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Automatic credibility assessment screening using
discriminate analysis of skin conductance response and
photoplethysmograph signals

Maryam Saidi', Amin Mohammadian?, Marzieh Daneshikohan®& Zohre Seyyedsalehi®.

1:2.3.4 Research Center on Developing Advanced Technologies, Tehran, Iran
*Computer Engineering, Sharif University of Technology, Tehran, Iran

Abstract
Credibility assessment screening by a small system and receiving optimum result in minimum time is a basic
need in critical gates. Therefore the aim of this research is automatic detection of stress in guilty persons
through skin conductance response and photoplethysmograph signals which are convenient and ease-of-use
sensors .In this paper, a set of database with interview protocol (including control and relevant questions) in
. mock crime (Stealing jewels) is provided. 40 subjects participated in the experiments. 28 time-frequency
"&jg’ features are extracted from two mentioned signals. The function of dimension reduction algorithms
including principal component analysis, Kernel based PCA, linear discriminant analysis, cluster based LDA
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is evaluated to select optimum features. Support Vector Machine, Bayesian and AdaBoost are used as
classifiers. The evaluation of algorithms on database is based on LOO method. Maximum accuracy
(81.08%) is obtained through principal components analysis as feature selection method and Bayesian as

classifier.

Key words: Stress detection, Screening, Skin conductance signal, Photoplethysmography.

ol el 1) JiSs Sl Jsareygbay (S5 L olSiws
PR PN IOWIFE IS S G EERV i e
Sb g Gl 4l e s (Y BP )
ol (F (SC) Cawgy (S sl colaa (Y (AR, TR')
LITIPPG) )98 (Zrmpz> sk 5l (8
odiind sl JuXew sl o350 ools ol 51

Siad il Slahg) Wah (BO0yed gyl )3 ]
Slalie Sllgs b (S5 L slapsesl 5l (Sujslsd
slagss, 5 'Tgoae NS Glagis, 4 gy jsba
[11] g co (gipumds "2 slails]

oslisil S (glag, 5l a5 (S L sleSses]
Gl g 8 Gl IS S S ddlyys S
5 IS Sl & eniga il (Suslsnid sl
Sosesl ol Gl jelaieds aijglicn Camsdy bgsye
) Ul S5 el 5l snsl casoay lellll
osil Job 3 gl Camdy 5t Olle dacosly
[IT]asS oo oS 5 SIS L

ool gove lagns, 5l a5 SIS S5
OUlgs 4y (So3909 58 (Lo STy (g )08 55 O3S 0
Oy el Wl Ll S e QL5 1 J5S g b
osliiwl oadsiynly Ol s S Gk wieplls
(0 s (Slao iy (gdde (B30 pe (yuilsd Ll S (oo
Olsieds a5 1, (So3elgn5ed St 935 9 Litul sl bre
rlpoglle Wilos aine Sgbioe rogi 151y
S wies Sllbl e ks (Sgdend sl
ooliiwl (6 pSeredl 4 ey Glp sew) Ojgod
[11] Wgd oo

Sl 35 L clanlels o aSal 4 azg L
@28 4 dly el ondicnd gl JiSs Jolog g 4520

doddo —)
Seilpsed Sl iKem | oolial b oyl aiis
Sladie; )0 (g jobar (9STer &5 Sl (o
&S Soiede s sl LK 09d o ooliiwl o 51 Cilise
(Jolds &,S oo L8 colainl 850 Al opl o St
SS9 o ld codlad (ds «(SC) gy (S sl Colaa
Mt gy Slod g slalamd 95 ,Las (ECGY -PPGY)
5201 el e o T o Jlie (6l [20]-[21] 14] (9]
03 oyl g gez )3 SlBe (ol Ll s
644'.; » Le;—‘ L)*")"""'" uw J..\.A ...\J‘ob; oolazl
L [14] 2l Ko 5 Blogl 5o alie ,o .ol °SVM
S el cod Sgdnnd i o
sl (Jols So5edepd LK pl lasls
o9 HLad b8 Lo F i slas S0 slusl g
s iz 0 55 [21] Mgl ol Ll Ol s
Ol mizmad g oo S aiels g o) gy Culaa
S5y Sz slaan YA lolig o 1) (Cuvgy Colan mlaw
ab) 5l mle a5 pwyinl glacdl g L dcdls slas o
Ailod ST s 098 0 Glolies

dieild 00l S8 alitee al i o ol ausis
ool Gl (Sien 9 Lol S e 5l S e lis
oais Sl el o cwl 0,8 0 T plas ley G g
sBiws 5 ygesl opl y0 0gd e atloy o 4 15 L
33 5 8 Szt Sl i S sl Sl
009,80 b cunly Como U 0l o ool RT3
S [13] 09l Lasine Ollgw 4 wly [0 o5 Ll

° Cardiovascular

10 Blood Pressure

' Abdomen Respiration
12 Thorax Respiration

13 Overall methods

4 Numerical methods

15 Computerised methods

! Skin Conductance

2 Photopheltismoghraph

3 Electro Cardio Graph

+ Shi

3 Support Vector Machine
®Ohsuga

7 Heart rate

8 Storm

YA ol ¥ 8,led 1TA8 Lo




4
5
4
‘_:)\
'2\
3

2
3
3
X
|

3
3
3

1
el
3
,i
0
i
A
)

b o |, Suislom JUaw 50 [8] PCASS aibol
WS o Sl atie s lSle aslas S
4SS o oy w0 0 el sandinl o sSl
L osmsce ) amlas (b )0 a5 (Sfglnsed Sl L
w5 et b el cenliie ogm pogsS ]y b S Jlicl
Sl o Sl Gl 508 S5, aw IB o (o) 2
03ld ialed (25,5 ;0 LAl pae slp 9)) 9 S,
Dy s

E90° LSS oy p 4 s S g [1] (59,2
Dot o Lol sslansls ol S8 UK g0 3l eolazul b
Sod) SellS” S Sigen JiSew S8 B L]
Sl Gy SSSgn Geizres 5 00 (O)lr an
(Lys ol by s 5 gl degarms) GKTY,p0n,
Bas oS axlas plxil Cyz> pges sbas a5 I o ool
CQT® degazmays) slolSssy 5l il dlio ol o Lo
4 a>g b ooy, 8 4 GKT 5 098 0 oolatal
35 yod ey o0 ka3 4 PCASS «blu 5l 09290 Slaiinss
) STy pley el oSy R sln oF el
Cabioe Ol 9 Wiiee Soy glioe £90 Gl &5 2>
FSao Lals &ygods a5 Conl (anly o) gl ojluil
9y » bSas Blsl 5 (Sas b a4 aww, b
do Shs ol wsbge oy ol Vs Loy JUiSew
degozme (ol yo g Wed Slojm (IS8 Gla SRy (e
o oolitul JuKw (83 sla SRy Sl b Sy
aeieis Baa b Sllie ) g lemr o 4S5l Jl> st
TR SRR I S R
[191-201010] wigyo slad 4 ot sl Sis
2 e JiK 59y 2 e 4 e o)l s
il B b aels g S oo 35505 B 0Lys 25
ol als als allae san o a5 Jlbojo oS el
el PPO i ) ol il iles S5y s o
o ooliiud Syge amdeyei pinysSH Lo [151311]
ol 00 eolizwl A 1 jges duaids 5| PCASS

Sl spmte 5y sihmesly Alhe ol e
Oeizan 5 b Sy Sl 5l PCASS &lbs ;s a5
o Jood cq Cl (gogr Q31 dsgerme b gunail

# Guilty Knowledge Test
3 Control (Concerned) Question Test
®Percentile

7 Derivative
8 Naive Baysian

Y4 2o Vo)l ivan Jlo

slacby a5l @)l Sly) Siedesd Wbd)l5 &)k 5
310 oy osls o g 5o 4 5093 & g0 wlgiy oS
Bo0yes [0 Al S )0 0gdiee el o)lsen
S5 aS g Jolow Sy (Gludl slalbs oS poslle
P eyata Sepe Rl Gl b GRlE
Ol ool oo st Cuenl (6,5 Ly slaais;
i sl ol ad olb glaen Sl L,
S seelS GLT L ailoles S, aF stolting <5 15 15300 5
dcns B0l 5055 230 ped (s4sl el (CPS) o0l
5 oad bl Sl olul s deliy ol el o
5550 wgas [31L10]L15] cawl s >1,b Utah olKsls
oBuils  jo a5 sl Polyscore  mso,e dsliy
Dgei jw OSS &by .l 03,5 oy drwgs T 3uSola >
Slooliws )3 )093 (om0 yei slaph oSl (6,500
s ge Jis i ol o a5 assl Ll [Bleal 3,5 L
oS el AUS s Sogs 6,180 00wy sSl S ail)|
Skl 5,50 ;0 PPG 4 SC JUXs g0 Lis (bl 5 wilss
ol il $pSpeeal ojgm o Sowly b Gop
@ wS o olml 02 sl ) Cenlie (eSS e
gl o 38 Zawd S5 (53 2 oS AT (slaisS

s & JUB g9 4 s S o3lwl slaJuSw hals
s Sy a8k 05800 Sud allele GadeeS el
S 1y ogasl Sg, amitys g osls Gl ) a5 e
S sleonlS er |y alde Gyl S
axlas S b lgiee a5 GlagFa wijle e sl
Rz & Aslas SSE @ 5L Gy g dlwge Heba
Sk slacad )3 a5 1) colinl glaojl L o)l
o925 Jsl e 51 Sliobsl dogdoe plosl SCllS
ool a5 il 5l Sewlls” 815 L 5o .0,5] oy ofge
o350 11 0095 o0 (5 slaaz JLad B 51,k 5l Sy e (L8
wDllgw pled Gamp 5l 52 5lam cul 505 Jlad cod
e b B

oBiils o)l b oKiolel Liwl, cpl o
bugi oadsyslesr B0l b)) sl saSibeolr
omaid 00,8l S, (PCASST) adsl (5,5 Jbye alals
ol Sl o5,5 Lg ailels Gun [8] el 3,8 ail)|
35 5l Ui o yiysbar 5 g GBS ol
il Bl oS e et gl 45 caul S 0]

! Computrized polygraph system
2 Johns Hopkins University Applied Physics Laboratory
3 Preliminary Credibility Assessment System



o0 (habjl 05y Ségp Banses s
aS Jlo o taigd oo ools oS L (KiSle 6950 (g9u,lw
a5 3580 Olgie (55 09)9) oSl oS es b 4
(Joc s 5 ain oS o oyl Jg coolidl slasl sl
A o5 plil 6,18

Sy Cdpes a5 ol ond b glaisTay gyl
93 2 @ S ileand 1) (U aiis)9) wied)l ot
a5 955 (oo ools S oilejl 095 (pgatar 098
Wbl Lot by gy glzl pas b 12l 5 S se5h)
prr S ppat e bt glo muly 4 Laid g ol
b ogla ol o 1) 093 sl Led g S o olazel
g o Cgme Ll gy Ol o Led Sl 1A
8 & JAS 05,5 9 (05 o B Lo &y (sloy pan
alp el e Qb lr & sshee ol
B psbar 5w e b opeil pais
o35 51> oofom & (stalajl 05,8 53 2Bl i
S gl @ wgde ools oy pyz pll sl aids
29 el 9257 D 4 Blaie a5 ) (GulS s 09d o
SIS 38 emnp by axBlop S)ls 5 catie sl
Iy Ub 0o ,8 e taislo 1) Ol alg> axdgais dogis
Gl olawd 0 el 5l s g 00,5 odalin Cdoay
logs by aalis S 31s 1) ()1 (go5ee Loy (5
LS 25 bl

Sod G a4 gl Wg) el 5l 095 g0 e
Ll (95155 €950 5 55y 51 a5 (6,5 ygesl b 5 a8
WS ol S5 B 05,5 e )5 M 050 w0l el
Jods S Gl (8IS ol e 4T 098 o0 AU 095 90 0 4
@l S Gl 0g)F 93 2 9z e py2 (ol
5l o ogase BUI )0 e sl 00 355 ol yen
Sy B o Sl YT amlaas oS5 5,3 4y basg 2SIl L]
Sygoty Sl by il Jestr 5 5l Ol
ez 4 by Ol R ocaz 5 b S5 el (V) IS
Loy 63902 B (C cuz p ) (5 Sl 5 wiin
)il py2 & et f jobay o5 Cunl 08 aniiny @
i pyr b dagpel Sllges (1) bgspel SUlges 3,1
) 6930 a5 (68,8 el ool 00,51 Camwguy ;0 Sllgu e
O Job 59 LB cnl bl ally as oSS
bl S S0 s b el cov Ul
15 Wt a0 45 g5l 09,8 EALSES 5

ALl JelS dlas ol ot 5y SlUls a4 by

iz duglie 5 ow)p 4 i el L 5 ol
&ly ol ool aBlsy (g PCAY) amy palS sla s,
Gl b ool dsgame S ey Gl (b))
oBsls ol cwl sl solainl Sljalex assje sl
b bgipe g 55 Sl g5l amlae So QB e
meogi psd Ui 1l el Oyle dlis [lsly aibad
oo S oo a1 oolainl 550 BBl 5 50 0 (5 patSre
a3 os ooy |y laosls Lod g (A5ls ok yoSdl cpgm
Sl @bt glaghy, bl |) @b ke i
Loy odalCussay @l sy ey G s OGNS

lei e )] 5 S 51 sy ez 5 05 e

OB ol ac gozxo Y

SIS S s S 31 —1-Y

3ogame ;o (Wl La YY g Bl L& VA ) L& Joo olows
ol ol 30,5 eS8 aygesl ;o JLo FO LYY
oS wgdh bl gol 8l 1 sarasyge;l  elil og
41012 wmsl anslys BISy Lpsas,s  Slelbl
Ll 5l ool,8l el o ploasl i 3o,k 5l (o0
Lol 00 (s 2 (S 5 (B Slos Lo

ol Globuw-Y-¥

JL»i«.w Cowl odls solaiwl Tswjjo u.’»&.”)wa.i 4}‘5}
5 alew 5 0,Lal ciSSl g0 51 (SC) gy (S xSl Culon
Sgd en o dile cutXl I PPG LS

og03) lyrl g, -Y-¥

dlas gl GGl aw ls cb b IS jsbay
gd.ol.«a.o L.BL“ ) ‘..\.u‘ o..\.».SJru Q‘)ﬁ‘ ] w 9 5.‘)[*..0
3550 0 el a4y 55 o )18 sl Alas S v
S Olsgs wims bl Wb a5t Sleladl g Osey] Bas
w‘ 3o \.\45...4‘5‘0 w‘\.\m 54)L~m db‘ Ay ‘é}u:so oalo
sl &5 0)ls vz plapd y Cule ojgm U
9 S ;w‘) L: ;&)Q é‘)ﬁl Awd o 5\.,5‘50 uam
R T L P VS WA AR oL bl

! Principal Component Analysis
2 www.redat.ir

Y4 ol ¥ okl VAL Jle




4
5
4
‘_:)\
'2\
3

2
3
3
X
'3;

3
3
3

1
!
3
,i
0
i
A
)

b LS g wa ylailew! -Y-)-¥
aals & barye o> Dlasie Bi> jshied () ol
S5 85k 5l eolatwl b oS 0gd o a8 5 Say JUSew jo
e85l osliul (gl (a9 o0 ploxl UK 0o
9 20,0V0 Sao il luibiul Cgzr JUSew aien
53 3 Wl o ] & 3550 ookl 2m 2V
Iy baels ao VO U oo o0 a5 &,5 o 18 slals

MQSA L»S.m.)

ORIV FRCI | FURIRV | CU WP W V-SSR

G5 @ sogr—s Lo ol s SC JUSe—u
el S o s 45 el leclioiz slo Joull oS
oz Ely cnl 5l Sy glpul gd oo 485 ouzy
3,13 3929 plgel (al Jlo plsrsay el ol pon  SUS2 L
A 50 gl sl lre plgieas g |y S a8 LT &S
Gl lgan 5oty S 5l oolizid b i ol 0 1) S 8
Peige o eslw JUSmw S an oday Gl
590 co i ) sl lgan 8oy ol LSb ) IS
o s 5l S, & U 4 3 (o Con 390
Ui & s D20 sl ) Ceons (GlAlBST jlog0d 50

s o JUSw SSE -F-)-Y
iS5 5bige £ PG g o Byse 5 Ui
5 08 B > Sl (S0 il plete by 9
L oS 5 L5 3 ot 39 0l Tl ooy 5 5 %o
Sehe sl Jedod gl oy g0 ol S asgline o0
9 gl g Soe b8 Sl SSE 6l ool
A S B 25y 0t B e Sl S
it gl ol Jleel bl oad solitl S
O g g e JESw (g S Gl (5,8
wsloy b gy JiSem plyea ol b W52
p i o Sepe 8 JUSw (1) S0 05l e

s o bt |y oad gzl o8 glagull 5 (>

3 Smoothing
4 Heart rate
3 Elliptic

YA by ¥ 5,Ld 1PAD JLu

09031 HBBs 0 dlan S 5o Wlldw Jlgi (V- JSi)
(Figure-1): The sequence of questions in the interview of
experiment data
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