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Tém tit - Bai bao nay dé xuit mot mod hinh anten 2 cdng hoat
dong & dai tin sb 24-28 GHz cho cac ung dung 5G tin song
millimet. Anten dugc thiét ké dwa trén k¥ thuat éng dan song tich
hop két hop mot khe hinh chit L c6 gin phan tir chi dong (PIN
di-6t) cho kha ning tai cdu hinh v& sy phan cuc (tuyén tinh-tron)
tai vung tAn s6 26 GHz. Viéc t6i uu héa hiéu suat hoat dong cua
anten don dugc thyc hién bdi mo hinh hoc may. M6 hinh anten
da kénh (MIMO) duoc khao sat va so sanh v6i 3 thiét ké nhim
chon ra thiét k& t6i wu vé& hiéu suét hoat dong va kich thudc tong
thé. Két qua cho thdy anten MIMO d& xuét hoat dong tt vi bing
thong tré khang dat khoang 20,2% (23,6 GHz — 28,9 GHz), d¢
phan 1ap khoang -18 dB, d6 loi bién dbi én dinh (< 3dB) vdi gia
trj cyc dai khoang 7,5dB, va phén cyc tron tréi tai tan s6 26 GHz.
Anten cling dat cdc thong s0 yéu ciu d6i voi mot anten MIMO
trong toan dai bing tan.

Tir khéa - Antenna tai cAu hinh; éng dan song tich hop; MIMO;
5G tan soéng millimet; hoc may.

1. Pat vin dé

Su phat trién ciia cong nghé 5G, cung cap toc do dit lidu
cao va kha ning truyén tai khong day dang tin cay, 1a mot
trong tdm nghién ctru chinh ca trong linh vuce hoc thuét lan
cong nghiép trong nhirng ndm gan day. Mot trong nhimng
bang tan quan trong trong truyen thong khong day 5G la
bang tan 28 GHz, thudc phd song milimet (mm-Wave).
Bing tin nay c6 vai trd quan trong trong viéc mé rong
mang luéi 5G va hd trg truyén thong khong day toc do
nhanh véi d6 tré thap [1, 2].

Trong hé thdng truyén thong khong day, anten dong vai
trd quan trong va can dap tng cac yéu cau cia cong nghé
5G nhu thiét ké nho gon, kha nang tich hgp vao nhiéu thiét
bi khac nhau va chi phi ché tao thap. Dé hién thuc hoa cac
yéu cau nay, k¥ thuat 6ng dan song tich hop trén vat lidu
nén - SIW (Substrate Integrated Waveguide) - 1a sy lua
chon phui hop do ¢ thiét ké phing va gon nhe. Vé mat 1y
thuyét, SIW hoat dong nhu mot hop cong hudng gitp gidi
han truong dién tir trong vat liu nén, tao ra cac anten dinh
huéng c6 hiéu suit cao va cu trac nhod gon. Do d6, anten
dung k¥ thuat SIW dac biét phu hop véi truyén thong song
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milimet [3]. Dac biét, SIW con cho phép két hop nhiéu
thanh phan RF chu dong (PIN di- bt, varactor di-6t) va thu
dong trén cung mot vat liéu nén.

Bén canh yéu cdu nhé gon va chi phi ché tao thip, cong
nghé 5G con doi hoi ky thuat truyén da dau-cudi MIMO
(Multiple-Input Multiple-Output) va Mang pha (Phased
Array) dé nang cao chét lugng kénh truyén [4, 5]. MIMO
tan dung nhiéu phén tir anten & ca hai dau phat va thu, khai
thac sy phén tap khong gian va hién tugng truyén da duong
dé tang cuong hi¢u suét kénh tmyen Phuong phap nay rat
quan trong dé vugt qua | ton that duong truyén va sy hip thy
song cua khi quyen & tan s6ng millimet, tir d6 ting cuong
hiéu ning tong thé cua toan hé thong.

Ngoai ra, cong nghé 5G ciing doi hoi tinh linh hoat ctua
anten tai cau hinh (Reconfigurable Antennas) véi kha niang
diéu chinh céc dic tinh nhu tan sb cong hudng, dd thi buc
xa, va d§ phan cyc. Vi du nhu anten phan cuc myén tinh
thuong ding trong hé thong truyén théng cd dinh, con
anten phan cyc tron thich hgp cho v¢ tinh va thiét bi di dong
do kha nang duy tri két ndi on dinh tir moi hudéng. Dic biét
trong h¢ thong MIMO, anten phan cyc tuyén tinh ting hiéu
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sut va giam nhidu, trong khi anten phéan cuc tron duy tri
tin hiéu 6n dinh va chéng nhiéu da kénh. Do d6, anten
MIMO véi kha ning tai cdu hinh d¢ phan cyc tron (CP -
Circular Polarization) gitp cai thién hiéu suat hé thng
MIMO bang cach cai thién dung luong kénh truyén va hd
trg kha nang phan tap do loi buc xa [6, 7].

Khi cdu triic anten ngay cang phtc tap, viéc thiét ké va
t6i wu hoa doi hoi nhiéu thoi gian va tai nguyén may tinh.
Gan day, cac mo hinh hoc may (ML - Machine Learning)
duoc sir dung gitip tiét kiém thoi gian dang ké khi thiét ké
ctia anten trong khi van duy tri d9 chinh x4c cao, giup ting
tdc qua trinh toi wu hoa dé dat duge nhitng két qua mong
mubn [8].

Céc thiét ké anten gan day da thanh cong trong viéc ap
dung cong nghé SIW va MIMO cho cac tmg dung 5G tan
song millimet [9-11]. Tuy nhién, viéc két hop thém kha
ning tai cau hinh vao nhiing thiét ké anten nay hién gan
nhu chua c6. Trong bai bao nay, nhom tac gia trinh bay mot
anten da cong (MIMO) trén hop cong huong dng din séng
tich hop (SIW) véi kha nang tai ciu hinh d6 phan cuc
(tuyén tinh/tron) va hoat dong trong dai tin 24-28 GHz cho
cac ung dung 5G tin song millimet.

2. Thiét ké va thong s6 anten don

Anten d& xuit (Hinh 1) 1a mot hop cong hudng hinh tam
gi4c SIW, chidu rong Wsip = 20,17 mm va chidu cao
Hswp = 13,28. Vit liéu nen la Roger RT588O (@6 day
ts = 0,787 mm, chiét sudt & = 2,2 va hing sb suy hao
0 = 0,0025) dugc bao xung quanh bgi 1 hang rao “via”
(16 xuyén qua vt lidu) & vién ngoai nham muc dich kiém
soat hodc diéu chinh su phan bd dong dién trén bé mat cua
anten hodc khoang SIW. Hang rao “via” nay voi dudng
kinh mdi “via” va khoang cach giita cac “via” lan luot
1a dyia = 0,98 mm Vva Syia = 1,16 mm. Anten dugc cap
ngudn qua modt duong truyén vi dai hinh cén (tapered
microtrip-line) véi cac kich thuéc (Lyu = 3,2 mm,
Wi = 1,99 mm, Wy = 1,49 mm) duge tinh toan theo trg
khang déc tinh 1a 50 Q.
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Hinh 1. Thiét ké anten don

0 16p kim loai (lossy metal) trén cung Ia 1 khe hinh tam
giac gilp tao ra bang théng tré khang rong va buc xa dinh
huéng. Khe hinh tam giac nay c6 chidu rong day, chidu
cao, va do rong khe lan Iuot 1a Wy = 11,54 mm, H; = 5,43
mm, va Ws = 0,8 mm. Bén trong khe hinh tam giac nay (gén
trung tdm hop cdng hudng SIW) 1a 1 khe hinh chix L (kich
thude trong Bang 1) dwoc gin 1 PIN di-6t dé tao kha ning
tai cdu hinh phan cuc (tuyén tinh/tron) cho anten. PIN
di-bt nay dugc mo hinh hoéa tuong duwong nhu mot dién tro.

PIN Di-t
ON:R=42Q
FF: C =0,02 pF

]

Bing 1. Thong so thiét ké ciia khe hinh L (d@on vi: mm)

Ky hiéu Kich thwéc Ky hiéu Kich thwéc
Ho 3,38 tL 0,22
WL 0,75 AdL 0,33

Raiode = 4,2 Q trong ché ¢ BAT (ON) hodc mot tu dién
Cuiode = 0,02 pF trong ché do TAT (OFF), hoat dong nhu
mot cong tac didu khién dong dién bé mit cho kha nang tai
cu hinh phan cuc. Theo do, anten s€ cho phan cyc tron
(CP) khi PIN di-6t & ché do OFF va phan cuc tuyén tinh
(LP) khi PIN di-6t & ché @6 ON [12]. Khoang cach tir canh
cua khe hinh tam giac va khe hinh L dén canh dudi cua hop
cong huong SIW lan Iuotla D;=2,3mmvaD; =1,54 mm.
Anten dugc thiét ké va mé phong bang phan mém CST
Microwave Studio.

Kich thudc ciia hop cong hudng hinh tam giac SIW dé
xuit duoc tinh tir cong thirc hop cong hudng hinh chir
nhat (half-mode) [13], theo d6, tan sé cong hudng duoc
tinh nhu sau:

2 2
c mrm nm
S
frEmon = smyme J (Weff) Leff @
voi
w W dgia L =L o dlzna )
eff — Weavity 0.955yiq eff — Heavity 95Spia

Trong d6, m, n 1a bac cua cac mode truyén song, va
Hr, & 1an luot 12 d6 tir thdm va d6 dién tham cia vat lidu dé.
Tir cac thong s6 cia anten (Weaiy = 21,17 mm va
Leavity = 10,08 mm) , ta tinh dwoc tan s hoat dong (freio)
cua hop cong huong hinh tam gidc SIW nay vao khoang
22,6 GHz, nhu vay 1a phu hop véi két qua mé phong.

3. M6 hinh MIMO (1x2)
3.1. Cdc thiét ké a@é xudt

Mo hinh MIMO (2 ¢dng) dugc dé xuat gdm 3 thiét ké
khac nhau nhu sau (Hinh 2):

- Thiét ké 1 (MIMO-0): anten-2 dugc dat canh anten-1
theo truc-X, xem nhu anten-2 xoay 1 goc 0° so vdi anten-1
(Hinh 2a);

- Thiét ké 2 (MIMO-90): anten-2 va anten-1 dung
chung 1 canh tam giac cua hop cong huong SIW, xem nhu
anten-2 xoay 1 goc 90° so v6i anten-1 (Hinh 2b);

- Thiét ké 3 (MIMO-180): anten-2 duoc dat dbi dién
anten-1 theo truc-y, xem nhu anten-2 xoay 1 goc 180° so
véi anten-1 (Hinh 2c).

3.2. Pdnh gid va so sianh

Céc thiét ké MIMO dugc mo phong bang phan mém
CST Microwave Studio sir dung phuong phép phan tu
hitu han (FEM) va tao ludi bang cac phan tir t dién
(tetrahedral), gip dam bao d¢ chinh xac cao khi mé
phong cac anten vung tan song millimet. Cac két qua d}‘mg
d¢ danh gia va so sanh gitta cac thiét k¢ MIMO bao gém:
tham sd tan xa (S-parameters) gom S11 =Sz (hé so phan
xa dién 4p tai cong vao/ra) va Sp1 = Siz (hé s6 truyén dan
giita 2 cong vao/ra), do loi (Gain) va ty s truc (Axial
Ratio-AR).

So sanh giira cac thiét ké MIMO ¢ Hinh 3 cho thdy, &



104 Nguyén Trwong Khang, D& Hiru Quan, Nguyén Thj Thanh Kiéu
- == MIMO -0

ché d6 phan cyc tuyén tinh LP (Di-6t ON, Hinh 3a, 3b), 0

Su1 (truc y-tréi) cia MIMO-90 14 tt nhat, trong khi Sy — MIMO -90
(truc y -phdi) ctia MIMO-0 1a tdt nhat. Ca 3 thiét ké 0 b N TN P
MIMO & ché do LP nay déu cho do lgi bién doi trong
khoang 3dB, tuy nhién MIMO-90 cho d¢ 1¢i t6i da (Gmax)
t6t nhat. O ché d¢ phan cuc tron CP (Di-6t OFF, Hinh 3c,
3d), ca ba thiét ké MIMO déu cho S1; t6t gan nhu nhau,
trong khi Sp1 cia MIMO-0 1a tét nhat. Ty s6 truc (AR)
(truc y-trdi) cua ca ba thiét ké MIMO déu tSt nhu nhau
(<3dB) tai tan s trung tim 26 GHz, trong khi két qua vé
do loi (Gain) (truc y-phai) cia MIMO-90 1 t6t nhat trong 40

= S'.“.I (dB}
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Hinh 2. Cdc thiét ké mé hinh MIMO: (a) Thiét ké 1 (MIMO-0); -0F
(b) Thiét ké 2 (MIMO-90); (c) Thiét ké 3 (MIMO-180)

Bing 2. So sdnh giita cdc thiét ké MIMO dé xudt (CP) 40
MIMO Dién tich  |Su1 (-10dB)| Si2 | Gmax | AR
(CP) (mm) (%) _ |(dB)*| (dB)*| (dB)
MIMO-0 40,3 x 13,3 194 28 | 7,1 2,7
MIMO-90 (¥ (28,5 x 28,5) 20,2 -18 | 75 | 2,7
MIMO-180| 20,2 x 26,6 19,3** -13 | 6,2 2,6
* Gid tri tot nhat trong ddi bang théng ciia S11(~23,6 — 28,9 GHz)
** Bang thong cho S11 < -9 dB
Béng 2 trinh bay va so sanh theo gia tri cu thé cua
thong so tan xa S, ty s truc AR va d6 1oi t6i da Gmax, CUNY
voi kich thude tong thé cua ba thiét k€ MIMO khao [ === MIMO -0 F
sat. Thiét ke MIMO-0 cho ket qua Sy tot nhat tuy nhién MIMO -90 \ef ¢

S]l

~ /
/ 11-__-/*. }/ 1 r] _Ai)

20 2 24 26 28 30
Frequency (GHz)

Gain (dB)

kich thudc kha 16n va d¢ loi cling nhu bang thong trd Y MIMO - 180 , , ,
khang khong tot bang MIMO-90. Thiét ké MIMO-180 23 24 25 26 21 w29
thua hai thiét ké MIMO-0 va MIMO-90 vé tit ca cac Frequency (GHz)

thong s0 so sanh. Theo d6, thiét ké MIMO-90 dugc danh (d)

gia la tot nhat véi bang thong tro khang Si ~ 20,2 % va Hinh 3. Két qua so sanh giita cdc thiét ké MIMO
d6 1¢i toi da Gmax ~ 7,5 dB va dugc dung dé khéo sat cac (a-b) di-6t ché @3 ON (phdn cuc tuyén tinh - LP),

thong s6 MIMO lién quan. (c-d) di-6t ché dg OFF (phdn cuc tron - CP)
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3.3. Két qud anten MIMO-90

Trong phén nay, cac thong sé co ban cua anten MIMO-
90 nhu h¢ s6 trong quan (ECC), d6 loi phan tap (DG), tong
hé s6 phan xa tich cuc (TARC) va ton that dung luong kénh
(CCL) dugc trinh bay va thao luan.

3.3.1. Hé s6 twong quan ECC (Envelope Correlation
Coefficient)

He¢ sb tuong quan (ECC) 1a thong sd quan trong trong
hé thong anten MIMO, do mirc d twong quan giira cac tin
hiéu nhan dugc. ECC thap cho thdy céc tin hiéu truyén doc
lap, diéu nay gitip can thién hiéu suét tong thé cia MIMO.
ECC ly tuong 14 gan 0, véi ECC = 0 biéu thi cac anten phan
1ap hoan toan, con ECC = 1 biéu thi hién twong “ngan
mach”. ECC dugc tinh theo cong thirc (3):

_ 1512571 52253412

Pe = (1=151112=152112) (1~152212—15121%) (3)

Két qua tir Hinh 4 cho thdy, gi4 tri tdi da cia ECC trong

dai bang tan hoat dong cua anten MIMO-90 1a 0,004, day

1a mot gia tri tot gitp cai thién do6 loi phan tap (DG) va

dung luong kénh. ECC cua anten MIMO trong ché d phan
cuc tron (CP) tét hon ché d6 phan cuc tuyen tinh (LP).

0.016 ‘1
o012t -
——=—1LP
O I —CP
< 0.008} B 1
= ]
I
I
A
0.004 Y ! P 1
N | ," "\
I / A
(00000 5 .
20 22 24 26 28 a0

Frequency (GHz)
Hinh 4. Két qua ECC ciia mé hinh MIMO-90
3.3.2. B¢ loi phan tdp DG (Diversity Gain)

Do loi phén tap DG déc trung cho kha nang phan tap
duong truyen gitip cai thién do tin cdy va chat lugng tin
hi€u, tir d6 giam thiéu anh huong ciia hién tuong fading va
nhiéu. Gia tri ly tuéng cta DG trong hé thong MIMO 2
anten 1a khoang 10. DG duogc tinh theo cong thirc (4):

DG ~ 101~ [p,| @)

Két qua tir Hinh 5 cho thdy, DG ti da cho anten
MIMO-90 & ca hai ché d§ hoat dong (LP va CP) deu gan
bang 10 trong toan bg dai tan so hoat dong.

10.00 ; \/-V =
LN / 1
\\ J""
9.98 NS
9.96 |-
g - P
— P
9.94 ¢
9,92 L L L s
20 22 24 26 28 k1]

Frequency (GHz)
Hinh 5. Két qud DG ciia mé hinh MIMO-90

3.3.3. Tong hé s6 phan xa tich cwc TARC (Total Active
Reflection Coefficient)

Hé $6 phan xa chu dong toan phén TARC cling la mot
thong s6 quan trong, phan anh dic tinh phan xa tong thé
ctia hé thong anten MIMO khi c6 sy mét phdi hop tro
khéng. TARC thip cho thiy, h¢ thong anten co hiéu suat
t6t, véi gia tri 1y tuong <0 dB. TARC dugc tinh theo cong
thire (5):

TARC = \/(|511|+|512|)2:(|521|+|522|)2 )

0

>
-0k

TARC (dB)
l\'é

_4“ 1 i 1 1
20 2 24 26 28 30

Frequency (GHz)
Hinh 6. Két quad TARC cua mé hinh MIMO-90

Két qua tir Hinh 6 cho thdy, TARC anten MIMO-90
pht toan bo dai bang tan hoat dong trong ca hai ché d phan
cuc CP va LP.

3.3.4. Ton that dung lwong kénh CCL (Channel Capacity
Loss)

Tén thit dung luong kénh (CCL) dic trung cho mirc
giam dung luong kénh do sy suy giam tin hiéu va tuong tac
1an nhau giita céc anten. Trong hé théng MIMO, CCL can
nho hon 0,4 bps/Hz trong dai tan sb hoat dong ciia anten dé
dam bao hiéu suét tét nhit. CCL duoc tinh theo cong thirc

(6) - (9):

b

C(loss) = —log,|y"| (6)
R _ [P1a 1/)12] 7
A Vi ()
2
Y =1—(Sa1* +|S;|D 8)
l»bij = _(Si*isl] + Sl]S]l) 9)
0.8
. i b e
- : ——==1P
K i cp
Foal 1
02 - i
ZA NN
H \\. \\...
0.0 L i L .
20 22 24 26 28 30

Frequency (GHz)
Hinh 7. Két qua CCL ciia mé hinh MIMO-90

Hinh 7 cho thdy, anten MIMO-90 dat dwoc CCL thip
hon 0,2 Bit/s/Hz trong toan by bang tan hoat dong, th?ip
hon nhiéu so véi gia tri chuan thyc té (0,4 Bit/s/Hz), cho
thdy anten dé xudt dat thong lugng cao.
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3.3.5. D6 thi birc xa

Hinh 8 biéu di&n d thi buc xa tai 26,0 GHz ctia anten
don va anten MIMO-90 (cong vao 1 va cong vao 2) & 2 ché
d6 phan cyc tron va tuyén tinh. Két qua cho thay, db thi
btic xa ctia anten MIMO-90 khong thay d6i nhiéu so véi do
thi birc xa cua anten don. D thi birc xa cua anten MIMO-
90 thé hién anten birc xa dinh huéng vudng goc voi bé mit
(broadside) cta anten véi d§ dinh hudng (directivity) cia
bup chinh khoang 7,3 dBi. Cac dd thi birc xa gan nhu tuong
ddng nhau & ca 2 cong vao va ca 2 ché d6 phan cuc, chimg
t6 anten MIMO d¢ xuat hoat dong kha 6n dinh. Hiéu suat
blic xa cua anten c6 gia tri trung binh khoang 95% trong
toan dai tan s hoat dong.

(b)

Hinh 8. D6 thi biic xa tai 26.0 GHz:
(a) mé hinh anten don, (b) md hinh MIMO-90 ¢éng vdo 1,
(c) md hinh MIMO-90 céng vdo 2. (Bén tri: phdn cuc tuyén
tinh (di-6t ON) va bén phdi: phén cuc tron (di-6t OFF)

4. Phan tich cac md hinh hgc may (ML)

Hinh 9 minh hoa cac giai doan tao m6 hinh hoc may.
Pau tién, thiét ké anten MIMO-90 duoc md phong nhiéu
lan (818 lan) trong CST Microwave Studio véi bo thong
s6 thiét k& (Hi, W1, Hi, Wi, D1, va Dy) dugc tao ngiu
nhién, va két qua sau mdi lan chay mo phong 1a bo thong
s6 dau ra dugc dan nhan theo diéu kién nhu trong Bang 3.
B0 dir liéu nay sau d6 dugc chia thanh 70% cho tap huén
luyén (training) va 30% cho tap kiém tra (test), va dua
vao cac md hinh hoc may (GLM - Generalized Linear
Regression, Decision Tree, Random Forest va Gradient
Boosted Tree) dé danh gia va so sanh do chinh xac va sai
s6 cua tirg mé hinh.

Bing 3. Thong s6 ddu ra sir dung cho cdc mé hinh hoc may

Ky hiéu Y nghia Dii tan sb Didu kién
Su1 Tham sé tan xa | 24— 28 GHz <-10dB
Ghmin D6 loi ciee tidu | 24— 28 GHz >5dB*
Gmax D6 loi cuwe dai | 24 —28 GHz <8dB”
AR Ty 56 truc 26 GHz <3dB

*Ddm bdo khdc biét dj loi <3dB trong toan ddi tan sé hoat dong.
Céc chi s6 do luong d6 chinh xac va sai s trong cac
mo hinh bao gém R-squared (R2), Explained Variance
Score (Var Score), Mean Absolute Error (MAE), Mean
Squared Error (MSE) va Root Mean Squared Error
(RMSE), dugc dinh nghia theo cac cong thie (10)-(14):

Mo phong anten Xuét két qua mo
trong CST Studio phong
Chuén bi b dit liéu
| dau vao

Bo dit licu

Decision Tree
Random Forest
Gradient Boosted Tree

!

Panh gia sai s6 va
d0 chinh xac

|

Mo hinh t6t nh4t
Random Forest

huén luyén _

oz 70% £E
5 0 £t
2e =8
g M@ hinh hoc may (Machine Learning) SE
<= GLM (Linear Regression) 8=
=

f

=1

Ap dung mé hinh khéc néu
d6 chinh x4c khéng tét

Hinh 9. So @6 minh hoa cdc giai dogn tao mé hinh hoc may

MAE :%Zhﬁ =il (10)
MSE== (v, ~5i F . (11)
rmse= |13 (vi-9F. (12)
Z(yi i
RZ —1- i:nl ’ (13)
Z(y| - V)Z
i=1
., Var(y;—%)
BVS =1-= =t o) (14)

Trong do, n 1a sb lugng mau; y; 1a gia tri thuc té clia
mau thtr I; §; 14 gid tri du doan cia mAu tha |; y1a gid tri
trung binh cta toan bd dir liu thuc té; Var(y - 9) la phuong
sai ciia phan du (16i du doan); Var(y)1a phuong sai cua dit
liu thyc te.
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Két qua so sanh giita cic mé hinh hoc may & Hinh 10
cho thdy GLM c6 sai s6 cao nhat va do chinh xéac thap
nhat, chimg t6 mdi quan hé giira cac tham sé dau vao va
két qua khong mang tinh tuyén tinh. Nguoc lai, Random
Forest dat hi¢u sudt tot nhat khi cho két qua do chinh xéac
cao nhat (R? = 88,73%, Explained Variance = 89,08%)
v6i sai s6 thap nhit (MAE = 5,41%, MSE = 2,80%,
RMSE = 16,74%). Gradient Boosted Trees va Decision
Tree ciing mang lai két qua kha quan nhung van kém hon
Random Forest. Do d6, trong 4 m6 hinh hoc may khao
sat, Random Forest 1a lya chon phu hop nhit dé téi wu
hi¢u suit anten, nhd kha nang xir Iy quan hé phi tuyén tinh
giita cac bién va cung cip du bao chinh x4c nhét.

100

Metric 88.73% 89.08%
= R2
% 80.44%
80- === Explained Variance 73:24% 75.38% 75.96%
—
&
2 601
x
<
S
= 40
o
©
Q 204 18.14% 18.39%
0- i -
GLM Decision Tree Random Forest  Gradient Boosted Trees
Mb hinh
(@)
100
Metric
m MAE
80 — MSE
W RMSE
<
g6
o 45.10%
z 37.46%
‘S 40 -
i 24.74%
R 22.55% . g
20 - 12.23%
5.36% 5.09% 5.41% 5 gooc 6.12%
GLM Decision Tree Random Forest  Gradient Boosted Trees
Mb hinh

Hinh 10. Két qud so sanh giita cdc mé hinh hoc mdy sir dung

5. Két luan

Bai bdo d& xuit mo hinh anten MIMO 2 cong (2-port
MIMO) hoat dong & dai tan séng millimet cho tmg dung
truyén thong khong day 5G. Anten dé xuat cho két qua tot
v6i bang thong tro khang 20,2%, btic xa dinh hudng
(broadside) 6n dinh trong bang tan hoat dong vai gia tri cuc
dai 7,5dB, va kha ning ti cu hinh phan cuc tron/tuyén
tinh tai tan sd trung tim 26 GHz. Cac thong s6 MIMO ciia
anten dé& xuit déu dat gié tri yéu cﬁu, bén canh dién tich
téng thé nho. Ngoai ra, anten MIMO d& xudt mé ra kha
ning c6 thé phat trién cho mé hinh 4 cong & cac dai tan sb
khac nhau theo ting tmg dung cu thé.

Loi cam on: Nghién ciru nay duoc tai trg boi Quy Phat
tricn Khoa hoc va Cong nghé Quoc gia (NAFOSTED)
trong de tai ma so 102.04-2023.36.
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