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Abstract— Emotions are an essential and productive aspect 
of human thought and action. When a person experiences 
different emotions, there is also a change in physiological 
signals in the human body and with this variation there is an 
observed change in the different physiological parameters. 
The main aim of this project was to undertake a study in order 
to find the relation between variations in skin conductance 
value, heart rate and facial temperature on exposure to a 
given emotional state. The Galvanic skin response value and 
pulse rate signal were integrated as one system while facial 
skin temperature was acquired via the use of a dynamic 
thermographic recording system. The parameters were 
recorded simultaneously in real time when a person was 
exposed to emotionally triggering images or sounds for a set 
duration of time. Further statistical analysis and comparison 
of the data acquired was performed after which it was 
concluded that Heart Rate as a parameter reflects most 
changes when emotional valence comparison is performed 
while facial thermal imaging showed highest sensitivity 
overall. Further work needs to be carried out in incorporating 
more physiological parameters to optimize the classification 
of a plethora of emotional affective states. 
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1. INTRODUCTION 

Emotion, in everyday terms, can be defined as an affective 
state of consciousness in which joy, sorrow, fear, etc., is 
experienced, as distinguished from cognitive and volitional 
states of consciousness, though scientific discussions on the 
same have emerged with no consensus on a strict definition 
[1]. Emotion is often linked with psychological terms such as 
mood, temperament, personality, disposition, and motivation. 
A commonly misunderstood perception is that an emotionally 
influenced person does not involve thought processes during 
the same, but the reality lies in the fact that there are certain 

mental processes involved from which emerge the 
characteristic signs of emotional expression [2]. 

This expression is usually associated with certain commonly 
observed patterns in physiological changes observed in the 
human body. Variations in GSR (Galvanic Skin Resistance), 
Heart rate, Blood Pressure, Breathing Rate, Brain Waves 
(Electroencephalogram), muscle tension and temperature of 
various parts of the body are common indicators of a specific 
emotional attribute [3]. Based on these parameters, a 
commonly used classification system of affective states is the 
2-dimensional psycho physiological classification system 
based on two basic concepts of Valence and Arousal [4]. The 
dimension of Valence is from highly positive to highly 
negative, and for Arousal from extremely low arousal 
(calming) to very high arousal (exciting) [3]. 

This paper seeks to establish a classification pattern for 
different emotional states based on real-time simultaneous 
monitoring of three physiological signals–facial skin 
temperature (FST), heart rate and galvanic skin resistance 
(GSR). Statistical analysis of the data obtained would help in 
evaluating changes in physiological parameters studied with 
respect to different emotions of the young adult individuals. 

2. BACKGROUND STUDY 

In previous studies, a design has been developed of a complete 
virtual instrument concept to test for galvanic skin response 
measurement and analysis, using LabVIEW and MATLAB 
softwares, of human stress on 14 subjects of different age 
groups. In conclusion, it was observed that stress during 
physical activity amongst the 14 subjects increased while 
stress of only three subjects during stress conditions decreased 
and also the stress significantly decreased again after the 
physical activity [6]. With respect to study and analysis of the 
Galvanic Skin Response (GSR), in previous studies it was 
observed that situations with great arousal could be easily 
identified but those situations which have lower arousal were 
not greatly distinguishable. In addition, it was established that 
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this method could assist in judging the emotional capability of 
the individual [3]. 

 For domain analysis, previous studies depict the derivation of 
time, frequency and time-frequency features from thermal IR 
data, blood volume pulse & respiration sensor from a total of 
12 subjects to discriminate between self-reported affective 
states in response to visual stimuli. It identifies six binary 
classification tasks against baseline for analysis. Conclusively, 
the largest changes were observed in the nasal and periorbital 
regions due to intake of visual stimuli. Thus, facial skin 
temperature (FST) derived classification of Human 
temperature was deemed possible from the analysis [5]. Heart 
Rate was seen to be a key factor for emotional analysis in an 
experiment in which 26 subjects were shown three movie clips 
for three primary emotions i.e. fear, sadness, happiness, and 
the ECG was recorded real time for each emotion. Some key 
findings being that there was a significantly faster heart rate 
with decreased vagal nerve activity and also a reduction in 
Heart Rate Variability. A more efficient algorithm for 
calculation of the same was used to obtain accurate readings 
[8]. 

3. EXPERIMENTAL SETUP AND MATERIALS 

3.1 Subjects 

A total population of ten able-bodied subjects (n=10) were 
considered for the study in which all the subjects were 
females. The subjects were selected from a pool of 20 who 
were identified are potential subjects based on their known 
emotional stability. The selection was done based on a 
questionnaire prepared which affirmed their level of emotional 
responsivity. The selection excluded people who were under 
the influence of drugs that interfered with their emotional 
stability. Subjects who possessed various cardio respiratory 
problems that could elicit an undesired response were also not 
considered. All subjects were within the age group of 19-25 
years and were selected on the basis of being emotionally 
expressive individuals. The subjects were made to sign a form 
giving their consent for participation. Before the start of 
experimentation, the subjects were acclimatized to the room 
conditions while the calibration and positioning activities of 
the thermal camera were being performed. All metallic 
jewelry and items were removed from the person and the 
regions of interest were made visible with no obstruction by 
hair.  

3.2 Emotional Picture Database  

Two Emotions can be mapped out on a chart modelling the 
range of arousal (high to low) and valence (pleasure to 
displeasure) that is experienced during a particular emotion. 
Such a chart is called a Valence Diagram [4]. 

In our experiment, we present to the subject a set of pictures to 
induce the following emotions- happiness, sadness, anger and 
fear. To achieve baseline data, the patient is placed in a 

relaxed state and images to induce neutrality or relaxation are 
shown. This data is compared with the data obtained after 
inducing the given emotions. 

A standardized picture database is used to aid in the emotional 
induction of the subjects under study. This is a database of 730 
pictures; the Geneva Affective Picture Database (GAPED), 
which was created to increase the availability of visual 
emotion stimuli [9]. The pictures were rated according to 
valence, arousal, and the congruence of the represented scene 
with internal (moral) and external (legal) norms. For the 
purpose of our study, we chose 40 images at random from the 
database, based on valence and arousal levels specified. The 
images were shown to the subject in the form a slide show 
pre-set at 3 seconds per image. 

3.2 Sensors 

The GSR is measured in the experiment using a Galvanic Skin 
Potential sensor. The sensor works on the principle of Voltage 
Divider rule. 

The Pulse Rate sensor used for the purpose of this experiment 
is a transmission type sensor. A supplementary LED is 
attached which indicates the presence of a pulse. A 50 Hz 
notch filter is also present in the circuitry to prevent the 
interference of AC noise in the signal. 

The infrared thermal camera used in this experiment is the 
FLIR A325sc infrared imaging camera, which comes with a 
maintenance-free uncooled micro bolometer detector and is 
capable of generating almost 76,000 thermal readings per 
image. The standard temperature range falls between 0 - 
120C with an accuracy of about ±2% of the actual reading. 
For video recording purposes, the frame recording rate is 
60Hz [9] 

3.3 Experimental Setup 

The experiment was carried out at Biomedical Instrumentation 
Lab, in the Department of Biomedical Engineering, SRM 
University Kattankulathur at Chennai, India. The experimental 
control temperature at the lab was maintained at 23°C during 
the study. For the FLIR A325sc Infrared Imaging Camera, the 
emissivity value used in the ResearchIR software was taken to 
be 0.98. The temperature range considered for each subject 
between the temperature values of 25°C and 38°C. The IR 
Imaging Camera was placed 1m away from the subject in 
study on a mountable stand with the height slightly varied 
according the subject under study, and she was seated on a 
chair with a black chart positioned behind the head . Care was 
taken to make sure that the tilt of the camera while calibration 
stays within the angle of 45° to prevent variation in thermal 
readings from the eye, and the camera was kept roughly 
perpendicular to the facial plane.  

For the purpose of subject isolation, she was made to listen to 
white noise through a pair of headphones and the setup was 
separated from the rest of the environment by means of 



11

wo
exp
dur
sig

Th
up 
per
Ra

4. 

4.1

Th
sta
sub
sec
sta
rat
to 
of 
con
mi
ask
bro
dis
sho
i.e
im
sub
sta
em
the
she

4.2

Fo
tem
kn
too
can
Th
the
the
tim
sav
Ex

Fo
Na
ava
pur
La
don
Mi

06 

ooden walled s
perimenters w
ration, to allo

gnals’ acquisiti

he subject was 
a questionnair

rson at the tim
ate sensors wer

EXPERIME

1 Process Flow

he subject was 
ate in the subje
bject had 40 i
conds per imag
art of the pictur
te were recorde
observe the im
the subject wa
ntinuously map
nutes as determ
ked to take res
ought to neutr
stractions are r
own to the sub
., happiness. D

maging, heart ra
bject is told to
ate. The given
motions under s
e data obtaine
eets for further

2 Data Acquis

r the purpos
mperature valu
own as the FL
ol during real 
n be plotted an

he software pr
ermal video rec
e region in fro
me. Once acqui
ve the data eith
xcel in ‘.csv’ fo

r this experime
ational Instrum
ailable, of wh
rpose. The int

abVIEW softwa
ne using the 
icrosoft Excel 

Print ISSN: 

separations. O
were present in
ow for camera
on and control

seated in a re
re which estim
me of experim
re connected to

ENTAL MET

w 

shown a set of
ct. The GAPED
mages running
ge. As the Lab
re slideshow, t
ed simultaneou

mages. Along w
as recorded wh
pped for FST c
mined by the 
t for duration 
ral state in be
removed. Nex
bject to induce

During this per
ate and GSR v

o rest for 2 min
n procedure is
study which are
d is exported 

r analysis.  

ition Interface

se of video 
ues, a tool prov
LIR ResearchI
time recording

nd displayed re
rovides the o
cording to obse
ont of the cam
isition is comp
her as an imag
ormat [9]. 

ent, the signal 
ments NI ELV
hich only two 
terfacing with 
are, where sign
specified tool
sheets for ease

Journa
2350-0077; On

nly the subjec
n the setup ar
a and the oth
l. 

laxed position
mates the emot
mentation. The
o the subject. 

HODOLOGY

f pictures whic
D picture datab
g in a slidesho
bVIEW progra
the values of th
usly while the s
with the sensors
here the region
changes. After
experimenters
of 2 minutes a
etween images
xt, the second 
e the first emo
riod, real time 
values are rec
nutes to return
s repeated for
e: Sadness, An
to individual 

e 

recording an
vided by FLIR
R. Using the r
g, average valu
eal-time for obs
option of perf
erve changes i

mera for a spec
plete, the user 
e plot or to exp

acquisition ap
VIS II. There 

are used for 
the board wa

nal acquisition
ls. The values

e of retrieval an

C.

al of Basic and 
nline ISSN: 23

ct and two of 
rea for the ent
her physiologi

 and asked to 
tional state of 
e GSR and He

Y 

h induced neut
base shown to 
ow at a rate o
am was run at 
he GSR and he
subject continu
s, a thermal vid

ns of interest w
r the duration o
s, the subject w
and is put to re
s while all ot
set of images

otion under stu
thermal dynam
orded. Again 

n back to basel
r the other th
nger and Fear. 

Microsoft Ex

nd extraction 
R system is us
region of inter
ue for the reg
servation by us
forming dynam
n temperature 
cified duration
has the option
port the values

pparatus used w
are 7 input p
the experimen

as done using 
n and storage w
s were stores 
nd analysis. 

.R. Parvathy, M

 

Applied Engin
350-0255; Volu

the 
tire 
ical 

fill 
the 

eart 

tral 
the 

of 3 
the 

eart 
ued 
deo 

were 
of 2 
was 
est / 
ther 
s is 
udy 
mic 
the 

line 
hree 
All 

xcel 

of 
sed, 
rest 

gion 
ser. 
mic 
for 

n of 
n to 
s to 

was 
pins 
ntal 
the 

was 
in 

5. AN

In orde
detailed
regions 
and sho

a. Foreh

b. Perio

c. Oro-N

For the
process
mind th
individu
margin.
rescalin
shifted 
that th
correspo
that eli
method
normali

Once th
were m

1. Perce

2. Stude

The Per
between
can ind
them. T
study, a

The Stu
method
the afor

Meghna Hukeri

neering Resear
ume 2, Number

NALYSIS 

er to examine 
d way, the sub

of interest, a
own in Figure 1

head Region 

orbital Region

Nasal region 

e purpose of a
 called normal

hat the relaxatio
ual, thus varyi
. In statistical 
ng of values n
and scaled ver

hese normaliz
onding normal
iminates the e
dology used 
ization of value

his is perform
ainly performe

entage Differen

ent T-TEST 

rcentage Diffe
n normalized r
dicate the rang
This can be per
and the main em

udent T-TEST 
d to study the 
rementioned e

, Santhoshi N K

ch 
r 13; April-Jun

the surface th
bject head is d
as referred from
1: 

analysis, the r
lization, which
on/neutral valu
ing the outcom

terms, norma
normalization 
rsions of statis
ed values al
lized values fo
effects of cert

was as pro
es for the given

med, two form
ed for classifica

nce 

erence is used 
readings of tw
ge of signific
rformed betwee
motional under

is used as the s
changes in ph

emotions. The 

Krishnan and M

ne, 2015  

hermal effects 
divided into th
m Nhan and C

raw data was 
h was performe
ue varies from i
me in readings 
alization is de

refers to the 
tics, where the
llow the com
or different dat
ain gross infl

oposed by [
n data set. 

s of comparat
ation purposes

to calculate th
wo different em
ance between 
en any two em
r study is writte

second statistic
hysiological pa

range of signi

M. Anburajan 
 

in the most 
ree different 
Chau (2010) 

 

 

subject to a 
ed keeping in 
individual to 
by a decent 

fined as the 
creation of 

e intention is 
mparison of 
tasets in way 
luences. The 
3] for the 

tive analysis 
-  

he difference 
motions, and 

the two of 
motions under 

en first. 

cal analytical 
arameters for 
ificance was 



Mu
 

tak
and

6. 

Fo
fac
sub
val

Tw
ide
var

1. 
sta

2. 
stu

6.1
Va

Th
cla
val
Wh
com
fou
tha
(p=
GS
hig
sig

Th
hea
sta
the
dou
sta
tha
by 
exp
em
spe

ulti Parameter 

ken between 0.
d 0.001 indicat

RESULTS 

r the ease of 
ctor from each
bject to a norm
lues obtained a

wo comparison
entification of 
riations than ot

Intergroup ana
ates. 

Intragroup an
udy. 

1. Comparativ
alence Emotio

he first compa
assified as a p
lence emotion
hen the calcul
mpared to the
und that the c
an fear by 
=0.002). On th
SR in happy em
gher than ang
gnificant at (p=

he next parame
art rate. When 

ate was compar
ere was found 
uble the value

atistically signi
at the calculate
61.876%, with

plained by ha
motions but bei
ectrum. On th

Analysis of Hu

Print ISSN: 

05-0.001, with
ting great diffe

comparison an
h parameter re
malization proc
are as given in 

n paradigms w
the parameter 
thers: 

alysis between

nalysis between

ve Analysis Be
ns 

arison was do
positive valen

ns under study
lated mean va
 value obtaine

calculated mea
71.929%, wi

he other hand,
motional analy
ger, but was 
=0.0001) .  

eter to be cons
the calculated 

red to the valu
to be a 81.43%

e when sadnes
ificant at (p=0
ed mean value 
h statistical sig
appiness and 
ing present on
e other hand 

uman Emotion

Journa
2350-0077; On

h 0.05 being th
erence between

nd to remove 
eading obtaine
cedure. After n
Table 1. 

were used for c
that showed g

n positive and 

n the negative

etween Positiv

one between 
ce emotion, t

y, namely, fear
alue of GSR i
ed during the 
an value was h
ith statistical 
, the calculate

ysis was found 
still found to

sidered for com
mean value of

ue obtained dur
% increase in t
ss is being exp
0.001). Similar
was higher fo

gnificance at (p
fear both bei

n opposite side
, the calculate

nal States

al of Basic and 
nline ISSN: 23

e least signific
n the two classe

the individual
d, the values 

normalization, 

classification a
greater signific

negative valen

e emotions un

ve And Negat

happy, which
to other negat
r, anger and s
in this state w
fear state, it w
higher for hap

significance 
ed mean value

to be just 4.6
o be statistica

mparison was 
f heart rate in t
ring the sad sta
the value- alm
pressed- and w
rly, it was fou
r happy than f

p=0.0001). Thi
ing high arou
es of the valen
ed mean value

 

Applied Engin
350-0255; Volu

cant 
es. 

lity 
are 
the 

 

and 
cant 

nce 

nder 

tive 

h is 
tive 
sad. 
was 
was 
ppy 

at 
e of 
8% 
ally 

the 
this 
ate, 

most 
was 
und 
fear 
s is 

usal 
nce 

e of 

GSR in
higher t
signific
increase
‘Fight o

The fin
tempera
ROI’s 
tempera
compar
was not
tempera
(p=0.00
muscles
increase
the regi
compar
was aga
80% in 

6.2. Co
under s

The thr
Sad, An

It was n
high inc
statistic
opposite
almost 
the va
signific
when sa

The nex
anger a
value co
with a 
respecti
predicti

Lastly, 
skin tem
emotion
statistic
observe
statistic
between
tempera
both fea
and (p=
tempera
state, w
tempera
anger, w

 

neering Resear
ume 2, Number

n happy emotio
than anger , an
ant at (p=0.0
e in heart rate 
or Flight respon

nal parameter 
ature. In this c
were studied 
ature changes
red with the a
ted in the Oro-n
ature of about 
01).This can b
s in the regio
ed heart rate, 
ion. Finally, w
red between ha
ain noted in th
the temperatur

omparative An
study 

ree negative e
nger and Fear.

noted that in t
crease in the G
cally significan
e sides of the 
73% in GSR v

alue during 
ance of (p=0.
ad and fear wa

xt parameter to
and fear show
ompared to sad
statistical sign

ively. This fa
ion of the heart

the final para
mperature. Th
nal parameter 
cal significance
ed when comp
cal significance
n the two state
ature during th
ar and anger, w
=0.0009) resp
ature changes 
where an inc
ature during e
with a statistica

ch 
r 13; April-Jun

onal analysis w
d was still foun
002). The rea
due to adrena

nse’.  

to be consid
case, during th

simultaneousl
s were noted 
anger state, the
nasal region w
78.57%, with 
be accounted 
on during the 
leading to hig

when the tempe
appy and fear, t
he periorbital r
re, statistically 

nalysis betwee

emotions cons

the sad emotio
GSR value comp
nt at (p=0.000
arousal spectr

value was seen
anger expres
.0001). Smalle
s compared. 

o be considere
wed a very lar

d, by 85.76% a
nificance of (p
alls in accorda
t rate values. 

ameter to be c
here was an in

of sad as co
e of (p=0.005

paring sad to f
e of (p=0.0008
s. Now taking 

he the sad state
with a statistica
ectively. Fina
were compare

crease of 70%
exhibition of 
al significance 

ne, 2015  

was found to be
nd to be highly
asoning is due
aline secretion 

dered was the 
he observation 
ly and the co

and normal
e most signifi

with an increase
a statistical sig
for by the ti
expression o

gh temperature
erature change
the most signif
region, with an
significant at 

en the Negativ

idered in this 

onal state there
pared to anger
01), since they
rum. A similar

n in anger in co
ssion, with a
er changes we

ed was the hea
rger increase i
and 78.29 % r
p=0.0002) and
ance with the

considered wa
ncrease of 82
ompared to an
). A similar i

fear, by about 
), showing hig
the periorbital

e was higher b
al significance 
ally, the Oro-n
ed in the nega
% was obser
sadness as c
of (p=0.007).

1107 

 almost 75% 
y statistically 
e to a high 
to elicit the 

Facial skin 
phase, three 

orresponding 
ized. When 
icant change 
e in the mean 
gnificance of 
ghtening on 
f anger and 

e readings in 
e pattern was 
ficant change 
n increase of 
(p=0.0009). 

ve emotions 

study were 

e was a very 
, by 54.02 % 
y belong on 
r increase of 
omparison to 
a statistical 
ere observed 

art rate. Both 
in heart rate 
respectively , 
d (p=0.0008) 
e theoretical 

as the Facial 
.35% in the 
nger, with a 
increase was 
75% with a 

gh distinction 
l region , the 
by 80% than 
of (p=0.003) 
nasal region 
ative valence 
rved in the 
compared to 



11

6.2

Wh
div
sho
dev
exp
du
sw
cor
com
dev
dur
ski
ski

Wh
val
po
can
lar
adr
com
dev
for
aro
hav
exc

Fin
com
com
ob
for
fro
wh
dif
res
the

08 

2. Cumulative

hen all the fi
vergence for th
own in Figure
viation was in
plained by me
e to excessive 

weating decrea
rresponding i
mparison, ang
viation from th
ration of the ex
in conductivity
in conductance

hen all the five
lues as shown 
sitive deviation
n be explaine
rgest increase d
renaline secret
mparison, sad
viation from th
r by a very sm
ousal and neg
ve a significan
citation and aro

nally, the FST
mpared. When
mpared, the la
served in the
rehead skin tem
om neutral state
hen looked at 
fference in the
spect to the ne
e specified rang

Print ISSN: 

 analysis of al

ive emotions 
he neutral base
e 3, it was obs
n the case of e
eans of the GS

sweating that 
ases the skin
increase in 
ger has been
he baseline GS
xperiment. Thi
y, an anomaly
e as a measure 

e emotions are 
in Figure 4, i

n was in the ca
d by means o
due to accomp
tion, leading 

dness has bee
he baseline hea
mall decrease 
ative emotion 

nt increase next
ousal. 

 of the three r
n the t-test scor
argest differen
e forehead re
mperature is an
e in all the tem
from a genera
e case of em

eutral state are 
ge, thus allowi

Journa
2350-0077; On

ll parameters 

are compared
eline in terms o
served that the
expression of f
SR showing the

accompanies t
n conductance
the arousal 

n shown to h
SR value that is
is is accounted
y when it com
of arousal leve

compared in te
it was observe
ase of expressi
of the heart r
anying high bl
to vasodilatio
en shown to 
art rate value. T
in cardiac act
generation. F

t to anger, due 

regions under 
res of all the f
nce in emotio
egion, which 
n effective judg
mperatures. It w
al point of view
otional state t
very significa

ng the classific

C.

al of Basic and 
nline ISSN: 23

under study 

d based on th
of GSR values
e largest posit
fear. This can 
e largest incre
the reaction. T
e value due 
state. In st

have a negat
s observed for 
d for by increa
mes to observ
els of a person.

erms of heart r
ed that the larg
ion of anger. T
rate showing 
lood pressure a
n while in st

have a low
This is accoun
tivity due to l
Fear is shown
to higher level

consideration 
four emotions 

onal classes w
proves that 

ge of the chang
was observed t
w, the signific
temperature w
ant and fall un
cation to be do

.R. Parvathy, M

 

Applied Engin
350-0255; Volu

heir 
s as 
tive 

be 
ase 

This 
to 

tark 
tive 
the 
sed 

ving 
.  

rate 
gest 
This 

the 
and 
tark 

west 
nted 
low 

n to 
l of 

 

 

are 
are 

were 
the 
ges 
that 
cant 
with 
nder 

ne. 

7. CO

Previou
Facial 
respecti
the case
high aro
and for 
accurac
used pa
simultan
their va
the fact
all the 
dataset 
carried 
been m
patterns
express

It can 
measure
in value
Facial 
highest 

Meghna Hukeri

neering Resear
ume 2, Number

ONCLUSION

us studies perf
skin tempera

ively, for prov
e of Nhan and 
ousal and valen
low arousal an

cy. In our study
arameters for 
neously monit

alues. This allo
tor of individua

three acquire
for interpreta
out in the cas
odified to incl
s to observe c
ivity. 

be concluded
ed, the Heart r
e in all the th
dynamic imag
overall regio

, Santhoshi N K

ch 
r 13; April-Jun

formed consist
ature, GSR 
viding a classi

Chau (2010), 
nce from basel
nd valence wit
y, we identified
identification 

tored them for
wed for a bette
al acquisition r
ed values allo
ation, which h
se of GSR. Th
lude intra and 
changes within

d that from 
rate showed th
hree comparati
ging, on the 
onal sensitivity

Krishnan and M

ne, 2015  

ted of isolated
and heart ra
fication basis 
the classificat

line yielded 75
th respect to th
d the three mos
of an affectiv

r a real-time c
er distinction c
ruled out. Norm
wed for a m
had previously
he selection p
inter valence c

n a quadrant o

all the three 
he most signific

ve parameters
other hand, 

y. With refer

M. Anburajan 
 

 

  

 

d studies on 
ate changes 
[3, 5, 8]. In 

tion between 
5 % accuracy 
he base, 80% 
st commonly 
ve state, and 
orrelation in 

criterion with 
malization of 

more uniform 
y only been 
aradigm has 
classification 
of emotional 

parameters 
cant changes 
s considered. 
showed the 

rence to the 



Multi Parameter Analysis of Human Emotional States 1109 
 

 

Journal of Basic and Applied Engineering Research 
Print ISSN: 2350-0077; Online ISSN: 2350-0255; Volume 2, Number 13; April-June, 2015  

neutral state, the forehead temperature shows the highest 
established significant difference in study, while for intra-
valence and cross-valence comparisons, the forehead and oro-
nasal region respectively were the best judges for change in 
emotions, and thus the best parameter to be studied when a 
classifier system of emotions is being developed.  

Further work needs to be done with respect to the number of 
parameters considered simultaneously for the study, as a 
greater comparative basis can provide stronger claims for the 
selection of a parameter as an effective method of 
distinguishing between the emotions. Other regions not 
considered in this study can also be scrutinized for pattern 
changes that were not noticeable earlier. The inclusion of a 
larger part of the population, with special focus groups being 
the elderly (above 65 year of age) and people with disabilities 
would provide a greater basis for classification, as emotional 
exhibition varies with age and the physical and mental 
wellness of the person. Inclusion of a greater number of 
emotions states and levels with varying complexity and 
expression levels would help define the boundaries between 
the slightest of differences in parameter change, due to 
availability of more training data. This can lead to more 
effective systems that change their way their way of operation 
based on emotional changes.  

8. ACKNOWLEDGEMENTS 

The authors would like to thank Mrs. Jayanthi Natarajan from 
the Department of Biomedical Engineering, SRM University 
for all her guidance in acquisition of Thermographic images 
and analysis. They also thank all the UG students of the 
University for taking time out to volunteer for the purpose of 
the study 

REFERENCES 

[1] K.Cherry."Theories of Emotion", 
http://psychology.about.com/od/psychologytopics/a/theories-of-
emotion.html. 13 September 2013. Retrieved 10 April 2015. 

[2] Barrett, L. and Russell, J. (2015). The psychological 
construction of emotion. Guilford Press. 

[3] Sharma, T., Bhardhwaj, S., and Maringanti, H. B. (2008). 
“Emotion estimation using physiological signals.” IEEE Xplore 
TENCON 2008, 1–5. 

[4] Kensinger, E. A. (2004). “Remembering emotional experiences: 
The contribution of valence and arousal.” Review of Neuro, 
241–253. 

[5] Nhan, B. R. and Chau, T. (2010). “Classifying affective states 
using thermal infrared imaging of the human face.” IEEE 
Transactions on Biomedical Engineering, 57(4), 979–987. 

[6] Saha, S., Nag, P., and Ray, M. K. (2014). “A complete virtual 
instrument for measuring and analyzing human stress in real 
time.” IEEE International Conference on Control, 
Instrumentation, Energy and Communication, 81–85. 

[7] Stickel, C., Ebner, M., Steinbach-Nordmann, S., Searle, G., and 
Holzinger, A. (2009). “Emotion detection: Application of the 
valence arousal space for rapid biological usability testing to 
enhance universal access.” HCII Conference San Diego, Lecture 
Notes in Computer Science, Springer. 

[8] Wang, C. and Wang, F. (2012). “An emotional analysis method 
based on heart rate variability.” IEEE-EMBS International 
Conference on Biomedical and Health Informatics, Shenzhen, 
China. 104–107.  

[9] Dan-Glauser and Scherer, K. R. (2011). “The Geneva Affective 
Picture Database (GAPED): a new 730-picture database 
focusing on valence and normative significance.” Behavior 
Research Methods, 43(2), 468–477. 

[10]  “Advanced Thermal Solutions: FLIR A325sc Infrared Camera 
for Research and Science ’.Internet: 
http://www.flir.com/science/display/?id=46623 , Feb, 2015 [Feb 
25, 2015]. 
 
 
 

 


