HK Ting, T.V.Truong, HP.Binh | Tgp chi Khoa hoc va Cong nghé Bai hoc Duy Tan 4(59) (2023) 3-11 3

TAP CHI KHOA HOC & CONG NGHE AT HQC DUY TAN TRUONG DAT HOC DUY TAN

DTU Journal of Science and Technology 4(59) (2023) 3-11 DUYTAN UNIVERSITY

Hiéu ning mang cam bién khong ddy sir dung k¥ thuat truyén thong
tan xa nguoc va cac co ché lya chon

On performance of wireless sensor network using ambient backscatter communication
technique and selection combining

Ha Kim Tung?, Truong Vin Truong®?”, Ha Pac Binh®P
Ha Kim Tung®?, Truong Van Truong®", Ha Dac Binh?P

aKhoa Di¢n - Pién tu, Truong Pai hoc Duy Tdn, Pa Nang, Viét Nam
aFaculty of Electrical - Electronics Engineering, Duy Tan University, Da Nang, 550000, Vietham
bVién Nghién ciru va Phat trién Cong nghé Cao, Pai hoc Duy Téan, Pa Nang, Viét Nam
bInstitute of Research and Development, Duy Tan University, Da Nang, 550000, Vietnam

(Ngay nhdn bai: 03/5/2023, ngay phdn bién xong: 01/6/2023, ngay chdp nhdn dang: 05/7/2023)

Tém tit

Bai bao nay khao sat mot mo hinh mang cam bién khong déy sir dung k§ thuat truyén thong tan xa nguoc va cac co ché
lwa chon an-ten thu va lya chon nut cam bién. Duya vao cdc déc tinh thong ké ciia kénh truyén khong day, chung toi xay
dung cac bleu thirc dang tuong minh cua xac suét dimg hé thdng. Duya trén cac biéu thirc nay, chung t6i thu dugc cac
két qua sb vé& xac suat dung hé thong theo cac tham so chinh cua hé thong 1a cong suét phat, sb luong an-ten, va s6
luong nut cam bién duge cung cip dé danh gia sy hoat dong cua hé théng. Cudi ciing, chung t6i kiém chimg tinh ding
dén ctia biéu thirc phén tich bang md phong Monte-Carlo.

Tir khéa: Mang cam bién khong day; truyén thong tan xa nguoc; xac suat ding hé thong; két hop lua chon.
Abstract

This paper investigates a model of a wireless sensor network using ambient backscatter communication technique and
receiving antenna as well as sensor node selection schemes. Based on the statistical characteristics of wireless channels,
we derive the exact closed-form expression of the system outage probability over Rayleigh fading channels. According
to this expression, we obtain numerical results to gain insight into the behavior of this considered system versus the
main parameters of the system, such as transmit power, number of antennas, and number of sensor nodes. Finally, we
verify the correctness of the analytical expression by Monte-Carlo simulation.

Keywords: Wireless sensor network; backscatter communication; system outage probability; selection combining.

1. Giéi thi¢u dap ung tét hon nhu cau ngudi dung véi cac
yéu cau két ndi voi sé luong Ion thiét bi, téc do
truyén dir liéu va hiéu qua sir dung ning luong
cao, vung phu séng rong, d6 tin cay cuc cao va

Hién nay gigi hoc thuat va céng nghiép da
bit dau cudc dua nhim dén mot thé hé mang
thong tin di dong cua tuong lai nhu mang sau L, .
5G (B5G) va mang thé hé thir sau (6G) nhim d6 tre thap [1-2]. Trong boi canh IoT, cong
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nghé khong day giai quyét hai thach thuc la
pham vi giao tiép va ning luong cua thiét
bi. Xem xét hai khia canh chinh nay, cic cong
nghé moida dugec dé xudt, co thé list ké
nhu: nhan dang ddi twong bang tin sb vo
tuyén (RFID) [3], LoRaWAN [4], Zigbee [5],
va Bluetooth [6].

Mot cong nghé gan ddy va ddy hira hen tiém
ning giai quyét nhitng han ché vé pham vi phu
song va gilp tiét kiém ning luong 1a truyén
thong tan xa ngugc xung quanh (ambient
backscatter communication - AmBC) [7]. Céng
nghé nay cho phép truyén thong cong suét cuc
thap, dé cac thiét bi co thé ty cung cdp ning
luong bang cach sir dung nang lugng thu duoc
tir song tan sd vo tuyén (RF). Tuong tu, voi
cong nghé RFID, cac thiét bi tan xa nguoc xung
quanh truyén dir liéu theo cach thu dong nhung
cling khai thac soéng dién tir (EM) xung quanh.

Budc dot pha voi cong nghé truyén thong
khong day theo k¥ thudt AmBC dang “tai su
dung” song dién tur tir moi truong xung quanh.
Cu thé, trong mang cam bién khong day
AmBC, mdi nut duoc g:fm mot thiét bi c6 tén
thé (tag) diéu ché song dién tir (RF) dén tir cac
nguon RF xung quanh, chiang han nhu thap
truyén hinh (TV), diém phat séng wifi, tram
géc mang di dong, v.v... Tin hiéu do ngudn
song dién tir xung quanh phat ra s& duoc didu
ché va dép ung cac tiéu chudn cua cong nghé
ngudn phat. Tuy nhién, thé tan xa nguoc xung
quanh diéu chinh tin hiéu xung quanh vdi toc
d6 cham goi 1a diéu ché thé. Mot bo thu danh
riéng cho AmBC, con dugc goi 1a bd doc, cod
thé phat hién thong tin duoc diéu ché gui tir thé
trong tin hiéu xung quanh thu duoc. Cach trién
khai don gian nhét 1a thé diéu chinh bién do cta
tin hi€u xung quanh vd&i hai trang thai khac
nhau: & mot trang thai (chang han phat bit <1”),
thé phan xa song xung quanh theo moi hudng,
tuc 1a thé phan xa ngugc tin hi¢u. O trang thai
thir hai (ching han phat bit ‘0’), th¢ gan nhu
trong subt dbi vé6i tin hiéu dién tir va hau nhu

khong anh huwéng dén tin hiéu xung
quanh. Bang cach chuyén dbi dién tir tir trang
thai nay sang trang thai khac, thé diéu chinh tin
hi€u tan xa ngugc theo thong tin dé truyén, dan
dén cac bién thé muc cong sudt cua tin hiéu
xung quanh & phia dau doc. T cac bién thé
nay, dau doc c6 thé giai ma tin hiéu dé khoi
phuc théng tin guri tir thé. Nhu viy, truyén
thong tan xa nguoc 1a k¥ thuat cho phép mang
thé hé tiép theo két ndi van vat (IoT) dap tng
duoc yéu cau két ndi sd luong 16n thiét bi véi
nang luong thap va chi phi trién khai thap.

Cé4c cong trinh nghién cru vé AmBC bao
gdm ca phan tich 1y thuyét va dya trén mé hinh.
Luu va cong su lan dau tién tao ra nguyén mau
ctia hé thong AmBC thu ning luong tir cic tin
hiéu TV xung quanh va c6 thé két ndi véi tde do
truyén 1 Kbps & ca méi trudng trong nha ciing
nhu ngoai troi [8]. Cong trinh [9] da tao ra mdt
b6 thu nhiéu dn-ten c6 thé phan biét tin hiéu tan
xa ngugc voi tin hiéu ngué)n RF truc tiép dén,
trong khi van duy tri téc do dir liéu lén t6i 1
Mbps ma khéng can thong tin udc tinh kénh.
Cac tac gia trong [10] d3 xem xét hé thong
AmBC véi dau doc nhiéu dn-ten va tién hanh
phan tich dimg hé thong bang cach gia dinh ky
thuat phan tdp MRC tai dau doc. Trong cong
trinh [11], x4c suat dimg hé théng AmBC co ban
dugc phan tich trén cac kénh Gaussian phtec.

Khéc véi cac cong bd néu trén, trong bai bao
nay chung t6i phén tich hiéu ning ctia hé thong
mang cam bién khong day si dung k¥ thuat
AmBC va co ché két hop lva chon (lya chon
an-ten thu va lya chon nut cam bién) dua trén
dic tinh théng ké ciia kénh truyén pha-dinh
Rayleigh bang cich tim ra cac biéu thirc dang
tuong minh cta xac suit dimg hé thong. Pong
g6p khoa hoc cua bai bao nay nhu sau:

e Dua ra mét mo hinh hé théng mang cam
bién khong day s dung k¥ thuét truyén
thong tan xa nguoc AmBC. Pé xuit giao
thirc hoat dong cua h¢ théng dua trén co
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ché Iya chon an-ten thu va lya chon cum
trwong cho cum cam bién.

e Xay dung biéu thirc dang twong minh cua
x4c suat dimg hé théng dé danh gia hiéu
ning cho hé thong trén.

e Thuc hién mé phong va khao sat dua ra
két qua sb va danh gia sy anh hudng cua
mot s& thong sb chinh nhu coéng sut
phat, s6 lwong an ten va sé lwong nit cam
bién dén hiéu ning ctia hé théng. Qua d6
khang dinh hiéu qua cua giai phap st
dung k¥ thuat truyén thong tan xa nguoc
AmBC ciing nhu céc co ché Iya chon dn-
ten thu va nit cam bién.

Phan con lai ctia bai viét nay duoc to chuc
nhu sau: myc 2 trinh bdy mo hinh hé théng;
muc 3 trinh bay phan tich hiéu nang cia hé
thdng theo xac suat dimg hé théng; muc 4 cung
cap két qua sd va thao luan. Cudi cung, chiing
t6i két luan noi dung nghién ciru trong muc 5.

2. M6 hinh hé théng

Chung toi khao sat mot mo hinh hé thong
mang cam bién khong day sir dung k¥ thuat

)

. 1

» @ Niit cam bien !
’ S !

truyén thong tan xa nguoc va co ché lya chon
phat va thu nhu Hinh 1. Hé théng niy bao gom
mot diém phat song vo tuyén BS, N thiét bi cam
bién Si v6i i e {I, 2,...N} va mot bd gom c6
gén dau doc R. Gia thiét, tram vo tuyén va tit ca
cac thiét bj cam bién déu duoc trang bi don an-
ten va hoat dong & ché do ban song cong. Riéng
bd doc R duogc trang bi K an-ten va cling hoat
dong & ché d6 ban song cong. Bo gom thu thip
thong tin tir cac nit cam bién va chuyén vé tram
trung tdm dé xur 1y va phuc vu cho nhu ciu cta
nguoi diung. Trong khuon kho nghién ctru nay,
chung t6i chi tip trung vao khao sat phan hé
thong mang cam bién khong day st dung ky
thuat truyén thong tan xa nguoc. Ching toi gia
dinh rang khoang cach giita cic nut cam bién 1a
khong dang ké va tat ca cac nat cam bién tan xa
nguoc dong thoi vé phia b doc. Do do, tai bat
ky thoi diém nao, tin hiéu tir nat cam bién ciing
nhu tram vo tuyén déu dén duge bd doc. Gia
thiét bo doc co day du thong tin trang thai kénh
truyén tir tram vo tuyén va tir cac cam bién dén
b doc. Ngoai ra, ching t61 xem xét cac kénh
truyén cta hé thong 1a cac kénh fading Rayleigh.

S v
v

®
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SN e
-

Mang khong day
truyén théng

‘ ' Tmng tam xir v

Hinh 1. M6 hinh h¢ thong mang cam bién khong day st dung AmBC
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Chung t6i dua ra giao thitc cho hé théng

theo mo hinh Hinh 1 nay nhu sau:

e Buoc 1. Can cu vao thong tin kénh
tmyén, bd doc lua chon dn-ten tot nhat
trong K an-ten dé thu tin hiéu va lya chon
dugc cum truong S™. Gia thiét lya chon
cum trudng nay duoc dua ra la do cac nut
cam bién duoc trién khai & gan nhau dé
giam sat cic thong sb giéng nhau. Tiéu
chi lya chon cum trudéng trong cong trinh
nay 1a chon nat cam bién c6 kénh truyén
tdt nhat tir nat cam bién d6 dén bd doc.

e Budc 2: CAc thiét bi cam bién S thu thap
di¥ 1iéu cua moi truong va thu nang lugng
tir tram vo tuyén BS. Sau d6 diéu ché cac
bit thong tin sb theo song dién tir dén tir
tram vo tuyén BS.

e Budce 3: Sau khi diéu ché xong, cum
truong S” duoc lwa chon trong N niit cam
bién S guri cho bo doc R théng qua hinh
thirc tdn xa nguoc.

e Buoc 4: Bo doc nhan dugc thong tin va
gui dir liéu cam bién nhén duoc vé trung
tam xur 1y.

Noi dung tiép theo, chung t6i trinh bay cac
budc cua giao thirc trén bang cac mo hinh toan
hoc cu thé nhu sau:

Khong mat tinh téng quat, ta gia thiét cum
trudng dugc chon la nat cam bién tha n. Gia st
tin hi¢u RF tor mé1 truong xung quanh (tram vo
tuyén + nhiu tir moi trudng) dé biéu dién bit
thr m dugc ky hiéu la s[m] va tin hiéu nhan
dugc ¢ nat thir n duoce ky hiéu 1a xa[m] va c6
thé duoc biéu dién nhu sau:

X,[m] = h,s[m], 1)
trong d6, h, 1an luot 1 hé s6 kénh truyén tir BS
dén nut cam bién S va tuan theo phan b

Rayleigh voi tham sé 1a 4. Gia st, s[m] 1 tin
hiéu c6 trung binh bang 0 va phuong sai 1a Ps.

Dit dir liéu nhj phan tir nat cam bién tha n 14
bn. Do d6, tin hiéu tan xa nguoc ctia thiét bi
cam bién dugc viét 1a

X, [m] = nb,[m]x,[m], (2)

trong d6, 712 hé sb tan xa, || < 1.

Tin hiéu nhan duoc tai bd doc la:

Yo[ml= fs[m]+g,x,[m]+w{m]

trong d6, w[m] 1a nhidu tring cong Gaussian
(AWGN) c6 trung binh bang 0 va phuong sai
la No.

Do ky thuat truyén thong tan xa nguoc co
tbc do truyén thap hon rat nhiéu so véi truyén
khong day truyén thong, cho nén chiing ta xem
b,[m] khong doi cho mdi M bit cta ky tu lién
tuc cta s[m]. Mdi ky tuy ma bd doc R nhan
dugce mo ta bang vector nhu sau:

y =[vill vi[21 .. y.mI] . @

Ky hiéu * mo ta két qua nhan dugc ¢ an-ten
tdt nhat trong K an-ten cua bd doc.

Nhu vay, tmg vai gia tri tung bit cliia cac ky
tu thu duoc, ta biéu dién tin hiéu & bd doc nhu
Sau:

[ fdml+wiml,  bml=0
YIMI=1 0t 4 pg,h,)sim]+ wiml, b, [m]=1
5)

O bo doc c6 trang bi mach khir nhidu lién
tiép (SIC) thuc hién khir nhiéu lién tiép dé giai
ma tin hi€u tan xa ngugc khi cé tin hiéu RF
[12]. Ti s tin hiéu trén nhifu tic thoi (SNR)
cua tin hi¢u nhan dugc tor cum trudng dén an-
ten tot nhat duoc biéu thi nhu sau:

71fP, b, =0

7*:{ 2— 21 2
h|, b,=1
ny1gllh] (6)

_ P .
Trong d6, 7= N duoc goi la SNR phat
trung binh cta cum truéng. Luu ¥, & day ta bo
cac ky hiéu chi s n vam dé d& doc.
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Véi fading Rayleigh, ham phan bd xé4c suit
tich lity (CDF) va ham mat do xac suit (PDF)
cua | f 2| g3, |hF 1an luot nhu sau:

Foo (%) _[1—eZJK :
(7)
For (X) = [1_6;2J :
(8)
F|h|2 (%) zl_eig’ (9)
trong do,

A=EB[|fF]4=B[lgf | 4=B[hf]  vdi
E[.] 1a toan tir ky vong.

o

T
1-e ¥

3. Phan tich hi¢u ning

Trong phan ndy, ching t6i phan tich hiéu
ning hé théng théng qua viéc xay dung biéu
thirc dang tuong minh cua xac sudt ding hé
théng mang dé xuit.

Xéc suit dimg hé théng (@) dugc dinh nghia
1a x4c sudt ti s6 tin hiéu trén nhidu tirc thoi thap
hon ngudng hoat dong cho trudc pun > 0, tuc la:

®:Pr(7*<7th)' (10)

Chung t6i c6 dugce Dinh 1y 1 nhu sau:

DPinh Iy 1. Bbi v6i hé thong mang cam bién
khong day dé xuét, xac suat dimg hé thong
duoc tinh theo biéu thirc dang tudng minh sau:

j b0
, )

N NI(-1)' Vil
220 —i)!\/

2_1(1(2\/ y‘“iz_], b=1
AHAny YAy

trong do, x,(.) la ham Bessel hi€u chinh loai 2 bac 1 (modified Bessel function of the second kind

and 1st order).
Churng minh: Xem Phu luc A.

4. Két qua s6 va thao luin

Trong phan nay, chiing toi trinh bay két qua
s6 cua xéac suat dimg hé théng mang cam bién
da dé xuat. Chung t6i stir dung phuong phap méo

Bang 1. Céc thong s6 mo phong

phong Monte-Carlo dé kiém tra tinh chinh xac
ctia viéc phan tich hé théng. Cac thong s6 ding
trong viéc mo phong chi tiét nhu tai Bang 1.

Thong s6 Ky hiéu Gia tri sir dung
Moi truong Rayleigh
Tham sb phan bb Rayleigh A, A2, A3 1,1,1
Ti s tin hiéu trén nhiéu phat trung binh ¥ -10 — 20 dB
Hé sb tan xa n 0.5
Sé an-ten cua b doc K 1,35
S6 ndt cam bién N 1,3,5
Nguong dinh trudc J4h 10
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4.1 Anh hwong ciia SNR trung binh va sé
lwong an-ten

O Hinh 2, chung t6i khao sat anh hudng cua
ti s6 tin hiéu trén nhiéu phat trung binh va sb
lwong dn-ten dén hiéu ning cua hé thdng théng
qua xac suat dimg hé théng cho truong hop gii
bit b = 0. Tir do thi, chung ta c6 thé thiy ring
khi SNR trung binh ciing nhu s6 lugng dn-ten
ctia bd doc tang 1én thi xac suit dimg hé thong
giam. Piéu nay c6 nghia 14 chung ta co thé ting
hiéu ning ctia hé théng bing cich ting sb
lugng an-ten cua bd doc hodc nang cao cong
sut phat.

O Hinh 3, ching t6i khao sat anh huéng cua
ti s6 tin hiéu trén nhidu phat trung binh va sb
luong an-ten dén hiéu nang cua hé thong thong
qua xac suat dimg hé théng cho truong hop gii
bit b = 1. D& dang nhan thiy ring khi SNR
trung binh tang 1én thi x4c suat dimg hé thong
giam. Tuy nhién, khi s§ luong an-ten cua bo
doc tiang 1én thi x4c suit dimg hé théng ciing c6
xu hudong khong ddi. Lac d6, do bd doc chi
nhan tin hiéu tir thé, von c6 khoang cach dén bo
doc 1a khong dbi. Vi vay, viéc ting hay giam s6
lugng an-ten & bd doc khong anh hudng dén
xéc suat dimg cila hé thong.

-10 -5 0

5
7(dB)

Hinh 2. Xac suat dimng hé thong theo SNR phat trung binh va sé an-ten K véi b = 0.

18 ® & @ @

09

0.8

0.7

0.5

0.4

-10 5 0

5

7(dB)

Hinh 3. Xéc suit dimg hé thong theo SNR phat trung binh va sb an-ten K véi b = 1.
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4.2 Anh hwong ciia SNR trung binh va sé
lwong nit cam bién

Twong ty, Hinh 4 va Hinh 5 trinh bay két
qua khao sat anh hudng ctia SNR trung binh va
s6 lwong nut cam bién.

O Hinh 4, chiing t6i khao sat anh hudng cua
ti s6 tin hiéu trén nhifu phat trung binh va sb
luong thiét bi cam bién dén hiéu nang cua hé
thong thong qua xac suat dung hé thdng cho
truong hop giri bit b = 0. Tir d thi, chung ta c6
thé thdy rang khi SNR trung binh ting Ién thi
xéc suat dimg hé théng giam. Tuy nhién, khi s6
luong thiét bi cam bién ting 1én thi xac suat
dimg hé théng khong déi. Két qua nay cho

chung ta thiy ta co thé ting hiéu ning cua hé
thng bang cach ting cong suét phat.

O Hinh 5, ching t6i khao sat anh huéng cua
ti s6 tin hiéu trén nhifu phat trung binh va sb
luong thiét bi cam bién dén hiéu niang cua hé
thong thong qua xac suat dimg hé thdng cho
truong hop giri bit b = 1. Tir d6 thi, ching ta co
thé thay rang khi SNR trung binh ciing nhu s6
lugng thiét bi cam bién tang 1én thi xac suét
dimg hé théng giam. DPiéu ndy co nghia Ia
ching ta c6 thé tang hiéu ning cta hé thong
bang céach ting sb luong thiét bi cam bién hoic
nang cao cong suat phat.

b

10% L I
-10 -5 ]

Hinh 4. Xéc suit dimg hé thong theo SNR phat trung binh va s6 nit cam bién N véi b = 0.

& & @
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10 15 20

Hinh 5. Xéc suit dimg hé thong theo SNR phat trung binh va sb niit cam bién N véi b = 1.
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Két qua tir cac Hinh 2-5 ta thiy sy tring
khop rét tot gira két qua mo phong va két qua
phan tich, diéu nay khang dinh sy chinh xac
ctia biéu thirc phén tich.

5. Két luan

Trong bai bao nay, ching t6i di dé xuit mot
m6 hinh mang cam bién khong day st dung ky
thuat truyén thong tan xa nguoc va cic co ché
lua chon dn-ten thu va lua chon nut cam bién.
Tur m6 hinh nay, ching t6i da xay dung duoc

PHU LUC A: Chiing minh Pinh 1y 1.

Vi bit b = 0:

7
@, ,=Pr(7] f < 7/th)=[1—e ‘WJ .

Véibitb = 1:
@, =Pr(n’7 [gF1hP<r)

) Yand X

- NI N
:1+i21:i!(N—i)!-([e T gy

biéu thirc x4c suit dimg hé thong dé khao sat
hiéu ning cua hé thdng. Cudi cing, ching t6i
da trinh bay két qua s cua viéc khao sat anh
huéng cia nhitng tham sé chinh 1én hiéu ning
ctiia hé thong. Qua do, ching toi két luan rang
hi€u nang cua h¢ théng dé xudt co thé dugc cai
thién bang cach ting sé lwong an-ten hoic ting
$6 lugng nit cam bién. N6i cach khac, viée ap
dung k¥ thuat AmBC s€ gitip nang cao hi¢u qua
str dung nang lugng cia mang cam bién khong
day va lam tang su két ndi ciia mang.

(A-1)

(A-2)

i 1I(N —i)! /12/?37727

Luu y, trong tinh toan (A-2) nay chdng toi
st dung céc cong thuc (21) va (22) cua cong
trinh [13]. Pinh ly 1 da dugc ching minh.
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