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Study on target recognition of USV based on multi-mode
composite detection method

ZHOU Sheng-hui, WU Jun-an,GUO Rui
(ZNDY Ministerial Key Laboratory, Nanjing University of Science and Technology , Nanjing 210094 , China)

Abstract ; With the continuous development and application of USV technology,its threat to ships is increasing. In or-
der to improve the recognition performance of multi-component laser/infrared/millimeter wave detector on small sur-
face targets,a composite detection signal recognition method MCCNN-XGB based on multi-channel convolutional neu-
ral network ( Multi-Channel Convolutional Neural Network, MCCNN) and extreme gradient lifting decision tree ( Ex-
treme Gradient Boosting, XGBoost ) is proposed. At the same time,a single channel CNN recognition network and XG-
Boost recognition algorithm based on artificial feature extraction are constructed as a comparison. Then, the target rec-
ognition performance of the above three models is evaluated and compared through the test data of UAV mount USV
target. The test results show that the recognition algorithm based on MCCNN-XGB performs the best,with a test accu-
racy of 97.26 % . The recognition method proposed in this paper can effectively extract the features of the complex de-
tection signal,and can reduce the false recognition rate and missing recognition rate, which has a good recognition
effect.
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Tab. 1 MCCNN model parameter configuration

Network Layer Parameter Configuration

Channel 1,sample length:1 x M

Channel 2 ,sample length:1 x M

Input layer

Channel 13 ,sample length:1 x M

Conv L1 in=13 x800,n =20k =1 x9, out =20 x 264
Pool 12 E=1x2,5=2,0ut =20 x 132
Conv 13 in =20 x132,n =40,k =1 x9 , out =40 x42
Pool 14 E=1x2,5=2,0ut =40 x21

FC 840
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Tab. 2 XGBoost model parameter configuration

Parameter Value
Booster ghtree
Num_class 2
Max_depth 7
Gamma 0.1
Subsample 0.6
Eta 0.025
Objective softmax
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Tab. 3 Single-channel CNN model parameter

configuration
Network Layer Parameter Configuration
Conv LI in=1x800,n=1,k=1x9,out =260
Pool 12 k=1x2,5=2,0out =130
Conv 13 in=1x130,n=1,k=1x9,0ut =40
Pool 14 k=1x2,5=2,0u =20
FC 20 x 13

T : Conv HEZ , Pool il fb)z , FC o &8 R)R  in FoniiA
RoF n FoRBRRCE, b FoR BB owr FoRkinih R

AR 43 45 6 F softmax 73 28 #, H: it 3
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T BE R B AR 012K eR 20k BCEWith-
LogitsLoss pREL, 2 RECAT B 11 1 T s i H0 LK
M & A BB s B BN R
Fo.=-1ly, log(o(x,)) + (1 -y,) *
log(1 -0 (x,)) ] (13)
o x, N2k sigmoid BRECALIRIN S n ASBEA X 1
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Tab. 4 Manual feature XGBoost model

parameters configuration

Parameter Value
Booster ghtree
Num_class 2
Max_depth 15
Min_child_weight 3
Gamma 0.5
Subsample 0.8
Eta 0.025
Objective softmax
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pre recall
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Tab. 5 Performance comparison of each model

Model R, Ry R ccan F1
Single-channel CNN
Hngierehanne 0.9066 | 0.9368 | 0.9137 | 0.9251
(uni-sample)
Single-channel CNN 1 2531 09475 | 0. 9549 | 0. 9512
('multi-sample)
Manual feature XGB
anual feature XGBoost | () 143 | () 6775 | 0.9449 | 0.9099
(uni-sample)
Manual feature XGBoos
anual feature ALB00st 1 () 9339 | 0.9272 | 0.9359 | 0.9305
(' multi-sample)
MCCNN-X
CCNN-XCB 0.9237 | 0.9160 | 0.9348 | 0.9253
(uni-sample)
MCCNN-XGB
CCNN-XG 0.9726 | 0.9717 | 0.9734 | 0.9725
(' multi-sample )
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