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7.1. Tong quan

.Tin hiéu s& bi thay d6i khi truyén qua kénh cé nhiéu -> M4y thu can phai phat hién
(detection) hay dua ra quyét dinh (decision making) tin hiéu ndo da duoc truyén khi né
nhan duogc 1 tin hiéu. Viéc phat hién tin hiéu hay dua ra quyét dinh vé tin hiéu duoc
truyén ctia may thu dugc goi 1a quyét dinh thu.

«Quyét dinh thu la chinh xac khi tin higu dugc may thu quyct dinh (hay chon la dugc
truyén) dung la tin hiéu da dugc truyén. Quyét dinh sai néu tin hiéu dugc may thu quyet
dinh la tin hi¢u dugc truyen nhung n6 khdng phai tin hiéu da duoc truyén -> Sai s6 quyét
dinh |a X4c suat say ra quyét dinh sai.

.Rat ty nhién 1a khdng thé c6 quyét dinh chinh xéac tuyét doi trong kénh cé nhiéu — Yéu
cau may thu quyét dinh véi Xac suat sai be nhat co the.

.May thu cho quyét dinh thu c6 xac suat sai toi thiéu duoc goi 1a may thu téi wu hay cau
trdc thu t6i uu (optlmum receiver).
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7.1. Tong quan

Bai toan quyét dinh thu cia may thu tdi wu sé Ia nhw sau:

~ Cho tap tin hiéu co thé sé dwoc phat 1a tap m tin hiéu {si(t)}. Khi may
phat truyén tin hiéu si(t), may thu s& nhan dwoc tin hiéu r(t) = si(t) + n(t).
May thu phai quyét dinh tin hiéu si(t) nao da dwoc phat ti tin hiéu r(t) né
nhan dwoc sao cho xac suat quyét dinh thu 1a tdi thiéu.

— Gia thiét kénh 1a kénh chi c6 nhiéu cong va chiing ta ciing gia thiét nhiéu
trong k&nh n(t) 1a nhiéu chuan Gaussian ¢ tri trung binh bang 0 va céng
suat trung binh (phwong sai) ctia nhiéu 1a N/2.

Xét trong hé thong truyén thong tin s6: méi tin hiéu mang mét thdng tin sb
(coi mdi thdng tin sb c6 gia tri tr 0 dén (m-1) va trong trwdng hop co sé6 m
=2 thi ta c6 hé truyén théng nhi phan).
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7.2. Luat quyét dinh thu

Hé thong truyén théng s co tap tin hiéu {si()}; i =1,..,m mang céc théng tin s6 co
gia tritr 0,..,(m-1).

May phat truyén tin hiéu Si(t) mang théng tin i-1. May thu nhan tin hiéu r(t) = si(t) +
n(t).

Mb hinh cua kénh truyén 1a nguon vao gom tap céc tin hiéu vao (biéu dién céc tin
vao) {si(t)} gia thiet cé xac suat {pi} I=1,..,m. Tin hiéu ra r(t) = si(t) + n(t), i=1,..,m.
Ham truyén cua kénh la tap cac xac suat {p(r(t)/si(t)}.

May thu s& c6 quyét dinh dung khi né quyét dinh (chon ra) tin hiéu duoc truyén la
si(t). May thu sé c6 quyét dinh sai khi nd chon tin hiéu dwoc phat la mét tin hiéu sj(t)
khac si(t) hay chon tin hiéu sj(t) v&i | khac i la tin hiéu dwoc phat.

Mét hé thong truyén thong cé thé duoc st dung dé truyen théng tin thi phai cé nhiéu
khéng qua I&n dé tin hiéu nhan duoc gidng yé’i tin hiéu dwoc truyén chu yéu.
(trwng hop thwdrng gdp la nhiéu c6 phan b chuan Gaussian)

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


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

7.2. Luat quyét dinh thu

Do tin hiéu dwoe phat la si(t) va nhiéu trong kénh sé tao ra tin hiéu r(t) thwdng gibng
hon véi r(t) hay p(si(t)/r(t)) sé I&n nhat. Vay quyét dinh thu cho xac suat quyét dinh
sai bé nhat [a quyét dinh tin hiéu dwoc phat 14 tin hiéu cé xac suét co diéu kién khi
nhan dwoec tin hiéu r(t) dat gia tri I&n nhat.

Bai toan quyét dinh thu s& chuyén thanh bai toan: quyét dinh (chon) si(t) dwoc phat
neu p(si(t)/r(t)) >= p(sj(t)/r(t)) v&i moi j khac I.

— Luat quyét dinh nay con goi 1a luat quyét dinh cho xac suét thu sai cuc tiéu

Theo cong thire bayes: p(si(t)/r(t)) = {p(r(t)/si(t)).p((si(t))} p(r(t)

Bai toan quyét dinh thu cho xéc suat thu theo hop Iy cwe dai hay quyét dinh theo cuc
dai sy twong dong ML (Maximun Likelihood) la:

— Chon si(t) la dwoc truyén néu p(r(t)/si(t))/ p(r(t)) >= p(rt)/sj®))/ p(r(t)) v&i moi j
khac i
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7.2. Luat quyét dinh thu

Vi p(r(t)) 1a chung & ca hai vé ctia bat phuong trinh quyét dinh nén bai toan quyét dinh theo
hop ly cuc dai ML (cuc dai turong dong) la

_ Quyét dinh si(t) duoc truyén néu p(r(t)/si(t)).p(si(t)) >= p(r(t)/sj(t)).p(si(t)) véi moi j khac
i

Trong cac hé thong truyén théng so thi tin hiéu mang théng tin sé ¢ xac suat xuat hién pi = p
= 1/m (thuong sau ma hoa ngudn) nén thuong bai toan quyct dinh thu hay luat quyét dinh thu
chuyén thanh

—  Quyét dinh si(t) dugc truyén néu p(r(t)/si(t)) >= p(r(t)/psj(t)) voi moi j Khac i.

— Luat quyét dinh thu ndy duoc goi 12 luat quyét dinh thu theo cuc dai héa xac suat hau
nghiém MAP (Maximum Apriori Probability).
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7.2. Luat quyét dinh thu

Trwong hop hé thong truyén thdng nhi phan (m=2) chi c6 2 tin hiéu s1(t),
biéu dién tin 0, va s2(t), biéu dién tin 1, cac luat quyét dinh thu sé la:

Luat ML:

Quyét dinh si(t) dwoc truyén néu p(r(t)/si(t)).pi >= p(r(t)/sj(t)).pj voi j khac
I;1,) =1/2

Hay néu {p(r(t)/si(t)) / p(r(t)/p(sj())} >= pj / pi thi quyét dinh si(t) duoc
truyén, nguoc lai quyét dinh sj(t) dwoc truyén.

Ty sb bén trai dwoc goi la ty sd twong dong (Likelihood rate).
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7.2. Luat quyét dinh thu

Luat MAP: Néu p(r(t)/si(t)) >= p(r(t)/sj(t)) thi quyét dinh si(t) dwoc truyén, néu
nguwoc lai quyét dinh sj(t) dwoc truyén.

— Céc quyé’g dinh trén la quyét dinh hai mirc hay 1 ngwdng, né sé cho sai
sO khi dau bang say ra

— Dé loai sai s0 nay, quyét dinh 3 mirc dwoc dwa ra: Néu vé tréi Ién hon vé
phai si(t) dwoc truyén, néu vé trai nhé hon vé phai sj(t) dwoc truyén, néu hai
vé bang nhau thi khdng quyét dinh dwoc (sai s6 quyét dinh xuat hién).
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7.3. Biéu dién hinh hoc tin hiéu

Cac luat quyét dinh da cho nguyén tac hoat ddng cua cac may thu (hay céu trdc thu). Tuy
nhién viéc phai thuc hién tinh cac xac suat 1a kha kho khian — st dung c6ng cu bicu dién hinh
hoc tin hi€u dé xay dung cac cau tric thu.

Trong biéu dién hinh hoc tin hiéu, mdi tin hiéu s& 1a mot vector hay mét diém trong khong
gian chiéu. Moi chiéu la mot vector doc 1ap tuyen tinh ctia khong gian va moi tin hiéu sé duoc
khai trién theo cac vector (tin hi¢u) doc lap tuyén tinh nay. Cac hé so khai trién la mét toa do
cua vector.

Tép n tin hiéu (vector) doc 1ap tuyén tinh cia tap m tin hiéu cho trudc (duoc truyén) sé& duoc
tim theo thuat toan Gram-schmidt.
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7.3. Biéu dién hinh hoc tin hiéu

. Thu tuc Gram-Schmidt cho tap M tin hiéu

d)] (t) _ Sl(fj) :
V2 s3@)dt
@i (t) = Pi () ., i = 2.3,..., N,
VT2 ()] 7 a
i (t) = Si,.—(t) N i pijP;(t)
Pij = \;Q(,bj(f)df g =1,2,...,7 — 1.

. Néu tap M tin hiéu l1a doc 1ap tuyén tinh thi N = M, Néu tap
tin hiéu la phu thudc tuyén tinh thi N<M
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7.3. Biéu dién hinh hoc tin hiéu

. Thu tuc Gram-Schmidt cho tin hiéu nhj phan:

Ty g
p—/ Q(f)¢1(f)<1f -

Ty
/ s1(t)so(t)dt.

— 5 VELE; Jo
A L Sl(t)
P1(t) = N
L a(t) = LI {52(” - psl(t)}
1)) i) V12 VB VE:

0

S22 = (\/1 - PQ) '\/E2:

@ (t) T
d21 = \/\/[; [5’2(?5) — Sl(t)]QClt

= E'_]_ —2,()'\,«' E1E2 —|—Eg

! T
[ S —— . S21 = f sa2(t)o1(t)dt = pr/ Ea,

o
— >
\/ET Sor S(0)

—1 <0 =cos(«x) <1
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7.3. Biéu dién hinh hoc tin hiéu
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7.3. Biéu dién hinh hoc tin hiéu
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7.4. CAu trac thu toi vu

Nhirng di liéu cho xay dwng cau tric thu tdi wu la:

Hé thdng truyén théng st dung tap M tin hiéu {si(t)} dé biéu dién M tri théng
tin.

Céc tin hiéu nay duoc khal trién trién trwc giao theo N ham co s truc giao
vOi cac hé so khai trién si(t) theo ham co sé thir | la Sij

Nhiéu trong kénh w(t) Ia nhiéu cong cé phan bo gaussian (con goi nhiéu
trang) co6 gia tri trung binh bang 0 va cong suat trung binh NO/2.
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7.4. CAu trac thu toi vu

Nhiéu dwoc khai trién truc giao:

o' ’—Ib
w(t) = E w;d; (), where w,; = /ﬂ w (t)g; (t)dt.
i=1

Quyét dinh thu cho tin hiéu M, sé& c6 quyét dinh dung khi quyét dinh chon tin
hiéu dwoc phat chinh Ia tin hiéu da dwoc truyén va quyét dinh sai khi chon
cac tin hiéu con lai. Vay c6 thé don gian héa viéc quyét dinh thu sé la M bd
quyét dinh nhj phan. Thém nira cac hé théng truyén théng thwérng gap 1a nhi
phan nén, trong hoc phan nay, ching ta sé& chi xét cau tric thu tdi wu cho tin
hiéu nhi phan
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7.4. Cau truc thu toi wu

Gia thiét hé thong s dung hai tin hiéu s1(t) biéu dién bit 0, s2(t) biéu dién
bit 1. Xac suat suat hién cda hai tin hiéu cling la cla xac suat xuat hién cta
hai gia tri cua bit th k 1a

Plb, = 0] = Py, Plb, = 1] = P.

Hai tin hiéu ton tai trong mot chu ky bit va ndng Iwcyng cua chung la

fn b g s2(t)dt, Ey = fn t)dt.

Nhiéu trong kénh w(t) 1a nhiéu cdng trang co tri trung binh bang 0 va cong
suat trung binh N0/2:

Qawxwmww(ugj

E{w(t)} =0, E{w(t)w(t+7)} =
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7.4. CAu trac thu toi wu

. Hai tin hi€u s€ duoc khai trién truc chuan theo hai ham co sé truc chuan:

1Ty
/ @1 (t)p2(t)dt = 0 (orthogonality),
0
L T3
o1 (t)dt = »3(t)dt = 1 (normalized to have unit energy)
0 0

@ T he representations are

51(t) = s11¢1(t) + s1292(t),
sa(t) = s2101(1) + s22¢02(1).

1y
where s;; = / si(t)oi(t)dt, i,5 € {1,2},
0
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7.4. CAu trac thu toi wu

Tin hiéu nhan dugc r(t) dugc khai trién thanh:

r(t)

si(t) +wi(t), 0<t <y
s1(t) +w(t), ifa “0" is transmitted
so(t) +w(t), ifa “1” is transmitted

[si101(2) + siagpa(t)]

S»:(rt)
+LW1651 (t) + waga(t) + waps(t) + wapa(t) + -- l

WTt )

(si1 + wi)P1(t) + (siz + w2)p2(l) + wids(t) + wada(t) + - -

rl(f{;‘] (t) —+ rz(;bg(t) -+ I'g(,bg(t) S I'4(f)4(t) S
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7.4. CAu trac thu toi vu

. mdi thanh phan rj duoc tinh theo:

T
r; :/ r(t)o;(t)dt, and
0

ry = Sj1+WwWi
rg = Sj2 1+ W2
rs = W3
ry, = Wy

. Céc thanh phan 1j tir j =3,4,.. khong mang thong tin ma chi c6 nhiéu.
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7.4. Cau trdc thu toi wu

Ap dung luat quyét dinh thu cho tin hiéu nhi phan theo cwc dai hoa sw twong dong
ML, chung ta co:

—

o

JS(r|lT)
J(r107)

= D
om -
Trong dé ty s6 twong dong la

S (r|17)

S (707)

Lwuy r(t) nhan dwoc sé la vector nhan dwoc véi cac thanh phan rj ma trong dé chi
rl, r2 mang thdng tin va r(t) = si(t) + w(t). 1T la tin hiéu truyén bit 1 hay s2(t), OT la tin
hiéu truyén bit 0 hay s1(t). Ham truyén f(r(t)/si(t)) la ham mat dé xac suat dé nhan
dwoc r(t) khi truyén s1(t) hay s2(t)
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7.4. CAu trac thu toi vu

Ham f(r(t)/si(t)) = f{(si(t)+w(t))/si(t)} va v&i kénh c6 nhiéu cong trang:
— f(r(t)/s1(t)) = {1/[sqrt(piNO)]} exp{- sqr[r(t)-s1(t)]/NO}
- f(r(t)/s2(t)) = {1/[sqrt(piNO)]} exp{- sqr[r(t) -s2(t)]/NO}

Luat quyét dinh thu chuyén thanh:

— exp{-sqr[r(t) - s2(t)]/NO} / exp{-sqr[r(t)-s1(t)]/NO} >= P1/P2 quyét dinh 1 dwoc phat, nguwoc
lai 0 dwoc phat

- Hay sqr[r(t)-s1(t)] — sqr[r()-s2(t)] >=NO . InP1/P2 quyét dinh 1 dwgc truyen, nguoc lai 0
dwoc truyén. Luat quyét dinh theo quang cach toi thieu.

Khai trién vé trai co:
— {sqr[r(t)] — 2r(t).s1(t) + sqr[s1(t)]} — {sqr[r(t)] — 2r(t).s2(t) + sqr[s2(t)]} >= NO. InP1/P2

Hay {r(t).s2(t) + E2} — {r(t).s1(t) +E1} >= NO. LnP1/P2 thi quyét dinh 1 dwoc truyén, nguoc lai 0
dwoc truyén. Quyét dinh theo cwc dai ham twong quan.
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7.4. CAu trac thu toi vu

Khi str dung khai trién cac tin hiéu, luat quyét dinh thu chuyén thanh:

(r1 — s11)% + (12 — s12)? (r1 — s21)% + (r2 — s22)? + Npln (%)

SAVE

Khi p1 = p2 (céc tin hiéu dang xac suat):

(r1 — s11)2 + (r2 — s512)72 (r1 — 521)2 4+ (r2 — s22)2.

SAVS

Luat quyét dinh thu nay 1a luat quyét dinh theo quing cach t6i thiéu. My thu xay
dung theo luat nay s€ goi la cau trac thu t61 thiéu hoéa quang cach.
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7.4. CAu trac thu toi vu

Khi tin hiéu si(t) dwoc truyén, tin hiéu r(t) = si(t) + w(t) s& co biéu dién hinh hoc la cac
diem tin hiéu nam trong 1 hinh cau. Hinh cau nay c6 tam la si(t) va ban kinh la bién
do I&n nhat cua w(t).

Hai tin‘hiéu s1(t) va s2(t) sé tao ra cac tin hiéu thu dwgrc cua ching tao thanh hai
hinh cau cach nhau 1 khoanh céch la khoang cach cua 2 tin hiéu d21.

Luat quyét dinh thu tdi thiéu hoa quang céach sé tao ra mat phang phan céch chia hal
vung khong gian cho tin hiéu s1(t) va s2(t) la mat phang vudng goc v&i dwdng ndi hai
diém tin hiéu s1(t) va s2(t).

Khi P1 = p2, mat phang nay la mat phang truc giao di qua diém gitra dwdng ndi 2

diém tin hiéu. Khi P1 khac P2 thi mat phang nay dich vé si(t) khi P1<P2 va dich vé
phia s2(t) khi P1 >P2.
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7.4. CAu trac thu toi wu
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(a) PL = P, = 0.5, (b) PL =0.25, P» = 0.75. (c) P1 = 0.75, P> = 0.25.
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7.4. CAu trac thu toi wu

Trién khai:

r(t) =s,(t) + wi(t)
_—

r(r)

g (1)

g, (€

¢ =T,

]_rfll. }df ‘;}& hi - Compute
o

(r _-5]1]2 +(n —s, )
=N, In(F})
fori =1, 2

and choose

1]

— ] ]":' Jae

T_'Tf{_- Jar AN

g7 (L)

(= Jdr

& by

Form
the
dot

product

s,

g7, (£)
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7.4. CAu trac thu toi wu

Trién khai ciu trac thu t6i vu trén bo loc phdi hop.
B6 loc phdi hop 12 bo loc ¢6 ham truyén 1a lién hop phitc cua tin hiéu vao, tin hiéu ra 13 bién d6 cua tin
hiéu vao.

Pé khai trién cac hé sd khai trién cua r(t) ta c6 thé st dung phép chiéu (hay con goi khai trién twong quan
la ham tuong quan cua r(t) va cac ham co s06), ta c6 thé sir dung cac mach loc pho1 hgp véi cac ham co
SO.

='Tb
M’
—»| b () =@ (T, —t) —O
r(t)l T Qi Decision
=T, T)e.mm;.)n
Circuit
r
—»h, (t) =@, (T, —1) L»
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7.4. CAu trac thu toi wu

Truong hop dac bi€t, hai tin hiéu c¢6 khai trién

Sz(t) = 1 (f) + (bZ(t):
o s1(t) = @1(t) — @=2(1).
Biéu dién hinh hoc cua no:
@) L
T EE——— ® s,(0)
Choose s, ()
ﬂln[ﬂJ
4 P Q]
0 1 g
Choose s,(t)
B ® s, (1)
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7.4. CAu trac thu toi wu

Trién khai cau trac thu to1 vu:

t =1,
T, x r, 2T = choose s,(f)
Tt 'R r
© -® - j*' |'d{ O = Comparator -
A [i] T r, <T = choose s,(t)
e () r _ﬁln[ﬂ]
5t 4 P,
5 > (a)
h, (6) [T
43 K r, =T = choose s5,(t)
t r
Lﬁ- O - Comparator f—————
r,<T = choose s/(f)
o] T, T
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7.4. CAu trac thu toi wu

Bing cach chon hop 1y cac ham co 0, cac tin hiéu s1(t), s2(t) déu co thé chuyén vé dang dic
biét trén, vi du:

@ (t)
5,(0) )
A T 20
@ (1) o
! 511 =5y
SR 5,0
Sas
g | i
- I @ (1)
S,
(b)

(/Bl(t) o cosf sin@ o1 (1)
[ (ng(t) ] - [ —sinf cosf ] { bo (1) } )
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7.4. CAu trac thu toi wu

Trién khai cau truc thu to1 vu moi:

t =T,
(E) T;J ' ~ F'.;_ = T = 1D
r (] r
- I["Jd[‘ —O = Comparator |——
0 ? r, < T = 0,
q% (t) ® Threshold T
a
t =T,
v =T = 1,
t -
Q. h(t) =@, (T, —t) b—0 : Comparator |——m
f < T = 0,
Threshold T
(b)
quQ (f) _ Sg(f) — 581 (f) T = §22 -+ §12 +( T[]/Q ) n (i)
' (Ez — 2p/E1Es + E1)2 2 S22 — 812 Py
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7.4. CAu trac thu toi wu

Trién khai cau truc thu to1 vu moi:

t =T,
(E) T;J ' ~ F'.;_ = T = 1D
r (] r
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t -
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7.5. Hiéu nang cua cau truc thu toi wu cho tin hiéu
nhi phan
Hiéu nang clia cau tric thu toi wu dwoc do bang xac suat quyét
dinh sai Pe cua no. Xac suat Pe cang nho thi hiéu nang cua
cau truc thu cang lon.

. Dé& quyét dinh bit dwoc phat, so sanh i v&i ngudng T

kT

- ~ _ —|— Np P

rZ:/ r(t) o (t)dt T = 2o 4 g 1“(?:3)-
(k—1)T}
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7.5. Hi€u nang cua cau truc thu to1 uu

Pé tinh x4c suat quyét dinh sai, st dung mo hinh:

f(#lo, )
i

Sl_' / ? S.’.’

Area A Area B
choose 0O, < —> choose 1,
T
Plerror] = P[0r,1p]+ P[l7,0p] = P[1p|07]P[0r] + P[Op|lr]P[17]

oo T
T — oo

——_

T -~

Area B Area A

T — 815 T — §oo
- PQ|—=|+P|1— . .
uuDJl:onT o(o TU/Q) i [ Q ( T[}/Q )DSIJ
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7.5. Hi€u nang cua cau truc thu to1 uu

Ham Q(x) tinh xé&c suat sai khi loai phan gach chéo khoi ving gia tri cta bién:

1 o A2
Q(x) exp () dA.

% > A v 27 @ 2
0 X
Area =0Q(x)

Ham Q(x) duoc tinh voi phan bd chuan co tri trung binh bang 0 va phuong sai bang 1. Khi tri
trung binh bang Si2, phuong sai bang NO/2 thi gid tri X s& chuyén thanh (T-si2)/NO :
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7.5. Hi€u nang cua cau truc thu to1 uu

Ham Q(x) tinh xé&c suat sai khi loai phan gach chéo khoi ving gia tri cta bién:

O(x) = — f b ( ’Xz) 1A
AL ) — XD _— C .
% = A "0..-" Qﬂ_ T I 2

Area =0 x)

Ham Q(x) duoc tinh voi phan bd chuan co tri trung binh bang 0 va phuong sai bang 1. Khi tri
trung binh bang Si2, phuong sai bang NO0/2 va ving gia tri bi loai bo tinh tir T thi gia tri X sé
chuyén thanh (T-si2)/(sqrt(N0/2))
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7.5. Hi€u nang cua cau truc thu to1 uu

XAc suit quyét dinh sai khi P1 = P2:

Plerror] = Q S22 —S12 | 0 distance between the signals
2 ATU/Q 2 X noise RMS value

Vay: X&c suat quyét dinh sai (hay sai s6 quyét dinh) ty 1& nghich véi quing céach giira hai tin
hiéu va ty 1é thuan voi cong suat nhiéu trong kénh.

~  Dé tang hiéu ning (d6 chinh xac quyét dinh) can ting quing céch giira cac tin hiéu va/
hodc giam nhicu trong kénh

—  Céc bién phap tang hiéu nang sé 12 tao ra (thiét ké) céc tin hiéu cd quang cach giira ching
cang 16n cang tot va/ hoac chong nhiéu trong kénh
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