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AHHOTALUA

BBenenne. PaccMoTpeHa 3a/1aua ONTHUMHU3AINH BBIOOPA ITAPAMETPOB YCTAHOBKH BHICOKAMEPHI, TAKAX KaK MECTO M
yIIBl 0030pa, HAKIIOHA ¥ TOBOPOTA JIJIsl HOBBIICHHS MH)OPMATUBHOCTH (POPMUPYEMOTO BHICOCHTHATA. AKTYaIbHOCTb
TeMbI 00YCIIOBJICHA OTCYTCTBUEM METOJIOB ¥ IPOrpaMM aBTOMATH3aIlMH MpoIlecca BEIOOpa ITHX MapamMeTpoB. 3ajada
pelieHa Mpu yCIOBHH JTOCTHUKEHUS TUIOTHOCTU MUKCENIOB, HEOOXOAMMOW ISl PEHICHUS MOCTABICHHON 3a1aun
HaoOmronenusi. Merton. Pa3paboTaHHBI METOM ONMTUMHU3AIMH OCHOBAH HA MPEIOKECHHONW MOJCIH MPEICTABICHUS
30H 0030pa, HaOMIONEHNS U PACIIOIOKEHUS KaMep KaK JUCKPETHBIX MHOXECTB B COOTBETCTBUU C PEIIaeMOH 3aaaueit
HaOIIONEHYSI, ONPEeNAonIell MUHUMAIbHO TPeOyeMyI0 IIIOTHOCTh IHKCEJIOB C YUYETOM BBHIOPAHHBIX KPUTEPUEB H
orpanndeHuil. [lonydeHa BO3MOKHOCTh peIICHUs 3aJa4l IPOTPAMMHBIM CIIOCOOOM B OTJIIMYHE OT CYIIECTBYIOIINX
peuIeHu, HCTIONMB3YIOIMNUX IMIHPUIECKHe Moaxoabl. OcHOBHBIE pe3yabTaTbl. COPMYITHPOBAHE OCHOBHBIC U
JIOTIOJTHUTENIbHBIE KPUTEPHH, & TAaKXKE OTPAaHUYCHUS, IO KOTOPHIM MOYKHO OCYIIECTBIISITH ONTHMH3ALUIO MTOJI0KEHHS
KaMepbl OTHOCHUTENIFHO TpeOyeMoi 30HbI HAOMIOCHUS — pellaeMasi 3a/1aua HaOJTIOICHUS, MUHIMAIBHO TpeOyeMoe
paspelieHne KaMepbl ¥ MaKCHMaJlbHAsT HHPOPMATHBHOCTH (HOpMHPYeMOro u3o0paxeHus. OnpeieseHbl arOpPUTMbI
BBIYKCIICHUS OLICHOK OJIMDKHEH, MajbHEll M OOKOBBIX MPaHHMII 30HBI 0030pa, MO3BOJISIOIINE TTOTYyYUTh 3HAUCHHS YITIOB
00630pa, moBopora U HakioHa. OOOCHOBaHA a/IeKBAaTHOCTh MPEIOKESHHOI MO/IENN peaJbHbIM 30HaM HAOMIONCHHUS,
0030pa u pacnonoxenus kamep. [IpuBenen npumMep pereHus 3a1a4i ONTUMHU3AINHI, TOATBEP KA KOPPEKTHOCTD
HCIIONB30BaHMs MpeUIokeHHOTO MeTona. Oocyxkaenue. [lomydeHHbIE pe3yabTaThl O3BOISIOT aBTOMATU3UPOBATh
MpOoIeCcC MPOCKTUPOBAHNS 1 MUHIMH3HPOBAThH BIMSHHUE YEIOBEYECKOro (DaKTOpa IpH BBIOOPE MECTa U IapaMeTpOB
YCTaHOBKH Kamep B IpoIecce MPOCKTUPOBAHUS CUCTEM HaOmoneHus. Pe3ynbrarel paboThl MOTYT HAWTH MPHUMEHEHUE
MpH pa3pabOoTKe AITOPUTMOB H IPOTPaMM aBTOMATU3UPOBAHHOTO MTPOCKTUPOBAHNUS CUCTEM HAOIIOJCHUSI.
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Abstract
The problem of optimizing the choice of parameters for installing a video camera, such as the location and viewing
angles, tilt and pan to increase the information content of the generated video signal, is considered. The relevance of
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MeTopn, onTMm3aLmm napaMeTpPoB YCTAHOBKN Kamepbl 4J151 BUAEOKOHTPOJIS 30HbI HABGNI0AEHNS NPOU3BOJIbHOM HOPMbI

the paper is due to the lack of methods and programs for automating the process of choosing these parameters. The
problem is solved when the pixel density is reached, which is necessary for solving the task of observation. It is based
on the proposed model for representing view areas, surveillance and camera locations as discrete sets in accordance
with the observation task being solved, which determines the required minimum pixel density as well as selected
criteria and restrictions. It gives the opportunity to solve the problem programmatically, unlike existing solutions that
use empirical approaches. The main and additional criteria as well as limitations are formulated according to which
it is possible to optimize the position of the camera relative to the required surveillance area — the observation task
to be solved, the minimum required camera resolution and the maximum information content of the generated image.
Algorithms for calculating estimates of the near, far and side boundaries of the view area as well as view angles, pan
and tilt are formulated. The adequacy of the proposed model to real areas of observation, review and location of cameras
is substantiated. An example of solving an optimization problem is given, which confirms the correctness of using the
proposed method. The results obtained make it possible to automate the design process and minimize the influence of the
human factor when choosing the location and installation parameters of cameras in the process of designing surveillance
systems. The results of the work can be used in the development of algorithms and programs for computer-aided design
of surveillance systems.
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BBenenune

OnHa M3 BaXKHBIX 3aja4, BO3HUKAIOMIMX B MpoOIEC-
ce pa3pabOTKU CHUCTEM TEJICBU3MOHHOTO HAOIIONEHUS
(CTBH), 3akirouaercsi B apryMEeHTHPOBAaHHOM BEIOOpE
MecTa pacrnosnoxenus teneBusnoHHbIX kamep (TK). Ilpu
JOCTaTOYHO OOJIBIIIOM KOJTMYECTBE HAYYHBIX padoT, Kak 00-
IIETo0 IUIaHa, TaK U PACCMATPUBAIOIINX YACTHBIE BOIIPOCHI,
Hanpumep [1-11], a Taxke mporpaMm aBTOMaTH3UPOBAH-
Horo npoekTupoBanus CTBH, mpobaembl aBToMaTH3aIim
9TOTO Ipolecca NPaKTHYECKU HE PACCMOTPEHBI. Psji pador,
TaK WIK MHA4Ye CBS3aHHBIX C ONTHMHU3AIME apamMeTpoB
CTBH, nocBsiieHb! WM pacCMOTPEHHIO 0COOCHHOCTEH
dbopmupoBaHus U300pakeHUs 00BECKTOB HAOIIOACHUS
BHYTPH 30HBI 0030pa, MM aHAJIU3y IMIIMPUYECKUX Ba-
pHAaHTOB paccTaHOBKH Kamep [2-9]. B pabdorax [10-15]
TIPE/ICTABIICHA TEXHUIECKas! PeaIN3anisl YaCTHBIX CIIydacB
YCTAQHOBKH KaMep U yITyUIICHHUs XapaKTePHCTHK BHCOU30-
OpakKeHHsl WM ONITUMH3AIIMH TOJIBKO OJJHOTO MapaMerpal.
Ho B HMX HE paccMOTPEHBI BOMPOCHI apTyMEHTHPOBAHHOTO
BBIOOpA TTOJIOKEHUST KaMepbl OTHOCHTEIHFHO 30HBI 0030-
pa. IIporpaMmbl aBTOMaTH3UPOBAHHOTO MIPOEKTUPOBAHUS
TaKKe HE JAKT TAKOH BO3MOXKHOCTU. Tak KalbKyJasTOPHI
00BEKTHBOB, Kak 00jIee MPOCTHIC POrPAMMbI, TIO3BOJIS-
0T BBINOJIHATH (DYHKIIMH, OTPaHUYEHHBIE, KaK IPaBUIIO,
ABTOMAaTH3MPOBAHHBIM pacueToM (OPMBI, pa3Mepa U Io-
JIO)KEHMS 30HBI 0030pa MMpH 3a/1aBAEMBIX BPYyUYHYIO BBICOTE
YCTaHOBKH KaMephl, yIiIax ee II0BOpOTa, HaKJIOHa 1 0030pa.

[Tpu 5TOM yriomsiHyThIe (GYHKIMH (POPMAITBEHO HUKAK HE
CBsI3aHBI ¢ (POPMOH 1 pazmepamu TpeOyeMoi 30HbI HaOITIO-
JICHUSI, KaK 9aCTH 00BEKTa, MOJIeXKAIIei BUICOKOHTPOITIO.
B kadecTBe OTOIHUTEIBHBIX ITAPAMETPOB MOTYT pac-
CUUTBIBATHCS TUIOTHOCTH TMMHUKCENIOB M BU3YaIU3UPOBATHCS
n3o0pakeHrne 4einoBeka B 30He 0030pa. Bropas rpymnma
MIPOTrpaMM JlaeT BOBMOXKHOCTh CYIIECTBEHHO PaCIIUPUTh
BO3MOXHOCTH aBTOMAaTH3MPOBAHHOTO MPOEKTUPOBAHMS,
BKJIIOYAs MOZIETIMpOBaHNE 00bekTa HaOmoneHus. B Tom

I Panomera cameras [DnekTpoHHbIH pecypc]. https:/www.
dallmeier.com/technology/panomera-cameras/ (1ara obparieHus:
23.11.2022).

YHCIIe IMUTHPOBATH PA3JIMYHBIC TPEAMETHI, HAXOASIIHECS
B 30HE 0030pa, KOHCTPYKTHBHBIE 0COOEHHOCTH 3JaHUH
WY TIOMEIICHUH, B KOTOPBIX YCTaHOBJIEHA KaMepa, IOTo/I-
HbIE YCIOBUS | T. 1.2, OJIHAKO M 5TH IPOrPaMMBbI JIMIICHbI
BO3MO)KHOCTEH HE TOJIBKO aBTOMATHYECKOTO, HO M aBTO-
MaTH3HPOBAHHOTO BBIOOPA MECTA PACHONIOKEHHUS KaMephbI
OTHOCHTENBHO TpeOyeMOii 30HbI HAOIIOICHUS ITPOU3BOIIb-
HoOW (opmbl. Takum 00pa3oM, MPOESKTUPOBIIUK JTOJKEH,
OCHOBBIBAsICh Ha CBOEM OIIBITE M 3HAHMSIX, BBIOpPATh CaMo-
CTOSITEJIbHO MECTO YCTAaHOBKH KaMmephl Ha oObekTe. [Ipu
9TOM B IPOLIECCE BEIOOPA MECTa PACTIONOKCHHUS U IPYTHX
apaMeTPOB YCTAaHOBKH KaMepbl MOI'YT BO3HHUKATh CyIlle-
CTBEHHBIC OIINOKH, CBA3aHHBIC C HEKOPPEKTHBIM BEIOOPOM,
HE YYUTHIBAIOIINM T€ MJI HWHbIE 0COOCHHOCTH O0BEKTA HIIH
P HEIOCTATOYHOHN KBaJM(HUKAINK MPOSKTUPOBIIHKA.
Hcxons n3 3T0r0, BONPOC aBTOMATH3ALMH M ONTHMHU3ANT
YIOMSIHYTOT'O IIpOLIecca He penaeTcs. A 3To, B CBOIO O4e-
pelib, IPUBOIUT K CHIDKEHHIO (DyHKIIMOHAJIBHBIX XapaKTe-
puctuk CTBH.

HepemieHHOCTB 3TO# POOIEMBI 3aKITIOYAETCS B CITOXK-
HOCTH aBTOMATH3allM{ PacCMaTpUBAEMOrO 3Tara MpoeK-
THPOBAHUS C ONTHUMHU3ALMEN apaMeTPOB YCTAaHOBKHU IO
TOMY UM MHOMY KPUTEpHUIO, TaK Kak 3Ta 3aJadya MHOTO-
KpUTepHaJIbHAasl; UCIONb3YEMbIE KPUTEPUH HAKJIAJbIBAIOT
IPOTHBOPEYMBHIC TPEOOBAHUS K IapaMeTpaM yCTaHOBKH
KaMmepsl [1]; He0OXOIMMO YYUTBIBATE PAJl OTPAHUYCHUH
pelaeMon 3a1a4u.

B cBsI31 ¢ 3TUM MOXHO TOBOPHUTH 00 aKTyaIbHOCTH 3a-
Jlaqy aBTOMATH3aIMH MPOIEecca BEIOOpa MeCTa yCTaHOBKH
KaMepbl OTHOCHTEIILHO TPpeOyeMOi 30HbI HaOmroneHus1. [
peleHus NaHHOH 3a1a4i He0O0X0AUMO C(HOPMYIUPOBATH
OCHOBHBIE KPUTEPUU U OTPAHUUCHHUS, @ TAKXKe MPEITIOKUTD
METOJ, MO3BOJISIONIMNA peaTn30BaTh aJITOPUTMbI aBTOMa-
THU3UPOBAHHOT'O BHIOOPA MECTa PACIIONIOKEHHS KaMephbl 1
rpaHuI] TpeOyeMoi 30HbI 0030pa, ONPEEeNIONINX YIIIbI
0030pa, HAaKJIIOHA ¥ TIOBOPOTA. PEIIeHNIO 3THX BOIIPOCOB U
MOCBSIIEHA HACTOsIIIast padboTa.

2 1P VideoSystem Design [Dnextponnsiii pecypc]. https://
www.jvsg.com/ (mata obpamenus: 15.03.2023).
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B.B. BonxoHckui, B.A. KoBanesckuim

3aMEeTHM, YTO BOMPOCH ONTHUMH3AIUU MECTa Paciio-
JIOXKCHHSI KaMEePhbl HEITOCPEICTBEHHO CBSI3aHbI C JAPYTUM
Ba)KHBIM BOITPOCOM, OKA3bIBAFOIIUM CYIICCTBEHHOC BIIHSI-
HUE Ha Ka4eCTBO (POpMUPYEeMOTro M300paskeHHs, KOTOPBIN
HEOOXOIMMO TAK)KE YUUTBIBATH M B PACCMATPUBAEMOIA 3313~
4Ye — ONTUMH3ALUK PACTIPEACICHHS TNIOTHOCTH MTUKCEIIOB
o 30He 0630pa [12].

Moaeb cucTeMbl HAOTKOIEHHS

PaccMmoTpuM cucreMy HaOIIIOACHUS, BKIIOUAIONIYIO
KOHTPOJIUPYEMBII 00BEKT, 30Hy 0030pa KaMephl U TOU-
Ky BO3MOKHOH yCTaHOBKH KaMmepbl. BeiOepeM 3a 0CHOBY
MOJICIb, IPEII0KEHHYI0 B pabote [12] — nBymepHOe
TIpeCTaBIeHNE 30H 0030pa, HAOIIOMEHNUS U MECT pacIio-
JIO’KEHNUS Kamep.

CdopmynupyemM KpUTEPUH U OTPAHUYCHUS PEIICHUS
IMOCTaBJICHHOM 3aJ1auH.

Kpurepun Bb100pa OCHOBHBIX NTapaMeTPOB YCTAHOBKU
KaMepbl OAPOOHO PacCMOTPEHBI M C(HOPMYIIMPOBAHBI B
pabore [1]. OCHOBHBIM KpUTEpUEM, B 3HAUYUTEIBHON CTE-
TIEHH ONPEJIENSIONINM KaueCTBO BUACOM300pasKeHNsI, SIB-
JSIETCsI pelIeHNe TOCTaBICHHOM 3a1aun Habmoaenus. Kax
M3BECTHO OOBIYHO HCIIOIB3YIOT CIIECAYIOMINE THITHI 3a/1a4:
HACHTU(HKANNS, pacllo3HaBaHNE, 0030p WM HAOIIOAEHHE,
oOHapy’>KeHNne 1 MOHUTOPHHT. B100p KOHKpeTHO# 3a/1a4un
oTIpesieNsieT HeOOX0IMMYIO ISl €€ PEHICHUs TNIOTHOCTD
nukcenoB. OHa, B CBOIO OYEPe/ib, SIBISICTCS OHUM M3 TPEX
HEOOXOANMBIX NAapaMeTPOB, ONPEIEIISIOMNX Pa3PEIICHNE
Kamepbl. J[ByMsi IpyruMH SIBISIFOTCSL yroJl 0030pa U Mak-
CHMAaJIbHOE PacCTOSHUE JI0 BO3MOYKHOTO MECTa HaXoxJie-
HUSI CyObeKTa WIH 00bCKTa HAOIIOACHHUS, KOTOPBIC HYKHO
OIPEJIETINTh B IPOIECCe IPOSKTUPOBAHMS Ha ATare BbIOOpa
mecrta ycranoBku TK.

Cy1miecTByeT TaKke psl OONONHUMENbHBIX KpUmMepues
[1], K KOTOPBIM MOKHO OTHECTH:

1) popmupoBanme Tpedyemoii 30HEI 0030pa (110 popme,
pa3Mepy | IOJI0KEHHIO), COOTBETCTBYIOIICH 3a/TaHHOMN
30HE HAOIIOAEHNUS;

2) MakcuManbHasg HHPOPMATUBHOCTHh BHACOM300pa-
KEHHUS;

3) MUHUMAaJIbHAS U30BITOYHOCTD BUJICOM300PaKEHNUS;

4) oTCyTCTBHE HE MMPOCMATPUBAEMBIX 30H, B YACTHOCTH
01 KaMepamH;

5) BO3MOXKHOCTB HAOIIOACHUSI OJJHAX U TEX )K€ YU4aCTKOB
30HBI C Pa3HBIX HAIIPaBJICHUH (OZIHOCTOPOHHUIH, BYX-
CTOPOHHHH WJI MHOTOCTOPOHHU# 0030D);

6) MakcHMaJlbHasi pABHOMEPHOCTH BHICOM300paskeHHIH
Ha pa3HbIX JabHOCTSX;

7) MUHUMHM3aLNs UCKaXKEHNH BUICOM300pakeHNsT 00beK-
TOB HaAOJIONEHNS,

8) MuHMMEI3aHA 3(h(heKTa 3aTOPaKUBAHUS OTHUX OOBEK-
TOB HAOIIOACHUSI APYTUMH;

9) BO3MOKXHOCTH B3aMMHOTO BH3YaJIbHOTO KOHTPOJS Ka-
Mep;

10) 3amuIieHHoCTh TeJleKaMep;
11) orcyrcTBHE 3acBeTKH Tenekamep ((hOHOBOM, TOUCUHOM

U T I.).

3amMeTnM, 4TO MHOTHE U3 NEPEUUCICHHBIX KPUTCPHEB
TIPEIBSIBIISIIOT IIPOTHBOPEYMBEIE TPEOOBAHMUS K ITapaMeTpam
YCTaHOBKHM KaMepbl. Hanpumep, MUHMMHU3AIUs HCKaXKe-

HUH popmupyemoro uzobpaxenus (kpurepuid 7) Tpeoy-
€T YMEHbBIIEHHsI BHICOTHl YCTAHOBKH, a HEOOXOIUMOCTh
YMEHBIIHUTH dQQEKT 3aropa’kuBaHUsI OHOTO OOBEKTa Ha-
OmrozieHyst IpyruM (KpUTeprit 8) MPUBOANT K YBEIMIECHHIO
BBICOTBI YCTaHOBKH [1].

ToBopst 00 HHPOPMATHBHOCTH (POPMHUPYEMOTO BHICOH-
300pa’keHusT, OTMETHM, UTO ISl 33/1a4 TEJIEBU3HOHHOTO Ha-
OmoneHns HanboJee BayKHASI XapaKTEPUCTHKA — CTETICHb
JIETAJIN3ALIN BUIECON300paKeHNs, XapaKTepu3yemas II0T-
HOCTBIO MHKcesoB. CyIiecTBeHHast 3aBUCHMOCTh TLIOTHO-
CTH ITHKCEJIOB OT PACCTOSIHUS MEX/LY KaMepoil 1 CyObeKTOM
WM 00bEKTOM HaOMIOACHUSI TPeOyeT ee ONTUMH3ALUH JIJIsT
JIOCTIYKEHHS TPeOyeMOro YpOBHsI pABHOMEPHOCTH T10 30HE
00630pa. [Togxox K perenuto mogoOHOM 3a1auK pacCMOTPEH
B pabote [12]. D10, B CBOIO OuUepelb, Ja€T BO3ZMOXKHOCTh
apryMEHTHPOBAaHHO CHU3UTH M30BITOYHOCTH HH(pOpMa-
TUBHOCTH ()OPMHUPYEMOTO N300pasKeHNUS IIPH COXPAHECHUT
rapaHTHPOBAHHOW BO3MOXXHOCTH PEIICHMS 3a/laHHOI 3a-
nayn HaOmronenus. MeToauka, mo3BOISIOIas 00eCIIEYNTh
HEOOXOIMMYI0 PaBHOMEPHOCTh IUIOTHOCTH ITHKCENIOB 110
pa3IMYHBIM KPUTEPHUSIM, TaKXKe MpeiokeHa B padote [12].

Bropoii 0CHOBHOHM XapakTeprCTHKOW MH(POPMATHBHO-
¢t (OPMUPYEMOTO BHUICOM300pAKEHHSI MOXKHO CYUTATh
koa(duirenT nHpopmaruBHOCTH [ 1], onpenensieMblii co-
OTHOIIICHUEM IUIOIIAN N300payKEeHHsI, HECYIIIEH MOJIE3HYTO
nHpopmarmio, kK ero odei miomaau. [Ipuarna n3osrTou-
HOCTH (POPMHUPYEMOT'0 BUICON300PKEHNST MOXKET 3aKITIO-
4yaTbCs B HEOOOCHOBAHHOM TIPEBBINICHUHN PAa3MEPOB 30HBI
0030pa 1Mo cpaBHEHUIO ¢ TpeOyeMoii 30HOI HaONFOACHUS.
OT0 mpobiemMa MOXKET M JI0JDKHA PEeIaThes, MPekae Bee-
TO, KOPPEKTHBIM BHIOOPOM MECTa PACIOIOKEHHUSI KaMephl
OTHOCHTEIIEHO 30HBI HAOMIOIEHNS, a TakKe YIIoB 0030pa,
MTOBOPOTA U HAKJIOHA ¢ MUHUMU3aIMel HenH(POPMaTUBHOM
Y4acTH 30HBI 0030pa.

OCHOBHOE OrpaHHYEeHHUE, HEIIOCPEIICTBEHHO CBSI3aHHOE
C pellaeMoi 3a/1a4eil, KacaeTcs MPaKTUYECKONH BO3MOXK-
HOCTH YCTQHOBKHM KaMepbl B TOM WJIM UHOM MecTe. Takke
HEOOXOIMMO YUUTHIBATh Psijl O'PAHUYCHUH, 3aBUCAIINX OT
ocoOeHHOCTel 00beKTa HAOIIOICHHST MITH HCIIOJIE3yEMOT0o
000pynoBaHys, K MPUMEpY, Ha JIOMYCTHMBIE YIJIBI TOBOPO-
Ta 1 HaKJIOHA KaMephl [yl KOPPEKTHOW pabOThl CHCTEMBI
BHUJICOAHAJIUTHKY WM CBS3aHHBIX C TIPAKTHYECKON BO3MOXK-
HOCTBIO YCTAaHOBKH KaMepbl B JKEJTAEMOM MECTE OTHOCH-
TEJIBbHO 30HBI HaOmoneHus. Tak kxputepuii 7 HAKJIQABIBACT
OTpaHUYCHUE Ha JOMYCTUMYIO BBICOTY YCTAaHOBKH KaMepbl,
a xputepuu 5, 8 u 11 — Ha BO3MOXKHYIO HaIpaBIECHHOCTh
KaMep OTHOCHUTEJIbHO 30HbI HAOJIOICHUSI.

TakuMm 00pa3om, B 00IIEM ClTydae HEOOXOAUMO PEIIIaTh
MHOTOKPHTEPUAIIBHYIO 3a/1a4y ONTHMH3ALUH TapaMeTPOB
YCTaHOBKHM (MecTa M yIJIoB 0030pa, MOBOPOTa U HAKJIOHA
OTHOCHTEJIBHO TpeOyeMOoii 30HbI HaOIIOAEHHS) IO ChopMy-
JIMPOBaHHBIM KPUTEPHSIM U OTPaHUUCHHSM.

C o01eit TOYKH 3peHust pacCMOTPUM 3a]1ady, OCHOBBI-
BasICh Ha CIIEAYIONIEM TIpeCTaBIeHuH: 1) 0 30He HabIo-
JeHus Zsy — IPOCTPAHCTBE BO3MOMKHOIO HAXOMKACHUS
0o0BeKTa niau cyObeKTa HabIoneHus; 2) o 30He o030pa
730 — npocTpaHCTBE (POPMHUPYEMOTO BUACON300PAKEHUS;
3) 00 OCHOBHOM OTpaHMYCHUH — IPOCTPAHCTBE BO3MOXK-
HOTO MECTOHAXOKIECHUS Kamep Zry. [IpocTpaHcTBO 30HBI
0030pa SIBISIETCSI AUCKPETHBIM B CHITY JUCKPETHOCTH (hop-
MHUPYEMOTro Kamepoi Buaeonsodpaxenus. [IpoctpancTBo

Hay4HO-TexXHU4eCcKuii BECTHUK MHDOPMALIMOHHbLIX TEXHONOM M, MexaHUkn 1 ontukun, 2023, Tom 23, N2 5
Scientific and Technical Journal of Information Technologies, Mechanics and Optics, 2023, vol. 23, no 5

929



MeTopn, onTMm3aLmm napaMeTpPoB YCTAHOBKN Kamepbl 4J151 BUAEOKOHTPOJIS 30HbI HABGNI0AEHNS NPOU3BOJIbHOM HOPMbI

30HBI HAOJFOAICHHS TAKXKE MOYKHO CYMTATh TUCKPETHBIM 110
MIPUYMHE TOTO, YTO M300pa)keHHe TOi 30HBI, (hopMupye-
MO€ KaMepoii, 0 ONPeNeICHHIO ABISAETCS AUCKPETHBIM.
[IpocTpaHCTBO BO3MOKHBIX MECT YCTAHOBKH MOXKET OBITH
KaK JIMCKPETHBIM Z%K (HarpuMmep, OT/JEIbHBIE OTIOPHI), TAK

U HETIPEPBIBHBIM Z%IK (TIOBEpXHOCTH MOTOJIKA UM CTEHBI).
HenpepbIBHYI0 4acTh NPOCTPAHCTBA MOJIOKEHUNH KaMephbl
MIPEJCTaBUM TUCKPETHBIM MOJMHOXKECTBOM Z1y BO3MOXK-
HBIX nonoxkeHnit TK ¢ TeM uim UHBIM M1aroM, 3aBUCSIIUM
oT TpeOyeMo#l TOYHOCTH. B 3TOI CBSI3U ¢ TOYKU 3pCHUS
TIOCIIEYIOIIEeH peann3aiy aITOPUTMOB 3TO ITOAPOCTPaH-
CTBO TaK)XE€ MOXKHO TPEICTaBUTh COBOKYITHOCTHIO TOYEK
BO3MOKHOH yCTaHOBKH KaMephl, T. €. pacCMATPHBATH KaK
JUCKPETHOC ZTK = Z%[K U ZTK'

Bce Tpu paccMaTpuBaeMBIX IPOCTPAHCTBA OMHUINIEM B
BUJI€ COBOKYIIHOCTH JUCKPETHBIX MHOXECTB Zgy, Zsn U
Z. 1y, COOTBETCTBYIOIUX TPeOyeMbIM 30HaM HAONIONCHUS
u 0030pa, a Tarxoke MoiokeHus kamep (puc. 1). B nans-
HelileM, TOBOpsI 0 30HaX, Oy/ieM OIlepUpOBaTh MOHATHIMHU
JMCKPETHBIX MHOXKECTB Zyyy, Znq U Ly, KaK COCTaBISIO-
X TPOCTPAHCTBEHHOIN MOJIEJIN CUCTEMBI 30H «Ha0ro/1e-
Hus-0030pa-kamepy». [Ipn 3ToM obiiee MHOXECTBO Oyzner
OTIpEIeJIEHO 0ObEAMHEHNEM NIEPEUNCIICHHBIX MHOXKECTB
7= Zrx U Z30 | Zsyy. Orvernm, uro, ecn MHOMKecTBa
730 U Z3 00513aTENBHO JIOKHBI IIEPECEKATHCS, @ TAKKE
JOJDKHO (TI0 TIEPBBIM JIBYM OOIIUM KPHUTEPHUSM) BBIIOJ-
HATbCSA TpeboBaHue Zsq ﬂ 723y = Z3y, TO MHOXKECTBA
Z 1y 1 Z3p; MOTYT OBITH KaK IEePECEeKaIOIIMUCS, TaK U He
nepecekaromuMucs ZygAZsy = .

B cirydae B3auMHOro pacroyioxKeHUs: MHOKECTB KaMep
1 HAOMIOZIEHHS, TO OHM MOTYT OBITh JIOOBIMH — Kak Iie-
peceKaromuMcst TIOJTHOCTBIO MITK YacTHYHO (puc. 1), Tak n
HENepeCceKaoMIUMUCS.

PaccMOTprM apryMeHTHI B OJIB3Y a€KBaTHOCTH ITPe/i-
JlaraeMoi MOJIENIM CHCTEMBI 30H HaOIIoIeHHs, 0030pa 1
KaMep MoJIenupyeMoi cucreme HaOmronenus. [ agex-
BaTHOCTH OT/EJBHBIX COCTABIISIONNX MOAEIH CHCTEMbI
30H peabHBIM YacTsIM KOHTPOIHPYEMOTO 00BEKTa, TIPEXKIE
BCEro, HEOOXOAMMa JJOCTATOYHAsI TOYHOCTh COOTBETCTBUS
peanbHBIX HEMPEPBIBHBIX 30H (YacTel 00beKTa) uxX Iuc-
KPETHBIMH MOJCIISIMH.

HenpeprbiBHast 30Ha HAOJIONEHNSI COOTBETCTBYET JNC-
KPETHOMY MHOKECTBY Zpy. DTO MOKET JIOCTUIAThCsI BBICO-
KOH TOYHOCTBIO COOTBETCTBUS 30H HAOIIOEHNS U 0030Da,
TIOCKOJIBKY TOYHOCTB MX COOTBETCTBUS OyI€T ONPEACIATHCS
KOJIM4ecTBOM nukcenoB Marpunsl TK. Yurem, uto coBpe-

MEHHBIE TeJIeKaMepbl HMEIOT TOPU30HTAIBHOE U BEPTH-
KalbHOE paspelneHus nopsiaka 103 mukcesnos (Hanpumep,
1080 x 720 u 1920 x 1280 nns maubosee pacmpocrpa-
HeHHBIX (popmaroB HD). 1o sToit npuunHe ommoOKa npen-
CTaBJICHUS HENPEPBIBHOM 30HbI HAONIOICHHS AUCKPETHOM
[0 JIAJILHOCTH ¥ TI0 IUPUHE OyIeT COCTABISTH OKONo 1073
OT MakCHMAaIILHOTO pa3Mepa 30HbI 0030pa. Eciu aToro He-
JIOCTATOYHO, TO TIpobiiema Jierko penraercs Beroopom TK ¢
OONBIIAM pa3pelIeHrEM.

JuckperHas 30Ha 0030pa KaMepbl COOTBETCTBYET JIHC-
KPETHOMY MHOXECTBY Zzn. DTO TpeOOBaHHUE, YUUTHIBAS
JUCKPETHOCTh (hOPMUPYEMOTO BUICOM300PaKCHUS, BbI-
TIOJTHSIETCSI TIO OTIPE/ICJICHNI0. 3aMETHM, YTO 3HAUCHUSI TOU-
HOCTH Oy/lyT aHAJIOTUYHBI 3HAYEHHSIM JUIsS HENPEPbIBHOM
30HBI.

J1n1st TUCKpEeTHOM YacTH 30HBI BO3MOXKHBIX TOUEK yCTa-
HOBKH KaMep COOTBETCTBUE MX JHCKPETHOM MOJeH (JHc-
KPETHOMY MOIMHOXECTBY Z?K) obecrieunBaeTCs MPaKTU-
YeCKOW TOYHOCTBIO BEIOOpa BO3MOKHOTO MECTa YCTAHOBKH
KaMepsl. J{1s HeNpepbIBHOMN 30HBI Z i MECT yCTaHOBKHU
€CTh BO3MOXHOCTH BBIOOpa ¢ TpeOyeMoil TOYHOCTHIO He-
00XOIMMOTO KOJIMUECTBA JIEMEHTOB JIMCKPETHOTO TO/IM-
HOXECTBA.

BrimeckazaHHoe CBHJETEIBCTBYET 00 a/leKBaTHOCTH
npeIaraeéMoi MoJIelIM paccMaTpUBaeMOi CHCTEMe 30H.

MeTtoa onTHMHU3ALNHT

PaccmoTpuMm B 00111eM ciydae 30Hy HaOIIOICHUS MTPo-
M3BOJIbHOI (hopMbI (puc. 1), yunThiBas HEOOXOIUMOCTh
BBIMOJTHEHUS C(HOPMYIMPOBAHHBIX KPUTEPUEB U OTPaHUYC-
HUi. J{71s pemeHus MoCTaBICHHON 3a]]a9i BBIOCPEM TaKUe
mapaMeTphl YCTAHOBKH KaMephl, KAK MECTO YCTaHOBKH, a
TakKe yIIIbI HAKJIOHA, TIOBOPOTa M 0030pa.

Kputepuu n orpannyenus. [0Bops o KpuTepusx
U OTPaHWYCHUSIX, KOTOPBIE PacCMaTPHUBAINCH B pa3leie
«Momens cucTeMbl HaOIIOACHHU», B TFOOOM cirydae He00-
XOAUMO y4€CTb OCHOBHOM KPUTEPUN — JOCTUIKEHHUE BO
BCel 30HE HAOIIOAEHUS INIOTHOCTH ITMKCEJIOB, HEOOXOI1-
MO ISl pelIeHns TOCTABICHHON 3aj[auyu HAOMIOIEHUS U
BBIIIOJIHEHUE OIPAaHUYCHUI Ha MECTa YCTAHOBKU KaMephl,
MIPEK/IE BCETO, OTPAHUYECHHBIE 30HON BO3MOKHOTO PacIio-
JIO)KEHUS Kamep.

[Tpu >ToM U3 MHOXecTBa Zrg HEOOXOAUMO BHIOPATH
MECTO YCTaHOBKH, YJOBJIETBOPSIOIIEE KPOME OCHOBHOIO,
TaKKe JOTOTHUTCIBHBIM KPUTCPHUSIM H OTPAHUICHHSM.

73 [30oHa HAOIIONEHUS

7, |3oHa 0630pa

A
Z7x |JduckperHast 4acTh 30HBI KaMep

ZTK HerepBIBHaH 4acCTb 30HbBI KaM€p

Z1x |30Ha Kamep

Puc. 1. I[IpocTpaHCTBEHHAsI MOJICTh CHCTEMbI HAOTFOICHUS

Fig. 1. Spatial model of the surveillance system
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Haubosnee BaxkHbIE JOMOIHUTENIBHBIC KPUTEPUH LIS pe-
LIaeMoil 3aJlauu: MOJIHOE NEePEKPBITHE TPeOyeMoi 30HbI
HaOJItoeHHs 30HOH 0030pa KamMepbl 1 MAaKCHMaJIbHYIO
nH(OPMATUBHOCTH Buaeon3oOpaxenns. OcoOeHHOCTH
BBINTOJTHEHNS! JJOTIOJIHUTENIBHBIX KPUTEPHEB MTPOUILTIOCTPHU-
POBaHbI Ha puC. 2, HA KOTOPOM H300pa’KeHBI pa3HbIC BapH-
AHTBI COOTHOMIEHUSI MHOKECTB Z3ny U Zsyy. M30bITOYHOCTD
U 4aCTUYHAasi HeMH(POPMATUBHOCTb Z3 OOBSCHAETCS, C OJI-
HOH CTOPOHBI, HEOOXOIMMOCTBIO ITOJIHOTO MEPEKPBITHS Tpe-
GyeMoit 30HBI HabTrOeHHs 30HOH 0630pa Zso[ | Zsy = Zay
(puc. 2, a, b) u, xenareabHO, UX MOJIHOTO COBHAJACHHUS.
XoTsl peaJIbHO ITPAKTUUECKasi CUTyalHsl, KOrjia HIMeeT MeCTO
MIOJTHOE COOTBETCTBHE (POPMBI 30HBI 0030pa (hopMe 30HBI
HaOJIoIeHNsT BeTpedaeTcst Kpaiine peako. HexoppekTHbIH
BapuUaHT, TOKa3aHHbIH Ha puUC. 2, ¢, HE HUMEET CMBbICIIa pac-
CMaTpHUBAaTh, TOCKOJIBKY HE BBITIOJIHACTCS MIEPBBIH KpHTE-
puif — HEOOXOAMMOCTBIO BUICOKOHTPOIIS Beelt TpedyeMoit
30HBI HAOJIIO/ICHNSI.

Takum 00pa3oM, MHOKECTBO 30HBI 0030pa Bcerma
BKJTFOYAET B ce0s MHOXKECTBO 30HBI HAOMIONEHNS U B JIIO-
60M 13 3THX CITydaeB HHPOPMATHBHBIM OyIET TOIBKO IIepe-
cedeHue Z30nZ3H paccMaTpuBaEMbIX MHOXKECTB.

OTMeTHM, YTO 30HBI HAOIIOACHUS M YCTAaHOBKHU Ka-
MEpP, MOTYT UMETH J'l}O6])Ie BapHUaHTBI MECTOPACIIOJIOKCHU
(puc. 3, a—c), 3aBUCAIINE OT KOHCTPYKTUBHBIX OCOOECHHO-
CTell KOHKPETHOTO OOBEKTA.

MecTo ycTaHOBKH. 331a4y BbIOOpa IapaMeTpoOB yCTa-
HOBKH KaMepbl (MecTa PacIoIOKeHUsI OTHOCUTEIBHO 30HBI
HaOJTIOZIeHNs ¥ YIIIOB 0030pa, HAKJIIOHA 1 ITIOBOPOTA) YCIIOB-
HO MOJKHO pa3JIesIuTh Ha JiBe cocramisitomue. IlepBas —
BBIOOp MECTa YCTAaHOBKH KaMephl, a BTOpas — BBIOOp ee
OpPHEHTANHNH, T. €. YIJIOB HAKJIIOHA U ITOBOPOTA, a TaKXKe
0030pa. Ha puc. 4 mokazansl paznuanble mooxkenus TK.

[Ipu BEIOpaHHOM MeCTe YCTaHOBKH YTJIOBEIC MapamMe-
TpPbI OYZLyT ONpeesiThCsi TPeOyeMbIMU I'PAHUIIAMHU 30HBI
0030pa, KOTOpBIE, B CBOIO OYEPE/Ib, CBSI3AHBI C ITOJI0KEHUEM
30HBI HAOJIIO/ICHUSI OTHOCUTENILHO Kamepsl. [lonoxenue
KaMepbl MOJKHO JIOCTaTOYHO MPOCTO BHIOpATh nepedo-
POM BO3MOXKHBIX TTOJIOKCHHWH B TpejiesiaX 3adaHHOi 30HbI
PACIOIOKEHHSI KaMep 110 TOMY WJIM HHOMY alTOPUTMY
C y4eToM BBIOpPAaHHBIX KpuTepues. Jlanee s pemeHus
paccMmarpuBaeMon 3a1auu HeoOX0uMO c(HOpPMYIHPOBATh
QJITOPUTMBI HAXOKICHHS TTOJOKEHUSI TPAHUIL 30HBI 0030pa
(mampHEH, OMIKHEH U YITIOBBIX) OTHOCHUTEIHHO pacCMaTpH-
BAEMOTO TOJIOKEHHS KaMephl.

OneHka rpaHun 30HbI 0630pa. YuTeM, 4TO 30Ha Ha-
OJItOZICHUS JO/KHA TOYHO BIMCHIBATHCSI B Yroj 0030pa

Puc. 2. CooTHOIICHNE 30H 0030pa 1 HAOIIONCHHUS:
n30BITOUHOE (@); panoHaIbHOE (); HEKOPPEKTHOE (¢)

Fig. 2. The ratio of the areas of view and observation:
redundant (a); rational (b); incorrect (c)

o0 1=

Puc. 3. CooTHOIIEHNE 30H YCTAHOBKU KaMep U HAOIIOICHNSI:
YacTHYHOE TIepecedeHune (a); He nepecekaromuecs (b);
nepecekarommecs (c)

Fig. 3. The ratio of the zones of installation of cameras and
surveillance: partial intersection (a); not intersecting (b);
intersecting (c)

KaMmepsl (puc. 4) Ipu pa3HBIX HaIpaBICHUSAX 0030pa U
paccrostHuAX. C TOUKH 3pCHUS KPUTEPHsI MaKCHMAITbHOU
WHPOPMATHBHOCTH N300PaKEHHS, 3TO COOTBETCTBYET MHU-
HUMYMY He WH(OPMATHBHBIX YaCTeH, a B UACATHHOM CIIy-
4ae — HX OTCYTCTBUIO ZnnAZzy = .

IIpencTaBuM COBOKYITHOCTB 9IIEMEHTOB Z;; MHOXECTBA
Z3;; Ha TIEpUMETpE POU3BOIBHON 30HBI HAOIIOCHUS KaK
MOIMHOXKECTBO nepumerpa ZIL cocrosiiee u3 snemenTon
z; € Z3y;. YuuThIBas HEOOXOAUMOCTb JOCTIKEHUS TpeOy-
eMOif TUTOTHOCTH TIMKCEJIOB B JalbHEH TOUYKE z;lax 30HBI
0030pa, CiIeayeT ONMpeNeanTh MOJOKEHUE ITON NaabHEH
TOYKM Kak sjeMenTta MHoxkectsa ZI. Ono Oyzmer onpe-
JIeNIATHCSl BEPXHEH rpaHblo MHOXKeECTBa pacctosiHui L ot
KaMephl 10 BCEX JTUCKPETHBIX TOUeK (ITMKCENIOB) JanbHei
YaCTH MpaHuLbl 3006l HaOmoneHus supZi (puc. 5, ). Dta
K€ TOYKa OMPEICIUT JAJbHIOK TPAaHUILY 30HBI 0030pa
KaMephbl 110 TTOBEPXHOCTH HJIU IO BBICOTE CyOBEKTa MU

o0BeKTa Ha6H}O,I[6HI/I$I. B cBoro ouepeab OJIMKHSISE T'paHulla

min
30HBI 0030pa z,,, MOXKET OBbITh OIpeeeHa KaK HUKHISI

rpans noamuoxkectsa ZH nepumerpa infZH (puc. 5, a).
Onuenka yrios o63opa. [lomyuennsie snauenus L™

u Ly nanbHei u OnMvKkHE rpaHuI] 30HBI 0630pa IPH U3-
BECTHOH BBICOTE YCTAaHOBKH MO3BOJISIIOT HEIIOCPEICTBEHHO
TOJTYYHTH TIEPBYIO OLIEHKY O, Tpebyemoro yrma 063opa TK
B BEPTUKAJIBHOM IUNIOCKOCTH. B FOpI/I%OHTaHBHOﬁ MJIOCKOCTH
pacdeTHOE 3HaUYEHME yIiia 0030pa 3; MOXKET ObITh TOIyde-
HO TIEPECUETOM U3 (i 110 COOTHONIEHHIO CTOPOH MATPHIIbI
Kamepsbl B, = k0, ¢ koadduimentom k= 16:9 umu 4:3.
J1J1st o11leHKH OOKOBBIX TPAHUIL 30HBI 0030pa HEOOXOH-
MO HaifTH, COOTBETCTBEHHO, BEPXHIOI @)« = Sup® 1 HIk-

HIOI @y = inf® rpanu MHOXecTBa yrios @ (puc. 5, b)

Puc. 4. BapuaHTbl OpHMeHTaIlUM KaMep ¢ pa3HbIMU paKypcaMu

Fig. 4. Camera orientation options with different view angles
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Puc. 5. Anroputmbl popMHpOBaHMS OLEHKH TPAHUL] 30HBI 0030pa B BEPTUKAIBHOH (@) ¥ TOPU30HTAIBHOM TIOCKOCTSX (D)

Fig. 5. Algorithms for forming an estimate of view angles in the vertical (a) and horizontal planes (b)

MEXy HallpaBICHUSIMH OT KaMepbl Ha 30Hy HaOJIIOICHUS
M Ha DJIEMCHT HOAMHOKECTBA Z;; (OTCUCT yIIOB IPOTUB
yacoBoi cTpenku). OreHKn ermB, COOTBETCTBYIOIINX
JIEBOI1 M MpaBoii TpaHUIaM 30H 0030pa B TOPU30HTAIBHON
TUTOCKOCTH, Oy/lyT ONpenesiThes 3HAYCHUSIMHU BEpXHEH U
HUKHEHN rpaHel MHOxecTBa yroB ®. Bropas ouenka B2
Tpefyemoro yria 0030pa B rOpU30HTAIBHOM TI0CKOCTH Oy~
AET paBHa By= i — ¢ory . AHATIOTHYHO NePBQii OLeHKe
Bl , paCUeTHOE 3HAUCHHUE O, ONPEEIUTCS KaAK O = Bz/k

ITockonbky B 0011EM CiTydae HepBasi U BTOpast OLEHKH
MOT'YT HE COBIIaJiaTh, TO HCOOXOAMMBIC YIIIbI 0030pa onpene-
JIATCA TIO TIPABUILY O = Max {0, oy } 1 B = max{Bl, By} —
13 JIBYX MNOJYUYCHHBIX OLCHOK YIJIOB BI)I6I/IpaeTC)I Hau-
Oosbmiasi. OTH yIIIBl TOYHO COOTBETCTBYIOT TPEOyEeMbIM
U B 00IIeM cily4ae COOTBETCTBYIOT (pOopMary MaTpHIIbI
Kamepsl (puc. 6).

Tak kak MmoJy4eHHbIe 3HaYCHUS TPAHMUI] 30HBI 0030pa
OZIHO3HAYHO CBSI3aHBI C TIOJIO)KEHHEM KaMepBbl, TO 110 HUM,
KpOoMe YITIOB 0030pa, MOYKHO BEIYMCIUTh U TAKUE Mapame-
TPBI YCTAaHOBKH, KaK YIJIbI HAKJIOHA U TIOBOPOTA.

Ipumep ucnosib3zoBanus meroga. Ha puc. 7 npuse-
JIeH TIpUMep 3a/1a41 ONITUMH3AIH BbIOOpa nonokeHus: TK
C MOMOUIBIO TPEIUIOKEHHOTO METOJIA JUIsl TPOU3BOJIBHOM
30HbBI HAOJIO/IEHUs (HAIIPUMED, aKBATOPHU) C BO3MOXKHO-
CTBIO YCTaHOBKH KaMmephbl B TPEX TOUKaX (KakK JIEMEHTOB
Z;; MHOXKeCTBa Zyy, HAPAMEP HA TPEX OIOPaX, Pacroio-
JKEHHBIX PSJIOM C aKBaTopHeil).

JU71st IpOCTOTHI PACCTOSTHUE OT MECT YCTAHOBKU KaMephI
JI0 TaTbHEH IpaHuIbl 30HbI HAOMIOEHNS BEIOPAaHbI O/IU-

Yy

Puc. 6. COOTHOILICHNSI CTOPOH BUCON300pa)KeHNS IIPU Pa3HbIX
OIIEHKaxX yIiioB 0030pa

Fig. 6. Aspect ratios of the video image at different estimates of
viewing angles

HAKOBBIE, UTO HE BIUSAET HA MOJYUYEHHBIH pe3ynbTaT, HO
MO3BOJIUT YIPOCTUTH BOCIIPHUATHE IIpUMeEpa.

OCHOBHBIM KPHTEPHUEM SIBIISICTCSI 0OecTieueHne Tpeody-
€MOI MJIOTHOCTH NuKcenoB. Kak 10nonHuTe bHbIE KpUTE-
PpUHM — MHUHHMAJIbHAst N30BITOYHOCTD BUICON300PKEHHUS
¥ MaKCHMaJIbHAs IUIOTHOCTb IHUKCEJIOB MPU OJMHAKOBBIX
napamerpax kamep. IIpu paccmMarpuBaeMbIX yCIOBUSIX
MOCTICIHUH KPUTEPH SKBUBAJICHTEH TPEOOBAHNIO MUHU-
MAaJIbHOTO yTi1a 0030pa.

Jlist pemieHys 3a1a4u ONTUMM3ALNH IS KaXI0TO M3
TpexX BO3MOXKHBIX MecT ycTaHoBkH TK Heobxomumo mo
PacCMOTPEHHBIM BBIIIEC AJITOPUTMAM BBIOIHUTH OICHKH
TIOJIOKEHUHT IalIbHEl U OJIM)KHEH, a TakKe YIVIOBBIX MPaHUIl
30H 0030pa, KOTOpbIE [I0KA3aHbl HA PUC. 8.

Tak Kak JI0TOJHUTENIBHBIE KPUTEPHUH — MaKCUMaJIbHast
IUIOTHOCTB THKCEJIOB NIPH (PUKCUPOBAHHOM pa3pelIeHUH
KaMepbl 1 MaKCUMaJlbHas HHQOPMATHBHOCTH BHJICON30-
OpakeHUs, TO BEIOpaH TpeTHil BapuaHT ycTaHoBKU TK3
(puc. 8, ¢), obecreunBaONINi TP MUHUMAIBEHOM YIJIe
0030pa MaKCUMAaJIbHYO IIIOTHOCTH ITUKCEIOB 1 MUHUMAIIb-
HYI0 HeMH()OPMaTHBHYIO YacTh 30HEI 0030pa.

PaccmotpeHnHslIil npuMep nokaszai ajieKBaTHOCTb MPe-
JIO)KEHHOW MOJICNH M OJHO3HAYHOCTH aJTOPUTMOB, pea-
JU3YIOUTUX BCE ITAIBl UCIIOJIb30BAHUS MPEI0KEHHOTO
MeTo/a (ITOUCK AalibHel, OJV)KHEH M YIJIOBBIX TPaHMUIL
30HBI 0030pa) U OJIHO3HAYHO CBSI3aHHBIX C HUIMH YIJIOBBIX
napaMeTpoB YCTAaHOBKHM (HaKJIOHA U TIOBOPOTA KaMephl
OTHOCHUTEJIBHO 30HBI HaOMoieHus). B pesynbsrare MOXHO
TOBOPUTH 00 aJJeKBATHOCTH TPEJIOKEHHOTO METO/IA.

i 52 - 1
i ZTK B T ZTK
o o
Puc. 7. 3oHa HaOMIOAEHNS U MECTa BO3MOKHOH YCTaHOBKH

KaMepbl

Fig. 7. Surveillance area and possible camera locations
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3oHa 0030pa

/

3oHa

HaOJIIONEHUSA
TK3

¢ TK2

TKI ®

Puc. 8. Ouenku rpaHuI] 30HBI 0030pa UTI BO3MOXKHBIX MecT ycTanoBku kamepsl: TK2 (a); TK1 (b); TK3 (c)

Fig. 8. View area boundaries estimates for possible camera installation locations: TK2 (a); TK1 (b); TK3 (c)

3akiarouenne

B pabore chopmynnpoBaHbl OCHOBHbIE M AONOJIHU-
TCJIBHBIC KPUTCPUHU, IO KOTOPBIM MOXXHO OCYIICCTBIIATH
ONTUMU3AIMIO BEIOOpA MapaMeTpoB YCTAaHOBKH KaMephl
OTHOCHUTEIIBHO TpeOyeMOii 30HbI HAONIIOIEHHSI — pelaemMast
3aj1a4a HaOJIONICHUsI, MUHUMaJIBHO TpeOyeMoe pasperieHne
KaMepbl ¥ MaKCHMalbHasi HHQOPMATHBHOCTH (MUHAMAJTb-
Hasi U30BITOYHOCTD) (POPMHUPYEMOTO BUAECOM300paXKCHUSI.
[peanoxxeHa MoneNb NPeACTaBICHUS 30H HAOIIOICHUS,
0030pa M pachoNoKeHHsT KaMep KaK COBOKYITHOCTH JIHC-
KpeTHBIX MHOKeCTB. CHopMyIMpOBaH METON ONITUMHU3ALIIH
BEIOOpA ITOJIOKEHHSI KaMephl U e¢ YITIOBBIX IapaMeTpoB
OTHOCHUTEJILHO 30HBI 0030pa, BKIIF0Yast aJITOPUTMBI OLICHOK
JanbHeH, OMMKHEH M yIIIOBBIX IPAaHUI] 30HBI 0030pa To-
3BOJISIFOILIUE MTOJYYUTh 3HAUCHHUS YIIIOB 0030pa, MOBOpOTa
Y HaKJIOHA.
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OG6ocHOBaHA aIeKBaTHOCTDH MPEAJIOKEHHON MOJIEIH
peanbHBIM 30HAM HAOMIONEHUS, 0030pa M PACTIOTIOKECHHS
kamep. OTHO3HAYHOCTH aJITOPUTMOB, PEATU3YIOIINX ITAITbI
HCIIOJIb30BAHUS TPEJIOKSHHOTO METOIA HAXOXKICHHUS JajIb-
Hel, ONIMDKHEH 1 yIVIOBBIX TPAHMUIL 30HbI 0030pa U 0IHO3HAY-
HO CBSI3aHHBIX C HUMHU YIJIOBBIX MAPaMETPOB YCTAHOBKHU
(yriioB 0030pa, HaKJIOHA U TIOBOPOTA KAMEPhI OTHOCUTEITb-
HO 30HBI HAOIIOICHUS), a TAKIKE MPAKTHYCCKUN MPUMED,
MOJITBEPKAAFOT aICKBATHOCTD MPEIIOKECHHOTO METO/A.

[IpenoxXeHHBIE MOJICITb H METOJ, aJITOPUTMEI OLIEHOK
TpaHUI] 30HBI 0030pa, a TakkKe CHOPMYTUPOBAHHEIC KPH-
TepUU M OTPAHMYCHHS MOTYT OBITh MCIIOIB30BAHBI IS
peanmu3anuy IporpaMM aBTOMATH3MPOBAHHOTO MPOEKTH-
POBaHMS CUCTEM TEIICBH3MOHHOTO HAOIIOICHNS U TIO3BOJIAT
MUHUMH3UPOBATh BIMSHHUE YEJIOBEUECKOTO (haKkTopa MpU
IIPOCKTUPOBAHUMN TAKHUX CUCTEM.

References

1. Volkhonsky V.V. Video Surveillance Systems: Design and Application
Fundamentals. Moscow, Gorjachaja linija-Telekom Publ., 2022,
392 p. (in Russian)

2. Volkhonsky V., Kovalevsky V. Influence of camera installation
parameters on the information content of the video image. Security
and Safety, 2022, no. 2(164), pp. 78-80. (in Russian)

3. Volkhonskii V.V., Muratov A.S. Specific features of multimodule
TV-cameras application. Tehnologii zashhity, 2021, no. 2, pp. 52-54.
(in Russian)

4. Horster E., Lienhart R. Approximating optimal visual sensor
placement. Proc. of the 2006 IEEE International Conference on
Multimedia and Expo, 2006, pp. 1257-1260. https://doi.org/10.1109/
icme.2006.262766

5. Erdem U.M., Sclaroff S. Optimal placement of cameras in floorplans
to satisfy task requirements and cost constraints. Omnivis 2004. Proc.
of the fifth Workshop on Omnidirectional Vision, Camera Networks
and Non-classical cameras. Citeseer, 2004, pp. 30—41.

6. Bodor R., Schrater P., Papanikolopoulos N. Multi-camera positioning
to optimize task observability. Proc. of the IEEE Conference on
Advanced Video and Signal Based Surveillance, 2005, pp. 552-557.
https://doi.org/10.1109/avss.2005.1577328

7. Domanski M., Dziembowski A., Grzelka A., Mieloch D. Optimization
of camera positions for free-navigation applications. Proc. of the 2016
International Conference on Signals and Electronic Systems (ICSES),
2016, pp. 118-123. https://doi.org/10.1109/icses.2016.7593833

8. Watras A.J., Kim J.-J., Liu H., Hu Y., Jiang H. Optimal camera pose
and placement configuration for maximum field-of-view video
stitching. Sensors, 2018, vol. 18, no. 7, pp. 2284. https://doi.
org/10.3390/518072284

Hay4HO-TexXHU4eCcKuii BECTHUK MHDOPMALIMOHHbLIX TEXHONOM M, MexaHUkn 1 ontukun, 2023, Tom 23, N2 5
Scientific and Technical Journal of Information Technologies, Mechanics and Optics, 2023, vol. 23, no 5

933


https://doi.org/10.1109/icme.2006.262766
https://doi.org/10.1109/icme.2006.262766
https://doi.org/10.1109/avss.2005.1577328
https://doi.org/10.1109/icses.2016.7593833
https://doi.org/10.1109/icses.2016.7593833
https://doi.org/10.3390/s18072284
https://doi.org/10.3390/s18072284
https://doi.org/10.1109/icme.2006.262766
https://doi.org/10.1109/icme.2006.262766
https://doi.org/10.1109/avss.2005.1577328
https://doi.org/10.1109/icses.2016.7593833
https://doi.org/10.3390/s18072284
https://doi.org/10.3390/s18072284

MeTopn, onTMm3aLmm napaMeTpPoB YCTAHOBKN Kamepbl 4J151 BUAEOKOHTPOJIS 30HbI HABGNI0AEHNS NPOU3BOJIbHOM HOPMbI

9. Kim S.T., Ahn S.O. Simulation to evaluate CCTV positioning in use
of ray-tracing algorithm // Korean Institute of Interior Design Journal.
2013. V. 22. N 6. P. 40-48. https://doi.org/10.14774/
jkiid.2013.22.6.040

10. Yang T.P., Asirvadam V.S., Saad N.B. Using multiple view in
optimizing detector placement for petrochemical plant // Proc. of the
2012 IEEE 8t International Colloquium on Signal Processing and its
Applications. 2012. P. 80—-84. https://doi.org/10.1109/
cspa.2012.6194695

11. KimY., Park S., Kim H. Crowdedness measuring system considering
view angle of CCTV camera // Proc. of the 2017 International
Conference on Information and Communication Technology
Convergence (ICTC). 2017. P. 1149-1152. https://doi.org/10.1109/
ictc.2017.8190882

12. Bonxouckuii B.B., Koanesckuii B.A. MeToanka ONTHMHU3AIAA
pacrpejie/ieHHs IUIOTHOCTH THKCENIOB 110 30He HaOironeHus //
HayuHo-TexHn4eckuii BeCTHUK MH(GOPMALMOHHBIX TEXHOJIOTHUH,
MexaHukd U ontuku. 2022. T. 22. Ne 6. C. 1055-1062. https://doi.
org/10.17586/2226-1494-2022-22-6-1055-1062

13. Dallmeier D. Monitoring Device. World Intellectual Property
Organization patent PCT/EP2012/060438. 2012-06-01.

14. HMamnemaiiep JI. Yerpoiictso Habmonennst. [Tarent EATTIO 026475.

15. Stening J., Persson H., Rusz A., Bengtsson A. System for panoramic
imaging. Patent US 2020/0195845 A1l.

ABTOpPBI

Bouxonckmii Biragumup BiaaauMupoBuy — JI0KTOp TEXHUUYECKUX HAyK,
JoLEHT, npodeccop npakruky, Yausepcurer UTMO, Caukr-ITerepOypr,
197101, Poccuiickas deneparms, https://orcid.org/0000-0001-9628-2046,
volkhonski@mail.ru

KosasieBckuii BiiaguciiaB Anekcan/ipoBuy — aclMpaHT, YHUBEPCUTET
WUTMO, Cankr-IletepOypr, 197101, Poccuiickast denepanys, https://orcid.
org/0000-0001-7042-7905, Kovalvlad9@gmail.com

Cmamws nocmynuna 6 pedakyuio 31.03.2023
Ooobpena nocne peyenzuposanus 22.06.2023
Ipunama x nevamu 15.09.2023

[@Nolel

9. Kim S.T., Ahn S.O. Simulation to evaluate CCTV positioning in use
of ray-tracing algorithm. Korean Institute of Interior Design Journal,
2013, vol. 22, no. 6, pp. 40—48. https://doi.org/10.14774/
jkiid.2013.22.6.040

10. Yang T.P., Asirvadam V.S., Saad N.B. Using multiple view in
optimizing detector placement for petrochemical plant. Proc. of the
2012 IEEE 8™ International Colloquium on Signal Processing and
its Applications, 2012, pp. 80-84. https://doi.org/10.1109/
cspa.2012.6194695

11. Kim Y., Park S., Kim H. Crowdedness measuring system considering
view angle of CCTV camera. Proc. of the 2017 International
Conference on Information and Communication Technology
Convergence (ICTC), 2017, pp. 1149-1152. https://doi.org/10.1109/
ictc.2017.8190882

12. Volkhonskiy V.V., Kovalevskiy V.A. Distribution optimization
method of pixel density by surveillance area. Scientific and Technical
Journal of Information Technologies, Mechanics and Optics, 2022,
vol. 22, no. 6, pp. 1055-1062. (in Russian). https://doi.
org/10.17586/2226-1494-2022-22-6-1055-1062

13. Dallmeier D. Monitoring Device. World Intellectual Property
Organization patent PCT/EP2012/060438. 2012-06-01.

14. Dallmeier D. Monitoring Device. Patent EAPO 026475, 2017. (in
Russian)

15. Stening J., Persson H., Rusz A., Bengtsson A. System for panoramic
imaging. Patent US 2020/0195845 A1.

Authors

Vladimir V. Volkhonskiy — D.Sc., Associate Professor, Professor of
Practice, ITMO University, Saint Petersburg, 197101, Russian Federation,
https://orcid.org/0000-0001-9628-2046, volkhonski@mail.ru

Vladislav A. Kovalevskiy — PhD Student, ITMO University, Saint
Petersburg, 197101, Russian Federation, https://orcid.org/0000-0001-
7042-7905, Kovalvlad9@gmail.com

Received 31.03.2023
Approved after reviewing 22.06.2023
Accepted 15.09.2023

PaboTta nocTynHa no nuueH3nm
Creative Commons
«Attribution-NonCommercial»

934

Hay4HO-TexHn4eckuii BECTHUK MHDOPMALMOHHBLIX TEXHONOMMIA, MeXaHUKN 1 onTukn, 2023, Tom 23, N2 5
Scientific and Technical Journal of Information Technologies, Mechanics and Optics, 2023, vol. 23, no 5


https://doi.org/10.14774/jkiid.2013.22.6.040
https://doi.org/10.14774/jkiid.2013.22.6.040
https://doi.org/10.1109/cspa.2012.6194695
https://doi.org/10.1109/cspa.2012.6194695
https://doi.org/10.1109/ictc.2017.8190882
https://doi.org/10.1109/ictc.2017.8190882
https://doi.org/10.17586/2226-1494-2022-22-6-1055-1062
https://doi.org/10.17586/2226-1494-2022-22-6-1055-1062
https://orcid.org/0000-0001-9628-2046
mailto:volkhonski@mail.ru
https://orcid.org/0000-0001-7042-7905
https://orcid.org/0000-0001-7042-7905
mailto:Kovalvlad9@gmail.com
https://doi.org/10.14774/jkiid.2013.22.6.040
https://doi.org/10.14774/jkiid.2013.22.6.040
https://doi.org/10.1109/cspa.2012.6194695
https://doi.org/10.1109/cspa.2012.6194695
https://doi.org/10.1109/ictc.2017.8190882
https://doi.org/10.1109/ictc.2017.8190882
https://doi.org/10.17586/2226-1494-2022-22-6-1055-1062
https://doi.org/10.17586/2226-1494-2022-22-6-1055-1062
http://D.Sc
https://orcid.org/0000-0001-9628-2046
mailto:volkhonski@mail.ru
https://orcid.org/0000-0001-7042-7905
https://orcid.org/0000-0001-7042-7905
mailto:Kovalvlad9@gmail.com

