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Abstract. To address the issue of decteased identification accuracy of communication terminals caused by signal interference in complex electro-
magnetic environments, an improved YOLOv8n-based emitter identification algorithm for communication terminals is proposed, named EMI-YO-
LO. Firstly, to tackle the problem of interference signals occluding the target signal, a C2fCE module is proposed, which integrates deep convolu-
tion, pointwise convolution, and the Efficient Channel Attention ( ECA) mechanism to expand the model’s receptive field. Secondly, a partial
self-attention mechanism is embedded at the end of the backbone network to enhance the model’s ability to learn signal features. Furthermore,
five data augmentation strategies are employed to effectively expand the dataset. The experimental results indicate that EMI-YOLO demonstrates
a 7.4% improvement in mAP50-95 than YOLOv8n in the training set, with a reduction of 0. 4M in model parameters; compared to three base-
line algorithms, EMI-YOLO improves the identification accuracy for six mobile phone models by an average of 42.3% , 52% , 53.4% ,
50.4% , 34% and 39. 7% in the test set, respectively. Therefore, EMI-YOLO exhibits strong anti-interference capability and robustness in
complex electromagnetic environments.

Key words: communication terminal identification; YOLOv8n; complex electromagnetic environment

0 3|5 Hasged™ o filtn, BUA B TR M 2% Kk 2R 1T % 5

AR, A JCZ i M 4% VR R R, B RETFHIL. LT%%‘E@&, A% — B, A S kAR
W TR 45 D % 45 Fh TC 2B AL R 2 i 6 e i A, PRI A BAR T VS F RS, SEUTENE R
TR M AR N e 4, FRZ el ZanE,

20 | 2026 4FEE 1 B (55 45 5255 585 HY)



FReHEE
Intelligent Algorithms

A A 8 i S DR O L 2R A B 28 2 ) AR 1 5
Sh—FB R . BRIIERHISN, Kk oL 7 1Y
TS S ISR — B, DL 5 200 Vs ) 19 %
et BMAORUL, 8 IR A o] SRR UM B £
(RFF) REAEA R BUATRN S5 AT 41, AT KB BEL 1k
£ (S g - VAN AT F 7SN ik e 5 dp T 1 e TR
PETHICER M 25 (1 Bl 47 e

SR, AR ISR AR TR EERL. A,
JCER M2 A5 RARARIIR, 25 b5 B B P A (1) 56 FL G
P, WARBRBIA K A RF A M RBE S, MRH 4
SRR o R SR A AR . BHERE
L5 U &S R i nl RE 2 HARE 5
PEASEERE S B I TR 2 2 (R RE SR IBCEE AR 1T %
SRR BRI, B D) Z B TR — 1
Wiy, O HEME S RBERAE S TR, NI, 2k
FEL O B 2 300 £ 20 i 1 5 S DA R R

ULAER, T YOLO 9 H AR IR 3 535 78 24> Sk
RN Z N, AT AR R T i R — AR
JE I Ao R AT TR A R g i Rk i S k.
RF-YOLO £ 3 e AL {515 7 U5 7E YOLOV8 JEfi |-
Uik T Neck 254y, SCBL T 280 S5 E R
M o X IRAE T LR 45 T B S I A AT
AWLRAH, (AR5 F vl BE SRR

Z RPEMALHL], A RERTT TS (RS

BRIz AL R A R . 565 SSEIVR B A TRE R 5 o
UN1E YOLO i Neck #8535 A PANet™ 24550 Bl 2 R
JEFHERL G o SAMAES SR R b, Z RIEFBMNA
SOH AT T PR AR

el X 3 {5 220 S A RSB PR R, AN SR P 3 oy
FEFHOFHIE A W B AT E YOLO 1938 {5 2¢ i U 34
oo HARCEUL, RA YOLO HARHGAESR, $EPGHEE
S 4 S U T B T A I TR R ) RFF FRAE, $2
HHE T A2 2 v P 3 5 R AR, AR
EMI-YOLO, LB O =5 5 THES% H iz
=T B R T A R A, 4R M C2CE Bidk, i A F
FT RIS 5 xR SR TR AE ) 55 [ R, 7
F TP AR it A TR 5> B IE RG] BT X 4
REAR B AV, SR P T B0 948 68 W o 530 4 3 A
R Fe . SCIEE L], AR TR, TERER

SRR ST, EMI-YOLO fy i3 501 o i %45 5]
P
1 tHEM
1.1 HFHERER
eI g Y e — e . AT S E ST
TH, nR2EESEIERE FrabJr i, K&
BRSSO A 2R R RS LA S Y W 5 0 4R
HERTHAL G . 0705 A I ] 1) B i 2 3507 9
A (DPX), B AT LA A A ) pAy i et s 3 14 1 1o L -
ARt (DFT) K55 47 B 300 e 1 & e, e 67 (1 %K
P e SRR K A [, AR s A . AT AR Y 5
TR AIEE . FAAOKR, DPX B — Bt 1a] i fir
ﬁ%%%ﬁ%%%%”é%}ﬁ%%ﬁ%ﬁ&%o
R &35, PRSI, R A e
B EE PEJS MEE  25 . B LA 3 A BTk

%ﬁﬁ%ﬁﬁ%ﬁ U™, IS BTTHs R B
{E, AL BhEgek 1 R B2 A B R B . T (a) 3R

Ty RGN AR BV B 5 R R A . BT (b) &
i<§9 UG AZ 0 Rt e rp 2R EER, ok
Fn A AR G RE BI T () BT 9
IS e U R 2 1 ) 5l I B e AR B Y 45 21, il
s BRI S PR BEAR SRR, it mT LK Bl
Hemose 58, WA AR, B (d) ERE
it DPX FARTG B H B R A
1.2 HiEEHE
H T 55 TR I A% PR ) 3 5 % i R 31 JC T TR
NITEAREE, EEXFREMIE, ARSI TS, 851
PUPRIE R PO PRI = Fof A [R] At B 114 WL R A 5 45 5
K2 s fE o RER G, AMOREL, LT T
PUPREE A Bt 22 S AT s ), 58 IR B A 1
AIOPI\VADN 372 [T I o7 B2 S = P NI s (|
AT KRB ], LA Rl (5 Beos . JCEkMIgs . 3TEp
Pl B RET RSN T, MRS T A A i 3R 5%
o B i (CDTR) Hdlade .
fE 5 RER G H— OmniLoG70600 4[] FEMIKELL |
—f SRP-600B {5 S il R [ . — & %A SignalMg-PC
BRI RN — & PP BoR Gl REWAEUNT
B, WS T Wi-Fi G5
W, A TEREAH AR5 5 LR 245 5 50 e Y
PEATHILAL R s ARG, S LB T R S
Yo, PR ESRG &G, 55 P00E T SignalMg-
PCARPE IR IR RS A 0 (S 0 U B e B2 3l
FAMRAE, T IRSEEE TS AE

2026 45 1 (5545 BREE 585 ) | 21



M E: www. pcachina. com

=

o
=

LIES
(a)— US4 30 Bt

kS
()L TN IHEG T UL T I ECR P B TRE B 6

,JA
b
—_
I Y ey pu

H

=

2
5 7

91919111 [1|[1]|]9]9]9

LIES
(b)OURI AL e 5 g v SRAR 2 R

BL By S g i e 5]

“W W

ﬁ{néﬂmﬁ L) SRR 05§
RS lEIﬁMx
i A
AL
B2 F5RERG
A L) nova 9, nova 7 Pro, nova 7 se, Redmi K40,

iPhone 11, vivo iQOO 75 F3d 5 & 45 I LA 52, RAE
£ 2.4 GHz BB N R #GEE 5. SRIEX LT
Be R BINAG S A TBdR bR T, [ FHARTESF Labe-
ng PEFTZSN A R 43 bR TEAE (1 2 52, AR R AT i S A

CiEF 30, CDTR B4 2 DL TR 58 T R A 5
E‘JE%VE?@UII%#ZIK%H%WHE#ZIK, [e] Bf LT e 34 5%
(55 THLIE R T ) T R AR B A5 515 g
AEAS, HE313 300 5k, BARSRINZR L PR, X
FAETARBTC TR EE T 555 1 BT 0 4 1 [
mE 3, &4 PR,

22 | 2026 4EEE 1 (45 45 545 585 1)

(VBT A
A1 BBEEHH

255 Il 25 4E AT RS IR S
nova 9 400 50 100
nova 7 Pro 400 50 100
nova 7 se 400 50 100
Redmi K40 400 50 100
iPhone 11 400 50 100
vivo iQOO 400 50 100
Bt 2 400 300 600

1.3 FHristr

DT RE S THERRITAL , AR SCRAVE#R (P) .
AWEER (R) VFHHEE (AP) | HEFEIRE (mAP) |
BRI SR MR RD 10 {C R W7 38 5588 ( GFLOPs )
VERTEMN #6845, mAP 43 H mAP5S0 Fl mAP50-95, H:
H mAPS0 fAE 2T (10U) B{EHK 0. 5 By ~F- 4%
B, mAP50-95 75 10U B{E M 0.5 FFUE 1L 0. 05 Hy 4
KB WG N E] 0. 95 B A A B E T 1971 mAP {4, X
SFR PRI TR AT

TP

TP + FP (1
TP
R=1p PN (2)

Horp TP R IEAE A IE R IR B B, FN R/ 1E



FReHEE
Intelligent Algorithms

(b) nova 9 (c) iPhone 11

\h

(d) nova 7 se (e) Redmi K40 (f) vivo iQOO

K3 T TIERGE T A B A B 4]

(a) nova 7 Pro (b) nova 9

(d) nova 7 se

(e) Redmi K40

P4 TG T BEEs SR

() vivo iQOO

FEAFE DRI S AREA Y $ic:, FP %%%ﬁlﬁ$%ﬁ'&\<{§c one) . HIERMIZE (Neck) Sk (Head) =
Tk IEREA R O SR R BT A A A A Sy i A R
AP = flP(R) dR % ET MRS, KK CBS BRI C2CE idk, 2

i . ARFEAE L ROT FsE 4, b, C2ACE B3 i fff

mAP =" 2, AP, (4) AR RN BB R EE 51 3 x3 BRI,
Hot € FRAKAE, AP, FRE i A Qﬁo R ASE 50 2 i 1) W) B 9 20 11 3 k. SPPF ( Spatial

=

Pyramid Pooling Fast) AU A 7] RSF 9t AL 7 11
P2 RO AL, 38 5 AR XF AN [R] RS H s 1) A6

R TR LR

2 EMI-YOLO iR 5 &£
2.1 EMI-YOLO #{kZa4y
EMI-YOLO %4t H4

CBS H Conv2d )—>( Bbox Loss
s} Com2d J( ClsLoss

[ CBS H C2fCE ]——{ concat )—»{ C2ACE
: A

Y

3]

detect

CBS

concat |!
:
'
'
'

upsample

cBS |—»{ Com2d }o{ Bhox Loss
H Conv2d H Cls Loss

H Conv2d H Bbox Loss
S H Conv2d H Cls Loss

5 EMI-YOLO 4% 4t 44

=

2026 455 1 (5545 BREE 585 1)) | 23



M E: www. pcachina. com

WA, ASCHE Backbone [ S5 S IR 4 B EE N

Pl (PSA), aRMZERY~~RES . BHEH, =14
[) RO BRI P R A SRR R 45, Neck JZ i 1SR H: 52

VB, B o R MR AE I 5 T P4 b i R AE 1B R A T
P, PREE w2 IE U5 B o Head )2 R T #E Sk 45
oy SRR IAT 55 43 85 JF, 43 R R AT /& BCE
|l 451 2 % FH T DFL ( Distribution Focal Loss)
F1 CIOU ( Complete Intersection Over Union) #idk, iX
PSPPI R ) B0 00 1 T A AR 55, $2
AR RN S A 5T W PERE
2.2 C2fCE #=E#t
HRRRBEIIAE I Zrp AF e A5 B BRI,
B BTG B, A SCiifl C2f #idk, {fif] CE
L5 C2f (1Y Bottlenet 2514, i i il 5 TR BN
FAGTRHM ECA FEE LM, $2iH C2CE il ,VM"J
WK 6 iR, TEMRIE YOLOvSn BEALES 5 AL i [ ), 42
U e R

Loss,

B 6 C2ACE #ikhstty

K6, T ok AR 4
JeRe a2 R ARy, )
FRAERE I MEREEST, A 1 IO 245 08 B2 2 B 14
HRRE S . Horp—T maR LB i, &
124 CE BB pAL ], CE FRH (0 550 i A5 R A T8
SRCEX, HEWE 7 FoR. S, WA 2
RACHEIELERE EEATPHE, LR EEL S . DHEE 1
FAER AL &R BAF D SCHE R, FRERFIER R IXRE

/]

NERE, R
B 38 00 1) 285 1)

3x3

=1

%Fﬁ 14

71, HEE ARG R R L

K7, CE BRI AWA 32, — A il ad
3 x3 MRS RI, B A MG B 4 B8 3 3 &)

, FEARTRIEIE b3 5k Sr gk AT R AR R B A
iﬁJtﬂé’Kifﬁﬂ, FEIEAL 1 x 1 132 A T T 15 38 3 1Y
FRUE@LS, B b — 2515 20 1 RRAE 1 E A T IR B AL 4]
BIEAEBIRER o 53— A4 3GE T ECA V& L
] 35 17 1 R R T R AR (AR, (A5 I 2 T DL
%HEE%E’J%@E MR EZE A RHE . CE B it i
FEBRUMBIE AT IR R E R, & G £
ﬁ%ﬁmﬂﬁ, RS 28, SILU 805 R8s AR
RVENR, TEGRMRRE LT 2 04 TR I 358 i 7 0 2% 1 2% )
81 TEARRINT Z 8NN AN BT, kA

ECA LA, Jerh, g T SEBLES A A
SYIUIS BN @ LA AR iy A RS L 1 1Y
IR C AP N b, BRI

L 0g,C (5)

’%bﬁ%w&ﬁfwz AXH y=2, b=1;

R Y 75 B A RIE S Bl w B XA
ﬁﬁiﬁcﬁﬁﬁ?ﬁiﬁﬁ%kﬁﬁ%ﬁ&, NI
jﬁﬁﬁg%l_ﬁ R, IRFEFFIERINAES, AR
FII R A
2.3 PSA #l#l
MTERAEPFEERZNES T, K
YOLOv8n *%?F‘Jﬂﬁlﬂj‘a_h L EATHERR IR o AR SC
£ YOLOv8n fy £+ M5 A i A PSA AL, FLAh 4
K8 i, 2% HA 4R Bige J, By sm s Rl &2
ZRIIE R E T 1 e
1 8 ﬁﬁ'ﬁh%/\%ﬁ i 1 x 1 R AP
3L, Hp—3ZHELE, — SR AZKAERN
(MHSA) e 58 TT ARG iR 4 R i RE ). Bt
AFHES X e RV, HAE MHSA rh i 55 1 A vl 3%
IR :

3x3

x

7 CEBieshty

24 | 2026 4EE5 1 (56 45 B 05 585 )






