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A joint channel estimation and data detection method is described for a
high-mobility space-time block code/orthogonal frequency division multiplexing
system (STBC/OFDM). The channel estimation method is derived from the
Newton’s method by formulating the joint channel estimation and data detection
problem in the maximum likelihood estimation framework. More reliable channel
estimation is performed by further utilizing sparse pilot subcarriers inserted in
each OFDM data symbol. The first-order partial derivative of a maximum
likelihood function which is defined according to the estimated channel frequency
response of sparse pilot subcarriers, is calculated and used as an initial search
reference direction. This method performs very well in multipath fading

environments with high vehicle speed and large delay spread.



200830770

t-HERLKE
(m)AEHEZREEBSE £ 3 o
(DDAREZBZAHSEEERHA -

31 Al B & B
32 IR
33 B Ht & B

ASNRRERCENG  FRTREBTHERHFHUHLESX



200830770
-~ BEARA

[ ZHH A E < & 7 # 8% )

ABEPRBENERBACEEGE BN EHENEEER
W /IE R 4 #8 % T % # (space-time block codes/orthogonal
frequency division multiplexing)Z B B IR & & FE 5 =+ /5 &
DL R B & B 7 8 3% (data subcarriers) {1 % B #8 #1 F & &
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By %8 i #F JC (pilot symbols) B 48 & 9 %8 #l + K ¥ &K 5 & @
B oo MM E M E M [A1)E] [A3] - [B4]%E [B8]1LL K& [B10]H & &%
A BmAZBERMOEMNEREH T —BW
fiifE 3 B F 2 b H W 2 & £ # BB R (Nyquist sampling
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H B K (multipath) B E 2 A K WA B & & &K 5% % -
8 HABZESETEERR TERBEZE AL ARARTRR
TE-ES A EBEHRAEC T EEEREFERAS
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AAEEMENRERE > T E MW [BI014R &% 5t %5 50 485 M £
RABEFEXEELDGBGLAEEHREE -
(2) E R R K EBEBEM®HTHE

£ B MW [A8]EI [A11]BL & [B12] ~ [B13]H - fR{#E A
RREHM KL BEXRERBEEL HAEBEEEEK
M EEMRRR B E X TR RKERMER
(decision error propagation)fd & Ll B /A & & 1l 51 K ¥ W -
TEESETHEERET  BEMGTRNEBRES T HEE -

® i E &g [A9]H [AT1]R) f A & 8 X A &% K H #l &

(maximum likelihood)i® & {5 5+ 1 & A 4 W 5 % 2k = 2 B
EEMBOEN  EBERAEDRREANFAE  H£&H HETH
BEEREE TRBAANEF - M EBMKX M [BI2]E [B13]+ Al 2 K =
BEE AW B B MG RBY HE > B —8HFEBS Least
Mean Square (LMS)F %> HEBEHEEH R E S E K ET
HETHER  HBAHKBEEE B - F E B Recursive
Least Square (RLS)H ¥k MR H EHH E & LMS ¥ & #H
BEAEABRSETEERBE THEME K& EEH LMS 1 &
=8 K % /B Kalman Filtering 5 ¥k > # R Ik H i H & & #
B o BHEATHERIRXRE®RE  EE0K - L=875%D
FEEEHEFHAERERHEMMGS ST LB 28 E BB R HE
BTRERE SENERNVELRHEITR SO HEEMFEHBREXIE
& .
(3) B ® 8 E {Eﬁ’ﬁﬂii

BEMEM[BI4JE[BISIR B & > HBEE T B K H
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B HEERLACHFAEAN TERDODAKREAZEHS — & E
EEEESEEMEER EME -
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1 ~ EXHSHESL TR
—ERZ2EHERGME NNV B EIRE E EE I I £ "W
T P-1

Hr]=Ya,0dlr-1,] (1)

Kb PREU MWL S EHEME "R pEEWEES -
W%%p%@%%ﬁ@ﬁoam EOLR — 8 & W e
FoRBEBERCERE HESM - B4 BMAER
G — B A 0 UL R OES R AH B o HBS AS 8 %% W M1 Jake's AU
KEE HELEBRAE BEEREETUERMT

H[t,k] = Pf:ap (1) exp{-j27kz,, | K} (2)

kB TRERS

2BE la BEEFRAABESTIAGN AEE - B R
0=100 Qo B J=VornyfH IR T E R REN F 8RB £ D
HQui={0,.K-}=Q QR M FHEESG KB ¥ F 8, ¥ & -
feeernme - ms a@pmm- &% 55 [0F QPsK
% B T XOW] > ke QR V| BB T XOK > keJ Sk B2 B —
EXAHESTHAZE 11- MEEEBSGITHNEBER > &
HEBBHE X EPTEARNATHE CHERSEE M
B R B F B9 25 5 BS B (useful symbol time)Hy b fl - B 2
B IbE HEEXAHESIAAESHEN R EE

% T

TEEEERHAEASEE - EXR S HE FoU kBB E
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u(lll
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ilh}
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O

EMLREFEANRERBES BIFFEBKEEXRRS
58 BERBEEREINARAREEHNRE H B EEFE —
ROBEERFTHARXE EFXX—KET  HMASAZ

& Al

BREERS - WE la BRA  CEBEXSES THH
NEUIESRE FEKINERER TN ERDT

i

R[k)= R'[k]+ jR°[k] = H[k]X[k]+ Z[K] (3)

Ho o keQ MZKNBE XA HBENWESH HEA  EBHESE -
BRYEBoc M AERKRBEHEIIE@EBKL > FFEKIY
HEMERITUERRDOT

R[k]= R'[k]+ jR°[k] = H[K]X ,[K]+ Z[k) (4)

2 ZERWBBIIERS>HESL T RHK
—ERBREHAEGES RN & A — & H (2IS0O)Z & E
® k@ EEEAETRRIOECOOXFT R (E m B H XK 38K
B )
h,lt.7]= Pj a, ,0d[t -7, ,]
B (5)
Hf m=1-2 M PRUBNZZEREHKHE > r,, E% »p
BEENLEEER > a0, p B KK EEH B IE 2 (complex
gain) » Bl @t & a,,OFR E MU B — @ & 4 (Gaussian) fE # &
F oA #EBEERZTEREBR — W T S i (Rayleigh
distribution) e (L4 > BB -~ GCRB R ELBEMFTHEHE > &
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E > BEHAIBEAURRAOE (ORXFF R -

H [t,k]= Zamp(t)exp{ j2nkz, ,/ K} (6)

p=0

Ho k& F & & &5l -

ZWE 1c BRT  EB8—F_&A— @ LK & KR
Tl Bl £ 7 B B R B M T OB K £ & 0 H

@ oL/-p.k-B-0 HP OBMIBBEES  KBETHRE
W oo FEH i @ FE - 20 QPSK &R T 4K (X
ke QUIK+O}) F1 2U|ME #E #i % TC 4P (H F keJU{K+J}) % 5
BoEEHER mTFRr: (tazlrnsessxx
#OH)

XPlkl=d k]

7
XPk]=dPk+K] .

HokeQ: XPKIF XPKID IR EFE - E _ZBH BB E K

[ BMERFT MEARXBZBHMEHH Alamouti AT 2 I B 2*2 & B
FHRHB IKRKEB _ERHBRODT HAP*EXE RN ETEE
8o

Q) )
[Lm &wq (8)

XU XK
B& - ME CEH T KERSBNZRI - BEELXHHAS T
HAEE 2 MELEEBGINREEGH > BH WM - RX A
BHEE KPP TEAANFTHM > CBRYE MM
914 F3 Y OC B R B9 LL B -
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BEEZ2HEE WEFT EESMRWHAREE 56
ERNHBEE _BEXSES TIHTREENEAMEY
H@e BEEZ DEEXSBELITERGT S- ABHEREMUE
E R K 8 H # B (complementary codes) 8 #i 5 % {4ln]}82
{Bln}% # 81 & % T (preamble)d B4l - K EF T 2 R 1
FREVRLEN - MABHFTOERFRXTLNT H R &
R(2REHNEWBSD: £F —EHTHE B —RBAE
MERBRDHNEZERANE Bl £5 —EHFTREBE - $
—ﬁm%:m%ﬁﬁ%ﬁ@%%@mwdﬁuwm%ﬁ%
BEFABREEXASESRE  BERGEEEE NN GEH
EHMEELBEAE _BEHA XS BEER T THE R @ -
ERE— BT BHEBEI - 0% 1c @A 2KIE
RERCBEZAES IMAS 3B U EWBE > =E M
BmEFEKINERT N ERO T (24 Opm O sas

e Oresmameg)

R\[k1= R/ [k]+ jRC[K] = H\[K)X (k] + H,[K]1X [k]+ Z, [K]

' . (9)
o R,[K]= Ry [K)+ jR7[k] = —H,[K1X s[k]+ H,[K]1X [k + Z, k]

H o keQ - ZJ[k1FD Z,kK1B & tH B (uncorrelated)®y B = Hy #

\
/

lll

CH ¥ (mean)B E - B B B (variance) ol -
St R BEBE A0 R BB E BT EB MK
M M2 LEEREEERESMA > TRFMTF

L,-1
M, [k]= M1[k]+ jMCk] = Zu,,,,, exp{- jorke, , 1 K}

a7l 2rkt,, 2nkz,, 2rkz,,, 2rkz,,, (10)
= Z am, COS + Sll’l + j z ml COS a sm

et G K m K K
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H A op,, =, +jp, M, 8 8 E nEBEZE EKEEHNEH
BmMEEE - ETX—KREHNBERRT  BRXEELEE
HUHENRGERMMEGE  EBELTEELE -—EBHCHEER
MAAHE REEOXAEZE(ONX - AHBEGTFEZE
MEAMMET R TRI&E RMEMUEMGT DT :

(XF’XS»MI’MZ)ke@

e . , |R k] M, [K1X - [k] - M, [K1X k]
<XF,XS,M1,M2>=arg min . . (11)
+|R,[K]+ M, [K)X S TK] - M, [k)X ;K]

K 0=0, 0 BRANRERBEEBLIENFHRBES -

®
EB QWFE£SG WEOHDRTLBMT -
e o |RIRI - MR L [K) - M KX K
<XF,XS,M1,M2>=arg min_ min 5 (12)
WA 1 |+ Ry LK + MKV k)~ M, [K1X ]
Roph A BB A RIE Alamowti W BEEEB S (12)R U S
mF
. R = MKy [K]) - M [R1O (5 [KD)
<M1,M2>=arg }}“A? Z . . 2
BV |+ |R, ) + M, [KID" (25 [K]) — M, [K1®" (5 [KD) (13)
o

H A 2k slk) R B B8R XRRIRD XG[k)Z TR 3R M 6T & > H " L

xR WT

xrlk)= 2p K]+ jx 2 1k] = M [K]R, [K]+ M, [k]R, [K]
xslk] = xs[k)+ jxd1k] = M;[KIR,[k]— M, [k]R; [k] (14)

Q) = o = gy . . g
m & BB _fMTEHE  E a8 -FHE - ¥ n0
B > om=+1: B n<0F » Oom=-1- &F n B — & & > H H F K
BEEF TS ERE - 5% BHE (4K b W F I EE
PN

HAB o MG FORAERMT
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J‘/=argmyinf(y) (15)

Ho fo=>_> v ki

y:<a1,o,”',a1,(1,|_1),052,o '°'>a2,(L2_]),ﬁ1>09“':ﬂ1,([,1-1)>ﬁ2,0 “'>ﬁ2,(Lz-l)>% W OE AR R

b1U\
A
My

AHEE T
Vou (¥) = R/[K) M (K10 [k]) + ME[KID(x 2 [k]) — M, (K] xa[k]) + ME[KID(x 2[k]) 5
V1 () = RP[K) = M [KIO(2 2 [k]) ~ MP[RI®(x f [k]) - M (K12 L [£]) - METKID(xL[k))
Var (9) = Ry (k] + M (K105 [k]) + METKID(x $K]) - M [KID(x £ [K]) — ME[KID(x 2[]) 5
Vs () = RITK] - M TEID(x S (kD) + M2 [KID(x§ kD) + M (K10 2[k]) — ME[KID(x K] <
A %W AN A 4 B (Newton’s method)Zk # % (15)= W9 & &
oM PERA (semi-dlind) BEFBAFEWEELARXTOT
=V N

y(i,v) - y(i,v—l) _g(i,v) ( 1 6)

Ed o 28 - @ESF5EEE > FNE RS
i i (iv-1)

)iﬁﬁ VEEExE A V=LY Ve e
AKEERY : Assun 220 g M Nagmm . FOx

m’\
I
—_——
ry
—~
!<’\
L
N
+
~
o
B
il
[
_
<
~
—_~
<

@ "Uime /W m s (Hessian) s B M B E (gradient) @
T LR M AR T

FOD., =nya(yy) =2;uz;(awgyk,.(y) awau;j(y) R LAA ) avy/u;y(y)) 2kez@gawgy,:(y) awg;j(w

(17)
B v (m 2w s e s e B® S
v, (y)/y, » OSTELTl wmpi BT o

o (¥) 0w, (y) 3 27kt ) 2nkt, 0
. - cos(—K )CD(;(F [x]) sm(——K )cb(xp k1) (18)

Gau
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o (¥) Oy, (1) 27k, [ 27k, ;

R =—cos(%)q>(zg[k])+sm( ”Kr’ J(D()(F[k]) (19)
oW, () 0wy, (1) 27k, , , . ( 27kt

. aakl,, = cos(”—K‘['—)(D(xs[k])—sm( ”Kf’ )CD(;(?[k]) (20)
a‘/’3,k(y) a'//s,k(y) 27k, . [ 27kt I

o, = oar, = —cos(%)d)(xsg [k])—sm[ﬂ—KT’—]d)(Zs [k]) (21)

0
. ;E\: EP _EIZB ﬁj\ ﬁ‘"ﬁl 6} lr//u.k(y)/ayl.lM , OSISLz—l , _ETJ J/\/L _g_[_ % ;ZD ._.F .

6vaf;z+<1y>=agzkziy> :_cos(@jcp(z;[k])—sin(z”',‘;“ o(xfk)  (22)
o~ aa, p pletwhe e plen) a5
S S I
o ot ek Teplan)  as

%B ﬁj\ f%ri 53‘\ al//",k(y)/ay],,+f/‘:+1 R OSZSLI_I , —rﬂ' L\/L §+ % ;ZD _F .

oo, (¥) Oy () . 27kz,, ; 27k,

6y14,+lqﬂ _ a’éuy - _sln( ”KT _ j(l)(,‘t’p [k])+ COs( ”KT N ]CD(;{? [k]) (26)
v, () _ oy, () . (27t 0 2k, ]

ayL.+Lz+l =75 131,1 = s1n(——K )(D(}( F [k])— cos( X ]@(x F [k]) (27)

Oy, () 0wy, () . (2mkty, 2k,

ayL,+Lz+l = 5,3]‘1’, = Sln( ﬂKT . }CD(Z;‘ [k]>+ COs[ ”K‘c , )(D(;(SQ [k]) (28)
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a'//3,k 62) _ a‘//3,k » e 27Z'k1'” 0 27Z'kT,’, )
W1itye - opy, - sm( K JCD(ZS [k])+ COS[ K )(D(Zs[k]) (29)

Hoh R4 B4 a'//u.k(}’)/aYz1.,+1€+/ , 0<I<L,-1 A LS B T e

Woi ) _ o0 . (27kty, )\ ( 277, ) (o
sty N Sm( K )q)(XS[k])JrCOS( K J(D(ZS [k]) (30)

o, () oy, (») . (27kt,, 27k, )
ayZL’,+L2+I B a,[,;z,[ B —Sln( ”KT ) ( S [k]) COS( K (D(ZS[k]) (3 1 )
a'/lz,k ) _ aV/Z,k 6] o 27TkT2,1 P B 271'/(2'2,, 0
® amw'wu‘m(KF%W“%K-qmm (32)
aW3,k ) _ a'//3.,k O . 27Zk1'2., 0 B 27Z'k1.'2,, ;
Vit wu'“% K)d“”ﬁ“{ X F&Am 52
A4 BEARERBETUGFEDT
21 _ W) V) | 'y, (»)
F o =(F). . =
(FOD,, =F),, = vy ég[@ﬁ o Mu)%@jJ
8,;9 COSC27R(T 41501y ~ Taginon) ! KD
z S 8v/uk(y) a"’/""(y) Jor (x+x")L, +kL, <i,j<(xk+1)L, +(x +x')L, -1
ke® u=0 Vi oy, ,where k,x'=0 or 1
. 0 , otherwise
(34)

;H; EFI , a(i)=U(((i))l,,+L;—Ll)+1; b(i)=((i))14+l,,_(a(i)_‘l)["; U(D)% Heaviside

unitstep @t Ovmpm v mmEn -
2B 2EFT KBAD WL S M EEEIH S E
CEEEHEE  FEHEEEAR CESBERN 2
SHE OIHESE 2): BEREREBELXHES T
BRAS R YA MERE RN TN M BEMN BT
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CHEBERRNNRKMUES BRHEESCHREEEERT S HE
% T & & & jt RO ROk -
SR 2 EVUEBER REAETHELEEBEED 2 HEE

BEHBEHEHEN, A EWBENNE R TR MG S SR
mEE UMNALGEFIBERTEERTERRSENE
e
=

TEHEIREBEBRBEWNES S, KR EFENZK KK
LEMERNZIEENLEER 1, LFHPHBEARES

1113 UII

CESLPREE S ¥R
GEE LA TR PREE S BN N EX

PN

\
/|

TR 4G EERBR BAREEERS KB MEE 1
Dk ERREERBERV -

TR S GFEEISHEAE & =F+U,.,.,) VOl &
MBERBEAEE YyW=)"V-™ MEER3 @M1 &
EEN=

EEURSIEvINRRERY HEBSE S5 -

EF.

SR 6 RUEBRFHRMGACEERBREAHMES T — B
FREBERBERZ W B ME > By =y
HPEPRBFHIEMRSR 22IBELR 4IEL K 6-

FER B R WLERE— KBS K& ZEWSHE
KR EH(AO)X P 28 LA, 88 6BKE6)RXWEE
e - ABFWPLULEHBEMNCSR SO KR BBEEMLE > H
HEWMT - (ERB-TTES  BARAZFHZEE
BAWARER G E)

m[n] = IDFT{P,[kIR,[k] + P,[K]R,[k]}
hy[n] = IDFT{~P, [kIR,[k]+ P,[KIR,[k]}

IR =]

(35)
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Hob o R RS = e B E %5 8 S T8 588K
EUB’\JE%%E%%EME‘%:IDFT{E}% K B2 B8 T
PG RIS B B — B W B (5 9 (A A1 (Bl e A B (E - B
¥ & B W O® B — B B & ¥ N %
S, =i #En € it fR, [|BERAN BB ....G K) -1} + N, B E 2 0§

op

(3

BEBEH Z2HILEFTENZZIELCEE  HS S, 78 %

M W, RAENCRCLTERE > B S, 70T EME

B OO E S y(l'o)=<P1,1>Pz,upl.gapz,{_)> . Eoth p,J:(IZ’[n]:neS]> :

. p2'1=<l;2'[n]:nesz> : p,yQ=<}_zlg[n]:neSI> . P <h, [n]: neS> .

M

EFEREBE REEAEXSESZIFTREF » &M
FMUEBHRTRBAOADUBS I T BEMST - E% - HE
Yy

FHRBEEMGMFETLLES®RT —KF E G FF ¥ B E - B

y(i+1,0) _ y(i,V) .
Mt FrfE c P ERMANBEMEG HE g ZEEHERHEE
RENENIMER ®HHIRERBZELEREENEZRET

MAZFPHZLS —HEREBEGT T ERUZ S EdABE
et T E R ER > MR HEMBESP E MHA (robust semi-blind)
BMEFAE - 2RE SEFRT  BAERMNAER D HE
IR TANBFREMN FERERAFESE - REENES S
mAEmE  FEBEMTERER - H

mr

& E H kSRR

AR IMESFR 31)) BREUKGHRKCBAERHSHES LT
BRABSRITEMERERAFCRBCEEBEAMNMNE T T
Z B AE BR RIKF R R 5 i B F 2 W @ E 8 IE XS HE
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% T & KB & T ROKIF RP[A] -

SR 2 EVBEERE REETHESBESCEE
BEKECHEB N, FIFH MW EME ST KM EE R
z

P& AN A ZEEREEERTERERENE

TERIRBERENES S, KR EMERNZBREHK
HLEMEBENZERSN T EE ,  THEVHEBERES
AmE YL RAHEERERF-
® HbXBHZYVBELTR 2B E 2HS B 3.

N

SR A EEHEBE BAREELRI B E VS 1
UMEk&ERREEBRERV -

B S FERBERIMEyR 1 AA A RREMNF &K
RFEBEREHA LK L8 —EFNBHEENRT &K
FIRkBZEsSHFAREY BAAACOFERESE frnn .
g =¥ + (= )(F + ALy, )" V)« & EE RS EFERN 1

N =y M O = (F+ Ay ,0,)) " VA o

%
‘ B ok = (v @iv-1) _ (IV)
TR 6 EHBEBERBREARE yW=y i I E
REEyM 1 EBEERSIEYvINRBERV IEBS B S-

TR 7T BUEKEFAMEFCBEERBREAHS T — B
FEBERBERA B ME - By =yt".
HE AB P I ERI B I3RS BIETSE 7.
ERFEREFF  AEFHNAEMR TH R KRG E nEBEE
W OR EEFE H K] > keJfl T :

H,[k] = (X [KIR [k] - X g [KIR, [K]) /(X 2 [k] + X 2 [k])

A (36)
H,[k] = (X[KIR, (K] - X o [KIR,[KD (X £ [K]+ X 5 [k])
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EEAOXAAEHEOGORX » HATUEE — @ & K480 %
@ ﬁ fm(am,O’.'.am,L”,-l’ﬂm,O’ﬁm,Lm-])ﬁn —F i% 71_:\‘ :

i TN IS
X ) |~ Re{H ,[K]}

Lol 27k, .
Z a,,; cos( z =)+ B,,, sin(

=0

fm (am,O’“ 'am,L,,,—l > ﬂm,O’ ﬂm,L,,,-l) = Z

keJ L, 27kt ,,, . 2nkt,, ~ ?
+| 2| B c0s( =) - @, sin( =) | = Sm{H, [k]}
e K | K

(37)

Fﬁ B # fm(am,09..'am,L”,—l’ﬁm,0’ﬂm,Lm-])E,\J :éﬂg vk G E yzy(i_l’V)E%:' #J
® EFEFEWT

[ 2yt J2mSgitmo ]
e K e e K
¢ =2.| 5 : T (38)
27T 1, 1 722y, 1,1
e K e @ K

2 o, o ) _ R

H, =(A,[k]:keJ) H MY = (MY k] ke d)

m
’

B A R F R %R
B B A R G8) RMAT LB — AR
® EMTHREFR KRB LES HE@EE Y=((.00.00) -

ABPFRZABLERABEGF S EWNERE S
BOHESLEFHMABEGTFENELIEE AN E » B
E-ARAWEERBEFAE (EEEABF) &R TR

g™ = ¥ + (1= p)(F + Ay, ) VF (V) (39)

7 =e|(F+ALu.) ) VOO B — B % B (step size) : op B

B A F (weighting factor) » H N 0<pu<le H B y 7 F & #
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F 0 ORI R R E R |FraL,.,) Vo) - kK oW E
M B 3 % K F (tuning factor) e2R S & 2O K /N - B = K
AR EEA BRI ABRLERABEGS FE AT R
MAmK# BHIAIEESEBLANBET
[ #5 5 =)

W ABHERAEKER _EREBRE KRB
e BEME % ESNBEREAERBEURERE

& Bt B ( International Telecommunications Union, ITU) Ff
® FHEZ Veh.-B AKRRERBEE - 645 B £ BT HE S
120km/hr Pl & 240km/hr By & # T & # > # i 7 [k & H KX 5
HEBETEERABELEERE T 2 88 % 6%

MeEBRECERBEVBSCHRELEAS © 0> 0dB)A H
PREERES  ERZURBSHE N, =2 — @ 8P A
BHEMERSBE S TABFTHE D=800> 2 %K 1=10- & X
EEH R B V=5 HEBHETF 22U KEERT u=1- It 4 >
Veh. B AR KHEHBENRECEEZTAS:-2.5-0--12.8>
-10> 2520 -16 (dB)H Hh BB GEH B @« HH < 6 KK
BEN =6 —EHEBTHFAIENELHESL TENHT T H

H D=800 2% A=10> & KEE R HV BN T =2
EERTu=l- MANRERBEBALAZCERN TEHEES OX

EB 0 :i=12%, for1=01.[do-D/2% } » H S, B ZE R W AR O

s S floor BHM - EHEBBEE SR MEZ 4%
BSIfiih » —BEXHES THTHEMT G EEE YT

DU 0~ 430 8- b4 > HMMHERRRERSBERE T2
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W 8 B FT o -

HoEE 4 NS S BoIEBEEE EULUBHRE
V=85 V=4, s s e s 120km/he Bl B 7 8% 3 = 5 10755

HETERABEMLET A EES 4 B2 EKIEREHE

B# S HE 2 Veh.-B X I % 3 W B ¥ 4 91 kb W 8 u £ 3
Eb
ERNTEREEHEADREREEL (V)2 28 LR

=

Z 0.5dB f1 0.7dB -

|

TEBETHEES 120km/hr B FE S B K S 107K » £ 5
MABEGES PR EEIBCE R ERBERSE 5 B 2
Veh.-B A B H R EE T > H BB S T MR B e
FREENTEREREN B A DR EL T EIL 2 28 F =
2.2dB 1 0.5dB -

B4 B2EE 6 BMA T KBS E M m ke m
A BEMG T EERCERBEET 20w 8=
B 240km/hr H B K5 1078 » 7 & £ 8
@ T UM G5 B vk i 8 B O EE T KR B

HHEMTEREREN SRR ES T EIL 2 28 =

2dB -

HE2WRE TEHAR®  HRPERAEE G &Emp

B
EmMABEMTAE Veh.-B AR R ERBEBE T 2 7 7C 4=
=

4

 EHEITHEER 240km/hr H 5 B R 5 107K > #E# 7 &
BFEERV=4N BTN TERGEE N % Ak E 2
FELEEEMN FHEBRES V=-8SWBE®HTWAMTIE R

P:lé

ENHEADRBAELEEILS 0.5dB -
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Rk G HEBRHGERPTPTUBEZRIAZTH BRSPS R

2
(ﬁi
fé
oF

P A B E S ETEE (WM 240km/hr)F > & R 4

EmABEMSGF FENS  HEERFHNRKBTEEHR -
ML EFR@E ERABHIREEREL - 28 E B

BREAZBACERSGE M BRTERFPEERE M

B RKBRABRHPFEINRERBFPIRASNEREZ &

MEEL TEBRAZHINBEZHE -

(& = & 5 & )

lafll RIERXDHE L T RMA -

ll
\N
4

H

H

IbERERXRSEL TRKEZENH B KA -

H

lcERZEZFRB/EXSHESLS T RHK -

i

HFIdERZREB/ EX2HZ IRAKERHEBEA-

FrERSRF+ERABEMT T ENREEEE X -
B3 ER—mRFERABEMLGT HFEHREESH
B ABRS‘EMABEMSTHEBREPE fX B E MG
FERKEEZBEHETHERER 120km/hr T Z {I T % R
FSERRIERABEMGGFEBRBPLPERABER
iffE Veh.-B ARKBEEB B EHETHER 120km/hr T &2

fiI JC 88 8" K o
E oEELEmMABEMTHEHBES S # X B E 4 5t
HE S 240km/hr T Z {7 7T $& B

1
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FTERRI‘ERABEGTABRBRIPS KA T ERS
P Veh.-B ARRBREBHEEHETHES 240km/hr 2 1§
WP T REERLSER -

FSERAZTHAKMEBERE ZMHEE 2 & -

(T EZ T H/FHRRHA]

1 ZH TR S
2+ 11 ERDHELZ T HESR
312 ERDHEZITHEHASR
® 4 H#E W% E M AT B & T
5+ 14 ERXRSHESZ T EHRFT
13 AT B & T
21~ 31 Bl B & BR
22~ 32 IR
23~ 33 B e & BR
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+ -

—EARERBEB / EXSEL T RKE DS M EEMG:

FHREAHED

HERHEBZAE  HBE&THLE:

—HEIR RHEBERERRKRBEXRSES IRIARZ

NMEMERBREXAFTRBIEHMBENMNE & T2 E
BERRNURKES  ERFIREEAIZTSHES

T % # &F & RUKIFD RY[k];

— VB P R REREBERESCHBE N, M EHEE

-
ik

=)
Al

fin B E fli 51 38 B Ik & B FE - W F AU {5 5t 2 @
k@ EERATERRENES S, BRZES KRR E
BN B BBEEH LK ERNIBELEER ¢, I 2

o

FyVmBEREERAmE ) " BRERERE Fi UK

—EHMIR O AEAREBURIVEME VS 1 LREE KB
XRERV B EEIHAAMEE I FEHEERES:

@iv)

g YW=y R E RS EMN L B EWE
VINREBERYV MEFES A AR E K EFBE RS
RAHME BEREBFUBEFFIFGFZCEEREEAMS

T—RFEERET AL MG E - B0y .

DR FENEBEES | HehE  HY XIS HFAEES

g

) =(F+ ﬂ'lz(l,,»,Lz))_l V(™) .

3R FENEBEERS | HehE  HYZXERSBEHEH
AR KRR H R AR B E R

AMBFENBTESE | Bz Hk o H

ZEWMTENEE

o 2%
EXSHEL THFTRKERS A fl H OB O T y(i,v) :y(i,v—l)_g(i,v)

-30-



200830770

A

REHWBEMLS  Hb "B -—EESFamE -

5. T HEARZERBEH/EXD2HES T RK T & M8 HE MG H
ERNEAZTE HBE THHE:

MESR KEBERGERRKCBEXRSE S TMHRARRK
NEMEBMERAFARBECEHEBEMMNE T2 HE
BERRANMBKES ERFIHBEEBRELTSES
T & B & T ROKIFD RPA]

PR REHEEBEEL ,’ T M B W #H

H N
Az FIl A OBE £ B 2 @ E
TERBRKRENESS, EKRTZESREE

il BT & #F 7T

Ik 7 2 FE %K

FTEN B EHEB LEFTEN K EEEE, It
B

m,il

REEARME yIOME E & (Hessian)E B F

EHMS B AREBERIPHMA IS 1 18 E B A B
BAKBV EEERIEvE 1 > B A W ERT
oW EH E WK M B A A 3 R R G S M T B R
BEaEFAEEY LHEMEE A A R
g = ¥ + (L= p)(F + ALy, ) VA 35 B R 3] E R 2%
1B > M EESHAEAE g =F+il,, ) Vou) &
EEHBEREEREE Y =y g™ & % EE % I
B ovin 1 - % E R A E v R SR % R VEE - B E % ok §8
BHAAE BRBEELEBFFRGET2BERES AN
BET—BFBEREEAZWMBME - B =)0,

Wi

6. MHEFHEMNBESE S HZHFE  HPZEBRS B HB
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10.

R FNMEFEMNBEES S B2 Ak HbZER
AN
=

TR EEMNBEE S HZ AL HP ZER

BREAUEERBZKXKES K -

Ni
&

L BEMFRERFEERERER T & K EKE I
fli 5 K BB H 8 2 & #F & -

R FHENBEESE SHAE EHPYPZERSE S 28

Y

SHThAmmERMNABRREN FHREMBERZ & KB MU%
HBZ-—BHoOM>AEmEE > RKEB HE RS E 2L
HFamzz% -

N

BB
ERFHFERABERSHE S THT NN K K E M T &
WRKFEE -EEEINES faE
—BAREXRDES LARK T &M BHE M 8EER G
ZHE o HEE TS E

—HEBS R BERGEERBEXSES ITHEAS B
WE - EXKFTHMBZENMIE ST ZERE % RK
HE I BRFIERSHES TERZ T RO,

— MBS R RETHEECBEBRECKEE N, FlAEMNE
Wit BERGEE  XLABLEGTZ2BEEREG
ERFEBREREDNES S AKBZEARREFTENZ
BEMEH LEFENIREEER o I 5F 5 %)% %8
MEHEARE YOMEE K (Hessian) EE Fi U R

ML R ARXETEEARIFWHEME S 1 IR

REBYV BHEES HEEEL F FHEHE

B By =y®V g™ g E RS EM 1 0 & EE R E
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11.

12.

13.

14.

an
g
an
4
n

VARBEFERY MEFRESHABEERFE H B ERE
FRAHME ERELBFAGEIZEEREETAHS
PR FBERBERAZOHME - B YO =)yt

HEENBEES I0EZ % Hbh 2SS HFameEs

) = (F+ Ay )V ()

R EMNGEES I0HEZ Ak HPZEWMS BEREH
LEIRv A I e I 5 A NI QR -
HEEMN@EES 0B Ak HYZERSLBEREE

ERXRDTHZITHTERFT AR AEEBRT )=y -gw

EA

<

FEHFHBEMSGT  Hb B -—HEEIs H aa g -
EANRERSES T RAKPESHEE MG E2E R EY
Tk HE& TSR ,

MEBETR KEBEREHRCEERSES THMARR
WME " EXFIRBZIOHABENMEST 2 HRE
MRKEE ERFIREEIEAERDSES TEHNG T

ROLk];

— VB P R REHREBERKCEE N, FAEMNSE

l

HLTEFTBERTEE  LHALEGEFTZBEREGE

ERFEBRRENES O HRZESEXREFR BN Z
BEBHE LEMBNCERTEER ¢ X 5HE %) 1458 8
REEA @ E yOVHE E K (Hessian)EHE F: UK

EH TR ARERERIIVEBE VS 1 XREE KB
BWRERBYV HREERSMEYvE 1 HANAHEHREREAEARNTF
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17.

18.

=

Bs HFmmEEY XEELEES HFAEE S
g =¥+ (1= )(F+2L,) 'V » #EE B R 5 R % R 1
> IS EEFE T RE & ¢W=F+aL)"'V/O"") BEH

OB H R H A E Y=y g R % B E R 3 E
Ml EEEESME MR KE R VE - N E KA S
B R R % B F BT M5 3H 2 B R B B A S
TR FEERE TR LB 0=y,

a0 H 3
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HAN@ESE 4EZAE  EhZERS B ER
BE R LB EEBK SR -
MEFORFEMNBEESE 4HZ HEk - H
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L BEMERERNFFBEERERN F & E K E I
AR EMEAZC R E L -

oF

MHEFEMNBEES VEHZAE HYZEBEWSBEH 2 E
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M FENBEES VEHZHTE  HPZXERSEF ZBE
EfAEFAERAMBERSES I HFTANNERE N F &
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