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OOMCHCHNA M JNHAMIKY TPAHCHOPTHONO 30c00y. BOHH MOKYTh 30CTOCOBYBUTHCA [UIA OHIANH-
HUIAXY B ysoax. 1lpoTe, JACKHO B CKAAIHOCT] JABINHHR
¥ 43C1 MOEC OyTH HEZACHCHHIDL.

TlianyBansa WAAXY. HOPRA 13 TAM T2 TPH OCHOBHI
Gyaiscavui Gnoxi napirauii gas Gyas wxol p i an 3acoby.
IaasyBaHss WUAXY J08C ABTOHOMHOCTI 20 TAKMX CHCTest, 3K Ocanliorsi  asTomodut,

HAICMHI 30c06H Ta ATTWILHI ANAPATHL.
ANropHTMH [IAHYBAHHA IUISXY OBMYMH  HAMAIMIOTHCA OTpHsMaTM  Hulikpaumil wasx  abo
y A0 MBOTO, UUIX TYT BLIHOCHTBCH 30
OITHMATLHOIO, ¥ TOMY COHCL, WO pelys i wsx waexos MisiMisauil oguiel abo
KUieKOX yHxuiit onrusisani. Hanpuinan, ueit mwasx some Gy min, axuil siuMarac naibscHuiol
KizbkocTi facy. Lle ¢ RUPIMIATLIE TWATEMIN B TAKIX MICIAX, 4K THOUIYKORO-PATYSATLI Onepartii:
KCPTBH KATACTPOd MOKYTH IBCPHYTHCK 33 AONOMOIOIO B CHTYAIIAX, KON HACTECH NPO KHTTS *
emeps. Iinolo dyNKIco OITHMIAIL, Ky CIL BPAXORYRITH, Moke BYTH elepris poGaTionai
waaThopa.

By ocaipkeni nacrynui amropwon [3-5]

1 Dijkstra's Algorithm

Anropury Jlediketpn  smoke yeni P s
naftkopoTmore  pumxy A0 wakonoi towsn, el asropwrw npaor  itepanifiui Metoom,
ofmemolow HalikopoTiny  BIACTANGL B DOMATKOBOT TOWKM 0 BCIX IHONX Towok  rpada.
FanponononanKii  ANOPHTM  APANCHITYe HONATXORMIE (POlEC: MM NOYMHACTRCE 3 NOWYKY
NalKOPOTINNX IAXIR AL DEPIIONO RYUIA 30 BCIX IRNNX KYVIR, JOTROANIONH IM BHKOPHCTORY IITH
Piai WARXH B HAfKPAIIOMY BMOAIKY Ta TOM casiii UUIRX 0 J0MATKOBMX BYINB Y Tipimomy
mmnagky. Fosomunm HetomkoM € Te, W0 AIOpHTM, HouMHac oSuncienis Gewlocepeniho
UOHTPATLIOT MyLIa RCIX WNINX ByiiR, | Tomy WHKopHCTomye idpopMaltiio Nemtekto Wiy
BIPOFAICHOTO ILARXY.

Tlepenarm:

~ FAPAHTYC HAMKOPOTIMIT LLIAX;

— (POCTHI V18 PEATIIALT T2 POTYMINHA,

Heaonikn:

~ HOBLIBHHIA TP BEANKIX IPOCTOPAX TOMY, 1O NICPEBIPAE BC1 MORINB] ULIAXI;
—~He CBPHCTHE TOMY Heod ¥ Y
2. A*(A-star)

A* — ue aaropumd oGxoxy rpada Ta NOMYKY WAXXY, SKMi BHKOPHCTORYETLCK B GaraTboX ranyisx
KON JOTCPHIX HAYX 30BNKIA CBOLI NOBHOTI, OITHMLIBHOCTI T4 CCKTHEHOCTL.
Horo momHa poyrnmsat Ak poswmpesns awopurMy Jleiikcrpw. A*  gocarac  kpamoi
i8 i i3 P Aropurst A* - ue QIrOpHTM Ha OCHOBI
pi i il 1ax wasxy. Bin IHAYCHHK CBI 1
Gynxuil y xomuoMmy Byl poGotol 06 | BIIOMIC NEPesipKY HATIO Beankol KLILXOCTE CYCITHIX
ByIB PILICHHS 3 ipHi ¥ Aue ue saiistac
BaraTo 2acy A oGPOGKN | CILIBHO SHIDKYE WBMAKICTL poBoTH.
Tlopinsaro 3 aIropuT™MON P A*
IA3HANCHOIO [TACPCAN 0 JAIHAYCHOL MCTH, @ HC JCPeBo
JuKepena o Beix winedi. Ie unuit
CHPAMOBAHOI HY KOHKPETHY MeTY.
Tlepenaru:
it 32 JlelkeTpa SanAsK SHKOPICTANNIO CBPHCTHIN;
rapanTye it s, axmo

anme P nUIsx Biy

wWIAXiE Bix
pauic A BuKop l
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B januii MOMEHT Ha pPi3HHX NUMPHEMCTBAX 3pOCTAc KUILKICTh poboTHIoBaHNX TaThopm
BUMOBIHO JI0 UBOMO 3p0CTac HEOBXUIHICTH Yy PISHHX CHCTEMAX Pyxy AMA wux naatdopm.
ABTOMATHIALIA ULOTO NPOLECY A0IBOIAC THWIMTH BILIIB Iojickkoro daktopa: ko pobotniosana
TIaThopMa MAE MOKIIMBICTE CAMOCTIHHO OPIEHTYBATHCA Y NIPOCTOPI | ONEpaTopy He NoTpiGHo ioro

1l F ™, Ue HABAHTIKEHHA HA JIOAHHY @ TAKOK Ue A0IBoisC
eKOHOMHTH pecypen Ta uac [1].

ABTOHOMHA HABITANIN € UIHHHM GKTHBOM 11 MoGLILHEX poBoTis. Boua JonoMarac oM’ SKuMTH
IXHIO 3QICKHICTE BUI BIpYdanus moauui. OIHAK BOHZ TAKOX cOpHuiHAc Geanmy zaplaus abo
npofiem A Bupi nuany UIAX;

Jlna eextuBHOl N0GY10BH MAPUIPYTY POGOTH3IOBAHOT IIATHOPMH NOTPIGHO AOCTIIHTH METOAH
Ta alrOpHTMH aBTOMAaTHIAUT noGysosn mnaxy. JLia wici sanaqi anropurvi Gymm klacHpikobaii
TaKuM YHHoM 2]

I AQropuT™u NOIIYKY Ha OCHOBI CITKH, SKi 3HAXOJIATH LUIAX HA OCHOBI MIHIMAJIBHOI BapTOCTI
nepeMillieHHs Ha KapTi ciTKH. IX MOKHA BHKOPHCTOBYBATH 1S TAKHX NIPOrpam sk MoGLILHI poBoTh 8
2D-cepesoniny, OfHak BMMOrH A0 [aM'STi Peaiizaiil wirOPHTMIB M OCHORI €ITKM MOKYTh
IBUILIIYBATHCS 7 UHCIOM BIMIDIOBAHE.

2. AaropeIM NoWyKy Ha ocHOBI BEGIPKH AKI CTBOPIOIOTE AepeBo NOLIYKY ULIANOM BHIAAKOBOT
BHGIpKH HOBHX BY21iB abo kondirypauil poGoTa y NPOCTOPI CTaHiB. ANrOPHTMH HA OCHOBI BHGIPKH
MOEYTh OYTH NpHIATHUMH 1A GAraToBHMIDHHX NpOCTOPIS NOWYKY, Takl #K TI #K
BHKOPHCTOBYIOTbCA [UIA IOWIYKY JAonyctHMmoro HaGopy kondirypauiii ana pyks poGora, wod
nimbparn o6 ekr. TeHepais JMHAMIMHO MOATHBHX LUIAXIB JUIA PISHHX NPAKTHYHEX [POrpaM
PobHTE IVIAHYBAHHA HA OCHOBI BHGIPKH NOIY/IAPHAM, X043 BOHO | He 3aDCIIcYe NOBHOTO PILICHHA,

3. AnropHTME ONTHMI3AUIT TPAEKTOPIT AKi (OPMYIOTE 3ABNAHHA TUIAHYBAHHA LLIAXY AK
JABJAHHA ONTHMIZAILT, AKa Bpaxomye Gaxany Npo/yKTHBHICTE TPAHCTIOPTHONO 3acofy, BIANOBIHI
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Fay i Ta IHpOKD RHKOPHETORYIRAIRAI B pofoTaTexi.

Heponin:
— AICTH JACHITH B IPASKILHG 1GBPAHGT CApHETHHGE dy kT
menke i i

3 Artificial Bee Colony (ABC)
OcHoBNR Vlen airopuTMy Gyan Wopy ey
Adtropit ABC Gy cxmulenii Gararkya nenim Hepet fiar epemary, Tasi 3k ik 15iHic,

1 BIMIHEA DPOYKT P npH 3nnaui.

ANFOPHTM WITY4HOT Konoli sl Gye p wE i LY,
asropim MOABC noris wc10 suxopucrosysasca 8 pissx ranysax. Ipore npo mianysanss
wamxy 3 yp ar HITYHHOIG AAFOPITMY POk PLIKS "

Tlepesar:

— BHCOKA 3MTHICTE 30 Io0aIsHol onmmizaui;

— rayanid | etifismil go ymon cepenoamina;

— ILD0UHTE A GaraToXpHTEpiaTEHIN Jaa4,

Heponikn:

BHCOKa icrn y ToRxoMy ¥ [ T

— HE SAE#AH cTablisna poIyKTHEHICTE MpH Bennkiil KinsEocTi nepemxo.

4 Rapidly-exploring Random Tree (RRT)

Kaacw ANTOPHTME [ISHYBXHES OUISXY MICTSTL CTPATeril TNOMYKY OpelcTanieny A, Ta
cTpaTerin BHEHPKH, ipi KApTOl0, NEpia BOKALMTLCE Ha
TOTe Y e Ta iCToprny idopsaiiii Bpo Mo, | T T, CXRITLIE 10 TokUILIns
OITHMATLHAY prtesh. Anropirmv Rapidly-explorng Random Tree nocanye s cofl XapakTepHeTHin
NOUIYKRY Ta niGipEn:

fora xag T TORTYKY B TOMY, 1o p MOTHIBCTRCE 3 KOPHEROT
BYUIA 1 NPOAOKAYE POIFATYGRYRITHCE, POCTAYN 8K ACpend, NOKH He JHailie nuiboaiil By,

— fhorn xapakrey whfiipin ¥ ToMy, 1o HA AITOPHTM RIAHRAIOT. RRIKOR
TOYEH BHGIPKH ¥ NPOLIECH POl TOMY P 1 Rapidly-expl Random
TTee Mac NOTCHITLT IDCHTHEHHS KPAILGT NPOLYKTHEHOCT, HI% THLIL QATOPHTM.

Tepeparn:

— AyEE COCKTHBHHA A4 34104 3 BHCOKOK POIMIPHICTE (HANPHKAAL 31-npocTopu);

— npaue godpe & 3 BaraTema

— ACTEG PEATIZYETRCR, MOWHE EHEOPHCTOBYBATH IR PYXosHx poGoTis.

Henonikn:

— LA Mome GYTH HE ONTHMAIEHEM;
e s MapwpyTy.

— noTpedye p

5. Firefly Algorithm (FA}
Anropurs esitnmka (FA) Gye pospoSoennil goktopos Cine-llle Anros s KewGpnpkesrosy

yuinepenteri & 2007 poui leld awroprma imitye ooy noseginky cuirasikin. Ceivmerk
i i i jcts cooro caitaa. Ila iTEnCHBIECTL CRITIA Takom Mar SbopaTITy

sanemuicTh B BigcTani. Wi Glakima BiacTalh TiM HH&9S iHTEHCHBHICTL CBITAA.

TONIEL KON ANTOPITMY, OIHCAIOND, TIarse Y HACTy oy :

Mi% CRATIIKAME Hesae T a SAeRHTE TUILKH BT
AHTERCHIHOCT] CHITINAA KOKHOT 0 CRIT IR K,
P M SHOME i panepiLiie XN sckp i 1 ofie TP
BLICTIHI MiH CHTTIAMEIMH;
— HCK[aAT i BHIHAYMTRCE winLomoT gy HELL,
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TTicas samepiicHus CRITISHOK NI tyr"". 1 fiaro

ANTOPHTM BOYHHACTHER 3

i npo umn
Ma kapri heH.

llepeaaria dyukuia obumcaor :c:pumm XOAHOIO cpiraxa, [lic1® BCTOHOBICHHA HCKPaBOCTI
KOWEH CBIT/IRYOK TOPIBHIOCTECR KA OCHOR] OCHOR] fIOFD SCKPAROCTI 13 CYCUIHIMK CRTTIRYKAMMN, HKkuio
ui1b0B0l GYHKUN AOCAIHYID, ITCPAUIA JAKIHYYCIRCR. B IHIWIOMY BHINUKY BiH [POIOBKMTS
OBUHCIIOBATH ACKDABICTH KOAHONO CHIT/IAYKD | [IOBTOPIOBATH KPOKH THOBY,

Iepenaru:
— XOPOwWIHii U1 FA0BUILHOTO HOLIYKY T8 YHHKHCHHA JOKAAbHIX MIHIMYMIB;
— OPOCTH Y PEAIIIALIT T2 IIPAMCTPHIALT,
— MO azul a0 P
Heaomgm:
~ NOBLIBHA I0LEHICTE 10 TOUHOI TPacKTOPIl;
— sumMarac Garato ncpomﬁ AR TOUHORO Pe3y/ILTaTY:
~ PEIYILTATH MOKYTE npuonnlu. JAICKHO lu HANAUTYBAHL
6. Particle Swarm Optimization
Anrupum Particle Swarm Opumlnnon O TLES 3 BETNKOL KLTBKOCT] MOAIMEIX p-mem. I

y Pi HOWIYKY UL DOWYKY ONTHMANLHOTO PHUCHHS.

Y usomy npouccn KOKHA “ACTKA lml-u: cBiil pyx y mpoctopi mowyky. Boma pobiute ue,

TOCIRIYIOH CROKY nnmuv NOIHLHIO 3 iCTOpH

Kpm TOro BOHA BRIIOTAC

Jesxi Koau i nosmuil, ui nosuuil cnpanosyioTE pyX

poto. Mpotee nosropiorries Garato pasie y cnpobi wnalitn sposinde pine

fKe, Xo 1 fe

TAPAHTYETLCE, SK OMiKyeTLeA, Miakite rnofamiiy abo maitke rIOGAILHY ONTIDGILEY BIATONIT.
ATPHKTHL BCTIX IR TrOpITMY.

ANTOPHTM MOKI YITATLIHTH B S0THPE OCHONI XPOKSH, %Ki ORTOPIOIOTLCR 0T, fJokune Gyae

BHKOHARO YMOBY IYITHHKN -

I i " neiM y np p

nol J

~ OUWINITH IPHAITHICT KOKHOT HACTRH;

NONORITE i Ta chiToRi Pl NOWHIT;
—~ o i KOWHOT HACTKH,
Anropurm Particle Sw-nn Op 100 yemimHo ¥ GaraThox ranyInx, Takux sk
OUEXy T i pyskiii. byao noxasaso, mo asroputm Particle

Swarm ( 1 ye Kpauu p WRHAGE T2 NPOCTING NOPIBHAHO 3 THIMH
MCTOANMM.

lepenarn:

~ MBIIKA YOTKHICTS Y TIPOCTHX Jatadax;

- MIHIMYM H3PAMCTP

~ A0bpe m, s

Heaoniku:

— MOKC JACTPArATH B IOKAIBHHX MIHIMYMAX;

— NOTIHO NpaLlor y 30 P

— HC FAPUHTYE ONTHMAIBHOCTI puncm

BIK HOBKH. Takum HHHOM Gyan mbpasa CTPYKTYPOBAHA IHMHIIJII woxo uropoﬂwn aas

posp | cucresn PYXy p
dopstn. Mican AHANIY ICHY PHTMIS L1% i
CHCTeMH i i TP r'" PYXY P i dop a TaKkok
TPOBCACHOIG nu.my nepesar Ta ixi opursis. Byao wo s
nocranaenoi w'" Guakan sa Bee lllm”n mr.'rymn umpnuu
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~Firefly Algorithm (FA),
—Rapidly-exploning Random Tree (RET);

— A*(A-star).
N]mPI{C'TAHA JITEPATYPA
1. 3rd i T i in A ion and Engineering,
ICIAME 2016 Time-Efficient A* Algunlnlu for Robot Path Pl.unnmg Akshay Kumar Guruji,
Himansh Agarwal, o Parsediya®
hitps-!iwww_sci i i il "'-'Iml'.l']lﬁ}ﬂﬂlll"n.‘fﬂx‘lf download& fr=RR-

T&rr=033f1k1dTRSa1907 {ara wmepaema 19.04.2025)

2. Mobile Robot Path Planning Based on Improved Particle Swarm Optimization and Improved
Dynamic  Window  Approach  htips:/onlinelibrary wiley comidoi/10 11552023/6619841  (mara
ameprenna 19.04.2025)

Recent advances in I!apnily-eaplmms random tree: A Teview
hatps:/www sciencedi i pit/S2405844024084822 (fiarra amepuresin 20.04.2025)
3 hn:l'ly Algund"n AL_g\Jnlhm

Burlnspued Decision Making
i bio-inspired-deci =

g
d25041725d14 {ara wmepaienia 21,04, 20&1]

4. Hesmwogow Lo UL, Anipycesiy Ao O, €scoce B, B, Hosocenos C. I, Jlemceea H.
11 Npoekrysasna smobinkins Masiny aaiinns poboria: Mosorpadgua. — X. ;. 2022,

5. Path Planning for Autonomous Mobile Robols: A Review by José Ricardo Sinchez-Ibdadez
hitps=!iwww_ mdpi.com/1424-8220/2 1/23/TE9E ( 23.04.2025)

6. Yevsiciev, V., Abu-Jassar, A Maksymova, 5., & Demska, M. (2025). Development of a model
for recognizing  varous DBJCHS and tools in a colluborutive robol  workspace. ACUMEN:

journal af y research, 2(1), 114—23‘3
7. Yevsiciev V. Comparison of Functional C: of Classic Mani Robots and
Collaborative Robots / V. YL“\‘!IL‘]c\- N Dcum A Digital i & i
2024 :F ings of Tst 15,2024 - Kharkiv, 2024, - P.16-17.

& Yevsiciev V. Using Contouring Algnmhlus to Select Objects in the Robots’ Workspace [ V.
Yevsieiev, 8. Maksymova, N, Demska ' Technical science research in Uzbekistan. - 2024, - Val.
22) - P.32-42,

9. Nevliudow, 1, Yev&leleu V., Maksymova, 8, Demska, N, Starodubcev, N, & Klymenko, (0.
{2023, 5 b stlm Dievel foor Equig Upgrade for IIoT In 2023 IEEE
3t Internasional Conference an Modern Mermmfaud!:mg) Svstem (MEES) (pp. 1-3). 1E]

10 Nevlindov, |, Yevseiev, V., Maksymova, 5. Demska, N, Kolesnyk, K., & M|I-u:ma 0
(2023, September). Mobile Robot Na\usaum System Hased on Ultrasonie Sensors. In 2023 1EEE
XXVIll International Seminar/Workshop an Direct and Inverse Problems of Eleciromagnetic and
Acowstic Wave Theory (DIPED) (Vol. 1, pp. 247-251). IEEE.

11. Chalu, O, Yevaweiey, V., Muksymova, 5., & Abu-Jassar, A. (2025). USING THE HUMAN
FACE RECOGNITION METHOD BASED ON THE MOBILENETV2 NEURAL NETWORK IN
AUTHENTICATION SYSTEMS. Mulidisciplinary Journal of Science and Technology, 5(3), &2
895,

Hayxosuii kepienur: Jevcsxn Homaie Tagviesa, doyewm, Raududam mEXsivgo Kave, doyesm
waedpu KITAP Xi ) ’

£
SAUTOMATION AND DEVELOPMENT OF ELECTRONK DEVICES=
ADED-2025 Pant |



JTIOJATOK B

Koa nporpamu

import numpy as np
import matplotlib.pyplot as plt
import random
import time
import tkinter as tk

from tkinter import filedialog

grid_size =20
start = (0, 0)
goal = (18, 15)

directions = [(-1, 0), (1, 0), (0, -1), (0, 1), (1, 1), (-1, 1), (1, -2), (-1, -1)]
num_obstacles = 30

max_generation_time = 120

n_fireflies = 30

n_iter =50

obstacle_map = np.zeros((grid_size, grid_size))
main_path =[]

alt_path =]

best_path =]

def is_free(cell, obstacle_map, allow_buffer=False):
X,y = cell
if not (0 <=x < grid_size and 0 <=y < grid_size):
return False
value = obstacle_mapl[Xx, y]

return value == 0 or (allow_buffer and value == 0.5)
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def clear_zone_around(cell, obstacle _map, radius=2):
X0, y0 = cell
for dx in range(-radius, radius + 1):
for dy in range(-radius, radius + 1):
X,y =x0 +dx, y0 +dy
If 0 <= x<grid_size and 0 <=y < grid_size:

obstacle_map[x, y] =0

def bfs_check_path(start, goal, obstacle _map):

from collections import deque
queue = deque([start])
visited = set([start])
while queue:

current = queue.popleft()

if current == goal:

return True
for dx, dy in directions:

next_cell = (current[0] + dx, current[1] + dy)

if is_free(next_cell, obstacle_map) and next_cell not in visited:

queue.append(next_cell)
visited.add(next_cell)

return False

def generate_valid_map():
start_time = time.time()
while time.time() - start_time < max_generation_time:
obstacle_map = np.zeros((grid_size, grid_size))
obstacles = set()

while len(obstacles) < num_obstacles:
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X, y = random.randint(0, grid_size - 1), random.randint(0, grid_size - 1)
cell = (x,y)
if cell '=start and cell != goal:
obstacles.add(cell)
for (X, y) in obstacles:
obstacle_map[x, y] =1
fordx in[-1, 0, 1]:
fordyin[-1, 0, 1]
nx,ny =x+dx,y+dy
iIf 0 <= nx < grid_size and 0 <= ny < grid_size:
if obstacle_map[nx, ny] == 0:
obstacle_map[nx, ny] = 0.5
clear_zone_around(start, obstacle_map)
clear_zone_around(goal, obstacle _map)
if bfs_check path(start, goal, obstacle_map):
return obstacle_map

return obstacle_map

def generate_maze with_multiple_paths():
maze = np.ones((grid_size, grid_size))
visited = np.zeros((grid_size, grid_size), dtype=bool)
def in_bounds(x, y): return 0 <= x < grid_size and 0 <=y < grid_size
def dfs(x, y):
visited[Xx, y] = True
maze[x, y] =0
dirs =[(-2, 0), (2, 0), (0, -2), (0, 2)]
random.shuffle(dirs)
for dx, dy in dirs:
nx, ny = x +dx, y +dy

if in_bounds(nx, ny) and not visited[nx, ny]:

59



60
wall x=x+dx//2
wall y=y+dy//2
maze[wall_x, wall y]=0
dfs(nx, ny)
SX, Sy = start
ifsx%2==0:sx+=1
ifsy%2==0:sy+=1
dfs(sx, sy)
clear_zone_around(start, maze)
clear_zone_around(goal, maze)
def simple_path(from_point):
path =[]
current = from_point
visited_local = set()
while current != goal and len(path) < 300:
path.append(current)
visited_local.add(current)
next_moves = [(current[0] + dx, current[1] + dy) for dx, dy in directions]
next_moves = [m for m in next_moves if in_bounds(*m) and maze[m[0],
m[1]] == 0 and m not in visited local]
If not next_moves:
break
current = min(next_moves, key=lambda c: np.linalg.norm(np.array(goal) -
np.array(c)))
if current == goal:
path.append(goal)
return path
main_path = simple_path(start)
alt_start = (min(start[0] + 4, grid_size - 1), start[1])
alt_path = simple_path(alt_start) if maze[alt_start[0], alt_start[1]] == 0 else []
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return maze, main_path, alt_path

def smart_path():
path = [start]
current = start
visited = set([start])
while current != goal and len(path) < 100:
primary_moves, buffer_moves =[], []
for dx, dy in directions:
next_cell = (current[0] + dx, current[1] + dy)
If not (0 <=next_cell[0] < grid_size and 0 <= next_cell[1] < grid_size):
continue
if obstacle_map[next_cell[0], next_cell[1]] == 0 and next_cell not in

visited:
dist = np.linalg.norm(np.array(goal) - np.array(next_cell))
primary_moves.append((dist, next_cell))
elif obstacle_map[next_cell[0], next_cell[1]] == 0.5 and next_cell not in
visited:

dist = np.linalg.norm(np.array(goal) - np.array(next_cell))
buffer_moves.append((dist, next_cell))
if primary_moves:
next_cell = min(primary_moves)[1]
elif buffer_moves:
next_cell = min(buffer_moves)[1]
else:
break
path.append(next_cell)
visited.add(next_cell)
current = next_cell

return path



def smart_path_maze(maze):
path = [start]
current = start
visited = set([start])
while current != goal and len(path) < 300:
possible_moves = [
(current[0] + dx, current[1] + dy) for dx, dy in directions
If 0 <= current[0] + dx < grid_size and 0 <= current[1] + dy < grid_size
]
valid_moves = [
cell for cell in possible_moves
If maze[cell[0], cell[1]] == 0 and cell not in visited
]
if not valid_moves:
break
current = min(valid_moves, key=lambda c: np.linalg.norm(np.array(goal) -
np.array(c)))
path.append(current)
visited.add(current)

return path

def path_has_collision(path):
return any(obstacle_map[x, y] >= 0.5 for x, y in path)

def fitness(path):
if path[-1] != goal:
return 1e6
return len(path)
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def load_map_from_file():
file_path = filedialog.askopenfilename(title="Select map file (CSV)",
filetypes=[("CSV Files", "*.csv'")])
if file_path:
try:
loaded _map = np.loadtxt(file_path, delimiter=",")
if loaded_map.shape != (grid_size, grid_size):
raise ValueError(*"Incorrect map size™)
return loaded _map
except Exception as e:
print("Error loading map:", e)

return None

def start_gui():
def on_generate():
nonlocal maze_var
global obstacle_map, main_path, alt_path
if maze_var.get():
obstacle_map, main_path, alt_path = generate_maze with_multiple paths()
else:
obstacle_map = generate_valid_map()
main_path =[]
alt_path =]
run_firefly()

def on_load():
global obstacle_map, main_path, alt_path
loaded = load_map_from_file()
if loaded is not None:

obstacle_mapl[:] = loaded



64

main_path =[]
alt_path =]
run_firefly()

def run_firefly():
global best_path
iIf maze_var.get():
fireflies = [smart_path_maze(obstacle _map) for _in range(n_fireflies)]
else:
fireflies = [smart_path() for _ in range(n_fireflies)]

for _inrange(n_iter):
for i in range(n_fireflies):
for j in range(n_fireflies):
if fitness(fireflies[j]) < fitness(fireflies[i]):
cut = random.randint(1, min(len(fireflies[i]), len(fireflies[j])) - 2)
new_path = fireflies[i][:cut]
current = new_path[-1]
visited = set(new_path)
while current != goal and len(new_path) < 100:
next_moves = [(current[0] + dx, current[1] + dy) for dx, dy in
directions]
next_moves = [m for m in next_moves if is_free(m,
obstacle_map) and m not in visited]
if not next_moves:
break
current = min(next._moves, key=lambda c:
np.linalg.norm(np.array(goal) - np.array(c)))
new_path.append(current)
visited.add(current)
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If not path_has_collision(new_path) and new_path[-1] == goal:
fireflies[i] = new_path
best_path = min(fireflies, key=fitness)

draw_result()

def draw_result():
plt.figure(figsize=(8, 8))
plt.imshow(obstacle_map.T, origin="lower', cmap=plt.cm.gray_r)
best_path_np = np.array(best_path)
plt.plot(best_path_np[:, 0], best_path_np[:, 1], 'r-0', label="Best Path")
if main_path:
plt.plot(np.array(main_path)[:, 0], np.array(main_path)[:, 1], 'g--',
label="Maze Path")
if alt_path:
plt.plot(np.array(alt_path)[:, 0], np.array(alt_path)[:, 1], color="purple’,
linestyle="--', label="Alt Path")
plt.plot(start[0], start[1], 'go’, label="Start")
plt.plot(goal[0], goal[1], 'bo’, label='Goal’)
plt.title("Path™)
plt.grid(True)
plt.legend()
plt.show()

root = tk.Tk()

root.title("Path Planner")

frame = tk.Frame(root)
frame.pack(padx=10, pady=10)

maze_var = tk.BooleanVar()
tk.Button(frame, text="I'enepyBaTtu kapty",

command=on_generate).pack(fill="x", pady=5)



66

tk.Button(frame, text="3aBaHTaxxutH KapTy 3 (aitny",
command=on_load).pack(fill="x", pady=5)

tk.Checkbutton(frame, text="Maze pexxum",
variable=maze_var).pack(anchor="w")

tk.Label(frame, text="* Kapta noBurna 6ytit CSV 3 po3mipom 20x20").pack()

root.mainloop()
if _name_ =="_ main_ "

start_gui()



JTOJATOK B

JemMoHCcTpaniiHuii MaTepia
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