTUBHOCTI BUKOPHUCTaHHS ICHYFOUHX
iHQpacTpyKTYypHUX  pecypciB.  ABTomaruzamis Ta
IHTENEeKTyalbHI CHCTEMH KEpYBaHHS  IO3BOJISIOTH

OTITUMI3YyBaTH PO3IOJIN KOJMIHHUX PeCypciB, 3HU3UTH
3aTPUMKH Ta MiABUINATH Oe3neky pyxy. Ilomamprrmit
PO3BUTOK 1 BIPOBA[KEHHS TaKHX TEXHOJOTIH €
KITIOYOBUM (DakTOpoM Jutsi 3a0e3NedeHHs] CTadlTbHOTO
PO3BUTKY 3ali3HWYHOI Taly3i B yMOBaX 3pOCTaHHS
MOTIMTY HA TIEPEBE3ECHHSL.
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PO3POBJIEHHS OB'€EKTHOTI'O
KOHTPOJIEPA KEPYBAHHSI CTPUIOYHUM
EJIEKTPOIIPUBOJOM 3 IBUT'YHOM
SMIHHOI'O CTPYMY

Ha  cporommimmHii  [IeHP  BIPOBADKCHHS
MIKPOIIPOLIECOPHHIX TEXHOJOTIH B 3aJ1i3HUYHY aBTOMATUKY
Ta TEIEMEXaHIKy 3HAYHO ITiABHUINYE HAIHHICTE 1 OC3MeKy
PYXy moi3miB. 3acTapini peneiHi CHCTEMH KepyBaHHS, SIKi
BUKOPHUCTOBYBINCS TPOTATOM JIECATHIITH, TOCTYTIOBO
3aMIHIOIOTBCS ~ CYJacHHMU IM(QPOBHMH  PIillICHHSMH,
30KpeMa  MIKpONpOLIECOPHUMHU  cucTemMamu.  [Ipore
criendika o0IagHAHHS 3aNi3HUYHOI aBTOMATHKH, a came
CTPUIOYHHUX  €JeKTPOIPUBOJIB, BHMAarac CTBOPCHHA
CHICIIaTi30BaHUX ~ KOHTpoJepiB  mia  3a0e3reucHHs
epexTiBHOI Ta Oe3meyHoi ekcmutyaramii. Okpemum
HanpsiIMOM  yIOCKOHAIIEHHSI € PO3pOOJIEHHST 00’ €KTHOTO
KOHTpoJIepa TUTS KepyBaHHS CTPITIOYHIM
€JIEKTPOIIPUBOIOM, OCHAIIEHWM JBUTYHOM 3MIiHHOTO
CTpyMy.

CydacHI CHCTeMH KepyBaHHS CTPUIOYHHMH
EJIEKTPOIIPUBO/IaMU  0a3yIOTBCSI Ha  MIKPOITPOIIECOPHHX
KOHTpOJIepax, 110 3a0e3le4yloTh BHUCOKY TOYHICTh 1
HaJlilHICTh KepyBaHHs. [IpoTe OUIBLIICTh ICHYHOUYHX
pillleHb OPiEHTOBAHI HA BUKOPUCTAHHS €JIEKTPOIPUBO/IIB 3
JIBUTYHAaMHM TOCTI{HOTO CTpyMy, LIO, B CBOI 4Yepry,
CTBOPIOE Pl OOMEKCHB, TOB'A3aHHUX 13 TEXHIYHUMH Ta
SKCIUTyaTAllHUMK  XapaKTePUCTHKAMH TaKHX TMPUBOJIB.
JIBUTYHH 3MIHHOTO CTpyMY MalOTh psii TIepeBar, cepes
SIKMX TIIBUIICHA CHEPTOC(PCKTUBHICTh, JOBIIMH TEPMiH
eKCIUTyarallii Ta MeHI BUTpaTH Ha oOciryroByBanHs. Lle
poduTth X npHBaOMMBAM BHOOPOM JUISL  3aJli3HUYHOL
IH(ppaCTPYKTypH, OCOONMBO B YMOBaX IHTCHCHBHOI
eKCILTyaTallii Ta BEIMKHX HAaBaHTAKCHb.

OpHak Tepexig Ha JBUTYHH 3MIHHOIO CTPyMY
norpedye 3MIHM MIAXOMIB 0 MIPOEKTYBAHHS KOHTPOJIEPIB.
IcHyto4i cucTeMu He 3aBXKAM BPaxOBYIOTH crienudivHi
BHMOTH JI0 KEPYBaHHS TaKUMH JBUTYHAMH, 30KpeMa II0I0
YAaCTOTHOTO PETYIIOBAHHSA, 3a0e3redcHHS HEoOXigHOl
TOTYXXHOCTI Ta MHTTEBOi peakLii Ha 3MiHY pPEKHUMIB
podotu. Tomy BuHHKae moTpeba y  po3poOui
CrienianizoBaHuX 00’ €KTHHX KOHTPOIIEPIB, K1
BINIOBIIATUMYTh Cy4acCHHM BHMOTaM JI0 KepyBaHHS
CTPUIOYHUMH €JTeKTPOTIPHBOIAMH 3 IBUTYHAMH 3MIiHHOTO
CTpyMy.

OCHOBHUMHM ~ BUMOTaMHM  JI0  00’€KTHOIO
KOHTpoJiepa € 3a0e3lleueHHs BHCOKOI HaJilHOCTI Ta
Oearexy (QyHKLIOHYBaHHS crcTeMu. KoHTpornep moBuHeH
3IiHCHIOBATH TOCTIHMIA MOHITOPHHT pobotn
€NeKTPOIIPUBOAY, AHATI3yBaTH HOTO CTaH 1 CBOEYAcCHO
BUSIBIITH MOXJIMBI BIIXWJICHHS BiJl HOPMaJIbHOI POOOTH.
Kpim Toro, Bin Mae 3a0e3neuyBary KOPEKTHE ePEMHUKaHHSI
CTPUIOYHUX IIEPEBOIIB 32 YMOB SIK HOPM&IBHOTO PEXUMY
poOOTH, TaK 1 aBapiiiHUX cuTyalliid. BaxinBum acniekTom €
TAKOX 3aXKCT BiJi KOPOTKUX 3aMHKaHb 1 TIePEBaHTaXKEHb,

110 0COOJIMBO KPUTHYHO YISl ABUTYHIB 3MIHHOTO CTPYMY,
J¢ Taki SBHIIA MOXYTb HPHU3BOJUTH JIO CEpHO3HUX
HACJIAKIB.

Hns 3abes3neyeHns eeKTUBHOI poOOTH 3
JIBUTYHAMH  3MIHHOTO  CTpYyMy  KOHTpOJEp  Mae
miaTpuMyBaT  (DYHKIl YacTOTHOTO pEryJIiOBaHHSA Ta
IUIABHOTO 3aIyCKy-3YIIMHKK 1BUryHa. Lle 103BONMHTH
3MCHIIMTH 3HOC MEXaHIYHMX YacTUH CTPUIOYHOTO
TIEPEBOLY Ta MIABHIIUTH 3arajibHy HaiiHICTh CHCTEMM.
Kpim T1oro, HeoOXimHO mependaynTH MOXKIHBICTD
IHTerpalii KOHTpoIepa 3 ICHYIOYHMH MiKPOIPOLIECOPHIMHU
cHCTEMaMH KEepyBaHHS Ha 3ali3HUII, IO 3a0e3IeYHTh
3pY4HICTh y HOTO BIPOBAIKEHHI Ta eKCILTyaTarlii.

AinroputM  po0OOTH  00’€KTHOTO ~ KOHTpOIIEpa
TIOBUHEH BKJIIOYATH KiIbKa KIIFOUOBHX €TaIliB:

L. [lirroToBKa cucremMu a0 poOOTH:
JIiarHOCTHKA CTaHy eJIeKTPOIPUBOLLY, IepeBipKa HassBHOCTI
JKUBIIEHHS, aHali3 CIIPaBHOCTI JBHTYHa Ta IHIINX
KOMIIOHEHTIB.

2. 3aIycK CTpIJIOYHOTO EJIEKTPOIIPUBO/LY:
TUIaBHE HAapOIIyBaHHS ITTOTY)KHOCTI IBUTYHA 3a PaxyHOK
YAaCTOTHOTO PETYIOBaHHS, IO 3HMKYE JIHHAMIYHI
HABAHTa)KEHHs] HA MEXaHI4HI YaCTHUHH.

3. [NepeMukaHHsi CTPUIKH: 3J{HCHEHHs
TOYHOTO Ta INBWJAKOIO TIEPEMUKAHHS CTPUIOYHOTO
MEePEBO/LY 3 JIOTPUMAHHSIM BCIX OE3MIEKOBUX MPOTOKOJIIB.

4. Koutposiie 32 poboTOMO: MOCTIHHUI
MOHITOPUHT TIapaMeTpiB poOOTH JBHTYHA, TakKUX SIK
Hamnpyra, CTpyM, 4acrora 00epTaHHs, Ta iX MOPIBHAHHSA 3
JIOTTYCTUMHUMH 3Ha4YCHHSIMH.

5. ABapiiiHi  peOKWMH:  aBTOMATHYHE
BUMKHCHHS ~ CHCTEMHM Yy  BHUIAJKY  BHSBICHHS
HECIIPABHOCTEH, HAIPUKIIAJ, KOPOTKOrO 3aMHKaHHS abo
TICPEBAHTAKCHHSI.

ATNTOPUTM TAaKOXX NMOBHHEH BKIIOYATH (DyHKIIi
CaMOJIIarHOCTHKH, IO J03BOINTH ONIEPATUBHO BHSBIISATH T
yCYBaTH MOXKIMBI TpoOiieMr B poGOTi KOHTpoiepa abo

eIIEKTPOTIPUBOLLY.

Po3poOneHHs Ta BHOPOBAMKCHHA 00’ €KTHOTO
KOHTpoJepa 1S KepyBaHHs CTPLIIOYHIM
CJICKTPOTIPUBOZIOM 3 JBUTYHOM 3MIHHOTO CTpyMy €
BOKIMBIM  €TalloM y  MOJEpHi3amil  3aJi3HHYHOL
iHppacTpykTypn  YkpaiHn. BukopucraHHs ~— TakuX

KOHTPOJIEPIB JIO3BOJIMTH ITIMBHIIUTH ©(GEKTHBHICTL Ta
Oesneky poOOTH CTPUTOYHUX TIEPEBOJIB, 3MEHITHTH
BUTpaTH Ha TEXHIYHEe OOCIYrOoBYBaHHS Ta 3a0e3MEe4UTH
OuThII CTAOLTBHY POOOTY CHCTEMH B YMOBaX BEIMKHX
HaBaHTaXeHb. KpiM TOro, Taki KOHTPOJIEPH MOXYTb OyTH
BUKOPHCTaH1 B MEPCIEeKTHBHUX cucreMax
ABTOMATU30BAaHOTO KEPYBaHHS PyXOM Ha 3aJi3HMUII, IO
MiIBUIINTG 3araIbHY IIBHIKICTh 1 TOYHICTH OMeEpaii Ha
3QTI3HUYHUX CTAHIISX.

BrcHOBOK. PozpotieHns 00’€KTHOTO
KOHTpoJIepa 1S KepyBaHHS CTPIJIOYHUM
€JIEKTPOTPUBOJIOM 3 JIBUTYHOM 3MIHHOTO CTIpyMy €
BWKIMBAM KPOKOM Y  BJOCKOH&ICHHI  3aJI3HUYHOI
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aBToMaTHKK. BpaxyBaHHs criel()igHUX BUMOT JI0 poOOTH
3 JIBATYHAMU 3MIHHOTO CTPYMY JIO3BOJIUTH 3a0€3MEUUTH
HajiliHy Ta OesnevHy poOOTy CTPUIOYHMX IEPEBOAIB B
yYMOBax IHTCHCHBHOI €KCIUTyaTamii, OCOONHMBO IIpH
BIIPOBa/’KCHHI BUCOKOIITBUAKICHOTO PYXY.
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DEVELOPMENT OF AN ALGORITHM FOR
DETECTING MOVING OBJECTS IN IMAGES
FROM A REAL-TIME VIDEO STREAM

One of the tasks of recognizing objects in video is
to find their location in the current frame. In algorithms
that use neural networks, such as SSD[1], YOLOJ[2],
search and classification are performed by a single model
and are inseparable steps. In the case where there is a
computing node in the system that has enough power for
complex image processing and can do it before the server
that recognizes objects, separating the object search and
recognition operations can reduce the latency, load on the
network and the recognition node.

The peculiarity of video data is that it consists of
frames that have a strict sequence. Provided that the
video is recorded on a static camera, such as those used
in video surveillance systems, objects can be searched
for by calculating the difference between adjacent
frames. This technique is known as background removal,
and there are a number of algorithms for solving this
problem. The main problem is their computational
complexity and speed. The results of such a method may

not be suitable for further classification and a separate
algorithm must be developed for any corrections. These
algorithms are based on the calculation of a background
model, which is then used to highlight new objects in the
image. These algorithms have a high processing time, so
we will develop an alternative algorithm with lower
computational requirements.

The first step of the algorithm is to convert the
colors of the current frame to grayscale, since the
previous frame has already been converted in the
previous iteration of the algorithm. Another thing to
consider is the number of frames of the video stream per
second. In the case of a high number of frames and
relatively slow-moving objects in the video, the
difference between two adjacent frames may be
insignificant, and the number of difference calculations
is similar to frames with significant differences. To
increase the speed of the algorithm, you can skip frames
and find the difference only between every n-frames,
where the value of n depends on the FPS of the video, the
speed of objects in it. This leads to an artificial decrease
in the number of frames per second, which reduces the
use of computing resources and prevents the problem of
a queue of frames for processing.

Next, you need to calculate the absolute difference
in the values of the corresponding pixels between the
current and the previous frame. In order to cut off
changes in the frame due to lighting or noise, only pixel
differences greater than a threshold value are taken into
account. After that, the resulting mask must be
transformed using morphological operations to fill in the
gaps resulting from the comparison with the threshold
value and to eliminate noise and artifacts using the
absolute difference operation.

Since not all of the object can be captured in this
way because some parts don't change position between
frames, or because the color difference is close to zero, a
circle around each non-zero pixel is included in the final
mask. The larger the envelope size, the more likely it is
to capture the entire object, but it can also lead to the
inclusion of background objects.

The most effective method for cutting out only the
differences from an image is to overlay the mask
obtained in the previous steps on the current frame using
the bitwise AND operator. Images are matrices in
memory, and matrix operations use optimizations such
as AVX commands, so they are faster than iterative
approaches. As a result, only those parts of the image that
are different between the two frames remain as a result
of the mask.

One of the disadvantages of this method is the high
sensitivity to noise due to the use of absolute pixel
values, which leads to a large number of regions with
differences of only a few pixels. Further processing of
such regions will lead to significant time costs, so the
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