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Abstract

Today, jaundice is one of the most common problems in newborns. Loss of Red Blood Cells (RBC) is the cause of jaundice. RBC rupture is known as hemolysis, and 
if hemolysis occurs faster than the liver excretes, bilirubin levels in the body rise and leading to jaundice. Bilirubin is directly soluble in water and is transported to the liver 
and excreted in stages, most of which is excreted in the feces and a small amount is excreted in the urine. Measuring bilirubin levels in infants is one of the essential tests 
after birth. In measuring the amount of jaundice in infants, complex components such as the formation of body organs, compounds on the skin of the infant, and other 
parameters are involved. Making a device to measure the amount of jaundice. The difference in the methods of measuring and treating jaundice in infants depends on 
the condition of the infant with jaundice. Non-invasive methods are used in infants with low bilirubin levels, but in acute and critical cases, invasive and direct methods are 
used. Jaundice tests are performed on both infected and healthy infants and are not limited to sick infants.
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Introduction

Bilirubin is a yellow byproduct of hemoglobin metabolism. 
First, broken hemoglobin is converted to heme and globin, a 
compound in the blood that exchanges oxygen. First, heme is 
oxidized to biliverdin and fi nally to bilirubin (Figure 1). Globin, 
on the other hand, is converted to amino acids. Bilirubin is a 
toxic substance that must be excreted from the body and is 
usually excreted through the liver and kidneys [1,2]. Normally, 
bilirubin is excreted from the bile or kidneys, which changes the 
color of the stool and enters the intestine. Bilirubin is divided 
into two components, direct and indirect, bilirubin which is 
formed from hemolysis (destruction of red blood cells) is called 
indirect bilirubin. Indirect bilirubin is fat-soluble and can pass 
through the fatty layers of the baby’s brain and damage the 

brain. Direct bilirubin is also formed from the combination 
of indirect bilirubin by the liver. Direct bilirubin is soluble in 
water and is excreted by liver secretions after entering the 
gallbladder [3]. Figure 2 presented the physiological processes 
involved in the synthesis, distribution, metabolism, and 
excretion of bilirubin.

The level of jaundice is divided into normal, moderate, 
and critical. If the bilirubin level is less than 15mg/dl and 
reaches the baby’s upper body, the baby should be treated 
with phototherapy. Although this method is non-invasive, for 
cases where the bilirubin level exceeds 15 mg/dl, other devices 
and methods for diagnosis are needed. The dangerous level of 
jaundice depends on the baby’s weight and age. For example, 
a bilirubin level of 13 mg/dL can be dangerous for a 2 kg, two-
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day-old baby, but the same level is not dangerous for a 3 kg, 
ten-day-old baby. In a newborn older than three days, the 
level of bilirubin more than 16mg/dL requires hospitalization. 
This risk point is lower on the second and third days, so the 
interpretation of the degree of jaundice is the responsibility of 
the pediatrician. If the bilirubin level approaches or exceeds 25 
in a newborn, the patient is often exposed to blood transfusion. 
Failure to hospitalize and treat the baby in these cases is very 
dangerous. If the level of bilirubin is higher than 25 mg/dL and 
is not treated, it leads to a fatal and dangerous disease called 

Kernicterus or Bilirubin Encephalopathy (bilirubin deposition 
in the brain). This disease is associated with a very high 
mortality rate and the infants who survive suffer from hearing 
disorders and movement disorders in the organs, which cause 
serious disability in the future life of the person. The reasons 
that cause bilirubin to rise are very different, but one of the 
reasons is the destruction of red blood cells. Normally, the 
lifespan of red blood cells is 120 days, but if they are destroyed 
suddenly, bilirubin will rise. The reason for the destruction 
of the baby›s White Blood Cells (WBC) or leukocytes is the 
mismatch between the Rh of the baby and the mother›s blood. 
Infants are often born with a higher WBC count than adults, 
which gradually decreases with age. A low white blood cell count 
(leukopenia) means having a small number of leukocytes in the 
blood. A long-term decrease in the number of white blood cells 
increases the risk of infection in the baby and causes several 
immune diseases. The specialist doctor interprets the child›s 
blood test by considering the patient›s condition and taking 
into account the results of other tests such as C-Reactive 
Protein (CRP), Sed rate or erythrocyte sedimentation rate (ESR) 
and procalcitonin test.

The purpose of a bilirubin test is to check liver function and 
diagnose liver diseases such as hepatitis or cirrhosis. It is also 
used to diagnose and evaluate the effects of drugs that damage 
the liver or to fi nd cases that lead to bile duct obstruction, 
such as stones, and pancreatic tumors which can be very rare 
in newborns are also used. This test can be used to diagnose 
increased red blood cell damage such as hemolytic anemia or 
hemolytic disease in the baby. This test also helps us determine 
if the baby needs phototherapy or if the baby has jaundice and Figure 1: The schematic of bilirubin metabolism [4].

Figure 2: The Synthesis, distribution, metabolism, and excretion of bilirubin [5].
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usually present with pale yellow skin, while patients with 
direct bilirubin jaundice present with yellowish-green skin. 
Patients should undergo a thorough physical examination and 
special attention should be paid to general appearance, growth, 
and development. symptoms of cardiovascular dysfunction; 
Nervous involvement; and abnormal enlargement of the 
organs to detect the presence of liver or spleen enlargement, 
intra-abdominal masses, or fl uid accumulation, a detailed 
examination of the abdomen should be performed. The size of 
the liver must be carefully determined. The liver in infants is a 
large organ relative to the size of the body and may be palpable 
during the examination. Stool color is the most important 
clinical observation in a baby with jaundice. Infants with pale 
or acholic stools require immediate referral to evaluate for 
biliary atresia or other biliary obstruction conditions. Initial 
diagnostic screening should focus on complete blood cell 
count, Coombs test, liver function test, and coagulation factors.

Unusual cases of bilirubin include: Gilbert Syndrome, 
in which the liver does not function properly to eliminate 
bilirubin, and an increase in the concentration of bilirubin in 
the blood causes jaundice. Crigler-Najjar syndrome type 1, is a 
disease that appears in infancy and lasts until the end of life, 
and its biggest problem is the lack of Glucuronosyltransferase 
Enzymes, and usually high bilirubin damages the nervous 
system. Crigler-Najjar syndrome type 2, in which case the 
defi ciency of Glucuronosyltransferase Enzymes is less than 
type 1 because bilirubin is not very high and the incidence 
of neurological problems in this type is low. Dubin-Johnson 
syndrome can be caused by a defect in the transfer of bilirubin 
to the bile and causes an increase in bilirubin in the blood. It 
appears as asymptomatic jaundice and is often diagnosed in 
childhood, but during tests. It is also recognizable in infancy. 
Hyperbilirubinemia is a disease that reduces the secretion of 
conjugated bilirubin into the bile ducts. Extremely high levels 
of conjugated bilirubin indicate a condition called hepatobiliary 
[49].

In general, treatment for neonatal jaundice does not take 
long and depends on how much the baby’s bilirubin level has 
increased and whether or not the baby is born earlier. Premature 
babies are treated for jaundice with low bilirubin levels. A baby 
with jaundice should be kept hydrated with breast milk and 
should be fed more than 12 times a day because the gut has 
more function, which helps to excrete bilirubin through the 
stool.

Material and Method

In this section, the device designed to measure jaundice 
grade through the baby’s skin in a completely non-invasive 
method is described. This device consists of a switching power 
supply block and a board whose device circuits and their 
performance will be described.

Switching power supply

The linear power supply continuously regulates the load 
current supplied by the input current to keep the load voltage 
constant. If the switching power supply does the same by 

needs a blood transfusion [6,7]. If the baby’s bilirubin level is 
too high or light therapy is not effective in treating the baby’s 
jaundice, the baby’s blood should be completely changed. 
During a blood exchange to treat neonatal jaundice, the baby’s 
blood is removed using a narrow plastic tube that is placed in 
the blood vessels of the navel, arm, or legs. The baby’s blood is 
replaced with blood taken from a suitable donor. Since the new 
blood does not contain bilirubin, the overall level of bilirubin 
in the baby’s blood also decreases quickly and the treatment 
of newborn jaundice is achieved. During the blood exchange, 
which lasts several hours, the baby must be closely monitored. 
Any potential problems such as bleeding should be treated. In 
order to evaluate the success of this method of treatment of 
newborn jaundice, the baby’s blood should be tested during 
two hours of blood exchange. If the baby’s blood bilirubin level 
is still high, this procedure should be repeated to treat newborn 
jaundice. Figure 3 shows the normal values for transcutaneous 
measurements.

In the manufacture of medical instruments [9-17], the 
principles of electronics [18-27], medical sciences [28-33] and 
diagnostics [34-48], play an important role that by combining 
these two elements, the fi elds of production and design of 
medical instruments can be prospered.

The initial step in evaluating a jaundiced infant should 
focus on distinguishing between direct and indirect bilirubin 
elevation. This distinction helps in the selection of appropriate 
laboratory tests and imaging studies. A careful history is 
essential when evaluating a newborn with jaundice, as the 
information obtained may help the physician identify a possible 
source. Prenatal care history, maternal blood test results, 
and date of birth help identify potential risk factors. Family 
history is also important and should include information 
such as neonatal jaundice, chronic liver diseases, hemolysis, 
or metabolic diseases. In addition, the result of the newborn 
screening should be considered as part of the initial assessment. 
In infants with elevated indirect bilirubin, initial screening 
should focus on identifying any underlying conditions, such 
as hemolytic diseases. In infants with elevated direct bilirubin, 
the initial diagnostic evaluation should include liver function 
tests, coagulation profi les, and a full abdominal ultrasound 
examination. In general, infants with indirect bilirubin jaundice 

Figure 3: Transcutaneous bilirubin levels of healthy white infants > 35 weeks during 
the fi rst 96 hours of life [8].
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Power switching

This section usually consists of two power transistors 
(MOSFETs) and its task is to control the output voltage level 
through the on and off time (switch).

Transformer

Depending on the type of design, this section consists of 
two to three transformers that, in addition to direct voltage 
isolation, are responsible for changing the voltage level. The 
design of this part is very sensitive because if the number of 
primary and secondary circuits is not commensurate with 
the design of the Pulse Width Modular circuit, the stability of 
the circuit and the semiconductor reliability and fi nally the 
operation of the power supply will face a major problem.

Output diodes

This part consists of Schottky diodes or high-speed diodes 
and Zener diodes and its task is to rectify the output voltage in 
normal conditions and completely cut off the output current in 
special cases.

Heat sink

This part is made of different aluminum and copper alloys 
and by installing grooves on it to pass airfl ow, it is responsible 
for transferring temperature from switching transistors 
as well as high-speed Schottky diodes to the surrounding 
environment.

Output fi lter

This part consists of several electrolyte capacitors and 
multilayer inductors, which are responsible for storing energy 
on time and providing it in the event of a transistor shutdown.

IC controller

This part is the most complex part of the Pulse Width 
Modular circuit and in recent years there have been signifi cant 
changes in its design. The new ICs have several different types 
of tasks and have improved the performance of the new power 
supplies.

Input rectifi er

This section is used to convert the input AC voltage to DC. 
In order to be able to use the power supply in two common 
power transmission systems, namely 110 and 220 volts, a part 
must be installed in the input rectifi er unit so that the power 
supply can operate easily in these two systems. In practice, the 
DELON circuit is used. This circuit is designed so that for a 
voltage of 110 volts or 220 volts, the output voltage (Vo) has a 
constant value of approximately 311 volts.

The function of the jaundice rate measuring device

The connection of the device in LM7805, which is a 
regulator that includes three pins, is a ground connection pin, 
an input voltage pin, and an output voltage pin. The reason this 
regulator is famous is that most of the circuits we are dealing 

disconnecting and connecting the input voltage and then 
controlling its medium current by changing the pulse width. 
When more output current is required by the load, this process 
takes place as the pulse on time increases. One of the simplest 
types of power supplies is the Linear Regulator. The general 
system of these regulators can be implemented using a 
transistor and a control system to stabilize the output voltage. 
The transistor operates in linear mode, resulting in a loss of 
input power.

SMPS transformers

Conventional large transformers only operate at low 
frequencies such as the mains frequency (about 50 to 60 Hz), 
but smaller models with ferrite cores used in switching circuits 
are suitable for operation at high frequencies. In the design 
of a switching power supply, if the main input is alternating 
current, we fi rst pass the current through a rectifi er layer 
(using suitable diodes) and create an unregulated direct voltage, 
and this direct voltage is connected to large fi lter capacitors. 
Obviously, in a power supply with the direct current input, the 
rectifi er phase is not required.

Due to the high frequency, the speed of the transformer 
winding decreases and increases or decreases depending on 
the needs of the transformer. In the fi nal stage, there is a 
rectifi er and fi lter fl oor, whose task is to build a direct voltage 
output within a certain range and appropriate specifi cations. 
At this stage, high-speed diodes must be used to rectify the 
output current, and at low voltages, the Schottky diode can be 
replaced. The rectifi ed current is then decoupled and fi ltered 
by a suitable capacitor and coil. Therefore, if it is necessary to 
design a switching power supply to convert city electricity to 
lower voltages, it should follow the model shown in Figure 4.

EMI fi lter

This part is composed of inductor and capacitor elements 
and its function is to prevent the extra frequencies of the power 
supply from leaving the outside and also from entering the 
additional frequencies that may be due to the period of electric 
motors and heat generating systems etc. Prevents power 
supply.

Input capacitor

This part consists of two electrolyte capacitors with a 
capacity commensurate with the power of the power supply and 
its task is to control the level of input voltage during operation 
and also to store the energy required by the switching circuit 
during short power outages.

Figure 4: Switching power supply block diagram.
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with operate with a constant 5V. This device can be powered 
in two ways, one with a battery that is directly connected in 
the event of a power outage and the battery voltage is 3.6 volts 
and the other is a switching power supply that converts the 
voltage to 5 volts. When the 5V battery voltage is connected to 
the battery voltage, there is a diode between them, and when 
there is no power, the voltage on the output side decreases and 
causes the diode to connect. But when the power is on, 5 volts 
are applied to the input, and because it is higher than the 3.6 
voltage, it works with the same 5 volts. If the power connection 
is connected, the diode part will be disconnected from the 
circuit. As shown in Figure 5, the two 100 nF capacitors are 
used at the input and output to capture noise.

The connection of the device in LM7805 is a regulator 
that includes three pins, one ground connection pin, one 
input voltage pin, and one output voltage pin. The reason this 
regulator is famous is that most of the circuits we are dealing 
with operate with a constant 5V. This device can be powered 
by a battery that is directly connected in the event of a power 
outage the battery voltage is 3.6 volts and another power supply 
is a switch that converts the voltage to 5 volts. When voltage 
5 of the battery voltage is connected to the battery voltage, 
a diode is placed between them, which causes the diode to 
connect when the voltage at the output voltage decreases. But 
when the power is on, 5 volts are applied to the input, and 
because it is higher than the 3.6 voltage, it works with the same 
5 volts. If the power supply is connected, the diode part will 
be disconnected from the circuit. As shown in Figure 6, two 
capacitors of 100 nanoparticles are used at the input and output 
to capture noise.

When we press the PEP Switch, the switching power enters 
the circuit and the POWER LED lights up. The basis of the IC 
that we defi ned in the program as an activator is how it works 
as active-low, which is activated with zero and the program 
starts running.

The blue LED, for example, lights up for a moment in 

about 2 seconds, which is due to the activation of the BC337 
transistor, which can pass a high current. Another LED is used 
for measurement when it is refl ected in the photocell, and 
according to the law of voltage division, the voltage across the 
Rcell changes, and this is the voltage that the micro reads, and it 
must be connected to the ADC base, and then the measurement 
number. Is displayed on the LCD and a few seconds later the 
blue LED lights up again and the previous events are repeated. 
The difference between the two obtained numbers is measured 
and displayed in the output, which is the only useful voltage 
difference for us, through which the severity of the disease can 
be assessed. Greenlight is considered a reference in this circuit 
and has no absorption or repulsion. We have three LED displays 
that determine the severity of the patient›s condition. If the 
red LED lights up, the patient›s condition is critical and the 
BUZZER is activated, alerting and showing the difference on 
the screen, and initiating the patient›s treatment.

This circuit operates at a frequency of 8 MHz and has a 
relatively low power consumption. This device works in two 
modes, one by connecting to the city electricity, and the other 
is powered by a 4.5-volt battery that can use the device under 
any circumstances.

Conclusion

One of the most common problems in newborns is 
jaundice. RBC failure is the cause of jaundice. RBC rupture is 
known as hemolysis and if the hemolysis proceeds to leave 
the body faster than the liver can. Bilirubin levels in the body 
increase, leading to jaundice. Jaundice in infants is higher in 
Asian countries than in other continents, such as the United 
States. Jaundice rates can be measured in a variety of ways, 
and the more accurate the measurement, the more aggressive 
and painful the measurement will be for both the baby and 
the parents. This article tried to present and describe a new 
instrument design and novel method of measuring the rate of 
jaundice, which is both economically very cost-effective and 
non-invasive.

Figure 5: The circuit schematic of the designed instrument.
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