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Pe ub b uai 'ormali i lIumio i Reno daJ m Peod katan 
Ke kit: 0 pada Ba i 

BTRA 

Ke akitan ba)i dipantau di dalam e natal Jagaan nit Rapi (I ). K akitan pada 
ba.'i dapat dike an dengan mengkajl perubahan mimik muka mereka. Walaupun 
keputu an yang diperolehi amat memberang angJ...an. ian) a tidaJ... cul..up dalam aspek 
gangguan dan perubahan ilumin i. Penyaring Pen_'esuru Median (AM ) untuk menapi 
ganggUan telah dicadangkan. Purata dan \arlan mlal m dian dJgunaJ...an untuk 
menghasilkan pemberat _ 'ang ber 'esuaian dengan imej menggunakan 3 .5x5 or 7 '7 
telah digunakan. Keputusan kuantiti f eperti Puncak lsyarat kepada nisbah gangguan 
P R), Purata Ku a Oua Ralat (M Faktor Peninggian 1m j I ' ) dan Indeks 

Persamaan Purata trul..tur (M 1M Keputusan purata m nunjukkan peningkatan 
dengan 40.63 db untuk P R, 6.0] untuk M '. 258.09 untuk I·F dan 0.97 untuk 

1M. Oalarn kajian ini juga ilumin i normali asi baru yang dikenali sebagai 
Pen!,'Ubahsuaian Retine. Teknik (MR ) unLuk menge an muka dalam perbeLaan 
iluminasi dengan menggabungkan normalisasi histogram dan gabungan l..ombinasi ciri 
telah dicadangkan Kaedah im Lelah dibandingkan dengan kaedah sepertJ ( R) kala 
Tunggal Retine ., (H M Kaedah Homom rphic. ( Q kala unggal 1 bah lmej, 

ross dan Brajo\ ic TekmJ... ( BT) (0 T) Kaedah D T. ( RF) TeJ...nik perubahan 
mula (TT) Kaedah an dan Triggs, and Teknik B ar dan ecil ( F) untuk menilai 
kecekapannya Kaedah ini tida\;: memerlukan maklumat luaran t ntang bentuk muka dan 
iluminasi malahan boleh digunakan pada stiap imej e ara ber ingan. Kajian dija\ankan 
menggunakan imej OP data. eputu an yang ditunjukkan amat memberangsangkan. 
Pengambllan pencirian tunggal seperti nali is Komponen Prin ipal (P oruk 
Tempatan Oedua ( BP) dan Transform i udut Berasingan (D T) mengh ilkan 
keputu an yang baik:. Walaubagaimanapun gabungan ketiga-tiga pengambi\an penclrian 
mi m nghasilkan ketepatan _'ang am at memberang angkan. dah MR ber ama 
gabungan p ngambilan p ncirian m ndapat keputusan >< % pada puluh kl ifik. i 
ep rti Jiran erdekat K (k- ' ). 'u/.i Jiran 1 erdekat K Fuz/,\ k- ). Pembe/aan 
nali i Lurus (LO) asukan erus Rangkaian ) Kemugkinan 

Rangkaian eural (P ) Regr i mum Ran ,kaian feural ) in P mbantu 
ltor Luru ( MLI). Me in P mbantu Vektor ung i Radial ( V\1RB ). 

1 in P mbantu ektor Pelbagai Lapi an VM P) dan in Pembantu ektor 
p lin mial ( YMP dalam b berupa pengukuran pr -t i perti en 1tl\ 1ty. 
P ilia.. -i kelepalrul luas bu\ah lengkung ( ) ohen' J,:appa (k). keper i an. 

Pe 'ukur F dan m a pro 

\ J 
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odifi d Retin Illumination onnalization pproach for Infant Pain 
Reco nition y tern 

AD TRA T 

Pains in ne\\bom babies are monitored in a eonatal lntensi\e are nit ) for 
medical treatment. Pain in ne\ 'boms can be detected by stud. ing their facial appearance. 
E\en though the outcome is acceptable it is not adequatel: \igorous to be used in 
unpredictable non-ideal situations such as noise and \arying illumination em ironment. 
First to impro\'e the noise cancellation robustness an adapti"e median filter ( MF) is 
propo ed, Mean and yariance of median \alues are selected to generate a weight for 
ea h \ indO\ part of the images such as " 5.'5 or 7. 7. Various lin ar and nonlinear 
filter are adopted to eliminate the noi e in the images, Quantitati, e compari ons are 
performed bet \een these filters \ ith our AMF in terms of Peak. 19nal-to- oise Ratio 
P R) ean quare rror (M E). Image nhancement Factor I F) and Mean 
tructural IMilarity (MSSIM) lnde ' The average results show impro\ ement in terms 

of 40.63 db for P R, 6.01 for M , 258 09 for I F and 0.97 for M 1M respecti\'el~ . 
In this work a no\el method of Illummation imariant normalif.ation knO\\O as Modified 
Retine.· ormalization (MRT) for preprocessing of infant face recognition is proposed. 
Thi is based on a m dified retine . model that combines" ith histogram normalization 
for filtering the illumination imanant. The proposed meth d i compared to other 
methods like ingle cale Retine . ( R), Homomorphic method (HOMO. Ingle cale 

elf uotient Image ( Q) ross and Brajoyic Te hnique (GBT), 0 T-Based 
ormalization (0 T). Gradientface -based normalization technique ( RF), Tan and 

Trigg n rmali/..ation technique (IT). and Large-and small-scale features n rmalization 
technique (L F) for e\ialuation with Infant lassification of Pain pre sions ( P .) 
datab e e eral e, periments \\ere performed on OP databas , ingl P , LBP 
and D T feature e ·traction information} ielded a go d recognition re ult. Ho\\ c\ er. by 
urnmmg the three it gi\e' more robu to t noi e and illumination c1as ific tion 

rate b a e th sum rule \ as th most re ilient to estimate error and gi\e higher than 
% accuracie of pain and no pain detection. Th ne\\ Illumination normalil'.ation and 

combination of featur giyes high r re ul f more than ( >% on fhe differ nt 
cI ifier \\ith \ariou algorithm such k-n ar 1 nelghb r (k- ), uz-0' k-nearc t 
nelghb r (k ) Linear Discriminal Anal) i (LD ) Feed Fomard euraJ et\\ork 
(fF. . ) Pr babili tic eural et\\ork (P ) eneral re!:,Jfe si n eura! et\\ rk 
(GR 1 ) VM Linear kernel ( MLJ) RBF kernel (V RBI). VM MLP 
kernel ( VMM P) and VM Pol

J 
nomia! kernel (VMP ) \Ith diferent p rformance 

m urem nt uch rea und r un e ( ), 
ohen' kappa (k) Pr on umplion . 

\1\ 
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H PT R 1 

I TROD 10 

1.1 Pro· t Background 

e,\born babies are morutored in a eonatal lntensl\e are ) for 

medical treatment mclude pennatal asph , ia. rn~or birth defects, sepSIS, neonatal. 

and Infant respiratory distress s ndrome due to immaturity of the lungs. These infants 

are nurtured in an incubator \\-here their vital bodtl function indicator such as blood 

pressure, temperature, heart rate, o. 'ygen concentration and respiratIOn are continuousl 

observed. To a\oid disturbed sleep caused b bright lights \\hich leads to anxiet). the 

incubator is covered with a blan\...et to reduce the mtensit of I ight. The d ra\\ bac\... of this 

practice is that yisual inspectIOn of the infant throughout most of the time i impaired In 

other \\ords, ache and distress cannot be assessed b ' obsening crucial functIOns There 

are growing concerns that earl detection of pain and di tre s rna} be Important for the 

infant's development \\hlch prompts us to ,\iden a model for an automated \Ideo 

uf\eillance ' tern that can detect ache and di tr sin n onat 

Dl tre in ne\\borns can be detected b.' stud 'ing their facial appearance runau el 

aI ., I (87 ~ te,ens et aI ., 1996, hen tal ., 200 ). In particular, th app aranc of th 

mouth e:ebro\\ and e 'e are rep rted to be igruficant f: ial feature for detecting th 

occurrence of distr and ache. This h r ult d in the development of c ring y tern 

to e aluate the intensity of distress, based on facial appearanc and phy j logical 
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parameters. The scoring s stems pro\lde earl sIgnals to care tak.ers \\-hen ne\\ borns 

e. 'perience ache or distress, so proper actions can be taken in an lOstant. 

o far, on! ' one automatic \ Ideo-surveillance s 'stem (Brahnam et aI. , 2006. 

Brahnam et aI ., 2(07) for pain detection in ne\ born babies has been reported . In thi 

system, enlarged images of an infant are taken in dl\erse situations using a painful 

method (heel lance) and during other non-painful situations such as friction, crymg, 

resting and air stimulus. After manual rotation and scaling, plel-based classifiers, such 

as Linear Discriminant Anal. sis and upport Vector Machine Brahnarn et aI .. 20 . 

Brahnam et aL 2 7 ~ Martinei' & KaJ.. 2004, Abdi , 2007, Perriere & Thioulouse, 2003) 

were applted for sorting the facial e. pres ions. \-en though the outcome is acceptable, 

it belie\e that this is not adequatel vigorous to be used in unpredIctable non-ideal 

situations such under arying noise and illumination en ironment, \ here the 

ne\~bom 's face is part) co\'ered b plasters or tubmg. 

Illumination is one of the basic characteristIcs of a i ible surface and it pro'ld 

mformation fI I' scene interpretation Gao et al , 20 3, hen et al, 2 0 Recent 

de, elopments in this field ha\e sho\\n that there is room for improvements Most of the 

traditional face recognitIOn algorithms are satisfactof) under controlled condition , 

H "ever. \ hen dealing \\ ith performance degrading issue such as \'ariation in pose, 

noi e, illumination and facial e. 'pression, their cura ' greatl . diminished ( ao et a1.. 

2)3 hen et al , 2000 As the performance of a face r ognition t hnique IS 

significantly affected b ' various illumination and noi e eITe t , illummation and nOI e 

re kno n to be the key factor that play an important role in human face recognition 

tern d ign. 

2 
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To address this limitation. this dissertation proposed a distress detection cherne and 

depicts a pilot method with the following properties first the identification of distress 

\\ill be based on anal)'/ing the whole face region in an automated \\a) . With this 

information. the behavioral cIrcumstances of the infant eIther tn pam or normal can be 

detected. Images of surrounding factors such as the \ isibihty of plasters and tub on 

the infant are excluded in this \\ork. HoI, ever other challenging circumstances, such as 

the changes in noise and illumination enVironment, \\hich charactensttcall . lead to 

suboptimal surroundings, need to be considered 

1.2 Problem tatem ot 

Man ' issues hinder research efforts III the field of infant face recognitIOn VariatIOn 

e. ists in eve . imaging approaches, and finding fast, simple algonthms that are robust 

to variation is difficult (Brahnam et al., 200 : Brahnam et aI . 2 7). ategori.ling the 

variation rna ' be helpful in the de elopment of eITecti e face recognitlon algorithm 

( atthe\ ' 2 3). Intrinsic sources of variation mclude Jdentit " facial e. pre Ion. 

speech. gender, and age (Daugrnan, 1997). . trinsic sources of ariation include 

\ie\\ing geometry pose changes, Illumination ( hading, color, self-shado\,.mg), imaging 

proces es re lution, focus, imagmg n 1 e , and other obJec (oc tu ions. hado\\mg. 

and indirect illumination), 

Th 'e ources of variation rna . or may not hinder the recognition proce s dependmg 

on the algorithm u ed. It is p sible that the ariation due to f: tor such facial 

e 'pre ion, lighting, occlusions, noi e and po e is larger than th variation due to 

identity (Daugman, I( 7 . That rnak id ntification under uch 'aT)ing emir nment a 

3 
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difficult task. Ho\' e er, human proficienc at face recognition Hochberg et al., 1 67) 

has motivated enormous research in this area despite these challenges. Thus, this work 

seeks to sol e the problems of infant face recognition s stem in different noise levels 

and illumination\' ith ne\' filter and new illumination norrnaliLatlOn approach. 

1.3 Obj til' 

The objecth·es of this research are as follows ' 

1) 0 de elop a new approach based on filter under varying conditions of noise 

level in preprocessing phase. 

2) To develop a ne\' illumination norrnali.lation approach under 'arying 

conditions of illumination level. 

3) To determine the most salient and discriminati e feature b ' adopting the 

feature selection for optirnwng on the accuraC} 0 f the decl IOn malmg 

s ·stems. 

4) 0 e,aluate the performance of the new iIIuminatJon norrnall.latlOn method 

for detecting illumination invariant capability in term of sensiti it , 

specificity, accur area under curve, ohen's kappa, precession, recall f

measure and execution time und r diITerent noise and illuminatIOn I ,els. 

1.4 op 

m ntioned in the introduction. it ems not much attention is given to re earch 

on monitoring of infants in eonataJ Jnt n h·e are ru ). hts "ork may 

an "cr man . of the misconceived problems. In thi v,ork, on approach to Human 
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omputer Interface (H I) for monitoring infant pain is presented. Most of the infan 

represent their pain through their facial appearance, and hence monitoring the whole 

body movement is not a iable solution. The facial appearance need to be monitored b) 

the nurses at selected intervals and reported to doctors for pos ible further treatments. 

Detection of facial changes is vel) crucial for further treatment TIus wor~ is onl~ 

limited to the face from infant COP database. The database of \\hole Images in trus 

work onl . consists of up front images and does not deal with different poses. Within thIS 

work onl common features such as P A, LBP and D T are adopted. However. 

different parameters and coefficient of features under diITerent illuminatIOn Ie, els and 

noise are adopted alt and pepper noise is emplo ed rather than other nOlse because 

this type of noise ah a 's appears in digital images and IS most! ' adopted as a 

benchmark for filter performance e\ aluation. The propo ed filter IS tested with various 

quantitative measurements such as Peak ignal-to- Olse Ratio (P R). Mean quare 

ITor ), Image nhancement Factor (1 F) and Mean tructuraJ IMtlant} 

(M 1M) Inde. In this work, selected noise and illumination le\els on the face of 

infant is imestigated ertain performance measurement such as ensitivit, pecificit '. 

Accuracy, rea under urve A ), ohen's kappa (k) PreceSSIOn, -Measure and 

Time onsumption are measured to alidate the proposed illuminati n normalllation 

technique. 

1.5 Di rtation utline 

The chapters of this dissertation largely follo\ ' th ord in which the \\ork was 

done. The c pe and objectiv of the \ rk i pr nted in thi chapter. Th 

chapter i a literature reviev en omp sing most of infant monitoring re earch This 
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