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2.1.1.1 Femur
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2.1.1.2 Tibia
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2.1.1.3 Patella
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2.1.1.5 Ligament and Associated Restraining Structures

ausawainginadudniig 4 fe

1) Medial knee anatomy

919wl iy 3 Supu Warren (EUﬁ' 2.6)

I Superficial layer (Layer I) Usenausie Deep fascia ﬁﬂqu Quadriceps davites Tl
deep fascia of the leg ﬂzﬂquné’wuLﬁa Sartorius kasduinnzessndnietisne

Il. Layer Il tYugdauves Superficial medial collateral ligament (MCL) ER Layer | fiu |
fagraufuludensu Vastus medialis naguntiaaly iy Patellar retinaculum fe layer
| fu Il azusnAudanuinsesusniirounmesundauiing Superficial MCL #itee ndiife

Gracilis 4a¥ Semitendinosus %’faaqizmw layer | waz Il layer Il 301300579 9 laun
Superficial medial collateral ligament, Tibial collateral ligament %58 meidal collateral
ligament (ina1nU3LIR longitudinal fiber ¥e4 superficial MCL Tumsdundsesdouduile
LWy layer Il (joint capsule) 371U Semimembranosus L postero-medial corner 1%
aundauseiudaiin 1 Houghston 13undn posterior oblique ligament Tuvaizdt Warren 14
dauiiiu oblique fiber 989 superficial collateral ligament

I, Layer Il \uguvea joint capsule Findruthatiazuraslireslfauudouse
wntin uhdunauaznesundives layer Il i avlrudiyiunnn Tnsamydaunans
UN9AULTENIT middle capsule ligament w38 deep medial ligament #38 deep collateral
ligament %58 deep MCL i’iaag’lﬁwia*ﬁy‘u superficial %udeep MCL uvsiludiuves menisco-
femoral ag menisco-tibial portion dundnafiinizseuseuves meniscus TUg4 tibia 1Tu
d@uwes coronary ligament 44 layer Il i azuenfudnauuina midportion wWuLAgaiu layer
Il waEUSLIR posteromedial #a oblique fiber Huazifudguiianunsadaiovens fiver vinls
amsawBeaignldiunndu Tnelilusuniuse posterior oblique fiber vinlunsdififasnsnden
WWlsndu Semimembranosus insertion Wudndumileiilimuudusade postero-medial
corner Usznaumeqainty 5 99 yausninizlaenseil posteromedial ve1 tibia 1sie joint line
9071 2 inglumsdnandilésle superficial MCL 7 3 528y posteromedial capsule il 4
52T oblique popliteal ligament AauWAH® knee joint capsule qmﬁ 5 53UAU superficial

MCL y9m1uag
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TRANSAXIAL PLANE
CRANIAL TO JOINT LINE
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,f patello {1- second layer
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lotergl meniscus
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{entering ot fhrough higtus!

__.loteral collaterat Igamentlb- s.c lorme
_..0rcugte igoment il teor o ne

t ’“ _— loterol infercr gencuists X

fabellofibulor ligament(lir

"~ biceps tendonl)

" ~comimon peroneal n

hoomen!

= Y & a0 v e
JUN 2.7 uanslaseanetusing q Mvieviandneinu lateral [1]
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2) Lateral knee anatomy

Seebacher wustumna lateral aaniy 3 4y ('gﬂﬁ 2.7) lown

I. Superficial layer \luduves deep fascia MNFUNEWOLIMIIUMTA Fanna lateral
Ae iliotibial tract e57ufU intermuscular septum lUn1wusHN supracondylar tubercle Y84
fernur WA¥AINWNILT Gerdy’s tubercle v84 tibia 1¥u capsule-osseous attachment Falwt
AusTuAIRBITIMY lateral At Terry wesnsaliuazFondiuiid anterolateral ligament
of the knee dauﬁagwﬁﬁ‘lﬂn’i’lﬁ%‘lﬂﬁ’auﬁu Vastus lateralis 1JJu lateral patellar retinaculum
duNeAunaIEsINAY biceps tendon Fuiaulsitu Sartorius lu layer | ¥94 medial site

Marshall Wu11 Biceps tendon figmnizueniliu 4 du e 1. i1zt Gerdy’s
tubercle 2. 59uAY crural fascia 99991 3. ARBI5aU lateral collateral ligament (LCL) 4. agld
et styloid process 484 head of fibular

I udnaslunin superficial layer Juduves retinaculum 1o Quadriceps muscle
iy patellofemoral ligament Fmenqn patella U84 1. intermuscular septum 2. lateral
epicondyle 3. fabella #3@ posterolateral capsule Tng Reider wud1 patella Beildnwase
wilau Wiberg type Ill snn@uwilsigail patellofemoral ligament wuwnTumaludg Fadae
9dUN8N5HIA patellar subluxation wardlreidunumalunisenfnsne

. ‘ﬁ‘juﬁﬂ‘flﬁﬂ‘lﬂ'n lateral ve9L91UsENBUAY lateral capsule uas lateral collateral
ligament i3 lateral capsule 3zin1zanvoUTBitLUlUSY meniscus B9 tibial U meniscus
#e coronary ligament U3aiflndfiu fibula head axifiaufu fibular head U3nadumdves
lateral meniscus @2l meniscus wana1n capsule 138120580 1.3 e dadunale
Popliteus tendon WakulUn127 femoral condyle uStaas capsule azusnidu 2 $u du
superficial 9¢ %158y LCL udalugasiufutfu fabellofibula ligament #1unds farfy
Seebacher 3919191 LCL Lﬂuﬁawﬁwawxu capsular layer LCL 921018370 epicondyle 194
femur TUgs head wes fibula uazegvdaagavyuvesitn Jsaduvintwdenuasngouluving
selagiarizagnedaieidnseninnit 30 ser wazvimiidy primary restrain #1915V varus
stress test

Hu deeper lamina Y84 capsule 9dAK1U posterolateral Y84 meniscus Usenauidu
coronary ligament wagduvateaaidu arcuate ligament Feazurian styloid process U84
fibula head wa259uA U popliteus musculo-tendinous junction qcﬂ‘ﬁ posterior capsule 1nd

AudauUanyves oblique popliteal ligament 41 deeper lamina Hagken#191n LCLAE
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inferior lateral geniculate artery ligament f78 fatiuFsaunsald inferior lateral geniculate
artery 1y landmark Heuensuves ligament Til¢

De Lee lsiusn arcuate ligament 88970 fabellofibula ligament wiazidensaufudiy
arcuate complex tae Tagsauten ligament fana1ama 2 way LCL, popliteus wag lateral head
of gastrocnemius Popliteus ligament #8311 myotendinous junction U84 popliteus muscle
&4 lateral femoral condyle g1z AU lateral mensiscus way arcuate ligament W&aven
\1g knee joint uslag extrasynovial PUNLITDYNRIAD LCL

3) Cruciate ligament anatomy

WU intraarticular extrasynovial ligament agju‘%nm intercondylar notch w849 femoral
condyle Us¢naun8 anterior cruciate lisament (ACL) tn1£91n medial side U84 lateral
femoral condyle 1U8s intercondylar eminence 984 tibia WAy posterior cruciate ligament
(PCL) tn1#37n lateral side of medial femoral condyle lugiasinundawes intercondylar 1éisie

561U tibia plateau Us¥unes 1.5 cm (gﬂ'ﬁ' 2.8)

1 Higle o
T (fenmary

AP Faoar Cruian
liganscne

Licups prorvion of
e mmcdial
wollanwral ligancne

Patclar sondon
(turned down)

Splin: bane
Chibwala)
Kirsscag

et lha)

Shin bone (Hbia) =y

\ ¥ % &%
= 1% s a 2/ "
JUN 2.8 uandlassaisvesduiinizaelulasnmeuendewn [1]
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4) Histologic anatomy of cruciate ligament
= 3 = [ a iy |

UIIUYANIEUBY cruciate ligament %ﬁﬂ’]’iﬂaa‘] iwWaguwUasen zone NIANYUVDY
. ' - ' ' 4 a1 a a [ ala
ligament 1Ug zone wesnszaniiudiandt sywinatiuazildiu zone firies 9 Waswdiu zone 7]

- d 1 ¥ o - 1 A 1 1 I -
3 calcified MstagunUaauil vinliiAnaninsieiiios Cooper wus zone #ng q wianiliu

Zone | 1y Weavy collagen zone

Zone Il {u Fibrocartilage zone

Zone Il {0 Mineralized zone

a - X oo :
Zone IV 1lu Bone matrix collagen wazazidoaduiileideniu mineralized zone

5) Vascular anatomy of cruciate ligament

cruciate ligament Suldeauidgsann synovium laesuLausNa1n middle geniculate
artery 484 popliteal artery lnsazfiuyuaduidenly synovium 3am1uuuawanesie ligament
wnaiilaeseuly anastomose fiu endoligamentous vesels 393 an L uIB1IVUIUN collagen
bundle dauiuiiinizees ligament ﬁy'uﬁl,ﬁaﬂmnﬂsz@ﬂshurii'mﬂu ligament U9 sy
Ysunandes Tunnguniagldsuidenainuausaes inferior medial wag lateral geniculate artery
uiazfiUunaannty Wediunanwes ligament 3uuiaiunieinmsanuaingy

6) Neurologic anatomy of cruciate ligament

cruciate ligament 1A3U nerve supply 91n@2uve4 tibial nerve luuSiaas popliteal
fossa lu U A.#1.1984 Schultz lafnw¥1 mechanoreceptor ¥84 cruciate ligament kagwuin
n1elu cruciate ligament § mechanoreceptor a8 dnwaiz1¥u golgi tendon organ T
Fuflugruininagyimiiidu propioceptive sense Schutte Td@inwn neuroanatomy ¥a4 ACL
waz PCL WuIUeNa N free nerve ending Wa8ell mechanoreceptors 8n 3 %ilm A8 Ruffini
endings, Golgi tendon organ Favte 2 Wy slow adapting mechanoreceptor @111505v
AN AN stimulivReatdnies waz Pacinian corpuscle F94¥u rapidly adapting
mechanoreceptor

7) Insertion site anatomy of cruciate ligament

Tu a.61.1975 Girgis 1A518974A15AN®INI1SLA18VB9 ACL U89 PCL pE19azLdn
(U7t 2.9) ndsnnduAAnyiSnvareauits Odensten uay Daniel wudnvaiznISINEYe4
cruciate ligament adefiu Aagainiziliu crescent shape %30 oval shape Tng ACL fluuanig

\N1EN femoral attachment WWuLUIB1IRY axis U89 femur @94 tibial attachment tuwun
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. . i e o 2 - ¥ d] 1
871907 antero-posterior ¥4 axis W84 tibia ¥lwiin1s0nves ACL luseninamsiadeulmus

ATALVIUILAYAURAILAaTEIUYR4 fibers Azliviniunaen

Anterior cruciate

Posterior
cruciate -

cruciate

—
30mm

Lateral
condyle

Media! b4
Conc,"e

Posterior cruciate

P~ = < 1 1
JUT 2.9 uansgainIvvedY cruciate Mn1zaeludewn (1]

dnumensinzued ACL fidadnyBnetmilsfiie nmsusesnmusmvesuunz ACL ¥
Iniidnwuggusamiioui (;:]‘Uﬁ 2.10) Ha9zi 19 impingment fudauULYe intercondylar
notch 1uwmals ACL & strain unnBunazilussdusznounieiiviild ACL vialdine Taed
M3ANYIIDY Anderson fiuwinuag Houseworth Auwanlud 1987 lvinanssiua intercondylar
notch vaaithefil ACL 11nsinaguAuNd notch vesAuUnAog1siitivddny Souryal fuwands
WU 9n9189UAIUNINUES Notch 6 Intercondylar distance ﬂaﬂjﬂaaﬁﬁ ACL ¥9ad 914
WUAUNINUBIAUUNG 'Lummzﬁé’mwdauﬁwmﬁﬂwﬁ ACL mad1aifealdunnsineainvesauuni
vl wazlidmsdauiiiiantiasndn 0.2 u risk factor Aenmaiin ACL injury dnwaizgainizaes
PCL 1 femur Lﬂugﬂﬁnqnau Faslvuan 21 x 10 mm § longitudinal axis Tuwu?

anteroposterior LN1% inner wall LAYV UATUVUYDI intercondylar notch Wi a3
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i | o & - . &
meniscofemoral 315LNEUSMAERE PCL Aazidouluinienie inner wall ¥89 notch 11nTu
duf tibia Uy PCL 1n12A1NI1 tibial plateau level i wadsnsagly intraarticular gy

W, . = . . =l v
e intercondylar eminence # fiber orientation # Hughston usseneliidiu anterolateral

P Y | ' . = o W | | a a
band #agawiluvingee uas posteromedial band sasadiluvinmdennss (Ui 2.11)

d 1 o 8/ s 1 v
JUT 2.10 uananTsuspenmiETIveILLINE ACL Yilvllidnwaiesusanilewwi [1]
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Ul 2.11 wans anterolateral band PCL Swsssluvingase waz posteromedial band PCL

al

u
FevAialuvingmdeanss [1]

2.1.1.6 Meniscus

Meniscus iunsegndeuludeidnaduogseninefiadoves tibia Felaiidhguiu femur

1 = 1 o ) v ¥ [ o =l :J 5 -
agnuuvain reilitidaidrguivavaivuaziinisnszarsussiiadians meniscus asLng
agifiu tibial wduuINT femur fae coronary ligaments usfingdinsvdudilvivialaeazydun
matranasluvaszfiiinge Medial meniscus astn1EiU tibia wuuWINI" lateral meniscus ¥
¥ 1 a a A . . e ' " ' a
TiuAlAndAmEe31 medial meniscus flatRn1saldnuiauinnda lateral meniscus @ufiinig
o o . . I a da o y g ;
NU capsule 41N7NgAYBY medial meniscus BYUTLIUNAANY posterior oblique ligament
i @ ¢ o - v P a 4
Meniscus iHugunszdunsides ienasinduuu (Ul 2.12) uazduguaudioussly

i & v Y o a . .
ANAAYIN Hldonudsanizyoulseanm 25-30% Auueneniiuusiia popliteus hiatus
¥84 lateral meniscus widaunlifiidoaundsefaiunsasueImisuareandiauain pressure

= -4 o :‘l’ 1 - s ] = o V| ci a v 1
gradient MAnduvazindinisuduluvineuazimtien vnluliauuasuwdasanuauludemi
' . Ao a & | v &) = v = oA Y Al
@99 meniscus NillGeaundsarneqrutiunanveutenitugUdeIndsu wudeiunld

g
Lae tibia
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Transverse Deep infro-
genicuier g pasetiar bursa

Anl, cruciaste =
ligament

Mecial
meniscus

Past. cruciste ligament

= L. @ ¢ e
UM 2.12 uans Menisci {Wugunszunsiaes Wenssansuuu [1]

variation aghanilaves meniscus AfemstizueRaunAlusngunss Sunsideandiugy
usunauissuuny laifisesiirdilu (Discoid meniscus) wugURn1saiussana 1-29% Tuley
auisnunile uaz 15% luyneideuudila Discoid meniscus wiadu 3 viafe

1) Complete type

2) Incomplete type

3) Wrisberg ligament type

o ' s 2 a 1 LY e
a09UsEIANULINUY WUAMINSNYAUZVDY meniscus WU wAazdin1sin1ziu ligament
AUUNA druuszLannasilazinieiu Wrisberg ligament Aaudnsuiuann wazasiinsudulag
: A v v & . . ) v \
nsAsves ligament tisy Tnslanizg e Wrisberg ligament du adiewmdeaignay
o 8 w . = 1% %) a A w o & | ) < v o i a o & w
¥l meniscus gnaslutamiuaziidssdafintu sauduernisiduls Jadungquitsiiudes

@3un1sshwn
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J 1
2.1.1.7 nauLilasoudaidn
o & P Y v i v a o Y s
nAaALaf199 Mneaadinteaiuisanaliiinaluduainisludelaludnwusves
. e 4 a v L o & o v & =
Dynamic stabilizer Wil tone U9INAMIUD AINUAISHARUAMNLDILSIWBINA WL LD 9@ L5
Drefinanuiunsnglude laenisifia joint reaction force lnslawizagrsBuiiofinsaunad
VBIUULSIANUIAY 19U N15aUAAETENIN Quadriceps muscle 391U Hamstring muscle
i & W A o w Y o & aa o w1 v

wag Gastrocnemius muscle tWuau wananidslinanuiedindnniaudiAyrenuiung

v L7 A}d 1 . . s .
vosielaludnwauziidnidu tensor fascia lata uay illotibial tract, popliteus muscle

2.2 #i198nN1a9n1Y

2.2.1 Squat [2]

2.2.1.1 Bodyweight Squat

Huri squat Augu Aldidsnnnduiievansq duvesinie Tnsawzdasddas
U laausntines uda duvidunih uasfuedumss Taoduviniigisnsyfutasifinainy
wdsunsalifuduruarasinnldfidues1ef Seanansoutsussanves Bodyweisht Squat leisail

1) Mini Squat

2) Half Squat

3) Deep Squat

2.2.1.2 useiiindulunisvi Bodyweight Squat

1) Mini Squat

7l 0-60 0971 SziAnUsUABUGIAR HutieTlzugsodumng Squat udfiugamde
Fowhasreu yaudautisiiasiiin Dynamic Knee Valgus videisndaidhdnslulditedaunesu
Li#t usidh Squat femaiaiigndesdeldasinnasneu audrlridlidadluldRlddym
71 15-30 aarn tAnusadeusie ACL gega daudiiitiyvidulyimihdnuinesassesseiiludasi
T¥urng lilddmdnuiniivlu liuwiasdeuazTnn AL Dynamic Knee Valgus T lel
7 10-70 a3en 1Hugaedl Hamstring ¥emuundn iszaziussinusadeoulufumdanniu

= = = 1 =) & as 2/ | = [}
Fasuaziinase PCL viowulrinds fauiundnladidym
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2) Half Squat
&

i 80 @4 wu‘Mﬂuaamwmm aulunisiln Quad Yenaulantine wunziulnAw
wmsqﬁﬁﬂﬁlﬁﬁmﬂuﬁmeﬁamjmaz LU Wavea Fa 1Judu 7 50-90 eeen 1 HussmfiseSuiiug
- ) 1Y X Y v e a & wvda < v ow - v a v
Waulusmunaaundu waufuilusainaiuy sdwu{]mm PCL louadzU19nldu N3odsuIYniIve
s = = 1 iHI =y = 1 A
1NALd81N15UIM 90 89AIT Half Squat Wuteiidausadoausia PCL NINNEA

3) Deep Squat

4 P a =% g . < J a Y £
7 90-120 991 BDLINAENTU L9 Compression WIBLIINARDVUDUTDILATHIVDALUN

[
=3

= ' v vdaa v v oA a v Y )
VU %\311]WmWSﬂUQWﬁN?ﬂaﬂquLa@ﬂﬂ%ayﬂﬁ'ﬁlﬂ LéuaquaﬂLﬂU MN@Uﬁa\‘iﬂ‘i3ﬂﬂL°ll']ﬂﬂLﬂU

u

i 90 perududuluituesrmilvunzfunisaranduiedu ununans suddldiindmsu
nsudstiluinfisn Power Lifting, Strongman , Olympic lifting w3etinfwidugiisniudesld
yuillunsiedeuly 1wy teaiavea viafinven awInuWnuea saiatiunsiinaomain
gneeuagsadlifionsuiniiures Ardeuaznieuseinszgn

d‘ o e 1 lﬁl o i A 1 1 Vo
lngaguusennssvinnuiuiisasnmdiniein Squats Nyuigeneeladisgy 2.13

Degrees of Knee Flexion
During the Deep Squat

'_J = Maximum Anterior Shear Forces

- = Peak ACL Shear Forces

10-70 |= Maximum Hamstring EMG

= Maximum Quadriceps EMG

50-90 | = Maximum Posterior Shear Forces

-= Maximum PCL Shear Forces

90-130 | = Maximum Compressive Forces

90+ |= Maximum Glute EMG

Aaron Swanson
@ASwansonPT

3'1]‘7; 2.13 Degrees of knee flexion during the deep squat [2]
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‘Eﬂﬁ 2.14 Bodyweight Squats [3]

=l
a
L%

RIS IVGIRIE
1) Squat Ww1ldiaevanewinvasaise Patella Tendon, PF joint 410131 LWS1E 4

LTINARBLYILALTBIINLBENIT LAFEALLITINALATLISIABURBAL INNLAEEININNTN TaimunzAy

o W
AUNUDINITUIAER
2) Squat WnagUaewin inuse Compression vivausinareazUEan lalvsnsiug
ol v as ¥ a v | 1 4 174 v e o ar P
nfensduaztdniay axdiyainte vueusenssgniden wWdeu dewinfn dmiuaund

2 &‘ as 18 1 a =% a b3 s v a o g s
ﬂﬂ?ﬂtﬂ@ﬂﬂlﬂlLt‘NLLN ABYLNUAINAN LWHUTAUN LLﬂSﬂﬂﬂ?Umﬂuﬂ‘ﬂgﬂmaﬂﬂdjﬂ 2.14

d o 1]
2.2.2 Yszleyulinnnnnisyiavin Squat [4]
1) nsvsugailuuEtunay
v J q‘; a a‘!’ L g ] < Y] a
nanulenavaeaziuladulinasedugasiuusing 9 Feasndieenumdsinniseen
] o a - ' o o = L9 a Vol o W =
Tngviteanindanie Squats uiheeniainennsysunisudngesluuldnsuiudiu

o

fdene
dotmsiduviniiléuselevtiinn

f97
a [ 1Y A’ s
2) WESUAMULTILSINANUL L BVAN
N15laUYN Squat wisufunstenuluakazusiualunle Nezlaeenuseisain

Y i v ! v w & w v v o v = = o
ATUANLLAEATIUUU aQNa‘l“ﬂa’]ﬂJLua“aﬂlﬂiUﬂWSUﬁ“qi‘Lﬂﬂqﬂ FIYBAADINITUIALIULALLUU

2 =) ol al
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3) WNAMUEAVEL
1 o [ v ¥ -4 - v J i
vieenidanie Squats mewuvTugeasanil unsuimsnauilena anusaadis
= = 1 1 1 s v d 1 ﬂn‘

LEsNAMNEANEUYBITNNEVAIEEIUAIEU TaglanIzauYT aslnn wazled Feieiiiualny
AavaLAa luNSEUNILazanan1sUIavdalaiiuaenem

4) anIN1sUALIU

ﬁl l&’ =Y t 24 1 a0 1 4“ 1
nstiunanuilevsnudeseiidiutisaneinisuialdueesds §vin Squat @u15e
= AJ 1 [} v 1 lﬂ‘ L7 lJ =l o af
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meldaguaeais

5) lAULAITIIANLUY

o af 1 di = 2/ A‘ s 3

A1599NA189NIEYN Squat BenLUUINBIESNNALLeTlAEN1E IneNadndveInIsesn
o 1 a :n‘g Q [~ [Y] A 1 oal = o a I o d ] o/
AN84N18¥1 Squat tnduiusndunan lnellolduiwinieyinianssua 9 eAudaunsiasgeli

=l di !Je.'f 1 -
anunsatunazirdauluilasiuaniniy

6) nzlanlaganda

o [=f 1 o o = é A 12 a

nsnslaadntusgranndmiuiniviadssan Fansnsvlaaniagldnnubuaras
-] [ L7 Vo w 9 -i’ 3 [v] o w ] at =
Indusesldidwesnduiloazinaidunan Tnsnrseeniidaanieyin Squat unziunIsiasy

1 1 o t A

azlwnuINNIvinesnAiaInIeaue

7) ldwdanuldunnlunansudu
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I
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nsvfumswuresialaldifuetied duiudesmnnaglutuldun Aladuiiieuwasming
Tumsantiuin

8) Faelumsmenmindalugiaelsanien

11 Squat ﬁ'l*z’f%aq‘!,uﬂimm Mini Squat dsldntiadiusagae TneBurisainud 1 W
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anugiaranudilalunsquamieaietesiueinisuiaiduannisiauiinm

25



2.2.3.1 M5U89NUANIINNITUIALEUIINATSDBNTIEa9n18
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2.2.4.2 nanuiladniayu wnnan [5]
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2.3 Kinect [7]
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3Ul 2.15 ndeq Kinect [7)

2.3.1 dauusznauvaenass Kinect

1) gUnInianeuaBunIIn (Infrared)

2) ndevinAuANYBIN N (Dept Camera)
3) NAB43ALe (Video Camera)

4) Tlasuuazigugas (Sensor) Uszanana

2.3.2 NaNN15Y191U
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gﬂﬁ 2.16 Wwniisuan [7]
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31]71 2.17 AUANAUYDIING [7]
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2.3.3 Coordinate map'ping [8]

2.3.3.1 Camera space

Camera space 98198484 3D coordinate system fiasnslnendes Kinect Tng finng
funsail

1) 98833U (x=0, y=0, z=0) %aa‘jﬁmmmquénmwm IR sensor UuNaB4 Kinect
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3) uny Y szfistumednuuy
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2.3.3.2 Depth space
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2.3.3.3 Color space
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2.3.4 ¥af [9]
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2) 58UV Multi-tasking ¥a1 Xbox One Haudrenasisqa
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4) Voice control yhauldeensdiuin
5) TV Ua¥ One Guide ¥alaisuiun

Vo v car o = cal
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2.3.5 Yaidy [9]

1) 1nuwes Xbox 360 liamnsayianiauiu Xbox One 1 v Aeiiudantetn
QniesnaTans
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2.4.1 aisiuvaslusuNsy Blender

1) ulusunsuilininensssuuuaziuilumsfndelusunsudiesfinuansnsalunis
a51991y

2) ldvaneguiuy 1wy nisadranisguetiudu vuiled suaniinenssuuazanuss
ety msadnalvaldwiing waznnsadan (Hudu

3) vihauldvaneunanwesu 1wy Windows Mac Linux wagduq Wsuunsy Blender
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2.5 Delicode NI mate [11]

Delicode NI mate 1ulusunsa cross-platform, cross-sensor wuy real time lunns
L7 A 1 1 o - n.l‘ ¥
Junseasulnivionng Iﬂaluﬁmﬁmsmwumiqm wanwdunIns iR laugui 2.21 uanslald

TUsunsu Ni Mate

NI MATE

3U#l 2.21 Tsunsu Delicode NI mate [11]

2.6 Python [12]
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2.6.1 YALAUVDY Python

1) adfuayuuiuuuAnesUlandloSeumna w3e OOP (Object Oriented Programming)

2) \u Open Source

3) Wafiifeuse Python ansnsathlufuuussuugdinislduannvans

4) avduayunalulal COM va9 Ms-windows
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11) dansmhernusiegdalusii aansodnnisiuiimbeanusitlisewdads
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12) eygnlviilayasidsvas Python w1linelulnnu C/Cos 14

13) aygelilusunsuesad1e Dynamic Link Library (DLL) iieldsaufu Python
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uAYau
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16) @nsadszanananenAnmans uazimnssuransliogaiiussansam
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3.1.2.2 Motion Capture

Wunmsmuaujulunaliiadoulmmnugesnidmelagldnisnsiaduriemienndss

v ]

N & v a ' ] - [V V) 1
Kinect antudoyanaindeulmluusiazdasiediag sxgniveuiudesevenszgnuadua Tag

k2
LY

TUsun5u Delicode NI Mate 2 9az@nsa Add-ons lulusunsy Blender o Animation :
Delicode NI Mate Tool

< P i Y ;
JUT 3.4 maeutesensegnlumaiulusunsy Delicode NI Mate 2

TUsunsu Delicode NI Mate 2 anunsasdausiulusunsy Blender Faagdrwnsiudeys

1% A s s P
NNNAeY Kinect 1Ealusunsu Blender fuuansluzun 3.4

a7



# Biender* [D\projectsenior\motioncapturefinish_2_Hunchback blend]
: Bl pesnn (G IROR] sarer Muie riurel S421 )

= = v
JU#l 3.5 maweusededenuluna

i Delicode Mimate 2,14 Free - Celault®
File Help
Getting started

Motion Recorder
~ Kinect for Windows

User datection
) skeleten tracking
[ Controlier tracking
[ Face Analysia
[ Face Shapes.
O Triggers

Leg

m Outputs sl Ro3 v lwo -

NI MATE

sbourv2 14 Prefererces

< @ d
EU‘I’I 3.6 Li.ﬂﬂdﬂ?'ii]‘l.lVl’mNﬂTiLﬂaaulﬂ’J

4 d‘ ! [} L2 1 d H v = } - st =
U7l 3.5 uaman1sdeusiavuidniudese Wwetielimjundoulmldadeiunmaindoulm

¢ -l v B a o a1 -
VDIUY W Tﬂ&lgﬂw 3.6 LAAINLIA19URAlUTLATY Ni Mate NiYin1sTuvinnieniIseasulunlves

uywdlagndaes Kinect
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3.1.3.2 HATEINATEBNUUY
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3ﬂﬁ 313 fgﬂﬁ' NI MATE U Tulvium Depth & extras ¥avi1 Half Squat

= 2/ . ) ] o ar I
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NI MATE

Aboid 12 14 Piefeieces

NI MATE x’j VECTOR The VJ

Aboul 214 Prefeences

37 3.15 9071 NI MATE %u Tuluun Depth & extras vaavin Full Squat
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Bmsiuany Wensnduteyauinawent fudseenidu 3 9a Aldvhnisimualy

D)
A
B
C
JUT 3.16 fvunfiriagn [16]
LRIV LN g FRLE T
— coc—1 [ ZE
0 = cos (IVIIUI (3.1)
FATANINNATININADS
v=(A— B, + (Ay - By) + (A, —By) (3.2)
= (B, —C) +(B,— C,) + (B; - C) (3.3)
veu= ((Ax"'Bx)'l'(Ay_By)+(Az_Bz))
X ((By = C) +(By = Cy) + (B, — C)) (3.9)
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VI = [(Ax—BY2+ (A, - B,)" + (A&, — B,)? (3.5)
U1 = [(By~ G2 + (By = C,) + (B, - C,)? (3.6)
IVIIUL=((Ax = B)? + (A, —By)* + (A, — B)2) X

(3.7)

By = €% + (B, — ) + (B, — C,)2)

1NUT 3.16 Tnefimuaudsunuvesiifin A8 was C saniduunu XY uas Z aeldimn

wUsveausazunussE
A=A, A, A,
B =B5,B,8,
€ = 6yl

a a o ] o i v [
nnfinauazunuiinmuady aansmhluunuadduauntsi 3.1-3.7 aldrwesudeiri

wlglumsimuayuluszuy
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4.1.1 M5IAYN

3 =i ' 5 P &
Wumsvadouissuiiisuyusznin Goniometer uazlusunsuiiiensivasunmigniies

=
A19199 4.1 NaNIINAADY

ASadl Goniometer(degree) TUsunsa(degree)
1 4 7
2 32 35
3 a7 53
q 85 88
3 104 104
6 28 27
7 40 41
8 69 67
9 98 95
10 111 116

o [ ) . a o« v PV
1NM15297 4.1 NUNABIUNlAINTEULLAY Goniometer ATIlnALABaY eAad

v

dsiuduaraduinain aumaiaaieuvesginisld Goniometer ayugmaassuaziar]

v

NRaed TUsENINITIE Goniometer SaUSeuLisy

a7



gﬂﬁ 4.2 msinleeld Goniometer 2

= @ 1 = 2/ 3 o
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® 2_color_6_kneeposition

Half Squats 6 4 degree

Incorrect Knees 0-60 = Maximum Anterior Shear Forces
15-30 = Peak ACL Shear Forces
10-70 = Maximum Hamstring EMG
80+ = Maximum Quadriceps EMG
50-90 = Maximum Posterior Shear Force:
~90 = Maximum PCL Shear Forces
90-130= Maximum Comp

90+ = Maximum Glute EMG

3‘1]17‘1 4.3 ¥11 Half Squat 64 84

1Y 4.3 Wumsuaasmasuiildannsduieenddinieves Kinect lnggpandiad
melavitvin Half Squat densuanamevtiaetiu Idiaudeulviifmuals \iegpaniidniy
Tuhiille Tsunsuazuansdernudn Incorrect Knees nsizidioentdimenia Squats Tnsign

leUanawin wszasdudunsienawi
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Types of Squats =g ENESTVE ] 6 4 degree

Alarm Incorrect Knees 060 = Maximum Anterior Shear Forces

15-30 = Peak ACL Snear Forces

10-70 = Maximum Hamstring EMG

80+ = Maximum Quadriceps EMG
50-90 = Maximum Posterior Shear Force:
~80 = Maximum PCL Shear Forces

90-130= Maximum Compressive Forces

90+ = Maximum Glute EMG

Human Models forces at the knees

P | ' ]
JUN 4.4 U VILARINE

o 4 o 1 o as ar ~
miu,amwawmaaiﬂ‘sunsumammsmmﬁaumaanmaqmawmmwamgﬂw 4.4 \ng
NDUANINALNTENDUALE UUVBA, ¥HIAUBIVIN Squat, LIRUllenenidINela, Ay

LAZLTIARTUALYN
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import bge

import math

import mathutils

import numpy as np

scene= bge.logic.getCurrentScene()

objl= scene.objects[Right_Hip'l.position

obj2= scene.objects[Right Knee'].position

obj3= scene.objects['Right Ankle'].position

rfootx = int(scene.objects['Right Foot'].position.x)
lfootx = int(scene.objects['Left Foot'].position.x)
rkneex = int(scene.objects['Right Knee'].position.x)
lkneex = int(scene.objects['Left Knee'l.position.x)
rfooty = int(scene.objects['Right Foot'].position.y)
lfooty = int(scene.objects['Left_Foot'].position.y)
rkneey = int(scene.objects[Right Knee'l.position.y)
lkneey = int(scene.objects['Left Knee'l.position.y)
vl= obj2 - obj1

v2= obj2 - obj3

def angle(vi, v2):

angle = np.arccos(np.dot(v1, v2) / (np.linalg.norm(v1) * np.linalg.norm(v2)))
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angle =int(np.degrees(angle))
if (angle <= 180):
return angle
else:
return 2 * np.pi - angle
angle_leg =180 - angle(v1, v2)
cont = bge.logic.getCurrentController()
own = cont.owner
own[Text] = angle leg
if 40< angle leg <=60 :
print('Mini Squats’)
own.children[0][ Text'] = "Mini Squats"
if rkneex > rfootx and lkneex > lfootx :
print('Incorrect knee X')
own.children[1][Text'] = "Incorrect Knees"
elif rkneey > rfooty and lkneey > lfooty :
print('Incorrect knee Y')
own.children[1][Text'] = "Incorrect Knees"
else :
print('Correct knee')
own.children[1][Text’] = "Correct Knees"

elif 60< angle leg <=90 :
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print(Half Squats’)
own.children[0][Text'] = "Half Squats"
if rkneex > rfootx and lkneex > footx :
print('Incorrect knee X')
own.children[1][Text] = "Incorrect Knees"
elif rkneey > rfooty and lkneey > footy :
print('Incorrect knee Y')
own.children[1][Text'] = "Incorrect Knees"
else :
print('Correct knee")
own.children[1][Text'] = "Correct Knees"
elif 90< angle leg :
print('Deep Squats')
own.children[0]['Text] = "Deep Squats"
else :
own.children[0][Text] =" "
object = bge.logic.getCurrentScene().objects
if 0<=angle_leg <=60 :
print(Maximum Anterior Shear Forces')
object["Plane"].color = [1,0,0,0]
else :

object["Plane"].color = [0,0,0,0]
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if 15<=angle leg <=30 :
print(Peak ACL Shear Forces')
object["Plane.001".color = [1,0,0,0]

else :
object["Plane.001"].color = [0,0,0,0]

if 10< angle_leg <=70 :
object = bge.logic.getCurrentScene().objects
print(Maximum Hamstring EMG')
object["Plane.002".color = [1,0,0,0]

else:
object["Plane.002"].color = [0,0,0,0]

if 80 < angle_leg
object = bge.logic.getCurrentScene().objects
print('Maximum Quadriceps EMG')
object["Plane.003"].color = [1,0,0,0]

else :
object["Plane.003"].color = [0,0,0,0]

if 50< angle leg <=90 :
object = bge.logic.getCurrentScene().objects
print('Maximum Posterior Shear Forces')
object["Plane.004".color = [1,0,0,0]

else:
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object["Plane.004"].color = [0,0,0,0]

if 88< angle leg <=92 :
object = bge.logic.getCurrentScene().objects
print(Maximum PCL Shear Forces')
object["Plane.005.color = [1,0,0,0]

else :
object["Plane.005"].color = [0,0,0,0]

if 90< angle leg <=130 :
object = bge.logic.getCurrentScene().objects
print(Maximum compressive Forces')
object["Plane.006"].color = [1,0,0,0]

else:
object["Plane.006"].color = [0,0,0,0]

if 90< angle_leg
object = bge.logic.getCurrentScene().objects
print(Maximum Glute EMG')
object["Plane.007"].color = [1,0,0,0]

else :

object["Plane.007"].color = [0,0,0,0]
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