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High performance automatic analysis for the estimation of stride,
velocity and pitch in the triple jump using a smartphone camera
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Figure 1. Alignment on a track for approach run, sand box, FOV of a smartphone camera, tripod.
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Figure 2. A stride with bone information(upper), a definition of a stride (lower) by OpenPose.
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Figure 3. A stride with contour and bounding rectangle (upper), a definition of a stride
(lower) by OpenCV background subtraction.
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Stride Curve and fit result (OpenPose)
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Figure 4. The stride curve (blue) and fitted curve (orange) by OpenPose.

Table 1. The reduced chi-square of the Gaussian fitting result for the stride-curve by OpenPose.
#1 #2 #3 #4 #5 #6 #1 #3 #9 #10

# function evals 317 111 147 111 186 446 147 129 185 129

# data points 60 59 61 59 63 60 55 59 56 57

OpenPose # variables 17 17 17 17 17 17 17 17 17 17

chi-square 2385  168.24 230.71 185.85 195.65 586.68 239.74  133.82 19255  263.7

reduced chi-square 5.55 4.01 5.24 4.43 4.25 13.64 6.31 3.19 4.94 6.59
2. OpenCV [ZXDE RAENIETHLNLTZANT INT A=K LI 5 TUWA, Datapoints (DWW TlE
ARTI—T ~® Gaussian 74T 4> 7 kR Wi 60 72> TW5. reduced chi-square |Z

OpenCVIZLDHE s 2L THON - BREEE
D i FRNOAF T BT O R Z fEwhiz &0, B
7L — L FFEESTZANTAR D —T KO
ZFNICxT % Gaussian ET N T 4T 4T D
fE % Figure 51Z77 9. No.d @ 20 7L — A4
HTEVIZHD 1 ARTARBIZHOWTE, JERIZED
HREDEOLZEDEEN L2 NICHLELL T Ny
7T R IARMREL, ZD72 30pix FEE
iﬁﬁfﬁﬁ?ﬁﬂﬁﬁﬁt%@iﬁo“(b\é Fra2TDA
FIART =72 E A OB NRE 2 RAAEL T
W5, BERBIICARNT AR ZESEEICHE Y T2
WERENANTARE T HOENTNDHHEN
bin%d. ZNBIZHT D740 T4 T HERITD
WTCTIEMEZ Gaussian ET VW IELL 74T
ETWD. INLDT —HZHT DTy T 47
INTA—=F KA E % Table 2 TR 7.
Variables (2D TiX Gaussian & 4 DD [~~~
AT AT L TWDIEO R N2/ A—=2THY,
£ 1IZ Exponential D 2 /N7 A—XZNZ 712 14

No.4 UAMI T 25005 60 F2E L2 > T
L0, INBIET —HOBREH oy ~DAR—HB X
NUZIRTE L7280/ N R B 23 38 A 2 IR< L T
LEEZBND. AR 0.05, HHE(60-14
46) DA ZFH/MICHWIET HE, FAH K
(>62.83) CTHH7= LD —2|Z Gaussian DE
—IPREHEAELTEBVE IO — 27123t s
L7 — LB ENRHEETETNSTZH, No.d T
IZEHTIEHLLODOINLDHERNH AT A
FBIOHELZRDZ., 7L —0FK 5 02 FEHEL
L, 749747 TCROTEILOE —7I128B1F5
T —ALFFEREIL, o =2l —27 DM
DI /NMEREDTL —LFE T ERDDHE, Z D
DR OBV, ANTAREZBEHIORIET
5. ZHTHIETM/NMEICEEEDZ M<K
/IMEE 1SS, LA OpenPose, OpenCV W9 1
DOFHFEIZBNTHHLIREZLOE —27I28F5
TL—LF L, TN TABEE o5 -
BTN ENELIL TN,

145



AR BLEIEZE, 19, 139-157, 2022 4F

2

Stride Curve and fit result (Background Subtraction of OpenCV)
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Figure 5. Stride Curve (blue) and fitted curve (orange) by OpenCV background subtraction.

Table 2.
OpenCV background subtraction.

The reduced chi-square of the Gaussian fitting result for the stride-curve by

#1 #2 #3 #4 #5 #6 #7 #8 #9 #10
# function evals 1808 263 528 371 451 9486 567 139 30016 215
# data points 60 62 58 56 63 64 60 60 61 61
OpenCV # variables 14 14 14 14 14 14 14 14 14 14
Si:;}l‘f'c:’:;‘? chi-square 1403.07 1857.77 1479.17 37585 1835.98 297499 2089.63 1496.33 1800.18 1183.42
reduced chi-square 30.5 38.7 33.62 89.49 37.47 59.5 45.43 32.53 38.3 25.18

3ARNT AR &L E O H B
ARNTARZFRTeH OB O 7L — L EI2 LD
1 ARTARZES DI NDEM N ESND. &
DI TCANTARDEIZRTLHICLSTH
WA TOBKKEE OEE [pix/sec] 5. 10
[\ DB T —ZITOWT, T I8 Bk

HOEBEOANTARD 9m & 4 4%, DFD 1 AL
TFARDNL 225ecm Hitk THHZEN - T
WHT=8, Bz cm ([ZHHE L72. OpenPose,
OpenCV ZNENIZXVHELNTZ 10 EIOEAT
DHE 1~4 ATAF[ecm]|BILONZ %< E
[cm/s]% Table 3 |2/~ .

Table 3. Average and standard deviation of the stride[cm] and the velocity[cm/s] for 10 runs.

1 2 3 2
Ooenp stride em] 20470 = 3.4 20060 = 214 21646 = 4.02 23012 = 069
pentose velocity [em/s] 83285 = 4076 88841 = 4007 00886 = 2567 00961 = 50.17
N stride em] 22600 = 1276 20840 = 6.22 21347 = 1014 23907 = 1421
pen velocity [emvs] ~ 811.33 =100.85 89293 = 17098 03453 = 1881 05760 = 4899
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Figure 6. The relationships between the velocity and the stride (OpenPose).
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Figure 7. The relationships between the velocity and the stride (OpenCV

background subtraction).
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Table 4. Average and standard deviation of stride[cm] for 10 runs from 2 dimensional DLT.

1

2 3 4

DLT 215.10 311

stride [em]

225.40 3.31 23330 = 472 260.10 7.37
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Figure 8. The stride length [cm] calculated b
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Regression test for stride and velocity (OpenPose)

Regression test for stride and velocity (OpenCV)
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Figure 10. Regression line between the velocity and the stride.
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Figure 11. FFT result by stride curve from OpenPose and OpenCV background
subtraction for all measurements.
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Figure 12. Alignment of experiment (Left) and verification result for Kinovea (a)(b),
OpenPose (c)(d), OpenCV (e)(f).
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2% Figure

Table 5. Calculated distance[pix] and error(c) from the left edge of image for
four strides.

1 2 3 4
Kinovea 138.61 £ 3.88 24236 = 3.80 339.50 = 3.24 437.89 = 5.26
OpenPose 137.40 £ 4.48 236.62 = 4551 33350 £ 2.55 428.73 = 3.04
OpenCV 118.90 £ 8.69 218.40 = 8.45 316.10 = 7.45 410.10 = 12.43




BT AE~Y—H—OF L EOE B ETOA

AR BLEIEZE, 19, 139-157, 2022 4F

Fet bet b Fot
i . . B Kinovea
[l OpenPose
e e | o on | e
| | . ; B OpencCv
BRE ol HEE Pl
g o LT
| | | |
30([pix]' 30[pix]' 30[pix]' 30(pix)’
100 150 2(')0 2%0 3(;0 350 4(30 4.":0 500
distance from the left edge of image [pix]

Figure 13. Calculated distance[pix] and error(c) from the left edge of the image for
four strides and 30[pix] shifted OpenCV data (Red arrow).
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Figure 14. The stride length [cm] calculated by three methods for 10 experimental
running and 2 dimensional DLT.
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Figure 15. The stride length(S) appears to shrinks(S1 + S2) as it moves away from the
axis connecting the camera(C) and the origin(O).
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Figure 16. Calibrated stride length [cm] calculated by two proposal methods and 2
dimensional DLT for 9m 10 runs by an athlete.
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Figure 17. Calibrated stride length [cm] calculated by kinovea and two proposal
methods and 2 dimensional DLT for 4m experimental 10 runs by an experimenter.
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