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Abstract

This research Kinect Azure depth sensor with Unity to develop a motion sensing
rehabilitation game. This research is mainly used for patients with Adhesive
Capsulitis to assist them in physical rehabilitation. The interactive game design
enhances the initiative and enthusiasm of patients for rehabilitation, make the
rehabilitation is no longer boring and tedious, and improve the efficiency of patient
rehabilitation. In order to confirm the movement during the rehabilitation process, the
physical therapist must guide the correct movement. In addition to the transportation
cost to the hospital, the tedious rehabilitation process also makes the patient tired of
rehabilitation, which makes the rehabilitation impossible. The expected results have
resulted in patients' rejection of rehabilitation. Therefore, this research designed this
motion sensing rehabilitation game in cooperation with the Rehabilitation Department
of Tung’s General Hospital. It uses the Kinect Azure depth sensor to track the joints of
the body, accurately calculates the joint angle of patients with adhesive capsulitis, and
develops an interactive game. The maximum angle of the patient’s affected part is
recorded in the beginning and the end of the game. The patient could chooses the
difficulty level according to the actual situation, and then performs rehabilitation with

appropriate intensity.

Keywords: Kinect Azure, Motion Sensing Rehabilitation Game, Adhesive
Capsulitis, Serious Game
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F JINDATION FOR MEDICAL EDUCATION AND RESEARCH. ALL RIGHTS RESERVED

O MAYO FOUNDA

B 2. kAR A B & & LT B
%4 T %k Mayo Foundation for Medical Education and
Research (MFMER, 2020).
Retrieved from : https://www. mayoclinic. org/diseases-

ot

conditions/frozen-shoulder/symptoms—-causes/syc-20372684
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BRI A NS R Lop R RA G RpOBT ¢ i‘g 4v (Ewald, 2011;
Kelley et al., 2009; Tasto & Elias, 2007) -

Frozen Shoulder
=P Primary (idiopathic) Secondary (known
i disorders)
: /\
| Systemic: Extrinsic: Intrinsic:
: * Diabetes mellitus « Cardiopulmonary « Rotator cuff tendinitis
i * Hypothyroidism disease * Rotator cuff tears
i « Hyperthyroidism « Cervical disc * Biceps tendinitis
: * Hypoadrenalism «CVA « Calcific tendinitis
E T * Humerus fractures * AC arthritis
! | « Parkinson's

Bl 3. HEARILA B & B CLp Fle A
MRS ST TR kR Kelley et al., 2009

FEAEE R MR e R = B (l)ﬁ Ji 8 (freezing stage) @ Sk 1%
KRR HA o A2 BgME }}?’vﬁ—’ fo o DRSSP o jbrbrke BB & E B
B BEAZ IR (2)rkik ¥ (frozen stage) PR R E R R R R
KEAGEA - AME &R IR (3)¥ 2 (throwing stage) » & 17 §
RINEMET 2R > A MG S EREBHREN - PR 18-24 W * o kg 10%-
15%0 2 ¢ 5 HFFRANEAME &R L VIR AGEE & g Bigs > AR
7 Al g bk B G % ARFEAERREAMEERFERL
(Hand et al., 2008) -
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A summary of the three phases of frozen shoulder.

Freezing Frozen Thawing

Duration 2-9 mth 4-12 mth 5-26 mth

Signs and symptoms Gradual onset of diffuse, severe Pain begins to subside but there is Gradual return of range of
shoulder pain that worsens at night a characteristic progressive loss of motion

range in motion
Conservative treatment « Patlent education
« Medications: nonsteroidal anti-inflammatory drugs, oral or intra-articular glucocorticoids
« Physical therapy

Physical therapy at each « Gentle stretching exercises « Maintain stretching exercises « Maintain stretching
stage » Modalities: heat/ice pack « Strengthening exercises exercises
isometric/static « Strengthening exercises that
» Modalities: heat/ice pack progress from isometric/

static to resistance-based

B 4. FLAEE R B oH R e = B
PR % F# kR - Chan HBY, Pua PY, How CH. Physical therapy in
the management of frozen shoulder. Singapore Med J. 2017

2.2 FpALE A M E LisRk 3 N

R AUETRE LA ERTAFPFEIR TR F R (Hospital
for Special Surgery ) ; #& &} > FEARM A M o d LISk p AR DB L L T
AR R BTEA o 2EE iR T i ¥ A E - ER ST S BT i
PR B S LR iR S DGR R EE R N OV A
HEp e rek 3 R K R o 2R REAR Y @ JRIRY A L ES L E S o
i % PV A 4t i3 5 AL B3 TR (corticosteroid ) > ¥ pbARIE A B & f L 5 H) i
B Bt ERR o DR e A T R R g BIGE £ 0 2019) ¢

Pt IR IL R BE R ch- B0 BnE N W OB R §l e AR A g e

e FREHRF AR EF ISR T SIS FFFRFERILE B AT
iR i aE R o

I E g o Frps T # %8 B %1 (Manipulation under anesthesia > f§ Fi
MUA) > Hps B4 S Fepe s > F B ¢ Mo & e h 9338 7 < Pl enia o Jgt o B
weAbenig Ao g R A B S R R R o @ B & 48 B & B 3 3R i (arthroscopy
and capsular release ) i ¥ & * A B & EBOEA  ROR R FE TR L o LR
FrEf2 i 0 FE g BA L dup e o M S EF FH A ATE R i
A g LG R Finf o RIS R FREFER P
ink o TSR BRR o

kS
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EER LRI FF I AR TERVRE LR Lo RP RILG -
& ehi¥jz > Dundar, Toktas, Cakir, Eveik,Kavuncu(2009)#- 56 i~ R 3 141 + A s
B aid o — i @ 5L § 5 (conventional physiotherapy treatment > CPT >
P AP ED ~AEIER) - i A M & $ 5 (continuous  passive
motion, CPM) » % % | -} pF > £ T 2w & FHERFU FFTHF 2 bd 4
WA 5 1230k 57 '8 A2 R 2 Constant A # it 3% 5 £ & R0 B F de o v it
# « Gaspar (2000)& 3% » H s & b Sd TLis 4% B X 1 ] Benis R
BAMEERYE > 7Gx § et B & & R i (Gaspar & Willis, 2009) ©

Matsen Fig. 2-38

] 5. continuous passive motion, CPM
MR % T kR Department of Orthopaedics and Sports Medicine
University of Washington (2005)
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WA A M E R LR R g S HA MBS AN FERFER A MBS
(shoulder joint) 5 ¥ va R & > d K " 4 229z f 2 % F 4035 e TR M & 4T
o2 @REREE 0 AMEORBFRPTAR ARSI RERTET AL
T fA(F 9 2013) o

(1)® By (forward flexion) : =% ;- F L4t o > » B F o

(2)*t & £2 p yz(abduction and adduction) @ "= ¥ J- LR Rle P EF L Pl TR o

(3)*F *z(external rotation) : Tidp d = F R b (T 0 P E TS RPN E
MR A 90 B 0 % RdE 180 }iéﬁ‘}éfﬁ%%] .

(4)fs ©® (backward extension) : =¥ jm F LM {5 B F o

-34.:;,

(5)’k L % Ay(horizontal flexion) : + kFd LR R|m kT a o D61 LRI w o
AT ShE LM
(forward flexion) (abduction and adduction)

C | o |

ﬁ |

M ! |
]

s shae b S Rp:

g (external rotation) (backward extension) (horizontal flexion)
Y

j g ’ (. ‘ |
B 6. A0t A B 6 A S i
LGk 3 ek (2013)
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2.4 Kinect Azure

t 2010 4 4 d ahKinect 5 % - i F miERRRIE 5§ FSE
FRBRE T BN R A BT B2 R B 3D 4%

# > Kinect ¢ #cdic B % > & * > Xbox 360 4= Xbox One i # &% #f%

BRI FRLESHBIAE A Lt 7 344 S 2B kR i Xbox 360 7‘”
Xbox One &7k 5 & o ¥ 4 3 PFRRD B4 T e (70 ¥ AR R 7R

FLRF T L Benvs i iy Sl s | o

#r— % Kinect Azure &% 7 :&f¢ Al B B F F % ﬁ ERLTRERFD
7 PR o 5 Al o Kinect Azure ¢ 37 FRARBIE ~ £ 3 BT
FrohEr o mE B 5 BHEG - EA MRS R (SDK) ZEE N -
gt e R BE -

Kinect Azure B # s 44 T 7| 5 SDK #rie e

REE SDK» g * 2 MR REf-EE 35 -

> B B SDK o * tig 7 3D 2 Eif B

A anapRAr SDK o * 2t # 5L h i Bfr Azure T HRNE S R o

B 7 Kinect Azure
AL kR - Microsoft

\\\?‘;r

T

Kinect Azure z A %82 ¢ ¢ 7 7 100 & 4% ToF /& & #HEF 48 ~ 1200 ¥ 1
FHEPBOTELRFAEAZE 2 5 @R BOIMD) - £427 F& ~AE - 5
fo? o B BHEW o Kinect Azure %< i+ E_picdic HoloLens 2 #i& * e
R EEE cTOFFABEUAB AT F LAY AREG L L AN HFE 5
SRR dy o BRI S FURRP G E S R 2 BBk kg7 3D Kk
BAme P % 57 ERT - FAAFOVARE 7 L HOREE I
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g*a‘\gf@’# o gt eh 1200 § ik AT 'ua‘f% Bed AKE T R
Wehis > v F ?f:?mﬂ P EAEAE S e B R BFEL T
360 & . iEf pe A Bhn BR > i o @ Kinect Azure en? & &R 7 ¥l 13 24
EREEZ 4ok 83 2F <] o A5 - * Kinect for Windows v2 i
1/2 > e B¢ dvgw| Brg i fr i v2 eh2 & o

Table 3. Azure Kinect DX vs. Kinect for Windows V2 ha

FEATURE AZURE KINECT DK KINECT FOR WINDOWS V2
Audio Details 7-mic circular array 4-mic linear phased array
Motion sensor Details 3-axis accelerometer + 3-axis 3-axis accelerometer
gyro
RGB Camera Details 3840 x 2160 px @30 fps 1920 x 1080 px @30 fps
Depth Camera Method Time-of-Flight Time-of-Flight
Resolution/FOV 640 x 576 px @30 fps 512 x 424 px @ 30 fps
512 x 512 px @30 fps
1024x1024 px @15 fps
Connectivity Data USB3.1 gen 1 with Type-C UsB3.1gen1l
connector
Power External PSU or USB-C External PSU
Synchronization RGB & Depth and IMU internal, RGB & Depth internal only
external device-to-device
Mechanical Dimensions 103 x39x 126 mm 249 x 66 x 67 mm
Mass 440g 970 g
Mounting One %-20 UNC One %-20 UNC

Four internal screw points

Bl 8. Kinect Azure 22 Kinect v2 2. & #8452+t &
R S AR kR Microsoft

Kinect Azure /#& gl E & * ToF (Time of Flight)#sts» f1* F &= &
%4 LD(Laser Diode) s & 21z vtk » R P|et L o F v K > d 30 kig (v)
Shvo FAIF - B RBEHRPIRERSFEI BIFRDEE F S ok pE
B () fI* GHEEFE N E M7 b TERFR -

® 9. Klnect Azure /zc)i);l/?JW FREE (=) 259 IR 2% ()
R RY F R kR Microsoft
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Iy W

B 10. Kinect Azure body tracking
R S FR kR Microsoft
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Kinect Azure ¥ ¥ X EHF FPFEHS B A 5 1MW -5 BAMES 7 1=
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EYE_RIGHT O 1C A
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@ HEAD
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SHOULDER_RIGHT SHOULDER_LEFT
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@) SPINE_NAVAL

_ PELVIS
HIP_RIGHT O+«O—=0 HIP_LEFT
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ANKLE_RIGHT O (@) ANKLE_LEFT

FOOT_RIGHT 1@, ®) FOOT_LEFT

B 11. Kinect Azure #iB~ X #8 32 B B &> 8Lz X 5
M RE S F R kR Microsoft

TpEFHRE

A7 A Kinect Azure JF R R BIE M 2 Unity K3t - 2453 A

Pa W2 MR SR BERSRN o B iE ?1‘%’ B FRIEALEA B & F X
(Adhesive Capsulitis)sz_ = F] ~ j5% ~ 1R fﬁﬁ" EEAPM AP F R R R
Kinect Azure 7/ R #c 8k B > B2 5 A7y a H Rk 1,%1 &0 i p i (Microsoft)
et 2 3F AP i 30FE B A Kinect Azure 2 F F &k o H ¢ Body
Tracking -5 A& S F7 3 KPSV 2L ML © 5 6 0 v gL B e

TR R e - B S - 42 0 ¥ 8¢ B E Kinect Azure B Y EER N 4R
[ <)
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UG RERSEY o 4 B B BRENE Y LARM R M & § U (Adhesive Capsulitis) J £
2 4R BE 0 Tt R R R SV AR s RN e e 3 1B Kinect Azure ¥ B8 % 7E i BB E
HRIE A MEREE RS EIMEE - SRGRT M S LA B s G
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LAPSRE N B s Sl BT BT Lok Rp L T BSR4
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3
1 g po—————y
B
T # A @ ]
Bt 17 N’ b b
B it = g it
# i - + i
L
Kinect
wa A

Wl 13, ik iz (i L)

P31l
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