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SISTEM PENGESANAN DEMAM KUNING BUKAN INV ASIF 
MENGGUNAKAN TEKNIK KAD BERWARNA 

ABSTRAK 

Penyakit demam kuning digambarkan melalui perubahan warna kuning di kulit dan tisu­
tisu lain pada bayi yang baru lahir dan ianya disebabkan oleh kadar bilirubin yang tinggi 
iaitu pada 5 mg/dl atau 85J..U11ol/l. Di Malaysia, kajian yang dijalankan oleh Kementerian 
Kesihatan Malaysia membuktikan bahawa kira-kira 75% bayi yang baru lahir mengalami 
demam kuning pada minggu pertama kelahiran. Kaedah-kaedah terkini pemeriksaan 
demam kuning mempunyai kelemahannya tersendiri. Kaedah tradisional (Kramer' s 
Rule) dianggap kurang sesuai kerana ianya bergantung kepada ketepatan anggaran visual 
dan boleh menjurus kepada kesilapan manusia. Oleh itu, ujian darah perlu dilakukan 
dimana sampel darah diambil dari tumit bayi dan ianya menyebabkan trauma kepada bayi 
dan juga ibu bapa mereka. Selain itu, alat pengukur demam kuning digital yang terdapat 
di pasaran adalah mahal dan tidak mampu untuk disediakan di semua klinik kesihatan. 
Teknik mengesan penyakit demam kuning menggunakan kad berwarna ini dilihat 
berkesan dan berpotensi memberikan impak yang positifterhadap bidang perubatan dan 
penjagaan kesihatan. Penyelidikan ini membangunkan suatu sistem pengesanan dan 
ramalan tahap demam kuning (hyperbilirubinemia) beserta cadangan rawatan 
berdasarkan teknik kad berwarna. Kajian ini tidak melibatkan subjek ataupun bayi 
sebagai bahan ujikaji. Data dikumpul dengan mencerap pelbagai warna yang berbeza 
menggunakan teknik pantulan spektrum optikal terhadap kad berwarna. Kad berwarna 
tersebut mewakili warna rawak bilirubin dalam badan pesakit, warna kulit manusia 
dengan mengadaptasikan kad berwarna Fitzpatrick, dan warna kepekatan bilirubin 
piawaian sebenar. Semua data yang terkumpul hasil dari bacaan sensor dihantar ke 
komputer melalui rangkaian tanpa wayar untuk diproses. Data yang dicerap diproses dan 
disahkan menggunakan analisa Anderson-Darling serta regresi linear dan analisa pekali 
korelasi Pearson untuk melihat persamaan diantara sampel ujian terhadap carta rujukan 
untuk mendapatkan nilai bilirubin dan cadangan rawatan yang diperlukan. Analisis ralat 
peratusan digunakan untuk mengesahkan samada peranti yang direka menepati fungsi 
peranti sebenar atau sebaliknya. Keputusan untuk setiap sampel yang diuji diterjemahkan 
dalam bentuk grafik pada komputer pengguna dan hanya pengguna yang mempunyai 
akses sahaja dibenarkan untuk melihat paparan keputusan ujian ini. Daripada keputusan 
yang diperoleh, regresi linear menunjukkan nilai peratusan (R2)yang tinggi diantara 
86.4% hingga 99.4%, dan korelasi Pearson (r) dengan 0.918 hingga 0.997. Ralat 
peratusan tertinggi (% error) menunjukkan nilai 9.90% membuktikan alat ini menepati 
fungsi dan tujuan yang diinginkan. Justeru, dapat disimpulkan bahawa teknik kad 
berwarna ini menepati piawaian dan boleh sesuai digunakan untuk meramal tahap demam 
kuning. 
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NON-INVASIVE JAUNDICE DETECTION SYSTEM USING 
COLOUR CARD TECHNIQUE 

ABSTRACT 

Jaundice is described as yellow discoloration of the skin and other tissues of a newborn 
infant and it is conjunctiva due to the increase of bilirubin up to 5 mg/dl or 85).Ullol/l. In 
Malaysia, a survey made by Ministry of Health Malaysia proves that about 75% of 
newborns had jaundiced in the first week of life. Current jaundice assessment method 
have their own drawbacks. The traditional method (Kramer' s Rule) is not convenient 
since there are limits to the accuracy of visual estimation and may lead to human error. 
Thus, a blood test taken from baby' s heel remains to be necessary but it leads to 
traumatization for the baby as well as their parents. Moreover, the available jaundice 
meter in the market is expensive. This jaundice detection using color card demonstrated 
in this research shows a high potential to give positive impact on the medical and 
healthcare fields. This research work proposed an automated jaundice 
(hyperbilirubinemia) detection system and the suggested treatment based on the color 
card technique. This research does not involve any subject or infant. It acquires data by 
capturing different type of color shades using spectral reflectance method. It represent 
random bilirubin color in patient's body, the human skin color represented by Fitzpatrick 
shades, and bilirubin concentration color card using silicon photodiode sensor. The data 
gained are transferred wirelessly to a gateway and subsequently to a computer to perform 
computation and analysis. The input data were validated using Anderson-Darling 
normality and compared with the reference card using linear regression and Pearson's 
correlation coefficient analysis to predict the particular bilirubin value and treatment 
needed for each input sample tested. Percentage error analysis is used to verify and 
validate the experimental device. The final outputs are shown in a graphical user interface 
on medical staffs PC and can be viewed only by the authorized personnel. Based on the 
results of linear relationship and correlation between input sample and reference data, it 
shows high percentage result (R2) between 86.4% to 99.4%, and correlation value (r) 
0.918 to 0.997. Result of highest percentage error (% error) shows value of 9.90% and 
verify that this device is reliable. Thus, it can be concluded that the color card technique 
is reliable and can be used to detect and predict the jaundice level for any type of skin 
color. 
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CHAPTER!: INTRODUCTION 

1.1 Overview 

This research focuses on the development of real-time patient health (Jaundice) 

monitoring using colour card technique and wireless sensor network (WSN) for data 

collection. It detects jaundice by scanning the skin colour using spectral reflectance 

method. The color card technique is used as a reference to represent the skin colour with 

concentration of bilirubin value in human body. 

For mimicking human skin tone, Fitzpatrick colour card is considered as the basis. 

This method is then converge with the WSN for the data to be transferred wirelessly to 

the computer in real-time for continuous monitoring. Furthermore, the system function 

as a decision support by recommending the type of intervention or treatment required by 

the patients based on the bilirubin level detection. 
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1.2 Background 

Jaundice in newborn or neonatal hyperbilirubinemia, is a yellow discoloration and 

shows common sign of liver not functioning appropriately and blood disorders (EIIairaja, 

Shenbagavalli, Ponmariappan, & Vasantha, 2017; Fe very, 2008; Houlihan, Ann strong, 

& Newsome, 2011; Ramappa & Aitha1, 2011). It is caused by the pigment of bilirubin 

that rises above 85 J.Unol/1 or 5mg/dl (Lewandowski, 2015; Mishra, Agarwal, Deorari, & 

Paul, 2008; Mohamed Abd El-Halim Abd El-Aal, 2012; Zakaria et al., 2015). This 

medical condition happens due to the organs and metabolism of a newborn is just starting 

to develop (Osman, Zu1fadh1i, Afandi Ahmad, 2014). 

Jaundice assessment is divided into two types that are invasive and non-invasive 

as shown in Figure 1.1. 

.... ... "'-'••··--- J ...... 

~ ~ 

Figure 1.1: Jaundice assessment method 
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The most accurate method for assessing jaundice is through the invasive (blood 

test) where the blood sample is taken from the baby' s heel to check the Total Serum 

Bilirubin (TSB) level (Afanetti , Eleni , Yousef, Jrad, & Mokhtari, 2014; Kudavelly, 

Keswarpu, & Balakrishnan, 2011 ). Unfortunately, this method can traumatize babies as 

well as their parents and the trauma may take effect throughout their lifetime. ln addition, 

infections might occur if the instruments used are not properly sterilized (Tomtsis, 

Kodogiannis, 2001; Kumar, Bhadri , Beyette, Clark, & Wurster, 2005; Slusher, Zipursky, 

& Bhutani, 2011; Zulkarnay, Jurimah, Ibrahim, Shazwani, & Cheng, 2015). Infection at 

a severe stage may lead to brain damage or even death. 

The non-invasive method involves visual estimation of the yellowness of skin 

known as Kramer' s Rule (Leung et a!., 20 15; Lewandowski , 20 15). Because it only 

depends on visual assessment, this method of inspection may result in human error as 

only trained expert medical staff can predict either the baby has jaundice or otherwise. 

Moreover, various shades of human skin can lead to misinterpretation of the yellowness 

of skin. Another non-invasive method is by using bilirubinometer or jaundice meter. The 

meter measures the TSB level on the baby' s forehead or sternum because this area has 

the best correlation between yellowness of skin and TSB level (El-Beshbishi, Shattuck, 

Mohammad, & Petersen, 2009; Mansouri , Mahmoodnejad, Sarvestani, & Gharibi , 20 15) . 

This device is commonly used in general hospitals because of its high cost (Carlos Botas, 

Yao Sun, 2004; Ho, 2002; Robertson, Kazmierczak, & Vos, 2002). 
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As the demands for automated and real-time health monitoring in healthcare field 

increases, it is essential to identify new idea to provide an easy and cost-effective jaundice 

monitoring with high reliability. WSN have been recently used in many medical 

applications because of their properties such as low-power consumption, low-cost and 

support large network deployment (Dayu, 201 0; Minaie, Afsaneh, 2013; Tsou & Berber, 

2011 ). Engaging in a large scale hospital requires a higher labour cost to work the section 

by way of the traditional approach of healthcare management. ln modern healthcare, 

human intervention only occurs when it is required, hence improving labour productivity 

and resource utilization. This research comprises of light reflectance scanner with the 

utilization of colour card technique in decision support and provides real-time jaundice 

infonnation (bilirubin value) wirelessly to a medical system. 

1.3 Problem Statement 

Based on extensive literature review made from previous research, it is clearly 

states that jaundice assessment method is the main talking point that need to be improved . 

The limitations and disadvantages of the jaundice assessment are address as follows: 

i) Kramer' s Rule is one of the techniques used to evaluate babies that experienced 

jaundice and it is completely relying on human visual assessment (Kuan Geok 

Lan, Wong Swee Lan, 2003 ; Wan et al., 2014). Unfortunately, Kramer' s Rule is 

not beneficial if the baby has dark skin, and this may lead to human error and 

misinterpretation in jaundice detection. 

4 
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ii) Invasive technique (blood test) is commonly used to detect jaundice among babies 

(Phil Beeby, 2004) . Unfortunately, the blood test technique is causing trauma and 

discomfort for both the babies and parents. In addition, the babies are exposed to 

risk of infection due to small cuts on their skins (Zulkarnay et al. , 20 15) and the 

overall process to obtain the final results may take some time to complete as it 

requires the samples to be process in the lab (Zakaria et al. , 2015). 

iii) Jaundice meter or known as transcutaneous bilirubinometer (TcB) available in the 

market is an example of non-invasive technique that offers painless effect and fast 

results. But not all jaundice meter concern on the human skin factor based on the 

human skin colour variations (Slusher et al. , 2011 ; Onyearugha, Onyire, & 

Ugboma, 2011). 

Based on these jaundice assessment method listed, it is clearly shows that each 

assessment method have its own drawbacks. This research has come out with the 

solution which implementing the non-invasive technique by using spectral 

reflectance method. This method mimicking the concept of jaundice meter where 

it uses spectral reflectance to capture the input sampling data. Kramer' s rule 

concept also been added in this research where it use concept of visual by 

introducing the colour card that representing random bilirubin colour in human 

body, Fitzpatrick human skin colour scheme and standard bilirubin colour. By 

using these implementation, it can helps making the jaundice assessment method 

become easier and rei iable. 
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1.4 Objectives 

The objectives of this research are addressed as follows: 

i) To investigate the jaundice assessment disadvantages based on types of bilirubin 

and Fitzpatrick human skin colour characteristics. 

ii) To develop a non-invasive method for jaundice detection using bilirubin colour 

card technique and provide a prediction profile and intervention required based 

on the jaundice level detected by the device. 

iii) To design a spectral reflectance device as a method for data acquisition which can 

be used repeatedly without requiring any additional tip. 

1.5 Scope of Study 

This research is aimed to develop a system that can detect and predict jaundice 

condition based on the selected parameters skin colour and random bilirubin colour. This 

study does not involve any subject or infant because this research is focusing on non­

invasive spectral reflectance method using colour card technique. It detects jaundice non­

invasively using spectral reflectance method and all data are collected by capturing 

different type of colour card shades that represent random bilirubin colour in patient's 

body, human skin colour, and standard bilirubin concentration colour card using silicon 

photodiode sensor. 
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The data gained are transferred wirelessly to a gateway and subsequently to a 

computer to perform computation and analysis showcasing the convergence of WSN in 

healthcare field. It then compares the data obtained from the random bilirubin colour with 

bilirubin reference colour and classified it accordingly. From that, the treatment for each 

bilirubin level can be determined. This research address the concern of human skin factor 

as it is the major disadvantages in most of the non-invasive jaundice assessment. Thus, 

human skin colours represented by Fitzpatrick shades are considered. This research also 

aims at creating a reliable jaundice detection system that can be used in hospitals and 

baby centres. This system consists of sensing module, system controller, data processing 

and an output display. 

1.6 Contribution 

To support the development in healthcare field , some new features are introduced 

in this research. The novelty of this research is the implementation of colour card 

technique using Fitzpatrick human skin colour card which improve on the concern of 

human skin colour factor affecting the accuracy of the jaundice assessment. The non­

invasive implementation method eliminate traumatization to newborn babies as we11 as 

their parents. This research also implements the convergence of engineering technology 

in jaundice detection with the showcase of real-time data monitoring. 
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1. 7 Thesis Overview 

This thesis is separated into five chapters. Chapter 1 of this thesis describes the 

introduction to this project. The aim of this chapter is to give an overview of the entire 

project. It consists of problem statement, objectives, and the scope of this research. 

Chapter 2 provides a literature review of previous works similar to this research. 

It contains a comprehensive findings and analysis of the available literature about 

jaundice and its assessment which leads to the direction for the development of the 

system. 

Chapter 3 explains the methodology undertaken in this project. This chapter 

provides information about the method used in order to achieve the objectives of this 

project. 

Chapter 4 presents the results obtained and discussion of the findings, mainly 

focusing on the verifying the sample data obtained with the reference chart. This chapter 

also presents the linear regression and Pearson correlation analysis used to find the most 

suits BT reference data that S sample can fit into. From this, the decision on the treatment 

for each bilirubin concentration level is discussed. 

Finally, Chapter 5 provides the conclusion of the project and suggestions for 

future work. 
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CHAPTER2: LITERATURE REVIEW 

2.1 Introduction 

Jaundice or neonatal hyperbilirubinemia is a commonly encountered disease in 

newborn infants. Factors causing jaundice includes the weak liver condition and also 

enzyme deficiency (Asmah & Daud, 2012; Ellairaja et at. , 2017; Fevery, 2008; Houlihan 

et at. , 201 I; Ramappa & Aithal , 2011 ). A newborn infant is diagnosed to have jaundice 

when the pigment of bilirubin that rises above 85 )lmoi/L or 5 mg/dl (Kumar, 20 II ; 

Mishra et al., 2008; Mohamed Abd EI-Halim Abd EI-Aal, 2012; Wan et at. , 2014). 

Approximately 60% of term infants and 80% of preterm infants develop jaundice in the 

first week of life (Onyearugha et at., 2011 ; Slusher et at., 2004). A survey in government 

hospitals and health centres under the Ministry of Health Malaysia found that about 75% 

of newborns experience jaundiced in the first week of life (lves, 2015; Wan et at. , 2014). 

Bhutani nomogram in Figure 2.1 is used as guidance based on the percentage of bilirubin 

levels and ages. Serum bilirubin readings below 40% is considered as low risk zone, 

between 40% and 75% describes as low intermediate zone, 75% to 95% is high 

intermediate zone and 95% above is stated as high-risk zone (Bhutani , VK, Johnson, 

Sivieri, 1999). The readings of transcutaneous bilirubin or serum bilirubin is oftenly made 

by the attending expert physician, and Bhutani ' s nomogram was used to decide whether 

to start phototherapy or obtain additional blood samples (Woodgate & Jardine, 2011). 
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