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Analysis of motion
through full-body
inertial sensors




Technologies of accurate analysis of
the kinematics of an athlete, : Analysis of

. . . athlete
a. video motion analysis : :
b. optical motion sensing using markers kinematics
on the body and
c. inertial sensors — whole body or partial bijomechanics



a. Video motion analysis

@DARTFISH SOLUTIONS ¥ PRODUCTS ¥ PRICING RESOURCES ¥

Video analysis is the process §
of using any motion recording [SEE=
and continuous sequence of §
images, it is especially
effective in improving the
technique in examining
problems with movement.

Substantial

there is no direct
sensoring - biodata of
the movement of the
athlete




B. Optical motion sensing using markers on the body

Motion capture uses
connected body markers

and infrared cameras to NO Apply in AIpine Race Ski

capture complete
movement in three
dimensions.

Many coaches consider motion
sensing to be the gold standard.

-it is possible to get 3D
visualization of
movement

Middle
markers




C. Whole body inertial sensors

To get a real in-depth analysis of an athlete's biomechanics, there are
inertial sensors.

In a sporty context, inertial sensors consist of

* an accelerometer for measuring force and acceleration,
* gyroscope to indicate rotation

* magnetometer for measuring body orientation.

These sensors collect data across three axes and capture the athlete's
movements in the smallest detail.

The use of inertial sensors is often combined with algorithms to make the data
applicable to specific analyses

Can be used in Motion Ski Analyses



Motion Capture — System Components

Hardware — Lycra fitted 17 sensors

MVN Link

‘ High performance

Range
Update rate
Battery life

Comms
GNSS
r(OBR)

Receiver

Hardware

Charging

~150m
240hz
8 - 10h

Wi-Fi
X
X

Wi-Fi router
17 wireless
sensors

Full body

lycra suit

USB cable
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+ Special Software +

Biodata — Local Storage on PC




Sensor placement on body

15 IMU sensors
Extension : + 2 wrist
+ 2 Proms sports equipment

Head

Head + Neck
Neck
Right Shoulder Left Shoulder
T8
T8+T12+Shoulders
Right Upper Arm T12
L3 Left Upper Arm
L5 L5+L3
. Left Forearm
Right Forearm
Pelvis
Right Hand Left Hand
Left Upper Leg
Right Upper Leg
Left Lower Leg
Left Foot+Toe -:;u" Right Lower Leg
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Left Foot

Left Toe

- Right Foot+Toe
Right Foot

Right Toe




Hardware — location
of sensors

15 +2 IMU senzors

At the back
- battery
- Control unit
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Athlete's body dimensions
. Body height

lotion Capture Configuration - mocap X
2. Length walking/shoes
O
3. Height from ground to shoulders it W it
u Body Dimensions Prop Position Fingers
4 S h o u I d e r W I d t h Enter subject's body dimensions below. =¥l
I‘..eave a field clear or enter 0 to use the default value,
Value
5 " E I bow S pa n Body Height (170.48 cm)
- Foot or Shoe length (24.70 cm)
6 - er St s pa n Shoulder Height (144.34 cm)
Shoulder Width (38.00 cm)
Elbow Span (94.00 cm)
7 H a n d s pa n Wrist Span (143.00 cm)
- - Arm Span (179,60 cm)
8 H I p helg ht Hip Height (87.44 cm)
Hip Width (24.00 cm)
9 d Knee Height (48,61 cm)
H I p WI th Ankle Height (8.00 cm)
Extra Shoe Sole Thickness  (0.00 cm)
1 kle height
0. ankle heig
Reset Load % Save
Jrowse... [D:\ | 'mucap ‘

Not all required body dimensions are set!




Application in Alpine race & &
skiing

lycra with sensors Is
under race suite
no limitation of any

movement of athletes




Outputs:
- 3D view — Avatar in motion — diferent views
- set of very precision biomechanical data

Feame  Marker Toxt

- accelerations Ee—— — s #
- velocity

- angles between part of

body

- orientation of part body
- angular acceleration of

part body

- relative positions




Navigator

> T4-Left Shoulder

: t:ff: _I;zzt > Left Shoulder
v Joints > Left Elbow
7 L5-51 > Left Wrist
n - > 14-13 > R?ght Hip
»L1-T12 > Right Knee
Biomechanical .
>T-C7 » Right Ball of Foot
> C1-Head > Left Hip
d ata o th e > T4-Right Shoulder > Left Knee
7 Right Shoulder > Left Ankle

» Right Elbow > Left Ball of Foot
o > Right Wrist > T8_Head
> T4-Left Shoulder

> T8_LeftUpperArm

> Left Shoulder > T8 _RightUpperArm
> Left Elbow > Pelvis_T8
> Left Wrist -

> Vertical_Pelvis

P —— T
For meassurement you G o o s

> Right Ankle ”

> Right Ball of Foot Center of Mass Posmn
Ca n Choose > Left Hip Center of Mass Velocity .
> Left Knee Center of Mass Acceleration
> Finger Tracking

- single part of body Leftfn
- compostion parts of
body
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Exam ple : avatar + gra ph + biOdata quickness of the right foot in a strike in 3 axes m/s-1

Navigator l} > l 8 x
7 Right Upper Leg
> Right Lower Leg
v Right Foot
Acceleration
Orientation
Position
Angular Acceleration
Velocity
Angular Velocity
Contacts
2 Points
> Sensor Data
7 Right Toe
> Left Upper Leg
> Left Lower Leg
> Left Foot

> Left Toe hd
HHAL A% A ¥ Olwindow v Uiwew

A4 @l 00 full ik vin @®13x[1F

] mx & my M mz
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outputs: data and avatar Center of Mass + Hip Angle+ Knee Joint
) Angle

= VIAC VIDET A




Example of Alpine Race Ski: For example,
avata r+ data =l video Right foot acceleration, velocity

Roziictnes. & RZdielat




Example - Video+ avatar — synchronisation

pre livia a Katu jun 22\1 run\KL no sticks run .mvns (240Hz)] - a

Help -8 x

©n @ 00:00:00 —

Video Source

Full Screen

s Bl - O U =

Video Encoder

FFmpeg Gif SharpAvi Stream Discard

-ouea

Mp4 (x264 | AAC) v
FPS: 12 — v Limit
Quality: 70% — —

Audio Webcam
6 - Q No Webcam v | Preview
¥
Record Webcam to separate file

ScreenShot

@8 Output Folder | C:\Users\marti\Documents\101 XSens\soelden\Dayz| *** -54-33.mp4'

ime offset(ms) L - : Y : L 1e38 ]
End offset (ms) - - - . . - : ‘ : ‘ ‘ ‘ ‘ ‘ : : [ ] : : ‘ ‘ ‘

LIIII|IIII|IIII|llll||ll||IIII|IIII|II|I|IIII|IIII T P P e T o P
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%

Frame 0 - 07:54:37.871 L (1/2x speed)

&= 0 Vyhladavany pojem napfite sem 1‘- gi G o a 1run G XXsens—MVN Ana.. @ Screen Recorder ... Yorc AO e B E @ D) ENG Ut |

12.6. 2022




Example — Video+ avatar --- different view of Avatar view

\Video Loaded ‘KL_soelden_2022-06-03_08-15-23.mp4"

Time offset (ms) f -2500 /%

End offset (ms) f =374 3 End offset (ms) B 142 |5

ideo Loaded 'KL_soelden_2022-06-03_08-08-49.mp4"
ime offset (ms) [} 338 5




Example - Video+ avatar --- comparations of 2 runs

MVN tem MVN

\
v\\.n

ideo Loaded 'KL_soelden_2022-06-03_08-08-49.mp4'
ime offset (ms) (] 442 3

End offset (ms) [ 142

ideo Loaded 'KL_soelden_2022-06-03_07-54-33.mp4’

ime offset (ms) [ ] 1438 |5
End offset (ms) [ ] 1299

iill|llli|iiii]illl|IIII]iiii|iIII|I|||||||||||L1||||||||||||||||1|||||||||||||||||1||||||||||||| [

5000 6000 7000 8000 9000 | ) 1000 200 3000 4000 5000 6000

7000 8000 900010000 11000 12000




Example —avatar - comparations of 2 runs on same position of pelvis — panvy

“ LR s S

7o) | Full Screen

I O ==
Video Encoder

FFmpeg Stream SharpAvi Preview Only

N Mp4 (H.264, AAC) ~  FFmpeg Log
FPS: 11 — Vv Limit
Quality: 70% N p—

Audio Webcam
\!’ o ©  No Webcam v || Preview

Record Webcam to separate file

ScreenShot

© Imgur *»

@B Output Folder | C:\Users\marti\Documents\101 XSens\a soelden L1




Example —avatar - comparations of pelvis — panvy in 2 runs

ideo Loaded KL _soelden_2022-06-03_08-08-49.mp4*
imeoffset(ms) IlrlllllI)lllvl.tllllllllll

B ot o .H....,.H..,.,.,...., L




Example — Video+ avatar+ Biodata Center of mass — Accelerations in
m/s2 x =toward y = backside

Center of Mass Acceleration (m/s”2)

BEL T Omz

T i B = \ NN N 2. :
- e e b A \ \\:’\\Q
\ ] b, B 3 : : ; -
] i 3 X -1
Z 7} Y - SREANAAN TR - k B _ : -
i pps = o B Hi A “:K\“\ :F’ﬁ S T
|deo Loaded 'KL_soelden_2022-06- 03 07 54-33. mp4 . ! -
ime offset (ms) R g

End offset (ms) :
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Example - Video+ avatar + biodata Right Hip angels deg
Abduction Flexion

Right Hip Joint Angle (deg)
[l Abduction(+)/Adduction(-) [[] ¥ Internal(+)/External(-) Rotation M Flexion(+)/Extension(-)
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Right Shoulder Joint Angle (deg)
M Abduction(+)/Adduction(-) [_] B Internal(+)/External(-) Rotation

B Flexion(+)/Extension(-)

Example — Video+ avatar + biodata - Right, Left Shoulder + Hip Joint in Angle

P f N il

Left Shoulder Joint Angle (deg)
1™ Internal(+)/External(-) Rota

\ / )

Left Hip Joint Angle (deg)
B Abduction(+)/Adduction(-) [] B Internal(+)/External(-) Rotation [v] [l Flexion(+)/Extension(-)
,,,,,, = + 2 - 2t i e o
e ; b £ A?W”n : ‘/f X
R S R b o
for & :
/- \ﬁ/\/

0 : ;

Right Hip Joint Angle (deg)
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; .. 3 i H : H i i i i Ij’l
4§ / T PR YR i . : :
2 ’ \\‘. "//l-' 1 s B, L ;
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Ready for cooperation
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