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MO PAU

1. Ly do chon deé tai

Trong xu hudng phat tr1en ciia mang B5G/6G, cac dich vu IoT da phuong
tién doi hoi ngay cang cao vé dung luong truyén, do tré thap va kha ning dap
g thoi gian thuc. UAV la nén tang hd tro linh hoat nhd kha ning co dong,
trién khai nhanh va mé rong ving phu séng, dic biét phi hop cho céac bai
toan luu trit va phan phdi dir liéu. Tuy nhién, cic nghién ctru hién nay chii
yéu méi xem xét riéng 16 ting thanh phan nhu luu trir, phan bd cong suét
hodc qui dao bay, chua t6i wu dong thoi cac yéu td nay dudi rang budc thoi
gian phuc vu. Vi vay, luan an tap trung nghién ctru cac k¥ thuat luu trir va
phan phéi dir liéu tdi wu thoi gian thye dung UAV trong mang 6G IoT.
2. Muc tiéu, dbi twong, pham vi va phwong phap nghién ciru

Muc tiéu ctia ludn an 13 dé xuat cac k¥ thuat luu trit va phan phdi dit liéu
t6i uu thoi gian thyc dung UAV trong mang 6G loT nham nang cao dung
lwong, rut ngan thoi gian phuc vu va str dung hiéu qua tai nguyén mang. Dbi
tuong nghién ctru 13 hé thong phan ph01 ndi dung hd tro bai UAV va nguoi
dung IoT, trong d6 xem xét cac yéu t chinh gom luu trit, cong sut truyén,
cong suit bay, quy dao bay va co ché phdi hop UAV-MBS. Luén an st dung
phwong phéap phan tich mé hinh toan hoc két hgp mé phong dinh lugng va
giai thuat heuristic dé xay dung, gidi va danh gia cac bai toan t6i wru.
3. Nhi¢m vu nghién ciru va két qua dat dwoc

Luan 4n tap trung vao ba nhiém vu chinh: (i) khao sat tdng quan cac mod
hinh luu trit va phan phéi dit liéu trong mang 6G IoT hd trg UAV; (ii) xay
dung mé hinh ti wru két hop luu trix, cong suét va quy dao bay cho h¢ mot
UAV; va (iil) mé rong sang mo hinh phéi hop nhiéu UAV véi MBS nham
dap ung yéu ciu thoi gian thuc tot hon. Két qua nghién ctru di dé xuét hai
mo hinh t6i wu TCP-3DF va RCD-CTR, dong thoi cong bb 04 cong trinh
qudc té va 01 cong trinh trong nude lién quan truc tiép dén noi dung luan an.
4. B6 cuc luin an
- Mé déu
- Chuong 1: Téng quan vé luu trit va phan phdi dir li¢u trong mang 6G IoT
- Chwong 2: Téi wu luu trit va phan phéi dit liéu dung UAV trong mang 6G
IoT
- Chuong 3: Téi wu luu trit va phan phdi dit liéu thoi gian thuc ding UAV
bay dan trong mang 6G [oT
- Két lugn
CHUONG 1. TONG QUAN VE LUU TRU VA PHAN PHOI DU LIEU
TRONG MANG 6G IoT
1.1. MANG 6G VA 6G IoT
1.1.1. Gi6i thiéu mang 6G
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Cac nhom nghién ctru di xéc 1ap cac chi sb hiéu suat chinh dé danh gia
mang ‘khéng i dé\l‘y 6G Peak[?s;a;)?t)el User—exper(i(esr;;es? Data Rate
bao gom phd tan va e
hi¢u qua nang luong,
toc do dit ligu cao sy
nhat, toc d¢ dir liéu do
nguoi  dung  trai
nghiém, dung lugng
lvu luong khu wvuc a0
(hodc dung lugng luu N ety
lugng khong gian),
mét d6 két ndi, do tré

Connectivity Density Latency (ms)

va tinh di dong, nhu (devices/km?)
minh hoa 6 Hinh 1-1. . zrnp 11, Cac chi s6 muc tiéu ciia mang 6G [11]
1.1.2. Gi6i thiéu mang 6G IoT
Mang 6G IoT dugc ky vong hd trg Massive IoT voéi yéu clu cao vé do
tré, dung lugng va hiéu qua nang luong.
1.2. LUU TRU VA PHAN PHOI DU LIEU TRONG MANG 6G IoT

g =0 Cached contents/ tasks

Trong cac hudng
nang cao QoS cho
B5G/6G va tdi uu
hi€u qua str dung
tai nguyén, céac
gidi phap luu triv
va phan phdi dir
litcu hd tro bai
UAV ndi bat nho
tinh co dong, kha
nang m¢& rong
ving phu va trién
khai linh hoat.

o
Content <4 "‘
~| server | _
_—~ P
Web Server App Server

Machine learning |~ Big data analysis

Cl loull

Hinh 1-3. Luu trit va phan phéj dir liéu hé tro boi UAV
1.3. KHAINIEM VA MO HINH TOAN HQC VE LUU TRU VA PHAN
PHOI DU LIEU DUNG UAV TRONG MANG 6G IoT
1.3.1. P9 phd bién cia dit liéu
Theo rno hinh phan phdi Zipf-like, mirc d6 phd bién p; ctia ndi dung thir

ip = Z' = (L.1),voia>0lah¢ s6 1éch do phd bién giita cac ndi dung.

1.3.2. Chl s0 yéu ciu, chi s6 luu trir va chi 56 lién keti u2C
SO lugng cum N; c¢6 IDU yéu cau ndi dung i, cdc moi quan h¢ gilra N; va
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chi s6 yéu cau g, gitra chi s luu trit ¢; va chi s lién két U2C a,,; dugc md
hinh héa lan lugt theo (1.2) - (1.4): N; = |p;N] (1.2), N= ¥I_,N; =
21 20=1dn,i (13), @ni = iy (14). .
1.3.3. Vung phi ciia UAV va xac suat ciia kénh truyén LoS
1.3.3.1. Ving phii ciia UAV 2eIDUs RS UAV
Goc ngang #t6i wu lam toi da vung phu:
0 = tan~1(h/1) (1.5)

B
|
|
:h \
Vo1 h 1a d6 cao, r 1a ban kinh vung phu song : \\\
toi da ciia UAV theo Hinh 1-4. - N
1.3.3.2. Xdc sudt ciia kénh truyén LoS ' r 10N
. K. 2R AL 1A 1A A \ | Ground - ——-V--—-»
Xac suat dé xuat hién kénh truyén LoS tu
UAV dén IDU m: T o
LOS _ 1 5y _ ;" L ” 2
P = Py Pap v F— (1.6) Hinh 1-4. Vt[tiji((g)r][}hu cua UAV

trong do, K, va v, 1a cac hang sb tuong tng véi moi truong n cla vi tri dat

180 .
DU, & = "Larctan(h/rg), 1m= o —xn)2 + Op —ym)2 véi
(% Ym) 1a vi tri ctia IDU m va (xp, yp) 1a vi tri cia UAV.

1.3.4. Mo hinh cong guﬁt bay va véin toc UAV
M0 hinh céng suat bay va van téc cua UAV:

4V sVt
3
PnT = 44nT ;T + CZ 1/2 + 2C1 1/4 + 4’C0 (17)
trong dé, Co = [gRo, (S 30[0KE/7T Cy = ZloRo m/KT’ C3 = 3OKECm/
(mKr), ¢y = RoCh/KfF va: Vo, = (m?g® + Cvn,)/CE . (1.8)
Bdng 1-1. Cdc ky hiéu mé hinh céng sudt bay va van toc ciia UAV
Ky hiéu Y nghia
Ny Sb lwong diém dimg trong 1 chudi dimg T, tc 1a Np <N

Vngr By | Vén toc/ cong sudt bay ciia UAV trén ching ny, ny = 1,2, ..., Ny
1o Ro. U Cuong d6 dong dién khong tai (A), dién trd cia dong co (Q), d1¢n ap
0 F0 | khong tai (V), 0.3 A, 0.4 Q, 10V
K, Héng s() toc do khong tai danh dinh cua dong co (rpm/V), 380 rpm/V
Kz Hang so suét dién dong ngugc, Kg = (Up — 1)Ry)/(K,Uy)
K Hang s0 md-men xoan cua dong co, Kt = 9.55Kg
m, g Khéi luong UAV (kg); Gia tdc trong truong (m/s?); 3 Kg, 9.8 m/s 2
Cn Hé sb mo-men can (Nm/(rad/s)? ), 8.89x 1077 Nm/(rad/s)>
Cy Hé s luc can than UAV (N/(m/s)?), 0.11 N/(m/s)?
G Hé sb luc ddy cia UAV (N/(rad/s)?), 4.85 x107° N/(rad/s)?
1.3.5. M hinh kénh truyén
Ty sb tin hiéu trén nhidu SINR cua IDU m duoc UAV k phuc vy, va
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dung luong kénh truyén twong ung: Yim(x,y) = % (1.9) va

Cien () = Blogs (1 + ¥iem (%,) ) (1.10), V6i Py (x, ) 1 cong sudt thu
dugc tai IDU m, Iy m(x,¥) = B Y em P;(x,¥) 1a nhi€u ma IDU m nhan
dugc tt UAV khéc véi UAV £, con B 1a bang thong.
1.4. THIET KE TOI UU THOI GIAN THUC DUNG UAV TRONG

MANG 6G IoT

Dé dap g yéu cau thoi gian thue, luén an tiép can theo hudéng tbi uu
dong thoi hiéu ning truyen dir liéu va thoi gian hoan thanh nhiém vu (thoi
gian phuc vy). Bai toan tbi wru thoi gian thuc trong truyén théng UAV c¢6
nhiéu bién va rang bugc phi tuyén duoc giai bang giai thuat heuristic GA
nham dat 1oi giai gan t6i wru voi do phirc tap tinh toan chap nhén dugc.
CHUONG 2. TOI UU LUU TRU VA PHAN PHOI DU LIEU DUNG
UAV TRONG MANG 6G IoT
2.1. GIOI THIEU HE THONG

Chuong 2 d& xuat mé hinh TCP-3DF nhim t6i uvu dong thoi luwu tri ndi
dung, phan b cong sudt truyén, cong suit bay va quy dao bay 3D ctiia UAV
c6 xét dén thoi gian phuc vu. Muc tiéu 1a cuc dai dung lugng phan phdi dir
lidu dong thoi giam thoi gian dap tng va sir dung hidu qua tai nguyén.
2.2. CAU TRUC VA HOAT PONG CUA HE THONG THEO MO
HINH TCP-3DF
Hé théng g(’jm l’IlC)t go Stops : e Cluster centers I(% éCachcd contents
MBS, mot UAV, [ e P B
ndi dung va N cum (- ?’é}‘
IDU phan bd trong
khu vyc phuc vu.
UAV thuc hién luu
trit trudc mot phan
ndi dung va bay dén
cac diém dimg toi
uu trong khong gian A )
3D dé phél’l phél du ‘ 1 meters, M; stops
liéu dén cac cum Hinh 2-1. M6 hinh TCP-3DF dung UAV trong 6G loT
ngudi ding. Bai toan dit ra 1 xac dinh ndi dung lwu trit, mirc cong suét
truyén, van tde bay, d6 cao va chudi dung t6i wu cua UAV.
Bang 2-1. Cdc ky hiéu vé théng sé dwgc sik dung trong mé hinh TCP-3DF

Ky hiéu Y nghia ciia ky hiéu
R, B | Ban kinh vang phu trién khai, bang thong hé thong
o2 Cong suat nhiéu tring Gaussian
pn, M, | Matdo IDU, s6 lwong IDU 6 cum n co bankinh R, n=1,2,.., N
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My x My | 3 x 4 diém dimg phan b trong ludi bay RFG

Toa d6 diém dung cua UAV tai (x;, yw) trong ludi bay RFG, [ =1, 2,

oy, ‘- ~
v o Miw=1,2, ..., My vataicao d0 Ay,

fiw Chi s6 dimng cua UAV tai vi tri (x, ), fiw € {0, 1}

Mion Sb lugng IDUs trong cum #n dugc phu song boi UAV tai diém dung o/

u,(qm) Toa do (x,(qm), y,sm)) cua IDU the m trong cumn, m =1, 2,..., M,

Si, pi Kich c& va d6 phd bién ctia ndi dung thi i

P, Ps | Cong suit cia UAV dé truyén noi dung i va khi ding yén

2.3. TINH TOAN CAC THONG SO CUA HE THONG THEO MO
HINH TCP-3DF

2.3.1. Pham vi phiu séng cia UAV

Trong cum 7 ¢6 ban kinh R, tai tam C, O £, at (x; y,)

= (X, yn), 5O lugng IDU c6 cing ndi @ C,at (X, v,) REEN
dl}ng quan tAm 12‘\1 M, = [,anR,f]. Nhu: o2 IDUs // T \\\
Hinh 2-2, U:AV dung lai :Lal (1, yw) CE}Ch Y e STy
C mot khoang cach S S— L
|
|

\/(xn - xl)z + Om — yw)2~ S6 luong / R, Cy Aron
IDU dugc UAV phu song thyc sy la: -~ {7 & ——0O-—~—=""=
Miwn = lonAiwnl @.1), trong do, - ° et
Apwn la dién tich giao nhau cuia hai

Hinh 2-2. M6 hinh viig phii s6
dudng tron c6 ban kinh R, va R inh 0 hinh ving phii séng

cua UAV tai mot diém ding
IDU thtt m, véim = 1, 2, ..., M,, nam trong vung giao nhau néu thoa cac diéu
kién khoang cach: djn < RytRiwn va diyym < Riwn, trong d6 djwm 1a khoang

cach giita diém f;,, va IDU thir m nam tai vi tri u;m) = (x,(lm), y,(lm)). Ving
phu song cua UAV la khu vyc hinh tron ¢6 ban kinh R;.,, tng voi d6 cao Ay
va goc ngang 0,.,: Ry, = hyy/tan (6,). (2.2)
2.3.2. Kénh khong-doi-dat (A2G)

Suy hao cua kénh truyén LoS,NLoS gitta UAV va IDU m trong cym n:

A, 2
e = (anfed (opw,ul®) /c) nift = Liwnil {LoS,NLos}  (2.3)

voifela tan sb song mang, ¢ 1a tbc do anh sang, r);{qué hé s6 suy hao ctia kénh
truyén LoS hodc NLoS, va khoang cach tt UAV dén IDU m trong cum n la:

2 2 2
4 (o) = JG =) 4 (50 = 3) + () D
Két hop xac suat xay ra cta kénh truyén LoS (PLOS’(m)) va NLoS

Lwn
(Plﬂ“’fls'(m) =1- Pl{ii’(m)), suy hao dudng truyén trung binh 1a:
—(m) __ ;.LoS,(m) pLoS,(m) NLoS,(m) ,NLoS,(m)
- l/Jl,w,n Pl,w,n + l/)l,w,n Pl,w,n (2-5)

Lwn
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_(m LoS pLoS,(m) NLoS pNLoS,(m)
- Ll,w,n[ no Pl,w,n + U ° Pl,w,n ]

o d o ke 1A & Los, -
voi xac suat kénh truyén LoS: P, m(: n(m) - e
W, L+icnexp|=vn(Emn—kn)]

2 2
trong do, fl('r‘:}l_)n = ?arctan <hl,w/\/(xr(lm) - xl) + (y,Em) - yw) )

2.3.3. Tég do truyén dir li¢u trung binh i
Ty s6 tin hi¢u trén nhicu SNR cta kénh truyén ndi dung i ttr UAV tai
(m)

(2.6)

01w @én IDU m trong cum # tai U, - va téc do phan phdi ndi dung twong tng:
), —(m) \7*

Vfia,ﬁm) = Qip (llJl’W’n) P;/o? 2.7

CEoS™ = Blog,(1+y{Ha™) (28)

Ham muc tiéu dﬁu tién cua bai toan TCP-3DF la tong toc do phan phdi
dir li€u trung binh di€ém-da dieém tr UAV dén tat c4 cac IDU trong moi cum:
= 1My oM Miwn I @),(m)
C = NZ[:IE W];V1 71\1[=1 m:M;n i=1 pifl,w Cl,w,n (2~9)
ST X My, M
So lan dimg 1a: Ny = Y, 25 X% fi ’ ’ (210
Pon gian ham muc tiéu (2.9) qua xét truong hop xau nhat cua tong toc
dd phan phoi dir li€u tai tat ca cac IDU trong Ay, trén khoang cach truyén

dai nhit 1 d 0y, ul™) = Dy = J (Ruwn)” + (hyy) nhu Hinh 2-2.

Téc d6 phan phdi ndi dung trong trudng hop xau nhét dugc xac dinh béi:
l,w,n|d(ollw,u,(1m))= Diwn ( : )

Lwn —
(2.9) duge rit gon: € = + Yt T, SNy My Thos pifi Clryn (212)
2.3.4. Khoang cach bay
Khoang cach bay cua UAV 1a ham muc tiéu thir 2 cta bai toan: dy =
zﬁjzl dp, (2.13), v6i d,. 1a khoang cach tir diém (ny — 1) dén diém ny
trong chu trinh bay T, goila d (75, —1, Tn,), v6i T la vi tri ban dau cua UAV.
2.3.5. Thoi gian phuc vu trung binh o
Thoi gian phuc vu la tong thoi gian cho dé moi cum dugc UAV hoan
tat phuc vu, bao gdm thoi gian bay va thoi gian truyén. Thoi gian bay qua
chang ny: tn, = dn,[VUn, (2.14)
Thoi gian truyén tai oy, dé truyén nodi dung i dén cac IDU trong cum n:
t(i) _ {ﬂ.wsi/cl(,:z,nv néu ain=1 (2.15)
Lwn — - .
” 0, néua;, =0

Téng thoi gian truyén (7s) va thoi gian phuc vu trung binh trén mdi cum (T):



= T2 Ty Tnea S e (2.16)
va. 7 = [ZnT 1(NT _nT + 1)tn7‘
+ z:l=1 Y 2ot i (N - ")fz(lv)vn] (2.17)
2.3.6. Mikc sir dung dung lwong lwu trit va mirc tidu thu cong suit
Murc sir dung dung luong luwu trir: S¢ = SN Yiian iSi (2.18)

Tiéu thy cong suat cua UAV dugc str dung cho truyén, ding va bay.
Tong cong suat truyén (Pr) va tong cong suat bay (Pr):

Pr= Yi1P 2190 va Pe= XN Py, (2.20)
V6i B, 1acong sudt bay UAV c6 4-rotor tai van toc Uy, theo cong thire (1.7).
2.4. BAI TOAN TCP-3DF VA GIAI PHAP GA
2.4.1. Bai toan TCP-3DF

Muc tiéu cua mo hinh TCP-3DF la tbi uu; 1) tap hop ndi dung dugce luu
trit trong UAV (c;); 2) cong suét truyén cho ndi dung i (P;) va cong suét bay
qua chang ny (B,,); 3) quy dao bay 3DF bao gbém noi dimg (f;,,) & d6 cao
nao (hy,) va chudi dimg 7. Muc tiéu 1a cuc dai tong dung lwong phan phéi
dir liéu trung binh C, bay qua Ny diém diumg v6i dudng bay ngin nhat STP,
dong thoi thoa mén cac rang budc vé thoi gian phyc vu trung binh (T*), dung
lwong luu trit (S¢), tong muc tidu thy cong suét truyén (P) va tong mirc tidu
thy cong suét bay (Pg). Bai toan TCP-3DF bao gdm 02 bai toan t&i wu cd
mbi quan hé phy thudc lan nhau: 1) Bai toan t6i wu CPS: Toi vu luu trix, phan
b cong suét truyén va bay, va vi tri diém ding & d6 cao nao dé dat gia tri C
cuc dai; va 2) Bai toan t&i wu STP: tim chudi dimg t6i uvu dé dudng bay ngan
nhat.
2.4.1.1. Bdi todn t6i wu CPS

Bai toan t6i vu hoa CPS dwgc md hinh nhu cong thire (2.21).

2.4.1.2. Bai todn téi wu héa STP max C (2.21a)
V‘m fiwva Ny t11‘1.1 dugc tE phumllg Cis Funor Pos P By
trinh (2.21a), bai toan toi uu hoa st Ne<N (2.21b)
STP giup xac dinh trinh ty ding toi = . (2'21 )
wu T dé t6i thiéu hoa khoang céch r =1 o
bay theo cong thirc (2.22): Sc = Se (2.21d)
mindy (222) ﬁT = ;’T 83}%)
A r < Pg .
GlalA (2.2%) tuong duf)ng vige t}m Po < P. <P 2.21g)
T tot nhat trong khong gian tim L ' ™
g g8 Pp, < Py, < Pry (2.21h)

kiém ctia Ny! cac hoan vi cua 75 =

(1,2,..., Ny} 1am téi thidu hoa do- Hpo < hyw < Hpy  (2.211)
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2.4.2. Giai bai toan TCP-3DF bang GA

NCS 4p dung GA dé giai bai Ay =N =Ny 20,
toan t6i uu TCP-3DF. Trong do, (AT =T*—T >0,
s€ ap dung ham phat, khi d6 s& Ay =SE—Sc=0, (2.23)
viét lai cac rang budc phuc tap Aw = P:_P.>0
thanh: oo

Ap, = Pg —Pp 2 0.
Va ham phat khi d6 sé dugc biéu dién bdi cong thirc:
F = 1,(min{0,Ay})? + 2,(min{0,A;})? (2.24)
+ A3(min{0, As))? + A4 (min{0,Ap. })* + A5 (min{0, Ap, })*
VO1 A1, A2, A3, A4, As: cac hé sO phat vi pham rang bugce dugc lya chon hop ly.
Nén GA duoc st dung dé giai bai toan tdi vu CPS khong rang budc:
max Cr=C—F (2.25)

coftwPiPnghy,,

Véi bai toan téi wu STP, cfmg ap dung ham phat d¢ phat mét ca thé mot
dai lugng khoang cach dmax néu n6 khién UAV bay dén diém dung khong
hop 1€ 7;,,.. Khoang cach bay vai hinh phat tr 75, _4 dén T, . la

i - d(Th,-1,Tn,),  néuTy € T, T, = T, \Tn
nr dmax néul, & T
NCS thém mdt lugng hinh phat fd, vao (2.22) va bai toan STP tr¢ thanh:
mTin(dT + ﬁdp) (2.27), trong d6 f > 0 1a muc d6 vi pham va d,, ban dau
bang 0, sau d6 tang thém 1 bét cir khi ndo xéy ra diém dimg khong hop 1¢.

Bai toan toi vu TCP-3DF dugc két hop bai toan toi wu CPS (2.25) va

STP (2.27) thanh bai toan tong hop sau:

max Cr=C—y(F+ds + ,de) (2.28)

coftwPiPrgny T

(2.26)

Trong (2.28), y dugc st dung dé t8i da Cp ddng thoi tbi thidu hoa d.

Thuét todn 2.1. Gidi thuit GTS cho bai toan TCP-3DF

Pau vao: Cac thong s6 duoc liét ké trong Bang 2-2 va Bang 2-3.
Gen = 1: dém s6 thé h¢
Paura: Cr(ci, fiw, Pl Prpr hiws T7)
Budre 1: tao ngiu nhién cac gia tri va ca thé nhu sau
1.1) Sinh ngiu nhién Np chudi con {X7},z=1,2, ..., Np, mdi chudi gdbm (I
+Mw x My) bit & biéu dién mot nghiém tiém nang cho ¢; va f; .
Trong do:
o  Ibit dau tién tao thinh mot mang: X7,
e My x Mybit cudi ciing tao thanh ma tran Myw x My: X L MyyxMy,
1.2) Sinh ngéu nhién Np chudi con {X%}, mdi chudi gdm / xPRECI bit dé
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biéu dién nghiém tiém nang cho / bién thuc cua P
1.3) Sinh ngau nhién Ne chudi con {X? } mdi chudi gdm N x PRECI bit dé
biéu dién nghlem tiém ning cho N bién thyuc cua Pn
1.4) Sinh ngau nhién Np chudi con {XZ}, mdi chudi gdbm N x PRECI bit dé
biéu dién nghlem tiém nang cho N bién thu’c cua /.
1.5) Sinh ngiu nhién Np chudi con {XZ}, mdi chudi gdm N chit s trong h¢
co sb N dé biéu dién nghiém tiém ning cho 7.
Trong dé:
o Céc chudi X%, X% va X7 duoc chuyén ddi sang cac gia tri thuc twong
tmg 1a X7 g, X5 g va X7 thong qua phép chuyén d6i b2r [145].
e Trong budc 3), 4) va 5), do chi cdn Ny diém dimg hop 18, nén (N
—Ny) phén tir cudi bi bo qua.
e Viéc sinh cac chit s6 trong hé co sb N (gia trj tir 0 dén N — 1) s& cong
thém 1, dé dam bao T, . € T.
Buwée 2: Tinh Np gia tri ham thich nghi (fitness) theo phuong trinh (2.28)
dé thu dugc CZ, tie 1 CZ(XE1, XEpmyysmy» X5 Xép, Xir, XE)
Buée 3: Khi diéu kién dung (7C) chua dugc thoa, thuc hién vong 1ap:
Bude 3.1: Tap hop céc ca thé {XZ;,} = [{X7} {XF} {X3Z} (X7} {XZ}]1kém
theo gia tri C# dua vao bo chon loc (mating pool) dé xép hang
Budée 3.2: Chon Npg = Np % PG cé thé tot nhat c6 gia tri fitness cao hon dé
1am cha me bang cach 1y mau phd quat ngiu nhién [145], thu dwoc: {X L)
= [{XT} (X3} (X5} (X5} (X§31.1=1,2, ..., Neg
Budre 3.3: Chon mdt cip cha me dé tao ra cac ca thé con bang cach:
o Dung phép lai ghép da diém (multiple-point crossover) v6i xac sut:
P, P, va P, cho {X{}, {X{} va {X{},
e  Dung phép lai ghép mét diém (single-point crossover) véi xac suit:
P, va P, cho (X5 va {X§}
Budre 3.4: Thyuc hién dot bién 1én cac c4 thé con: (Xt (xty, {X3} {(XH
va {X¢} v6i xac sudt tuong tmg Py, 1> Pmy s Puy s Pu, va Py bang cach st
dung phép bu bit (complement operation). Vi cach nay, co thé giip khoi
phuc céc dic diém di truyén ot c6 thé da bi mét & cac bude trude. Két qua
thu dwoe: {Xx7, b = [{X77} (X7} {X3"} X057} (X"}
Buwéc 3.5: Lap lai Budce 2 dé tinh:
CF (XT1 X gy X2 X3 Xako X5
Budc 3.6: Dua cac ca thé con {X57,} va gia tri fitness twong ing C&* vao
thé hé hién tai, dé tao ra bo ca thé moi {XZ,, } va cac gia tri {C#}
Budre 3.7: Tang s6 thé hé: Gen = Gen + 1
Budre 4: Két thiic vong lip khi diéu kién dimg (7C) duoc thdéa min
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Budc 5: Tim c4 thé tot nhat:
=* * * * * * * —Z
CF(CLJlePlJPng-'thJT ) € {CF(Xll'XlMWXMLJXZ R'X3 R'X4-RJX5)}

Vi€c giai bai toan nay bang GA gap thach thirc vé mot chudi nhiém sic thé
cuc ky dai duoc biéu dién cho mdi ca thé vi c6 nhiéu OV khac nhau (c; fi.,
Pi, Py, , hiw va T). NCS éap dung co ché chia dé tri bang cach tach ching
thanh cac chudi con, mdi chudi dai dién cho 1 hoic 2 OV(s), tao thanh thuat
toan GA cai tién v6i chudi bi chia cat GTS (GA with Truncated String), v6i
cc budc chi tiét ciia GTS theo Thuét toan 2.1.

2.5. PANH GIA HIEU SUAT

2.5.1. Thiét 1ap thong sb

Céc thong sb ctia hé thong duoc liét ké trong Bang 2-2. Ngoai ra, kich thuédc
ndi dung (s;), ban kinh cum (R,), mat d6 IDU (p,) dugc tao ngau nhién phan
bd déu trong pham vi [50, 250] Mbit, [ Begin
[10, 20]m va [0.01,0.1] IDU/m> v
UAYV ban dé‘l{ bét déu 0 toa d6 (100’ M types OIfntlrttllilcl:zt(;Osltlring, each | Steps 1, 2
100, 75)m bé lam cho qU}Nf dao 3DF has Np sub-strings
hiéu qua hon, by théng sodictinh [ %

A A LoS ..NLoS Reproduction/Selection
kénh tmyen (Kn’ Vo ™" N ’ Hn) N types of truncated string, each | Steps 3.1, 3.2

trong cum 7 cling duge chon ngiu has Npg = NpxNg sub-strings
nhién phéan bo déu tur tap {1, 2, 3, 4}
tuong ung voi 4 loai moéi trudng

Crossover
Applied to each type with proper | Step 3.3

(ngoal 0, do6 thi, do thi déng duac, do operators & probabilities

thi cao tang) dugc dua ra trong Bang v

2-3. NCS danh gia hi¢u sudt cia mo Aolied o i\iu:g;’e“with | <o 5.4
hinh TCP-3DF bang cach so sanh voi bl |
cac co ché khac: 1) chién lugc bay co ]

xét thoi gian dich vu véi toi wu két Calculation & Reinsertion

M types of truncated string, each | Steps 3.5, 3.6
has Np sub-strings

hop gitra luu trir, noi dung va dg cao
(TFS-CSA), 2) TFS vo6i toi uu két hop

gifra luu trit va noi dimg (TFS-C&S), [ Ne w

3) TFS voi chi ¢6 toi wu luu trir (TFS- Yes
00CQ), 4) TFS khong co bat ky toi uu ( End )
nao (TFS-NUL). , Hinh 2-2. Luu d6 thudt todn GTS
Badng 2-2. Cac thong so cua hé thong cho mé hinh TCP-3DF
Ky hi¢u Gia tri

N, I, My XMy 10 cum, 10 ndi dung, 3 x 4 diém dung
B f.o’ c a 10 MHz, 2 GHz, 10 *W, 3 x 108m/s, 1
P11, Pru, PrL, Pru 100 mW, 5000 mW, 300 W, 2000 W
Ps, HrL, Hru 250 W, 50 m, 150 m
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T S& M 50 s, 1 Gbits, 5 loai c4 the
Ne, N, Pg 5000 cé thé, 100 thé hé, 0.9 (khoang cich thé hé)
PRECI 8 bit biéu dién do chinh x4c cia mdi bién thuc
PC12'345 0.6,0.1, 0.1, 0.6, 0.9 cho xac suét lai chéo
My 234 107,102,107, 107, 10 cho x4c suat dot bién
doas 7.3, M23as | 200m, 1.25,10; 1, 1,0.001, 0.2, 0.01

Bdng 2-3. Cdc théng sé ddc trung ciia moi trwong kénh truyén [103]

MGi treong 110ne 59 n Un 7| On

Vung ngoai & 4,88 0,43 0,1 21| 20,34°
Thanh thi 9,61 0,16 1 20| 42,44°
Do thi dong duc 12,08 0,11 1,6 23| 54,62°
Khu d6 thi cao ting 27,23 0,08 2,3 34| 75,52°

2.5.2. DPanh gia hoi tu cia GTS

Két qua Hinh 2-4 dén Hinh 2-6: thuat toan GTS dat hdi tu sau khoang
70 thé he, kich thudc quan thé téi uu Np = 5000 nhd dam bao sy can bang
gitra d§ chinh x&c va d6 phtec tap tinh toan.
Két qua md phong cho thiy mo hinh ¢ —— -
TCP-3DF dat khd ning hoi tu 6n dinh : R
va cho hiéu ning vuot trdi so véi cac H
co ché d6i chirng. Cu thé, mé hinh dé
xuit cai thién dang ké téng dung
luong phan phéi dir lidu, giam thoi
gian phuc vy va st dung hiéu qua hon
tai nguyén luu trir, cong sut cling nhu
nang lugng UAV. Dong thoi, quy dao
bay thu dugc co chiéu dai gan t01 thiéu L
nhung van bao dam dap tng sb lugng Generation
16n IDU. Hinh 2-4. Sy hoi tu cua GA trong bai

toan TCP-3DF

Dé hoan thanh danh gia GTS, NCS trién khai thém GA v&i chudi dai
day du (GA with Full long Strings — GFS) va so sanh voi GTS vé d6 chinh
xéc va d¢ 6n dinh. Két qua trong Hinh 2-7 cho thiy, so véi GFS thi GTS cho
két qua On dinh hon va phti hop voi bai toan nhiéu bién t6i wu.
2.5.3. DPanh gia hi¢u nang ctia mo hinh TCP-3DF
2.5.3.1. Hiéu sudt dung lwong

Téng ning luong trong Hinh 2—9 (d) duogc xac dinh bdi cong thuc E =

N N I i
Zn; 1 nTPnT + TSPS + Z w= 1 n=1 Zi:l tll,w,nPi~

Fitness
- o - N w EN o o ~ © ©
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N, = 1000

Np = 3000

N, = 5000

N, = 7000

30 40 50 60

30 40 50 60

30 40 50 60
(¢) Try sequence

Hinh 2-5. Pé én dinh ciia GTS theo Np

i GFS

GTS

10 20

30 40 50 60
(a) Try sequence

70 80 90

100

10 20

10 20

30 40 50 60
(b) Try sequence

30 40 50 60
(c) Try sequence

b MALAA AQM AN AN

70 80 90

70 80 9

100

100

Hinh 2-7. Do éon dinh va chinh xdc cua
GTS va GFS qua 100 lan thir
Trong Bang 2-5, NCS danh gia tac dong cua rang budc thoi gian dich vu (T%)
1én higu suat cia TCP-3DF, dugc thyc hién & o = 1. Qua d6 thay rang, c6 the
diéu chinh T*mét cach linh hoat d& dap tng thoi gian phuc vu theo yéu cau
cua cac A&S da phuong tién khac nhau.

Bdng 2-5. Panh gia TCP-3DF theo Tc (o =

-

- . . . .
& | i - Ave NI Max Elbow
1 A2
83
€
2
@2t
£
g
2L !
< 1000 2000 3000 4000 5000 6000 7000
(@) Ng
g 600/ ]
2
3 500 |
250
3 400
2
5
% 300 1
8
200 -
1000 2000 3000 4000 5000 6000 7000
(b) Ny
20|
Eaof 1
820
ERLL I I |
1000 2000 3000 4000 5000 6000 7000
©N,
Hinh 2-6. Dg chinh xac cua GTS th
inh 2-6. Do chinh xac cua GTS theo Np
& [o—torsor
= 10 | —e—TFS-CSA |.0.5Gbps.
2 TFS-C&S
£ |—=—1rsooc
E gll——vrsnu | ] =
H e =
H
3
g
s " . W
< o 05 1 15 2 25 3
(@ o
600
k]
3
20
3
2
5200
2
0
3 05 1 15 2 25 3
() a
60— . - ;
°
g
8
S 20
5
)
0 ! | A
o 05 1 15 2 25 3

©a

Hinh 2-8. Dung luong, khoang cach bay
va thoi gian phuc vu theo o

1, Py = 10W, P} = 10kW)

Thong so | Thong lwong | Khoang cach Thoi gian Pr Pr Chiém dung Nang lwong
T(s) (Mbps) bay (m) phuc vu (s) (mW) (W) Iwu trix (Mbits) tiéu thu (J)
75 4251.6 709.9 72.9 9973 9353.3 707.5 66,321
50 3779.0 617.1 45.6 9988 8853.3 457.5 52,523
25 3010.5 518.3 249 9989 8773.3 457.5 45912
10 2050.7 339.6 99 9989 8773.3 457.5 30,533
2.5.3.2. Quy dao bay

Khao st quy dao UAV trong cac kich ban khac nhau (Hinh 2-10 d&én Hinh
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2-12). Khi néi long rang buc T*, UAV
tang s6 diém dirng va khoang cach bay,
phuc vu nhiéu IDU hon va dat tong toc
do dir liéu cao hon, van théa man rang
budc cong suét. Ngoai ra, d0 cao UAV
duoc tdi wu theo dic diém moi truong
va mat d6 IDU gilp céi thién thong
lugng so voi bay ¢ do cao ¢b dinh.
Khi st dung luéi bay min hon, hé
thong dat hiéu niang tot hon: thong
lugng tang (3,6 Gbps so voi 3,2 Gbps),
khoang cach bay giam va thoi gian
phuc vu ngén hon, mic du s6 diém
dung tang.

@ Start point
1 Ostops

~
*
Il
W
S
771
meter

525
meter 10

meter

148.8m (5

@ Start point
O Stops

124.5m (>

meter

meter

Hinh 2-11. Quy dao cua UAV
Myx My = 3%x4 (C =3,2Gbps, d
=5372mva T = 38,5s).

| I TcP-30F [ TFS-CsA [ TFs-cas I TFS-00C [ TFS-NUL

1000
0

15 2
(a)

S (Mbits)

s
E 5000
-
o
0
0 05 1 15 2 25 3
(b) a
10000
B
< 5000
o
0
0 05 1 15 2 25 3
(c) o
& x10f
8
]
3s -
=t
S
3
So
0 05 1 1.5 2 25 3
@ a

Hinh 2-9. Muic tiéu thy dung luong lru
trit, cong sudt va nang luong theo o

b)
25s

T*

~ 100

meter

100

128.8m (=

@ Start point
O stops

,«/(’/.
-100

meter meter

Hinh 2-12. Quy dao cua UAV My x
M. =4 x5(C =3,6Gbps, d = 515,5m

vaT = 34,9s).
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CHUONG 3. TOI UU LUU TRU VA PHAN PHOI DU LIEU THOI
GIAN THU'C DUNG UAV BAY PAN TRONG MANG 6G IoT
3.1. GIOI THIEU

Trong chuong -
nay, NCS d¢é xuat o 1?‘ -
moé hinh RCD- LT
CTR nham tdi wu: a1,
(i) luu trt ndi @O g
dung theo phé do %@ﬁz fﬁzﬁ
truyén phoi hop 0}0"“
UAV-MBS, (i) ik

phan bd cong suat
phat va cong suit
bay, (iii)) d¢ cao
UAV tai céc diém . :
dimg va (iv) sb Hinh 3-1. Mang 6G IoT ho tro boi UAV bay dan voi

luong cung quy mo hinh RCD-CTR
dao bay ctia UAV bay dan. M6 hinh xét dén sy phdi hop gitra MBS va UAV
trong mdi truong truyén khong dong nhéat dé phan phdi noi dung dén cac
IDU. Bai toan t01 vu duoc xdy dyng nhiam xac dinh cdc tham s trén dudi
cac rang budc vé dung luong luu tri va cong suat UAV.
3.2. CAU TRUC VA HOAT PONG CUA HE THONG THEO MO
HINH RCD-CTR
He¢ thdng gom mot MBS va tap £ UAV phdi hop phén phdi I noi dung
dén IDUs trong N cum. Cac IDU trong cum n phan b trong vung tron tam
C,, ban kinh R,,, mat d p,,va c6 cung nhu cau ndéi dung. Mdi ndi dung i c¢6
kich thudc s;va d6 phd bién p;. MBS va UAV phéi hop luu trit va phan phdi
n6i dung theo thoi gian thyuc qua ba giai doan: chuan bi, trién khai va cho.
Bdng 3-1. Cdc ky hiéu thong sé trong mé hinh RCD-CTR

*" === Control links
—=— M2I links

e e Cached contents ® ® ® Cluster centers ) ) U2I links

Ky hiéu Y nghia ciia ky hi¢u
X Tap hop con s6 UAV tdi wu thude £
K, n(k) S6 phan tir UAV trong tap K, Mi dinh danh cia UAV k € K
N Tap hop cac cum ma UAV k bay dén phuc vu
Ni S6 cum co trong tip hop N
nk Ky hiéu cta cum n; trong tap hop NV, cum, ne =1, 2, ..., Ni.
(i) M3 dinh danh cuia cum n; €V,
hy Do cao cua UAV tai cum n
T, Uk Quy dao bay cia UAV £, vén toc bay ciia UAV k
PELY Cong suat bay cia UAV k
pY?! Cong sut phat ndi dung i tir UAV dén IDU trong cum n
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pM21 Cong suat phat noi dung i tir MBS dén IDU trong cum n

Ps Cbong suét sir dung khi dimg yén ciia UAV

3.3. TINH TOAN CAC THONG SO HE THONG

3.3.1. Céc cong thirc thiét 1ap co ban

3.3.1.1. Chi s6 lwa chon mode phuc vu ...IDUS %@ UAVE
Chi so0 lya chon mode phuc vu s,, € {0,1} it
la mode duoc lya chon dé phuc vu cac /
IDU trong cum n: boi UAV (s, = 1) Y EICIERN

/

b . A 2 e
hodc bdéi MBS (s;, = 0). Chi s0 luu tri et 5
¢y dugc tinh dya trén s, va ¢,; nhu sau: r o \\f\
! _ _II_ N n Y

Cni = qn,iSn (3.1)
3.3.1.2. Pham vi phii song ciia UAV
Trong cum n, cé tat ca 1a | p,mR2 | e
IDUs. Goc nging thich hop 6,, cua cac Hinh 3-2. Ving phu song cua
UAV trong cac cum khéac nhau duoc UAV khi ding trén cum n
lwa chon tity thudc vao méi truong truyén song, duge trinh bay tai Hinh 3-2.
3.3.2. M hinh kénh truyén
3.3.2.1. Kénh truyén tir UAV dén IDU

Suy hao kénh truyén giita UAV va IDU m trong cum 7

Ve = (47chdn,m/c)2n;{l , A € {LoS,NLoS} (3.2)
trong d6 d,, » 1a khoang cach tir UAV dén IDU m trong cum n.
Miic suy hao kénh truyén trung binh nhu c6ng thirc sau:

wn’m lpLoSPLoS wNLoSPNLoS (3'3)
= (47chdn,m/c) [nrleSPr%%S + an;ILOSPnI\,Irlﬁos
va xéc suét xay ra kénh truyén LoS: BLSS = ! (3.4).

. ] ) 1+kpexp[—vn (Enm—tKn)]
vOi K, va v, 1a cac hang so lién quan dén moi trudng cﬁa cum #, 7, m 1a khodng

; A X \ 18 hy
cach tir tam C, dén IDU m trong cum nva &y = — %arctan ( )
nm

3.3.2.2. Kénh truyén tir MBS dén IDU
Kénh truyén thong gitta MBS va IDU m trong cum #:

M2l _ MZI Vo 131 MZI LoS M2I,NLoS
HYH = [Bo(a¥ (}Hﬁ /1+ﬁ1h ) (3.5)

voi Sy 1a do loi cong suét kenh M2I tai khoang cach 1m, y, va By 1 s6 mil

suy hao dudng truyén va hé sb Racian, dM21 la khoang céach gitrta MBS va

hMZI ,NLoS

IDU m trong cum n, = CN'(0, 1) 1a ham phan phbi chuén phirc c6

zndrl\{lrzr{

trung binh bang 0 va phuong sai bang 1 va: hMZI LoS — o7/ (3.6).
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3.3.3. Thong lwgng kénh truyén ,
SINR va tdéc d6 phan phoi ndi dung i ttr UAV dén IDU m trong cym #:

_ -1
C,‘E%EL = Blog;(1+ Ynm, (3.8)
Téng tdc d6 phan phdi dir lidu trung binh tir UAV dén IDU la:
- Cuat = INe1 Tt Thea PiCim, (3.9)
SINR va tdc dd phan phéi ndi dung i tir MBS dén IDU m trong cum n la:
YMZL = (1= 50)qn PP HYEL /02 (3.10)
Chmi = Bloga(1+ Yaim, (3.11)
Tong toc do phan phdi dir lidu trung binh tu MBS dén tat ca cac IDU la:
= My
Cma1 = Eh=1 Znk1 Ziz1 PiCoimi (3.12)
Thong lwong hé thdng dat dugce nhd su horp tac gitra MBS va UAV:
C = (Cyzr + Cmz2D)/N (3.13)

3.3.4. Thoi gian phuc vu

Thoi gian phuc vu duge dinh nghia nhu trong Chuong 2, trong chuong
nay thoi gian phuc vu c6 xét dén MBS. Thoi gian bay ctia UAV k trén ching
tir diém dung tai cum 7 — 1 dén diém/ ding tai cum ny:

TFLY = d(nk 1,n) /vy (3.19)

v6i vy, 14 toe do ctia UAV Y va diém dirng “0” 14 vi tri ban ddu cua UAV k.

Thoi gian truyén cia UAV k khi nd dung ngay phia trén cum n; dé
truyén noi dung i dugc xac dinh theo cong thic: T,IljkzlI = s5;/C UZ} (3.15), véi
C,Iljlf{ =min{C nkmvsﬂ(nk) =1, qr(ny, = 1 Vm, i}. Chon dung lugng kénh
xau nhit gitra UAV k va cac IDUs trong cum n; dé truyén noi dung i.

Thoi gian MBS truyén noi dung i dén cac IDUs trong cum n = m(n):
T = 5;/CY2 (3.16), véi CYP'= min{c}f;‘l, =0, gui=1, Vm, i}.

Thoi gian phuc vu trung binh cho mdi cum la:

T = | Sy Ty (N = e + DTEY + Ny = mie) By T2 +

Thoi gian bay va truyén cia UAVS (3 17)

- Zl ) TMZI
Thoi gian truyén cia MBS
3.3.5. Tiéu thu tai nguyén
3.3.5.1. Mirc tiéu thu dung luwgng luu triv
Miic sir dung dung lwong luu trit toi da: S = YN_, 1, Cn,iSi (3.18)
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3.3.5.2. Mic tiéu thu cong sudt

Mirc tiéu thu cong sut cia UAV duogce st dung cho viée truyen dung
dé phat va bay. Tng cong suét truyén (PT Y21y ciia cac UAVS, tdng cong suét
truyén ctia MBS (PM21) va tong cong suit bay (PELY):

PP = SN i Y Put! (3.19)
pot = SN 51 Pl (3.20)
PFLY ZK FLY (321)

v6i PEYY 1a cong sut bay ciia UAV k 102_11 4 canh quat khi dat van tc vy, :

c4V, sV 3

PFLY = 44" 3; + V% + 20,V + 4c, (3.22)
Va:cg = I§Ro, ¢; = 3014Kg/m, ¢; = 21yRoCra/Kr, c3 = 30KgCry/ (KT),
cs = RoCE/KE va: v, = (m?g% + Civit)/CE. (3.23)

3.4. BAI TOAN RCD-CTR VA GIAI PHAP GA
3.4.1. Bai toan RCD-CTR

Nham cuc dai tde max C—vyT
do6 truyén dir lidu SnPrg P K PE Y T ! (3.242)
trung binh ddng thoi st. S¢ <S¢ (3.24b)
cuc tiéu thoi gian pY?l < pp2t (3.24c¢)
phuc vu, bai todn pM2l < pM2l (3.244)
RCD-CTR dugc md prgfr{ < pUZI < P2l wn,i, (3.24e)
Sg;h t};\e;nh (%243-5 pM2l < PMZI < PM2I vy g, (3.24)
. n=i-n hoin < hyy < hpax, YN (3.24¢)
1a tp hop N, gbm Prlz“llirﬁl( < P'IELY max (3.24h)
Nc cum dugc phuc PTFLY < PFLY < PFLY v (3.24i)
vu bo1 K UAV min max

) 1<K <N, (3.24))

N, =YK Ny, vaylahé s6 chuén hoa thtr nguyén ham muc tiéu.
Do d9 phuc tap cua biéu thirc (3.24), ta chia bai toan ban dau thanh 02
bai toan tdi wru thanh phan. Viéc tbi thiéu hoa biéu thic (3.24) 1a twong dwong

v6i viée tdi thidu hoa bidu thirc € — T bang cach tim céc gia tri ciia s,,, P,IlJ 2

P,l:’[lz ! h,,, trong 6 T dugc tinh theo cong thirc sau:

= B X T X BT (3.25)
Sp=1 Sp=0

va sau d6, két qua cta s,, 4, va T,HL-ZI trong cong thuc (3.25) dugc tai sir dung

dé t6i thiéu hoa gia tri thoi gian dugc phuc vu boi UAV béng cach tim cac

gia tri cua K, PE™Y va quy dao bay T,

Te= 22K I (N = + DT + (Ve - n) S, T ) (3.26)
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Bai toan RCD-CTR (3.24) dugc chia thanh 02 bai toan t0i wu hoa thanh phan.
3.4.1.1. Bai todn téi wu héa SRT

max C—vyTt

Muc tiéu ciia bai toan snPpi Py Ay (3.27a)
t6i wu SRT 14 cyc dai s.t. Sc < 8¢ (3.27b)
tong toc do phan phoi py2l < pU2l (3.27¢)
dir liéu trung binh va pM2l < pM2l (3.27d)
e tién thoi gian pU2l < pU2l < pU2L wn,i,  (3.27¢)
O ozt PME < YA < BMZLvm,i, (3270

ni o Pui va ). , Bunin < M < hmawr V10 (3.27g)

3.4.1.2. Bai todn téi wu héa FLT
Tur két qua bai toan SRT, min Tg 308
bai toan FLT tiép tuc cuc K, P Y Ti (3.28a)
tiéu thoi gian phuc vu cia s.t. PFLY < pfLY (3.28b)
UAV béng cach tim gié tri pPEY < pFLY < pELY vk (3.28¢)
K, PEYY va quy dao bay Ty, 1<K <N, (3.284d)

3.4.2. Giai bai toan RCD-CTR bing GA
3.4.2.1. Gidi bai todn SRT bing GA

NCS 4p dung GA dé giai bai toan t6i vu RCD-CTR. Va ¢6 4p dung ham
phat. Viét lai cic rang budc phirc tap nay nhur sau:

ASc = St —Sc =0,
APY?t = pPH — PP >0, (3.29)
APYL = pii2t— pi2l >,
Va ham phat khi d6 s€ dugc biéu dién boi cong thirc:
Forr = A4 (min{0,ASc}H? + A, (min{0, APY?})’ (3.30)

+ A3 (min{0, APM?1})?
vOi A, A2 va s la cac hé sb phat vi pham rang budc duoc lya chon hop 1y.
Khi d6, GA c6 thé st dung d€ giai bai toan toi wu SRT nhu sau:

Csrr = C —yTt — Fsgr (3.31)

max

S PR PM2
Dén day, bai toan SRT c6 thé 4p dung GA dé tim céc gid tri s,, Pre', Py?!
va h,, theo Thudt toan 3.1 nhu sau:
Thuait toan 3.1. GA cho bai toan SRT
Piu vao (Input): tham so ciia hé thong trong Bang 2-3 va Bang 3-2
Gen = 1: dém s6 thé h¢
DPAu ra (Output): E;RT (s;, PV2, Pnl\fliZI’*, h:)

n,i
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Buée 1: Sinh ngau nhlen NSRT chudi (ca thé) {X%}, véi z=
1,2,..., NSRT. Mbi chudi gom By = N bit dé biéu dién s, va B, =
PRECI X (2 X N X I + N) bit dé biéu dién Py'?", PY'*'va h,,. PRECI la s6
bit bicu dién 2PRECI mirc lwong tir héa cia cac bién Py2Y, PM hodc h,,.
Céc bit B, sau d6 dugc chuyén doi sang gié tri thuc bang phép toan b2r.
Budre 2: Tinh N3RT gi tri ham thich nghi (fitness) theo cong thirc (3.31)
dé thu duge Cegr, tiic 1 Copr (X2).

Buwée 3: Khi diéu kién dung TC chua thoa man, thuc hién cac budc sau:
Buéce 3.1: Dua cic ca thé {X#} twong tng véi EﬁRT vao vao bd chon loc
(mating pool) dé xep hang.

Budre 3.2: Chon Ng NERT = NSRT x p3RTca thé t6t nhat (co gia tri fitness
cao hon) dé sinh sén bang cach ldy mau ngau nhién phd quét (stochastic
universal sampling) [145], nham thu dugc {X*}, véi t = 1,2, ..., NGRT.
Budre 3.3: Chon cac cip ca thé bd me dé tao ra thé hé con bang lai ghép
da diém voi xac suat PERT, tao ra cac c4 thé con {Xt}.

Bwére 3.4: Thuc hién dét blen cac ca thé con {X t}VO’l X4c suét P, SRT dung
pheép toan bu. Bing cach nay, cac dic trung di truyén tich cuc co thé da
bi mit & cac budc truéc c6 kha ning dwoc phuc hoi.
Két qua 1a thu duoce {X¢*}.
. —t,*
Buére 3.5: Lip lai Bu6c 2 dé tinh Cggr(X5).
I3 —t,* ‘ . .2

Buéc 3.6: Dua cac ca thé {Xb*} va Cggy vao the hé hién tai dé tao ra tap
ca thé méi {X7} va tap fitness {E;RT}.
Bude 3.7: Tang s6 thé hé Gen = Gen + 1.
Budrc 4: K&t thuc vong 1ap khi di€¢u kién dung (7C) dugc thoa man.
Buéc 5: Tim fitness tot nhit: Cspr(sy, Pas Par”  hy) € (Cart(XD).
Trong do, di‘éu kién két thic (7C) cta Thuat”toan 3.1 x4y ra khi dap tng mot
trong cac diéu kién sau: 1) Trung binh cua tong hinh phat Fsgr nho hon 107
trong 10 thé hé lién tiép; 2) Gen = NSRT, tirc 1a 100 thé hé. Sau khi giai bai
todn (3.31), ta thu duoc cac gia tri cta T,g 2lva s, va cac gia tri nay dugc st
dung lai dé giai bai toan (3.33) trong phan tiép theo.
3.4.2.2. Gidi bai todn FLT bang GA

beé tim quy dao bay 7, cho UAV £, dinh nghia ma trdn mat na nhi phan
B, xn., d€ chon K UAVs bay trong s6 L UAVs va xac dinh UAV s€ dung lai
& cum nao trong quy dao bay Tj, (néu UAV k dimg Qé phuc vu cum #; thi
Brim, = 1 vanguoc lai thi By(g) n, = 0); ma trén s6 nguyén I,y va ma
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tran quy dao bay T, x vt Tu x v, = Brxw, © Iixn, (3.32)
véitoan tr “o”1a: Ty, = By, Iip,, VI=1,2, .., L m=12, .., N
Trong ma trn T, « y,_, UAV k khong bay dén diém dimng tai cum n; néu

Trt(k) Nk — =0 va ngugc lai, FLY min Tr (33321)
UAV bay den diém dimng theo P " BLxnelixne

thir tu tir sd nguyén nho nhit st P < prY (3.33b)
dén s6 nguyén 16n nhét. Thay vi P&E}{ < PFLY <PELY vk (3.33¢)
giai (3.28), ta giai bai toan: 1<K <N, (3.33d)

Hinh phat khi ¢6 nhiéu hon mot UAV bay dén cing mot diém dimg,
hoéc khéng ¢6 UAV nao dung lai d¢ phuc vu IDU trong cum ng la
S (Sfe1 By, — 1)°; khi UAV bay lai dén diém dimg nao truée d6 ciia
chinh no thi lwong phat dmnax dugc thém vao thoi gian bay (3.14):
TFLY _ {d(nk - 1, nk)/vk, néu Il,nk—l * Il,nk ,VI = 1,2, ,L
Amax/ Vi nguoc lai
va gia tri phat (min{0,X}-, b, — 1}) + (min{O,N. — ¥}f_, b }) dé dam
bao1 < K = Y&, b, < N.. Biéu dién rang budc (3.33b): APFLY = pELY _
PELY > 0 (3.35) dé thém vao gia tri phat (min {0, APE LY})2 néu vi pham.
Tong ham phat khi xét toan bd cac thanh phan bi phat la:
2 .
Fprr = A4 Eﬁ;(ZL Bin, —1) + 25 [(mm{o Yiz1 by —
1})* + (min{0, N, — ~ Sia b)) ]+/16(m1n{0 APFLY})?
vO1 A4, As va Ag la cac hé ) phat vi pham rang budc dugc lya chon hop ly.

Bai toan c6 rang budc FLT (3.33) tr¢ thanh bai toan khdng rang budc:
(3.37)

(3.34)

(3.36)

ey min Tpur =T — Frur
P B xNILxn,
Bai toan FLT c6 thé giai bang phuong phap GTS, theo Thuat toan 3.2:
Thuat toan 3.2. GA cho bai toan FLT
Piu vio (Input): Cac thong s0 hé thong trong Bang 2-3 va Bang 3-2
Gen = 1: dém sb thé hé
FLY,*

Piu ra (Output): TFLT(Pk 'Blxn,’ IZXNC)
Buéc 1: Sinh ngau nhién cac chudi con (sub-strings):

1. NE'Tchudi con {XZ}, v6iz = 1,2, ..., N§*T, mdi chudi gdm PRECI X L bit
dé tao ra mot nghiém tmg vién cho PFLY. O day, PRECI 1a s6 bit biéu dién
2PRECE mire lugng tir hoa ctia PELY.

2. NEYT chudi con {XZ}, mdi chudi gdm L x N, bit dé tao ra mot nghiém
tmg vién cho By,

3. NEYT chudi con {X7}, mdi chudi gom L x N, s6 nguyén dé tao ra mot
nghiém tng vién cho Iy
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Buwérc 2: Tinh N FLT gi4 tri ham thich nghi (fitness) theo cong thirc (3.37)

de thu dUQ'C TFLT’ tic la T;LT(Xﬁ' Xﬁ, XIZ)
Buwdc 3: Khi diéu kién ding TC chua théa man, thyc hién cac budc sau:
Bude 3.1: Pua cac chudi két hop (X511} = [{X5{XFHXF}] twong img

voi T:LT vao mating pool dé xép hang.

Bud6c 3.2: Chon NiET = NELT x PFLT ca the tot nhat (co gia tri fitness
cao hon) dé sinh san bang cach 1dy mau ngu nhién phd quat [145], nham
thu duoc {X511} = [{(XRHXEHXYL ¢ = 1,2, .., Npg™.

Buwéc 3.3: Chon mot cap c4 thé bd me dé tao ra the hé con bang lai ghép
da diém véi cac xac suat PEKT, PELT, PELT twong tmg cho {X&}, {X5}va
{X}3, va khong thuc hién toan tir dot bién (mutation).

A =t * * *
Buée 3.4: Lap lai Bude 2 dé thu duoc Trp (X5, X", X1,
2 * N 2 LA A . a2 .
Buwdc 3.5: Pua cac ca thé {XZ’LL} va Tt vao thé hé hién tai dé tao ra cac
~ r.. b _Z
tap méi {Xz..} va {TFLT}-
Budc 3.6: Cap nhit sb thé hé: Gen = Gen + 1.
Buwdc 4: K&t thuc vong lap khi dic¢u kién dirng TC dugc thoa man.

Buwée 5: Tim fitness tot nhét: T;LT(P,fLY*' Brxn,’ lszC) €
—Z
{TFLT(XﬁfXﬁ»XIZ)}-
Trong do, diéu kién két thuc TC cua Thuat toan 3.2 tuong tu Thuat toan 3.1.
3.5. PANH GIA HIEU SUAT
3.5.1. Thiét 1ap théng sb
Céc thong s6 ciia h¢ théng RCD-CTR dugc liét ké trong Bang 3-2. Kich
thudc nodi dung (s;), ban kinh cum (R,), mat do IDU (p,) dugc tao ngau nhién
phan bb déu trong cac khoang [100, 500] Mbit, [10, 20] m va [0,01, 0,1]
IDU/m?. MBS dit tai (0, 0, 25) m, cac UAV ban dau cach MBS khoang gan
500 m theo phuong ngang vdi do cao tir 5-50 m. Cac tham s6 kénh truyen
trong mdi cum duoc chon ngiu nhién phan bb déu theo mot trong bén loai
moi trudng (ngoai 0, d6 thi, d6 thi day dac, do thi cao tang) theo Bang 2-3.
Bdng 3-2. Cdc théng s6 hé thong cho mé hinh RCD-CTR
Ky hiéu Gia tri
N, L, / 10 cym, 10 UAV, 10 ndi dung
ﬁO .31 yO min> hmax 10737 6) 49 10 m, 100 m
pual puzl. pM2l pM2l | 0 W, 5 W; 0 W, 10 W
S¢ 50%xtong dung lwong cia céc ndi dung
py2t pM2l pg 25%xNxPY2L (W), 25%xNxPM2! (W), 250W
PELY. PFLY pILY 300 W, 2000 W, 5000 W

min’ - max.
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B fio 10 MHz, 2 GHz, 103 W, 3 x 10%m/s, 1

N3RT, NFLT 3000 ca thé, 5000 ca thé

NRT, NELT 100 thé hé

PSRT | pELT 0.9 (khoang céach thé hé)

PRECI 6 bit biéu dién do chinh x4c ciia mdi bién thyc
PERT PeRT 0.9, 107'° (x4c suat lai/ dot bién ctia bai toan SRT)

PCF}'{T, PCF]%T, PELT 0.9, 0.9, 0.9 x4c suat lai cta bai toan FLT
dinax; V3 A123456 500 m; 1; 0.1, 104, 100, 100, 1, 0.1

3.5.2. Ket qua giai bai toan SRT biang GA
Két qua tai Hinh 3-3 dén ™[ |
Hinh 3-5 cho thay bai toan SRT |
hoi tu sau khoang 60-70 thé he, o %\
v6i kich thude quan thé toi uu Y,
khoang 3.000. Phuong phap d& g \
xuat dat d6 on dinh va d¢ chinh !
xéac cao hon so véi cac cdu hinh

1050.989

Fitness

quén thé thép O Lommmmmmome oo g T
NCS danh gia hi¢u suat —o—m
cua phuong phap SRT bang cach L pemy

-5000
0 10 20 30 40 50 60 70 80 90 100

so sanh vdi cac co ché dbi ching -
g6m NPA (khong ti wu cong
Hinh 3-3. Su hoi tu cua GA (SRT)

sut), NAL (khong tdi uu do cao) va NSC (khong tdi wu Iyra chon mode s,,).

Két qua cho thiy mé hinh dé xuét vuot troi vé tbe do phan phdi dit licu,
thoi gian phuc vu, ciing hiéu qua sir dung tai nguyén cong suét va luu tri.
3.5.3. Két qua giai bai toan FLT biang GA

Két qua tai Hinh 3-8 va Hinh 3-9 cho thay bai toan FLT hoi tu 6n dinh
sau khoang 70-75 thé hé. Kich thude quan thé t6i vu ndm trong khoang
5.000, dam bao do chlnh xéc va tinh 6n dinh cta thuét toan.

21100 Z 1100 —Trm|

s Np 1000 2 I Vax

o 1080 NF, = 3000 1080 i [ Ave
N, = 5000 ow = Min

1060

1040

Average sum rate
)
2
3

Average sum rat

10 20 30 40 50 60 70 80 90 100 1000 2000 3000 4000 5000

(a) Try sequence (a) Np

= @ - :
5 s

E g 4.

= ]

5 R 5 ¢

3. 3 35

£ £

§ 3 g 3

X L L : : =25

10 20 30 40 50 60 70 80 90 100 1000 2000 3000 4000 5000
(b) Try sequence (b) N

P

Hinh 3-4. On dinh ciia GA Hinh 3-5. Do chinh xdc ciua GA
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2000
I SRT [ NPA [T NAL I NSC

1500

=

(a) a

I SR I NPA [T NAL I NSC

E

Transmission time (s)
@

o

Hinh 3-6. Hi¢u nang theo o

7 .
é‘ NPA ——— NAL NSC|
< 3000
2
©
£ 2000
5
2
°
& 1000 |
o
2 |
0 05 1 15 2 25 3

A

2500

—6—Best
—#— Mean
—+— Penalty

2000

1500

0

Storage consumption (Mbits)

= 1 00 1

0
(a) a

B
< 6 [ SRT [ NPA [ TINAL I NSC
Ew
2
2
Qo
S 20
3
3
0
& 0 05 1 1.5 2 25 3
(b) &

Hinh 3-7. Tai nguyén theo o

Finess

1000 l

500 /

0 10 20 30 40 5 60 70 8 90
Generation

Hinh 3-8. Hoi tu cua GA

100

[ N, = 1000 N, = 5000 N, = 10000 |
4.5
= 4
I~ 35
3 3
25 L L L . L . L .
10 20 30 40 50 60 70 80 90 100
(a) Try sequence
5
[ Viax
451 [
—_ min
% Elbow
I~ 351
3
25
1000 2500 5000 7500 10000
()N,

P

Hinh 3-9. On dinh & chinh xac cua GA

) Két qua tai Hinh 3-10 va Bang 3-3 cho thdy ton tai mot s6 lugng UAV
t6i uu trong qua trinh phén phoi dir li€u, phu thudc vao gidi han cong suat
FLY Vige tang s6 luong UAV khong luon dan dén cai thién hiéu ning, ma

can lya chon cau hinh phu hop dé
dat thoi gian phuc vu tbi thiéu.
3.5.4. Quy dao bay

Cac két qua vé quy dao bay
tai Hinh 3-11 dén Hinh 3-16 minh
hoa kha nang thich nghi ctia hé
UAV bay dan trong cac kich ban
khac nhau, ddng thoi khing dinh
hiéu qua ctia m6 hinh RCD-CTR
trong t6i wu hoa phdi hop giira
UAV va MBS.

15 T ! S |
[ 1 UAV
[ 2 UAVs
3 uAvs
[ 4 UAVs
- 5UAVs
[I6 UAVs
10
e
I~
5 ]
IR N .
0

1 2 3 4 5 6 7 8 9 10 11 12
Total flight power F’;I.'Y (KW)

Hinh 3-10. Thoi gian phuc vu theo P}C*LY
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Bdang 3-3. Thoi gian phuc vu theo so liwong UAV (PFEY = SKW)
S6 UAV 1 2 3 4 5 6
Thoi gian phuc vu (s) 9.6135 | 43707 | 3.0509 | 3.1316 | 3.4108 4.1428

® UAVS 8| UAvs

® UAV6
s0l® uavs 50 -
Z(m) N Z(m)
25 4 1 - 25 L =
o = < = = L

0 - L o 1
00— = 200 (:‘;‘73;7;";" = /“m 200
h T = 100 2 — - - =

100 - = ) S " = B -
! B 0 S — -100
-100 — 00 " 00— g
Y (m) 200 h X (m) Y (m) -200 X (m)

Hinh 3-11. Quy dao bay t6i wu véi 3 UAV — Hinh 3-12. Quy dao bay véi 1 UAV

® UAVS ]
v o vAv3
50 o —-UAYS 50 J ® UAVS
Z(m) ! Zm) - , o uwe
25 N - 25 < :/
= ', <L

0l - L =
- - - . — i >
- = -
— = = 100
0

200

i 0 00 200 100~ ~ 100
¥ (m) X (m) Y (m) =0 0 X (m)

Hinh 3-13. Quy dao bay voi 2 UAV Hinh 3-14. Quy dao bay voi 4 UAV

Hinh 3-15. Quy dao bay véi 5 UAV — Hinh 3-16. Quy dao bay véi 6 UAV

KET LUAN
1. Két qua dat duoc
Luan 4n di dé xuit hai mé hinh TCP-3DF va RCD-CTR nhédm t4i uu
luru trir, phan phéi dit lidu va quy dao bay trong mang 6G IoT. Két qua cho
thdy cac mo hinh dé xuat cai thién dang ké dung luong hé thong, giam thoi
gian phuc vu va st dung hi€u qua tai nguyén. Pac biét, mé6 hinh RCD-CTR
v6i UAV bay dan dat hiéu qua vuot troi trong cac kich ban thuc té. Cac két
qua nghién ctru dugc cong bd trén cac hoi nghi qubc té [C2, C4, C5], tap chi
trong nude [C1] va qudc té [C3].
2. Cac huéng nghién ctru tiép theo
- Tiép tuc cai tién vé& mé hinh hé thong.
- Tiép tuc cai tién thuat giai toi vu dé nang cao do chinh xac va giam thoi
gian thuc thi, 4p dung cac phuong phap méi nhu hoc may va hoc tang cudng
dé dap g yéu cau thoi gian thuce toan dién.
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