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Tom tat

Két ni van vat (IoT) dang phat trién nhanh chéng trong nhiéu linh vuc cong nghiép, an ninh qudc phong, giao théng
thong minh, y t&, méi trudng. Trong bai bao nay, chung toi dé xuat mot mo hinh hé théng IoT sir dung thiét bi bay khong
ngudi 1ai (UAV) c6 gin may chi dién toan bién hd trg cho nhiéu thiét bi IoT véi co ché tich hop cam bién, truyén thong
va tinh toan (integrated sensing, communication, and computing - ISCC). Dé hd trg cho céc thiét bj IoT xtr Iy dit liéu,
chuing toi dé xudt két hop co ché thu niang lwong vo tuyén phéan chia theo thoi gian va chién lugc giam tai mot phan trong
hé thong nay, ddng thoi 4p dung phuong thirc thu nang luong vo tuyén va cam bién dong thoi. Sau d6, chung t6i xay dung
cac biéu thirc dang twdng minh chinh xac ciia xac suat cam bién va tinh toan thanh cong bang cach sir dung cac dac tinh
thdng ké ciia kénh khong day. Ngoai ra, chiing t6i khao sat anh hudng cia cac thong s quan trong nhu cong sudt phat,
b lwong thiét b IoT, ti 1& phan chia dir liéu, d6 16n dir liéu, d6 cao ciia UAV, bang thong, chu ky hoat dong va do rong
xung cua tin hiéu radar dén hiéu ning cia hé théng. Cudi cung, cac két qua phan tich cia ching t6i dwoc kiém chimg
bang phuong phap mé phong may tinh Monte-Carlo.

Tir khéa: két ndi van vat, tich hop cam bién, truyén thong va tinh toan, UAV, thu nang lugng vo tuyén, X4c suét cam
bien va tinh toan thanh cong

Abstract

The Internet of Things (IoT) is rapidly expanding across various sectors, including industry, national security, smart
transportation, healthcare, and environmental management. In this paper, we propose an IoT system model that leverages
unmanned aerial vehicles (UAVs) equipped with edge computing servers. This model supports multiple IoT devices
through an integrated sensing, communication, and computing (ISCC) mechanism. To facilitate data processing for these
IoT devices, we introduce a combined time-splitting radio energy harvesting mechanism and a partial offloading strategy.
Specifically, we utilize both radio energy harvesting and simultaneous sensing. Subsequently, we derive exact closed-
form expression for the probability of successful sensing and computing, drawing upon the statistical characteristics of
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the wireless channel. Furthermore, we investigate the impact of several key parameters on system performance, such as
transmission power, the number of [oT devices, data dividing ratio, data length, UAV altitude, bandwidth, duty cycle and
pulse duration of radar signal. Finally, our analytical results are rigorously verified through Monte-Carlo computer

simulations.

Keywords: Internet of things, integration of sensing, communication and computing, UAV, radio frequency energy

harvesting, probability of successful sensing and computing

1. Giéi thi¢u

Két ndi van vat (Internet of Things - IoT) la
chi viéc két ndi cac thiét bi vat Iy, cam bién, may
moéc, phuong tién, va cac vat dung khéac qua
mang Internet dé chiing c6 thé giao tiép va trao
d6i dir liéu v6i nhau. Cac thiét bi nay co thé la
moi thir tir dién thoai thong minh, déng ho thong
minh, tu lanh, xe hoi, dén cac thiét bi cong
nghiép hay cam bién méi truong [1]. Nho vao
két ndi nay, IoT gilip ting cudng sy tu dong hoa,
t61 wu hoa quy trinh 1am viéc va mang lai su tién
ich cho nguoi str dung. Cu thé, mot chiéc xe hoi
c6 thé ty dong cap nhat phan mém qua mang, cac
thiét bi gia dinh c¢6 thé diéu chinh nhiét do, anh
sang hoac tham chi bdo dong khi c6 su cd. Hé
thong tich hop cam bién, truyén thong va dién
toan (ISCC) 1a mdt trong nhirng dai dién cho sy
phat trién gan day trong mang di dong thé hé thir
sau (6G) [2]. M6 hinh méi ndi ISCC nay dugc
dé xuét co thé tiép tuc nang cao kha nang ctia cac
hé thdng IoT bang cach cho phép cac thiét bi
khong chi cam bién va truyén thong ma con xir
1y dir liéu cuc bo, dan dén cai thién hiéu qua va
dap ting duoc yéu cau thoi gian thuc. Trong do,
ky thuat dién toan bién di dong (Mobile Edge
Computing - MEC) cho phép cung cap céc dich
vu va tai nguyén tinh toan dén gan véi cac thiét
bi [oT hon [3-4]. Do do, ky thuat nay gitp gidam
dd tré, nang cao hiéu ning cho cac tmg dung di
dong va IoT. Viée trién khai thiét bi UAV trong
[oT di duogc dé xuat véi nhiéu vu diém nhu: Mé
rong vung phu song, tang cuong kha nang linh
hoat, giam chi phi trién khai, hd trg tinh hudng
khén cép, thu thap dir liéu va giam sat, cai thién
kha niang phan phéi va mang ludi tam thoi [5-6].
Tuy nhién, su phirc tap va mic do két nbi ngay

cang ting ndy giy ra cic van dé lam suy giam
hiéu ndng mang. Viéc ning cao hiéu nang cac h¢
thong IoT khong day tich hop cam bién, truyén
thong va dién todn dat ra mot thach thuc da
chidu. Sy hoi tu cla dit liéu cam bién, kénh
truyén théng va tai nguyén tinh toan tao ra cac
véan dé vé kién trac, xir Iy thong minh tai bién,
hiéu qua nang lugng, bdo mat va quyén riéng tu,
va quan Iy tai nguyén dong. Céc thiét bi IoT bj
han ché vé tai nguyén cong véi ban chat dong va
phan tan cua cdc mang nay cting nhu d§ nhay
cam cua dir liéu dugc thu thap va xtr Iy doi héi
cac giai phap moi va hi¢u qua.

Mot s6 kién trc mang ma&i st dung UAV tich
hop cac thanh phan ISCC, bao gdom ca kién tric
tap trung (ddm mAy) va phan tan (bién) dugc dé
Xut trong cac cong trinh [7-11]. Trong cong
trinh [7], céc tac gia di s dung c4u tric tinh todn
don tang (single-tier computing) va UAV dé cai
thién dg chinh xac cua dinh vi va pham vi cam
bién ctia mang xe c6 (V2X). Ngoai ra, nhom tac
gid con dé xuat mot chién luge gidam tai tinh toan
tiét kiém nang lugng cho qua trinh hop nhat dir
liu da cam bién trong mang V2X dugc hd trg
boi UAV. Mot hé thong tich hop ISCC cho cac
hé thdng cam bién dam dong di dong (MCS)
trong diéu kién han ché tai nguyén da chiéu duoc
dé xuét trong [8] c6 xem xét vé cac van dé phat
sinh trong qua trinh cam bién, xir Iy va truyén dir
liéu bang MCS. Cong trinh [9] nhim muc dich
giam thiéu téng nang luong ti€u thu cho viéc
cam bién, giao tiép véi tram gdc va chuyén bay
cia UAV. Ngoai ra, dbi v6i mdi muc tiéu, cong
trinh ndy ciing xem xét s6 lwong mau can thiét
dé dat dugc mot 161 huan luyén nhét dinh tai tram
gbe, s6 luong méu ty 1¢ thuan véi toc do thong
tin radar cia muc ti€éu. Trong nghién ctru cua
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[10], UAV tbi uu héa vecto dinh hinh chum tia
ctia n6 dé phuc vy ca diém truy cap (c6 may chir)
va muc tiéu. Mot diéu kién quan trong la cong
suét tin hiéu dén muc tiéu phai vurot qua ngudng
duoc xac dinh trude. Dé dat dugc diéu nay, muc
tiéu cua ho 1 t6i vu hoa ca dinh hinh chum tia
va quy dao cia UAV d tdi da hoa tong co trong
s6. Tong nay xem xét dit liéu trung binh dugc
chuyén tai dén cac diém truy cap, bi han ché boi
kha ning tinh toan cta ching va cong suét tin
hiéu trung binh tai muc ti€u. Dya trén diéu nay,
cac tac gia trong [11] kham pha mot van dé
tuong tu. Tuy nhién, UAV ciia ho c6 thé thuc
hién céc tinh toan cuc bd ngoai viéc chuyén tai
cac tac vu dén diém truy cap mat dat. Muc tiéu
cua ho 1a t6i da hoa hiéu qué nang lugng, dugc
dinh nghia 1a tong s bit dugc ca UAV va diém
truy cdp cdm nhén va tinh toan, chia cho muc
tiéu thu nang luong cuia UAV.

Tuy nhién, theo hiéu biét ciia chiing toi, viéc
trién khai thu nang lugng RF, cam bién va co ché
chuyén tai mot phan trong mang IoT st dung
UAV van chua dugce xem xét. Do d6, trong cong
trinh nay, chiing t6i tip trung vao vié¢c phan tich
hiéu nang cua mang loT khong day tich hop thu
ning lugng vo tuyén, cam bién, chuyén tai va
tinh toan. Nhitng dong gop chinh ctia bai bao nay
duoc tom tit nhu sau:

(1) Bé xuat mot mo hinh va mot giao thirc tich
hop thu ning lugng vo tuyén, cam bién, chuyén
tai va tinh toan cho hé thong IoT khong day sir
dung UAV véi co ché chuyén tai mot phan.

(2) Xay dung biéu thirc dang twong minh
chinh x4c ciia xac suat cam bién va tinh toan
thanh cong (SSCP).

(3) Khao sat anh hudng cua cac thong sb quan
trong nhu cong sut phat, sO luong thiét b IoT, ti
1€ phan chia dir liéu, d6 1on dir lidu, dd cao cua
UAYV, bang thong, chu ky hoat dong va do rong
xung cta tin hiéu radar 1én hiéu ning ctia hé théng.

Phan con lai ciia bai bao nay bd cuc nhu sau:
Muc 2 trinh bay moé hinh hé thong va kénh
truyén. Hiéu nang dugc phan tich trong Muyc 3.
Két qua sd va thao luan duoc trinh bay trong
Muc 4. Cudi cung, Muc 5 1a phén két luan va
hudng phat trién.

2. M6 hinh hé thong
2.1. M6 hinh h¢é théng va kénh truyén

Hinh 1 minh hoa mdt mo6 hinh hé théng IoT
ma chung t6i dé xut, trong d6 diém truy cap hon
hop UAV, ki hi¢u 1a U, duogc trién khai gan cac
thiét bi IoT dé cam bién muc tiéu S va cung cip
dich vu tinh toan cho céac thiét bi IoT. U dugc
tich hop may chu bién va dugc diéu khién lo
lung trén khong & do cao Ay phuc vu cho K thiét
bi IoT. U dugc trang bi cam bién dé thu thap
thong tin vi tri va trang thai cua cac thiét bi IoT,
dong thoi dong vai trd tram phat nang luong vo
tuyén cho céc thiét bi nay. Céc thiét bj IoT duoc
kihiéula Dy, k€ {1, 2, ..., K} sau khi nhan nang
luong tir U thi chuyén tai mot phan cho may chu
tai UAV dé xtr ly. Gia sir tat ca cac thiét bi khong
day déu dugc trang bi don ang-ten va hoat dong
& ché do ban song cong.
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Diém truy cap hdn hop UAV (U)

Muc tiéu (S)

Hinh 1. M6 hinh hé théng ISCC ToT

Gia sit UAV bay dén vi tri phuc vu céc thiét
bi [oT va thoi gian phuc vu dugc chia thanh cac
khdi thoi gian 7. Trong mdi thoi gian khdi nay,
cach thirc hoat dong ctia hé théng dé xuit nay
dugc mo ta nhu Hinh 2. Qua trinh hoat dong chia
thanh ba pha nhu sau:

e Pha 1: UAV phat tin hiéu RF d truyén ning
luong cho céc thiét bi IoT va dinh vi muc tiéu
trong khoang thoi gian 77/2.

e Pha 2: Tumng thiét bi IoT str dung ning luong
thu dugc dé tinh todn cuc bo va diéu ché tin hi¢u

nham phan xa va chuyén tai mot phan tac vu cia
minh cho UAV dé thuc hién giam tai thong qua
phuong thiic da truy cép phéan chia theo tan s
(FDMA) trong khoang thoi gian con lai. Pong
thoi, dir liéu cua cac thiét bi IoT duoc may chu
UAV xtt Iy song song tai may chu gén trén UAV.

e Pha 3: UAV gui tra két qua cho céc thiét b
IoT. Do d6 16n cua két qua nhé hon rat nhiéu so
v6i dir liéu chuyén tai 1én tir thiét bi IoT nén
chung t61 bo qua khoang thoi gian nay.

Cam bién muc tiéu

, Tra
Chuyén tai tac vu 1én UAV Két

Thu néng luong

Xir Iy dit liéu tai thiét bi ToT va tai | ¢ipp

qua

méy chit 6 UAV todn

»!

172

12

Hinh 2. Gian d6 hoat dong trong mdi thoi gian khi

Gia st cac kénh truyén khong day mit dat-
khong trung va khong trung-mit dit duoc mé
hinh héa bang hai loai fading: mé hinh fading c&
16n va fading ¢& nho. Trong d6, suy hao tong thé
ctia md hinh fading ¢& 16n - ¢6 xem xét x4c suét

ctia ca lién ké LoS va NLoS giira U va thiét bi
IoT thir k dugc tinh bang cong thc:

J, o —J .
+ LoS NLoS ] dUk , ( 1 )

Ly =1 J10s 150
[ 1+ﬂe(—7/’9u *#ﬂ)
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trong do, 6, =arcsin(h, /dy, ), d, 1akhoang cach
giita U va Dy, « 13 s6 mii suy hao dudng truyén,
p va B biéu dién cac tham s ¢ gié tri thay doi
dya trén moi truong Xxung quanh,
Jo 2, (4nf./c),Qe{LoS,NLoS} 1 tham s6 phu
thudc vao moi truong va tan sb séong mang f;, ¢
1a van do anh sang va ¥, biéu dién suy hao
duong truyén qua mirc cia qué trinh truyén LoS
va NLoS [12].

Heé s6 kénh truyén cua cac lién két U-S va U-
Dy duoc ky hiéu 1an lugt 13 hus va hur. Gia st
cac kénh truyén nay doc lap, dong nhét va tudn
theo fading Rayleigh, khi d6, ham phan phéi tich
ltly va ham mat d¢ xac suit cta do loi cong sudt
kénh tuong Gng |i|" va |h,|", 1an lugt 1

Fy(x)=1-¢ *, )

fo(x)= e, 3)

4
trong do, Z e {|hUS|2 , |hUk|2} , 4, 2E(Z).

2.2. M6 hinh tin hiéu

Trong md hinh hé thong dé xuit nay, tin hiéu
cam bién nhan dugce tai U trong pha 1 dugc biéu
dién nhu sau:

Vs :L &R hyshgy x +w, “4)
LUS

trong do, x 13 tin hiéu truyén tir U, thoa méan ky
vong E(|x[’)=1, gla h¢ sO phén xa ctia muc tiéu
S, Lys 1a suy hao dugc tinh twong ty nhu (1), Py
1a cong suat phat ciia U, w~CN(0,6°) 1a nhidu
trang cong Gaussian (AWGN) véi trung binh 12 0
va phuong sai 13 o*. Ti s6 cong sudt tin hiéu trén
cong suat nhidu (SNR) dé dinh vi muc tiéu la

AN RS

7, = : (%)

7 2 2
Lo L

; P
trong do, y, =U—°2, X = by [P

Tin hi¢u chuyén tai tir cac thiét bi IoT nhan
duoc tai U trong pha 2 nhu sau:

P
Ve = L_khUksk W, (6)

Uk
trong do, sk va Py 1an luot 14 tin hiéu va cong suét
r s A , w, ~CN (0, .
phat tu thiét bi IoT thu £., la
AWGN cling c6 trung binh 1a 0 va phuong sai la
. Ti s6 cong sut tin hiéu trén cong suit nhidu
khi nhén tin hi€u giam tai tai UAV la

_ Bl hy ’_ RY,

2 27
Lyo Lyo

(7

k

trong do, Y, =, I .
2.3. M6 hinh nang luong

Céc thiét bi IoT nhan dugc ning luong RF tir
U, nang lugng thu duogc tai thiét bi IoT duoc tinh
nhu sau:

B! = mP |l hy T _ BT Y., (8)
2L, 2L,

trong d6, 7 12 hé s6 chuyén héa ning lugng (0
< m < 1). Mot phan ning lugng dung dé xir 1y
dir liéu cuc bo, phén con lai dung dé chuyén tai
dir liéu 1én cho U.

Gia str d6 16n dir liéu cta thiét bi IoT th k 1a
Lk v6i cac bit doc 1ap co thé phan chia tuy ¥.
Nang lugng ti€u hao cho viéc xtr 1y cuc bg dugc
tinh nhu sau:

E/i :pkck(fk)zL(kl)s (9)

trong d6, pr biéu thi cho hé s dién dung hiéu
dung phu thudc vao kién trtic cia CPU trong cac
thiét bi 10T, cx va f biéu thi chu ky CPU dé tinh
toan mot bit va tan sé chu ky CPU cua thiét bi
IoT twong ung, L la do 16n dix li¢u xur ly tai
chd, 1’ =51, véi 51a hé sb phan chia dir lidu,
0<5<1. Cong suat phat dung cho viéc chuyén
tai duoc tinh nhu sau:

p MEL-ED_np, 26
T L T

Uk

(10)

2.4. M6 hinh gidam tdi va xur ly bién

Co ché giam tai mot phan duoc ap dung cho
hé théng nay. Do d6, phan xir 1y cuc bd tai thiét
bi IoT can thoi gian xir 1y 1a
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(1)
_ oL,
Ji

Trong khi d6, phan con lai dugc chuyén tai vé

I;

(11)

cho UAV vdi thoi gian truyén va xi 1y tai U lan
luot duogc tinh 1a

T :% (12)
CUZK:L‘,{Q’
e (13)

trong do, L =(1-9)L,, c, =%log(l+yk) voi W
1a bang thong hé thong; cu va fu twong tmg 1a
chu ky CPU d¢ tinh toan 1 bit va tan s6 chu ky
CPU cua U.

3. Phén tich hi¢u ning

Kha nang nhan biét chinh xac va hiéu qua muc
tiéu tiém nang cua toan bo hé théng phu thude
truc tiép vao chit lugng tin hi¢u radar nhan biét
ctia n6. Bé dinh lugng diéu nay, tdc do thong tin
cua tin hi¢u radar thu dugc tinh nhu sau [12-13]:

R =%1ogz (1+2Bwy,), (14)

Yo = Pr(yS > yy-max T/ T Ty } < gj Vke{l,2,..,K}.

Trong cong trinh nay, chiing to1 xay dung
biéu thirc dang twong minh cho xac suit cam
bién va tinh toan thanh céng nhu Dinh Iy 1.

| Hste g A T T
e MV en He zk’ Tkl<Eande<5’Vke{l’2""’K}
k=1

trong d6, Braa biéu thi ty 1 giita hé s6 chu ky hoat
dong cua tin hiéu radar » v&1 d) rong xung radar
 , dugc biéu thi bang B_, =v/w . Trong khi do,
B=W/K biéu thi bang théng kénh. Tc do nay co
thé dugc hiéu 1a thong tin tuong hd giita radar va
muc tiéu, do luong mirc dJ hi€u qua cia thiét bi
trong vi¢c trich xuét thong tin muc ti€u tur tin
hiéu phan hoi thu dugc. Viée tinh toan toc do nay
cung cip mot mo ta truc quan vé kha ning dinh
vi. Cu thé, dé xac dinh duoc muc tiéu thi tbe do
thong tin cua tin hi¢u radar thu dugc phai thoa

man:
R, =%log2 (1+2Bwy,) > R,. (15)
2Ry,
20 ]
Sy >y, =—, 16
}/.\ ]/th 2Ba) ( )

Xac suat cam bién va tinh toan thanh cong
(Successful Sensing Computation Probability -
SSCP), ky hiéu 1a ¥, dugc xay dung nhu mot
tidu chi quan trong dé danh gia hiéu nang ctia hé
thong nay. N6 dugc dinh nghia 13 xac suét dinh
vi thanh céng dong thoi hoan thanh vige xir 1y
toan bo dit liéu tir cac thiét bi IoT trong do tré hé
thong t6i da cho phép 7/2 nhu sau:

(17)

Pinh Iy 1.

Xéc suét tinh toan thanh cong ¥, cta hé
thong dé xuat duoc tinh theo biéu thic:

Y sser = (18)
T .. T
0 Tklz—orTU 2—,ke{1,2,...,K}

2 2

2Ry )

, i 1 N 2F! 24,

trong do, y, =——, A, =——— 0=, b=—F 5,6 =2" -1
' 2Bw 2a, L, o
Chtrng minh.

Xem phan ching minh & Phy luc A.
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4. Két qua s6 va thao luin

Trong phan nay, ching t0i cung cp cac két
qué sd vé tidu chi danh gia xac suat cam bién va
tinh todn thanh cong (¥, ) thong qua mo6 phong
Monte Carlo bang cong cu Matlab. Céac tham sb

md phong dugce liét ké trong Bang 1. Dé don
gian chung t6i gia thiét cac thiét bi IoT c6 cung
hé s chuyén doi nang lugng, cung dd dai dir li¢u
can xir 1y va hé sb phén chia tac vu.

Bang 1. Cac théng s6 md phong

Thong so Ky hiéu Gia tri st dung
Moi trudng truyén Rayleigh
Tham s phan b Rayleigh As, Ak 1
Hé s6 suy hao duong truyén a 2
Tham s6 méi trudng u B 9.6177,0.1581
Hé sb phan xa & 0.8
Tan s6 sdng mang fe 10°Hz
D6 rong xung tin hi¢u radar 0] 20us
Chu ky hoat dong cua tin hi€u radar ) 0.01-0.02s
Toa d6 cua UAV (xu, yu, hv) | (0,0, 5)
Toa d0 cia muc ti€u S (xs, ys, hs) | (15,15,0)
Toa do cua Dx (XK Yk, i) | ([1020 15 25],[10 10 10 10], 0)
S6 lugt mo phong 10°
Cong suit phat cia UAV Py 0-40 dB
Tan s6 CPU ciia cac thiét bi [oT vaméay cha U | fi, fu 10%, 10° Hz
S6 chu ky CPU xu ly 1bit dit lidu Ch, CU 2,2
Do rong bang thong kénh w 100MHz
Heé sb chuyén d6i nang lugng RF n 0.8
Do dai cac dir liéu L 1Mbs
Hé s phan chia dit liéu ) 0.3
Thoi gian khoi T Is
Ngudng téc dd cam bién Run 1kbps

Hinh 3 md t4 sy anh huéng cua SNR phat
trung binh 7 va s6 thiét bi IoT 1én hidu ning ctia
hé thong theo tiéu chi ¥,. Quan sat tir hinh nay

ta thay, W, tang khi ting cong suét phat. Dong
thoi, khi tang s lugng thiét bi IoT thi hiéu nang
ctia hé thong giam.

&

Phan tich

# MO phdng N=2
© M3 phdng N=3
M phdng N=4

0 5 10 15

25 30 35 40

SNR phat trung binh (dB)

Hinh 3. ¥, thay doi theo SNR phat trung binh 7 va s6 thiét bj [oT
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Hinh 4 va 5 mo ta sy thay d6i ciia ¥,
theo hé s6 phan chia dir liéu va do 16n dir liéu.
Tir hinh 4 va 5 ta thiy, W, ting khi hé s6 phan
chia dir lidu tang va d¢ 16n dir lidu giam. Diéu
nay dugc gidi thich nhu sau: dir liéu dugc phan
chia thanh 2 phan, mét phan xir 1y tai chd va
phan con lai xir 1y tai may chi cia UAV. Méy
chi UAV thuong c6 kha nang xtr ly 16n hon
nhiéu so véi cac thiét bi IoT nén khi phan chia
dir liéu cang nhiéu cho may chit UAV thi d& dép
mg duogc yéu cau thoi gian thyc. Trong khi do,
dd 16n dit li¢u 16n thi lam tang thoi gian xtr Iy va
lam giam hiéu ning hé thong. Tuy nhién, theo
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Hinh 5, néu tang d0 lon dir li¢u 1én rat 16n (viduy,
60Mbits hodc 70Mbits) ta thay khi ting hé sb
phan chia dir liéu dén mot gia tri ngudng thi s&
dan dén may chit UAV khong xir 1y kip, din dén
khong dap tmg duoc yéu cau thoi gian thuc va
lam giam hiéu nang hé thong. Cu thé, trong Hinh
5 voi do 16n dir liéu 1a 40Mbits thi ngudng giad
tri hé s6 phén chia dir liéu 1a 0.8; v&i d6 16n di
liéu 1a 60Mbits thi ngudng gia tri hé s6 phan chia
dit lidu 1a 0.7. Diéu nay cho thay viéc phan chia
dir liéu hop 1y giup cai thién hiéu ning cam bién
va do tré cta hé thng.

0.95

0.65 -

0.6 -~

Phén tich

® M6 phong L=1Mbit
O M6 phéng L=5Mbit
M6 phéng L=10Mbit

0 01 02 03 04

0.5

0e 07 08 09 1

Hé s phan chia da ligu

Hinh 4. W, thay ddi theo hé s6 phan chia dit lidu va do 16n dit liéu

10°

Phén tich

# Mo phdong L=40Mbit
O M6 phdéng L=60Mbit
Mé phong L=70Mbit
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0.1 0.2 0.3 0.4

0.5

0.6 0.7 0.8 0.9 1

Heé s phan chia di lidu

Hinh 5. ¥, thay ddi theo hé s phan chia dit li¢u va d6 16n dit ligu
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Hinh 6 mo ta su thay doi ciia ¥, theo do
cao cua UAV va d¢ rong bang thong. Quan sat
hinh nay, ta thdy ¥, c6 chiéu huéng ting
nhanh khi d6 cao ciia UAV thay dbi tir 0 dén 10.
Khi do cao ciia UAV tiép tuc ting thi duong
cong di xudng, tirc ¥, giam. Két qua nay dugc
gii thich nhu sau: khi d¢ cao cia UAVgiam vé
0, mic du suy hao dudng truyén giam nhung do
su che chén cua chudng ngai vat ddi véi tin hiéu
truyén voi NLoS chiém wu thé nén ¥, giam.
Khi d6 cao cuia UAV ting cao, tuy LoS chiém
uu thé, nhung khoang céch truyén xa lam suy
hao dudng truyén ting, din dén ¥, giam. Nhu
vay, tdn tai mot gia tri do cao cua UAV can béng
gitta LoS, NLoS va suy hao dudng truyén lam
cho dat gia tri 16n nhét, chéng han Ay = 10m.
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Ngoai ra, tir Hinh 6 ta ciing thay rang bang thong
cang cao thi hiéu ning cua hé thdng cang duoc
cai thién.

Hinh 7 mo ta W, thay ddi theo chu ky hoat
dong va do rong xung cua tin hi€u radar. Ta co
thé thay, W, tang theo chu ky hoat dong radar
cao hon. Nguoc lai, hinh ciing cho thiy SSCP
giam khi thoi luong xung radar dai hon. Diéu
nay cho thiy bing tan radar rong hon cho tin
hiéu radar dan dén hiéu suat cam bién t6t hon.

Cudi cung, quan sat két qua tir cac Hinh 3-7,
ta thiy két qua phan tich khép voi két qua mo
phong. Diéu nay khang dinh tinh ding dan cia
két qua phan tich.

0.95
09
0.85 [
&
=
08
0.75
Phan tich
#® Mo phong W = 20MHz
07 © MG phong W = 40MHz
5 Ma phéng W = 60MHz |

0 10 20 30 40

50

60 70 80 90 100

Do cao cla UAV

Hinh 6. ¥, thay dbi theo do cao ciia UAV va d6 rong bing thong

L

&

0.84

0.83

0.894 : —

Phan tich

# Mo phong w=10pus
Q Mo phong w=20us
Mo phong w=50us

0.01 0.011 0.012 0.013 0.014 0.015 0.016 0.017 0.018 0.019 0.02
Chu ky hoat dgng cua tin hiéu radar (s)

Hinh 7. W, thay d6i theo chu ky hoat dong ctia tin hiéu radar va d6 rong xung
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5. Két luan va huéng phat trién

Bai bio nay di trinh bay két qua phan tich
hiéu nang ctia hé thong tich hop cam bién, ISCC
cho mang IoT khong day véi co ché chuyén tai
mot phan st dung UAV va thu ning luong vo
tuyén. Dé danh gia hi¢u nang h¢ théng, chiing t6i
da xay dung cac biéu thirc dang twdng minh
chinh x4c cta xac sudt cam bién va tinh todn
thanh cong bang cach sir dung cac dic tinh thong
ké cua kénh khong day. Ngoai ra, chiing t61 da
khao sat anh hudng cia cac thong sd quan trong

PHU LUC A: Ching minh Pinh 1y 1.

T
lPSSCP:Pr(ys>yth’max{nl’Tko’le}<Eja Vk e
S T LT
TPt 7> pae <o A<D <
k=1 2 ¢, 2 2
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nhu cong suit phat, s6 lugng thiét bi IoT, ti 1
phan chia dir li€u, d¢ 16n dir li€u, d§ cao cua
UAYV, bang thong, chu ky hoat dong va do rong
xung cua tin hi¢u radar dén hiéu nang cua hé
thong. Két qua cho thiy, dé cai thién hiéu ning
h¢ thong, chiing ta co thé ting cong suat phat,
bang thong kénh truyén, va bang tan radar, dong
thoi chon gia tri phu hop cua ti 1€ phan chia div
liéu va do cao UAV. Hudng nghién ctru tiép
theo, chiing toi xem xét cam bién da muc tiéu va
ap dung co ché da truy cap phi truc giao cho hé
thong ISCC nay.

{1,2,...K}

K (2)
HPr 7/S>7/th’ KLk <15 Tkl<zaTL Vke{ 5K}
_ )4 Wlog(l+y,) 2 2
0 T/ zz,T; Zz,ke{l,z,...,K}
£ T T
Pr(y, >7,)[[Pr(ri >¢) T, <Eand TS <5,Vke {1,2,...K}
— k=1
0 T, >L or Ty Zz,ke{l,2,...,K}
2 2
gy, X’ K ny 2E; T . T
) Pr[ L%S > 'hjlk_[lpr[ﬁo kz_Tijk:;_zYk_ck>0 , T;<EandTu <5,Vke{1,2,...,K}

T T
T! Zzor TS Zz,ke{l,z,...,K}

Pr[ > US}/’thﬁ[PrY>A T <Land T <= Yk e {1,2,...K}
L k 2 U 2 > EEE RRRT)
0 T! Zgor TS Zg,ke{l,z,...,K}
K
[1—F ( / us Y J]H[ . ] T/ <§andTUe<§,‘v’ke{l,2, K}
_ k=1
0 T,fzzorszz,ke{l,Z,...,K}
2 2
b, ++b* +4a.c 2F 261
trong do, A, =——————, 4, =" o b, = ,¢,=2"" —1. Thay cac ham CDF tuong tng theo biéu
2a, L, ;.0

thire (2) ta duoc két qua cudi cung. binh Iy 1 da duoc chimg minh.
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