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New Paradigm of Electromagnetic Spectrum Space Situation Cognition: Spectrum
Semantic and Spectrum Behavior
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(Key Laboratory of Dynamic Cognitive System of Electromagnetic Spectrum Space, Ministry of Industry and Information

Technology, Nanjing University of Aeronautics & Astronautics, Nanjing 211106, China)

Abstract: With the increasing scarcity of spectrum resources, the increasing severity of radio regulations,
and the increasing fierceness of electromagnetic warfare, the research of the electromagnetic spectrum
situational has to transit from spectrum perception to spectrum cognition. This paper reviews the current
research status of the theories and methods for spectrum situational cognition from four aspects: The
mathematical models and fundamental mechanisms for a multi-layer spectrum situational cognition system,
the extraction and fusion of crossregion multi-dimensional electromagnetic features, the efficient
completion and prediction for spectrum situation, and the precise inference and intention judgment for
spectrum-related behaviors. To address the complex multi-domain multi-dimensional electromagnetic
spectrum environment and diversified tasks, it is critical to develop a framework of spectrum situational
cognition from “data to semantics” “semantics to behaviors” “a single region to cross regions” “a single
layer to multi layers”. This framework builds up foundations, both theoretically and technically, for
efficient spectrum sharing in space-terrestrial integrated information networks, efficient radio regulations,
and advantages in the electromagnetic spectrum warfare.
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Fig.1 Architecture of multi-layer spectrum situational cognition system
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Fig.2 Cross-tree of cross-domain multi-dimensional electromagnetic features

T 111 8 5 V5 % SR S R AL | H B S A B B A R A B R, T B S PR W PR B R AR MR &
2 0 T 0 2 5 L% i S VR A0 B R E B B L 22 2 R I AE 2 B DA B 5 1 5 R AE 4R AR 3 7 I
98 IcJa  WFSE Ok L B R IS ORH 5 A 1 B PR R AR R D i o TR TR — B P A [ SR T A 5 T 1Y
BEAEAG AR — B0k B ERAE Bl T vk A SR 8 N 22 14 TR H B R AT 5 T R B R | 22 A el AR AR 1Y
SR SRR R Lok AR 2 o) 5 S AR 5 R AE Bl 2 15 B L R SRR AR SR 5 G e L ST By
BB E .
3.2 SGENTBRERINESTN

0 e 2 AR 4 5 T A S B R G Lk R R A U OR T e SR A SR . AR G A
SR 4 5 I L AR R AR A B S AR B 2 B 2 A R S B 1 i R K 2 TRk
ALK A B2, = -3 " ME LLERAS I AT 0 400 i SR B s AR A B A2 0k B o T R S R AR B, TR I A 2
TESTEAE SOZ BEAT A AN T o SR, 4035 5SS Borh 4 5 10000 0 T I 2 22 388 22 4 R AE AN LY



1204 R EBLE Journal of Data Acquisition and Processing Vol. 37, No. 6, 2022

S WY s B A R A L REFR T B R AR I SRR B AR B RUK SR 2Pk it AR BIF S0
A HAT SCRAE A RIS b 25 T

) FH P A Ok 2 A A3 335 1 SCAS 3, I Al S DA P R A 30 00 T SR W B G R T S AR
B EERL o, B A A R T R, B 2 A A S A S AS [ o3 A i T R R R AR T S A
FRALTT 5 5 He 3G, WIF I R 1 A A 30 Fl 0 0 SCA RIS D 3k, Y fl A R 030 33 B I 0 S L s A P 1 SCAN IR
2% 30 MK T SO S A s B, W TR T S S B I 0P A OGP R S A DR R AN 2 i G P 3R
A AR SC R 3R A, an B 3 B .

U RKAE Sl o
I ; R | |
[ | ([ L] [ ] Il o
! ! ! ‘."I!:il‘.‘ =Y ZOR AR i ] :
A ] wempn/ | L= SLLLIEE B i % |
; i“m%% ! ' K RERR N 2 |
i e/ | : | o
= ] , T e
: N | | B FAAE | | %
1 . 1 1 3E Y E*ﬂi‘lﬁﬂﬁﬂ | : :
T EHIE) N[ B , |[oamiz )t |
: | : | B
Vo Fl R : : : T
| E | T A
o - i [ s xatia | | o
| B B 5 Ll EY SR i i !

3 BB 200 2 T ORAE 5 A

Fig.3 Semantic representation and mapping of cross-domain multilayer spectrum situation
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Fig.4 Example of electromagnetic spectrum knowledge graph
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