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Pitch and Stride Estimation from
Multi-Omnidirectional Videos for Sprint
Training Support”

Yuma Ouchi

Abstract

The purpose of sprint training is to improve sprint form. As running speed
affects sprint form during training, it is important to measure two main fac-
tors: pitch and stride data. However, in current training scenarios, athletes
and coaches subjectively measure pitch and stride, and also use sprint time to
evaluate sprint form. In order to achieve more effective sprint training, it is nec-
essary to develop a system that collects and analyzes pitch, stride, and sprint
form data in daily sprint training which then generates feedback to the athletes
or the coaches. However, most of these systems are difficult to use at training
sites because the setup is complicated, the reproducibility of the actual field
environment is low, and the generation of feedback data is time-consuming. On
the contrary, there are systems that are easy to install such as Optojump, which
enables data collection in a scenario close to the actual field environment. This
makes it possible to immediately provide information about pitch and stride.
But in order to confirm the sprint form, it is necessary to capture videos using
a camera in addition to each sensor. Therefore, in this research, we developed
a framework that can simultaneously collect sprint form information, as well
as pitch and stride data from the camera images. Specifically, we estimate the
pitch and stride by estimating the trajectory of three-dimensional ankle joint

positions from images of multiple omnidirectional cameras installed around the

*Master’s Thesis, Department of Information Science, Graduate School of Information Science,
Nara Institute of Science and Technology, NAIST-IS-MT1651021, March 15, 2018.
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track. Then, we conducted an experiment to show the effectiveness of the pro-
posed method. We looked at the estimation accuracy of three-dimensional ankle
joint positions. We also compared pitch and stride data from our framework and
from ground truth values acquired manually. Results show that each estimation

method satisfies the target accuracy.
Keywords:

sprint training, omnidirectional camera, pose estimation
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Variable Mean all (SD) Mean E (SD) Mean SE (SD) Difference ES (Cohen’s d)
(n=9) (n=4) (n=5) (%E)

Sprint performance
10 m time (s) 1.85(0.10) 1.79 (0.02) 1.90 (0.12) -6.1 1.10
15 m time (s) 2.50(0.10) 2.40 (0.02) 2.58 (0.09) -7.5 1.80
20 m time (s) 3.05(0.13) 2.94 (0.02) 3.13(0.13) -6.5 1.46
30 m time (s) 4.08 (0.18) 3.93 (0.03) 4.20 (0.15) -6.9 1.50
40 m time (s) 5.10(0.25) 4.90(0.07) 5.27 (0.21) -7.6 1.48
40 m maximal velocity (m/s) 9.78 (0.52) 10.24 (0.19) 9.33(0.31) 8.9 3.64

Spatiotemporal parameters
Contact time
te biocks (MS) 396 (33) 376 (13) 412 (36) -9.6 1.09
Maximal contact time (ms) 193 (28) 191 (18) 193 (30) -1.0 0.07
Minimal contact time (ms) 94 (4) 94 (5) 94 (4) 0.0 0.0
Aerial time
ta biocks (MS) 75 (20) 81(13) 70 (25) 13.6 0.55
Maximal aerial time (ms) 124 (7) 120 (6) 128 (5) -6.7 1.14
Minimal aerial time (ms) 50 (13) 42 (13) 56 (10) -33.3 1.04
Step frequency
S vioais (HZ) 214017, 2.20(0.12) 2.09 (0.21) 5.0 0.64
Minimal frequency (Hz) 3.92 (0.34) 3.94 (0.44) 3.90 (0.44) 1.0 0.1
Maximal frequency (Hz) 4.87 (0.23) 4.95(0.12) 4.80 (0.30) 3.0 0.65
Step length
S/ biocks (M) O 0.96 (0.16) 1.01 (0.06) -5.2 0.45
Minimal step length (m) 1.11(0.12) 1.18 (0.07) 1.06 (0.14) 10.2 1.00
Maximal step length (m) 2.19(0.11) 2.22(0.10) 2.17(0.12) 2.3 0.45

Force- and power-velocity parameters
Averaged F; (N/kg) 17.3(0.5) 17.2(0.4) 17.5 (0.5) -2.0 0.59
Averaged Fy (N/kg) 3.3(0.3) 3.5(0.6) 3.1(0.2) 9.7 1.75
Averaged Py (W/kg) 20.8 (2.2) 225(1.1) 19.4 (1.9) 13.9 1.99
Averaged RF (% Fror) 19.2(1.3) 20.3(0.7) 18.3 (1.0) 9.7 2.31
VO (m/s) 11.38 (0.84) 11.90 (0.23) 10.99 (0.97) 7.6 0.12
Fv0 (N) 776 (93) 855 (60) 744 (90) 13.0 119
Relative Fy0 (N/kg) 9.77 (0.84) 9.95 (0.67) 9.62 (1.06) 33 0.39
Theoretical Pyma (W) 2328 (295) 2550 (283) 2150 (158) 15.7 1.35
Measured Pygea (W) 2421 (321) 2695 (244) 2201 (158) 18.3 1.53
Relative Pyma (W/kg) 29.3(2.3) 31.1(0.8) 27.8(2.2) 10.6 1.43
Relative Pygeu (W/kg) 30.5(2.9) 329(1.2) 28.5(2.1) 134 1.51
RFO (%) 70.6 (5.4) 71.6 (2.6) 70.1(7.3) 2.1 0.02
Dar -0.067 (0.007) -0.064 (0.003) -0.069 (0.009) -7.8 0.71
Mean difference RF,, - RF,, (% RF..) 0.25 (0.06) 0.29 (0.03) 0.21 (0.03) 27.6 1.33

Measured block parameters
Block clearing anteroposterior velocity (m/s) 3.37(0.27) 3.61(0.08) 3.17(0.19) 121 1.60
Fraiocs (N) 679 (110) 783 (59) 596 (46.9) 239 1.70
Relative Fynioas (N/KQ) 8.56 (1.18) 9.59 (0.53) 7.74 (0.82) 19.2 1.56
Priocis ( 1156 (270) 1415 (118) 949 (124) 329 1.72
Relative Pypioeis (W/kQ) 14.5 (3.0) 17.3(1.3) 12.3(1.9) 28.8 1.64
RFyiocis (%) 58.9(5.4) 63.0 (2.6) 54.9 (4.3) 12.8 1.46

26 ATVYIRT A= VADTIIB T4 T—8 (EOFKE: v
FOR/ME - RO LR 2, TORME « BROB/ME - &KREDEY

Y ) (15
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A TIE, AIOET SR L, AT ER B2 DE> ICHEURE LTS,
ZUT, Cao & [27) O “WGEBEIRERE TV TY A% HNT, B LAED A
S Weflen > IO~ POEBEIRERE 2175, SO, CuFBEPARNTA R
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1 W AT NI H&F L CRESifEREREMET (K 3.3)
B2 SNELHREINTHN RN &Ik A IER - HHHEDRY) (X

3.4)
BE3 FOBEESEBRWT, BEffioA s ) —Ya vy lickdEqgdeEnsy) (K
3.5)

FIRE 1B L TiE, BRI E U CRESIALEHE 217D 2 &N T X D HiH & &%
TS, TUT, HANIHEE U ZE O ZIRehiE & FEHE 23 E#PH N T DA IRIT
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BFEIZONTIHRR B,

#1575
O O O

hA52 hAZ(N -2) AASN

v
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T, FHEAZIFERZHEZLUTHND2ONEZHEL TS, EBRIZ, K3412&5L,
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AAZ i HEEANAT jEETHEL TROND ISR Z RN A T HBIEERIZE#HL
R TN T N 2y £ D, ZDEE, AATOAE - BEEHRP NS RD
MUBERAEREDN B WERET D L, RO ER—FHIRAD Y 72D.

x] Fx; =0 (3.1.1)

ZIMHIE, TUR—FHHICED SEELBIZOWTIANS. B L HIL
SMFEELTVD AT LS TIHIIRNIEL <BEHiBRH I N TS 54ICHRT
Hd. UENoT, HEIME3 PWRETIHEH TR, REfMOAZ L
UTC, BEMBIZEDFMHIEZITD.

BB AT DN, £9, TER—FHIRZ AT IR0 B AL E DR S
ROMER =TS . BRI, FRZIZBESMEI IREINTNE 7L —LD%ES
DIZINT, MEREFTORNREBLDHFED T L —LIIHULT, THUAAND T L —AT
Bl 7z R BEEINE IR T 2 TR —FfEa &P Td. T LT, FTER—-F
FUGEWBEEIAEAE D LD R TH L2 HET D, EBIZ, HILNZ 3 D
DA AT THEPBRH I, TNEDH AT THRE I N/ BEEINE & EZEOAYD
BEALE DBIFRMK 3.6 DL D BEGHIZ, AAT 2EBETHILUTTER— Tz #
W URRERPH 37T ThHDE. FTER—IFRUTSEOEHiOHEIFTER—-F %
FIHUTITS. 22T, WRZITONREBDIAATHETE i, NAT 1 2FROT
FIRANZ B ESRE I NAZAA TR SE j LU, DAT i BETHREINA
LRBEID AT i FEEERIZB I DB EZ x;, LRBEDEGEDOEEEZ ¥; &
5. 20O %, el Ex; & yl Ex;, ] By; Lyl By; OKRNERICE->T, =
ER—IHUSEVEEi 2 HET D, L 2,

z] Ex; < y! Ex; (3.1.2)
ThdHE, AAT jHETHREINZARBEFHICHET T ER—JFIEIAAF
i BB THRHINZARBETSIOENZ 2R b»s. EBIZ, K 3.7 D&%, B
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TD 4 DDOAREFEXE/DS.

xl Ex, >yl Ex, (3.1.3)
x5 By, < y; By (3.1.4)
xl Exs > yl Ex; (3.1.5)
x] Bys < y3 Eys (3.1.6)

INSIE, AAT 1THGESEIUHAT 3EHETHRIE I NG RBEH IS ST
PR=IUTE I A AT 2 EE TR X 72 A2 R BfIE <, A RBEEIIIGT 2
ITER—FHRTE B ITARBEMISGENWI L 2R LTS,

RIZ, HENEEARERZE LT, Cao b [27) OFE TG A BEREIE 2 FHWW
TERFEWHEZTD. ZI2T, AAZ jEETHREINARBEE®A A S ( EET
I N4 R & —BT SRR Crighe, —BUBRWATREMEZ Eigne & U,
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GHINEC YRS SR IR LY IR ZF ol

xl Ex; Syl Ex; = Crign'l o \CNIET 2 EHE 2 LT
x] Bx; >y Ex; = Emght ST RS % R
x] By; <yl By; = Eiplc ﬁr[?\@“é{nﬂiﬁﬁ%/%@“
2T Ey; 2yl Fy; = Clopl y; SIS T B EHE 2 T

COBBEMBIIH AT jIZHELTIHAT, DXV HAT § 2RO TREEEZNZER
B EIBREBEINTWDE 7LV —LADOESEOEZOR D, 2 Z21E, M 3.7 D
X, LR LD T ENHZ1TS .

xl Ex, >yl Ex, = Emght AR DIEHEEZ 29
xl By, <yl Ey, = Ejeill ﬁfﬁ'é‘%hﬁﬁﬁfﬁ?ﬂﬁ
xl Exs >yl Exy = Emght AR DEHEEZ 29
xlEys <yl Eys = FEj.pll ﬁmﬁ"éfnﬁﬁﬁéﬂ'ﬁh

BARIZ, ARDOARERD KD SLDGBEDAH, 77 AT ¢ B TIEEEED LAY
Eeim->TWH e U, MIBUATNESGOBMIOLEL 2 KEKT 5.

Cright < Eright N C’left < Eleft (317)
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n+2

= > N3(t—1i)Px(i)
o

::E:N%ﬁ%ﬂ%@) (-1 <t<n+1) (3.2.2)
n+2

= > N3(t—i)Pyli)

i=—2

1
LB —6i +4) (1<)

N = —2 (i - 2)° (-2<ts-1, 15152 (323)
0 (t< -2, 2<1)

EEU, X,Y,ZIEBATI Vi, n+ 117 V—24a%8, N3() IZRERBLK,
Px, Py, Pz 13 =000 BRI ED RSB OREBEEZ KT, F7/2, BAT T A Vil
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#£ 4.1 ZIRGTHESGMNEOMHENTEI TRV L —AIZB1T53%

HASES | TV—LES | ARBENEOSE [m] | AL EOEE [m]
No.1 No.29 0.21 0.04
No.2 No.47 0.08 0.15
No.2 No.48 0.04 0.07
No.2 No.72 0.04 0.03
No.2 No.86 0.02 0.06
No.3 No.23 0.03 0.03
No.3 No.57 0.09 0.07
No.3 No.64 0.03 0.05
No.3 No.92 0.05 0.06
No.3 No.93 0.03 0.04
No.3 No.153 0.16 0.08
No.4 No.84 0.06 0.05
No.4 No.86 0.02 0.06
No.4 No.105 0.02 0.05
No.4 No.137 0.04 0.08
No.4 No.153 0.16 0.08
No.4 No.154 0.20 0.02
No.4 No.172 0.06 0.08
No.5 No.126 0.04 0.07
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EVvFBEIUANTA ROESRK 3382 £V, EEORIEM U 72 EHDK
ZIWNHHE T ENEETNTNOMEIFHETE S, LRI, HEEUAZERE2R 421K
T, ZITIE, BRERAASTHMEGZ TV —L T ICHERL, L ZEZDOT L —
LEHHUZGERZEMHEE L.

B U ZEZDO T L — LB FII RN 05 7V —ATHETEI TS, 20
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NEXAIBELVERAATHD. INons, EVvFBLUARNTI A ROKEEK 45
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No.54 No.54 0 No.39 No.40 +1
No.84 No.84 0 No.69 No.69
No.113 | No.114 +1 No.99 No.99
No.143 | No.144 +1 No.129 | No.128 -1
No.174 | No.173 -1 No.159 | No.159 0
No.204 | No.204 0 No.189 | No.189 0
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# 4.3 YwFoHEsEE

FU [Hz] | #EERSR [Hz] | 858 [Hz]
1.88 1.67 -0.21
2 2 0

2 2.14 +0.14

2 2 0

2 2 0

2 2 0
2.14 2 -0.14
1.88 2.14 +0.27
2.14 1.88 -0.27
1.88 2 +0.13

2 2.14 +0.14

2 1.88 -0.13

2 2 0

F44 ANTA ROHERR

Uil [m)] | HOERER [m] | 33 [m)]
1.91 2.01 +0.11
1.77 1.74 -0.04
1.90 1.93 +0.03
1.90 1.77 -0.13
1.84 1.89 +0.05
1.78 1.89 +0.11

#£45 EwF - AKTA ROEYHEA

Vv [Hz | AR51 K [m]

YRS 0.11 0.08
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