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BEHHEPFAFT I RIERNTRIR. EERMERE T — SR HEE, It
i Moulines ¢ AR KT ZEEE (SS) . Xu FARHMEMXE (CR) . Hua #HNFL R
REIR%: (TSML) %, BEMREFERHXFERITER IR, REWEFERYEEIRLHR
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f1 L.Tong M EFFIME AR T LRk S, EATEHTFEERIR, WRAHEREK
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A AR e, G E R R RO K.

ATREEFIMETREHE, A3CEXHK 3] &M B, WET RN EMHITRE,
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zi(t) = D sahi(t —nT) +ni(t), i=1,--,P, (1)
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z;(k) = [zi((k + (D = 1)/D)T),zi((k + (D = 2)/D)T), - - -, zi(kT)]",
ni(k) = [ni((k + (D - 1)/D)T),ni((k + (D - 2)/D)T), - -, ni(KT)]",
hi(k) = [hi((k + (D - 1)/D)T), hi((k + (D - 1)/D)T),-- -, hi(KT)}",
H; = [hi(0),---, hi(d - 1)},

(k) = [sk) Sk—1, - -+ Sk—as1]-
BB (1) XKW RBRR:
(k) = H;s(k) + ni(k). (2)
BN P M BRBETHIMERESERE—WREBER, A
2(k) = Hs(k) + n(k). (3)

Heb a(k) = [m(K), -,z (k)] € CVUN = P x d), n(k) = [ma(k), -, np(k)]” € OV,
H(k) = [H\(k), -, Hy(b)]" € CN*4 ,
Y (k) #9 8 L

R, (m) = Elz(k)z*(k — m)], (4)

Hep bth r RAKE, * RRELREE, s & s(k) ORART, d RAEGEEPREY
REMNFSHERBE, XPRERRTENEELER.
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HTREHE, REDTHRE: Q) FEENEER s« RT-ARTSH, (2 BEF
FIRFHEM, BFSHEBREMAE, Elsis)l=40~-7); Q) RERFHENHARS, WL
Eln(i)n* ()] = 0%6(i —j) , BESHFEEFHAMK (OH B N x d FEFIHERE.

WiE L RiE, (4 AB

R.(0) = HH" + 01, (5)
He I heafi%lE, 5 R, (0) a1 B1EHS#E (SVD):
R, (0) = Udiag(n?,-- -, 7%)U" = U,diag(A?, -, U + o°1, (6)

RPH U, Bt U Q81 d PIERMTFERE, H a2 =) +02, A, =diag(M, -,Ad).
HTHBEGBNRRMAE T, &XER y(t) = Taz(t), #4 ™ = g K)yk -m) ,
ri™ = (k) sk -m) . 4 m =18, MEAFIUEHERST. WG

d
Ts = Z Sk—rSk—r-1- M

r=0

YR To = (021 + A2)"1A UL B, To B2 FREB/MLEEHR P,
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J(T) = E([ry(k) — rs(K)). (8)
HE/METHRER
d
J(To) = 3 _(1=X/). (9)
i A: ]
r) =y (k)ytk —1) = s"(k)s(k - 1) =r{"). (10)

ERRY, FERDEERRES, 55T s(k) BIARK R th B EIR A BRI A B S fE AR %
SetE. N T SREER A AEMTIS, X RAES QPSK K, HEMEERAEMET
ARAMFEBEHZ Ap = {2mn/4m = 0,1,2,3) dg—A-. & XBMAAEERWMT © .

Awk=amhgp§;wy—nﬁy (11)

ERALIFA Viterbi HiEF LI, XfTF MPSK ], LB SAKE N L8, Viterbi
FEFER MU SHRESH.

3.2 ERF5IMETHRIBETR

ATH/ANERR, BUE—SaE. ¥ (7) AR 1) XF

d
ggz;WWMyw—w)—ngw—wwm-r—1W=>Awb (12)
¥ ERGEHRFFA

d 2

Zs"(k~r)s(k -r=1)

r=0

ly* (k)y(k=1)1*+

d
—2Re {y(k)y"(k -1) [Z s*(k—r)stk—-r— 1)} } .

r=@

T RFAE RS RMES, B, % (12) ROBMSFRTER Relu(ky (-
“)[Tios (k= r)s(k—r = 1)]} Btk
BREE SN E—ULERETH ox = oxplion) . HFRAT 24, WHHFH
B Apx R, HA
exp(Apk) = spsp_y = exp{i(pk — pr-1)} (13)
B 24 AR 256 AR Y

d
Ay = x}_\lgi(Re {y(k)y'(k -1) [Z s*(k—r)s(k—r - 1)] }

r=0

d
= max Re {ykyLl [Z exp(—Awk-r)] } : (14)

r=0
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¥ EXGhe A ERTATHERE, F

d
Agy = max Re {ykyi_l [Z exp(—As??k-r)] } : (15)
r=0
Apr RT—HRBRHFSH, FIAKLEXMRKRTLME T HAR M2 E B E A LS H
B, EGUCKMATHE SRR d MEEMAMEITHE REHETERiRRRE BRm e,
FHAERB BN T:
(1) Ll D F ¥R AR X R E S HTERE, BAFESKEE:

x;(k) = [z:((k + (D - 1)/D)T),zs((k + (D - 2)/D)T), -, z:(kT)]".

BRI TS SRR —RBERL: 2k) = [z:(k), -, zp(k)] .
(2) A% Re(0) - Ro(0) = 2 Y00 @k — i)™ (k—4) , AEfhitBdh b &8 %R n.
(3) {F R,(0) #9314 #% (SVD) . R, (0) = Udiag(xZ,- -, 72 )U" .
(4) IHRAE T 02, FBIR U AT d 14 B AR

N

62:ﬁ Z 7ri2, Us:[ula"'aud]a As:diag(vﬂ-?_&za"'a ﬂ5_62>-

i=d+1
(5) MIER Tp = (02T + A2)' AUL | K18 y(k) = Tox(k) , IHHE y(k) ByHFE{E:

ry = y(k)"y(k - 1).

d
(6) B Ay = rggicRe {yky};_l [Z exp(—A(,bk_r)} } it Y TR AL ZEFHE R TS ¥

r=0

.
ERFERERCTABENN d PHREEMHLERFL, XTHAE - ERENSEEE
A, FRERROGEEFSIH R EERESE M K.

4 GTRER

ER-NZRAABFEERY, UEARRMTIER 0, BB Bk KRN TS
A Mo BREZIDEERT, FUNENFS ERENBERESHITEIRE (D =4),
R B # Bk R2E K

hi(t) = anp(t) + app(t — 1) + aisp(t — 73), i=1,2,3, (16)

B ai; RETE j RBRBEGASE | MEWSTHERNME, HRETHESUTERRST
RIBEPLIFFIRE RS, HAKRER (17) K.

0.2884 + 0.9012¢ 0.5458 — 0.045¢ 0.2894 — 0.332
—0.6937 — 0.0571¢ —0.4174 + 0.3754¢ —0.2398 + 0.1941:

1.0051 4+ 0.8691:  —0.3162 + 0.5191: —0.2764 — 0.1054¢
[ai;] = (17)



82

B F B % % A

22 %

p(t) RIRFERE, & 20% BFrRszbkeh, FE H BEME 0 <t < AT MEEREHETRES
Bl MERESE—FIMEE — ST B AT A, BRERERMG. A E AT B AR
ETH, R xEEARE, BT R EERETH.

( —0.1449 4+ 0.7812i

0.2546 4 1.0913¢
0.6314 4 1.2421¢
0.8570 4+ 1.17694
0.7386 4 0.0379i
0.7938 + 0.4480¢

—0.2530 — 0.114:

~0.4541 — 0.0709:
—0.5388 + 0.10994
—0.4359 + 0.41764

0.0750 — 0.32444
0.2141 — 0.48391

0.0906 + 0.07461
0.1412 + 0.07121
0.1050 + 0.0175:
—0.0382 — 0.063114
0.0046 + 0.11731
—0.0139 4+ 0.1387¢

—0.0479 — 0.04241
—0.0755 — 0.0409i
—0.0590 ~ 0.0103:
—0.0060 + 0.0375
—0.0052 — 0.0621:

0.0044 — 0.0735¢

0.0258 + 0.02264
0.0410 + 0.02204
0.0325 + 0.00534
~0.0022 — 0.0213:
0.0024 + 0.0337¢
~0.0026 + 0.0399i

N

H= 0.7361 4+ 0.78414 0.3996 — 0.49487 —0.0241 + 0.0627: 0.0137 — 0.0365¢ —-0.0079 + 0.02011¢ > :
0.5788 4+ 0.93421 0.5918 — 0.3107¢ —0.0018 — 0.1104¢ 0.0152 4+ 0.0403: —0.0096 — 0.0212:
0.3066 + 0.4301¢ 0.1748 4+ 0.0774i —0.0559 — 0.0114: 0.0289 + 0.0046i —0.0156 — 0.00261
0.0346 + 0.3837¢ 0.3592 +0.1924; —0.1047 — 0.0344; 0.0518 + 0.0169¢ —0.0302 — 0.0093:
—0.2591 + 0.2271: 0.4792 4-0.3133¢ —0.0928 — 0.03782 0.0091 4 0.0212: ~0.0286 — 0.0118:
\ —0.4750 + 0.14361 0.4684 + 0.4028: 0.0053 — 0.0031: 0.0288 + 0.0111:¢ ~0.0060 — 0.0070¢
JETN 2
E NHWAE R H
— ANV 2
SNR = 101g [E(|| Hs(k)|[*)/E(lln(R)I*)] - (18)

R (5 S0 B S R AT R SR, AT AESE R.(0) BYRAREIRE KR 120 4
SRR EAFMERLT, RENRHREFIEFHFTHERREIESE, FREHER
FEHATIOEE. RN B 107 MEEFSHTEHMR, WA 1 FRREY SNR ALrH
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A NOVEL FAST ALGORITHM FOR
BLIND SOURCE SEQUENCE ESTIMATION

Yang Xiaodong Mou Songhui Yang Rijie* Zhao Junwei*

(The First Highway Survey & Design Institute, Ministry of Comm., Xi’an 710068)

*(College of Marine Engineering, Northwestern Polytechnical University, Xi’an 710072)

Abstract Under the situation of unknown channel response, blind sequence estimation(BSE)
recovers source symbols from received noisy data directly. As an optimal information detection
approach, BSE based on Viterbi algorithm needs searching a trellis whose state number is
exponential to the observation length. It is not practical when observation length increases
unceasingly. A novel BSE scheme is proposed in this paper, which uses several first estimated
results to recover current symbol. The computation burden is lower because it is irrelevant to
observation length. The feasibility has been checked by simulation results.

Key words Channel response, Blind estimation, Sequence, Computation burden
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