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Abstract: In response to the problem of poor performance of classical fusion methods in combining multiple shortwave
channel information due to the complexity and harshness of shortwave channels and prominent conflicts among channel
in-formation, a shortwave multi-channel information fusion method based on the DSmT evidence discounting theory was
pro-posed. The DSmT evidence discounting theory was employed as the fusion framework to achieve fusion, inference,
and de-cision-making of multiple shortwave channel information. Firstly, the relative envelope standard deviation of the
OFDM frame was normalized, and the discount weight was calculated through the relative envelope standard deviation
and the dis-count factor. Then, the bit soft information extraction function was used to obtain the bit probability, which
was quantita-tively assigned to the basic belief assignment function as evidence. Finally, the PCR6 fusion rule was ap-
plied to fuse, infer, and make decisions on the soft information from multiple channels. Simulation experiments compar-
ing the proposed method with classical fusion methods under various channel conditions and modulation schemes indi-
cate significant gains in bit error rate and packet error.
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F CBEAT . FAGT M s s i
R 2 JE sk 22 NI BE B S b i S S R sE, A
ACAT DA RO U e ML BB A5 S TE v . R
T, AT CASR T e e R A T SR e
WA RIHMHELE T, 2 iEEE SRS 2 S
IR R Y G 2B S BB IR
K 2T 24 HE TE (5 TE RS (S B (CSIL channel
state information) HJHERAA T, LASRAS B K5 H A5
k. (SNR, signal-to-noise ratio) A H Y, M E K
BZERN, IaoNiERES IR (SC, selection com-
bining ) . & K L1H & 3¢ (MRC, maximum ratio
combining). 355 (EGC, equal gain combin-
ing) *7. SCHRISIFM, FHGEE T, 2 CSI AT
iy, MRC PERER R, EGC PEREIKZ, SC PEREHR
Zes FFH, BAERBE MR TR RS TR RE

SR, (ERDUEEEMERIE G AR, AR ETER AR
k. METIEREZD, SREFESIILLIEE
o, FEEN CSIALTHAERER, HMELLSEI HEm At T
T LR 95 300 )34 o B AR A b HL 22 SR B0K,
TE1E B R AR TSR, fhanfEsit
FARBIGIFIERE A SZ IR . SCHR[O1FE H —Fh H T 58
2@ K AE R E ) DU R G 7, AR RS
(BER, bit error rate) Jy 1072 EZ¢ it EGC 2k 1)
FhE a5 =2 3 dB. (HZ, DIt afEimiE s s
B K 3 53¢ T 25 By A B e USSR S (R 1 0L
XA 100 B A S A B o B R . PRtk W
FUET B TEAS B A 5K H CSTAG THANHERS L R 1
AR BRI AR, 0 SR I8 R I ) A
Ak B EEE

DS iF#E it i Dempster!' Y24, % Shafer!'
TEHE, ML AN E VR N ) e S, f)T
ZNHTERRE . SR A ReHER AR )
AU, (EE DS IEHRES AR mh g T
RLER, BAHGHEAMAMRER, SSHHEEYE T
HGIER, WEEEANZ “Zadeh 17187, 0/1 1%
#w!", DSmT (Dezert and Smarandance theory) iF4f
FiRsE DS UFRER Y, A TR T REEM
HATCHLEIRIRLS 7%, AT ARG AT 1) AN
(LR b e s B DSmT HEFRAr 0 2 )
DSmT UFHE B gt — 2 R AN, 58 T uEdEm)
AP SEE,  FRm T R O R AT AT 0 AL B,
DAY/ INAS AT SEUEHE 0T il G 25 SR ()50, $ e v
PR REER

BRI B R 2 X T 22 il TE A5 S 1) CST SE #E
AU AE . A B RK AR S R 3
WA G HITER G FFERESZ IR M &, AT
DSmT UEHE T F0ER 1 7E 5 i SRAT B Rl A 7 1 B AURR
PF, WEFEEET DSmT UEHEH7 1318 1) 2 1858 P R
15 B RhETi%.

AL EE S TAERE .

1) EEEEEREIELNEEL —, HE
FEEAS BRI RAR . AEFFEA R Y, Xl T
28 M oy B B I 7 R i RAS B g B AT Rl
Gy FINEREITIEIS, X R AE S B EL R
RFATHEE A . M LURERE R A S R 2L,
T8 I U B LR R 3 R A2 R AR AT 2 D BRI B
W, EEMEREAGESICRE: B g R
/A& (PCR, proportional conflict redistribu-
tion) MEMIERIAI, {FHAEMRE 2 £l 2 UE s Rl
HYat NIRRT

2) BIER| P EEE40ES, CSI M LLAER
fi1h, LLIEASHr 5 (OFDM, orthogonal fre-
quency division multiplexing ) i 25 71| 1) £ 1] 755
5 PR B0 28 FR o 22 SR RAEIEE S B T S i gt
Pran A 7 e 2, DAARSS AL 48 bR v 22 1T 515 2 OFDM
it 25 Sl UE B8 1 A EE, PR UE R S S IR 745 S
Rl IR AR B O ER, $E S HE R I HE R P A
Btk

3) fEZMMEIE KM NXT 4 Bl 16 B IEAC R
A (QAM, quadrature amplitude modulation) 773
I L SEERR B, AT EM T2 & I
TIEAE Y A AT A PG FE R B R E
THEERE, 3 @IE G BRG s B .

1 FSREKIEREEL
11 ES&ER

FRAETEE 408D, SO n] 5 30 1 5
e RO G RGN SEME 2 — . OFDM B R1E N
—FhRFER I 2 B AR IR AR, DL Z AR RR 58
PSR R Ty RSN H, T8 mE A
PR 5t R 2ROk 2 100, HIFIRIE D
FH 06 903 15 A s

OFDM AR H AT I H 7 R 145 5 5 9 KA
HATHIFE S0, BASFATRES A H BA (748
B b B x, RN kAT EUEAERT MY QAM FF
Fo FERIEN, R EC T Y RS R R {3
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PRI HT DSmT UL 40 BS i i 22 388 T8 A5 8 A& 7 ik <31

A5 (IFFT, inverse fast Fourier transform) 7] PABRIE
iF5 OFDM W2, PR ERE, K &
OFDM £f5 AR~ H

K-1 j2nki

x=Y xe K, ik=012:,K-1 (1)

k=0

Hrr, KRR TP
B W s AT S RN
Y

X= @)

Horr, ¥ RKoR i Pk fd B kA8 #: (FFT, fast Fourier
fransform) 15 2| FIAURZINFT S, H R EERN
BRI

o T YR A B A SR U, 15 T8 S R
[ HE R R . Watterson 15 18 1544 & 5 i FH 1 i ¢
fEEERR, HEESHINE 1 P,

#=1 Watterson {SiES#

FiE =9 I 4E/ms Bk JE/Hz
ituHFLQ e g, T 0.5 0.5
ituHFLM R, TR 2 1.5
ituHFMQ PR, KT 0.5 0.1
ituHFMM R, P 1 0.5

Watterson {3532 M {34512 0 L B2
p

H(f1)= exp(-j2nz, )G, (1) 3)

i=1
H, p AZREEL o N8 i R ZRINE, G(r)
NER | ARG 2R R, R B 2R
HrBISRS S
1.2 DSIE#EES

BO={6,6,} & MHRMHEL, SFRRBA W,
20RO MEh AN, W EEME 4, 2
AAFAE ST BC R A m(A) FRoRIERE R R a8 4 115
EREE, AL FARKR

> m(4)=1
a2’ 4
m(J)=0
Her, A m(A)>0 1 A FRNETT,

DS EHEER VR BT AN 22 RS i fh A )
BEATRLG, ATLATHEAS RRBIHESE A A B B )
BEAREESTEE m() « AT 2 MEROEAEE
IYBCEREm, (27) « my(27) , DS iFHEHEILI Dempster

Al BT B Ry
m(Q) = m,(4)® my(B) =
0 , ANB=Q
D, m(dmy(B) (5)

ANB=Q,v4,Be2° . ANB%®
> m(Hm(B)
4,B€2%, ANB2D
1EANB =D HEHLT, GG N
m(Q) = m (A) ® m,(B) =
Y. m(AHm(B)
ANB=Q,v4,Be2? (6)
1= > m(Amy(B)
A,Be2? ANB=0
1.3 DSmT iE#EIEL

DS IEEES AT DSmT E4EEE 16 4  5 1T 26 3L
R —Fb, s R AAE AT 23 BC B m(-) RHIESE #EAT
ARG —, XAFET P € T A fba 2 A
R AR,

FERLAHEIN J7 T, Smarandache F1 Dezert ™42
T ZANRAS PCR AN, B b RATF FE IR — 2 1 L
BISC R E B AR ES . BHT, PERE R HIR
R Z PCR6.

PCRG6 HUMPTHA Ay S 1 72 A6 7] i 5 22 AMIEHS
WA R FR,  BIHCR A R # R R 8 2 BE 1 T3V
BB A G 77 B e R AE B AR IR AR 1
BAETTHE AT 0. BAKT S, PCR6 #
UK = 50 v R 20 AR B 2 R, I % IR AN IE B
W) B ST A B AT o . B IR 5 2K
PCR6 A W] DL TE 4 i b B2 22 A5 2 18] 1) o 5%
i) S N AR 7E R A 2 ) DI Bk IR
) g2

N N
Meo(A) = [ [+ Y [m, (78] ()
n=1 n=l1

Hr,
N-1
Hma,m(Ba,m)
_ J=1
p= > e
Brp4=3, o (A + > m_. (B .
Bs,ay aj,,u\ul)E(Ds)M o(A) ; U’(j)( o-"(j))
(8)
. J» J<n
o = 9
2 (J) {j+1, i=n 9)
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HrnEIR AT LIS 5 AR RS, B et 1
USRI EEVE, BB R AT EEVEBR)N, 1%IE
P e A IR . 78 DSmT PIHEZE T, HH
FEHRAT 407 VE 2 DSmT-AHP 774, %7544
DSmT HIRFZHI)Z X512 (AHP, analytic hier-
archy process) BT T AHLNES &, FAAHHEN

14

i, (A) = o,m, (A),A#D 0
@) =-a)rom@)
D 0,=10,<[0,] (11)
H, @, 25 n ANUEYE X N FRE .

2 BRI
2.1 EEREZR

Bl 1 A2ET DSmT UEESFrHnEiR ) 2 i@EiE(E S
RVGITIERESE . T 5e, HIBIEERIRE, s T
DL AR I AME T R IRUE S e, BG5S &
MRC 5# EGC J&, PAHBUEHRLRR OFDM Mgk
MEIECTIAHIFES (—A OFDM Wi & it 4QAM/
16QAM FF5) 1EASIN; XTI 2 @iE 5 8 )
RT3 BT I ELE B, DU — M AR a2
Pz B Hr A P — T SRS BT R E .
W, BT EUUSR L (LLR, log-likelihood ratio) EAH,
TR RS BRI R T SRR LR 1R O FRIA
BAE, DIEREEAEAE IR EUE m() » TR, JE
FAEHESTHIEE X S AER A TP, RS R
MR EGAH S5 Bl A g R . fa, A
PCR6 & XS 40 f5 (FUE 34T fb A HERE, Rk
ITREFIY, 1935 4S
22 HENBEEIREERR

4 Evn, RN n 21818 OFDM FZIS0min) 4%
FrfEZE, REvn, R85 n 25181 OFDM #2USCi f AH
SZEAREZE , AR PRI ZE R, RIATF S R
ZERREE, ATEEPERR.

¥ R Bas %
YT, 2
Evn, =Jﬁk2 AR (12)
1 an
Hy, :Fhl Xk (13)
REvn, =[Evn, — Evn,q.y| (14)

Hrf, K& —/> OFDM i it f1, & i 7 3 I8
N K RS £ N5 n 41818 OFDM 4R i
T b AN B RS B S, LR
Evnyoam 72 MQAM £ 5 75 A4 pnifE 2, & —
AT VR B EU L
23 JA—hUNEITE
BRSNS, N T E(E S R R s
5 BEEME 4R B E RIS, 55 EN
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FOEIEALE o, 75 B 2 DL N Z4R
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Za)n =1
Hrp, o FORIER R
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It 200K
@, _ REvn, ’ a7
o, REwn,
Pait, LLN S5IE b 2 B 0 £ 2 bR e 22 1)
KAE max(REvn) #)& H— L Hrin A1 g
1
u max(REvn)

Z REvn,,

n=l1
L H AN T, DA SRR E A A2 bR
HEZE R AT SR BT HIALE @,
max(REvn)
w,=—————""

REvn

n

(15)
(16)

o=12,---N,o#n

(18)
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) A AT FrEZE e
BWAS FLHY - H—4k g
wEE T EBELE
S A Lo idk ERIEARAFT HTDSmTiEHRFIRE S
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‘ HRHUER 5
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24 EEREAEERBHE
TS BRI R, % LLR SRF R4 — 18
IS5 AL b, B s b Tz A
iR G, AR 2 A SRS,
Iy BIFRE AR 1RO (R R AR
PIWAESE)

LLR(h)=InZ =
x)

D filx

£.Glp)
2; £

S &%) p(x)
2 f: (%)

i
x; €8

(20

FoE]v) = ———exp o @1
* N 2 207

2no

Hrp, £ x) RIECFIABERT SN x FMAT,
BerHHI RN S R AR, o R{51EM
I

Bk o i s, A1) B AR

LLRQH:Hn?di—xF}ﬂn?q2—xr) 22)
xeS, x€eS)

HEHET LLR MIR(EIRIEE R0 8 1 F1 0
MOMEZR LB, LLR M AR AE R At TN BRI R
R NN 1R 0 BRI EE, HAg
SEMEHL R IR b, 1R O [RER K/, ASREIH AL IE AR
AL T ARG AR R AU B 200 . AR IEHE Al & 28
W AT LA SR FH 58 P 2 AR5 AT oR B0 03 L 1A 45 B R AT
AlE, HJE R B AGAE R B IS B E
HAG T 5 (RS A AR A R 2R

xR 22 B A R AR 4 HE E A A R
HAAEZE G A 1 A0, W2 H 7 BAHE 7.
ik, A% LLR iH5 5, DIRR KB ok
TE2 AT ELRE 5,8 1 AT O I B ARESR . Hi 4 3X(20).
R@2)T LG, PR 5 RR R B 2 T
R Z, Wb, A 1 A0 BIMER AT LGEIR R N

P(b; =0)
min(
xesS,

23
P (23)

1

- A 2
m1n(|x - x| )
xeS|

P(b, =1) (24)

it R (D I FEARGAT B R B, I AL
6 A2 BE /N BRI 20T, B P(b, = 0) TRE
FRAGESTEE mb, =0), P, =1) BRE T
KA RE mb, =1), "3
m(b, =1)=P(b, =1) =
min(|fc - x|2)

()
m1n(|x—x| )+m1n(|x—x| )
xeS; xeS,

m(b; =0) = P(h,; = 0) =

a2
m1n(|x - x| )
1— xeSoz - (26)
min(|fc - x| )+ min(|>2 - x| )
xeS| x€S,

2.5 IMEIE

FEXS ) 3 0 iy [R) 26 X 1 22 il T 5 S AT I FAT
ST ERFRIS RN, 518 TE (15 18 i 2 2 A BORH)
ZE5, G A RS T EEE R o 1 — L 1 T
T, SIS HEE PE B ETZE T PE B =
PIE DL XFMES T, 51 N ZmiE I E B TRA R
M PR AR AL RIGATEEME . dhAh, A AEIE &
W T HA B TE Y, 7528 T (5 1E s S
BE, MITTSRAS T & BT R 1 il & 45

{@m=%mm

i,(0) = @,m, (0) @7

o, m, (1) flm, (0) RonEE n ZBIE LR 110
(B AAG A B ek 3
2.6 SHXZM
DS {E#EELS H R A Dempster &R0, 2 i@
TEAE BRI G L& ] LR R A
m(0) = m,; (0) ® m,(0) =
m; (0)m, (0)

— 2 (28)
sty (1 (1) + 1t (0)ri (0)
(1) = iy (1) @ fiy (1) =
i (1) (1) 09

my (D (1) + iy (0)7n, (0)

X+ DSmT IEHREL S, F T N s S S B
WEAE AT 5 B4 ) PCR6 & #00 AT LA B N

N N N-1length(7)
m(A):Hﬁql.(A)JFZ{ﬁq[(A)Z > M(A)} (30)
i=1 i=1 j=1  p=1
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i (A T, BT [ yies, (4)

n'(A)=— . . (31)

i A (A)+ ) iy (BY+ Y sy (A)
f=01,2,,N) (32)
1=Ciy(f ~1i) (33)

Forp, FEFE LRI j DI RETA S
length(!) RRFEFERI I RATEL, p RNHEFER 2|
T8 B ATARRWIL RS 1R
ANFERESS p AT TR TR, R R L AR
L, B EARBRECIESE IR 4 A B 43 53RN 1
10, Bl A=0 I B=1, A=1K B=0.
2.7 ORTEN

2L Fh G HENIAF B 25 RO LURF A 1A 0 12
KAGAE T BC R BUE m(-) , T2 EIEE Bl & R %
H &0 58 2417 ELAS A 182 0. R AR 3@ I ()
X T AT TR

{@:1 ,;anzém) 34
b =0 m(1)<<m(0)

T XA TR T DSmT IEE T 0 1R
2R IE (5 B4 7% PCRb HIR& 1 REFEAT IR,
PL4QAM 1 16QAM 5 1£ 2 Ph L il A5 18 264 T it
1T 2T G AR SEIR 0 3, 7 B4 AT 4
Prxttt. 32 AR FEEN HSH

*2 HES%

B e
772 4QAM/16QAM
TR 64

i HFMQ/HFMM

HFLQ/HFLM

ORBIE 4
CP KJ¥/ms 5
(EREEi LS

S I

S 1000

ik 5
OFDM Hf [i)/ms 20
SRR DT U 20

Ak, B 2~E 5 BB, “DS 2 f5iE” #oR 2
HEE B4 DS IFE IS R A 45 5 “EGC 2 15
H” Rk 2 BEE R4id EGC & 458 “PCR 2
{5187 FoR 2 JBIE (S BAE DSmT IEE L N R iEA4T
P Eh & 45 5, “PCRb 2 {517 Fon 2 BiEE R
£ DSmT EHE B8 N & 37 40 )5 B mh & 45 32
“MRC 2 518" R 2 BB SRR AR,
oA AR IR HE
3.1 LhHhsEgE

Xif % NI RIS B AT R RE R sk, YT
B R UG, R BT I IR AT R ) AN
SEA—FE, NIRRT RS, & SCHLRR i RSN
MR LR S A B LR I EUAE

% 3 N 4QAM Al 16QAM T 5 1E Z FiZ 5,
TR R R . R 3 AT LLE Y, 52m Hhgy
MR TR KL SNR ALEEHE, @il
SR HeA AR 5 SNR U HE, DN SNR i
%, IR AR R, PO A R . (EZ TE B SNR
500 BAIRTEAE 107 2] 107 225 (1%~33%) I
PORF PP RMERR, X2 FNTE R SNR 1E L N8
E S BARAR S AFAE R, T AN EIERE R
RAD AL B A —AE . JBIE(E B 0 LR R R
BIEHERIEL, XREF A EIEE RS
BARE, WhnEEsEn, DLarsa K AE R
L EARAEZR 25 AR

IeAh, B R ) AR B SR 2R B O TR
VB LS pR MR o IX 2 R R A VA 1) 755 5 AR R
= BREUT T LA A ) 77 5 T o H 4
3.2 BER#&#

NISAEAR SCHTHE A A 20, DA T 48
R4 770 BER 3428 1, ME VRN TEAREY

e = i = Nhic 100, (35)
bit
Hr, Ny, oGk A G I LURRES R B N,
FNG I UEHEHERE R Y5 1) LU AR R

K] 2 &4 HFLM {518/ HFLQ (Z1& T, Z M7k
7£ 4QAM Tf) BER #1 BER 125, & 3 &4E HFMM
SIEA HFMQ {518, ZF5750E 16QAM R ) BER
HIBER #4325, MRC 1 EGC /i E52% CHR[30] /T £
J7ik, % MRC 1 EGC 1fi 5, MRC 7%k CSI 1
RNELEARUE, 7E 4QAM T, CSI il bheitnf, ml



3 FRIEES, BT DSmT EHEHTFNEL ¢ A 5L 2 85 B Rk & )57k +35.
N 27
=3 e Py
s SNR/dB
e 3 H
W g
0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20
2 32.88% 29.88% 26.14% 23.22% 20.13% 17.35% 14.61% 12.32% 9.88% 8.13% 6.69% 5.76% 4.37% 3.70% 2.93% 2.36% 1.97% 1.60% 1.29% 0.96% 0.76%
4 3 49.24% 44.70% 39.27% 34.91% 30.28% 26.18% 21.95% 18.32% 14.64% 12.53% 10.21% 8.39% 6.66% 5.57% 4.52% 3.53% 2.94% 2.36% 1.90% 1.45% 1.11%
4 60.09% 54.93% 49.16% 43.77% 38.19% 33.07% 28.13% 23.82% 19.54% 16.21% 13.61% 11.15% 8.90% 7.24% 591% 4.68% 3.89% 3.12% 2.53% 1.92% 1.52%
HFMQ
2 40.68% 39.32% 37.54% 35.87% 33.69% 31.58% 29.18% 26.59% 24.48% 21.72% 19.69% 17.12% 15.15% 12.82% 11.17% 9.41% 7.93% 6.64% 5.42% 4.60% 3.64%
16 3 61.01% 58.90% 56.40% 53.89% 50.65% 47.12% 43.77% 40.08% 36.71% 32.73% 29.42% 25.55% 22.63% 19.26% 16.69% 14.08% 11.85% 10.01% 8.13% 6.85% 5.46%
4 72.81% 70.46% 67.75% 64.71% 61.14% 57.17% 53.43% 19.22% 45.28% 40.82% 36.73% 32.23% 28.42% 24.51% 21.34% 18.21% 15.29% 13.06% 10.64% 8.99% 7.20%
2 40.89% 37.39% 33.53% 29.27% 24.30% 19.62% 14.86% 11.25% 7.97% 539% 3.61% 2.59% 1.71% 1.13% 0.78% 0.59% 0.43% 0.33% 0.26% 0.23% 0.20%
4 3 49.52% 44.86% 40.36% 35.86% 3157% 27.07% 23.51% 19.76% 16.82% 14.29% 1173% 9.87% 8.32% 7.22% 6.12% 5.17% 4.49% 3.97% 3.53% 3.17% 2.86%
4 60.62% 55.43% 50.21% 44.90% 39.80% 34.58% 30.08% 25.54% 21.80% 18.40% 15.38% 13.00% 11.03% 9.60% 8.12% 6.85% 5.92% 5.28% 4.64% 4.19% 3.78%
HFMM
2 41.02% 39.52% 37.88% 36.08% 34.05% 32.03% 29.73% 27.52% 25.24% 22.89% 20.83% 18.68% 16.67% 14.66% 13.03% 11.46% 10.19% 9.08% 8.03% 7.20% 6.56%
16 3 61.50% 59.31% 56.79% 54.08% 51.09% 48.10% 44.72% 41.27% 37.87% 34.34% 31.26% 27.95% 24.98% 21.95% 19.48% 17.19% 15.38% 13.59% 12.09% 10.86% 9.83%
4 73.29% 70.88% 68.12% 65.09% 61.74% 58.36% 54.49% 50.62% 46.69% 42.58% 38.98% 34.98% 31.50% 27.74% 24.82% 22.03% 19.76% 17.63% 15.70% 14.08% 12.74%
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