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MG DAU

1. Tinh cip thiét ctia luan an

Nham dap tng nhu cau ciia x4 hoi, s6 lugng robot di dong trong
cac nha may ngay cang ting mot cach dang ké. Ngoai ra, céc thiét bi
IoT (Internet of Things) cling ngay mot ting trong cdc nha may. Diéu
nay dan dén van deé chia sé khong gian lam viéc gitta cac robot, gitta
robot vé6i cac thiét bi khac va giita robot véi con ngudi. Dé dat hieu qua
lam viéc, cac robot di dong tai cac nha may vita can hoan thanh nhiém
vu di chuyén, vita can thic hién trao doi thong tin véi hé théng gitp
viéc quan 1y cing nhu van hanh trong toan nha may duge ddm béo.
Chinh vi vay, viéc tich hgp truyén thong khong day cho robot di dong
1a mot giai phap. Khi d6, robot di dong déng vai tro 1a mot thanh phan
trong hé théng IoT vita gitp gidm bdt tieu hao ning lugng tinh toan
cho robot vita gidi quyét van dé truyeén thong trong nha may. Dé dam
bao robot vita hoan thanh nhiém vy vita truyén thong tin cay véi he
théng, viéc giai bai toan t6i wu quy dao cho robot di dong trong moi
truong truyén thong khong day tai nha may 1a can thiét. Tu d6, NCS
chon dé tai "Nghién cdu nang cao chat lwong truyén thong va
wng dung thudt todn hoc sdu tang cudng trong diéu hudng toi
uwu cho robot di dong".

2. Muc tiéu nghién ctu cua luan an

- Nghién cttu mo hinh va thuat toan téi vu hé thong mang nang
cao chat lugng truyen thong phuc vu hoat dong ctia robot di dong.

- Nghién ctu, phat trién cac thuat toan t6i uu quy dao véi muc
tiéu toi thiu nang lugng tieu thu cho robot di dong hoat dong trong
moi trudng truyen thong ly tudng.

- Nghién cttu, phat trién cac hé théng diéu huéng cho robot di
dong két hop t6i uu quy dao véi truyen thong khong day va toi thiéu
nang luong tieu thu ctia hé thong.

- M6 phéng kiém ching va danh gia hieu qua ciia cac thuat toan



va mo hinh hé théng dé xuat.
3. Cac noi dung nghién ciu chinh ctia luan an
Vé ly thuyét:

- Nghién citu tong quan vé robot di dong hoat dong trong méi
truong truyen thong, tinh hinh nghién citu trong va ngoai nudc, tit do
rat ra cac hudng nghién ciu thich hgp cho luan an.

- Nghién cttu, dé xuat mo hinh va thuat toan tdi wu mang ho
trg giip md rong ving phi séng va nang cao chat lugng truyen thong
khong day trong nha may.

- Xay dung bai toan tdi wu quy dao di chuyén cho robot trong
nha méay nhim tdi thiéu nang lugng tiéu thu trong diéu kien truyén
thong 1y tudng, tit d6 xay dung thuat toan giai quyét bai toan do.

- Nghién cttu, dé xuat hé théng dieu huéng cho robot di dong
trong moi truong diéu kién truyén thong chua dam bao.

- Xay dung bai toan téi wu quy dao di chuyén cho robot trong
nha may nhim t6i thiéu ning lugng tiéu thu trong méi trusng truyen
thong chua ddm béo, tit d6 xay dung thuat todn gidi quyét bai toan do.

- Nghién ctu st dung céc cong cu toi wu dé thuc hien mo phong.
Vé thuc nghiém:

- Xay duyng cac mo phéng kiém chiing hiu qua clia mo hinh va
thuat toan toi tu mang truyén thong khong day ho trg hoat dong cia
robot di dong.

- Xay dung cac mo phong kiém ching thuat toan t6i wu quy dao
cho robot di dong trong moi truong truyen thong ly tudng.

- Xay dung cac mo phong kiém chiing thuat toan t6i wu quy dao
cho robot di dong trong moi truong truyeén thong chua dam bao.

Chuong 1. TONG QUAN VE VIEC LAP QUY DAO CHO
ROBOT DI PONG TRONG NHA MAY

1.1. Bai toan lap quy dao cho robot di dong
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Hinh 1.2: S6 lugng cac cong trinh nghién citu vé lap quy dao cho robot dya
trén sb lieu tit Engineering Village [2].

Trong sudt nhiéu thap ky qua, linh vite robot luén dude quan
tam, khong ngimg phat trién va c6 anh hudng 16n dén cuoc soéng ciia con
ngudi [12]. Trong cdc nha may hién dai, robot di dong vé6i kha nang di
chuyén linh hoat déng mot vai tro quan trong trong cic tng dung cong
nghiép nhu robot van chuyén hang héa, va cac robot phuc vu cac khau
chinh trong day chuyén san xuat [13]. Chinh vi vay, robot di dong da
va dang dugce nhiéu nha nghién citu ciing nhu cic doanh nghiép trong
va ngoai nude quan tam. Nhin chung, cau tric ciia diéu khién chuyén
dong cho mdt Robot di dong cé thé chia ra 3 giai doan: Dinh vi, lap quy
dao chuyén dong (Localization and Path Planning), diéu khién bam quy
dao (Trajectory Tracking), va dieu khién dong co robot (Motor Control).
Viéc di¢u khién chuyén dong cho robot di dong c6 hai van dé chinh can
quan tam dé la lap quy 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 chuyén
dong (trajectory planning) cho robot di dong. Day la linh vic duge quan
tam véi s6 luong 16n cong trinh nghién citu trong nhiéu thap ky qua véi
rat nhidu thuat toan duge dé xuat nhu tong hop tren Hinh 1.2 [2].

1.2. Robot di déng va truyén théng khéng day
Theo xu hudng phat trién IoT (Internet of Things) trong cong



nghiép IToT (Industrial IoT), céc thiét bi trong nha méiy c6 xu huéng
tich hop céc giao thiic truyen thong. Su két ndi ciia hang loat cac thiét
bi va yéu cau vé kha nang thu thap/chia sé dit licu thic day yeu cau vé
chat lugng truyén thong gitta cac thiét bi. C6 hai van dé chinh ctia he
théng truyen thong hién nay, mot 1a van dé vé do tin cay va do tré cia
hé théng mang, hai la van dé vé vung chét tin hi¢u (ving khong nhan
dugce tin hiéu).

Do dé, dé dat dugc su ting truéng thong lugng beén ving clia
cac mang khong day trong nha may phuc vu hoat dong cho cac robot di
dong vdi chi phi, do phtic tap va tieu thu nang lugng thap thi viec phat
trién cac cong nghé mdéi ciing véi t6i wu hé thong mang la mot van dé
cap bach.
1.3. Tinh hinh nghién citu trong va ngoai nuéc
1.3.1. Tinh hinh nghién citu trong nuéc

Tai Viet Nam, viéc lap quy dao cho robot da va dang duge 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
dat sin. Robot dugce dan duong nho cac dudng tit tinh dat trude dudi
san di chuyén hoac stt dung cdc ma QR code trén san hay diing mot s6
cong cu dan duong khéc. Tuy nhién, cidc nghién ctiu van dang nd lyc véi
k¥ vong robot ¢6 kha nang tir dua ra duge cac quyét dinh tdi wu cho céac
nhiém vu [26-31].
1.3.2. Tinh hinh nghién ctu ngoai nuéc

Van dé lap quy dao cho robot di dong

Dé dam béo cac robot khong va cham véi vat can trong qua
trinh di chuyén, céc nghién citu truée day vé lap quy dao cho robot da
dé xuat nhiéu thuat toan cho cac kich ban ting dung khac nhau. Bang
cach chia khong gian lién tuc thanh mot mang ludi véi cac diém hitu
han, cac thuat toan lap quy dao cho robot hiéu qua, bao gom cac thuat
toan Dijkstra, A*, va D*, da dugc phat trién dé tim duong di ngdn nhat
gitta hai vi tri trong moi truong tinh va dong [32].



Chum tia NLoS

Vung phti séng
6 IRS hé trg’

Hinh 1.5: IRS gitp thay déi viing phii séng tuong ting véi sy thay déi layout
ctia nha may. [4]

Vé6i muc dich gidam ning lugng tiéu thu va tang hiéu qua sit dung
nguon pin cho robot di dong, cac gidi phap thiét ké phan cing cling
phan mém da duge dé xuat trong nhiéu cong trinh nghién citu. Mot quy
dao t6t c6 thé gitp gidm dang ké ning lugng can tiéu thu ctia robot.
Tuy nhién, bai toan t6i wu quy dao nhim t6i thiéu nang luong tieu thu
cho robot 13 mot thach thic bdi day 13 mot bai toan t6i uu khong 16i.
Cac téc gia [39-45] da dua ra cic giai phap khac nhau cho viéc t6i thiéu
nang lugng cho robot.

Céc cong trinh [46-48] dé xuat st dung ki thuat hoc sau tang
cudng DRL (Deep Reinforcement Learning) tim dudng cho robot trong
moi truong chua biét truiede hodc biét trude mot phan.

Tich hgp truyén théong khong day cho robot di dong

D& c6 nhiéu tac gid quan tam dén viéc tich hgp truyén thong
cho he théng robot. Céac cong b [49-50] da dua ra cac giai phap toi wu
he thong. Ngoai ra, cac cong bo [4-6] va [51] quan tam dén viee st dung
tam phan xa thong minh IRS (Intelligent Reflecting Surface) dé hd trg
nang cao chat lugng truyén thong khong day trong moi trudng nha may
nhim tao ra mot méi trudng vo tuyén cé thé diéu chinh duge nhu trén
hinh 1.5.

1.4. Dinh huéng nghién citu cta luan an

Duta trén cac van dé tit bai toan t6i wu hé théng phuc vu hoat



dong ctia robot di dong, trong luan 4n nay, NCS sé nghién citu 03 van
dé. Thit nhat 14 nghién cttu mo6 hinh v thuat toan nang cao chat lugng
truyen thong khong day trong nha may phuc vu hoat dong ctia robot
di dong. Khi van deé vé chat lugng truyén thong khong day da duge giai
quyét, gia st tai moi diém trong quéa trinh di chuyén ctia robot déu thoa
man rang buoc toc do truyen thong, lic nay moi truong truyen thong
duge goi 1a 1y tudng. Van deé thit hai 1a nghién ctu cac thuat toan lap quy
dao cho robot di dong trong moi truong truyén thong ly tudng. Trong
thuc té, rat kho dé dat duge moi truong truyen thong 1y tudng. Do do,
van dé thit ba 1a nghién citu hé thong diéu huéng cho robot trong moi
truong truyen thong chua dam bao.
1.5. Két luan chuong 1

Qua nghién citu, nhiém vu luan an sé gidi quyét hai van dé chinh,
mot 14 dé xuat mo hinh va thuat toan t6i wu hé thong mang nhim nang
cao chat luong truyén thong khong day tai cdAc nha mAay phuc vu hoat
dong ctia robot di dong, hai 1 dé xuat mo hinh va thuat toan lap quy
dao nham t6i wu nang lugng tiéu thu cho robot di dong.

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

Learning).

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

2.1. Van dé t6i uu hiéu suit truyén thong khong day tai cac
nha may

Trong moéi truong nhd may, ngoai robot di dong con c¢6 nhieu



thiét bi tham gia két néi mang nhu cac may tinh xach tay, may tinh
bang, dién thoai di dong, cac thiét bi IoT khong day, cac thiét bi truyen
bluetooh, va nhiéu thiét bi truyen thong khac. Mot van dé dat ra 1 lam
sao dé nhiéu thiét bi ciing sit dung chung tai nguyén ciia mot hé thoéng
mang ma van dam bao duge cac yéu cau cho hoat dong clia ting thiét
bi. Day la thach thitc thit nhat déi v6i hé théng truyén thong khong
day trong nha may. Hon thé nita, trong moi trudng nha méay, c6 nhiéu
thiét bi, may moéc va nhiéu bitc tuong chan . . . Diéu nay tao ra nhiéu
ving trong khong gian nha may khong nhan dudc tin hiéu truyén thong
khong day, viing nay goi 1a viing chét (dead zone).

Day 1a thach thic thit hai khi st dung truyén thong khong day
trong nha may. Dé khic phuc van dé thit nhat can thyc hién céc bién
phap t6i wu hieu suat ctia hé théng mang truyen thong khong day trong
nha méy. Tuy nhién, cac van dé t6i wu hé thong mang chi c6 thé kha thi
khi tin hiéu truyén trong nha may luon duge ddm bdo, tiic la can phai
khic phuc duge thach thitc thit hai ké trén. Gan day, mot khai niem mdéi
vé bé mat phan xa thong minh IRS (Intelligent Reflecting Surface) hay
bé mit cAu hinh lai (Reconfigurable Intelligent Surface) da dugc gisi
thieu trong cdc nghién citu vé truyen thong khong day [56] nhu 1a mot
giai phap khic phuc van dé vé ving chét tin hiéu. IRSs c6 thé tao ra
mot moi truong mang khong day cé thé lap trinh dudgc.

2.2. Mo hinh hé théng

Luan an da dé xuat mot mo hinh hé thong mang tich hop truyén
thong tin v thu hoach ning luong két hgp véi mang D2D c6 IRS ho trg,
h¢ thong duge dit tén 1a DED2D (integrated data and energy network
and D2D communication coexistence system). Cu thé, mang chinh gom
mot BS va robot di dong yéu cau thong tin thong tin IUs (Information
Users) va cac thiét bi ToT yeéu cau niang lugng EUs (Energy harvested
Users), va cac thiét bi sit dung truyen thong D2D dung chung nguon tai
nguyén v6i mang chinh. M6 hinh hé théng thé hién trén hinh 2.3.

2.2.1. Tin hiéu nhan tai cac robot di déng



2.2.2. Tin hiéu nhan tai cac thiét bi IoT thu hoach nang luong
2.2.3. Tin hiéu nhan tai bé thu D2D
2.2.4. Bai toan t6i uu

Luan an nghién citu mot bai toan toi wu héa két hop toi wu hoa
i) bo tao chium tia truyén thong tin cho robot di dong, ii) 6 tao chum
tia truyén ning lugng cho cac thiét bi IoT, iii) ty 1& thoi gian chia ty ¢
cia he thong TFIET, iv) cong suat phét ctia cdc bo phat D2D, va v) he
s6 phan xa ciia IRS. Muyc tiéu la t6i da héa thong lugng téi thiéu cia
robot di dong trong khi ddm bado yéu cau nang luong thu hoach ctia céac
EUs va ngudng toc do truyen thong D2D. Do d6, bai toan t6i uu duge

mo t& dudi dang toan hoc nhu sau:

w,v,p,filggﬁe)eﬂai,é f(W, VP T 0)
= minI tiRy, 4,(W,p,0) (2.8a)
s.t. (2.1),
tepEs, e, (¥, P, 0) > emin, Ve; € Ug, (2.8b)
tiRy, s(W,p,0) + teRe, 1(V,p,0) > Rimin, Vk €K, (2.8¢)
ti+te <1, (2.8d)
t; Z [Wa,[|? + te Z HVEJHQ < PBmax; (2.8¢)
dicl; =y

1Wa,lI* < Ppmaas [19e, 1 < Ppmac, (2.8f)
Pk < Pimaz, Vk € K, (2.89)

trong d6, cdc tham s6 va rang bude dude mo ta chi tiét trong luan an.
2.3. Thuat toan t6i vu

Trong phan nay trinh bay phuong phép dé xap xi ham muc tieu
va cac rang buoc khong 16i ¢ bai toan (2.8) vé hai bai toan t6i wu 16
(2.23)va (2.37). Thuat toan 1 trinh bay chi tiét cdc bude thuc hién tim

nghiém t6i wu ctlia bai toan goc (2.8) dya trén viée lap di lap lai viec tim



nghiém ciia bai todn xap xi cho dén khi thuat toan hoi tu. Nghiém thu
dugc duge ching minh 1a hoi tu.
2.4. Kich ban phan chia thsi gian

Trong phan 2.3, luan 4n quan tam dén hé thong DED2D c6 IRS
ho trg, trong do, cac thiét bi bén phat D2D truyén tin hiéu trong subt
khoang thoi gian BS truyén thong tin va truyén nang lugng. Kich ban
N-OTA gitip tdang hiéu qua sit dung bang tan nhung dong thai ciing lam
tang nhiéu lén cac phan tit cia mang. Trong phan nay, luan an quan
tam dén he thong DED2D c6 IRS hd trg va ¢6 phan chia thoi gian OTA
(orthogonal time allocation) gitta thoi gian nhan thong tin cia robot di
dong, thoi gian nhan nang luong clia cac thiét bi IoT va truyen thong
D2D. Cu thé, trong mot khe thoi gian, BS sé chia thanh céc khoang thoi
gian riéng cho cac viéc truyen thong tin, truyen nang luong, 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 truyén thong tin va
nang lugng tit BS sé bi gidm xudng. Do d6, that thu vi khi thio luan vé
hiéu qua ctia hai kich ban N-OTA va OTA & phan két qua mo phéng.

Bai toan tdi vu dat ra ¢ kich ban OTA tuong tu nhu (1), trong
dé, bién t4 thé hien khoang thoi gian truyén thong D2D dudgc tich hop
trong T, tic 1a, 7 = (t;,te,tq). Vé mit toan hoc, bai toan t6i wu duge

—* Kénh truyén

— —— - Nhidu

Robot di dong truyén thong
1in 1Us (Information-
demanded Users)

Hinh 2.3: Mang DED2D ¢6 IRS ho trg.
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mo t& nhu sau:

s ey o (5 V7 & i B (5,8) (2400)
s.t. (2.1),

tepEy ¢, (9,0) > emin, Ve; € Us, (2.400)
taRe, x(p,0) > Rpmin, Vk € K, (2.40c¢)
titte+ta <1, (2.400)

2t > Ve, P < Praman(l = ta), (2.40¢)

d;€Ur e;EUR

W, 1* < P8 maz: [9e, |7 < Psmaa (2.40f)
tapi < Prmaz, Yk € K. (2.409)

Tiép theo, luan an trinh bay phuong phap dé xap xi ham muc
tieu va céc rang bugc khong 16i ¢ bai toan (2.40) thanh hai bai toan toi
uu 16i (2.48) va (2.55). Thuat toan 1 trinh bay chi tiét cac bude thuc
hién tim nghiém t6i wu ctiia bai toan goc (2.8) dya trén viec lap di lap
lai viéc tim nghiém ctia bai toan xap xi cho dén khi thuat toan hoi tu.
Nghiém thu dugce duge chiing minh 1a héi tu.

2.5. Danh gia hiéu qua mo hinh va thuat toan

Céc tham s6 mo phéng dugc trinh bay cu thé trong luan an va
Bang 2.1. Két qua mo phéng tit hinh 2.4 dén hinh 2.6 da cho thay hieu
qua ctia mo hinh va cic thuat toan dé xuat.

2.6. Két luan chuong 2

Chuong 2 da trinh bay dé xuat moé hinh va thuat toan dé toi uu
hé théng mang trong cac do thi va nha may ho trg hoat dong ctia cac
thiét bi dac biét 1a phuc vu hoat dong cho robot di dong.

Noi dung ctia chuong 2 dugde cong bo trong cong trinh CT1. Cong
trinh CT1 trinh bay dé xuat mot mo hinh mang khong day DED2D va
thuat toan t6i wu mang cho phép céac robot di dong truyén thong tin,
cac thiét bi IoT thu hoach nang lugng va cac thiét bi sit dung phuong
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mang ma van dat dude hiéu qua vé truyen thong cho ting loai thiét bi.

9 10

S6 lugng dng ten clia tai BS
(b)

Hinh 2.6 : Thong lugng dat dugdc véi a) s6 lugng cdc phan ti ctia IRS va b)

Chuong 3. THUAT TOAN TOI UU QUY DAO CHO
ROBOT DI bONG TRONG MOI TRUONG TRUYEN

3.1. T6i wu 16i

THONG LY TUONG

3.2. Phat trién thuat toan t6i wu quy dao cho robot di dong

3.2.1. Muc tiéu va cac rang budc cua bai toan
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Quy dao tim thay dugc ky vong rang sé di chuyén dén dich véi
quang dudng di chuyén nhoé nhat. Gia st robot lam viéc trong moi trusng
cong nghiép, trong dé sé luong cac chudng ngai vat duge biéu dién baéi
mot tap M = {1,..., M}. Khong mit tinh tong quat, gid st cac chuéng
ngai vat déu c6 dang hinh tron.

3.2.2. Thuat toan tbéi vu quy dao

min.J (3.23a)

q
s.t. q(1) = qs, (3.23b)
||q(k + 1) - q(k)H < 7_'UmaXaij S (17 h)7 (3236)
la(k) — aQll > d,, ¥t € (1,h),m € (1, M), (3.23d)

Nhu vay bai todn t6i uu c6 dang nhu (3.23), trong dé, rang buoc(3.23b)
14 diém b#t dau SP (Start Point), rang budc (3.23¢) 1a gidi han van tdc
clia robot, va (3.23d) la cac rang buoc tranh vat can. Bai toan nay la
bai toan khong 16i bdi vi rang buoc (3.23d) 1a khong 16i. Do do, thuat
toan xap xi 16i duge trinh bay dudi day dé xap xi bai toan (3.23) tré
thanh bai toan 16i dé giai.

Thuat toan 1 mo ta khai quat thuat toan tim dudge quy dao
t6i wu cho robot véi tén goi 1a thuat toan CAA (convex approximation
algorithm).

3.2.3. DPanh gia két qua

Trong phan nay, cic két qua mo phong kiém ching hieu qua
clia thuat toan dé xuat duge trinh bay. Cac két qua mo phéng duge
thie hién tren MATLAB, va bai toan toi wu 16i dude giai bang géi CVX
cling v6i trinh gidi Mosek 9.1.9. Dé so sanh, luan an dua ra thuat toan
tinh toan dya trén phuong trinh dong hoc ctia robot 1a thuat todn CAA
(conventional computing algorithm). Két qua mo phéng & hinh 3.2 thé
hién hiéu qua ctia thuat toan dé xuat.

3.3. Phat trién thuat toan téi thiéu ning lugng tiéu thu
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2 &m dich Thuat toan CCA Biém i GP
= T bi i P ua
Thuat toan CAA €m dich G 1
<D

Y (m)

Vatcan 1 Vatcén 1

) Diém bat dau SP Diém bét dau SP
o
0.2 0 02 04 06 08 1 12 -0.2 0 0.2 04 06 08 1 12

Hinh 3.2: Quy dao tdi uu ctia robot véi (a) thuat toan CAA (b) thuat toan
CCA.

O phan nay, luan 4n quan tam dén ham muc tieu la nang lugng
tieu thu ciia robot. Tic 1a xem xét dén bai toan téi wu quy dao cho
robot v6i muc tiéu 1a tdi thidu ning lugng tiéu thu cho robot.

3.3.1. M6 hinh héa nang lugng tiéu thu cta robot di dong

Téng nang lugng tiéu thu cia robot c¢é thé duoc viét lai dudi

dang sau:

1= a1 — aa\’ -
E = 22m<+7_> +2umgz |dd+1 — 9d|
d=0 =0
+ Ps(D — 1), (3.35)

trong d6, m 1a khdi luong ctia robot, g la gia toc trong truong, va u 1a
hé s6 ma sat trugt phu thuoc vio dang bé mat moi truong robot lam
viee, Py 1a dién ap nguon ctia hé thong, D la s6 bude roi rac héa theo
yéu cau, d € [0, D] la cac budc theo thoi gian, Q = [qo,q1,---,qDp], V&
vV = [v1,v2,...,vp] lan lugt 1a quy dao va van toc tuong ting véi céc
bué6e thoi gian trén, va 7 la khoang thai gian cho moét bude.
3.3.2. Cac rang budc tranh va cham

Trong moi truong lam viéc clia robot, ching ta gia st rang cac
chuéng ngai vat c6 dang da giac H canh. Cu thé, gid sit c6 mot tap

K ={1,..., K} vat cdn trong mdi trudng lam viéc ctia robot.
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3.3.3. Thuat toan t6i wu nang lugng tiéu thu cho robot

Nhin chung, ching ta c6 thé thiét ké quy dao cho robot gitp
giam tong quang duong di chuyén nhim gidm nang luong dong hoc tieu
hao cho robot. Tuy nhién, can ddm bao khong xay ra va cham trong qué
trinh robot di chuyén. Thém vao dé, ching ta c6 thé giam khoang thoi
gian moi bude di chuyén dé gidm ning lugng tieu hao trén méy tinh,
cac mach dién tit va cAm bién. Tuy nhién, diéu nay yéu cau robot can
di chuyén nhanh hon va c6 thé vugt ra khéi kha nang ctia robot. Do dé,
trong phan nay, luan an xay dung bai toan tdi thiéu nang luong tieu thu
cia robot bing cach t6i uu quy dao va thoi gian méi bude di chuyén
trong khi vin dam bdo yéu cau tranh vat can.

Thuat toan tim quy dao t6i tu cho muc tiéu t6i thicu ning lugng
trong trudng hgp vaatjt can tinh duge chi ra trong Thuat toan 3. Thuat
toan nay dudc dit tén 1a Thuat toan OSOW dé chi thuat toan giai quyét
bai toan tdi wu quy dao robot trong moi trudsng chi c6 cac vat can tinh
(Only Static Obstacles in the robot’s Workspace).

3.3.4. Bai toan t6i uwu trong kich ban méi trudng cé vat can
dong

Trong phan nay, luan an sé quan tam dén kich ban vat can dong
xuat hién trong qua trinh robot di chuyén. Cu thé, déi véi vat can tinh,
cac gia sit van gitt nguyén nhu trong phan trude. Trude tien, dia vao
thong tin cic vat can tinh, robot sé tinh toan quy dao t6i uu dya trén
Thuat toan 3, tic la Thuat toan OSOW giai bai toan (3.43). Sau do,
robot sé di chuyén dua tréen quy dao nay. Quy dao nay, tic la, Q =
[q0,41, - - -,4ap], duge goi la quy dao toan cuc. Trong qué trinh robot di
chuyén, tai buéc i € [0, D], gia stt robot phat hien c6 N; = {1,..., N;}
vat can dong MOs (moving obstacles). M6i vat can dong MO duge gia

stt ¢6 dang hinh tron. Cu thé, robot quan sat thay dugc MO n; c6 tam
O

tai q7,; = (29,,y?,) di chuyén véi van toc v,,, = (Unz,, Uny, ). Do yeu cau
tranh vat can, quy dao di chuyén tiép theo ctia robot q; 4, = (id,, Yi.d,)

v6i d; € [0, D;] 1a s6 budc di chuyén can thiét dé di qua N; vat can. Goi
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Qi = [4:,0,9i,1,---,9i,D,], V& Vi = [v;1,%2,...,v;p,] la tap cac vi tri
va van toc cho robot trong qua trinh tranh vat can. Theo d6, Q; dugc
goi 1a quj dao cuc bo. Nhu vay, diéu kién tranh vat can lic nay dude

mo t4 nhu sau

>0 4+ d, +6,¥n e N, d; € 0, Dy, (3.50)

trong do, 7”7?72‘ la ban kinh ctia vat can n, va qui = (a:gdi,ygdz) la vi tri
clia vat can n tai bude d;. Dat d; .., = rﬁi + d, + 6. Bai toan t6i thicu
nang lugng tiéu thu cta robot trong kich ban tranh vat can dong sé ¢6
thém cac rang budc tranh vat can dong (3.50).

Nhu da dé cap & trén, robot sé di chuyén theo quy dao cuc bo,
tic 13, Q;, dé tranh cac vat can dong, sau dé, robot sé quay trd lai qui
dao toan cuc, tic la, Q, dé di chuyén dén dich. Do d6, thuat toan tong
thé cho bai toan lap quy dao cho robot trong méi trudng cé ca cac SOs
va MOs dugc trinh bay & Thuat toan 4. Thuat toan nay duge dit tén
la Thuat toan MSOW, nghia la thuat toan lap quy dao cho robot trong
moi trudng chita cd vat can tinh va vat can 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 dé

xuat. Cac két qua mo phéng thé hien tinh hieu qua ciia thuat toan dé

xuét.

Hinh 3.6: Quy dao t6i wu ciia robot khi t6i thiéu nang lugng tiéu tu véi a)
kich ban MSOW ¢6 01 MO b) kich ban MSOW c¢6 02 MOs, ¢) ba kich bén va
d) Géc quay clia robot tuong ttng véi cac quy dao tdi wu.
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3.4. Két luan chuong 3

Qua trinh bay trén, nhiing déng gép chinh ctia chuong nhu sau:

- Dé xuat thuat toan CAA dé giai quyét bai toan t6i uu quy dao
cho robot di dong trong moi truong truyén thong ly tudng.

- Dé xuat thuat toan OSOW va MSOW dé giai quyét bai toan
lap qui dao nhim muc tiéu téi thiéu ning lugng tieu thy tuong tng véi
truong hgp vat can tinh va vat can dong.

Déng gop ctia chuong 3 duge cong bd & cong trinh CT2 va CT3.
Cong trinh CT2 trinh bay vé cac thuat toan dua trén t6i wu 10i t6i wu
quy dao cho robot trong moéi trudng nha may c6 vat can dong va tinh
nhim t6i thiéu niang lugng tieu thuy ciia robot. Cong trinh CT3 trinh
bay thuat toan duya trén t6i uu 16i t6i wu quy dao cho robot trong moi

truong nha méay nham t6i thiéu quang duong di chuyén cho robot.

Chuong 4. THUAT TOAN TOI UU QUY DAO CHO
ROBOT DI bONG TRONG MOI TRUOGNG TRUYEN
THONG CO STAR-IRS HO TRO

4.1. M6 hinh hé théng diéu huéng cho robot di dong c6 STAR-
IRS hé trg
4.1.1. STAR-IRS

Mot khai niém méi ciia IRS 1a STAR-IRS (IRS ¢6 khé nang viia
truyén vira phan xa tin hiéu truyén dén) da duge dé xuat. Cu thé, nhu
duge thé hien trong Hinh 4.1, tin hiéu c6 thé truyén dén mot phan tit
ciia STAR-RIS tit c& hai huéng ctia bé mat. Mot phan tin hiéu dugc
phan xa vao cuing phia khong gian véi tin hiéu dén, goi la khong gian
phan xa, va phan con lai dudc truyén dén khong gian déi dién vdéi tin
hiéu dén, tic 14 khong gian truyen.
4.1.2. M6 hinh hé théng dé xuat

Trong phan nay, trude tien NCS gi6i thieu hé thong diéu huéng
robot trong nha trong d6, hée théng truyen thong duge hd trg béi STAR-
IRS. Cu thé, STAR-IRS hoat dong trong & ché do ES, nhu dudge minh
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Tin higu truyén téi
[%2]
o
-
o a2
< Tin higu truyén
Tin higu “ qua
phan xa
Khéng gian phan xa Khéng gian truyén

Hinh 4.1: STAR-IRS. [7]

hoa trong Hinh 4.3. Cu thé, luan an quan tam dén mo hinh hé théng
lap quy dao cho robot trong nha, bao gom mot AP mot dng-ten, va
mot robot di dong c6 gan mot ang-ten. Do moi truong phiic tap trong
nha may thong minh trong tuong lai, robot c6 thé gip phai cic chuéng
ngai vat, cac kénh tryc tiép giita AP va robot di dong c6 thé khong du
én dinh hodc tham chi bi chin. Dé gidi quyét van dé nay, luan an dé
xuat mot hé théng truyen thong duge STAR-IRS hd trg gom N phan
t1 truyén v phan xa tin hiéu, tap hop cac phan tit cia STAR-IRS dugc
ky higu la NV = {1,..., N}. Vé viéc lap dat, STAR-IRS c6 thé dugc treo
trén tran ctia nha méy dé c6 kenh truyén giita AP va robot chéat lugng
cao trong toan bo khong gian 360° quanh IRS. Dat T la thoi gian di
chuyén ctia robot. Dé don gian, T' dudc chia thanh L budc thoi gian 4§,
tac la T = Lé.

4.1.3. M6 hinh tin hiéu

Tin hiéu nhan ducgce ctia robot duge moé hinh héa nhu sau:

yi = (har(a) +h{7,) (a)©;g)vpsi + i, (4.10)

trong d6, ¢ € {r,t}, p; 1a cong suat truyén tit AP dén robot, s; 1a tin
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A B \ / L
Vi tri bat =
e X j

Hinh 4.3: Minh hoa hé théng diéu huéng robot trong nha c6 IRS hd trg truyén
thong.
hiéu truyén dén robot va n; ~ CA/(0, 1) la nhiéu Gausian (additive white

Gaussian noise - AWGN) tai robot v6i cong suat trung binh o2 tai khe
thoi gian [. Khi do, SINR tai robot 1a

. Nhag(a) +h{ (a)Oig*p

4.11
Cl 0_2 ( )
Do d6, tdc do truyén thong dat dude tai robot 1a
lhar(a) + 0], (a)O;gl*p
Rf = log, (1+ fjg’) ). (4.12)

4.1.4. Bai toan diéu huéng t6i vu cho robot di dong

Ning lugng tidu thu ctia hé théng bao gom ning lugng tiéu
thu bdi robot, titc la Er duge md td nhuw 6 chuong 3, va ning lugng
tieu thu béi AP, tic 1a, Ea = Y., . Dat Q = [q1,q2, ..., qr] VA
p = [p1,p2,---,pr] 1a qui dao clia robot va cong suat truyen tit AP dén
robot tuong ting véi quy dao dé. Dit v 1a toc do truyeén thong tdi thidu
tai robot, p™@* I cong suat truyen toi da ctia AP. Bai toan toi wu quy

dao cho robot nhim t6i thiéu nang luong tieu thu ctia hé thdng c6 dang:
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min W1 Er + WoEy (4.21a)
Q,p,©°
st (4.3), (4.4), (4.5),
Ry =2,V € L, (4.21D)
T <T™, (4.21c)
p < p"™VIEL, (4.21d)
Pin = %,5 c{0,1,...,2° —1},Vne N,l € L,c€ {t,r},

(4.21e)

trong d6, Wy va Wy la cac trong s6 ham muc tiéu lan lugt cho nang
lugng tiéu thu bdi robot va AP.

Bai toan t6i wu trén la bai toan khong 16i nén rat kho dé giai.
Do d6, mot thuat toan dya trén ki thuat hoc ting cuong sau sé dugc
dé xuat va trinh bay dudi day.
4.2. Ky thuat hoc sau tang cudng DRL (Deep Reinforcement
Learning)
4.3. DRL ap dung cho bai toan 1ap quy dao cho robot di dong
4.3.1. M hinh quy trinh quyét dinh MDP (Markov Decision
Process)

Bai toan cho nhiém vu lap qui dao chuyén dong ctia robot robot
di dong c6 thé duge mo ta bdi mot bai toan t6i wu duge dinh nghia béi
<8, A,P,R >, trong d6, S, A, P, va R lan lugt 1a khong gian trang
thai (state space), khong gian hanh dong (action space), ham xéc suat
chuyén trang thai (state transition probability function) v ham thuéng
(reward function).

Khong gian trang thai (State Space)

Khong gian hanh dong (Action space)

Ham thuéng (Reward function)
4.3.2. Thuat toan PPO (Proximal Policy Optimization) tbi
thiéu niang luong tiéu thu cho hé théng
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AGENT ENVIRONMEENT
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Hinh 4.6: Téng quan thuat toan PPO t6i wu quy dao cho robot.

Hinh 4.6 mo6 ta thuat toan PPO ap dung cho bai toan lap quy
dao cho robot di dong trong nha may. Cu thé, thuat toan 8 cho thay céc
buée thie hién ctia thuat toin PPO cho viéc két hgp t6i wu cac tham sb
ctia he théng, quy dao chuyén dong ciia robot va téc do truyen thong.
4.4 Danh gia hiéu qua mé hinh va thuat toan diéu huéng cho
robot di dong

Vé6i muc dich so sanh, luan 4n quan tam dén cic thuat toan sau:

- PPO-STAR-IRS: Day la thuat toan dya trén ky thuat hoc
sau tang cuong DRL duge mo ta ¢ phan 4.3.2 (Thuat toan 8) duge de
xuat stt dung dé giai bai toan t6i uu nang lugng tiéu thu cho hé théng.

- A2C-STAR-IRS: Day la thuat toan A2C (Advantage Actor
Critic) ap dung cho hé¢ thong diéu huéng cho robot c6 STAR-IRS hd trg,
tuong tu nhu thuat toan PPO-STAR-IRS nhung ham muc tiéu khong
6 ham clip(p,(0),1 —¢€,1 +¢€).

- PPO-IRS: Thuat toan nay tuong ty nhu thuat toan PPO-
STAR-IRS nhung stt dung cho hé théng c6 bé mit chi phan xa IRS hd
trg.

- PPO-non-IRS: Thuat todn nay tuong tuy nhu thuat toan
PPO-STAR-IRS nhung stt dung cho hé thong khong c6 IRS hd tre.

Quan sat tir Hinh 4.8 thiy ring tat ca cac thuat toan déu hoi
tu dén cac gia tri diém thudéng on dinh sau khoidng 50 tap. Dang chi
¢, thuat toan PPO-STAR-IRS vugt troi hon cé cac thuat toan A2C-
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STAR-IRS, PPO-IRS va PPO-non-IRS vé téng phan thudng. Tong thé,
hé thong duge hod trg bdi STAR-IRS chitng minh hiéu qua quy dao vuot
troi. Dac biét, sit dung thuat toan dya trén PPO cho két qua tot hon
A2C.

10
940
|
920 8 P
¥
900 . —
2880 I
“® 4
'©860 —_PPO-STAR-IRS
—__PPO-IRS STAR
10840 —_PPO-non-IRS 2 e ggg—ff;rSAR e
820 —A2C-STAR-IRS —PPO-non-IRS
. 55 w0 o 0 100 —_A2C-STAR-IRS
Tap (Episode) 0 2 4 6 8 10

(a) (b)

Hinh 4.8: (a) Do hoi tu ciia cdc thuat toan va (b) Quy dao t6i wu thu duge
bdi cac thuat toan.

Tiép theo, luan an xem xét tac dong ciia yéu cau vé nguong toc
do truyen thong cho robot lén qui dao tdi wu ctia robot. Nhu duge thé
hién trong Hinh 4.9, khi yéu cau vé téc do truyen thong tang lén, robot
can phai tim céch dé dat dugc yéu cau d6. Diéu nay dan dén quy dao
ctia robot dai hon. Su khac biét nay thé hien ¢ ving duge khoanh bang
cac hinh tron mau den trong cac Hinh 4.9(a), (b) va (c).

Dang Iutu v khi yéu cau ngudng téc do truyen thong tang lén dén
mot mitc nhat dinh (4.0 bps/Hz), ltic nay, hé théng khong c¢6 IRS hd
tro khong thé tim thay bat ky duong di nao dap tng duge yéu cau doé.
Ngoai ra, trong tat ca cac kich ban, quy dao thu dugce béi PPO-STAR-
IRS Iuon la ngan nhat, va qui dao thu duge bdi PPO-non-IRS luon la
dai nhat.

Hinh 4.10(a) v& (b) lan lugt thé hign sy 4nh hudng clia yéu cau
ngudng toc do truyen doi véi nang lugng truyen thong va ning luong
tiéu thu béi robot.
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Hinh 4.9: Anh huéng clia ngudng yéu cau toc do truyén thong dén quy dao
ti wu ciia robot di dong.
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Ngudng toc do truyén thong (bps/Hz) Ngudng téc do truyén thong (bps/Hz)

(a) (b)

Hinh 4.10: Anh huéng cia ngudng yeu cau toc do truyén thong len (a) ning
lugng truyén thong va (b) ning lugng tiéu thu bdi robot.

Tiép theo, luan an xem xét danh gia anh hudng ctia s6 bit lugng
tit do dich pha va s6 lugng phan ti ctia STAR-IRS dén hé thong dicu
huéng cho robot di dong c6 STAR-IRS hé trg. Cac két qua thé hién trén
cac Hinh 4.11 va Hinh 4.12 trong luan an.

4.5. Két luan chuong 4

Nhitng déng gbp chinh ctia chuong 4 nhu sau:

- Dé xuat mo6 hinh hé thong diéu huéng cho robot trong moi
truong nha may c¢6 STAR-IRS ho trg.

- D& xuat hé thuat toan PPO-STAR-IRS dé giai quyét bai toan

lap quy dao nham tdi thiéu ning lugng tieu thu cho robot trong moi
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truong truyeén thong c6 STAR-IRS ho trg.

Cac dong gop clia chuong 4 duge cong bd & cac cong trinh CT6
va CT7. Cong trinh CT6 trinh bay viéc dé xuat mo hinh diéu huéng cho
robot trong moi truong truyén thong khong day c6 STAR-IRS hd trg,
tit d6 dé xuat thuat toan téi vu hé thdng nham t6i thiéu quang dudng
di chuyén cho robot dua trén ki thuat DRL. Dua trén cac két qua ban
dau dat dugc tit cong bé6 CT6, cong trinh CT7 phét trién thuat toan
t6i wu hé thong dieu hudéng cho robot trong mai trudng truyén thong co
STAR-IRS hd tr¢ nham t6i thiéu nang luong tiéu thu cho hé théng.

KET LUAN VA KIEN NGHI

Robot di dong da va dang dugc ting dung rong rai trong doi song
va thu hit duge sy cht ¥ ciia nhiéu nha nghién citu. Theo xu huéng phat
trién IoT, robot di dong lam viéc trong moi truong két ndi, van dé truyen
thong v nang lugng tieu thu ctia robot 1a nhitng van dé can duge quan
tam. Mic dit méi ding lai 6 buée dau nghién citu Iy thuyét, cic két qua
mod phdéng ctia ludn an hita hen mang lai hiéu qua tng dung cao.

Luan an da dat dugc muc tiéu da deé ra la nghién ctu dé xuat
mo6 hinh mang va thuat toan t6i wu hé thdng mang sit dung trong nha
may, tit d6 dé xuat he théng diéu hudéng cho robot nhim t6i thiéu nang
luong tiéu thu cho robot di dong va hé thong trong moi trudng truyen
thong 1y tudng va trong moi truong truyen thong c6 STAR-IRS hd tro.
Ngoai ra, luan an ciing da mo phong va danh gia cac thuat todn va mo
hinh hé thong dé xuat.
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1. Dé zudt moé hinh mang va thudt todn téi wu nhdm ndng
cao chat lwong truyén thong hé trg hoat dong cia robot di
dong.

He théng nay duge dé xuat dya trén cic nghién ctu nhitng lgi
ich ma IRS mang lai cho hé thong truyén thong khong day. Hé thong
nay la chua duge dé xuat trude day trén thé gigi. Cu thé, viec tich hop
hé théng truyén thong tin va nang luong két hop truyén thong D2D
trong ciing bang tan cling véi cac thuat toan dé xuat st dung da khong
nhiing nang cao chat luong truyén thong cho robot di dong ma con hd
trg cac thiét bi IoT trong viéc thu hoach ning lugng gép phan dam bao
tinh bén vitng ctia hé théng.

2. Dé zuat si dung thudt todn OSOW va MSOW téi wu qui
dao cho robot di dong trong diéu kién truyén thong lij tudng.

Thuat toan OSOW va MSOW duya trén viec xap xi ham muc
tieu va cac rang buoc tré thanh bai toan t6i uu 16i dé giai. Két qua mo
phéng da tim ra duge quy dao tdi wu gitp robot di chuyén dén dich véi
mic nang lugng tiéu thu t6i thiéu.

3. Dé zudt st dung mé hinh va thudt todin PPO-STAR-RIS
t6i wu ndang luong cho robot di dong trong méi trudng truyén
thong c6 STAR-IRS hé tro.

Thuat toan PPO-STAR-IRS dya trén ki thuat DRL da giap gidi
quyét bai todn dong véi quy dao va kénh thay doi theo thoi gian. Két
qua mo phéng cho thiy hiéu qua ctia mo hinh va thuat toan dé xuat.
Ngoai ra, trong quad trinh thuc hién ludgn an, cic nghién ciu
da duoc cong bé & cac hoi nghi khoa hoc va cdc tap chi cé uy

tin trong nudc va quéc té.
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