chuong 9. Nhiéu xuyén giira cac ky hiéu
(InterSymbol Interference)

9.1. Tbng quan vé nhiéu xuyén
9.2. Budc anh hwédng cua nhiéu xuyén gilra cac ky hiéu vé 0 (Ep ISI vé 0)

9.3. Chap nhan nhiéu xuyén gitra cac ky hiéu & mirc kiém soéat dwoc (Diéu ché
nhi phan kép Duobinary Modulation)

9.4. Chap nhan nhiéu xuyén gitra cac ky hiéu va thiét ke tot bo giai dieu ché
(Cwc dai hoa suw twong ddong Maximum Likehood Estimation)
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9.1. Tong quan vé ISI

Céc tiép can dé xr ly anh hwéng cua ISI:

- Loai bo anh hwong cua ISI (hay ép anh hwdng cua IS vé 0). Tiép can
nay yéu cau tiéu chuan Nyquist phai dwoc thda méan

~ Chép nhan c6 ISI nhwng & mirc kiém soéat dwoc. Tiép can nay con dwoc
goi la tiép can tao tin hiéu co dap wng cuc bd (Partial response
signaling).

— Chap nhan nhiéu xuyén gitra cac ky hiéu va thiét ké tot bo giai diéu ché.
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9.1. Tong quan vé ISI

Céac chwong trwdc chi xem xét van dé quyét dinh thu véi kénh c¢6 nhiéu nhwng dai
théng cua kénh dwoc coi la khéng han ché.

Trong thwc té, cac kénh déu cé dai thong hiru han. Viéc gi¢i han bang théng cla
kénh khQng chi béi dac tinh cia mdi tredng cua kénh ma con phu thubc ca vao
nguon (téc doé tao tin hiru han..)

Anh hwéng chung clia s gi¢i han bang théng dén tin hiéu c6 khoang th&i gian hivu
han (tin hiéu xung, sd) 1& lam cho tin hiéu bi kéo dai ra => tin hiéu dwoc truyén trong
mot khe thoi gian sé bi xuyén lan sang vai tin hiéu & trong cac khe thoi gian khac
Hién twong nay dwoc goi 1a nhiéu xuyén gitra cac ky hiéu (InterSymbol Interference
ISI). Méi tin hiéu trong mét khe théi gian dwoc coi la tin hiéu chira mét ky hiéu

Kénh c6 bang théng hiru han sé& c6 ca nhiéu cong (Gaussian) va I1SI => C4u tric thu
phai x& ly ca hai anh hwéng nay
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9.1. Tong quan vé ISI
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9.1. Tong quan vé ISI

Mo hinh ctia hé thong truyén thong gom nguon dir liéu (bao gom ca ma hoa nguodn) tao ra chudi dir liéu
nhi phan. Chudi dir liéu nhi phan s& qua bd diéu ché tao tin hiéu nguoc cuc roi dua vao may phat tao ra
tin hiéu dé truyén. Kénh duogc xem 13 ¢6 bo loc giéi han bang thong va nhiéu cong Gausian. Phia thu c6
bo giai diéu ché dé quyét dinh tin hiéu dugc phat va chuyén nd vé chudi dit liéu nhi phan chuyén cho noi

nhan dir liéu.
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9.1. Tong quan vé ISI

. Heé thong truyén thong s& duoc xem gdm 3 hé loc ndi tiép nhau: bo loc phat ht(t), he(t) va
hr(t). Pap tng xung chung cta hé la sr(l) = hr(t) x ha(t) * hr(t)

o Vi dl.l Vé ISI: "-’f\/’\/ J_ Lowpass Filter
A c (B 1 e N
. —l_ - he O =Re R TR

1@ —sa(t —2T,)

of | = | = | |

5401 st —T3) salt —3T,) (c)
1 —sglt —2T,) —S5glt —4T,)

t
| T, jzr,.; J T,

Se(t)  sgit —T;,)

=]

sglt —3TL)
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During this interval, r(t) =b,s, () +bs (r =T, ) +b_ s, (r —2T, )+ b, s, (&t —3T,) +wi(r)
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9.2. Ep anh hudng cta ISI vé 0.

(Thoéa man tiéu chuan Nyquist)

Tin hiéu ra ctia hé thong truyén thong khi tin hiéu vao bk véi dap tmg xung ctia hé thong

sr(t) = hp(t) « ho(t) * hr(t) sp(0) =1
y(t) = > brsp(t — kT}) + wo(t)
k=—occ

Gia str tin hiéu vao & chu ky truyén thu k:

{ V  if the kth bit is “1"
by=1{

Tin hiéu ra xét & chu ky thtr m la: V' if the kth bit is “0"

y(mTy) =bm + Y bsp(mTy, — kT}) +wo(mT)

k=—0o
k#m

ey #

IS| term
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9.2. Tiéu chuin Nyquist cho ISI bang 0

Trong khong gian thoi gian dé thanh phan ISI khong xuat hién thi dap ung xung cua ca hé
thong phai la xung don vi

Im pulse applied
(1) T

5 ﬂ“r—D - Hp(f)>XH (f)>XHg(f) p——3 s,(0)
@ N - y,
Sp(f) <> sp)
A Sg(t)
) /Samples of sg (1)
(b)
L

- 2 Tf_} - Tf) Tb 2 TI'J- STD 4 Tb
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9.2. Tiéu chuan Nyquist cho ISI =0

Trong khong gian tan so thi dap tng tan s6 ctia kénh 1a khong d6i véi moi tan s6 (pho trang).
Pho cua tin hi€u ra cho moi chu ky bit s€ nam trong vung rong 1/(2Tb):

3 Sk[ﬁTi] Se(F) S{r —Ti] S{f' —]%]
Fr F 5
N v ! 1"
' T 1 f i 3 PR
T, 2T, 2T, T, 2T, T,
ZSR[rwi]
= \
| ;
] ]
] 1
| | :
1 1 f
2]'} E]'L
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9.2. Tiéu chuan Nyquist cho ISI =0

Vi bang thong cua kénh 13 W, hé thong duoc xem 14 sé str dung cira so chir nhat (pho khong
do1 vo1 moi tan s0) dé loc lay phd cua tin hiéu & 1 chu ky phd. Pho dugc loc ra s€ gom pho
cua chu ky x¢ét va cac chu ky khac anh hudng dén no.

-

@ If W < . = |S| terms cannot be made zero.

274
fW=_-2 =8 = < |1 | gn(t) = sin(mt/Ty)
? - 2T = R(f) = Tp over f < |2Th|' ‘SR(J) (it Ty)
@ If W > ﬁ = Infinite number of Sgr(f) to achieve zero ISI.
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9.2. EpISIvé 0

Khi W = 1/(2Tb) dap tmg xung ctia dap ung tan so khong d6i 1a ham dang sin/x, nén néu bo
lay mau gi4 tri cta tin hiéu ra khong dam bao dong b thi ISI van say ra.
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9.2. EpISIvé 0

Vi du Input to the impulse modulator
l - T T
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=
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9.2. EpISIvé 0

Pé giam yéu cau dong b diém 14y miu va giam anh hudng cua ISI, sir dung dic tinh tan s6
dang cosin binh phuong

e 1L— 3
T, fl1 < S5
Ly S T 1—3 1—3 143
Sr(f) = Src(f) = Tocos? |G (Ifl— 52)| . 2 <If1< 55
1+ 3
0’ |f| 2 2T,

sin(wt /Ty) cos(wFt/Ty)
(mt/Tp) 1 — 43242 /T2

cos(mw 3t/ Ty)
1— 4822 /T2

= sinc(t/T}y)

sr(t) = src(t) =
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9.2. EpISIvé 0

. Vidu so sanh stir dung dac tinh tan s6 chit nhat vai sir dung déc tinh tan so cosin binh phuong

With the rectangular spectrum

t.-’TlIJ
With a raised cosine spectrum
2 T T T T T T L T T T
1 - 7
= ’/ E
= 0f=
=
=1 S
_2 1 1 1 [} 1 I [l 1 1 ]
0 1 2 3 4 5 6 7 8 9 10 11
tITb

CuuDuongThanCong.com https://fb.com/tailieudientucntt


http://cuuduongthancong.com?src=pdf
https://fb.com/tailieudientucntt

9.2. EPISI vé 0

Eye Diagrams

Trai: Chir nhat,
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9.2. EpISIvé 0

Thiét ké dic tinh tan s6 cho may thu va may phat.

? fixed ? t =KT,,
xX(0) = 2VS(t —kT,) —| Hy(f) —] Ho(F) Ha(f) e
k= ¥(r) y(kT,)

wit)

Gaussian noise, zero-mean
PSD S_(f) watts/Hz
y(ml,) = +V + wo(mTy),
where wo(mTy) ~ N(0,03,), with 02, = [ Sw () Hr(f)*df.

fly(mT, )| V) fly(mT,) V)

v o v yimT,)
. Vv .. 12
Since Plerror] = Q ( =— ) = Need to maximize “=.
Tyar l."J'w
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9.2. EpISIvé 0

Bai toan thiét ké: V&i cong suat tin hiéu vao va cong suat nhiéu da xac dinh, D&c tinh tan sb
cua kénh Hc(f) va dac tinh tan so ca hé thong Sr(f) da co dinh trwwdc, can xac dinh dac tinh tan

s6 clia may thu va may phéat sao cho cwc dai hda dwoc ty s L;_

T

Pr = f__ |Hr(f)|*df (watts) gfv — ffom Sw(f”HH(f)Fdf
Nghich d&o cta ty s SNR cuec tiéu sé& cho ty sé SNR cuc dai.

= |Hﬂf)|2df} [ /- sw(fnﬂﬁ(fnzclf}

_ v [/~ Sr()I? ] > 2.
= 7w |t e [ s oiarar|

Ap dung bat dang thirc Cauchy- Schwartz (JA.B| <= |a|.|B|) thi 1/SNR sé& tGi thiéu khi hai tich
phan thanh phan bang nhau hay hai biéu thirc trong hai tich phan thanh phan bang nhau. Suy

ra.
H(F)?2 = —L15RU) Sr(f)|v/Suw(F)
| V8w (FlHe(f) K[He (f)]
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9.2. EpISIve 0

Example: Transmission rate r, = 3600 bits/sec, PP[bit error] < 10—%. Channel model:
He(f) = 1072 for |f| < 2400 Hz and H(f) = 0 for |f| > 2400 Hz. Noise model:
Sw(f) = 10~ watts/Hz, ¥ f (white noise).

(a) Since r;, = 3600 bits/sec and W = 2400 Hz, choose a raised-cosine spectrum
with 8% = 600 or 3 = .

Sﬁlﬂﬂ’ | fl < (1 —p3)% = 1200 Hz
Sr(f) = Sﬁlﬂ[‘.l cos? [ gitg (|f] —1200)] , 1200 Hz < |f| < 2400 Hz
0, elsewhere

(b) |Hr(f)| = K1|Sr(f)|*¥2 and |[Hr(f)| = |Sr(f)|/2. Since
IHr(f}IIHc (f}IIHR(f}I = a‘ur(f}l Evaluated at f = 0 gives

e K1 (1072) Lo — o, or Ky = 100.

(c) Q f(—;""z) <104 = (‘*"zj > 14.04 == 14
! ' = e = 14.04 =~ 14.
\."I Tw 4 max Twr 4 max

, 1 /w2 > |Sr(|V Sw(f) Lo—14 o
Pr = T}, (Jarjrna.x |:/—-:pc | He ()] f] = 3600 x 14 = To—T [Lm

But [0 |Sr(f)|df = sr(t)],_, = 1. Therefore Py = 5 pwatts.

2
sR(fndf}
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9.3. Chap nhan ISI & muc kiém soat dugc
(DuoBinary Modulation)

Khi bing thong ctia kénh du hep thi viée chi str dung dic tinh tan s6 ctia kénh bang phang 1a
khong du.

Trong trudong hop ISI xuat Hién nhung & muc d6 kiém soat duoc thi giai phap diéu ché nhj
phan kép (Duobinary modulation) ¢6 thé duoc st dung d€ chong ISI.

ISI & murc kiém soat duge tng véi truong hop ISI chi do ky hiéu trude anh huong dén ky hiéu
sau, hay dic tinh xune ctia hé thone cé dane:

5 !l;a mpled] [f]

l Samples of sg(t)

Interfering term ——1—=
(1) (1)
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9.3. ISI & murc kiém soat duoc

Pic tinh tan s6 ctia hé théng van duoc chon 1a dang cosin binh phuong

sp(f) = 4 2Tbeos(nfTh), —gip < f <5y r o _cos(nt/Ty)
OR 0, elsewhere e T [% — (F)?
]

1.8

1.6

1.4fF

1.2

0.8

0.6

4

0.2
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9.3. ISI & murc kiém soat duoc

Vi tin hiéu ra bi ISI tir k¥ hiéu trudc nén co thé sir dung bo tién ma hoa (precoder) dé thuc

hién phép toan nguoc lai dé xu 1y ISI.
yv(tr) = Vi+ Vi1 + wo(tr), where tp = KT} — % k=0,%1 +2.

2V 4+ wol(ty), if bits k and (k — 1) are both "1"
0+ wo(tx), if bits k and (kK — 1) are different
—2V + wy(ty), if bits k and (k — 1) are both “0"

Output data bits

—_— Precoder | EEEEEEEE—
h.'. '_'h.'. I'I.'. =h.'. fDIj_.' 1

[b, =0thend, =d, , = ¥(t,)=+V+w_(t,)

1 —

|b, =lthend, =d,, = w(t,) =0 +w..(t,)
Flyie, 1)

\/

v 00

Fly(e 0y

vt )
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9.3. ISI & murc kiém soat duoc

Xac suét thu sai. O Ply(ty) = —2V] = Ply(tx) = 2V] = i Ply(tx) = 0] = 3.

FPlerror| == i area@ + %[area@ + area@)| + i aread) = ;Q (L> .

Twar

@ Let Ho(f) = 1 over |f| < ﬁﬂb- and consider AWGN with PSD %‘1 Then

—2
12 [Ty 2
— = PrT, \_,.ff;'\'ﬂfz‘[ 2Ty cos(mfTy)df = (PrTy) -
Tw / max —gglﬂg Ny
3 (= |2PrTy
Plerror i = — — 4/ .
[ ]duoblnary ZQ ( 1 \fl' No )
@ For binary PAM with zero ISI (;—;—) is
W ITax
~ 1Sr(HIVSw @D ] o -
[s s — IT
PrT, f RV Sw df = PrTj, mfi"v'hf?]‘z " |Sr(f)|df :f’TTb(
e |Ho(f)] .
[ [eprm
Plerror|pinary = @ [ i _3:1 b] :
1] J! n

@ Duobinary modulation requires an addition of (%}2 or 2.1 dB to achieve the

same error probability as the zero-1S| modulation.
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9.4. Chap nhan ISI va thiét ké tot bd giai di€u ché (Maximum
LikeLihood Estimation)
Khi khong kiém soat duoc IS thi giai phap xu Iy ISI s& 1a thiét ké tot bo giai diéu ché.

Do c6 ISI nén tiéu chuan hop 1y 1 t6i thiéu hoa xac suat quyét dinh 16i cho chudi ky hiéu
nhan duoc

Chuing ta s& xem xét chudi tin hiéu ctia chudi N bit dugc tao va truyén trong thoi gian tir t = 0
dén t = Ntb, Tb la chu ky bit.

Gia st dic tinh xung cia may phat va kénh 1a h(t) s& khong bang 0 trong khoang [0,Ltb], hay
ISI bao trim L. k¥ hiéu

wi(t)
N -l
b(t) =» b, d(t —kT,
:h_,\: Impulse © ; 1O “]... ho) 5.['-‘].:/*\ r(t) ol
Modulator |/ ’

Modulator/Transmitter Filter/Channel
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9.4. Chap nhan ISI

Coi mdi chudi N bit duge mang bdi 1 tin hiéu 1 chudi tin hiéu ctia chudi N bit. Hé thong ¢o

M tin hi¢u. si(t) = Yr g bikh(t —kTp), i=1,2,....M =2V

Khi may phat truyén 1 trong M tin hiéu trén, may thu s& nhan duoc tin hiéu d6 cong vdi nhidu
w(t). Luat quyét dinh thu theo cuc dai hoa ham tuong quan

Compute:

2 T 1 e 2 ]
Vi = —— r(t)s; (t)dt — — s;(t)ydt, i=1,2,..., M

No J_ No J_

and choose the fargest.
Compute:

o N-1 o
Vi = —— b 1 / r(t)h(t — kETp)df—

No 2 bk | TN )

N—1N-—-1 ™
1 )
E b?' --b'if T .fl.- t R,T) .f,.- t --TJ lt
_-_'“"uru — JZU: St g / . ?( !!) ”: J !!:](

and choose the largest.
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9.4. Chap nhan ISI

. DPinhnghia:  he_j = [T h(t —kTy)h(t — jTp)dt 7%= [ r(H)h(t — kTy)dt

o

. Luat quyét dinh chuyén thanh:

Compute

N-1 N—-1N-1
":—Z"’?“‘k‘_z > bigbijhe—j. i=1,2,..., M

N k=0 5 k=0 j=0

and choose the /argest.

. Tir d6 ta cd thé dinh nghia do do trén ca chudi (Path Metric) dé quyét dinh chon 1 tin hiéu:

N1 N1 N-1

A."'?Z:f_ru h?hrk__zhkh[}__zh?hzh?hj_;

k=0 k=0 k=0
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9.4. Chap nhan ISI

Cha 'y bi,j = +/-1 va SQR(bi,k)h0 = h0 13 hang s6; thém nira h(t) = 0 khi t >= LTb, hay hj =
khi j .= L nén do do ca chudi 1a
N-1

Ir.'?. f—

) L-1
N, bikTk — bi Z bi k- jh;
j=1

o

k= U

"
branch metric

D06 do nhanh (Branch Metric) phu thudc vao: (I) Pau ra hién tai cua bd loc phéi hop rk, (i1)
Gia tri hién tai cua bit (bit patern), (iii) L-1 gia tri ctia cac bit (bit patern) trude do bik-1, bi k-
2,.., bi,k-(L -1).
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9.4. Chap nhan ISI

Hé thong truyén thong c6 ISI 13 mot hé ¢o nhé. Co thé sir dung d6 hinh trang thai va do thi
ludi (trellis) d€ bicu dién tin hi€u dugc truyén va st dung thuat toan Viterbi dé quy€t dinh
chuoi bit dugc truyén tir chuoi tin hiéu nhan duoc.

H¢ s€ co cac trang thai theo L-1 bit la cac bit cua cac chu ky trudc.

Thuét toan Viterbi s& bat dau tir trang thai 0 tinh d6 do nhanh va d6 do chudi bo phéan theo
tung chu ky bit lién ti€p ro1 dua vao do thi ludi loai di nhitng chudi c6 do do chudi bé hon
trong cac chuoi dén cung 1 nit (nu co)

Sau L-1 chu ky bit, chudi c6 do do chudi lon nhat 1a chudi dugc chon 1a chudi duoc phat.
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9.4. Chap nhan ISI

. Vidu mét hé truyén thong c6 dac tinh xung cia may phat va kénh truyén h(t) sau:

hit)

8

/25T,

>

T, 2T, 2.5T, —2.5T, -2T,

. Hénaycohl=0.6,h2=0.2vaL=3, L-1=2.

. D6 do nhanh 1a: bi g7k — 0.6b; kbi -1 — 0.2b; kb; g2

. CAc bit vao bi,k-1, bi,k-2 biéu dién trang thai cua hé.
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9.4. Chap nhan ISI

Do hinh trang thai va do thi ludi ctia hé thong.

States <

b, & . (defining states)

(b} Trellis

denotes present input bit b, =0(or —1)

(a) State diagram  eeeaaaa denotes present input bit b, =1{ar +1)
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9.4. Chap nhan ISI

Consider SNR = E,,/0* = 16 dB (if E;, = 1 joule, then o = 0.158). The
sample output is . = yr + wi, where ¥y =

k + 0.6br—1 + 0.2bp».

L& | 0| 1 | 2| 3 | 4| 5 | 6 |
by 0 1 0 1 0 0 1
by —1 +1 —1 +1 —1 —1 +1
Uk —1.0 0.4 —0.6 0.6 —0.6 —1.4 0.2
(TR —0.074 0.059 0.116 00.336 —0.216 —0.163 0.165
L —1.074 0.459 —0.484 0.936 —0.816 —1.563 0.365
E 7 8 9 10 11 12 13
by 1 0 1 0 0 0 0
by +1 —1 +1 —1 —1 —1 —1
U 1.4 —0.2 0.6 —0.6 —1.4 —1.8 —1.5
(TR —0.062 0.220 00.050 00.247 0.113 0.311 0.080
Tk 1.338 0.020 0.650 —0.353 —1.287 —1.489 —1.720
k 14 15 16 17 18 19
by 1 1 0 0 1 0
by +1 +1 —1 —1 +1 —1
Uk 0.2 1.4 —0.2 —1.4 0.2 —0.6
Ty, —0.296 —0.054 —0.181 —0.034 (0.189 —0.177
Tk —0.096 1.346 —0.381 —1.434 (1.389 —0. 777
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9.4. Chap nhan ISI

. Tinh d§ do nhanh 2
f}_:;?"_:; — f}_:; Z bk—jhj = f}_:;?"_:; — U.fjf)_:cf}_:;_l — U.Zf)kf;'_:c_g
=1
br_o b1 by, Branch Metric

0 (—1} 0 (—1) 0 (—1) —T‘_:‘-—U.ﬁ—[.].gz —?‘k—U.S
O(—=1) |O(—1) | 1 (+1) | +7r+0.64+0.2=4rr+ 0.8
0(—1) [ L(+1) | 0(=1) | =71 +0.6—-0.2= —rs + 0.4
0(—1) | L (+1) | 1 (4+1) | +7rp — 0.6 +0.2 = +r, — 0.4
1(+1) | 0(=1) | 0(=1) | —rp — 0.6 +0.2 = —r) — 0.4
1(+1) |0 (=1) | 1 (+1) | +7rx +0.6 — 0.2 = 41, + 0.4
1(+1) | L (+1) | O0(=1) | —rpg+0.6+0.2= —r,+ 0.8
1(+1) | L(+1) | L(+1) | +rp — 0.6 —0.2 = +rp — 0.8
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9.4. Chap nhan ISI

. Tinh d§ do nhanh 2
f}_:;?"_:; — f}_:; Z bk—jhj = f}_:;?"_:; — U.fjf)_:cf}_:;_l — U.Zf)kf;'_:c_g
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1(+1) | 0(=1) | 0(=1) | —rp — 0.6 +0.2 = —r) — 0.4
1(+1) |0 (=1) | 1 (+1) | +7rx +0.6 — 0.2 = 41, + 0.4
1(+1) | L (+1) | O0(=1) | —rpg+0.6+0.2= —r,+ 0.8
1(+1) | L(+1) | L(+1) | +rp — 0.6 —0.2 = +rp — 0.8
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9.4. Chap nhan ISI.

. D6 do nhanh va d6 do chudi cho 3 bit dau:

.\‘1.0?4

N
D™\
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9.4. Chap nhan ISI

. P06 do nhanh va dd do chudi cho chudi 12 bit

k =0 k=1 k =2 k=3 k =4 k =5 k=6

P

10.531
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