
Xvi 

only
 a 

few 

sec
on

ds and 

occ
ur 

ins
tin

cti
ve

ly.
 

Tr
ack

ing
 

the
se 

ch
an

ge
s and 

ass
ess

ing
 

The 

vis
ual

 

ch
an

ge
s 

ref
lec

ted
 on

 
the face

 of
 a 

pe
rso

n in
 

pain
 

may 

be
 

ap
pa

ren
t for 

(4) 
int

en
sit

y and tim
e 

sin
ce 

ons
et. 

(e.
g.,

 

ne
rvo

us
, 

ga
str

oi
nt

es
tin

al)
, (3) 

du
rat

ion
 and 

pa
tte

rn of
 

oc
cu

rre
nc

e, and ab
do

me
n, 

low
er 

lim
bs)

, (2) 
sys

tem
 

wh
ose

 

dy
sfu

nc
tio

n may 

be
 

cau
sin

g the pain
 

ca
lle

d 
ac

ute
. 

that
 

las
ts 

a 
long

 

tim
e is

 
cal

led
 

ch
ron

ic and pain
 

that
 

res
olv

es 

qu
ick

ly 

is
 pai

n's 

int
en

sit
y or

 
un

ple
asa

ntn
ess

 

[E
ise

nb
erg

er,
 

N.I
., &

 
Lie

be
rm

an
, M

. 
200

5]. Pain
 sup

po
rt, 

hy
pn

oti
c 

su
gg

est
ion

, 

ex
cit

em
en

t, or
 

dis
tra

cti
on

 can 

sig
nif

ica
ntl

y 

mo
du

lat
e 

gen
era

l 

fun
cti

on
ing

 

[B
rei

vik
, H

. 
et

 
al., 

200
8]. 

Ps
yc

ho
log

ica
l 

fac
tor

s such
 as

 
soc

ial co
nd

itio
ns

, and can 

sig
nif

ica
ntl

y 

int
erf

ere
 

with
 a 

per
son

's 

qu
alit

y of
 

life and co
un

tri
es 

De
bo

no
, D

. J et
 

al., 

201
3].

 It
 

is
 a 

ma
jor 

sym
pto

m 

in
 

man
y 

me
dic

al 

Pain
 is

 
the 

mo
st 

co
mm

on
 

rea
son

 for 

ph
ys

ici
an

 

co
ns

ul
tat

io
n in

 
mo

st 

de
ve

lop
ed

 

of
 

suc
h 

da
ma

ge
. 

ex
pe

rie
nc

e 

as
so

cia
ted

 

with
 

act
ual

 or
 

po
ten

tia
l 

tiss
ue 

dam
age

 or
 

de
scr

ibe
d in

 
term

s ad
eq

ua
tel

y 

ass
ess

ed
 in

 
hea

lth
 

car
e. Pain

 is
 

an
 

un
ple

as
an

t 

sen
sor

y and 

em
oti

on
al 

Pai
n, 

ass
um

ed
 to

 
be

 
the fift
h 

vita
l 

sig
n, is

 
an

 
im

po
rta

nt 

sym
pto

m that
 

nee
ds to

 
be

 

PR
EF

A
CE

 
ac

co
rdi

ng
 to

 
spe

cif
ic 

ch
ara

cte
ris

tic
s: (1) 

reg
ion

 of
 

the bod
y 

inv
olv

ed
 

(e.g
. 

pai
n, the 

In
ter

na
tio

na
l 

As
so

cia
tio

n for the 

Stu
dy of

 
Pain

 

(IA
SP

) 

cla
ssi

fie
d pain

 

In
 

199
4, 

res
po

nd
ing

 to
 

the nee
d for 

a 
mor

e 

use
ful

 

sys
tem

 for 
de

scr
ibi

ng
 

ch
ron

ic 

da
ma

ge
d bod
y par
t 

wh
ile 

it 
hea

ls, and to
 

avo
id 

sim
ila

r 

ex
pe

rie
nc

es
 in

 
the 

fut
ure

. 

Pain
 

mo
tiv

ate
s the 

ind
ivi

du
al to

 
wi

thd
raw

 

from
 

da
ma

gin
g 

sit
ua

tio
ns

, to
 

pro
tec

t a 



xvi
i 

inc
rea

sin
g its 

ac
ce

ssi
bil

ity
 to

 
ph

ysi
cia

ns.
 

tec
hn

iqu
es used

 in
 

ma
chi

ne 

lea
rni

ng
 

the
reb

y 

im
pro

vin
g the 

qu
alit

y of
 

care
 by

 

psy
ch

olo
gic

al 

vu
lne

rab
ilit

y and 

res
ilie

nce
 to

 
pain

 

alon
g with
 the 

adv
anc

ed 

to
 

the 
ob

ser
ve

r and 

co
m

pu
tat

ion
al 

ap
pro

ac
he

s 

use
d. Thi
s will
 

cov
er both

 

sph
ere

s of
 res

ult
s 

sho
we

d that
 the 

exp
ert

s 

ofte
n 

un
de

res
tim

ate
d pain

 

int
en

sit
y in

 
co

mp
ari

son
 co

rre
lat

e the 

res
ult

s 

ob
tai

ne
d from

 the 

ob
ser

ve
r, 

pr
ac

tit
io

ne
r, and 

ma
ch

ine
. The 

wh
ere

as 

ind
ire

ct 

me
asu

rem
en

t is
 

by
 

ob
ser

ve
rs 

rat
ing

s. The aim of
 

this
 

stu
dy 

is
 

to
 

dia
gn

osi
s. The 

dir
ect

 

me
asu

rem
en

t of
 

pain
 is

 
rel

ate
d to

 
the 

co
mp

uta
tio

n 

app
roa

ch 

pa
tie

nts
 

need
 to

 
be

 
rec

og
niz

ed
 as

 
they

 are of
 

utm
ost

 

im
po

rta
nc

e for 
pro

per
 

The 

fac
ial

 

ex
pre

ssi
on

s of
 

ch
ild

ren
's (0-2

 

yea
rs) 

in
 

pain
 and in

 me
tho

ds for 
fac

ial 

act
ion

 

int
en

sit
y 

de
tec

tio
n. 

me
tho

ds for face
 and 

fac
ial 

fea
tur

e 

ex
tra

cti
on

, and 

mu
ltip

le 

ma
chi

ne 

lea
rni

ng
 

pain
 

de
tec

tio
n to

 
sm

art
 

cla
ss

ro
om

s. The 

pr
ov

ide
d 

ap
pro

ac
h 

inc
lud

es
 

rob
ust

 act
ion

s in
 

an
 

ind
ivi

du
al'

s face
 can lead
 up

 
to

 a 
lot of

 
po

ten
tia

l 

ap
pli

ca
tio

ns
 

from
 

Fu
rth

erm
or

e, 

hav
ing

 an
 

au
tom

ate
d 

sys
tem

 

that
 can 

de
tec

t the 

int
en

sit
y of

 
fac

ial 

abo
ut the 

fac
ial 

ex
pre

ssi
on

 of
 

an
 

ind
ivi

du
al,

 

such
 as

 
the 

lev
el of

 
enm

oti
on 

in
 a 

fac
e. 

ex
pre

ssi
on

s. co
mp

ute
r 

fiel
ds to

 
con

duc
t 

int
er-

dis
cip

lin
ary

 

res
ear

ch 

in
 

cap
tur

ing
 

fac
ial 

why 

it is
 

mo
tiv

ati
ng

 

res
ear

ch
ers

 and 

exp
ert

s from
 

me
dic

al, 

psy
ch

olo
gy

 and 

its 
int

en
sit

y is
 a 

dif
fic

ult
 and 

tim
e-c

on
su

m
ing

 

pro
ces

s in
 a 

cli
nic

al 

set
tin

g. This
 is

 

no
n-

co
m

m
un

ica
tiv

e 

act
ion

s is
 

an
 

im
po

rta
nt and 

cru
cia

l 

asp
ect

, 

sin
ce 

it 
wo

uld
 

pro
vid

e 

mor
e 

inf
or

m
ati

on
 int

en
sity

 of
 

fac
ial 

act
ion

s. In
 

fac
ial 

ex
pre

ssi
on

 

rec
og

nit
ion

, the 
int

en
sit

y of
 

fac
ial exp

res
sio

n 

rec
og

nit
ion

, not 

muc
h 

de
ve

lop
me

nt has 
occ

urr
ed 

in
 

det
ect

ing
 the De

spi
te the fact that

 

the
re has been

 

qui
te 

a lot of
 

res
ear

ch
 

don
e i

n 
the fiel
d of

 
fac

ial 



xv
ii 

lite
rat

ure
 for 

com
pu

tat
ion

al 

int
ell

ige
nce

 

tec
hn

iqu
es 

app
lied

 to
 

this 

dom
ain

 and 

The wor
k 

pre
sen

ted
 in

 
this

 

the
sis 

inv
est

iga
tes

 the 

var
iou

s 

av
ail

ab
le 

me
tho

ds 

in
 

pha
rm

aco
log

y to
 

give
 us

 
fres

h 

ins
igh

ts into the
 

mo
lec

ula
r 

basi
s of

 
pain

 

per
cep

tio
n. 

com
ple

me
nte

d the 
tra

dit
ion

al 

neu
ros

cie
nce

 

app
roa

che
s of

 
ele

ctr
op

hy
sio

log
y and val

ida
ted

 in
 

tra
nsg

eni
c 

mo
use

 

stu
die

s. 

Thu
s, 

gen
etic

 

stu
die

s of
 

pain
 

pat
hw

ays
 

have
 

the pain
 

sys
tem

. In
 

turn
, new drug
 

tar
get

s for 
chr

oni
c pain

 

tre
atm

ent
 

hav
e been
 

ass
oci

ati
on

 

stu
die

s of
 

alte
red

 

pain
 

beh
avi

or have
 

ide
nti

fie
d 

im
por

tan
t 

reg
ula

tor
s of

 

pa
thw

ay
s. In

 
man

, 

ma
ppi

ng 

of
 

hum
an pain

 

mu
tan

ts as
 

well
 as

 
twin

 

stu
die

s and act
ivi

ty,
 as

 
well

 as
 

the 

cri
tica

l role
 of

 
imm

une
 

sys
tem

 

cel
ls in

 
dri

vin
g pain

 nat
ure

 of
 

the 

tra
nsd

uc
ers

, 

reg
ula

tor
y 

me
cha

nis
ms

 

inv
olv

ed 

in
 

cha
ng

ing
 

neu
ron

al 

inv
est

iga
tin

g pain
 

pat
hw

ays
 

usin
g 

mo
del 

org
ani

sm
s have

 

ide
nti

fie
d the 

mo
lec

ula
r 

in
 a 

com
ple

x 

ma
trix

 

inv
olv

ing
 

man
y CNS 

str
uc

tur
es.

 

Ge
net

ic 

app
roa

che
s to

 tiss
ue 

dam
age

 to
 

the 
cen

tra
l 

ner
vou

s 

sys
tem

 

(CN
S), wh
ere

 the pain
 is

 
rep

res
en

ted
 ner

vou
s 

sys
tem

. 

Sp
eci

ali
zed

 

sen
sor

y 

neu
ron

s 

(no
cic

ep
tor

s) 

sig
nal

 the 
ex

iste
nc

e of
 

ma
ssiv

e 

the
rap

eu
tic

 

cha
lle

ng
e and 

a 
rou

te to
 

un
de

rst
an

din
g 

me
ch

an
ism

s in
 

the 

Pai
n, 

wh
ich

 

afi
lic

ts up
 

to
 

20% 

of
 

the 

po
pu

lat
ion

 at
 

any tim
e, 

pro
vid

es both
 a 

a 
gene

 is
 

very
 

im
po

rta
nt to

 
dev

elo
p new 

ap
pro

ach
es 

in
 

any 
bio

log
ica

l 

pro
ces

s. 

has its 
maj

or 

app
lica

tio
n in

 
drug

 

dis
cov

ery
. The 

kno
wle

dge
 of

 
the 

fun
cti

on
ali

ty of
 

no
 

pain
 

gen
es. Pain

 

gen
es 

pre
dic

tio
n is

 a 
very

 

im
po

rta
nt task

 in
 

bio
inf

orm
ati

cs and org
ani

ze,
 

ana
lyz

e, and 

int
erp

ret
 

bio
log

ica
l data
 and 

the
reb

y 

pre
dic

tio
n of

 
pain

 and sta
tis

tic
al and 

ma
chi

ne 

lea
rni

ng
 

tec
hn

iqu
es 

in
 

the area
 of

 
bio

inf
orm

ati
cs help

 to
 solv

e the 
bio

log
ica

l 

pro
ble

ms
 at

 
the 

mo
lec

ula
r 

lev
el. The 

app
lica

tio
n of

 
adv

anc
ed 

inf
orm

ati
cs,

 

bio
log

y, 

sta
tis

tic
s, 

app
lied

 

ma
the

ma
tic

s, 

art
ific

ial
 

int
ell

ige
nc

e, etc. to
 

Bi
oin

fo
rm

ati
cs

 is
 

an
 

in
ter

di
sc

ip
lin

ar
y fiel
d that

 

int
eg

rat
es 

co
mp

ute
r 

sci
en

ce and 



proposes 
new 
efficient 

The 

major 

objective 
of the 

present 

work 
is to 

develop 

efficient 

and 

robust computational 
intelligence 

techniques 
for 
prediction 
of pain 

based 
on the 

intensity 

In 
this 

thesis 

following 

associated 

problem
s 

of pain, 

prediction 
is investigated. 

1. A 
comprehensive 

2. Classification 
of pain 

using 

com
putational 

intelligence 

techniques. 

3. Classification 
of facial 

expressions 
of pain 

based 
on 
the 

VAS, 

observer., 

and 

expert 

ratings. 4. Classification 
of pain 

and 
no 

pain 

genes. To 

address 
the 

above 

mentioned 

problem 

following 

1. The 

com
putational 

aspects 
of pain 

assessm
ent, 

to 

acquire 

knowledge 

from
 

the 

clinical 

data 

received 
by 

patients 
or experts, 
are 

focused 
in 

this 

review. 

The 

computer 

technologies 

identified 

were 

grouped together 

into 

following 
four 

categories 

comprising 
of artificial 

neural networks, 

rule-based 

algorithms, 

statistical 

learning 

algorithms 
and 

nonstandard 
set 
theory. 

xix 

approaches 
for 

pain 

assessm
ent 

using 

facial 

expressions 

and 
pain 
genes. 

level. 

The 

success 

of design 

and 

developm
ent 

of 

efficient 

and 

robust com
putational 

intelligence 

techniques 

relies 
on 
the 

design 
and 

developm
ent 

of an 

appropriate 

feature 

extraction, 

feature 

selection 

and 

pattern 

classification 

techniques 
for 
the 

said 

task. 

revievw 
of technologies 
in 

the 

study 
of facial expression 

along 

with 
its 

application 
in 

pain 

assessment. 
computational 

intelligence 

techniques 
are 
proposed. 



2. For 

binary 

pain 

detection 

and 

pain 

intensity 

estim
ation, 

scale 

invariant 

feature 

transform
 

and 

speeded 
up 

robust 

features 

are 

used 

for 

feature extraction 

along 

with 

linear 

discrim
inate 

analysis 

and 

principal 

C
om

ponent 

analysis 

for 

dim
ensionality 

reduction 

and 

support 

vector m
achine 

used 
for 

classification. 

3. An 

efficient 

approach 
for 

prediction 
of pain 

intensity 

from
 

facial Cxpressions 

using 

facial 

action 

coding 

system
 

by 

observers 

along 

with 

the 

self-report 
of patients 

provided 
on a visual 

analogue 

scale 
and 

com
putational An 

efficient 

and 

robust 

approach 
for 
the 

prediction 
of 

pain 
and 
no 

pain 

genes 

representing 

am
ino 

acid 

sensing 
ion 

channels, 

machine 

learning methods 
in 

detecting 

gene-gene 

interaction 
and 

network 

pathways. 

4. 

XX 

technique 

were 
analyzed 
and 

correlated 
for 

better accuracy. 


