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Méreni pohybu pomoci kamery

Zadani tlohy

1) Urcéete maximalni flexi/extenzi ¢asti horni koncetiny (lokte a ramene) popt. dolni koncetiny
pomoci kamerového systému
2) Urcete Uhlové rychlosti a zrychleni vybraného segmentu téla, a popt. téla jako celku, kamerovym
systémem.
Zméftte Uhel (jeho zménu), Uhlovou rychlost a Uhlové zrychleni v kloubu, tj. mezi segmenty spojenymi
vysetfovanym kloubem, (napf. v koleni) pfi pohybu.

K zdznamu a zméreni pohybu kloubu pouzijte program CMA Coach 6 a pfipojenou videokameru.
Namérend data zpracujte v programu MS Excel.
Porovnejte zménu Uhlu, uhlové rychlosti a Ghlového zrychleni.
Méreni a vysledky uvedte do protokolu.
Pomlcky
PC s nainstalovanymi programy CMA Coach 6 a MS Excel
Videokamera JVC GS-TD1BE, pfipadné webkamera s rychlosti snimkovani 25 snimk(/sec.
Referenéni méfitko
Proband

Reflexni znacky



Postup vypracovani tlohy

Studenti umisti viditelné znacky na probanda (tézZ studenta). Umisténi znacek je provedeno v ,nulovém

u

postaveni” [A, s.14] a znacky jsou umistény na konce (klouby) segmentd, jejichZ Ghel se vySetfuje.

Pohyb je zaznamendvan videokamerou JVC GS-TD1BE, ¢i alternativné webkamerou (snima 25 snimku za
sekundu), v sagitalni roviné probanda a vsechny znacky se musi vejit do zabéru.

Posloupnost spusténi programu CMA Coach 6 pro zdznam a vyhodnoceni pohybu web-kamerou
(uhel kolene pfti chizi) je na nasledujicich obrazcich:
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Diata Video measurements.

This project consists of examples of

Spusténi nahravani videa (nabidka vyvolana pravym tlacitkem mysi).

[ Coach 6 - 2. Data Video Examples - 0. Data Video Lab.cma
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Welcome in Data Video Lab __IE

In this activity vou can perform measurements on the video clips.

To open/close & video dip:
+  Right click the Data-Video window and select Coen = Video

images)
»  Click OK. The first video frame appears in the Data-Videa window.
+ To close the video select the Close option.

To capture video
+ Connect a camera to the computer {e.g. webcam).

select the camera from the list.

— Empty —

»  Select a title from the list. If the list is empty or if the desired videoclip is not in the list, add a
wideaclip to the list by clicking one of the buttons Add wdeo or Add images (for a sequence of

«  Right click the Data Video window and select Capiure or select the Open wigeo option and

Jpen 3
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Nahravani videa.
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Welcome in Data Yideo Lab Data Video - Capturing - Zobrazovaci zarizeni USB

In this activity you can perform measurements an the video clips.

To opervclose a viden clip

= Right click the Data-Video window and select Open > Vidso.

= Select a title from the list. If the list is empty or if the desired videoclip
ig naot in the list, add a videoclip to the list by clicking one of the
buttons Add video or Add images (for a sequence of images)

= Click OK. The first video frame appears in the Data-Video window.

s Toclose the video select the Close option

To capture video:

«  Connect a carmera to the cormputer (.4, webcam)

= Right click the Data Video window and select Cagfurs or select the
Open video option and select the camera from the list.

Ukonceni nahravani videa.

. Data Video Examples - 0. Data Vi
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In this activity you can perform measurements on the video clips.

To open/close a video clip:

«  Right click the Data-video window and select Ooen = Video

e Select a title from the list. If the list is empty or if the desired videoclip
ig not in the list, add a videoclip to the list by clicking one of the
huttons Add video or Add images (for a sequence of images)

e Click OK. The first video frame appears in the Data-Video window.

e Toclose the video select the Close option

To capture video:

«  Connect a carmera to the carmputer (e.9. webcarm)

e Right click the Data Yideo window and select Capfure or select the
Cyoen video option and select the camera from the list

File Start Display Options Help
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In this activity you can perform measurements on the video clips. open
To open/close a video clip capre
* Right click the Data-Yideo window and select Open = Videa R
e Select a title from the list. If the list is empty or if the desired videoclip Show
is not in the list, add a videoclip to the list by clicking one of the Capture Information
buttons Add videa or Add images (for a sequence of images) Capture Settings...
e Click OK. The first video frame appears in the Data-Video window. Use Recorded Yideo
* Toclose the video select the Close option Undack
To capture video: Help
* Connect a camera to the computer (e.g. webcam)
*  Right click the Data Video window and select Capfure or select the

Clpen video option and select the camera from the list.

Data Video Examples Data Video

File Start Display Options Help
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Data ¥ideo - Capturing - Zobrazovaci zarizeni USB

In this activity you can perform measurements on the video clips

To openfclose a video clip
DR {lvg e [ S A BEICRULELE Data Video - Capturing - Zobrazovaci zarizeni USH
+  Select a title from the list. |

is not in the list, add a

buttons Add video or Add i
¢ Click OK. The first video frg
s Toclose the video select th

To capture video:

e Connect a camera to the computer (e.g. webcam)

+ Right click the Data Video window and select Capiure or select the
Clpen wideo option and select the camera fram the list.




Nastaveni méfitka pro vyhodnoceni v nahraném videu (nabidka vyvoldna pravym tlacitkem mysi).
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Open

Capture

Close:

In this activity you can perfarm rmeasurements on the video clips.
Display as a Diagram

To open/close a video clip: Display as a Table

*  Right click the Data-Yideo window and select Cpen = Video. T ——

*  Select a title from the list. If the list is empty or if the desired videoclip
is not in the list, add a videoclip to the list by clicking one of the
buttons Add video or Add images (for a sequence of images)

*  Click OK. The first video frame appears in the Data-Yideo window.

* Toclose the video select the Close option

Time: Calibration.
Corordinats Systen...
Video Points..
Frammes..

Poirk Tracking. ..
To capture video,
s Connect a camera to the computer (e.g. webcam)
s  Right click the Data Yideo window and select Capfure or select the
Open video option and select the camera from the: list

Adjust...
Annotation. .
Parspective Correction

Show

Playing Speed...

Export Video....

Undock
—Empty —
print
Clipboard Capy
Copy Frame Cr+C
Help

ideo Lab.cma.
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Data Video - REC0001

Scale Settings
Scale

©) Same scale in all directions

O Diferent scale in heiizontal and vertical direction

In this activity you can perform measurements on the vid

To openiclose a video dlip

*  Right click the Data-Video window and select Open

o Select atitle from the list. IF the list is erpty or if th| Scalelength
is not in the list, add a videoclip to the list by o
buttons Addf video or Add images (for a sequence of

e Click OK. The first video frame appears in the Data) %-seale color

*  To close the video select the Close option

To capture video

e Connect a camera to the computer (e.g. webcam)

»  Right click the Data Video window and select Capiure or select the
(Oipen video option and select the camera from the list

Posloupnost nastaveni vyhodnocovanych snimk(l z nahraného videa (nabidka vyvolana pravym
tlacitkem mysi) - jejich pocet by se mél pohybovat kolem 30 (z ¢asovych dlivod(, aby studenti v ramvi

cviceni stihli zaznam vyhodnotit).

Data Video Examples Data Video Lab.cma
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Change Seale.

Time Calibration. ..

In this activity you can perform measurements on the video clips Co-ordinate System..

Videa Foirt:

To open/close a video dlip

+ Right click the Data-video window and select Cpen = Video

e Select a title from the list. If the list is ernpty or if the desired videoclip
is not in the list, add a wideoclip to the list by clicking ane of the Adjust...
buttons Add video or Add! images (for a sequence of images) Annotation. .

s Click OK. The first video frame appears in the Data-Video windowy. Perspective Correction

« Toclose the video select the Close option e

Poirt: Tracking.

Shaw

To capture video Playing Speed,

e Caonnect a camera ta the computer (.. webcarm) Export Video,
+  Right click the Data Video window and select Capfure or select the
Open video option and select the camera from the list

Undack

Print

Clipboard Copy
Copy Frame
Help

""_ Coach 6 - 2. Data Video Examples - 0. Data Video Lab.cma

Total number of fiames: T g i @ " E i @ ¥ @
Method
O Use all frames

O Indivichial frames

‘Welcome in Data Video L

In this activity you can

To open/close a video @ From

« Right click the Dat:

«  Select a titls from sepsee (4|
iz not in the list,
buttons Add video O v

s Click OK. The first .

* Toclose the video

eoclip
of the

Frames can be selected and deselected with the
<Insert> and <Delete> keys
To capture video:

s Connectacamera| Zoominon frames

e Rightdlick the Datd ~ pop, o [150 |
Cen video option




Nastaveni po¢tu mérenych bodl v nahraném videu.
m Data Video - Kamera-TestMerl

Video Points

Mumber of measured points per fiame:
[ Murher of Galoulsted prirts per frame

Markers and colors

Name Marker.  Color

q4 P | [Hidden

A mm | [OHidden
P3 - [ Hidden

q re - [ Hidden

=
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Umisténi mérenych bodu v jednotlivych snimcich nahraného videa - pokud se z nastaveni v

.

prvnim snimku nenamapuji i do snimkU ostatnich je nezbytné umistit ru¢né znacky do vsech

1 T N

vyhodnocovanych snimku videa (ve stéle stejném poradi!).
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Welcome in Data ¥ideo Lab # | Data Video - Kamera-TestMerl )

Cpen v - .

In this activity you can perform measurements on the video clips.

To open/close a video clip:

» Right click the Data-Video window and select Open > Video

+  Select a title from the list. If the list is empty or if the desired videoclip
is not in the list, add a videoclip to the list by clicking one of the
buttons Add video or Add images (for a sequence of images)

»  Click OK. The first video frame appears in the Data-Video window.

s Toclose the video select the Close option

To capture video:

» Connect a camera to the computer (e.g. wehcarm)

s Right click the Data Video window and select Capfure or select the
Cpen video option and select the camera from the list.

2. Data Video Fx;

Capture
Close:

Display &5 & Diagrat
Display as a Table

Change Scale...

Time Calibration. .
Corardinate System...
video Points..
Frames...

Adjust...
Annatation. .,

Perspective Correction

Show

Flaying Speed...

Export Videa...

Undock - =

Prirt

Cliphoard Copy

Copy Frame Crb+C
Help

E0&0@e P-3-

& in Data Video

.g. .g.

In this activity you can perform
measurements on the vides clips

Ta openfciose a videa clip

« Right click the Data-Video window
and select Cpen > Vidso

«  Select a tife from the list If the list is
emety or if the desired videaclip is not
in the list, add 3 videaclip 10 the list by
clicking ane of the buttons Ade! wideo
or Add images (for 3 sequence of
images)

+ Clck CK. The fist video frame
appears in the Data-Video windaw

+ To cose the video select the Close
option.

To capture video:

»  Connect a camera to the computer
(2.0 viebcam)

«  Right click the Diata Video window
and select Capture or select the Open
video aption and select the camera
from the list




Zobrazeni trajektorie mérenych bod0 v nahraném videu.

[\ Coach 6 - 2. Data Video Examples - 0. Data Video Lab.cma
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Cpen
Capture
In this activity you can perform measurerments on the video clips Close:

Display & & Diagram
Display as 4 Table
Erase All Values

To openiclose a wideo dlip:
e Right click the Data-Video window and select Open = Video...
e Select a title from the list. If the list is empty or if the desired videoclip is not in the list, add a

videoclip to the list by clicking one of the buttons Add video or Add images (for a sequence of Change 3cale..
images) Time Calibratian, .
e Click ©K. The first video frame appears in the Data-Video window:. Co-ordinate System...
* Toclose the video select the Close option Video Points. .
Frames...

To capture video:

Foint Tracking. ..
e Connect a camera to the computer (e.g. webcam)
e Right click the Data Video window and select Capfure or select the Open video option and Adiust...
select the camera from the list Annotation. ..

[ Persmectiva Cormection

|i v xes
* Playing Speed.. Ruler

— Empty — n
Frotractor

v T

Undock Auto Fit

Export Yideo...

Print

Clipboard Copy

Copy Frame crC
Help

Posloupnost Ukoll spusténi nahraného videa se zobrazenou trajektorii mérenych bodu -
spousténo pres funkci , reply”.

7 Coach 6 - 2. Data Video Examples - 0. Data Video Lab.cma
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© Speed for playing: 100
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1% 1000% |
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[T s acnviey you carn perform measurements on the video clips

To open/close a video clip

*  Right click the Data-Video window and select Open = Video.

*  Select a title from the list. If the list is empty or if the desired vic
videaoclip to the list by clicking one of the huttons Add wideo or Ag
images)

*  Click OK. The first video frame appears in the Data-Video window.

* Toclose the video select the Close option

To capture video:

+ Connect a camera to the computer (e.g. webcam)

*  Right click the Data Video window and select Capiure or select the Open video option and
select the camera from the list

In this activty you can perform measurerments: on the video clips.

To apen/close a video clip
Right click the Data-Vides windov and select Open > Video

+ Select a thle from the st If the lst s empty or if the desired videocip
s not in the list, a0d 3 videndip 1 he list by cicking one of the
buttons Add video or Acd imeges (for a sequence of images)

+ Click OK. The frst video frame appears m the Data-Video window

+  Toclose the video select the Clase option

To capture video

o Connect a camera to the computer (e g webcam)

+ Right chck the Data Video winow and select Capture or select the
O VgD DO 3N SeleCt the Camera fram the st

Zobrazeni tabulky a graf (nutno napred kliknout do pole, kde bude dana tabulka (i grafy)
zobrazena).

Coach 6 - 7. Data ¥ideo Examples - 0. Data Video Lab.cma
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11 this actvity you can perform measurements on the video clips. B



Zobrazeni grafl posic namérenych hodnot bod
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I this activity you can perfomn measurerments on the video dlips ~

Ta openiclose a videa dip m&ﬂj & QOG 2-3-8-53-3-3-8-53-3-3- 0

= Right chick the Data-Video window and select Open > Video,
Select a lile from the kst IF the list is errpty of If the desired
idenclip to the ket by cicking one of the buttons Acd video of | - Disaan

o a smgquence of

E\f;;ﬂ(&g‘{m [ P = I 1117 3kt you £an parforT me ssLrEEts 00 e oo clps
= Clicc QK. The le0 frame appears in the 20 wing
+ Toclosa the viden sekect 1t Clat ogten ] Shom somincen Tosgenume sveoatt et e
e L At v e ks e bt 5 gy o T dearea oo ut peta stes
Cobmn “Admoctp o the 1 by chcking e of 1 S Aok video or Acum
i | EMENEE ] + i O e st v rams sppears 1 he Dt it
Conectir: | Emetr) - + o cose the vicea select he Close opton
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Inthis actvity you can perform measurements on the videa clips. ~

To openclose a video dip

+  Right chck the Data-Video windaw and select Open » Video

o Select a te from the list If the list is errpty of if the desined videoclip is notin the list, add a
vitteoclip to the list by clicking one of the buttons Acd viiso ar Add images (for 3 sequence of
images;

Click OK. The first video frame anpears in the Data-Video vindow

+  Toclase the video sslect the Close option

To ~an rasdden
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B 0. Data Vide
Soubor  (pravy Format  Zobrazeni Mapovéda
Trime” "PLx" tRLvt N "r—'zv" Dax tpIvt
5" “m” “m” “m"
l 26666666666666667 a, 67197895905767983 0,41235072487630353 0,67107305805767083 0,769721353102433
Q, 68114230849937546 0,40624182524850644 0, 67808785868347692 0, 76606690328833471 0, 6841967
l 53333333333333333 Q, 67197895905767983 0,40929627506240499 0, 67808785868547602 0, 772775802916331
1, 66666666666660667 0, 67107895805 767983 0,40624182524 850644 0, 69946900738276673 0, 775830252730230
1,8 a, 68114230849937546 0,40929627506240499 0, 7177957062661 58 0, 766666903288534 71 0, 6994650
1, 93333333333333333 0, 68114 230849937546 0,418459624 50410062 0,75444910403294054 0,775830252730230
2, 06666666666666667 0, 69946900738276473 0,43067742375069458 0,79721140142752016 0,775830252730230
2,2 a, 75139465421904199 0,4184 5962450410062 0,81553810031051143 0, 7810935915235802744 0, 7452857
2, 33333333333333333 0, 8338647001043027 0,41235072487630353 0, 836015245800820124 0,7340563602171025
2,46660666066606667 0,91328049435566486 0,4002586275062404099 0,85524504780158251 0,791102501790723
2,6 0, 88064173070312848 0,41540517462020208 0, 87068154640278087 0, 734058360217152508 0, 7788847
2,73333335335333333 1,03378518579439791 0,41540517469020208 0,92549829361125904 0, 778884702544128
2 BEAHEEEG666666667 1,056839635608895646 0,40624182524850644 0,95604270175024448 0, 766566003288534
1, 08738413374788191 0, 38791512636511517 1,004913988772621. 0,75750355384 683908 0, 9010626
3 13333333333333333 1,09654748318957754 0, 39096957617901372 1, 06600298505059209 0,757503553846839
3, 26666666666666667 1,10876528244517172 0, 38486067655121663 1,10876528244517172 0,751394654219041
3,4 1, 09960193300347608 0, 38486067655121663 1,13014643114246153 0,75139465421904199 1, 0934530
3, 53333333333333333 1,10265638281737463 0, 3B486067655121663 1,151527579383075134 0,742231304777346
3, 06660666066606667 1,11487418207296881 0,38701512636511517 1,15123542742043242 0,7483402044035143
3,8 1,11181573225007026 0, 3570784 7580681081 1,21567102593162078 0,7452857545012440 1,2034532
5,93333335335333533 1,1209830817007659 0,40624182324850644 1,24926997388450477 0,745283754591244
4, 066666666666060667 1,13320088095636008 0,40624182524850644 1,27370557239569313 0, 748340204405143
.2 1, 13625533077025862 0,41540517469020208 1,3195223196041713 0,7452857545912449 1, 3500668
4 33333333333333333 1,16679982850024407 0,43984077320039043 1,386720215509935028 0, 760558003660737
4,46666666666666667 1,21567102593162078 0,46733082152647734 1,48446260955469271 0, 753750355384 6830
4,6 1,28592337165128731 0,5192564683627526 1,59136835304114178 0,7727758029163318 1,5669327
< >

122
122
1.22
1.22
122
1.22
122
123
123
1.23
122
1224
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0. Data Vich

Import dat do programu ,,MS — postacuje ,pretazeni” (sloupce oddéleni , tabeldtorem®).
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Vlozeni RozloZeni stranky Wzarce Data Revize o

Al
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S | time

Wl [~ o v & wn |

R R R R I TR e
Wk Sl e e b e we RS

24
44

s

1,266667
14
1,533333
1,666667
18
1,933333
2,066667
2,2
2,333333
2,466667
2,6
2,733333
2,866667
3
3,133333
3,266667
34
3,533333
3,666667
3,8
3,933333
4,066667
> oM

A B
time P1X
=

m

0,671979
0,681142
0,671979
0,671979
0,681142
0,681142
0,699469
0,751395
0,833865

0,91328
0,989642
1,053785

1,05684
1,087384
1,096547
1,108765
1,099602
1,102656
1,114874

1,11182
1,120983
1,133201

0. Data Video Lab

&
PLY
m
0,412351
0,406242
0,409296
0,406242
0,409296
0,41846
0,430677
0,41846
0,412351
0,409296
0,415405
0,415405
0,406242
0,387915
0,39097
0,384861
0,384861
0,384861
0,387915
0,397078
0,406242
0,406242
7]

D
P2X
m

0,671379
0,675088
0,678088
0,699469
0,717798
0,754443
0,797211
0,815538
0,836919
0,855248
0,879682
0,925438
0,956043
1,004314
1,066003
1,108765
1,130148
1,151528
1,191235
1,215671

1,24927
1,273706

E
P2Y
m

0,769721
0,766667
0,772776

0,77583
0,766667

0,77583

0,77583
0,781939
0,784954
0,791103
0,7849%4
0,778885
0,766667
0,757504
0,757504
0,751395
0,751395
0,742231

0,74834
0,745286
0,745286

0,74834

F

P3X

m
0,687251
0,684197
0,681142
0,690306
0,699459
0,717736
0,730014
0,745286
0,751395
0,760558
0,778885
0,815538
0,843028
0,901063
0,974369
1,041567
1,093433
1,136255
1,185127
1,203453
1,243161
1,288978

P3Y
m

1,22178
1,224834

1,22178
1,224834
1,218725
1,218725
1,224834
1,224834
1,230943
1,227889
1,227889
1,218725
1,218725
1,215671

1,22178
1,227889
1,240107
1,233998
1,237052
1,233998
1,243161
1,233998

Vypocet Uhlu v koleni dle [1] kap. 2.2 vzorec ¢. 16 (uhel ve stupnich déleny dekadicky), uhlové

rychlosti dle [1] kap. 2.2 vzorec €. 18 a Uhlového zrychleni dle [1] kap. 2.2 vzorec €. 19.

= C : Data Video Lab-vDixisx = Microsoft Excel | I —

Domi VloZeni RozloZeni stranky Vzorce Data Revize Zobrazeni
Al - f | time
| A B C D E F G H 1 J K L M N o B Q
1 [time  |Px P1Y pax pay P3X pav s vy Ux Uy |ihel v kd rozdil Ghildhiova nfdhlowe zrychieni v koleni
2 |s m m m m m m "m m m m udeg deg deg/s |deg/(s2)
g 1.267( 0.67198| 0.41235| 0.67198| 0.76972| 0.68725 1221 TB" 0| 0.35737| 0.01527| 0.45206|] 1.9349(— — —
4 1.400( 0.68114| 0.40624| 0.6780%| 0.76667| O0.6842 1.22433" -0.00305( 0.36043| 0.00611| 0.45817| 1.2494| -0.6855 -5.1412 —
5 1.533( 0.67198 0.4093| 0.67809| 0.77278| 0.68114| 1.22178| 0.00611) 0.36348| 0.00305 0.449| 05731 -0.6763| -5.0726 0.5145
6 1.667 0.67198| 0.40624| 0.69947| 0.77583| 0.69031| 1.22483| 0.0274%| 0.36959| -0.00916 0.4458) 54230 4.8493( 36.3741| 310.B4%6
7 1.800( 0.68114| 0.4093| 0.7178| 0.76667| 0.69947| 1.21873| 0.03665| 0.35737| -0.01833| 0.45206| B.1775| 2.7546( 20.6593|-117.8609
8 1.933( 0.68114| 0.41846| 0.75445| 0.77583| 07178 1.21873| 0.07331| 0.35737| -0.03665| 04429 16.3231) 8.1456( 61.0918| 303.2438
9 2.067 0.69947( 0.43068| 0.79721| 0.77583| 0.73001| 1.22483| 0.09774| 0.34515| -0.0672 0.445) 243231 8.0000( 59.9997| -8.1904
10 2.200( 0.75139( 0.41846| 0.81554| 0.78194| 0.74529| 1.22483| 0.06414| 0.36348| -0.07025| 04429 19.0212| -5.3019| -39.7642|-748.2293
11 2.333( 0.B3386( 0.41235| 0.B3692| 0.78499| 0.75139| 1.23094| 0.00305| 0.37264| -0.08552| 0.44595( 11.3260| -7.6951|-57.7136|-134.6204
12 2.467( 091328 0.4093| 0.B5525| 0.7911| 0.76056| 1.22789|-0.05803| 0.38181) -0.09463| 043679 3.5887| -7.7373|-58.0801| -2.3737
13 2.600( 0.98064( 0.41541| 0.B7968| 0.78499| 0.77888| 1.22780|-0.10996| 0.36959| -0.1008| 0.4429| 3.7475| 0.1588( 1.1009| 4441573
14 2733 1.05579( 0.41541| 0.9255| 0.77888| 0.B1554| 1.21873|(-0.12829| 0.36348| -0.10996| 0.43984| 5.4038| 1.6563( 12.4223| B84.2354
15 2867 105684 0.40624| 0.95604| 0.76667| 0.84303| 1.21873| -0.1008| 0.36043) -0.11301| 045206 15880| -3.8158|-28.6185|-307 8060
16 3.000( 1.08738( 0.38792| 100491| 07575 0.90106| 1.21567|-0.08247| 0.36959| -0.10385 045817” 0.1923| -1.3957| -10.4676| 136.1316
17 3.133 1.09655( 0.39097 1.066| 07575 0.97437| 1.22178| -0.03054| 0.36653| -0.091653| 0.46428| 64012 6.208%( 46.5670| 427.7596
18 3.267 1.10877| 0.38486| 1.10877| 0.75133| 1.04157| 1.22789 0| 0.36653| -0.0672| 047649 B.0272 1.6260( 12.1950|-257.7899
19 3.400( 1.0996| 0.38486| 1.13015| 0.75139| 1.09349| 124011} 0.03054| 0.36653| -0.03665| 0.4BE71| 9.0528 1.0256 7.6917| -33.7748
20 3.533 1.10266| 0.38486| 1.15153| 0.74223| 1.13626 1.234( 0.04887| 0.35737| -0.01527| 049177 9.5658 0.5130( 3.8477| -28.8301
21 3.667 1.11487| 0.38792| 1.19124| 0.748534| 1.1B513| 123705/ 0.07656| 0.36043| -0.00611| 0.4BE71| 126782 3.1124( 23.3429| 146.2146
22 3.800( 1.11182( 0.35708| 1.21567| 0.74528| 1.20345 1.234( 0.10585| 0.34821| -0.01222| 0.48871]| 18.0591 5.3609( 40.2065| 126.4766
23 3.933 1.12098| 0.40624| 1.24927| 0.7452%| 1.24316| 124316/ 0.1282%| 0.33904| -0.00611| 0.49788| 214285 3.3895( 25.4210|-110.8914
24 4.067| 11332 040624 1.27371| 0.74834| 1.288%8 1234 0.1405( 0.3421| 0.01527| 0.48566[ 20.5275| -0.9010( -6.7578|-241.3410
25 4.200| 1.13626( 0.41541( 1.31952| 0.74529| 1.35007( 1.23705/ 0.18327| 0.32988| 0.03054| 0.49177| 25.5004 4.9729( 37.2970| 330.4110
26 4.333| 11668| 0.43984( 1.38672| 0.76056| 1.43254( 1.23705( 0.21992| 0.32072| 0.04582| 0.47649| 28.9467 3.4462( 25.8468| -85.8764
27 4.467| 1.21567| 0.46733( 1.48446| 0.7575| 151806 124011 0.26879| 0.29017| 0.0336)| 0.4826| 38.8269 0.8802( 74.1018| 361.9126
28 4.600) 1.28592( 0.51926( 1.59137| 0.77278| 156693 1.23705] 0.30544| 0.25352| -0.02444 045423” 53.3201| 14.4932|108.6991| 259.4794
an




Graf zmény uhlu, Uhlové rychlosti a Uhlového zrychleni ve vysetfovaném kloubu.

uhlova rychlost
== (ihel v koleni [deg] «=fe=rozdil Uhl{ v koleni [deg] [deg/s]

thlové zrychleni
thel [deg] =>¢=uhlova rychlost v koleni [deg/s] ==i=(hlové zrychleni v koleni [deg/(s2)] [deg/(s2)]
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Méreni pohybu pomoci kamery

BIOMECHANIKA

dani ulohy
Zadani 1) Urcete maximalni flexi/extenzi ¢asti horni koncetiny (lokte a ramene) popf.
dolni koncetiny pomoci kamerového systému
2) Urcéete uhlové rychlosti a zrychleni vybraného segmentu téla, a popf. téla jako
celku, kamerovym systémem.
Zmérte uhel (jeho zménu), uhlovou rychlost a uhlové zrychleni v kloubu, tj. mezi
segmenty spojenymi vySetfovanym kloubem, (napf. v koleni) pfi pohybu.
K zdznamu a zméreni pohybu kloubu pouzijte program CMA Coach 6
a pfipojenou videokameru.
Namérena data zpracujte v programu MS Excel.
Porovnejte zménu Uhlu, dhlové rychlosti a uhlového zrychleni.
Méreni a vysledky uvedte do protokolu.
PC s nainstalovanymi programy CMA Coach 6 a MS Excel
Videokamera JVC GS-TD1BE, pripadné webkamera s rychlosti snimkovani
Pomﬁcky 25 snimkd/sec.
Referencni méfitko
Proband
Reflexni znacky
Umisténi znacek na kycel, koleno a kotnik probanda
a spusténi programu CMA Coach 6.
Postup ) ,
oY . Zaznam videa webkamerou v programu CMA Coach 6.
mereni

Nastaveni snimk( pro vyhodnoceni videosekvence a oznaceni mérenych bod( na
vyhodnocovanych snimcich v programu CMA Coach 6.

Vyhodnoceni pohybu z videozdznamu v programu CMA Coach 6 - ziskani soufadnic
mérenych bod( a grafu pohybu mérenych bodu.

Prevedeni souradnic mérenych bodl z programu CMA Coach 6 do programu MS Excel

Vyhodnoceni dat v programu MS Excel - ziskani velikosti Uhlu (resp. jeho zmény) v
kloubu (koleni), uréeni dhlové rychlosti a uhlového zrychleni ve vySetfovaném kloubu.

Vytvoreni grafll velikosti Uhlu, urceni Ghlové rychlosti a thlového zrychleni.

Vytvoreni protokolu.




BIOMECHANIKA

Méreni pohybu pomoci kamery

time P1X P1Y P2X P2y P3X P3Y
S m m m m m m
N vv , 1.266667 0.671979 0.412351 0.671979 0.769721 0.687251 1.22178
amerena 1.4 0.681142 0.406242 0.678088 0.766667 0.684197 1.224834
data 1.533333 0.671979 0.409296 0.678088 0.772776 0.681142 1.22178
1.666667 0.671979 0.406242 0.699469 0.77583 0.690306 1.224834
1.8 0.681142 0.409296 0.717796 0.766667 0.699469 1.218725
1.933333 0.681142 0.41846 0.754449 0.77583 0.717796 1.218725
2.066667 0.699469 0.430677 0.797211 0.77583 0.730014 1.224834
2.2 0.751395 0.41846 0.815538 0.781939 0.745286 1.224834
2.333333 0.833865 0.412351 0.836919 0.784994 0.751395 1.230943
2.466667 0.91328 0.409296 0.855246 0.791103 0.760558 1.227889
2.6 0.989642 0.415405 0.879682 0.784994 0.778885 1.227889
2.733333 1.053785 0.415405 0.925498 0.778885 0.815538 1.218725
2.866667 1.05684 0.406242 0.956043 0.766667 0.843028 1.218725
3 1.087384 0.387915 1.004914 0.757504 0.901063 1.215671
3.133333 1.096547 0.39097 1.066003 0.757504 0.974369 1.22178
3.266667 1.108765 0.384861 1.108765 0.751395 1.041567 1.227889
3.4 1.099602 0.384861 1.130146 0.751395 1.093493 1.240107
3.533333 1.102656 0.384861 1.151528 0.742231 1.136255 1.233998
3.666667 1.114874 0.387915 1.191235 0.74834 1.185127 1.237052
3.8 1.11182 0.397078 1.215671 0.745286 1.203453 1.233998
3.933333 1.120983 0.406242 1.24927 0.745286 1.243161 1.243161
4.066667 1.133201 0.406242 1.273706 0.74834 1.288978 1.233998
4.2 1.136255 0.415405 1.319522 0.745286 1.350067 1.237052
4.333333 1.1668 0.439841 1.38672 0.760558 1.432537 1.237052
4.466667 1.215671 0.467331 1.484463 0.757504 1.518062 1.240107
4.6 1.285923 0.519256 1.591368 0.772776 1.566933 1.237052
Uhlova rychlost Uhlové zrychleni
time uhel v koleni rozdil 4hlG v koleni | v koleni v koleni
. s de de deg/s deg/(s2
Vysledky g g g g/(s2)
1.266667 19349 |"--—--" " ! Moot
1.4 1.2494 -0.6855 -5.1412 | "-----"
1.533333 0.5731 -0.6763 -5.0726 0.5145
1.666667 5.4230 4.8499 36.3741 310.8496
1.8 8.1775 2.7546 20.6593 -117.8609
1.933333 16.3231 8.1456 61.0918 303.2438
2.066667 24.3231 8.0000 59.9997 -8.1904
2.2 19.0212 -5.3019 -39.7642 -748.2293
2.333333 11.3260 -7.6951 -57.7136 -134.6204
2.466667 3.5887 -7.7373 -58.0301 -2.3737
2.6 3.7475 0.1588 1.1909 444.1573
2.733333 5.4038 1.6563 12.4223 84.2354
2.866667 1.5880 -3.8158 -28.6185 -307.8060
3 0.1923 -1.3957 -10.4676 136.1316
3.133333 6.4012 6.2089 46.5670 427.7596
3.266667 8.0272 1.6260 12.1950 -257.7899
3.4 9.0528 1.0256 7.6917 -33.7748




BIOMECHANIKA

Méreni pohybu pomoci kamery

Uhlova rychlost uhlové zrychleni
time Uhel v koleni rozdil uhld v koleni | v koleni v koleni
Vy,sledky 3.533333 9.5658 0.5130 3.8477 -28.8301
3.666667 12.6782 3.1124 23.3429 146.2146
3.8 18.0391 5.3609 40.2065 126.4766
3.933333 21.4285 3.3895 25.4210 -110.8914
4.066667 20.5275 -0.9010 -6.7578 -241.3410
4.2 25.5004 4.9729 37.2970 330.4110
4.333333 28.9467 3.4462 25.8468 -85.8764
4.466667 38.8269 9.8802 74.1018 361.9126
4.6 53.3201 14.4932 108.6991 259.4794
Hlavni osa (vlevo) = ve stupnich (deg)
Grafy Vedlejsi sa (vpravo) = ve stupnich za sekundu (deg/s)

a ve stupnich za sekundu na druhou (deg/s2)

== Uhel v koleni [deg] thlova rychlost
=== rozdil Uhl( v koleni [deg] [deg/s]
=>é= (1hlova rychlost v koleni [deg/s] uhlové zrychleni
m%%l [deg] === (hlové zrychleni v koleni [deg/(s2)] [deg/(sz)%00
50 A / %(r )
40 K K 200
30 - )
20 y -200
10 -400
O T T T T T T T T T T T T T T T cals [IS] '600
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Méreni pohybu pomoci kamery

BIOMECHANIKA

V Uloze byly méreny ohybové parametry (Uhel, zména uhlu, Uhlova rychlost a Uhlové
zrychleni) kolene probanda pfi chizi.

Uhel v koleni odpovidd thlu sevienému mezi femurem a tibii v sagitalni roviné.
Odchylka skutec¢né méreného uhlu od teoreticky méreného Uhlu (femur vs. tibie) je
zpUsobena zejména nepresnosti umisténi reflexnich znacek.

Vyhodnocovana oblast lezi mezi 1,267 s a 4,6 s videozdznamu.

Minimalni Ghel v koleni 0,19° byl naméren v ¢ase zdznamu 3 s,
maximalni uhel v koleni 53,32° byl naméren v ¢ase zdznamu 4,6 s,

evvys

evvys

2,467 s,

nejvyssi hodnota uhlové rychlost v koleni 53,32° byla naméfena v ¢ase zdznamu 4,6 s,
nejnizéi hodnota Uhlového zrychleni v koleni -748,23°/s* byla naméfena v ¢ase zaznamu
2,2s

a nejvys$si hodnota Uhlového zrychleni v koleni 444,16°/s2 byla namérena v Case

zaznamu 2,6 s.

Namérené hodnoty jsou v mezich fyziologické chlize.
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