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Tém tit: Bai bdo nay tdp trung nghién ciru hiéu nang cua bo loc s6 FIR va IIR trong
xit Iy tin hiéu da phwong tién trong hé thong thong tin di dong 5G/6G. Nghién ciru sir dung
mé hinh mé phéng dwa trén hé thong ghép kénh phdn chia theo tan so tric giao OFDM dwoc
xdy dung nham danh gid kha nang khir nhiéu trong diéu kién kénh truyén thuc té, bao gom
nhiéu Gaussian, fading Rayleigh va suy hao méi truong. Hai kich ban dwoc xem xét: diéu
kién chudn va moi truong khdc nghiét (mwa I6n, mdt do nguoi ding cao). Cdc chi tiéu ddanh
gid gom MSE, SNR va BER. Két qua cho thdy bé loc FIR vueot tréi vé chdt lwong tin hiéu,

trong khi IIR c6 wu thé vé hiéu qua tinh todn.

Tir khéa: bo loc FIR, b loc IIR, Diéu ché OFDM, Thé hé di dong 5G/ 6G, ty I¢ 16i bit (BER),
1y 56 tin hiéu trén nhiéu (SNR), xit Iy tin hiéu da phwong tién

I. Pit véan dé

Hai cdu tric bo loc duge str dung phod
bién nhat hién nay 1a bo loc dap tmg xung
hitru han FIR (Finite Impulse Response) va
bd loc dap tng xung v6 han IIR (Infinite
Impulse Response) (Pang & cong su, 2023;
Nguyén & cong su, 2024). Bo loc FIR co uu
diém vé dic tinh pha tuyén tinh, gitp bao
toan dang song tin hi¢u trong qua trinh xur
ly. Pay 1a yéu ciu quan trong dbi vai cac tin
hi¢u da phuong tién nhu am thanh va video,
noi méo pha c6 thé anh hudng truc tiép
dén chit lugng cam nhan ctia ngudi dung
(Haykin, 2021). Nguoc lai, b loc IIR cho
phép dat dugc dép tng loc tuong duong voi
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béc thap hon, nho d6 giam dang ké do phuc
tap tinh toan va pht hop véi cac thiét bi di
dong hodc hé théng nhung c6 tai nguyén
xt 1y han ché (Goldsmith, 2022). Trong
mang 5G/6G (3GPP, 2017; Muhammad
Razee & cong su, 2018; Borges & cong
su, 2021), ky thuat ghép kénh phan chia
theo tan s truc giao OFDM (Orthogonal
Frequency Division Multiplexing) duoc
str dung rong rai nho kha ning truyén dir
lidu téc d6 cao va chéng nhidu da dudng
hi¢u qud. Tuy nhién, tin hicu OFDM c¢é
dd nhay cao dbi véi fading va méo pha,
dic biét trong moi truong truyén dan dong
nguoi ding hodc co suy hao thoi tiét 16n
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(Wei & cong su, 2021). Vi vay, viéc lya
chon cdu trac bo loc phu hop anh hudng
truc tiép dén cac chi tiéu hiéu nang cua hé
thong nhu: ty s6 tin hiéu trén nhiéu SNR
(Signal to Noise Ratio), ty 1¢ 16i bit BER
(Bit Error Rate), sai sé trung binh binh
phuong MSE (Mean Squared Error). Mot
s6 nghién ctru gan dy da tap trung danh
gi4 hiéu ning cia cc bod loc sb trong hé
thong truyén thong thé hé méi. Bo loc FIR
dat chat luong tin hi¢u t6t hon trong cac h¢
thdng OFDM chiju fading manh, trong khi
b loc IIR ¢6 wu thé vé hiéu qua tinh toan
va do tré xur 1y thdp (Muhammad Razee
& cong su, 2018). Mit khac, hé théng da
dau vao, da dau ra quy mé 16n (Massive
MIMO) va da phuong tién 5G, kha nang xi
ly tin hiéu chinh x4c 13 yéu t6 quan trong
dé cai thien BER va chit luong dich vu
QoS (Quality of Service) tong thé (Borges
& cong su, 2022). Ngoai ra, hiéu nang hé
thong OFDM suy giam dang ké trong moi
truong fading Rayleigh néu khong c6 k¥
thuat loc va c4n bang kénh phu hop (Ping
& cdng su, 2023). B loc FIR phu hop hon
d6i voi cac tmg dung da phuong tién yéu
cau chét luong tin hiéu cao, trong khi bd
loc TIR phu hop véi cac hé théng can tdi
wu tai nguyén tinh toan (Nguyén & cong
su, 2024). Tuy nhién, phan 16n cac nghién
ctru hién nay chu yéu tip trung vao phan
tich 1y thuyét hodc mé phong riéng 1é timg
loai bd loc, chua xay dung dugc bai toan
moé phong gin véi cac didu kién truyén dan
thuc t& trong mang 5G/6G. Bén canh do,
viéc danh gia dong thoi cac chi tiéu BER,
MSE va SNR trong nhiéu kich ban méi
treong khac nhau vin con han ché.

Xuét phét tir cac van dé trén, bai bao
nay tap trung xay dung mo hinh mo phong
tin hiéu multimedia truyén qua hé théng

OFDM trong mang 5G/6G véi hai kich
ban gdm mdi trudng théng thuong va moi
truong khic nghiét c6 mua 16n, fading
manh va mat do nguoi dung cao. Nghién
ctru tién hanh thiét ké va danh gia hai cu
trac bo loc FIR va IIR nhim phén tich kha
nang khir nhiéu, tai tao tin hiéu va cai thién
chit luong truyén dan. Hiéu ning hé thong
dugc danh gia thong qua cac chi tiéu MSE,
SNR va BER, tir 6 dua ra nhan xét va lua
chon ciu trac bo loc pht hop cho timg diéu
kién hoat dong cta hé thong 5G/6G.

IL. Co s6 1y thuyét

2.1. M6 hinh tin hiéu OFDM

Pinh nghia tin hiéu OFDM trong
mién thoi gian:

1'9-_1
[ ] 1 Z J.Z:'rkn
xmy=— X, e’ N
N K
k=0

Trong do, x,: dir ligu diéu ché; N s
song mang con trong hé thing OFDM.

Cu thé xét N=64, phuong thuc
diéu ché 1a QPSK, Tién té lip tudn hoan
(Cyclic Prefix) CP =16 mau tin hiéu dugc
sao chép tir cudi ky hiéu OFDM va chén
1én dau tin hiéu trudce khi truyén.

2.2. M6 hinh kénh truyén

Xét mo hinh kénh nhiéu Gaussian
tring cong (AWGN - Additive White
Gaussian Noise) c6: y[n]=x[n]+n[n], véi
n[n] 1a nhiéu Gaussian.

Dé mo phong diéu kién truyén khong
thuan loi, moi trrong d6 thi, san van dong
d6ng ngudi, truyén thong tin da phuong
tién ngoai troi thi st dung mé hinh kénh
truyén Rayleigh fading. Rayleigh fading
12 m6 hinh suy giam tin hiéu vo tuyén xay
ra khi khong ton tai duong truyén thing
(LOS - Line of Sight), tin hiéu dén may
thu qua nhiéu dudng phan xa khac nhau:



y[n]=a[n].x[n]+n[n]

Trong do,

x[n]: tin hi€u phat

y[n]: tin hi¢u thu

a[n]: hé s6 fading Rayleigh cta kénh
truyén

n[n]: nhiéu Gaussian

2.3. Suy hao do mwa

Pé danh gid muc d6 suy hao do
mua, st dung cong thuc:

L =a.RE.d

Rain

Trong d6, R la cuong d6 mua; d
1a khoang cach; o, B 1a cac hé sb thuc
nghiém phu thudc tan sé va phan cuc séng
dién tir, duoc xac dinh theo khuyén nghi
ITU-R P.838.

2.4. Bj loc FIR

B6 loc FIR 1a bo loc ma dép ung
xung hiru han, khong c¢6 héi tiép, duoc mo

ta boi phuong trinh:
M
v(n) = Z b,.x(n— k)
k=0

Trong d6 hé sb b, duoc lwya chon
dé bo loc hoat dong nhu 1 bd loc thong
thip dap tng tin sé cua bo loc ¢b bién do
xap xi bang 1 trong dai tin thdp va suy
giam manh trong dai tin cao, dong thoi
thoa man tinh déi xtmg dé dap tng bién do
phang trong dai thong va duoc chuan hoa
dé co hé sb6 khuéch dai DC béng 1, no sé&
1a tham s6 quyét dinh dic tinh tan s6. M 1a
bac cta bo loc.

Trong nghién ctru nay, bd loc FIR
duoc thiét ké bang phwong phap cira sb
Hamming, v6i ham truyén dat 1a:
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M

H(z) =Z bz

k=0

Vi bac cia bo loc M=50, tan sd cét
la 100Hz.
2.5. B lgc IIR

Bo loc IIR thudc loai bo loc ¢6 hdi
tiép, dap tng xung 1a v6 han, dugc mo ta
boi phuong trinh:

M M

}r(nj=z b,.x(n—k)— Z a,.¥(n—k)

k=0 k=0

Trong doé hé s6 b, duoc lya chon
dé bo loc hoat dong nhu 1 bd loc thong
thip dap tmg tan sé cta bo loc ¢6 bién do
xap xi bang 1 trong dai tin thdp va suy
giam manh trong dai tin cao, dong thoi
thoa man tinh déi xtmg dé dap ung bién do
phing trong dai thong va dugc chuan hoa
dé c6 hé sb khuéch dai DC bang 1.

Cu thé 1a sir dung b6 loc IIR kiéu
Butterworth:

Irs e

H[:ZJ E 1+E‘¥=D n;{.z_;{

II1. Phwong phap nghién ciru

3.1. Bai toan moé phong

M6 phong dugc thuc hién trén
MATLAB véi cac thong sb:

Bo loc FIR (Bac 50): Uu tién dap
{g pha tuyén tinh nhim béao toan cau tric
tin hiéu da phuong tién, giam thiéu nhiéu
xuyén ky tu (ISI) cho hé théng 5G.

B6 loc IIR (Béc 4): Uu tién cdu trac
t6i gian v6i d6 dbc cudn tit 16m, gitp tiét
kiém t6i da tai nguyén tinh toan (MAC) cho
cac thiét bi di dong gidi han ning lugng.

Viéc lua chon cdu trac dwa trén can
bang dinh luong giita chat luong tin hiéu
(MSE) va d6 tré xtr Iy (Latency) dé tbi uu
trai nghiém nguoi dung (QoE).
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Bdng 1. Théng so thiét ké bé loc

Tham s6 Gia tri
S6 s6ng mang phy 64
Phuong thirc diéu ché QPSK
SNR 0-20 dB
FIR order 50
IIR order 4
M@ hinh kénh AWGN + Rayleigh

Kich ban md phong: Nghién ciru
xdy dung hai kich ban mé phong nham
danh gia hiéu nang cta bd loc FIR va IIR
trong cac diéu kién truyén din khac nhau.

Trudng hop 1: S6 lugng ngudi dung
thap; Khong co6 mua hodc suy hao thoi tiét
dang ké; Hién tuong fading Rayleigh &
muc nhe.

Truong hop 2: Mua 16n giy suy
hao truyén séng manh; Hién tugng fading
Rayleigh nghiém trong; Mirc nhidu giao
thoa (interference) cao do nhiéu nguoi
dung truy cap dong thoi. Hé sb thuc
nghiém duoc thiét 1ap cho tan sé 28 GHz
(k=0.187,0=1.021) véi phan cuc ngang.
Cuodng d6 mua R(mm/h) dugc bién doi
dé mo phong su suy giam SNR, tir d6 do
luong kha nang thich nghi cua b loc FIR
(bac 50) va IIR (bac 4) trong viéc gilt vitng
chi s6 BER va chit luong tin hiéu (PSNR/
SSIM) trude cac diéu kién khi hau bat loi.

Dé ddi chiéu véi Iy thuyét, thuc hién
nang cip mo hinh 1én véi cac tham s6: S6
song mang phu 2048, phuong thic didu
ché QAM-256, tan s6 1y mau tin hiéu 4m
thanh 44100Hz.

3.2. Chi tiéu danh gia dinh luong

DPé danh gia hiéu ning cua cac bd
loc FIR va IIR trong hé théng OFDM
cho mang 5G/6G, nghién cuu st dung
ba chi tiéu dinh luong chinh gém sai sb
binh phuong trung binh (Mean Squared
Error - MSE), ty sb tin hiéu trén nhiéu

(Signal-to-Noise Ratio - SNR) va ty 1¢
16i bit (Bit Error Rate - BER). Chiing cho
phép danh gia chéat lugng hé théng xir 1y
tin hiéu sd, trong d6 MSE phan 4nh mic
do6 sai léch gitra tin hi¢u géc va tin hiéu sau
xtr 1y, SNR thé hién kha nang khir nhidu
va cai thién chat luong tin hiéu, con BER
biéu dién do tin cdy cua qua trinh truyén
dt liéu trong moéi truong kénh fading va
nhiu thuc té. Viéc két hop ddng thoi ba
chi tiéu gitp danh gia ddy du hiéu qua cua
b6 loc khong chi vé kha ning tai tao tin
hiéu da phuong tién ma con vé mirc do 6n
dinh va do chinh x4c cua hé thdng truyén
thong 5G/6G.

MSE = —Z

P_‘-'
SNR = 10.lg (P—)

n

x[n] — y[n])?

1oi

BER =

truyen

IV. Két qua va théo luin

Muc ti€u cua thuc nghiém nay la
danh gia, phan tich va so sanh mdt cach
dinh luong hiéu ning cta hai ciu trac
b6 loc s6 co ban 1a FIR (Pap tmng xung
hiru han) va IIR (Dé4p tng xung vo han)
trong bai toan xur 1y tin hiéu da phuong
tién truyén qua hé théng OFDM. Qua
viéc mo phong trén Matlab, nhom nhan
thay hiéu niang cua bd loc FIR va IIR
thay d6i ro rét tuy thudc diéu kién moi
truong truyén dan trong h¢ théng OFDM
cho mang 5G/6G. B6 loc FIR van duy tri
vu thé vé& giam méo tin hiéu va cai thién
SNR diu ra trong mét sé trudng hop, tuy
nhién hé théng OFDM chiu anh huéng
dang ké bai nhifu giao thoa va suy hao
kénh truyén.
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Badng 2. Két qua mé phong cho truong hop 1, diéu kién thong thuwong

Thong s6 BER MSE SNR (dB)
SNR vao (dB) FIR IIR FIR IIR FIR IIR
0 0.49830 0.49806 0.16552 (0.32982 -32.896 -34.052
5 0.49848 0.50205 0.06584 0.05910 -30.482 -30.645
10 0.49814 0.49901 0.05172 0.06558 -29.896 -28.454
15 0.49948 0.50132 0.04982 0.06442 -29.143 -27.633
20 0.50028 0.49926 0.22511 0.06514 -33.516 -30.760
So sanh ty le loi bit (BER)
@ 052 f u-"""'--”a _____ ﬂ—_e:sgmcﬂrz .
@ Q= =0- Bélee IR
D.SCI— ; 2 —© ! D
0 2 4 6 8 0 12 14 16 18 20
SNR Dau vao (dB)
So sanh sai so binh phuong trung binh (MSE)
0.0264 T T T T T T T T T
9 0.024 i
0.022 —

0 2 4 6 8 10 12 14 16 18 20
SNR Dau vao (dB)
So sanh SNR Dau ra

1] 2 4 6 B 10 12 14 16 18 20
SNR Dau vao (dB)

SNR Dau ra (dB)
=

Hinh 1. Két qua mé phong cho trwong hop 1, diéu kién thong thuong

Dua trén két qua tai hinh 1, khi ty
s6 tin hiéu trén nhiéu dau vao (SNR_in)
ting dan tir 0 dB dén 20 dB, hiéu ning
ctia ca hai bo loc FIR va IIR déu cé su
cai thién manh. Ty I¢ 16i bit (BER) va

sai s6 binh phuong trung binh (MSE)
giam manh theo ham mi, trong khi chi
sé6 SNR tuong dbi 6n dinh, thé hién
dtng ban chit vat 1y cua qua trinh loc
nhiéu cong.

Bdng 3. Két qud mé phong cho truong hop 2, diéu kién muwea I6n va mat dg nguwoi ding cao

Théong so BER MSE SNR (dB)
SNR vao (dB) FIR IIR FIR IIR FIR IIR
0 0.49925 | 0.49979 | 0.18388 | 0.18104 | -29.509 | -29.607
5 0.49990 | 0.50055 | 0.06932 | 0.08072 | -28.647 | -29.375
10 0.49988 | 0.50137 | 0.05254 | 0.06923 | -30.069 | -30.409
15 0.50294 | 0.49868 | 0.13443 | 0.14769 | -29.880 | -27.491
20 0.50155 | 0.49934 | 0.04324 | 0.04682 | -28.299 | -29.811

dong thoi cua
hién tugng suy hao do mua (d0 suy

Dué6i anh hudng

giam cbng suat) va nhidu giao thoa da
duong tang cao do mat do nguoi dung
16n, khi fading va nhiéu ting manh
thi cac tham s BER va MSE xau di
rat nhiéu. Tai mic SNR in = 15dB,

duong cong MSE cua bé loc FIR bi diy
1én cao hon. Tuy nhién, cdu trac FIR vin
duy tri két qua tot hon bo loc IIR. Su gia
tang MSE nay phan anh viéc tin hi¢u da
phuong tién bi méo dang nhiéu hon do cac
dinh nhiéu giao thoa vugt qua kha ning
san phéng cta cac hé sb bod loc cb dinh.
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DA4i véi chi tiéu BER va SNR déu ra tai
hinh 2. O kich ban nay, dudng cong BER
giam cham hon. Két qua SNR_out ctia ca
hai bo loc déu bi kéo thap xudng dang
ké. Piéu nay cho thay trong moéi truong
mang 5G/6G thuc té voi cac tac nhan

cuc doan, viéc chi sir dung céc ciu trac
bd loc thong thap doc lap 1a chua du dé
triét tiéu hoan toan nhiéu, doi hoi hé
thong phai két hop thém cac thuat toan
loc thich nghi hoic ma hoa kénh kiém
soat 16i cap d6 cao hon.

=0- Bdloe IR

o
& 0.52 T
m O === -
0.5 = o T
0 2 4 6 8

10

B T ol e
B —6—B6 loc FIR

©
12 14 16 18 20

SNR Dau vao (dB)

So sanh sai so binh phuong trung binh (MSE)

0.026 T T

b il .

10

12 14 16 18 20

SNR Dau vao (dB)

So sanh SNR Dau ra

P

SNR Dau ra (dB)
=

0 2 4 6 8

10
SNR Dau vao (dB)

12 14 16 18 20

Hinh 2. Két qua mé phéng cho trwong hop 2, diéu kién mua 16m va mat dé nguoi ding cao

Déi chiéu két qua thuc nghiém va ly
thuyét thay hé thong ¢ cai thién tt.

Dbi chiéu BER thyc nghiém vs Ly thuyét

10°

Ty1& 131 bit (BER)

= = Lythuyét (Benchmark)
—G—FIR (Bac 512)
—8— IR (Bac 4}

10 : ; :
0 5 10 15 20
Ty 54 tin higu trén nhiéu (SNR - dB)
Hinh 3. So sanh két qua thuc nghiém va

Iy thuyét
V. Két luén
Bai bao da giai quyét thanh cong bai
toan dit ra bang cach xdy dyng mot mod
hinh mé phong chudi truyén din OFDM

tuong ddi toan dién, bam sat cac tham s
ky thuat hién dai cua mang di dong thé
hé méi 5G/6G. Thong qua cac két qua
thuc nghiém thu dugc tur hai kich ban
moi truong, hiéu nang chung cua nghién
ctru. Hé thdng mo phong da phan anh mot
cach chinh x4c sy danh ddi (trade-off)
kinh dién trong k¥ thuat xu Iy tin hiéu sb.
B loc FIR mang lai hiéu nang vuot troi
vé chét lugng tai tao tin hiéu, do tin cay
(BER thip, MSE nho, SNR_out cao) nho
loi thé pha tuyén tinh tuyét dbi, nhung doi
lai phai tra gia bang viéc xir Iy bac bo loc
16n (M=50), gay ap luc vé tai nguyén phan
cung. Nguoc lai, bo loc IR (Butterworth)
du ¢6 céac chi s hiéu ning thip hon mot
chuat nhung lai dat dugc muc dap ung
bién do rat tét chi véi bac bod loc cuc nho
(M=4), gitip t6i vu hoa khong gian luu trix
thanh ghi va giam thiéu d6 tré tinh toan.
Ngoai ra, két qua nghién ctru dua ra mot



chi dan thiét ké c6 gia tri cho cac k¥ su
dinh hinh kién trac may thu 5G/6G: B6 loc
FIR 14 sy lua chon tdi wu cho cac tram thu
phat hoic thiét bi dau cudi cao cdp chuyén
xtr Iy cac ludng dir liéu truyén thong da
phuong tién thoi gian thuc yéu cau khit
khe vé chit luong nhu Video Streaming
4K/8K, hoi nghi truyén hinh, thuc t& 4o
VR (Virtual Reality) hodc thuc té ting
cuong AR (Augmented Reality). Trong
khi b loc IR lai 14 giai phap 1y tuong dé
tich hop vao cac thiét bi di dong phan khuc
thap, cac nit cam bién Internet van vat [oT
(Internet of Things) cong nghiép noi ma
tai nguyén nang luong (pin) va chip xu ly
bi han ché nghiém trong.

Mic du bai bao da ching minh dugc
tinh hiéu qua cia cac bd loc sb trong viée
giam nhiu, nghién ctru ciing chi ra ring
cac bd loc ¢6 hé sb ¢b dinh s& gip gidi
han khi d6i mat v6i kénh truyén bién d6i
nhanh va khic nghiét. Pay 1a tién dé mo
ra hudng phat trién tiép theo ciia nhom
nhu 12 Ung dung cac thuét toan loc thich
nghi (nhu LMS, RLS) hodc cac bd can
bang kénh thong minh dya trén hoc may
(Machine Learning) dé hé théng tu dong
cap nhat hé s, t6i uu hoa théng lugng
(Throughput) thoi gian thuc cho mang 6G
tuong lai.
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PERFORMANCE ANALYSIS OF FIRAND IIR FILTERS
IN MULTIMEDIA SIGNAL PROCESSING FOR 5G/6G SYSTEMS

Do Phuong Nhung!, Pham Truong Sinh?, Tran Thi Thuy', Vu Thi Hong Tuoi!

Abstract: This paper focuses on the performance analysis of FIR and IIR digital
filters in multimedia signal processing for 5G/6G mobile communication systems. The study
employs an OFDM-based simulation model to evaluate noise suppression capability under
realistic channel conditions, including Gaussian noise, Rayleigh fading, and environmental
attenuation. Two scenarios are investigated. a normal transmission environment and a harsh
environment characterized by heavy rain and high user density. Performance evaluation is
conducted using Mean Squared Error (MSE), Signal-to-Noise Ratio (SNR), and Bit Error
Rate (BER). Simulation results show that the FIR filter provides superior signal quality
and lower distortion, whereas the IIR filter offers better computational efficiency and lower
implementation complexity.
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