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Abstract In recent years, the electromagnetic spectrum space has gradually developed into a competitive
field in the game of big powers in the world, which is also one of the national strategic scarce resources. In civil
electromagnetic spectrum, along with the spectrum congestion and fast growing of application services, the
applications of broadband spectrum monitoring, spectrum security, big data of spectrum and intelligence have been
facing great challenges. Competition games of military electromagnetic spectrum has become even more intense,
and electromagnetic spectrum perception, monitoring and impact effect evaluation are facing problems such as
limited sensing approaches and insufficient capabilities in spectrum management, control and collaborative
applications. Firstly, the recent status, challenges, and development trends in abroad of typical electromagnetic
spectrum space applications are reviewed. Then, the domestic studies on overall design, planning management,
typical engineering practices and key techniques for electromagnetic spectrum applications are analyzed. Finally,
some development suggestions on domestic electromagnetic spectrum space applications are summarized and
presented.

Key words eclectromagnetic spectrum space; spectrum application; spectrum management and control;
spectrum monitoring

R ARG 25 A Je AR Pl 2 R I R FORAERRAT K, X RO LRI 8 28 AR i R 1 BOR b

SR 2 J AR AR AT, o A ] 5 A
PR AE R F R N 5T, TR T B AR
R S B A i mT SRk i
PHORMUBE 22 4 el R BB o AR GERFAS LRI, 73 BEA
RGP BRI B FH BAT HEAAE A 5, S
PEUEA AR BAR . BB 5G. ToPIBRM . 41k
WL B Dy AR A 1B IR 1) A5 B A 55 A b 1

Wk HHH: 2023-02-20; & H#A: 2023-04-19

NS IR 55 B R B A e, wadt— 2D o R 73
AT 2 AT AE I L 220 55 F AT He A S Bk
P70 A DA R T DK B (1 PR R S B3 I Rl 2 T
YE. IR, FERE R IoL i 2 3 2 o2k A JiLl i
2 i i 4 A g BE B M R 7 e R B
2, B ARSI 55 B, Rt TR R BHEAT R
YRR, SEEL AR 55 4 A I Eh A B

RIS WEE, W, PR, EENENE R T RGBT SRS EOR . AR REERE IR A5 77 T BT .

*JW{E/E# E-mail: swnyang@uestc.edu.cn



162 HL TR A AR %53 %
FEZE G N 7, AR SO0 5835 AU REpc o] T ot F I - 17 RS LR R TR iy

Wyl AU FE REAL R R AN . s
FEARVERGHE IR . FUBES o & RS . A3t
L G R S5 R B O AR B B R AT R SR
VEAT B AL a3 4 RURE A . D s it
WIUZ AR P A5 B S 5 2 A
LB AT R RE VT Al 5 N AR R L

ASSCEE X AT RS R A3 22
SN TR, E et 1R S R A
ISLFH R A ALK s 5 0 M 1 o2k A i i (1
BAEE B R JE WE TUZ Bt S0 A
ARG B PN A A 6 SR R A5 T
T Mt 7 FE AR A (A R S B Jm MUEMABE
VAR B TRESE M SCHEBOR I ] 3 AR
FER T RS L B0 FE IR AT A FE RS 5

1 EREASIEES (8] R F IR

FrEEAZEECEE (International Telecommunication
Union, ITU) & X T 300 GHz LA N A TG 28 H R I8 A3
WE, FERLARE SRR AR A L AR SR AL O R BT
Js, BTS2 B AR R R . R AR % T T R
i, Sebr b B AT B L S ARG N,
PERAET . Bohidfs. PREEG. HiEATLERE
K PESNMFERAMER RS, Bil, KAHBER
ARV (1) 8 FH = AR A 8] B 4 23 R0 % [ g 28 F & BEATL
FHEAT S AR o ZE St U5 VR 32 BEAE AR T AR
FREC, K A st IR AR BB, = R
Py R ZREBAR . RIS S I 1 th o
AT A AN TAE 7 A ZE AR R A IR
1.1 RAEEIENH

HT I B b PR A B R 2 ITU,
ITU $ 5K 53 3 M43 X s 25— XS8R R
AFEPH, 2 IXBOIERMAFE R, B =X
AT, A [F] DX 35 ) 5 el 55 A 32 B A 22 57
ITU #ERI o s 1 2 B AT RS S8 B A Y
55, ANIRIA M 554 T AS ] ) A0 DL ke e 1

KEHLLBERRIESSYE (HEBX, B
M) o4 E MR BT LB R E IR, ]’
FTCZ s m e in i . AWM HHeE, KA
T2k BB AT B W A B, A kil B
JIAWr 58, 9o 2k B BEHLA 4E 3 2 b R U Rk
¥, AL TR S .

AR, 5 3 BRR [E AE TR AR P TR T
P HBEAML, DUERE RN TR

o desh, 5G. TOECM . EEM SRR L
FIRL IR R e, AR 2 AR Blid (5 AR 2R A
L S AW G K, BT T 1A A B R K
b E AT B2 5 ) H S5 B A A pp o, A
VBT i B 55 RN U R R I, IR
A, BREg. BB @S RAIERY TIE: 456
5G. TREBRMEEFNL S, etk &3k R RE
H, AREPEZELEBRE (3D ; FREEH
CIRAEBE” TAE, AR TGRS N FEHIRE
BEAT N, JTFBITHHAEE “B 387 “fhu” &
BTSN, PREEN B A I =22 4 RFRT A
MUE S8, HBRIERATTIE, famiias A
TNNERL; 4> B KTEB) 48 i 2 A R AL,
T B KIS Bl T2 L 2 A IR T A .

1.2 FERB#MEN A

b & A R A BRI, %3 2 ] ) A 34K
L 5 RIREL. RIS EE. SHUE N DL BRI
A 3 S5 A A5 B R 2 . AT 5 R
HTE, MG S TERA T Re S A4S ZOHET . =
A WA,

b A 7R ZE AU T B, R
MERE S BO7RAFRTT I PR ATEHEX P &
FERLE 5 R F TERN, S8R T —MES
A PRI, XYM, A Z AR MR R B
AR 7 6] o S A% PR RSN S Al O A R . #oT
G A SRS EYPGIAT SR G TR RAE: SRS
B NAS SR . A% R, AR 2 A 1)
3B A s FEAIE M5 5 I 7 s Ya B . A
AR, RIS 2 R AR E % (555
R ThRBNETEEROC . V35 1) 2 2%
K, HLREATURE 23 (B ) RE SR T 4% IS S5 A 0
ML, (55 AR RS, RS 2 (] 3 7
R A

T 4% 3 135 P9 A0 4F AE 5 FE A0 ) R0 AT
P, S A& Se IS AR, 8 4 A R Al oA
H . EAHRZ NS, AR AT RS
TE RS RG2S (R AS 3, AT A 2k 48 G AT
PESEAL AR TR, e KPR FE 3R T+ 3R 7 el e &%
MIVE R RRE, [ KB R () RV g, A3
AT B A R () B

2 ERESTIE S (B R A s A Bk A
BT 2 A R T I 5 KL 5 %



Eol

R, S5 HEIUE R N R RS sk 163

BRE AN . TR BRI . B AR fsh & 2
AR AR 5 22 3P [r) S5 e AL, AT B YR R A
e PO, ARG TR T T EOK
Pl
21 RAEB#ESNE S E N A EIRRI B AR

B R R A 1S Y IE 5 S B B K
B HEARTERIT A, FraoR. Bk B
JRWANTT, 1B YIESR L E B TR T
Bt AW o2 i s T Ak BE H AT
T IR DA - e T 2% 3y 1) M 4% R M A A2
AR AR e R T LB P N 5 e | SRS LR P s X
e ] A 2 00 5 26 >R 4 1) 2 Y50 PR I A 5 £
¥, BRI KRBT &, SR A E S KM
N0t M0 Al LK LI K R e b, SR T R A
SHEHPHIRE ST BT XF DA 1 T 0 R 2% o 2 4k
div WUEEE . AAERSETHINAL, FY R
s, gy BT, BBk, K BAEE ST L.
2.2 FREHSE 6 A EIRA Pk

RG2S A LSO ARG L . 25 R 381
P48 T RAF IR AR S5 1 S — AN F IR s, BT
SATE . LBEAIE e E E BAE 1 2 B4R
Hi, BT B R — MR X B
o HLREARIE 2 A S DL B BA T R R TR
FIS Budi B4R B R A A B 1 P [F) 5 AT
o PRI E BT B FRAE AT S A Bk R A
Th) B RS it FRLUR A R 5 A A AT Bl R
B PR, BOREAS. R BRI R
MIZhRE. B ESCR 5VERE A 1 B,

HL R A e 2 6]

B AT )

B R S & Ok R
1) 57 FH ARG AL S 2 IR XTIz

FEL T AT 0 2 A e 1) B A PR P AT
AT R L N, — 5 TS O

AN I RIS (O RE 70, G AL REIE e SR I
drFE BOR T BOR BSOS R RS SHERNEE S 5
— 7 TR AU AR B REALAIE TN S5 HERE . 50
AIEE FEEA, RIECTT RS B i F A%
HLRESIE ™o (RIS 52 i A PR R 0%, AR
X e o5 1) R RE STV RV VE A B, SRR R
VRECRBEIE IR hRHT. TIHEE A R

2) P FIA i A ok R A T 5 A 1 Y S

TR R PR R O B AT B E AR50, %
PRI 65 3815 22 48 2 18] (R T #R A 2 B ) e i 42
SR, H AT RS ORAT G R AE O R
W2 ANRE LR T, RO BG4 Al F AN RE W IR
BAE, BMSHARILE, CROvHIZ) RS 4
S I RO R R STURE AR . PRI, 7 B i A2 42 BR
WA T RIE RS . SRS, BERS. H
THARG. RIFAG. BKE RGN A BN AE
AGPE K, AR SR BRERRE A
S BREFFATE A RS g
(RZAGINAER

3 ESERESIETE N R Ra%

] 4116t FEL R AT 25 [ 2 FH BT e D e e, 8
TN R T2 et S R B AR A
T A R T 2 ) N P 6 36 45 7 T T fee T
RGBT, i R N R Gt D2 4 A
FFBN T SE il

1) R 2 [A) T et A&l

5 FE| AN FELTE AT 3 T AR I8 A U 2R 0 A
il T A RS AR R A IR ST IR
I, $RTHRBEIE AR B RE /1. SCHR [9] $2 8 7RG
HURATE R AR S, 20 Y A RESA B RN . KA
HUR AT 1 i S AR S AR SAT B Z R R & A
7RG R R SR R ER TR L AL
ERL B ES NI S ES AW E ek N EE AT ea i
Wik 1 I RGP LRI AR . R 25 g
DIE 2 RO 25 FE IR 3R LR s B LR 25
BIE; BRE HEE (RS S, A4 T IR LA
WA R AT 5 R REVE A I R

SRR [10-12] e B 1 BB £ 95 /6 H it /&
B ORI R R0 0 R LIS PR N . AT . TG AL
. RERREUWIEE L RS (GEMSIS) 2%
FRAPPEEE TR, ZARGMHHHE IR
FE R 28 Pl I 55 A 5T T, I ER A A A A LA
M1y B ATRE T S AR SS . SEIL S A WA 11 i



164 B RHE A

53 %

B R, A B ERT BE MR AR 1L GA AL 5
H BRI N, O 35 ZE 5 4 5 4 1 400 i Uk e
AHE, TR ZERTA PSS E AT 3 — 1k,
HA&AERE S1 . Mg A o A 2108 B i 16 A
BN TR, HR T ARE AR R P SR O AR R
At 30

2) FLREATTE

2016 4, EEEmHA 7R (DARPA)
B “ g7 (Radio Map) R48 (WK 2)
TV 1E 3 B 22 Ik R A P AT T, I AR AR S
MRS REARE N CEFEME. M. SEE
) o FZRGNEA GRS LS R G A, £
FH L L F AT A A . FRTE AT Sh TR . A
WEARRERFAESE T, WTCARE AT T A5 5 HOAFAE,
RHUR R BB REESOOE, R TR HAD
RIS — 2 55

2016 ©£ )i, DARPA #2 T SSC 2 & — {73 Ha 1
AR AR AT, F LSRR A3 2 X il 2
AT L OB EOR 9T . 2017 4F 4 A, DARPA
WRAT T F A8 2 21 0 B AR BN -5 4 B AT 5
TiH M. 3 b7 58 LR 78N TR B8 IR e A &b
HEAR: OINIHETERALS, ZR25FH N T
WRIF TR, BiE RS RS REXSTT, I
FHRAEBTHES: QL pTE R ) Sul f
TRl FH 20 S U7 s o 7= 2B R A 1Y) B Ak [
B s OFNTHEEHTaAMIE =, IR
BRI 2% AR B3 2 Fe A

2 Radio Map “#HE” RilA

DARPA f5 8 SCRFI) “ B Pl e 7 ot H
B B R R SR 2 M IBOAR, AR5 A 5 g
o ZAE NAEARAL, B ERE MR AT,
A FHANTR] B A o

3) MR E R

YT T I SR B S R AT B
B, WA TN AAUE T RS, RERT

T4 A BRI AL
B,

O HHEER SEERSHE S,
A W IR BT RE

() S 30 U A0 B S it 5 A A B, R SE
W ATBAR RS, R e A0

@) MR A AR R T BRI A A R FR L i)

@ W FC A0 B A A B, A e % B A B
TR He 2 vl

FL A A 4 IR e R m R Rk, 2
BRI B SRS B Re P E 1 (1 7 IR K&

4) WA 7 N FH AR e A6

5 ZEAE ARV % 1) 22 5 8 FH X Ak T 40 2
A, SEEPTAERE 12 A% FH AT 50 50 U

O BUR T Je i ZE b d B J5 B R b (PP Al F R
AR Re )

@ X Hu B e R PP A A 5 2 e
B

@ /RS GHENIEEIAMATEIL ) |

@ XI| 5y WreZ2 B G B (VRAL R REATE bk
BRI S/ RIS

© WRIET = CPPARFRFE . 2 A0 2%
R

© VAR g E LM PP RS D

@ BBk RMELA I PPl AL
PRV 8D

LR JE BB A (Y a x OR B AT I 2k
B SRR, VTAG S8 B 7 30 F A0 ik 22 4 4k 56 1]
%)

© e H A (PPl ZE (5 5 R Ak
A% 2 B S L )

O S2 8 KUWUE M PPl 2R SRAE A 25 b F R
PR O B R

D) #A 7 AR B 2 T COP Al A SR AR d 5 T AT
ARAEER O ERAED

12 BRSCER R F E K Zrrb 0y GREAS AR SRR AR
Bt AT AR o0 ERD .

4 [EREEIEENRR L REE

V] PAY R T A0 e 2 ) L P AH S 5 AR T 0 A
i, (ELA 52 380 24N ) v B EA, A R G 1)
TR B SRR RS 2 18] 477 355 B AR
08 3 L RE SV R YD B PRSI A A 4 4
AV R T ARG TR S T AR N K

HRERBAD T 4 DB

i 8L 4% 411



EpE

WK, S5 HEUE S

(8] ¥ ] R P A ik 165

FARIEZ ST,
4.1 EERESIE S (B R A B AT
1) ZERFA I H AT B FH AR B A
T %o R FH RO 22 ) ) 2 S 2 R PR EA B, e 5o
ML RS RE R AT RO TR, I R A 4% 1] H g A
BRI AT R R R 22 A e PEROR . T
Z Rl 375 N sh &G R 2 F LR £ 29010
s R, WA 3 PR e s AR

P
Sk
i s Y [ R
T
R ~
LSS -

Een
GV

ES R AL
R

W i

T SR P R 2 A5 SO 5 AR Gt 4 1]
HUEIE B S 1, DU E AR g 5t
FIPRAIE AR AL . SEIR e S XE R, SR L A JfE 2
THUI AT LR A M AR 5 0 R SRR, SEEL
PRV 2 AR ) PR3 G S5 40 BRI SE . N ME
BB IR AR R BRI BT R, B
THsc e IRl PR AR, R AR S BRI PGS
AR B AR

(SR SR )
AT > R )

(RS )
> BSREREAER )
> RESER SR )
(SRR )
(BT AEAT )
b RETERORE )
> RESER )
L s AsnER )

& 2 O R E

B3 % R R ) Pt 2 ) 2 P AR

2) BRI T A3 (A PR 117 30 5 B

BT SR AR il 2 TR P R A 2 1] 3%
AEXE e vHE T HE 2 2 RCRE A B AL B S VP A
A PR S e D RSB = S IR L, WF T A
JEE ST SN It ¥ 25 R i rE AR S s S 0 T . 2
A7 2 IR PR A S A, W 4 o s
SR HEA ST R, BT T % R R B R RE D
fiti, RECHRIAET L YL . 2R S RAL DT
i R KR SE AT 5 VRl IR SO
AR A AR R A PP A S S BEEOR, NIR G X PR A
TR P BRI S U FIE T . LR
YA R SHER,

3) SR BT A ADRS DI X 3o e

BEXT IR B BEATE ) “IAHE . AT A
4”7 AERE, I TR, BORMEE. R
ARTE A A BEAE R A L 5 R, T R R R s A
BRI BARW S AL 5 Fro i) i
FETE DRI IE R S, @I BT E. REas

(RE 4 . LR 2 )i FH & 5 T R UAEGHIE,  HEZh A
S0 & W B8 77 R F R K 3 e R R A e ) I
B, BEDA ERATEN RN %, RESHE6H
S b R =R o V- N Aol ] R N E
HRY, SR BEUEERASEEREE; BT
PRI g e A SR S R, X LR
A RRAT B AE L Mg AT VAL . FESCIEAS b, X
PEIRAE SRAT S A FH AT — 1R W R &R Wl
)38 B TR R H bR e &k ae, MR R AR H
FARE, S IR A A AR 6 ) B A R R AR R
FE, o3RI R 2 (AL A AR A S Hr

4) Z BT & ik OODA IR

BT RIS P A, K W R 2 A
B TR FE M B KT OODA PR B RAY o, 4R Vit
AT RS SIERE (O) « PHEHEFATI (0) |
P E] AR AT SRS AR R (D)« AT R AE K
HHE R (A, SLILEEEH) OODA ik, &l 6
FIi7N o SR FRUREATE L F AP P 200 . FEREATE R



166

TR AR

53 %

AP OIRTE . B

ERALCHBOR, SKIM
LRI A RIS SR, R Zh A

f.
7

B BRI

SRR AT,
FC AR (8 P _E 58 /75 A Sk il 3 75 SR 252,

LSRAE BT f5

P R I P DR {0 S :
ST 3 WL LA I P B
|
TERRAES A7 w&%% 1R e PR R TR Wk R %
3.-* o o (i R
r,§g S iEEER LR PR
A HE I 1;%%1)}4% T A
A‘L% ‘ N ' W ER Bl
ﬁi %mﬂﬁl wHﬁ R B | e R — 1
B g AT L= &
S R AL A e AT T e i
B YR TR e R RIS EOE RSN AT =
s B P';/z‘:,, | ‘:"‘ =
N \ﬁ - -
E*ﬂ‘ﬁﬁ: B IR AR Eﬂgz\? T L :;:—,2_53_ ¥
iE i AEE R
Wi, g wE R W ER
; WUF L 4 R RRRT
T2 4B AFIEAR MK R
A 4
TR 9 % 7 FhU AT R A
P A TS BRI T
: T [ - : ’
== - B
;m% o N s ‘}“ g
K4 B3 0 R IR S mﬁ%ﬁm
| e AT TR R
I | 1
[ﬂ M@EAK%] [ﬂ%é@%ﬁ%%%] [mw%mgm%z%]
_I__I__I__I__I_I_I_ I T 1 _I__I__II__I__I_ _I__I__l__l__l_
| [ | o ) [ | [ | [ e | [ ] [ | [ ][] [ ][] [ ] (o [ ] [3&][m] ] #0]]%
AR AR A A A AR A A I A AR AR
s | || || 2 || | (rss | sz | | % | |5 | |2 || | | | R | | || || x| | || R
AN A G T IR N A N IR e R
A A i R I N R G T A AR e A A
Bl sl & | 8] & ||| || ] 8] ||| 5] 5] %] ] ||| 6] | 6] | 6|6
% # sl sl e (x|l |7l a] 7] [E||E||E]|E]|E
% % wil | & ||| | % Zz || & (m[|w|[m|lm]| "
% B | gllE!\a| [FIF||F||F|TF
wllml | P 2| & &||&]|| &
%1%l |& ¥ CAHENENEAE:
% %
%
B 5 ke iR B R AT U G IE A 2R AE 2R
42 T FESLEA®E MATECE 2R S, Z4EEME B, %
1) B 483723 (8] FEREIA 5 i B JE Ji5 FEL RGP B ) HE TR A B
b5 5 6 T 25 4 T B 9 2SR 1 HEL TG A B3 SR AIE AT BRG] SCEE RS LR . BRI B
ME O T TR X A ) A, vp [ AR R AT BT ERL G A BT RIS & A uh A B BN, A

S0 B BN TT R 7 a0 11 7 J o (52 2% i 47 % () H
WA H R G He T AR B EE, dor
PR G, SRR . HI s s i, W
PeAt . HORAS UL JL AR Sk 1
AR, G AE A AR R AR 2, Bh A

AR O PTUIZAAE B E e R SE, WA
I 25 IR B RE VP Al AL A SR AR AR 25 1 %
ZR ] I HE 100 km= 100 km E 4% X 4. 1 000 M4E
SHE. SRV N 30 MHZz~40 GHz KX, £
WORLEE B B, VIR FREAS 3 0 4 180 s, HRLRETH



%2 AR, S HUREIOE % R ROR e A £ 167

HRIFEENT 65, HIRIEWMER 1 fx. @ PG 1000 ARSI S0 7, &g
AT RGRCE R AR 5, BRI AN BB HAE 8 .

EZ swuligEs e v | IR A I B2 P

3T OODA Pt BT B P 1A 2 B A0S & s R BT 7

W5 504
wk 73
|mﬁ%%%%%imﬁ*|
| L, | 5
R A R BT (1 PR AT &
5 HRMHEA ®
%%¥Mﬁ£§m%w§
I 202 e 53 AT e FAR 2 Ge A 5 R E b
BNBoR BB
FHIB3 Rk B fE 22 52 DA
BA
K6 HLREAE OODA HIME %
WL AT L P SRS ATVE A FRATR 45 R R PPAS L TR T 25 38 AT KA R
WRTRG | [P Bt o | [P Bt o S NP
ol etelial Bl | B | s
EE ’—‘iﬁﬁ =8, |[RRE|[AFR] | ([EEsam | S |ma iR Eﬁﬂﬁﬁ
¥\ S8 || 5 || 28 || 35 BT | T4 | AT | B VP £ (R BT L3 508 ) A A T

HURS YO RARAE A 5T kA 5 —
4%

PR AL i T Prite it ettt e o s

ST A R A A SR T 1 22 ROBER RS T 20 BT R R AR

CikveS
=Y

| PR AL 1 R AR

T BRWRE

TFRG R
TR R [ fmme | [((&EseE ] [(GveseE | [KAohEH |
1 somsm
SRR P AR

) 5 =]
==z == o 5 e ==l =l2lzl=lzE
s e b A e e e
g I S o e S et e Y B e Y
Kx[<[Zl< a2 | === EIEIE|2]=

e ll” x|l =

AN | I | koAl | R ﬂt’

K7 i N R BRI R St



168 T RHE A IR

53 %

®1 ERBETMEAREE

YT R s RS T PN TAESHL
S : UHF~SikE
1 AN/APY-9THEEE ik AHFERE R L
il A Wk, THES
i UVHEL
2 E-2DTREHL 3 UVilf5 ENEPNEY
g = IR %, MHR R
i LB
ink- Al £
3 Link-16 LA R4 . TR
BB CHER
997 SPY-1DZ PjRE ik BTS2
[El4=:] *ﬁ?ﬁ@?ﬁ@% Ijjz QEE%?&
B XY
998 SPS-GARTHF ik MR 2L AL X
. E: JTFRER
MERAERER 4 B, UHFEL
999 DSCS [ P& i1 MR R L o
FERE ThR: +TRHEH
BB LR
1000 FAR LATEL K 2
ol ’ ERE ST

o+ 15321 d

B8 Kz 0 I s B R A A

2) [P A P R T A I UL

B Py — b R A 1 M WU B A7 AH 4K B M
MR3300B. SR522 %5 [E 7= 4k v P 8 v 7 s I 42 0
ML, H2H RAE B a0 B 9 B, AR5 il T ok
20 MHz~8 GHz (A ¥ & % 8 kHz~26.5 GHz) ,
EfRRBE. BPRESEAER LCERT
ESMD R AL, 9 /2 FL R B BRATL A o) 2 2
X 35k P FL R 22 A IR 75 K

ik | [k [ R || oFS |
g || LB AR made | || EH
e BeomE (e}
ﬁ ] B A || w |
y M SHUR
T T NI TN
| L |

B9 [ Al ek E 98 i M D B2 SO LA A HE P

3) PRRXPUAA T I ARG R 5 T
PR 2 TA] SR AT TN 32 A0 5 3 IR Y

WZE: 1) @I O ) B 1S SRR B 2 145
5 — IR A R PR ATES E E m Es 2) AR
I 451 2 B 9 J2 S R G 2 8] o PR R A 3) AR
AN FH AT 45 A2 F T o) o2 (1 SR g 1), L3 A 4
PP 10 fros, A 2 6] 2 B AR s e 3 2 s
SRS B G — RAE . [FIB,  A s o
(RN, AP AT AT 2 (e AR, X H AT 2 )
529 P UL K F A 2 ) Jg D R P AT VR AN, 22 2]
ARV 725 1] PR A8 A B 5 Tl e 0% 2 L ) AR 4k
R

B FL R AR TN 25 SR AN R AR 45 7R ok,
HLRHIT 78 BT TE A 5 P U T TR &AL T
(1) FELREAT T S S O 9, AR T AR S
BRI HHA YIRS, FIH B RS = A = E
BEATHURI T, 25 R anfE 11 fooR,  F A o
PR SEmE , INEnSREN 30 MHz~8 GHz, F i
FEERT 164, HBARE AR /N T 10 min,
FEL TS [N T 1 se

4) HREAE KB &

HL TS B s B A 2 R R SR
PEL ERRIE R EAME SRR . A R X L R
AR K BAE A SRS, BN AR F
ARE KRB &, B 12 5 m s K EdEFE1)
PHNESL P X e G AT AN F T o2k HUE EE AL
. X 1Q Hudl . 15 SHFE. &b EdE S 2 A4
AT RG 0 AT, SCREAS R4 R B8 o pr . ik
T B ) S A LT, R TR B
A MR BRI S T . KBRS



EpE

AR, S HUREIOE % R ROR e A £

169

R DR RS S . BB SR T SE

B S =0 I HY B

Bt 55

ERSEIA
B 22 ) % 2 ] AT SR A T R LA
o e FIA5SREm 2 F
o O mmsAER || eEeEGEE
LIRS Ui L
; Wi |
g fé W= |7 B R | \ S R AR ‘
gl w| m  HER |
:jﬁ@ﬁ Cgtmjwﬁmm%fkﬁ\mmm%ﬁ
i 2
e alE : :
B E ) AT AT AT RO T
1, -
B T S E RS FISRNE R
10 At B RE A S A T A A
S A
%/Fﬁ
W 140
oz
T
£t 5 g0l
i O
i wa | s 3
1 ol g = 150
’f't A = oy el
SSE S
3 Bt | B =
m | &
ft =
Ab
Al
BT HBAAIE A A 5 B e 5 Tl 25 SR

=
Py

H

—_

. [
= | |
S ||

o
%

ks I

=

KA 5P 6

Kt o Wiz

gk |

K12

B HURE AT KA1 65 12 4R 2R P

RIFS RS SRR A S AT,




170 TR R

53 3%

43 XBERAREER

BT b e R AR P P A T A R
F, 75\ PR S5 v E ECSE R TR FEREAS 5
WAy 2E. FREATTE B SCIe . FRAER B VRN A0 A0
WA AR R VAL S5 07 T T R O E R 78, 3Tt il
AR I FH P A ol 240 AR 512 5 e

1) 55 B RE IR 5T iy T R 5 S 0 B A

FEL TP 358 47 B 1D L P8 AN S PSR ] 20 B A H
WEIAEE T AR N AU, AN T A1 E355)
TR B I A 478 TR RS B TN 5 Ko ] P R DA
FTE T REF AL, WG LA BN
WERFE (B, M%) BE, @ T7aHa.
M % 5. DRI N B & N AL A S
IR, il 13 s, RS IRIA 250 1 1
SEVERE R 36, R A B3 5 ) H O A R AR
R, GALEBIEREMTEREXR IR, W
P AL RE A BT AUVC OIS M e R, ARYE SIS
P FE A S BE BRI, EBIUCECAEIRIAL .
FEE SR B A HIE S itk . GPU FRAT 1
SRR AT B G IA BE FRAT I v 5

c 3 TP

SO NPT ) HIETA B A
Lz SRR AL IR (1) B -

BRI S L SRS | | IR, B W, &

FAF T LA R ;E%E%"”ﬁﬂ%%1%ﬁ F LG A 1

T

(. ERBEE. . AL R 5t 40
e Z s () AE RS, IR SRR AT 4B B 1
I 20 R

TSR
1) KA KL K-Hie 2) K CPU/GPU JAT sk &5
AR A HI%

BRI

O X517 2037 57 AT 2 ) 7 X O (5 YL IF-AT U5
B AN A DX AR AN [ 5 @ FEMEROHT IS
HEAT 5 @ FEE R g 5
@ X TAFZE X, #17%
HLER 73 o

@

K13 2% TP I3 e 0D g SR T

2) ZARHIZ HARRA 2 REAR

PR A SR £ 1) B8 R A S S FEL T A 1
JE VSl B, b EEIA R R R H BR AT
RG], X E RS T TS SRS
ESPOE . BE BT M, IR S 1E SRR
PEEATULHE, RSEHUE S HARRA ARG S T
BAG S MBS A, KA eS8y
%, KRG FALB B REE R A AL, S Z 1k
2 HARRA 2K, R 2RSS 4L 3
VERCI,  SEBLN HARE T o AR R0

30 I 2 A 43 A AR e 5 P s AR

ik 1 HH ) A SR £ A I B A A i L 2 1
AbFRA RETW S HEAE AT T A1 R, RS
JRA] R A (Hidden Markov Model, HMM) i %
& AT AT A, d W A A SR AR A S
5, RS S8 T A A I AT 4 il 5
TR > o AE R 2 Ot R, MRS T 5 X J%
R RGP B4R B DL s g A SR AE R AT
M, R B IR B} AR A R A5E A5 4% 1 FH AT
Ay KB AR £ IR0 B A FE RIS B 16 N
RO IZ M TARE Y (Long-Short Term Memory,
LSTM) M, it LSTM R4 4% e 5 MR e A5 1R
AT ENBTORE I T, TRLEIE RS 75 B gk 2k
PRE R . FET 9k & B EE AR B 5 2 (1) A
BHRTMEA,  SEHN & b X I8 2 4 f A
TSN T

4) 255 AL L AR B R R A BT R R

ik 37 Hh 22 Y S ) P TR A AR 0 AE AT DR A3
Mr, A RER B A A AS L sh . 25 S HEL R
AR HHE DI A AT e AR T AT TR 48 B L 4 Ok
KAEGHECHEE SRR . TR,
] ST AR KR T & 5 — dm g S s
[ SRR OC R, HHEL 1Q £l . A Hul . ®
R 5 SReE. G SRR SRR, Gk
A 5 2 BB, SCREX H RS B A A
fiiv ZGl JaBW,  LLACTH ) FL A R E I 2 A B FH 32
AR H L, T B 56 BHir I8 25
MHHXRET, FIARMAFEININELE, BESHE
T A 23 A A G BA VIR [R5 Bl 23 i 56 7%, 42908 B AR
P IF) 26 22 DA K B R S AE I A G A A 1O

50 T ELIE N M 5 s i B FH R

TR IR 5 s e T R A A — A
BRI T . B E A “ BT RGEMIRRE
MAeRRES, “BEE7 RG00 R AT HAEE
SRS, X REE” RS IR ) H 2R
YT TR N I IS R R R (A7) 28 k)
RS SRR ISR 6. KRB 7
M B N =R, RAVEIL. k. U T 55

RE1. SRT, WnfTPREEAIR “ R RETATE
T BREEN R KimdE, MREOREHESE
B AT BT

6) %I E A AR BN T3 7
A PN A 2R, b A “RU
WA B B B A MV A B A S R e, 2



Hom

WA, S RS

(8] ¥ ] R P A ik 171

FAL A 35 i B B PRIV 7%, R R RE IR I S A
NIFNIVE, MER2R. T EFRHTET
“COUSRERFAE” 1R A RGBS A VEAS 48 AR, EET
RIS S E RPN ZSEAY, BIF Fo()~ To(0)~
So(f)s Mo(D)~ Po(t) KENZSHERAT I 4. 2% 35k
)3 DA R W A 355 2% 2 B T (] R AR A 72

*2 BEMESERETFN

W AR 2R SRR

1% (fd B B REIR BT 0 < VFoOTo (S o()Mo(tH)Po(r) < 10%
N2 CRESRBUAED  10% < VFo(To0S o()Mo®)Po(0) < 40%
Mk (FERRBEASE)  40% < VFoOTo0S o(t)Mo())Po() < 70%
IV (EESRREHAED 70% < VFo()To()S o()Mo(£)Po(r) < 100%

FUBIA ST VR th 5 80T BB X R AT 78,
JERCTT B Yot G B I F5E (1 DAty B A I 30 S il 2 Y 114
HUREPA B E VAL T3, R ar sk DUIiRF AL
FH R P A P AR B B RE TPAt H b, B e I3 SR
B BUSAH R RE . AR . RESA SCRE,
K 14 frost,

70 FHAIE #6 AE  2% F R A T A I 2 RE VF A

TR

Sk IR BT 2 A T 2 0 L RAT B AR Bl 25
MPEMIANTEVE SR A, PPN % A B0 3 4
VB SRR MM 2 — EE R . A A & 15 B
SR TERENE . (5 B RMUERATE . 5 BRI Rk 4
JrH, R 15 s iRk, EE. SRS
P FRRIA B REVEAE AR AR A &R, PR AR bR iA
F R TR R FH RS SR JR P52 R B A S5 0P Al
%, BE NSRS R B R L R 5%
XA 2% P IR S5 55 0 2% O P AL 25 3247 2
REPPAG™

HEiE St |
et TAER ]
B S H
B LR
B 2 U T

A R IR B A
EREDLY

Wi SR E |
wgRmE |
K14 T “PUSURRE " AHORRE RUBEIA S U FEE VP A

T4 BTHEERINE ||
VEAT A

111

SO AT
SHOSEPFA PR AR A R

| oy

| P | A |

t
8
LRl

K15

5 #ERIE

e ZHEEB, RELEBEIOE R,
i M-SR ERR R BRI
Lo TRESCBOT T DU BORHERE . 4545 ra A S 4K
BV AR R T L R A
FE T RS B R G RH IUIR M K e
#H, AUTILRE%,

1) s F G AU IR 45 A 42 R U AR s v AR
Xl MEZRZEMmEMER KR, HRER, SEHK
J, FESEEMEE N A AR PR HdE
Lefd B B e R s, il &)=
L 2 ERT] O Rt F A L 5 B AR

B TR 236 PP 0 R AL 46 R RE PR A5 R AR 1

i ZE S B PR 26 (0 T2 R A 2K

2) PL“SFEHNH T REEEAN TR Ry R s A
W ALK o A S M R 2%, o e
B AT RS, SR U5 ) R AT 80 R 1B 7
PraEBoR, AW oe 38 RS KRBT 6, 4t
MRESEME R, BBk, K b 2 0REEATL, BT
PR () T2 TR ST, AR TP s (1
B I INRE Sy, R R AE K EE 1 & Bl BT
R BEALRI L, 3R T B 22 A TR I KT

3) KT HERE IR B 4 HURE A 5 S A4 (1 A% 1
I B RHEEAR RN E S . 12 Hpi
W S Eh AL i ARSI R



172 HL TR A AR

53 3%

HASWIE. B&ERAEES] . AR L=
S0 E. ra RS Gl B R S OB AR T T, W
EHTAFRTFE R BEmENE. 58, M 5%
BRI ZEARYIEER, FETHEE & NN R A
HAL R A 158 1) S %

4) INEEE AL EREE RN RaE .
B G EGRAT 55« BB, MO A 5] 28 S b ) i 3 D
PINERA PR A B B2, M7 VR IX
WRR NS EREERR, TR RS R HE
1k OODA FHIE %, & Z B\ B8 ik 3 B E A&
B, RO RS T SR BARYE R
FRBL AT SEAKYE . [RINE, A ZE A A R, R
EE, BETR.

I

’

2 & Xk

[1] TE4e, IMER, L8, F LR QHRIOLTINEE LT

PR ARIRI[I]. ALE 4R, 2021, 42(4): 524750.
DING G R, SUN J C, WANG H C, et al. Discussion on
technologies of intelligent spectrum management and
control under complex electromagnetic environments[J].
Acta Aeronautica et Astronautica Sinica, 2021, 42(4):
524750.

[2] MR, BR4) . T ikde B & B3R R 8 & BT TR

JEFR[T). A EAUE A, 2020, 37(10): 407-411.
QIAO L Y, QIU Z Y. Algorithm for electromagnetic
spectrum resource scheduling based on cognitive radio
technology[J]. Computer Simulation, 2020, 37(10): 407-
411.

[3] JAY Y. Electromagnetic battle management[R]. [S.L]:
Strategic Command, Joint Electronic Warfare Center, 2012.

[4] # Rk, RRE, TANE, & 3t “I-EH R LR

EEBARE RSA[I]. & F15 &3t R, 2019, 34(4):
60-64.
YOU Q B, WU Y Y, WANG S Y, et al. Technical
requirements analysis of fighting against low-to-no power
electromagnetic spectrum warfare[J]. Electronic
Information Warfare Technology, 2019, 34(4): 60-64.

[5] BILL C, JOHN S, ADAM M, et al. DOD’s broad vision for
electromagnetic battle management[J]. The Journal of
Electronic Defense, 2019, 42(9): 36-41.

[6] Department of the Army. FM3-12. Cyberspace and
electronic warfare operations[R]. Washington: Department
of the Army, 2017.

[7] &%, 35, HA5M. 2 QBRI AR R 5 mxt

FOEAER ()], F BT A AR F IR, 2022, 17(5): 439-
444.
ZHANG C L, PEI Q, YI K X. Study on the technological
architecture of U. S electromagnetic spectrum operations
and countermeasures[J]. Journal of China Academy of
Electronics and Information Technology, 2022, 17(5): 439-
444,

[8] AARHE, skFH, T4L, 5. BB R SRS 5 3 &

Hom R SRR D). BB R E 5 A, 2022, 37(6): 1179-1197.
ZHOU F H, ZHANG Z T, DING R, et al. Survey on theory
and applications of radio frequency machine learning for
electromagnetic spectrum space[J]. Journal of Data
Acquisition & Processing, 2022, 37(6): 1179-1197.

[9] RICCIARDI S, SOUQUE C. Modern -electromagnetic
spectrum battlefield[J]. PRISM, 2021, 9(3): 122-139.

[10] CLARK B, GUNZINGER M. Winning the airwaves:
Regaining America’s dominance in the electromagnetic
spectrum[R]. Washington: Center for Strategic and
Budgetary Assessments, 2015.

[11] CLARK B, GUNZINGER M, SLOMAN J. Winning in the
gray zone —using electromagnetic warfare to regain
escalation dominance[R]. Washington: Center for
Strategic and Budgetary Assessments, 2017.

[12] CLARK B, MCNAMARA W M, WALTON T A.
Winning the invisible wargaining an enduring U. S.
advantage in the electromagnetic  spectrum[R].
Washington: Center for Strategic and Budgetary
Assessments, 2019.

[13] KT, BB, RALR. R FLROAINEE & RAALR

AR 5 AL H[T]. BRI K, 2021, 61(6): 780-784.
ZHANG N, ZHOU Z L, ZHANG Z Y. Developing
progress and trends of U. S. global electromagnetic
spectrum information system (GEMSIS)[J].
Telecommunication Engineering, 2021, 61(6): 780-784.

[14] EiE#, &, TRF, F. QRSB MET R A
LR B[], WA F AR, 2020, 35(4): 445-456.
XIA H Y, ZHA S, HUANUG J B, et al. Survey on the
construction methods of spectrum map[J]. Chinese Journal
of Radio Science, 2020, 35(4): 445-456.

[15] Joint Chief of Staff (JCS). Joint electromagnetic spectrum
management operations in the electromagnetic operational
environment[R]. Washington: JCS, 2019.

[16] Defense Information System Agency (DISA). Joint
spectrum center (JSC) overview brief[R]. Washington:
DISA, 2019.

[17] 48k, MARA, £ 5 AR K LR RIVIK[T). LR &
Fxt i, 2021(4): 60-64.

JIANG F T, ZHAO L D. Development and current
situation of US military electromagnetic spectrum
warfare[J]. Aerospace Electronic Warfare, 2021(4): 60-64.

[18] US Joint Chiefs of Staff. DOD Dictionary of military and
associated terms[EB/OL]. [2022-6-28]. http://bits.de/
NRANEU/others/jp-doctrine/DoD-dictionary(7-17).pdf.

[19] 3, B0, Kir, F. £ F QEINE XKL SRR
T[], P B T A AR R AR, 2020, 15(8): 721-724.
LI S, LI Z J, ZHU 8§, et al. Development aanlysis and
enlightenment of US army’s electromaganetic spectrum
warfare[J]. Journal of CAEIT, 2020, 15(8): 721-724.

[20] A1, Bakds, SLAE4F, 5. S RE3E 72 1) & ik de 3756

Koo 5 LA EAT H[I]. 4B R E 542, 2022,
37(6): 1198-1207.
ZHOU B, MA X Y, KUANG T'Y, et al. New paradigm of
electromagnetic spectrum space situation cognition:
Spectrum semantic and spectrum behavior[J]. Journal of
Data Acquisition and Processing, 2022, 37(6): 1198-1207.


https://doi.org/10.3969/j.issn.1674-2230.2019.04.012
https://doi.org/10.3969/j.issn.1674-2230.2019.04.012
https://doi.org/10.3969/j.issn.1674-2230.2019.04.012
https://doi.org/10.3969/j.issn.1673-2421.2021.04.012
https://doi.org/10.3969/j.issn.1673-2421.2021.04.012
https://doi.org/10.3969/j.issn.1673-2421.2021.04.012
http://bits.de/NRANEU/others/jp-doctrine/DoD-dictionary(7-17).pdf
http://bits.de/NRANEU/others/jp-doctrine/DoD-dictionary(7-17).pdf

Eol

R, S5 HEIUE R N R RS sk

173

(21]

[22]

(23]

(24]

[25]

[26]

[27]

(28]

[29]

(30]

(31]

TR, KA, MiRAE, WA KR B S B E )], ¥
#5455 4R, 2018, 4: 319-324.

CHEN Y, ZHANG Y, LIU Y X. Analysis and thinking on
the development of electromagnetic spectrum warfare[J].
Journal of Command and Control, 2018, 4: 319-324.
X, FURF, 4K, F.AZ AR T F Fw
g [M]. b B By Lok sk A, 2016.

LIU P G, HUANG J J, LIU J B, et al. Military
electromagnetic spectrum management under information
condition[M]. Beijing: National Defense Industry Press,
2016.

SRiZ, KR, F A, & KT AR R 6 2
= $3R, 2021, 42(8): 87-98.

ZHANG P, ZHANG C, GUAN Y Y, et al. Views on
electromagnetic spectrum operation[J]. Acta Aeronautica
Et Astronautica Sinica, 2021, 42(8): 87-98.

I RCAIEGL GBS KR]]. NEE R as,
2018, 2(1): 20-22.

WANG S F. Artificial intelligence and electromagnetic
spectrum  warfare[J]. Civil-Military Integration on
Cyberspace, 2018, 2(1): 20-22.

hAE, TE o, B4k 5 BRNE S HABERENLF
AR RG] 1BAZ AR, 2023, 44(11): 25-42.

SHEN F, DING G, LI J, et al. Research progress on
electromagnetic spectrum multidimensional situation
compressed mapping  technology[J]. Journal on
Communications, 2023, 44(11): 25-42.

WANG Z, ZHANG L Y, KONG Q, Fast
construction of the radio map based on the improved low-
rank matrix completion and recovery method for an indoor
positioning system[J]. Journal of Sensors, 2021, DOI:
10.1155/2021/2017208.

AR, VLR, $hk, F . AP EE fe SR R IR B 1
FEIIE A Hm v 7 ik (1], $c3B R B B AR, 2022, 37(2):
321-335.

LI H Y, SHEN F, HAN L, et al. A method of
electromagnetic spectrum situation mapping driven by
model and data[J]. Journal of Data Acquisition and
Processing, 2022, 37(2): 321-335.

ERA, TF, AR, LR WA T 09 BRI
F IR R A R[I]. RT3 TR, 2014, 29(5):
14-16.

WANG L L, WANG P, HUANG A L, et al. Research on
electromagnetic spectrum management indexes system in
the battlefield electromagnetic environment[J]. Electronic
Information Warfare Technology, 2014, 29(5): 14-16.
FMEIR, TAA, TE4e, 5. i @ @& AR
P PR A% A8 5| (D], 845 AR, 2021, 42(5): 1-12.

SUN J C, WANG J L, DING G R, et al. Spectrum
knowledge graph: An intelligent engine facingfuture
spectrum management[J]. Journal on Communications,
2021, 42(5): 1-12.

ZHANG Y P, ZHAO Z J. Limited data spectrum sensing
based on semi-supervised deep neural network[J]. IEEE
Access, 2021, 9: 166423-166435.

FARE, &5 AT HEZIEIE N LRI L5
FARFR[I]. RERBIEIAK, 2021, 30(1): 58-61.

LI'Y Z, JIN F. Research on electromagnetic environment

[J]. AL

et al.

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

information mining technology based on mass spectrum
data[J]. Wireless Communication Technology, 2021,
30(1): 58-61.

WANG J, ZHU Q, LIN Z, et al. Sparse Bayesian learning-
based 3D radio environment map construction-sampling
optimization, scenario-dependent dictionary construction
and sparse recovery[J]. IEEE Transactions on Cognitive
Communications and Networking, 2023, 10(1): 80-96.
FRA, T Be, A%k, 5. @& ISR G BRSY
HEANIR[)]. AL 25, 2020, 27(4): 56-63.

LIJ H, DING G R, XU Y T, et al. Preliminary study on
group intelligence for electromagnetic
warfare[J]. Aero Weaponry, 2020, 27(4): 56-63.
FRBRE T E4we, IMEZR. bR EHIEITB LS A
[M]. A6 A5 pAk, 2020.

WU Q H, DING G R, SUN J C, Electromagnetic spectrum
data mining theories and applications|[M]. Beijing: Science
Press, 2020.

IRA, B K, HRE. GRS AE 69 XBAN T [T].
o,k A AR, 2022, 37(5): 802-809.

WANG Y C, XIAO D, LIN Y. Mining association rules
for electromagnetic spectrum data[J]. Chinese Journal of
Radio Science, 2022, 37(5): 802-809.

R BB ATH. AR ) A Ko #7 5T K SRS A H[I].
BTEMEMR KT FIR, 2016, 48(5): 625-632.

WU Q H, REN J. New paradigm of electromagnetic
spectrum space: spectrum situation[J]. Journal of Nanjing
University of Aeronautics & Astronautics, 2016, 48(5):
625-632.

ALIRAE, BIAT. KB SR AL B 69 30 SR EAH TR
[J]. b R R b K F 3R (A AFRR), 2020, 22(1): 14-
19.

DU Z H, ZHOU 8. Dynamic adjustment mechanism for
spectrum resource allocation in China[J]. Journal of
Beijing University of Posts and Telecommunications
(Social Sciences Edition), 2020, 22(1): 14-19.

SHEN F, DING G R, WU Q H, et al. Compressed
wideband  spectrum mapping in 3D  spectrum-
heterogeneous environment[J]. IEEE Transactions on
Vehicular Technology, 2023, 72(4): 4875-4886.

XU Y Q, ZHANG B, DING G, et al. Radio environment
map construction based on spatial statistics and Bayesian
hierarchical model[J]. IEEE Transactions on Cognitive
Communications and Networking, 2021, 7(3): 767-779.
AER —HET CERARE” 0 L WA S AT
f& 7 & [J]. ARBEAK, 2020, 60(9): 1048-1054.

FU S. A multi-level evaluation method of complex

spectrum

electromagnetic environment based on four-domain
feature[J]. Telecommunication Engineering, 2020, 60(9):
1048-1054.

B, & FH, UL GRS S A AHRI].
AR #F 247, 2019, 35(2): 7-10.

JIAO X, YUE X Q, CHANG K. Equipment effectiveness
evaluation and modeling simulation technology[J].

Acrospace Electronic Warfare, 2019, 35(2): 7-10.

% B M F


https://doi.org/10.3969/j.issn.1674-2230.2014.05.004
https://doi.org/10.3969/j.issn.1674-2230.2014.05.004
https://doi.org/10.3969/j.issn.1674-2230.2014.05.004
https://doi.org/10.1109/ACCESS.2021.3135568
https://doi.org/10.1109/ACCESS.2021.3135568
https://doi.org/10.12265/j.cjors.2021225
https://doi.org/10.12265/j.cjors.2021225
https://doi.org/10.12265/j.cjors.2021225
https://doi.org/10.1109/TVT.2022.3227168
https://doi.org/10.1109/TVT.2022.3227168
https://doi.org/10.1109/TCCN.2021.3066566
https://doi.org/10.1109/TCCN.2021.3066566

	1 电磁频谱空间应用现状
	1.1 民用电磁频谱应用
	1.2 军用电磁频谱应用

	2 电磁频谱空间应用面临的挑战
	2.1 民用电磁频谱空间应用面临的挑战
	2.2 军用电磁频谱空间应用面临的挑战

	3 国外电磁频谱空间应用的发展趋势
	4 国内电磁频谱空间应用及发展思路
	4.1 电磁频谱空间应用总体设计
	4.2 工程实践方面
	4.3 关键技术层面

	5 结束语
	参考文献

