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Concealed Object Detection in Millimeter Wave Image Based on
Global Correlation of Multi-level Features in Cross-section
Sequence
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Abstract: The concealed object detection in millimeter wave (MMW ) image is of great significance in non-contact
body inspection. At present, MMW radar has been able to obtain 3D images, which are simply compressed into 2D im-
ages in current methods in general. However, such a rough processing does not take the information along the depth di-
rection into account which results in a bottleneck of detection accuracy. To address this issue, a novel framework for
MMW image concealed object detection is proposed, in which a 3D image is regarded as a sequence of 2D cross-sec-
tional images and the most of the internal logic relations of features in the crosss-sectional images can be explored along
the sequential direction, i. e. the depth direction of the 3D image. The framework consists of a Convolutional Neural
Network (CNN) and a Long Short-Term Memory (LSTM) network. The former is used to extract the multiscale fea-
tures in each 2D cross-sectional image while the latter is used to explore the global correlation of the above features
along the depth direction to achieve feature-level information fusion and improve the accuracy of 2D location predic-
tion. Experimental results show that the proposed method achieves remarkable results comparing to the known detection
method based on 2D MMW images.
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Fig. 10 Illustration of our dataset (a) 3D MMW image, (b)

the projection in the y-direction, (c) the projection in the x-di-

rection, (d) statistical analysis result of the dataset
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Table 1 Accuracy comparison with mainstream method of MMW image object detection

Detection Framework A MG mAP/ (%) T3/ (%) R0 1] /ms
YOLO-v2 TR R (1) 61.20+6. 62 14.6 9
SSD TR R (1) 73.92+2. 20 11.3 52
TP AR YRR S 82.34+1.43 5.9 126
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Fig. 11 Structure of the ablation model
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Table 2 Validation of Bi—-CLSTM

Detection Framework mAP/(%)
TH RS A 75.52+2. 28
I T 82.34+1.43
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Fig. 12 The visualization results of the CAM of feature map
(a) the image to be measured with ground truth, (b) the sa-
lient region of the feature map obtained by the traditional meth-
od, (c) the salient region of the feature map obtained by the
proposed method
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Fig. 13 Comparison of CAM visualization of feature maps of

cross-section (a-b) the side view of 3D MMW image to be
measured, CAM results and the side view (c) before, and (d)
after Bi-CLSTM
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Table 3 Number of candidate bounding boxes predict-
ed by different method

Detection Framework i A K
BT Y UG R A 6
TR BT FHU 45 AR 7Y 10
TR A 4

_____

f=4
o)
T

Precision
o
(=)}

T

<
~
T

0.0 Ll I I L
0.0 0.2 0.4 0.6 0.8 1.0

Recall

K14 P-RIHZASRXTIL
Fig. 14 Comparison P-R curve



248 L1 BN 5 K U IR 40 %

3 %ig

PR T — oI 1) = 4 2 Rk PRI AR 1 i B i A
Py i RS INAHE SR, I AE SR BE A RO I 22 K A8 i 7 57
] B8 42 Jm G IR, Zfif 1 LAAEJC I e o MU =42
K P PGS a4 SR TRl i i ISCAE 22 oy 2 BRL v
22 2% 5K TCAZ I E A R, BT T T T — 4
AT 0 HEL AR B8 A TR BRI, I 2 T TR R 7 1) R 5 G
TET [ 9 4 JRy S I , S BRARRE A R R . i TR
5 N ARIK T AR M 45 5 DX IR T 1)
HA AR o33 , 38 5o % 8 8 T 1) 32 O R O AL
A LR A 5 R e 0, SN o M Sk BB
fORE Lo T H ISR R S PR SR 22 Kl PR oy
15 2 b 1) )RR A AR BOGHEAT T 0% , TR RHE
21 25 F a5 BT ) SR DRI RE A 1 2 10k (]
TE R RTSE F LR PSR A, 35 2 B Al
AN AN [7] 1 22 K B 15 o R0 ] B A i
LI 265 (R JEE , LA 7 2 R I TR 1R 0 R 45 1) S
AT, b A HER ) = 4E B B AT =4 A AR
R (9 77 4 , Br $ BOHE ZR AN RAT B/ 3 504K
i, ity ELAR ALE DI GRBir Be 500 F I3 T — 4 A AT
55 W PN ZRASE Y, AT 9 20 I 5 5 s T AR
I, FATH I EARME T —FioBr B9 SR, BN AR
AT BE M 7870 F 2 K PR — S TRl
DA v I 2 A o T ) 8 5, A LE AT 19
R YR B R I 7 1 HA T A R RE

References

[1] Xiang J, Zhang M. Millimeter—Wave radar and its applica-
tions| M ]. National Defense Industry Press, 2005.

[2] Ghasr M T, Ying K P, Zoughi R. Wideband millimeter
wave interferrometer for high—resolution 3D SAR imaging
[C]. 2015 TEEE International Instrumentation and Mea-
surement Technology Conference (I2MTC) Proceedings,
2015: 925-929.

[3] Peng ¥, Fang W , Wen X , et al. State of the art and fu-
ture prospect of the active millimeter wave imaging tech-
nique for personnel screening [J]. Journal of Microwaves ,
2015, 31(2):91-96.

[4] Zhu Y, Yang M, Wu L, et al. Millimeter-wave holographic
imaging algorithm with amplitude corrections [J]. Progress
In Electromagnetics Research M, 2016, 49: 33-39.

[5]Zhu Y, Yang M, Wu L, et al. Practical millimeter-wave
holographic imaging system with good robustness [J]. Chi-
nese Optics Letters, 2016, 14(10) :43-47.

[6] Yeom S, Lee DS, Son J Y, et al. Concealed object detec-
tion using passive millimeter wave imaging [ C ]/ Universal
Communication Symposium. IEEE, 2010.

[7] MuS, Shan H, Zhou J, et al. A method for detecting hidden
objects of human body in passive millimeter wave image. Sci-

ence & Technology Information, 2014, 36: 202-203.

[8] Nian F, Chen W, Wang W, et al. Concealed objects detec-
tion in active millimeter—wave images[ J ]. Systems Engineer-
ing and Electronics, 2016, 38(6): 1462-1469.

[9] Yao J, Yang M, Zhu Y, et al. Using convolutional neural
network to localize forbidden object in millimeter—wave im-
age[]] . Journal of Infrared and Millimeter Waves, 2017, 36
(003): 354-360.

[10] Zhang B, Chen T, Wang B, et al. Densely semantic en-
hancement for domain adaptive region—free detectors [1].
IEEE Transactions on Circuits and Systems for Video Tech-
nology, 2021,DOI: 10.1109/TCSVT.2021.3069034.

[11] Zhang B, Wang B, Wu X, et al. Domain adaptive detec-
tion system for concealed objects using millimeter wave
images [J]. Neural Computing and Applications, 2021,
33:11573-11588 .

[12] Luo S, Wu X, Yang M, et al. Convolutional neural net-
work based human concealed object detection for millime-
ter wave images [T]. Journal of Fudan University ( Natural
Science), 2018, 57(4): 442-452.

[13] Liu C, Yang M, Sun X. Towards robust human millimeter
wave Imaging inspection system in real time with deep
learning [1]. Progress In Electromagnetics Research,
2018, 161: 87-100.

[14] Liu T, Zhao Y, Wei Y, et al. Concealed object detection
for Activate millimeter wave image [J]. IEEE Transactions
on Industrial Electronics. 2019, 66(12): 9909-9917.

[15] Sheen D M, McMakin D 1., Hall T E. Three—dimensional
millimeter—wave imaging for concealed weapon detection
[J]. IEEE Transactions on microwave theory and tech-
niques, 2001, 49(9): 1581-1592.

[16] Ng Y H, Hausknecht M, Vijayanarasimhan S , et al. Be-
yond short snippets: Deep networks for video classification
[C]// 2015 IEEE Conference on Computer Vision and Pat-
tern Recognition (CVPR). IEEE, 2015.

[17] Hochreiter S, Schmidhuber J. Long short—term memory
[T]. Neural Computation, 1997, 9(8):1735-1780.

[18] Shahzadi I, Tang T B, Meriadeau F, et al. CNN-LSTM:
Cascaded framework for brain tumour classification [ C ]/
2018 IEEE-EMBS Conference on Biomedical Engineering
and Sciences (IECBES). IEEE, 2018, DOI: 10.1109/
IECBES.2018.8626704.

[19] Redmon J, Farhadi A. YOLO9000: Better, Faster, Stron-
ger[C]. 2017 IEEE Conference on Computer Vision and
Pattern Recognition (CVPR), 2017: 6517-6525.

[20] Simonyan K, Zisserman A. Very deep convolutional net-
works for large—scale image recognition[]]. Computer Sci-
ence, 2014, arXiv:1409.1556v6 .

[21] Lin M, Chen Q, Yan S. Network In Network [ ] ]. Comput-
er Science , 2013, arXiv:1312.4400 .

[22] Patraucean V, Handa A, Cipolla R. Spatio—temporal vid-
eo autoencoder with differentiable memory [J]. Computer
Science, 2015, 58(11):2415 - 2422.

[23] Liu W, Anguelov D, Erhan D, et al. SSD: Single shot
multibox detector[ J ]. Computer Science , 2015: 21-37.

[24] Zhou B , Khosla A , Lapedriza A , et al. Learning deep
features for discriminative localization [ C]. IEEE Confer-
ence on Computer Vision and Pattern Recognition

(CVPR) ,2016:2921-29 .


http://dx.doi.org/10.1109/TCSVT.2021.3069034
http://dx.doi.org/10.1109/IECBES.2018.8626704
http://dx.doi.org/10.1109/IECBES.2018.8626704

	引言
	1.1　毫米波图像分析
	1.2　模型构建

	1.2.1　框架整体结构
	1.2.2　截面内特征提取模块
	1.2.3　截面间上下文提取模块
	1.2.4　预测模块及损失函数
	2.1　实验设计

	2.1.1　实验数据
	2.1.2　实验设置
	2.2　评价指标
	2.3　实验结果

	2.3.1　与毫米波图像隐匿物检测方法结果对比
	2.3.2　消融实验
	2.3.3　模型可解释性分析

