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In this paper, a kidnapping detection scheme in which human pose estimation is used to classify

accurately between kidnapping cases and normal ones is proposed. To estimate human poses from input

video, human’s 10 joint information is extracted by OpenPose library. In addition to the features which

are used in the previous study to represent the size change rates and the regularities of human activities,

the human pose estimation features which are computed from the location of detected human’s joints are

used as the features to distinguish kidnapping situations from the normal accompanying ones. A

frame-based kidnapping detection scheme is generated according to the selection of J48 decision tree

model from the comparison of several representative classification models. When a video has more frames

of kidnapping situation than the threshold ratio after two people meet in the video, the proposed scheme

detects and notifies the occurrence of kidnapping event. To check the feasibility of the proposed scheme,

the detection accuracy of our newly proposed scheme is compared with that of the previous scheme.

According to the experiment results, the proposed scheme could detect kidnapping situations more 4.73%

correctly than the previous scheme.
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Fig. 1. Kidnapping detection process of [4]
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Table 1. Candidate features for classifying between kidnapping
case and normal one

Attribute Name Description
Width._rate Change rate of ROI width to the previous
frame
Height_rate Char}ge rate of ROI height to the
previous frame
i +
W@th_rate Sum of Width_rate and Height_rate
Height_rate
. Difference of ROl X—axis value from the
X_distance )
previous frame
. Difference of ROl Y-axis value from the
Y_distance )
previous frame
. Difference of ROI values from the
All_distance )
previous frame
Change rate of ROl X—axis value to the
X_rate )
previous frame
Change rate of ROI Y-axis value to the
Y_rate

previous frame
Sum of X_rate and Y_rate
Difference of ROl width from the previous

X_rate + Y_rate

Width_sub
frame
Height_sub D|ff§rence of ROI height from the
previous frame
Width_sub + ) .
Height_sub Sum of Width_sub and Height_sub

(Width of ROI after encountering) / (Sum
of maximum widths of two people before
encountering)

(Height of ROI after encountering) /
(Maximum value of two people’s height
before encountering)

Max_width_rate

Max_height_rate
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[1l. A kidnapping detection using
human pose estimation
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Training Phase
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Fig. 2. Overall procedure of training the proposed kidnapping detection scheme
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3.2 Joint detection using OpenPose library
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3.3 Feature extraction for kidnapping detection
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Table 2. Candidate features based on Euclidean distance of
the corresponding joints of two people in group ROI

Feature Name Hionl) 1)
Joint Dir Joint Dir
EucDist_LR_Ear Ear Left Ear Right
EucDist_RL_Ear Ear Right Ear Left
EucDist_LR_Shoulder Shoulder Left Shoulder Right
EucDist_RL_Shoulder Shoulder Right Shoulder Left
EucDist_LR_Elbow Elbow Left Elbow Right
EucDist_RL_Elbow Elbow Right Elbow Left
EucDist_LR_Hip Hip Left Hip Right
EucDist_RL_Hip Hip Right Hip Left
EucDist_LR_Ankle IAnkle Left IAnkle Right
EucDist_RL_Ankle IAnkle Right IAnkle Left
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Table 3. Candidate features based on moving velocity of
the corresponding joints of two people in group ROI

From(A) To(B)
Feature Name ; - - :
Joint Dir Joint Dir
Velocity_LR_Ear Ear Left Ear Right
Velocity_RL_Ear Ear Right [Ear Left
Velocity_LR_Shoulder Shoulder Left Shoulder Right
Velocity_RL_Shoulder Shoulder Right  [Shoulder Left
Velocity_LR_Elbow Elbow Left Elbow Right
Velocity_RL_Elbow Elbow Right [Elbow Left
Velocity_LR_Hip Hip Left Hip Right
Velocity_RL_Hip Hip Right [Hip Left
Velocity_LR_Ankle IAnkle Left IAnkle Right
Velocity_RL_Ankle IAnkle Right  |Ankle Left
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Table 4. Performance comparison result of the proposed
kidnapping detection model

J48 NaiveBayes SVM
Accuracy 88.7% 78.1% 82%
TPR 86.0% 68.5% 80.8%
FPR 9.3% 10.8% 17.2%

[V. Experiment and evaluation
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Table 5. Camera used for data aquisition
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Table 6. Performance comparison between the proposed
kidnapping detection scheme using human pose estimation
and that of [4]

New kidnapping detection
scheme using human
pose estimation

Kidnapping detection
scheme in [4]

Camera Model Camera Type FPS
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Accuracy 92.90% 97.63%
TPR 93.9% 100%

FPR 8.1% 4.5%
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