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Két qua nghién ctru ciia luan an ¢ nhitng dong gbp mai ca vé mat hoc thuat va thuc tién:

1. Péng gop vé mit hoc thuit:

Luén 4n d3 dé xut cdc mo hinh va phuong phap mdi cho bai toan luu trir va phan phdi dit licu toi
uu st dung UAV trong mang 6G IoT, gop phan mo rong huéng nghién ctru vé néng cao hiu qua cung
cap dich vu va st dung hi€u qua tai nguyén trong cac mang thé h¢ moi.

Thir nhat, luan 4n d& xuit mo hinh TCP-3DF (Service Time-aware Caching and Power Allocation
with 3D Flight trajectory) cho bai toan t6i uu dong thoi luu trir va phén phoi dir liéu, phan bo cong
suat va hoach dinh quy dao bay cua UAV trong khong gian ba chi€u c6 xét dén thoi gian phuc vu
(service time). Khac voi cac nghién ctu truge day chu yeu tap trung vao cac tiéu chi nhu ty 1€ truy

Xuat ndi dung luu trit, thong luong hodc do tré, md hinh dé xuat dua thoi gian phuc vu thanh tiéu chi
t61 wu quan trong, qua d6 phan anh sat hon yéu cau cua cac dich vu thoi gian thuc trong mang 6G IoT.

Th hai, ludn an d& xuit mo hinh RCD-CTR (Real-Time Cooperative Content Caching and
Delivery with Coordinated Trajectory), mé rong bai toan tir UAV don sang UAV bay dan ph01 hop
v6i tram gdc trong mdi trudng truyen thong da dang. M6 hinh nay xay dung khung t6i wu tong thé cho
viée ph01 hop luu trit va phan phdi dir liéu, phan bo tai nguyén va cung voi tram goc diéu ph01 quy dao
ctia nhiéu UAV theo hudng dap tng thoi gian thuc, gop phan hoan thién co s& 1y thuyét vé t6i uvu hoa
hé thong truyén thong sir dung UAV trong mang 6G IoT.

Thir 3, luan 4n dé xuét mot bién thé cua thuat toan di truyén (Genetic Algorithms) phu hop voi
dic thu cta cac bai toan toi wu phi tuyén nhiéu rang budc trong mang 6G IoT hd tro béi UAV. Viéc
ap dung co ché ham phat cung phuong phap tach nhiém séc thé giup nang cao kha nang tim kiém
nghiém kha thi, cai thién téc d6 hoi tu va tinh 6n dinh khi giai cac bai toan tdi wu c6 khéng gian nghiém
16m va d¢ phuec tap cao.

Ngoai ra, luan an d& xuat hé théng céc tiéu chi danh gia hi¢u nang bao gém thoi gian phuc vu, toc
d6 phan phéi dit liéu, hiéu qua khai thac tai nguyén cong suat va dung luong luu trit. Céc tiéu chi nay
gdp phan hoan thién co s¢ danh gia cho cac mo hinh luu trit va phan phdi di liéu sir dung UAV trong
mang 6G IoT, dong thoi tao diéu kién thuan loi cho viéc so sanh va danh gia cac giai phap trong cac
nghién ciru tiép theo.

2. Péng gép vé mit thue tién:

Céac mb hinh va giai phap dugc dé xuét trong luan 4n c6 kha ning ing dung trong cic hé thong
mang 6G IoT tuong lai, dic biét d6i voi cac kich ban yéu cau do tré thap, kha nang thich tng cao va
vung phu linh hoat nhu thanh phd théng minh, giao thong thong minh, giam sat moi trudng, ctiru hd
ctru nan va cac hé thong IoT quy md 16n. Viée st dung UAV nhu cc nat luu trit va phan phéi dit liéu
di dong gitip mé rong ving phu dich vu, ting kha nang truy cap ctia nguoi dung va thiét bi IoT, dong
thot gidm tai cho ha téng mang mat dat.

Két qua md phong cho thay cac mé hinh dé xuat c6 kha ning nang cao hiéu qua hoat dong ciia hé
théng thong qua viéc tang tde do phan phéi dir li€u, gidm thoi gian phuc vu va cai thién hi¢u qua su
dung cong suat va dung luong luu trit. Nhitng két qua nay khang dinh tinh kha thi ctia cac mé hinh
trong viéc nang cao chat lugng cung cap dich vu va 1a co s tham khao cho viée thiét ké, t6i uu va
trién khai cac hé théng luu trix, phan phdi dit liéu st dung UAV trong mang 6G IoT thé hé méi.
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The research results presented in this dissertation make significant theoretical and practical contributions:
1. Theoretical Contributions:

This dissertation proposes advanced models and methodologies for data caching and delivery
optimization using unmanned aerial vehicles (UAVs) in 6G loT networks and contributes to the research
directions on improving quality of service (QoS) and efficient resource utilization in next-generation
networks.

First, the dissertation develops the TCP-3DF (Service Time-aware Caching and Power Allocation with
3D Flight Trajectory) model, which jointly optimizes data caching and delivery, power allocation, and 3D
UAYV flight trajectory planning while explicitly considering service time. Unlike previous studies that
primarily focus on cache hit ratio, throughput, or latency, the proposed model incorporates service time as
a key optimization objective, providing a more realistic representation of the QoS requirements for real-
time applications in 6G loT networks.

Second, the dissertation develops the RCD-CTR (Real-time Cooperative Content Caching and
Delivery with Coordinated Trajectory) model, which extends the optimization problem from a single UAV
to a cooperative UAV swarm operating in coordination with a base station across diverse communication
environments. The proposed model establishes a comprehensive optimization framework for cooperative
data caching and delivery, resource allocation, and coordinated trajectory planning for the UAV swarm and
the base station to meet real-time service requirements. This contribution advances the theoretical
foundation for optimizing UAV-assisted communication systems in 6G [oT networks.

Third, the dissertation develops a modified genetic algorithm (GA) tailored to the characteristics of
nonlinear constrained optimization problems encountered in UAV-assisted 6G IoT networks. By applying
a penalty function together with a truncated chromosome scheme, the proposed algorithm improves the
capability of identifying feasible solutions, accelerates convergence, and enhances stability when solving
large-scale and computationally complex optimization problems.

In addition, the dissertation establishes a comprehensive performance evaluation framework consisting
of service time, data delivery sum rate, and power and storage utilization efficiency. These performance
metrics enrich the evaluation framework for UAV-assisted data caching and delivery systems in 6G IoT
networks and provide a consistent basis for benchmarking and comparing future solutions.

2. Practical Contributions:

The proposed models and optimization solutions have significant potential for advanced applications
and services in future 6G loT networks, particularly in scenarios requiring low latency, high adaptability,
and flexible network coverage, such as smart cities, intelligent transportation systems, environmental
monitoring, disaster response and rescue operations, and large-scale IoT deployments. Employing UAVs
as mobile data caching and delivery nodes enables the expansion of service coverage, improves
accessibility for end users and IoT devices, and reduces the traffic load on terrestrial communication
infrastructure.

Simulation results demonstrate that the proposed models significantly enhance overall system
performance by increasing data delivery sum rate, reducing service time, and improving the utilization
efficiency of both power and cache storage resources. These results demonstrate the feasibility and
effectiveness of the proposed approaches in improving QoS while providing valuable insights into the
design, optimization, and deployment of next-generation UAV-assisted data caching and delivery systems
in 6G IoT networks.

Supervisor Ph.D. Candidate

Dr. Vo Nguyen Son Lam Chi Thuong



