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A Fuzzy C-means Clustering Approach for Continuous
Stress Detection during Driving

Sara Pourmohammadi' & Ali Maleki'”
Department of Biomedical Engineering, Semnan University, Semnan, Iran.

Abstract

Stress is one of the main causes of physical and mental disorders leading to various types of diseases. In
recent two decades, stress level detection during driving to avoid accidents has attracted much of
researchers’ attentions. However, the existing studies usually neglect this fact that stress level during driving
varies due to irregular events. Contrary to the previous works, this paper demonstrates that to assume a
fixed level of stress for a long period- e.g. while driving in highway- is unreasonable. According to the above
assumption, a novel approach for continuous stress detection is proposed based on fuzzy c-means clustering
and cluster labeling by the expert. Fuzzy c-means clustering is used to specify levels of stress instead of the
former different classification and labeling methods. Concurrently, utilizing background knowledge of data
and clustering results, the label of each cluster is obtained. Then, proper weights are assigned to labeled
clusters. By combining the membership values of clusters and weights associated with each cluster’s label, a
score of stress is obtained in short time intervals.
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Stress in driving dataset provide stressful conditions during real driving. The experiments were
performed on a specific route of open roads and where drivers traverse were limited to daily commutes. For
each drive, Electrocardiogram (ECG), Electromyogram (EMG), foot and hand Galvanic skin response
(GSR), respiration and marker signals were acquired from the sensors worn by the driver. Clearly, the
more number of physiological signals are used, the more computational cost must be paid, so in this work,
heart rate, EMG, foot GSR and hand GSR from mentioned dataset are selected. After that, six features
consisting of the mean value of the heart rate, the mean value of EMG, the mean value of the hand GSR and
the mean value of foot GSR in addition to mean absolute differences for hand and foot GSR are extracted
for each 10 second window (100 second window with 90% overlap) of signals. Next step is to cluster via
fuzzy c-means algorithm. In this study, the data is located in 5 clusters and according to the membership
degree of each window, input signals and background data from dataset, an adequate label is assigned by
the expert to each cluster. The labels of these five clusters are "very low", "low", "medium", “high" and
"very high" stress, which are respectively the least stressed to the most stressful. Therefore, the base weight
vector is obtained asw;,; =[0.01,0.25,0.5,0.75,1]. The weights assigned to the clusters will be a
permutation of the mentioned base weight vector. After assigning the weight of clusters, in each window, the
membership degree obtained by the Fuzzy c-means method is multiplied by the weight assigned to that
cluster and the resulting numbers are accumulated for the 5 clusters. The calculated value scales to the
range of 0 to 100, in order to quantifying the stress. For better representation, a collection of 100 different
colors in the range of dark blue to dark red of the visible spectra will be defined by the use of “colormap”
command in MATLAB. By taking the calculated value to the range of 0 to 100, one of the mentioned colors
will be chosen. So the color will be associated to the stress value of the corresponding window.

In this paper, in addition to the qualitative assessment of the results, the correlation between the
determined stress and subjective rating scores is considered as a quantitative criterion. The results illustrate
the effectiveness of the proposed method to improve both the precision and accuracy of stress detection. In
fact, the stress in driving dataset have imprecise labels which the proposed systematic approach estimates
the stress continuously utilizing the background knowledge of data. The results clearly represent valid,
efficient criteria for stress during driving in each moment without using long time window, show the
continues stress from the beginning of the experiment until the end of it, and exaggerate individual differs
and unexpected hazards during the experiment.

Keywords: Continuous stress detection, Stress during driving, Fuzzy c-means clustering

doddo =)

ol (Sesasnied slags pSoslasil §Togsoens >
> 28 (EEG) pl S glli iy xS0 cla JLS s
5550 ly (ECG) 5550 L5380 (BVE) (95
[7] Gl iis 5 (EMG) pl,Sgalos 2SI (GSR) sy
o (s iS aiw) jo g8 GYLae (ALdS das o
oSl oo syl b JUSiams gl 51 o0licasl b o ool
i sl [8-12] Sesgdgid sl i Sl (o5 5
aodl ailoais 00 LS a ol 81y o i ul e 4> o
p Sl Comge sl (e b UK o5 5 3 oslicad
e (310 pley GRIBl g e pe e (BB SIS
Gl Loyl 5l slaogs oS 5 5l oolail Buas ol plo
= e L gty 5l golaws j0 [7] el Lo il auzeis
9 Oog—snbly gl Sde an JUSs G L 5l ool
Sinle;l 8,90 8,8 4 Jate Oligas a5l eolatul

[12-13] sl o0y 05T

Syl 5 Sloy Cdls (05085 g a5 DS 43S 0
2 0nd 25U ol )l ol o il 398 0l 3 (con
935 os pad o (Sl 5 (Bopem ol ollus s,
5 P slags )l plp jo 1) patd (b ieie ©)90 )3
sl o9t ol B g 00,8 pdcunl Bada Sode
ol dnsl> (sl 60b; (Jbo S ioran 2] ol oo &S
ol 4 SLls SaS 03 il Laskis )5 dalg>
Slacal 6l o yiwl 6550 l0l s .aiS s axel> g
OF 5 a0 S (o 418 ool 3590 58 6,500 50 )8
3ly Ll )0 (Baily oyl mlass (o) 4 alo
Ol ol (4] aibvse (Baily oyal 3] ool>
Sl 5 (1] 5t o131 L5558 (5 RIL 2 4] b,
s 16] S5 ol S s i
b slags pSojlasl Glie jo sl i 5 S 0 L
5 o Glasuin JFSod o Cwlbes N pix &S > aile

4
face movement

% Galvanic Skin Response

!eye gaze

2 pupil diameter

3voice characteristic

Yf el f ol iVar Jlo

&


http://jsdp.rcisp.ac.ir/article-1-383-fa.html
www.SID.ir

Fuzzy c-means s3isdubgd yisg) jl odlaiawl b S5 3dily Jgb 3 (il lise diawgas yoasuins

Downloaded from jsdp.rcisp.ac.ir at 14:26 +0430 on Monday May 28th 2018

S 52 5 (Al 5 5o (S, sl
OLSols dcgomme g oad ooy JI 8 ) 0 s i
L [19] ¢l ouis ,zie Physionet ol (o sadcdd
5" 08" Ao 90 43 Lol (Bl dsgazme ol 5l ool
o L 13] el oas ganail "ol by
slagby, 5l =18 (2l an L (i slaiogh
Sl slo s om alal, (aseis gl S
slagiagh ;0 35doe wlaal (uyial 5 Sjgls 8
WS mhw wiz dojlyen (ol Gl et
aS 0g-d oo ool s Alae cpl jo el ouls gananls
b 5o 99 S 3 o g 58,5 0 ol
g Sligilaie (28 (el )3 (Sl 0590 Jle j5ba)
(Tl s 58 sl (3graimss 2 2SB L cinen
ovg, Fuzzy c-means ,bLS yga by, 5l eolaiwl Lo
R O O O

g0ty oyl a5 0 mls b))l cex
ool g 93 5l (e SVl ;0 098 o0 () Linigery
L LT6-17] plej & S o il e ooy =) 2ol 00
on Y 12] (55 Sgmoty ol 5l (>l o)
9y L oselosay il Jlime (g (Send e
00iiS S y s o8l Lanags b3S oyl 5 golgiidy
e 55 ity iy, by o5 [1619] ulsjl o
s oo 4l (g30e Ojgo | eyl lielen e
5 oolil b ooyt oS 51 ol il allie syl o
el 4853 o)z 590 bl Py, 90 2

58 ol azel YE Lol LialesT 45 [16] 4o
slagle) o 4 55 o0 dly> (oSS b 5l e
M ee (e eanddyaginly Job o ) 5l il
o) 4238 aids iy Job 5o oot e il
5 ol 25 s 80555 315 00 b s ol
dnlie e (gouad, b golpiin 1,58l (o5luad
59 Sl IV ssliindy (Ko e 09 o0
2L ol aS Gl diwsy oS ganail 3 [19]
iy 02 ) 4 Pl oo pelaiten 9 (Bl Ll
Ly g nbly Lyly s 30 o anl (sl ilos] sl o0
olesl sb 5o Bl Jolpe o 5 0ads plowl alRigles]
Ole L oals awlgs \b oo,lgz 0auiS S 1l cnan o )
Slie 3 gy (il 5o S A5 993 il
(e iy b ol by 5l aslussdy o il

¥f ol foylabivas Jle

&

Sz bl ol pansets by (sagh 5o
sleain o led § Sd yo Cwlies BVP GSR LS
Naive Bayes oS goiaib aw 3l o] [5] col o
oola_wl (SVM) YQL..,.,_M Oeole o5 g \w..»..o.»a..i. RIEY
s 1y asbly olp)ls jo el easlowsay s ailes )8
o 5 o saipti " il e g
L Slsdsnsed slodbfems oo 658 (Kmon S0l
Cedled (gg, 00 slaallae jo o (il Ol s
55 703 oyl e S (EDA) Tensgy (S 2l
A5 Wload mwyy oS ganda b pais [14] wilos S
95 30 |y Loyl TAYIY wlitsl coo U gyl 51 (SO
SEAES 53l 15 il el 5, (5ot
ol 3" A s a8 55 slall slasl
15 [15] ol 0 035 congys "YU o yiasl” 5 " bmsgio "
NS s g 8 gomaial s asle HEas,
"gaenlo) ! o "l oS el ol el
ooty Lol FANFIS 5 SVM (sloos iiS gonains bawgs
14]

L yie So Glyieds ol o [16] 50
asd,s o hlem 5o Gyl asls Y ol cux
ol (a3 Sz (oo )9Sl g (ol 5o ]
Ole Joalgd 5l elsss oloy slas o (2Ll olol 2
el oo Slginy 7 dolas (636 s 5l eolal LALS
2olie &S 0ad by pa5 o U i Sl mhan Gedznen
25 e oo (L 1) ol Gl 8 0T oYL
S5 658 sanadeS () Sl esliial b Sos koS
SLS313 555 21y i e Jahazal ot o
OemePS Alwgy jsbody SG U jao o5l po (Faidly 5o ol
[17] cosl 0ais 00

OBl 5o oyl o il GliSie elgil (e 5
S oaly 0, Shas 5 (25T (59, 5o Jole S plyieas
o3z )3 sl slajls, 5 KA erditene (Slaes
L [18] golr (stpgh ;0 ol 435 )13 i 590 )l
5has ECG 3 EMG (GSR  ui5 (gl JUSpes 1 ool

6L¢O}L} 4-3 Jaj-?]o 45 ‘) "\)L}.}" 5 "Ja...dj:..ao" 5”p5“ w):;.\d‘

Decision tree

Support Vector Machine

Electro Dermal Activity

Adaptive Neuro Fuzzy Inference System
Heartbeat interval

Stochastic Fuzzy analysis

= R S O VO R SR


http://jsdp.rcisp.ac.ir/article-1-383-fa.html
www.SID.ir

Downloaded from jsdp.rcisp.ac.ir at 14:26 +0430 on Monday May 28th 2018

;fg C‘JM‘ 9 &lf&‘é AL g0x0 -Y
oBsle oL -Y-)
Ll 3 Syialyied sl i g ol 5 o
S ali by ol g0k s 5 S8y ke 15l
,o PhysioBank ,o Souly Lyl by oBols 3l acgexe
(Lol dcgomme oyl o .l ool 4y Media Lab
b oS5 g e 5o (Swiily bbb e slagiles]
slociadae o oudly (S5edesd (oSl U cnl oals
o= 8ly bl i jo Lo oles] sl ogi JLis bl
il Jee S bl as 0 e sl | il
) ool a5 aw iolojl jo caS'esS 1o ol,8l acgamae
L Sl e o S S S8 8 5 1S5 Jhenar
od.&éjcho.? u_i_»)jjy)..ﬁ Sledlbl .J_iloo; LA" J.alf
3L g &wd GSR EMG ECG slo LS Jolis oyl
0l piiie LS el degozme sy p L Ll tocnl uiis
)—».».».».40 sod_mw uljé‘\) C;OLAJ as 95_..)‘50 QAM
loazs

oolaiwl JoB isn Lad 58 ool piiie dcgasms
ey jebdny  Saily 00 4 bayye B0l L 1,5 ccnl
i L 050 LSOl degame ;0 05z g0 slo LK
9 ool S, 9—0 &S_a)}ly)aﬁ 6LQJL&A—AAJ A= ‘)_’)
A e (sl i Lagl oo gl Seul sla S
sladlie ol jo 0t asls y aolis i Sl
sl Sadly Jols) Sadlyes Bols I EMG JL e
3 els oledbl a5 (@=F-Y-A-9-) - N\ Y-V 0=\ F
el 00d salawl ‘ML"SA ua.:).».wé )é Le)]

Yoy oSS slaguly gleil 51 S5 GSR
5 e S cdeas a5 el Ll Cangy (S ,aSl
At oyl (89 B30 59y AT Sl Sunds
5 4Bl i3l gy s (85 Susby o tal3
500 ol gy So Sl Colan wosb ) ioli8l oy

" Heart Rate
?Electro Dermal Response

VY (Kiad (le 5 00 ainlie BanS S, 5
U STV RCSR Y

L cadios 510 b ,blite wyial o il [17] 4o
[V Y] ongase yo 19Ky as pé il G 5l solic!
Cagde polie 5l spSo e b ol 5l Gmp 1l oud dpulne
5 (518 sanades o oSl lawgi cadanlo) ddg>
0395 5 sl (il ol ol e GBS S
Ngds oo dumlxe [« V] oogass 4o Sl

ads o o> o s e CllS Sl eolaiul ax S
oslital (sl i 03,5 sl Jysb BB ity ol
il Gy eizme Sl oo 58 adlie o ol
APt aa | Gadedszy cozrge LA endisleiiny
Sl 5yag) 7 @laluSgasme b aSh ad o (!
Saie apnle o @-norm) Y e 5 5l eslainl Jlo olgiea
o e 45 oot Gizge adgs 3T b Bl Loyt
Sl (o 50015l 1058 suzrin Dlaite 5 50 4 S
Slaien 35 po b Slaly ol wglie ladiiss 35150
= deloan ogdleay oS JBLA Jlao | el 5 anals
i Gl L 85 ol g 5 coneslind Bl
b oyl e (8L a3l o238l W,
Sy sl bl 5l (o5 p Geizres b wialss mome
Las 5 903] (39, L 5 (o8 g0t Lty 5o oolicil
Shaiie e 3 (o295 (b)) S aiload ailre
Ot (S Olia g 00y Gloj 4 Soad o i
2 QB ES ;b ol (3155055 5 ol Jlne
el ool 5158 ol

50 el a8l el o 5 oo adlie oyl Walol
oresid 5 ool wl 3590 B0l degese ol pgo i
Loyl 3l eadglponl gla (Shis 5 00 (yme oy
284854 gy Ao 4 paw (iou ilodd irogs
Jolss o gz ido oyl plas! LSl sonaiss
s slwosly 2,8 Sl g3lening o s8Nl rosd
o0l Sl ey Sy jo saslcwsd bl g golpring
slare 45 il iz ol Sl Aol gl
Ll plasee (Sl Job 50wy oyl Sl (oo
SYlae bl 4 Cond (6 53YL Coo 5 280 gl ls S ols
Pa> )d (s 9 S A pdind Glsu ABL ey
i Ceond (Ll 50 03l o0 (oleiy And B Sy
a8l pladl o iz s dmlo aisres 4 dlis

Yf ol f ol ivas Jlo

&


http://jsdp.rcisp.ac.ir/article-1-383-fa.html
www.SID.ir

Fuzzy c-means s3isdubgd yisg) jl odlaiawl b S5 3dily Jgb 3 (il lise diawgas yoasuins

Downloaded from jsdp.rcisp.ac.ir at 14:26 +0430 on Monday May 28th 2018

§

2 gz ool Giegiy (pl 0 &S plaazgi

‘;/_..u‘ W) 4.‘:|)‘ u,u).u.u‘ YRS S )Q l-QJL&'-MJ/ le)w >
)’l 6ol R 30 sy S aS o 0N yign
‘;)45 A s )é \)5_.» o..\cl.o.»_...)"' “5‘4.4.‘.05 9 G‘) 6LQ‘;).:5
<wwd GSR 4 EMG ( ECG Jl,iw )LQ.> J) 6|ﬁ u_,.i,lm
oS ol T Jolis sllas ;03 . Sle (S s b g
5 8 slaiagh el o ccul (S i Jolss
Bllae ;a8 S5 [8,25] GSR JUSw sla S5g b ala,
Sl 0,8 ol sl calin sla Shis 5l S Jolas
9 oelae (S g dwlre (g cud Fa (V) 5 (V) Ly,
o=l o e e s 1y Jolas gllhe jad SOl (Sag
Al &ged OB pre X g JiKw slodigad JS slaws N claly,

N
1
pe =3 X M
n=1
N-1
1
5X=mZ|Xn+1_Xn| )
n=1

Fuzzy c-means g, b guaualbes -Y
G-dx Jlaie plas! | Fuzzy c-means gaisddis> g,
Wwbwu‘fuy)j)cﬂduwoo‘b)ﬁﬁ
Abg> 35 1o dny 0ols dxya .aS o )5 ool gadss Spe
i 5185950 b @ o] 3ol EE AL B0
aobools o slaglss i aemme aS ! mly o]
Aol (©) absm slaws i ,o3l il o adl SO L g9l

ABboas s iy

Fuzzy c-means o ;95! —Y-)
(F) 5 () Ly, 51 ooliztal § daaisgs olass cyoss 1
Ngdee Slwyiom SIS e )0 adsS SThe 5 Bl liee
dij s> el j s 0ols el | Cogeie Wij Ly, cal o
Cdlg> 35 50 paalj as ools el (e (owalddl alsld
ndme [1,0)) ;Lug;l pxlim iy 3510 oluss

Aiwd ddg 35 1o el J Vi g B0l olaws

c
Wij = 1/Z(dij — dy)?/m=D ")
=1

4
Mean absolute difference

¥f ol foylabivas Jle

©

Oy Lol «(IMQ 0,85 ,9bas) sl 550 Jgors joboas
Cenglie jo Dl oy cely 5,0 00 clad mhaw o s"]
39,50 93 Gl 50 Sz s8 (So S gl SG ol 5
B uﬁ)f o)'l..\a'l u‘ﬁ"gf c..\.:/..j‘_;c )‘)3 wg_v C.Ia.m S9) as
&S 50 (6,5 eosll cpl (Sasly jo eyl GBols acgase
Oae  —oldil gslac s S oSl s ECG
W S9y Frhaw ooy pSl hwg (Solway 5 unl b8
a_a8s , » 0ECG JUX . 59, R sloa_L8 olo_a5
).)5_6 )LM.....: w)...w‘ ua..:;e.....\..)o L)—‘ )‘ salazwl g».e‘} Oy
[24] o9 saly>
slesldy ase as b | oM ae o Jls EMG
3,8 oo ol sl ol sll cMae plail b as e
s Sactly jo eyl (Bols acgazs ;0 EMG oS 6l
Seze Jado 10 0g, Sl g0 sl saud oolauwl 04,5501 a
Gl 3 Ol sl (e 09 58U AT (agan g L5 590 ale
alae el (6,505l ol o K> o)jsa S8 ez
coledys Ny, 0,5 @ Oialejl o lails iy (glads;ed
Sidle s lawgs glagl <10 g S hwgie L JLXww 'RMS
5 pas—d OlLS > [18] el ouis 0 >3 Flexcomp
3l Sglae oyl Glay 50 (g9 3 ouls <ol EMG azes o
ol e A 4 el (pl g 090 aalys gole 2l

& 79 Tl Al Y=Y
F s el $lp eyt JuSow 3l slao X5
sla by, 09 so 00 0 HLS an il e slo JLK—
WT) Tedsg Joos g (FT) Ta 92 Joas lad by
S e glmesl o La g, cnl 5l colaiwl Lol sanil oo
e=h Ol gyl At Gl Sl sl LS
hS pas b 2l 0,00 10 gl cimgly (lad8 g 009

1
Root Mean Square
Fourier Transform

® Wavelet Transform


http://jsdp.rcisp.ac.ir/article-1-383-fa.html
www.SID.ir

Downloaded from jsdp.rcisp.ac.ir at 14:26 +0430 on Monday May 28th 2018

‘ ouidl, o 5l b JUS e }—

EMG, HR, Hand-GSR
and Foot-GSR

\

[ &S e gl ’

Mean (all signals)
Mean-abs-difference
(HGSR & FGSR) \

\
[ oy by JuSKw s

SR LSl s (Expert)
s 2 xper
Fuzzy c- means e ' B

Sl ol
\

e

oadss )5

y

ol sl
(Stress criteria)
Sl i )8! (S 2 loged :(1-SS)
(Figure-1): Block diagram of proposed algorithm

Tl 9 g3lwesly -0
(S5l 05 Gl oy 53 Gl UK Eg—oe ||
wloads W5 EMG 5 HR ¢ |y 5 coss GSR gla JUS.
Weoyo 0y Sligen b S jliglastioce isu jo
0eS5ka) b g s GSR Sl (S35 5o Jols Sy 0
S iS5l Sl (S50 93 9 (LS5 (3llas 03 12 3Le
g oa gl Fn EMG 5 (8 & 5

0SSl 5 el Gla Sy o) Shee (V) JS2
GSR LS, s LMl 50,8 JLis 4o 1y Jolis sllas a8
3 oeSles (T S5y 3 Slaopls a3 e LS s
S 1y ol llaejus Sk (Fhs oSl slo e
O 1983 o LS iload oy GSR LS (59,
L Fuzzy c-means oauS gaialg> 4 o Shs m yle
Sadgs 5515 ol (g yF 50 09 s 0ol Alss
adg> gim slm ) 3L G polie o le 5 5518
Py bagi JiSems ganaiigS I ey oSl oonlg
3lailoo , o glilas a_lg> & o «Fuzzy c-means

A5 0,0 g g L5 0 a0 ddgx 4 Ble jlade S LK

_ Z?ﬂ(#ij)m Xi

! ?:1(#1’1')1“
9,5 4eS Fuzzy c-means 2,9 S| Lol Gua
il Al o6 [, — vy el 55 el (B) alad

vVi=12,..,c 4D)

Sl dg3 35 10 ol ] g 00l el 1

n ¢
J,V) = ZZ(#U)m [J: - ‘71'”2 ®)
i=1j=1
I, Fuzzy c-means o _igs v 05 >0
X={X1,X2,...%n} ;51 .0, 5 4> g5 0 e o) O )90
il bddgz> 3810 V={VLV2,.. . Ve) g Bols dcgamne
s Bolal O goadle> S e ol
adol) sloolaial b Wy o3 3l polie awlxe .Y
«(Y)
«(F) alag)y 5l oolawl vy (658 5510 dla .Y
ool Comots T loie LS B Y oV ol po 1SS
0ol [|[UD — g®|| < B L (O alal))
J0,1] e aasls Lo B o)l,S5 al> o k a5 J> 0
Sl Bao 2T g 55 Bl polie il U=( Mij nre
[26]

§O Ly otz 595! -F

% o ot sl Sl silnsley S by
ol o cwl goasie Jol e wiejls ( Sauly > o
I potie jlosliiul bl (su By oolering
Sl oley 1 53 98 (il 6l (o5 5okne Wl
) ol wipe Nl Sl Jloges (V) JS& cenl oud
ol <8l ;o Jols )5 plawl Jolye 003 o0 (L25
ooyl L5l degome JJEMG 4 b g cows GSR HR
el a5l (S gl sl g g (S 50

g Fuzzy c-means s, U (guidde> (gon d> o
Silse ssbar Cunl aliss ja slasl gl 3l Oliee oy
gt b g b S Sl 3l ool b o 5
azy baas o plaitl caz p S ades 20
oo 0,8 oo b Ol e Bl g daadgs oz
e o liws 6l G3g 9 35 Ole B8l SLL
Ol 31 e 2 et a g i 5o el eyl
Sge 1o T o5lwesly s &l 5 ol pe

Yf ol f ol ivas Jlo

&


http://jsdp.rcisp.ac.ir/article-1-383-fa.html
www.SID.ir

O Bl plie o5 ladiss Sl plyiea 0,5,
St Lol plw a Comns ialejl 050 S sle!
ez €S By ol cwl () a Koy polin)
i welas! cpl s gl oo 00
g oo ol il Jl j0 08 olesl leg slel g loul oS
A a2 Ly G 1S (o0 025 1) ol Jlade (0 yieS
ey an batss alan 5y elatsl @l ez
L ddsm a4 4S5 g, gba il ouls plodil dieoasld ¢ ihaio
A 9 (09 e (neS) 0V 09 S (P ez
(09 oldioe Cnd) ) (055 k) (P conz pp b alg>
30 CS eSS jebay 10 adl oS58 (59wl a8l ol
bsgie qpSan 4S5 ebdn sl ond guje eogu e (0l
adly oLzl VO 5 +/0 VO slagyjg ol e ol

9 id.ui BN

..\_iiétgo o)_..’> as wi

wylise Candds 5 Oypoh 4l G 0 crlply el @l

Win: = [0.01,0.25,0.5,0.75,1]

[SEWE 39 uol_,a..:-i V- r:l:;ui Caw! [n)y o).:.é- 4.7ui

3B anasys | Jol> allmy sloabys 4ol L&

g la bem 4 oadiools plaisl glacy)g ag)cmll .l

Ml Gl (6 sanang 5l Jols co 5 ples
51 28l VU 4 s

u—i 5 a)_é U")’“‘“‘" ui)_».a uéiOuLm) LE‘)'.’ WLMQ )L:M

35

Hand GSR signal

——*— mean

—— mean absolute difference

N
o

N}
=1

Hand GSR
(mv)

) H f h
3000 3500 4000 4500

0 H
0 500

1000 1500 2000 2500
Time(sec)

Cawd GSR JUKew b S5 g (i bod (Y- &)
(Figure-2): The figure Shows features of GSR of right hand

B ades min e gSSlsas ol ey b

Jeols ps ol B e & 4z g b adgs jo 4 wslas S
G 0 g conlie ez p S0 bl Sl
B ol aile adss my il cez 02T o0
o a4 Kol (Lo g ol Klawgiod LaS» LS
o By oyl (e B ol (ST Bl
Sledbli639)5 Sl i (ojp Loy 358 ol
SALS (GAASg> o9y 9 (LIS Asgerme 5l 35250
Gas ladss a4z an oz plaS 457 9,5 o rena

Fuzzy c-means s3isdubgd yisg) jl odlaiawl b S5 3dily Jgb 3 (il lise diawgas yoasuins

Downloaded from jsdp.rcisp.ac.ir at 14:26 +0430 on Monday May 28th 2018

400 T T T T T T T T T
2 1 1 1 1 | | | | |
¢E | 1 1 1 1 | | | 1
£5 200 --x-_ﬁrsﬁest ----- - Cityd-4----- (—"Hw"i' w—-(,‘:rtyﬂe H\WE-\L €ity3-----, (_,:-secondRest-\«-_-e nd
(]
z »i.wmm I WM WW
0
0 500 1000 1500 2000 2500 3000 3500 4000 4500 5000
Time(sec)
71T T T T T T T T 1
% J\;First Elest City1 E F.Hw1 ko Clty&_ Hw2 k- Cltle q_i second R st k- gnd
L S s oSS el B
T : : : : : : : :
0 | | | | | | | |
0 500 1000 1500 2000 2500 3000 3500 4000 4500 5000
Time(sec)
2 o ' T
% x—Firstrest WM -Hw1 K~ (;lty&_ Hw2 x City3 - second Rest x— ¢nd
05 1ol Y S ). fadd LAl PRSI 77y ¥ VI (RSN N AN i L N -
3¢ : e e e R oo
0 i i i i i i i i i
0 500 1000 1500 2000 2500 3000 3500 4000 4500 5000
Time(sec)
50 T T T T T T T T T
xFirstrest Cityl | K tHW1 ¢|'ty3<_ Hw2 & Ciy8  xisecond Rest x— ¢nd
% % 0] S E— . - SERET YW YT (B _—
o | | | | | | | |
ol
500 1000 1500 2000 2500 3000 3500 4000 4500 5000
Time(sec)

%

¥f ol foylabivas Jle

@By conz 2 s ol o sl (padiid GhaleT 53 (Sl K (b ouibasd K 5ala b (sl JUSons o Lad 1(Y— JSC)
(Figure-3): Illustration of the physiological signals collected during driving along with the period’s labels.
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rating along with given labels for events in dataset.
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(Table-2): Comparison of the correlation value
between the proposed algorithm and the previous studies
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