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Multi scale reverse correction enhancement and lossless downsampling for
millimeter wave image object detection method

Ye Xueyi Han Zhuo Jiang Tiantian Wang Jiaxin Chen Huahua

(School of Communication Engineering, Hangzhou University of Electronic Science and Technology, Hangzhou 310018, China)

Abstract: A detection method based on multi-scale inverse correction enhancement and lossless downsampling is proposed to improve the
detection of hidden targets in millimeter wave images with low local signal-to-noise ratio. Firstly, a multi-scale reverse correction feature
enhancement module was designed, which integrates the reverse correction operation on the Res2Net multi convolution kernel. This
achieves the reverse correction of convolution calculation between large receptive field regions and related small receptive field regions,
enabling finer-grained features across multiple scales. Secondly, utilizing non-step convolutional layers of SPD-Conv to achieve lossless
downsampling and preserve more information. Finally, the K-means++ clustering algorithm generates new anchor boxes suitable for
hidden object detection tasks. The experiment selected YOLOvSs, which has moderate performance in all aspects, as the basic
framework , targeting two existing millimeter wave image datasets (array image dataset and line scan image dataset) mAP@ 0. 5 reaching
96.21% and 97.97% respectively. Compared to the original YOLOvSs and other YOLO series, the performance has significantly
improved. The experimental results show that this method can effectively improve the detection performance of deep models without
significantly increasing the number of parameters and inference time.
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Fig. 7 Example of line scan image
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Table 2 Comparison of experimental results of
different models in array image dataset
mAP@0.5/ S/

i P/%  R/% HEFR ] /ms
% (x10%)

Faster R-CNN 90.04 86.65  92.38 — 380. 0
YOLOv3  89.22 85.14  90.84 61.5 3.8
YOLOv4  90.50 87.63  92.94 52.9 4.0
YOLOvSm  92.09 90.29  94.93 20. 8 1.8
YOLOvSl  93.18 90.02  95.34 46.1 3.9
YOLOv5x  92.28 91.05 95. 4 86.2 6.4
YOLOv6s  91.46 89.69  94.37 16.3 1.4
YOLOvZ ~ 91.85 89.47  94.54 37.2 2.1
YOLOv8s  91.63 89.94  94.81 1.1 1.2
YOLOvIOs 92.03 89.35  94.63 8.1 1.0
YOLOvlls 91.94 88.87  94.32 9.4 1.1
YOLOvSs  91.37 89.56  94.20 7.0 0.8

AL 93.52 91.51  96.21 8.7 1.5
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Table 3 Comparison results of ablation experiments

(%)
Al p R mAP@0. 5
YOLOvS5s 91.37 89.56 94.20
+MSRCFE 92.92 91.07 95. 54
+SPD-Conv 93.2 90. 36 95.27
+K-means++ 91.97 90. 49 94.97
+MSRCFE+SPD-Conv+K-means++  93. 52 91. 51 96. 21

FE YOLOvSs #54 | 73 5| fil & MSRCFE Bi3t  SPD-
Conv FEH A K-means++ 3 451k iof | A 02 2 L 5k
fit YOLOvSs #A4T . 5IEAEEAE YOLOvVSs AR L, 24
Huphgl4 MSRCFE #BiBLEt P R Ml mAP@ 0. 5 435138 i
T 1.55% .1.51%F1 1. 34% ; *§ Bl fil & SPD-Conv 3R
i, P.R Al mAP@ 0.5 435130 T 1.83% . 0.8%
1. 07% ; 455 ph & K-means++E 2550 P R Fl mAP
@0.5 7T 0.6% .0.93% F1 0. 77% ; *4% = H[F]
YEFITE YOLOvSs #584 FiF P R A1 mAP@ 0. 5 43 5134 i
T 2.15% 1.95%F1 2. 01%, Sala p st , 24~
R [R) A P s AGE 0 1 R e 4

S A RAE MR S RS A AR SR BN 8 R,
Hodr, 47 F R R R EE A, 31 43 0 R n 25 B/, R
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Table 4 Comparison of partial model test results ( %)

TBETRY P R mAP@0. 5
YOLOv5s 85.73 65. 11 72.06
YOLOv8s 85.78 64. 80 72.71
YOLOv10s 82.33 64.28 71.93
YOLOv11s 81.89 63. 41 71.86

A3 86.73 66. 48 74. 62
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Fig. 8 Detection results of array image dataset
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Table 5 Comparison experimental results of different
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Fig.9 Experimental results of line scan image dataset
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models on the line scan image dataset

B mAP@0.5/ ZHUE/ e/
TRERY P/% R/%
% (x10%) ms
Faster R-CNN 91.44 89.86  95.93 — 380.0
YOLOv3  92.72 87.00  94.34 61.5 3.8
YOLOv4  93.68 91.52  96.61 52.9 4.0
YOLOvSm  93.90 93.04  97.53 20.8 1.8
YOLOvST  93.75 93.70  97.82 46. 1 3.9
YOLOv5x  93.73 93.72  97.82 86.2 6.4
YOLOv6s  93.39 92.47  97.13 16.3 1.4
YOLOv7  93.37 92.07  97.30 37.2 2.1
YOLOv8s  93.43 92.54  97.34 11.2 1.2
YOLOvIOs 93.30 92.88  97.07 8.1 1.0
YOLOvlls 93.65 93.19  97.49 9.4 1.1
YOLOvSs  93.57 92.29  97.05 7.0 0.8
AL 94.03 93.8  97.97 8.7 1.5

HEEAS 1 ~4 7EAR[ERER ARG I 25 ST LI 5
FEAil YOLOvSs AHEG , A SCT7 3 4 38 m 1 Xk A A& E 185
T T RN GE A G AR T T X B E B AR
LioRIUEzpA N

3 & it

BT 1 i K P RO TR 22 B A SR

W LUATG  TUAR AR R /45 it PR 5B AR T PR M (7 ) i, A

SCHR T — i 22 ROBE B ) 450 TE 3 53 AN TG T SRAE 1 22K

Ve EHR HRR R 7k o 1 et 1 20 )OS L) A IRk

HESRAEHL 7E Res2Net bR F B 1) A IE48AF | 1B R E 2 Y

DX LR 302 1715 T 2% AR SRR BB DX Il A A 5 /N JR sz BB DX

B BRAE e, AT AE I o A o 41 IS 400k 8 70 2 R

RPAIE A [ IR EL 8 B0 = T A 2 LR AR AR L, A R i 1

Xt B AR B RAE 3 BCRE g, DT A L A 52 2 1 S5t

FIECAR M L BRI T A7 BE A o HU0 B B A 5 LR FE

5 BRI T R AE SPD-Conv 5 P A B P A5 R v i iod

WAL B AL B S B R RAE R e, A A TR B O

Z AR R $ETH T RERI T/ NRSE AR LG EE H ARy

K AE Sy, JOHURAE Z K B ER b AR TR R B s 4

ARTEBUT B MR O3 B, R K-means++

RETVENS RS NARE /N 2 K g PR B v Y g

AR FE T SR LR BRI B HE (45 8 HE 1) 400 63 P S It

B HARRY 20 A, T4 T 1 H bR A ARG B2, SE 5628

FEELA LR S M1 YOLOVSs AF Ay 3 il HE 4244 £ H A

RIS e A DA R S5 B 7 P 4 32 3l 22 K 0 P 1R

e Sl ETITINE € /iE S I ESEE S € I ES S R ILIEES

Bl dl bR SERR S R R W] A SOETER I 1 S

BRI AR 1 2K P R R R H 5 A A6

WAES  JF S8 EWRIEM L, SERHET AR, B

BEAITE P R Fl mAP@O. 5 PERES AR YF . 25 BITIA,

ARSCHR H Y 22 RUBE I 1) 1S TE 4 58 5 G40 SRAE ) 22K 5

PSR B BRI 75 7% e AR A S I e i 5 S PR 7 LA

Lo R A RS SRS, T DR UEAGIN S P 1) ] 1, RE S

A BT 2R P PG P R b A B ks DS J3E 5 5 R

HAT A S BRI I E

B2

[1] LIUCH Y, YANG M H, SUN X W. Towards robust
human millimeter wave imaging inspection system in real
time with deep learning[ J]. Progress in Electromagnetics
Research,2018,161.:87-100.

[ 2] MENG ZH CH,ZHANG M,WANG H X. CNN with pose
segmentation for suspicious object detection in MMW
security images[ J|. Sensors,2020,20(17) :4974.

[3] &R, EBE RPIRERTE N ML SR 1



- 60 - G R - C I T 9539 4
FEHT]. P EZ,2019,26(9) :76-80. data augmentation [ C ]. 2021 14th UK-Europe-China
JIN Y K, WANG P. Exploration of the application of workshop  on  Millimetre-waves ~ and  Terahertz
millimeter wave imaging technology in the field of human Technologies. IEEE ;2021 ;1-3.
security inspection[ J]. China Security,2019,26(9) :76- [15] MIRZA M, OSINDERO S. Conditional generative
80. adversarial nets [ J ]. ArXiv preprint arXiv. 1411.

(47 U, 8 BRAEHT, 5. KBS RBFZHEALT]. 1784,2014.

ER2E(E B2 ,2016,46(8) :1086-1107. [16] BOCHKOVSKIY A, WANG C Y, LIAO H Y M. YOLOv4.
HONG W,YU CH,CHEN J X, et al. Millimeter wave and Optimal speed and accuracy of object detection[J]. ArXiv
terahertz technology[ J ]. China Science and Information preprint arXiv. 2004. 10934 ,2020.

Science,2016,46 (8) :1086-1107. [17] BEEAZ, RiE0E. T EGHER YOLOVS (28 @ 4EAn e

[ 5] AR, TR FEF Rk BRI A REET A MARSE[J]. 7 D5 300 2 4, 2023, 37 (2)

B ORI (1], RS TS T H R, 2016, 56-64.
38(6) :1462-14609. ZHAO Z S,SANG H F. Traffic cone marker detection
DU K, WANG W, NIAN F, et al. Concealed objects system based on improved YOLOvS5 [ J]. Journal of
detection in active millimeter-wave images[ J]. Systems Electronic Measurement and Instrumentation, 2023,
Engineering and Electronics,2016,38(6) :1462-1469. 37(2) .56-64.

[ 6] MENG Y,QING AN Y,LIN CH,et al. Passive millimeter [18] GAO SH H,CHENG M M,ZHAO K, et al. Res2Net:A new
wave imaging system based on helical scanning [ J]. multi-scale backbone architecture [ J ]. TEEE Transactions
Scientific Reports,2018,8(1) :7852. on Pattern Analysis and Machine Intelligence ,2021(2) .43.

[ 7] WANG ZH M, CHANG T Y, CUI H L. Review of active [19] SUNKARA R,LUO T. No more strided convolutions or
millimeter wave imaging techniques for personnel security pooling: A new CNN building block for low-resolution
screening[ J|. TEEE Access,2019,7:148336-148350. images and small objects[ C]. Joint European Conference

[ 8] REDMON J,DIVVALA S,GIRSHICK R, et al. You only on Machine Learning and Knowledge Discovery in
look once: Unifie, real-time object detection [ C ]. Databases. Cham: Springer Nature Switzerland, 2022 .
Computer Vision & Pattern Recognition. IEEE,2016. 443-459.

[ 9] RENSH Q,HE K M, GIRSHICK R, et al. Faster R- [20] LIUJJ,HOU Q,CHENG M M et al. Tmproving convolutional
CNN: Towards real-time object detection with region networks with self-calibrated convolutions [ C]. IEEE/CVF
proposal networks [ J]. IEEE Transactions on Pattern Conference on Computer Vision and Pattern Recognition,
Analysis & Machine Intelligence, 2017, 39 ( 6): 2020.10093-10102.

1137-1149. [21] LIU SH,QI L,QIN H F,et al. Path aggregation network

[10] WANG CH,SHI J,ZHOU Z N,et al. Concealed object for instance segmentation[ C]. IEEE/CVF Conference on
detection for millimeter-wave images with normalized Computer Vision and Pattern Recognition, 2018
accumulation map [ J]. IEEE Sensors Journal, 2020, 8759-8768.

5(99) :6468-6475. [22] LICY,LIL,JIANG H L,et al. YOLOv6:A single-stage

[11] REDMON J, FARHADI A. YOLO9000: Better, faster, object detection framework for industrial applications[ J].
stronger[ C]. Proceedings of the IEEE Conference on ArXiv preprint arXiv:2209. 02976,2022.

Computer Vision and Pattern Recognition, 2017; [23] WANG C Y,BOCHKOVSKIY A,LIAO HY. YOLOv7:
7263-7271. Trainable bag-of-freebies sets new state-of-the-art for real-

[12] YUAN M H,ZHANG Q SH,LI Y W,et al. A suspicious time object detectors[ J]. ArXiv preprint arXiv;2207.
multi-object detection and recognition method for 02696,2022.
millimeter wave SAR security inspection images based on [24] VARGHESE R,SAMBATH M. YOLOv8: A novel object
multi-path extraction network [ J ]. Remote Sensing, detection algorithm with enhanced performance and
2021,13(24) :4978. robustness [ C ]. 2024 International Conference on

[13] REDMON J, FARHADI A. YOLOv3: An incremental Advances in Data Engineering and Intelligent Computing
improvement [ J ]. ArXiv preprint arXiv; 1804. Systems ( ADICS), 2024.1-6.

02767,2018. [25] WANG AO,CHEN H,LIU L H, et al. YOLOv1O; Real-

[14] FAN L, YANG Q, DENG B, et al. Concealed object time end-to-end object detection [ J |. ArXiv preprint

detection for active millimeter wave imaging based CGAN

arXiv:2405. 14458 ,2024.



o 4 3]

20 B S ) B TR 58 AN TG T SR AR Y 2K BB 1R BRI 7 2k - 61 -

[26] KHANAM R, HUSSAIN M. YOLOvll: An overview of
the key architectural Enhancements[ J].

arXiv:2410. 17725,2024.
EE &I

ArXiv preprint

22 3, 2006 47T+ I REB RS2 3145
A0, B BN HL 7 RO R 4%,
EBWEFE T 6] R FGARHE AR S E R
(558
E-mail ; xueyiye@ hdu. edu. cn

Ye Xueyi received his Ph. D. degree
from University of Science and Technology of China in 2006. He
is mow an associate professor at Hangzhou University of
Electronic Science and Technology. His main research interests
include image processing, pattern recognition, and information

hiding.

B CEGEIER) , I biMN b 7R
RS, BRG] A TR L 2 )
SRR,

E-mail: 221080050@ hdu. edu. cn

Han Zhuo ( Corresponding author) now
is a M. Sc. candidate at Hangzhou University
of Electronic Science and Technology. His main research
interests include deep learning and image processing.

R BUOAUM A T RO A BF
FUE, ST ) AR AL B SR
AE
E-mail ; 1253933054@ qq. com

Jiang Tiantian now is a M. Sc. candidate

b ¢

and Technology. Her main research interests include image

at Hangzhou University of Electronic Science

processing and computer vision.



