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Validity of an Artificial Intelligence System for Markerless Human Movement Automatic Capture
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Abstract:Beijing Sport University in collaboration with FastMove Technology Inc, and Chinese Athletics Associa-
tion recently developed an artificial intelligence system for markerless human movement automatic capture. The

purpose of this study was to determine the validity of the three-dimensional (3D) coordinate data collected by this
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markereless human movement automatic capture system. Twelve female javelin throwers’ performance in actual
competition were recorded using two video camcorders. Camcorders were calibrated using Direct Linear Transfor-
mation (DLT) method. The resultant calibration error was 0.003 4+0.001 2 m. The best trial of each thrower was
used in this study. The video records of each trail were manually digitized by four individuals with rich experience
in manual digitizing, and also by human movement automatic capture system. Three-dimensional coordinates of 21
body landmarks were obtained. Four 3D coordinate data sets of each trial obtained through manual digitizing were
averaged to obtain the mean manually digitized data of the trial. The coefficients of multiple correlation (CMCs)
and absolute errors (AEs) of 21 body landmarks between automatically captured 3D coordinate data and the corre-
sponding mean data obtained through manual digitizing were reduced. The means, standard deviations, and 95%
confidence intervals of CMCs and AEs were calculated. Except the Z coordinate right toe, CMCs of the coordinates
of all body landmarks were greater than 0.95 with 85% of them greater than 0.98. The CMC of the Z coordinate of
the right toe was below 0.95 because the range of movement was small. AEs of the coordinates of all body land-
marks were less than 0.015 m with 50% of them less than 0.010 m. The new human movement automatic capture
system were applied in several disciplines of track and field and winter sports. The new human movement automatic
capture system significantly increased the speed of biomechanical feedbacks. The results of this study suggest that
new human movement automatic capture system based on artificial intelligence technologies successfully simulated
manual digitizing, and that the 3D coordinate data obtained by this system are consistent with those obtained
through manual digitizing.

Keywords:artificial intelligence; movement capture; videographic analysis; landmark coordinates; biomechanics
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Figure 1  Calibration Set-up for Data Collection and Global Coordinate System Settings
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The Multiple Correlation Coefficients of the Human Body Joint Point Coordinate-time Curve Obtained by

Using the Artificial Intelligence Human Motion Automatic Capture System and by Manual Digitizing Analysis

Bk X-Ae b Y-AEpR VALY
FOL IMHabRERE 95% BEIXN)  PMMbREY 95% BASXKN  FIMHARMEE 95% BAEXI
ST 0.999 8+0.000 2 0.999 7~0.9999  0.997 5+0.0026 0.996 7~0.998 9 0.988 9+0.005 7 0.987 2~0.992 1
THi-# 0.999 9+0.0002 0.999 8~1.0000 0.994 7+0.006 3 0.992 9~0.998 3 0.962 0+0.026 8 0.954 3~0.977 2
fa i Y1 0.999 6+0.0004 0.999 5~0.999 8  0.980 9+0.021 5 0.974 6~0.993 0 0.990 8+0.007 9 0.988 5~0.995 3
A 0.9999+0.000 1 0.999 8~0.9999 0.974 7+0.019 5 0.969 1~0.9857 0.994 7+0.004 9 0.993 3~0.997 4
A 0.999 8+0.000 1 0.999 8~0.9999  0.994 8+0.006 6 0.9929~0.998 5 0.999 4:0.000 6 0.999 2~0.999 7
Al 0.9999+0.000 1 0.9999~0.9999 0.994 0£0.013 8 0.990 0~1.001 8 0.999 5+0.000 4 0.999 4~0.999 7
AF 0.9994+0.0004 0.9992~0.999 6 0.991 5x0.0132 0.987 7~0.9989 0.999 3+0.000 6 0.999 2~0.999 6
ZEH 0.9997+0.0002 0.999 6~0.999 8 0.994 0+0.008 9 0.991 4~0.999 0 0.996 9+0.003 1 0.996 0~0.998 7
ZERE 0.9994+0.0006 0.999 2~0.999 7 0.999 1:0.000 9 0.998 8~0.999 6 0.999 7x0.000 3 0.999 6~0.999 9
ZEE 0.999 5+0.0006 0.999 3~0.999 8 0.999 1:0.000 8 0.998 9~0.999 5 0.999 4x0.001 3 0.999 0~1.000 1
Z£F  0.9983:0.0015 0.9979~0.9992 0.998 7x0.001 0 0.998 4~0.999 3 0.997 6x0.005 3 0.996 1~1.000 7
i 0.999 8+0.0002 0.999 7~0.999 9 0.983 7+£0.011 7 0.980 3~0.9903 0.978 9+0.016 4 0.974 2~0.988 2
ey 0.999 8+0.0002 0.999 7~0.999 9  0.990 9+0.011 4 0.987 6~0.997 4 0.993 2+0.006 0 0.991 5~0.996 6
FER 0.999 7+0.000 2 0.999 7~0.999 9  0.993 5+0.007 7 0.991 3~0.9979 0.985 8+0.0153 0.981 4~0.994 5
AR 0.999 8+0.000 1 0.999 8~0.999 9  0.994 9+0.004 4 0.993 6~0.997 4  0.995 3+0.003 2 0.994 3~0.997 1
HIZR 0.999 3+0.000 6 0.999 2~0.999 7 0.981 1+0.014 8 0.976 8~0.989 4 0.882 9+0.054 7 0.867 1~0.913 8
e 0.999 5+0.000 4 0.999 4~0.999 8 0.975 3+0.0150 0.9709~0.9838 0.981 1+0.0125 0.977 5~0.988 2
e 0.999 5£0.000 5 0.999 4~0.999 8 0.987 9+0.015 4 0.983 5~0.996 6 0.990 3+0.010 8 0.987 1~0.996 4
ZEBE 0999 6+0.0005 0.999 5~0.9999 0.987 8+0.0132 0.984 0~0.9952  0.990 2+0.008 7 0.987 7~0.995 1
ZEER 0.999 5£0.000 6 0.999 4~0.9998 0.9823+0.017 8 0.977 1~0.9923 0.990 3+0.005 4 0.988 8~0.993 3
ZEAR 0.999 5+0.0005 0.9994~0.9998 0.9852+0.0142 0.981 0~0.9932 0.994 0+0.009 8 0.991 2~0.999 6
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Table 2 The Difference Between the Human Body Joint Point Coordinate-time Curve Obtained by Using the

Artificial Intelligence Human Motion Automatic Capture System and by Manual Digitizing Analysis (m)

Bk X-AFg V-4 bR Z-HAFR
HOOL Pk 95% BASIKE  FIMHebRES  95% BASIKN  FIHbRER:  95% EIEXIN
D=t 0.008 7+0.003 0 0.007 9~0.0105 0.008 3+0.004 7 0.006 9~0.0110 0.011 3+0.0035 0.010 3~0.013 3
TAR-50 0.006 9+0.003 2 0.005 9~0.008 7 0.009 2+0.003 2 0.008 3~0.011 0 0.012 3+0.003 1 0.011 4~0.014 0
8 EWIE 0.010 7+£0.003 1 0.009 8~0.0124  0.009 9+0.003 0 0.009 1~0.011 6 0.007 0+0.001 5 0.006 6~0.007 8
HIE 0.009 7+0.003 4 0.008 7~0.011 6 0.008 3+0.003 8 0.007 2~0.0105 0.007 6x0.003 0 0.006 8~0.009 3
£l 0.011 2+0.002 7 0.0104~0.0128 0.008 7+0.003 0 0.007 9~0.0104 0.006 3+0.003 4 0.005 3~0.008 1
ey 0.011 4+0.004 8 0.010 0~0.0141 0.007 9+0.004 0 0.006 8~0.0102 0.006 2+0.002 4 0.005 5~0.007 6
HF 0.011 7+0.003 7 0.010 6~0.013 8 0.0102+0.004 4 0.008 9~0.0127 0.007 4+0.002 9 0.006 6~0.009 1
Vi 0.009 9+0.0029 0.009 1~0.011 6 0.009 8+0.002 7 0.009 0~0.011 4 0.007 8+0.003 7 0.006 8~0.009 9
i 0.010 7+0.003 2 0.009 8~0.0125 0.009 3+0.004 2 0.008 1~0.011 7 0.006 9+0.003 7 0.005 8~0.009 0
st 0.012 0+£0.002 6 0.011 3~0.0135 0.009 5+0.003 4 0.008 5~0.011 4 0.007 5+0.004 2 0.006 3~0.009 9
T 0.013 7+0.001 5 0.0133~0.0145 0.0123+0.004 0 0.011 1~0.0145 0.0104+0.0025 0.009 7~0.011 8
F 0.008 2+0.003 2 0.007 3~0.010 0  0.008 1+0.003 4 0.007 1~0.0100 0.009 7+0.003 5 0.008 7~0.011 6
g 0.007 4+0.002 2 0.006 8~0.008 7 0.006 4+0.002 8 0.005 6~0.007 9 0.007 2+0.002 5 0.006 5~0.008 6
g 0.008 4+0.003 4 0.007 4~0.0103 0.004 6+0.002 1 0.004 0~0.0058 0.005 5+0.002 1 0.004 9~0.006 7
£ AR 0.007 7+0.002 5 0.007 0~0.009 2 0.007 1+0.004 0 0.005 9~0.009 3 0.006 7+0.002 9 0.005 9~0.008 4
poyiiaN 0.009 1+0.003 8 0.008 0~0.0112 0.0102+0.0039 0.009 0~0.0124 0.007 2+0.003 2 0.006 3~0.009 0
il 0.010 6+0.002 8 0.009 8~0.0122 0.011 5+0.0038 0.0104~0.013 6 0.009 2+0.002 2 0.008 6~0.010 5
Ve 0.010 1+£0.003 0 0.009 2~0.011 7 0.005 4+0.002 4 0.004 7~0.006 8 0.006 8+0.002 7 0.006 0~0.008 3
Pastic 0.007 5+0.002 5 0.006 7~0.008 9 0.006 3+0.002 2 0.005 6~0.007 5 0.006 1+0.001 8 0.005 6~0.007 1
ZEfHER 0.009 1+0.002 8 0.008 2~0.010 6 0.006 6+0.002 6 0.005 9~0.008 1 0.006 4+0.001 5 0.006 0~0.007 3
anyil| AN 0.009 1+0.002 8 0.008 3~0.0107 0.007 8+0.003 8 0.006 7~0.009 9 0.007 9+0.003 0 0.007 1~0.009 6
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Figure 2 Javelin Throw Data Collected by the Artificial Intelligence Markerless Human Motion Automatic Capture System
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Figure 3 Discus Throw Data Collected by the Artificial Intelligence Markerless Human Movement Automatic Capture System

- 131 -



EOR R B SIEENEPNE S 5 44 %

PR — 20 Bt (R — 0 B HAREE

20 Bk BRERBE
K4 FERAEREEAREG EHHRATERAARE = AT H A

Figure 4 The Triple Jump Data Collected by the Artificial Intelligence Markerless Human Motion Automatic Capture System

B ALK RARES B S HRATH R ERELE KBS

Figure 5 Speed Skating Data Collected Using Artificial Intelligence Markerless Human Motion Automatic Capture System
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Figure 6 Ski Jump Data Collected Using Artificial Intelligence Markerless Human Motion Automatic Capture System
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