565 4 A 11 ] HUIREAR Vol. 65,No. 11
2025 4F 11 H Telecommunication Engineering November, 2025

DOI:10. 20079/j. issn. 1001-893x. 240812001

JET Ry B W 5 0V S TR R R BRI 2%

(CTLFME BB E AR A Py o TRE==Be , 1195 JoB) 214153)

OB EFR RESR AT T RE R, Kl U ROy kB2 § REE U B
PRI, L2 T IR EIE AR AR S X B M AR Z A 0 % A& f%JrXTJ:xVﬁFa R"ET2FHELER
JE ¥4 3% W % ( Pyramid Pooling Enhanced Multi-scale Network , PPMENet) , i@ if 3% 3+ — /> & 202 F 3k
AL S (Efficient Pyramid Pooling Block , EPPB) RPEIR S R IR EELAZ S S VA iR AR AN 6 A E K
Wh, A—am, ikt T HEN R L EFE A A (Cross Semantic Level Interaction Attention Module,
CSIAM) A3 3% R R #5 SUAFAEZ @ 9 6 & . MS COCO 2017 Ml 3K 4 4 5 3 45 R & %1, PPMENet BT

T 28.0% F 34k B K MU 2. 16x10°, GFLOPs 5 0. 97, 3 3 /2 7 218 frame/s 4 4 52 3% ji
5 347 kAR Y, PPMENet f2 4k B Fo $hAT 20 5 I8 AT T 448 09 747

KPR Zo AR B AN BB R M § R SRR 2 & LA AR kb

A IR AR 4
B ITmRIEE X
ik SIEEEETR
ZXRHERRS

&4 FE S . TN957. 52 X ERERERD A X EHS.1001-893X(2025) 11-1798-08

FRFE (FIFERS ) #RIRF3( OSID)

Pyramid-enhancedand Cross-semantic Interaction Network for
Lightweight Real-time Image Object Detection

LU We1
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Abstract ; Recently , with the development of deep learning, the field of lightweight object detection has
witnessed significant progress. However, mainstream lightweight detectors ignore the extraction of multi-
scale semantic information. In addition, these approaches ignore the relationship between deep semantic
features and shallow detail features. To relieve above shortcomings, a Pyramid Pooling Enhanced Multi-
scale Network ( PPMENet ) is proposed and an Efficient Pyramid Pooling Block ( EPPB) is designed to
extract multi-scale deep semantic information, strengthening the feature expression ability of the model. On
the other hand, a Cross Semantic Level Interaction Attention Module ( CSIAM) is designed to enhance
information interaction between features at different semantic levels. Experimental results on the MS COCO
2017 test set show that PPMENet gets 28. 0% average precision, only with 2. 16 x 10° model size and
0.97GFLOPs, and achieves inference speed of 218 frame/s. Compared with other methods, PPMENet
realizes a good balance between detection accuracy and model execution efficiency.

Key words: real-time image object detection; lightweight network ; multi-scale feature extraction ; attention

mechanism ; feature fusion
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SR SSD i EZ S Hm A E (HEh T HZ
W T 22 ROBERE A AR LA S B8 X AN ) 43 R AR A

HEATELS I mAP [ PPMENet [&18 T 1. 7% .
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HL IR AR

2025 4

HAR Tiny-DSOS f#i 1 T FPN 3K Rl & A [l 23 R 1Y
FRIE (RO Z 5T W v 22 RO B H2 L, R itk
H mAP % PPMENet F£X T 6. 1% . 5 ThunderNet
FHLE, E X PPMENet Fu UM GEALZ FRET 0. 4% ,
A2 PPMENet #1435 AR A7 s 1 H 5 i 5 S0 A 4 2
W AN, A G HEE T PPMENet 7E Pascal VOC
DA T AR RS 25 5 | R R it o PR, LA P 2507
AT OSID 1, 78 “ A SCHF i i k2 8 dle 5 N

KPR,
&R 2 PPMENet Z£ Pascal VOC 2007 i &
5 H {4 i 23 Ho 1 BEXT B
Y GFLOPs 5/ ?(1)6 mAP/% ( fff//s)

Sspt'] 35.3 26.29 76.5 46
Tiny-DSOD!”"  1.10 — 72.1 105
ThunderNet™  1.30 — 78.6 214
PPMENet 0.95 2.14 78.2 252

2.4 HBLLIE

TR UE AR SC T 4R 9 EPPB BIH AT CSIAM
R A R, AR /N E MS COCO 2017 $a3iF 4 iF
T TR TH R SE S, DIASEL S EPPB Al CSIAM [
PPMENet /F Jy 3E 28 Y JF & 25 m) Hoh 3 m 17
EPPB ., CSIAM-CA F1 CSIAM-SA , )56 i A B f
SR, N3 Fiw, T2 T 2 RE LT SCmEs
T SCRRAE (R A C &R, P L R A kAR T
25.2% AP, MTEHE T W B & —A> PPSU &t 4
A EPPB J& KD RERIRASE T T 1. 6% AP, i E] T
26. 8% AP X R s 22 KU A5 B4 O A6 I 45
() RE S TH A AR 5 B, [) s A58 76 2 50 i R T 1
FHEARAT SN T 2. 3x10° F1 6x107 , il 7EK:
I 2SR A ST B 1 SR 13 38 ( CSTAM-CA) Fl%s
] (CSIAM -SA) Z Al ¥ & &, 7E /A EPPB 1Y B4l
b 7E KGN B A A5 4% B 3l A CSIAM-CA FlI
CSIAM -SA 73513815 T 0.5% AP Fl 0. 4% AP (1)1
o WFEFH EPPB (Y 3EAH b | 78 2035 M 4% 4 A
CSIAM-CA F1 CSIAM-SA 1y 4H &, B R 415 T
0.9% AP 4 25 ik 3 27. 7% AP, 156 B W5 3% 16 & fdf
FHREARAT BRI AOCR . ARSI R T AR SC42
1 P A A B AR AN BT Hi2 v o A D) 4% 1) 1 i, IE 5
TR SRR A R, AN, AR SRR T KUK
EPPB 1 CSIAM #fi A 2= R AR5 B+ W 5 20 56
o0 £ B R (51 A AR A DRURS i B PR, ELAAR P 53 491
AL OSID 18, 7 “ A SCHF R B 2= 500 5 N 45
HAE,

- 1804 -

R3I AXAERHPESERMIIEER
CSIAM- CSIAM- 2%

Jiik EPPB T SA g CFLOPs AP/%
x x 1.78 0.85  25.2
x x 2,01 091 26.8
vV x 2,07 0.94 27.3

Vo210 0.95 27.2

X
\/
PPMENet V
\/
vV Vo216 0.97 27.7

< x

3 HRIB

ARSCHE T — % AL SR H bR A DA R
PPMENet, 5 7 205 IUAT 52 5 A0 A I 5 rh i 2 RUEE
FEIEMCER R ROBE Rk sl 5 7 =X, TR A i e s 0 1
THERMSHE, FE8 T W, A SCi A EPPB
et IS A 4 - B 235 M SR il AR R AR 1 2 RUBE R 3,
BRI T e T M B R 2 5, ST TR
KGR, FESH ML, A ST T CSIAM AREHOR T
AN PR IO Z (B 2 R, SR A
TAL T 2 RBEFRAE , -3 50 T R0 45 B FRAFE 3k g
T, L g R R, AR Y EPPB BLHL A
CSIAM A5 AN e i s 2%, 7 EL A 502 7 1 G
PERE, HA — o 1 SE R AN E,

AN, A SCHE ) PPMENet 4 /TUR R T
HERKAE S, F— P B R U H i
PR A H ML BEAT 55, AR Hz AR RE Ty, BEAh 78
FATR S FH TIN5 | ot B a5 25 AR Ok i
— PTG I 2 1 BE
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