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Pobomy npucesaueno pozpobuyi yzacanrbhernoco nioxody 00 po38 s3aHHSA
3a0ay  00pOOKU  MOUKOBUX  MHOJICUH, WO NpeocmasieHi 6  Guensiodi
OUCKPEeMU308aAHUX CIMKOBUX 2eomempuyHux mooeneu. I[lpuxiaoamu 3aday €
nPOCMoposi  3a0aui, HANPUKIAO, NOWYK HAUOIUNCUUX CYCi0i8, OYIHIOBAHHSL
HOKPUMMS MHOJNCUHU, 3A0a4i pO3MAULYBAHH MOYOK, NOULYK 83AEMO38 SI3Ki6 8
MOYKOBUX MHONCUHAX mowo. [Hwumu 3a0auamu € MOOen08aHHs NH0OCLKUX
NOMOKI8, NIAHYBAHHS MICLKUX Cepedosuly, 3a0ayi Kepy8aHHs PyXom MOOITbHUX
pobomis ma Oe3ninomHuUx mpancnopmuux 3acobis. Obcse moukosux OaHux 8
MaxKux 3a0a4ax NOCMIHO 3POCMAE, WO BUMA2AE NOWYKY Oinbul eheKkmueHux
00YUCTIIOBATILHUX MoOenell OJisl pO38 3Ky MaKux 3a0ad, 8i0N0GIOHUX CIPYKMYP
oanux i memooig ix nepemeoperHs ma o0o6pooku. Memoou 0na po3e’sa3anius
noOiOHUX 3a0au Hauwacmiuie 0OA3YIOMbC  HA  BUKOPUCMAHHA ~ MemoOig
onmumizayii, abo € GUMPAMHUMU 3 MOYKU 30PY 0OUUCTIOBAILHOL CKIAOHOCMI. B
pobomi  npeocmaesnienHo  V3azalbHeHUuti Memoo Oas pOo38 SA3aHHA  3a0ay
npoOCmMopos8oi 0OpPOOKU MOUKOBUX MHONCUH, AKUL 00380JAE 00CACMU MOYHUX
PO38°53Ki6 3a YMOBU IX JNIHIUHOI CKAAOHOCMI HE3ANeHCHO Bi0 PO3MIPHOCHI
6XIOHUX OaHux. B pobomi 6600umuvcs nouamms Cimko8oi 2eoMempuyHoi Mooeii
ma il 8U3HaueHHs 015 0OHOBUMIDHUX MaA 080BUMIPHUX npocmopie. OCHOBOIO
nioxody € onepayii ouckpemu3sayii ma iHoexcayii mo4Kosux OarHux ma onepayii
00poOKU CMPYKmMYp OAHUX, WO MICMAmMb nepemeopeHi 0ami, maxi sax onepayii
PO3MAULY8aAHH MA 3AN0BHEHHSI MOYKAMU CIMKOBOI 2eoMempuyHoi mooeni ma
JI02IYHI  onepayii Hao mooensamu. 3anponoHo8amo 0A306i CMPYKMypu O
3bepicanns ma 006poOOKU MOUYKOBUX OAHUX, BIOPI3Ki6, 008LIbHUX 00 €Kkmie ma
onepayiio po3uupeHus CmpyKkmyp 0Jisl P038 SA3aHHS NPAKMUYHUX 3a0ad 00pOoOKU
cimxogux mooenetl. 1ioxio intocmposano npakmuyHuUM NPUKIA0OM PO38 SA3AHHSL
3a0ayi NOULYKy nepemumie 8iOpis3Kie HaA NAOWUHI ma Modce OYymu po3uUpeHUll
Ol po36’A3aHHA  3a0ay Y  NPOCMOpAx  OOBLILHUX — PO3MIPHOCMELL.
Ilpeocmasnenuti nioxio ckia0aemvcs 3 HACMYNHUX KPOKIB. OUCKpemu3ayis
BXIOHUX OAHUX, NPOCMOPOBA IHOEKCAYisl OUCKPEeMU308AHUX OAHUX I3 3AHEeCEHHM
3HAYeHb Yy NPOCMOpPo8y Xeul-madbiuylo;, CMEOPeHHsA [ 00poOKA CNUCKOBUX
CMPYKMyp OaHUX, 6 AKUX 30epicamumemspcsi po3s 30K 3a0aui.

Knrouosi cnosa: cimkoea eceomempuuna Mmooenb, MOUKOBA MHONICUHA,
OUCKpemu3ayis Mo4Ko8UX OAHUX, NPOCMOPO8A THOeKCayis, Xeul-maoauysl.
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Ilocmanoexa npoonemu. 3anadi 06poOKU TOUKOBUX JAHUX HA IJIOIIMHI,
y TpUBUMIpHOMY a0o OaraTOBUMIPHUX MNpPOCTOPAaX YacTO BHUMAraroTh
BHU3HAYCHHS iX MPOCTOPOBUX XapaKTEPUCTHK. [IpuKiramaMu mpocTOpPOBHX 3a1a4
Ha TOYKOBUX MHOXXHMHAX €: 3a/iaul MOIIYKY HaWOJMKYUX CYCI/IIB, OI[IHIOBAHHS
MOKPUTTS MHOKHUHH, 3aJlayl PO3TAlllyBaHHS TOYOK, IMOIIYK B3a€MO3B’SI3KIB B
TOYKOBUX MHOXHHAX TOIIO.

OO0csT TOYKOBUX JIAHWX B TaKUX 3a/adax MOCTIMHO 3pOCTaE, IO BUMArae
MOIIYKY OUThI €(EeKTUBHUX OOYMCITIOBAIBHUX MOJENEH IS PO3B’SA3KY TaKUX
3a/1a4, BIMOBITHUX CTPYKTYP JaHUX 1 METOIB iX MEPETBOPEHHS Ta OOPOOKH.

Ananiz ocmannix 00cnioxcens i nyoaikayii. 1IpakTHMUHUMY TPUKIIAIaAMU
3a/1a4 0OpOOKU MHOXHUH TOUOK € aHal3 BUAMUMOCTI 00’ €KTiB [1-3], BU3HAUCHHSA
po3TamryBaHb CEHCOpIB JuIs 300py JaHuUX abo JpKepesn OCBITICHHS [4-6],
MOJICTFOBAHHS JIIOJCHKUX TIOTOKIB, IUIAHYBAaHHS MiChKUX cepemoBumy [7-9],
3a/1a4yl KepyBaHHS MOOLIBHUMHU poOOTaMHM Ta OE3MIJIOTHUMM TPaHCHOPTHUMHU
3acobamu [10], 3amaui onTUMi3allii apXITEKTypH IITYYHUX HEUPOHHUX MEPEXK Ta
METO/IB 11X HaBYaHHA. 3a3BHYail, MOAIOHI 3amayli pO3B’S3YIOThCA 13
BUKOPHUCTaHHSAM METOJIB ontumizamii [5, 10], aje Taki MeToau HE HAMAOTh
MO>KJIMBOCTI BU3HAYEHHSI TOYHHUX PO3B’A3KIB, 800 € BUTPATHUMHU 3 TOUKH 30Dy
4acoBO1 OOYHMCITIOBAIBHOI CKIagHOCTi. B poGoti [11] Oymno 3amporoHoBaHO
y3araJbHEeHUH MiAXiT 70 0OpOOKM TOYKOBHX JAHUX HA OCHOBI BHKOPHUCTAHHS
MPOCTOPOBHUX CTPYKTYp JAHUX JUIsl TOMYKY e(QEeKTUBHUX PO3B’SA3KIB 3a7ad
00pOOKM TOYKOBUX MHOKMH Ha TUIOMIMHI, IO HAJA€ TOAIBIIMA HAMPSIMOK
BJIOCKOHAJICHHSI 3alPOTIOHOBAHMUX CITOCOOIB IS PO3B’sI3aHHS OUTBI MTUPOKOTO
KOJia 3aJ1a4, MOB’SI3aHUX 13 00POOKOI0 BEIMKUX TOYKOBHX MACHUBIB HE3AJIEHKHO
BIJI iX pO3MIPHOCTI..

Dopmynrweannusa yinen cmammi. Po3poOka y3araJbHEHOTO MIAXOAY 10
pO3B’s3aHHS 3aJa4 IMPOCTOPOBOI OOPOOKM TOUYKOBMX MHOXKHMH Y TPOCTOpPAx
JOBUTBHOT pO3MIPHOCTI.

Ocnoena wacmuna. Busnauenns 1. CitkoBa reomerpuuna mojeins (CI'M
G={g1,...n}° — posburrs d-MipHOrO mHpOCTOPY Ha peryisipay citky Z°,
MHOKHHA KoopauHat sikoi Xp={Xi,...,Xq} 3aJa€ IUCKPETHU30OBaHI 3HAYCHHSI
napaMeTpiB 3ajadi, a 3HaYCHHs B KOMIPIIl 13 BIJAMOBIIHUMHU KOOpJIWHATAMH —
BaroBuii koedirienT Wi, j=1..N, mo xapakrepu3ye ab0 KUIBKICTh TOYOK, IO
3HaXOAAThCS B JaHiK Komipiri, a6o ctan komipku {0..1}. Ha mouarky po3B’s3Ky
3amaui CI'M iHimiani3yeTbCsl HyJIHOBUMHU 3HAYCHHSIMHU B KOXHIM Komipiii. Ha
CI'M 3anaroTbest Taki 0a30B1 onepartii:

e posranryBaHHS Toukd G[X]..[Xg] =w; =1
® 3aMOBHEHHSA Wj = W; + 1
Jlomatkosi onepariii Ha CI'M:
® TreHepallisi TOYKOBMX 3a 3aJlaHuM Ia0JoHOM (TIpsiMi, KoJia,
NPSIMOKYTHHKHU TOII0) a00 TPOCTOPOBUM PO3IOILIIOM.
Jloriuni onepauii (Tiabku Juist yMoBu Wj ={0..1}):
e 00’eanannsa Gy U G, = max(G;, Gy) (moejgeMeHTHO)
e tneperun G; N G, = min(G,, G,) (moereMeHTHO)



104

o o0epuenns G =-G: w; =w; - (-1).
JuckpernsoBani koopauHaTH To4ok CI'M BH3HAYarOThCS HACTYITHHM
YHHOM:

%= [ @
ne X={Xi,...,Xq} — MHOKWHA KOOpJUHAT TOYKHU BXigHOTO TIpocTopy, C={Cy,...,C4}
— MHO»HHA PO3MipiB KOMIPOK CITKH B3JIOBK BIAMOBITHUX OCEH KOOPAUHAT.

Oxpewmi Bunagku CI'M. Busnauenns 2. OnHOBUMIpHA crm® — pO30UTTS
OJIHOBUMIPDHOTO TIPOCTOPY Ha UIJIOYUCENBHY pPEryjsipHy CiTky G =
{91, .-, gn} € Z, ne g; € G,i = 1..N — komipka citku, N — KiJIbKiCTh €JIEMEHTIB
CITKM B3JIOBXK KkoopauHatHoi Bici. Jlns mpencraBmenns CI'M(1) nHaiGiiabIm
JOIIIBHOI0  CTPYKTYpPOIO € JIHIWHUA CNHCOK (OJHOBUMIDHUW MAacHB).
JluckperuzoBana koopauHara 3rigHo (1):

Xp = L—j 2)

Busnauenns 3. JIsosumipaa CITM® — pos6uTTs: ABOBUMIPHOTO IIPOCTOPY
Ha I[TIOYUCEIbHY PEryJsIpHy CitKy G = {g1, ..., gn} € Z, ne g; € G,i = 1..N —
KoMipKka CiTkM (mikcenb), N = w X h, W Ta h — KUJIbKICTh CTOBIIIIB Ta PSIKIB
citku. [Ipencrasnennss CI'M(2) MoxiuBe sk B BUTJISI JIIHIMHUX CIHUCKIB TMap

KOOpJIMHAT, TakK 1 $K JBOBUMIpHI MacuBM — Marpuul. JluckpetuszoBaHi
KOOPJIMHATH:
% =[]
D . L
Ta 3)
y
= 2]

Jlns 30epiranHs 1 0OpoOKH TOYKOBUX MHOYKHHH BBEJIEMO TaKi 0a30Bi

CTPYKTYPH JTaHHX:

1) 6a3oBa cTpykTypa “Touka” — NiHIMHUN CIIMCOK p = [X, Y], 1aHa CTPYKTypa
MOXXe  OyTHM  JIETKO  pO3IIMpeHa  Ha  JOBUIbHY  PO3MIpPHICTH
p = [xq,..,x4] € R%Yd > 2;

2) CIHMCOK TOYOK B JOBUILHOMY TOPSJAKY (TOYKOBa MHOXXHMHA) — JIIHIAHUMA
criucok crpyktyp “Touka” P = [pq, ..., py], B¢ N — KiJIBKICTH TOYOK, IO
BXOJIUTh Y MHOXHHY, Taka CTPYKTypa JO3BOJISIE 30epirati reoMeTpUyHI
00’exTH NOBUTHHUX (OpPM, Taka CTPYKTypa TaKOXX PO3IIUPIOETHCS Ha
JI0BiIbHY po3MipHicTh ko (p; € P) € R%,d > 2;

3) 6azoBa cTpykTypa “Bigpizok” — TOYKOBa MHOXXHHA, BIIOPSAIKOBAHA BiJ
MOYATKOBOI JI0 KIHIIEBOT TOYKH 3a1aHOTO BiJIPI3KY;

4) cHHMCOK BiJPi3KiB — JTIHIMHUHN CIIUCOK CTPYKTYp “Biapizok”;

5) iHIEKCHUH CNHMCOK — JIHIMHUN CIHMCOK 1HIEKCIB 00’€KTiB, IO BXOAATH [0
0a30BOi CTPYKTYypH, HANpUKIAJ IHIAEKCHUM CHUCOK TOYOK | mmg 3amanoi
TOYKOBOI MHOXKUHHK P = [pq,...,pyN], I = [0, ..., N — 1], ingekcuuii cnmcok
MOXKE SBJISITH TaKOX [EAKy MIiJMOKMHY MHOXHHHM BCIX 1HJIEKCIB
Ic]0,..,N—1].
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[npexcanis npocTtopy — miaXig 10 €()EeKTUBHOIO MOLIYKY HaWOIMKUMX
TOYOK B METPUYHHX MPOCTOPAX — MOILIYK TAKOTO BITIOOpaKEHHS Ha OJJHOMIPHHUIA
OPOCTIp, IO TOYKH, AKI 3HAXOAAThCA OJM3bKO OJIHA JI0 OJHOI Yy BXIJTHOMY
POCTOPI, OyAYTh 3HAXOAUTHCH OJIM3BKO 1 Y BUX1THOMY OJHOMIPHOMY MPOCTOPI:

H:R% > Z,
abo (4)
H:Z% > Z,

Jlesiki 3a/1a4i MpOCTOPOBOI OOPOOKH TOUKOBUX MHOXKHH:

1) 3a0aua eusnauenns manedxcHocmi mouku 00 MHodcunu. J{ns 3amaHol
MHOXUHH TOYOK P = [pq,..,py],p; € R%,i=1..N, i Oesdkoi TOUKM-3aIIUTY
q € R BU3HAYUTH UM HAJICKHUTH BOHA /10 P, mo Moxke 6yTH chopMyIp0BaHe K:

3pi,q = pi,
a00 eKBIBaJICHTHO (5)
3pi, D(q,p) =0,
ne D(+) — neska meTpuka, 3aqaHa Ha R,

OO6uuncmoBanbHa CKJIAIHICTh TaKOi 3ajayl MpU TOPIBHSHHI TOYKUA ( 13
ycima Toukamu P Oyze miniiiHOor0 O(N).

2) 3a0aua Gu3HaAUeHHs HANEHCHOCHI NIOMHONCUHU MOYOK 00 MHOICUHU.
JIns mBOX 3aJaHMX MHOXKHMH TO4OK P, = [py,..,py] ER 1a P, =
[p1, ..., pn] € RS N = M BU3HAYNTH YM iCHy€ IIiMHOKMHA TOYOK, 3arajbHa
st Py a Py, o moske Oyt copMynboBaHe sIK:

P' c P,P" c P,,Vp; € P',Ap; € P",p; = p;,
a00 EKBIBaJICHTHO (6)
P' c P;,P" c P,,Vp; € P',3p; € P",D(pj,p;) = 0.

OO6uncmoBanbHa CKJIAIHICTD TAaKOi 3a7a4l MPU MOPIBHIHHI YCIX TOYOK P;
i3 ycima Toukamu P, Gye kagpatuanoio O(n°).

JUist  3HWKEHHS ~ OOYMCIIOBaJIbHOI ~ 3alpONOHOBAaHO  HACTyNHUU
y3araJbHeHUN miAxia (Ha MpUKIIaIl 3a/adyl BU3HAUYCHHS HAJIEXKHOCTI TOYKH [0
MHOXXHHHM)'

1) CTBOPHMO CIIHCOK 1HJIEKCIB 0a30BOT TOYKOBOI MHOYKHHHU:

[ = 1d(P);
2) THCKPETU3YEMO TOYKH MHOKHHHU P Ha mimouucenbHy citky G:
Gp=P—>GeZ%

3) IUCKPETU3YEMO TOUKY-3aIUT (| Ha I[IOYKCENIbHY CITKY G:

9q=9q - GEeZ%

4) moOyay€eMo XeI-TadJIuIi0 Ha OCHOBI MPOCTOPOBOI 1HACKCAIil:

Vyg; € Gp,h(g;) - H,
H =<K,V >,
K = [ko, e k|G|—1] € Z;
5) B IKOCTI 3Ha4Y€Hb OYJIEMO BHOCUTH Y XEII-Ta0JIMIIIO 1HIEKCH TOYOK B P:
V= [vo, ...,v|G|_1],Vvh eV,v, =1, €1,a60 v, = Q;
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6) npoBeaeMo THACKCAIlil0 JUCKPETU30BAHOT TOYKH-3aITUTY:

kg = h(gq);

7) oTprMaHe 3HAYCHHS Bi3bMEMO B SIKOCTI 1HJEKca B xemr-raduuii H mist
BU3HAYEHHS 1HACKCIB yCIX TOUOK, 110 3HAXOAATHCA Y JaH1i 001acTi IPOCTOPY:

I, = H[kg];

8) chopMmyeMO ITOIATKOBY PO3IMIUPEHY CTPYKTYpPY, €JIEMEHTaMHU SKOi
OynyTh mapu BianoBigHoctel <O0’ektl, OO6’exkT12>, ne B SKOCTI 00’ €KTIB
BUCTYNATUMYTh OYyJIb-sIK1 JaH1, HEOOX1JH1 JUIsl pO3B’A3KY 3a/1aui.

3a3HaueHWl MiAXiA JI03BOJIIE 3HAXOJUTH HAJICKHICTH TOUKH 32
koHcTaHTHUM yac O(1).

Posrasinemo 3acTocyBaHHS MiAXOAY Ha NPHKIaAl pO3B’sA3aHHS 3ajadyl
NOIIYKY TMEpPeTUHIB BIAPI3KIB, 3aJaHUX B JUCKpeTu3oBaHidl dopmi. s
32/1aHOTO TECTOBOT'O HAOOPY BiPI3KIiB:

S =[[1,1],[5,2]], # Biapizok O

[[4.0],[2,4]],

[[1,10].[8,2]],

[[2.6],[5,14]],
[[11,1],[13,10]],
[[15,2],[9.4]],

[[8.,7],[10,3]],
[[6.8],[10,13]],
[[9.8],[5,10]],
[[2,13],[14,7]]]. # Bimpi3ok 9

[ToGynyemo xemi-tabnuiito, o BiAnoBigae po3mipy citku G 20x20=400:

H=[[, ..., [2]. 2], [0, ... [0, [, [0, [O1, . [21, [1]. [, 31 [3]. [2, 31, [1. [I. [.
(1, 9L [1, ..., [1, [0, 11, [11, ..., [2], [1, [31, [31, [31, [9L, {1, ..., [, [1], [O], [, [1,
(1, (1, 121, [0, 11, [0, 00, 10, [3, 91, 31, {1, [0, -, [0, 101, [, [1, {21, [1, [1, [, [1, [8],
(91 [0, (1, 13, {1, -, {1, [21, [0, [, [1, [71, [7, 81, [, [9]....],

Ta JOAATKOBY CTPYyKTypy BiamoBigHocTi ‘“‘Touka mneperuny” — “Ingexcu
BIJIPI3KiB”, SKa MICTUTUME KOOPJWHATA TOUYOK TIEPETHHY Ta 1HICKCIB
BIJIMOBITHUX BIiJIPi3KIB:

Su=[[[2, 8], [2, 3]], [[3, 11, [0, 111, [[4, 12], [3, 911. [I6. 9] [7, 8]]. [[7, 101,
[7. 911, [[9. 4], [5, 6]]. [[10, 3], [5, 611, [[11, 3], [4, 5]]. [[12, 8], [4, O]]I.

Bucnoexu. B xoal BUKOHaHHA poOoTH  Oylo  3ampOIOHOBAHO
y3arajibHeHUH MIAXiA A1 po3B’si3aHHA 3a7a4 MPOCTOPOBOI OOPOOKU TOUKOBUX
MHO>XXMH Ha OCHOBI OIlepaliii nmepeTBOpeHHsl Ta 0OpOOKH CTPYKTYp JaHUX, SIKi
30epiraloTb TeOMETpUYHY 1H(OpMAIiI0 NPO TOYKHM BXIJHOT MHOXHHH.
3anpornoHOBaHMA MMiIX1/1 TO3BOJISIE€ 3MEHIITYBATH OOUNCIIOBAIBHY CKIAIHICTD JI0
KOHCTAHTHOT JJIsI oreparlii 00poOKH OJIHI€T TOUKU MHOXHHH, 110 TTPU3BOJIHUTH 10
3MEHIICHHSI CKJIATHOCT1 JI0 PiBHS JIIHIMHOI y BHUITaIKy OOpOOKH yCl€l MHOXHUHHU.
Poboty migxomy mokazaHO Ha JBOBUMIPHOMY MPHKJIAAl, MPU LBOMY MIIXid
MOXe OyTH 3aCTOCOBAaHMM JUIsl TOYKOBHMX MHOXHUH JOBUIBHOI PO3MIPHOCTI.
[Tporpamna peaiizanis 3A11CHIOBAIACh 13 3aCTOCYBAHHSIM MOBU IPOTrpaMyBaHHs
Python.
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GENERALIZED APPROACH TO THE PROBLEMS OF
REPRESENTATION AND PROCESSING OF GRID-BASED
GEOMETRIC MODELS

Andrii Dashkevych

The work is devoted to the development of a generalized approach to solv-
ing problems of processing point sets presented in the form of discretized grid-
based geometric models. Examples of problems are spatial problems, for exam-
ple, finding nearest neighbors, estimating the coverage of a set, problems of lo-
cation of points, finding relationships in point sets, etc. Other tasks include the
modeling of human flows, planning of urban environments, traffic control tasks
for mobile robots and unmanned vehicles. The amount of point data in such
problems is constantly growing, which requires the search for more efficient
computational models for solving such problems, appropriate data structures
and methods of their transformation and processing. Methods for solving simi-
lar problems are often based on the use of optimization methods, or are expen-
sive in terms of computational complexity. The work presents a generalized
method for solving the problems of spatial processing of point sets, which allows
to achieve exact solutions under the condition of their linear complexity, regard-
less of the dimensionality of the input data. The paper introduces the concept of
a grid-based geometric model and its definition for one-dimensional and two-
dimensional spaces. The basis of the approach is the operations of discretization
and indexing of point data and operations of processing data structures contain-
ing data transformations, such as point location and fill operations of a grid-
based geometric model and logical operations on models. Basic structures for
storing and processing point data, segments, arbitrary objects and the operation
of expanding structures for solving practical problems of processing mesh mod-
els are proposed. The approach is illustrated by a practical example of solving
the problem of finding intersections of segments on a plane and can be extended
to solve problems in spaces of arbitrary dimensions. The presented approach
consists of the following steps: discretization of input data; spatial indexing of
discretized data with entering values into a spatial hash table; creation and pro-
cessing of list data structures in which the solution of the problem will be stored.

Keywords: grid-based geometric model, point set, discretization of point
data, spatial indexing, hash table.

References
1. Dashkevych A., Shoman O. (2020) Method of determining the set of drone
positions to cover maximum visibility of the location. Suchasni problemy
modeliuvannia: zb. nauk. prats. Melitopol: Vyd-vo MDPU im. B.
Khmelnytskoho, 18. 99-105. [in Ukrainian].
2. Jing, W., Shimada, K. (2018) Model-based view planning for building
inspection and surveillance using voxel dilation, Medial Objects, and



109

Random-Key Genetic Algorithm. Journal of Computational Design and
Engineering 5, 337-347. https://doi.org/10.1016/j.jcde.2017.11.013.

. Wang, W., Tang, B., Fan, X., Mao, H., Yang, H., Zhu, M. (2017) Efficient
visibility analysis for massive observers. Procedia Computer Science 111,
120-128. https://doi.org/10.1016/j.procs.2017.06.018.

. Tekdas, O., Isler, V. (2010) Sensor Placement for Triangulation-Based
Localization. IEEE Trans. Automat. Sci. Eng. 7, 681-685.
https://doi.org/10.1109/TASE.2009.2037135.

. Nilsson U., Ogren P., Thunberg J. (2008) Optimal positioning of surveillance
UGVs. 2008 IEEE/RSJ International Conference on Intelligent Robots and
Systems, 2539-2544.

. Liu, Y., Zhou, C., Cheng, Y. (2011) S2U: An efficient algorithm for optimal
integrated points placement in hybrid optical-wireless access networks.
Computer Communications 34, 1375-1388.
https://doi.org/10.1016/j.comcom.2011.02.005.

. Zhou, S., Chen, D., Cai, W., Luo, L., Low, M.Y.H., Tian, F., Tay, V.S.-H.,
Ong, D.W.S., Hamilton, B.D. (2010) Crowd modeling and simulation
technologies. ACM Trans. Model. Comput. Simul. 20, 1-35.
https://doi.org/10.1145/1842722.1842725.

. Xu, M.-L., Jiang, H., Jin, X.-G., Deng, Z. (2014). Crowd Simulation and Its
Applications: Recent Advances. J. Comput. Sci. Technol. 29, 799-811.
https://doi.org/10.1007/s11390-014-1469-y.

. Drettakis, G., Roussou, M., Reche, A., Tsingos, N. (2007) Design and
Evaluation of a Real-World Virtual Environment for Architecture and Urban
Planning. Presence: Teleoperators and Virtual Environments 16, 318-332.
https://doi.org/10.1162/pres.16.3.318.

10.Elshamli A., Abdullah H.A., Areibi S. (2004) Genetic algorithm for dynamic

path planning. Niagara Falls, Ont., Canada : IEEE. 677-680 p. ISBN 978-0-
7803-8253-4.

11.Dashkevych A. (2021) Approach for 2d point location problem on a regular

grid. Modern problems of modeling. Melitopol. 21. 106—113 [in Ukrainian].


https://doi.org/10.1145/1842722.1842725
https://doi.org/10.1007/s11390-014-1469-y
https://doi.org/10.1162/pres.16.3.318

