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[Fl2 Recall PIVERETERR, (EBKRIR 7> F1% Bebk
If, Fl-score AJ LA3E XN :

Floscore = 2 x Pl‘eC.IS.IOIl -Recall 9)
Precision + Recall

H B2 SN
Recall = TP 10>
TP + FN
il ES R
Precision = P (1D
TP + FP

Horp, K5 Zeds 0 R BRI A IEAE A T FLIE 2
IEFEARRI L], A B2 48 )2 Bs e b () IEFE A
HHR AR TN A TEAE A LA

EFR AT Prd th 1 SRR S FAm SR AT L
B, BRI,

(1) BEMLARFR (random forest) : J&—FHEERK
BV, BRI H R RS LA
RIERE,  TEICHP I8 DASR v R A R 3 3 00
EEiEIPs

(2) %R (logistic regression) : J&—Ff
F 2 HERT L2 il h ) gt 207k, ik
By N AREALE 5 i 4 P 0 B3O 3 2 (A S 1 % 2R A
KIFEAT 732, AR IR sigmoid BRECK ™ A2 %)
MRS, 2V TIE B 2] 0 A0 1 Z (8]
SEHUE .

(3) ZFFEML (support vector machine,
SVM) : SVM JHEARIAZ L REAERFHIE 25 7] b T i

PR 73 ST 10, A A5 LE A5 A A7 457 22 Ta) £y 1) B A
KAk, FEACERARLAE i), AT DL R Hahs
Sk 28] vl 4 7 [ R SE IR e 43

(4) LightGBM (light gradient boosting ma-
— Fh I TR RE AR T PSR (gradient
boosting decision tree, GBDT) HFll#A, &—
FhEE R 21 T705, R T 384LT GBDT g &
IFE T SRS RN GRS, A3 — BT R 3R
W LA Gt G5k 2 . 54&4010 GBDT #HLL,
BRI R SR v B R I Sk M
B, & HATHSeRt i) GBDT HEZEz —.

(5) XGBoost (eXtreme gradient boosting) &
JET gradient boosting HEZL I FE FH AL AL, & —
PR I J7 i, R BEEI DTk H B0
M BEAT A 7%, BLAE B bR IEMALTI
IR RILFE

¥ b3 T A7 SRR AE B A B BE AT IR RN
W, BRJEIRMBHISLIGE R, e BE R %
A Ry BT HE L3R 36

AR DNN BERIAE AUC, R 2 AN
Fl-score EREFEFr L # AL T HARML 3 %2 I &
2, A RRYIAB GE SR LB B A P R
W BE .

30% MMM EF T ROC HiZinl&l 11 fr
A HAR T ARG RBEEMEN 30%MHEE
B EF AT NAEAE T RGNS, P th i 2 TR
21 8 PRI B S AL o7 >0 B850 )
£ ROC HiZk b1 RERINBEAT 1 HEL.

chine) :

*3 EMEREETERIUNMREXILL

o b 35 REHLAR AR jid - EE| SVM LightGBM XGBoost DNN
E % 0.777 0.645 0.639 0.760 0.731 0.787
AUC 0.835 0.713 0.703 0.825 0.800 0.860
Fl-score 0.759 0.652 0.651 0.750 0.722 0.765
FEE B 0.698 0.662 0.671 0.715 0.700 0.690
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Lor (R D13 S HE AN [F) P R ISR A e A — AN R
08 TR N EEAN 7% rh b 12 Hh JRR RN Vi e A £ 1 FH

T K-N ) R i o
go‘é- 51 [aj@EX
Zo4 BB KA, AR N AT
= REES (AUC=0.86) § \ R L g N
:Q%ﬁ% (AUC=0.84) R, B AL IR 55 A i B R A R A
02} —+LightGBN(AUC=0.83)
—#-XGBoost(AUC=0.80) S={s,,8,,, 8} (12
—v—ZAREIR (AUC=0.71) o X
0 —=-SVM(AUC=0.70) Hr, BAH PR EIE s, (k=1,2,--,K) A—
o M N2 MR, BE M E N A R

B 11 30%1IME2 A EF R ROC fiZk

TERG L FRRs TR, BB IR
RN LA BAS B R Re E 4, i R AR AR
B BT, S R K-N A Pk ) xs
B F P S A8 I BB AT R G, AERIG Z T
FEARAE U Gl pms % S P 3t T HERR, B
RKHE 5 TR B EAR B S B b B
o MAESE PRI AR H )RR R A e 55, B
Jeid it FAR IR A R R R HERR S B 7, 2R
J 1) FH 22 T 1 RS AR % [) 43 2 1) PR At JE R
A SRR T BN SR RS, WA BTt —0
P& A = PR R R
5 ET AR EMEE S SR RIME
St R A B R i

FEGE11) K-N TR AT B A Bk H %5
FEAN R IR0 46 2 (AT I BE 22 e, 10 EL TGV A
YRy 2 vy 0] @, AFAF 40T R — T HA B A
J2 TR S A SR N M E A T A5, IR AL
3R A B3 () LUK h 2 i A, T B &
BURFNER AT o A T EhF g o Bk n) i,
PEH 7 P T PR BR A EE AN 7 8] 2 £ 1R A A e B
VES TS B mh & k. B o, AR IR A 2 i
28 i 26 sk B P P SRR RN S AN 2 T A P AL
BEERAWHAXZTHEN, £XCKH
K-means $RRHVE, FELEARFANE S 2000 H
PRRA—K: RIFHEARERWES, KIEHA

AN WA et A B AR E B . TR,
A —MEGE ) K-means 53260 52 2 #HALL
TR H P AT 5k

B4 1¥) K-means 5223 K R ECEE B9 10 ER B 1
R AL RN EASREP ORI, s
A A < T ARALARE o B8R, RN EE B2 i
T TR, ASSCANRE ELAREAE AT BN R 1A
PEES TR T IR, MR B A A ]k
AR B RN B E EERECR, fEHE
PE ERRe A T ANE], JF B A s 6
T N R, 03X N A AR R A
N RHIE, PIHASTAN R B B AT IH— 4L

F g LR TGO, ASTHTR I 771502 3 i)
i A5 3 o) TR A b B A7 Y B R R
b Ji5 4% I8 — o BB LU A9 I R — MR A R S AR
Rl 3 o) R AR i B R O A By R B
B3 an s -

d1,1 d1,2 e dl,K
Sensing matrix =| . 22 . ZK 13
dK,l dK,z dK,K

Hrp, JeRd, FoRE i DS EE AR N6
RIS o PR AL BB AR T

E1,1 El,z E1,1<
Euclidean _matrix =| ' 22 . 20 a4
EK 1 EK,Z EK K
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Hrb, JTRE, FoRE i AN S5 S
LB Z [ RRIRIE B . 288 4045 2 1 > BE B9 4E
FEREAT A —A4b, ERFIEZE/NBI[0,1]1X 7], FE4%HR
0.5:0.5 HIRUE LLPHEe S| — i oAl & 5 IR & iR
BEHE R

K-means RRE LT REE 75 2 AR L
BATZ AT E, IS LR 5h AR SO TE
RHARH Z DA FE R HEPITFICH o BEX
XA, EE R T FINVEE R R HOE 5T
PRI H BEATH e, FRER RS AR &
WL 0T 5 BEES I SR, 2R 275 f (sum
of squared error, SSE) 5 kHIIEIE, R/EHE &
BB E N, EPEAE kAN SSE AT
Bt B DRIK) VR N IR H . TR 2k an & 12
fiias, BURAFIELSHIK ML, " UEH,
URTERAEERISE I R 5. %IEH kR T
IV B A AR I B AN I W, A S S R T
REOEBEAT HIW, N TEA RS, HEES
7] — 7 v i A7 JFG At R 2 T P S 25 R B R e 3 7
TR S F I EE &, R Rz R
J5 %0 (sihouette coefficient) o X BEAHHs
BRI 3050 3R AR A, ke £ FLE B K1) kAR R defE:
REH . ReEER & 13 s, RIR 56
REBGEZHIK L, TRLE W, ZETREER
HOH A 5o

WP I

) 3 3 8 10
RO
12 Tk

0.70F
0.65F
0.60F

8 0.55F

0

@ 050F
0.45F

0.40[

AR
13 REERIE 2k
FERA B U R HOEH 25 » AR AT K-means
SVERN Bl 5 BB B AR R HEAT SRS, Kb
TR TP B P BB R iR . B
Ja, EAFRRRES, R Re R ER M,
EREFRH P HOS SRR B RRAER
%1 R, BRI
BiE 1 FET IR REAUEE RN A ) 3 4 A R
A IR SN R B
BN S={s.s..5].K
it  sensing result
K FIREREC R E SRR LT
A I A FAE IR L
AR MR Be 4 RO
X B B B AN H
SRR BT
THE 0 5 80 1 2 TR BRI
K HHs R TC 3 BE I B il 7%
X ANR, TR A SR SR IR Y
AR AR
X AMR, R R AT T R 2R
2 /N B R BEAT HE 5
B EEFE SR B AN K I
X —AME
HFFZERE AN, bR %
P DA A5 B v 5 Bk«
K+=1
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FIEH, KBTI P AT IRE, SRR
WK 14 for. B 14 (@) ZUMEREIRH P94
¢, (AR T AEHERA, YRR FIRERIR, T
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TAERENEE b SRR RCR AT AL, 2880 ot
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PR IME TG I8 0 R A B E SR N HE R S T TH AT
R4 K-N BRI, thah, ASCH it EIE
Pror a7 sese, FOoRAMERBGERES HRA
7 R AW TR S0 K-N BRI .
MEET 6 NMMER R, BTSRRI HER
HILIT 100%, W LLAEGH K-N AR EE, SR
FE A PR B DRARR 458 1 110 2R RN A 18 26 119 ) B A5 o B
M R P RS RUAR

6 LRIE

ASCHTFE T H A R AE 2 2
WO E < ReR 2 I (0 1) AL, O T S g b A



v R

B2

B P SR ) 22 A B i, it 17— Az
AT HE X BB R RE 5 20 B IMESUE AN R 4
Bi 8 ibURE VA IV, P < Br /N B 4 S R
R Bk HE stk sesss o
IRGF L ok 7R E A EAR R I . AR5, 4R
HH 77— i 3 T P AL R A (] 23 4 FA) A K R B
A B0 R R SR, R R T R £ S B
EEIVE REANEE Y ) L, HL3E T2 2 W 17 8
RE W5 1k 28 8 76 A0 IR 1 B0 40 i B B HY e £
W PIRGREY], AT ERTIAE
Hh QP S TR R

SECRK:

[1] Cisco. Cisco visual networking index: global mobile data traffic
forecast update, 2017-2022[R]. 20197.

[2] GAO A, DU C Y, NG S X, et al. A cooperative spectrum sens-
ing with multi-agent reinforcement learning approach in cogni-
tive radio networks[J]. IEEE Communications Letters, 2021,
25(8): 2604-2608.

[3] SHI Z J, GAO W, ZHANG S W, et al. Machine learn-
ing-enabled cooperative spectrum sensing for non-orthogonal
multiple access[J]. IEEE Transactions on Wireless Communica-
tions, 2020, 19(9): 5692-5702.

[4] JANU D, SINGH K, KUMAR S. Machine learning for cooper-
ative spectrum sensing and sharing: a survey[J]. Transactions on
Emerging Telecommunications Technologies, 2022, 33(1):
43-52.

[5] ZEWSK, X, gk, & mIn 6G M4 & it 5[],
HfE AL, 2022, 38(9): 151-160.

WANG Q T, LIU Y, LIU H T, et al. Research on network intel-
ligence for 6G[J]. Telecommunications Science, 2022, 38(9):
151-160.

[6] Federal Communication Commission. Spectrum policy task
force report[R]. 2002.

[7] PANDIT S, SINGH G. An overview of spectrum sharing tech-
niques in cognitive radio communication system[J].Wireless
Networks, 2017, 23(2): 497-518.

[8] DENG Q Y, LI Z T, CHEN J B, et al. Dynamic spectrum shar-
ing for hybrid access in OFDMA-based cognitive femtocell
networks[J]. IEEE Transactions on Vehicular Technology, 2018,
67(11): 10830-10840.

[9] SARIKHANI R, KEYNIA F. Cooperative spectrum sensing

meets machine learning: deep reinforcement learning ap-

proach[J]. IEEE Communications Letters, 2020, 24(7):
1459-1462.

[10] JALIL S Q, CHALUP S, REHMANI M H. Cognitive radio

=

spectrum sensing and prediction using deep reinforcement
learning[C]//Proceedings of 2021 International Joint Conference
on Neural Networks (IICNN). Piscataway: IEEE Press, 2021:
1-8.

[11] LIU C H, TSAI H C. Traffic management for heterogeneous

—

networks with opportunistic unlicensed spectrum sharing[J].
IEEE Transactions on Wireless Communications, 2017, 16(9):
5717-5731.

[12] ZHANG Y W, ZHANG S C, WANG Y H, et al. Riemannian

—

mean shift-based data fusion scheme for multi-antenna coopera-
tive spectrum sensing[J]. IEEE Transactions on Cognitive
Communications and Networking, 2022, 8(1): 47-56.

[13] CHEN Z B, XU Y Q, WANG H B, et al. Deep STFT-CNN for
spectrum sensing in cognitive radio[J]. IEEE Communications
Letters, 2021, 25(3): 864-868.

[14] LEE W, KIM M, CHO D H. Deep cooperative sensing: cooper-
ative spectrum sensing based on convolutional neural net-
works[J]. IEEE Transactions on Vehicular Technology, 2019,
68(3): 3005-3009.

[15] LIU C, WANG J, LIU X M, et al. Deep CM-CNN for spectrum

=

sensing in cognitive radio[J]. IEEE Journal on Selected Areas in
Communications, 2019, 37(10): 2306-2321.

[16] =4, 2R, MEE. BT EHFSILRN MRS AR
Bt s 20 R4 TRE5BETFH AR, 2018, 40(3): 665-670.

JI W, LI B X, ZHENG B Y. Distributed intelligent intrusion
prevention scheme based on reputation and consensus[J]. Sys-
tems Engineering and Electronics, 2018, 40(3): 665-670.

[17] 3kdafr, EARSC, HEMW. 2Tl SRR RS ) 20 A6

KUMESSEEITVED]. RA TRESHTHEA, 2019, 413):
486-492.
ZHANG M B, WANG L W, FENG Y Q. Distributed coopera-
tive spectrum sensing method based on reinforcement learning
and consensus fusion[J]. Systems Engineering and Electronics,
2019, 41(3): 486-492.

[18] HRLHR, 2, B%F, &, 5T Dempster-Shafer iE4EFEE S

U B S B B P AU I 5], T2
%, 2017, 38(12): 2406-2413.
MIAO C L, LI T, LYU J, et al. Cooperative spectrum sensing
algorithm against spectrum sensing data falsification based on
dempster-shafer evidence theory[J]. Acta Armamentarii, 2017,
38(12): 2406-2413.

[19] FENG D Q, ZHANG L, ZHANG S L, et al. Blockchain-based

—

secure crowdsourcing in wireless 10T[J]. Journal of Communi-



+ B3

HERIE 2023 45 10 #

cations and Information Networks, 2022, 7(1): 23-36.

[20] PATNAIK M, PRABHU G, REBEIRO C, et al. ProBLeSS: a
proactive blockchain based spectrum sharing protocol against
SSDF attacks in cognitive radio IoBT networks[J]. IEEE Net-
working Letters, 2020, 2(2): 67-70.

HEE &N

BmEz (1999- O , 5, HIIKFEm L4,
EEH T RO I A

E&EH (1991- ) , 5, EFLLERNH
A TREIT, EBHTTCTT A Ak R A e A A3
WAL EILAT.

BRI (1986— ) , 5, t#H1, HRIIKZFE
H%, EEHAITEN D2D . Akt
TR, RS,



	05-2023193-ŒòI

