TRICH YEU LUAN AN

a. Toém tit mé ddu:
- Tén tac gia: TRUONG XUAN HUNG
- Tén luan an: Nghién ctru thuét toan tdi wu by ong trong hoach dinh dudng di va phan
cum dong cho hé robot
- Nganh khoa hoc cua luan an: Co k¥ thuat Mai sb: 9520101
- Tén don vi dao tao: Truong Dai hoc Cong nghé, Pai hoc Quéc gia Ha Noi
b. Néi dung ban trich yéu:
Muc dich va doi twong nghién civu ciia lugn dn
Muc dich tong quat cta ludn an 1a giai quyét bai toan hoach dinh duong di va quan ly
hoat dong cho hé théng da robot c6 quy mé 16n (s lwong phan tir tir 10 trd 1én) hoat
dong trong moi trudng phtrc tap. Cu thé hon:
- Tht nhat, hoach dinh duong di dua trén thuat toan ABC, dam bao duoc tdi vu toan
cuc trong bai toan hoach dinh dong thoi duy tri nang lyc tim kiém dé tmg pho véi
nhimg bién d6i cuc bo.
- Thir hai, giai phap phan cum dé hd trg cho viéc quan 1y hé thong da robot; phan
chia robot thanh nhitng nhom nho, chia sé dir liéu doc lap theo tirg nhom dé giam
khéi lwong dit liéu van hanh cua h¢ théng cin trao doi.
Péi twong nghién ctru trong pham vi cta ludn 4n bao gém hai thanh phan chinh. Pau
tién 1a hé thong da robot véi kién trac diéu khién tap trung, s6 luong phan tir robot 16n.
Cac phén tr robot ¢c6 céu tao tuong tu, cd kha nang ty nhan thirc moi truong, chia sé
thong tin va thuc thi cac tc vu doc lap thong qua di chuyén theo hanh trinh duoc thiét
1ap boi tram diéu khién trung tam. Mot biéu hién 16 rang cua tac vu doc 1ap la cap vi tri
diém bat dau/ diém dich dén khac nhau cho timg phén tir robot. Thanh phan thtr hai 13
cac thuat toan va mo hinh toan hoc dugc tim hiéu, khai thac va tap trung nghién ciru.
Chung da dang vé chung loai, tir nhém cb dién (Dijkstra, A*, APF...) cho dén nhém tri
tué tap thé (ABC...) hoic loai phan vung, phan cym.
Cic phwong phdp nghién civu da siv dung (d6i voi nhitng phuong phap quen biét thi
khong can giai thich)
Céch tiép can két hgp nhiéu phuong phap nghién ctru trong qua trinh thyc hién luan an.
Cu thé gom:
- Tim hiéu, khdo sat co s& 1y thuyét vé hé thong da robot, hoach dinh dudng di, nhiing
phuong phap va k¥ thuat di dugc cong bd; danh gia xu hudng nghién ciru va nhin nhan
khoang tréng nghién ctru dé dua dinh hudng cho luan van.
- Str dung cong cu toan hoc dé mo ta vé giai phap k¥ thuat da dé xuat.
- Két hop phuong phép thir nghiém thong qua xay dung mé hinh mé phong trén may
tinh, st dung cong cu MATLAB, dé kiém ching hoat dong cua giai thuat thong qua
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nhiing kich ban khac nhau. Phuong phap phan tich dir liéu théng ké duge st dung dé hd
tro cho hoat dong danh gia.

Cdc két qud chinh va két lugn

Luan an da dat dugc nhiing két qua nghién ctru quan trong doéng gop vao hoach dinh
dudng di cho hé thong da robot thong qua hai giai phap cét 18i: thuat todn hoach dinh
duong di ElasticABC, mdt bién thé ciia thuat toan Tdi wu bay ong, va phuong phap phan
cum dong (DCM). Cu thé, bién thé ElasticABC gdm tbi wu cau tric thong qua cip toan
tir d6i ngéu két hop véi chién luge khai tao phong doan. Nhiing cai tién nay gitp thuat
toan cin bang giira kha nang kham pha va khai thac, tao ra duong di tu dong diéu chinh
ciu trac va sd luong diém trung gian thay doi dé thich nghi v6i diéu kién mai trudng.
K¥ thuat DeZigzagPath dugc phat trién dé tich hop cung véi ElasticABC, giup loai bo
hién tuong gép khac cuc bg, nang cao chat lugng hanh trinh tim kiém duoc va co tinh
kha thi cao cho thyc tién van hanh. Song song d6, DCM duoc phat trién dya trén cach
tiép can phan cum mém sir dung mé hinh hdn hop Gauss, tao ra mé hinh phan b xéac
suét linh hoat va c6 kha ning chong lan giira cac cum; s6 lugng phan tir robot dugc phan
bd tuong d6i can bang va tr dong trong timg cum. Dit liéu ddu vao caia DCM 1a tap hop
diém giao cat ciia cac hanh trinh ciia phan tir robot.
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b) Abstract Content
Research Objectives and Subjects

The overarching purpose of this thesis is to address the dual challenges of path planning
and operational management for large-scale multi-robot systems (MRS) consisting of
ten or more units operating in complex environments. Specifically, the research focuses
on two key contributions:

1. Developing a path planning framework based on the Artificial Bee Colony
algorithm, which is designed to secure global optimality in trajectory generation
while maintaining the requisite search flexibility to adapt to dynamic local
variations.

2. Proposing a partitioning strategy to enhance system scalability. By subdividing the
robot population into smaller clusters with localized data-sharing protocols, the
system effectively reduces the total communication overhead and the volume of
operational data required for real-time management.

The research subjects encompass two fundamental components. The first is centralized
multi-robot systems characterized by a high density of homogeneous agents. These
robots possess environmental awareness and the capacity for information exchange,
enabling them to execute independent tasks, manifested by distinct start-and-goal
configurations for each unit. The second component involves the mathematical models
and algorithms investigated, ranging from classical methods to swarm intelligence-
based approaches as well as specialized clustering or partitioning methodologies.

Research Methodology
The thesis employs an integrated research methodology, which includes:

A comprehensive theoretical survey of MRS and path planning to identify existing
research gaps and establish a strategic research direction.

The utilization of mathematical tools to formalize the proposed technical solutions.

An evaluation approach involving computer-based simulations using MATLAB to
validate algorithmic performance across diverse scenarios. Statistical analysis is further
applied to substantiate the evaluation of the results.
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Key Results and Conclusions

The thesis presents significant contributions to the field of MRS through two core
solutions: the ElasticABC algorithm and the Dynamic Clustering Method (DCM). The
ElasticABC variant introduces structural optimization framework characterized by a
dual-operator pair combined with a heuristic initialization strategy. Those improvement
enable the algorithm to effectively balance exploration and exploitation, allowing robot
paths to autonomously adapt their own path structure and the number of waypoints to
environmental constraints. Furthermore, the DeZigzagPath technique is successfully
integrated with ElasticABC to eliminate local zigzag phenomenon, thereby enhancing
trajectory quality and ensuring practical feasibility for real-world robotic operations.
Concurrently, the DCM is developed to optimize system management through a soft
clustering approach based on Gaussian Mixture Models. This method establishes a
flexible probabilistic distribution that allows for overlapping cluster boundaries,
ensuring that robotic agents are distributed across groups in a balanced and automated
manner. The DCM utilizes the set of trajectory intersection points as its primary input
data, allowing the system to partition the operational space based on the density of
potential agent interactions.
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