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LGOI CAM DOAN

Toi xin cam doan luan 4n: "Nghién citu nang cao chat lugng truyén thong va
{mg dung thuat todn hoc sau téng cudng trong diéu hudng t6i wu cho robot di dong" la
cong trinh nghién cttu ctia chinh minh dudi su huéng dan khoa hoc cta tap thé huéng
dan. Luan 4n sit dung thong tin trich dén tit nhiéu nguon tham khao khac nhau va cac
thong tin trich dan dugc ghi 16 nguodn goc. Céc két qua nghién citu cua toi duge cong
b chung véi céc téc gia khac da duge sy nhat tri ciia dong tc gia khi dua vao luan
an. Cac sb lisu, két qua dudc trinh bay trong luan 4n la hoan toan trung thyc va chua
timg duge cong bd trong bat ki mot cong trinh nao khac ngoai cc cong trinh cong
b6 cla tac gid. Luan an dugc hoan thanh trong thoi gian toi lam nghién ctu sinh tai
Hoc vien Khoa hoc v Cong nghe, Vién Han lam Khoa hoc va Cong nghé Viéet Nam.

Ha Noi, ngay 14 thang 11 ndm 2024
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LOI CAM ON

Luan an nay dude hoan thanh vdi sy né hic khong nging cua tac gia va siut giup
do hét minh tir cac thay gido hudng dan, ban be va ngudi than.

Dau tién, tdc gia xin bay t6 1oi tri an t6i TS Ngo Manh Tién va TS Nguyeén
Cong Luong, cam on cdc thay da tan tinh hudng din téc gid hoan thanh luan an nay.

Tac gia xin gii 101 cAm on t6i cic thay, ¢o gido va can bo cla Vien Cong nghe
thong tin, Hoc vien Khoa hoc va Cong nghé (Vien Han lam Khoa hoc va Cong nghe
Viet Nam) da nhiét tinh gitp d6 va tao ra moéi trudng nghién ciru tot dé tac gia hoan
thanh cong trinh clia minh; cam on cic thiy, co va cac dong nghiép ¢ cac noi ma tac
gia tham gia viét bai da c6 nhitng gép ¥ chinh xac dé tac gia c6 duge nhiing cong bo
nhu ngay hom nay.

Tac gid xin cam on t6i Ban Giam hiéu truong Dai hoc Phenikaa, céc dong
nghiép khoa Dién Dién tit noi tac gia cong tac da ung ho va ho trg dé luan an dudc
hoan thanh.

Cudi cliing, tac gia xin gui t6i gia dinh, ban be, ngusi than 16i cam on chan

thanh nhat vi da dong hanh ciing tac gid trong sudt thoi gian qua.

Ha Noi, ngay 14 thang 11 nim 2024

Tac gia luan an

Nguyén Thi Thanh Van
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MG DAU

1. Tinh cap thiét ctia luan an

Trong hon mot thap ky qua, sy phat trién ctia nén cong nghiép da mang lai cho
con ngudi cudc song tien nghi, hien dai va thodi mai hon nho sy trg gitp ctia nhiéu
thiét bi cong nghée. Mot trong s6 d6 1a cac robot. Robot hién nay 14 mot cha dé duge
quan tam khong chi § cac qubc gia 16n manh ma con § cac qubc gia dang phat trien
nhu Viet Nam. O Viet Nam, robot da xuat hién trong nhidu linh vie nhu robot hit
bui, robot 1& tan, robot trong y té, robot phuc vu trong cidc nha méy... Robot trong
cac nha may da c6 dong gop 16n trong viec dam bao an toan cho con ngudsi, nang cao
chat luong ciing nhu hiéu qua san xuat. Trong s6 cac loai robot dang dugc sit dung
trong nha may, robot di dong dang dude mot sé luong 16n cac nha khoa hoc va doanh
nghiép danh nhiéu sy quan tam bdi nhiing ing dung va déng gép khong nhé ctia nod
cho sit phét trién clia cac nha may ciing nhu nén cong nghiép.

Nham dap tng nhu cau ctia xa hoi, s6 lugng robot di dong trong cac nha may
ngay cang tang mot cach dang ké. Ngoai ra, s6 lugng thiét bi IoT (Internet of Things)
trong nha may ciing ting mot cdch nhanh chéng. Diéu nay dan dén van de chia sé
khong gian lam viéc gitta cac robot, gitta robot véi cac thiét bi khac va gitta robot vdéi
con ngudi. Dé dat hieu qua lam viéc tbi uwu, cac robot di dong tai cac nha may via
can hoan thanh nhieém vu di chuyén, vita can thic hién trao ddi thong tin véi cac thiét
bi khac nhu tram chii trung tam, cic robot khac trong hé da robot hay cac thiét bi
khong day khic nham dio bdo viéc quan 1y ciing nhu van hanh trong toan nha may.
Hon thé nita, véi dac trung di dong, nang luong phuc vu hoat dong ctia robot déu sit
dung nguon pin roi gan trén than robot, vi vay mitc ning lugng st dung la han ché.
Dé dam bao cac yéu cau cong viec phiic tap hién nay, robot dugc ky vong la sé tieu
ton it dién nang hon va cho thai gian sit dung lau hon.

Chinh vi vay, dé dap ting cac yéu cau trong nha may, viéc tich hgp truyen thong
khong day cho robot di dong la mot giai phap. Khi do, robot di dong déng vai tro la

mot thanh phan trong hé thong IoT vita gitp gidm bét tieu hao nang lugng tinh toan



cho robot vita giai quyét van dé truyen thong trong nha may. Dé dam bao robot vita
hoan thanh nhiém vu vita truyen thong tin cay véi hé thong, viec giai bai toan téi wu
quy dao cho robot di dong trong mai trudng truyén thong khong day tai nha may 1a
can thiét. Do d6, NCS chon dé tai "Nghién cdu nang cao chdt luong truyén
thong va ing dung thudt todn hoc sdu ting cwong trong diéu hudng toi vu
cho robot di dong".

Day la bai toan bao gom ba van dé chinh: van dé diéu huéng hay lap quy dao
cho robot (luan an sé sit dung thuat ngtt 1ap quy dao cho cac chuong dau, va sit dung
thuat ngit dieu huéng cho chuong 4), van dé truyén thong gitta robot vdi tram diéu
khién trung tam ctia nha may va van dé t6i uu hé théng.

Vé van dé thit nhat, vé viéc lap quy dao cho robot di dong. Day la van dé ducgc
quan tam tit lau va van dang danh duge nhiéu syt quan tam clia cdc nha nghién ctu
va doanh nghiép. Theo d6, da c6 nhiéu thuat toin lap qui dao cho robot duge dua ra
nhu cac thuat toan Dijikstra, A*, D*... dya trén mot ban do vé moi truong lam viéc
da biét truée. Trong thic té, robot thuong lam viéc trong moi truong chua biét trude
hodc chi biét truéc mot phan. Do d6, mot s6 thuat toan dura trén hoc sau tang cudng
DRL (Deep Reinforcement Learning) da duge dé xuat trong nhiing nam gan day da
thé hién dugce hieu qua.

Vé van dé thit hai, vé truyén thong cho robot di dong. Day la mot van dé xuat
phéat tit cdc yéu cau thyc té trong nha may, dic biét 1a do xu huéng phat trién IoT
ctia nha méay noéi chung va xu huéng phét trién ctia he da robot hay robot bay dan noi
rieng. Theo d6, cling da c6 cac nghién cttu vé van deé truyén thong khong day cho robot
di dong. C6 hai van de 16n duge dat ra doi véi he thong truyen thong khong day trong
nha may, mot 13 van dé vé do tin cay va do tré truyen thong, hai 1a van dé ving chét
tin hiéu (viing khong nhan dugc tin hiéu truyén dén) trong nha may.

Vé van dé thit ba, viec két hop hai van dé ké trén trong mot bai toan téi wu.
Thy vao do phiic tap clia bai toan véi cac yéu t6 nhu ham muc tiéu, cdc rang buoc va
so6 luong céac bién can t6i wu, ¢6 thé chia phuong phap giai bai toan téi wu thanh hai
dang: phuong phéap giai tuong minh dya trén cac ky thuat toan hoc, va phuong phéap
giai dya trén cac ky thuat hoc may.

Do d6, noi dung luan an sé tap trung vao viéc nang cao chat lugng truyén thong
phuc vu hoat dong cho robot di dong, tit d6 phat trien thuat toan lap quy dao cho

robot trong mai trudng truyén thong ly tudng, va phat trién mo hinh he théng va thuat



toan diéu huéng cho robot di dong trong moi trudng truyen thong chua dam bao véi
muc tiéu t6i uu nang luong tiéu thu cho robot di dong, cudi ciing 1a thitc hién cdc mo
phéng dé kiém chiing tinh hiéu qué ctia cac mo hinh hé théng va thuat toan dé xuat.

2. Muc tiéu nghién cttu cta luan an

e Nghién cttu mo hinh v thuat toan t6i wu hé thong mang nang cao chat higng

truyeén thong phuc vu hoat dong ctia robot di dong.

e Nghién cttu, phat trién cac thuat toan toi wu qui dao véi muc tieu t6i thiéu nang
luong tiéu thu cho robot di dong hoat dong trong méi truong truyén thong ly

tudng.

e Nghién ctiu, phat trién cac hé théng diéu huéng cho robot di dong két hop t6i
wu quy dao véi truyén thong khong day va tdi thiéu nang lugng tiéu thu ctia he

thong.

e Mo phéng kiém chitng v danh gia hiéu qué clia cac thuat toan va mo hinh hé

théng dé xuat.

3. Cac no6i dung nghién ciu chinh cta luan an

Veé ly thuyét:

e Nghién citu tong quan veé robot di dong hoat dong trong moi truong truyén thong,
tinh hinh nghién citu trong va ngoai nudc, tit d6 rat ra cac hudéng nghién citu

thich hgp cho luan an.

e Nghién cttu, dé xuat mo hinh va thuat todn téi wu mang hd trg gitp md rong

viing phll séng va nang cao chat lugng truyén thong khong day trong nha may.

e Xay dung bai toan t6i uu qui dao di chuyén cho robot trong nha may nham téi
thiéu niang lugng tieu thu trong diéu kieén truyen thong 1y tudng, tit d6 xay dung
thuat toan gidi quyét bai toan do.

e Nghién cttu, dé xuat he thong dieu huéng cho robot di dong trong moi trudng

diéu kién truyén thong chua dam bao.

e Xay dung bai toan t6i uu qui dao di chuyén cho robot trong nha may nham t6i
thiéu nang lugng tiéu thu trong moi trudng truyén thong chua dam bao, tit do

xay dung thuat toan gidi quyét bai toan do.



e Nghién citu st dung céc cong cu t6i uu dé thie hien mo phong.
Vé thuyc nghiém:

e Xay dung cidc mo6 phong kiém chitng hiéu qua ctia mo hinh va thuat toan tdi wu

mang truyén thong khong day hoé trg hoat dong ciia robot di dong.

e Xay dung cdc mo6 phong kiém ching thuat toan t6i wu qui dao cho robot di dong

trong moi truong truyen thong 1y tudng.

e Xay dung cac mo phéng kiém chitng thuat toan t6i wu qui dao cho robot di dong

trong moi trudng truyen thong chua dam bao.

4. Dbi tuong nghién citu va pham vi nghién citu ciia luan an

Déi tuong nghién citu ctia luan an 1a robot di dong.

Pham vi nghién citu: Diéu huéng t6i wu cho robot di dong trong moi trudng
truyén thong khong day.

5. Cau triic cia luan an Luan an bao gom phan "M dau" trinh bay 1y do Iya chon
dé tai, muc tiéu va pham vi nghién citu ctia luan an, va bén chuong chinh véi noi dung
nhu sau:

Chuong 1: "Tong quan vé viéc 1ap qui dao cho robot di dong trong nha may",
nghién ctu tong quan vé viéc lap qui dao cho robot di dong, tinh hinh nghién citu
trong va ngoai nudc, phan tich cac cong trinh da nghién cttu trude dé theo noi dung
déi tuong, pham vi nghién citu ciia luan an, tit d6 rat ra cac huéng nghién ciu thich
hgp cho luan an.

Chuong 2: "Nang cao chat lugng truyén thong trong nha may phuc vu hoat
dong ctia robot di dong", nghién cttu vé vai tro clia viéc tdi wu hé théng truyen thong
khong day trong nha may, cac van dé ton tai va cic gidi phap duge nghién ciu, tit do
dé xuat mo hinh va thuat toan nang cao chat lugng truyén thong khong day trong nha
may phuc vu hoat dong ctia robot di dong.

Chuong 3: "Thuat toan toi uu quy dao cho robot di dong trong mai truong
truyen thong Iy tudng" nghien cttu phuong phap xap xi 161 dé phat trién cac thuat toan
t61 uu qui dao cho robot véi muc tiéu toi thiéu nang lugng tieu thu cho robot di dong.

Chuong 4: "Thuat toan toi uu quy dao cho robot di dong trong mai truong
truyen thong c6 STAR-RIS ho tr¢" nghién cttu dé xuat sit dung tAm phan xa va truyén
thong minh STAR-IRS (Simultaneously Transmitting and Reflecting - Intelligent Re-

flecting Surface) trong moi truong truyén thong dong thoi nghién ctu, dé xuat thuat



toan duya trén hoc sau tang cuong DRL (Deep Reinforcement Learning) t6i wu quy dao
cho robot di dong v6i muc tiéu t6i thiéu nang luong tieu thu cho robot di dong dam
bdo rang budc vé toc do truyén thong cho robot di dong.

Phan Két luan va Kién nghi trinh bay tom tit cac déng gép chinh ciia luan

an va hudéng phat trién clia luan an trong tuong lai.



Chuong 1. TONG QUAN VE VIEC LAP QUY PAO CHO ROBOT DI
DONG TRONG NHA MAY

Robot di dong (mobile robot) da va dang déng vai trdo quan trong trong céac
nha may va duge danh gia nhu mot chia khéa cong nghé trong san xuat cong nghiép.
Chuong 1 trinh bay tong quan vé robot di dong va viéc lap quy dao cho robot di dong
trong moi truong nha may. Phan 1.2 mo t& vai tro cia robot di dong trong nha may.
Bai toan lap qui dao cho robot di dong dudgc trinh bay & phan 1.1. Phan 1.3 trinh bay
cac nghién ciu trong va ngoai nude ve viéc lap quj dao cho robot di dong trong moi
truong truyen thong khong day tai nha may. Tt d6 dua ra nhitng lap luan xay dung

huéng nghién citu ctia luan 4n 6 phan 1.4. Cudi cung 13 phan két luan chuong.

1.1 Bai toan lap quy dao cho robot di dong

Trong sudt nhiéu thap ky qua, linh vite robot luon dude quan tam, khong ngting
phat trién va c6 anh hudng 16n dén cudc song ctia con ngudi [12]. Trong cac nha may
hién dai, robot di dong v6i kha nang di Chuyén linh hoat déong mot vai tro quan trong
trong cac ting dung cong nghiép nhu robot van chuyén hang héa, va céc robot phuc vu
cac khau chinh trong day chuyén san xuit [13]. Chinh vi vay, robot di dong da va dang
duge nhiéu nha nghién citu cling nhit cac doanh nghiép trong va ngoai nuéc quan tam.

Nhin chung, cau tric ctia diéu khién chuyén dong cho mot Robot di dong cé
thé chia ra 3 giai doan: Dinh vi, lap quy dao chuyén dong (Localization and Path
Planning), di¢u khién bam quy dao (Trajectory Tracking), va diéu khién dong co robot
(Motor Control) nhu Hinh 1.1.

Duya trén cac tin hiéu tra vé tit Lidar hodc/va camera 3D, robot sé& thyc hien
viec dinh vi, ban d6 héa va xac dinh cac vat can dong va tinh trong moi truong lam
viéc. Dyta trén ban do da biét trudc cuing véi cac tin hiéu thu vé tit cac cdm bién, bo
x1t Iy trung tam thuyc hién lap quy dao chuyén dong cho robot bang mot thuat toan
nao dé. Sau do, robot sé thuc hién di chuyén theo qui dao da tinh toan bang cac thuat
toan diéu khién bam quy dao. Céc tin hieu diéu khién bam quy dao dude dua dén diéu
khién cac dong co thic thi yéu cau dam béo cho robot hoan thanh nhiem vu. Nhu vay,
c6 nhiéu van dé can quan tam trong hé théng diéu khién ctia robot AMR. Tuy nhién,

viéc diéu khién chuyén dong cho robot di dong c6 hai van dé chinh can quan tam dé 1a
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Hinh 1.1: So dd tong quan hé théng dic¢u khién robot di dong, trong do, q, 1a vi tri
clia robot, q. 1a sai 86 vi tri clia robot, [1, 7,]7 13 m6 men dit vao dong co, v va w lan
lugt 1a van téc dai va van toc goc clia robot [1].

lap qui dao chuyén dong va thiét ké bo diéu khién bam quy dao. o) luan an nay, NCS
quan tam dén bai toan 1ap quy dao (path planning hay trajectory planning) cho robot
di dong. Day 1a linh vire dude quan tam véi s6 luong 16n cong trinh nghién cttu trong
nhiéu thap ky qua.

Dau tien, viéc lap quy dao cho robot v6i muc dich 1a tim ra quy dao tot nhat
gitip robot ¢é thé di chuyén dén dich ma khong x4y ra va cham. He théng lap quy dao
cho robot bao gom hai giai doan: 1lap quy dao toan cuc (global planner) va lap quy
dao cuc bo (local planner). Quy dao toan cuc lam nhiém vu xac dinh vi tri hién tai
cia robot va muc tiéu can di chuyén dén sau d6 tim ra quy dao tét nhat trén co sé
xem xét cac chuéng ngai vat tinh tit ban do. Cu thé, phan lap quj dao toan cuc cho
robot st dung thong tin vé ban do moi trudng, vi tri robot tit hé thong nhan thiec.
Do dé tinh chinh xéac khi lap qui dao toan cuc phu thudc dang ké vao hiéu nang clia
k¥ thuat SLAM (Simultaneous Localization and Mapping) duge sit dung. Trude tién,
robot can xac dinh duge vi trf ciia n6 trong ban do tai thoi diém hién tai. Ltc nay,
robot sé c¢6 nhitng nhan thic vé moi trudng xung quanh, dic biét 1a ban do bao gom
nhitng vat can tinh da xac dinh duge ¢ hé thong nhan thitc. Tiép dén, vi tri dich duge
xac dinh va duge dat trong viing pham vi da xac dinh ctia ban do. Tu do6, cac thuat
toan lap quy dao sé tinh toan dé dam bao robot c¢6 thé di chuyén téi vi tri dich véi

quiang duong ngin nhat. Viec téi wu qui dao chuyén dong cho robot duge nghién ciiu



$6 lugng bai bao

Hinh 1.2: S6 luong céc cong trinh nghién cttu vé lap qui dao cho robot dira trén so lieu
tit Engineering Village [2].

nhim nang cao céc chi s6 nhu quang dudng di chuyén, thsi gian di chuyén, do mudt
ma khi di chuyén, hay nang luong tieu hao khi di chuyén ciia robot. Quy dao toan cuc
sé duge dua vao lam quij dao tham chiéu cho phan lap qui dao cuc bo dé dam bao
robot c¢6 thé di chuyén t6i vi tri dich. Béi vi, ngoai céc chuéng ngai vat tinh thi khi
robot di chuyén con c6 thé c6 nhitng chuéng ngai vat dong xuét hien. Khi do can két
hop dit lieu doc tit cAm bién dé lap qui dao cuc bo nham tranh cac chuéng ngai vat
dong. Chinh vi vay viéc lap quj dao cuc bo con cé thé hiéu la thuat todn tranh vat
can dong. C6 nhiéu thuat toan lap quy dao chuyén dong cho robot di dong duge dé
xuat va 4p dung nhu thuat todn Dijkstra, A*, D*, thuat toan di truyén GA (Genetic
Algorithm),...

Can nhan manh thém rang viéc lap quy dao hay diéu huéng cho robot di dong
la mot trong nhitng van dé quan trong ciia diéu khién robot. Bat dau tir giita nhiing
nam 1960, van dé nay da nhan duge syt quan tam clia cdc nha nghién citu. Viéc lap
quy dao cho robot trong mot moi truong lam viéc duge mo ta 1a viec tim quy dao toi
uu hodic can t6i uu tit diem ban dau cho dén diém dich dén dé dat hieu qua vé quang
duong, thoi gian, nang lugng hay cac yéu t6 khac [14]. Mot quy dao to6t khong chi tiét
kiem thoi gian di chuyén ma con gidm dude cac van dé vé hao mon va dau tu chi phi
cho robot. Do d6, da c6 nhiéu thuat toan lap quj dao cho robot dugde nghién ctiu va
dé xuat. Hinh 1.2 chi ra s6 lugng cong b lien quan dén viéc lap quy dao cho robot di
dong, s6 ligu duge lay tit Engineering Village [2].

C6 nhiéu tieu chi dé danh gia qui dao ctia robot di dong nhu thai gian di chuyén,



quang duong di chuyén, tong mitc nang luong tieu thu,... Déi véi robot di dong, viec di
chuyén thuong xuyéen dan dén viéc phai trang bi cdc ngudn pin thao roi. Do dé, mic
nang luong tiéu thu clia nguon pin gan trén than robot 1a mot van dé can quan tam.
Cac robot di dong can nguon nang lugng 16n cho hé théng cam bién, hée thong dicu
khién va hé théng chuyéen dong. Do do, trong bat ky tng dung nao, robot di dong ciing
déu duge ky vong c6 hieu suat sit dung pin cao dé ting thoi gian lam viéc ciia robot.
Trén thuce té, yéu cau vé nguon pin st dung cho robot ciing ngay cang tang lén, dan
dén viéc tang chi phi tai khau nay. Diéu nay gay ra mot ap luc 16n cho cac nha thiét
ké robot trong viéc phat trién hé théng nang cao hiéu qua st dung ngudn pin va mot
ap luc khac len nguoi stt dung khi van hanh hé thong. Chinh vi vay, t6i uu nang lugng
tieu thu 1a mot van dé 16n can quan tam. Dé t6i thiéu mic nang lugng tieu thu va tang
cuong hiéu qua st dung nang lugng cho robot, cidc van dé lien quan dén thiét ké phan
cting va phat trién phan mém déu da duge dé xuat. Trong do, viec toi uu qui dao la
mot trong nhiing giai phap.

Thuat toan Dijkstra duge dé xuat boi E.W. Dijkstra vao nam 1959 [15]. Day 1a
mot trong nhitng thuat toan co dién dé gidi quyét bai toan tim duong di ngin nhat tit
mot diém cho trude téi tat cd cac diém con lai trong ban dd cé trong s6 khong am.
Trong s6 khong am ciia cac canh ndi hai dinh gan nhau trong do thi c6 thé chinh la
khoang céch giita chiing hodc c¢6 thé xem xét dén cac yéu tot khéac lien quan dén viec
di chuyén doc canh. Thuat toan Dijkstra ban dau dua trén mot chién luge tham lam
dé tim duong di ngan nhat. Thuat toan chi quan tam dén quang duong ngan nhat ma
khong quan tam dén tinh kha thi ctia gidi phap. Thuat toan Dijkstra 13 mot giai phap
phit hop cho mai trusng tinh hoac cho viéc lap quy dao toan cuc. Dijkstra cling c6 thé
dugc ting dung trong moi truong dong. Trong truong hop nay, thong tin vé moi truong
khong duge biét hoan toan, do dé thong tin vé cac dinh va cac vat can dong dugde tinh
toan trong qua trinh di chuyén. Tuy nhién, chi sit dung thuat toan Dijkstra sé khong
thé thuc hién duge trong mai truong dong. [16].

Nam 1968, cac tac gia clia [17] da dé xuat thuat toan A*. Thuat toan A* duge
phat trién dya trén thuat toan Dijkstra. Bat dau tit mot diém xac dinh, trong s6 danh
gia diém hien tai duge cap nhat trén co s6 lay diém c6 trong s6 nhé nhat. Diém quan

trong ctia thuat toan A* 1a ham danh gia vi tri diem n

f(n) = g(n) + h(n), (1.1)
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trong d6 g(n) thé hién chi phi ctia dudng di cho dén diém hién tai n, v h(n) la ham
danh gia chi phi nhé nhat di tit diém hién tai dén dich. Muc tiéu ctia thuat toan A* 13
thiét ké danh gid dugc chi phi cho ham f(n) tit vi tri ban dau dén vi trf dich qua diém
n. Khoang cach Euclidean giita hai di¢ém thudng dugc st dung lam gia tri ctia h(n).
Trong khi d6, gia tri ctia g(n) 1a mot hing s6, do d6, gia tri ctia ham f(n) chil yéu phu
thuoc vao h(n). Khi cang gan diém dich thi gia tri 2(n) cang nhd, theo do, gia tri ctia
f(n) ciing nhé dan. Két qua 1a sé tao ra quy dao véi khoang cidch nhdé nhat. Thuat
toan A* yéu cau thong tin vi tri dich va tim kiém doc theo duong huéng dén dich.
Do do6, viéc tim duong bang thuat toan A* sé c6 hiéu qua cao hon so véi thuat toan
Dijkstra. Véi su phat trién clia tri thong minh nhan tao, thuat toan A* dugc cai tién
va diéu chinh cho phlt hgp véi nhiéu ting dung khac nhau bao gom ca thuat toan tim
duong cho robot, giao thong thong minh, 1y thuyét do thi va diéu khién tu dong [18].

Nhin vao bicu thitc (1.1) ta thay c6 mot sy danh doi giita téc do tinh toan va
sai s6 clia thuat toan A*. Dé tang tdc do tinh toan can c6 bo nhé du 16n, néu khong
téc do tinh toan sé giam. Dé khic phuc van dé nay, thuat toan hierarchical A* da thuec
hién chia viéc tinh toan thanh nhiéu chu trinh, sau dé gop cac két qua lai dé cé quy
dao toan cuc.

Thuat toan D* (Dynamic A*) duge Stentz [19] dé xuat thuat vao nam 1994, ve
co ban tuong tu nhu thuat toan A* nhung c6 xét dén cac yéu t6 thay déi trong moi
truong khi robot di chuyén. Thuat toan D* bao gom hai giai doan chinh. Giai doan
mot 1a sit dung thuat toan A* dé tim kiém duong di ban dau. Giai doan hai la cap
nhat dudng di khi moi truong thay doi. 0 giai doan nay, cac thong tin vé su thay doi
trong moi truong dé cap nhat cac gia tri uéc tinh ciia khoang cach va chi phi di chuyén
gitta cac diém. Tt d6, st dung thuat toan A* dé tim kiém duong di méi trén co sé st
dung cac gia tri u6c tinh méi duge cap nhat. Viéc nay dude lap lai lien tuc cho dén
khi t6i dich.

Thuat toan A* ciing nhu Dijkstra c¢6 mot nhuge diém chung la trén ban do can
xac dinh trude cac diém. Day chinh 14 1§ do qui dao sinh ra khong duge mugt ma. Dé

khic phuc van dé nay, [20] dua ra mot ham danh gia nhu sau
f(n) = Kig(n) + Kzh(n) + Ksp(n), (1.2)

trong d6 K, K», K3 la cac trong s6 duong, g(n) vad h(n) c6 ¥ nghia gidng nhu trong
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thuat toan A* ban dau, va p(n) 1a mot nhan t6 phat dya trén vi tri thue té.

Céc thuat toan lap quy dao ké trén déu la cac thuat toan dua trén viec roi rac
héa moi truong lam viéc ciia robot. Nhu vy, robot can biét trude ban do moi truong
lam viéc, roi dua vao viec tinh toan véi cac vi trf trén ban do dé dua ra dudng di cho
robot. Diéu nay dan dén yéu cau téoc do xit ly cia CPU cao va dung lugng bo nhé
16n. Hon thé nita, cting chinh vi van dé roi rac héa moi truong nén quy dao duge sinh
ra khong dam bao dude tinh mugt ma. Thuat toan di truyén GA duge dé xuat bdi
Holland vao nam 1975 sé& gitip gidi quyét nhiing han ché ké trén. Day la mot thuat
toan lap quy dao toan cuc duge lay cAm hing tit co ché tién héa ciia sinh vat trong
tu nhien. Trong GA, tat ca cac giai phap co thé ctia van dé duge ma hoéa thanh cac
nhiém sdc thé, va tat ca cac nhiém sic thé tao thanh mot quan thé ban dau. Mot s6
hoat dong co ban duge xay dung: lai ghép, dot bién va lya chon. Quan thé ban dau
dugc tao ra, sau dé gia tri thich hgp ctia méi ca thé duge tinh bing cac muc tieu. Cac
cé thé duge chon cho hoat dong lai ghép, hoat dong dot bién va hoat dong lua chon
duge xac dinh bang gia tri thich hgp. GAs c6 thé duge ap dung véi wu diém la cac
thuat toan nhu vay bao phtt mot khong gian tim kiém 16n va sit dung tai nguyén bo
nh6 va CPU téi thiéu. Ho ciing c6 kha nang thich nghi véi moi trudng thay doi. Mot
nhuge diém la gidi phap duge tim thiy cho van dé tdi uwu hoa khong phai lic nao cling
13 mot gia tri t6i wu toan cuc (dudng di ngin nhat tong thé).

Vi thuat toan ciing c¢6 thé duge ap dung trong moi trusng dong, giai phap toi
wu tim ra mot dudng di khong va cham gitta hai diém can dugce cap nhat lién tuc theo
st thay doi trong moi trudng xung quanh. Trong truong hop nay, cac phuong phap
tién hoéa hoi tu vao mot giai phap toi wu. Tat cd cac giai phap co thé duge biéu dién
dudi dang ca nhan trong mot quan thé, v6i méi gen dai dién cho mot tham s6. Cac ca
nhan dugc hinh thanh bdéi mot bo gen hoan chinh.

Mot thé hé mdéi duge hinh thanh bang cach chon lita cdc cd nhan tot nhat tir
thé he cha me va ap dung cac toan tit di truyén, nhu lai ghép va dot bién, dé kham pha
cac giai phap bo sung. Mdi con cai tit thé he méi duge kiém tra bing mot ham thich
nghi duge 1ap ra cho van dé d6. Ti tat ca cac con cai, cidc ca nhan tét nhat dude chon
lam cha me ctia thé he tiép theo. Céac tac gia trong [21] mo ta cach st dung phuong
phap GA dé giai quyét van dé lap quy dao chuyén dong trong mot méi truong tinh.
Két qua ctia ho cho thay rang phuong phap dugc st dung 1a hiéu qua trong viéc xi 1y

van deé lap qui dao chuyén dong trong cdc moi trudng tinh khac nhau.
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lap qui dao chuyén dong la mot loai anh xa tit khong gian trang thai dén khong
gian hanh vi, vd mang no-ron nhan tao ANN (Artificial Neural Network) c6 thé biéu
dién méi quan hé anh xa nay. Mang no-ron dugc st dung dé mo ta céc rang buoc giita
moi truong, va nang luong dude xac dinh duéi dang ham ciia diém dudng di. Céc tac
gid ¢ [22] da st dung ANN dé gidi quyét van dé lap quy dao chuyén dong clia robot va
thao luan vé cach mang no-ron c6 thé gép phan lam tang hicu suat cho thuat toan lap

quy dao chuyén dong ctia robot.

1.2 Robot di dong va van dé truyén théng khong day

Theo xu huéng phat trién IoT (Internet of Things) trong cong nghiép IToT
(Industrial 1oT), céc thiét bi trong nha may c¢6 xu hudéng tich hgp céc giao thitc truyen
thong. Sy két néi cia hang loat cic thiét bi va yéu cau vé kha nang thu thap/chia sé
dit lieu thic day yéu cau vé chat lugng truyen thong giita cac thiét bi. Theo dé, robot
di dong can dap tng dudc cdc yéu cau vé truyen thong trong nha may. Tic 13, cac
robot di dong tai cac nha may vita can hoan thanh nhiem vu di chuyén, vita can thuc
hién trao doi thong tin véi cac thiét bi khac nhu tram cht trung tam, céc robot khac
trong hé da robot hay céac thiét bi khong day khac.

Hién nay, tai cdc nha may, cac tng dung tu dong hoéa nha may dang bi chi phoi
manh mé bdi cac cong nghé c6 day nhu PROFIBUS/PROFINET, SERCOS, HART va
CAN [23]. Viéc truyén thong c¢6 day dan dén nhieu van dé phic tap kéo theo vé thiét
ké, thi cong, van hanh cfing nhu qua trinh bao tri, bdo dudng. Ngoai ra, cac thiét bi di
dong nhu robot di dong viéc st dung truyen thong c6 day 1a rat kho tham chi khong
thé thuc hien. Do vay, viec thie hien truyen thong khong cho cac robot di dong 1a mot
giai phap toi wu. Tuy nhién, trén thyc té hién nay, cong nghé truyén thong khong day
lai dang khong ho#c rat it duge st dung trong céc ting dung ty dong héa nha may.
Nguyén nhan duge chi ra trong [11]. Dy an Kol [11] d& tién hanh mot cuoc khao sat
chi tiét dua trén bang cau héi dé thu thap thong tin truc tiép tit cac nha san xuét hang
dau, nhitng nguoi tham gia vao mot loat cic quy trinh ty dong héa nha may. Bang 1.1
tom tat cac két qua chinh tir cudc kho sat vé cac yéu cau truyen thong cho céc ting
dung trong nha may, tiy thudc vio céc tng dung cu thé, cac yéu cau nay co thé khac
nhau. Dya trén dit lieu nay, c6 thé thay ring, trong sé nhiéu nguyén nhan dude dua
ra, nguyén nhan cot 16i 1a do cac cong nghé khong day hién tai khong dap ting dugdc

yéu cau khat khe ciia cac tng dung tu dong hoa nha may vé6i do tin cay cuce ky cao tit
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1 —107? cling cac rang budc vé do tré rat thap xudng dén 1 ms.

Béang 1.1: Cac yéu cau dbi véi truyen thong khong day cho ting dung trong nha méy tu dong
héa téng hgp bdi du an Kol nam 2016 [11].

Ving truyén | S6 lugn Do di dong
s e Kich thudge di | & "HC OB G cac thit
Do tré Do tin cay . thong gitta | thiét bi trén .
lidu J . ~ o bi (trong
cac thiet bi mot nha may .
nha)
Két qua tong hop
1—107% dén
1 —50 ms 1-10-° 10 — 300 bytes 2 — 100 m 10 — 1000 0—10 m/s
Véi cac ing dung cho quy trinh sdn xuit
<10 ms 1-1077 | <50 bytes | <100 m <1000 | ~1m/s
V6i céc ing dung cho xe ty hanh
~10-% a8
10-50ms | 1 - }8,9 den 300 bytes ~2m <1000 <10 m/s

Van dé ké tren la mot trong nhitng nguyén nhan thic day sy phat trién cta
mang di dong thé hé thit 5 va cac thé hé sau dé (5G/B5G). Mot diém quan trong ciia
5G 1a ho trg thiét bi truyen thong siéu tin cay va do tré thap URLLC (ultra-reliable
low-latency communication), duge sit dung cho céc ting dung phau thuat tit xa va tng
dung quan trong trong tu dong hda cong nghiép. 0 phién ban 5G hién tai, do tré
truyen thong trung binh khodng 4 ms, gidm mot nita so véi cac mang 4G va tét hon
so vdi cac mang cong cong (khoang 15 ms). O céc phien ban 5G URLLC thiét ké dac
biét cho viéc van hanh trong cong nghiép, do tré gidm xudéng con 1 ms trung binh va
¢6 thé so sanh duge véi cac két ndi c6 day [24]. Do d6, he théng mang 5G/B5G hiia
hen tao ra mot thé gisi két ndi tin cdy, hieu qua trong cong nghiép [11].

Theo [25], hién nay c6 thé chia robot di dong thanh hai loai dé 14 robot di dong
tu hanh AMR (Autonomous Mobile Robot) va robot di dong két n6i CMR (Connected
Mobile Robot). Dugc trang bi cac cam bién va nguon lyc tinh toan, cac robot tu hanh
AMR c6 thé tu thuc hién cac nhiem vu ctia minh mot cach doc lap. Van dé tré nen
phitc tap khi cAc AMR phai déi mit véi van dé 1a chting can ¢6 bo nhé du 16n, can
c6 nguon tai nguyen tinh toan 1én, va can cé kha nang thuc hien duge nhitng thuat
toan AI (Artificial Intelligent) phiic tap dé thyc hién nhing nhiém vu khé khan. Véi
sit phét trien manh mé ctia he thong mang 5G/B5G, céac robot di dong két ndi mang
tré thanh cdc thiét bi nguoi duing duge phuc vu bdi cac BS/AP duge ky vong 1a sé
giai quyét duge tat ca cac van dé tren [25]. Khi d6, cac robot khong can thiét phai
trang bi nguon lyc tinh toan ciing nhu bo nhé 16n. Khi két noi trong hé thong mang,

robot giti cac dit licu ngay khi né nhan duge thong qua cac cdm bién (c6 thé 1a hinh
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Hinh 1.3: Hé thong Wifi tai nha may SHI-V 1 thiét ké bdi Netmarks [3].

anh hodc video) dén cho tram diéu khién (ngusi van hanh), sau dé, tram diéu khién
hay ngusi van hanh sé gii cac huéng dan dua trén cac dit lieu nhan dude d6 dén cho
CMR. Ngoai ra, khi s6 lugng robot trong cac nha may tang len, cing véi cac thiét bi
IoT khéc, cac thiét bi trong nha may sé cing hoat dong trong mot khong gian 1am viéc
chung. Khi d6, céc robot can phdi hop véi nhau dé tao thanh hé da robot hay robot
bay dan dé dat hiéu qua cao khi thuc hién cdc nhiém vu trong nha méy. Do d6, mot
hée thong cac robot duge két ndi mang 14 mot giai phap hieu qua dong thoi gidm bét
ganh ning vé bo nhé va tai nguyen tinh toan cho ting robot. Véi sut phat trien manh
mé ctia he thong mang 5G/B5G, he thong mang duge k¥ vong rang tdc do truyen 16n,
do tré thap, va do tin cay cao, cac CMR duge ky vong 1a sé tré thanh mot chia khoa
cong nghé trong tuong lai.

Tuy nhién, trong moi trudng nha méy, dudng truyén cé thé bi chin béi rat nhiéu
chuéng ngai vat nhu cac may moéc, thiét bi, tuong, khu vic kho bai c6 cac vat lieu
dugc xép chong 16n... Didu nay cé thé sé tao ra cac ving chét tin hieu, khi robot di
chuyén trong ving nay, cac dudng truyen truc tiép tir thiét bi phat séng khong day
BS/AP sé bi chin lai, do d6, robot hay tram trung tam sé khong nhan duge tin hiéu

2 < - 2,0 A X N 2 N A . e 2 2 N + 2
cua nhau. Doi mét véi van dé nay, cac nha cung cap dich vu dua ra giai phap la trien
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Hinh 1.4: So do vi trf dat AP tai nha may SHI-V 1 thiét ké bsi Netmarks [3].

khai nhiéu BS hosic AP. Mot vi du cu thé nhu hinh 1.3 thé hién mot giai phap ma cong
ty Netmarks dua ra cho nha may Sumitomo tai Khu cong nghiép Thang Long vao nam
2019.

Trude do6 tai nha may SHI-V 1, he thong Wifi stt dung AP loai Cisco Aironet
1602E v6i 9 APs. Tuy nhién, ciing v6i sut phat trién ciia cong ty, so lugng thiét bi trong
hé théng mang da tang len dong thoi doi hoi mot toc do truyen thong lén hon doi
véi cac thiét bi trong dé c6 cac AGVs. Khi thiét ké lai, Netmarks da nang cap AP tu
Cisco Aironet 1602E lén 2802E dé dat tin hiéu va bang thong t6t hon. Them vao do,
Netmarks ciing da tang theém s6 luong APs nhu trong hinh 1.4 da thé hien.

Day ciing duge danh gia 1a mot gidi phap mang lai hieu qua cao tai diém dé.
Hé théng sau khi duge trién khai da hoat dong on dinh. AP truyén céc thong tin vé
nhiém vu cho cac robot, cac robot nhan thong tin, thyc hién nhiém vu va gui thong
tin vé tinh trang thic hién nhiém vu, vi tri ctia robot, tinh trang nguon ning luong
cua robot... Tuy nhién, tai nha may khi do, cac AGVs van dugce ho trg dan duong bdi
QR code dan trén san nha may. Hién tai, cac robot dugc ky vong la linh hoat hon va

c6 kha nang tim duong t6i wu cho titng nhiem vy, do dé cac AGVs sé dude thay thé
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bdi cac robot tu hanh AMRs va dugce két néi mang tré thanh cac robot duge két ndi
mang CMRs. Khi d6, c6 thé viéc ting mot lugng 16n cac AP c6 thé khong chi di kem
v6i chi phi tang léen dang ké ma con khong gidi quyét hét van dé lien quan dén ving

chét tin hieu.

()%

T nhitng van dé da dé cap ¢ phan trén co thé thay rang, tng dung truyeén
thong khong day trong cac nha may 1a mot xu hudng tat yéu trong tién trinh huéng
dén nha may trong tuong lai. He thong mang 5G/B5G 1a mot giai phap hiia hen mang

lai hieu qua cao. Dé dat dugc hiéu qua nhu vay, c6 mot s6 van dé kéo theo nhu sau [8].

e Trién khai ngay cang nhidu nit BS/AP, tram trung chuyén va tang cudng céc
ang ten dé dat ducgc pham vi va kha nang phii séng mang. Diéu nay gay ra luong
tieu thu nang lugng va chi phi trién khai va bdo tri cao hon, ciing nhu van dé

nhiéu mang nghiém trong va phtc tap;

e Khi ting mot s6 lugng 16n ang ten tai cac BSs/APs/tram trung chuyén dé tan
dung céc lgi ich tit he théng nhiéu dau vao - nhiéu dau ra M-MIMO (massive
multiple-input-multiple-output), diéu nay doi héi chi phi phan cting va nang lugng

tang lén cung véi sy phic tap trong xit 1y tin hiéu;

e Chuyén sang cic dai tan cao hon nhu séng millimet (mmWave) va tham chi 1a
tan so terahertz (THz) dé tan dung bang thong 16n va sin c6 ciia ching, dicu
nay tat yéu dan dén viéc trien khai thém nhiéu nit hoat dong hon va tham chi

nhiéu ang ten hon dé bt dip cho mat mat truyén dan lén tir khoang cach.

Do do6, dé dat dudc sy ting truéng thong lugng bén viing clia cdc mang khong
day trong nha may phuc vu hoat dong cho cac robot di dong vé6i chi phi, do phiic tap
va tieu thu nang luong thap thi viec phat trién cac cong nghé mdéi cting véi toi wu hé

thong mang 1a mot van dé cap bach.

1.3 Tinh hinh nghién cttu trong va ngoai nudéc

1.3.1 Tinh hinh nghién ctiu trong nuéc

Tai Viet Nam, viéc 1ap quy dao cho robot da va dang dugc quan tam trong
cong nghiép va nghién cttu. Trong cong nghiép, hién nay, phan 16n robot trong hau hét
cac nha may déu dang di chuyén véi quy dao dit sin. Robot dudge dan duong nhd cac

duong tit tinh diit trude dudi san di chuyén hoic sit dung cac ma QR code trén san
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hay diing mot s6 cong cu dan duong khac. Tuy nhién, cac nghién cttu van dang nd luc
v6i ky vong robot c6 kha nang tu dua ra dude cac quyét dinh t6i wu cho cic nhiem v.

Céac tac gid ctia [26] da dé xuat thuat todn n® — spline véi da thic bac 7 dé
thiét ké qui dao t6i wu cho bai toan van chuyén ké hang trong kho. Céc thit nghiem
duge thye hién trén robot ty hanh Pinoneer P3-DX cho thay tinh hiéu qua ctia thuat
toan. Trong khi d6, cac giad ¢ [27] da xay dung duge ban do6 st dung cam bién Lidar
va lap quy dao cho robot st dung giai thuat A* tranh vat cdn cho mo6 hinh robot di
dong 3 banh. Két qua thit nghiém cho thay tinh kha thi cia thuat toadn st dung va
c6 kha nang mé rong cho cac huéng nghién cttu tiép theo. Ciing stt dung thuat toan
A* nhung téac gia ctia [28] da két hop véi ky thuat dai dan hoi thoi gian TEB (timed
elastic band) dé gidi quyét van dé lap quy dao trong mai trudng phiic tap, c6 vat can
dong. Dau tien, thuat toan A* duge stt dung dé lap quy dao toan cuc cho robot. Sau
dé, ki thuat TEB dugc sit dung dé lap quy dao cuc bo cho robot mbi lan gap vat can.
Thuat toan TEB sé t6i uu hoa duong di cuc bo ciia robot dé dam bao mot quy dao an
toan va hiéu qua khi vugt qua cac chuéng ngai vat. Cac tac gia ¢ [29] trinh bay mot
tiép can tranh vat can cho robot di dong trong nha kho. Cu thé, tit viéc tinh toan xac
suat va cham c6 thé xay ra giita robot va cac déi tuong khi robot di chuyén, robot ra
quyét dinh lia chon ving an toan dé di chuyén nhiam tranh chuéng ngai vat. Két qua
thtt nghiém va mo6 phéng ban dau cho thay kha nang thyc thi ctia thuat toan.

Ngoai ra, tac gia ctia [30] da dé xuat he thong dai dan hoi thoi gian tich cyc
PTEB (proactive timed elastic band) dé lap quj dao cho robot di dong trong moi
truong dong. He théng PTEB két hop nhitng diém manh ciia k¥ thuat TEB va mo
hinh tao moi truong vat can dong HRVO (hybrid reciprocal velocity obstacle). He thong
hoat dong t6t, robot duge dieu huéng c6 qui dao an toan trong moi truong vat can
dong. Ciing cuing tac gid, mot thuat toan diéu huéng cho robot trong moi trusng bang
mo hinh cita s6 dong mé rong EDWA (enhanced dynamic window approach) & cong
trinh [31]. Mo hinh EDWA két hop loi ich clia ki thuat cita s6 dong DWA va mo hinh
HRVO. Két qua mo6 phéng va thiyc nghiém déu cho thay robot hoan toan tranh dugc

vat can dong xung quanh robot.
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1.3.2 Tinh hinh nghién cttu ngoai nudc
Van dé lap quy dao cho robot di dong

D6i vé6i robot di dong, lap qui dao 14 mot trong nhitng van dé quan trong gitp
robot ¢6 thé thyc hién cidc nhiém vu mot céch dang tin cay va an toan. Day 14 mot van
dé da danh dugc su quan tam 16n clia cac nha nghién ctu trong vai thap ky qua. Dé
dam bao cac robot khong va cham vé6i vat can trong qué trinh di chuyén, cac nghien
ctiu truée day ve lap quy dao cho robot da dé xuat nhiéu thuat toan cho cic kich ban
ing dung khéac nhau. Bang cach chia khong gian lién tuc thanh mot mang ludi véi cac
diém hitu han, cac thuat toan lap qui dao cho robot hiéu qua, bao gdm cac thuat toan
Dijkstra, A*, va D*, da dugc phat trién dé tim dudng di ngén nhét gitta hai vi trf trong
moi truong tinh va dong [32].

V6i muc dich gidm nang lugng tieu thu va tang hiéu qua st dung nguon pin cho
robot di dong, cac giai phap thiét ké phan cing cing phan mém da duge dé xuat trong
nhiéu cong trinh nghién citu.

Vé cac giai phap phan ciing, cac tac gia trong [33] da thiét ké phan cting cho
tieu hao nang luong thap dé gidm mitc nang lugng tiéu hao chung ctia cac hé thong
trén robot. Ngoai ra, cic tac gid trong [34] da thiét ké mot nguon pin DC méi danh
rieng cho robot cong nghiép gitip giam nang lugng tiéu hao cho robot. Thém vao do,
nhiéu cong b6 da de xuat gidi phap quan 1y mic nang lugng tieu thu, hé théng truyén
dién nang khong day va giai phap chuyén ddi nguon pin v6i muc dich gidm miic ticu
hao dién nang va tang thoi gian lam viéc cho robot nhu & [35]. Cac téac gia 6 [36] da gidi
thieu hai k§ thuat chuyén déi nang luong 1a quan 1 ngudn nang luong dong va bang
ké hoach thoi gian thuc dé tiét kiem dien ning. Két qua thuc nghiem duge thuc hien
trén robot Pioneer 3DX, va cho thay cac ki thuat dé xuat hita hen sé lam gidm miic
nang lugng tiéu thu va kéo dai thaoi gian lam viéc cho robot. Khac v6i cac nghién citu
ké tren, mot sb tac gia khac lai quan tam dén viéc tiét kiem dién nang bang cach tdi uu
ké hoach chuyén dong cho robot nhu dé xuat trong [37]. Két qui mo phong & [37] chi
ra rang viec t6i uu ké hoach chuyén dong c6 thé tiét kiem dien nang dén 10%. Viec lap
qui dao chuyén dong sit dung hi¢u qua dieén nang cho robot duge dé xuat trong [38],
c6 theé tiét kiem len dén 42% dién nang tieu thu.

Mot quy dao tot c6 thé gitp gidam dang ké nang lugng can tiéu thu ctia robot.

Tuy nhién, bai toan t6i uu quj dao nham téi thiéu ning lugng tieu thu cho robot la
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mot thach thitc bdi day 1a mot bai toan t6i wu khong 16i. Do vay, cac tac gia cta [39)]
da két hop do dai quang duong di chuyén ngén nhat vao trong ham muc tieu dé t6i
thidu nang luong tieu thy st dung thuat toan Newton. Mot cach tiép can khac 1a dua
trén thuat todan A* nhu [40,41]. Cac tac gia clia [40] dé xuat mot thuat toan A* tang
hiéu suat st dung dién nang (EA*) cho viec t6i wu duong di cho robot. Trong cong
b6 nay, mic dit cac tac gid chi quan tam dén dién nang tiéu thu tai cac diém dimg va
ré clia robot, cac két qua mo phoéng cho thay that toan EA* that sy hiéu qua trong
vige tiét kiem nang lugng. Cac tac gid & [41] cling da thiét ké duong di cho robot bang
cach st dung thuat toan A* véi tieu chi t6i thiéu nang luong duge tich hop trong ham
chi phi. Tuy nhién, cac nghién cttu nay mdéi ding lai § viéc gidi quyét bai toan trong
moi truong chi c6 vat can tinh. Ngoai ra, cling c6 nhiéu cong bd dé xuat thuat toan
t61 wu quy dao cho robot ¢6 quan tam dén moi trudng c6 vat can dong nhu [42]. Mac
di vay, cac cong bd nay lai chua quan tam dén nang lugng tiéu thu cho robot. Thuat
toan GA ciing dugce st dung dé thuyc hién téi wu duong di v gidm ning lugng ticu
thu cho robot [43]. Cong bd [44] da phat trién thuat todn van toc t6i wu dé tiét kiem
nang lugng cho robot hai banh. Trong cong bé nay, cac tac gid quan tam dén mo hinh
nang luong két hop gitta mo hinh dong hoc ctia robot va dong co. Viéc t6i uu téc do
di chuyén cho robot ciing duge stt dung cho viéc quan 1y nang lugng & [45].

Trong cac kich ban moi trudng lam viéc khong biét trude hosic chi biét trude mot
phan, thuat todn dya trén DRL dugc dé xuat st dung dé diéu huéng cho robot. Cac
tac gid trong [46] dé xuat phuong phéap st dung Q-learning két hop véi APF (artificial
potential field) lap quy dao cho robot di dong dam bao di chuyén tit vi trf ban dau
dén vi tri dich va tranh vat can. Két qua mo phong cho thay thuat toan hoc QAPF
da cai thien dugce 18,83% veé do dai duong di, 169, 75% ve do mugt ciia duong di va
74,84% vé thoi gian huén luyén so véi phuong phép c¢d dién. Cuing mot mo hinh hé
thong va bai toan t6i wu nhu [46], tuy nhién, cac tac gid trong [47] dé xuat mot phuong
phap hoc tang cudng dya tréen PPO (Proximal Policy Optimization) dé giai quyét bai
toan toi uu clia robot trong moi trudng chua biét trude. Cu the, robot di dong khong
c6 thong tin vé ban do ctia moi truong, chi c6 thong tin vé mai truong xung quanh
duge thu duge béi 2D-Lidar. Cac moi truong huan luyen duge thiét 1ap trong MuJoCo.
Bing cach két hop bo diéu khién véi thuat toan lap qui dao chuyén dong cho robot,
két qua mo phoéng da cho thay hiéu qua ctia phuong phap dé xuat. Ciing xem xét van

dé 1ap quy dao, cac tac gia trong [48] dé xuat mot phuong phap dya trén DRL két hop
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Double DQN véi kién tric dueling cho robot di dong trong mot moi truong khong biét.
Moi truong mo phéng duge xay dung trong Gazebo dua trén ROS (Robot Operating
System). Trong kich ban mo6 phéng, robot di dong duge trang bi mot Lidar va mot
camera 3D dé thu thap dit lieu tit moi truong. Két qua mo phéng da ching minh hieu

qua ctia thuat toan dé xuat trong tinh huéng vat can tinh.

Tich hop truyén théng khong day cho robot di dong

Viéc tich hop truyén thong khong day cho robot di dong da duge nhiéu nha
khoa hoc quan tam trong thoi gian gan day. Nam 2023, cac tac gia [49] da khao sat
trén 300 cong trinh nghién citu vé hé thong mang robot roi chi ra cac y tudng, cong
nghé, nhitng thach thic, ing dung vd huéng phat trién trong tuong lai. Trong dé, cac
tac gid da noi ring sy phat trién ciia IoT da mé duong cho mot huéng di méi ctia hé
thong robot mang tén IoRT (Internet of Robotic Things). Mdi day, trong nam 2024
nay, cac tac gia clia [50] ciing da nghién cttu vé viée lap qui dao chuyén dong cho robot
trong moi truong cong nghiep st dung mang 5G/B5G phuc vu truyén thong.

Trong [51], cdc tac gida nghién cttu van dé t6i uu nang lugng tieu thu va tdc
do truyén thong ctia robot di dong dua trén hai mo hinh: mot 1a mo hinh truyén
thong position-critical (position-critical communication model) va hai 13 mo hinh t6c
do truyén hing s6 (constant bit-rate model). Ve diéu kién truyén thong, cac téc giad
gia st ving phu song cia BS la vung dién tich hinh tron véi ban kinh R tam 1a BS.
Két hop véi viec dé xuat thuat toin xap xi duya trén Dijkstra, két qua mo phéng cho
thay mo hinh 1 da tiét kiem dugc gan 50% mic nang luong tiéu thuy, mo hinh 2 tiét
kiem 22.18%. Ngoai ra, ¢ cong trinh [52], cac tac gid quan tam dén mo hinh robot
lam nhiém vu di chuyén qua mot s6 diém truyen dit lieu trong mot moi trudng truyen
thong khong day. T d6, cac tac gia xay dung mot bai toan t6i wu quy dao di chuyén
clia robot dé t6i thiéu mic nang luong tiéu thu ciia robot bao gom ca niang luong di
chuyén va nang luong danh cho viéc truyén thong trong mot khoang thsi gian cho
trude. Bai toan dat ra la mot bai toan tuyén tinh c6 bién 1a sé6 nguyén MILP (Mixed
Integer Linear Program). Cac tac gid da tim quy dao t6i wu bang cach st dung xac
suat dé xit Iy van dé rang budc lien quan dén truyén thong. Két qua mo phéng da xac
nhan tinh ding din cia tinh toan 1y thuyét. Tuy nhién, caic mo hinh trén van chua
tinh dén moi truong lam viéc c6 vat can.

Trong moi truong c6 vat can, mot van de 1a thach thic v6i hé thong truyen
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Chum tia NLoS

Vung phu séng
c6 IRS hé trg

Hinh 1.5: IRS gitip thay ddi vimng phti séng tuong tng véi sy thay doi layout ctia nha
may. [4]

thong d6 1a van dé "ving chét" tin hieu. Mot k¥ thuat gan day dugc dé xuat sit dung
dé giai quyét van dé nay, do 1a bé mit phan xa thong minh IRS (Intelligent Reflecting
Surface). Céc tac gia ctia [4] da viét vé tién trinh huéng dén nén cong nghiép 5.0 va vai
tro ciia IRS trong cac nha may. Theo céac tac gid, nén cong nghiép 5.0 duge hinh dung
bang sy hop tac chat ché gitta con ngudi vd may moc doi héi viec truyén thong sieu
dang tin cay va thoi gian tré cyc thip URLLC. Khi d6, IRS c6 tiém nang déng vai tro
quan trong trong viec trién khai URLLC khong day trong nha may. Ciing theo céc tac
gid, IRS duge dit doan sé 1a mot yéu t6 chinh trong viéc kich hoat mang truyén thong
khong day 6G vi né cé thé cai thien dang ké hicu suat clia cac mang khong day bing
cach tao ra mot mai trudng khong day cé thé kiém soat dudgc. O hinh 4 trong bai viét
(hinh 1.5 trong luan &n nay), cac tac gid da thé hien mot lgi ich vo ciing quan trong
ciia IRS, IRS gitip tu dong thay ddi viing phii séng thich nghi v6i vi trf méi khi nha
may sap xép lai vi trf phuc vu cac nhu cau san xuat khac nhau.

Bén canh d6, ciing da c6 nhiéu tac gid quan tam dén moi truong truyen thong
khong day stt dung IRS cho robot. Cu thé, cac tac gia trong [5] xem xét mot hé thong
truyen thong duge hd trg bdi IRS cho mot kich ban nha may tu dong héa, trong do
bo diéu khién trung tam nhu BS hoic AP truyén thong tin dén mot thiét bi tit xa nhu
robot. Do mat do cac vat can day dac gitta bén phéat va bén thu, cong suat tin hieu
truyen tryc tiép yéu. Dé cai thién chat lugng truyen thong, mot IRS dugce trién khai
gitta bo phat va bo thu, va mot kénh truyén phan xa (tin hig¢u truyén tit AP dén IRS
roi phan xa trd veé thiét bi nhan) da ho trg truyen thong lic nay nhu trén hinh 1.6.
Mb6 phéng dugde thite hién véi bay truong hop va cho thay hiéu suat tang khi s6 luong

phan t1t clia IRS tang trong tat ci cac truong hop. Tuy nhién, trong bai bao nay, cac
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tac gid khong xem xét tinh di dong ctia cac thiét bi tit xa nhu robot di dong.

Trong [53], cac tac gid quan tam dén mot robot di dong lam viec trong nha may
cong nghiép véi mot s6 chuéng ngai vat tinh. O day, cac téc gid quan tam kenh truyén
tit robot di dong dén AP duge hd trg béi IRS. Sau d6, cac tac gid xay dung bai toan
t61 wu v6i muc tieu t6i thiéu nang luong di chuyén cho robot di dong véi rang buoc vé
tong thoi gian di chuyén ctia robot va ngudng téc do truyen thong t6i thidu bing cach
t61 wu dong thai quy dao va bo tao chiim tia (beamformer). Stt dung ban do vo tuyén
va thong tin moi trudng c6 san, cac tac gid dé xuat mot phuong phap téi vu lien tuc
dé giai quyét van dé. Két qua mo phéng cho thay IRS c6 thé cai thien kha niang pht
séng va higu qua nang lugng di chuyén ciia robot. Khac véi [53], tac gia trong [54] xem
xét luong tieu thu nang luong truyen ciia AP bang céch t6i wu hoa dong thai sé luong,
vi tri v do dich pha (phase shift) ctia cac IRS va bo tao chum tia cia AP. Bai toan
t6i wu 13 bai toan khong 16i va gip kho khan khi gidi. Cac tac gid da chia bai toan goc
thanh hai bai todn con dé giai luan phien. Dic¢u nay lam ting hiéu qua tinh toan va
két qui mo phong thé hien duge hiu qui ctia thuat toan. Tuy nhién, & day, cac tac
gia chua quan tam dén viéc 1ap quy dao cho robot di dong.

Ngoai ra, cic tac gid trong [6] dé xuat mot he thong diéu huéng cho robot trong
nha c6 IRS hd trg. He thong bao gom mot AP, mot IRS va mot robot di dong lam viéc
trong moi truong nha may véi nhiéu chuéng ngai vat tinh nhu trén hinh 1 trong bai
bao (hinh 1.7 trong luan an nay). Cac tac gia dit ra bai toan t6i wu véi muc tiéu t6i

thiéu thoi gian di chuyén ciia robot bing cach tbi uwu qui dao clia robot va ma tran hé
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Hinh 1.7: He théng diéu huéng cho robot trong nha may c6 IRS ho trg. [6]

s6 phan xa clia cAc phan tit clia IRS, véi rang budc vé toéc do truyen thong tbi thiéu
va van toc toi da ctia robot. Bang cich xay dung ban do vo tuyén (radio), viec 1ap quy
dao cho robot sau d6 dugc gidi quyét bang thuat toan Dijkstra. Két qua mo phong cho
thay ring viing phi séng ciia AP duge mé rong dang ké thong qua viéc trién khai IRS
va he théng c6 thé tim thay qui dao t6i uu cho robot di dong. Tuy nhién, & day yeu
cau c6 san ban do moi trudng lam viec dé xay dung ban dd vo tuyén. Day la nghien
cttu dau tién dé xuat st dung IRS hd trg hé thong truyen thong khong day phuc vu
cho robot di dong & nha may.

Gan day, mot khai niém mdi vé tam phan xa thong minh ra doi, dudc goi la
bé mit vita truyén vita phén xa thong minh STAR-IRS (Simultaneously Transmitting
and Reflecting IRS). Nhiéu nghién cttu da chi ra hiéu ctia cia STAR-IRS trong viéc
nang cao chat lugng truyen thong. Céc tac gia [55] da de xuat sit dung STAR-IRS gitp
nang cao chat lugng truyén thong cho hé thong A2G (Air-to-Ground) gom mot UAV
va cdc GUs (gound users). Tuy nhién, nghién cttu ndy dang quan tam dén he UAV,

chua quan tam dén he thong robot di dong trong nha may.

1.4 Dinh huéng nghién citu cta luan an

Tit cac phan tich ¢ phan 1.3 ¢6 thé nhan thay ring, bai toan lap quy dao chuyén
dong cho robot da dugc cong dong nghién citu va doanh nghiép quan tam. Do sy xuat
hién ctia ngay cang nhiéu cac thiét bi khong day cting véi nhu cau quan 1y va van hanh
nha may, robot di dong duge ky vong ring sé hoat dong linh hoat trong mai truong

truyen thong tai nha may. Tuy nhién, moi truong nha may ngay cang phiic tap do ton
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tai nhicu viing chét tin hieéu va chua dap tng duge yéu cau vé do tin cay va do tré
truyen thong. Dé dam béo robot di dong vita hoan thanh nhiém vu vita truyén thong
tin cay vdi he thong, viec gidi bai toan téi wu quy dao cho robot di dong trong moi
truong truyen thong khong day tai nha may la can thiét. Day 1a bai toan bao gom ba
van dé: van dé lap quy dao cho robot, van dé truyén thong cho robot va van dé toi uu.

Bai toan t6i uu co ban c6 dang:

Q= arg min fo(Q)
Q (1.3)

thoa man: filx) <0, i=1,2,....,m

trong d6 fo(Q) 1a ham muc tieu, Q 1a quy dao clia robot 1a bién t6i wu, va f;(x) <0, i =
1,2,...,m la cac rang buoc. Muc tieu ciia bai toan c6 thé 1a tbi thieu quang duong di
chuyén, t6i thiéu muc nang luong tiéu thu, toi thidu thoi gian di chuyén. .. Tuong tng
v6i cac muc tieu khac nhau thi cac bién toi wu ciing ¢6 thé thay doi, ngoai toi wu quy
dao ctia robot c6 thé can toi uu cong suat phat ctia BS/AP dé théa man dugc cac rang
buoc. Cac rang budc ¢ day c6 thé la rang budc vé vi tri ban dau, vi tri dich ctia robot,
rang buoc tranh vat can hay rang buoc vé téc do truyén thong tdi thiéu ciia robot.

Dura trén cac van deé tit bai toan t6i wu hé théng phuc vu hoat dong ctia robot
di dong, trong luan 4n nay, NCS sé& nghién cttu 03 van dé. Thi nhat 14 nghién cttu mo
hinh stt dung IRS va thuat toan nang cao chat lugng truyén thong khong day trong
nha may phuc vu hoat dong ciia robot di dong. Khi van dé vé chat luong truyén thong
khong day da dugc giai quyét, gia sit tai moi diém trong qué trinh di chuyén ctia robot
déu théa man rang buoc tdc do truyen thong, lic nay moi truong truyen thong duge
goi 1a Iy tudng. Theo d6, van dé thi hai 1a nghién ctu dé xuat mo hinh va cac thuat
toan l1ap quy dao cho robot di dong trong mai trudng truyén thong 1y tudng. Tuy nhién,
trong thuc té, rat kho dé dat duge moi trudng truyen thong 1y tudng. Do do, van dé
thit ba 13 nghién citu hé théng diéu huéng cho robot trong moi trudng truyen thong cé
STAR-IRS ho trg. Noi dung ctlia ba van dé nay sé 1an lugt trinh bay & cac chuong tiép
theo.

1.5 Két luan chuong 1

Chuong 1 da trinh bay cac van dé ciia viéc lap quy dao cho robot di dong trong

moi truong truyen thong khong day tai nha may. Qua nghién ctu cac cong trinh lien
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quan trong va ngoai nudéc, NCS da dua ra huéng nghién citu va ciac ndoi dung nay sé
dugce trinh bay & céc chuong tiép theo clia luan an. Cu thé, chuong 2 nghién citu mo
hinh st dung IRS va thuat toan nang cao chat lugng truyén thong khong day trong
nha may phuc vu hoat dong ciia robot di dong. Theo d6, gia st van dé vé chat luong
truyen thong khong day da duge giai quyét, tic 1a moi diém trong qua trinh di chuyén
clia robot déu thda man rang budc téc do truyeén thong, lic nay moi truong truyen
thong dudgc goi 1a 1y tudng. Tiép theo, chuong 3 nghién citu dé xuat thuat toan lap quy
dao cho robot di dong trong moi truong truyen thong 1y tudng. Tuy nhién, trong thic
té, rat kho dé dat duge moi truong truyen thong 1y tudng. Do d6, chuong 4 nghién ctiu
mo hinh hé théng va thuat toan diéu hudéng cho robot trong mai truong truyen thong
c¢6 STAR-IRS ho trg.

Cac dong gop ctia chuong 1 duge cong bd 6 cong trinh CT4 va CT5. Day la
nhitng nghién citu ban dau ciia NCS lién quan dén diéu huéng cho robot. Cong trinh
CT4 nghién cttu co ban vé dinh vi va diéu huéng cho robot trong moi truong ROS
(Robot Operating System). Cong trinh CT5 nghién citu ban dau vé van dé diéu huéng
cho robot trong ROS dya trén nén hoc sau tang cuong DRL (Deep Reinforcement
Learning).

[CT4] N. T. T. Van, N. Manh Tien, N. M. Cuong, H. T. K. Duyen, B. T.
T. Ha, and B. V. Tuan, “Building SLAM system and Intelligent Navigation for Au-
tonomous Mobile Robot base on ROS,” in Proceedings of the sixth Vietnam inter-
national conference and Exhibition on Control and Automation, VCCA-2021; ISBN
978-604-95-0875-2.

[CT5] N. T. T. Van, N. M. Tien, N. M. Cuong, H. T. K. Duyen, and N. D.
Duy, "Constructing an Intelligent Navigation System for Autonomous Mobile Robot
Based on Deep Reinforcement Learning". Cham: Springer International Publishing,

2021, pp. 251-261. [Online]. Available: https://doi.org/10.1007/978-3-030-76620-7 _22.



26

Chuong 2. NANG CAO CHAT LUGNG TRUYEN THONG TRONG
NHA MAY PHUC VU HOAT DONG CUA ROBOT DI bONG

Nhu da trinh bay & chuong 1, viéc t6i uu hoat dong ctia robot di dong trong moi
trudng truyén thong khong day tai nha may 1a can thiét. O chuong nay, cc van dé vé
truyen thong khong day va cac ky thuat nang cao chat lugng truyen thong khong day
sé duge trinh bay. Cu thé, phan 2.1 trinh bay thic trang ciia cdc moé hinh truyén thong
khong day tit d6 dat van dé vé giai phap t6i uu hiéu suat truyen thong khong day dic
biét 1a trong cdc nha mAay. Mo hinh hé thong truyén thong c6 IRS hd trg duge dé xuat
va bai toan téi wu duge trinh bay & phan 2.2. Phan 2.3, luan an trinh bay thuat toan
dé giai bai toan t6i wu dat ra ¢ phan 2.2. Phan 2.4, luan an dua ra mot kich ban phan
b6 thai gian trong hé théng mang c6 IRS hé trg va trinh bay thuat todn dé gidi bai
toan t6i uu cho hé théng mang d6. Phan két qua mo phong dude trinh bay va thio

luan & phan 2.5, va cudi cling 1a két luan chuong.

2.1 Van dé t6i vu hiéu suat truyén théng khong day tai cac nha may

Nhu da trinh bay & chuong 1, viéc toi wu hiéu suat truyén thong khong day
trong nha may 1a mot van dé cap thiét v6i muc tieu 1a ddm bao yéu cau vé toc do
thong tin va chat lugng dich vu QoS (Quality of Service) ctia thiét bi [56]. Trong moi
truong nha may, ngoai robot di dong con c¢6 nhiéu thiét bi tham gia két ndi mang nhu
cac may tinh xach tay, may tinh bang, dién thoai di dong, cac thiét bi IoT khong day
nhu cadm bién, cac thiét bi truyen bluetooh, va nhiéu thiét bi truyén thong khac. Mot
van dé dat ra la lam sao dé nhiéu thiét bi cling stt dung chung tai nguyén ctia mot hé
thong mang ma van dam bio dudc cac yéu cau cho hoat dong ciia ting thiét bi. Day
12 thach thic thi nhat déi véi hé thong truyén thong khong day trong nha may. Hon
thé nita, trong moi truong nha may, c6 nhiéu thiét bi, may moéc va nhiéu bic tuong
chén. .. Diéu nay tao ra nhiéu viing trong khong gian nha may khong nhan duge tin
hiéu truyén thong khong day, ving nay goi 1a ving chét (dead zone). Day la thach
thite thit hai khi stt dung truyen thong khong day trong nha may.

Dé khic phuc van dé tht nhat can thuc hién céc bién phéap t6i wu hiéu suét
ctia hé thong mang truyén thong khong day trong nha may. Hién nay, viéc t6i wu hiéu

suat clia cac mang khong day tap trung vao phia thiét bi hoac bo diéu khién mang nhu
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tram goc BSs (Base Station), diém truy cap AP (Access Point) v nha mang (network
operator). D&i véi cdc nha mang, dé dap ting yéu cau thong lugng ngay cang tang,
c6 thé trién khai nhiéu cell nhé tiét kiem ning luong trong mot hé théng mang hoic
stt dung nhidu ang-ten tai BS dé tang cudng hieu qua vé tan s6 [57]. Bo tao chiim tia
(b6 tao chiim tia) ctia BS hodc phan bo cong suat ¢ thé duge téi wu dé tuong thich
véi su thay déi ciia kenh. O phia céc thiét bi st dung mang, nhidu loai thiét bi c6 thé
tham gia vio ciing mot hé théng mang. Tuy nhién, viéc t6i wu chi ¢6 thé tréd nén kha
thi khi viec trao doi thong tin va phdi hop gitta cac thiét bi stt dung mang va bo diéu
khién mang duge dam bao. Theo dé, nhiéu cong trinh nghién citu da dé xuét cach toi
wu hé thong lien két dé cai thién hieu suat EE/SE ctia cac mang khong day bing cach
két hop cac ky thuat khac nhau nhu & [58]. Cac phuong phap nay c6 thé bao gom t6i
wu cong suat truyen, hop tac chuyén mach (cooperative relaying), bo tao chiim tia va
phan bd tai nguyen,. . .

Tuy nhién, cac van dé t6i uu hée théng mang chi c6 thé kha thi khi tin hiéu truyén
trong nha may luon duge ddm bao, titc 1a can phai khic phuc duge thach thitc thit hai
ké tren. Gan day, mot khai niem méi vé bé mit phan xa thong minh IRS (Intelligent
Reflecting Surface) hay bé miat cau hinh lai (Reconfigurable Intelligent Surface) da
duge gidi thigu trong cac nghién citu vé truyén thong khong day [59] nhu 13 mot gii
phap khiac phuc van dé vé viing chét tin hieu. IRS 13 mot bé miat hai chiéu (2D) do
con ngudi tao ra tir vat lieu dien tit EM (electromagnetic material), goi 1a siéu bé mit
(metasurface), duge tao thanh tit mot mang 16n cac phan tit phan xa thu dong véi cau
tric vat 1y duge thiét ké dac biet.

Nhu duge mo ta trén hinh 2.1, mot IRS 1a mot bé mat nhan tao moéng bao gom
mot s6 lugng 16n cac phan tit phan xa thu dong va chi phi thap (vi du nhu cac di 6t
PIN), mdi phan tit c6 thé phan xa va tac dong dén sy lan truyén ctia séng dién tit
truyen t6i [60]. Két qua 1a, IRSs c6 thé tao ra mot moi trusng mang khong day co the
lap trinh dugc. D6i v6i moi trudng nha may, noi c¢6 nhiéu ving chét tin hieu, tic 1a
duong truyen tin hiéu tryc tiép tir thiét bi truyén dén thiét bi nhan bi chin, IRS c6
thé dugc trién khai dé cung cap mot duong truyén phan xa dé cai thien cuong do tin
hiéu nhan duge. Hinh 2.2 mo ta4 mot he thong mang khong day duge ho trg béi IRS véi
nhiéu tng dung khéc nhau. Véi viing chét ctia dich vu mang thong thuong, khi trién
khai IRS s& tao ra kenh phan xa hay con goi la kénh truyen tryc tiép LoS (line-of-sight)

4o gitta cac thiét bi va BS hay AP thong qua IRS mic du c6 chudng ngai vat & gitta.
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Hinh 2.1: Céu trac IRS [7,8].

Mot IRS c6 thé phan xa cac tin hiéu truyen t6i né bing cach diéu chinh thong s6 vé do
dich pha dé tao ra mot mai trudng truyen thong co thé diéu khién duge. Tin hieu duge
phéan xa bdi IRS ¢6 thé duge cong véi cac tin hieu LoS tai cac bo thu dé tang cong suat
tin hiéu nhan duge, hodc c6 thé duge cong lai dé lam gidm nhidu cting kénh [61]. Ngoai
ra IRS con diic biét hitu ich trong viec md rong pham vi phti séng ctia hé thong mang
Terahertz hay mang mmWave. Hon nita, viéc trién khai IRS & viing bién ctia mot cell
khong chi gitip ci thién cong suat tin hiéu truyén ¢ viing bién ma con ho trg triét tieu
nhiéu do tin hiéu & cell bén canh truyén sang.

Nhing lgi ich ma IRS mang lai ¢6 thé ké ra nhu sau:
e Trién khai dé& dang va hoat dong véi do 6n dinh cao.
e Cau hinh lai linh hoat thong qua bo tao chiim tia thu dong.

e Nang cao hieu suat EE/SE.
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Hinh 2.2: M6 ta cac tng dung ctia IRS vé6i hé théng mang khong day trong tuong
lai [8].

e M4 ra nhitng huéng nghién citu mdéi day hita hen.

Do nhitng nguyén nhan ké trén, IRS da va dang nhan dugc sy quan tam 16n
tlt cd cac nha nghién citu va doanh nghiép. Tuy nhién, mot van dé cta hé thong su
dung IRS la viéc t6i wu cac chiim tia phat va hé s6 phan xa cho IRS dé mang lai toc
do truyén cao do vé mat toan hoc, cdc tham s6 nay déu la cic sd phitc. T6i wu mot
hé thong c6 IRS ho trg 1a mot thach thic vi hai Iy do sau: (i) ca téc do va cong suat
truyen déu la cac ham phiic tap v6i cac bién bo tao chim tia va hé sé6 phan xa IRS;
(i) He s6 phan xa IRS ¢6 rang buoc do 16n don vi UMC (unit-modulus-contraint) 1a
khong 16i. Giai phap t6i wu luan phién gifta bién bo tao chiim tia va bién hé sé phan xa
IRS thuong dugce stt dung. Mdi vong toi wu sé luan phién giai hai bai toan con, mot 1
t61 uu chiim tia v6i he s6 phan xa giit khong déi, hai 1a t6i wu hé s6 phan xa véi chiim
tia git ¢6 dinh. Tuy nhién, cac bai toan con nay déu la cac bai todn khong 16i va do
d6 van con thach thitc 16n vé mit tinh toan. Céac tac gia 6 [62] xay dung bai toan t6i
uu véi rang buoc hé sé6 phan xa nhu mot ma tran hang 1, rang budc ma tran hang 1
nay sau d6 dugc gidi phong (relax) dé chuyén vé mot rang buoc 16i. Ngoai ra, cac tac
gia [63] ciing dua ra cac gidi phap t6i uu xen ké va gidi phéng rang budc he s6 phan
xa IRS dé dat hieu qua tinh toan. Tuy nhién, hiéu qua tinh toan van khong dat dugc
khi ma céc bai toan van 1a bai toan khong 16i. Vé mat 1y thuyét, két qua tim ra tham
chi c6 thé khong phai 1a mot diém t6i wu cuc bo vi né chi la diém t6i wu trong mot
ving c¢6 dinh. Cac tac gid ¢ [64] da xay dung van dé v6i ham phat mot cach chinh xac
dira trén viec két hop tinh toan rang buoc UMC vao ham muc tiéu roi xap xi né thanh

mot bai toan 16i. T do, cac tac gid dua ra mot thuat todn véi do phitc tap tinh toan
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thap véi két qua hoi tu tai mot diém t6i uu cuc bo.

D4 c6 mot s6 cong trinh da dé xuat sit dung IRS dé cai thién thong lugng thong
tin trong cac mang khong day. Mot nghién citu khao sat toan dién vé cac cong trinh
nay dugdc trinh bay trong [65]. Gan day, c6 mot s6 cong trinh lién quan dén vigc st
dung IRS trong truyén thong D2D [61,66]. Cu thé, cac tac gia trong [66] da xay dung
bai toan t6i da hoéa tong tdc do truyén thong tin ctia mot cip truyén nhan D2D va
mot thiét bi truyén thong tin trong hé théng mang hd trg béi IRS bang cach tdi wu
cong suat phat tai bo phat D2D va do dich pha (phase shift) ctia IRS. Dé cai thién
cA thong luong truyen thong tin va ning luong thu cho cac thiét bi, cdc nghién ctu
gan day nhu [67,68] dé xudt trién khai IRS trong cdc mang tich hgp truyén thong
tin va nang lugng. Dic bigt, cic tac gid trong [67] dé xuat sit dung IRS cho hé thong
dong thoi truyén thong tin va nang lugng SWIPT (simultaneous wireless information
and power transfer). Hé thong SWIPT cho phép mdi bo thu chia tin hiéu nhan dudgc
thanh hai thanh phan, mot phan danh cho thu nang lugng EH (energy harvesting) va
mot phan danh cho gidi ma thong tin ID (information decoding) béng cach st dung
giao thic chia ty lé cong suat. Dbi véi phuong thic nay, hé thong dude goi 1a SWIPT
dua trén PS (power-splitting). Ngoai ra, c6 mot phuong thic khac dé 1a dya trén viée
phan chia thoi gian TS (time-splitting). Trong thuc té, viec t6i uu cac muc tieu doéi lap
clia truyen thong tin va ning lugng dong thoi 1 khé khan. Do dé, cac thiét bi c6 thé
dugc chia thanh thiét bi truyén thong tin I[Us (Information-demanded users) va thiét
bi thu nang lugng EUs (Energy-demanded users), va sau d6 cac tac gid ciia [68] t61 uu
dong thai bo tao chtim tia cho IUs, bo tao chiim tia cho EUs, va do dich pha cho IRS.
Trong [69], cic tac gida dong thai tdi wu bo tao chum tia cho IUs va do dich pha cho
IRS dé t6i da hoa tong toc do truyen ctia IUs dong thoi dap tng yéu cau thu ning
lugng ctia EUs. Trong khi do, cac tac gia trong [70] dé xuat t6i vu bo tao chuum tia cho
IUs va EUs ciing nhu cac do dich pha cho IRS dé t6i da hoa tong cong suat nhan duge
tai EUs, duéi diéu kién rang buoc SINR (Signal to Interference and Noise Ratio) clia
IUs. Céc két qua md phéng trong [70] cho thiy tdng cong suat thu duge béi EUs cai
thien dang ké so v6i truong hgp khong c6 IRS. Tuy nhién, [68] va [70] khong xem xét
tinh cong bang gitta cac thiét bi trong qua trinh t6i wu. Trong [64], cac tac gia xem
xét mot mang v6i mot BS phuc vu nhiéu thiét bi c6 sy hd trg ciia IRS. Trong mang
nay, cac tac gid xem xét bai toan téi wu nham tdi da héa tdc do yéu nhat ciia thiét bi

bang cach t6i uu cac he s6 phén xa ctia IRS va bo tao chuum tia. Trong [71], cac tac gid
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xem xét cac mang tich hgp truyén thong tin va nang luong, mdi mang bao gom EUs
va IUs. Cac EUs thu nang lugng va cac IUs nhan va giadi ma thong tin dugc truyén béi
BS. Cac tac gid xem xét mot bai toan toi wu nham t6i da hoéa téc do truyen tai IU co
toc do truyen yéu nhat bang cach téi wu dong thdi bo tao chum tia ctia IUs va EUs,

va phan bd thoi gian danh cho truyén thong tin va thu nang luong.

2.2 Mo hinh hé théng

Nhu da deé cap 6 Chuong 1, truyén thong va niang luong 13 hai van dé ctia robot
di dong can dugc quan tam. Su phat trién ciia cac hé théng mang thé hé méi nhu cac
he thong IoT da lam gia tang cac thach thitc vé nhu cau ning lugng va bang tan [72].
Dé gidi quyét van dé lien quan dén ning luong, cdc hé théng mang tich hop truyén
thong tin va nang lugng gan day da dugc dé xuat, trong d6, mot tram goc BS/diém
truy cap AP truyén thong tin cho cic robot di dong IUs va truyén ning lugng cho cac
cam bién khong day EUs. Dé giai quyét van dé lien quan dén bang tan va gidm nang
lugng tieu thu cho hé thong, truyén thong D2D (Device-to-Device) la mot giai phap
hitu hieu cho phép cac thiét bi truyén D2D chia sé bang tan v6i mang di dong chinh
(cellular) [73]. Do d6, luan 4n dé xuét sit dung mo hinh mang tich hgp truyén thong tin
va nang lugng két hgp véi truyen thong D2D, goi 1a he thong DED2D (the integrated
data and energy network and D2D communication coexistence) dé giai quyét cac thach
thiic cho nhu cau vé truyén thong tin, thu ning lugng va bang tan ngay cang ting trong
hé théng IoT trong nha may.

Tuy nhién, hé thong DED2D lai dat ra mot s6 thach thitc. Van dé dau tién phat
sinh tit sit hién dién dong thoi ctia truyen thong D2D va mang tich hop truyén thong
tin va nang lugng. Cac bo phat D2D chia sé ciing dai tan s6 véi mang chinh, va do dé
truyen thong D2D sé gay ra nhiéu dén cac IUs va lam gidm dang ké thong luong thong
tin truyen ctia cac IUs [73]. Van dé thit hai 1a cdc mat mat kenh truyén khong day,
vi du nhu mat mat duong truyén va béng mo da duong (fading) cling lam gidm dang
ké thong lugng truyén thong tin ciia cac IUs. Van dé thit ba, cdc EUs thuong yéu cau
mot lugng nang luong thu dang ké, va niang luong thu giam dang ké bdi khoang cach
tit BS/AP dén EUs. Dé tang thong lugng thong tin, mot sé cong nghé, vi du nhu hé
16n v6i nhiéu dau vao nhiéu dau ra MIMO (massive multiple-input multiple-output),
da duge dé xuat gan day. Tuy nhién, hé nay yéu cau luong nang luong tieu thu cao va

chi phi phan ciing 16n [64]. Van dé cudi cuing 1a van dé chung ctia tat ci cac hé thong
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mang chit khong ctia rieng hé thong DED2D, d6 1a van dé lién quan dén ving chét tin
hiéu. Trong mai truong nha may luon ton tai cac chuéng ngai vat nhu cdc may moc,
thiét bi, hang hoa. . .gitta thiét bi truyén va thiét bi nhan tin hieu. Khi d6, cac kénh
truyen tryc tiép LoS bi chan tao ra céc ving chét tin hiéu ma tai d6 cac thiét bi thu
khong thé nhan duge tin hieu. Do d6, IRS 1a mot giai phap hia hen dé gidi quyét cac
van dé da dé cap, tic 1a van dé nhiéu cting kénh, mat mat kénh truyén va cac chudng
ngai vat ctia hé théng DED2D.

Trong luan an nay, NCS quan tam dén mang DED2D c6 IRS ho tr¢ trong nha
méy nhu hinh 2.3. BS/AP dugc trang bi M ang ten phuc vu mot nhom Z/{Ié{(di),z’ =
1,...,Ur} robot di dong nhan thong tin IUs va mot nhom L{Eé{(ej),j =1,...,Ug}
cam bién khong day thu ning lugng EUs. C4 IUs va EUs déu duge trang bi mot ang
ten va hoat dong ¢ ché do half-duplex. C6 mot nhom K = {1,..., K} cip thiét bi D2D
(dien thoai, may tinh, ...) chia sé cing bang tan v6i mang chinh. IRS dugc trang bi
v6i mot bo N = {1,..., N} phan tit phan xa.

Diat © € CM*Y Ia ma tran dudng chéo hé s6 phan xa. Ta cé © = diag[fy, 0y, . .., Ox],

trong dé 6, 1a hé s6 phan xa ctia phan ti n cta IRS, thda man diéu kién rang buoc

> Kénh truyén

— — — — Nhiéu

Y, <> - -

D) F
Cam bién thu hoach nér),g*'
. luong EUs (Energy<"
"+ demanded. Usefs)

."Robot di dong truyén thong
"+, "-tin IUs (Information-~
"+ demanded Users)

Hinh 2.3: Mang DED2D c¢6 IRS ho tro.
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sau:

10, = 1,¥n € N, (2.1)

Diat G € CV*M 1a kenh truyén tit BS/AP dén IRS, hg,,) € CV la kenh tir
bo phat ctia cip D2D thit k dén IRS. Ngoai ra, dit hpg,) € CcM hp. € CM va
gk € CM 1an luot 1a cac kénh truc tiép tu BS dén IU d; € U;, EU ej € Ug, va kénh
tit BS dén bo thu cta cgp D2D thi k € K. Theém nita, dat h,. 4 € CV, h..) € CcN,
va h ) € CN lan lugt la cac kenh tit IRS dén IU d; € U;, EU e; € Ug, va bo thu cia
cap D2D thu k € K.

Déi véi truyen thong D2D, dat hy, € C va gy € C lan lugt 1a kénh truyen cia
cap D2D thit k va kénh tit bo phét ctia cap D2D thit [ dén bo nhan ciia cap D2D thit
k, dat geea) € C va g,y € C lan lugt 1a kénh tit bo phat tir cip D2D thit & dén IU
d; e Uy va EU e; € Ug.

Dé thuc hién viéc truyén thong tin va truyén nang lugng ctia BS/AP, luan an ap
dung giao thiic chuyén doi thai gian (time-switching/tim-splitting protocol) [74]. Dat
t; va t. lan lugt 1a khoang thoi gian dé truyén thong tin va truyén nang luong trong
mot khe thoi gian, va ta c6 0 < t; +t, < 1. Luu ¥ riang, cac bo phat D2D truyéen tin
hiéu véi cac bo thu clia né trong sudt khodng thai gian ¢; va t, trong moi khe thoi gian.
Khi d6, tin hiéu nhan tai robot di dong, EUs, va cac bo thu D2D dugce xac dinh nhu

Sau.

2.2.1 Tin hiéu nhan tai cac robot di dong (IUs)

Trong su6t khoang thoi gian #;, tin hi¢u nhan tai IU d; € U; bao gom i) tin higu
truyen tric tiép tit BS/AP, ii) tin hieu truyén tit BS/AP dén IRS sau d6 phan xa lai,
iii) tin hig¢u truyéen tryc tiép tit bo phat ctia cip D2D thit k véi k € K, va iv) tin higu
truyen tt bo phat ctia D2D dén IRS roi phan xa lai. Dat yg, 14 tin higu nhan tu IU d;,
thi y4, duge xac dinh bai:

Ur K
Yd; = Z h(B,di)(O)Wdlsdl + Z g(k,di)<9)\/p_k3k + N,
=1 k=1
tI‘OIlg do é = [9_1, e ,éN], h(B,di)(é) = h{IB,di)—i_h(Ii,d,-)@G’ h(B,di)(é) S ClXM, g(lﬁdz)(é) =
k) + h57di)@h(k,r), W, € CM v sq, € C lan luot 1a bo tao chium tia truyén thong

tin va dit lieu truyén dén IU d;, py vd s; 1an lugt 12 cong suat truyén ctia bo phat cta
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cap D2D thit k£ va dit ligu truyén dén bo thu ciia cdp D2D thi k, va ng, ~ CN(0,1) 1a
nhiéu Gaussian (AWGN) tai U d;.

2.2.2 Tin hiéu nhan tai cAc cAm bién khong day thu ning lugng (EUs)

Trong sudt khodng thoi gian ¢, tin hieu nhan tai EU e; € Ug bao gom i) tin
hiéu truyén tryc tiép tai BS/AP, ii) tin hi¢u truyén tit BS/AP va phan xa lai béi IRS,
iii) tin hiéu truyén tryc tiép tit bo phéat clia cap D2D thi k, va iv) tin hiéu truyén tit
bo phat ctia D2D 16i phan xa lai béi IRS. Dit Ye, la tin hiéu nhan tai EU e; thi Ye,

dugce xac dinh béi

Z h(B €; Velsel + Z 9(k, e;) \/_Sk + neja

OG, hip.)(0) € CUVM g4 )(0) = Guoey) +

hg7ej)@)h(k7r), Ve, € CM va Se, € C lan lugt 1a bo tao chum tia truyén nang lugng va

trong d6 hg.,)(0) = hip .y +hi )
dit lieu nang luong truyen dén EU e, va n., ~ CN(0,1) la nhiéu Gaussian tai EU e;.

§ day, di lieu nang lugng khong mang bat ky thong tin gi trong do [75].

2.2.3 Tin hiéu nhan tai bé thu D2D

Nhu da dé cap trude do, cac cip D2D lam viéc trong sudt khoang thoi gian ¢; va
t.. Cu thé, trong sudt khoang thoi gian ;, tin hiéu tai bo thu ctia cip D2D thi k € K
bao gom i) tin higu truyén tryc tiép tit bo phat thit k&, ii) tin hi¢u truyén tit bo phat va
phan xa lai béi IRS, iii) tin hiéu truyén tit bo phéat ciia cap D2D thi [,V € K\ {k},
va iv) tin hiéu truyen tit BS/AP va phan xa lai béi IRS.

Tin hiéu tai bo thu D2D trong sudt khoang thoi gian £, ciing tuong tu nhu xét
trong khoang thoi gian ¢;. Tuy nhién, trong thoi gian t., BS/AP truyén ning lugng
chit khong truyen dit lieu. Dat vz, x va vz, & 1a tin hiéu nhan ti cdp D2D thi k. Khi do,

Yi, x VA Yz, . duge biéu dién nhu sau:

hio(0)\/Drsk + Z 91,%(6 \/_Sl+zg3k YWa,Sd; + N, (2.2)

le\{k}
Ve, = hi(0)/Drsk + Z 91.x(0)\/Disi + Zg(Bk )Ve,;Se; + N, (2.3)
1K\ {k}

trong do, hy(0) = hy, +hg7k)(:)h(k,r)a 901(0) = g +hg,k)@h(lm)v gk (0) = g&;,k) +
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hgk)@G, va ng ~ CN(0,1) 1a nhiéu Gaussian tai bo thu ctia cap D2D thi k.

Dit W £ {Wy,,di € Ur}, v 2 {V,,,e; € U}, t 2 {T;,1.}, vap £ {p, k € K}.
Khi do, ta sé xac dinh duge thong lugng dit lieu ctia robot di dong, ctia cap D2D va
nang lugng thu duge cia EUs nhu sau.

Thong lugng dit lieu ctia IU d; (nats/s/Hz) trong sudt khoang thoi gian #; 1a

tiRp, (W, p,0), (2:4)

|h(B,di)<é>de’2)
'QD{ di (Wa P, 0) 7
_ K p
VA V1,4, (W, 0,0) = 31 g 10800 (0)Wa, > + 22, Drlginan (0)1 + .
Dat p € [0,1] 1a hiéu suat chuyén d6i nang lugng ctia EUs. Lugng nang lugng

trong d6, Ry, 4,(w,p,0) =1In (1+

thu duge ctia EU e; trong khodng thoi gian ¢, 1a

EepEfe,ej (‘_’7 P, é): (25)
trong do, Ey, ., (V .p,0 Z Ihpe,)( 0)v.|* + Zpk]g(k e])( )|?. Luu ¥, & trong (2.5),
k=1

nang lugng thu tit nhiéu nén b1 b6 qua do qua nho.
Thong luong dit lieu dat duge bsi mdi cap D2D la tong thong lugng dat béi mbi
cip trong sudt khoang thoi gian ¢; va ¢.. Thong lugng ctia cap D2D thit k (nats/s/Hz)

duge xac dinh bdi

Eini,k (V_V7 p, é) + EeRfe,k(va p, 9)7 (26)
) oz el ()] 5 il (6)
trong do, Ry, (W, p,0) = In(1+ —————=<) va Ry (v, p,0) = In(1 + —————=7).
' k( ) ( ¢fi,k(wapa 0)) ' ( ) ( ¢te (V p7 ))
O day, ¢r, (W, p,0) va ¥, (¥, p, 8) duge dinh nghia bdi:
wﬂ,k(ﬁ’?p?é) = Z pl’glk | + Z |g(3k (2.7)
lek\{k} d; €U
Vi k(V,2.0) = > pilar@)+ D |gmn(0)ve,* + ot
lek\{k} =

2.2.4 Bai toan tbi wu

Trong m6 hinh DED2D, mot BS/AP truyén thong tin dén nhiéu robot di dong

va truyén nang luong dén nhiéu EUs thong qua hé théng truyén thong tin va ning
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lugng dua trén thoi gian (TFIET). Céc bo phat D2D c6 thé sit dung ciing dai tan s6
nhut cia mang truyen thong tin va ning lugng. Mot IRS dugc trién khai trong hé thong
v6i muc tiéu cai thién thong lugng thong tin clia cc robot di dong va truyén thong
D2D ciing nhu quan ly nhiéu gay ra tit truyén thong D2D téi cac robot di dong. Do
d6, luan an nghién citu mot bai toan t6i wu két hgp t6i wu i) bo tao chiim tia truyén
thong tin cho robot di dong, ii) bo tao chium tia truyén ning lugng cho cac cam bién
khong day, iii) ty 1é thoi gian ctia he thong TFIET, iv) cong suat phat ciia cdc bo phat
D2D, va v) hé s6 phan xa ctia IRS. Muc tiéu la t6i da thong lugng ctia robot di dong
c6 thong luong thap nhat trong khi ddm bao yéu cau nang luong thu ciia cac EUs va
ngudng toéc do truyen thong D2D. Do dé, véi kich ban khong phan bd thai gian cho
truyen thong ctia mang D2D (Non Orthogonal Time Allocation) hay goi 1a kich ban

N-OTA, bai toan t6i uu duge mo ta dudi dang toan hoc nhu sau:

w,v,p,fir(lg,}i)eﬂ{i,éf<w’v’ p,t,0) = ;rgunl ti Ry, 4,(W,p, 0) (2.8a)
thod man: (2.1),
tepli, e, (V, P, 0) > emin, Ve, € Up, (2.8b)
tiRi, x(W, P, 0) + L Ri, x(V, P, 0) > Ry min, Yk € K, (2.8c¢)
ff <1, (2.8d)
B> IWall® +E Y 119, I < Prmaa (2.8¢)
€Uy e;€lp
1Wa,* < P mass [|Ve, |I” < Prmass (2.8f)
P < Prmax, VE € K, (2.8g)

trong do6, €, 12 ngudng nang lugng thu yeéu cau ctia EUs, Ry i, 12 ngudng toc do
truyen yéu cau ctia D2D, Py nax V& Ppnae 1an lugt 1a cong suat dinh mice ctia bo phét
cia cap D2D thit k va BS/AP. Rang buoc 6 (2.1) la diéu kien mo dun don vi UMC ctia
cac phan tit IRS. Rang budc (2.8b) 1a mitc nang lugng thu yéu cau t6i thiéu ctia EU,
va rang buoc (2.8¢) la téc do truyén yéu cau toi thiéu ctia cic cap D2D. Rang budc
(2.8e), (2.8f), va (2.8¢) la cic rang bugc ve cong suat dinh miic cia BS/AP va cac cap
D2D. Tit (2.8) c¢6 thé thay ring ham muc tiéu (2.8a) va cac rang buoc (2.1), (2.8b),
(2.8¢) va (2.8¢e) la khong 1oi.

Day 1a mot bai toan phiic tap do ca ham muc tiéu va cac rang buoc déu la cac

ham phiic tap clia cac bo tao chtim tia va hé s6 phan xa ctia IRS. Dic biét, cac hé s6
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phan xa ctia IRS bi rang budc bdi rang buoc khong 16i don vi. Nhu da dé cap 6 phan
2.1, viéc giai bai toan t6i wu bo tao chiim tia va cac hé s6 phan xa ctia IRS la mot
thach thic l6n. Cac cong trinh gan day, vi du nhu [64,71], da chiing minh hiéu qua clia
cac thuat toan t6i uu luan phién cé thé gidi quyét cac bai toan toi wu véi do phiic tap
tinh toan thap va hoi tu it nhat dén mot nghiém t6i uu cuc bo. Do d6, luan 4n phat
trién mot thuat todn t6i wu luan phién dé giai bai toan t6i wu (2.8). Chi tiét vé thuat

toan sé dugc trinh bay ¢ phan 2.3.

2.3 Thuat toan tbi uu

Trudce tien, dat 7; = 1/t; va 7. = 1/t., bai toan (2.8) trd thanh

vafir(lgf’e)eﬂ%iﬁf<ﬁ/7v’ p.7,0) = ﬂ%(l/ﬂmﬁ’di(w’ p.6)  (29)
thod man: (2.1),

(1/7)pEr ;(V, P, 0) > emn, Ve; € U, (2.9b)

(1/7:) Rr, (W, P, 0) + (1/7.) R, (¥, P, 0) (2.9¢)

Z Rk,min7v]{: € IC)

1/7+1/7. <1, (2.9d)

(1/7:) P (7)Y Il < P, (2.9¢)
d;€Ur e; EUR

1Wa:lI* < Pmac [1Ve,I* < Prmass (2.91)

Pk < Pimaz, Yk € K. (2.9¢)

Nhu da dé cap trude do, rang buoc (2.1) 1a khong 16i, do do, trude khi gidi bai
toan t6i wu, luan 4n thyce hien giai phong rang budc nay. Cu the, ta thay (2.1) tuong
duong véi SN 16,|> = N. That vay, véi @ = {(|6,| € (0,1)),Yn € N} thi
|0,],Vn € N va |0,,|> = |0,| khi rang buoc (2.1) théa man. Véi |0,]> < 10,|,¥n € N thi
25:1 10,2 < Zf:;l |0,,]. Do do, ta c6 bat dang thitc sau [76]

1 1 1
— (2.10)

— > — = —.
YDA [N D U B

Diéu kien déng thic & (2.10) x4y ra khi rang budc (2.1) dugc thdéa man. Dua trén
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(2.10), luan an dinh nghia ©(€) nhu sau [76]:

- 1 1
Q0)=—-— ——. (2.11)
N el
Q(0) 1a can cit dé danh gid mitc do thda man clia rang buoc (2.12) va Q(6) < 0 khi
0,] <1 va Q(0) = 0 khi va chi khi @ = {(|0,] = 1),Vn € N'}. Do d6, luan an giai
phéng rang budc (2.1) tré thanh [76]:

0,]> < 1,Vn € N. (2.12)

Cung v6i d6, luan an st dung (6) & (2.11) nhu mot ham phat (penalty function)
trong ham muc tiéu (2.9a), va sit dung rang budc (2.12) thay cho rang budc (2.1). Khi

do, bai toan (2.9) tré thanh:

max f(W,¥,p,7,0) = min (1/7) R+, 4, (W, p, 0) + nQ(0) (2.13a)

W,v,p,7=(7i,7.)€R? 0 d;€Ur

thod man: (2.12),(2.9b) — (2.9g), (2.13b)

trong do, n 1a hé sé phat.

Ltic nay, bai toan (2.13) van la bai toan khong 16i bdi vi ham muc tieu (2.13a)
va cac rang buodc (2.9b) va (2.9¢) khong 16i. Giai bai toan nay van 1a mot thach thiic,
ddc biet 1a viec t6i wu do dich pha. Trong khi d6, quan sat thiy rang, néu cd dinh
(W,v,p, T = (7, 7.)) hodic do dich pha 8, thi bai toan tdi wu (2.13) sé duge giai dé hon.
Do d6, luan an dé xuat sit dung ki thuat téi wu luan phien [77] dé gidi bai toan (2.13).
Cu thé, luan 4n chia bai todn (2.13) thanh hai bai toan con dé giai luan phién trong
mdi vong lip. Bai toan con dau tién goi la bai todn 1 sé toi uwu (W, v, p, T = (7i, 7)),
va bai toan con thit hai goi la bai toan 2 sé t6i wu 6.

Dat (w™®), o™ pt) 7= ) 13 mot diém kha thi ctia (2.13), diém nay duge tim
thay tai vong lap thi (x — 1). Tai vong lap tht &, ta ¢6 dinh @ = ") 16i xac dinh

k+1) ~(k+1) ’ ]j(n—i-l)

@t ,va 70D sau d6 ta ¢b dinh w = @D, v = o+t p = pietD)

7 = 70:HD d@ tim G+ [78)].

, VA
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> o), 4 b (2 _ o (0 ig P
rodi T h(pa)(0)Wa, |2 g, q,(0H), p), G)
> a4 pl) (2 |h(B,di)(é(n)) 7(H)|2
Ti,di Ti,di - n — n — K n T\
2R{ (N .4,) (00)Wa,) (B ) (00 D))} — Ipa (B )ty |?

(1/77—'5)R'7'i7di (Ww b, 0_(5))
(r)|2 (= J(k)
Ye.0,(W, P, 077) )> —dMn (215)

¢ d(W p70( )) K K
_wt_;( ORIONIC )>_c‘(l')d7-l_R'(r)d(W pag( ))7

2.3.1 Bai toan 1 véi kich ban N-OTA

Trong bai toan con nay, ta cd dinh %), khi d6 ta c6 bai toan tdi uu sau:

R e e ifsub—l(w»v’p’%) = cirgunl(l/ﬂ)Rﬁ,di(W@a 6")  (2.14a)

thod man: (2.9d) — (2.9g),
(1/7)pEr, e, (9.9, 0%) > ein, Ye; € Us, (2.14b)
(2.14c)

(1/7) R, 1 (W, P, 0)) + (1/7) R (¥, P, 0%)) > Ry in, ¥k € K.

Dé giai bai toan (2.14), ta sé thyc hién xap xi ham muc tiéu khong 16i va cac rang
buoc khong 16i (2.14b) va (2.14¢) thanh dang 16i. D61 v6i ham muc tieu, ta 4p dung bat
déng thiic (A.7) trong Phu luc cho (1/7) Ry 4, (W, p,0")) v6i z = |h(pq,)(0")Wq, |,
Y = Uia(W,0,00),t = 7, v 7 = [Bpay (00517 = 0 (@, p0,00), 1 =

7" Khi d6, ta c6 bat ding thic (2.15) véi

2R{ (D4, (0")W4,) (B ) (0“0 ) Y — [hpan (0wl > 0, (2.16)

va
0ca® — 2y ew e
< Ozl = ) n(1 + Wt a, (0F) p( 5) 9(&)))’
0< b 'h(p.4,) @ ) (@), p), §))
Tidi T _
“u+mm< >>wmd<@pmwm

0<criy = (T.(”))
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Ham R(:)d (W, p,0") Iic nay da trd thanh ham 16m. Tiép theo, ta quan tam dén rang
budc (2.14b). Bang cach sit dung xap xi Taylor bac 1, ta c6 bat dang thitc sau:

x? > 227 — 7°,VYr > 0,7 > 0. (2.17)

Khi d6, rang budc khong 16i (2.14b) c6 thé duge xap xi bdi rang budc 16i sau:

Ug
By o, (v,p,0%) = Y [2R{(hp.,)(0™)Ve,) (e, (600}

=1

K
— |hp,e,) (00 ] + Zpk|g(k,ej)(9(”))|2
k=1

2 BY(9,9,0%) > eqinTe/p. (2.18)

V6i rang buoc khong 161 (2.14¢), ta 4p dung bat diang thic (A.7) trong Phu

’

K
Il

h-lC cho (1/77—i)R’Fi,k(Wapaé(ﬁ)) Vol © = pk’lhk(i(n))P:y = ¢f¢,k(w7pvé(n))at =T; V
Py (0|2, 5 = by, 1 (0", p) 9 £ = T(K) Lic nay, ta co

o (W, p,0%)
1/7) Re (W, p, 00)) > o), 4 b1, (2 — P _Tuk D 2
(1/7) By (w, p, 02) 2 az + bz ( De r k() ps), Gl

trong dé

() N(k)\|2

() 2 Py, |hk(9 )|

0< a’, = In(1+ —
L N CEN ST

0< b = By i (09)? /wt k( () ) ew)?

,(n)(1 + p(r) |hk( n))|2/¢£ k(w(n PR, 9(,{)))

0o o P (6P (@), ), 69))
Tik T =(K)\2 '
(7")

Tuong tu nhu vay, 4p dung bat déng thiic (A.7) trong Phy luc cho (1/7) R~ 1(V,p, 0*))
voi @ = pilhe (0P y = i b (9,0, 00)), 8 = T, va @ = P [ (00 2, 5 = g (000, p, 6,
f=7") Khi dé, ta co

Y ¢na(¥,p,0") ) (®)
—CTE kTe
Pk 1/% k( H)p)e())

2 R (v,p,0%), (2.20)

(1/7.)Rr, (v, p, 0" > aS"’:,)k + b(:)’f (2 B
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trong do

() ONE
0< ol = £ln(1+w@pk( |h’“7(p ))(L( ))),
(0% g, (8, 5, )
-‘“><1+pk’|hk< 9)[2 /g, 1 (509, 9, §09))
w (14 Ry (0)]? /w (01,9, 6%))
(72

)

Duya trén (2.19) va (2.20), rang buoc khong 16i (2.14¢) duge xap xi bdi rang buoc 16i

sau:
RY (%, p,0")) + RV, (¥,9,0%) > Ry, i, Vk € K. (2.21)

Tu (2.15), (2.18) va (2.21), bai toan 1 duge xap xi bdi bai toan t6i uu 16i sau:

=
Z
S~—

B (e o o
_ max foup_ 1 (W, V. p, T
V’pyT:(Ti:Te)€R+

b

2 min R, (w,p,0%)) + nQ(6™) (2.22a)
d; €U Lt

thod man: (2.9d) — (2.9g), (2.16), (2.18) va (2.21).

Ham fs(j},fl(va,v, p,7,0")) la ham 16m vi s6 hang dau tien (2.22a) 14 ham 16m (ham
nhé nhat clia mot ham 16m 1a mot ham 16m [79]) va s6 hang thit hai cling lam ham
16m. Do do, thay vi giai bai todn (2.14), ta gidi bai toan t6i uu 16i (2.22), va tim ra
(wHD) | gl plstD) 2(++1D) & vong lap tiép theo. Do phiic tap tinh toan ctia thuat
todn dé giai bai toan 16i (2.22) T [80]

O(a?5%° + 579), (2.23)

trong d6, a = 2(M + 1) + K la s6 lugng bién quyét dinh, va 8 = U; + 2(Ug +
K + 1) la s6 lugng rang buoc. Luu ¥ rang (@™, 5%, p) 7)) 14 diém kha thi ciia
(2.22), nghia la fsub (@), 00, pe) 70 gy = fo g (@), 0%, pt) 7). Trong khi
do, (w"+ ol pletl) F+)) 15 diém t6i wu ciia (2.22), va do do, ta cé

FE (@) ) ) 2D gy 5 () () 500 500 20 Gy

sub—1 )
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voi (w0 pletl) 5t 20y £ () 50 5 F(®)) Lai quan tam dén (2.15), ta

co:

F@®, 509, ) 2 gy — () (50 509 p) 2() gy
< F) (@D gletD) D) 2D o)y

< flEHD gt pstl) 20etl) gle) (2.24)

Diéu nay cho thay diém t6i vu (w1, oD plsHD) 26+1)) ciia (2.22) théa man dicu

kien hoi tu: f(@ D), gt gl s+ gle)) > () g 500 700 =),

2.3.2 Bai toan 2 véi kich ban N-OTA

Trong bai toan nay, w*+h gt ps+D) #E+D) quge ¢6 dinh va toi uu 8. Do do,

ta co bai toan sau:

max Foapa(@® 0% p® 70 8) 2 min (1/7 R 4. (0™, p, 8) + nQ(6)

dy ety
(2.25a)
thod man: (2.12),
(175N pEr, o, (0%, 5% 0) > epin, Ve; € Up, (2.25h)
(1/7) Ry, (@), 9, 8) + (1/71)) Rr, 1 (0, ), 6)
> Rpymin, Vk € K. (2.25¢)

Tuong tu nhu phan 2.3.1, dé gidi bai toan (2.25), ta xap xi ham muc tiéu
(2.25a), va cac rang budc khong 161 (2.25b) va (2.25¢) vé dang 16i. Dé lam diéu
nay, dau tien ta viét lai hipa)(0), hipe)(0), 90 (0), Gue)(0), he(0), 96(0) va
gk (0) as hp ay(0) = hf, ;) +0diag(hfl )G, hip.,)(0) = hi.. +0d1ag(h(re )G,
g(k,di)(e) = G(k,d; )+9d1ag( (r,d; ))hk,ra g(k,ej)(é) = g(k,ej)+édiag(h5,ej))hk,m hk(g) = hy+
Odiag(h{l , )hy,, g1x(0) = g+ 8diag(hfl ) )by, va g k) (0) = g5 4 +Odiag(hl,))G.
Sau d6, ta xap xi ham muc tiéu va cac rang buoc khong 10i ctia bai toan (2.25) nhu
sau.

Ap dung bat déng thiic (A.2) trong Phu luc cho Rx 4 (0™, ), 8) trong (2.25a)
v6i = [hp ) (O)0 57 2,y = i, 0, (0, 5, 8), 7 = [h(p 0, (0®) a5, § = v, a, (0",
p"),0)). Khi dé, ta thu duge bat déng thic (2.26) véi
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0(K)Y 7 (%)
> a(_n)d +b(-”)d (2_ |h(B7di)(9(7))wdi ° Y, a, (@™, p, 6) )
ST TN by @)el P Y (@0, p),00)
h g(x) 2
>a(:)d +b(%,:7)(ii<2_ hpq( ) |

2R{ (5,4, (0)05”) (5,0, (O >>w§3> } — g,y (0@ |2
md@“@@®
g (@0, p) G0

) £ B @, p,0) (2.26)

2R{(h(5.4,)(0)0S) () (0™)DS7) '} — By (B2 > 0, (2.27)

trong dé

B 0P
¢Ei’di(w(n)’p(n)’9(n)) ’
0< b(n) = |h(B’di) (Q_(K))U_)c(ll:) ’2/¢Ei,di (’LT)(H) ) ﬁ(ﬁ)a é(ﬁ))
T L sy (000)a ) 2/, 0, (00, 0, 504

0<a =In(1+

Tirdi

Hon nita, st dung bat dang thitc (2.17), ta c6

Q0) > - — ! 2 ) (@) (2.28)

TN L R{O) 6, — 167P)

VOl
N
> R{(O5)0,} — [6571) > 0. (2.29)
n=1

Tir (2.26) va (2.28), ta ¢6

fsub—Q(U_J(K); 1—}( )713( T (k) 0) > fsub 2( 7 N)’ @(N)’p(ﬁ)7 7—-(“)’ é)

2 min (1/7)RY, (0™, 5%, 8) + Q") (0) (2.30)

trong d6, ) (w™, 5™ p 7 @) da la ham 16m do (2.30) 1a ham nhé nhat clia
mot ham 16m sé 14 mot ham 16m [79], va thanh phan con lai ctia ham cling da la mot
ham 16m.

Véi rang budc (2.25b), bang cach st dung bat dang thitc (2.17), rang buoc khong
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N ON: hi (0P (@™, p, 6)

R~ ’LU(K), (5)70 > CL_K) + b(ﬁ | k\Y_ i,k ’,

k( p ) T k( |hk(0)|2 % k(w( ’9 K) ))
[ (0) 2

> a‘(T-I:,k + b(fj,)k (2 -

zm{hk(é)hk(%)*} — |7y (62
 vualo.5.9)
Ur (@), ), 60))

2 R (@), 5, ) (2.32)

10i nay dude xap xi béi rang buoc 16i sau:
E7——876]. (U 7(’{) é)

ZZ[m{m(&eﬂ<é>@§7>><h<3,ej><é<ﬁ>>é )} = e,y ()

+ZP'€) 2R{G(k,e) (0) 9k, (00)} = |Gk ()]

k=1

2 B, (09, 5%,8) > epin™ /p. (2.31)

Dé xap xi rang budc (2.25¢) thanh mot rang buoc 16i, 4p dung bat déng thiic
(A.2) trong Phu luc cho Ry x(w™®,p) @) trong (2.25¢) véi = = p|h,(0)|%y =
Vr, (@), p)0), va 7 = pW | hip(00)))2, 5 = g, 1 (w0, p) %)), Khi d6, ta thu duge
bat déng thic (2.32) v6i

2R {hy.(0)hy.(67)} — [hr(8") 2 > 0, (2.33)

trong dé

Py (8]
vy, k(u?(” ), é(”) ’
(x) P [he (02 /g, (0" ,p( ©) ‘9( ))

0< b7 = _
TR 14 p R (009)[2 /g, g (00, p), B0)

0< o = In(l+

Tuong tu véi Ry, (00, p*), ) trong (2.25¢) voi x = p)|hi(0)|%, y = vr, 1 (0", p"), 6),
va 7 = pW|hy(0%)))2, 5 = r, 1 (0%, pi), 0. Khi d6, ta c6

|h (0P oy k(U( ,p",0) )
)

R (0™, 5", 8) > !, + b ( — e 3
,k( ) k Te,k |hk(0)|2 1/}{ k( p(ﬁ 795

| (0)]”
2R {1 () i, (00))*} — [ (00) |2

>l + b, (2 -



2 R (@, 5, 8), (2.34)

trong do

P(”)|hk( n))|2 \
Vi, k(w TONIDN
w0 (01, p), 6))

plr) _
Tk T gy (00)) |2 /opy, (00, 59 9

0< al = In(1+

0<

Dua trén (2.32) va (2.34), rang budc khong 16i (2.25¢) duge xap xi bdi rang buoc 16i

sau:

(/7Y RE, (@), 5, 8) + (1/7N)RY), (09, 5%, 0) > Ry pin, Yk € K. (2.35)

T (2.30), (2.31), va (2.35), bai toan khong 16i (2.25) duge xap xi thanh bai

toan 16i sau:

max £, (0, 5, ), 7). 9) (2.36)
]

thod man: (2.12), (2.27), (2.29), (2.31), (2.33), va (2.35).

Nghiém ctia (2.36) sé duge sit dung la diém kha thi 0%+ & vong lap tiép theo. Do
phiic tap tinh todn clia thuat toan dé giai bai toan t6i wu 16i (2.36) 1a O(a?8%5 + 32°),
trong d6 « = N va 8 = N 4+ Ug + K. Tuong ti nhu bai toan 1, ta c6

f( (;4+1) (;4+1) p(n+1)7 7—_(n+1)’ 8_(){)) _ f(fi) (U—)(n+1)7 17(H+1),]7(H+1), 7—_(n+1)7 é(n))

sub—2

f ) 2( /-H—l) (n+1)7p(n+1) —(k+1) 9(n+1))

< F(@WHD gD D) w2 D) glety (9 37)

khi 90+1) £ ()

Thuat toan tong quat cho bai toan t6i uu thong lugng truyen dit licu (2.9) dugc
trinh bay ¢ Thuat toan 1. Thuat toan nay dugc dat tén la Thuat toan N-OTA, nghia
12 thuat toan vdi kich ban khong phan chia thoi gian truyén thong ctia mang D2D véi
mang chinh (non orthogonal time allocation). Dé tiang cudng hi¢u qua tinh toan cia
thuat toan, viéc tim diém kha thi ban dau 14 mot viéc quan trong. Hon nita, can xac

dinh hé s6 phat 7.
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2.3.3 Tinh hoi tu, diém kha thi va lya chon hé sé phat 7

T (2.24) va (2.37) ta c6
f(u—)(”+1)7 @(NJrl),ﬁ(ﬁJrl)’ 7—-(’f+1)’ é(“+1)) > f(u—}(’f)’ @(ﬁ)’ﬁ(ﬁ)7 7—-("@)’ g(,@))' (238)

Tic la diéu kién hoi tu duge thoa man va diém (w®), o) plr) 7 §F)) 58 hoi ty ve
diém t6i vu (W*,v*, p*, 7, 8").

C6 dinh 70 = (fi(o),?e(o)), 0 théa man cac rang buoc (2.1) va (2.9d), roi lay
ngau nhien cac diém (w9 p(@) kha thi cho (2.9d)-(2.9g). Sau do, ta gidi bai toan

t6i uu

max [ (2.39a)

wW,V,p

thod man: (2.9f) — (2.9g),

(1/7)RY, (%, p,0%)) > p,¥d; € U, (2.39b)
B, (%,p,0%) > €O/ p,Ve; € U, (2.39¢)
RE@ (W, p,0®)) + R (v,p, 0")) > Ry init, Yk € K, (2.39d)
(/7 S WP+ /7)) > 196,12 < Pomas (2:39%)

d; Uy e;€UE

cho dén khi p > 1. Giai bai todn (2.39) dé tao ra mot diém (w®), o™ pt) 70 =
(72, 79) 4©) Ia diém khé thi cho bai todn (2.9). Lic nay, ta c6 thé Iya chon he sb
phat 1 nhu sau [81]

n=— mln(l/T )Rﬂ.’d( o), 5% 0O | /0 (2.40)
d; €U

2.4 Kich ban phan chia thsi gian

Trong phan 2.3, luan an quan tam dén hé thong DED2D c6 IRS ho trg, trong
d6, cac bo phat D2D truyén tin hi¢u trong suét khodng thoi gian BS/AP truyén thong
tin va truyen nang luong. Kich ban N-OTA gitp tang hiéu qua stt dung bang tan nhung

dong thoi ciing lam tang nhiéu lén cac phan tit clia mang. Trong phan nay, luan an quan
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Thuat toan 1 Thuat toan N-OTA giai bai toan (2.9)

Khdi tao gia tri ban dau: Chon gia tri bat ky 79 = (7 (0) 70 )) va 0(®) théa méan cic rang
buoe (2.1) va (2.9d), sau d6 gidi (2.39) dé nhan duge dlem kha thi (@), 50 pr) 70 =
(79, 79) 0©) cho (2.9). Dat e = 1073 va k = 0;

1: Tinh 5 theo (2.40);
2: repeat o
3:  Gial bai toan (2.22) v6i 6 = %) dé thu duge (w1, oD pletl) #(mF1)), .
4: Giai bai toan (2.36) véi (w,v,p,7) = (w+D), s+ pletl) #(++1)) q& thu duge 1),
. (rA1) Gt 1) glet1) 2(s+1) 9<n+1>> (R) (%) 5(m) ) FI)
5: = IS —f(w |
’ - f(wm) =) FIORIONIC >)
6: K4 K+ 1;
7: until € <e.
8:

Thu duge nghiem (%), 5", p() 7(x) = (7% 75y gw)

tam dén he thong DED2D c6 IRS hd tr¢g va ¢6 phan chia thoi gian OTA (orthogonal
time allocation) gitta thdi gian truyén thong tin, truyén niang lugng va truyén thong
D2D. Cu thé, trong mot khe thai gian, BS/AP sé chia thanh cac khodng thdi gian
rieng cho céac viéc truyén thong tin, truyén nang lugng, va thoi gian danh cho truyén
thong D2D. Khi d6, sé khong c6 nhiéu tit truyén thong D2D dén mang chinh nhung
thoi gian danh cho viéc truyen thong tin va nang lugng tit BS/AP sé bi gidm xudng.
Do dé, viéc thdo luan vé hiéu qua ciia hai kich ban N-OTA va OTA & phan két qua
mo phoéng sé cho thay mot s6 diém tha vi.

Trude tien, luan an dat mot bién méi 1a ¢, dé chi khoang thai gian danh cho
truyen thong D2D. Khi d6, thong luong dit lieu tai robot di dong, nang luong thu tai
EUs, va thong lugng dit liéu tai cac cap D2D duge xac dinh nhu sau.

Thong lugng dit lieu tai [U d; (nats/s/Hz) trong khodng thoi gian ¢; 1a fiﬁgi 4 (W, 0),

_ hia\(@)wWal?. .~
trong 6, Ry, o, (w,0) = In(1+ POy om0 ) = S s sy (0
d}{“dl(w70)

+ 03, Nang hIOng thu trong khodng thoi gian ¢, cia EU e; la fepﬁt-e,ej (v, 9), trong do6

Ete’e] (v,0) = Z Ihpe,( 0)v.,|*. Thong lugng dit ligu ctia cap D2D k (nats/s/Hz) 1a

T ) .
baTts, (. B), vGi B u(p,8) = In(1+ LM

@Z’td,k(w,p,e)) Ve (9.0) = Xy iy Pilgs (O)+

op.
Bai toan t6i uu dat ra & kich ban OTA tuong tu nhu (2.8), trong d6, bién £, the
hién khodng thoi gian truyen thong D2D duge tich hgp trong t, tic 1a, t = (&, t., ).

Vé mat toan hoc, bai toan téi wu dugc mo ta nhu sau:

max w,v,p,t,0) & mtR w, 0 2.41a
W,V,p,f:(fife,fd)eRi,éf< p ) d; €U b ( ) ( )

thod man: (2.1),
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tepEr, o, (7,0) > epnin, Ve, € Up, (2.41D)

taR;, 1 (D, 0) > Rppin, Vk € K, (2.41c¢)

b+t +tg<1, (2.41d)

B IWall® + 2 D 19 lI” < Pramas(l — fa), (2.41e)
di ey ej €U

[Wa,lI” < Ppmaz: Ve, I < Ppmac (2.41f)

tapk < Prmas, Vk € K. (2.41g)

Dé giai bai toan khong 16i (2.41), dat bién 75 = 1/t;, 7. = 1/t,, va 7y = 1/t,.

Khi do, bai toan (2.41) trd thanh
max w,V,p,T,0
W,\“l,p,‘l":(ﬁ,?e,fd)GRi,éf< P ) d; €U

thod man: (2.1),

(1/7.)pEr (V. 8) > emin, Ve; € Up, (2.42b)

(1/7a) Rey (P, 0) = Rigin, Vk € K, (2.42¢)

17+ 1/7 +1/7a < 1, (2.42d)

(1/7) D w4+ (1/7) Y 19617 < Pomaa(1 = 1/72),  (2.42¢)
i€l e;€UE

[Wa,ll* < Ppmaz: Ve, II” < Ppmaa (2.42f)

Pr < PrmaaTa, Yk € K. (2.42¢)

Tuong tu nhu phan tich ¢ phan trén, luan 4n cling dua ham phat ©(6) vao trong bai
toan t6i uu (2.42) khi giai phong rang bugc (2.1) va bai toan (2.42) tuong duong véi

bai toan sau:

_ - ) A . = "’7 — A
SR R f(%.v,p,7,6) = ﬁ%(l/T‘)R”’di (w,6) +n$(6)
(2.43a)
thod man: (2.12), (2.42b) — (2.42g). (2.43b)

Tuong tut nhu phan 2.3, luan an chia bai toan (2.43) thanh hai bai toan con dé
giai luan phien trong mdi vong lip. Bai toan 1 tdi wu w,v,p, T = (7;, T, T4), va bai

toan 2 t6i wu 0.



49

(1/7:) Ry, a0, (W, 6 )

(%)) (™ |2
N(Hd +b7’ ,di < ) &

i in,di (W’é(“)) ) _m) =

|h(B ayOWa > 4 (), 5)

L3 ( [h(p.a,) ()
2R{ (D54 (09))Wa,) (0, ()05 )} = [Bip a) (00

7_

—~

_ (k) ~
B ~wti,di(w, ) ) 2,7 2 B9, (w,0) (2.45)
Uy, q, (0", 0))

2.4.1 Bai toan 1 véi kich ban OTA

O day, 0% duge 6 dinh va giai bai toan téi wu sau:

max fsub—1(W, Vv, p 7,6 “))
W767p777-:(71i77t€777—d)6R+
£ min (1/7) Rr, 0, (W, 0%) + (6" (2.44a)
i €UT

thod man: (2.42d) — (2.42g),
(1/fe)pE; e-(‘_’> é(ﬁ)) > emin;vej € Ug, (2.44b)
(1/70) Rey (P, 0%)) > Ry i, Ve € K. (2.44c)

Gia st (0™, o), ) 7)) 13 diém kha thi ciia (2.44) dugc tim thay & vong lap (k—1).

Dé gidi bai toan (2.44), ta xap xi ham muc tiéu va cac rang budc khong 16i (2.44b)
va (2.44c) thanh dang 16i nhu sau. Ap dung bat déng thic (A.7) & Phu luc cho
Sy = ra (W, 00), 1 =
7" Khi d6, ta thu dugc bat déng

(1/75) Ry, 4, (W, 0®) trong ham muc ticu véi z = Ihp.q,)(0%))w

Tiva @ = |hp gy (00) D)) 2,5 = Gp g, (@, 009),F =
thic (2.45) véi

2R{ (h(p,4,) (09 W4,) (5,0 ()Y} — hp.ay (02 > 0 (2.46)

7,

trong do,

x 2
0< @, = ln(l—i-‘i, i)
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0< 3 _ g4, (6" )U_f 2 [1hg, (@, 0)
Ti,di K ~ — )
71 + |hp.a, (0 >wd>| [0 4, (@), 60))
1+ |h o\ |2 (%) gx)
0< 6‘;”)[1: In(1 + [hp 4, (6" )U: |/¢ 4, (W ))'
(72

Trong khi d6, rang budc (2.44b) c6 thé duge xap xi bdi

Ug

By, (9,00 > > [2%{(h(3,ej>(9(”))%)(hw,e].)(@(“))@éf))*} — [hp,e;) (6")0()?
=1
2 B8 (9,0%) > epinte/p. (2.47)

Tuwong tu nhu vay, ap dung bat dang thic (A.7) ¢ Phu luc cho (1/7_'d)§;d7k(p,9_(“))

trong (2.44c) véi x = prlhe(0))%y = Yk, 0W),t = 70,7 = P[0 (0®)2,5 =
@/)td K, 00)) (H). Khi dé6, ta co:

_ _ N 59 (b )
(1/70) Rlp, 00) > 0, 450, (2= P Vb (P, >)) e

P D u(p), a0 kT
2 R, (p,0"), (2.48)
trong do,
(N) 2

w 2 h

0< a‘(f'd,)k = (n)l (1+ _ k_| k|_ )7
"‘Pfd,k(p(”) 9(%))

0o 30— BP0, 6%)

Ta,k K )

P B e e,k (P, 0))
oo w0 _ 0N/ (0, 69))

Td,k P
d (")

Lic nay, bai toan 1 duge xap xi thanh bai toan tdi wu 16i sau:

©) (.9, p. 7,00 & 5 G 4 05
S - foup1 (W, V,p,7,0") £ min R, (%,0)) +nQ(0™)
(2.49a)
thod man: (2.42d) — (2.42g), (2.46),
E;:,)ej ({77 e_(ﬁ)) > eminfe/p, vej € Z/{E7 (249b)

RY, (p,0")) > Ry in, Vk € K. (2.49¢)
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Tit (2.49) c6 thé thay ring fs(ZIZ_1(W7 v,p,7,0")) 1a ham 16m. Do vay, thay vi giai bai
toan (2.22), ta di giai bai toan xap xi 10i (2.49), roi nghiém ciia n6 duge st dung lam
diém kha thi (w1, g+ plst1) #(:+1) tai vong lap sau. Do phiic tap tinh toan ctia
thuat toan giai bai toan (2.49) duge xac dinh béi (2.23), trong d6, a = 2M + K + 3 va
B=Ur+2(Ug+ K +1). Ta cé:

f(U_J(H), @(“),p(ﬁ)’ 7—-(’4)7 Q_(H ) fsub 1( 1—)(”)’]5(”)’ 7—-(’4)7 9_(’4))
< fsub 1( ("€+1)’ T)(’H‘l)?ﬁ('ﬁ‘l)? 71(“""1)’ é("i))

< f@W D, gD et R gy, (2.50)

Diéu nay cho thay diém t6i wu (w1, g+ 5l #(=5+1)) cia (2.22) théa man dieu

Kien hoi tw: f(@®+D, gD pstD) 24D gy 5 p(g®) 5 pR) 700 gim)y.

2.4.2 Bai toan 2 véi kich ban OTA

Bai toan 2 dugc dinh nghia nhu sau:

max foup_o(@™, 00, 5 7* ) 2 min (1/77) Rz, 4, (0", 8) + n(8)
: )

thod man: (2.12),
(1/7'(“ ) Te,€j (@ (%) 9) > emznuvej € Z/[Ea (251b)
(]'/77-dfi )R’dek(p(n)a 0) Z Rk,min7Vk € IC (251C)

Tuong ty nhu phan 2.4.1, dé giai (2.51), ta xap xi ham muc tiéu va cac rang
buoe trong (2.51b) va (2.51¢) nhu sau. Ap dung bat déng thic (A.2) trong Phu luc
cho R g (@™, 0) trong ham muc tieu véi z = |h(B7di)(é)wc(l':)|2,y = Ypq, (0, 0),
7 = |hpa) (@) 2§ = g, a0, (@), 00). Khi do, ta thu duge bat ding thic 2.52

se

VOl
2R{ (p,40,)(0)@0”) (B 4y (09 5S7) Y — g ay (002 > 0,

trong do,

0< E(f':,)cli = In (1 +
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0(k)\ - (F
Y C—
: o 23‘%{(h(3,di)(O)IDE;))(h(B,di)(9(’“‘))15((1’;))*} — |hyp,q,)(0%))w (N)|
b (o 9 - _
_ Yaa (@™, 6) ):é_Rgzxﬂﬂ@79) (2.52)

(a0 (0%) 5 P/, 0, (0, 6))
(14 By (00 @y 2/ g, 4, (@), 609))

0< bf”)d =

Thém vao do, theo (2.28), ta c6 thé xap xi Q(0) nhu sau

Q0) > - — ! 2 ) (@),

NS @R{(O)40,) — 165712)

Rang buoc (2.51b) ¢6 thé duge xap xi bsi

Eroe( >Z (2R (s (B (B (07
— [z (0)5) 2| 2 BL), (69,0) > eint /. (2.53)

Véi rang buoc (2.51c), ap dung bat dang thitc (A.2) trong Phu luc cho éfdvk(ﬁ(”), 0)
with @ = p |1 ()%, y = i, x(5W, 0) va T = p |y (00 2, § = by, 1 (5", 00), ta co:

o - hi (G2 Ve, (P, )
Reu(p™,0) >a™ +3) (2 — I el o
kP, 6) 2 Gri ”*< 2R{(he(0)) (hy.(0)))* } — [ Iy (6))[2 ¢m£@ﬂ@,mﬁn>
SR (2.54)
v6i
2R{(h(8)) (hx(0")))*} — [hi(0")* > 0, (2.55)
trong do,
(k) 2
0< @ — In(14 =P
& Wy ,k(ﬁ(’"‘) ()
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) \hk(H_W) |2/de7k<p(n)7 g‘(n))

0< de B = - = ——
1+ pW [ he (0%))]2 /4)g, (P, 0))

T cac suy luan trén, bai toan 2 c¢6 thé duge xap xi thanh bai toan t6i wu 16i

Sau.

max f{7)_,(@, o1, p, 7, 0) £ min (1/7;") R, (@, 0) + n2™(0)
0 :

d; €Ur Ta,di
(2.56a)
thod man: (2.12), (2.53), (2.55),
EY), (019,8) > epinti™ /p,Ve; € Ug, (2.56D)
(1/75) R, (5, 8) > Ry uin, Yk € K. (2.56¢)

Do phtic tap tinh toan ctia thuat toan giai bai toan téi wu trén dugce xac dinh
béi (2.23), trong d6, « = N va = N + Ug + K. Ta ¢6

f(w(n-i-l)’ @(n-l-l)’p(ﬁ-&-l)’ 7:(&4—1)’ é(n)) _ fs(sl);ﬁ(w(%l)a 5(n+1),ﬁ(n+1)’ 7:(/@-&-1)’ é(/{))

f ) 2( /ﬁ-l) (H+l),p(ﬁ+1) 7(&"!‘1) 9(H+1))

< f(@BTD gD Bt 2+ Glst1)y (9 57)

khi 901 £ g(x)
Tir (2.24) va (2.37) ta c6

F@WD, g0 Gt 26e1) Gty S f(p) 5o pe) 29 gie)y (2.58)

Tric 1a diéu kien hoi tu duge théa man va diém (w®), o) pl) 709 9(F)) 55 hoi ty ve
diém t6i vu (W*, v*, p*, 7,80").

Phuong phap giai bai toan t6i uu (2.42) duge trinh bay trong Thuat toan 2.
Viéc tim diém kha thi ban dau va lya chon hé s6 phat 7 cho Thuat toan 2 tuong tu
nhu da trinh bay véi Thuat toan 1.

2.5 DPanh gia hiéu qua mo hinh va thuat toan

Trong phan nay, luan an trinh bay va dua ra thio luan vé két qud mo phong

thu duge bdi cac thuat toan dé xuat. Dé thuan tieén cho viéc trinh bay két qua, luan an
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Thuat toan 2 Thuat toan OTA giai bai toan (2.42)

Khdi tao gia tri ban dau: Khdi tao gia tri ban dau: Tim diém kha thi (@), 5, p(=) 70 =
(79,79 7Y §0) cho bai toan (2.42). Dat e = 1073 va k& = 0;
1: Tinh 7 theo (2.40) tit gid tri ctia diém kha thi tim duge ban dau;
2: repeat o
3:  Giai bai toan t6i wu 16i (2.49) véi @ = (%) dé thu duge (w1, o+ pletl) #(x+1)),
4:  Giai bai toan t6i wu 161 (2.56) véi (W, v,p,T) = (0"t gt pletl) F(v+1)) qé thu duge
é("{’""l);
N |f(ﬁ]('€+1),5(N+1)7ﬁ(n+1),.T—(N‘Fl)7§(“5+1))_f(w(”)7{)("')7ﬁ(“)7;(“)7§(“))‘
€= @™ 500 ) 700 (=)

5:

6: K+ K+ 1;
7: until € <e.

8: Thu dugc nghiem (), 5" p(r) 7(x) = (77 7Ky g

quan tam dén kich ban hé théng bao gom mot BS/AP, mot IRS va 3 robot di dong, 2
cam bién thu nang lugng EUs va 3 cap D2D. Vi tri dit cia BS/AP va IRS lan lugt 1a
(20,0, 10) va (0, 30,40). Trong khi do, cac robot di dong va cac cap D2D duge dit ngau
nhién trong ving dién tich 60m x 60m vé phia bén tay phai so véi cac vat can va IRS,
con cac cam bién thu ning lugng EUs nam & vi tri ngdu nhién trong viing ban kinh
10m tir BS/AP. Mdi kénh truyén bao gom ca thanh phan large-scale va small-scale
fading. Large-scale fading 1a thanh phan phu thuoc vao khodng cach truyen va dugdc
mo6 hinh héa béi Cd—®, trong dé, d 1a khoang cach tit bén phéat dén bén thu véi don
vi la mét (m), C' = —30 dBm 14 mat mat dudng truyén (path loss) tai khodng cach
tham chiéu 13 1 m, va « 1a hé s6 mat mat dudng truyén. Cac hé s6 mat mat duong
truyen tuong tng véi cac kénh truyen BS-IRS, IRS-1Us, IRS-D2Ds, IRS-EUs, BS-1Us,
BS-D2Ds, va BS-EUs duge dat lan lugt 1a ag_; = 2.2, ar—p = 2.2, ar_pap = 2.2,
ar_py = 2.2, ag_gy = 3.67, ag_pop = 3.67, va ap_py = 2 [82]. He s6 mat mat kenh
truyen gitta bo phat va bo thu D2D, giita bo phat D2D véi IUs va giita bo phat D2D
véi EUs duge dat 1an lugt 1a apop = 2.8, ap_p = 2.8, vd ap_py = 3.67 [61]. Ngoai
ra, do 1gi dng ten (antenna gain) ctia BS va do loi ctia IRS (gain of the IRS) la 5 dBi.
Gia st ma tran kenh truyén tryc tiép tit BS/AP dén IRS c6 dang

(Gl = (1) 6002050050 10500 +(m 1) sinDrs () sin dr0s ()
trong d6, Or.s(n) v ¢ros(n) theo phan phdi dong déu véi Or.5(n) ~ U0, 7) va
Gros(n) ~ U(0,2m), va Oro5(n) = T — Oros(n) VA dros(n) = 7 + dros(n). Ma tran
tuong quan khong gian duge dinh nghia b6i [Hirs—user|nn = eim(n=n')sinuser gip Dusers
trong do Qluser VA Guser 1an luot 13 géc phuong vi va goc do cao tuong tng véi méi thiét

bi. Cac kénh small-scale fading tit BS dén IUs va tit BS dén D2Ds dudc xem xét 1a co
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phan phdi Rayleigh doc lap, trong khi cac thanh phan small-scale fading ctia céc kénh
khac tuan theo phan phdi Rician doc lap véi mot hé s6 K-factor 1a 3. Cu thé, kénh
D2D h;. duge xac dinh béi by = /%Hhﬁos + 4/ %Hh]kVLOS, trong do, x 1a hé s6 Rician,
hE£°5 14 thanh phan LoS (line-of-sight) va hX2°5 1a thanh phan NLoS (non-LoS). Cac

tham s6 mo phéng khac duge cung cap trong Bang 2.1.

Béng 2.1: Bang tham s6 mo6 phéng thuat toan N-OTA va OTA

Tham s6  Gid tri | Tham sé Giad tri

Ur 3 Ug 2

M 10 N 200

B 10 MHz | Pg max 24 dBm

p 0.5 Cmin —20 dBm
K 3 Ry min 0.1 bps/Hz
Pr maz 24 dBm Ui,a% -174 dBm/Hz

Nham muc dich so sanh, luan an dua ra cac thuat toan sau:

e N-OTA: Day la thuat toan mo ta trong phan 2.3 (Thuat todn 1), thuat toan

nay duge dé xuat sit dung dé giai bai toan t6i wu (2.9).

e N-OTA véi ngau nhién 0 : Thuat toan nay tuong tu nhu thuat toan N-OTA

trong d6 gia tri do dich pha ctia IRS dudgc lay ngau nhién chit khong t6i uu.

e OTA: Day la thuat todn mo ta trong phan 2.4 (Thuat toan 2), thuat toan nay

dugc dé xuat st dung dé giai bai toan tdi wu (2.42).

e OTA véi ngau nhién  : Thuat toan nay tuong tu nhu thuat toan OTA trong
d6 gia tri do dich pha ctia IRS duge lay ngau nhién chi khong t6i wu.

),

—_
[\

3 < - [-enora ~
26  AArat000000000000000000 L |—=N-OTA véi ngiu nhiéng
B[ T, qo0000000000000% 210 |—w0TA e
5 £ |—0OTA véi ngiu nhiénd
O =
Sl —6N-OTA .§ 8|
=4 1 [geeee0eeees —8-N-OTA v6i ngiu nhiénd || =
35| b ——OTA =
é{) M poeasssssn —6—OTA véi ngiu nhiéng :06
. F g
22| g
& 2%
%3
: :
0 | ‘ | 2 ‘ ‘
0 10 20 30 40 M e s e L6 i ta 7
S6 Tan Lip (Iterations) Cong suat truyén 16n nhat tai BS
(a) (b)

Hinh 2.4: a) Do hoi tu ctia cac thuat toan va b) thong lugng dit lieu thay déi véi cong
suat dinh muec ctia BS Pg e
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Dau tién, luan an thao luan vé su hoi tu clia cic thuat toin va thong luong truyen
dit lieu tai IUs dat dugc béi cac thuat toan. Nhu duge thé hien trong Hinh 2.4(a), tat
¢ cac thuat toan déu cé kha ning hoi tu nhanh chéng dén cac gia tri on dinh. Hon
nita, thong lugng dat duge bdi cac IUs v6i thuat toan OTA cao hon so vé6i thuat toan
N-OTA. Diéu nay 1a do sy ton tai ctia nhiéu gay ra bdi truyén thong D2D dén cac IUs
trong kich ban N-OTA lam giam SINR tai cac IUs va giam thong lugng 1Us. Ciing c¢6
thé thay tit Hinh 2.4(a) rang thong lugng dat duge bdi OTA va N-OTA cao hon nhiéu
so véi cac thong luong dat duge bsi OTA va N-OTA véi ngau nhién 0 , tuong tng.

Tiép theo, luan 4n thdo luan vé tac dong clia cong suat phat toi da, tic la
PB sz, cia BS déi véi thong luong dat dude tai cac IUs. Nhu duge thé hién trong
Hinh 2.4(b), khi Pg 4. tang lén, thong lugng ciia cac IUs ciing tang len. Diéu nay 1a
do thong lugng dit lieu ctia méi IU tf 1& thuan v6i Pp ... Hon nita, ¢6 thé thiy ring
qua cac gia tri clia Pp pa., thong luong dat duge bdi céc thuat toan duge dé xuat véi
t6i wu do dich pha luoén cao hon rat nhiéu so véi thong lugng dat duge bdi cac thuat
toan co s6 v6i ngdu nhién # . Thuat toan N-OTA cai thien thong lugng len dén 10%

so v6i thuat toan N-OTA vé6i ngau nhién 6 .

oo
o0

o —eN-OTA - )
o —&N-OTA véi ngiu nhiéng < ¢ \
274 —OTA 27 X
a ; _ o
L —9-OTA v6i ngu nhiénd =
261 ] s6¢ —©N-0TA _ P
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Hinh 2.5: Thong lugng dat duge véi a) ngudng toc do truyen thong D2D Ry nin va b)
s6 lugng cap D2D K

Do mang tich hgp truyén thong tin va nang lugng chia sé bang tan véi cac cap
truyen thong D2D, viéc xem xét dnh hudng clia ngudng toc do D2D, tic 1a Ry min,
dén thong luong dat duge béi cac IUs la rat quan trong. Nhu dugc thé hien trong
Hinh 2.5(a), khi Ry, tdng lén, thong luong dat duge bdi tat ca cac thuat toan déu
giam. Két qua nay co thé duge gidi thich nhu sau. Véi thuat toan N-OTA, khi Ry min

tang lén, cic bo phat D2D can phat tin hiéu ctia chiing véi cong suat cao hon. Diéu
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nay lam tang nhiéu tir truyén thong D2D dén cac IUs, lam gidm SINR tai cic IUs va
giam thong luong ctia chung. Véi thuat toan OTA, khi Ry, ., tang lén, thém thoi gian
duge phan bd cho truyén thong D2D, diéu nay c6 thé lam giam thsi gian truyén thong
tin dén cac IUs va lam giam thong lugng ctia ching. Dang chu y 1a khi Ry s, téng lén,
thong lugng dat duge bdi thuat toan OTA gidm nhanh hon so v6i thuat toan N-OTA.
Ly do c6 thé la viec téi wu do dich pha ctia cac thuat toan N-OTA gitp giam nhiéu
gay ra bdi truyén thong D2D dén cac IUs. Do d6, khi Ry s, tang lén, su tdng nhiéu
gay ra béi truyén thong D2D c¢6 thé khong dang ké, va thong luong dat duge béi thuat
toan N-OTA gidm dan. Hon nita, thong lugng dat dude béi cac thuat toan OTA luon
cao hon rat nhiéu so v6i thong lugng dat dude bdi cac thuat toan N-OTA.

Lic nay, luan an sé thao luan vé tac dong ciia s6 cap D2D K ddi v6i thong luong
ctia cic IUs, va két qua duge thé hién trong Hinh 2.5(b). Nhu da thay, khi K tang len,
thong luong dat duge béi ca hai thuat toan N-OTA va OTA déu giam. Diac biet déi
v6i thuat toan N-OTA, nguyén nhan 1a khi K tang lén, nhiéu gay ra bdi truyén thong
D2D dén cac IUs ciing tiang lén. D6i véi thuat toan OTA, khi K tang len, SINR tai
mdi bo nhan D2D giam do sy tang lén ctia nhiéu tit cac bo phat D2D. Dé dam bao
duge mot ngudng tdc do D2D xac dinh, can thém thdi gian phan bo cho truyén thong
D2D. Két qua la diéu nay lam giam thoi gian phan bo cho cac IUs va thong luong ctia
ching theo d6 ciing gidm. Luu ¥ rang qua céac gia tri cia K, thong luong véi t6i vu do

dich pha luén cao hon so v6i thong luong khi dé 6 ngau nhien.
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Hinh 2.6: Thong lugng dat dugc véi a) s6 lugng cdc phan tit cia IRS va b) s6 lugng
ang ten tai BS.

Mot diéu dang quan tam la kich thudc ctia IRS, tic la N, cling c¢6 thé anh

huéng dén thong lugng dat duge béi cac IUs. Nhu duge thé hien trong Hinh 2.6(a),
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khi N tang lén, thong luong dat dude bdi ca hai thuat toan N-OTA va OTA déu ting
len. Nguyén nhan 14 SINR tai cac IUs tang khi N tang len. Tuy nhién, toc do tang
ctia cac thuat toan N-OTA nhanh hon so véi thuat toan OTA. Diéu nay cé thé duge
giai thich dya trén dinh nghia ctia thong lugng ctia cac IUs (trong cac phan II1 va IV).
Thuc sy, trong ca hai tinh huéng N-OTA va OTA, thong luong ctia moi IU c6 dang
t; Ry, 4,, trong d6 £; 1a thoi gian duge phan bd cho U i va Ry, 4, 1a téc do dit lieu duge
dat duge béi IU. Trong kich ban N-OTA, khong c6 thsi gian duge phan bo cho truyeén
thong D2D, va do d6 ¢; 16n hon so véi kich ban OTA. Do d6, khi N tang lén, Ry, 4,
duge dat duge bdi thuat toan N-OTA tang nhanh hon so v6i thuat toan OTA. Thong
lugng ctia cac IUs ciing tang khi sé @ng-ten ctia BS tang lén nhu dude thé hien trong

Hinh 2.6(b). Diéu nay la r6 rang do SINR tai cac IUs tang len.

2.6 Két luan chuong 2

Chuong 2 da trinh bay dé xuat mo hinh va thuat toan dé t6i wu hé théng mang

trong cac nha may, cu thé, cac déng gop clia chuong bao gom:

e Dé xuat st dung IRS cho hé théng mang tich hop truyén thong tin clia robot di
dong va thu niang lugng cia cdm bién khong day két hgp véi truyen thong D2D.

e Dé xuat thuat toan N-OTA va OTA nang cao chat lugng truyén thong ctia robot
di dong trong mo hinh tuong tng véi kich ban trong dé khong phan bd va 6

phan bo thoi gian cho truyén thong D2D véi truyén thong tin va nang luong.

Nhu vay, dya trén dé xuat mo hinh va thuat toan, két hop véi viéc thiét ké he thong
thuc té, moi truong truyen thong tai cac nha may c6 thé tré nen 1y tudng, tic la lic
nay moi vi tri trong nha may déu duge phit séng va dat duge téc do truyen thong theo
yéu cau. Khi d6, moi truong truyen thong duge goi 1a 1y tudng. Khi d6, bai toan lap
quy dao cho robot 6 khong bi 4nh hudng béi rang buoc vé téc do truyén thong. O
chuong tiép theo, chuong 3, thuat toan lap quy dao cho robot trong moi truong truyen
thong 1y tudéng sé duge trinh bay.

Noi dung ctia chuong 2 dudc cong bd trong cong trinh CT1. Cong trinh CT1
trinh bay dé xuat mot mo hinh mang khong day DED2D va thuat toan t6i uu mang
cho phép cac robot di dong truyen thong tin, cic thiét bi IoT thu ning lugng va cac
thiét bi stt dung phuong thic giao tiép truc tiép trong nha may cé thé chia sé ciing

bang thong mang ma van dat dude hiéu qua vé truyen thong cho ting loai thiét bi.
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[CT1]N. T. T. Van, H. T. Nguyen, N. C. Luong, N. M. Tien, D. Niyato, and D.
I. Kim, “Intelligence Reflecting Surface-Aided Integrated Data and Energy Networking
Coexisting D2D Communications,” IEEE Trans. Wirel. Commun., pp. 1-1, 2022.
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Chuong 3. THUAT TOAN TOI UU QUY DAO CHO ROBOT DI PONG
TRONG MOI TRUONG TRUYEN THONG LY TUGNG

Gia st bang cach ap dung mo hinh va thuat toan dé xuat & chuong 1, moi truong
truyen thong trong nha may da dam bao chat luong va 6n dinh tai moi vi tri lam viec
ctia robot. O chuong nay, NCS sé xay dung nhiém vu lap quy dao cho robot thanh mdot
bai toan to6i uu. Bai toan téi wu nay la khong 16i nén gap kho khan khi gidi. Do do,
NCS da dé xuat thuat toan dua trén xap xi 16i dé giai quyét. Céac két qua mo phong
da chitng minh hiéu qua ctia thuat toan dé xuat. Cu theé, é phan 3.1 trinh bay co s6 Iy
thuyét vé bai toan t6i wu 161 v thuat toan lap xap xi 16i dé giai bai toan téi wu bing
cong cu CVX trén Matlab. Sau do6, luan an trinh bay thuat toan thiét ké quy dao vdéi
muc tiéu toi thiéu khoang cach di chuyén cho robot ¢ phan 3.2. Thuat toan thiét ké
quy dao v6i muc tieu t6i thiéu nang lugng tieu thu cho robot sé trinh bay & phan 3.3.

Cubi cting 1a két luan chuong.

3.1 Téi wu loi

3.1.1 Bai toan tbi vu

Mot bai toan tdi wu héa néi chung, c6 thé khong cé hodc c6 cac rang buoc. Tuy
nhién, trén thic té, cadc bai toan t6i uu thuong cé rat nhiéu rang buoc. Duéi day 1a hai

dang tong quét ctia bai toan t6i uu c¢6 rang buoc

*

x" = arg min fo(x)
thda man: filx) <0, i=1,2,....,m (3.1)

hj(X):O, j:1,2,...,p

hoac
X" = arg max go(x)
théa man: 9i(x) <0, i=1,2,....,m (3.2)
hj(x)=0, j=1,2,....p
Trong d6, vector x = [z1,Zo,...,2,|T dudc goi 1a bién toi wu (optimization

variable). Ham s6 fy : R® — R dugc goi 1a ham muc tiéu (objective function). Cac
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bat phuong trinh f;(x) <= 0,i = 1,2,...,m dugc goi la bat phuong trinh rang budc
(inequality constraint), va cadc ham tuong tng f;(x),i = 1,2,...,m duge goi la ham
bat phuong trinh rang budc (inequality constraint function). Cac phuong trinh h;(x) =
0,7 =1,2,...,p dugc goi la cac phuong trinh rang buoc (equality constraint), cic ham
tuong tng la cac ham phuong trinh rang budc (equality constraint function).

Tap hop céac diém ma trén d6 ham s6 fy(x) xac dinh duge goi 1a tap xdc dinh
(domain) hay domf. Tap xac dinh ctia mot bai toan t6i vu 1a giao cia tap xac dinh

tat ca cac ham liéen quan [79]:

m p
D =()domf; N (") domh, (3.3)
i=0 j=1

Mot diém x thuoc tap xac dinh dude goi 1a diém kha thi (feasible point) néu

thoa man tat ca cac rang buoc. Tap hop céc diém kha thi dugc goi la tap khd thi

(feasible set).
X ={xeR"|fi(x) <0, hj(x)=0, i=1,2,...,m, j=1,2,...,p} (3.4)

Bai toan (3.1) dugc goi 1a khd thi néu tap kha thi X khéac tap rong.

Bai toan t6i tu dang (3.1) dugc phat biéu bing 15i nhu sau: Tim gid tri t6i wu
clia bién x dé t6i thidu ham fy(x) trong sé nhing gia tri x thod man cac diéu kien
rang budc. Tuong tir cho bai todn t6i wu dang (3.2): Tim gia tri t6i wu ctia bién x dé
t61 da ham fy(x) trong s6 nhitng gia tri x thod man cac di¢u kién rang buoc.

Gia tri toi vu (optimal value) ciia bai toan t6i uu (3.1) duge dinh nghia la:

vt =inf{fo(x)|fi(x) <0,i=1,....,m;h;(x)=0,j=1,...,p}

Piém t6i wu va tdi wu cuc bod

Mot diém x* duge goi la diém toi wu (optimal point) cia bai toan (3.1) néu x*
13 mot diém kha thi va fo(x*) = v*. Tap hgp tat ca cac diém t6i wu duge goi 1a tap toi
wu (optimal set). Néu tap t6i uu khéc réng, ta néi bai toan (3.1) gidi dugc (solvable).
Ngugc lai, néu tap t6i wu réng, ta néi gia tri toi wu khong thée dat dugc.

Dé lam 16 van d@, xét ham muc tiéu f(x) = 1/z véi rang buoc x > 0. Gia tri

toi uu cia bai toan nay 1a v* = 0 nhung tap toi wu la mot tap rong vi khong co gia tri
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nao cta x dé ham muc tieu dat gia tri v*.

V6i ham mot bién, mot diém 1a t6i wu cuc bo ctia ham sd néu tai d6 ham sé
dat gia tri nhé nhat trong mot 1an can (va lan can nay thuoc tap xac dinh ctia ham
s0). Trong khong gian mot chiéu, lan can ctia mot diém dugc hiéu la tap cac diém cach
diém d6 mot khoang rat nhé. Trong khong gian nhiéu chiéu, ta goi mot diém x 1a t6i

uu cuc bo néu ton tai mot gia tri R > 0 sao cho:

fo(x) = inf{fo(z)|fi(z) <0,i=1,...,m,
hj(z)=0,j=1,...,p,||z—x|» < R,x € D} (3.5)

Nhin chung, khong cé cach gidi quyét tong quat cho cac bai toan t6i wu, tham
chi nhiéu bai toan t6i wu chua c6 1i giai hicu qua. Hau hét cac phuong phép khong
chiing minh dugce nghiem tim dugce cé phai la diém tdi wu toan cuc hay khong. Thay vao
d6, nghiem thuong 1a cac nghiém t6i wu cuc bo. Trong nhiéu truong hop, cac nghiem
toi uu cuc bo cling mang lai nhitng két qua tot. Trong luan an nay, NCS sé trinh bay

vé cac van dé lien quan dén phuong phap t6i uu 16i.

3.1.2 Bai toan tbi uu 16i
Bai toan toi wu 16i 1a bai toan téi wu c¢6 dang
x* = argmin fy(x)
X

thod man: f;(x) <0, i=1,2,...,m (3.6)

trong d6 ham muc tiéu fo(x) 1a mot ham 107 (convex function), tap kha thi la mot ¢dp

101 (convex set), cAc ham fi(x),7 =1,2,...,m la cAc ham 16i.
Trong bai toan t6i wu 16i, nghiém t6i wu cuc bd ciing chinh 14 nghiém tbi
uu toan cuc [79,83]

Tinh chat quan trong nhat ciia bai toan t6i wu 16i chinh 1a moi diém téi wu cuc
bo déu la diém t6i wu toan cuc. Didu nay c6 thé chiing minh bing phan chitng. Goi x,

la mot diém nghiem t6i uu cuc bo:

fo(xo) = inf{ fo(x)[x € tap kha thi, [|x — x> < R}
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v6i R > 0 nao dé6. Gia st xo khong phai 13 mot nghiém t6i wu toan cuc, tic ton tai
mot diém kha thi y sao cho f(y) < f(xo) (hién nhién y khong nam trong lan can dang
xét). Ta c6 thé tim duge 6 € [0,1] sao cho z = (1 — 0)xp + fy nam trong lan can cta
Xg, tic ||z — xgl|2 < R. Diéu nay c6 duge vi tap kha thi la mot tap 16i. Hon nita, vi

ham muc tiéu fy & mot ham 16i, ta c6

fo(z) = fo((1—0)xo+ Oy) (3.7)
< (1=90)fo(x0) + 0 fo(y) (3.8)
< (1 =10)fo(x0) + 0fo(x0) = fo(x0) (3.9)

Diéu nay mau thudn véi gia thiét xq 1a mot nghiém t6i wu cuc bo va z ndm trong lan
can clia Xo. Vay gia thiét phan ching 13 sai, titc X chinh 13 mot nghiém t6i wu toan
cuc.

No6i cach khac, gid st mot nghieém t6i wu cuc bo khong phai 1a nghiem t6i wu
toan cuc. Vi ham muc tiéu va tap kha thi déu 16, ta luon tim duge mot diém khac
trong lan can ciia diém t6i wu cuc bo dé sao cho gia tri ctia ham muc tiéu tai diém méi
nay nhé hon gia tri ctia ham muc tiéu tai diém t6i wu cuc bo. Sy mau thuén nay chi ra

rang véi mot bai toan t6i wu 10i, nghiém t6i wu cuc bo phai 1a nghiém to6i wu toan cyc.

Diéu kién t6i vu cho ham muc tiéu kha vi

Néu ham muc tiéu f, 1a kha vi, theo diéu kién bac nhat, v6i moi x,y € dom fy,
ta co:

Jo(x) > fo(xo) + V fo(xo)" (x — xq). (3.10)

Dt X 1a tap kha thi. Diéu kién can va di dé mot diém x, € X' 1a diém t61 uu L
Vfo(Xo)T(X — XO) >0, Vx € X. (311)

Diéu nay chi ra rang néu Vfy(xo) = 0 thi x¢ chinh 13 mot diém t6i wu clia bai
todn. Néu V fy(xp) # 0, nghiém ctia bai todn sé phai nam trén bien clia tap kha thi.
3.1.3 Thuat toan t6i wu 16i

Trén thuc té, c6 nhiéu thuat toan dya trén toi wu 16i. Tuy nhién, luan an quan

tam dén phuong phap diém trong (interior point) cu thé 1a st dung phuong phap diém
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trong trén nén k¥ thuat ham Lagrange [84] dé giai bai toan t6i wu 16i (3.6).
Dit X = [Zni1, Tngos - Tnpm) - v6i moi phan tit clia X déu khong am. Khi do,

bai todn (3.6) ¢6 thé viét lai thanh

X" = argmin fo(X) (3.12a)
thod man: f;(X) =0, Vi=1,2,...,m, (3.12b)
Tny >0, Vi=1,2,... m, (3.12¢)

voi X = col(x", %), fi(X) = fi(X) + Tnis.

Dé loai bé dicu kién rang buoc (3.12c), ki thuat ham chan duge st dung. Dau
tien, can xac dinh mot ham chin 16i (barrier function), ky hi¢u la B (X). Sau do, dat
fox, 1) = fo(X) + 4B(X) v6i i > 0 1a mot s6 duong rat nhé duge chon trude. Khi do,
bai toan t6i wu 16i (3.12) trd thanh

X* = arg min fo(X, /1) (3.13a)
thod méan: fz(fc) =0, Vi=1,2,...,m, (3.13b)

Bai toan (3.13) 1a bai toan t6i wu 16i ¢6 rang buoc la cac phuong trinh. Do do,

nghiém ctia bai toan (3.13) cing chinh 1a nghiém cua

F%A) =0 (3.14)
trong do,
f(% ) = VL&, ), (3.15)
va
L(x,N) = fo(%, 1) + \T(%) = fo(X) + aB(X) + AT (%) (3.16)
T

voi f(X) = | f1(X), f2(X), ..., fm(X)| 13 ham Lagrange ciia bai toan (3.13). Tit day, ta
c6 phuong phéap t6i wu 16i stt dung phuong phéap diém trong véi ki thuat ham Lagrange
dugc mo ta & Thuat toan 3.

Phan tiép theo sé gidi thi¢u cong cu thuyc hién thuat toan 3.
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Thuat toan 3 Thuat toan t6i wu 16i ding phuong phap diém trong véi ki thuat ham
Lagrange [84]

1: Chon ham chan B(i) 6 tinh 16i, trong d6 X = [Ty41, Tnio,-- s Tnim)
2: Chon i > 0 du nho, xay dyng ham Lagrange L£(x,\) theo (3.16), trong d6, f(x) =

T
A&), f2(%), ..., f;n(fc)] va k= [xT,x|T;
Tinh vector ham f(%,A) theo (3.15);

Chon diém bit dau (%o, \o). Dt k = 0, va sai s6 hoi tu rat nhé & > 0;
repeat

Tinh Hj, = %";))

, 13 ma tran Hesse clia /j(fc, ;\) tal (X, 5\k);
i, Ak
Tinh (Reg1, Aet1) = Kis ) + Hy ' f (Riy M)
bat k< rk+1
until Hoi tu R
Diém t6i wu thu duge (Xk, Ax)

3.1.4 Gidi thisu CVX

CVX 1la mot hé théng mo hinh héa dé xay dung va gidi cac bai todn t6i wu
16i ¢6 dinh dang theo quy dinh (disciplined convex programming DCPs). DCP la mot
phuong thitc xay dung cac bai toan t6i uu 16i duge dé xuat béi Michael Grant, Stephen
Boyd va Yinyu Ye [85,86]. Diéu nay nham hé tr¢ viec dinh dang va xay dung céc bai
toan t6i wu ma duge xac dinh 1a cac bai toan tdi wu 16i.

CVX hd tr¢ mot lugng 1én cac kiéu bai toan chuan bao gom quy hoach tuyén
tinh (linear programming LP), quy hoach toan phuong (quadratic programming QP),
quy hoach nén bac hai (second-order cone programming SOCP), va quy hoach bén xéc
dinh (semidefinite programming SDP). CVX ciing c6 thé giai nhiéu bai toan t6i wu 16i
phtic tap hon bao gom nhiéu ham khong kha vi nhu ham chuan ;. CVX dudc st dung
dé xay dung va giai cac bai toan t6i thiéu ham chuan, t6i da ham entropy, toi da ham
determinant c6 rang budc va nhiéu bai toan toi wu 10i khac. Tu ban 2.0, CVX da c6
thé gidi cac bai toan c6 1an bién s6 nguyén (mixed integer disciplined convex programs
MIDCPs) cuing véi viéc tich hgp céc trinh giéi (solver) tuong thich.

CVX dugc thyc hién trén Matlab, va st dung ngon ngtt ctia Matlab cho viéc
mo hinh héa bai toan t6i wu mot cach hieu qua. Cac dac diem ki thuat ctia mo hinh
duge xay dung thong thuong dua trén cac toan tir va ham thong dung ciia Matlab va
ngon ngit 1ap trinh tieu chuan ctia Matlab c¢6 thé dugce két hop véi nhitng dac diem k§
thuat nay. Su két hop nay lam don gidn hoa céc phép tinh dé dinh dang bai toan t6i
uu ciing nhu xit Iy két qua tdi wu va nghiem thu dugc.

CVX cung cap cac mo6 hinh dac biet dé don gian héa viéc xay dung cac bai
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toén. O ché do quy hoach ban xac dinh (SDP mode), CVX ap dung giai tich ma tran
cho toan tit bat dang thiic nén cic bat dang thiic ma tran tuyén tinh (linear matrix
inequalities LMIs) va cc bai toan ban xac dinh SDPs c6 thé duge biéu dién dudi dang
tu nhien hon. O ché do quy hoach hinh hoc (geometric programming GP mode), CVX
chap nhan tat ca cac ham dac biet va cac luat két hgp ciia GP bao gom don thic, da
thiic, da thic tong quét, va chuyén dang cac bai toan dé sang dang 16i dé giai.

Phién béan truée cia CVX ho trg hai trinh giai mién phi la SeDuMi va SDPT3.
Tu ban 2.0, CVX ho trg thém hai trinh giai thuong mai, d6 1a Gurobi va MOSEK.
Céc trinh giai nay da mé rong kha ning ciia CVX trong viéc gidi cac bai toan. Cu thé,
trinh gidi MOSEK da hd trg trén viéc gii cac ham mil, diéu nay cho phép gidi cac bai
toan c6 chita ham logrit, hAm mii v ham entropy ma khong can phai xap xi.

Nhitng tinh chat dic biet vé nghiém t6i wu cuc bo va toan cuc ctia mot ham 16
khién t6i wu 161 tré nén cyc ky quan trong. Tt d6 dan dén nhiéu thuat toan téi wu 10i
ra doi [87]. Tiép theo, NCS dé xuat thuat toan dya trén xap xi 16i dé gidi bai toan toi

uu quy dao cho robot di dong.

3.2 Phat trién thuat toan téi vu quy dao cho robot di dong

3.2.1 Muc tiéu va cac rang budc cua bai toan

Trong luan an, NCS quan tam dén robot di dong dang banh xe vi sai nhu mo
ta ¢ hinh 3.1. Day 1a loai robot di dong ¢6 2 banh chti dong & chinh gitta va ¢6 4 banh
chiu tai dugc dat & cac goc xung quanh robot dé tang kha ning chiu tai cing nhu su
can bang cho robot trong qua trinh hoat dong. Chuyén dong va huéng duge thoéa man
bédi cac co cau chap hanh doc lap.

D6i v6i loai robot mo ta trén Hinh 3.1, robot sé chuyén dong tién thang vé phia
trude khi van téc ciia hai banh xe bang nhau, robot chuyéen dong quay phai khi téc do
quay ctia banh xe bén trai 16n hon téc do quay ciia banh xe bén phai, va robot chuyén
dong quay trai khi téc do quay clia banh xe bén phai 1én hon téc do quay ctia banh
xe bén trai. Ngoai ra, robot c6 thé quay tron tai chd khi hai banh xe quay véi van téc
¢6 do 16n bang nhau nhung nguge chiéu nhau [88]. Bon banh phu ¢ bon goc duge st
dung dé dam bao su 6n dinh va thing bing cho robot. Robot dugc dat trong mot hé
quy chiéu quan tinh Ozy dat tai mot vi tri ¢6 dinh trong khong gian hoat dong ctia

robot. Ngoai ra, khi robot di chuyén, khong chi vi trf ctia robot thay déi ma huéng ctia
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O »
X

Hinh 3.1: M6 hinh robot di dong hai banh chti dong.

robot ciing thay doéi. Dé xac dinh huéng ctia robot, chiing ta quan tam dén hé toa do di
dong O'2'y’ v6i O gan tai tam ciia robot. Khi d6, tu thé ctia robot duge cu thé héa bai
vécto q = [x Y 90:| T. Trong do, q = [m y} ! la toa do trong tam ctia robot trong hé
toa do Ozy, con ¢ la géc giita truc Ox va truc O’z cia hai hé quy chiéu. Chuyén dong
ctia robot duge chia lam hai dang chuyén dong: chuyéen dong tinh tién v chuyén dong
quay. Chuyén dong ctia robot duge dac trung béi vécto v = [p w] T, trong d6 v va w
lan lugt 1a van toc dai (tinh tién) va van toc quay gan véi he toa do di dong ctia robot

T T
c6 phuong va chiéu nhu trén Hinh 3.1. Goi g5 = |::Us Us Spsi| va q, = [xg Yy ng}

lan lugt 1a tu thé diém dau va diém dich ctia robot. Goi q(t) = [x(t) y(t) gp(t)]T va
v(t),t € [1,T] 1an lugt 1a tu thé va van tdc clia robot tai thoi gian ¢, véi T la khoang
thoi gian di chuyén tit diém ban dau dén diém dich ctia robot. Theo d6, méi lien he
gitta van toc trong hé toa do c6 dinh p(t) v6i van toc trong he toa do di dong v(t) duge
biéu dién nhu sau [89]

P =S(p)v(t), (3.17)

trong d6, S(p) 14 mot ma tran Jacobian chuyén hé truc toa do. Xét moi quan hé hinh

hoc trén Hinh 3.1, ta co:
cosp 0

S(p) = |sing 0 (3.18)
0 1
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Theo d6, phuong trinh dong hoc clia robot ¢6 dang [89]

x cosp 0
v
P=|y| = [sinp O ; (3.19)
w
@ 0 1

trong d6, v < Umax VA& W < Winax, VOl Umax VA Winax 1an 1ot 13 van tdc dai va van toc goc
16n nhat ctia robot. Khi d6, (3.19) chinh 1a phuong trinh dong hoc ctia robot di dong
hai banh cht dong dang xét.

Quy dao ciia robot dugce ky vong ring sé di chuyén dén dich véi quang dudng
di chuyén nhé nhat. Khi dé, dé don gian cho viéc khao sat, bai toan dugc r6i rac héa
theo thai gian. Robot sé& tinh todn nhiéu lan, mdi lan sé di chuyén h buée vé phia dich.
Do do6, ham muc tiéu c6 dang

h—1

J=w ) [lalk +1) = a(k)|[* + wal|a(h) — qu|f*, (3.20)
k=1
trong d6, q, 1a vi trf diém dich dén ctia robot, w; va wy la trong s6 clia ham muc tieu.
Dat Q = [q(1),q(2),...,q(h)] 1a qui dao di chuyén ctia robot trong h budc.
Gia stt robot lam viéc trong moi trudng cong nghiép, trong dé s6 luong céac
chuéng ngai vat duge biéu dién bdi mot tap M. Khong mat tinh tdng quat, gia sit cac
chuéng ngai vat déu c6 dang hinh tron. Khi d6, cac rang budc ddm bao tranh va cham

giita robot va chuéng ngai vat duge biéu dién dusi dang

lak) = ag || = 15 + i + 6, Yk € [1,h], 0 € M. (3.21)

N

trong do, qg = (x(?i, yoo) va rg la vi tri va ban kinh cua chuéng ngai vat o;, d. .. la

tham s6 lien quan dén kich thuéc ctia robot, va ¢ 1a mot gia tri khodng cich an toan
gitta robot va chudng ngai vat. Dat d,,, = 7“2_ +d ..+ 0,Yk € [1,h],0; € M. Khi do,

max

rang buoc (3.21) ¢6 thé viét lai thanh
lak) — a%oil| = dyo;, Yk € [1,1], 0, € M. (3.22)

Ngoai ra, trong qua trinh lam nhiém vy, cac robot di dong can thu thap di

lieu giii vé tram trung tam hodc nhan tin hieu diéu khién tit tram trung tam. Khi do,
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tin hiéu truyén thong khong day gitta robot véi tram chii can phai dude dam bao. Goi
R(k) 1a toc do truyen thong tit tram trung tam dén robot di dong tai thoi diém k,
la téc do truyen thong toi thiéu ma hé théng yéu cau dé dam bao thong tin lien tuc

dude cap nhat. Khi d6, rang budc sau can duge théa man

R(k) > 7,Vk € [1, h]. (3.23)

Tuy nhién, & chuong nay, NCS gia st rang budc truyen thong da duge giai quyét
bdi mo6 hinh mang duge trinh bay § Chuong 2. Khi d6, rang buoc truyén thong duge
b6 qua.

3.2.2 Thuat toan tbi uu quy dao

Nhu vay bai toan t6i uu c6 dang

mcin J (3.24a)
thod mén: q(1) = qs, (3.24b)
la(k+ 1) —a(k)|| < TUmax, VEk € [1, ], (3.24c)
la(k) —aQ| > di,,Vk € [1,h],0, € M, (3.244)

trong do, q, la vi trf diém bat dau clia robot, rang budc (3.24b) 14 diém bat dau SP
(Start Point), rang buoc (3.24¢) 1a giéi han van toc clia robot, va (3.24d) la rang budc
tranh vat can. Bai todn nay la bai toan khong 16i béi vi rang buoce (3.24d) 1a khong
16i. Do d6, thuat toan xap xi 16i duge trinh bay dudi day dé xap xi bai toan (3.24) trd
thanh bai toan 16i dé giai.

Rang buoc (3.24d) tuong duong véi

(w(k) — 20)* + (y(k) —y0)’ > d2, Yk € [1,h],0; € M. (3.25)

05 7,047

Dat vé phéi ctia (3.25) 1a f(q(k)). C6 thé thay rang f(k) la mot ham 16i. Chinh
vi ham f(q(k)) 1a ham 15i, nén dao ham ctia né, tic 1a, Vf(q* (k)) 14 mot sieu dao

ham ctia n6 [90], nén
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= (375 - 37001-)2 + (ys - y00i)2 + 2(1‘5 - xg)(x(k) - $5) + 2(ys - yg)(y(k) - ys)

£ fi(a(k)) (3.26)

Dua vao (3.25) va (3.27), rang buoc khong 16i (3.24d) duge xap xi bdi rang buoc

16i sau
fo(a(k)) > d,,. (3.27)

T (3.27), thay vi giai bai toan (3.24), ching ta sé giai bai toan 16i sau

min J (3.28a)
q
thod méan: (3.24b), (3.24c) va (3.27). (3.28b)

Thuat toan 4 mo ta khai quat cac budc gidi bai todn t6i wu 16i (3.28) dé tim

dude qui dao tdi wu cho robot.

Thuat toan 4 Thuat toan CAA

Khéi tao: Dat gia tri cho qs, dg, 1, Umax, 95,78, diyay V6i 0; € M. Dit sai s6 vi trf dich dén e; =
1,e =103,
1: repeat
2 Giai bai toan t6i wu 161 (3.28) dé thu duge quy dao t6i uu (Q*,7*)
3:  Dat qs < an
4 ep =las — qql
5: until ¢y <=¢

Nham muc dich so sanh, luan an trinh bay thém mot thuat toan tinh toan quy
dao cho robot dya trén mo hinh dong hoc ctia robot, thuat todn nay duge dat tén la
CCA (Conventional Computing Algorithm). Trong thuat todn nay, van toc ctia robot
dugde giad st 1a mot hing s6 va ding bang gia tri van téc 16n nhat clia robot vy, Gia

st huéng clia robot ban dau 14 huéng vé vi tri dich, tic 1a

yg_ys
Tg — Ts

= arctan

(3.29)

T phuong trinh dong hoc (3.19), vi trf tiép theo ctia robot duge tinh toan dya
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Thuat toan 5 Thuat toan CCA

Khéi tao: Dat cac gia tri khéi tao cho g, dg, b, Umax, 45,75, dl vOi 0; € M. Cai dat ef = 1,¢ =

0;7 “max
1073,
1: repeat
2 Tinh toan Q bdi (3.29) va (3.30)
3 if tinh toan c6 xay ra va cham then
4: Tinh lai Q bdéi (3.31)
ot end if
6:  ef =llas —qq
7: until ¢y <=¢

trén
4

T = 1vCoS Y
y = psin %) (330)

p=w

\

Sau qué trinh tinh toan, robot sé kiém tra xem vi trf nay c¢é bi va cham véi cac
chuéng ngai vat hay khong. Néu kiém tra chi ra ring khong cé va cham nao xay ra
thi day chinh 1a vi tri tiép theo ctia robot. Néu tinh toan chi ra c6 xay ra va cham thi

robot can tinh toan lai vi trf nay nhu sau [91]

Tnew(t + 1) =2(t + 1) + (d, 0, — dops) cOs v,
(3.31)

Ynew(t + 1) =y(t + 1) + (dro, — dows) sin a,

trong dé, dops va o 1a khoang cach va goc giita diém chinh gitta clia vat can m va diém

q(t +1). Thuat toan 5 mo ta thuat toan CCA.

3.2.3 Panh gia két qua thuat toan CAA

Trong phan nay, cac két qua mo phéng kiém chiing hiéu qua ctia thuat toan deé
xuat dude trinh bay. Moéi truong mo phong dude xem xét gom c6 2 chudng ngai vat va
s6 budc di chuyén ctia robot méi lan 1& h = 10. Ngoai ra, céc tham s6 mo phéng duge
liet ke & Bang 3.1. Cac két qua mo phong duge thyc hien tréen MATLAB, va bai toan
t6i wu 161 dude gidi bang goi CVX ciing véi trinh gidi Mosek 9.1.9.

Hinh 3.2 va Hinh 3.3 thuc hién so sanh cac két qua thu duge bdi hai thuat toan
CAA (Thuat toan 4) va CCA (Thuat toén 5).

V6i thuat toan xap xi 161 CAA, tong quang duong di chuyén clia robot 14 1.5625m

trong khoang thai gian 1a 35.5s. Trong quéa trinh di chuyén, robot di v6i van toc luon
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Béng 3.1: Bang tham s6 mo6 phéng thuat toan CAA va CCA

Tham s6 | Gia tri Tham sb Gia tri
T
a 0.05m || 0 0.005 m
Vmax 0.05 m/s || qs [0,0]
T 0.05 s qg [1,1]
wy 0.8 q% [0.15,0.25]
ws 0.2 qC [0.6,0.5]
12 w ‘ . ‘ :
A | Diém dich GP
Thuat toan CCA
1
12 T ‘ : —_—
Thuat toan CAA biém dich GP
'r 08|
08}
06|
B Vat can 2
= 61 > Vatcan 1 j
13 04l
> o4l
02|
02}
ol ot
Diém bat dau SP Diém bat dau SP
0.2 : L L L L -0.2 ! . . . . .
02 0 0.2 04 06 08 1 12 0.2 0 02 04 06 08 1 12
X (m) X(m)
(a)

Go6c quay (rad)

Hinh 3.2: (a) Quy dao ctia robot véi thuat toan CAA, (b) Quy dao clia robot véi thuat
toan CCA, va (c¢) G6c quay ciia robot.

nhé hon van t6¢ vpmax. Nhin vio Hinh 3.2(a) ta ciing thay ring robot di chuyén kha
muot ma trong sudt quang duong di tit diem bit dau cho dén diém dich. Déi véi thuat
toan CCA, quang duong di chuyén ctia robot la 2.2m véi thai gian 1a 39.45s. Trong
qué trinh di chuyén, khi khong c6 vat can robot di v6i van toc 16n nhét vpa,. Nhin
vao hinh 3.2(b) ta ciing thay riang robot di chuyén khé khé khan & nhing vi trf gan
vat can. Hinh 3.2(c) thé hien do mugt ma khi di chuyén tuong ting vé6i hai thuat toan
CAA va CCA. Cu thé, thuat toan CAA thiét ké quy dao gitp robot di chuyén mugt
ma hon véi su thay déi goc quay nhoé hon ¢ mdi bude di chuyén theo thoi gian so véi
quy dao dugce thiét ké bdi thuat toan CCA.

Tiép theo, tham s6 khoang cach gitta hai banh xe robot (tuong ting 1a kich thudc
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Hinh 3.3: Quéang dudng va thoi gian di chuyén khi a) vy,.y thay doi b) dJ,,. thay doi.

clia robot cling thay déi) thay doi va quan sat su thay doi ciia quy dao ciing nhu thai
gian di chuyén ctia robot, day 1a hai chi s6 quan trong danh gia chat lugng cia quy
dao di chuyén ctia robot. Nhin vao Hinh 3.3(a), chiing ta thay ring, nhin chung, cd do
dai quang duong va thoi gian di chuyén déi véi cd hai thuat toan CAA va CCA déu
tang khi d tang. Tuy nhién, ci hai gia tri nay & thuat toan CAA deéu tang nhe con
& thuat toan CCA thi ting kha dang ké. C6 thé néi, qui dao chuyén dong ctia robot
AGV khi sit dung thuat toan CAA khong bi &nh hudng qué nhiéu vao kich thuée cta
robot trong khi n6 bi 4anh huéng rat 16n khi stt dung thuat toan CCA. Ngoai ra, rat dé
dang nhan thay ring, ca vé do dai quang duong hay thoi gian di chuyén & thuat toan
CAA déu nhé hon rat nhiéu so vé6i thuat toan CCA.

Cudi cling, chiing ta xem xét viec thay doi hai chi s6 quan trong ciia bai toan
t61 uu quy dao chuyén dong khi thay doi van téc 16n nhéat ctia robot. Nhin vao hinh
3.3(b), chiing ta thay ddi v6i thuat toan CCA, khi van téc cho phép 16n nhat ctia robot
Umax tang lén thi cd quang duong va thoi gian di chuyén déu c6 xu huéng giam nhung
van con 16n hon so vé6i thuat toan CAA. Trong khi d6, nhin chung quy dao chuyén
dong ctia robot ¢ thuat toan CAA kha on dinh khi vy, ting, con thoi gian di chuyén
gidm xudng kha dang ké.

Nhu vay, c6 thé thay ring, xét vé mot bai toan t6i uu quiang duong di chuyén,
hay xét dén thoi gian di chuyén ciia robot hodc xét dén do mugt ma khi di chuyen, xét

vé mit nao thi thuat toan CAA vAn cho mot qui dao di chuyén tét.

3.3 Phat trién thuat toan tbi thiéu nang luong tiéu thu

0 phan nay, luan an quan tam dén ham muc tiéu la nang lugng tieu thu cta

robot. Tic 1a xem xét dén bai toan t6i wu qui dao cho robot véi muc tieu la t6i thiéu
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nang lugng tiéu thu cho robot.

3.3.1 Mo hinh héa nang lugng tiéu thu cia robot di dong

Nhu da dé cap ¢ Chuong 1, do dic trung vé chiic nang di chuyén nén robot di
dong stt dung cac nguon pin roi. Nhin chung, ning lugng tiéu thu béi robot chia thanh
hai phan chinh: nang lugng chuyén doi sang dang dong hoc va nang luong vudt qua
I cén tac dong vao robot, nhu lyc ma sat [41]. O phan nay, luan 4n b qua phan méat
mat trong qué trinh bién doi dong hoc quay ciia robot, mat mat do két ciu co khi, va
mat mét do ton hao nhiét & cuon day phan ting ctia dong co nhu trong nghien ctiu [92].
Khi d6, mat mat nang luong do bién ddi dong hoc duge biéu dién nhu sau

1
E, = §mv2(t)

:klj)<d<%"“9“i>)a (3.32)

trong d6 m la khéi lugng ctia robot. Nang lugng mat mat do ma sat trong qua trinh
robot di chuyén duge mo ta dudi dang [93]
T

Efm'ction = 2/””9/ ’U<t)’dt, (333)

t=0

trong do6, g 1a gia toc trong truong, va u 1a hé s6 ma sat truct phu thuoc vao dang bé
mat moi trudng robot lam viec. Do d6, niang lugng tieu thu cho hé théng chuyén dong

ciia robot duge mo ta dang [41]

Emotion = Ek + Efriction

_ /tTO (d(%mv2<t))) + 2umg /tTO\v(t)\dt. (3.34)

Ngoai ra, robot con tiéu hao mot phan khong nhé nang lugng cho may tinh, cac
mach dién t1t, cdm bién. Céc thanh phan nay dugc mo ta béi [41,93]

T
&:a/du (3.35)
t

=0

trong do6, P, 1a cong suat nguon ctia hé thoéng.

Tit (3.34) va (3.35) ciing véi viec 10i rac hoa theo thoi gian, tong nang lugng
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tiéu thu ctia robot c6 thé duge viét lai dusi dang sau:

E = Emotion + Es = Ek + Efriction + Es

= L1 L1
=5 D mui +2umg Y ld —al + Py T
1=0 1=0 1=0
1 g al\? L-1
1 — q
=5 m(%) + 2umg Z lai+1 — qi| + Ps(L — 1), (3.36)

=0 1=0

trong d6, L 1a s6 budce roi rac hdéa theo yeu cau, [ € [0, L] 1a cac bude theo thoi gian,
Q= [qo,q1,---,9qr], va v = [v1,v9,...,v7] lan lugt 1a quy dao va van tdc tuong ting

véi cac bude thoi gian trén, va 7 la khoang thai gian cho mdt bude.

3.3.2 Cac rang budc tranh va cham

Trong moi truong lam viéc cua robot, ching ta gia sit cac chudng ngai vat co
dang da gidc H canh. Cu thé, gia sit ¢6 mot tap M vat can trong moi trudng lam viec

clia robot, mdi vat can duge mo ta boi [94]

P = {z|Az < b}, (3.37)

trong d6, A € RF*2 va b € R¥. Mot diém z dude goi la nim ngoai hinh P khi it nhét

mot trong cac bat phuong trinh Ag > b théa mén, tic 13,

Az>b+ (e~ 1)M, (3.38)
H
» en=1, (3.39)
h=1
trong d6, e = (e, ea,...,em)" 12 mot véc to nhi phan, e, € {0,1}, va 1 = 17 1a véc to

don vi, M 1a mot hing s6 dt 16n duge st dung theo phuong phap Big-M dé xéc dinh
mot diém nim ngoai mot da giac [95]. Cac rang buoc trong (3.38) va (3.39) dam bao
rang c6 it nhat mot thanh phan ciia e bing 1 v diém z nam ngoai vat cam. Goi d, 1a
tham s6 dai dién cho kich thuéc ctia robot. Dé tranh va cham xay ra gitta robot va vat
can, chung ta dinh nghia mot khoang céch an toan § > 0. Do d6, quy dao ctia robot

can dam bao cac rang buoc sau

A,.q > b, +d, 406+ (e, —1)M, Vi € [0, L],Yo; € M, (3.40)
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E ¢ {0, 1}M* D+, (3.41)
H

> ot =1,Yo, € M1 €0, L], (3.42)
h=1

trong do, e,, »; € {0,1}* 1a mot véc to nhi phan cho vat can o; va E = {e,,, Vo, € M}

la danh cho toan bd cac vat can tinh trong moi trusng lam viéc ctia robot.

3.3.3 Thuat toan t6i wu ning luong tiéu thu cho robot

Nhin chung, chiing ta cé thé thiét ké quy dao cho robot gitp gidm tong quing
dudng di chuyén nhim gidm nang luong dong hoc tiéu hao cho robot. Tuy nhién, can
dam béao khong xay ra va cham trong qua trinh robot di chuyén. Thém vao dé, ching
ta c6 thé giam khoang thoi gian méi buée di chuyén dé gidm nang lugng tieu hao tren
may tinh, cdc mach dién tif va cdm bién. Tuy nhién, diéu nay yéu cau robot can di
chuyén nhanh hon va c6 thé vugt ra khéi kha nang ctia robot. Do d6, trong phan nay,
luan an xay dung bai toan t6i thiéu nang luong tieu thu ctia robot bang cach toi uu
quy dao va thoi gian mdi bude di chuyén trong khi van dam bao yéu cau tranh vat can.

Bai toan t6i uu duge dua vé dang bai toan toi uu c6 bién s6 nguyén nhu sau:

min £ (3.43a)
Q,r,e

thod man: (3.40) - (3.42),

Qo = Js; (3.43Db)
dp = gy, (3.43¢)
Vg < Umax, Vd € {1,2,..., D}, (3.43d)
Tmin < T < Tiax, (3.43e)

trong d6 vUpyay 12 van toéc dai 16n nhat ciia robot, Tiin VA Tmax 1an lugt 13 thoi gian toi
thiéu va thoi gian t6i da cho mot bude di chuyen.

Bai toan (3.43) 1a mot bai toan khong 161 do ham muc tiéu (3.43a) 13 mot ham
khong 156i. Tiép theo, luan an sé trinh bay viéc phat trién thuat toan xap xi 16i [96] dé
giai bai toan t6i uu trén.

bat (Q™, 7, el*) 1a mot diém kha thi clia bai toan (3.43). Diém kha thi nay
duge tim thay & 1an lap thtt (k — 1). Tai lan lap thi &, diém kha thi tiép theo, titc 13,
(Q<“+1>,T<””“>,e<”“>) s¢ dugc xac dinh. Ap dung bat ding thic (A.2) ¢ Phu luc A
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cho ham E}, ta co

l\D||—~
M“

|qz YN s — al () 2\ 2
") +- -
|ql+1_ql |

|Ql<+>1 ql | Qi1 — ai CAY A (k)
(7—<ﬁ>)2 (k) + T - Ek ’ (3'44)
|ql+1 —q

I
'_‘o

L—

I

=0

Nhan thay ring, biéu thiic trong ngoic 16n ctia E',i'i> la tong ctia mot ham chuan,

T

tic 1a, ||qi+l—?*l“|> va mot ham % Bang cac tinh chat ctia ham 16i da dé cap dén &
91179

phan phla trén, c6 thé dé dang chiing minh duge cac ham nay déu la ham 16i. Do do,

ham E ' a mo6t ham 16i. Hon nita, ham E friction 48 12 mot ham 16i. Do d6, c6 thé xap

xi ham muc tiéu (3.43a) bang ham 10i sau
E < EY 4 Epriction + Es 2 E®. (3.45)

Dua trén (3.45), bai toan (3.43) duge xap xi bang bai toan t6i uwu 16i sau

min £ (3.46a)
Q,t.e
thod man: (3.40) - (3.42), va (3.43b) — (3.43e), (3.46b)

Giai bai todn (3.46) sé thu duge (Q+V, 7¢++1) cho lan lap tiép theo. Do phic
tap tinh todn ctia thuat toan gidi bai toan t6i wu 10i (3.46) la O(a?p*® + 43°) [97],
trong d6 « = 2L+ KH(L+1)+3vaf=2(L+1)KH + (L+ 1)K + L + 3 lan luot
1a 86 lugng cac bién quyét dinh va s6 lugng cac rang buoc 16i ciia bai toan (3.46). Chu
¥ rang, (QW, T<“>) va (Q<“+1>, T<“+1>) lan Iuot 1a diem kha thi va diém t6i wu clia bai

toan (3.46). Khi do,
E<H>(Q<n+1>77<ﬁ+1>) = E<“>(Q<“+1>,r<“+1>), (3.47)

voi moi (QW, 7% £ (QWHY, 7+ Didu nay don gian thé hien (Q Y, 7)) 1a
mot diém t6t hon diém (Q, 7)) cho bai toén (3.43). Quan tam dén (3.43a), ta
c6 [98]:

E(Q®, w7 = B¢ (Q®, )

< EW QI 750 < B(QUIHY, 7w+, (3.48)



78

Thuat toan 6 Thuat toan OSOW giai bai toan (3.43)

Khéi tao: Dat e = 1073 va k = 1;
1: repeat
2: Gidi bai todn 16i (3.46) dé thu duge (Q+D, #{vH1) = (Q*, t*);
Cap nhat (Q<”+1>77—<N+1>) = (Q*, )
~ |E<”+1>—E<”>\
€ = e
Dat k +— k+1
6: until € <e.
7: Diém t6i vu thu duge (Q™, (™)

Diéu nay 16 rang cho thay diém t6i vu (Q"+Y, 7¢+1) ciia bai toan (3.43) dam
bao diéu kien hoi tu: E(QWH, 7+t0) > E(QW, 7). Diém (Q* ™, r+H1)) hoi tu
dén mot diém yen ngua (Q,%) sau mot s6 lan lap giéi han [98]. Thuat toan gidi bai
toan toi uu (3.43) duge chi ra trong Thuat todn 6. Thuat toan nay duge dit ten 1a
Thuat toan OSOW dé chi thuat toan gidi quyét bai todn téi wu quy dao robot trong

moi trudng chi co céc vat can tinh (Only Static Obstacles in the robot’s Workspace).

3.3.4 Bai toan t6i uu trong kich ban méi truong cé vat can dong

Trong phan 3.3.3, ching ta quan tam dén kich ban moéi truong lam viéc cia
robot chi c6 vat can tinh SOs (Static Obstacles). Tuy nhién, trong thyc té, moi trudng
lam viéc ctia robot khong chi c6 cac vat can tinh, ma con cé cac vat can cé thé di
chuyén duge (vat can dong) nhu con ngusi, cidc xe hang... Do d6, trong phan nay,
luan an sé quan tam dén kich ban vat cdn dong xuat hién trong qué trinh robot di
chuyén. Cu thé, déi véi vat can tinh, cac gia sit vAn gi®t nguyén nhu trong phan 3.3.2.
Trude tien, dira vao thong tin cic vat can tinh, robot sé tinh toan quy dao t6i uu dya
trén Thuat toan 6, titc 1a Thuat toan OSOW giai bai toan (3.43). Sau do6, robot sé di
chuyén dya trén quy dao nay. Quy dao nay, tic 1a, Q = [qo, qi, . .., qr], dude goi la
qui dao toan cuc. Trong qua trinh robot di chuyén, tai budc i € [0, L], gia sit robot
phét hién c6 NV; = {1,..., N;} vat can dong MOs (moving obstacles). Mdi vat can dong

MO dugc gia sit ¢6 dang hinh tron. Cu thé, robot quan sat thay duge MO n; c6 tam
o

tai qF,; = (29;,49;) di chuyén v6i van toc¢ vy, = (Vng,, Uny,). Do yéu cau tranh vat can,
quy dao di chuyén tiép theo ctia robot q;;, = (i, vis,), trong dé I; € [0, L;] véi L;
1a 56 bude di chuyén can thiét dé di qua N; vat cdn. Goi Q; = [Qi0, Qil, - - - iL;], VA
Vi = [vi1,Vi2,...,v;1,] 1a tap cac vi trf va van téc cho robot trong qua trinh tranh vat

can. Theo d6, Q; dugc goi Ia qui dao cuc bo. Nhu vay, diéu kién tranh vat can lic nay
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duge mo ta nhu sau
Idtis, — aSll =8+ de +6,¥n € N1 € 0, L], (3.49)

trong d6, 79, 1a ban kinh ctia vat can n, va q¢ L= (mTOLl,,ygl,) la vi tri cia vat can n

tai bude l;. Dat d; ., = r9 i +d, 4§, rang budc (3.49) c6 thé duoc viét lai thanh

> di,r,nyvn € N, ll < [0, Lz] (350)

HQi,lz‘ -

Bai toan tdi thiéu nang luong tieu thu ciia robot trong kich ban tranh vat can

dong sé c6 thém cac rang budc tranh vat can dong (3.49) nhu sau:

min F; (3.51a)
Qi tie

thod mén: (3.40) - (3.42), va (3.50),
0 = i,s; (3.51b

qi,Li = qi,g7 (351C
Ui 1, S Umax,v c [0, LZ], (351d

Tmin S Ti S Tmax (3516

trong do, 7; 1a bude thoi gian, q; s, qi, 1an luot 1a vi tri robot phat hién cac vat can

dong va vi trf robot vugt qua dude cac vat can dong va trd vé quy dao toan cuc Q, va

E' = Ek + Efrictionz‘ + Esi

_ _Z <|qzl+1

Li—1
) + 2umg Z Qi z+1 — s(Li — 1)1 (3.52)
Li=0

13 tong nang lugng tieu thu dé tranh duge N; MOs.
Bai toan (3.51) 1a bai toan khong 16i vi ham muc tiéu (3.51a) va rang buoc

(3.50) 1a khong 16i. Tuong ty nhut phan 3.3.3, biang cach ap dung bat dang thitc (A.2)

Ti(n} ) 2) 2
_I._
Ti

trong Phu luc A cho Ej,, ta c6

1 |qzl+1 |sz+1 i
B, —gle( 4(@ w

|q7,l+l 9,
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Li—1 (k) ()2 ' _ (k) \ 4
_ ;H_Q ’qz,l¢+1<ﬁ) le,li (|qz’i>+1 (,{> n TZT ) a E]i,i) (3.53)
1,=0 (") |qi,li+1 9, | i

Do d6, ham muc tiéu (3.51a) khong 16i duge xap xi bang ham 16i sau
E; < B + Efriction; + Es; 2 B[, (3.54)
Tiép theo, ta quan tam dén rang buoc (3.50). Rang buoc nay tuong duong véi

(:EiJz' - xg,li)2 + (yi,li - yr?,l ) > d72"n7
Vn e N, l; € [0, L],

(3.55)

O =28 4 e, Limi, yS), = Y55 4 Uny,lii. Dt vé phai ctia (3.55) 1a f(u,y,),

trong do, x
trong d6, w;;;, = (qiy,, ny,)- Lay vi phan tiung phan bac hai clia ham f(u,,;) theo céac
bién x;;,,yi;, va 7; ta duge mot ma tran Hessian. Nhan thdy ma tran nay la ban xac
dinh duong. Do d6, f(u,,,) 1a ham 16i. Vi ham f(u,,,) la ham 16i, nén dao ham cia

no, tic la, Vf(uffl)z), la siéu dao ham [90]. Do d6, ta c6

Fu) > fal) + V) (., —ul)
)

O(r) (k) O(r

(K
- (le xn,li) +(yz _ynl )

K O{rk K O{rk K
+ 2] = 2y, — 2 + 20 = vt ) Wi — v

n,l;

K O(k K O(k K K
— 2 (va0 (2} — 20) + 0y (0 =yt (7 — ) 2 F (wp). (3.56)

T (3.55) va (3.56), rang buoc khong 16i (3.49) duge xap xi thanh rang buoc 161

sau
F () > dz . (3.57)
Tu (3.54) va (3.57), thay vi gidi bai toan khong 16i (3.51), ta giai bai toan 1oi

sau

min E< K) (3.58a)
Q;,ti.e
thod man: (3.40) - (3.42),(3.51b) — (3.51e) va(3.57), (3.58b)

dé thu duoc (Qf“), Ti<'i+1>) & vong lap tiép theo. Do phiic tap tinh toan ctia thuat toan
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Thuat toan 7 Thuat toan MSOW

1: St dung Thuat toan 6 dé tao ra quy dao toan cuc (Q<5>,T<S>> cho moéi trudng chi quan tam dén

vat can tinh.

2: Dit (Q(g>’7<g>) = (Q(s>’7_<s))

3: repeat

4: Robot di chuyén theo qui dao toan cuc (Q<9>, T<g>>.

5 if Robot phat hién ra N; MOs tai buéc ¢ then

6: Khéi tao: Khéi tao gia tri ban dau bat ky (Qg0>,7'i<0>) théa méan cac rang buoc (3.51b),
(3.51c) va (3.51e), rdi giai bai tosn (3.59) dé tim diém kha thi (Q!™,7") cho bai toan
(3.58). Dt & = 0;

7 repeat

8: Gidi bai toan 16i (3.58) dé thu duge (Q"Y, +"t1) = (Qz, );
9: Cap nhat (Q§r€+1>’7_i(f€+l>) — ( faﬂ‘*)

(k1) _ ()
10: e= BB

Ei

11: Dit k<~ +1
12: until € <e.
13: Thu duge diém t6i wu (QZ{@, Ti<'{>).
14: St dung (Q§“>, Ti<“>) dé cap nhat cho (Q'9,749)).
15: end if

16: until Robot di chuyén dén dich.

giai bai toan t6i uu 16i (3.46) 1a O (a?B*°+ 33°) [97], trong d6, v = 2L;+ K H (L;+1)+3
va f=2(L; + 1)KH + (L; + 1)K + L; + L; N; + 3 1an lugt 1a s6 bién quyét dinh va s6
rang buoc 16i khi gidi bai toan (3.58). Twong tw nhu phan 3.3.3, chudi (Q{"", 7/**)
hoi tu tai diém yén ngua (QZ, %i) sau mot s6 vong lap gidi han [98]. Dé nang cao hiéu
qua tinh toan cilia thuat toan, viéc tim diém kha thi ban dau la rat quan trong.

Chon mot diém kha thi bat ky (QZ@, TZ-<O>> cho cac rang buoc (3.43b), (3.43c)
va (3.43¢). Mot diém duge goi 1a kha thi cho bai toan (3.58) (Q, 7)) cin phai théa

7

man rang buoc (3.43d) va (3.57). Do d6, bai toan t6i vu can gidi c6 dang

3.59
dnax 1) (3.59a)

thoé méan: (3.40) - (3.42), (3.51b) — (3.51c), (3.51e),
Umax > U, V1 € {1,2,..., L}, (3.59Db)

f("f) (un7li) Z d?ﬂ",n”? (359C)

v6i k= 0,1,... cho dén khi gid tri cia ham muc tiéu (3.59) 16n hon hogc bang 1. Khi
d6, nghiem tim duge (Q™, 7)) s& 1a diém kha thi cho bai toan (3.58).

Nhu da dé cap ¢ doan dau ctia phan nay (phan 3.3.4), robot sé di chuyén theo
quy dao cuc bo, tic la, Q;, dé tranh cac vat can dong, sau do, robot sé quay trd lai

quy dao toan cuc, tic 1, Q, dé di chuyén dén dich. Do dé, thuat toan tong thé cho bai
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toan lap quy dao cho robot trong moi truong cé ca cac SOs va MOs dugce trinh bay 6
Thuat toan 7. Thuat toan nay duge dat tén la Thuat toan MSOW, nghia la thuat toan
lap quy dao cho robot trong mai trudng chita cd vat can tinh va vat cdn dong (both

Moving and Static Obstacles in the robot’s Workspace).

3.3.5 Danh gia két qua

Phan nay trinh bay két qud mo phéng cho cac thuat toan OSOW va MSOW.
Dau tién 1a két qua mo phéng cho thuat toan OSOW. Sau d6, két qua mo phéng cho
thuat toan MSOW. Luan an quan tam dén khu vige lam viéc ctia robot trong viing 10m
X 10m [41] bao gom 5 chudéng ngai vat. Cac tham s6 mo phong duge trinh bay trong
Béng 3.2. M6 phéng duge thyc hién tréen MATLAB cung véi géi CVX 2.2 [86,99-101]

cung vGi trinh giai Mosek 9.1.9 v6i do chinh xac mac dinh.

Béang 3.2: Bing tham s6 mo phéng thuat toan OSOW va MOSW

Tham s6 | Gi4 tri Tham s6 | Gia tri
L 30 ) 0.1m
VUmax 0.7m/s || u 0.05
Tmax ls Tmin 0.01 s
g 9.8m/s? || m 9 kg [41]
M 100 [94] || P, 17.8 W
s [1.5,1.5] || qq 8, 8]

Dé thuan tién cho viéc so sanh, ¢ day, ching ta quan tam dén cac thuat toan

sau:

e OSOW: Day la thuat toan xap xi 16i dugc mo ta ¢ phan 3.3.3 (Thuat toan 6).

Thuat toan 6 duge dé xuat dé gidi bai toan toi wu (3.43).

e OSOW c6 dinh 7: Day la thuat toan tuong ti nhu thuat toan OSOW trong do

gia tri khoang thoi gian moi bude 7 1a ¢6 dinh.

e MSOW: Day la thuat toan xap xi 16i dugc mo ta ¢ phan 3.3.4 (Thuat toan 7).

Thuat toan 7 duge dé xuat dé gidi bai toan t6i wu (3.51).

e MSOW c6 dinh 7: Day la thuat toan tuong tu nhu thuat toan MSOW trong

do6 gia tri khodng thoi gian mdi buée 7 1a ¢6 dinh.

Dau tién, ching ta quan tam dén kich ban chi ¢ cac vat can tinh (SOs). Dé

danh gia thuat toan dé xuat, ching ta xem xét dén thuat toin dira trén nén thuat toan
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A* [41]. Cha y rang thuat todn dya trén thuat toan A* chi dugce st dung cho kich ban
OSOW, nén viéc so sanh chi duge thyc hién véi kich ban nay. Hinh 3.4(a) thé hien
quy dao toi wu khi stt dung ba thuat toan: Thuat toan OSOW, Thuat toan OSOW
v6i 7 ¢d dinh, vd Thuat toan dua trén thuat toan A*. Quan sat thiy rang, quy dao
sinh ra béi Thuat toan OSOW va Thuat toan OSOW véi 7 ¢ dinh gan tuong ty nhu
nhau va mugt ma hon so véi thuat todn dya trén nén A*. Ngoai ra, Hinh 3.4(b) thé
hién sy thay doi ctia nang luong tieu thu va thoi gian di chuyén ctia robot khi thay doi
gia tri van téc 16n nhat ciia robot khi stt dung ba thuat toan. Nhin vao hinh ta thay,
ning luong tieu thu va thoi gian di chuyén ctia robot thu duge khi stt dung thuat toan
OSOW luon la thap nhét tai mdi gia tri vmay. Két qua nay thé hien ré rang su quan
trong va can thiét ctia viec toi uu khoang thoi gian méi buée 7 ¢ thuat toan OSOW.

Diéu nay ciing thé hién tinh hiéu qua clia thuat toan dé xuat.

—e— 0OSOW 24
-e- 0SOWcddinh 7
--e-- Duyatrén A* 2%
—a— OSOW E
-8~ OSOWc8dinh 7 20"@
—-s-- DuatrénA* ;‘
———————— o --------¢ 5
________ e mm e e n- 4182
- o
....... N 2
‘‘‘‘‘ - ]
o S 6.8
~—— Tl - 5
B Y142
e [
g
12
0.8 0.9

(b)
Hinh 3.4: a) Quy dao t6i wu bdi ba thuat toan b) Nang lugng tieu thu va thoi gian di
chuyén tuong tng véi van téc lén nhat ctia robot.

Tiép theo, chiing ta xem xét dén anh hudng ctia gid tri van tdc 16n nhat cla
robot, tiic 13, vmay, dén mitc ning luong tiéu thu cia ba thuat toan trong kich ban chi
c6 vat can tinh. Nhu nhin thay trong hinh 3.4, khi vy, ting, ning lugng tieu thu va
thoi gian di chuyén ctia robot khi sit dung thuat toan OSOW va thuat toan dua trén
A* gidm, con khi sit dung thuat toan OSOW véi 7 ¢6 dinh thi cac dai lugng nay gan
nhu khong déi. Cac két qua nay c6 thé duge giai thich nhu sau. Véi thuat toan OSOW,
khi vpmax tang thi tong thoi gian di chuyén ciia robot sé gidm, tit d6 sé giam nang lugng
tieu thu trén may tinh, cac mach dién tit va cam bién, tic 1a gidm E,. Mat khéc, khi
Umax tA0g, robot di chuyén véi téc do cao hon lai lam tang ning lugng tieu thu cho hé

thong chuyén dong ctia robot, tiic 1 E,orion. Tuy nhién, dicu tha vi 1a tong nang lugng
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tieu thu ciia robot da gidm. Diéu nay c6 thé 1y giai do mic do gidm ctia E, nhiéu hon
so v6i mic do ting cla Foomon. Day ciing chinh 1a 1y do dé giai thich cho viéc tong
ning lugng tieu thu va quang duong di chuyén ciia robot gidam dan khi vpay tang. V6i
thuat toan OSOW c¢6 7 ¢b dinh, khi vpay tang, thoi gian di chuyén ctia robot khong
doi. Nguyen nhan 1a do vi trf clia robot tai méi budc khong thay déi khi v, thay déi.
Hon nita, vi khoang thoi gian gitta cac bude 7 da dude c6 dinh nén van téc thyc té clia
robot ciing khong déi. Két qua 1a, tong nang luong tiéu thu gan nhu khong thay doi.

540

—-©— MSOW
520 -|—B— MSOWcédinh +

Sso0t

@

Nang lugng tiéu

0 1 2
S6 lugng vat can dong

(a)
Hinh 3.5: Nang lugng tieu thu va quang duong di chuyén khi s6 luong vat can dong
trong moi truong lam viec thay doi.

Bay gio, ching ta xét dén kich ban trong moi truong lam viéc ctia robot c6 ca
vat can tinh va vat can dong. Luc nay, viéc chi ra sy anh hudng clia s6 lugng cac vat
can dong (MOs) xuat hién tac dong len nang lugng tiéu thu ctia robot 1a mot van dé
quan trong. Trong cdc mo phong, gid sit robot phat hién ra mot MO tai buée s6 3, lic
do vi tri cia MO 1a (1.5,3) véi ban kinh 0.5 m. Sau d6, robot phat hién théem mot MO
khac & bude 20, khi d6 vi tri cia MO 1a (6.5,7.5) v6i ban kinh 0.3 m. Nhu thay tren
Hinh 3.5(a), khi s6 lugng MOs tiang lén, nang lugng tieu thu ctia robot ting len. Dicu
nay hoan toan hop 1y, vi khi s6 lugng MOs tang lén, dé khong xay ra va cham, robot
can tranh vat can dan dén quang duong va thoi gian di chuyén ting lén dan dén nang
luong tiéu thu tiang lén. Ngoai ra, ta con thay nang lugng tieu thu khi sit dung thuat
toan MSOW nhé hon khi st dung thuat toan MSOW véi 7 ¢6 dinh. Diéu nay thé hien
tinh hiéu qua ctia thuat toan dé xuat.

Cudi cung, ching ta xem xét dén quy dao dugc sinh ra bdi cac thuat toan de

xuat ¢ Hinh 3.6(a), (b), (¢), va (d). Trén hinh, méi dudng tron mau xanh va cac dudng
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(d)

Hinh 3.6: Quy dao tdi wu ciia robot khi t6i thicu nang lugng tieu tu véi a) kich ban
MSOW ¢6 01 MO b) kich baAn MSOW ¢6 02 MOs, ¢) ba kich ban va d) Géc quay ciia
robot tuong ting véi cac quy dao t6i uu.

tron mau dé 1an lugt thé hién cho robot va cic vat can dong tai mdi bude. Hinh 3.6(a)
va (b) 1an lugt thé hien qui dao clia robot & kich ban ¢6 mot va hai vat can dong. C6
thé thay rang quy dao clia robot da thay doéi so v6i quy dao toan cuc (titc 1a quy dao
sinh ra béi thuat toan OSOW) nham muc dich tranh vat can dong. Hinh 3.6(c) ciing
da thé hien 16 sy thay ddi nay trong méi trudng hop tuong tng véi timg thuat toan dé
xuat. Géc quay ctia robot theo thoi gian trén hinh 3.6(c) cho thay quy dao ctia robot
van mugt ma va yéu cau tranh vat can hoan toan dude dam bao v6i mitc ning luong

tieu thu nhé nhét c6 thé.

3.4 Két luan chuong 3

Véi muc tieu lap quy dao cho robot di dong trong moi truong truyen thong ly

tudng, nhitng dong gép chinh cia chuong 3 nhu sau:

e Dé xuat thuat toan CAA dé giai quyét bai toan t6i wu qui dao cho robot di dong
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trong moi trudng truyén thong Iy tudng.

e D& xuat thuat toan OSOW va MSOW dé giai quyét bai toan lap quy dao nhim
muc tiéu t6i thiéu nang lugng tiéu thu tuong ng véi trusng hgp vat can tinh va

vat can dong.

Cac thuat toan trinh bay ¢ Chuong 3 da gidi quyét tot bai toan véi gid dinh
rang moi truong truyén thong 1 1y tuéng. Tuy nhién, trén thiec té, rat kho dé dat duge
trang thai truyen thong 1y tudng trong cac nha may. Khi hoat dong trong moi truong
truyen thong khong ly tudng, bai toan sé c6 thém rang buoc ve toc do truyén thong
trong qué trinh robot di chuyén. Mo hinh va thuat toan giai quyét bai toan nay sé
dugc trinh bay & chuong 4.

Déng gép ctia chuong 3 duge cong bd 6 cong trinh CT2 va CT3. Cong trinh
CT?2 trinh bay vé cac thuat toin dura trén téi wu 16i t6i uu quy dao cho robot trong
moi truong nha may cé vat can dong va tinh nham téi thiéu nang luong tiéu thu cla
robot. Cong trinh CT3 trinh bay thuat toan duya trén téi wu 10i t6i wu quy dao cho
robot trong moi trudng nha méay nhim t6i thiéu quang duong di chuyén cho robot.

[CT2] N. T. T. Van, N. M. Tien, N. C. Luong, and H. T. K. Duyen, “Energy
consumption minimization for autonomous mobile robot: A convex approximation ap-
proach,” Journal of Robotics and Control (JRC), vol. 4, no. 3, pp. 403-412, 2023.

[CT3] N. T. T. Van, N. Manh Tien, H. T. K. Duyen, N. M. Cuong, and D.
H. Duan, “A Convex Approximation Method to Optimize Trajectory for AGV Robot
Motion Planning,” in Proceedings of the sixth Vietnam international conference and

Exhibition on Control and Automation VCCA-2021; ISBN 978-604-95-0875-2.
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Chuong 4. THUAT TOAN TOI UU QUY DAO CHO ROBOT DI PONG
TRONG MOI TRUONG TRUYEN THONG CO STAR-IRS HO TRO

Chuong 4 trinh bay vé mo hinh hé théng diéu huéng cho robot di dong cé
STAR-IRS hd trg, tit d6 xay dung bai toan tbi wu qui dao cho robot di dong c6 xét
dén rang buoc vé truyén thong. Bai toan toi wu 1d khong 16i. Hon thé nita, khi robot
di dong di chuyén vi tri ctia robot thay déi, dan dén kenh truyén thay ddi, dan dén
bai toan t6i wu quy dao cho robot ltc nay la mot bai toan dong. Gidi bai toan dong
14 mot thach thite déi véi cidc thuat toan truyen théong nhu thuat toan xap xi 16i. Vi
vay, & chuong nay, luan an dé xuat st dung thuat toan dya trén ki thuat hoc sau tang
cuong DRL (Deep Reinforcement Learning) t6i wu quy dao cho robot di dong trong
moi truong truyen thong c6 STAR-IRS ho trg. Phan 4.1 dé xuat mo hinh he thong diéu
huéng cho robot di dong c6 stt dung STAR-IRS hé tr¢ truyén thong. Sau dé, phan 4.2
xay dung mo hinh quy trinh quyét dinh Markov, phan 4.3 trinh bay thuat toan dya
tren ki thuat DRL dé giai quyét bai toan téi wu quy dao cho muc tiéu t6i thiéu ning
lugng tieu thu ctia he thong. Danh gia hieu qua mo hinh va thuat toan diéu huéng cho

robot di dong dugc trinh bay ¢ phan 4.4. Cudi ciing 14 phan két luan chuong.

4.1 M5 hinh hé théng diéu huéng cho robot di dong c6 STAR-IRS hé trg

Trong moi trudng truyén thong, robot di dong khong chi lam viéc rieng 1é ma
con can trao doi thong tin véi céc thiét bi khac nhu cac tram chii trung tam, cac robot
di dong khéc trong hé da robot di dong, hay cac thiét bi khong day khac. Tuy nhién,
moi truong nha may véi dic tinh nhiéu vat can cting v6i han ché clia hé thong mang
khong day hién tai dan dén rat kho dé dat duge trang thai moi truong truyén thong
Iy tudng. Do dé, dé hd trg cho hoat dong ciia robot di dong trong nha may, ¢ phan
nay, NCS dé xuat st dung mot mo hinh hé thong diéu hudéng cho robot di dong co6
STAR-IRS hd trg.

4.1.1 STAR-IRS

Nhu da trinh bay 6 phan 1.3.2, cAc mo hinh hé thong dé xuat st dung IRS da
no6i ¢ trén da cho két qua rat to6t. Tuy nhién, kha nang hd tro clia cac IRS chi duge mot

nita khong gian phia trude, tic 1a viing lam viec 1a 180° vi cac phan tit trén IRS chi
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Hinh 4.1: STAR-IRS. [9]

c6 kha nang phan xa tin hiéu tré lai khong gian ctia tin hiéu truyén téi. Diéu nay dan
dén rang buoc vé mat vi tri cia bén phat va bén nhan tin hieéu phai cting thuoc mot
phia so v6i IRS. Rang buoc dia 1y nay rat khé ap dung trong thuc té dac biet 1a doi
véi robot di dong, va hon nita, n6 han ché tinh linh hoat v hiéu qua ctia IRS, vi thong
thuong cac thiét bi c¢6 thé duge dat & ca hai bén ctia mot IRS. Gan day, khai niem
ve IRS ¢6 kha néng vita truyén vita phan xa STAR-IRS (Simultaneously Transmitting
and Reflecting IRS) da duge dé xuat trong [102] va [103]. Cu thé, nhu duge thé hien
trong Hinh 4.1, tin hi¢u c6 thé truyén dén mot phan tit cia STAR-IRS tit c& hai huéng
ctia bé mat [104]. Mot phan tin hi¢u duge phan xa vao cling phia khong gian véi tin
hiéu dén, goi & khong gian phan xa, va phan con lai dugc truyén dén khong gian déi
dién véi tin hiéu dén goi 1a khong gian truyén. Bing cach diéu khién ca dong dien va
tit tinh ctia mot phan t& STAR-IRS, tin hiéu truyén va phan xa c6 thé duge cau hinh
lai thong qua hai hé s6 thuong doc lap, tic 1a he s6 truyén va hé s6 phan xa [102].
Do d6, mot moi truong vo tuyén thong minh (Smart Radio Environments) toan dién
duge tao ra [9]. Khi d6, véi STAR-IRS, vung phi séng cua tin hiéu duge mé rong
360° xung quanh IRS. Viing phui séng tang lén, chat lugng truyén thong dude cai thien
sé 1a mot thé manh ctia STAR-IRS. Céac tac gid ¢ [9] xem xét mot he thong truyen
thong downlink dugc hé trg béi STAR-IRS bao gom mot BS, mot STAR-IRS va mot
s6 thiét bi. Bai toan téi uu két hop bo tao chiim tia active va passive, do dich pha va
hé s6 phan xa/truyeén cia STAR-IRS da duge dat ra dé t6i thiéu nang luong tieu thu

cia BS trong khi ddm béo cac yéu cau QoS ciia thiét bi cho ca truyén di liéu unicast
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va multicast. Két qua mo phéng cho thay viéc sit dung STAR-IRS c6 thé giam dang
ké lugng tieu thu nang luong ctia BS so véi viée sit dung IRS thong thuong. Ngoai
ra, stt dung STAR-IRS cho UAV, cac tac gia trong [55] xem xét mot hé thong truyén
thong A2G (Air-to-Ground) bao gom mot UAV hoat dong nhu mot BS va mot s6 GUs
(ground users). Cac tac gia dé xuat t6i da héa tong toc do truyen thong trén thoi gian
di chuyén ctia UAV biang cach t6i wu dong thsi quy dao ciia UAV, bo tao chum tia
ctia UAV va bo tao chiim tia ctia STAR-IRS, do dich pha va hé s6 phan xa/truyén clia
STAR-IRS. Mot thuat toan dua trén hoc sau tiang cuong DRL (Deep Reinforcement
Learning) méi da dugc dé xuat dé giai quyét bai toan tdi wu. Két qua mo phong chiing
minh ring STAR-IRS dat dugc su tang tong téc do truyen thong dang ké so véi kich
ban IRS thong thuong.

Dua trén nhitng phan tich trén veé lgi ich ma STAR-IRS mang lai, luan an dé
xuat st dung STAR-IRS hé trg hoat dong cho robot di dong trong moi trudng truyen
thong khong day. Nhu quan sit thay trén hinh 4.1, tin hiéu truyén dén mot phan ti
ctia STAR-IRS c6 thé chia thanh 2 thanh phan: mot phan tin hiéu truyén di vé khong
gian phia sau IRS va mot tin hieu phan xa lai khong gian phia truée IRS. Dé giai
thich vé dic tinh ctia STAR-IRS nay, goi s, 1a tin hiéu truyén trén phan ti thi n
ctia STAR-IRS, trong d6 n € NA{1,2,...,N} va N la tong s6 lugng phan ti ciia
STAR-IRS. Tin hiéu truyén va phan xa bdi phan ti n dugc mo hinh hoéa lan lugt 1a
tn = (\/Bhe’™)s, va r, = (\/Brei®)s, [102], trong d6 /AL € [0,1],0 € [0,27) va

Br € [0,1],07 € [0,27) lan lugt 1a do 16n va do dich pha clia hé s6 truyén va phan
xa clia phan tit n. Luu ¥ ring, do dich pha truyén (6 va do dich pha phan xa 07) c6
thé duge diéu chinh doc 1ap v6i nhau [102]. Tuy nhién, viéc didu chinh vé do 16n cia
hé s6 truyén va phan xa (8% va 7) phai ddm bao thoéa man rang budc vé tong nang
lugng. Diéu nay c6 nghia la, dbi véi mdi phan tit, tong nang lugng ciia tin hicu truyen
va phan xa tit STAR-IRS phéi bang ning luong ctia tin hiéu truyen t6i STAR-IRS, tric

la

tn|> + |rn|* = |sn|?. Diéu nay dan dén rang buoc vé do 16n he s6 truyén va phan xa

tit IRS trén moi phan ti nhu sau [102]:

B+ B =1,Y¥neN. (4.1)

Tit (4.1) c6 thé thay rang bang cach diéu chinh tham s6 vé do 16n hé s6 truyén

va phan xa, moéi phan tit cia STAR-IRS sé c¢6 3 ché do hoat dong: ché do chi truyén
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Hinh 4.2: Cac ché do hoat dong ctia STAR-IRS. [9]

tin hieu tit STAR-IRS (tiic 1a 8% =1 va 87 = 0, goi la ché do T), ché do chi phan xa
tin hieu tit STAR-IRS (tic 1a 8! = 0 va 87 = 1, goi 1a ché do R), va ché do vira truyen
vita phan xa tit STAR-IRS (tic 1a 3%, 57 € [0, 1], goi 1a ché do T&R).

Nhin chung, STAR-IRS c¢6 3 kiéu hoat dong: phan chia niang lugng ES (En-
ergy Splitting), chuyén mach MS (Mode Switching) va phan chia thai gian TS (Time
Switching) nhu trinh bay trén hinh 4.2. V6i ES, tat ca cdc phan tit cia STAR-IRS dugc
gid st 13 hoat dong & ché do T&R, tiic 1a nang lugng tir tin hiéu truyén dén STAR-IRS
dude chia thanh hai phan, mot phan truyén tit IRS di vd mot phan phan xa lai véi
mot ty 1 B¢ : 87 nhat dinh nao d6. V6i MS, cac phan tit tren STAR-IRS dugc chia ra
thanh hai nhém, mot nhém chita N* phan tit hoat dong & ché do T, nhém con lai gom
N™ phan tit hoat dong & ché do R, véi N® + N" = N. Con v6i TS, cac phan tit clia
STAR-IRS sé duge phan chia khodng thoi gian & ché do T va ché do R trong mdi khe

thoi gian.

4.1.2 M6 hinh hé théng diéu huéng cho robot di déng trong moi trudng
truyen théng

Luan an dé xuat st dung mot mo hinh hé théng diéu huéng cho robot di dong
trong moi truong truyén thong bao gom mot AP mot dng-ten, mot tam STAR-IRS, va
mot robot di dong c6 gan mot dng-ten nhu mo ta trén Hinh 4.3. Do moi truong phtic
tap trong nha may, robot di dong cé thé gip phai cac chuéng ngai vat, cac kenh truc
tiép gitta AP va robot di dong c6 thé khong du 6n dinh ho#ic tham chi bi chin. Dé giai
quyét van de nay, luan an dé xuat mot he thong truyen thong duge STAR-IRS hod tro
gdm N phan tif truyén va phan xa tin hiéu, tap hop cac phan ti cia STAR-IRS dudc
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ky higu la N = {1,..., N}. Vé vigc lip dat, STAR-IRS c6 thé dugc treo trén tran ctia
nha méy dé c6 keénh truyen giita AP va robot di dong chéat luong cao trong toan bo
khong gian 360° quanh IRS. Dat 7' 1a thoi gian di chuyén ciia robot di dong. Dé don
gian, T duge chia thanh T budc thoi gian 7, tic la T = T, trong d6, 7 1a khoang thoi

gian cho mot bude thoi gian.

A

X o
Vi tri bat
dau SP

Om

Hinh 4.3: M6 hinh hé théng diéu huéng robot di dong trong nha c6 STAR-IRS hd trg
truyen thong.

robot di dong di chuyén trong nha may véi van téc khong doi v va thay doi
huéng ctia minh tai moi khe thoi gian dé diéu huéng di chuyén. Quy dao ciia robot di
dong sau d6 c6 thé duge biéu dién bang q, = |24, y],t € T = {1,...,T}, va robot di

dong dugce gdn mot ang ten véi do cao g, va goc hudng tai khe thoi gian ¢ 1a o(q;) v6i

Typ1 —

v(q;) = arccos ol : (4.2)
V(@ = 202 + (Y1 — 41)?

Trong thuc té, qui dao ctia robot di dong can dam bao cac rang buoc vé diém dau va

diém cubi nhu sau

q1 = 9s,dr = qg;, (4.3)

trong d6, g, va q, 1an lugt 1a vi trf diém dau (start position) v diém cubi (goal position)
cua robot di dong.

Xét moi truong nha may, NCS gia dinh réang c6 mot tap hop M cac vat can
trong khong gian lam viéc ctia robot di dong. Thong qua cac cadm bién dudgce trang bi,

robot di dong nhan biét dugc cac thong tin moi truong xung quanh nhu vi tri clia cac
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vat can. NCS gia dinh ring cdc cdm bién c6 pham vi phat hién 1a trong khodng R m
tit robot di dong, diéu nay c6 nghia 1a robot di dong khong c6 thong tin vé cac vat can
trit khi ching nam trong pham vi phat hién. Gia st yéu cau vé khodng cach an toan
gitta robot di dong va cac vat can 1a dpin, V& dmin < R. Mot ving cam dugce xac dinh
xung quanh vat can véi ban kinh dp,, va robot di dong khong duge phép di chuyén
qua ving nay dé gitt khoang cach an toan. Cac vat can xuét hién trong qué trinh di
chuyén ctia robot di dong dude goi 1a o, € M. Dé dam bao an toan khi di chuyén, cac

rang budc sau phai duge théa méan:

1a: — o, || > dmin, Yoi; € M, (4.4)

trong do, q,, la vi tri cia vat can o;.

Vé6i su hd trg ctia cac dong tit bé mit, ca do 16n va do dich pha ctia cac tin
hiéu truyén va phan xa ctia mdi phan tit ctia STAR-IRS c6 thé duge diéu chinh mot
cach doc lap. Nhu thiy trong hinh 4.3, vi tri cia STAR-IRS dudc dat tai truc Oy.
Do do, vung lam viéc ¢6 vi tri > 0 la ving phan xa tin hiéu tit STAR-IRS, trong
khi viing z < 0 I3 viing truyén tin hiéu xuyén qua STAR-IRS. Goi hé s6 truyén va
phén xa ctia STAR-IRS tai khe thoi gian ¢ 1an lugt 1a 67¢ = freei®®, va fir = Bireiol”
trong do, A€, B € [0,1], va ¢, ¢i" € [0,27) lan lugt 1a do 16n va pha truyén va
phan xa tit STAR-IRS. Goi @:6 e CVXN vy (:):T € CMN Jan lugt 14 ma tran duong
chéo ctia he s6 truyén va phan xa. Ta c6 ©;° £ diag(0;"), v6i 0, = [0;5, 075, ..., 0,51,
trong do, é{; la hé s6 phan xa ciia phan tit n ctia STAR-IRS, va (:):T = diag(éf), v6i
6, = (01, 0%, .., 67y, trong d6 0] 1a he s6 truyén clia phan ti n ctia STAR-IRS

thoa man rang budc sau:
Brs)? + (L) =1vne N teT. (4.5)

Thém vao d6, gia st rang cac he s6 dich pha (phase-shift coefficients) cho viéc
truyen tin hiéu va phan xa tin hiéu duge diéu chinh riéng biét véi do dich pha da duge
r5i rac héa. Dé don gidn héa, NCS quan tam dén dang do dich pha trong thuec té, tic
14 do dich pha dugc thiét ké bang cach sit dung b bit dé lugng tit héa khoang dich pha

[0,27). Theo d6, b dugc goi la s6 lugng bit lugng tit hoa pha, va c6 2° gid tri c6 the co
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ctia do dich pha. Dé dat duge diéu nay, rang buoc sau day can duge dam béo

c §m
¢t,n—2b1,56{0,1,...,25—1},VneN,teT, (4.6)

trong do ¢ € {re,tr}. Can cha ¥ them ring trong he thong dé xuat, mdi STAR-IRS c6
thé hoat dong & ché do phan xa hoan toan hodc truyén hoan toan tin hiéu bang cach

diéu chinh ty lé phan chia ning luong (ES).

4.1.3 M6 hinh tin hiéu

Vi tri ctia robot di dong sé xéc dinh robot di dong sé nhan dugc tin hiéu phan xa
hay tin hiéu truyén tit STAR-IRS. Dat g € CV*! la kenh tit AP dén IRS, h(a,(q;) € C
va h,(q;) € CV lan lugt 1a kenh tryc tiép tit AP dén robot di dong va kenh tit STAR-
IRS dén robot di dong tai vi tri q;. Moi kénh bao gom hai thanh phan 1a large-scale
component va small-scale fading.

Thanh phan small-scale fading tit AP dén STAR-IRS, tit STAR-IRS dén robot
di dong, va tit AP dén robot di dong duge mo hinh héa véi phan b Rician véi heé s6 K-
factor lan Iugt 1 ka7, k7-(q), VA Kar(q). Cu the, cac kénh truyén gita AP-STAR-IRS,
STAR-IRS-robot, va AP-robot dugc biéu dién nhu sau [105]

PL A, ( LoS NLoS
— PLut(igios | o), 7
g —T\Vrag g (4.7)

PL;,
b ()~ (VTS a)  HE), (4

Kfr(qt)
PL,, )
hian(a:) = W(\/ (AP35 (ar) + hil, S) (4.9)

trong d6, PL 7, PLy,., vd PLy, 1an luct 13 ton hao dudng truyén (path loss) clia céc
kénh truyén AP-IRS, IRS-robot di dong, va AP-IRS, ghd, h(LI‘ff), VA hfji) la thanh
phan line-of-sight (LoS), va gVle®, hf\IfLT‘)’S, VA hNLOS la thanh phan non-LoS (NLoS).
Ngoai ra, néu tin hi¢u truyén giita robot di dong tai vi tri q; va AP/IRS bi chan béi
cac vat can thi cac kénh truyén tuong ting sé chi con thanh phan NLoS, titc 1a khi d6
Kar/1r(Q:) = 0. Nguoc lai, tin hieu 1a LoS s& ¢6 heé s6 K-factor £,/ (qr).

Tin hiéu nhan dugce cua robot di dong duge moé hinh héa nhu sau:

yi = (has(a) + 0t (a)Oe)vp,si + 1, (4.10)
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trong do, p; 1a cong suat truyen tit AP dén robot di dong, s; 1a tin hiéu truyén dén
robot di dong va n; ~ CN(0,1) 1a nhiéu Gausian (additive white Gaussian noise -
AWGN) tai robot di dong véi cong suat trung binh o2 tai khe thoi gian t. Khi do,
SINR tai robot di dong la

lhas(a) + b (a) O

Gt 2 (4.11)
Do d6, toc do truyen thong dat duge tai robot di dong 1a
c |har(a) + b7, (a) O’ p:

R ::10g2<1-+ — ). (4.12)

4.1.4 Bai toan diéu huéng t6i vu cho robot di dong

Nhu da trinh bay 6 Chuong 1, ning lugng déi véi robot di dong 1a mot van dé
quan trong do robot di dong stt dung nguon roi. Hon thé nita, van dé nang lugng hién
nay la mot van dé duge quan tam khong chi tit cac nha nghién ctu ma con tir cac
doanh nghiép va ca nhan mdi thanh vién séng trén Trai dat. Do d6, 6 chuong nay, luan
an quan tam dén viec diéu huéng cho robot di dong nhim t6i thiéu nang luong tieu
thu ctia hé théng. Nang luong tieu thu ciia hé thong bao gom nang hugng tieu thu béi
robot di dong va nang lugng tieu thu béi AP. Dau tién, xét dén niang lugng tieu thu
béi robot di dong. Nang lugng tiéu thu béi robot di dong tuwong ty nhw da trinh bay &
phan 3.3.1 va ¢6 tinh todn dén nang lugng dong hoc cho viéc quay ctia robot di dong.

Cu thé, nang lugng dong hoc ciia robot di dong duge biéu dién nhu sau [41]

1 1
@wzémﬁ+§na (4.13)

trong d6, m va I 1a khéi lugng va mo men quén tinh cia robot di dong, w; = w

13 van toc goc clia robot di dong véi

(Ter1 — @) (@42 — Tep1) + (Ye1 — yt)g(sz - ytH)- (4.14)

q — (q¢) = arccos
QO( t+1) 90( t) (l’t+1 — xt)2 + (yt+1 - yt)

Va tong dong nang ciia robot di dong 1a

T-1 = =
_ _ 2 2
Ek—;E’%t—§;mv +§;[wt. (4.15)
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Ning lugng mat mat do ma sat trong qué trinh robot di dong di chuyén dugc

mo ta dudi dang [41]
-1

Etriction = 2pimg Z Qi1 — Qe (4.16)

t=1
trong do, ¢ 1a gia toc trong truong, va p 1a hé s ma sat trugt phu thuoc vao dang
bé mit moi trudng robot di dong lam viéc. Do d6, nang lugng tieu thu cho hé théng

chuyén dong ctia robot di dong duge mo ta dang [41]
Emotion = Ek + Efm'ction

= = -1
:§va2+§Zth2+2,ung|qt+1—qt|, (4.17)
t=1 t=1 t=1

Ngoai ra, robot di dong con tiéu hao mot phan khong nhé ning lugng cho may tinh,

cac mach dien ti1, cdm bién. Cac thanh phan nay duge mo ta bdi [41]
E, = P,Lt, (4.18)

trong d6, P, 1a dién 4p ngudn ctia hé thong.

Tong nang luong tieu thu ciia robot di dong cé thé dugc viét lai dudi dang sau:

ER = Emotion + Es

= = -1
= §Zm02+§Zwa+2ung|qt+1 — q| + P L, (4.19)
t=1 t=1 t=1

Niang lugng tiéu thu cia AP duge mo ta dang

T
Ea= Z DT (4.20)
=1

bat Q = [q1,92,---, 4] va p = [p1,p2, ..., 1a quy dao ctia robot di dong va
cong suat truyen tit AP dén robot di dong tuong ting véi quy dao dé. V6i muc tiéu toi

thiéu ning lugng tieu thu ctia hé théng, bai toan t6i wu duge xay dung nhu sau:

IIliI_l ) WlER + WQEA (421&)
Qp,0°

thod man: (4.3),(4.4), (4.5),



96

RE>ANtET, (4.21b)
T < T, (4.21c)
py < PNt e T, (4.21d)

b5 = %,5 €{0,1,...,2° ~1},Yne N,t € T,c € {tr,re}  (4.21e)

trong d6 W, va W, 1a cac trong s6 ham muc tiéu lan lugt cho nang lugng tieu thu
béi robot di dong va AP, 4 1a toc do truyen thong t6i thiéu tai robot di dong, p™ Ia
cong suat truyen toi da ctia AP. Theo d6, rang buoc (4.5) 1a diéu kién uni-modulus cho
cac thanh phan cia STAR-IRS. Rang buoc (4.21b) 1a yeu cau dam bao vé chat lugng
truyen thong cho robot di dong. Rang buoc (4.4) 1a rang buoc tranh vat can. Rang
buge (4.21d) 1a rang budc cong suat ctia AP. Rang budc (4.3) ddm bao vi trf diém dau
va diém cudi ctia robot di dong. Rang budc (4.21e) 1a dam bio vé ngudng kha thi ve
pha clia cdc thanh phan ciia STAR-IRS.

Bai todn (4.21) 1a bai todn khong 16i. Hon thé nita, day 1a mot bai toan dong
do ¢6 nhiéu tham s6 thay déi theo thsi gian nhu vi tri ctia robot di dong, kénh truyén
tuong ng,... cling v6i cac ham veé téc do truyen va kénh truyeén phiic tap. Viéc giai bai
toan la mot thach thiic 16n ddi v6i nhitng thuat toan truyén théng nhu to6i wu 16i. Do
d6, mot thuat toan duya trén ki thuat hoc sau tang cuong. Phan tiép theo sé trinh bay
tong quan vé k¥ thuat hoc tang cudng, sau dé thie hién mo hinh héa bai toan (4.21)

duéi dang quy trinh quyét dinh Markov MDP.

4.2 Mb hinh quy trinh quyét dinh MDP (Markov Decision Process)

4.2.1 Hoc tang cuong RL (Reinforcement Learning)

Theo cac tai lieu hoc thuat vé ky thuat hoc tang cuong RL (Reinforcement
Learning), y tudng vé RL dén tit chinh ban chat vé viéc hoc mot cach tur nhién ctia con
nguoi: Ching ta hoc bang cdch phan ting lai v6i moi trudng xung quan ching ta [10].
Cac diac tinh day di ctia mot bai toan RL ndim & viec dieu khién t6i wu quy trinh quyét
dinh Markov MDPs (Markov Decision Processes).

Trong RL, ddi tugng hoc va dua ra cac quyét dinh duge goi 1a tac nhan (agent).
Tai thoi diém ¢, sy nhan thic clia tdc nhan vé moi truong duge thé hien qua trang thai
(state) s, € S, trong d6 S 1a tap hgp céc trang thai ¢ thé c6. Dya vao trang thai nay,

tac nhan sé lya chon mot hanh dong (action) a; € A(s;), trong d6 A(s;) 1a tap hop
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Tac nhan
(Agent)

vy

Trang thai| |Diém thuong Hanh dong
(State) (Reward) (Action)
St Rq A

A

A

| Ros (© Mo truong l ‘
AEWAN (Environment)

Hinh 4.4: Tuong tac gitta tdc nhan va moi trudng trong hoc tang cuong RL. [10]

cac hanh dong c6 sin & trang thai s;. Két qua cia hanh dong nay 1a tic nhan sé nhan
dugc mot diem thudng (reward) 74,1 € R C R va dong thai tdc nhan sé chuyén sang
trang thai s;;;. Hinh 4.4 thé hién sy tuong tac gitta tac nhan véi moi truong [10]. Viec
quyét dinh hanh dong nao 1a do chinh sach (policy). Chinh sach 7(als) 1a kh& nang lya
chon hanh dong a € A tai trang thai s € S. Chinh sach 7 thuong dude bicu dién bsi
mot ham khong 161 véi tham s6 1a 6 nén tit day, ky hieu 7y duge sit dung dé chi ham
chinh sach vé6i tham s6 0.

Ngoai ra, V(s) va Q(s,a) lan lugt 1a ham gia tri clia mot trang thai s (state-
value function) va ham gia tri cia mot hanh dong a (action-value function) duéi chinh
sach .

Nhiém vy RL 1a dam bdo dic tinh Markov duge goi 1a quy trinh quyét dinh
Markov MDP. V6i bat ky mdi cap trang thai s va hanh dong a, xac suat cho mdi cap

trang thai tiép theo s’ va diém thudéng r duge biéu dién béi
p(s',r|s,a) = Pr(Syq =8, Rip1 = 1]S; = 8, Ay = a), (4.22)

Mot trong nhitng van dé thach thitc khi st dung RL la sy danh doi gitta viec
tham do (exploration) va viéc khai thac (exploitation). Dé thu dugce diém thudng cao,
tac nhan ctia RL phai quan tam dén cadc hanh dong da thit trong qua khit va tim ra
hanh dong mang lai diém thuéng 16n. Nhung dé kham ph4, tdc nhan can phai thit cac
hanh dong ma chua duge lya chon truée do. Thic la, tac nhan phai khai tac (exploit)
nhitng gi da biét dé thu dugce diem thudng, nhung no ciing can phai tham do (explore)
dé tao ra nhitng hanh dong t6t hon trong tuong lai. Van dé ¢ day la néu khong tham
do ciing khong khai thac thi sé khong thé hoan thanh nhiém vu. Téc nhan phai thi

nhiéu hanh dong roi tur tit thay dude hanh dong tot. V6i mdi nhiém vu ngau nhién,
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mdi hanh dong phai dugce thit nghiem nhiéu lan dé c6 dude ude luong dang tin cay vé
diém thudng.

Khi két hgp véi cac mang no ron sau (deep neural networks) [106], hoc téng
cudng RL tré thanh hoc sau ting cuong DRL. Phuong phap on-policy st dung dé danh
gia hodc cai tién chinh sach dua ra cac quyét dinh. Nguge lai, phuong phap off-policy
danh gi& hodc cai tién mot chinh sach khéac véi chinh séch st dung dé tao ra dit lieu.
Phuong phap hoc xap xi cho ca ham chinh sach va ham gia tri duge goi 1a phuong phap
actor-critic va cac phién ban mdé rong ctia n6 [107,108]. O day, Actor dé chi viec hoc
chinh sach va dugc sit dung dé Iya chon hanh dong (actions) dé thuc hién, va Critic
1a chi viec uéc lugng ham gia tri dude st dung dé phan xét hanh dong tao béi Actor.
Viéc hoc 6 day ludn luon la on-policy: mang critic phai hoc va phan xét chinh sach ma
mang actor dua ra. Viéc binh xét thong qua dang 16i TD (temporal-difference). Day
13 dang tin hiéu dau ra cta critic v né diéu huéng viéc hoc trong ci actor va critic.
L61 TD duge mo ta bdi

0r = Tey1 +YVi(s041) — V(s1), (4.23)

trong do, V; 1a ham gia tri dugc tao ra baéi critic tai thoi diém ¢, « is hé s6 chiét khau
(discount factor). Ldi TD nay c6 thé duge sit dung dé danh gia hanh dong vira lua
chon, tiic 14 hanh dong a, & trang thai s,. Néu 16i TD 1a duong, diéu nay goi ¥ rang
xu huéng Iya chon hanh dong a; 1a tot, trong khi d6, néu 16i TD nay am sé goi ¥ rang

day 14 mot lira chon khong tot.

4.2.2 M6 hinh MDP cho bai toan diéu huéng t6i vu

Bai toan cho nhiem vu lap quj dao chuyén dong ctia robot di dong robot di
dong c6 thé duge mo ta bdi mot bai toan tdi wu duge dinh nghia béi < S, A, P, R >,
trong do, S, A, P, va R lan luot 1a khong gian trang thai (state space), khong gian
hanh dong (action space), ham x4c suat chuyén trang thai (state transition probability

function) va ham thudng (reward function).

Khoéng gian trang thai (State Space)

Viéc 1ap quy dao cho robot di dong phu thudc vao vi tri hién tai ciia robot di
dong, trang thai phan bd ctia cac vat cdn xung quanh robot di dong, va do 16n cla cac

kénh truyén triyc tiép va cdc kénh truyén hay phan xa qua STAR-IRS. Do d6, khong
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gian trang thai dugce dinh nghia nhu sau:
St = {qt, R?,’Dt, Vi e L}, (424)

trong do, D; = dy,,, Vo; € M la tap cac khoang cach tit robot di dong dén cac vat can

trong pham vi phat hién tai khe thoi gian ¢.

Khong gian hanh dong (Action space)

Tai mdi khe thoi gian, huéng di chuyén ctia robot di dong, cau hinh ctia STAR-
IRS, v& cong suat truyen ciia AP can duge quyét dinh. Do d6, khong gian hanh dong

duge dinh nghia nhu sau:

At = {SO(Qt)vpta (b:,na (bi,n?ﬁtrgu ﬁ:,nJVZ € L"?n S N}7 (425)

trong do, ¢(aq:) € {f1,--., fn, ..., fu} la huéng xoay ctiarobot di dong, 87, € {B1,...,5;,..., 05}
1a he 6 do 16n phan xa/truyén clia méi phan tit cia STAR-IRS.

Ham diém thudng (Reward function)

Theo (4.21), ham muc tiéu ciia bai toan t6i uu nang lugng tieu thu ctia he thong
bao gom nang hugng tieu thu bdi AP va robot di dong, véi cac rang budc 1a viéc can
dam bao yéu cau ve toc do truyen thong. Viec thiét ké diém thudéng (reward) cho viec
hoc can phai nhat quan véi muc tieu. Do d6, NCS dua ra mot s6 diem thudng nhu sau:
rpy = —WiEgr — WoE4,1it = —D/Do,Tgoss = A, 7s = 1000, trong d6, rp; dai dién
cho chi phi méi budc di chuyén ctia robot di dong, r;; 1a phan thudng gitp robot di
dong tim ra diém dén, v6i D la khodng cach hién tai giita robot di dong va diém dich
va D, 1a khoang cach t6i da c6 thé giita robot di dong va diém dich. Dé lam cho robot
di dong di huéng dén dich thay vi di vong, viec thiét ké diém thudéng phai tuan thu
yeu cau rg; +r;; < 0. Khi robot di dong dén dich, né sé nhan duge diém thudng r, va
ding lai. Ngoai ra, déi véi rang budc QoS, robot di dong nhan duge mot diém thudng
Tos = A, trong do, A = —1 khi robot di dong vi pham yéu cau veé tdc do truyen thong

va ngudce lai thi A = 0.
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Nhu vay, ham diém thuéng duge dinh nghia nhu sau:

TEt+ Tit + Qosits khi chua dén dich
Tt = (4.26)
TEt+ Tit +TQost + Ts, khi dén dich

4.3 Thuat toan hoc sau tang cudng DRL (Deep Reinforcement Learning)

Dé giai quyét bai toan téi wu ngau nhién duge trinh bay trong Muc 4.2.2, cac
phuong phéap dua trén gia tri cia DRL nhu DDQN [109] thuong dugce st dung. Tuy
nhién, cac thuat todn nay chi wéc lugng ham gia tri (ham Q) va chon cac hanh dong
t6i wu hoéa gia tri Q tai mdi buée. Do chinh sach chua duge huan luyén, cac thuat
toan dya trén gia tri doi hoi mot s6 lugng 16n mau trong qua trinh kham pha moi
truong. Ngudc lai, cac phuong phap Actor-critic, dién hinh la thuat toan Advantage
Actor-critic (A2C) [?], két hop ky thuat gradient véi cdc ham gia tri da duge hoc.
Mang actor dinh nghia moét chinh sach thie hién cac hanh dong dya trén trang thai,
trong khi mang critic déng vai tro nhu mot ham gia tri (twong tu nhu cac thuat toan
dua trén gia tri). Mang critic danh gia cac hanh dong ctia actor va cai thién chinh sach
thong qua gradient chinh sach. Phuong phép nay giap thuat toan A2C hiéu qué hon
so véi cac phuong phap truyen thong dua trén gia tri. Bang cich hoc tryc tiép tit moi
truong, né rat ngan qua trinh khAm pha va cai thien hiéu qua huan luyén. Tuy nhién,
la mot thuat toan dya trén chinh sach, A2C lién tuc cap nhat chinh sach dya trén
dit lieu méi thu thap tit moi truong. Diéu nay c6 thé gay ra cac tac dong tieu cuc tit
cac cap nhat 16n ciing nhu lam qua trinh huén luyén bi anh hudng dang ké béi he s6
hoc va heé s6 chiét khau. Dé giai quyét nhitng van dé nay, thuat toan Proximal Policy
Optimization (PPO) [110] cling v6i co ché cat b6t 1a mot thuat toan hieu qua. Do 6n
dinh ctia PPO dén tit ham muc tiéu ciia né, sit dung co ché cit bét dé ngan chin cac
cap nhat chinh sach qué 1én c6 thé dan dén bat 6n. Do dé, luan an st dung thuat toan
PPO dé giai quyét bai toan diéu huéng téi wu cho robot di dong. PPO la thuat toan
dua trén A2C nén sau day, luan an trinh bay tit thuat toan A2C dé lam 16 hon thuat
toan PPO.

4.3.1 Thuat toan A2C (Advantage Actor-Critic)

A2C 1a mot thuat toan hoc ting cuong on-policy két hop kién tric actor-critic

dé giai quyét sy khong 6n dinh ctia chinh sach va gidm thiéu tac dong ciia cac tap mau
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I6n. Thuat toan nay dya vao hai mang no-ron: mang actor c6 trach nhiém lira chon
hanh dong vd mang critic cung cap phan hoi dé cai thien chinh sach. Su két hop ctlia
hai mang nay gitp cai thien hiéu suat tong thé ciia he théng hoc ting cuong thong qua
t6i wu hoa chinh sach hanh dong va u6e lugng chinh xac gié tri ctia trang thai. Goi w,
va w, lan lugt 1a cdc tham s6 trong s6 clia mang actor va mang critic. Goi A(sy, az) 1a
ham tinh todn udc lugng lgi thé (the advantage estimation) ctia cdp trang thai-hanh

dong (state-action pair) (s, a;):
A(sg,a) = 10+ 7C' (se41|we) — C(s¢|we), (4.27)

trong dé6 r; 1a diém thudng tic thoi nhan duge khi thuc hién hanh dong a; tng véi
trang thai s, v 1a he s6 chiét khau (discount factor), C'(ss,1|w.) 1a gia tri wéc hugng
cho trang théi tiép theo s;y; st dung mang Critic w,, va C(t;|w,.) la gia tri uéc lugng
cho trang thai hién tai s; st dung mang Critic v6i bo tham s6 w..

Ham mat mat £(w,) tinh bang sai s6 binh phuong trung binh MSE (the mean
squared error) gitta gia tri udc lugng lgi thé A(s;, a;) va gia tri muc tiéu binh phuong
ctia n6. Muc tieu la t6i thiéu ham mat mat dé nang cao do chinh xéac clia gia tri ude

luong 1gi thé. Do d6, vé mat toan hoc, ham mat mat nay duge xac dinh béi cong thiic

L(w,) = %Z(A(st, a)?, (4.28)

=1

o

trong d6 B 1a kich thuéc 16 dit lieu (batch) va b 1d mau thit b-th trong 16 dit lieu.

Ham muc tieu duge sit dung dé t6i wu hoéa chinh sach duge dinh nghia bdi

J(w,) =E

Z fyrt] . (4.29)

Gradient ascent ctia ham muc tiéu ctia tac nhan J(w,) dugce thuc hién theo [111]:
1 B
Ve, (Wa) = = ; Vi, log m(ay]sy, wa)A(sy, ay), (4.30)

trong d6, V, la gradient theo cac tham s6 ctia mang Actor w,, 7(as|ss, w,) 1a xac
suat chinh sach hya chon hanh dong a; & trang thai s; véi w, cho trude. Cac ham (4.28)

va (4.30) sau d6 dugc thuc hien dé cap nhat cac tham s6 clia mang Actor va Critic
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trong qua trinh huan luyén nham t6i da héa phan thudng tich lity k¥ vong.

W, = W, + aVy L(W,), (4.31)

W, = W, + V., J (W), (4.32)
trong do, o va S lan lugt 1a toc do hoc (learning rate) ciia mang Critic va mang Actor.

4.3.2 Thuat toan PPO (Proximal Policy Optimization)

Do céac rang buoc bo sung trong t6i wu hoéa chinh sach, PPO dac biet hieu qua
v6i muc tieu dat dudc sut can bang gitta cai thien chinh sach va 6n dinh trong qué trinh
huan luyén. PPO thuyc hién diéu nay bang cach st dung ki thuat cit gidm (clipping)
dé giéi han mic do thay doéi ctia chinh sach trong mdi bude cap nhat. Diéu nay gitp
cai thien dang ké su on dinh ctia qua trinh hoc. Cu thé, viec cap nhat chinh sach dua

tren ki thuat cit bét duge biéu dién béi:
wipdate — wold 1 c1ip(wi™ 1 — ¢, 1 +¢) (4.33)

trong do, w2*" 1 chinh sach update méi trude khi thiyc hién cit gidm, e 1a tham s6 dé
diéu chinh mitc do cit giam. Ham clip(-) v6i tham s6 e duge stt dung dé gisi han mic
do thay doi chinh sach, giéi han nay trong khodng [1 — €, 1 + €]. Nhu vay, viéc han ché
st thay doi duge thuc hien déi véi chinh sach trong mdi vong huén luyén. Diéu nay
gitp loai bé dong luc dé chinh sach hién tai di lech qua xa so véi chinh séch cii va dam
béo rang chinh sdch mdi van nam trong mot ving an toan gitup cho thuat toan van co
thé hoc hieu qua.

Tai mdi bude trong tap huan luyén, AP déng vai tro nhu mot tac nhan va chon
mot hanh dong a, ti trang thai s,. Phan thuéng r, ma AP nhan duge tit hé thong duge
xac dinh theo (4.26) va trang thai hién tai chuyén sang trang thai méi s; ;.

D6i v6i mdi trang thai s; va hanh dong a;, thuat toan tinh dao ham ctia ham
muc tiéu theo trong s6 ctia mang Actor. Tong clia cac dao ham nay duge tinh cho tat

Cé cac trang thai va hanh d@l’lg Cu61 cfmg, chinh sédch méi Wge dIIOC Xac dlnh theo
Wne = — E W ( a )A( a) (4 34)
a\Sl, St . :
a 9 — l 1 t t

Ham méat mét ciia mang Actor trong PPO dugc thiét ké dé tranh hien tuong "over-
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shooting" (cap nhat tham s6 qua lén, c6 thé dan dén mot chinh sach khong t6i wu).
Day dugce goi 1a ham muc tiéu thay thé da bi cat bét (clipped surrogate objective

function) va duge xac dinh béi [110]

J(wy) = E; | A(sy, a;) min (pt(wa), clip(pi(wy), 1 —€, 1+ 6)>} , (4.35)

w(at|se,Wa)
m(at|se,wgld)

old
a

trong d6, p(w,) = 13 ty le xac suat gitta chinh sich cii va chinh sich mdi,

7(ag|ss, wa) va m(ag|se, wold) 1an lugt 1a chinh sach hya chon hanh dong a; tai trang théi

s; hién tai va truée d6, ham clip(py(w,),1 — €, 1 + €) duge dinh nghia nhu sau:

1—¢ mnéup(w,) <1—g¢,
clip(pi(wa), 1 —€,1+€) =91 +¢ néup(w,) >1+e, (4.36)

p(w,), cac truong hop con lai.

Phan tt clip nay c¢6 nhiém vu gitt cho chinh sdch mdi va chinh sach cii khong
6 su khac biet qua 16n, va gitt cho ty lé p(w,) luon nam trong khoang [1 — €, 1 + €.
Hinh 4.6 mo ta tong quan thuat toan PPO ap dung cho bai toan lap quj dao cho robot
di dong. Chi tiét quy trinh thuc hién thuat toan PPO thé hién trén Hinh 4.6.

AGENT ENVIRONMEENT
(TAC NHAN) (MOI TRUONG

/ Policy \ / \
Policy Improvement (Chinh sach) .| Policy evaluation .

L action a,
(Phat trién chinh sach) (Panh gia chinh sach) (hanh dong)

n(als)
Thuét toan PPO

state
(trang tl}éi)
St 3 St+1

() |
( ﬂ) |

It I T
Replay Buffer rewaf q
K AP So, 8, M1 S1, 1, I} .. / (phin thuong)

Hinh 4.5: Téng quan thuat toan PPO bai toan diéu hudng téi wu cho robot di dong.

Thuat toan 8 cho thay cac bude thyc hién ctia thuat toan PPO cho viéc két hop
t61 uu cong suat truyen ctia AP, qui dao chuyén dong ctia robot di dong, heé sb truyén
va phan xa ctia STAR-IRS dé t6i thiéu nang lugng tiéu thu ctia hé théng trong khi van
dam bao téc do truyen thong t6i thidu, cong suat truyen 16n nhat ctia AP, va robot di

dong di chuyén dugce dén dich va khong va cham véi vat can.
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/ The mobile robot navigation system \ / Actor part

with assistance of STAR-RIS
A

Action
(@)™ ~
AP (ﬁ)\ - Actor network 7(a,|s,W,) Loss

Goal a (| — PPl i
position =1 function

Update ,C(W )

i
I

—_—— —

Start
position
®

X

'
Critic part i

- Critic network | Loss
Aa,s) | function

————— —

It St+1

Experience replay buffer Samplin
[ gt Mini-batch

Hinh 4.6: Quy trinh quan 1y tai nguyen thuat toan PPO ap dung cho bai toadn diéu
hudéng t6i vu cho robot di dong

-
|
|
|

Reward New state | |
-
|
|

Update J (WU)

4.3.3 Do hoi tu va do phiic tap ciia thuat toan dwa trén actor-critic

Tai mdi khe thoi gian, thuat toan actor-critic thye hién hai buGe: actor va critic.
Buéc actor nham muc tiéu cap nhat tham s6 6 ctia chinh sach my bang cach t6i da ham

trung binh diém thudng theo thoi gian J(mg) [112]
=
J(WQ) = %EEOE{T ;Tt+1|7f9:| (437)

bang phuong phap doc 1ip (gradient ascent), trong d6, T 1a s6 tap huan huyén (epoch).
Do d6, can phéi xap xi gradient ctia chinh sach (policy gradient) Vy.J (7). Tai mdi budc,
mot xap xi ngdu nhien (stochastic approximation) ctia VgJ(my) duge tao ra véi mau
(s,a,s’,r). Tuy nhién, gradient ngdu nhién nay sé bi léch do: (1) sai s6 wéc lugng trung
binh diém thudng, (2) sai sé uc lugng cac tham s6 w ciia ham V(s), (3) sai s6 xap xi
gia tri V(s) bang viec tuyén tinh héa. Goi gidi han trén ctia binh phuong sai sé xap xi
gid tri V() 12 €approz- Khi d6, néu €uppror cang nho thi thé hien viec xap xi cang hiéu
qua. Buéc critic nham xap xi ngau nhién cho bai toin danh gia chinh sach v6i muc
tieu t6i thieu ham gan v6i ham binh phuong sai s6 Bellman [112] véi chinh sach .

Téc do hoi tu cia thuat toan actor-critic duge dua ra ¢ [112] nhu sau:

[J(7*) — J (79, + 0°)]
VT

2 2 2
+ Grey + Grew + Greapproxs

T—-1
1 P
= 2 BIVI(m)3 <
t=0
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Thuat toan 8 Thuat toan PPO-STAR-IRS diéu huéng t6i uu cho robot di dong trong
moi truong truyen thong c6 STAR-IRS ho tro

Khdéi tao gia tri ban dau: Cac trong sé mang actor w,, cac trong sd mang critic w., bo nhé Replay
D, s6 lan lap t6i da T', he s6 chiét khau v va 16 dit lieu huén luyéen B;
1: for s6 lan lip = 1 dén T do
2 Xoéa 16 dit lieu huan luyen B
3: for mdi buée do
4: Quan sat trang thai s; = {q¢, RY, D}
5 Chon va thuc hién céc hanh dong diéu huéng cho robot va diéu khién tham sé cia STAR-IRS
ar = {f(Qr), Pe, 15, D4 BiS, Bin } st dung mang Actor.

t,n Mt,no
6: Thu duge diém thuéng r,. Sau d6, moi truong thay déi sang trang thai s;41 =
{qt+1, Riy1, Dey1}

7 Luu (s, at, ¢, St41) vao B va tinh gid tri ctia A; theo (4.27).

8: for méi 16 di lieu nhé trong B do

9: Tinh wi¥ sit dung gradient descent theo (4.34)
10: Tinh ham méit mat ciia mang Critic theo (4.28)
11: Tinh ham mét mat ciia mang Actor theo (4.35)
12: Cap nhat mang Critic sit dung gradient descent nhu sau:
13: We = We + aVy, L(W,)
14: Cap nhat mang Actor bang cach st dung ky thuat clipping nhu sau:
15: w, = wold + clip(wi®V — wold —¢ +e)
16: end for
17: end for
18: end for

v6i nhitng gia st sau:

e Ton tai mot gia tri t6i wu clia ham gia tri J* = J(7*) la 7* = argmax, J(m) vdi

J* < 4o00.
e Ham log, (als) bi chan: [|[Vlog,, (als)|l2 < G, V0,Vs,Va.
e p-Lipschitz gradient ctia J(my) : [|[VoJ (7, ) — Vod (m0,)||2 < pl|01 — 022, V01, V6.
e Do lenh chuan bi chan: B g0(0; s, a,8") — VoJ (mp)]|3 < 02,70

trong do e 1a sai s6 uée lugng.

Do ton tai toc do hoi tu nén c6 thé khing dinh ring thuat toan sé hoi tu dén
mot diém toi wu J*.

Do phiic tap clia thuat toan PPO phu thuoc vao ciu tric clia mang cac mang
no ron bao gom mang actor va mang critic. Cau tric ctia hai mang no ron nay bao
gom 1 16p dau vao, mot 16p dau ra va hai 16p an. Goi U2 va Uf lan lugt 1a s6 lugng no
ron cuia mang actor va mang critic tai 16p ¢. Khi d6, do phiic tap cta thuat toan PPO
dugce tinh la O(TK(Z?ZQ(Uf_lUf + U, Uf))), trong do K la kich thuée ctia 16 di lieu

training, 7" 1a tong s6 lan training.
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4.4 Panh gia hiéu qua mo6 hinh va thuat toan diéu huéng cho robot di dong

STAR-IRS

Z
I
\r

Cacvat
can

10

Hinh 4.7: Ban do6 mo6i truong lam viéc ctia robot di dong.

Luan 4n quan tam dén moi truong trong nha may véi dién tich hinh vuong va
kich thudc mdi chiéu 1a 10 m va chiéu cao 1a 5 m nhu mé ta trén Hinh 4.7. Cu thé, AP
va STAR-IRS lan lugt dat tai vi tri (0,5,2) m va (5,5,2) m. Vi tri diem bat dau va
diém dich dén ctia robot di dong lan lugt 1a (1.5,1.5,0.5) m va (8,8,0.5) m. S6 lugng
cac phan tit ctia IRS 1d N = 16, ¢6 5 vat can trong moi trudng lam viéc ciia robot di

dong. Kenh LoS va mat mat duong truyen tinh theo dB theo [6] nhu sau:

PL;,s = 31.84 + 21.5010g,,(dye) + 1910g1o(f2), (4.38)

trong do6, d,, 1a khoang cach 3D tinh tit vi tri clia ang ten clia robot di dong dén AP
(hozic STAR-IRS), va f. = 2 GHz la tan s6 song mang. V6i kenh NLoS, mat mat duong
truyen tinh theo dB nhu sau

PLy1os = max{Lp,s,32.4 4+ 23log,o(d) + 201og,,(fe) }, (4.39)

dam bdo PLyr.s > PL;,g. He s6 Rician clia tat ca cac kénh lien quan duge dit 1a
3 dB trong truong hop cac kénh khong bi cac vat can che khuat. Thém nita, toc do

truyén thong tai robot di dong yéu cau t6i thiéu 1a 4 = 2.5 bps/Hz, v& cong suat truyén
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tdi da ctia AP 1 p™® = 10 dBm.

Trong khong gian lam viéc ctia robot di dong bao gom 5 chuéng ngai vat véi kich
thude lan lugt 1a (3x1x 1), (2x0.75x 1), (2x0.5x1), (1.5x2x1),(2x0.5x1). Vi tr{ tam
clia cac chudng ngai vat trén san lan lugt 1a (4.75, 3), (3.5,5.5), (4.25,6.5), (8, 5), (5,8.75)
m. Chiéu cao clia ang ten robot di dong 1a zy = 0.5m.

Dé thay duge hiéu qué ciia thuat toan va hé thdng dé xuat st dung, hon thé
nita, dé thuan tién cho viéc theo doéi khi so sanh, luan an xem xét dén thuat toan dé

xuat va cac thuat toan co sé sau:

e PPO-STAR-IRS: Day la thuat toan dé xuat dua trén ky thuat hoc sau tang
cuong DRL duge mo ta ¢ phan 4.3 (Thuat todn 8) duge dé xuat sit dung dé giai

bai toan dicéu huéng t6i wu cho hé théng c6 STAR-IRS ho trg.

e A2C-STAR-IRS: Day la thuat toan A2C (Advantage Actor Critic) ap dung cho
hé théng diéu huéng cho robot di dong c6 STAR-IRS hd trg, tuong ty nhu thuat
toan PPO-STAR-IRS nhung ham muc tiéu khong ¢6 ham clip(p(w,), 1—¢, 1+e€).

e PPO-IRS: Thuat toan nay tuong tu nhu thuat toan PPO-STAR-IRS nhung
thitc hién cho hé thong st dung bé mit chi phan xa IRS hd tro.

e PPO-non-IRS: Thuat toan nay tuong tu nhu thuat toan PPO-STAR-IRS nhung
stt dung cho hé théng khong c6 IRS hd trg.

Khi thire hién mo phéng, cac thuat toan duya trén PPO va thuat toan dya trén A2C ké
tréen déu st dung 2 mang actor vi critic, trong d6 mdi mang déu c6 2 16p an (hidden
layer), mdi 16p gom c6 1024 nat (node). Theo d6, cic két qua mo phoéng sé duge phan
tich & dudi day.

Béng 4.1: Bang tham s6 mo6 phéng thuat toan diéu huéng téi wu cho robot di dong

Tham sb Gia tri Tham s6 Gia tri
prax 20dBm N 16

d, 0.3 m T 0.6s
v 0.5 m/s 1] 0.05

g 9.8m/s? m 9 kg [41]
I 0.16245kgm? || P, 17.8 W
as (1,2) qq (8,7.75)

Dau tien, luan an xem xét do hoi tu ciia cac thuat todn. Nhu thé hién trén
Hinh 4.8(a), tat ca cac thuat toan déu hoi tu tai mic gia tri diém thudng on dinh sau

khoang 50 tap (epoch). Dang chii ¥ 1a thuat toAn PPO-STAR-IRS thé hién tinh vugt
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Hinh 4.8: a) Do hoi tu ctia cac thuat toan va b) Quy dao t6i wu thu duge bdi cac thuat
toan.

troi hon ba thuat toan con lai, gom PPO-IRS, PPO-non-IRS va A2C-STAR-IRS, vé
tong diém thudéng. Cu thé, tong diém thudng dat duge béi PPO-STAR-IRS vudt qua
tong diém thudng dat duge bdi A2C-STAR-IRS, PPO-IRS va vudt qua dang ké so véi
diém thudéng thu duge bsi PPO-non-IRS. Cac két qua nay r6 rang ching minh sy hieu
qua ctia hé théng va thuat todn dé xuat. Su cai thien diém thudng cia thuat toan
PPO-STAR-IRS dan dén quy dao di chuyén t6t hon cho robot. Qui dao tuong ting clia
bon thuat toan duge thé hién trong Hinh 4.8(b). Trong hinh nay, cic 6 den la cac khu
vic duge che phit béi cac vat can. Diém khéi dau va diém dich ctia robot di dong duge
ky hieu bang "O" va "()", tuong tng. Cé thé thiy rang qui dao thu duge bdi thuat
toan PPO-STAR-IRS la hiéu qua nhéat va cho phép robot di chuyén véi quing duong
ngan nhat. V6i thuat toan PPO-non-IRS, robot di dong phai di theo mot dudng vong
len phia trude ctia AP dé dat dude yéu cau vé téc do truyen thong do c6 cac vat can
gitta vi tri ban dau va vi trf dich. Diéu nay dan dén robot phai di chuyén theo mot quy
dao dai hon khi st dung thuat toan PPO-non-IRS. Ngudc lai, viéc phan xa va truyén
tin hieu tit STAR-IRS nang cao chat lugng truyen thong gitta AP va robot di dong
trong thuat toan PPO-STAR-IRS. Do d6, robot di dong di chuyén gan nhu truc tiép ti
diém ban dau dén diém dich. Véi thuat toan PPO-IRS, tin hiéu chi phan xa ma khong
truyen qua IRS, quy dao tit diém ban dau dén IRS tuong tu nhu duge thu duge béi
thuat toan PPO-STAR-IRS. Tuy nhién, vi khong c6 tin hiéu truyén qua IRS, robot di
dong phéi di chuyén vong qua phia truée ciia IRS dé dap ting yeu cau vé toc do truyen
thong. Diéu nay ciing dan dén mot quy dao dai hon khi sit dung PPO-IRS. Ngoai ra,
thuat toan dya trén PPO stt dung phuong phap gidi han (clipping) dé diéu chinh cap
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Bang 4.2: Ning lugng tieu thu bdi cac thuat toan

Thuat toan EA(J) | Er(KJ)

PPO-STAR-IRS 1.28 12.92
A2C-STAR-IRS 1.31 13.87
PPO-IRS 1.43 14.98
PPO-non-IRS 1.81 25.1

Bang 4.3: Téng quang duong di chuyén ciia robot véi cac thuat toan

Thuat toan D (m)

PPO-STAR-IRS 9
A2C-STAR-IRS 9.5
PPO-IRS 10
PPO-non-IRS 11.5

nhat, ngin chan cac thay doi qua mitc nham can bing giita kham pha va khai thac. Do
dé, quy dao thu dugce tit PPO-STAR-IRS t6t hon so v6i A2C-STAR-IRS. Téng thé, he
théng duge hd trg béi STAR-IRS chitng minh hiéu qua quy dao vugt troi. Dic biet, st
dung thuat toan dya trén PPO cho két qua t6t hon A2C.

Cac s6 lieu trong Bang 4.2 va Bang 4.3 cung cap thong tin r6 rang vé hiéu qua
ctia he théng va thuat toan dé xuat. Cu thé, miic tieu thy nang lugng truyen thong khi
st dung PPO-STAR-IRS lan lugt gidm 29.3%, 10.5%, va 2.3% so véi PPO-non-IRS,
PPO-IRS, vad A2C-STAR-IRS. Hon nita, PPO-STAR-IRS gitip tiét kiém nang lugng
tieu thu ctia robot lén t6i 48.5%, 13.8%, va 6.8% khi lan Iugt so sanh véi PPO-non-IRS,
PPO-IRS, va A2C-STAR-IRS. Ngoai ra, tong quang dudng di chuyén khi stt dung PPO-
STAR-IRS gidm 21.7%, 10%, va 5.3% hi lan lugt so sanh véi PPO-non-IRS, PPO-IRS,
va A2C-STAR-IRS. Nhitng két qua nay thé hieén r6 rang ring hi¢u suat ctia hé thong
ho trg STAR-IRS luon vugt troi hon so véi cac hé thong IRS thong thuong hodc khong
c6 IRS, va thuat toan dua trén PPO c6 hiéu suat cao hon so véi thuat toan dua trén
A2C. Diéu nay sé dugce lam 16 hon qua cic két qua sau day.

Tiép theo, luan an xem xét tac dong ciia yéu cau vé ngudng téc do truyen thong
cho robot di dong () lén quy dao tdi wu ciia robot di dong. Nhu thé hien trén Hinh 4.9,
khi 4 tang lén, robot gap nhiéu thach thitc hon trong viéc tim quy dao dap tng yéu
cau nay. Diéu nay dan dén robot di dong phai di chuyén mot quing dusng dai hon.
Su khac bigt nay thé hien thé hién ré trén cac Hinh 4.9(a), (b) va (c). Dang luu y 1a
khi 4 tiang len dén mot miic nhat dinh (cu thé ¢ day 1a 4.0 bps/Hz), hé théng khong
c6 IRS hd trg véi thuat toan PPO-non-IRS khong thé tim thay bat ky duong di nao

dap tng dude yéu cau d6. Ngoai ra, trong tat ca cac kich ban, quy dao thu dugc bdi
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Hinh 4.9: Anh huédng ciia ngudng yéu cau téc do truyén thong dén quy dao téi wu ciia
robot di dong.

PPO-STAR-IRS luon 1a ngan nhat, va quy dao thu duge béi PPO-non-IRS luon 1a dai

nhat.

S 4[——PPO-STAR-IRS | S

80 | . PPO-IRS =25

© PPO-non-IRS S [»—PPO-STAR-IRS

S _||l—e=A2C-STAR-IRS p S  |-=—PPO-IRS
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A o

> +3 20-|_g—A2C-STAR-IRS n

> (@]

5 o0 >

bo c
20 O

& 5

= 0015

& 3

T ] . . . P | | .

Z 20 2.5 3.0 3.5 4 2.0 2.5 3.0 3.5 4
Ngudng toc d6 truyén théng (bps/Hz) Ngudng toc d6 truyén théng (bps/Hz)

(a) (b)

Hinh 4.10: Anh hudng clia nguong yeéu cau toc do truyén thong len a) nang luong
truyen thong va b) nang lugng tieu thu béi robot di dong.

Hinh 4.10(a) va (b) 1an lugt thé hién sy anh hudng ciia y d6i véi nang lugng
truyén thong va niang lugng tieu thu ciia robot di dong. Trong Hinh 4.10(a), c6 thé
thay rang nang lugng truyen thong tang khi 4 ting. Ly do 1a khi 4 tang, AP phai st
dung cong suat cao hon dé dap tng yéu cau nay. Tuy nhién, nang lugng tiéu thu cho
viéc truyén thong véi thuat toan PPO-STAR-IRS luon 1a thap nhat. Véi thuat toan
PPO-non-IRS, AP can sit dung cong suat cao nhat dé dap tng ciing ngudng toc do
yéu cau. Ngoai ra, trong Hinh 4.10(b), nang lugng tieu thu ctia robot di dong gan nhu
khong thay ddi khi 4 tang dén 3 bps/Hz. Ly do la khi stt dung cong suat cao hon tai
AP, yéu cau vé 7 da duge dap ting. Do d6, qui dao ctia robot di dong thu dudc bdi
moi thuat toan 1a qui dao t6i wu trong moi truong hop. Tuy nhién, khi 4 tiép tuc tang

(3.5 bps/Hz hoac 4.0 bps/Hz) thi mic nang lugng tiéu thu ctia robot téng lén déng
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ké. Diéu nay c6 thé Iy giai 1a do khi d6, robot can di chuyén mot quang dudng xa hon
dang ké dé dat dugc miic yeu cau vé 4 dan dén nang luong tieu thu tang. Mac du vay,
trong tat ca cac truong hop, niang luong tieu thu ciia hé thong c6 STAR-IRS hd trg
luon 1a thap nhat, va nang lugng tiéu thu ctia hé thong khong c6 IRS ho trg luon 1a cao
nhat. Dac biet, thuat toan PPO-STAR-IRS gitp gidm mtc tiéu thu nang lugng truyen
thong va nang lugng ctia robot lén t6i 25% va 50% so v6i thuat todn PPO-non-IRS.
Hon nita, muc tiéu thy ning lugng cho lién lac va robot thu duge tit A2C-STAR-IRS
cao hon so v6i tit PPO-STAR-IRS. Nhitng két qua nay chitng minh hiéu qua ctia hée

thong va thuat toan de xuat.
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Hinh 4.11: Anh huéng ctia s6 bit lugng t1t (b) dén quy dao ciia robot di dong.
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S6 lugng bit lugng tur (b) S6 lugng bit lugng tir (b)
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Hinh 4.12: Anh huéng ciia s bit lugng i (b) dén a) ning lugng truyén thong va b)
nang lugng tiéu thu cta robot di dong.

Tiép theo, luan 4n thao luan vé tac dong ctia s6 luong bit lugng tit do dich pha

cia STAR-IRS (b) len quy dao ctia robot di dong va miic tiéu thu nang hugng ctia hé



112

thong. Dau tién, nhu da thay Hinh 74.11(a) va (b), v6i 1-bit lugng t, robot di dong
can di chuyén quang duong dai hon so véi trudng hgp 3-bit lugng tit dé dap tng yeu
cau téc do truyen thong mong mudén. Nguyén nhan 1a khi s6 lugng bit lugng ti tang
len, tic 1a do phan giai ciia do dich pha ting, thuat toan cé thé tim ra mic dich pha
gan toi tu hon ddm bao dap ting yéu cau tdc do truyen thong véi quang duong ngan
hon. Day ciing 1a 1y do giai thich cho cac két qua trong Hinh 4.12(a) va (b). Cu thé, ca
mitc tiéu thu nang luong truyeén thong va nang luong tiéu thu ciia robot thu duge tu
PPO-STAR-IRS, A2C-STAR-IRS va PPO-IRS déu gidm dan khi s6 lugng bit luong ti
tang len. Bén canh d6, mic tieu thu nang luong cia PPO-non-IRS khong thay déi vi
n6 khong phu thuodce vao sbé lugng bit luong tit. Hon nita, két qua thu duge véi 2 hodc
3-bit luong tit khong thay doi do s6 lugng mic gia tri do dich pha vé6i 2 hodc 3-bit c6
thé da dii 16n dé dat duge xap xi két qua toi wu. Diéu nay cho thay vai tro clia do phan
giai khi lugng t1t héa do dich pha.

Mot diem dang lwu ¥ 1a kich thude ctia he thong STAR-IRS (N) ciing c¢6 the
anh hudéng dén nang lugng tieu thu ctia he thong. Nhu thay trén Hinh 4.13(a) va (b),
khi N tang lén, ning luong tieu thu bdi AP va robot di dong giam di. Ly do 1a khi s6
luong phan tt STAR-IRS tang lén, SINR tai robot di dong ciing tang lén va toc do
truyen thong ctia né ciing tang. Do d6, ning luong tiéu thu do truyén thong giam di,
va viec dap ting ngudng téc do truyen thong trd nén dé dang hon khi N ting len. Diéu
nay cho phép robot di dong di chuyén mot cach linh hoat hon v6i miic nang lugng tieu

thu thap hon.
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S6 lugng phan tir cda IRS S6 lugng phan tir cda IRS

(a) (b)

Hinh 4.13: Anh hudng clia s6 phan ti ciia STAR-IRS dén a) nang lugng truyén thong
va b) nang lugng tiéu thu cta robot di dong.

Cudi cuing, luan an trinh bay anh hudng clia cong suat truyen toi da (p™*) len
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Hinh 4.14: Anh hudng ctia cong suat truyén t6i da ctia AP dén a) nang lugng truyén
thong va b) nang lugng tiéu thu ctia robot di dong.

mitc tiéu thy nang luong truyen thong va nang luong clia robot trong cac thuat toan
nhu Hinh 4.14(a) va (b). Hinh 4.14(a), khi p™®* tang, mic tiéu thu nang lugng truyéen
thong thu dugdc tit tat ca cac thuat toan nhin chung déu gidam. Nguyén nhan 1a viéc
tang p™®* cho phép robot tim qui dao véi thoi gian di chuyén ngén hon 7', dan dén
gidm miic tiéu thu nang lugng truyen thong ctia AP. Vi ly do nay, mic tiéu thu nang
lugng cia robot cing gidm khi p™* (Hinh 4.14(b)). Dac biét, véi PPO-STAR-IRS,
miic tiéu thu nang lugng clia robot gidm tir 12.92 KJ xudng 12.85 KJ khi p™a* tang ti

17 dBm dén 24 dBm. Can nhan manh ring vdi bat ky gia tri nao ctia p™®, mic tiéu

thy nang luong thu duge tit PPO-STAR-IRS luon thap nhat so vdi cac thuat toan co

2

SO.

4.5 Két luan chuong 4

Duta trén viéc phan tich cac nghién cttu vé viéc hod trg nang cao chat lugng mang
truyen thong khong day ctia STAR-IRS, chuong 4 da dé xuat mot mo hinh hé théng va
thuat toan diéu huéng t6i wu cho robot di dong trong nha may véi moi truong truyen
thong khong day c6 STAR-IRS hé trg. Cu thé, nhitng déng goép chinh ciia chuong 4

nhu sau:

e Dé xuat mo6 hinh hé théng diéu huéng cho robot di dong trong moi truong nha

may c6 STAR-IRS ho trg.

e D¢ xuat he thuat toan PPO-STAR-IRS dé giai quyét bai toan lap quy dao nham

t6i thiéu nang luong tieu thu cho robot di dong trong moi trudng truyén thong
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c6 STAR-IRS hd tro.

Cac dong gop clia chuong 4 dude cong bd 6 cac cong trinh CT6 va CT7. Cong
trinh CT6 trinh bay viéc dé xuat mo hinh diéu huéng cho robot di dong trong moi
truong truyen thong khong day c6 STAR-IRS ho trg, tit d6 dé xuat thuat toan toi wu
hé théng nham t6i thiéu quing dudng di chuyén cho robot di dong dua trén ki thuat
DRL. Dya trén cac két qua ban dau dat duge tit cong bé CT6, cong trinh CT7 phat
trien thuat toan ti uu he théng diéu huéng cho robot di dong trong moi trudng truyen
thong c6 STAR-IRS ho trg nhiam t6i thiéu nang lugng tieu thu cho hé théng.

[CT6] N. T. T. Van, N. M. Tien, N. C. Luong, and L. M. Khoi, “Simultane-
ously Transmitting And Reflecting (STAR) IRS Enhanced Mobile robot di dong Path
Planning: A Reinforcement Learning based Approach,” in Proceedings of the seventh
Vietnam international conference and Exhibition on Control and Automation, VCCA-
2024; ISBN 978-604-937-357-2.

[CT7] N. T. T. Van, N. C. Luong, H. Le Hung, N. T. Hoa and N. M. Tien,
"Minimizing Energy Consumption in Mobile robot di dongics with STAR-RIS in Smart
Factories," 2024 Tenth International Conference on Communications and Electronics

(ICCE), Danang, Vietnam, 2024, pp. 741-746, doi: 10.1109/ICCE62051.2024.10634674.
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KET LUAN VA KIEN NGHI

Robot di dong da va dang dudc ting dung rong rai trong doi sdng va thu hit
dugc sy chid ¥ ctia nhiéu nha nghién ctu. Theo xu huéng phat trién IoT, robot di dong
lam viéc trong moi truong két ndi, van dé truyeén thong va nang lugng tiéu thu cla
robot 1 nhitng van dé can dudc quan tam. Mac dit mdi ding lai § buée dau nghién
cttu Iy thuyét, cac két qua mo phéng clia luan an hita hen mang lai hiéu qua tng dung
cao.

1. Cac két qua dat dudc ciia luan an

Luan an da dat dugc muc tiéu da dé ra la nghién ctu dé xuat mo hinh mang
va thuat toan toi wu hé thong mang st dung trong nha may, tit d6 dé xuat hé thong
diéu huéng cho robot nham t6i thiéu nang lugng tiéu thu cho robot di dong va hé
théng trong moi trudng truyen thong ly tudng va trong moi trudng truyen thong co
STAR-IRS hé trg. Ngoai ra, luan an cing da mo phong va danh gia cac thuat toan va
mo hinh hé théng dé xuat.

Céc déng goép méi cta luan an:

1. Dé zudt mé hinh mang DED2D c6 IRS hé tro va thudt todn ti
wu OTA va N-OTA nham nang cao chat luong truyén thong hé trg hoat
dong cua robot di dong.

Mo hinh hé théng nay duge dé xuat dya trén cac nghién ctiu nhitng 1gi ich ma
IRS mang lai cho hé théng truyén thong khong day. Cu thé, trong hé théng mang &
nha may v6i nhiéu thiét bi bao gom robot di dong nhan thong tin, cac cam bién khong
day thu ning lugng va cac thiét bi truyén thong khac, viéc sit dung IRS va cac thuat
toan toi wu cac tham sé hé s6 da khong nhitng nang cao chat lugng truyén thong dam
béo hoat dong cho robot di dong ma con ho trg hoat dong cac thiét bi khong day khac
g6p phan dam bao tinh bén viing ctia hé thong.

2. Dé xudt st dung thudt toin OSOW va MSOW téi wu quy dao
cho robot di déong trong méi truong truyén thong lyj tudng va thudt todn
PPO-STAR-IRS téi wu ndng lwong cho robot di déng trong méi truong
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truyén thong co STAR-IRS hé tro.

Thuat toan OSOW va MSOW dua trén viéc xap xi ham muc tiéu v céc rang
budc tréd thanh bai toan t6i wu 16i dé giai. Két qua mo phéng da tim ra dude quy dao
t61 wu giap robot di chuyén dén dich véi mitc ning lugng tieu thu t6i thiéu trong moi
truong truyen thong 1y tudng. Thuat toan PPO-STAR-IRS dua trén k§ thuat DRL da
gitp gidi quyét bai toan dong véi quy dao va kénh thay déi theo thoi gian. Két qua mo
phoéng cho thay hicu qué ctia mo hinh va thuat toan dé xuat trong viec diéu huéng toi
uu cho robot di dong.

Ngoai ra, trong qua trinh thuc hién ludn an, cic nghién citu da dugc
cong bé & cic hoi nghi khoa hoc va cdc tap chi c6 uwy tin trong nudc va
quéc té.

2. Huéng phat trién ctia Luan an

Mot hé théng dieu huéng thong minh cho cac robot trong cidc nha may la huéng
phét trién ctia Luan 4n. Cu thé, dinh huéng nghién ciiu trong tuong lai ctia NCS bao

gom:

e Nghién citu, phét trién thuat toan diéu huéng cho hé da robot c6 STAR-IRS hd

trg.

e Nghién cttu, xay dung hé théng thuc nghiem dé kiém chiing cac thuat toan da

mo phong.
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PHU LUC B: CODE CHUONG 2

clear

clear all

cle

close all

%Declare global variables

global M UI UE N E UR RG RGe RD UG UGe UD D2D DD DG
DGe DR Noise rmin CU rmin D2D Pmax BS Pmax D2D emin
global rho mode

rho = 0.5;%energy efficient

mode = 1; %0: without IRS; 1:with IRS
%% INITIAL VARIABLES %%

%Fixed values

R _cell = 60; %size of cell

d D2D = 30; %30; %distance of D2D pairs
B = 10*x1e6; % MHZ bandwidth 10x1e6

Noise = 10~ (—174/10)«B;%AGWN white noise

%Dynamic values
M= 10; % #MIMO antenna
Ul = 3; %number of Uls 6
UE = 2; %number of UEs 2
N = 3; % number of D2Ds 6
E = 200; %number of reflected elements
for E=200:100:200
YFE=E+10;
%% GENERATE SCENARIOS %%
%Location of BS, IUs, EUs, D2Ds
%X CU, Y CU, Z CU, X CUe, Y CUe, Z CUe, X Dt, Y Dt, Z Dt,
X Dr, Y Dr, Z Dr]=Generate Location 202(R _cell, d D2D);
filename = strcat (’Location Rev2 1105 3007, ’.mat’);
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%save (filename ;, "R _cell’, ’d D2D’, "X CU’, Y CU ,’Z CU’,
'X CUe’, Y CUe’,’Z CUe’, 'X Dt', 'Y Dt’, ’Z Dt’,’X Dr’,
Y Dr’,’Z Dr’);

load (filename , "R _cell’, ’d D2D’, 'X CU, 'Y CU ,’Z CU’,
'X CUe’, Y CUe’,’Z CUe’, 'X Dt 'Y Dt’, ’Z Dt’,’X Dr’,
Y Dr’,’Z Dr’);

%Plot _system model (R _cell, X CU, Y CU, Z CU, X CUe, Y CUe,
7 CUe, X _Dt, Y Dt, Z Dt, X Dr, Y Dr, Z Dr);

%Pathloss Model

%[UR, RG, RGe, RD, UG, UGe, UD, D2D, DD, DG,
DGe,DR]=PathlossShadowing revision3 (X CU, Y CU, Z CU, X CUe,
Y CUe, Z CUe, X Dt, Y Dt, Z Dt, X Dr, Y Dr, Z Dr,

shadow deviation );

filename = strcat (’Channel Rev2 1105 ', num2str(E),
".mat’);%0905: Change channel model

%filename = strcat (’Channel Rev 1105 antenna
num?2str (M), ’.mat’);

%save (filename , 'UR’, 'RG’, 'RGe’, 'RD’, 'UG’, 'UGe’,
'UD’, 'D2D’, 'DD’, 'DG’, 'DGe’,’DR’);:

load (filename , 'UR’, 'RG’, 'RGe’, 'RD’, 'UG’, 'UGe’, 'UD’,
'D2D’, 'DD’, 'DG’, 'DGe’, 'DR’):

%% MAIN FUNCTION OF ITERATION %%

Y%network parameters

Y%pmax_range = 10.7([25:1:27]/10); %20dBm—nmW

pmax_range = 10°(24/10);% power of BS

rmin_ CU_range = 0.001xlog(2);% IU data rate threshold range
%emin = 10°(0/10); % energy threshold

emin_range = 10.7([—20]/10);% energy threshold range

Pmax D2D = 10°(24/10); %power of D2D transmitter

Y%rmin_ D2D = 0.4x1log(2);% D2D data rate threshold
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rmin_ D2D range = [0.1]xlog(2);% D2D data rate threshold range

for lap=1:1

%loop parameters

Montein = 0;

NoMonte = length (rmin_D2D range);

%NoMonte = 20;

run_alg = 1; %1 PGS 2 PGS—time 3 IGS 4 IGS—time
%Sname = ’temp.txt ’;

RCU_avg = zeros (1, NoMonte);
RD avg = zeros (1, NoMonte);
while Montein < NoMonte

Montein = Montein+1;

Pmax BS = pmax range(1);

% rmin_ CU = rmin_ CU_range(Montein );
rmin_ CU = rmin_ CU _range(1);
rmin_D2D = rmin_D2D range(Montein );

emin = emin_range (1);
Curloop = 0;
Noloop = 1;

RCU min = zeros (1, Noloop);

RD min = zeros (1, Noloop);

fprintf (’ Runing with PUmax %4.1f(@W), PD2D %4.2f
rCUmin %2.4f bps/Hz at %d/%d realizations \n’, Pmax BS,
Pmax D2D, rmin_CU/log (2), Montein, NoMonte);

while (Curloop < Noloop)
Curloop = Curloop + 1;
fprintf(’ Runing Loop at %d/ %d total \n’,
Curloop, Noloop );
if (run_alg = 1)
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disp ('Run Algl: without timeAllocation ’);
[result , iter , minCU, minE, minECU, minED2D, minD,
rco_norm,rco ,beam, P _ tot, pDmax,t i, t e,
t _ie]=without timeAllocation ();
elseif (run_alg = 2)
disp ('Run Alg2: with_ timeAllocation ’);
[result , iter , minCU, minE, minD, rco norm,rco,
beam,P tot,pDmax,t i, t e, t d,
t ied]=with timeAllocation ();
filename = strcat (’GA iterations Rev2’,’.mat’);
num?2str ( Montein )
save (filename ,
"result 7, ’rco’, ’beam’, 'rco_norm’, 'rmin CU’,
'minCU’ , "minE’ , "emin’, 'minD’, 'rmin D2D’ |
'P_tot’, 'pDmax’,’t_i’,’t_e’,’t_d’, t_ied);
end
end
RCU _avg(Montein) = sum(RCU_min)/Noloop ;
end
end

end
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PHU LUC C: CODE CHUONG 3

clear all
cle

close all

global N T q sp q _gp Obs R_Obs delta v_.max v_min D _cell
d r d safe tau max obj max...

max rmin tau_ min dsg we M b_col A col K

%load ('parameter .mat’);

D cell = 10;%100m2

T = 51;

N = 6; % number of obstacles in rectangle shape
K = 3; % number of obstacles in circle shape

obj max = 20;

M= 100;
d r=0.5; %m, size of the robot
delta = 0.01; %m, safe distance

v_max = 1; %m/s, maximum velocity of robot
v_min = 0.3; %m/s, maximum velocity of robot
tau_max = 1;

tau min = 0.2;

%Generate scenarios

%Location of mobile diveces

[q_sp, q_gp, Obs]=Generate Location(D cell);
filename = strcat (’Location 0211 ', ’.mat’);
save (filename, "D cell’,’q sp’,’q gp’, 'Obs’);
%load (filename , D _cell’,’q sp’,’q gp’, 'Obs’);
%plot obstacles

%for i=1:N

% rectangle (’Position *,0Obs(i).q, FaceColor’,’k’); hold on;
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Yend
%axis ([0 10 0 10]); grid on;

dsg

for

end

= Distance(q_sp,q gp);

1=1:10
Obs(i).safe(1) = Obs(i).q(l) — d r — delta;
Obs(i).safe(2) = Obs(i).q(2) — d r — delta;
Obs(i).safe(3) = Obs(i).q(3) +2x(d_r+delta);
Obs(i).safe(4) = Obs(i).q(4) +2x(d_r+delta);
for n=1:N
b_col(n,1) = Obs(n).safe (1);
b _col(n,2) = Obs(n).safe (2);
b_col(n,3) = Obs(n).safe(1)+Obs(n).safe(3);
b_col(n,4) = Obs(n).safe(2)+0Obs(n).safe (4);
end

Montein = 0;

NoMonte = size (1,1);

while Montein < NoMonte

Montein = Montein+1;

Curloop = 0;

Noloop = 1;

Y%RCU_min = zeros (1, Noloop);

Y%RD_min = zeros (1, Noloop);

fprintf (’Runing with workspace %d(m2), size of robot
%4.1f (m), number of obstacles %d\n’, D cell, d r, N);

while (Curloop < Noloop)
Curloop = Curloop+1;
disp ('Run Algorithm ’);
[result , sum_dis, sum_ time, iter , robot, cole, v _t,
omega t,theta t,min ] = Algorithm ();

end
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end
filename = strcat (’result ’, .mat’);%41 , num2str (Montein)

save(filename , ’'result ’);
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PHU LUC D: CODE CHUONG 4

import gym

from gym.utils import seeding

import numpy as np

from gym import spaces

from scipy.linalg import sqrtm

from stable baselines3 import PPO

from stable baselines3.common.vec env import DummyVecEnv

import math

def path loss shadowing(X R, Y R, Z R, check AR, check IR):
# global M, E, BS, IRS, KR_AI, mu AI, sigma AI, KR AR,
mu AR, sigma AR, KR IR, mu IR, sigma IR, f c

M =1 # number of antennas of the AP
E = 16 4 number of elements of the IRS
BS = np.array ([0, 2.5, 3])
IRS = np.array ([5, 5, 3])
KR Al = 3 # Rician factor 3dB
mu_Al = np.sqrt (KR_AI / ((KR_AI + 1)))
sigma_ Al = np.sqrt (1l / ((KR_AI + 1)))
if check AR:
KR AR = 0
else:
KR AR = 3 # Rician factor depend on the location of
#the robot, it can be 3 or 0
mu_AR = np.sqrt (KR_ AR / ((KR_AR + 1)))
sigma_ AR = np.sqrt(1 / ((KR_AR + 1)))
if check IR:
KR IR =0
else:

KR IR = 3 # Rician factor depend on the location of
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#the robot, it can be 3 or 0
mu IR = np.sqrt (KR_IR / ((KR_IR + 1)))
sigma_ IR = np.sqrt(1 / ((KR_IR + 1)))
f ¢ =2 % 10xx3 # 2000MHz
# Path loss from AP to IRS
Al = {"chan": None, "1": None, "n": None}
Dist = np.sqrt ((BS[0] — IRS[0])*x2 + (BS[1] — IRS[1])*%2
+ (BS[2] — IRS[2])##2)/1000 #Kkm
path loss shasmall = 31.84 + 21.50 % np.logl0(Dist)
+ 19 % np.logl0O(f c¢)
channel = np.sqrt ((10%*(path loss shasmall / 10)))

* (np.random.normal (mu_ Al, sigma AI, (1, M))

+ 1j % np.random.normal (mu_Al, sigma AI, (1, M)))
HR = np.zeros ((E, M), dtype=complex)
for e in range(E):

theta = np.random.uniform (0, np.pi)

phi = np.random.uniform (0, 2 % np.pi)

for m in range(M):

HR[e, m] = np.exp(1lj * np.pi x ((e — 1)
x np.sin(np.pi — theta) * np.sin(np.pi + phi)
+ (m — 1) * np.sin(theta) * np.sin(phi)))

AI["chan"] = channel %= HR
# Path loss from IRS to the robot
IR = {"chan": None, "1": None, "n": None}
Dist = np.sqrt ((BS[0] — IRS[0])*%2 + (BS[1] — IRS[1])*x*2
+ (BS[2] — IRS[2])*%2)/1000  #km

if KR IR = 0: # NLoS case
path loss shasmall = max(path loss shasmall, 32.4
+ 23 % np.logl0(Dist) + 20 * np.logl0(f c¢))

else:
path loss shasmall = 31.84 + 21.50 % np.logl0(Dist)
+ 19 % np.loglO(f c¢)
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channel = np.sqrt ((10%*(path loss shasmall / 10)))
*(np.random.normal (mu_ IR, sigma IR, (1, E))
+ 1j * np.random.normal (mu IR, sigma IR, (1, E)))

azim = np.arctan ((IRS[0] — X R) / (IRS[1] — Y _R))
elev = np.arcsin ((IRS[2] — Z_R) / Dist)
RI = np.zeros ((E, E), dtype=complex)
for e in range(E):
for f in range(E):
RI[e, f] = np.exp(lj % np.pi *x (e — f)
x np.sin(azim) % np.sin(elev))
# print (channel ,RI)
IR["chan"] = channel * sqrtm(RI)
# Path loss from AP to the robot
AR = {"chan": None, "n": None}
Dist = np.sqrt ((BS[0] — X R)*%2 + (BS[1] — Y R)xx2
+ (BS[2] — Z R)*%2)/1000 +# km
if KR_AR = 0: # NLoS case
path loss shasmall = max(path loss shasmall, 32.4
+ 23 % np.logl0(Dist) + 20 * np.logl0(f c))
else:
path loss shasmall = 31.84 4+ 21.50 x np.logl0(Dist)
+ 19 % np.logl0O(f c¢)
channel = np.sqrt ((10xx(path loss shasmall / 10)))
% (np.random.normal (mu_ AR, sigma AR, (1, M)) +
1j % np.random.normal (mu AR, sigma AR, (1, M)))
AR["chan"] = channel
return AI[’chan’], IR[’chan’], AR[’chan’]

def check collision (pointl, point2, obstacle centers,
obstacle sizes):
obstacle size = np.array(obstacle sizes)

obstacle center = np.array(obstacle centers)
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# Calculate cordinate of peak of boxes

obstacle vertices = np.array (]
[obstacle center [0] — obstacle size[0] / 2,
obstacle center [1] — obstacle_size[l] / 2],

[obstacle center [0] + obstacle size[0] / 2,
obstacle center [1] — obstacle size[l] / 2],
[obstacle center [0] + obstacle size[0] / 2,
obstacle center [1] + obstacle size[l] / 2],
[obstacle center [0] — obstacle size[0] / 2,
obstacle center [1] + obstacle_size[1] / 2]])

# Check if it cut obstables

for i in range(4):

i=(i+1) %4

if np.any(

((pointl [0] — obstacle vertices[i, 0])

* (point2[1] — obstacle vertices[i, 1]) —
(pointl [1] — obstacle vertices|[i, 1])

* (point2[0] — obstacle vertices[i, 0]))
* ((pointl[0] — obstacle vertices[j, 0])
x (point2[1] — obstacle vertices|[j, 1]) —
(pointl [1] — obstacle vertices|[j, 1])

x (point2[0] — obstacle vertices[j, 0]))
< 0):

return True # It cut

return False # It did not cut
def distance(pointl, point2):

return math.sqrt ((pointl [0] — point2[0])**2 + (pointl[1]

— point2[1])*%2)
def collision detecte(point, obstacle centers, obstacle sizes
min_distance=0.25):

for center, size in zip(obstacle centers, obstacle sizes):

half width, half height = size[0]/2, size[l]/2

x_min, x_max = center [0] — half width, center [0]
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y_min, y max = center [1] — half height, center[1]

+ half height
# Check the point

is in box or not

if x_min <= point [0] <= x_max and y_min <= point [1]

<= y_max:

return False

# The point is in the box,

it does not safe

# Calculate the distance from the point to the box

dist = distance(point, center)

# Check the distance is less than the safety distance

or not

if dist < min_distance:

return False

# The distance is too close, it does not safe

return True #it safe

room_size = (10, 10)

obstacle sizes = [(3, 1), (2, 0.75), (2, 0.5), (1.5, 2),

(2, 0.5)]

obstacle centers = [(4.75,
(8, 5), (b, 8.75)]

AP = np.array ([0, 8])

goal = np.array ([8, 8])
IRS = np.array ([6, 5])
t1=0.1

t2=0.5
m=9

v = 0.5

I = 0.16245
P s=17.8

L = 30
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g = 9.8

nu = 0.05
noise = le—9
rate_ min = 170

class RobotEnv(gym.Env):

# metadata = {’render.modes’: [ human’]}

def  init  (self):
super (RobotEnv, self). init ()
self.step dir = np.array ([[—0.25, 0], [0.25, 0],
[0, 0.25],
[0, —0.25]])
self .num_ step = 0
self.state = np. full (3, None)
self .state low = np.array ([0, 0, —100])
self.state high = np.array ([10, 10, 100])
# build action space (b=3)
self.action space = spaces.MultiDiscrete ([50, 8, 8, 8,
8, 8, 8, 8,8 ,8,8,8,8 ,8,8, 8,8, 8, 8,8, 8)])
self.observation space = spaces.Box(low=self.state low,
high=self.state high, dtype=np.float32) #build

state space

def reset(self):
self.state[0: 2] = 1.5
self .state[2] =0
self .state = np.array(self.state, dtype=np.float32)

return self.state

def seed(self, seed=None):
self .np random, seed = seeding.np random(seed)

return [seed]
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def step(self, action):
self .num_step +=l1
done = False

self . robot = self.state[0:1]

self .next state = self.robot + self.step_dir[action[0], :]
collision detected = collision detecte(self.next state,
obstacle centers, obstacle sizes)

distance to walls =

[
self . next state[0
1

|, room size[0] — self.next state[0],

self .next state[l], room size[l] — self.next state[1]]

euclidean dist to_ goal = np.linalg.norm(self.robot — goal)
if collision detected = False or min(distance to walls)

<= 0.5:
self .robot = self.robot +
self .step dir[action[0], :]x—1
else:
self .robot = self.robot +
self.step dir[action[0], :]

#chanel

check TR = check collision (IRS, self.robot,
obstacle centers, obstacle sizes)

check AR = check collision (AP, self.robot,
obstacle centers, obstacle sizes)

X R = self.robot[0]

Y R = self.robot[1]

Al, TR, AR = path loss shadowing(X R, Y R, 1.5,
check AR, check IR)

phil = np.pixaction[2]/8

phi2 = np.pikxaction [2]/8

diagonal matrix = np.zeros((16, 16), dtype=np.complex64)



diagonal matrix[:8, :8] = np.exp(lj * phil)

x np.identity (8)

diagonal matrix[8:, 8:] = np.exp(1lj * phi2)

« np.identity (8)

A = np.linalg.norm (AR +
np.dot(np.dot(np.conjugate (IR),diagonal matrix ), Al))*%2
rate = math.log2(14+(A%0.01)/noise) #shuold be 4-5bit /s
# print ("rate:" ;rate, "A:" A)

if rate < rate min:

r _rate = (rate _min — rate)/10
else:

r rate =0
direction = math.atan2(self.step_dir[action[0], :][1],
self .step dir[action[0], :][0]) #direction of robot

omega = abs(direction—self.state[2])/t1
E R=@m*vx%2)/2 + (Ixomegaxx2)/2 + P sxLx(t1+t2)
+ 2xnuxmxgxvkt2
E A= 0.0l%(tl+t2)
print ("EA:" | E Ax10, "ER", E R/100, "khoang cach",
euclidean dist to goal, "r rate", r rate, "huong",
direction , "huong cu", self.state[2])
if euclidean dist to goal <= 0.5:
reward = 10000 -E_Ax10 — E R/100 —
euclidean dist to goal

self .num step = 0

done = True
else:
reward = -E Ax10 — E R/100 — euclidean dist
_to _goal — r rate
if self.num_ step = 800:
done = True

self .num_ step = 0

self .state[0:2] = self.robot
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self.state [2] = direction

self.state = np.array(self.state, dtype=np.float32)
info = {}

return self.state, reward, done, info

def render(self, mode="human’):

pass
env = ENV()
# PPO model

model = PPO(" MlIpPolicy", env, verbose=1)
model. learn (total timesteps=500000)
model . save ("PPO")

del model

model = PPO.load ("PPO")

# Train model

num _episodes = 1000
costs PPO = []

avg cost PPO = []

score history = []

for t in range(num episodes):

done = False

num_step = 0

obs = env.reset ()

score = 0

while not done:
action, = model.predict (obs)
obs, reward, done, info = env.step(action)
print (obs)
score += reward
# print (obs)
# print (f"Step: {t+1}, Reward: {reward}")



