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Reconfigurable Intelligent Surfaces (RIS) is a new technology being
researched and deployed to develop wireless communication systems, as
well as 5G, beyond 5g (B5G), and future 6G mobile networks. The
surface contains reconfigurable electromagnetic metamaterial to direct
the beam from the source to the desired receivers with maximum signal
strength, making random wave propagation a smart radio environment
that can be controlled by the user. The article provides some lossy
models of transmission lines and channels in communication systems
with the support of smart surfaces built based on physical optical
techniques and the light reflection theorem of Snell and the physical and
electromagnetic nature of RIS. With mathematical expressions, it will
provide researchers with a way to calculate, simulate, analyze, evaluate
and calibrate communication channels to achieve optimal efficiency
before deploying experimental fabrication or for comparison with other
transmission enhancement technologies such as AF relay and amplifier,
MIMO beamforming, and BackCom backscatter communication.
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Bé mit thong minh c6 thé ciu
hinh lai

Bé mit phan xa thong minh
Sau 5G

M0 hinh pathloss

Mai trudng vo tuyén théng minh

Bé mit phan xa thong minh RIS 1a mdt cong nghé mai dang dugc
nghién ciu, trién khai dé phat trién cac hé thong truyén thong khong
day, cling nhu cac mang di dong 5G, sau 5G (B5G) va mang tuong lai
6G. Bé mat chira siéu vat licu dién tur co thé tai céu hinh dé hudng chim
song tir ngudn phat t6i cac bo thu mong | mudn véi cuong do tin hidu tdi
da, khlen cho qua trinh truyén song ngau nhién thanh mot méi truong
vo myen thong minh ma ngudi dung co thé diéu khién duoc. Bai bao
cung cap mot sé mo hinh suy hao duong truyen va kénh dan trong hé
thong thong tin lién lac c6 su hd trg cua bé mat thong minh duge xay
dung dua trén cac ky thuat quang hoc vat 1y, dinh luat phan xa anh sang
ciia Snell va ban chat vat 1y, dién tir cia RIS. Véi cac biéu thirc ton
hoc s& cung cap cho cac nha nghién ctru mot phuwong an tinh toan, mo
phong, phan tich, danh gia va hiéu chinh cac kénh truyén thong nhim
dat dugc hiéu qua téi wu trudc khi trién khai ché tao thuc nghiém hozc
dé so sanh véi cac cong nghé ting cudng truyén tai thong tin khac nhu
bo khuéch dai va chuyén tiép AF, dinh dang chum MIMO va truyén
thong tan xa ngugc BackCom.
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1. Giéi thi¢u

Hé thdng truyén thong khong diy co ban gom may phat mang thong tin dén bo thu qua moi
truong lan truyén song dién tir khong kiém soat duoc. Mang 5G, sau 5G (B5G) tién dén mang
tuong lai 6G dit ra yéu cau cac moi trudng truyén tai c¢o thé cau hinh lai theo thoi gian thuc [1] -
[7], bang cach trién khai cac bé mat phan xa thong minh, con c6 tén goi khac nhu siéu bé mat
dugc diéu khién bang phan mém, bé mit thong minh c¢6 thé cdu hinh lai, siéu bé mit thong minh,
mang phan xa thong minh [6], v.v. Pé thong nhét tén goi, nhom tac gia s& sir dung tir khoa RIS
(Reconfigurable Intelligent Surfaces) cho cong nghé hd tro nay xuyén sudt bai bao. Trong moi
truong vo tuyén thong minh, song téi c6 thé diéu khién dugc dé phan xa, khuéch tan, tan xa, khic
xa theo hudng mong mudn.

RIS 1a cac tim vat liéu dién tir EM (Electromagnetic) c6 thé dinh cdu hinh lai dé kiém soat su
lan truyén cua song trong moi trudng khong diy nham nang cao chit lwong tin hiéu tai may thu.
RIS duoc tao ra tir mot s6 lwong 1on cac phan tir thy dong, chi phi thap c6 kha nang diéu chinh
song vo tuyén tac dong vao chiing ma cac vat liéu ty nhién khong lam duoc. RIS duoc tao ra tir
cac siéu bé mat hoat dong nhu bd phan xa c6 cac pha c6 thé duoc diéu chinh doc lap va cac tia
song duge huéng vé ciing mot goc phan xa. Khong gidng nhu cac cong ngh¢ tuong tu khac, nhu
realy va chum tia MIMO, RIS khong yéu cau bat ky ngudn niang luong nio, ciing nhu qua trinh
Xt ly, ma hoa va giai ma phuac tap cac thuat toan [4].

C6 nhiéu cong nghé chuyén mach khac nhau dé kiém soat su phan xa EM tir bé mit thong
minh, nhu CMOS (Complementary Metal-Oxide-Semiconductor — mot cong nghé ché tao mach
tich hop) switches hoac céng nghé vi co dién tr MEMS (Micro Electro Mechanical Systems)
switches, diode noi PIN tich cuc — thu dong (Positive Intrinsic Negative), bo cong huong diéu
chinh varactor, tinh thé long, v.v. Trong siéu bé mat, cac phan tir chuyén mach (switches) diéu
khién cac siéu nguyén tir hoat dong nhu cac antenna véo ra, khi song EM dén, chung duoc dinh
tuyén duya trén trang thai cua switches, gitip RIS dat dugc phan xa mong mudn [2], [3]. Mot
phuong phap kiém soat hiéu ¢ng phan chiéu trong siéu bé mit st dung cac PIN diode lam phan
tar chuyén mach, tao ra hai trang thai khac nhau cho bé mat thong minh dé chon loc tan sé phu
hop. Cac bo cong huong tan sé dung varactor (bién dung) ciing dugc sir dung dé kiém soat sy lan
truyén cua tin hiéu. Khi dién 4p phan cuc dugc dit vao varactor, s& dat duoc sy dich pha mong
mubn [2], [3].

Xem xét md hinh kénh hai tia thong thudng cho méi truong khong gian tu do va bé mat phan
xa duoc trién khai trén mat phing [3], [4]. Truyén khong day c6 thé didu khién duoc bang cach
tao ra mot bé mat thong minh: Dt liéu nhan duoc bao gém tin hiéu duong ngim LoS (Line Of
Sight) va tia phan xa. Soéng vo tuyén truyén theo duong thang trong truong hop méi trudng dong
nhat, tuan theo nguyén tic Fermat va tia phan Xa tuén theo dinh luat Snell.

Theo nguyén ly hoat dong cua RIS, c6 thé phan ra 2 phuong phap khi thiét ké va ché tao cac
bé mat thong minh nay d6 1a: RIS dya trén mang phan xa thu dong va RIS duoc thiét ké dya trén
céc siéu bé mat [5].

RIS c6 thé hd tro mot loat cac chire ning co thé didu chinh, ching han nhu hap thu hoan hao,
phan xa di thuong, dinh hinh chiim tia va diéu huéng. Hon nita, n6 c6 kha niang cam nhan va giao
tiép Vi cac thiét bi ngoai vi, cho phép tich hop voi cac hé thong truyén thong khong day dé phuc
vu cho nhiéu tng dung khac nhau [6].

Céc bé mat co thé tai ciu hinh méi duoc thiét ké ¢ dang so khai co ban, chua c6 sy thdng nhat
vé mo hinh lan truyén. M hinh suy hao dwong truyén (mat duong dan - Pathloss) dugc dé xuat
[5] chu yéu dua trén mang phan xa thu dong, trong d6 antenna cua cac phan tir c¢6 thé dugc diéu
khién dé tan xa nguoc hodc lam 1éch pha tin hiéu t6i va duoc thiét ké dua trén cac siéu bé mit co
dang phang hai chiéu sir dung céac vat liéu dién tir nhan tao.

Mot van dé nghién ctru quan trong dit ra cho RIS mé hinh héa qua trinh suy hao duong truyén
tir may phat dén may thu thong qua RIS. Muc dich cua cong viée nay 1a dé cac nha nghién ctru 6
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cac cong thirc tham khao, pham vi tiép can ddi twong, giai phap tinh toan, phan tich va mé phong
thong tin, gitp danh gia hiéu nang clia cong nghé RIS, ciling nhu so sanh véi cac phuong phap ky
thuat hd tro khéc.

Bai bao dua ra mot s6 md hinh mat dwong din cho cac bé mat phan xa thong minh. Mot mo
hinh dugc xay dung duya trén ki thuat quang hoc vét 1y va 3 mé hinh pathloss khac dwoc thiét ké
tir ban chat vat Iy va dién tir caa RIS.

2. Phwong phap nghién ciru
2.1. M6 hinh mét dwong din xdy dwng bang kj thudt quang hec vt Iy

Mo hinh suy hao duong truyén — pathloss trong hé thong théng tin lién lac c6 sy hd trg cua
RIS dugc xay dung dya trén ky thuat quang hoc vat Iy va dinh luan phan xa anh sang cua Snell
[8]. Chiing duoc dé xuét dya trén mang phan xa thu dong trong d6 antenna ctia cac phan tir co thé
dugc diéu khién dé tan xa nguoc hodc 1am 1éch pha tin hiéu toi va duoc thiét ké dya trén cac siéu
bé mat co dang phang hai chiéu st dung cac vat liéu dién tir nhan tao.

Xét chum tia song téi RIS gdm nhiéu phan tir bé mat co kich thude nho hon bude song 4. Gia
sir b& mat thong minh gdom cac phan tir pt, x pt., mi phan tir c6 kich thuéc:

i X L (i , L) <A (1)

MJi mang phan xa thu déng cb leh thudc hitu hand xr, d6 day khong dang ké, nim trong
mat phang (X, y). Mot ngudn phat song cach bé mat 1 khoang |; di 16n so véi d va r, sao cho:

2 2
> 2max(d*,r*) @)
A

Pugc truyén dén véi sb song n = 27/4 (bude song A), va goc téi @; €/0; n/2]. Mé hinh

pathloss giita may phat va may thu qua phan tir bé mat tha i & mot goc quan sat tuy ¥

@ePPH%
s 2 2

(4r) pt, pt.l.s

Trong dé: Gn,, Gny lan Iuot 14 d6 loi kénh ctia antenna phat va thu, s 1 khoang cach tir phan
tr phan xa dén bo thu.

Nhu vy bé mit thong minh gdm 1 méang cac bo tan xa khuéch tan (mdi bo co kich thudc ) sap
Xép theo pha céc tin hiéu phan xa cta ching tai may thu va do d6 dat dwoc muc tiéu mong mudn.

Bing k§ thuat quang hoc vt Iy thu dwoc cong thic (3) xac dinh suy hao duong dan pathloss cho
mot bé mat phan xa thong minh tai cau hinh. Mot mang phan xa théng minh gom nhiéu phan tir co
kich thudc budc song phy phan tan tin hi¢u dén vai sy dich chuyén pha duy nhat dé dat dugc dang
chim nhét quan theo huéng muc tiéu. Su dich chuyen pha 1y tudng tao ra mot chum tia don 1é duoc
dua ra boi dinh luat Snell tong quat, nhung néu tao ra sy cong huéng cia nhidu chum tia, thi syr
dich chuyén pha phai dugc tdi wu héa mot cach 16 rang.

:ane?( dr j o5 (@) 3)

2.2. M6 hinh mit dwong din xdy dwng duwa trén ban chat vét Iy va dién tir ciia RIS

Mo hinh pathloss cho truyén thong khong day c6 RIS hd trg trong cac tinh hudng khac nhau
dua trén ban chat vat 1y va dién tir dugc nghién ciru [10]. Ching dugc xay dung qua md phong va
x4c minh boi thuc nghiém. Gom ba mé hinh (4), (5) va (6) néu 1én mdi quan hé giira suy hao
duong dan trong moi truong lan truyen khong day, khoang cach tir tram phat, by thu téi RIS, kich
thudc cua RIS, higu tmg truong gan/trudng xa cua RIS, buc Xa cua cac phan tir cau thanh RIS,
cong suat tiéu thy ciia RIS va anh hudng ciia goc toi.
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Khi tram phat & khoang cach du xa so véi dai antenna, song hinh cau phat ra c6 thé dugc coi la
song phang. Cu thé, khi do Iéch pha Ién nhét cta tin hiéu thu duoc trén mang antenna khong vuot
qua n/8, quy woc may phat nam trong truong xa cuia mang antenna [11]. Khi d6, ranh giori cua
trudng xa va trudng gan cua mang antenna duoc xac dinh [a R = 28/, trong dO R, S va A lan luot
1a khoang cach giita may phat va tim cia mang antenna, kich thugc I6n nhat cua dai antenna va
budc song cua tin hiéu. Khi khoang cach gitta tram phat/bd thu tdi tAm RIS nho hon R, tram
phat/bd thu duoc coi 1a dang & trong trudng gan cia RIS, nguoc lai, s& 1 truong xa.

Trong kich ban tao chum tia dwoc hd tro boi RIS, cong suat nhan duge 14 toi da cho mot nguoi
ding. Mt khéc, khi phat song c6 RIS hd tro, tin hiéu bao phu dong déu dén tat ca ngudi ding trong
mot khu v cu thé.

Truwong hgp phdt chim tia & truong Xa: Céc tin hi¢u dugc phan xa boi tat ca cac phén tr trén
RIS t6i bo thu c6 thé duge didu khién theo pha dé tang cudng cong sut nhan duoc. Gia st rang cac
huéng cua buc xa dinh cua ca antenna phat va thu déu hudng vé trung tdm cua RIS, va tit ca cac
don vi cta RIS ¢6 cting hé s6 phan xa RC = Ae¢”, bién do A. Mo hinh pathloss duoc xac dinh [10]:

64" (11,) @

Gn GnGh’c’d d A°P (6, ®,)P(6,,@,) 4°

Trong do: Iy, I, 1a khodng cach gitra may phat, mdy thu t61 tm RIS; an, Gnt, G lan luot 1a do
loi kénh (khuech dai) cua antenna phat, antenna thu va cua mdi 6 don vi (phan tir ciu thanh RIS);
h, ¢ 1a s0 hang va so6 ¢t cua cac 6 don vi dugc Sap Xep déu dan trén bé mat RIS; Kich thuéc cua
m6i 6 don vi doc theo tryc x 1a dy, doc theo truc y 1a d,, nam trong pham vi /10 = A/2. @, 6; 14 goc
nang va goc phuong vi tur tdm RIS t61 may phat; 6, & 1a goc nang va goc phuong vi tur tam RIS
dén may thu; P(6, @) la dang birc xa cong sudt chudn hoa ctia 6 don vi, biéu thi su phu thugc cua
mat d6 cong Suat tGi/phan xa cia 6 don vi vao goc téi/phan xa.

Trwong hop phdt chivm tia & trwong gan: Cho phép RIS tap trung tin hiéu phan xa t6i bo thu
bang cach thiét ké dung cac hé s6 phan xa RC. M6 hinh pathloss duoc xac dinh [10]:

64r°

PL, =

PL, =

3 2

LI JP 5

GnGnGddlAZ2 Zzﬁ ®)
e

2

Trong d6: P, 13 anh hudng cua cic mau buc xa cong suit chuan hoa trén ngudn tin hiéu nhan
duoc; I, Ir 1a khodng cach gitra mdy phat, mdy thu t6i tm cua phan tir thir i trong RIS.

Truong hop phdt séng ¢ truwong gan: Song dién tur truyen t6i RIS c¢6 thé dugc coi la song hinh
cau. Néu RIS co dién tich 16n (tic 1a ca chiéu dai va chiéu rong déu > 101, thi song hinh cau t6i s
tao thanh mot gradien pha tron va phan ky trén bé mat RIS, do khoang cach truyen khac nhau tir
méy phat dén timg 6 don vi cia RIS. Gia sir rang tit ca cac 6 don vi co cting hé s6 phan xa. M
hinh pathloss duoc xac dinh [9]:
167° (1, +1,)°
Gn GnGA’A’

PL, =

4

(6)

3. Két qua mé phéng

Hinh 1 12 két qua mo phong trén Matlab vé pathloss cua song phan xa véi cac thong sb: @; =
30° va @, =60°, Gn, = Gn; =5 dB, I; = 50(m) va s = 25(m).

Két qua mo phong cho thdy M6 hinh Pathloss 1a mot ham cua @, d6i véi cac kich thudc
khac nhau cua RIS. Muc téi da dat dugc & @, = @, (Goc phan xa mong mudn) va do rong chim
tia chinh thu hep hon khi dién tich bé mit cua RIS ting 1én. Khi thtr nguyén 1a budc séng phu
(<4/2), RIS hoat dong nhu mot bo tan xa khuéch tan.
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Hinh 2. Pathloss cia séng phdn xa

Hinh 2 1a két qua md phong trén Matlab vé anh huong cia khoang cach gitra RIS va bo thu
(Distance from RIS to receiver) dén su suy hao duong truyén pathloss, trong 3 truong hop: Phat
chim tia & truong xa (PL2), Phat chim tia & trudng gan (PL3) va Phat song ¢ trudng gan (PL4),
sir dung Large RIS1, X-band horn antenna [9] véi cac thong so6: Gn, = Gn; =21 dB, G=1dB, h
=102, ¢ =100, d, =d, =0,01 m, A=0,9, 1 = 0,0286 m, R = 25%4 = 71,4 m, P(, @1) = P(6;,

@) =P,=1

- Khoang cach tir tram phét dén RIS trong trudng hop: Phat chum tia ¢ trudng xa, Phat chim tia
& trudng gan, Phat song & truong gan lan luot bang 75 m, 50 m va 50 m.

- Tham s6 khoang cach gitra RIS va bg thu trong ca 3 truong h0’p Phat chum tia & truong xa,
Phat chum tia & truong gan, Phat song ¢ truong gan thay doi tir 75 m = 100 m.

Tir két qua mé phong ta thay rang: Néu gitr khong ddi cac gia tri (déu anh huéng dén su suy
hao kénh dan): khoang cach tir tram phat téi RIS, kich thuéc cua RIS, hiéu ung truong
gan/trudng xa cia RIS, bl Xa ciia cac phan tir cau thanh RIS, cong suat tiéu thu cua RIS va anh
hudng cia goc téi, thi:

- Khoang cach tir RIS t6i b6 thu téng Ién thi ca 3: PL2, PL3, PL4 cling tdng theo (Suy hao lon).

- Ton that kénh dan trong truong hop Phat chum tia ¢ treong xa [on nhat, tiép dén 1a Phat chum
tia & truong gan va Phat song & truong gan cd do suy hao nhé nhat.
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4. Két luan

Bang ky thuat quang hoc vat 1y, dinh luat phan xa anh sang, ban chét vat ly, dién tir cia RIS,
treong hop chum tia ¢ tredong xa, chum tia & truong gan, phat séng & truong gan, ta thu duogc 4
cong thie xdc dinh md hinh suy hao duong dan pathloss cho mot bé mat phan xa thong minh
dugc c4u hinh d¢ lai diéu khién song t6i theo hudng mong mudn, bién qua trinh truyén séng von
ngau nhién thanh mdi trudng vé tuyén théng minh.

V6i md hinh pathloss va biéu thirc toan hoc xac dinh duong truyén hé théng cho truyén thong
khong day duoc bé mat thong minh hd trg ndy, cac nha nghién ciru c6 thé tham khao dé mé phong,
phan tich, d4nh gia va hiéu chinh cac kénh truyén thong nham dat dugc hiéu qua téi wu trudc khi
trién khai ché tao thuc nghiém hoic dé so sanh vdi cac cong nghé ting cudng thong tin truyén tai
khac nhu bo khuéch dai va chuyén tiép AF (Amplify and Forward), dinh dang chum MIMO
(massive MIMO) va truyén thong tan xa ngugc BackCom (Backscatter Communications).

Loi cam on

Két qua nghién ctru nay 1a san pham cia d& tai nghién ciu khoa hoc cdp co so ¢6 ma §6
T2022-07-21, dugc tai trg boi kinh phi ctia Truong Pai hoc Cong nghé Thong tin va Truyén
thong, Pai hoc Thai Nguyén.
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