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Health sensing through smartphones has received
considerable attention in recent years because of its
promise to lower costs and provide more continuous
data for tracking medical conditions. In this poster, we
focus on using smartphones to sense newborn
jaundice, which manifests as a yellow discoloration of
the skin. Although jaundice is common in healthy
newborns, early detection of extreme jaundice is
essential to prevent brain damage or death. Current
detection techniques, however, require clinical tests
with blood samples or other specialized equipment.
Consequently, newborns often depend on visual
assessments of their skin color at home, which is
known to be unreliable. We present BiliCam, a low-cost
system that uses smartphone cameras to assess
newborn jaundice.
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Introduction
With this poster, we present the design and critical
evaluation of sensing newborn jaundice from a
smartphone in a study with 73 newborns. Our
prototype, called BiliCam, is a smartphone-based
medical device that uses the embedded camera and a
paper-based color calibration card to monitor newborn
jaundice.
By leveraging these inherent advantages of
smartphones, BiliCam has the potential to mitigate the
risks in visually assessing jaundice. BiliCam uses the
phone’s built-in camera to photograph a newborn. After
confirming that the images are usable, the system
uploads the relevant portions of the images to a server,
which analyzes the newborn’s skin to estimate the
bilirubin level. It then communicates the results and
recommends a course of action. Each photograph
includes a custom, low-cost color calibration card to
adjust for different lighting conditions and apply color
corrections. Besides the smartphone and the calibration
card, this non-invasive solution requires no additional
hardware.
We include a copy of the poster on the last page for
reference. This work is described in further detail in our
paper [3].

Explanation of Bilirubin and Jaundice
Jaundice is defined as the yellow discoloration of the
skin from excess bilirubin, a chemical byproduct of
recycling old blood cells. It is one of the most common
physiological conditions that require medical attention
among newborns; an estimated 84% of newborns
develop jaundice [2]. A moderate level of bilirubin is
normal in healthy newborns. However, if not treated,
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extreme levels can be fatal or cause devastating and
irreversible damage. Accurate medical tests to assess
this condition require a blood draw, called a total serum
bilirubin (TSB), or the use of a specialized measuring
device, called a transcutaneous bilirubinometer (TcB).
Hence, they are impractical outside of medical settings.
However, bilirubin levels typically peak well after most
infants are discharged from the hospital.
Consequently, visual assessment is the most common
method to assess jaundice in a family’s home, where
clinical technology is unavailable, as well as at most
outpatient clinics, where administering a blood test is
logistically difficult. However, while parents and
clinicians are usually able to visually identify the
presence of jaundice, numerous studies show that even
experienced healthcare providers cannot accurately
estimate the severity of jaundice [2]. The importance of
monitoring newborn jaundice at home under these
circumstances creates the need for an accessible
screening system such as BiliCam.
To determine whether a newborn should receive
treatment, doctors or nurses reference bilirubin level
reference charts, with the newborn’s age and serum
bilirubin level, like the one shown on the poster. This
chart is commonly a Bhutani nomogram [1], to assess
a newborn’s risk. Bhutani et al. conducted a study
assessing bilirubin levels in newborns and their age in
hours when their blood samples were taken.

Explanation of Technology
From conducting a clinical study, we collected a dataset
of pictures and videos of 100 newborn babies, using a
smartphone at the University of Washington Medical
Center. We hypothesize that the visual characteristics
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of the skins of newborn babies can estimate the
bilirubin levels. Considering that the collected images
(and thereby any extracted features) will vary
considerably with different lighting conditions, the
images need to be color balanced before feature
extraction. Our main goals, then, are (1) to constrain
the images with specific user interface design, (2)
process these images to adjust for lighting conditions
and feature extraction, and (3) estimate bilirubin levels
using machine learning.
The user interface with which people capture images for
BiliCam specifically constrains the images. Instructions
and a view-finder standardize the placement of a color
calibration card on the newborn and the position of the
phone with respect to the newborn and card. It also
checks for image quality conditions, such as glare and
shadows, by checking the standard deviation of colors
for each patch on the color card.
Given an appropriately constrained image, white
balancing algorithms use information from the color
calibration card to adjust or compensate for different
lighting conditions. The patches of the card and skin
segmented from the image are also further processed
to generate features for machine learning, such as
applying different color space transformations and
calculating the gradient.
Multiple machine learning algorithms are applied to
these extracted features to estimate bilirubin levels.
The results from these algorithms are aggregated to
yield a final estimated bilirubin level, from which the
system provides results or recommends a course of
action.
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Results
We conducted a clinical stud in which we recruited 100
newborn participants at the University of Washington
Medical Center. We collected photographs of newborns
with BiliCam within two hours of measuring total serum
bilirubin levels (TSB), the medical gold standard.
BiliCam compares with the medical gold standard with
a rank order correlation of 0.85 and a mean error of
2.0 mg/dl. We also examined the results from a
transcutaneous bilirubinometer (TcB) against the TSB,
resulting in rank order correlation of 0.92 (linear
correlation of 0.92) and had a mean error of 1.5 mg/dl.
We conclude that BiliCam cannot yet replace the TcB,
but offers distinct cost and accessibility advantages that
make it appropriate for screening newborns from home.
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