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PWE:MAZREBENRA, ZRERGELCERNATARLA. EZ KK EG P LRGSR E -
ARE B 5, MR A M TR ] T 2 K R R B o R U B AR 4 ] 2 ( Convolutional Neural Network, CNN) fi
RATZREER, Aot 2 Ru AR E oy A, it 0% AR B HF oA N E & LE#E s, &L CNN
REZNTFHAFESEMAENBE. HEREHNEREN, AETFTEROMEEZRL K, FEMEEZRE. K
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Using convolutional neural network to localize forbidden
object in millimeter-wave image

YAO Jia-Xiong'®, YANG Ming-Hui', ZHU Yu-Kun', WU Liang', SUN Xiao-Wei'"
(1. Key Laboratory of Terahertz Technology, Shanghai Institute of Microsystem
and Information Technology, Shanghai 200050, China;
2. University of Chinese Academy of Sciences, Beijing 100049, China;
3. ShanghaiTech University, Shanghai 201210, China)

Abstract; With the maturity of millimeter-wave devices, millimeter-wave imaging radar has been ap-
plied to human security check. However, the localization of forbidden objects in millimeter-wave ima-
ges is still a difficult task, which greatly limits the application of millimeter-wave imaging radar. This
paper adopts convolution neural network ( CNN) to automatically localize forbidden objects, such as
guns and knives, in millimeter-wave images. A sliding window is applied to slide over the input im-
age. Then the probability of the existence of forbidden object in the image patch can be obtained via
CNN. The image patches are overlapped with each other, and the probability values of all image pat-
ches are accumulated to obtain the probability accumulation map ( PA-map). The PA-map reflects the
position of forbidden objects. Due to the application of CNN and PA-map, this method achieves a high
accuracy of localization in the experiment, which verifies the effectiveness of this method.

Key words: millimeter-wave image, convolution neural network ( CNN) , object localization, probability
accumulation map
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Fig.1 Common architecture of CNN model
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Fig.2 CNN model of this paper
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Fig.3 The layer-wised structure of CNN
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Fig.4 Forbidden objects in millimeter-wave images,
(a) is gun, (b) is ceramic knife, (c) and (d) are
cellphones
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Fig.5 Process of object localization, (a) input im-
age, (b) PA-map, (c) region proposal, (d) region
cut, (e) denoise with area opening, (f) localization
result
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Table 1 List of localization results

WP R 8 SENLIE B &
B 1 114 106(92.98% )  4(3.51%)  5(4.39%)
% 2 18 17(94.44% )  1(5.56%) 0(0%)
At 132 123(93.18%)  5(3.79%)  5(3.79%)

SR RE T AR AR R (R 2 T — AR X AL
WA ARTEE , BB SR AEI (3) i ToU > 0. 3.
Bk ToU > 0.5 i, G A7 ERf R FRARE] 71. 2% . JF
H, i T sha 0 A RS EE(E, YA R 5
B E 1RGP, 275 W5 RSO B, 4R
SPASACBORIN 2 LR 2 T R fEARR B T AR,
FRAPREARZ AT EORG 8 b 5 37 A [ RS i 4. e
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K6 WREREIR, (a) (b) HHETT, () (d) BTHL,
(e) (f) T, (g) (h) ARRIEH P

Fig. 6 Object localization results: (a) and (b) are ceram-
ic knives, (c) and (d) are cellphones, (e) and (f) are
guns, (g) and (h) no object on human body
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