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Research on recognition of gun shooting using acceleration
signal’ s features in both time and frequency domain

Wu Hongyi Chen Zhicong Wu Lijun He Qian’en

(College of Physics and Information Engineering, Fuzhou University, Fuzhou 350116, China)

Abstract: Currently, reliable detection and accurate counting of firearm projectiles is one of the difficult points of gun and ammunition
management. To improve the accuracy and reliability of projectile detection algorithm based on acceleration signals, we propose a new
time-domain feature extraction method for firearm firing signals: The time-domain segmental feature extraction method, which avoids the
problem that time-domain features are overly dependent on acceleration transient spikes. Firstly, various statistical features of the sample
signals of gunshot acceleration in the time and frequency domains have been extracted. Then machine learning classification algorithms
K-nearest neighbors, logistic regression, support vector machines, decision trees and random forests are used for gunshot recognition
modeling. Finally, the effects of various single features on the performance of gunshot recognition models are explored and compared.
The experimental results show that the extracted main fluctuation domain area feature have the optimal discrimination and can achieve
more than 99% classification accuracy on most machine learning algorithms.

Keywords : gun shooting detection; acceleration sensor; machine learning; feature extraction
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(c) Pistol model 3 firing signal waveform
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(e) Pistol model 5 firing signal waveform
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(f) Pistol model 6 firing signal waveform
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Fig. 1 6 different pistol types shooting signals

collected by three-axis accelerometer
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Fig.2 Detail of pistol shooting signal collected

by three-axis accelerometer
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Fig.3  Subtracting the mean and framing in the time domain of

the Y-axis signal collected by the three-axis accelerometer
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Fig.4 FFT single-sided amplitude spectrum of the signal

collected by the accelerometer when the pistol was shooting
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Fig. 5 Power spectral density of the signal collected by the

accelerometer when the pistol was shooting
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Table 1 All features in both time and frequency

domain extracted from the samples
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Table 2 Performance indicators of the five machine learning classification algorithms ( time domain feature)

JER KNN/LR/SVM/D1T/RF
FHAE\ 2SR Accuracy Precision Recall F1-score
1 HifH 0. 967/0.890/0.974/0.959/0.959  0.944/0.929/0. 955/0.946/0.946 0. 992/0. 834/0.992/0. 970/0. 970 0. 967/0. 879/0.973/0. 958/0. 958
2 F#%E 0.955/0. 866/0.947/0.935/0.945  0.928/0.921/0.927/0.915/0.920 0. 983/0. 788/0. 966/0. 953/0. 970 0. 955/0. 849/0. 946/0. 934/0. 944
3 kME 0.935/0.831/0.955/0.92170.937 0. 892/0. 840/0.961/0. 877/0.905 0. 983/0.801/0. 945/0. 970/0. 970 0. 935/0. 820/0. 953/0. 922/0. 937
4 /M 0.927/0. 845/0.943/0.923/0.921 0. 888/0. 839/0. 960/0. 881/0. 877 0.970/0.839/0.919/0.970/0.970  0.927/0. 839/0.939/0. 923/0. 922
5 RS IRMEIER 0.908/0. 857/0. 855/0.906/0.904 0. 869/0. 884/0. 824/0. 865/0. 862 0.953/0. 809/0. 890/0.953/0.953  0.909/0. 845/0. 855/0. 907/0. 905
6 JsyiAne 0. 904/0. 849/0. 843/0.904/0.902 0. 851/0. 875/0. 853/0. 851/0. 848 0. 970/0.801/0. 813/0. 970/0. 970 0. 907/0. 836/0. 833/0. 907/0. 905
T R BCT A B fra_Count 0.882/0.809/0.919/0.910/0.923 0. 840/0.763/0. 892/0. 884/0. 893 0.932/0. 873/0.945/0.936/0.953 0. 884/0. 814/0.917/0. 909/0. 922
8 KT RERE ZCL 0. 908/0.754/0.959/0.916/0.902 0. 860/0. 712/0. 974/0. 874/0. 846 0. 966/0. 818/0. 941/0. 966/0. 975 0.910/0.761/0.957/0. 918/0. 906
9 EYWHHBER main_Area 0.994/0.978/0.996/0.992/0.996 0. 987/0.963/0.992/0.992/0.992  1.000/0. 992/1.000/0.992/1.000 0. 994/0. 977/0. 996/0. 992/0. 996
®3 5 MR FEI LB RN EREREAR (SUTHFE)
Table 3 Performance indicators of the five machine learning classification algorithms ( frequency domain feature)
J . KNN/LR/SVM/DT/RF

R Accuracy Precision Recall F1-score

10 FFT R 3 (H 0. 925/0. 839/0.935/0.933/0.937  0.896/0. 852/0.915/0.904/0.905 0. 953/0.805/0.953/0.962/0.970 0. 924/0. 828/0. 934/0. 932/0. 937

11 FFT I 3 SR KR FE R AT -

0.923/0. 688/0.937/0.931/0. 947

12 SR 0. 635/0. 481/0.721/0. 721/0. 721
13 FFT S IR ok (. 0.957/0. 890/0. 965/0. 953/0. 957
14 pESHE ARl 0. 957/0. 872/0. 949/0. 955/0. 953
15 PIESHE AL NN 0. 947/0. 833/0. 965/0. 945/0. 976

16 YES AL yip
17 PIESE AL

0. 955/0. 843/0.923/0. 957/0. 955
0.939/0. 745/0. 949/0. 933/0. 945

0.92070.732/0. 915/0. 907/0. 923
0.603/0. 481/0. 634/0. 634/0. 634
0.924/0.929/0. 933/0. 918/0. 918
0.932/0.918/0.917/0. 939/0. 924
0.901/0. 750/0. 940/0. 903/0. 952
0. 946/0. 934/0. 896/0. 942/0. 938
0.899/0.703/0. 945/0. 904/0. 897

0.92070. 555/0. 958/0. 953/0. 970
0.708/1. 000/0. 992/0. 992/0. 992
0.991/0. 835/1. 000/0. 992/1. 000
0. 983/0. 805/0. 983/0. 970/0. 983
1..000/0. 979/0. 992/0. 992/1. 000
0. 962/0. 725/0. 949/0. 970/0. 970
0. 983/0. 814/0. 949/0. 962/1. 000

0.920/0. 631/0. 936/0. 930/0. 946
0. 651/0. 649/0. 774/0. 774/0. 774
0.957/0.879/0. 965/0. 953/0. 957
0.957/0. 858/0. 949/0. 954/0. 953
0. 948/0. 849/0. 965/0. 945/0. 975
0. 954/0. 816/0. 922/0. 956/0. 954
0.939/0. 754/0. 947/0. 932/0. 946
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