Motion Analysis of Football Kick Based on an
IMU Sensor
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Abstract

The development of sports science has pushed athletes to no longer only pursue a large
amount of training, but to improve the quality of training through scientific methods. With the
advancement of science and technology, a greater variety of technologies are being applied in
the field of sports and health. Analyzing through quantitative data, compared to self-practice,
can improve the effectiveness of training. Using the correct method can not only improve the

quality and efficiency of training but also avoid sports injuries.

Many image analysis software on the market can reconstruct the human body model and
the state of motion, but such equipment is usually expensive and has strict environmental
restrictions, which prevents it from being widely used. Therefore, this project uses an inertial
measurement unit (IMU) to conduct experiments to analyze motion trajectory, speed, and

posture, and explore its feasibility as a training aid.

Since the reconstruction of the trajectory requires a quadratic integration of the
acceleration, how to eliminate noise in the calculation process, avoid the accumulation of errors,
perform gravity compensation, accurately integrate the attitude and displacement information,
are the focuses of this experimental system. We collect acceleration and angular velocity data
during movement through the accelerometer and gyroscope in the six-axis inertial sensing
element. After the steps of sensor correction, attitude estimation with quaternions, the
transformation of the coordinates, and gravity subtraction, we observe the maximum speed and

highest point of the foot before making contact with the ball while reconstructing the 2D and



3D trajectory of the kicking motion. The reason for choosing these two physical quantities will
be explained later in this article.

According to the experiment results, for the instep kicking motion of trajectory length
around 3.63 meters, the root mean square error (RMSE) is about 7 centimeters compared with
the theoretical value obtained from high-speed cameras and image analysis software. For the
maximum speed of the foot, the error is approximately 4%. This physical quantity is related to
the contact point with the ball and timing of acceleration. The error for the highest point of the
foot before hitting the ball is 2.8%.
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new orientation += 0.5 X orientation X angVel X dt

3. £ 4 It 2 H¥ R REE

b R o R RORRIE T T S e i I A e

5 #%iﬁd% EN YA T %+ PR e FW LA R NE R AR RERE A
de R EE I FE S > NP EF R I a0 500 BEHRBG e B TI0IF L A dn AR £

A RE o TH, ’}i,«?l TR RA A Ao R B o ghheE R E

4



@mmou’ﬁzﬁi €4 e R G lgendicld > L AFHHRT > BRIE2 7 ik
et R E o F e x ghE ypht €5 £ EF RenA E o d N BRSSP
BESDFAR PB4 B NPT LR RESD F ek B TR
“fi HEBHFS 500 BERELSERE THBRFE 4 ;}r",% s gt — K EJE R {8
FRRLE BN FL P FPTHTH -

_¢m€4#%49’ﬁ$ﬁ LA e B Ao B AR - RRAL F R
AASE § i3 ¥ (54 2D 2 3D RIPEA SRS DR AR ARG o 2R R R0
Al FlaA e B R A A F R T R B £33 R T R o A1 i
BEFFELA A4 ES SRR e B 5 e R R g e -

1 0 0
R, = [0 cos(roll) —sin(roll)]
0 sin(roll) cos(roll)

0 1 0

cos(pitch) 0 Sin(pitch)]
—sin(pitch) 0 cos(pitch)

sin(yaw) cos(yaw) 0

cos(yaw) —sin(yaw) O
0 0 1

Trotate = Rz X Ry X Ry

4R -ERLSZRERE

RERELEFHAPFE- BIMEEDIA > FRA PR p|E AiFfpry 2
MREEEUE R TR E S IR RV E = 2 N O SR 2 1

R ERE > Frd B LACER DA B B aER R A L B PR

B FI aGEF R @R R RRIEE AP FERP R SER e E R B
77204 gr b o Fptm gl HHEEL L2 - 91004 giTi s RNF B B (T4ci#
BAEA G ETRFERE P FBEHSERE CERAS TP ok (A

!
“~
=

TR REAPE > §F - BHIMEF e B 70 LR R E i
R S §” T G
TR GRS 0T RO RHE LR BT AR - kb
LAREBHEAR GRS TS AR LD 0 IRELRE - T
SRR - BHETEEE S F AT BEEER b R L 0 B B RL LR
MERFE 4 BB ARREI] - BEEAEARE K TE 0.02 g KFERD
EFLIMAHE G52



“RERREE
1. R%KE

AR R B L SRR A L R Ed Ff LR R s

F B NP AR " ~ Tracker ® £{7 1FF] » & %= J13%4R & a0 2D ’?‘a‘»’ v % AR

3 PIARBE T Bt > B A REFIERESRE > AP s 3D m”ﬁ‘;fi NETR

TR "~ ] MATLAB ¢ > i ¥ R B E T eid B AR ot % gt o &
LIS AR L g A S

2. LPFE E B AT

WM. AT R o AP Y MATLAB § % 3D mﬁﬁ] » ¥ E A
ot £ 2 BRI T B IR 35 B 2. > 359334 (Root Mean Square Error) » 2 1 5 £ 458 (7
i :(ﬁthf'"Flé Tl Bl 2 5 3D EE iRl 0 BlY 4 “’fsﬁla Tracker 718

Pl AP 0 BRI E IMU S 7RI F 3 hfbt 5 - RIE R E ek f s
ﬁnﬁM - BB AEIIMU e ks > R-G-BA B E& IMUhx~y~zihe

# 1 U~ 7 iy

expl | exp2 | exp3 | exp4 | exp 5 Average
# B L& (m) 3.48 3.76 3.65 3.66 3.61 3.63
= 35943:% 4 (m) 0.076 | 0.064 | 0.057 | 0.079 | 0.078 0.07
Displacement 3D plot 3D plot with visible attitude change
o I: :a ; ntegration
15
1.5 -
1
1 TR
E LE 05 ';-ﬂ
Z 05+ g ¢ .
@ E .
£ / 2 L (A
EA 0 %ﬁnm A g_ 0 dn
:
% 05 % 08
1 =
5. | RENE
A5 T 15 Bt
-1 - 5 P . .
05 " 05 05 N <1
[ "0 0 T = 05
05 T 7 0s 05 T~ 0 . 0
LN | E S ’
15 -15 15 15
R Y-axis Displacement (m) RS () Y-axis Displacement (m)

B 13D & & #ui™ B 22 g B B B i
6



3.3 R A 17

LR N PR RE R | YRS E AN R A B R R B e
AT A 2D PR i RS B Reni ) > KBERER i p
{@,E,K@_&<ﬁmmma ﬁwﬁﬁ%ﬁMmﬁmﬁwﬂtj°%

ZBFIR B TS E D ehdicdy B3 A 2D EH PR 0 B S
BAENRDE > 2d BT IMUSAP® 3 25 &R

™
g
o '*4

i o

228 R A 37 Hcdh
expl | exp2 | exp3 | exp4 | exp 5 Average
@ B B @ (m/s) | 7448 | 7.252 | 7.252 | 7.644 | 7.742 7.468
WAk R B~ B (m/s) | 7.154 | 7.546 | 7.546 | 7.154 | 7.644 7.409
WA GRBHE) 41% | 39% | 3.9% | 6.8% | 1.3% 4.0%
. Displ‘acement 2[)I plot . .
imu integration
09 & Ir:il\.relcmity point (imu) | |
= max velocity point (ideal)
0.8 - h
0.7 N

o
[=)]
T

Z-axis Displacement (m)
o o o
© IS o
T T T

o
N
T

o
o
T

-25 -2 -15 -1 -0.5 0 0.5 1
Y-axis Displacement (m)

B 3 2D i& & #Li )

4. v 53 AT

REFBFE TR SRR S R PR A B AR R B e i ehl 4 T
20 FAERY A EREINGDEM - RISV BERET LA ARG EOFRTH
o Led BEXDRL o APE N BB REF RSP ARREFE v

7



B (TR B B B Y o K2DFB R T O F vk B B ehin g 0 KRB H | i p
S pAFRR v AR I T IS o 2 3 ZEAEFT BRIV ATE B adicdy
Bl 45 3DEERFRZ TLREFH T UHS PP AR RO TR

£3 w i % BLA B

expl | exp2 | exp3 | exp4 | exp S Average
FEw g 2 (m) | 0.6552 | 0.8014 | 0.7396 | 0.725 | 0.7824 0.741

BAWw £ 5B 2 (m) | 0.6865 | 0.8104 | 0.7745 | 0.7404 | 0.7686 0.756
WA (BEHE) 4.6% | 1.1% | 45% | 2.1% | 1.8% 2.8%

Displacement 3D plot
< imu integration
< ideal

Z-axis Displacement (m)
o
|

-05 —

t

-1.5

1.5 1 0.5 0 -0.5 4 1.5
X-axis Displacement (m)
Y-axis Displacement (m)

Bl 23D & L Bl 2 v £ 5 B B



SHRR

PRRT YN E EMR A LR IR > A AT RUPRRE (TRl
ﬁ{xMEW¢$aé@&,uiﬂm”*#ﬂ°‘”‘“m’ i*ﬁ R
FUSMP RS 204 h> %I G EEH 4 3 AP THFHASEP A0
T R O IR A S o BB SR RIS (TSR & AR
A RIRES Y @ YR o R R R 0 E s A SR R 3 Y
B R AR FL et o T Ao S BRRIE S RENELMA P g

PR EIH YRR e s TP

AR AL B RIS BT A LRE S S Y I RE

BARS A P &R T ORI @I A §ARKHE S R B A
Iﬁaﬁé%xfﬂl ‘g%f' ;{%iggﬁgﬁjmétﬁ}igﬁgf]‘ ’ ii‘t mﬂ% :i]ri./ﬁl %ij’/;%
i B3 - Ko T AR AR @IRSR R B

IR R E S BRI S e S Tj*‘»’«‘?ﬁ’l’** PERL A
BRBERe ARHFER - A EE R M A A RS F b
fEREPE R 1 i@ s o gt b IR Rfrde i B B RASTOR i L
EFHRLEREDERTEHLE[FL L FLE - RERTS 52
S o AFEREFELO R R PR BE S ERE BT W &R R

(T ER i o

1:1\\-
34

(\‘

\

ﬂd\
™
A
RS
-k

\"%
...\

S0 B 88 AT % AT FIA P T AL AL B & R g
PR AT G AR RO AR B BRI B T AGER T G g g G b
SRrenm g o BB 5 Bt 6] A PR R TR R IR AR R > 0t Gl W R AT
EEL > NEPRT A E o

i RR ATl AR RN A S B VA E S ER
PRE TS A F BRE R AAFTEAF AT RT RFEHT L E
R W%#ﬂpﬁwﬁéﬂim‘ﬂﬂﬁ’”m
; 3@:?_% » RS X PLen S A B AR 2 A LR o RBE R RIS R

° %Bﬁiﬁa%ﬁ5WW%<m4W iAW“”* poaspd ?



