8N
Y3

*rsst

st ISTANBUL UNIVERSITY RESEARCH ARTICLE
C/IE/RIR/AHIPIA[S|A| Electrica 2019; 19(1): 65-71

Multifunctional Phototherapy Device Design

Mehmet Aksahin

Department of Biomedical Engineering, Baskent University, Ankara, Turkey

Cite this article as: Aksahin M. Multifunctional Phototherapy Device Design. Electrica, 2019; 19(1): 65-71.

ABSTRACT

Today, phototherapy devices are used to treat newborn jaundice. However, there are some cases that the commercial phototherapy devices are
inadequate. Most of the device are controlled only at the certain interval that prevents instantaneous monitoring the newborn’s vital parameters. For
other cases, devices are one-way lighting. In addition, when the baby is taken away from the device, unnecessary lighting causes the decrease in LED's
lifetime. In the scope of the study, intensive phototherapy device was developed to eliminate deficiencies that are mentioned above. Properties of the
developed phototherapy device are; Automatic detection of newborn's presence, double-sided illumination, continuous monitoring with IP webcam,
temperature measurement of the environment and also newborn's body temperature. The light intensity of the device was measured with a photometer
as 28.6 UW/cm?’/nm that was obtained from 460nm wavelength LED illumination in both top and bottom in accordance with the American Academy

of Pediatrics (AAP) guideline.
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Introduction

Fetal red blood cells (RBCs) are different from normal ones. These cells contain fetal Hemoglo-
bin (HbF). Red blood cells lose their function and start to disintegrate in a short period after
birth. Thus, RBC's that contain new type hemoglobin (HbA) begin to be produced. As a result
of the disintegrated RBC’s containing HbF, the excessive amount of bilirubin substance occurs
as a by-product. In a healthy adult, liver transforms bilirubin in into a form to be thrown from
the body [1]. However, liver function of newborn is not adequate to destroy the high amount
of bilirubin. So, the bilirubin, which is needed to be thrown out of the body, starts to accumu-
late in the blood. Bilirubin has yellow-colored pigments. As a result of the excessive amount
of bilirubin accumulation and penetration, the newborn’s the skin and eyes to have a yellow-
ish appearance. This condition is called the neonatal jaundice [2]. If the high level of bilirubin
cannot be removed out of the newborn’s body, it can be seen clinical consequences such as
bilirubin encephalopathy, hearing loss and kernicterus [3]. In order to make non-conjugated
bilirubin into water soluble form, phototherapy method is applied [4].

The phototherapy device which is used in the treatment of neonatal jaundice, is based on the
principle that the conversion of the non-conjugated bilirubin that accumulated on the skin
surface into a water-soluble form by applying light in the visible region (blue light~460 nm).
This non-invasive method is used and accepted by pediatricians for the treatment of neonatal
jaundice [5]. The efficiency of phototherapy treatment depends on the factors like the surface
area of the newborn (as the surface area increases, the total bilirubin decline rate increas-
es), the spectral properties (460+10 nm wavelength) and the irradiation (brightness, light in-
tensity: body surface area per square meter) of the light source (The current AAP guidelines
recommends a light intensity of at least 30 uW/cm*/nm for dense phototherapy under blue
light and for the largest surface area), the distance between the light source and the newborn
(The distance is at least 10 cm, provided that the newborn’s body temperature is constantly
monitored.), the type of light source, the thickness and pigmentation of the skin, the total
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bilirubin level at the beginning of treatment and the duration
of phototherapy [3, 5-10].

In this study, a completely original conceptual phototherapy
device was designed and the prototype was produced in order
to eliminate the deficiencies of the existing commercial devic-
es. In the design phase, it is aimed to obtain intensive photo-
therapy by providing higher light efficiency than the existing
commercial devices have. In this context, in order to increase
the light efficiency of the device, light sources are placed both
of on the top and bottom covers of the device. Moreover, de-
tection of the newborn’s existence in the device, the load cells
are used. In addition, temperature measurements are made
and an IP webcam can be integrated into the system to assistin
monitoring the newborn by both of the hospital staff and also
the parents.

System Design

The overall design of the phototherapy system is as shown in
Figure 1. In the design, a microcontroller is used for controlling
the sensors (heat and weight) in the hammock and the image
formed on the IP webcam. Besides, the control of the LED’s in
the lighting array operation and the drive circuit are also pro-
vided with a microcontroller.
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Figure 1. General block diagram of the device

Lighting Calculations

The luminous flux (lumen) is the amount of light that is deliv-
ered by a light source at the unit time and is calculated accord-
ing to Equation 1 [11].

b=4*m| M
The luminous intensity (lux) is the intensity of light falling on
the unit surface and is calculated according to Equation 2 [11].

E=Q/A =4* mu*/4*
)
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Light intensity is a parameter that also depends on the dis-
tance. The distance between the light source and target area is
determined according to Equation 3 [11].

To¥r
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In this equation, “P" is the maximum power of the light source
to be used and “r”is the distance between the light source and
the target area. For the top and bottom illumination, the dis-
tance between light source and the hammock of the device is
adjusted by the inverse square law as described in Equation 4
[11.
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Here, “I" represents the luminous intensity at a certain distance
and “d” represents distance between the point where the in-
tensity is known and the source. The current AAP guidelines
recommend that the light intensity of blue light should be at
least 30 pW/cm?/nm for the largest surface area for intensive
phototherapy [3]. The distance between the light source to the
infant is also calculated taking into account the AAP recom-
mendation.

One of the most significant purposes of the preliminary design
is to achieve a homogeneous distribution of light. For this pur-
pose, the quantity and power of light sources must be deter-
mined correctly. In preliminary studies DIALuxevo simulation
program is used for these calculations and the obtained illu-
mination results are shown in Figure 2. Based on the obtained
results, a light intensity of approximately 16pW/cm?*nm was
obtained with a 5-row, 7.5W (240 Lumens) strip LED (for one
lighting side of the device). In this case the total light intensity
for the upper and lower side of the design was set at a mini-
mum of 32 yW/cm?/nm.

BEsRzHERE”
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Figure 2. a-b. The surface area of the 4 Strip LEDs in lux units (Scale
1:10; vertical light surface; mean: 590Ix; min: 395Ix; max: 703Ix;
min/mean: 0.673; min/max:0.565) (a). The surface area of the 5
Strip LEDs in lux units (Scale 1:10; vertical light surface; mean:733lx;
min: 491Ix; max: 855Ix; min/mean: 0.670; min/max:0.574) (b)
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Light source and Circuit design

Power LEDs which have high lumen values are widely used in
the lighting industry. In this study, Power Led’s are used as a
light source by virtue of the preliminary findings. To run the
LED’s with microprocessor, there must be an appropriate driver
circuit and a power source. Figure 3 shows the block diagram
of the LED system.
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Figure 3. The block diagram of the LED System

The current levels of PowerLEDs are much higher than standard
5mm diameter LEDs. It is required that 3.2 V for each PowerLED.
By this, six of 460nm wave PowerLED's are series connected to
draw about 350mA current. The designed LED driver circuit is
drawn and simulated in the Proteus program. The circuit that
used to drive the LEDs is shown in Figure 4.

(a) (b}

Figure 4. a-b. LED driver circuit (a) and voltage regulator (b)

In order to reduce the cost and the power consumption of
the device, a 45° lens was used to not only increase the fo-
cusing but also decrease in LED number that determined at
the preliminary work. In the designed circuit, a total of 60
PowerLEDs were used as 30 on the top and 30 on the bot-
tom. Six of them were formed in parallel with 5 parallel strips
connected in series. 6x5 matrix was created on this count.
The current in a single plate is 1.75 A and the total current
from two plates is 3.5 A. The LED array of the device is shown
in Figure 5.

Figure 5. PowerlED array

Control Circuit Design

The control panel of the device was designed with a micro-
processor-based circuit. The simulation of the circuit was
made with Arduino Mega 2560 microprocessor card in Proteus
shown in Figure 6. In the project, a load sensor is used to detect
the newborn’s existence in the device. For this purpose, a load
cell has been integrated into the device control circuit and in-
formed whether or not the baby is in the hammock has been
determined through this sensor. The Load Cell generates a volt-
age output proportional to the pressure applied to it. The Load
Cell’s output is transferred to the Arduino board via the HX711
amplifier. When the weight information reached to the system,
it is operated automatically.
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Figure 6. Device circuit

Instantaneous measurement of the ambient temperature was
made with the digital temperature sensor DS18B20. The device
uses a 20x4 LCD display to initiate the therapy, to adjust time
and also to show warning information, ambient temperature
and duration information. A buzzer has been used as an alert for
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the situations where the device should give a warning during
therapy. The duration of the therapy is set using the UP/DOWN
buttons on the control panel and shown on the display as unit
of minutes. At the end of the duration, the device gives audi-
ble and written warnings. In cases where the baby needs to be
taken from the device during the therapy, the system goes into
the’pause’mode as soon as the baby is taken from the device. If
the baby is returned to the device within 2 minutes, the system
continues to therapy. Otherwise, the device is automatically
turned off and gives an audible and written warning. The body
temperature measurement system was provided by integrat-
ing the circuit of an IR thermometer, which was supplied from
the market, into the Arduino circuit. In this way, the relevant
hospital staff can routinely make a contactless measure of the
infant’s body temperature with the temperature measurement
key located on the control panel.

The housing of the device is designed and scribed in the Solid-
Works program (Figure 7).
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Figure 7. The housing of the device

Results

In this study, a phototherapy device that is used in the treat-
ment of newborn jaundice was developed and a prototype was
produced. The light intensity of the device was measured with
a photometer and according to the AAP guide, light intensity
of 28.6 uW/cm*/nm was obtained by LED (460 nm wavelength)
illumination in both top and bottom.

The control and driver systems designed in the scope of the
study are shown in Figure 8. The produced phototherapy de-
vice is shown in Figure 9.
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Figure 9. Phototherapy device

Discussion

The device prototype is designed as a double-sided lighting
device. Since this will provide more effective treatment, it is
thought to be able to shorten the duration and thence, in-
crease the efficiency of the treatment.

With the use of a weight sensor that is not available in exist-
ing commercial systems, it is determined whether or not the
baby is in the device and the system is automatically shut down
when it is unnecessary. Thus, the lifetime of the light source will
be prolonged and the efficiency of the device will be improved.

The biggest risk at the new born may encounter during pho-
totherapy is eye damage, which is likely to result of the shift
of the eye band. In order to prevent this condition, eyes are
controlled at 4-6 hours intervals. Having such a long period of
control is a particularly disturbing situation for parents. By the
integration of The IP WEB cam, it is ensured that the baby can
be monitored by both parents and health staff.

The developed system was compared with the similar com-
mercial products in the market. Comparison is shown in Table
1. According to Table 1, the features of the presented pho-
totherapy device are much more [12, 13, 14, 15]. The power
consumption of the developed device is very low, especially
in comparison to its two-sided illuminating commercial prod-
ucts. Due to the use of power led, the system has up to 50 000
hours of LED life [16]. However, as the energy consumption
will be minimal due to the use of the weight sensor, the LED
life of the developed device will be higher than its equivalent.
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Table 1. Properties of presented and commercial phototherapy devices in market

Commercial Products Technical Properties

Power Consumption Cost

ERTUNC OZCAN BLUE ANGEL - 450-470 Nm Narrow Beam Emitting Light Emitting 24 Pcs Blue Led 45Watt 1000$
LED PHOTOTHERAPY DEVICE - Unilateral lighting
[12,13] - Focus light

- Baby skin temperature monitoring (optional)

- Up t0 20,000 hours of LED life
TENDE CAREBLUE-N LED - 460 Nm Narrow Beam Emitting Light Emitting 24 Pcs Blue Led 45Watt 11208
PHOTOTHERAPY DEVICE [13] - unilateral lighting

- Up to 20,000 hours of LED life

- Focus light
TENDE BABYBLUE-N LED - 460 Nm Narrow Beam Emitting Light Emitting 24 Pcs Blue Led 45Watt 1000%
PHOTOTHERAPY DEVICE [13] - unilateral lighting

- Up t0 20,000 hours of LED life

- Focus light
NOVOS BILISPHERE 360 LED - 420 - 480 Nm Narrow Beam Emitting Light Emitting 16 Pcs Led 266Watt 5420%
PHOTOTHERAPY DEVICE [13] - double sided lighting

- 20,000 hours of LED life
OKUMAN BC 250 LCD LED - 16 Pcs Led 225Watt 44509
PHOTOTHERAPY DEVICE [13] - double sided lighting

- Up to 50,000 hours of LED life
OKUMAN BC 250 000 LED - 16 Pcs Led 225Watt 35505
PHOTOTHERAPY DEVICE [13] - double sided lighting

- Up to 50,000 hours of LED life
neoBLUECozy LED - 450-470 Nm Narrow Beam Emitting Light Emitting 24 Pcs Blue Led 65Watt 3995
PHOTOTHERAPY DEVICE[14] - unilateral lighting

- Up to 20,000 hours of LED life
Lullaby neoBLUECozy LED - 450-465 Nm Narrow Beam Emitting Light Emitting 24 Pcs Blue Led 20Watt 7208
PHOTOTHERAPY DEVICE [15] - unilateral lighting

- Up to 50,000 hours of LED life
Presented LED - 460 Nm Narrow Beam Emitting Light Emitting 60 Pcs Blue Led 65Watt 1508

PHOTOTHERAPY DEVICE - double sided lighting
- Focus light

- Up to 50,000 hours of LED life

- contactless baby skin temperature monitoring

- weight sensor
- Web cam baby monitoring

Moreover, the cost of the developed system is very low com-
pared to the sales prices of the similar commercial products
in the market. Additional features added to the phototherapy
device, such as IP webcams and contactless baby tempera-
ture measurement, double the production cost of the system.
But even with this cost increase, it is seen that the proposed
system is produced at a much lower price than the similar
commercial products in the market.

Conclusion

A multifunctional phototherapy device was developed to
treat newborn jaundice. Properties of the developed photo-
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therapy device are; Automatic detection of newborn’s pres-
ence, double-sided illumination, continuous monitoring with
IP webcam, temperature measurement of the environment
and also newborn’s body temperature. The light intensity of
the device was measured with a photometer as 28.6 uW/cm?/
nm.
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