[ Downloaded from jhbmi.com on 2026-05-20 ]

S G 5 s Kl 5] Al
Ky Kl gl Ao S o

TP TN o 0 jlacd o2t 05

oo LIEERY PN RS e - . - a & e
AW il 3 daowigh J S gl g (s jlowe Cunxlg daro (6 A gl (i 5
8 Srd 3 3 grumo s M08 Jiw Lo sl MO sl (e FTOL S g0 g Abrco ¢ oMl Mo
AARVAR IR [ SO ) WANA 4o Cdb yoe

ol (S5 32955 5] L 4 Gl 000> il 31,31 50 dgupy o] b 5l S ol S e Ol yed plul g Sleys S tdende
(Virtual reality) (s5bee cusdly basxe 1 osliznl 15l b)) Gimgd ol 5l Ban il JWin 1y Sloys bay ol dimjls o ylows

Ab o a5YL 4l ) el Hld hlen i5wlys g ployd poas (b (o))l cljgas b ol 4
4 o piad polile 4y I3l ise p0 s 5 JlBle s 15 9> Jold ol g (b snlb (iagy ol )3 iy
0io b b5l s g 0 aidys p3Y lasS g (Sl (gilre cusbly e joag ol piunw cod (gilme cusbly b

Cardly Lo 4y 1) (lojd amn 00 p3lo el B gz b 025 ol (ANUINO) 1390,0 5 15 35290 )8 9,5 5 il s

by (gilre basre jd (5 > wge <S> 03Il b Canlize 93,8 o (gilxe
ol 58U pSoilul jglatecy rizen b ookl Segx 9 Myle jlse 1 5dle s obj)) pskaieds (simgh Cuple 4y dag b LS

Le 3 Slas g 13,5 exlazw! (NUumeric Pain Rating Scale) 5,5 (saug 5 (gode wlie jl jlaw 3,0 gaw Lials 5 g,
85518 bl 2)90 33 gaw LS 53 (gilone Cusdly

b lesus 5 ons &l KBS £ 4 drg b e oisilys 5 ojbre undly ;) ool 45 Wmd e L gl 16 S AR
2 Sy cudlad aslsl g 138l 5 il ealatul )0 Hlew Cuf 4 gd 0 3 paw g yloyd (yloj LEBE s Syl 0gMe ol
Pl oo 5 Sl )

Sy Ladga J,‘.:f}.b.lij Sl Sl -h:?ﬂé;)l{@: j;\: e Srmaden Slady Lo dedn oslicam (o 0Ll cv,fz!a..a.- 0Ll oy cdzes oDl :61?)|0

XAFSF W PR S etk ey 5 e 4V sl s

Ol (Olginnl b smast ¢ oMl 33T o815 g iast oy (S8 05 F S pmuais (6573 (6 gntils )

Ol ) cOlgial g simas ¢ oDl 33T o8l ¢ g o Aol 3 (SGIKa 058 skl (SIS pmilign panaies (55575 Y

Ol ) cOlgial g siras ¢ oDl 33T 82315 g gtnes Al g (SIS 05 8 (bl (SIS pilige paains (5 S's F

Ol ) e0lgionl b simast ¢ ol 33T o815 g oast doml g ¢ S 3y ki 03,8 oLkl (S 40) S pwikign anads 655 F
;,\,_\L;)WtLDS;;},r,b,@tg‘éﬁsiu,,gwgwn,ﬁupu Gan s Fol eaais 553 D

B e e 1 gt Ok 5™

Sl 05 8 e st dorly oDl 513T oKl 1y yoT

« Email: pirmoradian@iaukhsh.ac.ir AP Y 1 elod 0 sloude


mailto:pirmoradian@iaukhsh.ac.ir
https://jhbmi.com/article-1-457-en.html

[ Downloaded from jhbmi.com on 2026-05-20 ]

d‘)&o&: 9 ‘:oMuw‘

15 3 e Culy b 3

Boian i yomen [A] 395 &8ly 50 loy 0y90 Jobo
WlB 0 glre canbly el edliel  oL)Ken
G yguias 3l oolatwl b hlew Cawd Lisuils 9 oleyd
OliS GlS o ausis § (Sddyy (ESwd O)guods el
S Sl ibre b 3 lapley il g cud
)b 93 5 ale Mol LS 3 plgny 1L [V ] 45 bj))
39 L 650> (SIS il ibre cudly Ly
by oSyl gl V] cwl ord odlizel o oK
ey phlen sl anld > Sl by e
oalaiwl yloyd > by dw | g odged oolaiwl (gjre aSw
» Sl @il b dagbyy cnl JI(Se S
2 obgy ol ol bl sledl pliy g g sl i
Casbly 5l eolaiwl cuonl i b5yl canlio ljlews deue
WS ad)le jlad pllon & SeS il can ilbre
o9 yo ol Jole a5l (o o8 cand s (nl 4 g0
b us el Jole ol Y] conl (gj00 e Wid > gl g
&b 3l ags pleyd gy pd wilen o, Ken 4 Krabben
)" 9 03900 d)bﬁo)q‘{ d“UL.’.‘) ‘_i.slﬁ Cygody uJLo).)
Ooleyd bylys Do 3 (19 (LIPS O”.-l oy srcalld
duoj yd Liagh pbdl cas VY] a8 edlatwl ollew
So Gl Sl p gjlre by (65
NBley 4 lblesun (gupod lp (Sl osijlsy
9yl 3y 5l el Slidss iy 45 3405 oLt
ohea g Herianto sus plosl imgh ,d 095 o0 odlitul
eioedly by JS g Ak g giledse 3 sl
$9U8 5 3PS ooy sl V] Al eolil
oblex jl b ln prgadar il Cudly 2 g
Sleb asjle jlas 05 cuwd GlE s b asYl sl o o«
ja;‘/w: 9 J.))f ;1)>1 )Aol> L)“‘hs)" JVJT)B [EREW u.Cl.: Slodds
Jols CeliB b l38le 3 g0 4 (gilome Cusdly jl oalitul
23,5 walyd )l38le 5 5 e
Sibre Cualy Sl edlaiwl pols Limgh sl I Gaa
2 ¥l hlen & SaS Cap Bl (PSS S Glpew
4l o ily g Sl cae adVl isly i
b Jold iaggy onl sblie 5 opgly adlge
@y b g SIS ol 4 phows g Gilre b
paaie By bwg (SelS Olyped g bedld gy

EVRTT)
Sio S dlox 1 olgs g48g 3l 0 oS Mase 3 SO
5 wlbslas L ¢ (Muscular atrophy) sMae b0 4
Oly ol by Slpl sl Jlow 9y 2 P9y >
S5 dilg e Gledio cpl Cuwl aSYL isy > S
o 5l 9 &Bly S50 g gl lajls plosl g sl 4l
L oS canl Sl yed pbl aiseile diojlo olylews Mase
> adgl S oly Slgil Gy el Sdpy s
P olapes cpl 205 pbal s pan by 290
o Loy des I oM b Gyl 2B i sl o,
Aol Hlaws dg 0 el &S Cands ol o gy YIS
Ll JWin 1y wloyed oY cus)y b b ol OB pate Sl yod
islg glal) cile caa b cusbly o S,
Lo 5l 390 Slizyad 5 oy IS plo] s L [¥]
Silme Cadly &5 Wlodly LS 5 0oly plosl (gilome sl
cusdly [Y] 3l wl p 6wl a2 B b
A3 o 0jlal & Cunl (GF5lgiSS g3 (HBly (Sline 4 (gilne
A8 L8 bl slell) oad (giludnd b S5 L Ll
5 el 08 Sl @ plgie |y ol oS5 g9 oS [¥]
slably sy g jgugr Elgl 3959 L lojon
sladls 5 (gibre Cusdly loeslatwl [0] sl bl
I3 S s (Snolyy ole pogasa 5 poe 35S
Uil 3590 o) Ken s HONVANOVA by ga5490 ol &S
oMo gt 5 loyd ) cpized [F] )5 48 eolatul g
Sl S I3l S plgisr gy (nl sl as)le 4
ol 3y90 o )Sen g Bellani g gocge oyl &5 il
2 oy OB cpl daginghy cnl US> V] <85l
b 4 g cul o oslitul LUCCA lawgs iseslss ojg>
Ahles oloyd 5 39ste 29y 3 o] ool uibo o 5:SiledSls
JA] ol 0 o)Ll (g 5me diSs 4y Mo

dpgliwd K lgieds (gilbre cubly 9 by S
w28 AVl isy ) phlen (il ) (e g o)
5 ROSE ogad opl o cwl Slibss 095 pis (o)
oS Wl o (gilre Cusbly a5 Wl lis ) Ken

Journal of Health and Biomedical Informatics 2020; 7(3): 293-303 ya¥


https://jhbmi.com/article-1-457-en.html

[ Downloaded from jhbmi.com on 2026-05-20 ]

P b)w crgf.é.h 0,93 dyaa }g-j'b

S 3 S § 9 Sl Soilo 59851 alomo

Ll3le s 2l Bl cales 3 9 b wig (CH) o )lo
Oio% ) b )5 ()0 edlel Bl S g5 4y dz g
Sbly 9y 2 9 jeug Jelo plane Cod lley il
3253 ohg Sl L (g HlEleys 00,5 12l olyen
ol 3 g sguasber Slaw)sNl | pSon: dler
owej w3l Ol sbo) ales 51 ol (Sojb oy Lalys ]
wasuio g9 o bog pul b (g Gy b pee So ) 2
OB (g3l Cusbly baee Sy iy )3 Bl e 395 0
MRl cnl 5500 Sl I rzpn il aily ol
08 o)l (Kb sy p oy el @ Gy
(ibre lazme 3 (B (O CS e 4 g b Wl
buoto blod Lyl s (298 3 ) oy (ST
5 oy gl @ Jlatl BB was sk (sl cusdly
bl oo il (glacyg 325k | (S Sl sl Bl
Nlecus S olfle s e )5 agialiy b lgie
g9 & a2 Loyl S8 cod Sy os b )
S ookl (Al ol ol elinul ooyl (igl
{SelS Laee) ol (b ) Ban &8l (SidlS Lo
bl Cap wudly 4 bme (SIS Laulyd 0 S
by 01 ohb bl ud )8 sy (S5 adls
Sa 5 o8 oo Jols BDMAX) (uSaisais 5 )ljdle
5 Ul jeas base asliy slal glal o &S cwl
b @bly 2)908 (peld S8 L baze 3 (b )8
Cusdly b )3 bl ol (90 3)lg 4 pludl S o
Lo oyl )3 &8 Cosl (laigS & A0l 3 g led (5bxe

d9>g0 (§ilme Cuwd 4 (oD b wge 59y p SISl e
SeS b )5 g 03)8 Ly Jlail (gilne Cundly Lo )

Iy g sl coled o g cuwd sbals @ pladl LI yuge
Silme Cusdly base 3 3gnge lib oo 3 Lol b
b dlge wge S gaw 5 obal e bl
Ologdais) wge Sy ojlul Glabal s o Ol
ghaw Ol &5 Gee cph NS e (jeluy b
P S o9 bl caa ) )8 cun pbals
Thw & Cans by ol b g b Jladl o (gilre L
boxe diged 508 Jlosl 1) cloglals opl op)l8 (saiailys
iy Al g el can lep cpl buwg oss Slb

ol oads o3l L Y S > asVL

9 S Sl calo g (b g oS (9 > B
Npley & Sy Jrpmw (opwd Caa dedgr loj
deowLo) ab.w )Lu )] AW f:l?vl WXL 4>9J l; Sl
9 J5S bl clo g (ibre Candly bme ()b I
Sl adhl 4l a0 Slgie Shagh cnl (ologd
Slow Fapw ClSih el o9 4 9 25 &y dde lop

Do (SNj eole byl o

P9
248 sl (ele sla byl g 0ad plol Cldlls bl
Slojiy ool I hlan ool caa gilre ke (b
Loy b colito g caslio (SB1S abb Casl o5
<8lyd g Juo)l e )lplesin lines calo 5 (Al
soate (ul Sl sl (Bly baze 4 (5o e (slaosly
g ol b« Sapy s g Oyl ot oyl e e
5 >hb SDMAX jl5éls 5y cusdly & S5 Slasuio
L lley cnl 5o 0,8 (UNitY) (2o baee 3l (uges
9 S Cae bl (LUl (S bl aagsS
eal Casbly @ S35 (Kb lulpd uih g gbals
g 58l bl 5 oolitul ;3 cgpu yslatods 15
b @ 3l G glyls a5 (Arduino) gugs,l slasy 5
Cas ompdely b g 8,8 0,00 sl (Open source)
@ bl sl 5 bal Gk 5l Glles )
R (S dlewg gy o b ol dea 5l 500 Sliees
ol g JyuS cos |y ol g plo 1) el g ond Jato
(ize Cuadly da > ik ggpd Caa b 18
ool g 315 58 )L 3)00 1) wre g959e iz ol
Syl 1) ik g onl (el Jsol
paasie Sbj Hlai b Sloys (goyluw ()b
g8 4 g boolley 0 gamaw gladie (LY
syl
g )l Ble s 4 gmaw (lade (13905 31y Y
9 IRl (smgiaely bae ) (cungiss =¥
b g JJplcots g9 4 a2y b alp! LB glsko
(G99 = dag)l) Jl38le s (ol

Sdie 390 ls 5 Gibre bie (SLb Sl e
sy @ @hrl @i Gliley e 4 0l (b

a0 Journal of Health and Biomedical Informatics 2020; 7(3): 293-303


https://jhbmi.com/article-1-457-en.html

[ Downloaded from jhbmi.com on 2026-05-20 ]

Ol Se 9 (ol iSily 45 (65 Cupndly bame yui

isadly gl S (g5lme Cudly i (B 1,b e 1Y S

Cap (W e ) oAb didy IS digel &S 3900 JLu) Olga 8 ab el (g lEley ) (bl o) Gy
MRy g Jlplecte g 4d)bgd sobdy Iy (el g 290

Assembly-CSharp - script\arduino\serial.cs - MonoDevelop-Unity -
File Edit View Search Project Build Run Version Control Tools Window Help

() [oeoug ] [unity Editar -] [@ wonapereiop-unty ] @ Press ‘Control+, 10

Solution ox T hitjs w [seritcomes ) seriates * 0
v [ Rehabilitation %o election
~ [ Assembly-CSharp Lusing System;
» ) References 2 using System.I0.Ports;
3
i Taletharacter 4 class PortDataReceived
» )l Colorpicker sq
> )l object 6 public static void Main()
v )l saript 7
~ ) arduino 8 SerialPort mySerialPort = new SerialPort("COMa");
({1 arduinocs 9
e 10 mySerialPort.BaudRate = 9600;
i 1 myserialPort.Parity = Parity.None;
W arduino3.cs 12 mySerialPort.StopBits = StopBits.One;
(1] CallGreen.cs 13 mySerialPort.DataBits = &;
(1] CallRed.cs 14 mySerialPort.Handshake = Handshake.None;
7] CallYellowcs myserialPort.RtsEnable = true;
(3] Calivell 15 SerialPort.RtsEnable = t
(11 hitfeedbackecs 16
[ iovelseriails 17 mySerialPort.DataReceived += new SerialDataRecei Ler (0.
v 18
_%ﬁf,H 19 mySerialPort.Open();
: X 20
Ul serialcom.cs 21 Console.riteLine("Press any key to continue...");
[1] serialhitcs 2 Console.WriteLine();
1] wearserial.cs onsole. ReadKey();
] 2 Console. ReadKey();
+ (N origamiscript 2 mySerialPort.Close();
(1] animation.cs 25 +
o 26
) arduino22.cs - - g .
E i 27 private static void DataReceiveddandler(
) 28 object sender,
gde‘“‘-s | 29 SerialDataReceivedEventArgs €)
1 Dragi.cs 0 {
[5] DragAndDrop.cs 1 SerialPort sp = (SerialPort)sender;
{1 EnemyAics 32 string indata = sp.ReadExisting();
0] hitcs 3 Console.WriteLine("Date Received:");
BT 3 Console.Hrite(indata);
35 +
{1 hitss.cs
[l hitssscs. 2 o

Saigt Lo 13 415810 55 5 )31y LSl G 845 iy o5 diges IY IS

4 Jlail cae el @ 0l s Sy ey 3 gt ool 593,15 stisn JljBle 5 laome 53 i gidS L psien
WS s a8 b wlen b canl oad ()b Al b )95 (900 Bsels 5 gy 9 Lomyed sbly) e
Db b Al Bl (g s IBle 5 baoe 4 (ol Loy 03,5 wald ably Wl aoio b g S8 ohU bawys
ool 035 0303 3 ¥ JS5 53 00 sasa)] 2y b ) ALl S S culie sbaS g

sobaiads ghl oyl a5 ool L3 Sy b S Ll

Journal of Health and Biomedical Informatics 2020; 7(3): 293-303 yas


https://jhbmi.com/article-1-457-en.html

[ Downloaded from jhbmi.com on 2026-05-20 ]

P b)w cﬂ.ﬁ& 092 dyaa )-;-j,b

S5 S j 9 oDl S lo il oo

a2 yb J S (g9l oY S

ol oled 5 4l g5 4 29 b buls 5 05 ady ol
Sllecw oo cpl 3 (oumgiaslyy Sl N3)S iy
4 dog b & Cul (Sgpsllop 5 &bl o bl 5
Jby gy 31 a3k 350 5y <8l 3 lgsa eols oS ()
905 S 305 g ytatin alold 51y oL st b b aoliz
&S ol oad LS5 gyl 0p Gl oSy IS by
SoS @ &S Cunl Lol 03l y S (g)ld 0 0y cpl HS e
ol 295 5 a5 il 4 lge ol by aby
JAS b ol sl ol ol 515 b 5 el s
b oS wgasly b célo aold 5 540 ool
sl Glod g Sy slands ab andg gus)l e
Gk e el Al e g9y 5 L8 L &S Nud oy
b 3 oY Chgios gl caa ably @ by ©)p
sl (dlase Jbged ¥ ISS )0 b polo (gilre cusly

ol o 03l s &by & giudyl 5l leyd (ol sl

C)Lnji 5&4:15'

»

m

slpl g oVlal Glip cae b gl & LS lea
MEGA2560 e yuss) SaioiSll 3y 5l ol
loypuis ooles bl bl 5y ol b edlisd
g 2l 1y s gl b lod b e o el 5 (S0l
)8 Db Sbly & Jlail o )l o lpl
el (939)9 glaaly b 3p il 935 0 Cpuone
O 5 035 (2 )5 el b S W65 p0 4y Jlail car
4 b Sale gl @ Jlal car (295 sl
DRk EP 4 A lF e (umgideln b &S Cusl Jloyeb
sl 5|yl Giagh 5> &5 90 odlitul bl ol
9 )5 odlitl (g)Li8 (sl 4 Jlal cax 5y 90959
Opope b Jate (SIS SKloled 4 8 (295 bl
Jlosl sl aibly & Jy Jladt sl 05 el Jlyw (295 ]
035 gy glogd e b cuslize acliy glal 5 (el B
s & gg0)l sy y3 p3Y el g 5l 250 (glasS
bl glal 4 popted Caa Gl e Sy

PR

(ot Ss305 )

FEN

V5l p 5 gl D)

SIS g0 35 0lo 5 U slams lages ¥ S5

yav Journal of Health and Biomedical Informatics 2020; 7(3): 293-303


https://jhbmi.com/article-1-457-en.html

[ Downloaded from jhbmi.com on 2026-05-20 ]

L‘)’)ls.o.é 9 ‘:o}lw‘

15 3 e Culy b 3

g ol 5 5Ly e & a2 | oS el 0 asule
sodles 4o (TTL) Jl 5o Jae SO 3l by b J s
iy 48 035 odlatul 55 e oy o (USB)
g Gl 3l ggn)l b by bloyl ol ple 4 Jae ()l

ol o wls

45 Gl g Sy s (SS9l e 9 Sleds (pinpen
33 ol 03 mngidalip g (b gued,l 3 il eslil L
by an 8 i 5l oo,mls mel® sl e oo b
Silome Cbly e ) clite (Slo b (il g

S8 5 ol s Sl 1 U5

=W
Candly 51 ool &S Amd_e b5 Limeh ol cslaasl
@ @iVl (S JSde b pllen (253155 pel )0 (gilme
SHIS e Gl g Sdjy hawg o Ll 0oz )b 95
Sl St 03 ol obls 5 Ladly Lases b o0 ol b
9 o) SEIS o (b o p)l8 edlatl > (Sole
b giagin cnl (eolel seslis jlagese asee colis
Ols dedie el & Cuwl ond pbl o iagy nle
@l 505 JLid> Sl jl e S 3 1) piSulys Ll
Jols slal 5 sl anld o ssel Cawd 4wl
b 0 slapisy

b )3 (ull Jgol 5l (o sl (b )
bulyd lp b cpl (By ofgt Cusl (ilme sl
gl B oS 12 33,5 (o syl g oy (SR ol
el Sl (Son (Jos 090 9 )5 Slail 5 g9yd (dxe 4
Do isuilyy aolyd ) cas ol

2 dlg o YU Cplie b (gamdw sla Jdo D59 =Y
S 9 )5 Culin 3 a5 2 a8l 350 2,055 g9
Syl b

Graphical) 0,5 )3l cols g wgsS oo -

Sy odlil ) 9 039 wee GUI(User Interface

5 oolaiwl Caa ol Ly b Bua b panda )8

Sy i b gjlne bae 5 (Sg sl (b 5l
Slly oge oS b o o3litl Cap Slinss (anske
@al bojlen bug uge ol (iagh )3 05 palyd
by psY omeld (55 9 (5 slaads jlid g s dg00me
ol jeis b gilwdgioe b gy onl 0 S Lo
b ebals e abl) olebl sy ) juge obals
4ty bad o)ls ol g S8 glen cun eS8
bug wge b S iy 4 jls g (S cunle
oad ALk a5l g hlen Jaws o olon
55,5 Cand iy Ll caeily o5 wle eslina
bl )ld o Cund (ST g a3l ansly 1) by (pwge
AL s b puw g5 0 L (Spasm)

e 2 Jlen (S guily gaw 2Ll Hglates
bl Sl plgiee (Sleyd gy cnl I edlatal ol
S — oy LisSly slacws o [Vo] (Barthel Index)
axs Jodllyguw ¢ [V#] (WoIf Motor Function Test)
L 3405 odlazwl [VY] (BOX and Block Test) Sl 4
Slow 03135 59y 3 0l (b wlels (2Ll g Cans plogl
ol (aass Sy ol cov g Sl auwls Ve b
3 ghaw (Rl Bld jl aa ollen gaiecols) I agllas
;' »» 9 NRS (Numeric Rating Scale) jlxe _wlsl 5
hre olel ooy T )b delsl 4y cug, v il3dl s
b Jols e g Msle

Journal of Health and Biomedical Informatics 2020; 7(3): 293-303 YaA


https://jhbmi.com/article-1-457-en.html

[ Downloaded from jhbmi.com on 2026-05-20 ]

P b)w crg}'.é.h 092 dyaa ;.:-;b

S5 S j 9 oDl S lo il oo

(7 JS8) 352 slew 55 o (e
Oligas 0 &S cpl 4 dsgi b cless cuas b5 sy
4 9 Cowl oss odlawl (gjlxe u.:xab Sl 5l ends &l
i)l lp slee i d9de Wl Hlow 4 Closs (o4
gy Sbl 3 ud plo oS S len g 3,5 00 8 loxi
Cax ialy Pl gl o gl @ g Ll
ol b il awh dexg wbly wee (55,84
350 5 PLl W)l )18 aisilys e cpl > oS lilen
ome anb )z jowz 9 Miiylo sline 55 a8)S )13 o))l
4l o YU el 5 calsy s Jsl 4nl & )b 3925
5 pow anl .l Db cuenl 5 oS cols, Jbld pod
5 05 Cool ooz 4l Coled 3 9 05 Culs) 5 o8 Cuonl
I e
Gl wloas g Jgame (39 63,15 5l Jlow <ol lise
ol 3l et b leyd aul 3 ol asldl g s ) o

a5 i)l o0 1y Sleys o)

oy comal I Sl 5l e e > (g5bre Cuably
| )l.))?&).g
0392 o u.\o[u)l JS.»”J 9 04w odlatwl Hlslecus -¥
b3yl Joes giaga) sugiaelyy bamo 53 35290 sl
ol Joy58 1 Sy Saronl S lonn aely ane |
It b S M 5 ey i) 5 il
DA] jou 5 Mjle jline bl o g ada Ve (LSS
092 Fe Ol > @B 9 C8)5 8 o g () 2590
LY JSS 5 i)l slaw 29y Ralsd p ol 586 5 Jlj8le s
4 g Lol Cud 40 4l 0je l Glon O (55, p s
by by onl Jew jl (oxislai g 0l plosl g
liaem jldlo ) 39290 (SIS Colls ey (o) HlS
2538 2bj)) qulie 0ad Bl pglal 55 5 (gilme bl
3 ghaw ialS s g loy anlid a4 e cub
i Voo slaw 0 3,0 aw b)) cely 5,5 zBly duke
oelaidl Ve B slogled S0 0y aw 4 jlow < 00

: ELBSIBIETYY

4.5

3.5

0 46,47

25

S Khos

15

0.5

0 1 2

el 3 4 5

Sows giouls,y mhw (5,1 Hlaged & UK

yaa Journal of Health and Biomedical Informatics 2020; 7(3): 293-303


https://jhbmi.com/article-1-457-en.html

[ Downloaded from jhbmi.com on 2026-05-20 ]

C)‘)ms‘fw‘ .z:"~‘93)=d),b.u ..”"EISI“ )*,‘L.'.
% B o B & B O A A& W
333090 | | | l | | | l |
AR Lo g L
slow 343 s b 5,1 5951 Y USUS
330 whaw gl I8 31 ki b
10 ¢
9 -
8 -
7 -
i
9 5 i
a 4 r
3 -
2 -
l -
0
\J‘..ib)‘T Yaul> Yl Fad> Oad> Faud> V> Al Q> Veauds
33 ghe 7 7 7 6 6 6 6 5 5 5

slow 3,3 s (b 5,) gl A JSus

womio ) o3litl g Masbon S iy oSS | blgt IS
Jus ) pleyy wld S ym 55 (glaibly el d 5 ailS
oles
o ot ol 64 g bame (b 5l ol b
bare ylod Ghlow (85l 55 (il Capadly Sl odlitnl &S
e glys @ @b Casdly ol (938l wiejls g
g b Cwdly 353 cuslie (SEIS clia b (ng )l
Cae Ohlan b 5 53 (plie (18 00 &l les g4 &
plsl objyl 4 g b g adl il Slied g5, 84
slow JUl b g o 9 Mhle jlre (olul oS 0
P 1S Gl Blpe rp b Sk olyen
sy dseilys 0 1y il Cuably 5l eolatwl L)y
4 g b (d5ly) anss el IS eba
g S ol s Jdba phlen glcydgioe
oegadh ohlen Bl Vb 25 9 (528 owiren

(8 325 e 9 Sy
Conbly bams (635,54 5l yp 4 adlas oyl
b a3y AV sl p eder S bl g (ojlxe
plxl slatagh mlo b ailjolid o5 93 )0 Limgh (pl
3l silre canbly (6)9ld 5 (S5 e )b -)
S5 SS Ll a5 canl sy (clofpy Caonl
P& (Vgaxe 3 (o g (Sidyh g (sloinl e 4
ok sl GEg (Sloy A 5l 300 gydgy uwl pgai b

Al o

s Sl 9SG e plnil gla gy e -y
ol 1l p ¥ game Sizmg 4 429 L ks 5 00y
LEAVAA] 555 ploal Slopy SdS S pd g Cudlye cod
S 2 Jlew (owyiwd g odlaiwl ;JL» Oigh oyl yd
&S ol imgh bl Glial §I SO oppes anTE @

Journal of Health and Biomedical Informatics 2020; 7(3): 293-303 Yoo


https://jhbmi.com/article-1-457-en.html

[ Downloaded from jhbmi.com on 2026-05-20 ]

P b)w crgf.é.h 0,93 dyaa }g-j'b

S 3 S § 9 Sl Soilo 59851 alomo

ool g o9 d9d 0 LSS i )l jl &S Hlged ol
dold] Lﬁ‘)’. dJ.Loc;‘.iLé) C.‘aw )Ja.n )’\ |) )Lw c;;:.o.:al 9 J)Slc..c
S byl 2y90 0dd &)l Clasd g9 SO by, 5l Slyail b
CasBly B oy 3l oad pbxl objyl elul p &S aed o
ol » ewlie oyl edd &) Cligad g8 9 il
oloy el 4 sl cpl Gunen g )06 pogas
el o 25 (ol S Jlew Y w cuiSHl g by
Ohlen g5 gaudiwd & Gl ) Liagh lacodsize
U’SP Lg.\w‘yakwabybwb 4\51)% Sl Ja.,u)o
3 sgbie ol lp 4 e puss <8 > 0jlail g g9 o yo
&S i slppl pogas 3 pols b dagh 0g)S
SolBlesw Lisy ) ob g )l8ley oje> > op Wlg
el b e Giagh Jb o e @28 1) oMU oyl

Oblew Caz ohga 4BVl (a5l ) Mg Siagh
2y audh 3l (Ghre w5 (S glacas] jbs
Sl ol b plo > gy cul ) el 4 el colyg
cr isuly ol LU ol 5l eolil akes
Sl 3 gk ome o p2l Sl ) (Sl ool

213 3939 0a] )3 5 (Cawl Jguame ol Syl 9 cSle

&8l o,
235 gdlie Lyl $SoISs b Sty

References

1. Teasell R, Meyer MJ, McClure A, Pan C, Murie-
Fernandez M, Foley N, Salter K. Stroke rehabilitation:
an international perspective. Top Stroke Rehabil
2009;16(1):44-56. doi: 10.1310/tsr1601-44

2. Eslami M, Mokhtarian A, Pirmoradian M, Seifzadeh
A, Rafiaei M. Design and fabrication of a passive
upper limb rehabilitation robot with adjustable
automatic balance based on variable mass of end-
effector. Journal of the Brazilian Society of Mechanical
Sciences and Engineering 2020;42(12):1-8.

3. Eslami M, Mokhtarian A, Pirmoradian M, Seifzadeh
SA, Rafiaei S M. Designing and Creating a Virtual
Reality Environment and a Wearable Glove with
Control and Evaluation Capability to Rehabilitate
Patients. Journal of Health and Biomedical Informatics
2020; 7(2) :161-70. [In Persian]

2. Mandal S. Brief introduction of virtual reality & its
challenges. International Journal of Scientific &
Engineering Research 2013;4(4):304-9.

5. Mazuryk T, Gervautz M. History, Applications,
Technology and Future. Virtual Reality; 1996.

I SIS Jos (pogw) Gjre aSws ad)le jl2s lan
oo (silme Casbly Vo] sl Jloygsp Slofg Coenl
P2 g ioly bl dene 0 e (pg 5yl S
5o [V izl wold sl 5l ol e,y ials
I8 20l 590 (SilS sla b)) ) gige ol &5

18] ol a5

b bgiagh ple b awlie > ooy cnl g8 bl
Jpame S Mg mass i & i Olyics
& hlew 3l (wi5w sl silre Cudly 0> > alylis

(dladl Wyo p ogMle 4 cously AYL anbyy cunl
sl g Singh bl b coslie (SIS lsioee A
ol llse jlypiS Bl Slyped g9 b quslite oteilys
R dgrge sapingly By (g cnl > Adlie
y9uS 5 (oo jl odlaiwl Jdday g atils olb jawst 4
ONLI 5l b Glgie @l s el 4l
ol anl8 Jste o « Sy Jlai cod bjel anly S
Sl ol
whl 4 cudy g ghlaw amgy ORIl 5 Sl
b5 Llele (sl5lp 5 5 (SIS Calis & a2 b oligyes
Sl Ohey ool 4 il Mol or g Sj oo
Bl Gl g hlew bwe sad byl e wxmy Ll

AMe o g gy cpl 2D YL liee oaimd lis ouds
Casl (dSelgs 5> (gjlome CuBly Sl ool > Sy g Lo

6. Horvathova D, Silddi V, Lackova E. Phobia
treatment with the help of virtual reality. 13th
International Scientific Conference on Informatics;
2015 Nov 18-20;. Poprad, Slovakia: IEEE; 2015. p.
114-19. doi: 10.1109/Informatics.2015.7377818

7. Bellani M, Fornasari L, Chittaro L, Brambilla P.
Virtual reality in autism: state of the art. Epidemiol
Psychiatr Sci 2011;20(3):235-8.
doi: 10.1017/s2045796011000448

8. Lucca LF. Virtual reality and motor rehabilitation of
the upper limb after stroke: a generation of progress?. J
Rehabil Med 2009;41(12):1003-100.
doi: 10.2340/16501977-0405

9. Rose T, Nam CS, Chen KB. Immersion of virtual
reality for rehabilitation-Review. Appl Ergon
2018;69:153-61. doi: 10.1016/j.apergo.2018.01.009
10. Boian R, Sharma A, Han C, Merians A, Burdea G,
Adamovich S, et al. Virtual reality-based post-stroke
hand rehabilitation. Stud Health Technol Inform
2002;85:64-70.

11. Nef T, Mihelj M, Kiefer G, Perndl C, Muller R,
Riener R. ARMin-Exoskeleton for arm therapy in
stroke patients. 10th International Conference on

¥ Journal of Health and Biomedical Informatics 2020; 7(3): 293-303


https://doi.org/10.1310/tsr1601-44
https://doi.org/10.1109/Informatics.2015.7377818
https://doi.org/10.1017/s2045796011000448
https://doi.org/10.2340/16501977-0405
https://doi.org/10.1016/j.apergo.2018.01.009
https://jhbmi.com/article-1-457-en.html

[ Downloaded from jhbmi.com on 2026-05-20 ]

ol 9 oMl

15 3 e Culy b 3

Rehabilitation Robotics; 2007 Jun 13-15; Noordwijk,
Netherlands: IEEE; 2007. p. 68-74.
doi: 10.1109/ICORR.2007.4428408

12. Lo CL, Tseng HT. Predicting rehabilitation
treatment helpfulness to stroke patients: A supervised
learning approach. Artificial Intelligence Research
2017;6(2):1-9. doi: 10.5430/air.v6n2pl

13. Krabben T, Prange GB, Molier BI, Stienen AH,
Jannink MJ, Buurke JH, Rietman JS. Influence of
gravity = compensation training on  synergistic
movement patterns of the upper extremity after stroke,
a pilot study. J Neuroeng Rehabil 2012;9:44,
doi: 10.1186/1743-0003-9-44

14. Herianto WY, Saryanto WY, Cahyadi Al
Modeling and design of low cost lower limb
rehabilitation robot control system for post-stroke
patient using PWM controller. International Journal of
Mechanical & Mechatronics Engineering 2016; 16(1):
101-8.

15. Duncan PW, Wallace D, Lai SM, Johnson D,

Embretson S, Laster LJ. The stroke impact scale
version 2.0: evaluation of reliability, validity, and
sensitivity to change. Stroke 1999;30(10):2131-40.
doi: 10.1161/01.str.30.10.2131

16. Wolf SL, Lecraw DE, Barton LA, Jann BB. Forced
use of hemiplegic upper extremities to reverse the
effect of learned nonuse among chronic stroke and
head-injured patients. Exp Neurol 1989;104(2):125-32.
doi: 10.1016/s0014-4886(89)80005-6

17. Carey JR, Kimberley TJ, Lewis SM, Auerbach EJ,
Dorsey L, Rundquist P, Ugurbil K. Analysis of fMRI
and finger tracking training in subjects with chronic
stroke. Brain 2002;125(4):773-88.
doi: 10.1093/brain/awf091

18. Silva FH, Fernandes PO. Importance-performance
analysis as a tool in evaluating higher education service
quality: the empirical results of ESTIG (IPB). In the
17th International Business Information Management
Association Conference; 2011. p. 306-15.

Journal of Health and Biomedical Informatics 2020; 7(3): 293-303 Yoy


https://doi.org/10.1109/ICORR.2007.4428408
https://www.researchgate.net/deref/http%3A%2F%2Fdx.doi.org%2F10.5430%2Fair.v6n2p1
https://doi.org/10.1186/1743-0003-9-44
https://doi.org/10.1161/01.str.30.10.2131
https://doi.org/10.1016/s0014-4886\(89\)80005-6
https://doi.org/10.1093/brain/awf091
https://jhbmi.com/article-1-457-en.html

[ Downloaded from jhbmi.com on 2026-05-20 ]

Journal of Health and Biomedical Informatics
[ Original Article ] Medical Informatics Research Center

2020; 7(3): 293-303

Investigating the Effect of Virtual Reality Environment and Intelligent Control
Panel on the Rehabilitation of Upper Limb

Eslami Majid, Pirmoradian Mostafa?*, Mokhtarian Ali*, Seifzadeh Seyed AliReza?,
Rafiaei Seyed Masoud®

* Received: 9 Nov 2019 * Accepted: 11 Jan 2020

Introduction: Occupational therapy and performing specific motor activities are among the
healing processes for injured people that should be followed by patients in need after the
doctor’s prescription. The objective of this study was to evaluate the effect of using virtual
reality environments and interacting with hardware designed for the treatment and
rehabilitation of patients with upper limb injuries.

Method: In this study, the design and manufacturing process consisted of two parts:
software and hardware. In the software section, in order to access the virtual reality
environment under the Windows operating system, the virtual reality environment was
designed and coded and then the connection to the hardware and microcontroller section of
the Arduino board was provided so that commands could be exported from the controller
to the virtual reality environment and depending on the mouse motion, a movement in the
virtual environment would be made.

Results: Given the nature of this research, the criteria proposed by Martilla and James were used
to evaluate the software. Moreover, Numeric Pain Rating Scale (NRS) was used to measure the
effect of this method on reducing pain and the performance of virtual reality environment in
reducing pain was evaluated.

Conclusion: The results showed that using virtual reality for rehabilitation, with accordance
to the type of graphics provided and the hardware designed, in addition to reducing
treatment time and pain level, encourages the patients to use the software and continue the
activities in a place other than the clinic.

Keywords: Virtual Reality, Rehabilitation, Occupational Therapy, Arduino, Computer
Graphics
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