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This study focuses on evaluating the impact of various types of interference on a
digital communication system when transmitting different forms of data, including
binary sequences, text messages, and images. The transmitted data is encoded using
the Turbo channel coding scheme to enhance robustness against noise and jamming.
Three interference types are considered: wideband noise, narrowband noise, and burst
noise, which represent common jamming techniques in electronic warfare. The entire
simulation process—including modulation, transmission, encoding, noise injection,
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and decoding—is implemented in MATLAB to assess bit—error performance under
different signal-to-noise ratios and interference conditions. Simulation results show
that the system’s performance is significantly affected by the presence of interference.
In the absence of jamming, Turbo coding achieves very low bit-error rates and
maintains stable performance due to its iterative decoding mechanism, which
effectively recovers corrupted bits. When subjected to wideband, narrowband, or burst
noise, the bit-error rate increases notably, especially at low signal-to-noise ratio.
Wideband interference degrades the entire coded sequence uniformly, whereas
narrowband and burst interference introduce localized error clusters, sharply
increasing the probability of bit errors. Nevertheless, Turbo coding demonstrates
strong error-correction capability thanks to its code redundancy and iterative decoding,
allowing the bit-error rate to decrease rapidly as the SNR improves. Overall, the
simulations indicate that Turbo coding maintains stable performance and ensures
reliable data transmission even under different types of interference.
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Nghién ctru ndy tip trung danh gia anh huéng cita cac dang nhidu 1én hé théng thong
tin sd khi truyén nhiéu kiéu dit liéu khéc nhau, bao gém ban tin van ban va anh. D
liéu dugc ma hoa béng hai k§ thuat md hoa kénh Turbo dé nang cao kha ning chéng
nhidu. Ba dang nhidu duoc xem xét bao gdm: nhidu bing rong, bang hep va nhiéu

xung, day 1a ba dang nhiéu co ban dugc sir dung trong téc chién dién tir. Toan bo quy
trinh m6 phong, diéu ché, truyén tin, md hoa, thém nhidu va giai ma duoc trién khai
trén MATLAB dé danh gi4 hiéu nang 13i bit theo timg mirc tin/tap va timg loai nhidu.
Két qua mod phong cho thay hiéu nang ctia hé théng chiu anh huéng rd rét boi sy Xuét
hién cila nhiéu. Trong truong hop khong bi gay nhidu, mi Turbo cho ti 18 13i bit rat
thap va duy tri d6 6n dinh t6t, nho co ché giai ma lap giup phuc hdi chinh xéc chudi
bit. Khi h¢ thong chiu tic dong clia cac dang gay nhidu nhur gy nhiéu bang rong, bang
hep hoic gay nhidu xung, ti 18 11 bit ting én dang k&, dac biét tai cac murc tin/tap thip.
Gay nhidu bang rong lam suy giam ddng déu toan bo chudi mé, trong khi gdy nhidu
bang hep va nhidu xung tao ra cac doan 18i cuc bo 1am tang manh xac suét bit sai. Tuy
nhién, ma Turbo van thé hién kha nang sira 13i tot nho tinh du thira ciia chudi ma va
thut toan gidi ma lap, giop ti 1¢ 15i bit giam nhanh khi tin/tap tang. Téng thé, mo
phong cho thdy ma Turbo duy tri hiéu nang kha 6 bn dinh va van ddm bao do tin cdy
truyén dén ngay ca khi hé thdng bi tac dong boi cac dang nhidu khac nhau.

DOI: https://doi.org/10.34238/tnu-jst.14138

Email: manhhungdol5485@gmail.com

http://jst.thu.edu.vn

157 Email: jst@tnu.edu.vn


http://jst.tnu.edu.vn/
mailto:jst@tnu.edu.vn
https://doi.org/10.34238/tnu-jst.

TNU Journal of Science and Technology 231(02): 157 - 164

1. Gidi thiéu chung

Trong bbi canh cac hé thong thong tin s6 ngay cang dugc ing dung séu rong trong an ninh
quoc phong, hang khong, v€ tinh, dinh vi va ha tang vién thong dan sy, yéu cau duy tri chat luong
truyén din 6n dinh trong moi truong cé nhidu ngay cang trd nén cap thiét. Cac hé théng nay phai
hoat dong trong diéu kién tin hiéu suy hao, chiu anh hudng cua da duong, fading, cling nhu nhiéu
dang gay nhiéu chu dong cua (101 phuong trong mdi trudng tac chién dién tir phirc tap. Cac ky
thuat gay nhleu pho bién bao gdbm giy nhiéu bang rong, giy nhiéu bang hep va gay nhiéu xung,
trong d6 mdi dang déu cé dic tinh tac dong khac nhau 1én kénh truyen va kha nang lam suy giam
dang ké ti 1¢ tin/tap (SNR) [1], [2]. Nhimng loai nhiéu nay c6 thé khién ti 1¢ 15i bit (BER) ting dot
bién, 1am giam hiéu qua truyén din va trong nhiéu trudng hop co thé gy gian doan hoan toan
duong thong tin gdy kho khan trong chi huy, diéu hanh tac chién.

Dé nang cao do tin cdy va dam bao kha nang duy tri lién lac cling nhu kha nang chbng nhiéu
trong moi trudng tac chién dién tir, cac ky thuat ma hoa kénh (FEC — Forward Error Correction)
dong vai tro quan trong. FEC cho phép bo sung du thira c6 kiém soat vao dir liéu gbc dé phia thu
c6 thé phat hién va stra 16i ma khong can guri lai ban tin. Trong sb nhleu phuong phap ma hoa
hién dai, ma Turbo la mét trong nhimg ky thuét c6 hiéu nang cao, ndi bat nho co che ma hoa
dang ndi tiép va qua trinh giai ma lap dva trén thuat toan MAP, c6 kha ning tién gan gidi han
Shannon [3], [4]. Tir khi dugc gi6i thiéu vao déu nhitng ndm 1990, Turbo code d3 dugc tmg dung
rong rii trong cac hé thong vién thong, truyén hinh so, hé thong thong tin vé tinh va nhiéu tiéu
chuan truyén thong khong day [5], [6].

Mic dii Turbo code dd dugc nghién ctru rong rii trong cac méi trudng kénh truyén cé nhidu
Gaussian va fading truyén thong, sb luong cong trinh tap trung vao kha ning chdng nhidu chi
dong (jamming) con twong d6i han ché. Mot sd nghién ctru kinh dién chi yéu mo phong hiéu
ning ctia ma Turbo trong kénh AWGN hoic Rayleigh ma khong xét dén cac dang gay nhidu dién
tr. Chang han, Berrou va cong sy [3] va Hagenauer [4] phan tich hiéu ning giai mi lip cua
Turbo code nhung chi trong diéu kién nhiu Gauss. Cac nghién ctru khac tap trung vao hiéu sut
Turbo code trong méi truong fading nhu Rayleigh hodc Ricean [7], [8], tuy nhién van chua dé
cap dén nhiu c6 chu dich gay suy giam SNR d6t ngot nhu nhiéu biang hep hoic nhiéu xung.

Mot sb cong trinh lién quan dén chéng nhidu chu dong chu yéu tap trung vao hé théng
OFDM, chudi trai ph truc tiép (DSSS) hodc nhay tan (FHSS) thay vi mi hoa kénh. Poisel [2] va
Adamy [9] phén loai cac ky thuét gay nhidu nhung khong danh gia cu thé hiéu nang cua Turbo
code. Mot s6 nghién ctru gan day xem xét tac dong cua nhiéu bang hep 1én cac hé thong didu ché
s6 [10], hodc danh gia BER duéi nhidu xung [11], nhung hau hét chi 4p dung véi dit liéu nhi
phan don gian va khong két hop v6i ma héa Turbo. Ngoai ra, cac nghién ctru danh gia tac dong
ctia nhiéu loai nhidu khac nhau 1én cing mot hé théng ma hoa kénh, dac biét khi truyén cac dang
dir liéu da dang nhu van ban, anh hodc tin hiéu phue tap, van con rét it [12], [13]. Do d9, viéc xay
dung mét mo hinh danh gia toan dién kha nang chéng nhiéu cia hé thong thong tin sb sir dung
mi Turbo dudi cic dang gy nhidu phd bién trong tac chién dién tir vin 1a mot khoang trong
nghién ctru dang duoc quan tam.

Nghién ciru niy tap trung danh gia toan dién kha ning chéng nhidu cta cac duong thong tin
sO sir dung ma héa Turbo. Ba dang dit liéu dai dién—chudi nhi phén, ban tin van ban va anh—
duoc lya chon nham phan anh cac loai thong tin thuong gép trong nhiéu hé thdng thyc té. Tuong
mg v6i d6, ba md hinh nhiéu co ban gom gay nhiéu bang rong (barrage noise), gy nhiéu bing
hep (partial-band jamming) va gy nhiéu xung (burst noise) duogc xay dung theo dung dic tinh
ctia nhiéu trong tac chién dién tir [14]. Toan bd qué trinh mo phong, tir ma hoa, diéu ché, truyén
qua kénh, chén nhiéu va giai ma, duoc thyuc hién trén MATLAB nham danh gia su thay ddi BER
theo timg muc tin/tap. Két qua thu dugc gitip phan tich siu mirc d suy giam hiéu nang cta hé
thong dudi timg dang nhiéu, dong thoi cho thay higu qua cia ma Turbo trong viéc duy tri do tin
cdy cua duong truyén.
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Céu tric ndi dung tiép theo ciia bai bao 3 phén chinh: cac co s& 1y thuyét ciia hé thong thong
tin, ma Turbo va cic dang nhiéu trinh bay ¢ phan 2. Phan 3 danh gia kha nang chong nhidu cta
hé thng thong tin trong MATLAB. Phan 4 1 két luan tong quan.

2. Co s& 1y thuyét hé thong thong tin va cic dang nhiéu

Trong phan nay, bai bao tap trung trinh bay co s¢ ly thuyét ctia hé thong thong tin sd va ciu
triic ctia cac dang nhiéu sir dung dé danh gia hé thong.
2.1. Téng quan hé thong théng tin so

He¢ thdng thong tin s6 (Digital Communication System) 1 nén tang ciia hau hét cac cong nghé
truyén thong hién dai, tr mang vien thong di ddng, truyén hinh s6, Wi-Fi cho dén cac hé thong
radar va dinh vi. Muc ti€u cia mot h¢ thong thong tin so6 1a truyén tai dir li€u tr nguodn phat dén
dich thong qua mdt kénh truyén c6 nhi€u voi d6 tin cdy cao nhat va hiéu qua pho to6i wu. Hinh 1
la minh hoa hé thong thong tin s6 co ban.

Ngubdn tin » Ma hoa nguon »  Makénh »  Dicuche
Kénh truyén,
nhiéu c0 y
Nguodn tin goc Giai ma ngudn [« Gidi ma kénh [« Gidi diéu ché

Hinh 1. So do téng qudt hé thong thong tin s6

Trong hé thong thong tin sd, dir liéu ngudn nhu chudi bit, anh hodc ban tin vin ban (Hinh 2)
dugc ma hoa ngudn. Trong nghién ciru ndy, tic gia thuc hién chuyén cac ky tu chit, cac gam mau
trong anh thanh cac ky tw 0 — 1. Vi du “The” trong vin ban dugc ma hoéa thanh thanh chudi ky tu
dang 4x8 c6 dang { '01010100'; '01101000'; '01000100; '00100000" }. Chudi ky tu sau d6 dugc
mi hoa kénh bang ma Turbo nham ting kha nang chdng 16i. Chudi bit dd ma hoa duge diéu ché
theo so d0 M-PSK dé tao tin hiéu twong ty truyén qua kénh. Trong qué trinh lan truyen tin hiéu
chiu tac dong ctia nhidu va suy hao, 1am sai 1éch thong tin. O phia thu, tin hiéu duoc giai diéu ché
M-PSK dé thu lai cac bit mém, tiép tuc dua vao bd giai ma Turbo nhim khéi phyc chudi bit ban
dau. Cubi ciing, khdi giai ma ngudn tai tao lai dir liéu gdc, dam bao hé thong truyén tin hoat dong
tin cdy ngay ca trong moi truong nhidu manh.

2.2. Téng quan cdc dang nhiéu

Trong phan nay, tac gia chi dé cap dén ba dang nhleu cdy thong dung thuong duoc sir dung
dé gay nhiéu cac hé thdng thong tin lién lac bao gdm co: nhidu bang rong, nhidu bing hep va
nhiéu xung.

a) Nhiéu bing rong

Nhiéu bang rong la nhiéu tich cyc c6 d6 rong pho duoc chon gan tuong duong véi dai tan lam
viéc cua hé thong thong tin can ché ap. Trong thuc té nhiéu bang rong c6 do rong phd 16m hon tir
hang chuc dén hang trim 1an dai théng may thu cua hé thong thong tin can ché ap. Trong truong
hop nay ning lugng nhidu khéng duoc st dung tap trung dé ché ap, do vay hidu qua ctia nhidu
bang rong khong cao.
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b) Nhiéu bing hep

Nhiéu bing hep 13 nhidu tich cuc c6 d6 rong phd twong dwong véi d6 rong phd tin hiéu cta hé
thdng thong tin can ché ap. Trong thyc t& d6 rong phd nhidu bing hep khong vuot qua 2 - 3 lan
dai thong may thu: Afn = (2+3) A/MT.

Viée st dung nhiéu bang hep tuong d6i kho khan va phai hi¢u chinh may phat nhiéu sao cho
tan sb ctia no trung voi tan s6 1am viéc cuia hé thong thong tin can ché ap. Vi cac hé thong nay co
kha nang thay do1 tan s6 rat nhanh nén trong cac dai gay nhidu bang hep thudng c6 thém hé thng
diéu khién tan sd.

The Passive Band Pass Filter can be used to isolate or filter out
certain frequencies that lie within a particular band or range of
frequencies. The cut-off frequency or fc¢ point in a simple RC
passive filter can be accurately controlled using just a single
resistor in series with a non-polarized capacitor, and depending
upon which way around they are connected, we have seen that
either a Low Pass or a High Pass filter is obtained. One simple
use for these types of passive filters is in audio amplifier
applications or circuits such as in loudspeaker crossover filters
or pre-amplifier tone controls. Sometimes it is necessary to only
pass a certain range of frequencies that do not begin at oHz,
(DC) or end at some upper high frequency point but are within a
certain range or band of frequencies, either narrow or wide. By
connecting or “cascading” together a single Low Pass Filter
circuit with a High Pass Filter circuit, we can produce another
type of passive RC filter that passes a selected range or “band”
of frequencies that can be either narrow or wide while
attenuating all those outside of this range. This new type of
passive filter arrangement produces a frequency selective filter
known commonly as a Band Pass Filter or BPF for|

a)

Hinh 2. Cdc ban tin goc can truyén di: a) ban tin vin ban; b) hinh dnh
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Hinh 3. Vé du minh hoa ph(f cﬁa cac dang nhidu: ~
a) tin hiéu; b) nhiéu bang hep; c) nhiéu bang rong, d) nhiéu xung
¢) Nhiéu xung
Nhiéu xung 1a mot dang nhiéu két hop giita nhidu bang hep va nhidu bang rong. Trong truong
hop nay nhidu véi phd twong dbi hep duge chuyén dich hay "trugt" trong mot dai tan xac dinh
nao d6 theo chwong trinh da chon trudc. Mic du hé thong thong tin can ché ap lam viéc trong
mot dai tin kha rong nhung hiéu qua cta nhiéu xung so v6i nhidu bing hep thap hon. Trong
nhitng ndm gan day, ngudi ta lai chii y nhiéu dén viée sir dung nhiu xung. D6 1a do nho st dung
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cac chuong trinh diéu khién t6i wu dé truot phd nhidu trong dai tin dinh trudc nén hidu qua loai
nay tang 1én rd rét. Hinh 3 minh hoa cac dang nhicu dugc sir dung trong tac chién dién tu

3. Panh gia kha niing chéng nhiu ciia hé thong thong tin s6

Trong phan nay tic gia tién hanh danh gia kha nang chéng cac dang nhidu ¢ ¥ thong dung
trong tac chién dién tir cua hé thdng thong tin s6 khi str dung ma Turbo va khi khong sir dung véi
cac ngudn tin can truyén 1a ban tin van ban va hinh anh (Hinh 2).

3.1. Khong sw dung mda Turbo

Trong phan nay tac gia tién hanh danh gia kha nang chong nhiéu cua hé théng thong tin khi
khong sir dung ma hoa kénh Turbo véi cac ngudn tin can truyen la ban tin van ban va hinh anh
dudi tac dong ctia cac dang nhidu khac nhau voi dang diéu ché st dung 1a BPSK.
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The Passive Band Pass Filter can be used to isolate or filter out
certain frequencies that lie within a particular band or range of
frequencies. The cut-off frequency or ¥c point in a simple RC
passive filter can be accurately controlled using just a single
resistor in series with a non-polarized capacitor, and
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type of passive RC filter that passes a selected range or ybandy
of frequencies that can be either narrow or wide while
attenuating all those outside of this range. This new type of
passive filter arrangement produces a frequency selective filter
known commonly as a Band Pass Filter or BPF for shcﬂ
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a)
<io%Rassive Band Pass Fild#& #an be used to isolatexk{gfilter out
certain fsmptd/dies that lie withiNjii articular band or
raica@~v’ frequencies. The cE@
id$ frequency or yc poi~t@Kn a simple RC passiva @j}ger can be
accuratelh sMl$rolled using just alsiukGe¥ resistor in series)dkth
a non-polarized caucknpnr, and depending upid"abich way around
they ape cnnnected, we have se'natya4 either a Low Pass Bulq High
Pass filter is /§tdaned. One simple use GmEAT ese types of
passivanfl,ders is in audio amxldfIu2 applications or chAa}Ivs
such as in loudspel O X2
$d"#rossover filters or$pzD-amplifier tone cont3m ~ 102t Y 0.02614
4. Sometimes it is nec {saxy to only pass a cerzdim(dange of é
frequencies"4hat"do not begin at @HzEO(TA) or end at some uppaé
jia( frequency point bv Bybg within a certain rcnGEecd band of
frequenciec/6tither narrow or widen F; a/nnecting or jcascaziNfg 5
together a single L;{4Pgs® Filter circuit wiphl!Aem)gh Pass Filter 107 F
cirpu}% awe can produce anotjei Aype of passive RC fi.vu3 dhat
passes a selectdp dance or jbandy of freafBoc$es that can be —&— Nhiéu bang hep
eithdp j¥r2ow or wide while a\TEft! ing all those outsidd /mathis Nhi&u xung
range. This naw 0Q0e of passive filter “bRc:gement produces a fr% 1074 L I .
yé Icy selective filter” élmgh commonly as a Band Qido £ilter or -10 -5 0 5

BPF for sd;s| SNR (dB)
¢ d)
Hinh 4. Ban tin sau giai ma tai mdy thu véi SNR = 0 dB siur dung cac dang nhiéu khdc nhau:
a) nhieu bang rong; b) nhieu bang hep; ¢) nhiéu xung; d) BER phu thuéc vao SNR

X2
*Y 0.05537

N

—©— Nhicu bang rong

a) Bdan tin van ban

Hinh 4 1a két qua ban tin sau giai diéu ché, giai ma tai may thu véi cac dang nhidu khac nhau
(SNR = 0dB). Véi nhidu bang rong (Hinh 4a), vin ban bj bién dang hoan toan do ning lugng
nhiéu trai déu trén toan pho, khién cho ban tin truyén di gan nhu khong thé phuc héni Khi giam
do rong pho nhiéu xudng 50% so véi bang rong (nhleu bang hep), 101 ky tu chi xuét hién cuc bd
trén mot phan nodi dung, trong khi cac ving con lai van gitt duge ciu trac ban diu. Nguoc lai,
nhiéu xung gdy suy giam thong tin theo dang timg doan roi rac, do nhiéu xung tac dong trong
thoi gian ngan; phan 16n vin ban van con nhan biét duoc. Ba truong hop nay cho thiy mic do
pha hoai ting dan theo pham vi ning luong nhidu va dic trung thoi gian tic dong.
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Hinh 4d biéu dién su phu thudc ciia BER theo SNR. Két qua cho théy véi toan dai khao sat,
nhiéu biang rong ludn co tac dong lon nhit (mau xanh), tiép theo 1a nhidu bang hep (50% so vdi
bang rong — mau do), cu01 cung 1a nhidu xung (mau cam). Tuy nhién han ché chung cua nhiéu
bang rong 1a can cong suit 16n va kho thyc hién trén toan bd bang tan rong din téi khéd khin
trong viéc ché tao thanh cac trang thiét bi.

Nhiéu ba

Anh géc

X2

Y 0.104 I x2

10" Y 0.05207
e
X2 z
& Y 0.04625
~ 102
= 10
m
107
—— Nhi§u bang rgng L
—&— Nhicu bing hep
Nhiéu xung
10 ‘ :
-10 -5 0 5 10
SNR (dB)
a) b)

Hinh 5. Hinh anh thu dwoc tai may thu dwdi tac dong cua cdc dang nhiéu khdc nhau:
a) SNR = 0 dB; b) BER phu thu¢c vao SNR
b) Hinh anh

Tuong ty nhu phin trude, muc nay danh gia anh hudng cia cac dang nhidu 1én qua trinh
truyén anh. Két qua dugc trinh bay trong Hinh 5. Quan sat Hinh 5a cho thiy nhidu bing rong, do
tac dong dong thoi 1én toan bo anh, 1am giam dang ké do sic nét va che mo nhiéu chi tiét cta anh
thu. Trong khi do, nhiéu bang hep chi anh huong dén mot phan bit mau cta anh, nén muc do suy
giam chét lugng anh nhe hon va cac ving khong bi nhifu van giit duoc ciu trac ban dau. Pdi voi
nhiéu xung, sai léch bit xuat hién theo ting cum lién tuc trong thoi gian ton tai cua xung, tao
thanh céac soc nhiéu dic trung trén anh nhung khong pha hiy toan bd ndi dung.

Hinh 5b thé hién BER phu thudc vao gia tri SNR. Hinh 5b cho théy su khac biét 10 rét gilra ba
dang nhidu khi xét theo chi s6 BER va mirc SNR. Tai SNR = 2 dB, nhiu bing rong cho BER
xap xi 1,04x107", cao nhat trong ba trudng hop, phan anh mirc d6 pha hily manh do nhiéu tac
dong 1én toan bo phé tin hiéu. O cung mirc SNR, nhiéu bang hep dat BER khoang 5,2x102,
tuong dwong chi bang mot nira so voi nhidu bang rong nhd chi anh hudng 1én mot phan tin hiéu.
Dbi v6i nhiu xung, BER tiép tuc giam xudng con 4,6x1072, thap nhit trong ca ba dang nhiéu vi
sai bit chi xuat hién cuc bd trong cac khoang thoi gian ton tai ciia xung.

Khi SNR ting, ca ba dudng BER déu giam nhung tdc d6 suy giam khac nhau. Nhidu bing
rong giam cham nhét va luén duy tri BER cao hon cic dang con lai trong toan dai SNR. Nhidu
bang hep cho BER trung binh va xu huéng giam déu theo SNR. Pang chu ¥, nhidu xung giam rat
nhanh khi SNR > 5 dB, thé hién tinh chat nhidu cuc bd: khi bién dé xung giam, tac dong Ién tin
hiéu gan nhu triét tiéu hoan toan.

3.2. St dung ma Turbo

Sau khi phén tich hiéu ning hé théng truyén ban tin, hinh anh véi dang diéu ché BPSK duéi
tac dong cia ba dang nhidu khac nhau, phan nay tiép tuc mé rong danh gia sang truong hop hé
thdng dugc trang bi ma hoa kénh Turbo. Tham s6 ctia ma Turbo dugc tong hop trong Bang 1.

Hinh 6a cho théy bd ma Turbo cai thién hiéu nang BER cua hé¢ théng BPSK trong ca ba méi
truong nhidu. Dbi véi nhidu biang rong BER giam chdm theo SNR (SNR = 2 dB, BER = 0,19,
dudng mau xanh) do toan b bit déu bi tac dong, khién b giai ma Turbo kho khoi phuc hoan toan
chudi dir liéu. Ngugc lai, v6i nhiéu biang hep, noi chi mgt phan ph tin hiéu bi pha hoai, Turbo phat
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huy hiéu qua stra 15i tot hon, thé hién qua viéc BER giam nhanh hon va xuat hién diém giy rd rét
khi SNR > 0 dB (duong mau d6). Pang cha y nhat 1a nhiéu xung, trong d6 nhiéu chi tac dong theo
timg cum thoi gian. Nho kha ning sira 16i burst ddc trung, Turbo dat hiéu niang tét nhat trong
truong hop ndy va nhanh chong dwa BER xubng mirc rat thip khi SNR ting (SNR = 0 dB, BER =
0,06, dudong mau cam). Cac két qua nay phu hop véi Iy thuyét ma Turbo, trong d6 bd ma dic biét
hiéu qua khi nhidu khong phan bb déu theo thoi gian.

Bang 1. Tham s6 co ban cia ma Turbo

Tham s Gia tri
Da thirc sinh gl(D)=1+D2+D3 (1011 =13)
g,(D)=1+D+D’ (1011 =15)
Da thirc phan hoi gl(D):1+D2 +D* (1011=13)
CAu trac b dan xen Ham ngau nhién c6 d6 dai twong tmg do dai chudi ma 0-1
Toc do ma 1/3
So lan 1ap giai ma 6
0- . ! : : ! 100 ¢ T T — X -2 "
M ¢ o—o ¥ 02427
1074 ﬁ)\\a
X2 *‘:‘a\f‘
Y 0.1923 > X -2
® 107 F Y 0.03413 | 3
X0 —
O Y 0.1346 =
hy 9 B 107 ¢
2 | =
10 104 F
X0 -
—©— Nhiéu bing rong Y 0.05746 107 £ |—©—Nhiéu bing rong 2
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Nhidu xung 1076 i I | I T
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a) b)

Hinh 6. BER phu thugc vao SNR khi sir dung ma Turbo: a) ban tin van ban; b) hinh anh

Hinh 6b thé hién BER phu thugc vao SNR khi truyén hinh anh qua hé thong sir dung ma Turbo.
Cac két qua cho thdy, xu thé tac dong cua cac dang nhiéu ciing gidng nhu khi truyén ban tin vin ban.
Nhiéu bang rong c¢6 tac dong 16n nhat (BER = 0,25 tai SNR = -2 dB, duong mau xanh), tiép theo 1a
bang hep (dudng mau do, SNR = -2 dB, BER = 0,034) va cudi cling 14 nhidu xung (duong mau cam).
D6 thi ciing cho thiy, khi SNR < 0 kha ning chdng nhidu ctia ma Turbo thip, ngugc lai khi SNR > 0
dB, ma Turbo thé hién kha ning chdng nhidu vuot trdi. Kha ning chéng nhiéu cua hé théng khi ¢6 va
khong c6 ma Turbo & mitc SNR = -2 dB dugc téng hop trong Bang 2.

Bang 2. Bdng danh gid kha nang chong nhiéu ciia ma Turbo

Dang nhiéu Bén tin van ban Hinh dnh

: Khong ma Turbo C6 ma Turbo  Khong mi Turbo  C6 méa Turbo
Nhiéu bang rong 0,33 0,31 0,22 0,25
Nhiéu biang hep 0,16 0,11 0,11 0,034
Nhiéu xung 0,08 0,05 0,08 1,9¢-6

Bang 2 cho thay kha ning chdng nhiéu ciia ma Turbo, d6i voi bang rong thi kha ning chdng
nhidu con han ché (truyén hinh anh BER = 0,22 (khéng c¢6 ma Turbo) va BER = 0,25 (c6 ma)).
Tuy nhién, kha ning chéng nhidu bing hep va nhiéu xung vugt trdi khi truyén hinh anh
(BER = 0,08 (khong c¢6 nhiéu) va BER = 0 (c6 ma Turbo)).
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4. Két ludn

Trong nghién ciru ndy, tic gia dd mo phong va danh gia hi¢u nang hé thong truyén dir lidu st
dung diéu ché BPSK ddi véi hai loai thong tin 13 ban tin vin ban va hinh anh, dudi tac dong cia
ba dang nhidu chi dong gdm nhidu bang rong, nhidu bang hep va nhiu xung. Cac két qua thu
dugc tir md phong cho thiy hé thong khong sir dung ma hoa kénh bi anh hudng 16n trude cac
dang nhiéu nay, dic biét la nhleu bang rong; BER tang cao dan dén ban tin thu sai léch va hinh
anh suy giam nghiém trong vé do sic nét va cau trac. Di véi nhidu bang hep va nhiéu xung, 16i
bit xuat hién theo timg ving hodc theo chu ky thoi gian, gy ra cic bién dang cuc bd rd rét trén
hinh anh va ndi dung van ban.

Khi 4p dung ma Turbo, hiéu nang hé théng cdi thién dang ké trong ca hai loai dir 1i€u. Turbo
cho kha ning sira 181 hiéu qua, dic biét trong moi truong nhidu ¢ tinh chét cuc bo, gitp giam
BER nhanh theo SNR (SNR > 2 dB) va khéi phuc chinh x4c phan 16n ni dung thong tin ngay ca
trong diéu kién nhidu trung binh. Pdi voi nhidu bang hep va nhidu xung, Turbo cho thiy kha
nang khir 16i vuot tréi (SNR > 0 dB), thé hién qua BER thap va hinh anh tai tao giit dugc chi tiét
quan trong. Mic di muc cai thién trong nhiéu chin toan bing thip hon do dic tinh pha hoai dong
thoi, Turbo van mang lai hiéu qua dang ké so v6i hé théng khong ma hoa.

Céc két qua mé phong khang dinh rang ma Turbo 1a giai _phap phu hop dé nang cao d9 tin cay
ctia hé thong truyen text va hinh anh trong moi truong nhidu cha dong, dong thdi mé ra hudng
nghién ciru tiép theo véi cac ky thuat ma hoa tién tién hon.
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