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Abstract

Wearable measuring system has major effects onbiomechanics of human movements especially in
daily activitiesin order to monitor and analyze the human movements to achievethe most important
kinematics parameters. In the recent decade,inertial sensors were utilized by researchers in order
todeveloping wearable system for instrumentation of humanmovements. In this study, Sharif-Human
MovementlInstrumentation System (SHARIF-HMIS) was designed andmanufactured. The system
consists of inertial measurement units(IMUs), stretchable clothing and data logger. The IMU
sensorsare installed on the human body. The system can be used at homeand also industrial
environments. The main features of thissystem are: low cost, low weight, saving data for ten hours
andbeing wearable. Furthermore, the software was designed for data acquisition of the IMUs.
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Roll/Pitch Static accuracy <0.5 deg
YawsStatic accuracy <1 deg
Dynamic accuracy
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Pitch + 90 deg
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3 axes
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3 axes

Rate of turn
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3 axes

Magnetic field
Range : + 8 Gauss

S50l Slile guneaS 5 Y-

b S 805 O wble oS5 b s
J6 OJ.:V.@»QEJ;- (aLoJ U ool ap S L 5 sloSa
b S 5l axls o b Ab ol it S Sl
S 3de VY Ll S -l Gl sl ey S el
R S I LI USSR PSRN
Locaws 93 Goy b K &S glals s 0,8 e
S R T P TSI S S NS R e
D3Ok sl Cwnd o &S ) A b e 5 0l
Ll Ly dms .L}J@J@h&uﬁsqbb
Q-i‘-AJ'L“’L;‘)‘J-;J-.")”‘J(SJJT@’.'WJL“Ji"”*"g}:.’
RGP VY 0% JJL; (Y)Jgﬂ'&)b 6.,\,.’9.:5;

oals ngﬂco.?\.:..\.:u -f-y

B ot S g ) ol Gas Sl a5 L
b\:\)4_}|)')J¢_:lej);uo>\>@¢?l{l§6@‘&.>—
Sl Laesls 6,3 5 o5 (¢l - Data Logger 4 1 <.l

ol



www.ijbme.org

YPa —YPY vy &\;MJ' f GJL«J sv.:ia 699 (Sl ‘;ga:r}.; Wty d.qu \Xd4

Kys 0 oI5 pesls Jl}élps -0-Y sdalie LB (0) S5 s OF Gl opomen LS)JT@"’T
= Z LSOV I WP LY $ L ° € z Sl
GBS sy LOILS il 5 ol pesls | shney Sl e 25 B sosk s 2 S

LsLA.\._JSLdl;— u._{\ J}Ja aﬁ;-J u.i.a,a QLOBUA L;‘L%;Li

B3> oS5 51 Jole Lty imman 5 s Kem s
BERIEE S IR RS S T PV N L
IS 53 of eal sl 5 a3 b Lab View L 2 O el S B e S50 2 2
505 3 0 S5 2 S taled wmdo b 35 i 3 Shes

ol 0Ll (V)
[

RS 485 > 4 1 Keyboard I "
N 0
¢ (—/_Memory | &

. | | s 1 Power] MCU - g
E ::T: E |:;.:'1 PC GS TR —N Display =l
§TIT s TT1 8
§ !;nl’:r E slens?‘r 1 “
H e H chwsins el Rechargeable Battery |

AL

Data Logger sl [islei —(0) JK2

3155k S slanasits

A Bl ol Sy ol pesls Oy e @

ol esls L1l 3 =) IS el
ENESWAL S NP
rjf Y0r O3 @
el sdalia LB (£) S5 s Data Logger ool 5l ples

5 PSS el glaesls S 5 Y

S bl gl Aol Gl e bl
Sl eyl sl oludl oS = o (gl oS ol )

LalS 1 izl s

S Ll b lns 5 S ) il
O 3 o5 e LS Al Gl s e J)
S5 0L ol ead eslitul | g e grS e Sle
cla S cledbl oS 5 gl = Jloasl i, woeul
a3l oy ol Slaloes Lol sl * 2l IS (il
— ALl AVR 285 See 2B 51 5ol b 1355
Slesliul 5 Sledbl oS 5 o, Jlasl gl ool ol [)e
A s S S 2 B S el 5 1S5 S 5 0
o) Sl el LB S A S sy 1 6055 4 S Data Logger | sl —(%) JS
2 bl Kos B Ll s S b S 185 e 5l e 5

("l)bj—.’.u—"v—“‘\"" Lﬁ_‘:j) ;5.:_¢_5§4_34_A\J‘)J

"Direction Cosine Matrix ®Kalman Filter

© Copyright 2015 ISBME, http://www.ijbme.org


www.ijbme.org

\ia% OLHKen 5 Slgdol 5y alse

CL-‘&:}@L‘S -0

sl L OO B (V0) o IS 55 aosesl 51 ol =l
Sased e 5 S et sl ol
TSRS IEPR SO S ) RN N 03,1 (Slas sl
Obsly 4 ol a5 b el o R T STy
& Slusls S Sl mls aps fls Sl

sl odalin J{LS(\\))(M)J&.:\): S

1%, hnd S
L —
\ vea |
o0
o
\ §
.
A i N () ,“,‘. i A-‘:’
{ P Py r / R A P Y
¥ Wk [ Tl Wiy g P L o M ) Ry
\ W /Y ¥ v i B W
0 l‘l'\' 1;1 i T Y [ \\J\ ‘f
Y y 0l

A D53l sl o sSas s glaesls (1) S

98t S oA

T T
-y
d ety
Teis
I -
A"\ 4
- 1’ !
Al i
" 0 | B
I' N I |\
\ il v
/ AN i \
o (1 ! \
! ) { R\
! £/
\ A A%
Ot N N \/
3 1
g 1
| | i |
4 [ [} 0 [

GIR, Feram Sens Mo B

- a . . .

Sl 5 Gl L e eSSl )
Ve W . - .

D5 a4 i e Osh gl Cubge ens Gl

ol 0

W Rotzion Matix Fod et
Marrix

"

Rotation Matrix (4

Error Yaw Vet
Sensor
Accelerometer
; Sensor

), BichandRoll [
s rreS il s sleidis, (W) S

3\
PI Controller

To Adjustment

ool 3 g e 0 dys B gb sladdigy 53 oS b Olea
Ltodos a8 8 S50 53 aom o Olge 4 2580y 25 slaesls
X b S Ol Sl Slaadl s Tl 6 SIS
5 b lide gla S glmosls loslizal b s
Colgys i etk de s Sle ool gl c_.ﬂul:.;
S bl OF bl 5553 e 5550 Oss e Sle
A s b5 Joo )
e (20500 oy Y
Slas gozes Ol 5 Ses odalin L. Js Q;yﬂ sl
G302 S e () S L allas A el 0 g5
L ER WIS S Rt S S S PR O
Sl TS Iaal = IS e 5 T 5 e i

o 4 c =SS AR
A kA - r — = |
L B A | i, i A7 —~—
wl ) ) ‘l. N ] \ 7 i T
bl i 4 ‘L i 1” \ j\ﬂ"\ L | O {7
M T ' iffh s ifhy 4 ) (o
il g )L Al f “ )
U‘L\ \‘L_.,Nw\‘r"i i I‘I"i"‘ py ,-—«\\ \",'-‘\-’\w!\?\*!\ ”,}‘-“ / (“w‘\ "\‘\kf\[i.r\'j';(m’l ‘H,,\[‘ “,‘!ﬂ\ "‘\’,,v“i\e‘-‘rﬂ;“'/‘\’l B i Luj f’
:m..l‘ ‘, ‘ I‘ \ ’1 | Wy |\ i W, |\ ’,' | (’ ? |
il “ ‘\ ,r"l i 1] 7 LA
i vA’ ‘L‘{ v \( ! Y - 5 7 ) E
A (W \ ¥ "
A/
’ y o 0ol (b S (513 o 51 ples =) IS5
B 03l s 5 slaesls (1Y) ISCs . . AP
) S p “‘fﬁg""ﬁjf.) Sre Jg“" ol O}aﬂ (g) ‘G’)‘ U}A)‘ (u s
*Mahony “Automated Unmanned Vehicle Flexion / Extension 12 Abduction /Adduction

© Copyright 2015 ISBME, http://www.ijbme.org


www.ijbme.org

YPa —YPY vy "JL:.MJ' f GJW Lr;ik 893 () &&}i Wty 4};’4‘

Y#A

L ooogd o adys o) b (V) (_;LAJ.i.i 03 &S b Ol
blss fedd AOlol Sy 5 Glaesls (ledbl .S 5
S das e Ol esls pomes el cwds S~
ol sl e e 53 Byo eas bl lacs ~
s> m a4 6l gl (10) Ko L bl s als
shls sl Jaie yiaasl - 28 oS > 55 e
oo F1 o e 53 dlee (ol o8 ol sy 4w S >
Llgo s Joolis ai glp gl i ol ol

Al @sle

S o =F
OL.\MJ\ Qng} k;.jé\j; &;e)‘g\;‘ ('.ZM..:..N &i cdl.bi U'il DL
o sles ol Lgba,(..a— Joli e 2
Data LOgger  ioas 5 -l Ol SIS 45 = o a5
Data 4.’\) L&e.}‘.} &m.w MJ&thEJQLM‘ QJJL}S
¢l>,;,| s Sl Ol S Al 5 aeS e Jaxe Logger
Slewsly s ,Seslll gl (R gl oAl
Sl a3 ¥ s gu Salus S~
ol St Sl Ll e et
CaBOlS Sl 4 e Sbaptenn 5 SE
(OIS 5 OlF o s ol Sl a5 OS> oS
oo Sl s $o o 3 slaleb s
2 S eslanal olas S1e s (,JL,:U S ele s nles
B Sl L e Ul ekal
S8 4l o Ll iy S js (65,08
Ll i S s e (nl 501 4 Olabl LB b s
woly Seslhl S3s Bl gl eemen sl b5
Ak Oszman o3ls LS 5 s gla g, 5l b sV U
23S eslanad ellS

© Copyright 2015 ISBME, http://www.ijbme.org

ol 4

YPR, am Sersar Move C
t =
/_/\ \ .
/ s e =
e
[1 ! i -
f \ 1 % .
{ ! f : 7 \
J i Al i \ i 1
{ ! i 1 i i)
i \ 4 ! i
e i { ! ¥ i {
L \ H X | [
i i Y’ ' { {
a1 A ; { i {
I \ i 1 i i
[ i { h
It i 1 d ]
I i 1] \
" ! X i ] Ix | ] |
i 1 i \ f SRR
Lé < e
al | S |
Frs .*~v Fr 2 |
-
e

C 003l 6l lasly glaesls —(10) o

S JSs s ol Glasly oS > s Seslul b
BE) sls 6\4{')\) C,SJD- LSJ.‘S"JU"‘ @Lﬁ; 9 (\\‘) 3 (\T)
el 0l 03,51 (10) 5 (VF) gbs 52


www.ijbme.org

Y54

:)b&w;@wllﬁ yd-bw

(6]

[7]

(8]

[9]

and movement analysis: A review; Prosthetics and
Orthotics International, 2007; 31(1): 62 — 75.
Mokhlespour M.I., et al., Development of a
measuring system forshoulder abduction and
adduction; IEEE, ICBME, Isfahan, Iran, 2010
Patel S., et al., A review of wearable sensors and
systems with application in rehabilitation; Journal
of NeuroEngineering and Rehabilitation, 2012;
9:21.

Roetenberg D., Luinge H.J., Baten C.T.M,,
Veltink P.H., Compensation of Magnetic
disturbance improves inertial and magnetic

sensing of human body segment orientation; IEEE
Transaction on Neural systems and Rehabilitation
Engineering, 2005; 13(3): 395-405.
Xsense Company, Www.Xsense.com

[10] Biosyn System Company, www.biosynsystems.net
[11]Mahony R., et al., Nonlinear Complementary

Filters on the Special Orthogonal Group; IEEE
transactionson automaticcontrol, 2008; 53(5):
1203-1218.

© Copyright 2015 ISBME, http://www.ijbme.org

(1]

(2]

(3]

[4]

[5]

@-‘,4 -V

Davatchi F., et al, The Prevalence of

musculoskeletal complaints in a rural area in Iran:
a Who-ILAR COPCORD study (stage 1, rural
study) in Iran; Clin Rheumatol, 2009; 28: 1267-
1274, DOI 10.1007/s10067-009-1234-8.

Davatchi F., et al., Who-ILAR COPCORD Study
(stage 1, Urban study) in Iran; J Rheumatol, 2008;
35:1384-1390.

Dagenais S., et al., A systematic review of low
back pain cost of illness studies in the United
States and Internationally; Spine J., 2008; 8(1): 8-
20.

Godfrey A, et. Al., Direct measurement of human
movement by accelerometry; Medical Engineering
& Physics, 2008; 30: 1364-1386.

Wong W.Y., Wong M.S., Ho Lo K., Clinical
applications of sensors for human posture


http://www.biosynsystems.net/
www.ijbme.org

	FRONT COVER FARSI-4-1392
	empty
	مجله مهندس پزشکی زيستی ايران
	Microsoft Word - -1.doc
	287
	287-296
	297
	297-310
	311
	311-319
	321
	321-331
	333
	333-340
	341
	341-349
	351
	351-360
	361-369
	BACK COVER ENG-4-92
	FRONT COVER ENG-4-1392

