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11. Tom tat cac két qua méi cia luan an:
(1). Bé xuat quy trinh tong quat dé xay dung cac bo dinh dang va diéu khién buap song
thich nghi dua trén thuat toan Bat (BA_ABF) cho tng dung chéng nhiéu ding mang
anten ULA trong cac anten théng minh.

Quy trinh nay dugc thyc hién thong qua cac budc chinh gdm: xac dinh bai toan;
xdy dung hé s6 mang; k¥ thuat dat diém “khong”; xay dung ham muc tiéu; chuyén doi
thuat toan Bat (BA) thanh cac thuat toan dinh dang va diéu khién bip séng; phét trién

céc bo dinh dang va diéu khién bup song thich nghi. Noi dung nay duoc cong bd trong
cac bai bao [AWPL.1], [ACES.2], [REV-JEC.3].



(2). Ap dung quy trinh d& xuét dé phat trién 03 b6 BA_ABF cho cac mang anten ULA
dé chdng nhidu sir dung cac ky thuat dit diém “khéng”: chi diéu khién bién do, chi

diéu khién pha va diéu khién bién do va pha cia trong sb. Cu thé:

(i) Phat trién bd BA ABF cho mg dung chdng nhidu sir dung k¥ thuét chi diéu

khién pha cua trong s6 (PHA_BA_ABF). B6 PHA BA_ABF dé xuét cho mang
ULA 20 phan tir dipole nira budc soéng duge thuc thi va kiém chimg kha ning
dit diém “khong”.
Két qua moé phong cho thiy, bo PHA BA_ ABF dé xuit c6 kha nang dit chinh
xac mot diém, nhiéu diém “khong”, hoac mdt khoang “khong” rong tai cac
huéng nhiu, déng thoi 1am giam muc bap phu va duy tri hudng va d6 rong bap
song chinh.

Tong quan, bd PHA BA ABF dé xuat nhanh hon va c¢6 hiéu ning tét hon céc
bd BF thich nghi xay dung trén GA va APSO. Ngoai ra, bd PHA BA ABF d¢
xudt gan véi cac tmg dung thuce tién do str dung phan tir dipole va c6 xét téi anh
hudng cua tac dong twong hd gitta cac phan tir trong mang. Hon nira, dé xuét
nay c6 thé dugc ap dung cho cac mang pha hién c6 ma khéng tén thém chi phi
phan cimg véi thoi gian tinh toan giam mot nira. Noi dung nay duoc cong bd
trong cac bai bdo [AWPL.1], [VIMW 4].

(i) Phat trién bd BA_ABF cho tmg dung chéng nhidu sir dung k¥ thuat chi diéu

khién bién d6 cua trong s6 (AMP_BA_ABF). BoO AMP_BA_ABF d¢ xuit cho
mang ULA 20 phan tir v6 huéng duoc thuc thi va kiém ching kha ning dat
diém “khong”.
Két qua mo phong cho thiy, b6 AMP_BA_ABF d& xuét c6 kha ning dat chinh
xac mot diém, nhiéu diém “khong”, hoac mdt khoang “khong” rong tai cac
huéng nhiu, déng thoi 1am giam muc bap phu va duy tri hudng va do rong bap
song chinh.

Nhin chung, B6 AMP_BA_ABF d¢ xuit nhanh hon va c6 hiéu ning tot hon céc
bd BF thich nghi xay dung trén GA va APSO. Ngoai ra, b0 AMP BA ABF
don gian trong thuc thi. S6 luong cac bd suy hao can c6 va thoi gian tinh toan
giam mot nira so voi bd tiéu chuan thong thudong. Noi dung nay dugc cong bd
trong cac bai bdo [ACES.2], [VIMW 4].

(iii) Phat trién bo BA_ABF cho mg dung chéng nhiéu sir dung k¥ thuat dong thoi
diéu khién bién d6 va pha cua trong s6 (CW_BA_ABF). B6 CW_BA ABF dé



xudt cho mang ULA 20 phan tir vé hudng duge thuc thi va kiém chtng kha
ning dit diém “khong”.

Két qua mo phong cho thiy, b6 CW _BA_ABF dé xuit c6 kha niang dit chinh
x4c mot diém, nhicu diém “khong”, hoac mdt khoang “khong” rong tai cac
huéng nhiu, déng thoi 1am giam muc bap phu va duy tri hudng va do rong bup
song chinh.

Danh gia chung, B6 CW_BA_ ABF dé xuit nhanh hon va c6 hiéu ning tot hon
cac by BF thich nghi xay dung trén APSO. So v6i cac b0 AMP_BA ABF (1)
va PHA BA_ABF (ii), b0 CW_BA_ ABF d¢ xuét linh hoat va hiéu qua hon.
Tuy nhién, b6 CW_BA_ABF nay phai tra gia bang do phirc tap va chi phi ton
kém hon trong thuc thi. Noi dung ndy dugc cong bd trong bai bédo [REV-
JEC.3].

12. Kha ning tmg dung trong thyec tién:

Céc két qua cua luan an nay gop phan:
X4y dung quy trinh tong quat dé xay dung cic bd BA_ABF cho tmg dung chdng
nhiéu dung mang anten ULA trong cé4c anten thong minh.

Phat trién ba bd BA_ABF sir dung k¥ thuét chi diéu khién bién d6, chi diéu khién
pha va diéu khién bién d6 va pha cho ung dung chong nhiu trong Ra da va cac mang

thong tin vo tuyén.
13. Nhitng hudng nghién ciru tiép theo:

Phat trién cac b dinh dang va diéu khién bup song thuc té Gtng dung trong céc
mang thong tin v6 tuyén thé hé méi nhu mang thong tin di dong 5G.
Phat trién cac bo dinh dang va diéu khién bup song dé chéng nhidu trong truong

hop khong biét trudc hudng nhidu.
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11. Summary of the new findings of the thesis:

(1). Proposal of a general process to build Bat algorithm-based adaptive beamformers
(BA_ABF) to suppress interferences for ULAS in smart antennas.

This general process includes six steps: problem determination; array factor
building; pattern nulling techniques; formation of objective function; transformation of
Bat algorithm (BA) to adaptive beamforming algorithms; and development of adaptive
beamformers. These contents have been published in [AWPL.1], [ACES.2], [REV-
JEC.3].

(2). Implementation of the general process to develop three types of BA ABF to
suppress interferences for ULAs using amplitude-only, phase-only, and complex-
weight control techniques, respectively. To be more specific:

(i) Development of a BA-ABF for interference suppression using amplitude-only
pattern nulling control (PHA_BA_ABF). The beamformer for 20-isotropic
element ULA has been successfully implemented and verified in terms of
pattern nulling.



The implemented beamformer has shown the ability to place precisely a single
null, multiple nulls, and a broad null at directions of interferences, to suppress
sidelobes while maintaining the beamwidth.

Overall, the beamformer is simple to implement and the number of attenuators
and computation time are halved. These contents have been published in
[AWPL.1], [VIMW 4].

(i) Development of a BA-ABF for interference suppression using phase-only
pattern nulling control (AMP_BA_ABF). The beamformer for 20-dipole
ULAs, which is investigated with or without mutual coupling effect, has been
successfully implemented and verified in terms of pattern nulling.

The results show that the nulls, which are a single null, multiple nulls, or a
broad null, can be precisely imposed at directions of interferences while the
pattern maintains the beamwidth and low sidelobe level (SLL).

In general, the proposal is close to the real applications, less complicated, and
more attractive for the existing phased arrays, since the required controls are
available at no extra cost and the computation time is reduced by half. These
contents have been published in [ACES.2], [VIMW 4].

(iti) Development of a BA_ABF for interference suppression using complex-
weight nulling control (CW_BA_ABF). The beamformer for 20-isotropic
element ULA has been successfully implemented and verified in terms of
pattern nulling.

The implemented beamformer has demonstrated the capability to place
precisely single, multiple, and broad nulls at directions of interferences, to
suppress sidelobes, and to maintain a predefined beamwidth.

Generally, this beamformer is the most flexible and effective compared to the
others in (i) and (ii). However, the trade-off of this type of beamformer is that
it is the most complicated one. These contents have been published in [REV-
JEC.3].
12. Practical applicability, if any:
The results in this thesis contribute to:
Buid a general process to build BA-based adaptive beamformers for interference
suppression applications in smart antennas;

Develope three BA-based adaptive beamformers for interference suppression in
radar and wireless communication networks.



13. Further research directions, if any:
Development of practical beamformers to be implemented in the next
communication systems such as 5G mobile network.

Development of beamformers for interference suppression in the case of unkown
directions of interfernces.
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