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Abstract; With the rapid development of electronics and information technology, the scale and complexity of the systems have
been increasing. Consequently, there is a growing demand for multi—source information fusion processing. This paper focuses on
three types of multi — source information fusion problems in the field of distributed radio monitoring, which provides fusion
processes, fusion methods, and performance analysis for each problem. For spectrum data, the paper employs single—point time—
frequency domain fusion and multi—point time-frequency spatial energy four—domain fusion methods. These methods address the
issues of structured access to spectrum data and field strength estimation. For device feature data, a parallel fusion method is used to
address the fusion of measurement and localization results for multiple types of devices targeting the same object. Regarding
reconnaissance information, the D-S evidence theory fusion method is utilized to address the fusion of reconnaissance information
from different types of devices within the system, as well as the fusion with reconnaissance information from external systems.
Simulation experiments demonstrate that the three fusion methods mentioned above can effectively address the aforementioned multi—
source information fusion problems.
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Fig. 1 Four—domain fusion process of time,space, frequency, and

energy information for spectrum monitoring data
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Fig. 2 Spectral monitoring data matrix body
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Fig. 3 Matrix body of a certain measured spectral monitoring data
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Fig. 5 Voronoi diagram for field strength distribution estimation
SRR SR & IR § Bk iR D g
% O B AR AL 22 10 JE WL 15 5., Rl 5 45 SR O S
BERSE A F TR B AR TR A e B b
SRR KB AR e AT SRR B RA

3 iIEFRHIEHIELME

3.1 BEXHR
FRAE Gl & X G A5 S0 B S B 5 SRS
B B SR TR A I W T 5 A%, A A A W 1%
B T A A2 A R L S P S LR R A
PRI 2Bk M TR e IR 7 = AR A

3.2 BERRE
FROE el & 8 T e 2 R Rl A, R0 7R
SR IR R S 4 R s %Z@%ﬂ . WHE
Zfﬂm%%é&%’mﬂﬁﬁ,%)?Jﬁc/limu/lﬁ%
SENARENE SR B [R5 S B s AT b, 45

255 89 = Br HL BX ( Internationale Telecommunication
Union, TTU) $5E 28, S5 %152 (045 A1 ITU 454
ZHGHATRNVG AR S AR E I B e A TS
SEAARE AT S TR A fk
M 5 R R0 M 0 1) 35 8 R ), SR AL
AR R, RS M DN 5 e e 0 0 1 5
FRE R SRR N E 6 Fi7s

PO M 38 o4 i SR AR 5 Ak 7

W 1 {7 SRR K
ik ST, = n
EReR R (A E ”
s WA 2 FE v fE 5
W% [EREEERIRCT w o A #
& MBI 3 fil i
TDOA 25 R A &
W £ n
A 0 A 5 R 4 5 A
W4 1 155 S AT R
B S ek el 4 T S
U W 2 {55 4R HE S . i ‘:j
pil
o CREZERI= ¢ i % |
BIEE i 4 3 il i
G AR (0 2 SO &
I 4

E6 HIERmARRE
Fig. 6 Feature-level fusion process
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Table 1 Experimental data results of feature—level fusion
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Fig. 7 Decision—level fusion process

PR A R BRI,

T, R 2 W A B R G R A T
FR IR T A o SR 5

SRJG R 2 288 W 15 28 A b e SR 5000 A A T DR 3R
PG B AR RGN ER U R Jeml  4

B, R ARG R BG5S MR
SR AL AT SR G B i — LRl A  TEE Rk
RO A S
4.3 FEHH

(DAZRGENH BAa MG SR G E 8, e
o FHESE S

(2) ZR G HhRIEIRAG S RA 451 BE AL R
eS8 1,
4.4 BEEFHIE

15518 T B0 1 e 3R G5 SR I D =S Ik 3 3
WA, UEYEHEEE AT DRSS A R IE A SR A4 4%
24 R RME G ZE SR B R B DR A A
AlA AIVER . A6 UE S A BEASE RS o AT ] — > i REUAR
ATREE S T 2B AR A B, Rl &
AR T T — 4~ 0~ 1 22 8] A 3 AN BB ke %
TEZ Ay B S AR R B BB AR EE . AR REM R
/INAT D3 3k % A 2 (— AR AR SE ) 1 43 B 75
) FEAF FHUE B B0 i R B Rl ) R, 7 2 50
FIEARAS AT AR (5 T AE SR R AT R
4.4.1 FHAMES

(D) RBIMEZ, HOIERE —MER, Hot R
AL E UM HAR B BT A ol RE R Sy J@ . flan, 5
TS 78 1) M I3 8 T ] — A SR P U 25 SR A
PR JULAEE R G &, Jogk vy 56, XHJEpLY
M2 XA Gserh PUNESR SR | EfFEm G, L
I PRI, @ H 0 T EA T @ FoRAS

(2) mass BREL, mass PREFR Al A 1 FEAE
EEEE mass B, F/RUEYE SCReA T A S B (EEFR
FE, AR AKX (1) .

m(®)=0, Y m(A)=1 (11)

ACO
Hrp | m RN mass BREL @ £onas; O FoRiRg
FELL, A FoRPUIESRSE R ITE
() U HE, XF VA C 0,06 F/)24
mass PREC m, F m, () D-S UEHE A AL A
1
m, @my(A)=— Y m(B) my(C) (12)

XFFREE A, G B mass PRECHE FTA FH2E R
A BB AT mass PRGN, FEER AT — 1L 3R



55

&,

85 A AT A

M2 A5 B Rl A AL PEE AR 73

BOE )k BENET .
k=Y m(B)my(C)=1- Y m(B)m(C)

BNC#0 BNC=0
(13)

4.42 [FS MBI IOR YR G 1 S AL PR

L5 TR AT TR0 WA B e S 2
B A BB S A T R AR

(1) AN [] 2 28 1 M 0 5 8 Xof e — S0 1)
AP SREE (Rl G RIS SRR )

(2) F IR R E I P A5 5 R AL E AR B 4 i s
{F S HIBIERE . WA B E S B ER R —
M,

(3) XA —AME 5 (9 22 WA 5155 i 3l 81 7
B H G, ML E 1 T AT H B b A e A
5 B B A I RIRESE . fldn, —3A 5 Fhe
R BEA it 1 X ] — 155 RO H B . 5 vsids
TR S A 3 A4S, 054 Emitter]l (Emitter2 |
Emitter3, A8 24 G HE ZL K. | Emitter] , Emitter2
Emitter3 ,null, @} ;

(4) BPUNHEZR P B — D IT R 7B mass BRi

B, % mass RG-S I HROEE Th AL B R
15 52 A X HRIHESE th B A T 3R HU i) 5
PR AR

(5)HHEH— L RE k;

(6) MPUIHEZE th 4 — D TT R B mass BREIEAT
BETTEE A 2RSS ) mass PREL,

(7) 48t mass 2R EE B KA TT LI S X I Y
{E S G IEE , I LUZAR 5 16 o8 sy e & il &
iR,

TN EL 3 RIS XS 102.6 MHz (IR 4G
L5 MRS TS TN P SR G il & Ry f51), 100 W e 3 ¢
G PR R AARCR . 3 ISR 48 4 ol 2 X A A
A5 (WGH) BRI W I 7] 35 25 ( CDB ) FlH5 2K
I 145 (DZS) |, 235l 45 H KR8 (MHz) |
R FE (kHz) R SF P13 (dBm) (P8 3J7 2R A
IRATE(°) EhRE () FRIHERA SFR JHIE 49
NERSTIRSE R4 T4 A I EAE R, R
D-S RlE AR 3 M IN R 25 20 A A SRR S 8
177V RPE ST, 4 il TRG 45 2R, Wk 2,

R2 RRPMEHBERRK

Table 2 Experimental data results of decision—level fusion

Bk R, RSV, R, IR IR W AR o B,
el MHz KHz dBm A 2/ (°) 2R/ (°) KA EqiN %
WGH 102.6 75 50 FM 108.941 839 34.196 396 wE SHEsE RA 86
CDB 103.9 60 46 FM 108.827 578 34.172 075 WfE #EfERE W 78
DZS 102.7 80 53 FM 108.946 861 34.205 868 WE RS R 80
flE e 102.6 75 50 FM 108.941 839 34.196 396 #E HEE RA

DR A I 52 B B A P s S DR S 0 A B TR
BEE R ARG, 2 AL AR (108.941 839,
34.196 396)) 5 A 5 W DU 1] 15 A B AL ) 5 DR S
B AR IR R 2 SR I AE AR L e AR
(108.827 578,34.172 075) ; 428 = W I 1) 152 45 12
PR SIESEOPE S RN R T &,
PEARFR M - (108.946 861,34.205 868) ., FlS )5 HI4H
FHESEORE S RPN S R /R &, 07 B AR
J9:(108.941 839, 34.196 396) , Filt &5 Ji A 45 S e %
I SEBRIE O

TRTR IRl 2B R BRSO [ A A B
KA D-S UEHE LIS ik, X AT R G AR AL FE
TG s R TR G U AT B e MR A 4
SHEIEMAG S . FIHISRE R G — AR AT L A%
S Y F ] A P 25 L, BRI Rl Sk i R s B

FER R B B 2 (R PR RK - TR I D 4 v DS 45 R Y
HERA I, 7o 40 A AR G AR R (E LI, i s A E 1Y
—EUE AR

5 ZRIE

AT o3 A1 X TCLk AT e 0 U 3 B 2
Y 3 FifE R A TR, B2 AR T 3 FlERG Tk,
FErPFTE R 2R FH B S I AU 5 1 22 s 1 2
REDUIR R 5 T7 ik s A FRIESOR AT R G Tk
FAH B URYCR ] D-S B4R BE Rl G Jr ik, JEid
Matlab {5 ELHISE B 560, 3 il Rl 07 125 BE A6 itk TG
24 R M 0 P g A A 1 3 2 R R RS )
R, TR Bl J7 i AT AE DR 22 | A SE BRI A il 7
LA H RGURRE SRR A RSO Rl S O 1%
P v RS AR AT



514 %

74 /e it B M5 M A
[ 1] BREEG. < g /A 2L s Bl A 5k pFsE[ D). deat.db
S 3k U H A2 2021
[12] 259 000G IRAFIE 45 ZUE B MA RS [T]. BigiHt R
HLS I ,2019,9(5) :186-189.
[I3]XIEERE. 3L T BEE R ZHE HAR HE R IR D], 1%,

[1] B0, P, FREAMAIS SR RGBT, HEFBRES
A ,2014,5(6) : 1-10.
[2] . TR M5 SRLG ks [ D], W ARILK
2% ,2016.
[3] X 5B aEVA Sk XN BT [ D], 76 50 78 5 IR K2,
2013.
(4] B, ZUEBEGZ BARRER RIS B[ D], BUEL .
ML FRHE R 2021
[5] FEHk. ZALRGE BRLE W2 RV T]. RIGE G244,
2014,30(10) ;21-23.
[6] BN, FALEE, FLIEIE. HICZ d s He R [ 7], 3R
FHik,2008,30(5) :65-69.
(7] RBES, T, AR, 5. 2B T AHLEMES i B

T T]. HIRAEAR 2023 ,63(11) :1750-1756.
[8] Mtz FEATPE, M /NET, &6, KBRS o R A R & ik [ T].

HL Bl aF 24,2013 ,28(4) 782-786.
(97 v, D 2r . — ol 450 33 s D00 450 ik 45 4 Ak 3R 7 Oy . v D
Z1.2018101814147[ P]. 2021-07-13.
[ 10THFMy , THZL . —Fh 22 & Sl A3 e 00 40l P i A 3 7 1. T
Z1.2018101814151[ P]. 2020-02-07.

[ 14788 3CH,

P82 fL R K, 2013,

2B AWk, ST AREE S A S ik (7).
{52£47,2019,40( 11) :51-64.

[ISTAHEIH, W25 M= K, 4. ST 2 RAFE Al S 1 Dh 2 H br &
EII]. AN TR SR ,2022,58(18) :268-276.

[16] A=W, MK T BAR RS RAE S B Rl & Tk iist [ D].

B R UE IR

I RS « IR TR, 2020.
(17]9F 3. ZALEREME B RS S L P LRI [ D). 1

TR ,2016.
(18] #hfER 2, #h5 0E. DS IEHE BRI T 53 b e 5 40 S ) BB 3
[J]. #Ehl50e8,2014,29(1) :1-11.
[19] Shmes, 2245008, £ 4R 5T D-S AT {5 B ARSI A 5 45 i
Jok g s FOM B [ ] AR R AR 244, 2022,35(6) :769-777.

[20] KRG 55 XS0, 1R 2t B, ST 3h AR HIHES D-S 1Y 2 I g
R EMAHRT). 58 TR KSR, 2015,16(4) :399-

404.



