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ABSTRACT

The measurement of jaundice among neonates is important in determine the possible
treatment to prevent any serious illness. The presence of enough bilirubin for the
yellow pigment to be visible is called jaundice. Jaundice occurs in about 60% of
healthy term infants and 80% of those bomn prematurely. Jaundice checked in
hospitals by using invasive method which is blood test and urine test. Invasive blood
sampling is stressful for the neonate, resulting in blood loss and an increased risk for
infections at the site of sampling. Non Invasive Bilirubin Meter will overcome the
issues happened. Direct photometric measurements are based on direct measurements
of suitably solved serum at the wavelength of 455nm, which is the absorption
maximum of bilirubin. Direct photometry can be used only in newborns. There was
the knowledge of light transmission and absorption on a specific tissue compartment
applied. The relevant skin photo diagnostics handle 575 nm (green) and 450 nm (blue
monochromatic light). The device is use only one parameter which is reading of
bilirubin in pmol/L. The output will appeared on the LCD based on the level of
bilirubin. It appeared as Normal (Green Light), Moderate (Yellow Light) and Critical
( Red Light and Buzzer).
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ABSTRAK

Pengukuran jaundis di kalangan bayi adalah penting dalam menentukan rawatan yang
mungkin untuk mengelakkan sebarang penyakit yang serius. Jaundis diperiksa di
hospital dengan menggunakan kaedah invasif iaitu ujian darah dan ujian air kencing.
Pensampelan darah secara invasif adalah memberi tekanan terhadap bayi,
menyebabkan kehilangan darah dan peningkatan risiko untuk jangkitan di tapak
persampelan. Direct Photometry Non Invasive Bilirubin Device akan mengatasi isu-
isu yang berlaku. Ukuran fotometri secara terus berdasarkan serum secara terus sesuai
dilakukan pada panjang gelombang 455nm, iaitu pada jumlah maksimum penyerapan
bilirubin. Pengukuran cahaya secara terus hanya boleh digunakan pada bayi yang
baru lahir. Terdapat sumber terhadap penghantaran cahaya dan penyerapan yang
tertentu digunakan pada petak tisu. Diagnostik pada kulit secara fotometri berkaitan
pengedalian 575 nm (hijau) dan 450 nm (cahaya monokromatik biru). Peranti ini
menggunakan hanya satu parameter yang membaca bilirubin dalam pmol / L. Tahap
keluaran akan muncul di LCD berdasarkan tahap bilirubin. Ia muncul sebagai Normal

(Lampu Hijau), Sederhana ( Lampu Kuning ) dan kritikal (Lampu Merah dan Bunyi).

Vi
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CHAPTER 1

INTRODUCTION

1.1 Background of Study

The development of new technology which introduce new method and model
detection of jaundice or hyperbilirubinemia by using non-invasive technique. The
yellow discoloration is used to measure bilirubin concentration for determining the
level of jaundice in infants[1]. Hyperbilirubinemia or Neonates Jaundice is commonly
happened in the neonates or newborns due to rise in the amount of bilirubin
concentration in the body. Non- invasive, transcutaneous, point of care measurement
of transcutaneous bilirubin (TcB) pre-discharge by multi-wavelength spectral analysis,
using a portable device is clinically equivalent to measurement of TSB in a diverse,
multiracial term and near-term newborn population and predictive of subsequent
hyperbilirubinemia[2]. Direct Photometry Non Invasive Bilirubin Device can
overcome the problem when taking the blood from the neonates. It can be painless and
user friendly to the user. Direct photometric measurements are based on direct
measurements of suitably solved serum the wavelength of 455 nm which is the
absorption maximum of bilirubin[3]. Direct photometry can be used only in newbormns.

In the case of most children and adults, the serum includes many other pigments of

similar colors and reactions as bilirubin.
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The proposed benefits of using this technology include non-invasive and
accurate screening for clinically significant jaundice. Transcutaneous Bilirubin
readings are instant and results can avoid delay with discharge and or indicate the
need for formal SBR testing[4]. Based on biomedical engineer and hospital staff’s,
providing a non-invasive method in detecting hyperbilirubinemia or jaundice can
overcome some problem that may occurs during taking neonates blood. And can
overcome mistake in prick needle among neonates. However, this non-invasive
method which is the Direct Photometry Non Invasive Bilirubin Device must be

calibrated to avoid from false readings and wrong indicator.

1.2 Problem Statement

Hyperbilirubinemia or Neonates Jaundice is commonly happened in the
neonates or newborns due to rise in the amount of bilirubin concentration in the body.
Current detection techniques, however, require clinical tests with blood samples or
other particular equipment. Hyperbilirubinemia commonly checked in hospitals by
using invasive method which is blood test and urine test. This method is commonly
can make parents become anxiety due to their baby being pricks with needle. It will
reduce the need for invasive and painful blood sampling for determining bilirubin
level. Then, the ready device to check jaundices are very expensive and commonly

used in overseas. In Malaysia, the Invasive method is limited used only in certain

private hospital.

There are limited numbers of device and consume more time to check jaundice
among infants. Medical staffs such as doctors and nurses go through a difficult times
and problems during blood test among infants. Due to this condition, nurses often
make mistake mistakenly prick towards neonates. They need to wait for getting the
result from laboratory. By using this non-invasive method, it can reduce the parental
anxiety. Invasive method used total serum bilirubin cause heel puncture pain to the
neonates. Non Invasive method diminishes the blood sample and heel puncture pain
by not using any blood sample in determines the level of jaundice. It is able to reduce

the need for invasive and painful blood test through the use of new generation of

bilirubin meter.
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Invasive blood sampling is stressful for the neonate, resulting in blood loss and
an increased risk for infections at the site of sampling[5]. In addition, the method is
laborious and time consuming, lacking the possibility for immediate diagnosis. In
invasive detection methods the blood sample is taken from the vein puncture and the
blood is collected for the laboratory test. In non-invasive detection methods blood
samples are not required for detection process its functionality is based on the light,

which is reflected by the skin. It measures the concentration of the bilirubin by

spectral reflectance of the skin.

1.3  Objectives

This paper is focuses on the main objectives. There are the following objectives which
are

a. To develop a new method of non-invasive technique to determine the bilirubin
level.

b. To design a low cost product of bilirubin meter and affordable to user.

c. To reduce the need of invasive and painful blood test for newborn with

hyperbilirubinemia disease.

1.4  Scope of Project

The scope of this project is divided into two parts which are simulation and
hardware part. In simulation part, Arduino Software will be the main software that
synchronized between hardware and software. From the simulation part, I should be
able to study measure the signal strength of the component that will be implement in
this project. For the hardware part, I will construct a hardware device. The PIC micro
controller will also construct and programmed to integrate with the software part as to

make sure that the connection between both parts is available where the input can

communicate and program to the output application.
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The main focusing respondent for Direct Photometry Non Invasive Bilirubin
Device is on Pediatrics Unit in hospitals such doctors, nurse and also public people.
Survey conducted for this project on ten newborns in Pediatrics Units in several
hospitals. This project is analyzed for several features that can match with condition of

neonates and user friendly to neonates and the Pediatric Units when used it.

Overall, for scope of project, I will implement hardware, software and
questionnaire which is construct survey to completing my final year project’s
requirement. For the questionnaire part, I will distribute my survey at the hospitals to
obtain the general approval from hospital’s staffs and biomedical engineers. This will

enhance my knowledge and skills in completing the Direct Photometry Non Invasive

Bilirubin Device.

1.5  Significant of Project

Direct Photometry Non Invasive Bilirubin Device will overcome the issues
that happened in Pediatrics Unit. For example, nurses often make mistakenly prick
neonates during taking blood procedures. This device will make the neonates comfort
with the user friendly features and feel painless. Direct Photometry Non Invasive
Bilirubin Device can help Pediatrics Unit to get the faster result and accurate. This
device also comes with affordable price than equipment in overseas. This new
technology of product can enlighten the effort of Pediatrics Units. The impact of the

device is painless, user friendly, and affordable.

Certain hospital’s staffs such as doctors, medical health care and biomedical
engineer does not agree with this development due to several aspects such accuracy of
the Direct Photometry Non Invasive Bilirubin Device. From that, the judgments can
be refutes with the evidences during testing this devices at the end of the projects. All
the data can be analyzed and compared with the manual readings. It is easy for
medical staff to make a comparison and judgments from the readings. The bilirubin
device diminished blood sample and heel puncture pain by not using any blood

sample from the neonates for jaundice detection. Transcutaneous bilirubinometry has
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the potential to reduce the number of blood samplings, thus reducing neonatal pain

and discomfort, parental distress and medical care cost [6].
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CHAPTER 2

LITERATURE REVIEW

21 Hyperbilirubinemia (Jaundice)

Hyperbilirubinemia is also known as jaundice among peoples nowadays.
Hemoglobin, the red pigment in red blood cells, must undergo a succession of changes
before the body can dispose of it [7]. Specific enzymes from our great processing
center, the liver, carry out each step. Bilirubin, the yellow pigment responsible for
jaundice, is a normal component in the breakdown of hemoglobin [8]. Adults often
turn yellow when they have hepatitis because their livers aren’t able to process the
bilirubin. The presence of enough bilirubin for the yellow pigment to be visible is
called jaundice. Jaundice occurs in about 60% of healthy term infants and 80% of

those born prematurely [9].

If the bilirubin concentration rises to about 5 mg/dL, the face takes on a yellow
appearance [10]. If the level reaches about 15 mg/dL, the yellow tint is visible from
the head down to the mid abdomen. At a level of 20 mg/dL, even the soles of the feet
are yellow. Higher readings of jaundice can lead the infants to a severe
hyperbilirubinemia and can affect the health of the baby in a long period of time. They
can be exposed to liver failure problems and cerebral palsy. Additional studies are

needed on the relationship between central nervous system damage and the duration of
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hyperbilirubinemia, the binding of bilirubin to albumin, and changes seen in the
brainstem auditory evoked response [11].

Hea'thy haty Baby with severe Jaundice

2.3

)
. \s"—*

1y

Figure 2.1: Comparison between healthy and severe jaundice.

2.1.1 Physiological Jaundice

The most common type of jaundice is called Physiologic jaundice, the normal
increased bilirubin in babies whose livers can’t quite keep up with a slightly increased
load of red blood cells[8]. This jaundice usually becomes visible on day 2 or 3 and
peaks somewhere between days 2 and 4 as the liver gains control of the situation. The
bilirubin levels usually fall substantially by day 7. Sometimes, they reach a level at
which treatment is needed (>15 mg/dL before 48 hours old, >18 mg/dL before 72

hours old, > 20 mg/dL anytime-in otherwise healthy term babies).

2.1.2 Breast Milk Jaundice

Breast milk jaundice is far less common, occurring in about 2% of breast-fed
term babies. Here the jaundice is often not visible until the baby is a week old and
then reaches its peak during the second or third week. The exact mechanism by which
breast milk causes jaundice is uncertain. Breast milk jaundice may be caused by
enzymes in mom’s milk that allow bilirubin to be reabsorbed into the blood from the

intestines or by fatty acids in mom’s milk that the baby processes as a priority over
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processing the bilirubin. Permanent damage or ill from breast milk jaundice is
extremely rare. Phototherapy (lights used to lower bilirubin) may be used if the level

of bilirubin is above 20 mg/dL. In breast milk jaundice, stopping breast milk for 1 to 2
days can help the bilirubin level drop rapidly.

2.1.3 Breast-feeding Jaundice

Breastfeeding jaundice is common and is a jaundice that may occur in the first
week of life in breast-fed infants. The cause of breast-feeding jaundice is thought to be
due to decreased milk intake leading to dehydration or low caloric intake. The
incidence of breast-feeding jaundice may be reduced by increasing the frequency of

feeding and refraining from using water to replace breast milk.

2.2 Bilirubin

Newborn jaundice occurs when a baby has a high level of bilirubin in the
blood. Bilirubin is a yellow substance that the body creates when it replaces old red
blood cells[12]. Jaundice occurs due to breakdown Red Blood Cells, the breakdown
process is known as Hemolysis. If the cell breakdown rate occur at faster rate than the
usual, it increased the level of bilirubin in the body and causes jaundice to the infants.
Bilirubin concentration can be detected by using two different techniques which are
invasive method and non-invasive method. Bilirubin is the yellowish pigment that is
the byproduct of heme catabolism. Bilirubin is responsible for the yellow color of the
urine[13]. When the cell is died hemoglobin is release from the cell, which is
breakdown into heme and globin. Heme is finally converting into bilirubin, an orange-

yellow pigment. Bilirubin is an endogenous anion derived from hemoglobin

degradation from the Red Blood Cell[14].

Bilirubin is altered by exposure to light so serum and plasma samples must be
kept in dark before measurements are made. When the liver function tests are
abnormal and the serum bilirubin levels more than 17umol/L suggest underlying liver

disease. The formation of bilirubin in the body is around 250 mg to 35-mg. shunt
8
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bilirubin is the bilirubin form from the defective and immature cells[13]. As shown in

Figure 2.2, the cells die after 120 days of life so that the formation of bilirubin takes
place. The hemoglobin is releases from the dead cells. Heme is oxidizing to convert

into bilverdine and globin is converting into the amino acids. The bilverdine is
reductive to form bilirubin.

Hemoglobin

BN g

Heme

Globin

< -
Heme .

e Ar
Oxidized Aclindl.:.o
<
Bilverdine

-
Bilverdine =h n Bile Urobilinogen
Reductase J\) Bilirubin ={> Duct =D . stercoblin

Figure 2.2: Process of Bilirubin Formation

Bilirubin is a product of heme catabolism. Red cell hemoglobin accounts for
approximately 85% of all bilirubin. In newbomns, the normal hemoglobin level is 15-
18 mg/dl so the physiologic rate of RBC destruction is proportionately high.
Excessive bruising from birth trauma or abnormal blood collections such as in a
cephalohematoma may further add to the rate of RBC destruction and bilirubin
formation. Heme is catabolized to unconjugated bilirubin in the reticuloendothelial
system. Unconjugated bilirubin is bound to albumin in the plasma and transported
bound to albumin to the liver and is conjugated with glucuronic acid in the
hepatocytes; the conjugation is catalyzed by glucuronyl transferase. Conjugated
bilirubin is secreted into the bile and enters the duodenum. In the small bowel, some

9
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of the bilirubin is hydrolyzed to yield unconjugated bilirubin and glucuronic acid.
Most unconjugated bilirubin is excreted in the stool, but some is reabsorbed and
retuned to the liver for re-conjugation (enterohepatic circulation). The level of
glucoroynl transferase is low in the newborn and any increase in the rate of bilirubin

formation can overwhelm the capacity to conjugate.
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Figure 2.3: Bilirubin Metabolism

2.3 Types of Bilirubin

2.3.1 Total Bilirubin

This is measured as the amount, which reacts in 30 minutes after addition of
alcohol. Normal range is 0.2-0.9 mg/dl (2-15pmol/L). It is slightly higher by 3-4

Hmol/L in males as compared to females.

232 Direct or Conjugated Bilirubin

10
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This is the water-soluble fraction. This is measured by the reaction with

diazotized sulfanilic acid in 1 minute and this gives estimation of conjugated bilirubin.

Normal range 0.3mg/dI( 5.1umol/L). Formed in the liver when sugars are attached

(conjugated) to bilirubin. It enters the bile and passes from the liver to the small

intestines and is eventually eliminated in the stool. Normally,

is present in the blood.

233

Indirect of Unconjugated Bilirubin

no conjugated bilirubin

This fraction is calculated by the difference of the total and direct bilirubin and

is a measure of unconjugated fraction of bilirubin. This test measures the amount of

bilirubin in your blood. Your body makes bilirubin when it breaks down hemoglobin.

Hemoglobin is a protein in red blood cells. This breakdown is called hemolysis.

Table 2.1: Differences between Conjugated Bilirubin and Unconjugated Bilirubin.

No. Unconjugated Bilirubin Conjugated Bilirubin

1 | Present normally in plasma. Present normally in bile.

2 | Attached non-covalently albumin. Conjugated to glucuronic acid.

3 | Has high molecular weight and cannot | Has small molecular weight and if
be filtered through the kidney. present in plasma can be filtered through

kidney.

4 | Nonpolar, insoluble in plasma and can | Polar, soluble in plasma and cannot cross
cross brain barrier in neonates causing | brain barrier.
brain damage.

5 | Gives indirect Van den Bergh reaction. | Gives direct Van den Bergh.

31
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2.4  Measuring Tools and Devices

Serum Bilirubin (TSB) is an invasive method to measure the amount of
bilirubin directly from blood samples whereas Transcutaneous Bilirubinometer (TcB)
is a noninvasive alternative that indirectly measures bilirubin. Both of these methods
have their respective limitations [15]. Although invasive technique is the most
accurate way but is painful for newborn babies and also cause delay in the treatment
due to long procedures in laboratory. Transcutaneos Bilirubinometers which are non-

invasive tools, cost thousands of dollars. Hence, this screening tool is unavailable in
most clinics due to its high cost.

2.4.1 Blood Test

A small amount of your blood is needed to perform this test. The blood sample
is obtained through venipuncture, where a needle is inserted into a vein through the
skin in your arm or hand, and a small amount of blood comes out through the needle
into tubing and is stored in a test tube. There are several aspects and preparations that
must be followed before go through the blood test. In a newborn, higher bilirubin is
normal due to the stress of birth. Normal bilirubin in a newborn would be under 5
mg/dL, but many newborns have some kind of Jaundice and bilirubin levels above 5
mg/dL{16]. If the blood tests show abnormally high levels of bilirubin, doctor may
order more tests to determine the underlying cause. Once the doctor has determined a

cause of high bilirubin levels, it may take more bilirubin blood tests to monitor the

effectiveness of the treatment.

In an older child or adult, normal values of direct bilirubin are from 0-0.4
milligrams per deciliter (mg/dL). Normal values of total bilirubin are from 0.3-1.0
mg/dL. The indirect bilirubin level in the bloodstream is the total bilirubin minus the
direct bilirubin levels in the bloodstream. Additionally, normal reference ranges may
vary from lab to lab. In a newborn, higher bilirubin is normal due to the stress of birth.
Normal indirect bilirubin in a newborn would be under 5.2 mg/dL within the first 24

hours of birth, but many newboms have some kind of jaundice and bilirubin levels

12
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that rise above 5 mg/dL within the first few days after birth[17]. This is a blood test
that measures the amount of a substance called bilirubin. This test is used to find out
how well your liver is working. It is often given as part of a panel of tests that measure
liver function. A small amount of bilirubin in the blood is normal, but a high level
may be a sign of liver disease. The liver makes bile to help to digest food, and bile
contains bilirubin. Most bilirubin comes from the body's normal process of breaking
down old red blood cells. A healthy liver can normally get rid of bilirubin. But when

you have liver problems, it can build up in the body to unhealthy levels.

/‘L:' A

Figure 2.4: Blood Test

2.4.1.2 Risk of Blood Test

When the blood is collected, you may feel some moderate pain or a mild
pinching sensation, though this is usually very short in duration and very slight[16].
After the needle is taken out, you may feel a throbbing sensation, and you will be
instructed to apply pressure to the site where the needle entered for the rest of the day.

There are some very rare risks to taking a blood sample:

a) Light headedness or fainting

b) Hematoma, a bruise where blood accumulates under the skin

¢) Infection, usually prevented by the skin being cleaned before the needle is
inserted

d) Excessive bleeding or bleeding for a long period afterward may indicate 3

m - . :
13
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Since bilirubin is a strong antioxidant, mild hyperbilirubinemia may have a protective
effect against ischemic cardiovascular disease and cancer{18]. In a recent study on a
Jarge population, the odds ratios for a history of colorectal cancer were reported to be
reduced to 0.295 in men and 0.186 in women per 1 mg/dl increment in serum bilirubin
levels. An inverse relationship between serum bilirubin levels and cancer mortality
has also been reported. Such negative associations do not, however, conclusively
establish a cause and effect relationship because of the presence of many potentially

confounding variables.

2.4.2 Urine Test

The presence of urine bilirubin indicates hepatobiliary disease. Unconjugated
bilirubin is tightly bound to albumin and not filtered by the glomerulus and thus not
present in urine. The procedure is done by dipping the reagent strip into the urine
sample and removing it immediately to avoid dissolving of the reagent pads. The color
change on the reagent strip is compared to the corresponding color chart on the bottle
label. However, the result from this measurement method is unreliable due to color
interference and interpretation. Sample of urine should not be exposed to light since
bilirubin is very sensitive to light and will lead to inaccurate test results. Bilirubin
production in the body is normal and occurs when red blood cells break down in the
liver. Red blood cells contain haemoglobin which is metabolised and produces
bilirubin. Normally a small quantity of bilirubin is found in the blood serum. Total
values of bilirubin found in the serum volume are 0.2-1 mg/dL (3.4-17.1 pmol/L).
Two types of bilirubin found in the body.

a) Unconjugated which bind with other proteins
b) Conjugated which are free and passed in different parts of the body via the

blood stream and ultimately accumulates in the liver.

Bilirubin in urine is also known as hyperbilirubinemia. Hyperbilirubinemia is the
condition when the bilirubin is secreted via urine and dark yellow coloured urine is
Passed. Bilirubin is normally conjugated in the liver and become water soluble, un-

“onjugated bilirubin is unable to get soluble in the water. Unconjugated bilirubin 15
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unable to filter in the kidney as it binds with albumin. The presence of bilirubin in the
urine signifies the existence of conjugated hyperbilirubinemia. In case of biliary
obstruction which occurs due to impairment of the passage of the bile into the large
intestine or in case of hepatitis where reduction of bilirubin secretion into the bile
cause conjugated hyperbilirubinemia. In case of septic shock bile production is

increased as inflammatory cytokine production is high.

Bailmrubmunia

Normal
Unne

Figure 2.5: Bilirubin in Urine

Bilirubin is not present in the urine of normal, healthy individuals. It is a waste
product that is produced by the liver from the hemoglobin of RBCs that are broken
down and removed from circulation. It becomes a component of bile, a fluid that is
released into the intestines to aid in food digestion. In certain liver diseases, such as
biliary obstruction or hepatitis, excess bilirubin can build up in the blood and is
eliminated in urine. The presence of bilirubin in urine is an early indicator of liver
disease and can occur before clinical symptoms such as jaundice develop. The results
of this test will be considered along with the result of urobilinogen . If positive, the
healthcare practitioner will likely follow up with other laboratory tests, such as a liver

panel, to help establish a diagnosis.
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2.5 Readings of Jaundice Parameters

Table 2.2: Neonatal Jaundice Guideline of Management

Hours Total Serum Bilirubin levels mg/dL (umol/L)
of
Life Low Risk - Medium Risk
> 38 week and well | = 38 week + risk factors
or 35 to <38 week and
i ~well
Intensive ET Intensive ET Intensive ET
Phototherapy Phototherapy Phototherapy
<24*
24 12 (200) 19 10 (170) 17 (290) 8 (135) 15 (255)
(325)
48 15 (225) 22 13 (220) 19 (325) 11 (185) 17 (290)
(375)
72 18 (305) 24 15 (255) 21 (360) 13 (220) 18.5(315)
(410)
96 20 (340) 25 17 (290) 22.5 14 (240) 19 (325)
(425) (380)
>96 21 (360) 25 18 (305) 22.5(380) 15 (255) 19 (325)
(425)
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CHAPTER 3

METHODOLOGY

3.1 Preface

This section involves the methodology of this device. There are components
that involved in this parts which are hardware and software which is simulation part.
The main component that be used in this device is Arduino Software and a
Spectrophotometer sensor. A Spectrophotometer measures the amount of light that a
certain sample absorbs. A spectophotometer can be done by diffrating into two
different wavelength of 455 nm and 575 nm. Basic principles of spectrophotometer
consisting a beam of light passing through a diffraction grating. Out of the resulting
spectrum, a certain range of wavelength gets selected by sending the light through a
slit. Then, the light passes through the sample and hits a detector.

Designation of Direct Photometry Non Invasive Bilirubin Device based on
research that has been made by using several journals, lectures, biomedical engineers
and hospital’s staffs in Neonatal Intensive Care Unit (NICU). A decision has been
made during the discussion in obtaining the proper and accurate readings of
hyperbilirubinemia. In this section will showed and explain about the design and flow
of constructing the Direct Photometry Non Invasive Bilirubin Device. This section is
one of the important parts in succession of the device. This section involves several

flow chart, block diagram, processes, hardware and software part.
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3.2 Design Direct Photometry Non Invasive Bilirubin Device

r’

Figure 3.1: Prototype of Direct Photometry Non Invasive Bilirubin Device

3.2.1 Frontal View

. HIGH
Readings
: MODERATE
Display O
0 =~

Figure 3.2: Frontal Part

According to the Figure 3.2, it is the design of frontal part of Direct
Photometry Non Invasive Bilirubin Device. It is implemented by three different colors
of LED as indicator of the jaundice’s readings. Red LED will show the higher
readings of 300 jmol/L. Orange-yellow LED will indicate the moderate readings at

18
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range of 85 up 10300 pmol/L. Green LED will observe the low pes

dings of jaund;
range of 0 to 85 umol/L. The readings of jaundice will J ice at

appear on the LCD Display.

3.2.2 Inner Part

In this section will discuss about inner part of the device. This section will implement
n
hardware and software in obtaining the accurate and proper readings of jaundice They

are Spectrum Wavelength and Arduino UNO. The Sensor circuit also wil combine

with the Arduino and locate in the inner part,

3.2.3 Back View

BATTERY

Figure 3.3: Back View

3.24 Side View

ON/OFF
BUTTON

Figure 3.4; Side View
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33 Hardware Section

A section which consist several parts and components that implemented in completing

Direct Photometry Non Invasive Bilirubin Device.

3.4 Wavelength LED

LED Spectra ——365nm
‘ = 385Nm

—405nm
420 M
a— 455 NM
=470 nM
=490 M
— 505nm
530 nm
—565nm

590 nm
=517 nm
625nm

30 400 450 500 550 600 650 700 | —ggonm
Wavelength (nm)

Figure 3.5: LED Spectra
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The images below illustrate the effect of different LED colors used to
illuminate printed package graphics containing a wide range of colors. Individual
colors of print can be highlighted using the like color of light because colored LED
lights contain a narrow band of wavelengths which reflect strongly when chosen to
match the color of the surface[19]. White LED light contains all visible wavelengths
and reflects a gray value from all colors according to their relative brightness. IR light
reflects almost equally from each print color. But light waves can also have
wavelengths lower or higher than the wavelengths in the visible spectrum, and many
familiar types of radiation are just light waves with other wavelengths. Ultraviolet
light and x-rays have wavelengths shorter than violet light, and infrared (heat) and
radio waves have wavelengths longer than red light. The full range of wavelengths for
light is called the "electromagnetic spectrum." The image and table below show which

W : 9 . .
avelength ranges in the electromagnetic spectrum correspond to which types of light.
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Figure 3.6: Electromagnetic Spectrum Correspond to Which Types of Light

34.1 Blue LED

Figure 3.7: 455 nm LED

A standard photometers using two wavelengths (455 nm and 575 nm). This
instrument was calibrated with test solutions and has a technical error of +1.3% for
values up to 350 Amol/L. [20]. Blue LED is called as 455nm LED wavelength. It can
absorbs light through direct photometric method. Direct photometric measurements
are based on direct measurements of suitably solved serum at the wavelength of
455nm, which is the absorption maximum of bilirubin. Direct measurements may be
also interfered by opalescence that results from the serum dilution or at the presence

of oxy hemoglobin in the neonatal serum, which is often hemolytic and absorbs light
21
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at the wavelength of 455nm. In addition, there was controversial evidence to show that

trancutaneous bilirubinometers can be used in dark skin coloured term neonates[21].

3.4.2 Green LED

Figure 3.8: 575 nm LED

These interferences might be suppressed by a proper adjustment of the
working process, by measurements taken at two wavelengths of 455 and 575nm. The
bilirubin concentrations are found from the absorbency differences. The first one
corresponds mainly to the bilirubin content and the second one to the oxy hemoglobin
content. A high quality device with a narrow definition of the monochromatic light
must be used when measuring bilirubin by the direct spectral photometry. When
calculating the concentration of bilirubin, we use the value of the molar bilirubin
absorption coefficient. The molar absorption bilirubin coefficient € is numerically
equal to the bilirubin solution absorbency value having the concentration 1mol/L at a

defined wavelength, temperature and layer width of lem.

3.5  Optical Detectors

Detectors perform the opposite function of light emitters. They convert optical
signals back into electrical impulses that are used by the receiving end of the fiber
optic data, video, or audio link. The most common detector is the semiconductor
Photodiode, which produces current in response to incident light. Detectors operate
based on the principle of the p-n junction. An incident photon striking the diode gives
an electron in the valence band sufficient energy to move to the conduction band,
Creating a free electron and a hole. If the creation of these carriers occurs in a depleted

regi .
8lon, the carriers will quickly separate and create a current. As they reach the edge
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of the depleted area, the electrical forces diminish and current ceases While th
- whie the p-n

ber optic systems, both PIN i
' : photodiodes and
avalanche photodiode (APDs) are designed to compensate for the drawbac

n diode.

diodes are insufficient detectors for fj

ks of the p-

3.5.1 Photodiode

%
Anode I >’| Cathode

Figure 3.9 : Photodiode Symbol

A silicon photodiode is a solid-state device which converts incident light into
an electric current. It consists of a shallow diffused p-n junction, normally a p-on-n
configuration although “P-type” devices (n-on-p) are available for enhanced
responsitivity in the 1pm region. Modern day silicon photodiodes are generally made
by planar diffusion or ion-implantation methods. The silicon photodiode response is
usually linear within a few tenths of a percent from the minimum detectable incident
light power up to several milli Watts. Response linearity improves with increasing
applied reverse bias and decreasing effective load resistance. Some photodiodes will
look like a light emitting diode. They have two terminals coming from the end. The
smaller end of the diode is the cathode terminal, while the longer end of the diode is
the anode terminal. See the following schematic diagram for the anode and cathode
side. Under forward bias condition, conventional current will flow from the anode to
the cathode, following the arrow in the diode symbol. Photocurrent flows in the

reverse direction.

When photons of energy greater than 1.1 eV hit the diode, electron-hole pairs

are created. The intensity of photon absorption depends on the energy of photons — the

lower the energy of photons, the deeper the absorption is. This process is known as the

: : ; g i f the p-n
inner photoelectric effect. If the absorption occurs in the depletion region of the p
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junction, these hole pairs are swept from the junction - due to the built-in electric field
of the depletion region. As a result, the holes move toward the anode and the electrons
move toward the cathode, thereby producing photocurrent. The sum of photocurrents
and dark currents, which flow with or without light, is the total current passing

through the photodiode. The sensitivity of the device can be increased by minimizing

the dark current.

Si0Q; {themalty grown)
* AR Coating l Front contact

p+ Active arca
Depletion reglon

p-n Junction edge n-Type Silicon

mBackdiﬂbslon\

Figure 3.10: Photodiode Construction

3.6 Liquid Crystal Display

LCD (liquid crystal display) is the technology used for displays in notebook
and other smaller computers. Like light-emitting diode (LED) and gas-plasma
technologies, LCDs allow displays to be much thinner than cathode ray tube (CRT)
technology. LCDs consume much less power than LED and gas-display displays
because they work on the principle of blocking light rather than emitting it. An LCD is
made with either a passive matrix or an active matrix display grid. The active matrix
LCD is also known as a thin film transistor (TFT) display. The passive matrix LCD
has a grid of conductors with pixels located at each intersection in the grid. A current

is sent across two conductors on the grid to control the light for any pixel. An active
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matrix has a transistor located at each pixel intersection, requiring less current to
control the luminance of a pixel,

For this reason, the current in an active matrix display can be switched on and
off more frequently and improved the screen refresh time. Liquid crystal display is
composed of several layers which include two polarized panel filters and electrodes.
LCD technology is used for displaying the image in notebook or some other electronic
devices like mini computers. Light is projected from a lens on a layer of liquid crystal.
This combination of colored light with the grayscale image of the crystal (formed as

electric current flows through the crystal) forms the colored image. This image is then

displayed on the screen.

The principle behind the LCD’s is that when an electrical current is applied to
the liquid crystal molecule, the molecule tends to untwist. This causes the angle of
light which is passing through the molecule of the polarized glass and also cause a
change in the angle of the top polarizing filter. As a result a little light is allowed to
pass the polarized glass through a particular area of the LCD. Thus that particular area
will become dark compared to other. The LCD works on the principle of blocking
light. While constructing the LCD’s, a reflected mirror is arranged at the back. An
electrode plane is made of indium-tin oxide which is kept on top and a polarized glass
with a polarizing film is also added on the bottom of the device. The complete region
of the LCD has to be enclosed by a common electrode and above it should be the

liquid crystal matter.

Figure 3.11: LCD pin
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3.7  Schematic Circuit
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Figure 3.12: Schematic Design of Sensor Circuit
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Figure 3.13: Hardware part of Direct Photometry Non Invasive Bilirubin Device

3.8 Software Section

A section which consist software part such as Arduino Software, and the

programming code that implemented in completing Direct Photometry Non Invasive

Bilirubin Device.

3.9 Arduino Software

The Arduino Nano is a small, complete, and breadboard-friendly board based
on the ATmega328 (Arduino Nano 3.x) or ATmegal68 (Arduino Nano). It has more
or less the same functionality of the Arduino Duemilanove, but in a different package.
It lacks only a DC power jack, and works with a Mini-B USB cable instead of a
Standard one. The Nano was designed and is being produced by Gravitech. The

B
5
s

Arduino software is easy-to-use for beginners, yet flexible enough for advanced users.

It runs on Mac, Windows, and Linux. Teacher and students use it to build low cost
27
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3.9.1 Arduino UNO

The Arduino Uno is a microcontroller board based on the ATmega328
(datasheet). It has 14 digital input/output pins (of which 6 can be used as PwWM
outputs), 6 analog inputs, a 16 MHz crystal oscillator, a USB connection, a power jack,
an ICSP header, and a reset button[23]. It contains everything needed to support the
microcontroller; simply connect it to a computer with a USB cable or power it with a
AC-to-DC adapter or battery to get started. The Uno differs from all preceding boards
in that it does not use the FTDI USB-to-serial driver chip. Instead, it features the

Atmega8U2 programmed as a USB-to-serial converter. "Uno" means one in Italian

and is named to mark the upcoming release of Arduino 1.0. The Uno and version 1.0

will be the reference versions of Arduino, moving forward. The Uno is the latest in a
series of USB Arduino boards.
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Figure 3.14 : Arduino UNO Board
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Figure 3.15: Pin Out of Arduino UNO

Table 3.1: Technical Specification

Microcontroller

ARmega328

Operating Voltage

5V

Input Voltage (recommended)

7-12V

Input Voltage (limits)

6-20V

Digital I/O Pins

14 (of which 6 provide PWM output)

Analog Input Pins

6

DC Current per I/O Pin

40 mA

DC Current for 3.3V Pin

50 mA

\
Flash Memory

32 KB of which 0.5 KB used by bootloader

\_
SRAM

2KB

\\\
EEPROM

1 KB

Clock Speed

16 MHz
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Figure 3.16: Arduino combine with sensor circuit

3.10 Programmed Code

#include <LiquidCrystal.h>
#include <SoftwareSerial.h>
LiquidCrystal 1cd(8, 9, 4, 5, 6, 7);
SoftwareSerial ss(2, 3); //(RX,TX)
int Temp=A0;

int reading =0;

int suis;

int Bright;

int Rly1 =12;

int Rly2 =] I;

int Rly3 =10,
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int Buzz =13;
int SMSx=0;
int SMSy=0;
int SMSz=0;
void setup() {
Serial.begin(9600);
lcd.begin(16, 2);
ss.begin(9600);
lcd.begin(16, 2);
lcd.setCursor(0, 0);
led.print(" Direct Photometry Non Invasive ");
led.setCursor(0, 1);
led.print("Bilirubin Device");
delay(1000);
pinMode(Temp,INPUT);
pinMode(Buzz, OUTPUT);
pinMode(Rly1,OUTPUT);
pinMode(Rly2,0UTPUT);
pinMode(Rly3,0UTPUT);
reading = analogRead(Temp);
int Bright = reading/5;
delay(100);
led.clear();
led.begin(16, 2);
led.setCursor(0, 0);

led.print("Reading: ");
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led.print(Bright, DEC);
delay(300);

{
if (Bright>=323){

lcd.setCursor(0, 1);

Icd.print("Critical");
di gitalWrite(Buzz,HIGH);
digitalWrite(Rlyl ,LOW);
digitalWrite(Rly2,LOW);
digital Write(Rly3,HIGH);
delay(300);
led.setCursor(0, 1);
led.print("[ >20mg/dl]");
delay(300);

}
else if (Bright >=10 && Bright <= 85 ){

Icd.setCursor(0, 1);
Icd.print("Normal ");
digitalWrite(Buzz,LOW);
digitalWrite(Rlyl,LOW);
digitalWrite(Rly2,LOW);
digitalWrite(Rly3,HIGH),

delay(300);
led.setCursor(0, 1);
lcd.print("[O-Smg/dl]");
delay(300);
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clse if (Bright >=85 && Bright <= 323 )
led.setCursor(0, 1);
led.print("Moderate ");
digitalWrite(Buzz, LOW);
digital Write(Rlyl,LOW);
digitalWrite(Rly2,HIGH);
digitalWrite(Rly3,LOW);
delay(300);
lcd.setCursor(0, 1);
led.print("[6-19mg/d1]");
delay(300);
h
else if (Bright <=323){
lcd.setCursor(0, 1);
led.print("Critical");
digitalWrite(Buzz,HIGH);
digitalWrite(Rly1,HIGH);
digital Write(Rly2,LOW);
digitalWrite(Rly3,LOW);
delay(300);
led.setCursor(0, 1);
led.print("[ >20mg/d1]");
delay(300);
}
}

delay(100):
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3.11 Process of Methodology

3.11.1 Flow chart of Project

Direct Photometry Non Invasive Bilirubin Device

e
Spectrophotometer
Sensor
Blue LED + Green LED / l-

+ Ardujno UNO
l YES
Aing\

Reading show on LCD Display + Indicator

T

RED Led = Critical
i YELLOW Led = Moderate
GREEN Led = Normal

End

Figure 3.17: Flow Chart of Direct Photometry Non Invasive Bilirubin Device
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Figure 3.18: Block Diagram of Direct Photometry Non Invasive Bilirubin Device

312 Process to Detect Bilirubin Concentration Non-Invasively

a) A light is illuminate by activating a pressure sensitive probe, which is pressed

on the infant’s skin. A light generating tube illuminated a bright strobe light.

b) The bright light is passed to the skin to small distance to trans-illuminate the

tissue underlying the skin where the pressure probe is pressed.

¢) The reflected light is passed through the optical fiber to the spectrophotometer

module to calculate the wavelength of the reflected light.

4) The dichromic mirror is established into the spectrophotometer module, which

devices the reflected light into two spectra components.
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Figure 3.19: Principle of the electronic circuit of bilirubin measurements.

3.13 Microsoft Excel

Microsoft Excel is used to interpret my questionnaire or early survey in

analysis my devices among hospital’s staff and public. By using Microsoft Excel,

graph is the suitable method to analyze and differentiate

my survey. This Microsoft is also to interpret the data that col

device. Excel is probably the most commonly used spreadsh

between each questions of
lected during testing the
eet for PCs. Newly

Purchased computers often arrive with Excel already Joaded. It is easily used to doa
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: calculati i :
variety of tions, includes g collection of Statistical functions d
» and a Data

Analysis Tool.

3.14 Summarize

Overall, methodology part implements the hardware, software and data
analysis (Research). For hardware part, all the components will complete this scope
such as Spectrophotometer Sensor, DC Motor, Buzzer and Amplifier. A part from that
Arduino UNO is used to coding the microcontroller and to control the possible output.'
The outputs of this device are readings of jaundice parameters will be showed on the
LCD Display. Buzzer rang when the readings is on critical mode. The readings are
also will be showed through the indicators which are Red (Critical readings), Yellow
(Moderate readings) and Green (Normal readings). Questionnaire is also constructed

to know about the general knowledge and the need of analysis survey.
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CHAPTER 4

DATA ANALYSIS

4.1 Overview

In this part, it is implement analysis and collection of data. Through this data,
it can compare between the accuracy and correlation between invasive techniques and
non-invasive techniques. There are several parts that constructed in completing the
Direct Photometry Non Invasive Bilirubin Device. For the first part, Pre-Survey is
constructed to obtain the general information and general requirement for the title of
Direct Photometry Non Invasive Bilirubin Device. All the data analysis that obtained
is recorded in Chapter 4. In order to get the correct and accurate readings of Direct
Photometry Non Invasive Bilirubin Device, the parameters and the results must be
compared with the invasive techniques. The data can be obtained in several

government hospitals. All the data is recorded in tabulated data and graph form.
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42  Questionnaire

4.2.1 Pre—Survey Questionnajre

QUESTIONNAIRE
BILIRUBIN METER™
L cate [Tk [re
1 Ap [ Yen

3 Hospiral's Snaffs
Parents | Public

4. Have you beard about jaundice / byperbilirub ?

D Ye: D No

Whick device do you prefer to meazure jaundice on newbom:”
D Taking baby's bloed ( INVASIVE)

[ Praced agamst the forebead of the newboms (NON.-
DNVASIVE)

6 Do you agree if 2 pew device 1 develop: to check the jaundice
without tking baby s blood”
D Ye: D No
7. Do you thumk this project can belp to sumplify the tack of Peduatnc
Upat”
Ow O

§  Whick1: more relevast for the newborns?
D Takzg baby's blood (INVASIVE)

[Jriaced 1gmaz dhe forebead of toe newbores (NON-
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Figure 4.1: Pre-Survey Questionnaire

Through this part, the questionnaire is conducted among twenty hospital’s staff

and biomedical engineers at government hospital in Terengganu. A part from that, all

the data in the survey form is tabulated in graph bar below. As overall, through the

data collected from this questionnaire showed positive feedback in development of

Direct Photometry Non Invasive Bilirubin Meter.
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The Need of Analysis Survey |
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Figure 4.2: The Need of Analysis Survey
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According to the Figure 4.2, in overall, all of my respondent are familiarize
with the Direct Photometry Non Invasive Bilirubin Device i. It is about 82.4% shows
that they are preferred to use the device in measuring jaundice. The graph shows 88.2%
are agree if the development of Direct Photometry Non Invasive Bilirubin Device is
continued. For overall of my respondent are agree that DPNIBD helps staffs and other
users in simplifying task. About 76.5% shows that DPNIBD is more relevant to use to
baby or neonates. 58.8% shows that invasive method is more time consuming. Lastly,

about 82.4 % agree that DPNIBD can be a low cost product rather than device that

used in oversea.
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4.2.2 Post—Survey Questionnaire

[+

SO iT <M<

Sultan Salabuddin Abdul Azis Shah

Jabatan Pengajiann Politeknik
tan Pevr —2n Politeknik

SURVEY QUESTIONNAIRE - NON INVASIVE
BILIRUBIN METER

DISCLAIMER:

This survey is based on final yvear project of Bachelor of
Electronic Engineering (Medical Electronic) The name of this
device is Non Invasive Bilirubin Meter The aim of this survey
1s to understand the device after the pre-survey is done It can
be helpful to rprove and to enhance the device in fiture It s
also to analyze the device in getting the comect readings and
measwement. Participation of this survey is completely
vohntary and anormymous. You may choose to discortinue this
survey at any time. No hamm will befall to anyone of the
participation. This device is focusing for below three morths
age. All thedata will be recorded and analvzed

5. Which one of the method _did you prefer to check the
jaundice?

Blood Test

D DPNIED

6. 1s this device is sustable to use and helpin determining the
Jaundice?

Yes

[
SECTIONB
Directions: Please check andrate yourself honestly basedon
what youactually do giventhe stataments using the following
scales:

4 - Somewkat satisfied

§ - Very satisfied
2- Somewhat dissatisfied

3 -Nerther satisfied

1- Very dissatisfisd

X0 STATEAENTS 43211
1| Is ths d=vce corvemiems 1o wie”
2| Lthr Sence poves the accue raaizen”
3 Caz thus davize u pafe towa to caczenl
bava?
% | Do you agres if thus deace placed 1o maker
of owr comn?

$ | Do you prefr £ s Gevvee cam mimmi e
Lme taiten iz obtaining ferults sber tham
blood tart™

Do vou ek th device 13 more sacure tome

L]

10 baby reher ther paz markod® o)

CONSENT

I'have read and ung
My participation i this survey s veluntary a
share necessary information forthus survey

1 wtten above
nd 1 am willing to

This survey is divided mto three sections Section A. B, andC
SECTION A
1. Are you find that thus device 1s swtableto yse”

Yes

No

2. Are vou famihar with this device® Do vou heard abour
senular device hke thus before®

Yes
mp
3. Do youunderstand the fimaion of this device?

Yes

No

o

-Ifthis deviceis in market, do voupreferto haver?

Yes

No

SECTION C

Please rate how Stongly vou agres or disagres with aach of thase
Statements.

Stroaghy
Disagree

Disagree | Newtral [ Agree | Stronghy

Azree

Starements

Tenjoyuscy
this product
Thus product
i3 safato use
1 woule
purchase this
product

Ths produst
brings mota
benefit to

uses
Recommendation/ Comments:

Signature,

Position: (Doctor Nurse Parent ' User)

Date:
THANK YOU

Figure 4.3: Post — Survey Questionnaire

41

Scanned with CamScanner

&



4.2.3 Effectiveness of Direct Photometry Non Invasive Bilirubin Device

Table 4.1: Effectiveness of Direct Photometry Non Invasive Bilirubin Device

NO. | QUESTIONS PERCENTAGE
1 | Suitable of used the device. 100
7 | Familiarize of device. 52
3| Understanding the function of device. 92

4 | Preferable device in market )

5 | Preferable device during checking hyperbilirubinemia. 84

6 | Helpfulness 100

7 | Convenient to Use 100

8 | Accuracy 76

9 | Safety 96

10 | Market Device 96

11 | Save Time 92

12 | Secureness 92

13 | Enjoy using the product 96

14 | Safe to Use 92

15 | Purchase Product 96

16 | Beneficial 96
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Figure 4.4: Effectiveness of DPNIBD on 30 subjects

43 Data Collection

Table 4.2: Range of Condition[24]

Condition Serum Voltage
Concentration Range

(umol/L)
Normal 0 < thick <85 4v - 6v
Mild 85<thick<323 2v—4v
Critical Thick > 359 Ov-2v
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Table 4.2 shows the range of condition of the bilirubin level. Based on the

readings, the device implements the bilirubin level

device is in voltage (V). Then the value of voltage

in range form. The output for this

is used to determine the level of

pilirubin. The level of critical, moderate and normal readings of bilirubin can be

recorded based on the output voltage appeared during testing the device.

Table 4.3: Data Collection on Five Neonates.

Subject DPNIBD (a) Condition
1 195 Moderate
2 167 Moderate
3 145 Moderate
4 124 Moderate
5 66 Normal

Direct Photometry Non Invasive Bilirubin Device
250
B
§ ¥ =200
e
1
3 =1
d 150 -
r i m2
u
n 100 - B3
b
i g m4
; 8k en ES5
o J T Ll P, |
3 4 5
Number of Subjects
\

Figure 4.5: The Analysis of Five Neonates.
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The range of condition was set according to normal, mild and critical as shown in
Table 4.2, through the readings on Direct Photometry method (DPNIBD), Five
samples have been taken to prove the concept as shown in Table 4.3. Orange-yellow
LED indicated moderate or mild condition: Green LED showed normal healthy
condition. As a result this method is capable to give reasonable result and also give

advantages to study the non-invasive system for measurement of jaundice level

Table 4.4: Comparison between Invasive and Non Invasive Readings

[ Subject DPNIBD SBr Percentage of Percentage of
(a) (b) Error (%) Accuracy (%)
(b) - (a) / (b)

] 195 200 25 91.5

2 167 160 44 95.6

2 145 149 2.7 973

4 124 120 33 96.7

5 67 70 43 95.7

TOTAL 698 699 17.2 428.8

TOTAL 139.6 139.8 34 96.6

AVERAGE
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Non Invasive valye (DPN[BD) vs Invasive valye (SBr)

250 - e T

200
B
i
1 150
i
: H Direct Photometry Non
o Invasive Bilirubin Device
b 100
: H Serum Bilirubin Test
i
n

50

1 2 3 4 5
Subjects

Figure 4.6: Non Invasive value versus Invasive Value.

The graph above show the percentage of readings of Direct Photometry Non
Invasive Bilirubin Device compared to the Serum Bilirubin which is invasive method.
Based on the graph, we can know the accuracy of the device that has been test on five
subjects. The less percentage of error among five neonates in in subject-1, which is it
only implement 2.5 percent or error following with Subject-3 that only consume 2.7
error. The others three implement 3.3, 4.3 and 4.4 percent of error. The less of error
lead to accurate readings. This accuracy test is done in order to fulfill the requirement
of and to show the effectiveness and accuracy of the Direct Photometry Non Invasive
Bilirubin Device. Based on the graph, we can show the both percentage of accuracy
and error of the device. This device only test on five neonates since it is quite difficult
0 get and done the test to newborn babies. That is because this device is focus on the
Physiological jaundice only. It is between babies two days until two weeks.

Physiological jaundice occur among up to 24 hours and till 14 days. The babies with

Jaundice afyer 14 days will be positioned under the lamp.
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e e e

Invasive — Non |
Percent Error = n Invasye

Invasive X180
SR,
Figure 4.7: Calculation of Percentage of Error
Percent Accuracy = 100 - Error |
-

Figure 4.8: Calculation of Percentage of Accuracy

( CALCULATION FOR DPNIBD

Percentage of Error

139.8-139.6

Ses— X 100=3.49%

Percentage of Accuracy

100 - 3.4 = 96.6%

Figure 4.9: Calculation of Direct Photometry Non Invasive Bilirubin Device

Based on the calculation showed in the Figure 4.9, it is based on the formula given in
the Figure 4.7 and Figure 4.8. It showed that Direct Photometry Non Invasive

. 0,
Bilirubin Device give 96.6 % of accuracy test. It is in the range of accuracy among 95 %

. . lirubin
and above. This device can be used and can be proved in order to achieve the bilirubi

readings among neonates.
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Table 4.5: Comparison of Inv

asive and Non-Invasive

TN | s Title Invasive Non-Invasive
| Blood Samples Required Not required
B Pain and Distress Occur Not Occur
EXEl Spectral Reflectance Not required Required
TE Delay in Treatment Occur Not occur
5 Calibration Subjective Objective
6 | Detection After Phototherapy | Can be applied Cannot be applied
7 Factors Affects Detection | Melanin, Hemoglobin,
oxyhemoglobin, deoxyhemoglobin,

deoxyhemoglobin, age,
sex, dermal maturity is
not affect the detection

process.

age, sex, dermal
maturity is affect the

detection.

The table above shows the comparison between non-invasive and invasive

readings of jaundice. It is the results from the data collection and data analysis that

have been interpreting between the non-invasive and invasive method. From this table,

all the information are viewed to easier the user to compare the more convenient

method. A part from that, users can make their own decision either to choose invasive

Or invasive method. Last but not least, this device already prove the effectiveness of

this product in this chapter to open all the user’s viewed about the latest technology in

determining the hyperbilirubinemia or jaundice diseases.
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CHAPTER 5

CONCLUSION AND RECOMMENDATION

5.1 Prologue

This is the last section in this writing. This section can lead to a conclusion,
summarization and recommendation about Direct Photometry Non Invasive Bilirubin
Device. Based on the preview chapter, there are a lot of knowledge and information
and there is also data collection in order to prove the accuracy, correlation and
learning process in designing Direct Photometry Non Invasive Bilirubin Device.
These parts provide innovation ideas to those who interested in this device. By doing
this recommendations, the device can be improve one to another time. A good device
cannot be done in a short period. It must be done and research along the journey in
completing it to become a perfect device. However, a lot of improvements and
achievement could be done for future. Direct Photometry Non Invasive Bilirubin
Device can be proceeds with a lot of new items and features. It can be a great device
that are suitable and give a lot of advantages to all users. Besides, it can brings
Malaysia’s name to the higher level that compatible with others country. From this
section, all the improvements and future achievement are stated to enhance this device.
This device is one of the new technology that had in others country but the first device

in Malaysia. A lot of effort must be done in order to bring this device to the next level.
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5.2 Conclusion

Detection of jaundice in early stage can be predicted by using invasive meth d
method.

Due to demand in our latest technology and without painful, a new device is designed

in determined jaundice by using direct photomet il e :
which is more preferable and painless foI: testing?o, ::: l;:;as“e b"'_mbm'de"lce

y. By using this non-
invasive bilirubin device, it can save time, user friendly, affordable, painless and can
make a harmony situation without any pricking needle is needed to determine the
level or readings of the jaundice among baby. A system is developed in designation of
direct photometry sensor by building two different wavelengths which are 455 nm and
575 nm. The device can indicate the three conditions of Jaundice; normal, mild and
critical level with LED light with one parameter which is the unit of the bilirubin
concentration is in pmol/dL. This new technology of product can enlighten the effort
of users especially Pediatrics Units and parents. This device can be move to the higher
level since our community does not aware enough about this device and the
importance in determined jaundice among neonates. A workshop with the advice from
NICU can be held in order to achieve the target. The device’s target can be seen

through the objectives that has been made in early process of the development of

Direct Photometry Non Invasive Bilirubin Device.

The main parameter value (MPV) that can be seen in this device is non-trauma
and painless. The competitor for this device is invasive technique which is traumatic
and pain to subjects. The focuses on built this device can be anyone whether NICU
units, Pediatrics Unit, Pharmacists, Medical Team or even a user such as parent. The
main function in this device is non-trauma measure hyperbilirubinemia.
Hyperbilirubinemia is known as jaundices. The main component that involves in this
device is Direct Photometry sensor. It is the heart of this device. If it is failed, then all

over of this device cannot function properly. As stated, the procedure in completing

this device must be collaborate with Ministry of Health since it is illegal product if we

continued this product without any endorsement or validation. This device of Direct
ital.
Photometfy Non Invasive Bilirubin Device is also got an endorsement from a hospi
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[n future, this device can registered with Nationa] Pharmaceut:
(NPRA) in order to achieve and testing to yserg e REgulatory i

53 Recommendation and Suggestions

During completing the device, there gre many

improvements and i
: = idea
come from my mind. However, it is too late in s fnt

improving this device a i
‘ E : ccord
time schedule in submitting and finishing the devj gl

. S . ce is around the corner. A part from
that, this section is the su1tab]:=j recor.n‘mendation in order to improve this design of
Direct Photometry Non Invasive Bilirubin Device in future. First of al, safety
precaution and safety button must be inserted and design in this product, since it is
used to check newborn babies. Safety precaution can functions as protection and
calibration test from biomedical engineer before test this device to the patient.
Biomedical engineer can use the safety precaution or safety button as main item in
validation this device. Safety precaution must have in every electronic device in order
to keep the safety element before using it. Electrical Safety Test also can easier to do

with the function from the safety button.

Second, the readings of bilirubin level must be calculated from a specified
formula. The formula is not found until now. The try and error method is used in order
to find the correct calculation. This device is implement range readings of jaundice. It
is quite incorrect in determining the specified readings of bilirubin. The try and error
method of the bilirubin calculation can be done by specific research about one year.

This device cannot be done in that period. This is also the important part to maintain

the accurate readings of this device.

' ¢ i i i be
Third, the casing can be done smaller than this device. This device can

; e i all than
More yserg friendly and easy going and easy to bring when the size is more sm "
’ . added 1n
al. The casing can be more inconvenient. The new innovation that can be
thi § i ensor also can
* device is the designation that similar to digital thermometer. New $
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pe included. The sensor that also can be done in detect;

g ; 1
using the photodiode that used in a digital thermometer
smartphones so that jaundice can be detect a1 home at ear]

¥ stage withoy
towards the laboratory to detect jaundice, ik
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APPENDIX A

LED ORDERING STATEMENT

081172016

mes
; 4
e

RS Components

Statement of conformity

This certificate confirms that the product detailed below lies with the specifications current! !

by RS Components and has been subject to the quahtycomms ofourre,«;iq:::.t:x;gm1totheBS}Efl\lypmm‘md
1509001:2008 management standard. Furthermore, where applicable, it provides assurance that all
electrostatic discharge sensitive devices have been handled and packed under conditions that meet the
administrative and technical requirements of the ANSI/ESD $20.20:2007 and the BS EN 61340-5-1:2007
electrostatic control standards.

RS Stock No. 247-1561

Description Kingbright L-934MBD, Round Series Blue LED, 455 nm 3mm (T-1), Round Lens
Through Hole package
Mamifacturer/Brand: Kingbright

M. Part No. L-934MBD
The foregoing information relates to product sold on, or after, the date shown below.

by g b WL

Martyn Green

Quelty Systems Manager

RS COMPONENTS

Date Nov 8, 2016 : RS UK
RS Components Ltd, Birchington Road, Corby, Northamptonshire, NN17 9K,
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pROGRAMMED CODE

sinclude <SoftwareSerial.h>
quuidCl‘}'Stal led(8, 9,4, 5,6, 7);
goftwareSerial ss(2, 3); //(RX,TX)
int Temp=A0;

int reading =0;

int suis;

int Bright;

int Rlyl =12;

int Rly2 =11;

int Rly3 =10;

int Buzz =13;

int SMSx=0;

int SMSy=0;

int SMSz=0;

void setup() {

Serial.begin(9600);

led.begin(16, 2);
//////////////////////////////////////////////////////////
ss.begin(9600);

lcd.hegin(] 6, 2);

lCd.setCursor(O, 0);

lCd_ M TN
Prn(" Direct Photometry Non Invasive ");

~clude <LiquidCrystal.h> \

\
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~edsetCursor(0, 1);
1cd,print("Bi1irubin Device");
delay(l 000);
pinMOde(TCmp,INPUT);
pinMode(Buzz,OUTPUT);
pinMode(Rlyl ,OUTPUT);
pinMode(RlyZ,OUTPUT);
pinMode(Rly3,0UTPUT);

}
void loop(1

{
I ADC LDR Ui

reading = analogRead(Temp);
int Bright = reading/5;
delay(100);

Icd.clear();

T LTI
Icd.begin(16, 2);
led.setCursor(0, 0);
led.print("Reading: ");
led.print(Bright, DEC);
/" led.print((char)223);
/1" led.print("%");

Serial. println(" "R

\
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[
1

s G delay(300);

if (Bright>=323)/

led.setCursor(0, 1);

led.print("Critical");
digital Write(Buzz, HIGH);
digital Write(RlyLLOW);
digitalWrite(Rly2,LOW);
digitalWrite(Rly3,HIGH):
delay(300):
led.setCursor(0, 1):
led.print("[ >20mg/d1]");
delay(300);

|
else if (Bright >=101 && Bright <= 109 ){

led.setCursor(0, 1);
led.print("Undetected");

digitalWrite(Buzz,LOW),

digital Write(Rlyl,LOW);

digital Write(Rly2,LOW);

digital Write(Rly3,LOW);

delay(300);

}

lse if (Bright >=10 && Bright <= 85 ){

lcd.schursor(O, 1);
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™ ed.print("Normal );

digitalWritc(Buzz,Low);
digital Write(RIyLLLOW);
digitalWritc(Rlyz,LOW);
digitaIWﬁte(RlylHlGH);
delay(300);
Jcd.setCursor(0, 1);
lcd.print(“[O-Smg/d]]");

delay(300);

}

else if (Bright >=85 && Bright <= 323 ){

lcd.setCursor(0, 1);
Jcd.print("Moderate ");
digital Write(Buzz,LOW);
digitalWrite(Rly1 ,LOW);
digitalWrite(Rly2,HIGH);
digital Write(Rly3,LOW);

delay(300);
led.setCursor(0, 1);
led.print("[6-19mg/d1]");
delay(300);

h
else if (Bright <=323){
led.setCursor(0, 1);

led.print("Critical");

digitalWrite(Buzz,HIGH);
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( digitalWrite(Rly1,HIGH);
=

digitalWrite(Rly2,LOW):
digitalWrite(Rly3,LOW);
delay(300);
lcd.setCursor(0, 1);
led.print("[ >20mg/d1]");
delay(300);
}

J

delay(100);

)

;
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APPENDIX C

pRE-SURVEY QUESTIONNAIRE

—

QUESTIONNAIRE

A SURVEY OF FINAL YEAR PROJECT “DIRECT PHOTO
BILIRUBIN DEVICE”

. Gender DMale D Female
2. Age [ Years.

3, Hospital’s Staffs
Parents / Public

METRY NON INVASIVE

4, Have you heard about jaundice / hyperbilirubinemia ?

[] Yes [ ] No

5. Which device do you prefer to measure jaundice on newborns?
D Taking baby’s blood (INVASIVE)

l____l Placed against the forehead of the newborns.(NON-INVASIVE)

6. Do you agree if a new device is develops to check the jaundice without taking baby's blood?
D Yes D No
7. Do you think this project can help to simplify the task of Pediatric Unit?

D Yes L—_J No

8. Which is more relevant for the newborns?
D Taking baby’s blood (INVASIVE)

D Placed against the forehead of the newborns. (NON-IN Vzi\S]VE) ' )
9. Isit taking a long time to obtain the result of jaundice when using the Invasive Metho

(Taking newborns’s blood)?

:J Yes No

. i iaundice. Do you
10. Non-Invasive Bilirubin Meter is low cost and can give the correct reading of ja

agree if this device is done?

D Yes No
K
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. What is your opinion about this device? Can you give your comment and i
suggestion

Prepared by, Verified by
(NOOR SYAHIRAH (MDM KU LEE CHIN)
BINTI MOHD LAZIM) Supervisor
08BEUI15F3017
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pOST - SURVEY QUESTIONNARE
—

N

(~14

PoLIT EXNIK
SULTAN St AnunOIN
AMDUL AFip BHAH
———————

Ol iT =<
f:gz‘qsil?ahuddin Abdlt:gziz Slhl-l:w(
engajian Politekftik

SURVEY QUESTIONNAIRE ~ NON INVASIVE BILIRUBIN METER
DISCLAIMER:

This ?uwey 15 ba.sed on final year I"l'OJCCt‘ of Bachelor of Electronic Engineering
(Medical Electronic). The name of this device is Non Invasive Bilirubin Meter. Th
aim of this survey is to understand the device after the pre-survey is done. It cz.m bz
helpful to improve and to enhance the device in future. It is also to analyze .the device
in getting the correct readings and measurement. Participation of this survey is
completely voluntary and anonymous. You may choose to discontinue this survey at
any time. No harm will befall to anyone of the participation. This device is focusing
for below three months age. All the data will be recorded and analyzed.

CONSENT:

I have read and understood all the information written above. My participation in this
survey is voluntary and I am willing to share necessary information for this survey.

This survey is divided into three sections. Section A, B, and C.

SECTION A

1. Are you find that this device is suitable to use?

Yes

No

2. Are you familiar with this device? Do you heard about similar device like this

before?

E Yes
[

\_.;

e
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3. Do you understand the function of this device?

Yes

No
4. 1f this device is in market, do you prefer to have it?
Yes

No

5. Which one of the method did you prefer to check the jaundice?

—

Blood Test

Non Invasive Bilirubin Meter

6. Is this device is suitable to use and help in determining the jaundice?

Yes

No

SECTION B

Directions: Please check and rate yourself honestly based on what you actually do
given the statements using the following scales:

5 - Very satisfied 4 - Somewhat satisfied 3 - Neither

satisfied 2 - Somewhat dissatisfied 1-

very dissatisfied

NO STATEMENTS 5 4 | 3 2 1

1 Is this device convenient to use?

2 | Isthis device gives the accurate readings?
3| Can this device is safe to use to neonatal babies?
4

Do you agree if this device placed in market of our
| country?

Do you prefer if this device cam minimize the time
| taken in obtaining results rather than blood test?

Do you think this device is more secure to use to
| baby rather than pain method?

el
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please rate how strongly you agree or disagree with each of these statements

— Gtatements Strongly | Disagree | Neutral

Disagree Agree Strongly

Agree

Tenjoy using this product.

This product is safe to use.

] would purchase this

product.
This product brings more
benefit to user.

Recommendation / Comments:

Signature,

Position: (Doctor / Nurse / Parent / User)

THANK YOU

Date:
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—\_—‘_

Lan2isthe angle from optical centerline where the luminous intensity is 112 the optical cent
Centerline valye.

Electrical / Optical Characteristics at T,=25°C

[ ata P i
symbol arameter Device Typ. Max, Units Test Conditions
Jpeak Peak Wavelength Blue 430
nm [F=20mA
AD Dominate Wavelength | Blue 466
nm IF=20mA
AV Spectral Line Half-width | Blue 60 n I
m F=20mA
, C Capacitance Blue 100 pF Vr=0V;f=1MHz
Vr Forward Voltage Blue 38 45 v lF=20mA
i I
Reverse Current Blue 10 UA VR = 5V

Absolute Maximum Ratings at T,=25°C

Parz
l Meter Blue Units
S p—
. oer dissipation 105 i
|0
J C Forward Currem 30 "
P
{53k Forwarg Curent (1] 150 m
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ls "8 Temperaure 40°C To +85°C
Org
~~58 Temperatre 40°C To +85°C
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Ko, & Temperature 2] R e

!

111'
: 0

QMD‘“Y Cycle 0.1ms
» . Pulse Width,
Mo Package bage,
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.t. Measurement of jaundice among neonates is
P atin determine the possaple trea_tment to p?ret{ent any
‘;;,'uness Jaundice chef.'ked in hosp:t'afs by using invasive
. d,‘;blood test and urine test- I’nw.mve blood sampling is
il for the neonate, resulting in blood lo;s anc_! an
;std risk for infections at the site of sampling. Direct
anetry Non Invasive Bilirubin Device will overcome the
shappened. Direct photometric measurements are based
inct measurements of suitably solved serum at the
Zngth of 455nm, which is the absorption maximum of
.in Direct photometry can be used only in newborns.
yasthe knowledge of light transmission and absorption
wecific tissue compartment applied. The relevant skin
sdagnostics handle 575 nm (green) and 450 nm (blue
vtromatic light). The device is use only one parameter
Wi reading of bilirubin in umol/L. The output will
ured on the LCD based on the level of bilirubin. It
vredas Normal (Green Light), Moderate (Yellow Light)
tical (Red Light and Buzzer).

C

*¥ords: arduino, bilirubin, non-invasive, photometry,
“ength

TRoDUCTION

‘é"“:::]l:iment of new techno.!ogy introduces the new
: ”irubinen?ﬂ;,od detection of jaundice or
i d].“olm; Y using non-invasive methqq. Tl_le
atign for 3" is used to measure bll!rub!n
4, Hyperb']‘eterfrxlnlng the level of jaundnlce in
ol appen;‘;r}lbmemia or Neonates Jaundice is
L amoyny ol t.he neonates or newborns due to
| Magiyg, tranSOf bilirubin concentration in the body.
heoys bi“CUtZ'neous, point of care measurement of
f,:“ Spectr]m in (TCB) pre-discharge by multi-
f.,’;li'_e uivalenat analysis, using a portable device is
'l tgpp, ar dt° measurement of TSB in a diverse,
;“,';Ve\ subse Near-term newborn population and
iy ocquent hyperbilirubinemia[2]. Non-
e bl r €ter can overcome the problem when

t theolzzet:" Neonates. It can be painless and

| Impact

act value:5.181 :

e 150 9001:2008 Certified Journal |

Direct photometry can be used only in newborns. In the case
of most children and adults, the serum includes many other
pigments of similar colors and reactions as bilirubin. The
proposed benefits of using this technology include non-
invasive and accurate screening for clinically significant
jaundice, Transcutaneous Bilirubin readings are instantand
results can avoid delay with discharge and or indicate the
need for formal SBR testing [3]. Based on biomedical
engineer and hospital staff's, providing a non-invasive
method in detecting hyperbilirubinemia or jaundice can
overcome some problem that may occurs during taking
neonates blood. And can overcome mistake in prick needle
among neonates. However, this non-invasive method which
is the Direct Photometry Non Invasive Bilirubin Device must
be calibrating to avoid from false readings and wrong
indicator.

1.1 Bilirubin

Bilirubin is the yellowish pigment that is the
byproduct of heme catabolism. Bilirubin is responsible for
the yellow color of the urine. When the cell is died
hemoglobin is release from the cell, which is breakdown into
heme and globin. Heme is finally converting into bilirubin, an
orange-yellow pigment. Bilirubin is an endogenous anion
derived from hemoglobin degradation from the Red Blood
Cell [4]. Bilirubin is altered by expasure to light so serum
and plasma samples must be kept in dark before
measurements are made. When the liver function tests are
abnormal and the serum bilirubin levels more than

17umol/L suggest underlying liver disease.

In a newborn, higher bilirubin is normal due to the
stress of birth. Normal bilirubin in a newborn would be
under 5 mg/dL, but many newborns have some kind of
jaundice and bilirubin levels above 5 mg/dL [5]. If the blood
tests show abnormally high levels of bilirubin, doctor may
order more tests to determine the underlying cause. Once
the doctor has determined a cause of high bilirubin levels, it
may take more bilirubin blood tests to monitor the

effectiveness of the treatment.

ae 1
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2. METHODOLOGY

Dermal Zone  Mean = SD pmol/L
1 101£5
r 2 152+29
RRE 201 £31
4 257429
5 >257

*1: Correlation between icteric dermal zones (Kramer)
and serum bilirubin values

:mT;:ZLl.ltaneous Bilirubinometry works by directing
i ‘r-'ave]en o; neonatt'e and measures the intensity of
g us:gt- that is returned. The number of
""mme'ter Thls variable in different transcutaneous
; '?ﬂected'fme meteranalyzes the spectrum of f)ptical
.’:omjcalsigna]m the neonates subcuta.neou's tissues.
o Thees as are converted to e]ec-:tncal signal by a
Reaseryr billte gflalyzed by. a microprocessor to
hargatle bultm in val.ue. This is haqd l‘1eld, portable
L applied expensive and sophisticated. When
2 strobe | ]:0. the ppotpprobe, a xenon tube
ey B % ht. and this h'ght passes through the
:ﬂ. “Optic b ereflected light returns through the
ity ot undle to the spectrophotometric module.
enggiops Yellow color in this light, after correcting
% g p|S Measured and instantly displayed in
gy, lsllrubm concentration is measured by
g{,‘bYthe blool:ieﬂrum of visible light (380 to 760 nm)
b sent Serum. This spectrum was received by
‘ an) o t PIC microcontroller in voltage form.
Jasapplieda accordingly as in Table 2 and the

T¢normal, mild and critical jaundice[6].

" 150 9001:2008 Ce

Designation Direct Pho
Device of based on rese
several journals,

tometry Non Invasive Bilirubin
o arch t:at has been made by using
L _ ctures, biomedical engi
:(e)z?l'tal sh staffs in Neonatal Intensive Care Uﬁi??ﬁi:zu?.n:
s sion has been made during the discussion in obtaining
e .propfer and accurate readings of hyperbilirubinemia. The
fiesngnatlon of new method of non-invasive bilirubin n;eter
involves several important parts which are determining the
wave.]en'gth LED which are 455 nm and 575 nm. 455nm
functioning as absorption of maximum bilirubin. It is also
can absorbs light. It comes in a blue color of LED.

Bamerv 9 v

|

OE ARDUINONAND

Microcontroller

w
~
P

Fig -1: Block Diagram of Device

The other one LED that involves in wavelength LED is 575
nm. It is a monochromatic light. It is functioning as
measuring bilirubin by detect spectral photometry. Based on
the characteristics of this device, it must be suitable to detect
the color of melanin which is the deep tissue in our body.
Melanin means the pigment that gives human skin, hair and
eyes their colors. Dark skinned people have more melaninin
their skin than light skinned people have. Melanin is
produced by cells called melanocytes. The project is divided
into two parts which are hardware and software. The
hardware part includes the circuit design for the spectrum
LED to build the spectrophotometer sensor and the LCD
display. While, the microcontroller had software part
consists of the operational flow. The intensity of the yellow
color in this light, after correcting for the hemoglobin, is
measured and instantly displayed in arbitrary units.

This instrument was calibrated with test solutionsand hasa
technical error of +1.3% for values up to 350 pumol/L. l%lue
LED is called as 455 nm LED wavelength. It can absorb hg}.\t
through direct photometric method. Direct photon?etrlc
measurements are based on direct measurements (_)f suitably
solved serum at the wavelength of 455nm, which is the
absorption maximum of bilirubin. Direct measurements m:y
be also interfered by opalescence that results f:.'or;\ tl e
serum dilution or at the presence of oxy hemnglobn; r:.t lu;
neonatal serum, which is often hemolytic and absorbs ligh

at the wavelength of 455nm.
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ferences might be suppressed by a proper
o e ne working process, by measurements taken
"\,_menf"n hs of 455 and 575nm. The bilirubin
@ wa_*'f'e"f; found from the absorbency differences.
# tInrls::-esponds mainly to the bilirubin content and
stone o to the oxy hemoglobin content[7]. A high
ond 07 i with a narrow definition of the
“ dMtcic light must be used when measuring
._,j‘lmtf’"a the direct spectral photometry[7]. When
e )]'w concentration of bilirubin, we use the value of
. tbi]irubin absorption coefficient. The molar
Lo bilirubin coefficient € is numerically equal to the
_"f.nm;mﬁon absorbency value having the concentration
El’im:ta defined wavelength, temperature and layer

sof fem.

&S

F,mqmmmsmmm 1

1!.

Semsor
B lED+Green LED
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Chart of Direct Photometry Non Invasive
Bilirubin Device

il

o,
e QrDimﬂ Phot

. 5, W
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On_letry Non Invasive Bilirubin
Cvice

AFcording to the Figure, it was implemented by three
different colors of LED as ind

Red LED will show the higher readin
Orange-yellow LED will indicate the mode
range of 85 up to323 Hmol/L.Green LED wil

readings of jaundice atrange of 0 to 85 umol/L. The readings
of jaundice will appear on the LCD Display,

3. RESULT AND DISCUSSION

This section discussed on the results. Data collection has
been conducted to getthe data non-invasive bilirubin device
that has been produced. The range of condition was set
according to normal, mild and critical as shown in Table-2
through the readings on Direct Photometry method
(DPNIBD). Five samples have been taken to prove the
concept as shown in Table-3. Red LED was shown critical
condition; Orange-yellow LED indicated moderate or
mild condition; Green LED showed normal healthy
condition. As a result this method is capable to give
reasonable resultand also give advantages to study the
non-invasive system for measurement of jaundice level.

Table -2: Range of Condition

Condition Serum Voltage
Concentration Range
(umol/L)
Normal 0 < thick < 85 4v- 6v
Mild 85<thick<323 2v-4y
Critical Thick > 359 Ov-2v
Table -3: Data Collection on five subjects
SUBJECT DPNIBD Condition
(umol/L)
1 334 Critical
2 328 Critical
3 167 Moderate
4 112 Moderate
5 84 Normal
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(hart -1: Bilirubin reading on Five Subjects

serpresented data collected from direct photometry
;;give bilirubin device that has been produced using
-pLED. This innovation has created an alternative in
:;.gainless bilirubin reading and reducing the usage of
st and urine test. It can be concluded that the
=entthathas been developed is accurate and reliable
sring non - invasively bilirubin.

“CLUSIONS

~mof jaundice in early stage can be predicted by
‘tisive method. Due to demand in our latest
_“and without painful, a new device is designed to
“jaundice by using direct photometry non-invasive
“device which is more preferable and painless for
“Dthe baby. By using this non-invasive bilirubin
k@ save time, user friendly, affordable, painless
“make 2 harmony situation without any pricking
Meded to determine the level or readings of the
mong baby, A system is developed in designation
‘_Eﬂhotﬂmeter sensor by building two different
. Nchare 455 nm and 575 nm, The device can
:"e!e“ ¢¢ conditions of jaundice; normal, mild and
Yy thLED light. This new technology of product
1 eeffort of Pediatrics Units.
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