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Abstract  

Background:   
Neonatal jaundice is one of the most common illnesses in newborn infants all over the world. Phototherapy is an 

effective and widespread treatment for this condition. This project aimed at designing a cost-effective, portable device 

to treat jaundice in both home and hospital settings.  

 
Methodology:  
This was an analytical study aimed at testing the working prototype after the design process, which is economically and 

technologically viable in order to develop a portable phototherapy machine.  

 
Results:  
The existing components of phototherapy equipment, conventional phototherapy equipment, LED phototherapy 

equipment, and fiber-optic phototherapy equipment were reviewed to come up with a cost-effective, portable 

phototherapy hut. The project used a multi-disciplinary idea model to design a cost-effective and portable device to 

treat jaundice from both home and hospital. A double-sided illuminating phototherapy device, with a weighted assessment, 

18.38(33), was considered. 

 

Conclusion:  
When designing a phototherapy hut, various comparisons were made to choose a solution without any bias, in the 

weighted criteria assessment, which ranked the best. 

 

Recommendation: 
 The use of phototherapy machines should not be limited only to health facilities, but can also be extended for home use. 

 

Keywords: Phototherapy hut, Neonatal jaundice, Light Emitting Diode, Prototype. 

Submitted: March 04, 2024    Accepted: February 17, 2026   Published: April 06, 2026 

Corresponding author: Marvin Mayambala 

Department of Biomedical Engineering, Kampala School of Health Sciences 

 
Background 
Neonatal jaundice is one of the most common illnesses in 

newborn infants all over the world. It affects about 50% 

of term and 80% of preterm babies, which usually appears 

2 to 4 days after birth and usually resolves spontaneously 

after 2 weeks (Paul Woodgate, Luke Anthony Jardine, 

2010). Phototherapy is an effective and widespread 

treatment for this condition. In phototherapy treatment, 

narrow-spectrum blue light of wavelength 460- 490 nm is 

projected onto the infant's skin. 

The blue light converts bilirubin into isomers, structural 

isomers, and photo-oxidation products that are water-

soluble and can easily be excreted by the kidneys. 

Phototherapy devices or units are machines that are used 

to deliver phototherapy treatment to infants with 

jaundice. Jaundice occurs when bilirubin is formed faster 

than it can be cleared from the body by the liver (Richard 

Idro, 2004). 

In the market, based on the type of equipment, the 

phototherapy equipment is divided into conventional 

phototherapy equipment, LED phototherapy equipment, 

and fiber-optic phototherapy equipment. They are further 

categorized as per the type of lamp installed in 

conventional phototherapy equipment; they include the 

equipment with fluorescent lamps and the equipment 

with compact fluorescent lamps. The fluorescent lamp 

devices come in two different sizes, namely, full body 

phototherapy equipment and partial body phototherapy 

equipment. 

According to the International Electro-technical 

Commission (IEC), specifications call for 

measurements in terms of light energy per surface area 

over a narrow frequency band (Gehealthcare, n.d). 

And lux meters are rated specifically for LEDs and 

used to rate the Firefly phototherapy light in terms of 

irradiance. The IEC specifications define phototherapy 

intensities as follows: "effective" phototherapy: at 
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least l 0 uW/cmA2/nm, and "Intensive" phototherapy: 

greater than 30 uW/cmA2/nm. 

The Phototherapy device manufacturing industry has a 

broad range of participants who include, but a re  not 

limited to: GE Healthcare, Koninklijke Philips N.V, 

Natus Medical Incorporated, Beurer, Herbert Waldmann 

GmbH & Co. KG, PhotoMedex, Inc, MTTS ASIA, VIA 

Global Health, and others, and Design that Matters. All the 

above companies capitalize on the needs of the 

biotechnology companies, hospitals, diagnostic centers, 

clinics, academic research institutes, and government 

institutions. 

Phototherapy can help increase the rate of bilirubin 

clearance. This is because the light causes the bilirubin to 

undergo photochemical reactions that allow it to be 

excreted in the bile or urine (Oh W, 2003). When treated 

with therapies such as phototherapy, jaundice is very 

curable. However, when unmonitored or untreated, 

jaundice can lead to death. Unfortunately, phototherapy 

devices are not prevalent in all parts of the developing 

world. As a result, there is a great need for an affordable, 

locally manufactured photo-therapy device that can be 

used in hospitals and clinics, most especially Kayunga 

regional referral hospital. This project aimed at designing 

a cost-effective, portable device to treat jaundice in both 

home and hospital settings.  

 

Methodology  

Study design 
An analytical design was adopted for this project, where 

available technologies were analyzed and compared to the 

proposed photo-therapy blanket to assess how much 

better the latter is, and where it needs improvement. 

 
Study area 
The study was carried out at Kampala School of Health 

Sciences, with reference to Kayunga regional referral hospital. 

 
Firefly phototherapy device 
This device provides a 41 microwatt per centimeter-

squared per nanometer (µW/cmA2/nm) irradiance to the 

baby during treatment with the 6 high-power LEDs from 

the canopy and 18 high-power LEDs in the bottom base, 

which cover 95% of the surface area of the neonate. 

These high-power LEDs are easily focused to the center, 

where the area of focus is by the lenses that are put at 

the top of each LED. It was designed by Design that 

Matter in 2012. Design that Matters is a nonprofit design 

company that partners with others to design products that 

address basic needs in developing countries (Jonathan, 

2012). This design lacks a battery, which could facilitate 

the product's usage in remote areas and in areas where 

there is frequent load shedding. It has a high­ power 

consumption because of the very many high-power LEDs 

in use at the same time. It is slightly inflexible, and the 

baby may find slight discomfort during treatment due to 

the 22cm width of the bowl where they are placed. This 

bowl is small in width, and therefore, the baby cannot 

move freely during treatment. This product is also 

relatively expensive compared to the phototherapy 

blanket, whose cost is less than $350. It is slightly rigid to 

carry, given its size, which is slightly larger than the 

phototherapy blanket. 

 

 
Figure 1: Shows the firefly device, indicating the canopy and the base on which the bowl, in which 

the neonate rests during treatment. 
Product design specifications. 
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Table 1: Showing the product design specifications. 

 
Targeted customers 
The major targeted customer was Kayunga regional 

referral hospital. However, this device must reach the 

levels of serving each kind of customer to work in the 

NICU and pediatrics departments of a health facility. On 

top of that, this device would also reach safety 

precautions for home use. 

 

Storage/ transport. 
The device would be portable with a stand connected to 

the wheels, hence making it easy to transport from one 

place to another. 

 

Production materials 
The baby was to be laid on the neonatal mat covered with 

a sterilized linen. The device has no latex at any point, 

hence reducing the effects of the anaphylaxis to the 

neonate. 

The tent would be made up of an opaque, sterilized linen 

that covers the phototherapy light, while at the fore end, 

near the head of the baby, would be a mosquito net. Since 

this device is designed for home use too, factors may arise 

with keeping the baby from the mosquitoes, and this will 

be catered to in our design. 

 

 
Table 2: Shows the production materials and some of their specification. 

 
Overhead phototherapy devices 
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Most overhead devices have adjustable height 

settings, with LED technology or the use of 

fluorescent tubes to produce the blue light. They are 

usually placed on the head post of the bed, and the 

light shines from the upper surface of the baby, which 

gives them one-sided light. These devices need to be 

positioned correctly with their overhead lamps; 

otherwise, they do not provide the right treatment 

(Oksaku, 2006). Despite the fact that overhead 

phototherapy devices are intended to treat one infant 

at a time, clinicians in overcrowded, under-resourced 

hospitals attempt to treat many infants in the same 

device at once. This results in ineffective doses of 

phototherapy for all infants treated, and a higher risk 

of cross-infection (CDC, 2013). By integrating the 

infant bed into the overall design and placing the 

lights at a non-adjustable, fixed distance.  

 

 
Figure 2: Shows an overhead LED phototherapy device with an adjustable stand. Photo adapted from 

the internet 
 

Bili Blanket Phototherapy System 
This system uses fiber optics and represents advanced 

technology in phototherapy treatment given in the 

hospital or at home. The Bili blanket provides the highest 

level of therapeutic light available to treat one's baby. The 

strength of light from the Bili blanket is about the same as 

one would get in the shade on a sunny day, and this is 

actually safer because the Bili blanket filters out 

potentially harmful ultraviolet and infrared energy. 

A pad of woven fibers is used to transport light from a 

light source to the baby. This covered fiber optic pad is 

placed directly against the baby to bathe the skin in light. 

Absorption of this light leads to the elimination of 

bilirubin. With the convenience of this design, a child can 

be diapered, clothed, held, and nursed during treatment. 

Its increased surface area, high spectral in-radiance, and 

long-lasting blue, narrow-band LED light are just the 

beginning (Al, 2013). 

The figure below shows the Bili blanket phototherapy 

device with the generator connected to the fiber-optic pad 

on which the neonate rests when receiving treatment. 

This device is a product of General Electronics (GE). 
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Figure 3: Shows the Bili blanket phototherapy device that is manufactured by GE. Photo adapted from 

the GE website. 
 

Bili blankets offer the possibility of treating some degrees 

of jaundice at home as long as the baby is otherwise 

healthy. This makes them quite popular with parents, 

doctors, and insurance companies, who would otherwise 

have to pay for more expensive inpatient treatment. Some 

also consider it a better option because the newborn does 

not have to be separated from the parents and does not need 

to lie alone in a box with his or her eyes covered. The baby 

is tied to the machine, unless they can wheel it around, and 

there is a stiff pad between the mother and baby. 

The whole setup consists of the light generator, termed the 

light box, the fiber-optic cable through which the light is 

carried, and the light pad, which is a 25 cm x 3 cm pad 

that is attached to the baby. 

Home treatment with such a Bili blanket is risky since the 

baby's skin is in contact with the light fiber, which can 

burn them. The bill blanket also covers a small surface 

area of the baby during treatment, which increases the 

treatment time compared to the proposed blanket, which 

has a higher surface area of treatment (Walker et al, 

2012). 

It is a heavy device with a relatively big generator, which 

makes it inconvenient to carry around compared to a one-

piece phototherapy blanket. 

 
Results 

Project idea selection. 
Enough research work was made upon the ideas, and 

finally three solutions were screened out: designing a 

phototherapy machine, designing a phototherapy blanket, 

and designing a phototherapy hat. 

 
An expanded illumination overhead 

phototherapy machine. 
An overhead device that has adjustable height settings, 

with LED technology or the use of fluorescent tubes to 

produce the blue light. It can be placed on the head post 

of the bed, and the light shines from the upper surface 

of the bed, which can be used to work on two babies. 
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Figure 4: Shows the design of an overhead phototherapy machine. 
 

Canopy tent 
This tent uses canopies to filter/ remove harmful rays from sunlight. This is a low-cost and effective way to give 

phototherapy to quite a large number of neonates. 

 
Figure 5: Shows a phototherapy canopy tent. 

 

Double-sided illuminating phototherapy device 
The phototherapy hut can be designed when a baby is lying on the mat, and light is shone from both the hut and the 

mat. This means that light can be provided from all sides of the baby, not as an overhead photo therapy machine. 

 

Figure 6: Shows the design of a phototherapy hut. 
 
Weighted criteria assessment. 
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After selecting the three major ideas from the twelve solutions, specifications that helped to weigh the three solutions 

were weighed in order to select the most suitable based on the client's likes and dislikes. 

Figure 7: Shows the team members during the weighted criteria assessment session. 
 

During this procedure, the specifications were ranked from 1 to 6. These ranks were used to calculate the weights of 

these specifications with the formula below; 

W= (1-((i-0.5)/6)) xl00; 

Where, i = rank. 

Specifications Rank (i) W 

Portability 2.5 67 

Illuminated area 4 42 

Low power consumption 6 8 

Low purchase cost 5 25 

Comfort ability 2.5 67 

Number of babies to accommodate 1 92 

Table 3: Showing the weighted assessment criteria. 
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Table 4: Showing the weighted assessment criteria. 

 
Conclusion 
As a design matters group, designing a photo therapy hut 

solution was chosen without any bias because it was 

compared with other solutions in the weighted criteria 

assessment and ranked the best. 
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List of abbreviations 

NICU Neonatal Intensive Care Unit 

BP Blood Pressure 

NIBP Non-Invasive Blood Pressure 

LED Light Emitting Diode 

CPAP Continuous Positive Airway Pressure 

ECG Electro Cardiogram 

SpO2 Spatial Oxygen 

Bpm Beats per minute. 

ICU Intensive Care Unit. 

HR Heart Rate. 

MOTH Main Operating Theatre 

ME Medical Equipment 

Mr. Mister 

Dr. Doctor 

PIG Project idea generation 

PIS Project idea selection 
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