TOJIATOK A

['padiunnmii matepian kBamiikauiiHoi poOOTH
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XapKiBCbKWMI HalLiOHaNbHWIA YHIBEPCUTET paflioeneKTPoHiKK
Kadenpa EOM

MeToam ynpaBaiHHA MODINbHUM
poHOTOM B YMOBAX AMHAMIYHMX
nepeLwkos,

KsanigikauiiiHa pobora
Apyruii (marictepcbKuii piseHb)

AsTop: HEDiBH!/IH:
Copoka K. 10., KapriH A. O.,
npo¢. kad. EOM

ctya,. rp. CMm-23-2

MeTa aochnigxeHHA

MerToro J1aHoi poOOTH € aHalli3, po3po0Ka Ta ONTHMI3AIlA METOAY YIPaBIiHHS
MOOUTEHHM poO0TOM Y CKJIaTHUX JHHAMIYHHX YMOBaX. Y poOOTI po3MIAAalOThCS AK
KIIACHYHI aJITOPUTMH YIIPABIIHHSA, TaK 1 CydacHI IHTEICKTYallbHI MTiIX0/IH, BKIIFOYHO
3 METOJIAMH HITYYHOT'O IHTEJIEKTY, a/[allTHBHOTO TUIaHYBaHHS TPAEKTOPIH.

O6’eKT Ta NpegMeT A0CNIAKEHHA

* OO0’ eKTOM JIOCIIPKCHHS € Mpoliec YIpaBIiHHA MOOUIBEHUM poOOTOM Y cepe/lOBHILI
3 TUHAMIYHUMH TIEPEIIKOIaMH.
* [IpeamMeToM JOCIIKEHHS € aBTOHOMHI METO/IH YIIPABIIiHHS poOOTOM, 30KpeMa

Takoro aaroputmy sik VFH, mo mae norenuian 3abe3neunty eekTHBHY Ta
Oesrne4Hy HaBiraifito podora B JIMHAMIYHHX YMOBaXx.
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1! Unity

* OCHOBHWI BEKTOP - CUMYNALIT, HAaBYanbHi NporpamMu, Bidyanisauis gisuyHmX
npouecie, poboToOTEXHIKA;

* HanawTyBaHHA i3n4HMX NapameTpiB cepeaoBmLLa;

* BiaTsopeHHs nosefiHkn BINJ1A B peanicTu4HMX ymoBax.

I[HCTPYMEHTW TeCTyBaHHA

Unity — nnatdopma ansa po3pobku
3aCTOCYHKIB Ta pyLUiil ANA BUKOHAHHSA
nporpam i3 4Bo- Ta TPMBUMIPHOK
rpadikoto.

O6’eKTM TeCTyBaHHA

* TectoBe oroueHHs — 3D-npocTip, Je BiI0yBAa€ThCS TECTyBaHHS.

* JlpoH — 00’ €KT y BUIVISIIL KYyJI1 ISl TIOJICTIICHHS JTOCIIDKEHHS, CUMYJTIOE (p13UYHI BIACTHBOCTI
JipoHa. Mae CHHIH IPOMiHb, 1[0 BKa3ye HAIIPSIMOK MOJILOTY Ta YepBOHI poMeHi — 3D
JemMoHcTparis ricrorpamMu VFH anroputmy.



O6’eKTM TECTYBaAHHA

* Touka npuOyTTS — YepBOHA KyJIsl, 0 BKa3ye Ha (piHAJIBHUMN IMYHKT
IpU3HAYEHHS.

* Crina — 00’ €KT, IO Ma€ BJIACTUBICTD (1)13H‘IH01 nepemxomd B l'IOI[aJ'II)HIOMy
,Z],OCHIIDKCHHI 6y)1yTb HpOJlGMOHCTpOBaHI K CTaTI/I‘{Hl Tax 1 IlI/IHaMl‘{Hl
IMMEPCUIKO/IH.

KnacnyHa peanizauia 3D-VFH anropntmy y cTatTyHmMX ymoBax

Pe3ynbrar yCcrilnHoro npoxoKeHHs
HEBEJTMKUX 32 PO3MIPOM CTaTHUYHUX

TpynHomi peanizaltii: aJITOPUTM He
371aTeH OMUHATU BEJIUKI TIePeIIKo/In
yepes BiJICYTHICTh ONTHMI3allli 3MiHHU NCPEHIKOI.

HAIPSIMKY pYXY.
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3D-VFH anropntm y CTaTUYHMX YMOBaAX

YCHIIIHICTD alTOPUTMY
HOJISATAE y
PO3MEKOBAHOCTI €TarliB
3HAXOJKCHHS
ONTUMAJILHOTO LUISAXY Ta
aHaJIi3y cepe/ioBHINA Y
pealbHOMY Yaci.

3D-VFH anropnt™™ B AMHAMIYHUX YMOBaX

Sk 6aunMo Ha BI1JI€O
JIEMOHCTpAIlii, KJIaCHIHUN
3D-VFH anroputw™m 3
TPICKOM IIPOBAJIIOE TECT 3
JUHAMIYHUMH YMOBaMH.
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ANTOPUTMIYHE pilleHHA ANnA samn
AMHAMIYHMX YMOB ‘f:i\o

OnTumisauia anroputmy 6asyeTbca Ha B—0
OVUCKPETHO-CEKTOPHOMY MOLLYKY. J
BanaHcyBaHHA anrebpaiyHUX CTPYKTYP

BapTOCTi B peasibHMX yMOBaX i3

3any4eHHam LI 3abe3nevye npo3opicTb i ./o “
edeKTUBHICTb HaBYaHHSA. J

3D-VFH anropntm B AMHAMIYHMX YMOBaX

KinHnesuii pe3ynbrar



Pe3ynbTaTn AOCNIAKEHHA

Ha Bubipui i3 54 cueHapiis:

* cepegHii Yac NPOXOAKEHHA MapLUPYTY:
16.14 cekyHam;

* cepefHil Yac npocTtoto: 2.97 cekyHAU;

* cepefiHA  ONTMMAJIbHICTL  TPAEKTOPIl:
112.53%;

* JoNAa  ychiwHWMX  cnpob  nogonatu
MapupyT: 88%;

* nona 610KyBaHHA: 6%;

* fons 3iTKHeHb i3 nepewkogamu: 10%.

Anpobauia pe3ynbTaTiB KBanipiKaLinHOT poboTh

VK 004.021
HNOTEHLIAJ AITOPITMY 3D VECTOR FIELD HISTOGRAM B
ABTOHOMHUX JITAJBHHX ATIAPATAX

s Xapiis, Yipaina

oma: ID-VFH,

MNocunanHa: https://sci-conf.com.ua/wp-
content/uploads/2025/01/CURRENT-TRENDS-IN-SCIENTIFIC-
RESEARCH-DEVELOPMENT-16-18.01.25.pdf

65




JIOJIATOK B
DRONE DISCRETE SEARCH

b.1 ®parMeHTH KOy CTBOPEHOTO MPOrPAMHOIO 3aCTOCYHKY

using System.Collections.Generic;
using UnityEngine;

public class Drone3DVFH : MonoBehaviour

{
public float obstacleDetectionRadius = 5f;
public int horizontalSectors = 12;
public int verticalSectors = 6;
public float safetyMargin = 1f;
public float forwardSpeed = 3f;
public Vector3 targetDestination;
public float destinationThreshold = 1f;
public int directionMemorySize = 10;
public float alignmentCostValue = 0.7f;
public float momentumCostValue = 0.5f;
public float obstracleCostValue = 1.0f;
public float dynamicObstacleCostValue = 2.0f;
public float timeHorizon = 2f;

private Rigidbody rb;

void Start ()

{
rb = GetComponent<Rigidbody> () ;
rb.useGravity = false;

}

void Update ()
{
if (IsAtDestination())
{
rb.velocity = Vector3.zero;
return;

}

Vector3 bestDirection = CalculateBestDirection();

MoveInDirection (bestDirection) ;

}

private bool IsAtDestination()

{

return Vector3.Distance (transform.position,
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targetDestination) <= destinationThreshold;

}

private Vector3 CalculateBestDirection ()
{
float bestCost = float.MaxValue;
Vector3 destinationDirection = (targetDestination -
transform.position) .normalized;
Vector3 currentDirection = rb.velocity.normalized;
Vector3 bestDirection = destinationDirection;

for (int h = 0; h < horizontalSectors; h++)
{
for (int v = 0; v < verticalSectors; v++)
{
Vector3 direction = GetDirectionFromSectors (h,
v);

float obstacleCost =
CalculateCostWithNeighbors (h, v);

float alignmentCost = Vector3.Angle (direction,
destinationDirection) / 180f;

float momentumCost = Vector3.Angle (direction,
currentDirection) / 180f;

float dynamicObstacleCost =
PredictDynamicObstacleCost (direction) ;

float totalCost = obstacleCost *
obstracleCostValue
+ alignmentCost * alignmentCostValue
+ momentumCost * momentumCostValue
+ dynamicObstacleCost *
dynamicObstacleCostValue;

Debug.DrawlLine (transform.position,
transform.position + direction * totalCost * 5, Color.red);

if (totalCost < bestCost)

{
bestCost = totalCost;
bestDirection = direction;

}

return bestDirection;

private Vector3 GetDirectionFromSectors (int hSector, int
vSector)
{
float horizontalAngle = hSector * (360f /
horizontalSectors) * Mathf.Deg2Rad;
float verticalAngle = vSector * (180f / (verticalSectors



- 1)) * Mathf.Deg2Rad - Mathf.PI / 2;

float x = Mathf.Cos(verticalAngle) *
Mathf.Cos (horizontalAngle) ;

float y = Mathf.Sin(verticalAngle);

float z = Mathf.Cos(verticalAngle) *
Mathf.Sin (horizontalAngle) ;

return new Vector3(x, y, z).normalized;

}

private float CalculateCostWithNeighbors (int hSector, int
vSector)
{
const int neighborRange = 1; // Number of neighboring
sectors to consider
float totalCost = 0f;
int samples = 0;

for (int hOffset = -neighborRange; hOffset <=
neighborRange; hOffset++)
{
for (int vOffset = -neighborRange; vOffset <=
neighborRange; vOffset++)
{

int h = (hSector + hOffset + horizontalSectors)
% horizontalSectors;

int v = Mathf.Clamp (vSector + vOffset, O,
verticalSectors - 1);

Vector3 neighborDirection =
GetDirectionFromSectors (h, Vv);

totalCost += CalculateCost (neighborDirection);

samples++;

}

return totalCost / samples;

}

private float CalculateCost (Vector3 direction)

{
RaycastHit hit;
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if (Physics.SphereCast (transform.position, safetyMargin,

direction, out hit, obstacleDetectionRadius))

{

return 1f / hit.distance;

}

return 0f;

}

private void MoveInDirection (Vector3 direction)

{



if (direction == Vector3.zero)
{
rb.velocity = Vector3.zero;
return;

rb.velocity = direction.normalized * forwardSpeed;

private float PredictDynamicObstacleCost (Vector3 direction)
{

float dynamicCost = 0f;

float stepSize = obstacleDetectionRadius / 5f;

for (float t = 0; t <= timeHorizon; t += stepSize)
{
Vector3 futurePosition = transform.position +
direction * t;
Collider[] hits =
Physics.OverlapSphere (futurePosition, safetyMargin);

foreach (Collider hit in hits)
{
if (hit.gameObject != this.gameObject)
{
float distance =
Vector3.Distance (transform.position,
hit.ClosestPoint (transform.position)) ;
dynamicCost += distance > 0 ? 1f / distance
float.MaxValue;
}

}

return dynamicCost / (timeHorizon / stepSize + 1);

void OnDrawGizmos ()
{
if (!Application.isPlaying) return;
Vector3 destinationDirection = (targetDestination -
transform.position) .normalized * 5;
//Gizmos.color = Color.cyan;
//Gizmos.DrawRay (transform.position,
destinationDirection) ;

Gizmos.color = Color.cyan;
Gizmos.DrawRay (transform.position, rb.velocity * 10);

Gizmos.color = Color.red;
Gizmos.DrawSphere (targetDestination, 1);
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