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Research on Low-Altitude Embodied Artificial Intelligence-Enabled Spectrum Man -

agement and Control Technology
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Abstract: The low-altitude intelligent network (ILAIN) serves as a fundamental infrastructure for the
development of the low-altitude economy, and spectrum management and control (SMC) is one of the key
technologies to address the problems of illegal spectrum use and malicious attacks in LAIN, as well as to
improve the utilization rate of spectrum resources. Embodied artificial intelligence (EAT), as a key research
direction in the new generation of artificial intelligence, offers new possibilities for the development of
SMC for LAIN due to its characteristics of physical embodiment, environmental interaction, and
intelligent growth. Firstly, this paper introduces the requirements of SMC for LAIN from the aspects of
technical framework, research status, and main challenges. Secondly, by sorting out the connotation and
advantages of EAI, the concept and significance of EAl-enabled SMC for LAIN are analyzed.
Furthermore, based on the closed-loop structure of “perception-decision-action-feedback”, a technology of
SMC for LAIN is proposed, which includes low-altitude embodied spectrum sensing, inferring and
decision-making, and action and feedback. This provides a possible technical pathway for achieving
efficient and secure SMC for LAIN.
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HLI 26 B DX AR S R 3 o Zho S5O BR Y T — Bl R T OE LY = A S S 2R 4 3 o R 5K B A
AR R By 1 7 35 % O AT B 4 R S M AT AR SR I . Wei SR T
— L T TE AL R R 1 = A R TR A T SO T AR I B R L B L 2R A R
AHLRAE I H A5 DR 945 5 D R G 15 B Bl — 2 | = 4R S 3T, o — A0 3 — R R A
T SR 2l B P A A BN 22 T 0 DT A 2 0 22 11 58 B A A 2 3

iRz TE AL 46 31 D45 F B AT Bl 25 22 78 1 330 X B 2 8 K oo A1 33 A 42 199 g 800 P RO Af 1 42 1 T B
I ER o S AR B T TR A R IO 8 4 R ok B O ok LRI T s A L T D R RS
— VR I S A O B AR O 0 s IR T A R ok S FE AR T T T 1) o X T A G ) A v S A A TR
72, Wang %50 H T X HURE 18 43 2 20 T8 A WL IV A0 S R 0k L A R I VE RE A B Tk — 45
$TF. SCHERL21 PR o A HLES 3051k A 3 245 90 Fh 45 F A 0 sl 25 B, S TE A HL AN 3h 24545 18 1 15 ] AL A% 1
Sy B 25 2 0 ) 0, ) P PRI 26 €0 SR s A0 AR AR 3 TS o PR 25T ot I DL TR 10 1 4 9 1 i 28 B B
B 2 S AL SRR AE DS 5 B AR T BT 1 T A WL A WU AR A S s A AL i . Wang %
X s — A Al 19 4 PR S A AN 0 E R G L AR T — A AT SR R A M) AR G 0 g S
HEZE.

iR s BB o R R T P R B SE B AR A LA R T O B PR SR R A A R — A
Jr I o PR AR S R T I B I e i 000 2% e e Iy 0 S B £ W ARURS R AT
5% )T 9 465 7 Ik a0 J5 R A L 140 4R AR 1 R R SRR AR o IR SIS T T R T
TE AU AT 3 D S8 1) 0L, 38 11 5 Bk B T 14 A = R A0 0 o XS R T R TR
Yy 3% B9 -+ P0G 23 BO R Y, B S 4 R SR MR IR 358 T 1 B DRI R 00 , 0 M 1 E 0 ERB R I 9
N BE SR o BEO6E JE A HILAB T B R kR A 5 32 T LB B0, SCHRL 25 18 1 — st L A e A
PLLE LA B B2 HESE, B3R i T T A 1F T B JE 20k I HoAy R Bl st .

HEAE L L3R AL A% > 5 ik AR 2 I T RE PR AR MR S 4 15 A3 8 1Tz B . AR R IR
JEE 27 o Al Ak 2 2] S5 N T RE 09 07 0 Tl A B RO TR A KA T TS A HIL I 4% 4 A IS B R T A
TR MER B . TSI OR) 22 e R SR AL A T X B S R A 5 B AR AT BRI R TG
L B BB A R 4 o 7 T T A O SR AL A ) D kA T A HLAE B A AT T 1 38 O e A A AR
TR Sy BE S B RE J7 o TL R A R (R A R K 00 I A SR R SR el R e R U )



48 R E B L Journal of Data Acquisition and Processing Vol. 40, No. 1, 2025

T — M TR AR A IR B SR AR T IR T R SR T s, RE S A AP T R A S S R R B T

B 225 9 I O AT A A X T M TR A 4 L LTI LR PR

(1) = HES7 AR S PR BT o A28 R BR P a AT T = 4l Sz s ) v, 55 4007 ) 285 A L s T 25
SIS ARAR B S 5 B R AR S s e 2207 1) SLAR YT RO RRAE . BB s MR AR A K B ROk 2
2 P A S A AR S PRI R A2 B A 25 IR PR ol AR AT S A2 2%, 3 W 11 o A A L T % I
kT E R

(2) B35 278 0 CAT IR 3K o AR 28 AT A% B0kt A U A 3 Kn el 1 PR 5K 55 A7 BRI B R 2 1)
70 o A2 TRAT AR 00 RAT DX B R DL e AR 55 R AR AR B A5 AR AR v 3 S BSOS AT S 2L R
Wi d BAT Z2 A8 PRRR AL, DRI 450 1 % U5 PR 23 RC AN R SR A T R A R o e A, 7R DR ML S A B
v AR s AT i A A AR P () A5 SR T TR, A7 A A M) P 3R B B T DR X 2 ) At

(3)FEF T IR AR 2 P2 4x o AR s FL RO 5 22 I 034 D P A0 A 0 2 PR A 8 2 500k ) 2 38 0 A
T g B M T B 2 A R AL 0 Sl R B R, IR IE AR s FBURR 5 1 A A A 2 vl R BRI
e, T AT BB 22 4 R 22 0 1) 25 B0 [ A A R T L A R 8 R 5 A s A ik SR A LA
S (] RUAR T RE 5| & IS RAT AR BA TR RS MU TR LA RAT RGEMERE , gl N IR A= i A 7 <22 4, TR HAIR
2 P T I 7 W 114 22 2 JE

(4)Z: 25 FF AR A SR B o LA T 4 300 {5 ik ol A 3% 285 F SR ity oy 2 1) S ik B2 S R A7 A1 s
R PO A1 A 4 ) TR AR AR o T, A A S S A R Y R A SO AR B 2 22 AN 5, BUMEL T s AT AR
B g S TR K T A5 AR M B AR AR 2 SR, AT RE 2 B A A R R R R KR AT R R IR R AR A
)AL, G 32 2k 5 AR B 009 A P OR, o

2 B EMeEmf=8BKMmLEE

N T BER AR B A S Ao~ TR R A 8 S DX R i 25 i 2 B A W3 B30 20 A A
T RE DR SR A5 7 AT R T AR A AICR o TR B R R A O N TR R R B R TV T 1 2 — R A
HSCA PR3 S H AN RE I SRR DA i R 1 s A I Do A A T ek ) 0k R R ORI A AR R T 5
2.1 ESERENNEMFERLS

B 8 BE J2 18 8 BE VR 5k ) B S MRS PR B AT SRR ZE Bk H RS S A RV | E TR
%, fE s 22 00 I v S B AR A R AT B RO S B RS A A AR IR R AU M AT A S
Aub BRI G 0 B S B R Y S A R RE Bl RE ) S PR AR AT A TR 20, DT AR A R R S
B RERY IS .

=]
CARMR B AR SR HBRRE, TR B ST AR, P X ) A A B
LA P BES A RS =BT A A AR . B R R A W B SR H A A R R A ) B S AR
AT LA BT A Pl OB A5 25 58 BURE A2 I 5 5 b 4 451 W20 S LR e st B Rt AL
Blas A, Z AL AL G N A7 A 2 pl e A58 5 e W B S MR 5 HAT SR IR il 1R 518 3l AR
AT D) UAE T H B A SRR IR T s B SE R B ARE S . ORI S R R
IR B IS T 2 2] 3 ORI T IS (B2 — B 1 2 B S A A T, I e AR O R R B .
J5 2 RE L L B AE 0 %O s EL AT B R AL RE ) (R Bl L S IS U B A e A g ) R A A



IR FARELYFRAETHHEATL 49

SES VR S DU RE , 0 AL T A A PR AT S AT BRI AR 20 0 R R BE A T S B RE B B I, I i
KA A2 1 AP R RS R PR

H AR R O0 3 B 2R BAE LUT 34 J5 . (1) Z RS Rl 2 AL BN AR A BE T . H 5 e
A w0 2RISR A B R G Gl B VT RS i e e E A A A R A RE 8 B vf
il S5 I b R PR S5 A 1 BRI H DROAE AR S B 2 A BRI A, O 5 0 BE R ST R AT RS A
58T, D9 IR SEEE X H AR AT A5 M BT AR 4 SRR AT Sl 4R AT ) S (2) A A RS 2 B R RE B SR AN A
EATSIAE S o H B R AR R R SR RN S A 12 R A R B T AR A O AR MR B M R AR E S
Xt HARAT 55 #EAT ) BE AR RS DR SR, 2E T A F4T 30 2 58 A AR 55 o (3) R BE A 3 I AY 3 Bl 2 > A fiE Bk
fefE . H B e 1 8h SR E AT SS oA AE A RES A S S A IR AR IRE R ANz AL R P
B FRAL A, LA T 5 bR i 52 35 M i R 4% Aol A TR ) 52 2% 3 5 RIAT: 55, B AT e JEE Y O VL RE ) AN E
HEALRETT
2.2 REAESERIEEENRSMEN

iz B 5 B ARSI A P 46 AR S S SRR S 5, L B 48 8BRS T A1 335 3 52 B R
20 B A5 B A L Sl A HE BRI | R AR AR T RS A T T S IRAT A R R S S e
S5 — RPN AT O, S BN 23 8 Ik 0 AT % B R Y e S8R R 2 Al e BB R RE S IR A R B
AR AR A L A

(D FEHAR GG |, BB e 5 1 s 8 e R 00 006 A 12 s E R o L O A0 B R s K IO B3 A 422
AR EAT AL PSR AT B BB A P B EORSEH P 2 R . AR EBORAESRR B EERR AR B
Wi L B R AT LA E 2009005 A 5 09 A A AN 4% 5 T, RO S BLEOR Rl AN 5 i B D0 ARG A 45
(9 AR WA , By 3 i phe AR 2 3000 A 42 ) 02 2% T L, i T 00 A 4% 2 8 9 B TR P RE AR

ARG ( ompamun | [HEemsmm | [ semmspirmies,

TR A, | KRR Py
AV e e g

255

e
Bk S, ~ ;
AEME, B EHTIE, HERT A X

AR AL SR AES VE L ) €

2 BB e 5 s ) IOk AR 1 A8 5 B A T
Fig.2 Comparison of EAT and LAIN SMC technology

(2)7E 5 b, BB 78 8 by A1 2 8 WK IR0 40 3 A 2 o 0O RE o L B R BB A 1 2 Al R
RE 1, BE WS 7E AR 25 37 1A 52 2% f) v 1 B I35 mb X 30335 28 34 R A7 o R 5 B B R R A A9 O o I L g
T, 0] LA Bl g fift DRAR 25 QAT A AR AN [R] I E] A [ 225 T ] R4 A AN () FH 0 R B0 o Ji 1R 5 B B 4 i 9
it A E B RERE 7E O N2 55 B0 A 10 T 1A DR T 0 e 5 R 3l 285 40 13 3L 52 5 L B A e T L S B e
K, 7 2 55 {0 28 B8 B I3 B4 AN W7 5 B e A B B 2 B IS BT 9 RO A0 o3 TE SR, 45 3 R i
AR AR 73 BE 07 5 5 L B R RERO W B SC AR B A2 B RE ), nT LIRS 75 2248 42 3 R AT JER , S BB R RS
T 3t A Al H A 2 A T PR DAL, e 2 R T 030 % 3 5 19 22 A R RE <



50 R E B L Journal of Data Acquisition and Processing Vol. 40, No. 1, 2025

(3)7E9 B T7 b, BB e AR s B R IO A PR U A o . O 407 AU o il AR 2 8L
) S 3 TE B4 D X AR L B A S B 3 A5 3t i O S DL 2l 3 228 AR S TR OR
QA B R i AREE N T s T 7 3R AT 0 23 00 e 5 A0 47 2l 1) 405 L B R BE Y 1 R e
PSRN B A2 H FOIE 52 B TE A AR % 1R 1 A0 2 8 Ik 00 31 B R AR T . ORI AR . RERS
3 o0 A1 3B [ AR A 5 B 38 R A T8 A5 4 05 3 ROR A R 1 W3 A 4 198 Wi o FF [, AN 5 2 P 9 Kt ]
B R ESE— A T TAR AR . OB Bt AAE . DA™ M I [5] % 3 B A 400 3 A ol + A N 25
P18 24 430 M 0 o ™ P A 4 TR 1) 0K s R IGO0 0T 3% A 4 - o N o0 A UEL B A R SR R i ) A A e
B AR S THAE PR 0 04 [ I sl O vl B OB, S8 BB A 15 BN 2 1 OB MR

H B8 R v iy B SR B BB Gl R 538 B R ST SERE T, UM T R B R R S AR AE 3R
B A2 B ANGE I F AT 55 o DRt A s R IR IR 0 A 4 A O S B L B R RE R R T A S

3 REESTRNEEREXEEAR

H TP AT Bl BB A PR A SO R R IR s L B R R RO A B PSR AT Bh
5B R BEOR
3.1 RERESEREHHERM BRESHE NSRS & B FHES B EM

i 2= B 28 BRI RN 75 B0 AR 2 s A S 0 A B A SRR A 1 SRR Ay S BB ke 3
0 AT SE P IR AT S0 04 A R L B st R R A B A ) S I 3 TR

Bt XA 2 G RS B A = 4R SR B A B AL, R B R RE M B SR DL h R ANLE A L
M T TGN A LA S0 R K T TG A 25 22 FOE 25 S, oR 22 B B o0 A XS A B [ R BGOSR B
SCAA Bz S RE ) M T [ IS L RE I, 455 R RE Sk 1 s ol 2 e A A RO L B 0 2 A Rl A TR
B A BEAT IO AR ) O X 23 s DX A A O R AT S SR o B K 2 MRS R A Bl
A% FE L R B 8 2 i S IR e A R A B T X A A A5 A B S AR | s Bl LA B A
2 1 B AT A, T 0 S IR 9 B0 25 23 e 2 4 A 2 A, Ry S A 0 e SR e (R R RS R

IRz BB TG R A B
iz 2 B 5 A4 A ST A4 IR B EA=EA0E=R= gk b Ve iri It

EZ
A
= N O 00 e
e R
g [FOEAUmiE A SRR
s b TR
e
g

RRBMEALE BHRBRATALE
& £ B BRI

| = BAEI (i

L D5 BAIHLEE

AT P 85 B

B3 iRz BB R B A

Fig.3 Schematic diagram of low-altitude EAI spectrum sensing
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