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Stroke rehabilitation is an important requirement of patient treatment after
recovering from a stroke. However, a physical therapist can only observe one patient at
a time. Moreover, it takes a lot of time to make suggestions and complete evaluations.
As a result of this problem, this research is concerned with the development of new
rehabilitation guidance systems to assist both physical therapists and medical doctors.
The proposed intelligence interaction system is for the detection and monitoring of the
rehabilitation of bed-ridden stroke patients. The proposed system uses a stroke patient
by using a 3D camera, the Intel Realsense D415 placed at the end of the patient bed for
extracting the patient from bed by measuring the distance between patient and bed.
From the segmentation results of the patient, the proposed system evaluated the
rehabilitation posture of the patient by detection of the simulated skeleton to calculate
the changing degree of the shoulder joint, elbow joint, and wrist joint. In addition, the
proposed system used capabilities of artificial intelligence to check the accuracy of
physiotherapy patients and show them how to perform physical therapy correctly. Based
on the results of the experiment, the proposed system represented effective monitoring
and evaluation of stroke rehabilitation as it can accurately count the arm flexion gestures
during therapy. Therefore, intelligence interaction systems can help physical therapists

to monitor and evaluate the rehabilitation of strokes among bed-ridden patients.

Keyword : Stroke rehabilitation, Intelligence Interaction System
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Wwaliifduniseraausaudnuwazdianlitiasngn (GANAE, 2558)
2.2.2 iINMENsinanIwLinlm (Rehabilitate posture)
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AUTENa 1 N1ININIEAINLNTAA1LL (Flexion)

2.3 .MANANN9MA529aL (Detection)
2.3.1 M3A592AUTATIRE 19BN e NYse (Skeleton Detection)
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1.) UNAINNASEIFEY A Review of Sensor Devices in Stroke Rehabilitation 1ol
Marylyn Alex, Chia-Yen Chen, Burkhard C. Wunsche (Alex et al., 2017)
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VR Game-Based Intervention

Author Sensor Device Stroke Phase Impairment Game Activity Type
Type
Rand PlayStation 2 Chronic, sub- uL C Hand coordination (Repelling,
EyeToy acute, acute wiping)
Celinder Nintendo Wiimote Chronic, sub- UL C Hand coordination (Throwing,
acute catching)
Lee Nintendo Wiimote Sub-acute UL, LL C Hand and body/leg

coordination (Grasping,

paddling, balancing)

Broeren Phantom omni, Chronic UL CB Hand coordination (Pulling,
camera picking and lifting, bouncing)
Lai Kinect sensor NM LL CB Body/leg coordination
(version NM) (Standing, bending knees

(balance shift)

Shin OpenNI sensor Sub-acute, uL CB Hand coordination (Targeting,

(PrimeSense) acute Catching, Imitating postures)

Turkbey Kinect sensor Sub-acute UL CB Hand coordination (Throwing,
(Xbox 360) hitting)

Abbreviations: UL (Upper Limb), LL (Lower Limb),C (Commercial), CB (Custom-built), NM (Not mentioned)
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2.) UNANNIAE 1789 Enabling Stroke Rehabilitation in Home and Community
Settings: A Wearable Sensor-Based Approach for Upper-Limb Motor Training 1a o
Sunghoon |I. Lee et al. (Lee et al., 2018)
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FitBit Flex Slap Bracelet Polar Loop Moov Now
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ADL Type

Tasks to perform

Unimanual

(affected limb)

- Drinking from a can
- Turning a key in a lock

- Brushing hair

Bimanual - Pick up a pen from tabletop, remove the cap, and place it back
- Pick up a box from table and bring it to the knees
- Folding a hand towel

Stabilization - Stabilize a bottle while opening it

(with affected limb)

- Hold a plastic container while removing the lid

- Cutting meat in half using cutlery

Passive

- Walking

- Stand-to-sit transitions without using arm for bracing.

- Ascending and descending stairs

Data collection: 20 stroke survivors (54.4 10.1 years old; average and standard deviation), 10 aged-

matched control subjects(53.8 11.4 years old)
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Fitbit Flex Slap Bracelet Polar Loop Moov Now
Patients 5.9% 52.9% 11.8% 0%
Therapists 0% 61.5% 23.1% 0%
Jawbone Up Apple Pebble Velcro
Milanese Loop Time Steel
Patients 47.1% 11.8% 23.5% 11.8%
Therapists 92.3% 38.5% 0% 7.7%
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3.) UNAITNAAELTRY A Virtual Reality System for Post Stroke Recovery Ta
Robert Gabriel Lupu, Florina Ungureanu, Andrei Stan (Lupu, Ungureanu, & Stan, 2016)
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- Myo Armband 1sznausag IMU 81uniumnsasunisiedaulnatediay
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Micro-USB
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sensors

nwisenau 5 Myo Armband
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- VHand 3.0 ginsaiianuisansaadunisinaaulinaesiiawazaniiunig
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Awdsznad 6 VHand 3.0
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* In VR environment the patient
sees his both limbs.

* Based on data sent by the
movement sensors, both limbs
of the patient’s avatar are
identically moved and the
patient has the illusion of
controlling his weakened limb.
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4.) UNAINNINE TR Development and Evaluation of Low Cost Game-Based
Balance Rehabilitation Tool Using the Microsoft Kinect Sensor 1A # Belinda Lange,
Chien-Yen Chang, Evan Suma, Bradley Newman, Albert Skip Rizzo, Mark Bolas (Lange
etal., 2011)
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5.) UNAININELT Monitoring the human posture in industrial environment:

a feasibility study Tagl Marco Tarabini, Marco Marinoni, Matteo Mascetti, Pietro Marzaroli,

Francesco Corti (Tarabini et al., 2018)
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nisiraauluangaonldladeldniaadausaaeaiineszyvianieuessianie (Notch

Wearable) nsdnnisdasyanashuiuns Asnmisenauy 9

=1 Kinect Data Man.ipulaﬁon Full Acquisition in Kinect Reference System <

data measured by the Kinect must
be pre-processed by calculating
similarity index S(i) to avoid
artefacts due to occlusions and to
identify the body characteristic
angles in a local reference system.

Reliable Acquisition in Ground Reference System

nwsznay 9 n13aAnTITRy AT ALILAG
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6.) UNAIINTA e 784 Natural Interaction on 3D Medical Image Viewer
Software 1a ¢ Apivan Tuntakurn, Saowapak S. Thongvigitmanee, Vera Sa-Ing, Stanislav
S. Makhanov, Shoichi Hasegawa ( Tuntakurn, Thongvigitmanee, Sa-Ing, Makhanov, &

Hasegawa, 2012)
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n1wdgenau 11 Natural user interface or natural interaction (NUI)

FaN LI FUWENUIF2E Microsoft Kinect sensor WaN131U7sd9a AN NS

pauANNAlaeduEas IANNTuLNNIINIBaasssuLeaniilu 3 dau Asnawilsznaui 12

Finger Gesture Processing:
The concept of virtual touch-pad

Body Gesture Processing:
The joint position and the
segmented hand image

* Fetching Module
* Depth Image Fetching
* Skeleton Image Fetching

* Image Processing Module
=+ Depth Image Processing
* Skeleton Image Processing

Moving hand gestures too quickly causes
some errors due to the limitation of the
kinect frame rate and the lagging response
of the skeleton image.

3 techniques in the system to solve this
problem:

* Acceleration thresholding

* Debounce Filter

* Point Smoothing
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Spatotemporal

Action

Result

Categonical Result
Action

Holdaleft
mouse
button

Holdanight
mouse
button

Holda
middle
mouse
button

Leftmouse
click

Leftmouse
double click

Rightmouse
click

A
A
) 4

Hold a Cul
and aleft
mouse

button

Do nothing
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Action

Result

Holding a left mouth button

Controlling azimuth and
elevation of a camera or

selecting a plane

Holding a middle mouse button

Zooming in or out

Holding a right mouse button

Adjusting the focal point

or panning an image

Holding a left mouse and the Ctrl but

ton

Rolling of camera
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No. Overall Literature Reviews
Title Year Country Objective Methodology Result

1 A Review of Sensor 2017 New Zealand For on study has 30 studies that met An ideal sensor for
Devices in Stroke investigated the use and the inclusion criteria, | rehabilitation
Rehabilitation suitability of different Ask 2 Research purposes

sensor technologies for Questions FeRiTiElsl D
game-based interventions. [
a fixed position
- be robust with
regard to patient
characteristics.

2 Enabling Stroke 2018 USA Detecting goal-directed Stakeholder Survey Patients with mild-
Rehabilitation in upper limb movements - Eight off-the-shelf to-moderate upper-
Home and during the performance of | Wwristbands limb impairments
Community Settings: ADL, so that timely presented to the would be the ideal
A Wearable Sensor- feedback can be provided | stakeholders candidates for
Based Approach for to encourage the use of providing different such a technology.
Upper-Limb Motor the affected limb. donning/doffing
Training mechanisms for self-

application of the
sensor.

3 A Virtual Reality 2016 Romania Offer the possibility to - Develop software The system fulfills
System for Post integrate them both in for rehabilitation by all the technical
Stroke Recovery different entertainment the use of the virtual testand it is

applications but also in reality. reliable to be used
serious games and stroke in medial
recovery systems. rehabilitation.

4 Development and 2011 uL Develop commercial video | Uses an infrared PrimeSense and

Evaluation of Low
Cost Game-Based
Balance
Rehabilitation Tool
Using the Microsoft

Kinect Sensor

game technology to
provide full-body control of

animated virtual characters

depth-sensing
camera to capture
users’ full body
movement in 3D
space for interaction

within game activities

Microsoft Kinect
3D depth sensing
technology

- Low-cost option
- No need to hold

an interface device

douilalaviredeinlidainanuddeinetinlissynsldiuanuidevesdidasialy
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Awdsznaui 14

Camera

Connection

4
Detect
Skeleton

¥
Control 3D
Model

$

Evaluate

Rehab

Gesture

v
nwlsenau 14 LaATUABUNITNINNUYRITELL

3.1 NS TANARNADY (Camera Connection)

3.1.1 Intel Realsense
nsRuITzULNTATIas NI Tndewlnatesanldlsavannidandues
silusedldgunsaiidauanansnlunisnsmaseunasantesusazsagilasudnun T
iAduilideniiazldndesanuiin (3D Camera) Titadn Intel Realsense U D415 (Carfagni

etal., 2019) pannusznaui 15
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Depth Sensor (IR Stereo Camera)

IR Projector Color Camera
ALsEnau 15 NAAIRINER Intel Realsense D415

feazilsznavlldaeiaumasaiuay 2 s Nl4lun19m99941 Infrared Ngnilaas

4
aada

28NNIANNNANATNR AT 1nldndniundasildalinnuanunsnlun1snsaeadunng fog
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o’ﬂl 3 ay v dl ] [ | 2N [ v aal v
R MANNNTNALN ALY iNatu AN szazvinaaddhaiundesanuiisle A
nndsznaud 16 vireNFandinnsdmAluan (Depth Measurement) AININUsENaLn 17
AINAIAL IAEdanIuuANIIMATALBINADY Intel RealSense 14 D415 11 {18310

RS9 2 69 (Depth Az RGB) azatf#l 69.4 x 42.5 89/ UANAL LN 3 83A1 A0
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a dl v K o ¥ o A
nwdsznau 17 MNABINANLAANNITIANNTDITANAVETEALA

3.2 Msmsiaaulaseasisragilon (Detect Skeleton)
3.2.1 Nuitrack™ SDK
Waliarunsnandatviinisaeslassadanszgnuyselugluuy 3 JRla Uiy

= o

faglmaanldsn SDK NHAaNBsInaIaduigae Tae SDK fafianuisoitlald NUI s

q
v

VUNAEWNAAWD TN Android, Windows kA Linux SDK #3831 Nuitrack (Nuitrack,

2019b) Aannlsznaun 18

Awilsznad 18 Nuitrack

3.2.2 Nuitrack Skeleton System

Tn9anszanues Nuitrack usiazduil 19 dosie usazdolA1umiauazn19919uUn

Aumnsnaruaantyl (Nuitrack, 2019a) Aan wlsznaun 19



JOINT HEAD =~
=

e JOINT NECK
Al == JOINT LEFT SHOULDER -
JOINT LEFT AND RIGHT COLLAR]-
«e JOINT RIGHT SHOULDER ==
e JOINT LEFT ELBOW -
ws JOINT RIGHT ELBOW =
JOINT TORSO w== JOINT LEFT WRIST w=er

fm’“" JOINT LEFT HAND ===

== JOINT RIGHT WRIST ==, JOINT WAIST
""""" JOINT LEFT HIP s

=== JOINT RIGHT HAND == (_

e JOINT RIGHT HIP -

wem JOINT RIGHT e
JOINTRIGHTKNEE JOINT LEFT KNEE -

=== JOINT RIGHT ANKLE === JOINT LEFT ANKLE ===

nwdsznau 19 LL@@QIV’]Nﬂ?Z@]ﬂﬂI‘ﬂ\‘i Nuitrack

DepthSensor

DepthFrame

UserTracker

UserFrame

'{q

HandTracker

SkeletonTracker

GestureRecognizer

SkeletonData ‘ HandTrackerData ‘ ‘ GestureData

Modules

Andszneu 20 wams Modules 284 Nuitrack
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3.2.3 mim‘m%’uvhmmgmf (Human Gesture Detection)

Tduannisineaiunisanantaseaivaensegnuyse Gelnevialludqinsesiie

2 |
=X !

azgnwauauie s nnsnananlassaiereansygnuyeeluguuusinsa (Full Skeleton)

1 o A o

' :J/ o dl a dl v o o a =R dl o ¥
Wit Aenwdsznaud 21 wingeRandaaanununen lfinauesanesnuninldaunsn

AIasUanzdulngaunilelusentanueells sufdataziniEaganansa Nuitrack

q

fatlupzasilandaginy Tnaudlasnaglulva SimpleSkeletonAvatar aiflulwanyinli
Nuitrack #1813am99aquinseairelugtunusnsala ImaeudAnsmensia joint sneh
AVUVBIATTIFILLYINTY FININUTZNAUN 22 LAY 23 ANHAAL LA lTa1N1IDRTR]L

4 1 dl o/ ¢ o dl
1@LﬂWW$‘HQQﬂ?QMQUH°ﬂ@QN1§HH AaNWLTENaLN 24

ndsznau 21 uaaenisananlasvaiisrednseanuy e lugtuninsa (Full Skeleton)



public class SimpleskeletonAvatar : MonoBehaviour

public bool autoProcessing = true;
[serializerield] Gameobject jointPrefab = null, connectionPrefab = null;

nuitrack.JointType[] joimtsInfo = new nuitrack.JointType[]

{
nuitrack.
nuitrack
nuitrack.
nuitrack
nuitrack.
nuitrack
nuitrack.
nuitrack
nuitrack.
nuitrack
nuitrack.
nuitrack.
nuitrack.
nuitrack.
nuitrack.
nuitrack.
nuitrack
nuitrack.
nuitrack

HH

JointType.

.JointType.

JointType.

.JointType.

JointType.

JointType.

JointType.

JointType.

JointType.

JointType.

JointType.
JointType.
JointType.
JointType.
JointType.
JointType.

JointType.

JointType.

JointType.

Head,,

Neck,
Leftcollar,
Torso,

wWaist,
LeftShoulder,
Rightshoulder,
LeftElbow,
Rightelbow,
Lefturist,
Rightlrist,
LeftHand,
RightHand,
LeftHip,
RightHip,
Leftknee,
Rightknee,
Leftankle,
RightAnkle

nuitrack.JointType[,] connectionsInfo = new nuitrack.JointType[,]
f/right and left cellars are currently lecated at the same peoint, that's why we use only 1 cellar,
f/it's easy to add rightcollar, if it ewer changes

{nuitrack.
{nuitrack.
{nuitrack.
{nuitrack.
{nuitrack.
{nuitrack.
{nuitrack.
{nuitrack.
{nuitrack.
{nuitrack.
{nuitrack.
{nuitrack.
{nuitrack.
{nuitrack.
{nuitrack.
{nuitrack.
{nuitrack.
{nuitrack.

HH

JointType.Neck, nuitrack.JointType.Head},
JointType.LeftCollar, nuitrack.JointType.Neck},
JointType.LeftCollar, nuitrack.JointType.LeftShouldery,
JointType.LeftCollar, nuitrack.JointType.Rightshoulder},
JointType.LeftCollar, nuitrack.JointType.Torso},
JointType.Waist, nuitrack.JointType.Torso},
JointType.Walst, nuitrack.JointType.LeftHip},
JointType.Waist, nuitrack.JointType.RightHip},
JointType.LeftsShoulder, nuitrack.JointType.LeftElbow},
JointType.LeftElbow, nuitrack.JointType.Leftwrist},
JointType.LeftWrist, nuitrack.JointType.LeftHand},
JointType.RightsShoulder, nuitrack.JointType.RightElbow},
JointType.Rightelbow, nuitrack.JointType.Rightwrist},
JointType.RightWrist, nuitrack.JointType.RightHand},
JointType.LeftHip, nuitrack.JointType.LeftKnee},
JointType.Leftknee, nuitrack.JointType.Leftankle},
JointType.RightHip, nuitrack.JointType.RightKnee},
JointType.Rightknee, nuitrack.JointType.Rightankle}

24
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qpublic class Simpleskeletonavatar
1
public bool autoProcessing = tr

: MoncBehaviour

ug;

[SerizlizeField] GameCbject jointPrefab = null, connectionPrefab = null;

nuitrack.JointType[] jeintsInfo
{
nuitrack.JointType.Head,
nuitrack.JointType.Neck,
nuitrack.JointType.LeftColl
nuitrack.JointType.LeftShou
nuitrack.JointType.Rightsho

= new nuitrack.JointType[]

ar,
lder,
ulder,

nuitrack.JointType.LeftElbow,
nuitrack.JointType.RightElbow,

nuitrack.JointType.Leftlris
nuitrack.JointType.Righturi
nuitrack.JointType.LeftHand

Ly

=t,

k]

nuitrack.JointType.RightHand,

b

nuitrack.JointType[,] cconnectio

1 //Right and left collars are currently located at the same point, that's

nsInfo = new nuitrack.JointType[,]

f/it's easy to add rightcCollar, if it ewer changes
{nuitrack.JointType.Neck, nuitrack.JointType.Head},
{nuitrack.JointType.LeftCollar, nuitrack.JointType.Neck},
{nuitrack.JointType.LeftCollar, nuitrack.JointType.LeftShoulder},
{nuitrack.JointType.LeftCollar, nuitrack.JointType.Rightshoulder},
{nuitrack.JlointType.Leftshoulder, nuitrack.JointType.LeftElbow},
{nuitrack.JointType.LeftElbow, nuitrack.JointType.Leftrist},
{nuitrack.JlointType.Lefturist, nuitrack.JointType.LeftHand},
{nuitrack.JlointType.Rightshoulder, nuitrack.JlointType.RightElbow},
{nuitrack.JointType.RightElbow, nuitrack.JointType.RightWrist},
{nuitrack.JointType.Rightuwrist, nuitrack.JointType.RightHand},

HH

25

we use only 1 cellar,
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3.3 msAuANlaAa 3 JA (Control 3D Model)
dl o ada |d| o % [ 1 dl o/ ¥ ¥
HaWmuI3EN s NN i a1190M 999 LR NN T ATIAN LU N Y el LA LAY
gj/ =S o aa e} v o dg/ o dl
antuasihunldlunisacuaulins 3 88 Nlain19anaestunn daninisenaumn 25 uay

i lddszenslldiuininaniiuaesdiloaasesaly

nwlsened 25 uanen1sAdLANINAA 3 NR

3.4 NMSIAKATRIVINNNG LBN1FVIINENTINLNL A (Evaluate Rehab Gesture)

[

a o dy A o 1 ai o 1 dl % dl dl =
uAReaziaans whindAty 3 Auuis deazdszna’ilsae NN (P,) AB

qANY IR M4 (Joint Shoulder) 4ANADY (P,) AaqAuyulastadan (Joint Elbow) 47

AN (P,) Aaqauyuaesdade (Joint Wrist) Asnintlsznaui 26 iwanazinqnaeslaseaiieil

TAmszvinsinnianimintsnaesgilaesiali]

nwdsznayu 26 AuMgIAIaINIIIINIENINLNLTR
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1
=

AN IATNET 199 IF1951 IR ETAZUNNIALAIEIINNI9TBIN1TNINENINLNTA

Tuinnanissauau (Flexion) anlaseaienianiedniazesnyedfinindsenani 27

ANUTTNAU 27 ARENNIBINIININIEATNLNLTA 117IN9a Lk

ANLULIAN ”tyﬁ”\i 3 sumtk Airmanslgainnisfuanslussua AR avanunn
wanslalugtluuunessyuum e (Cartesian coordinate system) sasialeln
Py = (x1,¥1,71)
Py = (x2,¥2,22)
Ps; = (x3,¥3,23)
ﬁﬁﬁmﬂmm%\i 3 rfi’umuaﬁmﬁﬁmmumu (Angle) TaaEuduannnInmes

194907 1 T1lq9a7 2 uazqan 2 lilqan 3 Asaunssialily

Vi = PP, = [x; — X3, V1 — V2,21 — Z5] ANNN3N 1
V, = ?P:; =[x — Xx3,¥2 — ¥3,2, — 73] duNT7 2

sialiimadngnla unAuIMIEUIA (Magnitude) WazANL931IRF U (Norm) 284

v
o

IARIANNNT FRNNTIFD 1T

Mag v, =\/V1,x2 VLR AT, anNn1sn 3

[Vl,x ANNN9IN 4

_ V]_’y Vl,
Norm_V; = Mag_ V;’ /Mag_V1 ’ Z/Mag—vl]
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Mag v, =JV2,x2+V2,y2+V2,22 anNn1In 5

Norm_V, = [Vz’x ANNNIN 6

Vz,y/ VZ,Z
Mag_ V,’ Mag_V,’ Mag_V,

AMNNITATUIUTNUNA AZATHITOUINIAMUIUNILARNTVBIHNTAAAINAAT

A1Anuna 3 qm InsanunsnAunlaaInannissiall

Angle = cos™*(Norm_V,, * Norm_V,, + Norm_V,, * Norm_V,,, aumsii 7
+ Norm_V; , * Norm_V; ;)

| o
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v
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wsiazd1enldlunisvinnianintintnvinseusuiwandauazianagn uanidu 2 nedl nagl

A o £ zj/ :J/ = A o £ :J/ a Zj/ < ¥ o
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Arm Flexion (Left)

AN 28 LAAIYINNaTaARNIT LA AT AAAN AL LA 19T 8

Arm Flexion (Right)
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4.1 N1TNAXIAY

4.1.1 NSHARILATLATUNNITNARD
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ausunsranniieiudayareeatalasii gadulavinnnsfinfinge
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1arannd 2 WAg Aenwlsznaui 30

nilszneu 30 wansnisinsendeaine L lunaiudesyaresenanadns

annisfivdayaeidaiasinsainnisdnanlaasauaziiunldlunisnaasy
= @ Vv = v o A | A i~
prNAnazwinlidn AuanTeseaadAsiLRse lussunLRaa iU Anandsenau 31

AWl ruLATAdUYINNINNTeAau I NIe9a1 8145 A7 TaNNNTIRTIAN skeleton 16
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mmﬁ’imﬂmmlmﬁmﬁmﬁ'ﬂ‘lﬁ’izuu R399 UNINNeNIstAReLlNNT8
a18N93TAT ANNNIAATIANY skeleton 1 Ae n1snenanludnEU LA E LTI
Frumdsrasangnaing eflunnfinszasinessndinsenanadasiuifedliunniy &
adsznauil 30 vnlfaanudntesenansipsiudiosldeluszunuideniu uazinsudle
ﬁh‘ﬁﬂﬁlﬂﬂ/\l@r nuitrack.config TagIfarn “Skeletonization ActiveUsers” Wiflu 1 wazifia
“BoxCutter”:{*x":“0","y”:“0",“z":“0",“width”:“1000”,“height”:“4000",“depth”:“3000”,“alpha”
0" “beta”'-1.5", AiUssipusnludauae “Segmentation” Fannsifinussindnedy depth
map ALYNUIEHIAUARINAT WA vA N9 ve T AUN1ITRAT alpha WAL

beta A® Y1N13NYUIDY BoxCutter ULIREUAINUUILNY x 20T WITET TneiAn x,y,2 ¢

D

WHNzaNLasn IiaIN1ImgIany skeleton tatiu azuansaiueanlilnnusazintan
Urnnldlun1masey 1w A9nIndsenauy 32 AN1a3U99A BoxCutter ax g%
{“ X” : “ 23” ’“ y” :“ 23” ’“ Z” :“ 55” ’“ Width” : " 1250” ,“ height” : " 4000” ,“ depth” : " 3000” ,

“alpha’:“0” “beta”:"-1.5", s

nwdsznay 32 uansnsuilatlywialiszuy Pose Tracking msvany skeleton 161

4.1.2 N19ATIAFAUNININ L UNISYINIAEAI NN AWl swNTN

WAIAINITUUAIAAUNININ1TIARD LI T894 4T AT A1NITORTIANL

skeleton laudn agstArasusazqaanlanildlunisasupulumaninisanassludnee
1 a 1 dl o 4@/ o U o ' dl tall
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N1SYITMaNWLNTARIELAUT BULLYNADY 10 AT (Rlan 1)

| 1
o 1

naaauiLinaled 1 Agnaaauiinisnianintndavicseuanlfatnegnsies
10 Afagaeantne TgldvinnismaaeufUAaTeivaan 3 A% fanmisznaud 33 iy
NMINAAeUALARTaHALA a9 1IN UA A0 9L 227 A BoxCutter 19111 AL
{“x’ 23", y" 23" ) z” “ 55" “ width” : “ 1250” " height” : “ 4000” ,“ depth” : “ 3000” ,
“alpha”:*0”",“beta”:"-1.5", el unsnnmany skeleton 1§ AInnnmagaLiaian 3 A%
WUINEIN1709AL A9 IN 4 LN 1IN n8A NLTR taesingus e (10 : 0) A1uqu 1 A%

v v v 1
A7 3 A3 TUAKILINTBININAARYL AIUNIINAADUATIN 2 1L 3 HANNINARALIBLTN 8 : 2

WAL 9 : 1 AINAAL

Time 093

fehab Requited | Fehab Comrect | Rehad Incomect
(tieres) {Umes) (Grvs)

10 2 0

Time . 0.16

fehats Recuired | Reheb Comect

(tirmes)

10

Rohab Baquired | Rehab Comect | Rehab incomrect
(times)

10
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nisvinngnwihdnnlelaudauuugnaas 10 A59 (ARtan 2)

| 1
= o 1
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ANINAREUTUARlaHALFadriIN 13RI M UA A1 1091337 A BoxCutter 15¥ 1¥i1 1
{“x7 93" “y" 93" “Zz" :* 95" “width” : “ 1250” ,“ height” : “ 4000” ,“ depth” : “ 3000” ,
“alpha”:*0”",“beta”:"-1.5", el unsnnmany skeleton 1§ A1nnnmagaLiaian 3 A%
WUINEIN1709AH A9 N TN neAINLNTR Taesingusd e (10 : 0) A7uau 1 A%

2’/ :J/ dl ! :j/ dl o 1=
AN 3 AFY TUATINA89189N1INAREL AUNINARBLATIN 1 L 3 NANIINARDUBEN 9:1

WAY 8 : 2 ANNATAL
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L
e
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Toww 027

N Fwpraed
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N1SYITMaNWLNTARIELAUT I BULLYNADY 10 AT (ARlan 3)

| 1
= o 1

neasunLdneN 3 NEnasauyinnisnian nLntavinsenauldetinegnees
10 Afadaguawdng tneldvnniamageufAnlaivavun 3 A% fanwilszneud 35 1usy
ANINAREUTUARlaHALFadriIN 13RI M UA A1 1091337 A BoxCutter 15¥ 1¥i1 1
{“x7:“150" “y”:“ 150" ,“ 2" :“ 150" ,“ width” : “ 1250” ,“ height” : “ 4000” ,“ depth” : “ 3000”,
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Flexion 1 (Left Arm) 1 10 0
Correct 10 2 8 2
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"Skeletonizatio {
"MaxDistance": 4088,
"AutoTracking™: true,
"Type": "RegressionSkeletonization",
"Activelsers”: 1,
"FeedbackThreshold": 8.1

b

"DepthProviderAdapter”: {
"Library": ""

b

"HandTracker”: {
"SkeletonSupport”: true,
"HandMode":
"CoordsMode
"TrainedClassificator”: "handtracker/svm_grab.xml",
"HandPointerFrame": {

"DistanceBetweenFrames”: 158.0,
"Width": 450.8,
"Height": 200.90

}
I
“Segmentation”: {
“BoxCutter”:{"x":"23","y":"23","z":"55", "width": "1250", "height”:"4000", "depth
"skipFrames": @,
"FloorMaxError": 108,
"Type": "experimental”,
"ZPS": 575.816,
"median”: @,
"minHumanTTL": @,
"Pixelization™: @,
"FloorDetector™: "AdaptiveFloorDetector”,
"MOTION_THRESHOLD": 1,
"Background”: {
"BackgroundMode™: "dynamic"

b
"MAX_DISTANCE": 7@@a,
"TOFHacks™: false,
"ScaleFactor”: 1.8,
"MIN_CHECK DISTANCE": 5@@
N

":"3@00","alpha”:"@","beta":"-1.5"},



L4

ﬂ"l‘i‘ﬁ]WNW‘]J‘VIﬂ'J"IN'JQEIQ ‘]_IﬁNﬂimali‘lﬁ"]ilﬂ'luﬂ’]?ﬂﬁ‘”ﬁu?ﬁ’]ﬂ"l‘i‘i""ﬂ‘u

UIUNTIH NULINTIAMUIANANTUINANY

Qq

57

2008 1 Mh Intersasoned Confercoes on Vaecewal |

Computar, 1 (RCTICON)

Stroke Rehabllltatlon
based on Intelligence Interaction System
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Absract—Strobe  rebabilitatien B an mportast
requbremwat of pationt  treatment  afler  recovering  from
stroke  dhwase,  Mlawever, 3 phyleal therapht can saly
observe once 3 pathent at & thme. Marcover, # takes a lot of
time o wagpest and evaluate the correction. From  this
probilem, this reseurch will develop the sew rebabdization
guidance systems that assht the physical (hermpht and
wedical  decter.  The  Intclligence  Interaction  system s

d for and iecing the rebabilitation of
mmm-hmnnmummm
dctects 2 sroke paticol by using & 3D camera, which is the latel
Realvense DMIS, so place st the end of the patient bed for
extracting the patient frem the bed by mexaring the distasce
Between the patient 3ud bed. From the sepmontation roult of
the patieat, the propowd system evaluates the rehab poture of

yetem
wes the capadilithes of artifichal lnrelizence 1o check the
accuracy of physithoraps pationts and show te the pathents
Bow  se perform  phasical  theragy  oorrectly, Fram  the
experiment  resales, the weom  opresonts  the
effective  monitorimg  and  evaluation  of  the  stroke
rebubilitaticn hal the program can sccurafely cosst the

monitor and evaleate the rebabilitation of stroke an the bed.
. Stroke, Rebadiliation, Intelligonce Sysseom
L INTROOUCTION

Stroke disease is a Jeading cause of loag-term disabibity
m the elderly of Thaband The new petients are searly
250,000 suffer a stroke each yeor that is expected to rese in
the coming vears becwuse of the prevalence of stroke
mcreases with age [1]. After the treotment of stroke
paticnts, i€ is very wepoctast o start the rehabilitation
peocess i order to rehab the bomt slls of Upperdimb
paresis and fimally 1o adieve complete revovery [2] The
rehabilitn  of stroke patients s observed by the
ﬂhwﬂ therapist W cvaluaie  and  moanar  the
postres from the However, a physical
Mpm can only obsenve omoe A pationt A hime
Moceover, it kes a lot of time w wach 2nd evaluse the
comectad From this geoblem, thore s mainy sescarch jo
develop the rehabilitoion guidance systems that assist the
physical therapist and medical doctee [3] From previous
rescarch, there are many research that proposed the
conventiomal physical $erapy boring 0 wlmm nvcd !.hc

hegh  motvation  from f

Vira Sa-img
Departwent of Compatir Science
Fuoulty of Sciensy
Seimwdbarimsrot Linvernne
Renghok, Thailard

versdng ywu ac th

Enabling stroke rehabilnatie m the home and comemnty
is very smpoctant because # can help reduce tnvel time
and the cost of pationts. Physwal theripy # home G be
done by detecting goal-directed spper limb movements dermg
the performance of Activities of Daily Eiving (ADIL ), 50 the
umely feadbock can be provided 10 encoursge the use of
the affected limb via wnstbaeds peovadng  differem
donning and doflleg h for sell-appl of the
sensors [5,6] The wsng virtuad reality system for post stroke
recovery to offer the possibility 1o integrate them both m
dilferent enserminment applications Ins also in senous games
and stroke recovery systems [7] In many rescarch, there are
peoposed the many deviees 10 desect gestures for helping the
edical docsor such s Natursl user sterface (NUT) (hat can
dietect fimger and am gessares (8]

193 h proposed a new rebabil System o
detect the m1's gesture hased o0 wang a three<dimensional
camcra [9) foe helping the phiysical therapy and the medscal
dockor. From a patient oo the bed the physical therapy
moaitons und siggets the paticent 1o reliah i the anm Mevion
posture. The amportance of ths posture rogueres that the
palient rul bend the elbow umtil the fingertip to touch the
shoulder. system will detect the pabent’s
motkm by )D camera and then evalmaie (he ooerect of
meomect of the patient’s posture |10] In additcn, the
peoposed system increases the scoaracy of the operstion m the
oven sannes of rel

11 MIN0ooLoGY

Thes 1 an feeclh sysiem
imund&umdnmnnrlhemwmmnofdum\*e
pationt. The Imtelligence Interacton  System (115) 15 the
pooposed  method  that  mossors  and  evaluates  the
rehabilitation of the patsent on the bod which consasts of the
four steps that consists of camera connection, skelcton
detection, comtrol  of 3D mo&:ls end cvabmtion of

habilitation by gesture, sespactively

A Cawers Consection

For the developenent of 4 motion detoction system for
sooke papents, @ 5 necessaty W use & device capable of
checking the depth of coch object  This rescarch chase to use
a 3D camera named bmel RealSense IMIS[9). 1t consists of
two sensors used for infrared detection emitted by this 3D
camera. Futhenmore, this camera also has the sbelity to desect
color images with 3 seesor that can capture color images m

Intervention can increase motivalion and cmuvmnl. und
thas achicve better rehabditaton outcomes. The using
commercial games for stroke rehabelitation ideal sensors for

babili must he fortable 0 wear oc
momsted a8 fived position,  accurate  enosgh o0
sdentify  dang and , und

robust with regard to patient chnlms [4].

OTS LTI H406 1 2053100 C2000 IEEE

oedder keuline the distance of the patient with & 31 camers
From Fig 1, the first process of measunng and detecting ws the
set-up of camenss S recordeng the pasient data froe the
Bospital, as shown in Fig. | (a). The second process measwres
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Fig | The roasercrsent and detection process of e Dnelligenoe Iniention
systern (oawst of (4] Sctup camrin far petest dte collooson. (M
Messworend roufl (s the dndasoe dotoctson of bisd Real Sease M)
camers o paterts and (c) [Xatacton e dodeton af the upper bady pant

the distance betueen the comera and the patient by
B 2 the dif1 b ding % the color of
the dafferent colors as shows in Fig 1 (5). The third peocess
of the proposad method detedts The smlaad skelcton of the
paticnt oo the bod as shown in Fig. | (ch

B Derect Mefeson

o onder 10 b able W recognize the gestures of palients,
this research has chasen the Nutrack SDK. Nuitrack 152 3D
sheleton tacking pesture recognitaon soluton middicn e
enablimg Natwral User Imerfoce (NUD capobilities on
Androsd, Wedows and Lwsux plafores. Each Nuitrack
skelesom has 19 joints and each joimt has posmon and
wrientation. [11]

Human gesture detection, hased on the skeletos of buman
recognition by genernl tools, develkoped recognition of the 1l
skeletom of the human body. In maoy types of rescarch,
algorahms have been peopesed 1o detect pans of the human
body

€ Controf 30 Mode!

Ouce the method his been developed that allows it
detect omdy the upper body. it is then wsed to control the
samdated 10D moded than will adapt 1o the ceul patiem model

0. Evainare Rehab Gesawre

Thes research wild seloct 3 smportant posstions which will
consist of shoulder joint (P 1), clow poant (P2, and wiest pout
(P3)in order to use the poines of this structure 1o cakoulisie the
rohabilitating gestures of the paticat

Al 3 are cakuloted from the
deul | system, which can be

© in ath

desplayed in the form of Cartessan coordimale sysiem,

<

Shoulder point = Py = (x,,y,.2,). o
Elbow point = Py = (1, ¥5.2;), 2
Wrist point = Py = (xy, ¥y, 25) [N

Take the data of these 3 positions to calculate the asgle,
starting fiom finding the vector of point 1 o point 2 and poant
210 point 3, as follows,

(BCTLOON)

Fg I The changing aggle of the s Mo rehalbs baion

“
V=P P = x - xy -y ) )

(5
Voo PPy [y =xy, = vy, = 1]

Next, mke the resalits oo calculate the magnitude and nonm
values of both equations, as follows,

2 6y
Mag, = [V S e

[ w e

v v, i ()
o "y -‘ 'l(u,l' mp,|' Ma',! b
g -3 3 %
"‘Wrxz Ve #¥, +V,,.
(L))

S R
2 / [Ma',J | llap,, Mag,}

From all caleal will beable o cabeulate the angle and
the results obtaned from all 3 important posots were

Angle = ms"(Narm" . Nwm,‘
x

+Norm, « Norm,
W v (10

GNonn.,” . Nomy")

The itelligence inderachion system detocts the skelaon of
the wpper body part to evabmte the movement of rehab posture
w8 rokatod 10 Fig 2 This figure represents the rehab movement
of anm flexion that calcalates the sequence of asgles from 0
duegroe, which 1s the strught som, %o change % 5, 90, 135 %
150 degrees respectively. After the anghe sequence, the angle
of the arm Mexxom 1 more than 150 degroes (hat is the
comection of the rehab arm flexos

649
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Fag ), The expermment sovelis of st fleion pestine spresas (1) e
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I ExmssovnT Risinrs

A Preparanion Serup
For the prepasatum for data collaction, the paticnt and the
sctep camer posstion 1s at the end of the bed na:
destance betweon the cumera and the patent is sppe

Veewonss, Competm, Tok

-l Techawdogy (RCTLOON)

g 4 The ovabase surnemary of arm Bevson schabvlittion

as shown m Fig 4 The expermuents cvaluste the arm levwon
gesture by counting as shown i Fig. 3 (b). The expenmental
results are a5 0 table when the rehabiliation hes
boen leted. The conssts of the
Sefimed number. the wtal number, the provesseg time, the
commect number, the incorrect sember and coerect percentage
This wch evadaates the perfi wnd accuncy of the
IS by taking the rosalts from the espenment with video
mmdn;mpand-uhmﬂmmcumby
physical therapists who p b whether the
accuracy s similar oc ot

IV CONCLUSION AND LNSCLUSSION

The peoposed system of this rescarch develops @ new
redabilitation syssem o detect the paticst gesture hased on
wsang the tree-dimensiomal camera from kel Realsense
DAIS Tor helprng the plysical therapy and the medical dostor
The proposed method detects the gestures of pataents when
Iverg in bod. From the experimental resads, the proposed
system represeniod the cﬂmnw monitoring and cwlum of
the streke reftal the program can
u-mllexmgm:lhenpv lhnuq.hthurmmmem
Bt seed %0 be improved o using ofher gestures. Hoaever,
ngmwndm'malmmxmﬂmnwusm

2 meters In terms of collecting patsent data from vadeo
reconding, it can be soen that the depth of the paticss i bed 15
om the sume plane Therefoce, the patient motion posture
detoction system (Pose Trackemg: canned detect the skeleton

A prchmmnary solston for the Pose Trackng system o
detect the skelesom is 10 place a pillow o a vertical position
behind the patient In order to increase the distance between
the pationt. bed and  configuratvn  of e  nuilrack.

figy file by set “Skel Activelsers to 1,
and add “BoxCutter {'x~ €r, -y~ O, 0r, wdth~ | 000,
“height-~4000-, ~depth--3000-, -aiphar-0r, “betar ~157], as the
first line %o the “Segmentamtiom section The Fag 3 (a)
ropeesents the movement position of arm flexion gesture (2) 15
selated o simalation 31 moded (b) when patient anm tlexion
moee than 150 degroes the number in the rehab comect &
mereased by mking arm flexion gesre 10 the number in the
rohab rogqured.

B Evaluure Rehab Gesawre

The pose tracking system is detected by the skelewn, the
value of cach point 15 wsed 10 control the model lying on the
bed hy chargng the valee 10 the posation of the model w0
davh'y il exaluate the rehabaitaton gesture through the 3D
oo

From collecting petient data froo viden recordings by
having the patient makean arm flexon 10 nmesdeft arm only)

the camen and the paticst moee
than 80 cestimeters. In addition, this research wall alert by
wong 2 sound when U putient moarrectly takes the
rehabilitation
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